WO 98/02562 3 PCT/FR97/01256

SEQ ID NO: 3:

CCATG GCC GGC GCC GAG GAG ATC GTG CTG CAG CCC ATC aAAG GAG ATC 47
Ala Gly Ala Glu Glu Ile Val Leu Gln Pro Ile Lys Glu Ile
1 5 10
TCC GGC ACC GTC AAG CTG CCG GGG TCC AAG TCG CTT TCC AAC CGG ATC 95
Ser Gly Thr Val Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile
15 20 25 30
CTC CTA CTC GCC GCC CTG TCC GAG GGG ACA ACA GTG GTT GAT AAC CTG 143
Leu Leu Leu Ala Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu
35 40 45
CTG AAC AGT GAG GAT GTC CAC TAC ATG CTC GGG GCC TTG AGG ACT CTT 191
Leu Asn Ser Glu Asp Val His Tyr Met Leu Gly Ala Leu Arg Thr Leu
S0 S5 60
GGT CTC TCT GTC GAA GCG GAC AAA GCT GCC AAA AGA GCT GTA GTT GTT 239
Gly Leu Ser Val Glu Ala Asp Lys Ala Ala Lys Arg Ala Val Val val
65 70 75
GGC TGT GGT GGA AAG TTC CCA GTT GAG GAT GCT AAA GAG GAA GTG CAG 287
Gly Cys Gly Gly Lys Phe Pro Val Glu Asp Ala Lys Glu Glu Val Gln
8o 85 80
CTC TTC TTG GGG AAT GCT GGA ACT GCA ATG CGG CCA TTG ACA GCA GCT 335
Leu Phe Leu Gly Asn Ala Gly Thr Ala Met Arg Pro Leu Thr Ala Ala
es 100 105 110
GTT ACT GCT GCT GGT GGA AAT GCA ACT TAC GTG CTT GAT GGA GTA CCA 383
Vval Thr Ala Ala Gly Gly Asn Ala Thr Tyr Val Leu Asp Gly Val Pro
115 120 125
AGA ATG AGG GAG AGA CCC ATT GGC GAC TTG GTT GTC GGA TTG AAG CAG 431
Arg Met Arg Glu Arg Pro Ile Gly Asp Leu Val Val Gly Leu Lys Gln
130 135 140
CTT GGT GCA GAT GTT GAT TGT TTC CTT GGC ACT GAC TGC CCA CCT GTT 4783
Leu Gly Ala Asp Val Asp Cys Phe Leu Gly Thr Asp Cys Pro Pro Val
145 150 155
CGT GTC AAT GGA ATC GGA GGG CTA CCT GGT GGC AAG GTC AAG CTG TCT S27
Arg Val Asn Gly Ile Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser
160 165 170
GGC TCC ATC AGC AGT CAG TAC TTG AGT GCC TTG CTG ATG GCT GCT CCT 575
Gly Ser Ile Ser Ser Gln Tyr Leu Ser Ala Leu Leu Met Ala Ala Pro
175 180 185 190
TTG GCT CTT GGG GAT GTG GAG ATT GAA ATC ATT GAT AAA TTA ATC TCC €23
Leu Ala Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser
195 200 205
ATT CCG TAC GTC GAA ATG ACA TTG AGA TTG ATG GAG CGT TTT GGT GTG 671
Ile Pro Tyr Val Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val
210 215 220
AAA GCA GAG CAT TCT GAT AGC TGG GAC AGA TTC TAC ATT AAG GGA GGT 719
Lys Ala Glu His Ser Asp Ser Trp Asp Arg Phe Tyr Ile Lys Gly Gly
225 230 235
CAA AAA TAC AAG TCC CCT AAA AAT GCC TAT GTT GAA GGT GAT GCC TCA 767
Gln Lys Tvr Lys Ser Pro Lys Asn Ala Tyr Val Glu Gly Asp Ala Ser
2490 245 250
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SEQ ID NO: 3{suite)
AGC GCA AGC TAT TTC TTG GCT GGT GCT GCA ATT ACT GGA GGG ACT GTG 815
Ser Ala Ser Tvr Phe Leu Ala Gly Ala Ala Ile Thr Gly Gly Thr Vval
253 260 265 270
ACT GTG GAA GGT TGT GGC ACC ACC AGT TTG CAG GGT GAT GTG AAG TTT 863
Thr Val Glu Gly Cys Gly Thr Thr Ser Leu Gln Gly Asp Val Lys Phe

275 280 285
GCT GAG GTA CTG GAG ATG ATG GGA GCG AAG GTT ACA TGG ACC GAG ACT 911
Ala Glu val Leu Glu Met Met Gly Ala Lys vVal Thr Trp Thr Glu Thr

290 295 300
AGC GTA ACT GTT ACT GGC CCA CCG CGG GAG CCA TTT GGG AGG Aaan CAC 959
Ser Val Thr Val Thr Gly Pro Pro Arg Glu Pro Phe Gly Arg Lys His
305 310 315
CTC AAG GCG ATT GAT GTC AAC ATG AAC AAG ATG CCT GAT GTC GCC ATG 1007
Leu Lys Ala Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Met
320 328 330

ACT CTT GCT GTG GTT GCC CTC TTT GCC GAT GGC CCG ACA GCC ATC AGA 1055
Thr Leu Ala Val Val Ala Leu Phe Ala Asp Gly Preo Thr Ala Ile Arg
333 340 345 350
GAC GTG GCT TCC TGG AGA CTA AAG GAG ACC GAG AGG ATG GTT GCG ATC 1103
Asp Val Ala Ser Trp Arg Val Lys Glu Thr Glu Arg Met Val Ala Ile

3535 360 365
CGG ACG GAG CTA ACC AAG CTG GGA GCA TCT GTT GAG GAA GGG CCG GAC 1151
Arg Thr Glu Leu Thr Lys Leu Gly Ala Ser Val Glu Glu Gly Pro Asp

370 375 380
TAC TGC ATC ATC ACG CCG CCG GAG AAG CTG AAC GTG ACG GCG ATC GAC 1199
Tyr Cys Ile Ile Thr Pro Pro Glu Lys Leu Asn Val Thr Ala Ile Asp
385 390 395
ACG TAC GAC GAC CAC AGG ATG GCC ATG GCC TTC TCC CTT GCC GCC TGT 1247
Thr Tyr Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys
400 405 410

GCC GAG GTC CCC GTC ACC ATC CGG GAC CCT GGG TGC ACC CGG AAG ACC 1295
Ala Glu Val Pro Val Thr Ile Arg Asp Pro Gly Cys Thr Arg Lys Thr
415 420 425 430
TTC CCC GAC TAC TTC GAT GTG CTG AGC ACT TTC GTC AAG AAT 1337
Phe Pro Asp Tyr Phe Asp Val Leu Ser Thr Phe Val Lys Asn

435 440
TAR 1340
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SEQ ID NO: 4:

Ala Gly Ala Glu Glu Ile Val Leu Gln Pro Ils Lys Glu Ile Ser Gly

b
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Thr Val Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile Leu Leu
20 25 30

Leu Ala Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Asn
35 40 45

Ser Glu Asp Val His Tyr Met Leu Gly Ala Leu Arg Thr Leu Gly Leu
50 55 60

Ser Val Glu Ala Asp Lys Ala Ala Lys Arg Ala Val Val Val Gly Cys
6% 70 75 80

Gly Gly Lys Phe Pro Val Glu Asp Ala Lys Glu Glu Val Gln Leu Phe
85 90 g5

Leu Gly Asn Ala Gly Thr Ala Met Arg Pro Leu Thr Ala Ala Val Thr
100 105 110

Ala Aia Gly Gly Asn Ala Thr Tyr Val Leu aAsp Gly Val Pro Arg Met
115 120 125
Arg Glu Arg Pro Ile Gly Asp Leu Val Val Gly Leu Lys Gln Leu Gly
130 135 140

Ala Asp Val Asp Cys Pnhe Leu Gly Thr Asp Cv
145 150

Pro Pro Val Arg Val
160

[
wnt
[V200)

Asn Gly Ile Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser Gly Ser
165 170 175

Ile Ser Ser Gln Tyr Leu Ser Ala Leu Leu Met Ala Ala Pro Leu Ala
180 185 190

Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser Ile Pro
185 200 2905

Tyr Val Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val Lys Ala
210 215 220

Glu His Ser Asp Ser Trp Asp Arg Phe Tyr Ile Lys Gly Gly Gln Lys
225 230 235 240

Tyr Lys Ser Pro Lys Asn Ala Tyr Val Glu Gly Asp Ala Ser Ser Ala
245 250 255

Ser Tyr Phe Leu Ala Gly Ala Ala Ile Thr Gly Gly Thr Val Thr Val
260 265 270

Glu Gly Cys Gly Thr Thr Ser Leu Gln Gly Asp Val Lys Phe Ala Glu
275 280 285

val Leu Glu Met Met Gly Ala Lys Val Thr Trp Thr Glu Thr Ser Val
290 295 300

Thr Val Thr Gly Pro Pro Arg Glu Pro Phe Gly Arg Lys His Leu Lys
305 310 31S 320

Ala Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Met Thr Leu
325 3390 335

Ala Val Val Ala Leu Phe Ala Asp Gly Pro Thr Ala Ile Arg Asp Val
340 345 350
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SEQ ID NO: 4 (suite)

Ala Ser Trp Arg Val Lys Glu Thr Glu Arg Met Val Ala Ile
355 360 365

m

iy

lte}
3
33
i

Glu Leu Thr Lys Leu Gly Ala Ser Val Glu Glu Gly Pro Asp Tyr Cys
370 375 3890

Ile Ile Thr Pro Pro Glu Lys Leu Asn Val Thr Ala Ile Asp Thr Tyr
385 390 395 400

Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys Ala Glu
405 . 410 415

Val Pro Val Thr Ile Arg Asp Pro Gly Cys Thr Arg Lys Thr Phe Pro
420 425 430

Asp Tyr Phe Asp Val Leu Ser Thr Phe Val Lys Asn
435 440
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SEQ ID NO: 5:

CCATG GCC GGC GCC GAG GAG ATC GTG CTG CAG CCC ATC AAG GAG ATC 47
Ala Gly Ala Glu Glu Ile Val Leu Gln Pro Ile Lys Glu Ile
1 5 10
TCC GGC ACC GTC AAG CTG CCG GGG TCC AAG TCG CTT TCC AAC CGG ATC 95
Ser Gly Thr Val Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile
15 20 25 30
CTC CTA CTC GCC GCC CTG TCC GAG GGG ACA ACA GTG GTT GAT AAC CTG 143
Leu Leu Leu Ala Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu
35 40 45
CTG AAC AGT GAG GAT GTC CAC TAC ATG CTC GGG GCC TTG AGG ACT CTT 1391
Leu Asn Ser Glu Asp Val His Tyr Met Leu Gly Ala Leu Arg Thr Leu
50 S5 60
GGT CTC TCT GTC GAA GCG GAC AAA GCT GCC AAA AGA GCT GTA GTT GTT 239
Gly Leu Ser Val Glu Ala Asp Lys Ala Ala Lys Arg Ala Val val val
65 70 75
GGC TCT GGT GGA AAG TTC CCA GTT GAG GAT CGCT AAA GAG GAA GTG CAG 287
Gly Cys Gly Gly Lys Phe Pro Val Glu Asp Ala Lys Glu Glu Val Gln
80 85 90
CTC TTC TTG GGG AAT GCT GG& ATC GCA ATG CGG TCC TTG ACA GCA GCT 335
Leu Phe Leu Gly Asn Ala Gly Ile Ala Met Arg Ser Leu Thr Ala Ala
95 100 105 110
GTT ACT GCT GCT GGT GGA T GCA ACT TAC GTG CTT GAT GGA GTA CCA 383
Val Thr Ala Ala Gly Gly Asn Ala Thr Tyr Val Leu Asp Gly Val Pro
115 120 125
AGA ATG AGG GAG AGA CCC ATT GGC GAC TTG GTT GTC GGA TTG AAG CAG 431
Arg Met Arg Glu Arg Pro Ile Gly Asp Leu Val Val Gly Leu Lys Gln
130 135 140
CTT GGT GCA GAT GTT GAT TGT TTC CTT GGC ACT GAC TGC CCA CCT GTT 479
Leu Gly Ala Asp Val Asp Cys Phe Leu Gly Thr Asp Cys Pro Pro Val
145 150 155
CGT GTC AAT GGA ATC GGA GGG CTA CCT GGT GGC AAG GTC AAG CTG TCT 527
Arg Val Asn Gly Ile Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser
160 165 170
GGC TCC ATC AGC AGT CAG TAC TTG AGT GCC TTG CTG ATG GCT GCT CCT 57S
Gly Ser Ile Ser Ser Gln Tyr Leu Ser Ala Leu Leu Met Ala Ala Pro
175 180 185 190
TTG GCT CTT GGG GAT GTG GAG ATT GAA ATC ATT GAT AAA TTA ATC TCC 623
Leu Ala Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser
195 200 205
ATT CCG TAC GTC GAA ATG ACA TTG AGA TTG ATG GAG CGT TTT GGT GTG 671
Ile Pro Tyr Val Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val
210 218 220
AAA GCA GAG CAT TCT GAT AGC TGG GAC AGA TTC TAC ATT AAG GGA GGT 718
Lys Ala Glu His Ser Asp Ser Trp Asp Arg Phe Tyr Ile Lys Gly Gly
225 230 235
CAA AAA TAC AAG TCC CCT AAA AAT GCC TAT GTT GAA GGT GAT GCC TCA 767
Gln Lys Tyr Lys Ser Pro Lys Asn Ala Tyr Val Glu Gly Asp Ala Ser
240 245 250
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SEQ ID NO: 5 ({suite)

AGC GCA AGC TAT TTC TTG GCT GGT GCT GCA ATT ACT GGA GGG ACT GTG 815
Ser Ala Ser Tyr Phe Leu Ala Gly Ala Ala Ile Thr Gly Gly Thr Val
255 260 265 270

ACT GTG GAA GGT TGT GGC ACC ACC AGT TTG CAG GGT GAT GTG AAG TTT 863
Thr Val Glu Gly Cys Gly Thr Thr Ser Leu Gln Gly Asp Val Lys Phe
270 275 280 285

GCT GAG GTA CTG GAG ATG ATG GGA GCG AAG GTT ACA TGG ACC GAG ACT 911
Ala Glu Val Leu Glu Met Met Gly Ala Lys Val Thr Trp Thr Glu Thr
290 285 300

AGC GTA ACT GTT ACT GGC CCA CCG CGG GAG CCA TTT GGG AGG AAA CAC 959
Ser Val Thr Val Thr Gly Pro Pro Arg Glu Pro Phe Gly Arg Lys His
305 310 315

CTC AAG GCG ATT GAT GTC AAC ATG AAC AAG ATG CCT GAT GTC GCC ATG 1007
Leu Lys Ala Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Met
320 325 330

ACT CTT GCT GTG GTT GCC CTC TTT GCC GAT GGC CCG ACA GCC ATC AGA 1085
Thr Leu Ala Val Val Ala Leu Phe Ala 2sp Gly Pro Thr Ala Ile Arg

335 340 345 350

GAC GTG GCT TCC TGG AGA GTA AAG GAG ACC GAG AGG ATG GTT GCG ATC 1103
Asp Val Ala Ser Trp Arg Val Lys Glu Thr Glu Arg Met Val Ala Ile
355 360 365

CGG ACG GAG CTA ACC AAG CTG GGA GCA TCT GTT GAG GAA GGG CCG GAC 1151
Arg Thr Glu Leu Thr Lys Leu Gly Ala Ser Val Glu Glu Gly Pro Asp
370 375 380

TAC TGC ATC ATC ACG CCG CCG GAG AAG CTG AAC GTG ACG GCG ATC GAC 1189
Tyr Cys Ile Ile Thr Pro Pro Glu Lys Leu Asn Val Thr Ala Ile Asp
385 380 385

ACG TAC GAC GAC CAC AGG ATG GCG ATG GCC TTC TCC CTT GCC GCC TGT 1247
Thr Tyr Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys
400 405 410

GCC GAG GTC CCC GTC ACC ATC CGG GAC CCT GGG TGC ACC CGG AAG ACC 1285
Ala Glu Val Pro Val Thr Ile Arg Asp Pro Gly Cys Thr Arg Lys Thr

415 420 425 430

TTC CCC GAC TAC TTC GAT GTG CTG AGC ACT TTC GTC AAG AAT 1337
Phe Pro Asp Tyr Phe Asp Val Leu Ser Thr Phe Val Lys Asn

435 440

TAA 1340
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SEQ ID NO: 6:

Ala Gly Aila Glu Glu Ile Val Leu Gln Pro Ile Lys Glu Ile Ser Gly
1 5 10 15

Thr val Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile Leu Leu
20 25 30

Leu Ala Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Asn
35 40 45

Ser Glu Asp Val His Tyr Met Leu Gly Ala Leu Arg Thr Leu Gly Leu

50 55 60

Ser Val Glu Ala‘xsp Lys Ala Ala Lys Arg Ala vVal vVal Val Gly Cys
65 70 75 80

Gly Gly Lys Phe Pro Val Glu Asp Ala Lys Glu Glu Val Gln Leu Phe
85 S0 95

Leu Gly Asn Ala Gly Ile Ala Met Arg Ser Leu Thr Ala Ala Val Thr
100 105 110

Ala Ala Gly Gly Asn Ala Thr Tyr Val Leu Asp Gly Val Pro Arg Met
115 120 125

Arg Glu Arg Pro Ile Gly Asp Leu Val Val Gly Leu Lys Gln Leu Gly
130 135 140

Ala Asp Val Asp Cys Phe Leu Gly Thr Asp Cys Pro Pro Val Arg Val
145 150 155 160

Asn Gly Ile Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser Gly Ser
165 17¢ 175

Ile Ser Ser Gln Tyr Leu Ser Ala Leu Leu Met Ala Ala Pro Leu Ala
180 185 190

Leu Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser Ile Pro
195 200 205

Tyr Val Glu Met Thr Leu Arg Leu Met Glu Arg Phe Gly Val Lys Ala
210 215 220

Glu His Ser Asp Ser Trp Asp Arg Phe Tyr Ile Lys Gly Gly Gln Lys
225 230 235 240

Tyr Lys Ser Pro Lys Asn Ala Tyr Val Glu Gly Asp Ala Ser Ser Ala
245 250 255

Ser Tyr Phe Leu Ala Gly Ala Ala Ile Thr Gly Gly Thr val Thr val
260 265 270

Glu Gly Cys Gly Thr Thr Ser Leu Gln Gly Asp Val Lys Phe Ala Glu
275 280 285

val Leu Glu Met Met Gly Ala Lys Val Thr Trp Thr Glu Thr Ser Vval
290 295 300

Thr Val Thr Gly Pro Pro Arg Glu Pro Phe Gly Arg Lys His Leu Lys
305 310 315 320

Ala Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Met Thr Leu
325 330 335

Ala Val Val Ala Leu Phe Ala Asp Gly Pro Thr Ala Ile Arg Asp Val
340 345 350
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SEQ ID NO: & {suite)
Ala Ser Trp Arg Val Lys Glu Thr Glu Arg Met Val Ala Ile Arg Thr
355 360 365

Glu Leu Thr Lys Leu Gly Ala Ser Val Glu Glu Gly Pro Asp Tyr Cys
370 375 380

Ile Ile Thr Pro Pro Glu Lys Leu Asn Val Thr Ala Ile Asp Thr Tyr
385 390 3395 400

Asp Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys Ala Glu
405 410 415

—_—

Val Pro Val Thr Ile Arg Asp Pro Gly Cys Thr Arg Lys Thr Phe Pro
420 425 430

Asp Tyr Phe Asp Val Leu Ser Thr Phe Val Lys Asn
435 440
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Revendications

1. Géne chimeére comprenant au moins deux geénes chiméres élémentaires comprenant
chacun des éléments de régulation nécessaires a sa transcription dans les plantes et une
séquence codante codant pour une enzyme conférant aux plantes la tolérance a un
herbicide, caractérisé en ce que l'une des séquences codantes code pour 'hydroxy-phényl
pyruvate dioxygénase (HPPD).

2. Géne chimeére selon la revendication 1, caractérisé en ce qu'il comprend en outre un
troisieme géne chimere contenant une séquence codante pour une enzyme conférant aux
plantes une tolérance herbicide.

(8]

. Géne chimeére selon I'une des revendications 1 et 2, caractérisé en ce que la seconde
séquence codante est issu d'un géne de nitrilase Klebsiella sp.conférant une tolérance & un
herbicide de la famille des dihalogénohydroxybenzonitriles.

4. Géne chimeére selon la revendication 3. caractérisé en ce que I'herbicide est le bromoxynil.

5. Géne chimeére selon la revendication 3, caractérisé en ce que I'herbicide est l'ioxynil.

6. Géne chimére selon l'une des revendications 2 a 5, caractérisé en ce que la seconde

séquence codante code pour une tolérance au glyphosate.

7. Géne chimére selon l'une des revendications 2 a 6, caractérisé en ce que la seconde
séquence codante code pour une EPSPS conférant une tolérance a un herbicide inhibiteur
de 'EPSPS.

8. Géne chimeére selon la revendication 7, caractérisé en ce que la seconde séquence codante
code pour une EPSPS conférant une tolérance au glyphosate.

9. Géne chimére selon la revendication 6, caractérisé en ce que la seconde séquence codante
code pour la glyphosate oxydoréductase, enzyme de détoxification du glyphosate.
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10. Géne chimeére selon I'une des revendications 1 4 9, caractérisé en ce que la séquence
codante pour ['HPPD est issue de Pseudomonas sp.

11 Geéne chimeére selon la revendication 10, caractérisé en ce que la séquence codante
pour 'HPPD est issue de Pseudomonas fluorescens.

12. Géne chimeére selon l'une des revendications 1 4 9, caractérisé en ce que la séquerce
codante pour I'HPPD est d'origine végétale.

13. Geéne chimere selon la revendication 12, caractérisé en ce que la séquence codante pour
I'HPPD est issue d'Arabidopsis thaliana.

14. Géne chimére selon la revendication 11, caractérisé en ce que la séquence codante pour
I'HPPD est issue de Daucus carota.

15. Vecteur caractérisé en ce qu'il comprend un géne chimére selon l'une des revendications
1al4

16. Vecteur selon la revendication 15, caractérisé en ce qu'il est constitué par un plasmide.

17. Cellule végétale, caractérisée en ce qu'elle contient au moins deux génes contenant
chacun une séquence codante codant pour une enzyme conférant aux plantes la tolérance
a un herbicide, dont I'un est un inhibiteur de I'hydroxy-phény! pyruvate dioxygénase
(HPPD).

18. Cellule végétale selon la revendication 17, caractérisée en ce qu'elle contient trois génes
chimeéres élémentaires contenant chacun des éléments de régulation et une séquence
codante codant pour une enzyme conférant aux piantes la tolérance a un herbicide.

19. Cellule végétale selon l'une des revendications 17 et 18, caractérisée en ce qu'elle

contient au moins un géne chimére, selon l'une des revendications 1 a 14,

20. Plante, caractérisée en ce qu'elle contient une cellule végétale selon I'une des
revendications 17 a 19.
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21. Procédé de transformation des plantes pour les rendre tolérantes 4 au moins d eux
herbicides, caractérisé en ce qu'on insére dans une cellule végétale un géne selon les

revendications 1 a 14 et que les cellules transformées sont soumises a une régénération.

22. Procédé d'obtention de plantes a tolérance herbicide multiple par trangénése des plantes,
caractérisé en ce que:

- dans une premiére étape, on insére dans plusieurs cellules respectivement un des génes
élémentaires contenant chacun des €léments de régulation nécessaires a sa
transcription dans les plantes et une séquence codante codant pour une enzyme
conférant aux plantes la tolérance a un herbicide, et que

- ensuite les plantes sont croisées pour obtenir des plantes a tolérance multiple.

23. Procédé de traitement herbicide de plantes selon la revendication 20, caractérisé en ce

gu'on applique au moins deux herbicides.
24, Procédé selon la revendication 23, caractérisé en ce qu'on applique trois herbicides.

25. Procédé selon I'une des revendications 21 & 24, caractérisé en ce que I'un des herbicides
est un inhibiteur de I'HPPD.

26. Procédé selon 'une des revendications 21 a 25, caractérisé en ce que les deux herbicides
sont appliqués simultanément.

27. Procédé selon la revendication 26, caractérisé en ce que les deux herbicides sont

appliqués sous la forme d'une seule composition préte a 'emplot.

28. Procédé selon la revendication 25, caractérisé en ce que les deux herbicides sont

appliqués sous la forme d'un mélange extemporané.

29. Procédé l'une des revendications 22 a 24, caractérisé en ce que les deux herbicides sont
appliqués successivement.

30. Procédé selon l'une des revendications 22 & 29, caractérisé en ce que l'herbicide
inhibiteur de I'HPPD est l'isoxaflutole.

31. Procédé selon I'une des revendications 22 & 29, caractérisé en ce que I'herbicide
inhibiteur de 'HPPD est la sulcotrione.
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32. Procédé selon l'une des revendications 22 4 31, caractérisé en ce que I'herbicide

appartient a la famille des dihydrogénohydroxybenzonitriles.

33. Procédé selon la revendication 32, caractérisé en ce que l'herbicide est choisi dans le
groupe comprenant le bromoxynil et l'ioxynil

34. Procédé selon l'une des revendications 22 a 33, caractérisé en ce que 'herbicide
inhibiteur de I'EPSPS est le glyphosate ou le sulfosate.
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(9Z 1193Y) LNIWIDVIdWIY 30 ITTNIN3L

GONGATYTNTATGARAAYCCMATGG GNYTMATGGGNTTYGARTTYATHGA RYTNGCMNSNCCNACNCCNAAYACN
ADLYENPMG LHGFEFTIE LASPTPNT

YTNGARCCMATHTTYGARATHATGG GNTTYACNAARGTNGCNACNCAYMG NWSNAARGAYGTNCAYYTNTAYMGN
LEPIFEIMG FTXKVYATHR SKDVYHLYR

CARGGNGCNATHAAYYTNATHYTNA AYAAYGARCCNCAYWSNGTNGCNAS NTAYTTYGCNGCNGARCAYGGNCCN
QGAINLILNNEPHSY AS YFAAEHG?P

WSNGTNTGYGGNATGGCNTTYMGNG TNAARGAYWSNCARAARGCNTAYAA RUGNGCNYTNGARYTNGGNGCNCAR
SY CGMHNAFRY KDSQKXKAYK RALELGARQ

CCMATHCAYATHGARACNGGNCCNA TGGARYTNAAYYTNCCNGCNATHAA RGGNATHGGNGGNGCNCCNYTNTAY
PIHIETGPN E.L‘NLPAIK 6 I GGAPLY

YTNATHGAYMGNTTYGGNGARGGNN SNNSNATHTAYGAYATHGAYTTYGT NTTYYTNGARGGNGTNGAYMGNCAY
K IDRFGEGS SIVYDIDFV FLEGYDRH

CCNGTNGGNGCNGGNYTNAARATHA THGAYCAYYTNACNCAYAAYGTNTA YMGNGGNMGNATGGCNTAYTGGGCN
PY GAGLKXKITI DHLTHNVY RGRMNAYNWA

AAYTTYTAYGARAARYTNTTYAAYT TYMGNGARATHMGNTAYTTYGAYAT HAARGGNGARTAYACNGGNYTNACN
NFYEXLFNF REIRYFDI KGEYTGLT

WSNAARGCNATGACNGCNCCNGAYG GNATGATHMGNATHCCNYTNAAYGA RGARWSNWSNAARGGNGCNGGNCAR
S K AMNTAPDG MWMIRIPLNETESSKSE GAGROQ
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ATHGARGARTTYYTMATGCARTTYA AYGGNGARGGNATHCARCAYGTNGC NTTYYTMYSNGAYGAYYTNATHAAR
IE4£FLHQFN GEGI4QHVA FLSDDLTIK
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invention further provides methods of selecting plants and plant cells that have been transformed with a DNA construct according

to the invention using an auxin herbicide.
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SYNTHETIC HERBICIDE RESISTANCE GENE

FIELD OF THE INVENTION
The present invention relates to a synthetic herbicide-resistance
gene, its use to prepare herbicide-resistant transgenic plants and

its use as a selection marker.

BACKGROUND OF THE INVENTION

2,4-Dichlorophenoxyacetic acid (2,4-D) is a herbicide used to
control broadleaf weeds. 2,4-D is degraded by Alcaligenes
eutrophus and other microorganisms. The gene which encodes the
first enzyme in the A. eutrophus 2,4-D degradation pathway is
tfdA. This gene encodes a dioxygenase which catalyzes the
conversion of 2,4-D to 2,4-dichlorophenol (DCP). DCP is much less
toxic to plants than 2,4-D, and transgenic tobacco plants, cotton
plants, and hardwood trees containing the tfdA gene have been
reported to have increased tolerance to 2,4-D. Streber et al.,
Bio/Technology, 7, 811-816 (1989%9); Lyon et al., Plant Molec.
Biol., 13, 533-540 (1989); Bayley et al., Theor. Appl. Genet., 83,
645-649 (1992); Llewellyn and Last, in Herbicide-Resistant Crops,
Chapter 10, pages 159-174 (Duke, ed.., CRC Presgs (1996)); Last and
Llewellyn, Weed Science, 47, 401-404 (1999); U.S. Patents Nos.
6,153,401, 6,100,446, and 5,608,147; and PCT applications WO
98/38294 and WO 95/18862. However, transgenic plants resistant
to levels of 2,4-D that might be encountered in agricultural
situations have not been obtained. See Last and Llewellyn, Weed
Science, 47, 401-404 (1999). These authors suggest that codon
optimization of the tfdA gene “might enhance tolerance levels.”
Id. at 404. The tfdA gene has also been used as a selection
marker to identify transformed plants and plant cells. U.S.
Patent No. 5,608,147; PCT application WO 95/18862.

SUMMARY OF THE INVENTION

The invention provides a DNA molecule comprising a synthetic DNA

sequence. The synthetic DNA sequence encodes an enzyme that
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degrades 2,4-dichlorophenoxyacetic acid to dichlorophenol. The
synthetic DNA sequence comprises a natural microbial sequence that
encodes the enzyme in which at least a plurality of the codons of
the natural microbial sequence have been replaced by codons more

preferred by a plant.

The invention also provides a DNA construct comprising the
synthetic DNA sequence just described. In this construct, the
synthetic DNA sequence 1is operatively 1linked to plant gene

expression control sequences.

The invention further provides a transgenic plant or part of a
plant. The transgenic plant or plant part comprises the synthetic
DNA sequence operatively linked to plant gene expression control

sequences.

The invention also provides a method of controlling weeds in a
field containing transgenic plants according to the invention.
The method comprises applying an amount of an auxin herbicide to
the field effective to control the weeds in the field. The
transgenic plants are tolerant to the auxin herbicide as a result
of comprising and expressing the synthetic DNA sequence. Indeed,
for the first time, transgenic plants have been produced which are
tolerant to levels of auxin herbicides substantially greater than

those normally used in agriculture for controlling weeds.

The invention further provides methods of selecting transformed
plants and plant cells. The method of selecting transformed plant
cells comprises providing a population of plant cells. At least
some of the plant cells in the population are transformed with the
DNA construct of the invention. Then, the resulting population
of plant cells is grown in a culture medium containing an auxin
herbicide at a concentration selected so that transformed plant
cells proliferate and untransformed plant cells dol not

proliferae.
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The method of selecting transformed plants comprises providing a
population of plants suspected of comprising a transgenic plant
according to the invention. Then, an auxin herbicide is applied
to the population of plants, the amount of herbicide being
selected so that transformed plants will grow and growth of

untransformed plants will be inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Diagram of pProPClSV-SAD.

Figure 2: Diagram of pPZP211-PNPT-311g7.
Figure 3: Diagram of pPZP211-PNPT-512g7.
Figure 4: Diagram of pPZP211-PNPT-311-SAD.
Figure 5: Diagram of pPZP211-PNPT-512-SAD.

In these figures, SAD = 2,4-D-degrading synthetic gene adapted for
dicots; CDS = coding sequence; AMV-Leader = 5' untranslated leader
sequence from the 35S transcript of alfalfa mosaic virus; PClSV-
Promoter = peanut chlorotic streak virus promoter; T-Left = T-DNA
left border from Agrobacterium tumefaciens nopaline Ti plasmid
pTiT37; 35SPolyA = 3' polyadenylation (polyA) termination signal
sequence from the cauliflower mosaic virus (CaMV) 35S transcript;
NPTII = neomycin phosphotransferase II; g7PolyA = 3' polyA
termination signal from gene 7 within the T-Left border of an A.
tumefaciens octopine plasmid; MCS = multiple cloning site; T-Right

= T-DNA right border from A. tumefaciens Ti plasmid pTiT37.

DETAILED DESCRIPTION OF THE PRESENTLY-
PREFERRED EMBODIMENTS OF THE INVENTION

The invention provides a synthetic DNA sequence. “Synthetic” is
used herein to mean that the DNA sequence is not a naturally-

occurring seqguence.

The synthetic DNA sequence of the invention encodes an enzyme that
degrades 2,4-dichlorophenoxyacetic acid (2,4-D) to dichlorophenol

(DCP) . The synthetic DNA sequence comprises a natural microbial

3
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sequence that encodes the enzyme, in which at least a plurality
of the codons of the natural microbial sequence have been replaced

by codons more preferred by a plant.

A “natural microbial sequence” 1is the coding sequence of a
naturally-occurring microbial gene that encodes an enzyme that can
degrade 2,4-D to DCP. Thus, the “natural microbial sequence” may
be the coding sequence of a ¢DNA or genomic clone isolated from
a microorganism, may be a chemically-synthesized DNA molecule
having the same coding sequence as that of such a clone, or may

be a combination of such segquences.

Multi-enzyme pathways for 2,4-D degradation have been demonstrated
in several genera of bacteria. See, e.g., Lyon et al., Plant
Molec. Biol., 13, 533-540 (1989), and references cited therein.
Strains of Alcaligenes eutrophus have been the most extensively
studied of these bacteria. The first enzyme in the A. eutrophus
degradation pathway converts 2,4-D to DCP. This enzyme, which is
often referred to as a monooxygenase, but which is now known to
be a dioxygenase (see Fukumori et al., J. Bacteriol., 175, 2083-
2086 (1993)), is encoded by the tfdA gene. Thus, the natural
microbial sequence may be the coding sequence of a ¢cDNA or genomic
clone encoding a tfdA dioxygenase. Such clones and their
isolation are described in Bayley et al., Theor. Appl. Genet., 83,
645-649 (1992), Lyon et al., Plant Molec. Biol., 13, 533-540
(1989), Streber et al., J. Bacteriology, 169, 2950-2955 (1987),
Perkins and Lurquin, J. Bacteriology, 170, 5669-5672 (1988), and
U.S. Patents Nos. 6,100,446 and 6,153,401. See also Maniatis et
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,
NY (1982), Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor, NY (1989).

It is known that many bacteria are capable of degrading 2,4-D,
including strains of Acinetobacter, Achromobacter, Alcaligenes,

Arthrobacter, Corynebacterium, Flavobacterium, Pseudomona and

4
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strains of Actinomycetes (e.g., Nocardia spp. and Streptomyces
viridochromogenes) (see, e.g., Llewellyn and Last, in Herbicide-
Resistant Crops, Chapter 10 (Stephen O. Duke ed., CRC Press Inc.
(1996)), Bayley et al., Theor. Appl. Genet., 83, 645-649 (1992),
Lyon et al., Plant Molec. Biol., 13, 533-540 (1989), and Streber
et al., J. Bacteriology, 169, 2950-2955 (1987), Loos, in
Degradation Of Herbicides, pages 1-49 (Kearney and Kaufman, eds.,
Marcel Dekker, Inc., New York 1969), and references cited in these
references), and additional strains of bacteria that degrade 2,4-D
can be isolated by methods well known in the art (e.g., by

isclation from soils where 2,4-D is used by the enrichment culture

technique) (see, e.g., Loos, in Degradation Of Herbicides, pages
1-49 (Kearney and Kaufman, eds., Marcel Dekker, Inc., New York
1969)). Additional cDNA and genomic clones encoding an enzyme

which converts 2,4-D to DCP can be obtained from these other
bacteria in a similar manner as for the tfdA clones. See, e.g.,
Bayley et al., Theor. Appl. Genet., 83, 645-649 (193%2); Lyon et
al., Plant Molec. Biol., 13, 533-540 (1989); Streber et al., J.
Bacteriology, 169, 2950-2955 (1987); Perkins and Lurqgquin, J.
Bacteriology, 170, 5669-5672 (1988); U.S. Patents Nos. 6,100,446
and 6,153,401. See also Maniatis et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor, NY (1982), Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, NY
(1989). In addition, or alternatively, isolated clones, portions
of them, or sequences from them, can be used as probes to identify
and isclate additional clones. See, e.g., Perkins and Lurquin,
J. Bacteriology, 170, 5669-5672 (1988); Bayley et al., Theor.
Appl. Genet., 83, 645-649 (1992); U.S. Patents Nos. 6,100,446 and
6,153,401. See also Maniatis et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor, NY (1982}, Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, NY
(1989) . The natural microbial sequence may be the coding seguence

of one of these cDNA or genomic clones.
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It is also known that yeasts and fungi are capable of degrading
2,4-D (see, e.g., Llewellyn and Last, 1in Herbicide-Resistant
Crops, Chapter 10 (Stephen O. Duke ed., CRC Press Inc. (1996));
Han and New, Soil Biol. Biochem., 26, 1689-1695 (1994); Donnelly
et al., Applied And Environmental Microbiology, 59, 2642-2647
(1993); Loos, in Degradation Of Herbicides, pages 1-49 (Kearney
and Kaufman, eds., Marcel Dekker, Inc., New York 1969), and
references cited in these references), and additional strains of
yveast and fungi that degrade 2,4-D can be cbtained by methods well
known in the art (e.g., by isolation from soils where 2,4-D is
used by the enrichment culture technique) (see, e.g., Loos, in
Degradation Of Herbicides, pages 1-49 (Kearney and Kaufman, eds.,
Marcel Dekker, Inc., New York 1969); Han and New, Soil Biol.
Biochem., 26, 1689-1695 (1994)). Additional ¢DNA and genomic
clones encoding an enzyme which converts 2,4-D to DCP can be
obtained from yeast and fungi by methods well known in the art
(see references cited above in the discussion of obtaining clones
from bacteria), and the natural microbial sequence may be the

coding sequence of one of these c¢DNA or genomic clones.

In addition, as noted above, the natural microbial sequence may
be fully or partially chemically synthesized. To do so, a cDNA
or genomic clone, obtained as described in the previous
paragraphs, is sequenced by methods well known in the art. See,
e.g., Maniatis et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor, NY (1982), Sambrook et al., Molecular Cloning:
A Laboratory Manual, Ccld Spring Harbor, NY (1989). A synthetic
DNA sequence comprising the coding sequence of the ¢DNA or genomic
clone can be fully or partially chemically synthesized using
methods well known in the art. See, e.g., Maniatis et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, NY
(1982), Sambroock et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor, NY (1989). For instance, DNA sequences may
be synthesized by phosphoamidite chemistry in an automated DNA

synthesizer. Also, the sequence of the tfdA gene from A.

Bayer EX1005-0545 (2 of 2)



WO 03/034813 PCT/US02/34084

eutrophus JMP134 is publically available (see Streber et al., J.
Bacteriology, 169, 2950-2955 (1987), U.S. Patents Nos. 6,100,446
and 6,153,401, and GenBank {(accession number M16730)), and a
synthetic DNA sequence comprising the coding sequence of the A.
eutrophus tfdA gene can also be fully or partially chemically

synthesized.

The preferred natural microbial sequence is a natural bacterial
sequence. A “natural bacterial sequence” is the coding sequence
of a naturally-occurring bacterial gene that encodes an enzyme
that can degrade 2,4-D to DCP. Thus, the “natural bacterial
sequence” may be the coding sequence of a cDNA or genomic clone
isolated from a bacterium, may be a chemically-synthesized DNA
molecule having the same coding sequence as that of such a clone,
or may be a combination of such sequences. Most preferably the
natural bacterial sequence is the coding sequence of a cDNA or
genomic clone isolated £from a strain of A. eutrophus, a
chemically-synthesized DNA molecule having the same coding
sequence as that of such a clone, or a combination of such

sequences.

As noted above, at least a plurality of the codons of the natural
microbial sequence will be replaced by codons more preferred by
a plant (also referred to herein as “plant-preferred codons”).
A “codon more preferred by a plant”“or a “plant-preferred codon”
is a codon which is used more frequently by a plant to encode a
particular amino acid than is the microbial codon encoding that
amino acid. Preferably, the plant-preferred codon is the codon
used most frequently by the plant to encode the amino acid. The
plant codon usage may be that of plants in general, a class of
plants (e.g., dicotyledonous plants), a specific type of plant
(e.g., cotton or soybeans), etc. The codon usage or preferences
of a plant or plants can be deduced by methods known in the art.
See, e.g., Maximizing Gene Expression, pages 225-85 (Reznikoff &
Gold, eds., 1986), Perlak et al., Proc. Natl. Acad. Sci. USA, 88,

Bayer EX1005-0546 (2 of 2)



WO 03/034813 PCT/US02/34084

3324-3328 (1991), PCT WO 97/31115, PCT WO 97/11086, EP 646643, EP
553494, and U.S. Patents Nos. 5,689,052, 5,567,862, 5,567,600,
5,552,299 and 5,017,692. For instance, the codons used by the
plant or plants to encode all of the different amino acids in a
selection of proteins expressed by the plant or plants, preferably
those proteins which are highly expressed, are tabulated. This
can be done manually or using software designed for this purpose

(see PCT application WO 97/11086) .

The use of codons more preferred by the plant in which the
synthetic DNA sequence will be expressed will improve expression
as compared to use of the natural microbial sequence. The
published reports indicate that codon usage affects gene
expression in plants at the 1level of mRNA stability and
translational efficiency. See, e.g., Perlak et al., Proc. Natl.
Acad. Sci. USA, 88, 3324-3328 (1991); Adang et al., Plant Molec.
Biol., 21:1131-1145 (1993); Sutton et al., Transgenic Res., 1:228-
236 (1992). Not all of the codons of the natural microbial
sequence need to be changed to plant-preferred codons in order to
obtain improved expression. However, preferably at least the
codons least preferred by the plant are changed to plant-preferred
codons. “Codons least preferred by the plant” are those codons
in the natural microbial sequence that are used least by the plant
or plants in gquestion to encode a particular amino acid.
Preferably greater than about 50%, most preferably at least about
80%, of the microbial codons are changed to plant-preferred

codons.

Plant-preferred codons can be introduced into the natural
microbial sequence by methods well known in the art. For instance,
site-directed mutagenesis can be used. See Perlak et al., Proc.
Natl. Acad. Sci. USA, 88, 3324-3328 (1991). See also Maniatis et
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,

NY (1982), Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor, NY (1989). However, the plant-
8
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preferred codons are preferably introduced into the natural
microbial sequence by chemically synthesizing the entire DNA
sequence encoding the 2,4-D degrading enzyme. In particular,
chemical synthesis is highly preferred when a large number of
microbial codons are replaced by plant-preferred codons. In
addition, chemical synthesis has a number of advantages. For
instance, using chemical synthesis allows other changes to the
sequence of the DNA molecule or its encoded protein to be made to,
e.g., optimize expression (e.g., eliminate mRNA secondary
structures that interfere with transcription or translation,
eliminate undesired potential polyadenylation sequences, and alter
the A+T and G+C content), add unique restriction sites at

convenient points, delete protease cleavage sites, etc.

The synthetic DNA sequence having plant-preferred codons
substituted for at least a plurality of microbial codons will
encode the same amino acid sequence as the natural microbial
sequence if these substitutions are the only differences in the
sequence of the synthetic DNA sequence as compared to the natural
microbial sequence. However, the synthetic DNA sequence may
comprise additional changes as compared to the natural microbial
sequence. For instance, the synthetic DNA seguence may encode an
enzyme which degrades 2,4-D to DCP, but which has an altered amino
acid sequence as compared to the enzyme encoded by the (unmutated)
natural microbial sequence as a result of one or more
substitutions, additions or deletions in the natural microbial
sequence. Methods of making such substitutions, additions and

deletions are well known in the art and are described above.

Assays for determining whether 2,4-D has been degraded to DCP are
well known in the art. See, e.g., Streber et al., J. Bacteriol.,
169, 2950-2955 (1987); Perkins et al., J. Bacteriol., 170, 5669-
5672 (1988); Streber et al., Bio/Technology, 7, 811-816 (1989);
Lyon et al., Plant Molec. Biol., 13, 533-540 (1989); Bayley et
al., Theor. Appl. Genet., 83, 645-649 (1992); Fukumori et al., J.
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Bacteriol., 175, 2083 (1993); Lyon et al., Transgenic Res, 2, 162-
169 (1993); Llewellyn and Last, in Herbicide-Resistant Crops,
Chapter 10, pages 159-174 (Duke, ed.., CRC Press (1996)); Last and
Llewellyn, Weed Science, 47, 401-404 (199%9). Also, tolerance to
2,4-D and other auxin herbicides may be used to demonstrate this

conversion. See below and references just cited.

The invention also provides DNA constructs comprising the
synthetic DNA sequence operatively linked to plant gene expression
control sequences. "DNA constructs" are defined herein to be
constructed (non-naturally occurring) DNA molecules useful for
introducing DNA into host cells, and the term includes chimeric

genes, expression cassettes, and vectors.

As used herein "operatively linked" refers to the linking of DNA
sequences (including the order of the sequences, the orientation
of the sequences, and the relative spacing of the wvarious
sequences) in such a manner that the encoded protein is expressed.

Methods of operatively linking expression control sequences to

coding sequences are well known in the art. See, e.g., Maniatis
et al., Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor, NY (1982), Sambrook et al., Molecular Cloning: A

Laboratory Manual, Cold Spring Harbor, NY (1989).

"Expression control sequences" are DNA sequences involved in any
way in the control of transcription or translation. Suitable
expression control sequences and methods of making and using them

are well known in the art.

The expression control sequences must include a promoter. The
promoter may be any DNA sequence which shows transcriptional
activity in the chosen plant cells, plant parts, or plants. The
promoter may be inducible or constitutive. It may be naturally-
occurring, may be composed of portions of wvarious naturally-

occurring promoters, or may be partially or totally synthetic.
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Guidance for the design of promoters is provided by studies of
promoter structure, such as that of Harley and Reynolds, Nucleic
Acids Res., 15, 2343-61 (1987). Also, the location of the
promoter relative to the transcription start may be optimized.
See, e.g., Roberts, et al., Proc. Natl Acad. Sci. USA, 76, 760-4
{(1979) . Many suitable promoters for use in plants are well known

in the art.

For instance, suitable constitutive promoters for use in plants
include: the promoters from plant viruses, such as the peanut
chlorotic streak caulimovirus (PClSV) promoter (U.S. Patent No.
5,850,019), the 35S promoter from cauliflower mosaic virus (CaMV)
(Odell et al., Nature 313:810-812 (1985)), promoters of Chlorella
virus methyltransferase genes (U.S. Patent No. 5,563,328), and the
full-length transcript promoter from figwort mosaic virus (FMV)

(U.8. Patent No. 5,378,619); the promoters from such genes as rice

actin (McElroy et al., Plant Cell 2:163-171 (1990)), ubiquitin
{Christensen et al., Plant Mol. Biol. 12:619-632 (1989) and
Christensen et al., Plant Mol. Biol. 18:675-689 (1992)), pEMU

(Last et al., Theor. Appl. Genet. 81:581-588 (1991)), MAS (Velten
et al., EMBO J. 3:2723-2730 (1984)), maize H3 histone (Lepetit et
al., Mol. Gen. Genet. 231:276-285 (1992) and Atanassova et al.,
Plant Journal 2(3):291-300 (1992)), Brassica napus ALS3 (PCT
application WO 97/41228); and promoters of various Agrobacterium
genes (see U.S. Patents Nos. 4,771,002, 5,102,796, 5,182,200,
5,428,147) .

Suitable inducible promoters for use 1in plants include: the
promoter from the ACEl system which responds to copper (Mett et
al. PNAS 90:4567-4571 (1993)); the promoter of the maize In2 gene
which responds to benzenesulfonamide herbicide safeners (Hershey
et al., Mol. Gen. Genetics 227:229-237 (1991) and Gatz et al.,
Mol. Gen. Genetics 243:32-38 (1994)), and the promoter of the Tet
repressor from Tnl0 (Gatz et al., Mol. Gen. Genet. 227:229-237

11

Bayer EX1005-0550 (2 of 2)



WO 03/034813 PCT/US02/34084

(1991). A particularly preferred inducible promoter for use in
plants is one that responds to an inducing agent to which plants
do not normally respond. An exemplary inducible promoter of this
type 1s the inducible promoter from a steroid hormone gene, the
transcriptional activity of which is induced by a
glucocorticosteroid hormone (Schena et al., Proc. Natl. Acad. Sci.
USA 88:10421 (1991)) or the recent application of a chimeric
transcription activator, XVE, for use in an estrogen receptor-
based inducible plant expression system activated by estradiol
(Zuo et al., The Plant Journal, 24:265-273 (2000}). Other
inducible promoters for use in plants are described in EP 332104,
PCT WO 93/21334 and PCT WO 97/06269.

Finally, promoters composed of portions of other promoters and
partially or totally synthetic promoters can be used. See, e.g.,
Ni et al., Plant J., 7:661-676 (1995)and PCT WO 95/14098

describing such promoters for use in plants.

The promoter may include, or be modified to include, one or more
enhancer elements. Preferably, the promoter will include a
plurality of enhancer elements. Promoters containing enhancer
elements provide for higher levels of transcription as compared
to promoters that do not include them. Suitable enhancer elements
for use in plants include the PC1lSV enhancer element (U.S. Patent
No. 5,850,019), the CaMV 35S enhancer element (U.S. Patents Nos.
5,106,739 and 5,164,316) and the FMV enhancer element (Maiti et
al., Transgenic Res., 6, 143-156 (1997)). See also PCT WO
96/23898 and Enhancers And Eukaryotic Expression (Cold Spring
Harbor Press, Cold Spring Harbor, NY, 1983).

For efficient expression, the coding sequences are preferably also
operatively 1linked to a 3' untranslated sequence. The 3!
untranslated sequence will include a transcription termination
sequence and a polyadenylation sequence. The 3' untranslated

region can be obtained from the flanking regions of genes from
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Agrobacterium, plant viruses, plants or other eukaryotes.
Suitable 3' untranslated sequences for use in plants include those
of the cauliflower mosaic virus 35S gene, the phaseolin seed
storage protein gene, the pea ribulose biphosphate carboxylase
small subunit E9 gene, the soybean 7S storage protein genes, the

octopine synthase gene, and the nopaline synthase gene.

A 5' untranslated sequence is also employed. The 5' untranslated
sequence is the portion of an mRNA which extends from the 5' CAP
site to the translation initiation codon. This region of the mRNA
is necessary for translation initiation in plants and plays a role
in the regulation of gene expression. Suitable 5' untranslated
regions for use in plants include those of alfalfa mosaic virus,

cucumbexr mosaic virus coat protein gene, and tobacco mosaic virus.

As noted above, the DNA construct may be a vector. The vector may
contain one or more replication systems which allow it to
replicate in host cells. Self-replicating wvectors include
plasmids, cosmids and viral vectors. Alternatively, the vector
may be an integrating vector which allows the integration into the
host cell's chromosome of the synthetic DNA sequence encoding the
2,4-D-degrading enzyme. The vector desirably also has unique
restriction sites for the insertion of DNA sequences. If a vector
does not have unigue restriction sites, it may be modified to
introduce or eliminate restriction sites to make it more suitable

for further manipulations.

The DNA constructs of the invention can be used to transform any
type of plant cells (see below). A genetic marker must be used
for selecting transformed plant cells ("a selection marker").
Selection markers typically allow transformed cells to be
recovered by negative selection (i.e., inhibiting growth of cells
that do not contain the selection marker) or by screening for a

product encoded by the selection marker.
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The most commonly used selectable marker gene for plant
transformation is the neomycin phosphotransferase II (nptII) gene,
isolated from Tn5, which, when placed under the control of plant
expression control signals, confers resistance to kanamycin.
Fraley et al., Proc. Natl. Acad. Sci. USA, 80:4803 (1983).
Another commonly used selectable marker gene is the hygromycin
phosphotransferase gene which confers resistance to the antibiotic

hygromycin. Vanden Elzen et al., Plant Mol. Biol., 5:299 (1985).

Additional selectable marker genes of bacterial origin that confer
resistance to antibiotics include gentamycin acetyl transferase,
streptomycin phosphotransferase, aminoglycoside-3'-adenyl
transferase, and the bleomycin resistance determinant. Hayford
et al., Plant Physiol. 86:1216 (1988), Jones et al., Mol. Gemn.
Genet. 210:86 (1987), Svab et al., Plant Mol. Biol. 14:197 (1990),
Hille et al., Plant Mol. Biol. 7:171 (1986). Other selectable
marker genes confer resistance to herbicides such as glyphosate,
glufosinate or bromoxynil. Comai et al., Nature 317:741-744
(1985), Stalker et al., Science 242:419-423 (1988), Hinchee et
al., Bio/Technology 6:915-922 (1988), Stalker et al., J. Biol.
Chem. 263:6310-6314 (1988), and Gordon-Kamm et al., Plant Cell
2:603-618 (1990).

Other selectable marker genes for plant transformation are not of
bacterial origin. These genes include, for example, mouse
dihydrofolate reductase, plant 5-enolpyruvylshikimate-3-phosphate
synthase, and plant acetolactate synthase. Eichholtz et al.,
Somatic Cell Mol. Genet. 13:67 (1987), Shah et al., Science
233:478 (1986), Charest et al., Plant Cell Rep. 8:643 (1990), EP
154,204.

Commonly used genes for screening presumptively transformed cells

include B-glucuronidase (GUS), PR-galactosidase, luciferase, and
chloramphenicol acetyltransferase. Jefferson, R.A., Plant Mol.
14
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Biol. Rep. 5:387 (1987)., Teeri et al., EMBO J. 8:343 (1989),
Koncz et al., Proc. Natl. Acad. Sci. USA 84:131 (1987), De Block
et al., EMBO J. 3:1681 (1984), green fluorescent protein (GFP)
{Chalfie et al., Science 263:802 (1994), Haseloff et al., TIG
11:328-329 (1995) and PCT application WO 97/41228). Another
approach to the identification of relatively rare transformation
events has been use of a gene that encodes a dominant constitutive
regulator of the Zea mays anthocyanin pigmentation pathway.
Ludwig et al., Science 247:449 (1990).

According to another aspect of the present invention, tolerance
to an auxin herbicide can be used as a selection marker for plants
and plant cells. *Auxin herbicide” is used herein to refer to
phenoxy auxins (phenoxy herbicides), which include 2,4-D, 4-
chlorophenoxyacetic acid, 4,-chloro-2-methylphenoxyacetic acid,
2,4,5-trichlorophenoxyacetic acid, 2,4-dichlorophenoxybutyric
acid, 4- (2-methyl-4-chlorophenoxy)butryic acid, 2-(4-
chlorophenoxy)propionic acid, 2-(2,4-dichlorophenoxy)propionic
acid, 2-(2,4,5-trichlorophenoxy)propionic acid, and salts
(including amine salts) and esters of these acids. Auxin
herbicides are available commercially. See Crop Protection
Reference (Chemical & Pharmaceutical Press, Inc., New York, NY,
1ith ed., 1995). The preferred auxin herbicides are 2,4-D and its
salts (including amine salts) and esters. "Tolerance" means that
transformed plant cells are able to grow (survive, proliferate and
regenerate into plants) when placed in culture medium containing
a level of an auxin herbicide that prevents untransformed cells
from doing so. "Tolerance'" also means that transformed plants are
able to grow after application of an amount of an auxin herbicide

that inhibits the growth of untransformed plants.

Methods of selecting transformed plant cells are well known in the
art. Briefly, at least some of the plant cells in a population
of plant cells (e.g., an explant or an embryonic suspension

culture) are transformed with a DNA construct comprising the
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synthetic DNA sequence of the invention. The resulting population
of plant cells is placed in culture medium containing an auxin
herbicide at a concentration selected so that transformed plant
cells will grow, whereas untransformed plant cells will not.
Suitable concentrations of an auxin herbicide can be determined
empirically as is known in the art. At least in the case of 2,4-
D, this amount may further need to be an amount which inhibits
adventitious shoot formation from untransformed plant cells and
allows adventitious shoot formation from transformed plant cells,
since this is apparently the case with the mnatural-occurring
bacterial tfdA gene. See U.S. Patent No. 5,608,147 and PCT
application WO 95/18862. 1In general, 2,4-D should be present in
an amount ranging from about 0.001 mg/l to about 5 mg/l culture
medium, preferably from about 0.01 mg/l to 0.2 mg/l culture

medium.

Methods of selecting transformed plants are also known in the art.
Briefly, an auxin herbicide is applied to a population of plants
which may comprise one or more transgenic plants comprising a DNA
construct of the invention providing for 2,4-D degradation. The
amount of the auxin herbicide is selected so that transformed
plants will grow, and the growth of untransformed plants will be
inhibited. The level of inhibition must be sufficient so that
transformed and untransformed plants can be readily distinguished
(i.e., inhibition must be statistically significant). Such
amounts can be determined empirically as is known in the art. See
also Crop Protection Reference (Chemical & Pharmaceutical Press,

Inc., New York, NY, 11*" ed., 1995).

Selection based on tolerance to an auxin herbicide can be used in
the production of plants tolerant to 2,4-D and other auxin
herbicides, in which case the use of another selection marker may
not be necessary. Absence of a separate selection marker is
advantageous since it minimizes the number of foreign genes

expressed.
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Selection based on tolerance to an auxin herbicide can also be
used in the production of transgenic plants that express other
genes of interest. Many such genes are known and include genes
coding for proteins of commercial value and genes that confer
improved agronomic traits on plants (see, e.g., PCT WO 97/41228,
the complete disclosure of which 1is incorporated herein by

reference) .

The DNA constructs of the invention can be used to transform a
variety of plant cells. The synthetic DNA sequence coding for the
2,4-D-degrading enzyme and the selection marker, if a separate
selection marker is used, may be on the same or different DNA
constructs. Preferably, they are arranged on a single DNA
construct as a transcription unit so that all of the coding
sequences are expressed together. Also, the gene(s) of interest
and the synthetic DNA sequence coding for the 2,4-D-degrading
enzyme, when tolerance to an auxin herbicide is being used as a
selection marker, may be on the same or different DNA constructs.
Such constructs are prepared in the same manner as described

above.

Suitable host cells include plant cells of any kind (see below).
Preferably, the plant cell is one that does not normally degrade
auxin herbicides. However, the present invention can also be used
to increase the level of degradation of auxin herbicides in plants

that normally degrade such herbicides.

Thus, the "transgenic" plants, plant parts, and plant cells of the
invention include plants, plant parts and plant cells that do not
normally degrade auxin herbicides, but which have been transformed
according to the invention so that they are able to degrade these
herbicides, and progeny of such transformed plants, plant parts
and plant cells. The "transgenic" plants, plant parts and plant

cells of the invention also include plants, plant parts and plant
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cells that normally degrade auxin herbicides, but which have been
transformed according to the invention so that they are able to
degrade more of these herbicides or to degrade them more
efficiently, and progeny of such transformed plants, plant parts

and plant cells.

“Plant” should be understood as referring to a unicellular
organism or a multicellular differentiated organism capable of
photosynthesis, including algae, angiosperms (monocots and
dicots), gymnosperms, bryophytes, ferns and fern allies. "Plant
parts"™ are parts of multicellular differentiated plants and
include seeds, pollen, embryos, flowers, fruits, shoots, leaves,
roots, stems, explants, etc. “Plant cell” should be understood
as referring to the structural and physiological unit of
multicellular plants. Thus, the term "plant cell" refers to any
cell that is a plant or is part of, or derived from, a plant.
Some examples of cells encompassed by the present invention
include differentiated cells that are part of a living plant,
differentiated cells 1in culture, undifferentiated cells in
culture, and the cells of undifferentiated tissue such as callus

or tumors.

Methods of transforming plant cells are well known in the art.
For instance, numerous methods for plant transformation have been
developed, including biological and physical transformation
protocols. See, for example, Miki et al., "Procedures for
Introducing Foreign DNA into Plants” in Methods in Plant Molecular
Biology and Biotechnology, Glick, B.R. and Thompson, J.E. Eds.
(CRC Press, Inc., Boca Raton, 1993) pp. 67-88. In addition,
vectors and in vitro culture methods for plant cell or tissue
transformation and regeneration of plants are available. See, for
example, Gruber et al., "Vectors for Plant Transformation" in

Methods in Plant Molecular Biology and Biotechnology, Glick, B.R.

18

Bayer EX1005-0557 (2 of 2)



WO 03/034813 PCT/US02/34084

and Thompson, J.E. Eds. (CRC Press, Inc., Boca Raton, 1993) pp.
89-119.

The most widely utilized mechanism for introducing an expression
vector into plants is based on the natural transformation systems
of Agrobacterium. A. tumefaciens and A. rhizogenes are plant
pathogenic soil bacteria which genetically transform plant cells.
The Ti and Ri plasmids of A. tumefaciens and A. rhizogenes,
respectively, carry genes responsible for genetic transformation
of the plant. See, for example, Kado, C.I., Crit. Rev. Plant.
Sci. 10:1 (1991). Descriptions of Agrobacterium vector systems
and methods for Agrobacterium-mediated gene transfer are provided
by numerous references. See, for example, Horsch et al., Science
227:1229 (1985), Hoekema et al., Nature 303:179 (1983), de Framond
et al., Bio/Technology 1:262 (1983), Jordan et al., Plant cell
Reports 7:281-284 (1988), Leple et al., Plant Cell Reports 11:137-
141 (1992), Stomp et al., Plant Physiol. 92:1226-1232 (1990),
Knauf et al., Plasmid 8:45-54 (1982)), Gruber et al., supra, Miki
et al., supra, Moloney et al., Plant Cell Reports 8:238 (1989),
PCT applications W084/02913, WO84/02919 and WO084/02920, EP
116,718, and U.S. Patents Nos. 4,940,838, 5,464,763, and
5,929,300.

A generally applicable method of plant transformation is
microprojectile-mediated transformation wherein DNA is carried on
the surface of microprojectiles. The expression vector is
introduced into plant tissues with a Dbiolistic device that
accelerates the microprojectiles to speeds sufficient to penetrate
plant cell walls and membranes. Sanford et al., Part. Sci.
Technol. 5:27 (1987), Sanford, J.C., Trends Biotech. 6:299 (1988),
Sanford, J.C., Physicl. Plant 79:206 (1990), Klein et al.,
Biotechnology 10:268 (1992), Klein et al., Nature 327:70-73
(1987) .
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Another method for physical delivery of DNA to plants 1is
sonication of target cells. Zhang et al., Bio/Technology 9:996
(1991). Alternatively, liposome or spheroplast fusion have been
used to introduce expression vectors into plants. Deshayes et
al., EMBO J., 4:2731 (1985), Christou et al., Proc Natl. Acad.
Sci. USA 84:3962 (1987). Direct uptake of DNA into protoplasts
using CaCl, precipitation, polyvinyl alcohol or poly-L-ornithine
have also been reported. Hain et al., Mol. Gen. Genet. 199:161
(1985) and Draper et al., Plant Cell Physiol. 23:451 (1982).
Electroporation of protoplasts and whole cells and tissues have
also been described. Donn et al., In Abstracts of VIIth
International Congress on Plant Cell and Tissue Culture IAPTC, A2-
38, p. 53 (19920); D'Halluin et al., Plant Cell 4:1495-1505 (1992),
Spencer et al., Plant Mol. Biol. 24:51-61 (19%4), and Fromm et
al., Proc. Natl. Acad. Sci. USA 82:5824 (1985). Other techniques
include microinjection (Crossway, Mol. Gen. Genetics, 202:175-185
(1985)), polyethylene glycol transformation (Krens et al., Nature
296:72-74 (1982)), fusion of protoplasts with other entities,
either minicells, cells, lysosomes, or other fusible 1lipid-
surfaced bodies (Fraley et al., Proc. Natl. Acad. 8Sci. USA
79:1859-1863 (1982)), and techniques set forth in U.S. Pat. No.
5,231,019).

After selection, transformed plant cells are regenerated into
transgenic plants. Plant regeneration techniques are well known
in the art and include those set forth in the Handbook of Plant
Cell Culture, Volumes 1-3, Evans et al., eds. Macmillan Publishing
Co., New York, N.Y. (1983, 1984, 1984, respectively); Predieri and
Malavasi, Plant Cell, Tissue, and Organ Culture 17:133-142 (1989);
James, D. J., et al., J. Plant Physiol. 132:148-154 (1988);
Fasolo, F., et al., Plant Cell, Tissue, and Organ Culture 16:75-87
(1989) ; Valobra and James, Plant Cell, Tissue, and Organ Culture
21:51-54 (1990); Srivastava, P.S., et al., Plant Science 42:209-
214 (1985); Rowland and Ogden, Hort. Science 27:1127-1129 (1992);
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Park and Son, Plant Cell, Tissue, and Organ Culture 15:385-105
(1988) ; Noh and Minocha, Plant Cell Reports 5:464-467 (1986);
Brand and Lineberger, Plant Science 57:173-179 (1988); Bozhkov,
P.V. et al., Plant Cell Reports 11:386-389 (19292); Kvaalen and von
Arnold, Plant Cell, Tissue, and Organ Culture 27:49-57 (1991);
Tremblay and Tremblay, Plant Cell Tissue, and Organ Culture 27:95-
103 (1991); Gupta and Pullman, U.S. Pat. No. 5,036,007; Michler
and Bauer, Plant Science 77:111-118 (1991); Wetzstein, H.Y., et
al., Plant Science 64:193-201 (1989); McGranahan, G.H., et al.,
Bio/Technology 6:800-804 (1988); Gingas, V.M., Hort. Science
26:1217-1218 (1991); Chalupa, V., Plant Cell Reports 9:398-401
(1990); Gingas and Lineberger, Plant Cell, Tissue, and Organ
Culture 17:191-203 (1989); Bureno, M.A., et al., Phys. Plant.
85:30-34 (1992); and Roberts, D.R., et al., Can. J. Bot. 68:1086-
1090 (1990).

Transgenic plants of any type may be produced according to the
invention. Such plants include, for example, species from the
genera Fragaria, Lotus, Medicago, Onobrychis, Trifolium,
Trigonella, Vigna, Citrus, Linum, Ceranium, Manihot, Daucus,
Arabidopsis, Brassica, Raphanus, Sinapis, Atropa, Capsicum,
Datura, Hyoscyamus, Lycopersicon, Nicotiana, Solanum, Petunia,
Digitalis, Majorana, Cichorium, Helianthus, Lactuca, Bromus,
Asparagus, Antirrhinum, Hererocallis, Nemesia, Pelargonium,
Panicum, Pennisetum, Ranunculus, Sencia, Salpiglossis, Cucumis,
Browalia, Glycine, Lolium, Zea, Triticum, Sorghum, Malus, Apium,
Datura and woody dicotyledonous forest tree species. In
particular, broadleaf plants (including beans, soybeans, cotton,
peas, potatoes, sunflowers, tomatoes, tobacco, fruit trees,
ornamental plants and trees) that are currently known to be
injured by auxin herbicides can be transformed so that they become
tolerant to these herbicides. Other plants (such as corn,

sorghum, small grains, sugarcane, asparagus, and grass) which are
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currently considered tolerant to auxin herbicides can be

transformed to increase their tolerance to these herbicides.

In yet another embodiment, the invention provides a wmethod of
controlling weeds in a field where transgenic plants are growing.
The method comprises applying an effective émount of an auxin
herbicide to the field to control the weeds. Methods of applying
auxin herbicides and the amounts of them effective to control
various types of weeds are known. See Crop Protection Reference
(Chemical & Pharmaceutical Press, Inc., New York, NY, 1l1lth ed.,
1995) . For the first time, as a result of the present invention,
transgenic plants have been produced which are tolerant to levels
of auxin herbicides substantially greater than those normally used

in agriculture for controlling weeds.

EXAMPLES
EXAMPLE 1: Generation Of Synthetic Plant-Optimized
Sequence Encoding A 2,4-D Dioxygenase

The DNA sequence of a 2,4-D dioxygenase (also often referred to
as a monooxygenase; see above) gene isolated from Alcaligenes
eutrophus was obtained from the sequence database GenBank
(accession number M16730). From this DNA sequence, the amino acid
sequence of the protein coded for by the single open-reading frame
(ORF) was determined [SEQ ID NO:1]. A codon wusage table
reflecting dicotyledonous ORFs was derived from a composite
selection of random cDNA sequences from cotton, Arabidopsis and
tobacco extracted from the GenBank database. A codon usage table
reflecting monocotyledonous ORFs was derived from a random
selection of cDNA sequences from maize, also extracted from the
GenBank database. These are Tables 1 and 2 below. Using these
plant-specific codon usage tables, the derived primary amino acid
sequence of the bacterial 2,4-D dioxygenase was converted into DNA
coding sequences that reflected the codon preferences of
dicotyledonous and monocotyledonous plants [SEQ ID NOS:2 and 3,

respectively].
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The synthetic plant-optimized 2,4-D dioxygenase ORFs [SEQ ID NOS:2
and 3], both dicot and monocot, were then used to design 2,4-D
dioxygenase genes capable of efficient expression in transgenic
plants. These synthetic genes were designated as SAD (Synthetic
gene Adapted for Dicots) and SAM (Synthetic gene Adapted for
Monocots) for the dicot and monocot versions, respectively. In
order to generate a translatable transcript once the gene had been
constructed and inserted into a plant genome, a 5' untranslated
leader sequence representing the 5' untranslated leader sequence
from the 35S transcript of alfalfa mosaic virus (AMV; Gallie et
al., Nucleic Acids Res., 15:8693-8711 (1987)) was incorporated
into the design of the synthetic genes. In addition, a signature
sequence, encoding Cys Ala Gly, was added to the 3' end of the
synthetic coding regions for each version of the synthetic gene.
Finally, for ease of cloning, the designed seguences included a
HindIII-specific overhang at the 5' end and a SallI-specific
overhang at the 3' end. The complete designed sequences for the
synthetic portions of the SAD and SAM genes are SEQ ID NOS:4 and
5.

To construct the designed synthetic portions of the SAD and SAM
genes, each seguence was dissected into overlapping
oligonucleotides, twelve oligonucleotides for each of the two
strands resulting in a total of twenty-four oligonucleotides for
each DNA sequence. A complete list of the oligonucleotides used
to construct the synthetic portions of the SAD and SAM genes is
given in Tables 3A, 3B, 4A, and 4B below. The oligonucleotides
were synthesized using standard phosphoramidite chemistry by
Integrated DNA Technologies, Inc., Coralville, Iowa. The
synthetic DNA molecules were assembled using a procedure based
upon the protocol described by Sutton et al. 1995 published on the
World Wide Web (www.epicentre.com) using Ampliligase™ thermostable
ligase {Epicentre Technologies Inc., Madison, WI) .

Oligonucleotides were first phosphorylated using T4 polynucleotide
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kinase (Invitrogen Life Technologies, Carlsbad, CA) as mixtures

of upper and lower strand oligonucleotides for each synthetic DNA

construct. Each mixture contained 10 pmoles o©of each
oligonucleotide, 70 mM Tris/HCl pH 7.6, 10 mM MgCl,, 5 mM
dithiothreitol (DTT) , 0.1 mM ATP, and 10 units of T4
polynucleotide kinase, for a total volume of 25 ul.

Phosphorylation was achieved by incubation of the mixtures at 37°C
for 30 minutes, followed by a denaturing incubation at 70°C for
10 minutes. To anneal and ligate the oligonucleotides, each
reaction mixture was retreated at 70°C for 10 minutes in a
thermocycler and subsequently cooled to 65°C over a 1l0-minute
period. To each mixture, 65 ul of water, 10 ul of 10X Ampliligase
buffer (Epicentre Technologies), and 2 ul of Ampliligase (5
units/upl) were added sequentially, and the temperature was reduced

to 40°C over a three hour period.

At this stage, in order to improve the efficiency of cloning, the
complete synthetic DNA sequences for SAD and SAM were recovered
from their respective annealing/ligation reactions by polymerase
chain reaction (PCR) in an MJ Research Inc. (Waltham, MA) Model
PTC-100 Thermocycler using Amplitag Gold™ DNA polymerase undexr
conditions supplied by the manufacturer, Perkin Elmer Life
Sciences (Boston, MA). The PCR primers used for the recovery of
each sequence were AGATCCTTTTTATTTTTAATTTTCTTTC [SEQ ID NO:6]1, a
28mer representing the 5' end of the AMV leader sequence and used
for both the SAD and SAM recovery PCR reactions, and
CTCCAGCACACTAAACAACAGCGTC [SEQ ID NO:7], a 25mer specific for the
3' end of the SAD sequence, and CTCCAGCACACTACACCACC [SEQ 1ID
NO:8], a 20mer specific for the 3' end of the SAM sequence. PCR
fragments corresponding to the appropriate size of 918 bp were gel
purified as described in Ausubel et al., Current Protocols In
Molecular Biology (Green/Wiley Interscience, New York, 1989) and
cloned between two XcmI restriction gsites in pUCR19, a modified
pUC1l9 vector designed for rapid cloning of PCR fragments using T

overhangs generated by XcmI digestion (described in O'Mahony and
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Oliver, Plant Molecular Biology, 39:809-821 (1999)) to generate
the plasmids pUCRsynSAD and pUCRsynSAM. Once cloned into these
vectors, the inserts were sequenced to verify the sequence
integrity of the designed synthetic portions of the SAD and SAM
genes. DNA sequencing was performed by use of a dRhodamine
Terminator Cycle Sequencing kit (PE Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions. Segquence
reactions were analyzed using a Perkin Elmer/ABI Prism 310

automated sequencer.
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TABLE 1: Dicot Codon Usage

Amino Acid | Codon | % Usage | Amino Acid Codon | % Usage
Alanine GCU 45.10 Lysine AAG 55.14
GCA 25.41 AAA 44 .86
GCC 17.62 Methionine AUG 100.00
GCG 11.87 Phenylalanine uucC 51.60
Arginine AGA 32.71 Uuyu 48.40
AGG 23.18 Proline CCcu 37.73
CGU 18.53 CCA 34.72
CGA 10.55 CCG 14.94
CGG 7.70 CCC 12.61
CGC 7.33 Serine ucu 27.64
Asparagine AAC 51.76 UCA 19.32
AAU 48.24 AGU 15.84
Aspartic Acid GAU 65.56 AGC 13.98
GAC 34.44 ucc 13.50
Cysteine uGu 56.16 UcG 9.72
UGC 43.84 Threonine ACU 36.71
Glutamic Acid GAG 51.01 ACA 28.49
GAA 48.99 ACC 21.89
Glutamine CAA 54.26 ACG 12.91
CAG 45.74 Tryptophan UGG 100.00
Glycine GGA 36.34 Tyrosine UAC 52.04
GGU 35.49 UAU 47.96
GGC 14.14 Valine GUU 40.71
GGG 14.03 GUG 26.01
Histidine CAU 57.39 GUC 20.56
CAC 42.61 GUA 12.71
Isoleucine AUU 43.44 Stop UAA 41.50
AUC 36.28 UGA 40.73
AUA 20.28 UAG 17.77
Leucine UuG 2473
CcucC 19.86
Ccuu 19.86
UUA 12.99
CAG 11.69
CUA 10.87
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TABLE 2: Monocot Codon Usage

Amino Acid | Codon | % Usage | Amino Acid Codon | % Usage
Alanine GCC 36.21 Lysine AAG 79.42
GCG 24.24 AAA 20.58
GCU 23.10 Methionine AUG 100.00
GCA 16.45
Arginine AGG 27.35 Uuu 29.32
CGC 27.09 Proline CCA 27.77
CGG 15.18 CCG 27.06
AGA 12.94 ccC 23.97
CGU 11.41 CCU 21.20
CGA 6.03 Serine AGC 24.00
Asparagine AAC 68.33 UccC 23.41
AAU 31.67 uUcu 15.47
Aspartic Acid GAC 62.72 UCG 13.97
GAU 37.28 UCA 13.59
Cysteine UGC 73.56 AGU 9.57
UuGuU 26.44 Threonine ACC 40.33
Glutamic Acid GAG 73.29 ACU 21.27
GAA 26.71 ACG 20.39
Glutamine CAG 58.31 ACA 18.00
CAA 41.69 Tryptophan UGG 100.00
Glycine GGC 41.40 Tyrosine UAC 72.14
GGG 20.28 UAU 27.86
GGU 20.25 Valine GUG 37.35
GGA 18.07 GUC 32.71
Histidine CAC 63.83 GUU 2211
CAU 36.17 GUA 7.83
Isoleucine AUC 57.82 Stop UGA 44 .57
AUU 28.52 UAG 28.24
AUA 136.5 UAA 27.18
Leucine CcucC 27.01
CUU 27.01
CUG 23.80
UuG 11.90
CUA 6.23
UUA 4.05
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TABLE 3A
Dicot Oligonucleotides: Sense Strand

AGCTAGATCCTTTTTATTTTTAATTTTCTTTCAAATACTTCCAG [SEQ ID NO:13]
ATCCATGTCTGTTGTTGCTAACCCTTTGCATCCTTTGTTCGCTGCTGGAG
TTGAGGATATTGATCTCAGAGAAGCATTGG {SEQ ID NO:14]
GTTCTACTGAGGTGAGAGAAATTGAGAGACTCATGGACGAAAAGTCAGTT
CTCGTTTTCAGAGGTCAACCACTCTCACAG [SEQ ID NO:15]
GATCAACAGATTGCTTTTGCTAGGAATTTTGGACCTTTGGAGGGTGGATT
CATCAAAGTGAACCAGAGACCATCTAGGTT [SEQ ID NO:16]
CAAATATGCTGAACTCGCTGATATCTCTAATGTTTCATTGGATGGTAAGG
TGGCACAAAGAGACGCTAGAGAAGTTGTGG [SEQ ID NO:17]
GAAATTTTGCAAATCAATTGTGGCATTCTGATTCTTCATTCCAACAGCCA
GCAGCTAGATATTCTATGTTGTCAGCTGTT [SEQ ID NO:18]
GTTGTGCCTCCTTCTGGAGGTGATACAGAATTTTGTGATATGAGGGCAGC
TTACGATGCTCTCCCAAGGGATTTGCAGTC {SEQ ID NO:19]
TGAACTCGAGGGATTGAGAGCTGAACATTACGCTTTGAACTCAAGATTTC
TCTTGGGAGATACTGATTACTCAGAGGCAC {SEQ ID NO:20]
AGAGAAACGCTATGCCTCCTGTTAACTGGCCTCTCGTTAGGACTCATGCT
GGTTCTGGTAGAAAGTTCTTGTTTATTGGA [SEQ ID NO:21]
GCACATGCTTCACATGTTGAGGGTCTCCCTGTTGCTGAGGGAAGAATGTT
GCTCGCTGAATTGCTCGAACATGCTACTCA [SEQ ID NO:22]
AAGAGAGTTTGTTTATAGACACAGATGGAATGTTGGTGACTTGGTTATGT
GGGATAATAGATGTGTGTTGCATAGAGGTA [SEQ ID NO:23]
GGAGATATGATATTTCTGCTAGAAGGGAACTCAGAAGGGCTACTACTTTG
GATGACGCTGTTGTTTAGTGTGCTGCGAG [SEQ ID NO:24]
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TABLE 3B
Dicot Oligonucleotides: Nonsense Strand

GAACAAAGGATGCAAAGGGTTAGCAACAACAGACATGGATCTGGAAGTAT

TTGAAAGAAAATTAAAAATAAAAAGGATCT [SEQ ID NO:25]
TCGTCCATGAGTCTCTCAATTTCTCTCACCTCAGTAGAACCCAATGCTTC
TCTGAGATCAATATCCTCAACTCCAGCAGC [SEQ ID NO:26]
CCAAAGGTCCAAAATTCCTAGCAAAAGCAATCTGTTGATCCTGTGAGAGT
GGTTGACCTCTGAAAACGAGAACTGACTTT [SEQ ID NO:27]
CAATGAAACATTAGAGATATCAGCGAGTTCAGCATATTTGAACCTAGATG
GTCTCTGGTTCACTTTGATGAATCCACCCT [SEQ ID NO:28]
AATGAAGAATCAGAATGCCACAATTGATTTGCAAAATTTCCCACAACTTC
TCTAGCGTCTCTTTGTGCCACCTTACCATC [SEQ ID NO:29]
TATCACAAAATTCTGTATCACCTCCAGAAGGAGGCACAACAACAGCTGAC
AACATAGAATATCTAGCTGCTGGCTGTTGG [SEQ ID NO:30]
GTTCAAAGCGTAATGTTCAGCTCTCAATCCCTCGAGTTCAGACTGCAAAT
CCCTTGGGAGAGCATCGTAAGCTGCCCTCA [SEQ ID NO:31]
CTAACGAGAGGCCAGTTAACAGGAGGCATAGCGTTTCTCTGTGCCTCTGA
GTAATCAGTATCTCCCAAGAGAAATCTTGA [SEQ ID NO:32]
CCTCAGCAACAGGGAGACCCTCAACATGTGAAGCATGTGCTCCAATAAAC
AAGAACTTTCTACCAGAACCAGCATGAGTC [SEQ ID NO:33]
GTCACCAACATTCCATCTGTGTCTATAAACAAACTCTCTTTGAGTAGCAT
GTTCGAGCAATTCAGCGAGCAACATTCTTC [SEQ ID NO:34]
GCCCTTCTGAGTTCCCTTCTAGCAGAAATATCATATCTCCTACCTCTATG
CAACACACATCTATTATCCCACATAACCAA [SEQ ID NO:35]
TCGACTCCAGCACACTAAACAACAGCGTCATCCAAAGTAGTA [SEQ ID NO:36]
29

Bayer EX1005-0568 (2 of 2)



WO 03/034813 PCT/US02/34084

TABLE 4A
Monocot oligonucleotides: Sense strand

AGCTAGATCCTTTTTATTTTTAATTTTCTTTCAAATACTTCCAG [SEQ ID NO:37]
ATCCATGTCCGTGGTGGCCAACCCACTCCACCCGCTCTTCGCGGCCGGCG
TGGAGGATATCGACCTCAGGGAGGCGCTGG [SEQ ID NO:38]
GCAGCACCGAAGTGCGCGAAATCGAGAGGCTCATGGACGAGAAGAGCGTC
CTCGTCTTCCGCGGCCAACCACTCTCACAG [SEQ ID NO:39]
GATCAACAGATTGCTTTTGCTAGGAATTTTGGACCTTTGGAGGGTGGATT
CATCAAGGTGAACCAGCGCCCGTCCAGGTT {SEQ ID NO:40]
CAAGTACGCTGAACTGGCCGACATCAGCAACGTGTCCCTCGATGGGAAGG
TGGCCCAGAGGGACGCTAGGGAAGTTGTGG [SEQ ID NO:41]
GCAACTTCGCCAACCAACTGTGGCACTCCGATAGCTCTTTCCAACAGCCA
GCAGCCAGGTACTCCATGCTGAGCGCCGTC [SEQ ID NO:42]
GTCGTGCCACCATCCGGCGGTGACACCGAGTTCTGCGATATGCGCGCCGC
GTACGACGCCCTCCCGAGGGATCTGCAGAG [SEQ ID NO:43]
CGAGCTGGAGGGCCTCCGCGCGGAGCACTACGCCCTCARCAGCAGGTTCC
TCCTGGGGGACACTGACTACTCCGAGGCCC [SEQ ID NO:44]
AGAGGAACGCGATGCCACCAGTGAACTGGCCCCTCGTCCGCACCCACGLT
GGCAGCGGCCGCAAGTTCCTGTTCATCGGG {SEQ ID NO:45]
GCCCATGCCTCCCATGTGGAGGGTCTCCCTGTCGCGGAGGGCCGCATGCT
CCTGGCCGAGCTCCTGGAGCACGCCACCCA [SEQ ID NO:46]
ACGCGAGTTCGTCTACCGCCACAGGTGGAATGTCGGCGACCTCGTCATGT
GGGATAACCGCTGCGTGCTGCACCGCGGCA [SEQ ID NO:47]
GGCGCTACGATATCAGCGCGCGCAGGGAACTCAGGCGCGCCACCACCCTC
GACGACGCGGTGGTGTAGTGTGCTGGAG [SEQ ID NO:48]
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TABLE 4B
Monocaot oligonucleotides: Nonsense strand

GAAGAGCGGGTGGAGTGGGTTGGCCACCACGGACATGGATCTGGAAGTAT

TTGAAAGAAAATTAAAAATAAAAAGGATCT [SEQ ID NO:49]
TCGTCCATGAGCCTCTCGATTTCGCGECACTTCGEGTGCTGCCCAGCGCCTC
CCTGAGGTCGATATCCTCCACGCCGGCCGC [SEQ ID NO:50]
CCAAAGGTCCAAAATTCCTAGCAAAAGCAATCTGTTGATCCTGTGAGAGT
GGTTGGCCGCGGAAGACGAGGACGCTCTTC [SEQ ID NO:51]
GAGGGACACGTTGCTGATGTCGGCCAGTTCAGCGTACTTGAACCTGGACG
GGCGCTGETTCACCTTGATGAATCCACCCT [SEQ ID NO:52]
AAAGAGCTATCGGAGTGCCACAGTTGGTTGGCGAAGTTGCCCACAACTTC
CCTAGCGTCCCTCTGGGCCACCTTCCCATC [SEQ ID NO:53]
TATCGCAGAACTCGGTGTCACCGCCGGATGGTCGCACGACGACGGCGCTC
AGCATGGAGTACCTGGCTGCTGGCTGTTGG [SEQ ID NO:54]
GTTGAGGGCGTAGTGCTCCGCGCGEAGGCCCTCCAGCTCGCTCTGCAGAT
CCCTCGGGAGGGCGTCETACGCGGCGCGCA [SEQ ID NO:55]
CGGACGAGGGGCCAGTTCACTGGTGGCATCGCGTTCCTCTGGGCCTCGGA
GTAGTCAGTGTCCCCCAGGAGGAACCTGCT [SEQ ID NO:56]
CCTCCGCGACAGGGAGACCCTCCACATGGGAGGCATGGGCCCCGATGAAC
AGGAACTTGCGGCCGCTGCCAGCGTGGETG [SEQ ID NO:57]
GTCGCCGACATTCCACCTGTGGCGETAGACGAACTCGCGTTGGGTGGCGT
GCTCCAGGAGCTCGGCCAGGAGCATGCGGC [SEQ ID NO:58]
GCGCGCCTGAGTTCCCTGCGCGCGCTGATATCGTAGCGCCTGCCGCGRTG
CAGCACGCAGCGGTTATCCCACATGACGAG [SEQ ID NO:59]
TCGACTCCAGCACACTACACCACCGCGETCGTCGAGGCGTGETG [SEQ ID NO:60]
EXAMPLE 2: Construction Of A Plant-Expressible SAD Gene.

For the generation of a complete and plant-competent SAD gene, the
synthetic portions of the SAD gene contained in pUCRsynSAD were
removed by first releasing the 5' end of the synthetic sequence
by digestion with XbaI and filling in the overhang with DNA
polymerase I (Klenow large fragment) followed by digestion with
KpnI. This fragment was ligated into the plasmid pProPClSV, a
pUC1l9 plasmid containing an enhanced Peanut Chlorotic Streak Virus
(PC1SV) promoter derived from pKLP36 (described by Maiti and
Shepherd, Biochem. Biophys. Res. Com., 244:440-444 (1998)) by
cutting first with NcoI, treating with DNA polymerase I (Klenow

large fragment) to £fill in the generated overhang, and
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subsequently cutting with KpnI. This generated the plasmid
pProPC18V-SAD within which the synthetic portion of the SAD gene,
including the 5' AMV leader and 3' region coding for the Cys Ala
Gly signature, is directly linked to the 3' end of the PClSV
promoter (Figure 1). This plasmid served as the source for the
PC1SV-SAD construction for insertion into the binary vectors for
final gene construction prior to introduction into Agrobacterium

for plant transformation.

Two binary vectors were chosen for final SAD gene construction,
pPZP211-PNPT-311g7 (Figure 2) and pPZP211-PNPT-512g7 (Figure 3).
These two vectors are based on the pPZP family of vectors
described by Hajdukiewicz et al., Plant Molec. Biol., 25:989-994
(1994) and are pPZP211 derivatives 1in which the neomycin
phosphotransferase II (NPTII) gene for kanamycin resistance is
driven by the PClSV promoter and a g7 polyA termination sequence
is placed adjacent to a multicloning site (MCS, Figures 2 and 3).
The only difference between these two vectors is the position of
the MCS relative to the g7 polyA termination sequence. The g7
polyA termination sequence is the 3' polyA termination signal from
gene 7 within the octopine T-Left region of an octopine
Agrobacterium tumefaciens Ti plasmid and was isolated as an EcoRI-
SalIl fragment from pAP2034 (Velten and Schell, Nucleic Acids,
13:6981-6998 (1985)) .

The complete SAD gene was constructed by removal of the PC1SV-SAD
sequence from pProPClSV-SAD as a HindIII-Smal fragment and
insertion into both pPZP211-PNPT-311g7 and pPZP211-PNPT-512g7 that
were - first cut with BamHI, treated with DNA polymerase I (Klenow
large fragment) to £fill in the overhanging sequence, and
subsequently digested with HindIII. These reactions generated the
two vectors, pPZP211-PNPT-311-SAD (Figure 4) and pPZP211-PNPT-512-
SAD (Figure 5), that contained the full plant expressible SAD gene
in one of two orientations with respect to the PCLSV-NPTII-

35SpolyA construct. This design for insertion of the SAD gene
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into plant genomes was implemented because of uncertainty as to
the effect of having two PClSV promoter sequences in the same
plasmid on both transformation and effective transmission of the
expressed trait. By putting the SAD gene in the vectors such that
the PClSV promoters were inserted as both direct and inverted

repeats, the possibility of a negative outcome could be avoided.

After construction, the SAD genes in each vector were sequenced
as described above to ensure fidelity. This sequencing revealed
that, in the construction of pProPClSV-SAD, an out-of-frame ATG
codon was introduced into the 5' untranslated leader sequence.
The presence of this ATG codon could alter the translatability of
the transcript that would be synthesized from the SAD gene and so
was deleted by PCR mutagenesis to restore the normal AMV leader
sequence. Following repair, the sequence was rechecked for
fidelity. The original SAD gene containing the out-of-frame ATG
was labelled SAD1 (since some transformation experiments had begun
using this construct). The repaired SAD gene is referred to as
SAD2 and is the only version of the gene used for integration of

the SAD construct into the cotton genome.

EXAMPLE 3: Introduction Of SAD2 Into Cotton

The two binary vectors containing the SAD2 gene, pPZP211-PNPT-311-
SAD2 and pPZP211-PNPT-512-SAD2, were individually introduced into
the EHA 105 strain of Agrobacterium tumefaciens (Hood et al.,
Transgenic Research, 2:208-218 (1993)) by direct transformation
as described by Walker-Peach and Velten, in Plant Molecular
Biology Manual, section B1:1-19 (Gelvin, Shilperoort and Verma,
eds., Kluwer Academic Publishers, Dordrecht, The Netherlands,
1994)) . The constructs were subsequently introduced Dby
Agrobacterium transfection into cotyledon explants from the cotton
variety Coker 312 (Coker Seed Inc.). This was achieved by
isolating sterile cotyledon tissue (derived from seedlings grown
in culture from surface-sterilized seed as described by Trolinder

and Gooden, Plant Cell Reports, 6:231-234 (1987)), generating
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explants (by use of a sterile hole punch), and submerging the
explants in a 48-hour-old culture of EHA 105, containing the
appropriate construct, grown at 28°C. The explants were then
transferred onto 2MST medium (MS medium + 0.2 mg/L 2,4-D and 0.1
mg/L kinetin) subsequent to removal of excess EHA 105. The
infected cotyledon tissues were incubated on the 2MST medium for
2 days at 28°C prior to transfer to T1+KCL medium (MS medium + 0.1
mg/L 2,4-D and 0.1 mg/L kinetin + 50 mg/L kanamycin sulphate and
250 mg/L Cefotaxime). Once healthy callus tissue was formed, it
was placed on fresh T1+KCL (with 0.05 mg/L 2,4-D) for a second
round of selection. After six weeks, somatic embryos were
generated from the surviving callus, and mature transgenic cotton
plants were produced as described by Trolinder and Goodin, Plant
Cell Reports, 6:231-234 (1587).

A total of 111 kanamycin-resistant cotton seedlings were generated
(44 were generated in the pPZP211-PNPT-311-SAD2 transformations,
and 67 in the pPZP211-PNPT-512-SAD2 transformations). Each plant
was analyzed for the presence of the SAD synthetic coding sequence
and the NPTII coding sequence by PCR to ensure the integrity of
the inserted DNA. The PCR was performed as described above. The
primers used for this analysis were
GGAGTTGAGGATATTGATCTCAGAGAAGCATTG [SEQ ID NO:9] and
GCGATCTGCTGATCCTGACTC [SEQ ID NO:10] for the SAD coding region and
CGTCAAGAAGGCGATAGAAGG [SEQ ID NO:11] and GCTATGACTGGGCACAACAGAC
[SEQ ID NO:12] for the NPTII coding region. Of the 44 pPZP211-
PNPT-311-SAD seedlings that survived kanamycin treatment, 2 were
shown to be negative by the PCR testing. Of the 67 pPZP211-PNPT-
512-SAD seedlings that survived kanamycin treatment, 14 were

negative in the PCR tests.

The remaining 95 plants were grown in pots in the greenhouse until
at least the squaring stage (approximately 18" tall) and were then
sprayed with 2,4-D amine (United Agri Products, Greeley, CO) at

1 lb/acre acid equivalents. This is twice the normal field rate
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for 2,4-D applications. Of the 95 plants, 22 survived this
treatment with little or no herbicide damage being evident.

Eleven of these plants contained the pPZP211-PNPT-311-SAD2
construct, and 11 contained the pPZP211-PNPT-512-SAD2 construct.

Each plant was grown to maturity in the greenhouse.

Of the 22 transgenic plants, only 7 produced seed. The remaining
plants were apparently infertile. Presumably this infertility was
an effect of the regeneration procedure, which is common for
cotton. Of the seven fertile plants, 3 contained the pPZP211-
PNPT-311-SAD2 construct, and 4 contained the pPZP211-PNPT-311-SAD2

construct.

To verify that the inserted synthetic SAD genes were inheritable
and to gain an indication of the number of gene insertions, seeds
from the seven fertile SAD transgenic cotton plants were planted
into hydroponic rock wool slabs (Hummert, St. Louis, MO) that had
been saturated with Peters Professional water-soluble fertilizer
(5-11-26 HYDRO-SOL, supplemented with calcium nitrate and
magnesium sulfate to provide a complete nutrient compliment;
Hummert, St. Louils, MO). The hydroponic rock wool slabs were
placed on benches in a greenhouse, and nutrients were maintained
at optimal levels using a non-recycling hydroponic watering
system. Plants were grown under greenhouse conditions (28°C + 5°C
air temperature) for 24 days. At this point, the plants were
removed to a spray hood, sprayed with 2,4-D amine at the normal
field rate of 1/2 1lb/acre acid equivalents, maintained in the hcod
for 24 hours to allow the 2,4-D to volatilize, and then placed
back in the greenhouse. The effect of the treatment was evaluated
visually after 10-14 days, and the results are presented in Table

5 below.
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TABLE 5
Transgenic Number of | No Damage Some Severe Ratio
Line plants symptoms damage "Res"/Sens
311-22-1-4 43 16 16 11 3:1
311-22-1-5 47 6 18 23 1:1
311-22-1-8 56 14 28 14 31
512-21-1-5 56 8 34 14 3:1
512-21-4-3 30 7 20 3 9:1
512-21-4-5 41 5 24 12 2:1
512-24-4-4 63 7 21 35 1:1
2,4-Dres 55 7 33 15 3:1
control
2,4-D sens 45 0 20 25 1:1
control

2,4-D res control = transgenic 2,4-D resistant cotton containing the naturally-occurring tfdA gene
construct. (Bayley et al., Theoretical Applied Genetics, 83:645-649 (1992))

2,4-D sens control = Coker 312 (not transgenic) regenerated from somatic embryos in the same
manner as those containing the SAD constructs

Some symptoms = some leaf wilt and minor leaf dessication

Severe damage = all leaves wilted and desiccation damage

readily evident

The ratio "Res"/Sens was calculated as the number of plants that
showed some resistance to 2,4-D treatment during the experiment
divided by the combined number of plants that showed severe damage
or death. The negative control of Coker 312 that had been
regenerated from tissue culture did show some signs of resistance,
so these ratios are not to be considered as definitive measures
of Mendelian inheritance of the SAD gene. Nevertheless, all of
the negative control plants did show 2,4-D-induced damage, whereas
all of the transgenic 1lines that contain the SAD gene had

individuals that exhibited no damage at all.

Five plants from each of the 7 lines that exhibited no damage when
treated with 2,4-D 24 days after germination were chosen, and
individual newly-formed leaf samples, one per plant, were taken
for PCR testing, performed as described above. Each plant tested

positive for the SAD construct by PCR. These plants were grown
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for a further 14 days and then resprayed with 2,4-D amine at the
normal field rate of 1/2 1lb/acre acid equivalents. 2All 35 plants
exhibited no damage following this treatment, whereas all negative
controls did not survive this spray event. The 35 plants were

grown to maturity, and seeds were collected.

The content of each of the references referred to hereinabove,
including publications, patents, and published applications, are

incorporated by reference herein.
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SEQUENCE LISTING
<110> Oliver, Mel
<120> Synthetic Herbicide Resistance Gene
<130> 3553-30prov
<160> 60

<170> Patentln version 3.0

<210> 1

<211> 287

<212> PRT

<213> Alcaligenes eutrophus

<400> 1
Met Ser Val Val Ala Asn Pro Leu His Pro Leu Phe Ala Ala Gly Val
1 ‘ 5 10 15
Glu Asp Ile Asp Leu Arg Glu Ala Leu Gly Ser Thr Glu Val Arg Glu
20 25 30
Ile Glu Arg Leu Met Asp Glu Lys Ser Val Leu Val Phe Arg Gly Gln
35 40 45
Pro Leu Ser Gln Asp Gln Gln Ile Ala Phe Ala Arg Asn Phe Gly Pro
50 55 60
Leu Glu Gly Gly Phe Ile Lys Val Asn Gln Arg Pro Ser Arg Phe Lys
65 70 75 80

Tyr Ala Glu Leu Ala Asp Ile Ser Asn Val Ser Leu Asp Gly Lys Val
85 90 95
Ala Gln Arg Asp Ala Arg Glu Val Val Gly Asn Phe Ala Asn Gln Leu
100 105 110
Trp His Ser Asp Ser Ser Phe Gln Gln Pro Ala Ala Arg Tyr Ser Met
115 120 125
Leu Ser Ala Val VvVal Val Pro Pro Ser Gly Gly Asp Thr Glu Phe Cys
130 135 140
Asp Met Arg Ala Ala Tyr Asp Ala Leu Pro Arg Asp Leu Gln Ser Glu
145 150 155 160
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Leu Glu Gly Leu Arg Ala Glu His Tyr Ala Leu Asn Ser Arg Phe Leu
165 170 175
Leu Gly Asp Thr Asp Tyr Ser Glu Ala Gln Arg Asn Ala Met Pro Pro
180 185 190
Val Asn Trp Pro Leu Val Arg Thr His Ala Gly Ser Gly Arg Lys Phe
155 200 205
Leu Phe Ile Gly Ala His Ala Ser His Val Glu Gly Leu Pro Val Ala
210 215 220
Glu Gly Arg Met Leu Leu Ala Glu Leu Leu Glu His Ala Thr Gln Arg
225 230 235 240
Glu Phe Val Tyr Arg His Axg Trp Asn Val Gly Asp Leu Val Met Trp
245 250 255
Asp Asn Arg Cys Val Leu His Arg Gly Arg Arg Tyr Asp Ile Ser Ala
260 265 270
Arg Arg Glu Leu Arg Arg Ala Thr Thr Leu Asp Asp Ala Val Val
275 280 285

<210> 2
<211> 864
<212> DNA

<213> Artificial sequence

<220>

<221> exon

<222> (1)..(864)
<220>

<221> misc_feature

<222> (1)..(864)
<223> Dicot ORF for degradation of 2,4-D
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<400> 2

atg tct gtt gtt gct aac cct ttg cat cct ttg tte gect gct gga gtt 48
Met Ser Val Val Ala Asn Pro Leu His Pro Leu Phe Ala Ala Gly Val

1 5 10 15

gag gat att gat ctc aga gaa gca ttg ggt tct act gag gtg aga gaa 96
Glu 2Asp Ile Asp Leu Arg Glu Ala Leu Gly Ser Thr Glu Val Arg Glu
20 25 30

att gag aga ctc atg gac gaa aag tca gtt ctc gtt ttc aga ggt caa 144
Ile Glu Arg Leu Met Asp Glu Lys Ser Val Leu Val Phe Arg Gly Gln
35 40 45

cca ctc tca cag gat caa cag att gct ttt gct agg aat ttt gga cct 192
Pro Leu Ser Gln Asp Gln Gln Ile Ala Phe Ala Arg Asn Phe Gly Pro
50 55 60

ttg gag ggt gga ttc atc aaa gtg aac cag aga cca tct agg ttc aaa 240
Leu Glu Gly Gly Phe Ile Lys Val Asn Gln Arg Pro Ser Arg Phe Lys
65 70 . 75 80

tat gct gaa ctc gct gat atc tct aat gtt tca ttg gat ggt aag gtg 288
Tyr Ala Glu Leu Ala Asp Ile Ser Asn Val Ser Leu Asp Gly Lys Val
85 S0 S5

gca caa aga gac gct aga gaa gtt gtg gga aat ttt gca aat caa ttg 336
Ala Gln Arg Asp Ala Arg Glu Val Val Gly Asn Phe Ala Asn Gln Leu
100 105 110

tgg cat tct gat tct tca ttc caa cag cca gca gct aga tat tet atg 384
Trp His Sexr Asp Ser Ser Phe Gln Gln Pro Ala Ala Arg Tyr Ser Met
115 120 125

ttg tca gct git gtt gtg cct cct tct gga ggt gat aca gaa ttt tgt 432
Leu Ser Ala Val vVal val Pro Pro Ser Gly Gly Asp Thr Glu Phe Cys

130 135 140
gat atg agg gca gct tac gat get cte cca agg gat ttg cag tct gaa 480

Asp Met Arg Ala Ala Tyr Asp Ala Leu Pro Arg Asp Leu Gln Ser Glu
145 150 155 160
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ctc gag gga ttg aga gct gaa cat tac gct ttg aac tca aga ttt ctc 528
Leu Glu Gly Leu Arg Ala Glu His Tyr Ala Leu Asn Ser Arg Phe Leu
165 170 175

ttg gga gat act gat tac tca gag gca cag aga aac gct atg cct cct 576
Leu Gly Asp Thr Asp Tyr Ser Glu Ala Gln Arg Asn Ala Met Pro Pro
180 185 190

gtt aac tgg cct ctc gtt agg act cat gct ggt tcect ggt aga aag ttc 624
Val Asn Trp Pro Leu Val Arg Thr His Ala Gly Ser Gly Arg Lys Phe
195 200 205

ttg ttt att gga gca cat gct tca cat gtt gag ggt ctc cct gtt get 672
Leu Phe Ile Gly Ala His Ala Ser His Val Glu Gly Leu Pro Val Ala
210 215 220

gag gga aga atg ttg ctc gct gaa ttg ctc gaa cat gct act caa aga 720
Glu Gly Arg Met Leu Leu Ala Glu Leu Leu Glu His Ala Thr Gln Arg
225 230 235 240

gag ttt gtt tat aga cac aga tgg aat gtt ggt gac ttg gtt atg tgg 768
Glu Phe Val Tyr Arg His Arg Trp Asn Val Gly Asp Leu Val Met Trp
245 250 255

gat aat aga tgt gtg ttg cat aga ggt agg aga tat gat att tct gct 816
Asp Asn Arg Cys Val Leu His Arg Gly Arg Arg Tyr Asp Ile Ser Ala
260 265 270

aga agg gaa ctc aga agg gct act act ttg gat gac gct gtt gtt tag 864
Arg Arg Glu Leu Arg Arg Ala Thr Thr Leu Asp Asp Ala Val Val
275 280 285

<210> 3
<211> 864
<212> DNA

<213> Artificial sequence

<220>
<221> exon
<222> (1) ..(864)
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<220>

<221> misc_feature

<222> (1) ..(864)

<223> Monocot ORF for degradation of 2,4-D

<400> 3
atg tcc gtg gtg gcc aac cca cte cac ccg ctce tte gcg gecc ggc gtg 48
Met Ser Vval val Ala Asn Pro Leu His Pro Leu Phe Ala Ala Gly Val

gag gat atc gac ctc agg gag gcg ctg ggc agc acc gaa gtg cgc gaa 96
Glu Asp Ile Asp Leu Arg Glu Ala Leu Gly Ser Thr Glu Val Arg Glu
20 25 30

atc gag agg ctc atg gac gag aag agc gtc ctc gtc ttc cgc ggc caa 144
Ile Glu Arg Leu Met Asp Glu Lys Ser Val Leu Val Phe Arg Gly Gln
35 40 45

cca ctc tca cag gat caa cag att gct ttt gct agg aat ttt gga cct 192
Pro Leu Ser Gln Asp Gln Gln Ile Ala Phe Ala Arg Asn Phe Gly Pro
50 55 60

ttg gag ggt gga ttc atc aag gtg aac cag cgc ccg tcce agg ttc aag 240
Leu Glu Gly Gly Phe Ile Lys Val Asn Gln Arg Pro Ser Arg Phe Lys
65 ' 70 75 80

tac gct gaa ctg gcc gac atc agc aac gtg tcc ctce gat ggg aag gtg 288
Tyr Ala Glu Leu Ala Asp Ile Ser Asn Val Ser Leu Asp Gly Lys Val
85 90 95

gcc cag agg gac gct agg gaa gtt gtg ggc aac ttc gcc aac caa ctg 336
Ala Gln Arg Asp Ala Arg Glu Val val Gly Asn Phe Ala Asn Gln Leu
100 105 110

tgg cac tcc gat age tct ttc caa cag cca gca gcc agg tac tcc atg 384
Trp His Ser Asp Ser Ser Phe Gln Gln Pro Ala Ala Arg Tyr Ser Met

115 120 125
ctg agc gcc gtc gtc gtg cca cca tcec gge ggt gac acc gag ttce tgce 432

Leu Ser Ala Val Val Val Pro Pro Ser Gly Gly Asp Thr Glu Phe Cys
130 135 140
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gat atg cgc gcc gcg tac gac gcc ctc cecg agg gat ctg cag agc gag 480
Asp Met Arg Ala Ala Tyr Asp Ala Leu Pro Arg Asp Leu Gln Ser Glu
145 150 155 160
ctg gag ggc ctc cge gcg gag cac tac gcc ctc aac agc agg ttc ctc 528
Leu Glu Gly Leu Arg Ala Glu His Tyr Ala Leu Asn Ser Arg Phe Leu
165 170 175
ctg ggg gac act gac tac tcc gag gcc cag agg aac gcg atg cca cca 576
Leu Gly Asp Thr Asp Tyr Ser Glu Ala Gln Arg Asn Ala Met Pro Pro
180 185 190
gtg aac tgg ccc ctc gtc cgc acc cac gct ggc agc ggc cgc aag ttc 624
Val Asn Trp Pro Leu Val Arg Thr His Ala Gly Ser Gly Arg Lys Phe
195 200 205
ctg ttc atc ggg gcc cat gcc tce cat gtg gag ggt ctc cct gtc gcg 672
Leu Phe Ile Gly Ala His Ala Ser His Val Glu Gly Leu Pro Val Ala
210 215 220
gag ggc cgc atg ctc ctg gcc gag ctc ctg gag cac gcc acc caa cgc 720
Glu Gly Arg Met Leu Leu Ala Glu Leu Leu Glu His Ala Thr Gln Arg
225 230 235 240
gag ttc gtc tac cgc cac agg tgg aat gtc ggc gac ctc gtc atg tgg 768
Glu Phe Val Tyr Arg His Arg Trp Asn Val Gly Asp Leu Val Met Trp
245 250 255
gat aac cgc tgc gtg ctg cac cgc ggc agg cgc tac gat atc agc gcg 816
Asp Asn Axg Cys Val Leu His Arg Gly Arg Arg Tyr Asp Ile Ser Ala
260 265 270
cgc agg gaa ctc agg ¢gc gcc acc acc ctc gac gac gcg gtg gtg tag 864

Arg Arg Glu Leu Arg Arg Ala Thr Thr Leu Asp Asp Ala Val Val
275 280 285

<210> 4
<211> 918
<212> DNA

<213> Artificial seguence
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<220>
<221> exon

<222> (45)..(908)

<220>

<221> misc_feature

<222> (1)..(918)

<223> Dicot gene for degradation of 2,4-D

<400> 4

agatcctttt tatttttaat tttctttcaa atacttccag atcc atg tct gtt gtt 56
Met Ser val Val
1

gct aac cct ttg cat cct ttg ttc gct get gga gtt gag gat att gat 104

Ala Asn Pro Leu His Pro Leu Phe Ala Ala Gly Val Glu Asp Ile Asp

5 10 15 20

ctc aga gaa gca ttg ggt tct act gag gtg aga gaa att gag aga ctc 152

Leu Arg Glu Ala Leu Gly Ser Thr Glu Val Arg Glu Ile Glu Arg Leu

25 30 35
atg gac gaa aag tca gtt ctc gtt ttc aga ggt caa cca ctc tca cag 200
Met Asp Glu Lys Ser Val Leu Val Phe Arg Gly Gln Pro Leu Ser Gln
40 45 50
gat caa cag att gct ttt gct agg aat ttt gga cct ttg gag ggt gga 248
Asp Gln Gln Ile Ala Phe Ala Arg Asn Phe Gly Pro Leu Glu Gly Gly
55 60 65
ttc atc aaa gtg aac cag aga cca tct agg ttc aaa tat gct gaa ctc 296

Phe Ile Lys Val Asn Gln Arg Pro Ser Arg Phe Lys Tyr Ala Glu Leu
70 75 80

gct gat atc tct aat gtt tca ttg gat ggt aag gtg gca caa aga gac 344
Ala Asp Ile Ser Asn Val Ser Leu Asp Gly Lys Val Ala Gln Arg Asp
85 90 95 100
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gct aga gaa gtt gtg gga aat ttt gca aat caa ttg tgg cat tct gat 352
Ala Arg Glu Val Vval Gly Asn Phe Ala Asn Gln Leu Trp His Ser Asp
105 110 115

tct tca ttc caa cag cca gca gct aga tat tct atg ttg tca gcect gtt 440
Ser Ser Phe Gln Gln Pro Ala Ala Arg Tyr Ser Met Leu Ser Ala Val
120 125 130

gtt gtg cct cct tct gga ggt gat aca gaa ttt tgt gat atg agg gca 488
Val Val Pro Pro Ser Gly Gly Asp Thr Glu Phe Cys Asp Met Arg Ala
135 140 145

gct tac gat gct ctc cca agg gat ttg cag tct gaa ctc gag gga ttg 536
Ala Tyr Asp Ala Leu Pro Arg Asp Leu Gln Ser Glu Leu Glu Gly Leu
150 155 160

aga gct gaa cat tac gct ttg aac tca aga ttt ctc ttg gga gat act 584
Arg Ala Glu His Tyr Ala Leu Asn Ser Arg Phe Leu Leu Gly Asp Thr
165 170 175 180

gat tac tca gag gca cag aga aac gct atg cct cct gtt aac tgg cct 632
Asp Tyr Ser Glu Ala Gln Arg Asn Ala Met Pro Pro Val Asn Trp Pro
185 190 195

ctc gtt agg act cat gct ggt tct ggt aga aag ttc ttg ttt att gga 680
Leu Val Arg Thr His Ala Gly Ser Gly Arg Lys Phe Leu Phe Ile Gly
200 205 210

gca cat gct tca cat gtt gag ggt ctc cct gtt gect gag gga aga atg 728
Ala His Ala Ser His Val Glu Gly Leu Pro Val Ala Glu Gly Arg Met
215 220 225

ttg ctc gct gaa ttg ctc gaa cat gct act caa aga gag ttt gtt tat 776
Leu Leu Ala Glu Leu Leu Glu His Ala Thr Gln Arg Glu Phe Val Tyr

230 235 240
aga cac aga tgg aat gtt ggt gac ttg gtt atg tgg gat aat aga tgt 824

Arg His Arg Trp Asn Val Gly Asp Leu Val Met Trp Asp Asn Arg Cys
245 250 255 260
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gtg ttg cat aga

Val Leu His Arg

aga agg gct act
Arg Arg Ala Thr

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<220>
<221>
' <222>
<223>

<400>

280

5
918
DNA

ggt agg aga tat gat
Gly Arg Arg Tyr Asp
265

act ttg gat gac gct
Thr Leu Asp Asp Ala

285

Artificial sequence

€eXxorn

(45) ..

(905)

misc_feature
(1) .. (918)

Monocot gene for degradation of 2,4-D

5

agatcctttt tatttttaat tttctttcaa atacttccag

gcc aac
Ala Asn

ctc agg
Leu Arg

atg gac
Met Asp

cca ctc

Pro Leu

gag gcg
Glu Ala

gag aag
Glu Lys

40

cac ccg cte tte gcg
His Pro Leu Phe Ala
10

ctg ggc agc acc gaa
Leu Gly Ser Thr Glu
25

agc gtc cte gtc ttce
Ser Val Leu Val Phe
45

PCT/US02/34084
att tct gct aga agg gaa ctc 872
Ile Ser Ala Arg Arg Glu Leu
270 275
gtt gtt tag tgtgctggag 218
val val
atcc atg tcc gtg gtg 56
Met Ser Val Val
1
gcc ggc gtg gag gat atc gac 104
Ala Gly Val Glu Asp Ile Asp
15 20
gtg cgc gaa atc gag agg ctc 152
Val Arg Glu Ile Glu Arg Leu
30 35
cgc ggc caa cca ctc tca cag 200
Arg Gly Gln Pro Leu Ser Gln
50
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gat caa cag att gct ttt gct agg aat ttt gga cct ttg gag ggt gga 248
Asp Gln Gln Ile Ala Phe Ala Arg Asn Phe Gly Pro Leu Glu Gly Gly
55 60 65

ttc atc aag gtg aac cag cgc ccg tcc agg ttc aag tac gct gaa ctg 296
Phe Ile Lys Val Asn Gln Arg Pro Ser Arg Phe Lys Tyr Ala Glu Leu
70 75 80

gcc gac atc agce aac gtg tce ctc gat ggg aag gtg gcc cag agg gac 344
.Ala Asp Ile Ser Asn Val Ser Leu Asp Gly Lys Val Ala Gln Arg Asp
85 90 95 100

gct agg gaa gtt gtg ggc aac ttc gcc aac caa ctg tgg cac tcce gat 392
Ala Arg Glu val VvVal Gly Asn Phe Ala Asn Gln Leu Trp His Ser Asp
105 110 115

agc tet ttcec caa cag cca gca gcc agg tac tecc atg ctg age gcc gtc 440
Ser Ser Phe Gln Gln Pro Ala Ala Arg Tyr Ser Met Leu Ser Ala Val
120 125 130

gtc gtg cca cca tcc ggc ggt gac acc gag ttc tgc gat atg cgc gcc 488
Val Val Pro Pro Ser Gly Gly Asp Thr Glu Phe Cys Asp Met Arg Ala
135 140 145

gcg tac gac gcc ctc ccg agg gat ctg cag age gag ctg gag ggc ctc 536
Ala Tyr Asp Ala Leu Pro Arg Asp Leu Gln Ser Glu Leu Glu Gly Leu
150 155 160

cgc geg gag cac tac gce cte aac agc agg ttce ctc ctg ggg gac act 584
Arg Ala Glu His Tyr Ala Leu Asn Ser Arg Phe Leu Leu Gly Asp Thr
165 170 175 180

gac tac tcc gag gcec cag agg aac gcg atg cca cca gtg aac tgg ccc 632
Asp Tyr Ser Glu Ala Gln Arg Asn Ala Met Pro Pro Val Asn Trp Pro

185 190 185
ctc gtc cgc acc cac gct ggc agc ggc cgc aag ttc ctg ttce atc ggg 680

Leu Val Arg Thr His Ala Gly Ser Gly Arg Lys Phe Leu Phe Ile Gly
200 205 210
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gcc cat gcc tcc cat gtg gag ggt ctc cct gte gecg gag ggc cgc atg 728
Ala His Ala Ser His Val Glu Gly Leu Pro Val Ala Glu Gly Arg Met
215 220 225
ctc ctg gcc gag ctc ctg gag cac gcc acc caa cgc gag ttc gtc tac 776
Leu Leu Ala Glu Leu Leu Glu His Ala Thr Gln Arg Glu Phe Val Tyr
230 235 240
cgc cac agg tgg aat gtc ggc gac ctc gtc atg tgg gat aac cgc tgce 824
Arg His Arg Trp Asn Val Gly Asp Leu Val Met Trp Asp Asn Arg Cys
245 250 255 260
gtg ctg cac cgc ggc agg cgc tac gat atc age gecg cgce agg gaa ctc 872
Val Leu His Arg Gly Arg Arg Tyr Asp Ile Ser Ala Arg Arg Glu Leu
265 270 275
agg cgc gcc acc acc ctc gac gac gcg gtg gtg tagtgtgctg gag 918

Arg Arg Ala Thr Thr Leu Asp Asp Ala Val Val
280 285

<210> 6
<211l> 28
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(28)

<223> primer

<400> 6
agatcctttt tatttttaat tttctttce 28
<210> 7
<211> 25

<212> DNA

<213> Artificial seqguence

48
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<220>
<221>
<222>
<223>

<400>

misc_feature

(1)..(25)
primer
7

ctccagcaca ctaaacaaca gcgtce

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

8
20
DNA

Artificial sequence

misc_feature
(1) ..(20)

primer

8

ctccagcaca ctacaccacc

<210>
<211>
<212>

<213>

<220>

<221>

<222>

<223>

<400>

ggagttgagg atattgatct cagagaagca ttg

33
DNA

Artificial sequence

misc_feature

(1) ..(33)
primer
S
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<210> 10
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(21)

<223> primer

<400> 10
gcgatctget gatcctgact c

<210> 11
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(21)

<223> primer

<400> 11

cgtcaagaag gcgatagaag g

<210> 12
<211> 22
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(22)

<223> primer

50
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<400> 12
gctatgactg ggcacaacag ac 22
<210> 13
<211> 44

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(44)

<223> gene fragment

<400> 13
agctagatcce tttttatttt taattttctt tcaaatactt ccag 44
<210> 14
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 14
atccatgtct gttgttgcta accctttgca tcectttgttc gectgctggag ttgaggatat 60
tgatctcaga gaagcattgg 80
<210> 15
<211> 80

<212> DNA

51
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<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 15
gttctactga ggtgagagaa attgagagac tcatggacga aaagtcagtt ctcgttttca 60
gaggtcaacc actctcacag 80
<210> 16
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 16
gatcaacaga ttgcttttgc taggaatttt ggacctttgg agggtggatt catcaaagtg 60
aaccagagac catctaggtt 80
<210> 17
<211> 80

<212> DNA

<213> Artificial sequence
<220>
<221> misc_feature

<222> (1) ..(80)

52
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<223> gene fragment

<400> 17
caaatatgct gaactcgctg atatctctaa tgtttcattg gatggtaagg tggcacaaag 60
agacgctaga gaagttgtgg 80
<210> 18
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 18
gaaattttgc aaatcaattg tggcattctg attcttcatt ccaacagcca gcagctagat 60
attctatgtt gtcagctgtt 80
<210> 19
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 19
gttgtgcctc cttctggagg tgatacagaa ttttgtgata tgagggcagce ttacgatgcet 60
ctcccaaggg atttgcagtc 80
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<210> 20

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1)..(80)

<223> gene fragment

<400> 20

tgaactcgag ggattgagag ctgaacatta cgctttgaac tcaagatttc tcttgggaga 60
tactgattac tcagaggcac 80
<210> 21

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1)..(80)

<223> gene fragment

<400> 21

agagaaacgc tatgcctect gttaactggce ctcectcecgttag gactcatgct ggttctggta 60
gaaagttctt gtttattgga 80
<210> 22

<211> 80

<212> DNA

<213> Artificial sequence

54
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<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 22
gcacatgctt cacatgttga gggtctccct gttgctgagg gaagaatgtt gctcgctgaa 60
ttgctcgaac atgctactca 80
<210> 23
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 23
aagagagttt gtttatagac acagatggaa tgttggtgac ttggttatgt gggataatag 60
atgtgtgttg catagaggta 80
<210> 24
<211> 78

<212> DNA

<213> Artificial sequence
<220>
<221> misc_feature

<222> (1) ..(78)

<223> gene fragment
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<400> 24
ggagatatga tatttctgct agaagggaac tcagaagggc tactactttg gatgacgctg 60
ttgtttagtg tgctggag 78
<210> 25
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 25
gaacaaagga tgcaaagggt tagcaacaac agacatggat ctggaagtat ttgaaagaaa 60
attaaaaata aaaaggatct 80
<210> 26
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment’

<400> 26
tcgtccatga gtctctcaat ttctctcacc tcagtagaac ccaatgcttce tctgagatca 60
atatcctcaa ctccagcagce 80
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<210> 27

<211> 80

<212> DNA

<213> Artificial seguence

<220>

<221> misc_feature

<222> (1)..(80)

<223> gene fragment

<400> 27

ccaaaggtcc aaaattccta gcaaaagcaa tctgttgatc ctgtgagagt ggttgacctce 60
tgaaaacgag aactgacttt 80
<210> 28

<211> 80

<212> DNA

<213> Artificial seqgquence

<220>

<221> misc_ feature

<222> (1)..(80)

<223> gene fragment

<400> 28

caatgaaaca ttagagatat cagcgagttc agcatatttg aacctagatg gtctctggtt 60
cactttgatg aatccaccct 80
<210> 29

<211> 80

<212> DNA

<213> Artificial sequence
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<220>

<221> misc_£feature

<222> (1) ..(80)

<223> gene fragment

<400> 29

aatgaagaat cagaatgcca caattgattt gcaaaatttc ccacaacttc tctagcgtct 60
ctttgtgcca ccttaccatc 80
<210> 30

<211> 80

<212> DNA

<213> Artificial seguence

<220>

<221> misc_feature

<222> (1) ..(80)

<223> gene fragment

<400> 30

tatcacaaaa ttctgtatca cctccagaag gaggcacaac aacagctgac aacatagaat 60
atctagctge tggetgttgg 80
<210> 31

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1) ..(80)

<223> gene fragment
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<400> 31
gttcaaagcg taatgttcag ctctcaatcce ctcgagttca gactgcaaat cccttgggag 60
agcatcgtaa gctgccctca 80
<210> 32
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 32
ctaacgagag gccagttaac aggaggcata gcgtttctct gtgcctctga gtaatcagta 60
tctcccaaga gaaatcttga 80
<210> 33
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 33
cctcagcaac agggagaccc tcaacatgtg aagcatgtgcec tccaataaac aagaactttce 60
taccagaacc agcatgagtc 80
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<210> 34
<211> 80
<212> DNA

<213> Artificial segquence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 34
gtcaccaaca ttccatctgt gtctataaac aaactctctt tgagtagcat gttcgagcaa 60
ttcagcgage aacattcttce 80
<210> 35
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 35
gcccttcectga gttecccettet agcagaaata tcatatctcce tacctctatg caacacacat 60
ctattatccc acataaccaa 80
<210> 36
<211l> 42

<212> DNA

<213> Artificial sequence
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<220>

<221> misc_feature
<222> (1) ..(42)
<223> gene fragment

<400> 36

tcgactccag cacactaaac aacagcgtca tccaaagtag ta

<210> 37
<211> 44
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) .. (44)

<223> gene fragment

<400> 37

PCT/US02/34084

42

agctagatcc tttttatttt taattttctt tcaaatactt ccag

44

<210> 38
<211> 80
<212> DNA

<213> Artificial segquence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

61

Bayer EX1005-0600 (2 of 2)



WO 03/034813 PCT/US02/34084

<400> 38
atccatgtcc gtggtggcca acccactcca cccgectctte gcggecggceg tggaggatat 60
cgacctcagg gaggcgctgg 80
<210> 39
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 39
gcagcaccga agtgcgcgaa atcgagaggce tcatggacga gaagagcgtce ctcecgtcttcec 60
gcggccaacc actctcacag 80
<210> 40
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 40
gatcaacaga ttgcttttgc taggaatttt ggacctttgg agggtggatt catcaaggtg 60
aaccagcgcce cgtccaggtt 80
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<210> 41

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1)..(80)

<223> gene fragment

<400> 41

caagtacgct gaactggccg acatcagcaa cgtgtccctce gatgggaagg tggcccagag 60
ggacgctagg gaagttgtgg 80
<210> 42

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1) ..(80)

<223> gene fragment

<400> 42

gcaacttcgce caaccaactg tggcactccg atagctcttt ccaacagcca gcagccaggt 60
actccatgct gagcgccgtce 80
<210> 43

<211> 80

<212> DNA

<213> Artificial sequence

63

Bayer EX1005-0602 (2 of 2)



WO 03/034813 PCT/US02/34084

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

<400> 43
gtcgtgccac catcecggecgg tgacaccgag ttcectgcecgata tgcgcecgecgce gtacgacgec 60
ctccegaggg atctgcagag 80
<210> 44
<211> 80

<212> DNA

<213> Artificial segquence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 44
cgagctggag ggcctececgeg cggagcacta cgccctcaac agcaggttce tecctggggga 60
cactgactac tcegaggccce 80
<210> 45
<211> 80

<212> DNA

<213> Artificial seguence

<220>
<221> misc_feature
<222> (1)..(80)

<223> gene fragment

64

Bayer EX1005-0603 (2 of 2)



WO 03/034813 PCT/US02/34084

<400> 45
agaggaacgc gatgccacca gtgaactggc ccctcecgtceg cacccacgct ggcagcggcec 60
gcaagttcct gttcatcggg 80
<210> 46
<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> mwisc_feature
<222> (1) ..(80)
<223> gene fragment

<400> 46
gcccatgect cccatgtgga gggtctcoccect gtcgcggagg gccgcatgct cctggcecgag 60
ctcctggage acgccaccca 80
<210> 47
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 47
acgcgagttc gtctaccgccec acaggtggaa tgtcggcgac ctegtcatgt gggataaccg 60
ctgecgtgctg caccgcggcea 80
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<210> 48
<211> 78
<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(78)

<223> gene fragment

<400> 48
ggcgctacga tatcagcgcg cgcagggaac tcaggcgcgc caccaccctce gacgacgcgg 60
tggtgtagtg tgctggag 78
<210> 49
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc feature
<222> (1)..(80)

<223> gene fragment

<400> 49
gaagagcggg tggagtgggt tggccaccac ggacatggat ctggaagtat ttgaaagaaa 60
attaaaaata aaaaggatct 80
<210> 50
<211> 80

<212> DNA

<213> Artificial sequence
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<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 50
tcgtccatga gcectcectegat ttcgcgcact tecggtgctge ccagegcctce cctgaggtceg 60
atatcctecca cgccggceccgce 80
<210> 51
<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1) ..(80)

<223> gene fragment

<400> 51
ccaaaggtcc aaaattccta gcaaaagcaa tctgttgatc ctgtgagagt ggttggecgce 60
ggaagacgag gacgctcttc 80
<210> 52
<211> 80

<212> DNA

«<213> Artificial sequence

<220>

<221> wmisc_feature
<222> (1) ..(80)
<223> gene fragment
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<400> 52
gagggacacg ttgctgatgt cggccagttc agcecgtacttg aacctggacg ggcgctggtt 60
caccttgatg aatccaccct 80
<210> 53
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 53
aaagagctat cggagtgcca cagttggttg gcgaagttgc ccacaacttc cctagcecgtcce 60
ctctgggceca cctteccatce 80
<210> 54
<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature
<222> (1) ..(80)
<223> gene fragment

<400> 54
tatcgcagaa ctcdggtgtca ccgccggatg gtggcacgac gacggdcgctc agcatggagt 60
acctggctgce tggctgttgg 80
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<210> 55

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_feature

<222> (1) ..(80)

<223> gene fragment

<400> 55

gttgagggcg tagtgctccg cgcggaggcc ctcocagctcg ctctgcagat ccctcgggag 60
ggcgtcgtac gcggcgcgca 80
<210> 656

<211> 80

<212> DNA

<213> Artificial sequence

<220>

<221> misc_ feature

<222> (1)..(80)

<223> gene fragment

<400> 56

cggacgaggg gccagttcac tggtggcatc gcecgttcctct gggcctcgga gtagtcagtg 60
tccececcagga ggaacctgcet 80
<210> 57

<211> 80

«<212> DNA

<213> Artificial sequence
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<220>
<221> misc_feature
<222> (1) ..(80)

<223> gene fragment

<400> 57
cctcecgecgac agggagaccce tccacatggg aggcatgggce cccgatgaac aggaacttgce 60
ggccgctgeec agcecgtgggtg 80
<210> 58
<211> 80

<212> DNA

<213> Artificial sequence

<220>
<221> misc_ feature
<222> (1) ..(80)

<223> gene fragment

<400> 58
gtcgecgaca ttccacctgt ggcecggtagac gaactcgegt tgggtggcegt gctccaggag 60
ctcggccagg agcatgcgge 80
<210> 59
<211> 80

<212> DNA

<213> Artificial sequence
<220>
<221> misc_feature

<222> (1) ..(80)

<223> gene fragment
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<400> 59

gcgecgectga gttcectgeg cgcgcectgata tcecgtagcgee tgceccgeggtg cagcacgcag 60
cggttatccc acatgacgag 80
<210> 60

<211> 42

<212> DNA

<213> Artificial seguence

<220>

<221> misc_feature

<222> (1)..(42)

<223> gene fragment

<400> 60

tcgactccag cacactacac caccgcegtceg tcgagggtgg tg 42
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WE CLAIM:
1. A DNA molecule comprising a synthetic DNA sequence,

the synthetic DNA sequence encoding an enzyme that degrades
2,4-dichlorophenoxyacetic acid to dichlorophenol, and

the synthetic DNA sequence comprising a natural microbial
sequence that encodes the enzyme in which at least a plurality of
the codons of the natural microbial sequence have been replaced

by codons more preferred by a plant.

2. The DNA molecule of Claim 1 wherein all of the codons of the
natural microbial sequence which are least preferred by the plant

have been replaced by codons more preferred by the plant.

3. The DNA molecule of Claim 1 wherein at least 50% of the codons
of the natural microbial sequence have been replaced by codons

more preferred by the plant.

4. The DNA molecule of Claim 3 wherein at least 80% of the codons
of the natural microbial sequence have been replaced by codons

more preferred by the plant.

5. The DNA molecule of any one of Claims 1-4 wherein the natural

microbial sequence is a natural bacterial sequence.
6. The DNA molecule of any one of Claims 1-4 wherein the codons
of the natural microbial sequence have been replaced by codons

more preferred by a dicotyledonous plant.

7. The DNA molecule of Claim 6 comprising the nucleotide sequence
of SEQ ID NO:2.

8. The DNA molecule of any one of Claims 1-4 wherein the codons
of the natural microbial sequence have been replaced by codons

more preferred by a monocotyledonous plant.

65

Bayer EX1005-0611 (2 of 2)



WO 03/034813 PCT/US02/34084

9. The DNA molecule of Claim 8 comprising the nucleotide sequence

of SEQ ID NO:3.

10. A DNA construct comprising a synthetic DNA sequence,

the synthetic DNA sequence being operatively linked to plant
gene expression control sequences,

the synthetic DNA sequence encoding an enzyme that degrades
2,4-dichlorophenoxyacetic acid to dichlorophenocl, and

the synthetic DNA sequence comprising a natural microbial
sequence that encodes the enzyme in which at least a plurality of
the codons of the natural microbial sequence have been replaced

by codons more preferred by a plant.

11. The DNA construct of Claim 10 wherein all of the cocdons of
the natural microbial sequence which are least preferred by the

plant have been replaced by codons more preferred by the plant.

12. The DNA construct of Claim 10 wherein at least 50% of the
codons of the natural microbial sequence have been replaced by

codons more preferred by the plant.
13. The DNA construct of Claim 12 wherein at least 80% of the
codons of the natural microbial sequence have been replaced by

codons more preferred by the plant.

14. The DNA construct of any one of Claims 10-13 wherein the

natural microbial sequence is a natural bacterial sequence.

15. The DNA construct of any one of Claims 10-13 wherein the
codons of the natural microbial segquence have been replaced by
codons more preferred by a dicotyledonous plant.

16. The DNA construct of Claim 15 comprising the nucleotide

seguence of SEQ ID NO:2.
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17. The DNA construct of Claim 15 comprising the nucleotide

sequence of SEQ ID NO:4.
18. The DNA construct of any one of Claims 10-13 wherein the
codons of the natural microbial sequence have been replaced by

codons more preferred by a monocotyledonous plant.

19. The DNA construct of Claim 18 comprising the nucleotide

sequence of SEQ ID NO:3.

20. The DNA construct of Claim 18 comprising the nucleotide
sequence of SEQ ID NO:5.

21. The DNA construct of Claim 10 which is a vector.

22. The DNA construct of Claim 10 which is a plasmid.

23. The DNA construct of Claim 10 which is pProPClSV-SAD.

24. The DNA construct of Claim 10 which is pPZP211-PNPT-311-SAD.
25. The DNA construct of Claim 10 which is pPZP211-PNPT-512-SAD.

26. The DNA construct of Claim 10 wherein the expression control

sequences comprise a Peanut Chlorotic Streak Virus promoter.

27. A transgenic plant or part of a plant comprising a synthetic
DNA sequence,

the synthetic DNA sequence being operatively linked to plant
gene expression control seguences,

the synthetic DNA sequence encoding an enzyme that degrades
2,4-dichlorophenoxyacetic acid to dichlorophenol, and

the synthetic DNA seguence comprising a natural microbial

sequence that encodes the enzyme in which at least a plurality of
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the codons of the natural microbial sequence have been replaced

by codons more preferred by a plant.

28. The plant or plant part of Claim 27 wherein the expression
control sequences comprise a Peanut Chlorotic Streak Virus

promoter.

29. The plant or plant part of Claim 27 wherein all of the codons
of the natural microbial sequence which are least preferred by the

plant have been replaced by codons more preferred by the plant.

30. The plant or plant part of Claim 27 wherein at least 50% of
the codons of the natural microbial sequence have been replaced

by codons more preferred by the plant.

31. The plant or plant part of Claim 30 wherein at least 80% of
the codons of the natural microbial sequence have been replaced

by codons more preferred by the plant.

32. The plant or plant part of any one of Claims 27-31 wherein

the natural microbial sequence is a natural bacterial sequence.

33. The plant or plant part of Claim 27 which is a dicotyledonous
plant or plant part and the codons of the natural microbial
sequence have been replaced by codons more preferred by a

dicotyledonous plant.

34. The plant or plant part of Claim 33 wherein the one or more

cells comprise the nucleotide sequence of SEQ ID NO:2.

35. The plant or plant part of Claim 33 wherein the one or more

cells comprise the nucleotide sequence of SEQ ID NO:4.

36. The plant or plant part of Claim 27 which 1is a

monocotyledonous plant or plant part and the codons of the natural
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microbial sequence have been replaced by codons more preferred by

a monocotyledonous plant.

37. The plant or plant part of Claim 36 wherein the one or more

cells comprise the nucleotide sequence of SEQ ID NO:3.

38. The plant or plant part of Claim 36 wherein the one or more

cells comprise the nucleotide sequence of SEQ ID NO:5.

39. The plant or plant part of Claim 27 which is a cotton plant
or plant part.

40. The plant part of Claim 27 which is a seed.
41. The plant part of Claim 27 which is a fruit.

42, A method of controlling weeds in a field containing a
transgenic plant,

the method comprising applying an amount of an auxin
herbicide to the field effective to control the weeds in the
field,

the transgenic plant being tolerant to the auxin herbicide
as a result of comprising a synthetic DNA sequence,

the synthetic DNA sequence being operatively linked to plant
gene expression control sequences,

the synthetic DNA sequence encoding an enzyme that degrades
2,4-dichlorophenoxyacetic acid to dichlorophenol, and

the synthetic DNA sequence comprising a natural microbial
sequence that encodes the enzyme in which at least a plurality of
the codons of the natural microbial sequence have been replaced

by codons more preferred by the plant.

43. The method of Claim 42 wherein the auxin herbicide is 2,4-

dichlorophenoxyacetic acid (2,4-D) or 2,4-D amine.
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44 . The method of Claim 42 wherein the plant is a

monocotyledonous plant.

45. The method of Claim 42 wherein the plant is a dicotyledonous
plant.

46. The method of Claim 42 wherein the plant is a cotton plant.

47. A method of selecting transformed plant cells comprising:

providing a population of plant cells;

transforming at least some of the plant cells in the
population with the DNA construct of Claim 10; and

selecting the transformed plant cells by culturing the
resulting population of plant cells in a culture medium containing
an auxin herbicide at a concentration selected so that transformed
plant cells proliferate and untransformed plant cells do not

proliferate.

48. The method of Claim 47 wherein the auxin herbicide is 2,4-

dichlorophenoxyacetic acid (2,4-D) or 2,4-D amine.

45. A method of selecting transformed plants comprising:
providing a population of plants which may comprise one or
more plants comprising a DNA construct according to Claim 10; and
selecting transformed plants by applying an amount of an
auxin herbicide to the population of plants, the amount of
herbicide being selected so that transformed plants grow and

growth of untransformed plants is inhibited.

50. The method of Claim 49 wherein the auxin hefbicide is 2,4-

dichlorophenoxyacetic acid (2,4-D) or 2,4-D amine.
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EBI EMBL Nucleotide Sequence Database  Seguence Version Archive e }

The EMBL Sequence Version Archive is a repository of ali entries which have ever appeared in the 'E,M‘B‘L, Nucleotide Sequence Database.
You can use this page tc browse the archive or use the balch retrieval form.

FAQ.
. Accession Number or Sequence Version: {AJ628859 Gol i I” case sensitive
Snapshot at 3 day-month-year (e.g. 30-11-1958 or 30-NOV-1998)

Save 1 is_m_m ; v} : Previous << AJ628859 Back to List

This flat file was issued: 03-MAR-2004 Rel: 79

iDp AJ628859 standard; genomic DNA; PRO; 2633 BP.

XX
AC  AJ628859;
XX
SV  AJ628859.1
XX

DT 03-MAR-2004 (Rel. 79, Created)
gy 03-MAR-2004 (Rel. 79, Last updated, Version 1)

XX .

DE Sphingomonas herbicidovorans tnpA gene for transposase and rdpA gene for
DE. {R)-2-(2,4-dichlorophenoxy) propionate, 2-oxoglutarate dioxygenase

.04

KW (R} -2-(2,4-dichlorophenoxy) propionate, 2-oxoglutarate dioxygenase;
KW rdpA gene; tnpA gene; transposase.

(e} Sphingobium herbicidovorans
(o2 Bacteria; Protecbacteria; Alphaproteobacteria; Sphingomonadales;

ocC Sphingomonadaceae; Sphingobium.

RN [1]

RP 1-2693

RA van der Meer J.R.;

RT ; . : :

RL Submitted (24-FEB-2004) to the EMBL/GenBank/DDBJ databases.

RL van der Meer J.R., Department of Fundamental Microbiology, University of
RL Lausanne, Batiment de Biologie, Lausanne, CH 1015, SWITZERLAND.

XX

RN [21

RA Kohler H.P.E.; .

RT “Sphingomonas herbicidovorans MH: a versatile phenoxyalkanoic herbicide

RrRT degrader®;
RL J. Ind. Microbicl. Bioctechnel. 23:336-340(199%).

XX

RN [31

RA Mueller T.A., Byrde S.M., Werlen C., van der Meer J.R., Kohler H.P.E.;
RT "Genetic analysis of phenoxyalkanoic acid degradation in Sphingomonas

RT herbicidovorans MH":
RIL Unpublished.

XX

FH Key Location/Qualifiers

FH

FT source 1..2693

FT /db_xref="taxon:76947"

FT /mol_ type="genomic DNA"
FT . /organism="Sphingobium herbicidovorans®
FT /clone_lib="cosmid 10A12"
FT /clone="pMecl(Q"

FT /strain="strain MH"

FT CcDS - 226..1374

FT /citation={[3]

FT /transl_table=11

SDOCID: <XP________ 2474325A__1 >
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itransLatiOn="MQRDGAVLSMVLRIFLRVIAQTLQTHSPGAAHMDKAGLHIGAIAF
IHRFGSSLNEHVHFHVCVVDGVFEEVEGEGDADATPRISSPGVIFHAATGIDAATVAPV
QOTTLOKRILRAFVARGLLENCDAKDMLGYKHSGFSVDAGVCIEAHDRAALERLLEYCAR
'PPFSIERLRKEGSKLVYRCAKQRNGPTSDKRGAKADELHLTPLELIDRIAALVPPPRTH

RHRYFGVLAPNSPLRAAVTALAQPAASQPATVETAQPGAGVPGVAAPGNAATPTPEPEA
RPKRAAHYLWAVILIARIYEAFPLLCPMCGGOMRITAFITHSAEIRHILNHIGVESAPPH
ITPARGPPLWEGCDAPVDDGAQGEPDRDLAARQPDEVDQRVNW™
1733..2620

/citation=[31
/evidence=EXPERIMENTAL -
/transl_table=1l1
/gene="TdpaA"

/product="(R) ~2- (2, 4~dichlorophenoxy)propionate, 2-

oxoglutarate dioxygenase”
/function="first step in (R}-dichlorprop and (R)-mecoprop
conversion"
/protein_id="CAF32811.1*"
/translation="MHAALSPLSQRFERIAVQFLTGVLGAEITGVDLREPLDDSTWNEI
LDAFHTYQVIYFPGQAITNEQHIAFSRRFGPVDPVPLLKSIEGYPEVOMIRREANESGR
VIGDDWHTDSTFLDAPPAAVVMRAIDVPEHGGDTGEFLSMYTAWETLSPTMQATIEGLNV
VHSATRVEGSLYQAQNRRFESNTSVRKVMDVDAGDRETVHPLVVTHPGSGRKGLYVNQVYC
QRIEGMTDAESKPLLQFLYEHATRFDFTCRVRWKKDQVLVWDNLCTMHRAVPDYAGKFR
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YLTRTTVGGVRPAR"™
Sequence 2693 BP; 503 A; 924 C; 816 G; 450 T; 0 other; )
caggccgeec agttgcatca gcagcgccgc goccagcacc accagcagcg cggeggcecgt | 60
catgacctcg cgcgccecttgg cgttggccag tacacggaag aacgggttca gcagceccacac 120
geccgeagoc accagcogcag ccagcgceccce cagegocagg cegtattece ccecgectgecg 180
gtgcgcecagt gggtgctctc cgtgoccaag aggttgeggt acttcatgca acgegacgga 240
gcggtgetga gcatggtgcect gcgcatcttt ctgegggtga tegecacaaac tcoctgcagacce 300
cacagccccg gtgcecggcecca tatggacaag gcaggcctge acatcggtgc catcgecttce 360
attcaccgat tcggctccag cctcaatgaa cacgtccact tccacgtttg tgtggtggac 420
ggaggtgtttyg aggaagtgga gggcgagggc gatgctgaty cgacccctcg aatctcatcg 480
cegggtgtca tctttcacgce ggccaccgge atcgatgegg —taccgtgge cccagtgcag 540
accacactgc aaaaacgtat cctgcgcgec ttegttgete ggggoctget ggagaactgt 600
gacgccaaag acatgctggg ctacaaacac agcggcttct cggtggacgce cggtgtctge 660
atcgaagcec acgaccgege tgoegctggag cggotgctge getattgcecgce gegtccaccg 720
ttttccateg  agocgectacyg caaagaggga agcaaactgg tgtaccgcectg tgccaaacag 780
cgcaacggge ccaccagtga caagcgtyggt gccaaggcag atgagctgca cctcacaccg B40
ctggaactga .tcgaccgecat cgecocgcecgectg gtgoccaccgce cacgcaccca ccoggcaccge 300
tactttggtg tgctggcacc aaactcgceg ctgagagcgg cggtaacgge gctggctcag 360
cctgectgegt cgcaaccagce cacggtggag actgcacaac ctgucgcecggg cgtacctggg 1020
gtggcggege cgggcaacgc ggccacaccc acacccgaac ctgzagcacg cccgaagcga 1080
gcggcgcatt acttgtgggc ggtgctgatt gccocgecatct acgaggcatt tcoccecgcectgctg 1140
tgceccatgt goggtgggca gatgcgcatc attgecttca tcacccacag cgccgaaatce 12060
cgccacatcce tgaaccacat cggggtggag tetgccoccecc cgcacatcac ccocggcacgce 1260
gggccaccge tgtgggaggg ctgcgacgcyg ccggtggatg atggtgogeca aggcgagccg 1320
gattgggatc tggcagctca acccgacgag gtagaccagc gcgtcaattg gtgacccagt 1380
gaageggcegg tatccatcge tgcggggaag cagetgcgcg cgcgoecagge ccaaatgeat 1440
actgcctcce aagetcttge cattgagcecgg caageogagceg ctcaaccttc cttggccgaa 1500
cgtgtttecga ggcccaaaac togtgecata cttggecctca tgeggttgaa tttcoctatcet 1560
ggattctatc tggatttcgt gecatacttyg gectcatgeg gttgaatttc ctatctggat 1620
~ tetacggcat gcccgocgat cagttcggeg cgttottcaa ggcgcagtac gacgggttea 1680
accaggtcgt gcgcgagcac aacatcaagt tcgattaagg atcaacgctt ccatgcatge 1740
tgcactgtcce cecectetooe agogettiga gegeatcegeyg gtccagecge tgaccggegt 1800
cetgggogec gagatcaccqg gegtogacct gogcgagccg ctcgacgaca gcacctggaa 1860
cgaaatcctc gacgcgttec acacttacca ggtcatctat ttteccggee aggcgatcac 1520
caacgaacag cacatcgcct tcagceccggcecg ctteggecce gtcecgatceccg tgccectget 1980
caagagcatc gaagggtatc cagaggtgca gatgatccgce cgcocgaagcca acgaaagegg 2040
gcgtgtgatc ggtgatgact ggcacaccga cagcaccttcec ctggacgcac cgccggecge 2100
cgtggtgatg cgcgcgatcg acgtgcccga gcatggcggce gacaceggtt ttctgagceat 2160
gtacaccgeyg tgggagacgce tgtcgcecccac catgcaggoc accatcgaag ggttdaacgt 2220
agtgcacage gccacgegtg tgttoggetce gctctaccag gcccagaacc ggogcttcag 2280
caacaccagc gtcaaggtga tggacgtcga cgcgggcegac cgtgaaaccg tgcaccccect 2340
ggtggtgacc catccgggca gcggecgeaa gggectgtac gtgaaccagg tctattgceca 2400
gcgliatcgag ggcatgaccg atgccgaaag caaaccgctg ctgcagttcc tgtacgagea 2460
tgcgacacgg ttcgatttca cctgcecgegt gcgectggaag aaggaccagg tcctggtcetg 2520
ggacaacctyg tgcacgatgc accgggecegt acccgactac gecgggeaagt tccgctacct 2580
gacgcgeacc acggtceggtg gegtgegcce ggcgegctag cgcctcageg cggcgacgeg 2640
gaccgecget gecgogecges cgcaccacac ccacatcgcc acgccggceca gca 2693
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Sphingomonas herbicidovorans MH:
a versatile phenoxyalkanoic acid herbicide degrader
HPE Kohler

EAWAG, Swiss Federal Institute for Environmental Sciences and Technology, Ueberlandstrasse 133, CH-8600 Dibendorf,
Switzerland

Sphingomonas herbicidovorans MH was isolated from a dichlorprop-degrading soil column. It is able to grow on
phenoxyalkanoic acid herbicides, such as mecoprop, dichlorprop, 2,4-D, MCPA, and 2,4-DB. Strain MH utilizes both
enantiomers of the chiral herbicides mecoprop and dichlorprop as sole carbon and energy sources. Enantiomer-
specific uptake systems are responsible for transporting the acidic substrates across the cell membrane. Catabolism
is initiated by two enantiomer-specific a-ketoglutarate-dependent dioxygenases that catalyze the cleavage of the
ether bond of the respective enantiomer to yield the corresponding phenol and pyruvate. Therefore selective degra-
dation of the enantiomers of mecoprop and dichlorprop by strain MH is not only due to enantioselective catabolism
but also to enantioselective transport.

Keywords: Sphingomonas herbicidovorans MH; phenoxyalkanoic acid herbicides; enantioselectivity; transport; a-ketoglutar-

ate-dependent dioxygenase

Introduction

Sphingomonas herbicidovorans MH has been recently iso-
lated and described [12,28]. Our studies of strain MH,
which 1 summarize in this short review, are mainly driven
by two reasons. First, strain MH degrades phenoxyalkanoic
acid herbicides such as mecoprop, dichlorprop, 2.4-D,
MCPA, and 24-DB (Figure 1, Table 1) [12,27,28]. The
broad catabolic capabilities of strain MH with respect to
the degradation of these herbicides, which are often found
in leachates of landfills [5,10,13,29] and as groundwater
contaminants [7], make this strain a potential candidate for
bioremediation. Second, strain MH metabolizes the chiral
phenoxypropanoic acid herbicides mecoprop and dichlor-
prop in an enantioselective manner. The effect of chirality
on the metabolism of chiral pollutants, the importance of
treating enantiomers separately, and the necessity of con-
sidering stereochemistry when studying degradation and
environmental fate of chiral compounds have been emphas-
ized in recent reviews [2,3,14,16]. Strain MH is an ideal
system for studying the effect of chirality on the bacterial
metabolism of chiral herbicides.

The chlorine-substituted phenoxyacetic acids 2,4-D,
2.4.,5-T, and MCPA (Figure 1) were introduced as selective
weed Kkillers in the 1940s [18,26]. They are active against
many broad-leaved weeds and are commonly used for the
control of weeds in cereal crops, in grass pastures, and in
lawns. The chiral 2-phenoxypropanonic acids mecoprop,
dichlorprop, and fenoprop (Figure 1) were introduced in the
1950s for controlling certain weed species that were unaf-
fected by the phenoxyacetic acid herbicides [18]. The herbi-
cidal action of the phenoxyalkanoic acid herbicides is based
on their ability to mimic natural plant growth regulators or
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anxins [18]. These synthetic auxins induce several abnor-
malities in growth and plant structure; they cause dediffer-
entiation and initiation of cell division in certain mature
cells and inhibit cell division in primary meristems, pro-
cesses that ultimately lead to cell death. As early as 1953,
studies on the stereospecificity of plant growth regulators
revealed that the herbicidal activity of mecoprop and
dichlorprop is associated only with the R enantiomer [19].
The phenoxyalkanoic acid herbicides are among the most
widely used herbicides to control weeds in cereal crops
throughout the world [26]. In the European Union (EU),
the estimated total usage of 2,4-D, MCPA, mecoprop, and
dichlorprop exceeded 11 000 tons in 1991 [7].

Strain MH belongs to the genus Sphingomonas [23-25],
which appears to be ubiquitous in soil, water, and sedi-
ments. Sphingomonas strains isolated from these environ-
ments have broad catabolic capabilities that make them
potentially useful for bioremediation and waste treatment
[4]. The unique ability of S. herbicidovorans MH to cleave
the ether bond of various phenoxyalkanoic acid herbicides
makes it an interesting and fitting addition to this genus.

Taxonomic characteristics of strain MH

Sphingomonas herbicidovorans MH was isolated by Hor-
vath et al [12]. They repeatedly cultivated a sample from
a dichlorprop-degrading soil column (nine transfers) and
used the sample to inoculate a chemostat. After 3 weeks of
incubation in continuous culture, they isolated a dichlor-
prop-degrading strain from the effluent of the chemostat.
Strain MH consists of Gram-negative, catalase- and oxi-
dase- positive, yellow-pigmented, non-motile, and non-
spore-forming rods [12]. It does not ferment carbohydrates,
does not accumulate poly-B-hydroxybutyric acid under
nitrogen-deficient conditions, does not use nitrate as an
electron acceptor, and does not utilize complex carbo-
hydrates [12]. Horvath et al [12] also noticed that strain
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Figure 1 Structural formulas of the achiral phenoxyacetic acid herbicides 2.4-dichlorophenoxyacetic acid (2,4-D), 4-chloro-2-methylphenoxyacetic acid
(MCPA), 2.4,5-trichlorophenoxyacetic acid (2.,4,5-T), of the achiral phenoxybutanoic acid herbicide 4-(2.4-dichlorophenoxyjbutanoic acid (2,4-DB), and
of the chiral phenoxypropanoic acid herbicides (R)-2-(2,4-dichlorophenoxy)propanoic acid [(R)-dichlorprop], (R)-2-{4-chloro-2-methylphenoxy )propanoic
acid [(R)-mecoprop], and (R)-2-(2.4,5-trichlorophenoxy)propanoic acid [(R)-fenoprop]. Asterisks mark the stereogenic centers.

MH releases a brownish water-soluble pigment into com-
plex nutrient media. They tentatively identified strain MH
as a Flavobacterium sp. Additional work on the taxonomic
characteristics of strain MH by Zipper et al [28] and the
Deutsche Stammsammlung von Mikroorganismen und
Zellkulturen (DSM) [28] revealed that in addition to the
characteristics mentioned above, strain MH is aminopeptid-
ase-positive and alcohol dehydrogenase- and urease-nega-
tive, lyses only esculin but not gelatin or DNA, is not able
to grow anaerobically, and does not form acids from sugars.
Analysis of the cellular fatty acids showed that strain MH
belongs to the Sphingomonas group within the a-subgroup
of the proteobacteria [28]. The partial sequence of the gene
for the 16S rRNA has the highest degree of similarity to
the one for the 16S rRNA of Rhizomonas suberifaciens and
S. yanoikuyae. DNA-DNA hybridization experiments
between strain MH and the type strains of these two species
showed that strain MH belongs to a new species within the
group [28]. Although the highest identity was observed
with R. suberifaciens (37.4%), the strain was named S. her-
bicidovorans because the genus name Rhizomonas is a

nomen rejiciendum (opinion 14) and, therefore, usage of
this name is in violation of rule 28a of the Inrernational
Code of Nomenclature of Bacteria [17]. The name Sphingo-
monas herbicidovorans MH was validated by inclusion on
validation list No. 61 of the International Journal of Sys-
tematic Bacteriology [1].

Growth characteristics

Growth at 30°C on nutrient agar plates produces circular,
bright-yellow colonies after 3 days; when the plates are
incubated longer, the colonies change to a flower-like
shape. Cells secret a brownish pigment when growing on
solid nutrient medium. In mineral salts medium with meco-
prop as the sole carbon and energy source, strain MH
requires supplements of vitamins and peptone for reproduc-
ible growth [28].

Table 1 lists growth substrates of S. herbicidovorans
MH. Where available, growth rates, yields, and substrate
consumption rates are included in the table. Strain MH is
able to grow on the most important phenoxyalkanoic acid
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Table1 Growth characteristic of S. herbicidovorans MH

Growth substrate Growth rate Substrate  Yield (g dry Reference
(h™) consumption weight g™
rate substrate)

(uM b

(R)-Dichlorprop
(S)-Dichlorprop

0.082 £ 0.006 28
0.036 £0.001 12

0.37+0.06 271
035+0.02 271

Racemic mixture of NA® NA 0.29+£0.03 [27]
dichlorprop®

-(R)-Dichlorprop* 0.043 £0.003 22 NA [27]

-(S)-Dichlorprop® 0.029 £0.004 13 NA [27]
Racemic mixture of 0.2¢ 35 ND¢ [12]
dichlorprop
{R)-Mecoprop 0.032 14 0.30+0.15 [28]
(S)-Mecoprop 0.039 13 0.351+0.05 [28]
Racemic mixture of 0.016° NA 0.30£0.04 [28]
mecoprop®

-(Ry-Mecoprop® NA 6 NA [28]

-(S)-Mecoprop® NA 5 NA [28]
24-D 0.133 £0.003 54 0.19+0.05 [27]
MCPA +5 ND ND [28]
24-DB + ND ND [12]
24.5-T b NA NA [12]

*Diauxic growth; a growth rate was calculated for each enantiomer.
®NA, not applicable.

°This growth rate is probably not correct. Recalculation of the data given
in the reference showed that the growth rate must be between 0.065 and
0.115 per h.

IND. not determined.

*No indication of diauxic growth; one growth rate was calculated.

fIn this case the growth rate was affected by the concentration, which for
each enantiomer was only half the value of what it was in the experiments
with pure mecoprop enantiomers. Additional experiments showed
increased growth rates in experiments with higher (RS)-mecoprop concen-
trations [28].

&+, Strain MH grew on the compound.

b Strain MH did not grow on the compound.

herbicides, such as mecoprop, dichlorprop, 2,4-D, MCPA,
and 2,4-DB (Table 1, Figure 1).

S. herbicidovorans MH utilizes both enantiomers of mec-
oprop and dichlorprop as sole carbon and energy sources
for growth [12,27,28]. However, growth experiments
inoculated with cells that were grown on complex media
and with the single pure enantiomers or the racemic mix-
tures as substrates revealed enantioselectivity; strain MH
always degrades the S enantiomers before the R enanti-
omers. Growth on (S)-mecoprop is complete after about 3.5
days whether the R enantiomer is present or not. With
racemic mecoprop as the growth substrate, degradation of
the enantiomers is sequential, with (8)-mecoprop being
degraded first [28]. However, the growth curve does not
show indications of diauxic growth and, therefore, only one
growth rate is reported in Table 1 for racemic mecoprop.
(R)-Mecoprop is only slowly degraded during the first 50 h
of such experiments, but its degradation rate markedly
increases after the complete consumption of (S)-mecoprop.
With pure (R)-mecoprop as the sole carbon and energy
source, cells start to grow after a lag phase of about 7 days.
Once growth commences, the cells grow as fast with (5)-
mecoprop as the growth substrate (Table 1) [28]. Basically
the same results were obtained with dichlorprop as the sole
carbon and energy source [27]. As the growth substrate,
(S)-dichlorprop completely disappears from the culture

medium after 43 h of incubation, while in experiments with
(R)-dichlorprop as the growth substrate, a lag period of
about 60 h is evident. When strain MH is offered racemic
dichlorprop as the growth substrate, it degrades both enanti-
omers; the S enantiomer is preferentially degraded but at a
slower rate (Table 1) [27]. In contrast to growth on racemic
mecoprop, growth on racemic dichlorprop is diauxic and,
therefore, two growth rates are reported in Table 1. Gener-
ally, chloride release is stoichiometric and strain MH does
not excrete any detectable metabolites [12,27,28]. The lev-
els of dissolved organic carbon at the beginning and at the
end of a growth experiment usually correspond well to a
complete conversion of dichlorprop and mecoprop [28].

Additional growth experiments showed that strain MH
grows best on 2,4-D [27] (Table 1). Typically, growth on
2.4-D starts without a lag period and is complete after about
15 h of incubation.

Enantioselective metabolism of mecoprop and
dichlorprop

Biochemical investigations focused on enzyme activities
that turn over the mecoprop enantiomers [20]. S. herbicido-
vorans MH was grown on pure enantiomers and the har-
vested cells were disrupted. The crude cell extracts were
tested for the existence of enzyme activities that were able
to convert either (R)- or (S)-mecoprop. Cell extracts of
Sphingomonas herbicidovorans MH grown on (R)-meco-
prop contain an enzyme activity that selectively converts
(R)-mecoprop to 4-chloro-2-methylphenol, whereas the
enzyme activity in cell extracts of (S)-mecoprop-grown
cells is selective for the S enantiomer. Both reactions
depend on oa-ketoglutarate and ferrous ions. Besides 4-
chloro-2-methylphenol, pyruvate and succinate are formed
as products of the reactions [20]. Labeling experiments
with 180, revealed that both enzyme activities catalyze a
dioxygenation reaction. The appearance of O label in
pyruvate and not in phenol suggests that the oxidative
cleavage of the ether-bond proceeds through hydroxylation
at the C-2 carbon of the propanoic acid side chain. The
resulting unstable intermediate should then easily decom-
pose to 4-chloro-2-methylphenol and pyruvate [20]. This
suggestion was also in agreement with a general reaction
mechanism for «-ketoglutarate-dependent dioxygenases.
The reaction is thought to start with the formation of a
ferryl oxidant (Fer, = O) by the binding of oxygen to the
iron cofactor, a process that is linked to oxidative decar-
boxylation of a-ketoglutarate to succinate [6,11,21,22].
Therefore, Nickel et al [20] proposed a degradation scheme
based on two distinct a-ketoglutarate-dependent
dioxygenases for the initial transformation of (R)- and (S5)-
mecoprop to 4-chloro-2-methylphenol and pyruvate by S.
herbicidovorans MH (Figure 2) [20]. Both enzyme activi-
ties seem to share the overall chemistry with 2,4-D dioxy-
genase (TfdA), the enzyme catalyzing the first step of the
degradation of 2,4-D by R. eutropha IMP134 [8,9]. but not
the substrate specificity. Whereas TfdA preferentially trans-
forms 24-D to 24-dichlorophenol and glyoxylate
(Figure 2) [8,9], the enzyme activities present in cell
extracts of S. herbicidovorans MH specifically turn over
either the R or the S enantiomer of mecoprop and show
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Figure 2 Model proposed for the uptake and metabolism of (R)- and (S)-dichlorprop. (R)- and (S)-mecoprop, and 2.4-D by S. herbicidovorans MH.
Strain MH has three inducible proton gradient-driven uptake systems; one for (R)-dichlorprop and (R)-mecoprop, one for (S)-dichlorprop and (S)-
mecoprop, and a third one for 2,4-D [27]. Once the compounds enter the cell, specific a-ketoglutarate-dependent dioxygenases enantioselectively catalyze

cleavage of the ether bonds [20].

less activity with 2,4-D as the substrate [20]. (R)- and (S5)-
dichlorprop are also substrates of the (K)-enantiomer-
specific enzyme and the (S)-enantiomer-specific enzyme,
respectively; in these cases, 2,4-dichlorophenol and pyru-
vate were the common products (Figure 2) [15,20].

Enantioselective uptake of mecoprop and
dichlorprop

Transport studies with '“C-labeled dichlorprop enanti-
omers and with *C-labeled 2.4-D revealed that the uptake
of (R)-dichlorprop, (S)-dichlorprop, and 2.4-D by S. herbi-

cidovorans MH is inducible [27]. The results from these
transport studies clearly demonstrated that the uptake of
dichlorprop is enantioselective and that there must be a sep-
arate uptake system for each enantiomer [27]. Additionally,
Zipper et al [27] showed that the rates of uptake of 2,4-
D by 2,4-D-grown cells in response to increasing 2.4-D
concentrations are in accordance with saturation kinetics.
The same is true for the transport of (R)-dichlorprop and
the transport of (S)-dichlorprop into (R)-dichlorprop-grown
and (S)-dichlorprop-grown cells, respectively. Experiments
on the substrate specificity of the putative transport systems
revealed that (R)-dichlorprop uptake is inhibited by (R)-
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mecoprop but not by (5)-mecoprop, (S)-dichlorprop, or 2.4-
D. On the other hand, (S)-dichlorprop transport is inhibited
by (8)-mecoprop but not by (R)-dichlorprop, (R)-mecoprop,
or 24-D [27]. From these results, Zipper et al [27] con-
cluded that the (R)-dichlorprop carrier also transports (R)-
mecoprop and that the (5)-dichlorprop carrier also trans-
ports (S)-mecoprop. Apparently, the transport systems are
specific with respect to the substitution and the configur-
ation at the stereogenic center (C-2 atom of the propanoic
acid side chain) and rather unspecific with respect to the
aromatic moiety of the phenoxypropanoic acids [27]. More-
over, transport of (R)-dichlorprop, (S)-dichlorprop, and 2,4-
D is completely inhibited by various uncouplers and by the
ionophore nigercin but is only marginally inhibited by the
ionophore valinomycin and the ATPase inhibitor N,N'-
dicyclohexylcarbidiimine [27]; these results are strong
indications for the involvement of active transport. Zipper
et al [27] concluded and summarized that the first step in
the degradation of dichlorprop, mecoprop, and 2.4-D in S.
herbicidovorans MH is active transport and that three
inducible, proton-gradient driven uptake systems exist; one
for (R)-dichlorprop and (R)-mecoprop, another for (S)-
dichlorprop and (S)-mecoprop. and a third for 2.4-D
(Figure 2).

Concluding remarks

The reaction sequence illustrated in Figure 2 demonstrates
that selective degradation of the enantiomers of mecoprop
and dichlorprop by the soil isolate S. herbicidovorans MH
[28] is not only due to enantioselective catabolism [20] but
also to enantioselective transport [27].

Taking into consideration the fact that the toxicity and
the effect on biological targets might strongly differ for the
enantiomers of a chiral pesticides or drug [16], study of
enantioselective metabolism on the molecular level well
deserves further emphasis.
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Two novel genes, rdpA and sdpAd, encoding the enantiospecific «-ketoglutarate dependent dioxygenases
catalyzing R,S-dichlorprop cleavage in Delftia acidovorans MC1 were identified. Significant similarities to other
known genes were not detected, but their deduced amino acid sequences were similar to those of other
a-ketoglutarate dioxygenases. RdpA showed 35% identity with TauD of Pseudomonas aeruginosa, and SdpA
showed 37% identity with TfdA of Ralstonia eutropha JMP134. The functionally important amino acid sequence
motif HX(D/E)X, 5 ,6(T/8)X;4.153HX,0.13R/K, which is highly conserved in group II a-ketoglutarate-depen-
dent dioxygenases, was present in both dichlorprop-cleaving enzymes. Transposon mutagenesis of rdpA4 inac-
tivated R-dichlorprop cleavage, indicating that it was a single-copy gene. Both rdpA4 and sdpA were located on
the plasmid pMC1 that also carries the lower pathway genes. Sequencing of a 25.8-kb fragment showed that
the dioxygenase genes were separated by a 13.6-kb region mainly comprising a Tn501-like transposon. Fur-
thermore, two copies of a sequence similar to IS97/-like elements were identified. Hybridization studies
comparing the wild-type plasmid and that of the mutant unable to cleave dichlorprop showed that rdp4 and
sdpA were deleted, whereas the lower pathway genes were unaffected, and that deletion may be caused by genetic
rearrangements of the IS97-like elements. Two other dichlorprop-degrading bacterial strains, Rhodoferax sp.
strain P230 and Sphingobium herbicidovorans MH, were shown to carry rdpA genes of high similarity to rdp4
from strain MC1, but sdpA was not detected. This suggested that rdpA gene products are involved in the

degradation of R-dichlorprop in these strains.

Chlorinated phenoxyalkanoic acids such as 2,4-dichloro-
phenoxyacetate (2,4-D), 2-methyl-4-chlorophenoxyacetate
(MCPA), 2(2.4-dichlorophenoxy)propionate (dichlorprop),
and 2(2-methyl-4-chlorophenoxy)propionate (mecoprop) have
been widely used as broad leaf herbicides since their introduc-
tion in the 1940s. The ability to degrade the phenoxyacetate
herbicides is widespread among bacteria (16). In contrast,
breakdown of the structurally very similar chiral phenoxypro-
pionate derivatives is far less widespread, and only few strains
able to mineralize these compounds have been described (9,
21, 30, 35, 42, 50).

Degradation of phenoxyalkanoate herbicides is initiated by
the etherolytic cleavage of the side chain yielding the respec-
tive phenol (Fig. 1). Subsequently, conversion into intermedi-
ates of the tricarboxylic acid cycle takes place via the modified
ortho-pathway (16). Side chain cleaving specificity is crucial
and determines the range of substrates that can be mineralized
by a given microorganism.

Thus far, two types of 2,4-D-cleaving enzymes have been
described. In Ralstonia eutropha JMP134, 2,4-D cleavage is
catalyzed by a well-studied Fe(II) and a-ketoglutarate (aKG)-
dependent dioxygenase, which is encoded by #fd4 (13, 20, 39,
45,59). The presence of the functionally essential motif HX(D/

* Corresponding author. Mailing address: UFZ Centre for Environ-
mental Research Leipzig-Halle, Department of Environmental Micro-
biology, Permoserstr. 15, 04318 Leipzig, Germany. Phone: 49-341-235-
2191. Fax: 49-341-235-2247. E-mail: sabine kleinsteuber@ufz.de.

5357

E)Xo5.26(T/8)X, 14.155HX0.13R/K indicates that TfdA is re-
lated to several other (referred to as group IT) aKG-dependent
dioxygenases (18). Recently, a three-dimensional model of the
active site was proposed (10) on the basis of predictions made
from site-directed mutagenesis studies (20) and secondary
structure predictions (10). The identity of the suggested sub-
strate-binding residues was confirmed by site-directed mu-
tagenesis and inactivation studies (8). The #fd4 genes are wide-
spread among bacteria (17, 31, 33, 36, 39, 42, 47, 53, 54, 55, 56),
also among strains unable to degrade 2,4-D (19). Recently,
several a-proteobacterial strains were shown to carry #fdAa
genes, which are ffdA4-like, showing between 46 and 60% nu-
cleotide identity to the canonical 7fd4 genes and forming a
phylogenetic clade distinct from #fdA4 (22, 23). Three other
genes, clustered as cadABC, were found to encode a second
type of 2,4-D-cleaving enzyme, a putative monooxygenase re-
sponsible for 2,4-D cleavage in Bradyrhizobium sp. strain
HW13 (24).

Studies on Sphingobium (formerly Sphingomonas [48]) her-
bicidovorans MH and Delftia acidovorans MC1 indicated that
enantiospecific dichlorprop and mecoprop cleavage is cata-
lyzed by Fe(Il)- and aKG-dependent dioxygenases (35, 38).
The enzymes have been biochemically characterized (34, 38,
57, 58), but no data regarding the genetic background are yet
available. Thus far, the dioxygenases have been assumed to be
tfdA gene products (39), because some dichlorprop- and
mecoprop-degrading strains carry ifdA genes (36, 39) and cell
extracts of R. eutropha strain JMP134 showed some specificity
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FIG. 1. Modified ortho-pathway for the degradation of chlorinated
phenoxyalkancate herbicides. 2,4-D, 2,4-dichlorophenoxyacetate;
R-DP and $-DP, R- and S-enantiomers of 2(2,4-dichlorophenoxy)pro-
pionate, respectively; 2,4-DCP, 2,4-dichlorophenol; 3,5-DCC, 3,5-di-
chlorocatechol; TCA, tricarboxylate.

toward cleaving S-dichlorprop (39). However, no activity for
S-mecoprop or the R-enantiomers was detected in strain
JMP134, and the organism was unable to grow on phenoxypro-
pionate herbicides. Recently, available N-terminal and internal
amino acid sequences of the enantiospecific dioxygenases from
D. acidovorans MC1 showed only low similarities to TfdA
enzymes (57), and #fdA genes were not detected in this strain
(36). This suggested that genes other than #fdA4 are involved in
dichlorprop degradation in strain MC1.

In D. acidovorans MC1 the first step in dichlorprop degra-
dation was found to be highly unstable and easily lost under
nonselective conditions (36). Loss of dichlorprop-cleaving ac-
tivity was correlated with a deletion in the plasmid pMC1, and
it was therefore hypothesized that the deleted fragment con-
tains the genes encoding dichlorprop cleavage (36).

Based on the recently available peptide sequences of the R-
and S-dichlorprop-cleaving dioxygenases, we investigated the
genetic background of dichlorprop cleavage in D. acidovorans
MCI1. Two novel genes encoding the R- and S-dichlorprop-
cleaving dioxygenases in D. acidovorans MC1 were identified
and localized. The phylogenetic relationship of the R,S-di-
chlorprop-cleaving dioxygenases to other a-ketoglutarate-de-
pendent dioxygenases was analyzed. The organization of these
genes within the genome of strain MC1, as well as in a mutant
deficient in dichlorprop cleavage, was investigated with regard
to implications for the instability of this trait.

MATERIALS AND METHODS

Strains, plasmids, and culture conditions. D. acidovorans MC1 and Rhod-
oferax sp. strain P230, isolated from contaminated building rubble (9, 35), D.
acidovorans MC1-DP~ (a mutant of strain MC1 arisen by spontaneous loss of
dichlorprop-cleaving ability), and S. herbicidovorans MH, isolated from soil {21},
were all grown on MM agar (36) containing 0.5 mM dichlorprop at 30°C.
Escherichia coli TOP10F’ (pCR2.1; Invitrogen) was used for cloning PCR prod-
ucts. The cosmid library was constructed in E. coli XL1-Blue MR (Stratagene).
E. coli XL1-Blue MRF’ (Stratagene} was used for maintaining pScosPAl. The
vector pScosPAl is a new broad-host-range cosmid identical to pSBC1 (43)
except for a gentamicin resistance instead of the tetracycline resistance (E.
Mahenthiralingam, unpublished data). A shotgun library of a cosmid was con-
structed by using the vector pcDNA2.1 (Invitrogen). E. coli S17-1 (pAG408::gfp
[46]) was used in transposon mutagenesis experiments. . coli strains were
cultivated on Luria-Bertani (LB} agar at 37°C with the addition of appropriate
antibiotics. Overnight cultures were prepared in liquid LB medium containing
appropriate antibiotics at 37°C (E. coli strains) or 30°C (dichlorprop-degrading
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strains) on a rotary shaker. Antibiotics and dichlorprop were filter sterilized
through a 0.2-pm-pore-size Minisart cellulose acetate filter (Sartorius) and
added at a concentration of 100 pg/ml.

Mercury resistance was examined on LB agar plates containing 0.1 mM HgCl,
incubated at 30°C for 48 h. R. eutropha ITMP134(pJP4) and R. eutropha TM222
were used as positive and negative controls, respectively.

Construction of gene libraries. A genomic library of D. acidovorans MC1 was
constructed by using cosmid pScosPAl, as described elsewhere (43). The average
insert size of library clones was 34 kb. A total of 2,592 clones were picked into
96-well plates. After overnight growth 8% (vol/vol) dimethyl formamide was
added, and the cosmid library was stored at —80°C.

A shotgun library of cosmid pScos-RS was constructed in pcDNA2.1 according
to the method of Buchrieser et al. (4) by using cosmid DNA isolated as described
elsewhere (2, 3).

Transposon mutagenesis. The transposon of the suicide vector pAG408, a
miniTn3 derivative, carries a promoterless gfp gene (46) and was used for trans-
poson mutagenesis of strain MC1. Mutagenesis was performed according to
standard procedures (40). Overnight cultures of the donor and the recipient
grown in LB medium supplemented with antibiotics (donor) were centrifuged,
washed, and resuspended in LB medium to a final optical density at 600 nm
(ODgqs) of 1.0. Equal volumes of the donor and the recipient were mixed, and
100 pl of the mixture was plated out on LB agar, followed by incubation at 30°C
for 6 h. The bacterial lawn was then washed from the plates with MM medium.
Dilution series were prepared in MM and 100 pl of the 1072 to the 107> dilutions
was plated on selective MM agar plates containing 100 wg of gentamicin/ml, 27.8
mM fructose, and 0.5 mM dichlorprop. After incubation at 30°C for 6 days green
fluorescing mutants were isolated and tested for dichlorprop degradation by
high-pressure liquid chromatography as described elsewhere (60). In mutant
clones able to degrade one of the enantiomers but not the other the region
flanking the transposon was PCR amplified and sequenced.

DNA amplification. Degenerate primers (Table 1) were designed from N-
terminal and internal peptide sequences of the enantiospecific dioxygenases of D.
acidovorans MC1 (57) for PCR amplification of rdpA and sdpA. According to
preliminary alignments of these peptide sequences with TfdA and TauD, the
expected PCR fragment sizes were ca. 350 bp (R-dichlorprop dioxygenase gene)
and 540 bp (S-dichlorprop dioxygenase gene). All primers were synthesized by
MWG Biotech. Total genomic DNA used as a template was prepared from
colonies grown on LB agar as described elsewhere (25). PCR was performed by
using the Tag PCR Mastermix kit (Qiagen) and a PTC-200 thermal cycler (MJ
Research). First, 100 pmol of each degenerate primer was added to 25 ul of PCR
sample. The temperature gradient program involved an initial denaturation step
at 94°C for 3 min, followed by 36 cycles of 94°C for 45 s, 50 to 70°C for 45 s, and
72°C for 2 min, with a final elongation step of 72°C for 6 min. Amplification of
an rdpA gene fragment with the primers rdp fG and rdp_r involved an initial
denaturation step at 94°C for 3 min, followed by 36 cycles of 94°C for 45 s, 54°C
for 45 s, and 72°C for 1 min, with a final elongation step of 72°C for 6 min.
Amplification of an sdpA gene fragment with the primers sdp_{T and sdp_rA was
the same as for rdp4 amplification, except that the annealing step was performed
at 60°C and that elongation lasted 90 s.

The rdpA genes from S. herbicidovorans MH and Rkodoferax sp. strain P230
were amplified with primers rdp_forw (5'-atg gta ggt ctc aaA TGC ATG CTG
CAC TGT CCC CC-3'; lowercase letters denote a linker sequence) and rdp_rev
(5’-atg gta ggt ctc age get CTA GCG CGC CGG GCG CAC G-3'). Amplification
was the same as for the rdpA fragment except for the annealing step being
performed at 60°C for 30 s.

Regions flanking Tn5 transposon insertion sites were amplified by ST-PCR
(6). To each sample either Tn3_outF (5'-GGC AGA TCT GAT CAA GAG-3’
[27]) annealing to the I end of the transposon or Tn3_outR (5’-CCG CAC TTG
TGT ATA AGA GTC-3') designed from the O end of the transposon were
added as specific primers. Either of the following FP primers (44) was added as
a random primer: FP-1, 5'-AGT TCA AGC TTG TCC AGG AAT TC(N); GGC
CT-3"; FP-2, 5'-AGT TCA AGC TTG TCC AGG AAT TC(N); GCG CT-3;
FP-3, 5-AGT TCA AGC TTG TCC AGG AAT TC(N); CCG GT-3'; and FP-4,
5'-AGT TCA AGC TTG TCC AGG AAT TC(N), CGC GT-3'.

PCR products for the use as hybridization probes were generated as follows:
the mer operon was partially amplified with primers mer_f (5-CAC CAG TTC
AGA CAG CAC G-3') and merr (5'-ACC GGT GAA ACC AAG TCC-3')
amplifying a 1,450-bp fragment. The IS97-like element was partially amplified by
using the primers IS_f (5-ATG TCA GCC ACT TCC AAG C-3’) and IS_r
(5’-GGA GGC AGT ATG CAT TTG G-3') amplifying a 1,622-bp fragment. The
PCR program for both fragments involved an initial denaturation step of 94°C
for 3 min, followed by 36 cycles of 94°C for 45 s, 60°C for 45 s, and 72°C for 2 min,
with a final elongation step of 72°C for 6 min. Amplification of (@B, #fdC, and
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TABLE 1. Degenerate primers designed for the amplification of rdpA4 and sdpA

Peptide or primer Sequence® Position®
RDP_internal sequence 2 W E T i S T M g AT I E G i N 162-177
rdp_r 3'-AC GTY CGN IGN TAI CTY CC-5'
RDP _internal sequence 3 N E I L D H T Y Qv I Y F P 43-58
rdp_fA° 5 CAY ACN TAY CAA GT-3'
rdp_fG° CAY ACN TAY CAG GT-3'
SDP_N terminus M Q T T L I T P T G A T L G A 1-16
sdp_fC° 5'-ATG CAR ACI ACI CTG CAR ATC AC-3’
sdp_fT¢ 5'-ATG CAR ACI ACI CTG CAR ATT AC-3
SDP_internal sequence 1 L G H Vv Q A G s A Y I 193-204
sdp_rA° 3'-GTA CAN GTY GTY CGN CC-5'
sdp_rG* 3'-GTA CAN GIY GTY CGN CC-5

% As described previously (57). IUPAC ambiguity codes: R = Aor G, Y = Cor T, N = any base, I = inosine.

® Alignment is shown in Fig. 2.

¢ To avoid degeneracy near the 3 end, two pools of primers were designed from some peptides (sequence differences are indicated in boldface).

#dD gene fragments was performed as described in reference 35. Fragments of
HfdE and tfdF were amplified according to the method of Hoffmann et al. (17).

Sequencing and sequence analysis. For sequencing, PCR products were li-
gated to pCR2.1 and transformed into E. coli TOPI10OF’ by using the TA cloning
kit (Invitrogen). Cycle sequencing was performed by using the ABI Prism BigDye
Terminator v2.0 cycle sequencing ready reaction kit (PE Applied Biosystems).
M13 primers were used for amplifying and sequencing cloned PCR fragments.
After amplification with M13 primers and electrophoretic separation, fragments
were extracted with the E.ZZ.N.A gel extraction kit (Peglab Biotechnologie).
Sequencing reactions (total volume, 10 pl) contained 2 pl of premix, 10 pmol
primer, and 10 to 50 ng of template DNA. Primer walking on cosmid DNA was
performed with primers designed from the sequences of the rdp4 and sdpA PCR
products. Sequencing reactions (total volume, 20 ul) contained 6 pl of premix, 20
pmol of primer, and 500 ng of cosmid DNA. After 25 cycles of 96°C for 30 5, 55°C
for 15 5, and 60°C for 4 min, the DNA was precipitated by adding 80 ul of H,O,
10 ul of 3 M sodium acetate (pH 4.6), and 250 pl of ethanol; washed with 70%
ethanol; vacuum dried; and redissolved in 20 wl of template suppression reagent
(PE Applied Biosystems). Sequencing from cosmid DNA involved an additional
purification step prior to the ethanol precipitation by using Centri-Sep spin
columns (Princeton Separations). After denaturation at 90°C/2 min the sample
was chilled on ice. Electrophoresis, data collection, and analysis were carried out
on an ABI Prism 310 genetic analyzer (PE Applied Biosystems). Both strands
were sequenced. Sequencing data were analyzed with the Sequence Navigator
software, contigs were assembled by using the Autoassembler software (PE
Applied Biosystems), and the BLASTn and BLASTX programs (version 2.2.2.
[1]) were used to search for similar sequences in nucleotide and protein sequence
databases. Sequences were aligned by using the programs CLUSTAL W (51) or
MultAlign (7). Phylogenetic analysis was performed by using the protml tool of
the ARB package (29) when the maximum-likelihood method was applied and
MEGAZ2.1 (26) when trees were constructed with the neighbor-joining or max-
imum-parsimony method.

Recombinant pcDNA2.1 DNA was isolated as described elsewhere (2, 3). A
Perkin-Elmer 9700 thermocycler was used for cycle sequencing. Sequencing
reactions (total volume, 10 wl) contained ca. 300 ng of template, 1.5 pl of ABI
Prism BigDye Terminator v1.1 Cycle Sequencing RR-100 mix, 1.2 pl of 53X
sequencing buffer, and 2.4 pmol of primer T7 or M13. The sequencing program
involved an initial denaturation step (94°C for 60 s), followed by 70 cycles of 96°C
for 10 s, 50°C for 5 s, and 60°C for 4 min. Sequencing reactions were precipitated
with 40 pl of 76% ethanol for 30 min, washed with 70% ethanol, and resus-
pended in 10 ul of 0.3 mM EDTA buffer. Electrophoresis, data collection, and
analysis were performed by using an ABI Prism 3700 genetic analyzer (PE
Applied Biosystems). Automatic sequence assembly was carried out by using
PHRED (11, 12), PHRAP (P. Green, unpublished data), and the Autoassembler
software. When gaps were closed between contigs, cosmid DNA was used as a
template and custom-made oligonucleotides were added as primers. The se-
quence was edited by using CONSED (15) and annotated by using Vector NTI
Advance (InforMax). Similarity searches were carried out as mentioned above.

DNA-DNA hybridization. Screening of the cosmid library was done by replica
plating 12 96-well grids onto positively charged nylon membranes (Roche) that

had been placed on selective agar. Cells of strain MC1 (positive control) and E.
coli XL1-Blue MRF’ (pScosPAl) (negative control), as well as strains MH and
P230, were smeared onto the nylon membrane placed on LB agar. After over-
night growth, DNA was immobilized onto the membranes according to the
manufacturer’s guidelines.

Genomic DNA of strain MC1 was isolated as described by Sokol et al. (43).
The low-copy plasmid pMCl1 was isolated with a Nucleobond AX100 kit (Ma-
cherey-Nagel). Plasmid and genomic DNA were Pstl digested according to
standard procedures (40), separated electrophoretically in 0.8% agarose, blotted
onto positively charged nylon membrane according to the manufacturer’s guide-
lines, and cross-linked by UV irradiation for 1 min.

Cosmid and plasmid DNA was isolated from 20 ml of LB medium by using the
Nucleobond AXI100 kit (Macherey-Nagel). Next, 5 pl of cosmid DNA was
applied to positively charged nylon membrane and cross-linked by UV irradia-
tion for 1 min. then, 100 ul of plasmid DNA was Pstl or EcoRI/Xmal digested
according to standard procedures (40), ethanol precipitated, separated, blotted,
and UV cross-linked as described above.

PCR fragments were digoxigenin labeled by using the DIG DNA labeling kit
(Roche). For hybridization and immunodetection, the DIG Easy Hyb Wash and
Block buffer set and the DIG nucleic acid detection kit (Roche) were used
according to the manufacturer’s guidelines. Hybridizations were performed at
S0°C (#fdC, tfdD, tfdE, and tfdF probes), 55°C (rdpA probe), 60°C (probes against
#fdB, the mer operon, and the IS97 element), or 62°C (sdpA probe). Stripping was
carried out according to the manufacturer’s instructions.

Nucleotide accession numbers. The nucleotide sequences determined in the
present study were deposited in the GenBank, EMBL, and DDBIJ databases
under accession numbers AY327575, AF516751, and AFS16752.

RESULTS

Identification, sequencing, and analysis of dichlorprop-
cleaving dioxygenase genes in D. acidovorans MC1. Degener-
ate primers were designed from N-terminal and internal pep-
tide sequences of both enantiospecific dioxygenases of D.
acidovorans MC1. Primers with a degeneracy near the 3’ end
proved to be nonspecific; therefore, two pools of primers were
synthesized to avoid degeneracy at such positions (Table 1).
PCR with the primer pairs rdp_fG-rdp_r (rdpA-specific prim-
ers) and sdp_fT-sdp_rA (sdpA-specific primers) yielded frag-
ments of 339 and 532 bp, respectively, whereas all other primer
combinations did not produce specific fragments. The two
PCR fragments were cloned and sequenced. The deduced
amino acid sequences of both fragments contained sequences
at their N and C termini, respectively, that correctly corre-
sponded to the peptide sequences used for designing the prim-
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TABLE 2. Sequence identities of the dichlorprop-cleaving enzymes
RdpA and SdpA to other group II aKG-dependent dioxygenases

% Identities® to

a-KG . .
diozygenase® Strain, accession no. R

N pA SdpA
TidA Ralstonia eutropha, A27082 32279 377244
TauD Pseudomornas aeruginosa, NP_252624 35/279 277258
AtsK Pseudomonas putida, AAD31784 317296 317296
YSD Saccharomyces cerevisine, Q12358 29/279  27/304
PvcB Pseudomornas aeruginosa, AAC21672 20/298 217277
Syrl Pseudomonas syringea, AAB63253 17/323  18/308
CarC Pectobacterium carotovorum, AAD38231  16/285  17/275
y-BBH Pseudomonas sp. strain AK-1, P80193 16/309  17/291
CS2 Streptomyces clavuligerus, AAA26723 16/208  17/275

2 TidA, 2,4-D/eKG dioxygenase; TauD, taurine/aKG dioxygenase; AtsK, pu-
tative aKG-dependent alkylsulfatase; YSD, sulfonate/aKG dioxygenase; PvcB,
pyoverdine biosynthesis enzyme; Syrl, syringomycin biosynthesis enzyme I; CarC,
carbapenem biosynthesis enzyme C; y-BBH, y-butyrobetaine hydroxylase; CS2,
clavaminate synthase 2.

® That is, the percent sequence identity over the total number of amino acids
examined.

ers. In screens of a genomic cosmid library of strain MC1 10 of
1,152 clones hybridized with the rdpA gene probe. Of these 10,
4 hybridized with the sdpA gene probe, but PCR with the
sdpA-specific primers yielded a product with only 1 of these 4
clones, designated pScos-R5. Both dioxygenase genes were
then completely sequenced from this clone. The coding regions
of the R-dichlorprop and S-dichlorprop dioxygenase genes
were 888 and 879 bp, respectively. No significant sequence
similarities to other known genes were found searching nucle-
otide databases. However, the deduced amino acid sequences
of RdpA and SdpA both shared significant similarities to other
aKG-dependent dioxygenases ranging between 37 and 16%
(Table 2). RdpA and SdpA shared 26% sequence identities.
Furthermore, similarities to a number of putative dioxygenases
belonging to the genera Pseudomonas, Yersinia, Ralstonia,
Streptomyces, Bordetella, Bradyrhizobiuum, Azotobacter, Shigella,
Chromobacterium, Burkholderia, and Mycobacteriumm were
found and ranged between 31 and 16%.

The amino acid sequences of both dioxygenases were ana-
lyzed on the basis of the alignment shown in Fig. 2. It shows
that an internal sequence tentatively aligned to positions 257 to
287 of TfdA by Westendorf et al. (57), comprises positions 85
to 131 of RdpA.

Transposon mutagenesis. Of 959 green fluorescing transpo-
son mutants, 2 were found to carry the transposon insertion in
rdpA. In clone MC1-T270, the insertion was located after bp
627; in clone MC1-T647, the mini-Tn5 had inserted after bp
814. Both mutants had lost the ability to cleave R-dichlorprop
but were still able to grow on the S-enantiomer.

Organization of rdpA and sdpA within the genome of D.
acidovorans MC1. The 25,768-bp sequence of the genomic
fragment from strain MC1 containing rdpA and sdpA in cosmid
pScos-RS is represented in Fig. 3A. The assembly was verified
by PCR of selected regions (data not shown). The rdp4 and
sdpA genes were separated by 13.6 kb, which mainly comprised
an 8.7-kb putative transposon, organized in a way characteristic
for the Tn50! subgroup of the Tn3 transposon family (28). It
was flanked by 38-bp inverted repeats that were flanked by
5-bp direct repeats generated during insertion. The open read-
ing frames (ORFs) for the putative transposase and resolvase
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FIG. 2. Sequence alignment of RdpA and SdpA with other group
IT «KG-dependent dioxygenases. TIdA, R. eutropha 2,4-D/aKG dioxy-
genase (accession no. A27082); TauD, P. aeruginosa taurine/aKG di-
oxygenase (accession no. NP_252624). Conserved Fe(Il)- and oKG-
binding residues are shaded in black; other conserved regions are
shaded in gray. Black arrows indicate 2,4-D binding residues in TfdA;
gray arrows indicate residues undergoing posttranslational hydroxyla-
tion in TauD or TfdA. Amino acid positions numbers are shown to the
right of each line. The alignment was created with CLUSTAL W.

genes mpA and tnpR had an outward direction with the ORF
for mpA proceeding 5 bp into the inverted repeat. The res site,
at which cointegrate resolution during transposition takes
place, was located upstream of znpR. The remaining part of the
transposon was occupied by a mercury resistance gene cluster.
The merR gene had a direction divergent from the merTP
CADE operon. A putative urf2M was located adjacent to the
mer operon. The putative Tn507 transposon showed 81% nu-
cleotide sequence identity to a putative Tn3 family transpo-
son of Nitrosomonas europaea ATCC 19718 (accession no.
BX321858.1). The deduced amino acid sequences of the iden-
tified ORFs showed between 82 and 97% identity to proteins
involved in transposition and mercury resistance (Table 3).
The functionality and mobility of this transposon were not
tested, but strain MC1 was found to be resistant to 0.1 mM
HgCl,. Mercury resistance was not lost when dichlorprop-
cleaving activity was lost, but these mutants were still able to
grow in the presence of 0.1 mM HgCl,. In Southern hybrid-
izations the mer operon of the plasmid was localized on a
4.4-kb fragment of pMC1 (Fig. 4C). This copy was deleted in
the plasmid of the mutant MC1-DP~. However, in hybridiza-
tions against genomic DNA, another signal at 2.8 kb was de-
tected that was present in the wild-type strain as well as in
strain MC1-DP™ (data not shown), suggesting that strain MC1
carries a second copy of the mer operon on the chromosome
that is not lost when the dichlorprop-cleaving ability is lost. It
is possible that the chromosomal copy of the mer operon con-
fers mercury resistance to strains MCl1 and MC1-DP™,
whereas the copy on the plasmid may lack functionality.
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FIG. 3. Organization of rdpA and sdpA within the genome of strain MC1. (A) Genetic map of the genomic fragment containing rdpA4 and sdpA.
For ORFs showing a high degree of similarity to other genes (>>80% identity of the deduced amino acid sequence) the respective names are given.
The gene designations are as follows: mpA/mpA(Tn), putative transposases; sdpA, S-dichlorprop/a-ketoglutarate dioxygenase; merR, putative
mercury resistance operon transcriptional regulator; merT, merP and merC, putative mercury ion transport genes; merd, putative mercury
reductase; merD, putative secondary regulator; merE and urf2M, conserved ORF of unknown function; #pR, putative site-specific resolvase; and
rdpA, R-dichlorprop/a-ketoglutarate dioxygenase. ORF1 through ORF5 and ORF19 show significant similarities to genes encoding the proteins
as follows: ORF1, carboxymuconolactone decarboxylase; ORF2, potassium/proton antiporter; ORF3, bacterioferritin; ORF4, LysR type regulator;
ORFS5, dihydroxyacid dehydratase; and ORF19, MFS transporter. The positions of the following features are indicated: IR, 38-bp inverted repeat
flanking the Tn501-like transposon, DR, 5-bp direct repeat. Two putative IS9]-like elements are shown as black boxes; the positions of the orIS
are indicated as arrows above the sequence. The right IS97-like element is interrupted by a Tn50!-like transposon. Its left partial sequence is not
drawn to scale. Single letters denote the following restriction sites: E, EcoRL P, Pstl; and X, Xmal. In the case of multiple Pstl restriction sites
within less than 100 bp, only the most left site is given and the number of sites is indicated in brackets. (B) Comparison of the sequence at the
right end of the putative IS elements with the IS97 family oIS consensus sequence. Conserved nucleotides are shown in bold uppercase letters.

Furthermore, two copies of a putative IS element resembling
the IS91/1S801 family of insertion elements were identified.
Members of this family of IS elements do not contain inverted
repeats and do not create duplications of the target sequence
(14). Insertion of this family of elements is site specific, and
replication utilizes the rolling circle mechanism; therefore, an
orilS, the origin of replication, and a terIS, the termination
sequence, are found at either end of these IS elements (14).
The two copies of the putative IS elements in strain MC1 were
essentially identical except for a 9-bp deletion and a 47-bp
deletion in the left, intact copy. The element next to ORF19
was interrupted by the Tn50I-like element (Fig. 3A). The
elements were 2,037 bp (intact copy) and 2,084 bp (interrupted
copy) and contained an IS807-like transposase gene showing
99% sequence identity to the homologues on the atrazine
catabolic plasmid pADP-1 (Table 3 [32]) and a transposase
associated with chlorobenzene degradation genes in Ralstonia
sp. strain JS705 (37). At the right end of both elements a

sequence was identified, that matched the consensus sequence
for origin of replication or7IS of this group of insertion ele-
ments (49) in all but the first nucleotide (Fig. 3B). Neither the
termination sequence terlS nor the tetramers GI'TC/CTTG for
which IS97 family elements show site specificity were detected.

ORF19, located upstream of rdpA showed significant simi-
larities to aromatic compound major facilitator superfamily
(MFS) transporters. A 29% identity to the 2,4-D transporters
CadK of Bradyrhizobium sp. strain HW13 and TfdK of Achro-
mobacter xylosoxidans subsp. denitrificans and R. eutropha
JMP134 was detected. A putative Shine-Dalgarno sequence
was found 7 bp upstream of the start codon.

Another five ORFs, ORF1 to ORF5, were identified at the
left end side of the insert.

Localization of rdp4 and sdpA within the genome of D.
acidovorans MC1 and comparison of the wild-type plasmid
pMC1 with that of the mutant MC1-DP™. Southern hybridiza-
tions showed that both rdpA and sdpA were located on the
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denitrificans (39). This suggestion was based on the observa-
tions that a #fdA gene is present in Alcaligenes denitrificans and
that dichlorprop cleavage is catalyzed by an «KG-dependent
dioxygenase in this strain as well as in S. herbicidovorans MH
(38). However, it was not supported by ifd4 expression studies
or amino acid sequences of the R-dichlorprop cleaving dioxy-
genase. The rdpA and sdpA genes of strain MC1 showed no
significant nucleotide similarities to #fdA4. However, the signif-
icant degree of identity of their deduced amino acid sequences
to group IT «KG-dependent dioxygenases and the distribution
of these identities throughout the whole of the primary se-
quence (Fig. 2) supported the view that RdpA and SdpA are
homologous to dioxygenases of this family. The functional-
ly important motif HX(D/E)X;356(T/8)X14.183HX0.13R/K,
which is conserved throughout group II oKG-dependent di-
oxygenases (18), is present in both RdpA and SdpA. In TfdA
of R. eutropha it includes the three Fe(II)-binding residues
His114, Aspl16, and His263, and the two «KG-binding resi-

Function of closest match
arboxymuconolactone decarboxylase family protein

Glutathione-regulated potassium-proton antiporter

Putative bacterioferritin
Mercury resistance secondary regulatory protein (MerD)

Hypothetical protein, similar to LysR-type regulators
Putative protein (MerE)

Putative dihydroxy acid dehydratase
Putative transposase, similar to IS80/ transposase
Putative aromatic compound MFS transporter

Putative transposase, similar to IS80! transposase
Taurine dioxygenase (TauD)

2,4-D dioxygenase (TfdA)
Mercury resistance regulatory protein (MerR)

Mercury uptake protein (MerT)
Putative protein, similar to Urf2M

Mercury ion reductase (MerA)
Resolvase (TnpR)

Tn3 family transposase (TnpA)

Mercury uptake protein (MerC)

TABLE 3. Localization and predicted function of ORTs in the genomic region of strain MC1 containing rdpA and sdpA
Mercury uptake protein (MerP)

® Values in parentheses refer to numbers of identical amino acids over the total number examined.

¢ Number of amino acids in strain MC1 ORF/number in the closest match.
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FIG. 4. Localization of rdpA and sdpA within the genome of D. acidovorans MC1 and comparison of plasmid pMCl with pMCI1-DP~, the
plasmid of mutant MC1-DP ™. (A) Localization of rdpA4 and sdpA within the genome of strain MC1. Plasmid DNA (lane 1) and genomic DNA (lane
2) was digested with Pstl, separated electrophoretically in 0.8% agarose (Al), and hybridized (A2). Gene probes are given at the bottom. (B and
C) Comparison of plasmid pMC1 of the wild-type strain of MC1 (lane 2) with pMC1-DP ™, the plasmid of the mutant unable to cleave dichlorprop
(lane 1). Pstl-digested plasmid DNA was separated electrophoretically in 0.8% agarose (B1) and hybridized against 7dpA and sdpA gene probes
(B2). EcoRI/Xmal-digested plasmid DNA was separated electrophoretically in 0.8% agarose (C1) and hybridized against probes for the mer

operon and the IS9] element (C2).

the dichlorprop-cleaving enzymes is not known. It is known
that the tertiary structure of homologous proteins showing at
least 20% identity of amino acid sequence is conserved (41).
Among group II aKG dioxygenases a high degree of structural
conservation was observed between clavaminate synthase and
TauD, which share as little as 7.7% primary sequence identity
(10). It is therefore likely that 2,4-D and dichlorprop-cleaving
enzymes are structurally very similar and that substrate speci-
ficity is determined by only a few amino acids. Site-specific
mutagenesis studies are needed to reveal the molecular basis
of the substrate specificity and stereospecificity of RdpA and
SdpA.

Phylogenetic trees calculated by different methods {data not
shown) consistently grouped RdpA in one clade with TauD
enzymes, but the assignment of SdpA could not be determined
precisely. The primary sequence of SdpA most closely resem-
bled that of TfdA and, like this dioxygenase, SdpA is charac-
terized by a relatively broad substrate specificity {34). TfdA has
greatest activity with 2,4-D but shows some activity toward
S-mecoprop (38). SdpA shows greatest activity with the S-
enantiomers of mecoprop and dichlorprop but has some activ-
ity toward 2,4-D (34). These observations suggested that SdpA
is most closely related to 2,4-D-cleaving enzymes, which was
also consistent with the position of SdpA in trees constructed
without an outgroup. However, when PvcB was used as an
outgroup SdpA was represented as a sister group of both the
TtdA/TfdAa and the RdpA/TauD clades. At present, the da-
tabase is too small to determine more precisely the phyloge-
netic relationship between SdpA and other members of the
aKG dioxygenase family.

Transposon mutagenesis inactivation of rdpA4 indicated that
it was a single-copy gene and gave a further proof of its func-

tionality and role in strain MCI, besides previous character-
ization of RdpA and SdpA (34, 57, 58).

An rdpA gene identical to that of strain MC1 was identified
in Rhodoferax sp. strain P230, and one nearly identical was
found in S. herbicidovorans MH, but neither of these strains
carried sdpA genes, as indicated by Southern hybridizations
allowing ca. 20% mismatches. The rdpA genes could be in-
volved in R-dichlorprop degradation in strains P230 and MH.
Further investigations are necessary to study their role to de-
termine whether rdpA genes are generally more widely distrib-
uted than sdpA genes, as these limited data suggest, and to
identify the genes encoding the S-dichlorprop-cleaving dioxy-
genases of strains MH and P230.

In S. herbicidovorans MH, three transport proteins specific
for 2,4-D, R-dichlorprop, and S-dichlorprop were identified
(60). In strain MC1, ORF19 encodes a putative transport pro-
tein (Fig. 4 and Table 3). It was in close proximity to rdpA, and
the significant similarity of the deduced protein sequence to
TfdK and CadK suggested an involvement in R-dichlorprop
transport. No other potential transporters were detected. Like-
wise, no genes encoding transcriptional regulators of dichlor-
prop cleavage were identified. This is in accordance with pre-
vious studies which found rdpA and sdpA to be constitutively
expressed (36). ORF4, which shows significant similarities to
LysR-type transcriptional regulators, probably regulates the
expression of ORFS rather than that of sdpA or rdpA.

The ability to degrade dichlorprop in D. acidovorans MC1 is
spontaneously and irreversibly lost at high frequencies under
nonselective conditions, whereas the degradation of dichloro-
phenol is a stable trait (36). This indicated that the ability to
cleave the phenoxyalkanoate herbicides is unstable in strain
MC1, which would be consistent with recent acquisition of the
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rdpA and sdpA genes. The localization and organization of the
initial step in dichlorprop degradation imply that its evolution
and recruitment took place independently of the lower path-
way. Cases and de Lorenzo (5) postulated that degradative
pathways for substrates only very recently found in the envi-
ronment are often poorly regulated, probably reflecting an
early step in the optimization of the corresponding metabolic
route, and that biodegradative operons evolve from constitu-
tive expression to substrate-responsive and metabolically con-
trolled transcription. The evolution of the dichlorprop cleav-
age pathway in strain MC1 is an example supporting this
hypothesis, since rdpA and sdpA are constitutively expressed,
whereas the consecutive degradation of the intermediate di-
chlorophenol is inducible (36).

Previously, the loss of genes involved in etherolytic cleavage
of dichlorprop was hypothesized to be caused by a deletion
within plasmid pMC1, which occurs concomitantly with loss of
dichlorprop cleavage (36). In the present study, both dioxyge-
nase genes were shown to be located on the plasmid and to be
deleted in the MC1-DP ™ mutant, proving this hypothesis to be
correct. Moreover, the mer operon was deleted, and the copy
number of the IS9/-like element was found to be considerably
reduced. This suggests that recombination between 1S9/ ele-
ments could lead to the deletion of one or both dioxygenase
genes and the Tn50!-like transposon. Although IS97-like ele-
ments do not cause deletion of regions adjacent to them, a
deletion of a genomic fragment flanked by IS9-like elements
was observed in Shigella flexneri (52). In strain MC1, recombi-
nation between the interrupted IS element and the intact IS
copy downstream of ORF5 would lead to the deletion of the
region between the elements, including sdpA. Likewise, the IS
elements may have played a role in the acquisition of dichlor-
prop cleavage in strain MC1. In Ralstonia sp. strain JS705 the
clc genes are flanked by an intact and a partial copy of an
insertion element highly similar to the ones identified in strain
MCL1. These IS elements were proposed to have captured the
clc genes and made possible the gene transfer from Ralstonia
sp. strain JS745 to strain JS705 (37). Characterization of the
region downstream of rdpA and comparison of the MC1-DP™
mutant genotype with the MC1 wild-type will further the un-
derstanding of processes having lead to the acquisition and
causing instability of the degradative trait.
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Electronic Acknowledgement Receipt

EFS ID: 3604714
Application Number: 11587893
International Application Number:
Confirmation Number: 7868

Title of Invention:

Novel Herbicide Resistance Genes

First Named Inventor/Applicant Name:

Terry Wright

Customer Number:

23557

Filer:

Jay M. Sanders/Mary Calderwood

Filer Authorized By:

Jay M. Sanders

Attorney Docket Number: DAS-115XC1
Receipt Date: 11-JUL-2008
Filing Date:
Time Stamp: 16:35:15

Application Type:

U.S. National Stage under 35 USC 371
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Warnings:

Information:

Total Files Size (in bytes): 6970531

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 as a 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.
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[ hereby certify that this correspondence is being
electronically filed in the United States Patent

and Trademark Officceon  Ayy, 21, 1HE . Patent Application
J I Docket No. DAS-115XC]1
/Z , 75( A Serial No. 11/587,893

Jay M. Sander;ﬁ’/afent Attorne‘}"f““’“”

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants Terry R. Wright, Justin M. Lira, Donald J. Merlo, Nicole L. Arnold
Serial No. : 11/587,893

Filed : October 27, 2006

Conf. No. : 7868

For : Novel Herbicide Resistance Genes

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL LETTER

Sir:

Per MPEP § 605.04(c), a petition under 37 C.F.R. § 1.182 accompanies this submission.

A Notification of Missing Requirements dated June 30, 2008, was received from the Patent
and Trademark Office advising that the current oath or declaration does not comply with 37 CFR
1.497(a) and (b) in that there is an inventor name change without supporting documentation.

The above-referenced patent application was filed on May 2, 2005, as a national stage
application of International patent Application No. PCT/US2005/014737. At that time, the fourth
inventor was using her maiden name of “Nicole Hopkins.”

This fourth inventor subsequently adopted her married name of “Nicole L. Arnold” for the
execution of all documents in the subject application. Accordingly, an executed Declaration under
37 CFR 1.63 was submitted to the Patent Office on May 20, 2008.

Attached is a Declaration by this inventor attesting to her name change and providing

supporting additional details.

JADAS\DAS-115XCIPTO T ransLtr-DecNameCng-newDecs.doc/DNB/s]
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2 Docket No. DAS-115XC1
Serial No. 11/587,893

Applicants respectfully request that the U.S. Patent Office databases regarding the subject
application be updated to indicate that the fourth inventor is now known as “Nicole L. Arnold”
(replacing the prior name of “Nicole Hopkins”; Nicole Arnold and Nicole Hopkins are one and the
same person).

The surcharge of $130.00 was already paid upon the submission of the Declarations on May
20, 2008. However, if further fees are required by the subject paper, the Commissioner is hereby

authorized to charge any additional fees that may be required to Deposit Account No. 19-0065.

Respectfully submitted,

.-

Jay M. Sanders
/ Patent Attorney
Registration No. 39,355
Telephone No.: (352) 375-8100
Facsimile No.: (352) 372-5800
Address: P.O. Box 142950
Gainesville, FL 32614-2950

IMS/sl
Attachments: Petition under 37 C.F.R. § 1.182
Declaration of Nicole L. Arnold

JADAS\DAS-115XCI\PTO\TransLir-DecNameCng-newDecs.doc/DNB/s]
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I hereby certify that this correspondence is being PETITION UNDER 37 CFR. §1.182
clectronically filed in the United States Patent and Patent Application
Trademarks Office on _ Aug. 21, 2008 . Docket No, DAS-115XC1

% 72 Z\// Serial No. 11/587,893

Jay M. Sanders, Pateﬁ}/ Attorney

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants Terry R. Wright, Justin M. Lira, Donald J. Merlo, Nicole L. Arnold
Serial No. : 11/587,893

Filed : October 27, 2006

Conf. No. : 7868

For ; Novel Herbicide Resistance Genes

Office of Petitions
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PETITION UNDER 37 C.F.R. § 1.182

Sir:

The above-referenced patent application was filed on May 2, 2005, as a national stage
application of International patent Application No. PCT/US2005/014737. At that time, the fourth
inventor was using her maiden name of “Nicole Hopkins.”

This fourth inventor subsequently adopted her married name of “Nicole L. Arnold” for the
execution of all documents in the subject application. Accordingly, an executed Declaration under
37 CFR 1.63 was submitted to the Patent Office on May 20, 2008.

A Notification of Missing Requirements dated June 30, 2008, was received from the
Patent and Trademark Office advising that the current oath or declaration does not comply with
37 CFR 1.497(a) and (b) in that there is an inventor name change without supporting
documentation.

Attached is a Declaration by this inventor attesting to her name change and providing

JADAS\DAS-115XCI\PTO\PetdIny-Name-Chg.doc/DNB/jb
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2 Docket No. DAS-115XCl1
Serial No. 11/587,893

additional details.

Applicants respectfully request that the U.S. Patent Office databases regarding the subject
application be updated to indicate that the fourth inventor is now known as “Nicole L. Arnold”
(replacing the prior name of “Nicole Hopkins™; Nicole Arnold and Nicole Hopkins are one and the
same person).

Please charge the surcharge of $130.00 required by 37 C.F.R. § 1.17(i) to Deposit Account
No. 19-0065. The Commissioner is hereby authorized to charge any additional fees which may be

required to Deposit Account No. 19-0065.

Respectfully submitted,

Al

Jay M. Sanders

Patent Attorney

Registration No. 39,355

Phone No.:  352-375-8100

Fax No.: 352-372-5800

Address: P.O. Box 142950
Gainesville, FL. 32614-2950

IMS/jb

Attachment: Declaration of Nicole L. Arnold

JADAS\DAS-115XCI\PTOPet4Inv-Name-Chg.doc/DNB/jb
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DECLARATION
Docket No. DAS-115XC1
Serial No. 11/387,893

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants Terry R. Wright, Justin M. Lira, Donald J. Merlo, Nicole L. Amold
Serial No. : 11/587,893

Filed : October 27, 2006

Cont. No. : 7868

For : Novel Herbicide Resistance Genes

Office of Petitions
Commissioner for Patents
P.O. Box 1430

Alexandria, VA 22313-1450

DECLARATION OF NICOLE L. ARNOLD

Sir:

I, Nicole L.. Arnold hereby declare:

THAT, I was using my maiden name of Nicole Hopkins at the time International patent
Application No. PCT/US2005/014737, was filed on May 2, 2005; and

THAT, I have subsequently adopted my married name of Nicole L. Amold for the execution

of all documents related to the subject application;

THAT, I became married on O C’+’ ’ 5/ CQOO5

Clidocuments and settingsw396 19 dasatemporary files\Decdinv-Name-Chg.doc/DNB/b
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2 Docket No. DAS-115XC1
Serial No. 11/587,893

[ further declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that

such willful false statements may jeopardize the validity of the patent.

Further declarant sayeth not.

M;f ?dwnc@ﬂ Q8 July Qoog

‘Nicole L. Arnold {current name) Date
Yoeesle  Hopkr A8 July  Reog
Nicole Hopkins (pre:/ious name) Date

C\documents and settingsiu396 | Y \datattemporary files\Decdinv-Name-Chg.doc/DNB/jb
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Electronic Patent Application Fee Transmittal

Application Number: 11587893

Filing Date:

Title of Invention: Novel Herbicide Resistance Genes
First Named Inventor/Applicant Name: Terry Wright

Filer: Jay M. Sanders/Sherry Loke
Attorney Docket Number: DAS-115XC1

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suﬁ-s'l';(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Oath/decl > 30 months from priority date 1617 1 130 130

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o . Sub-Total in
Description Fee Code Quantity Amount UsD($)
Miscellaneous:
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 3819758
Application Number: 11587893
International Application Number:
Confirmation Number: 7868

Title of Invention:

Novel Herbicide Resistance Genes

First Named Inventor/Applicant Name:

Terry Wright

Customer Number:

23557

Filer:

Jay M. Sanders/Sherry Loke

Filer Authorized By:

Jay M. Sanders

Attorney Docket Number: DAS-115XC1
Receipt Date: 21-AUG-2008
Filing Date:
Time Stamp: 16:48:20

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $130

RAM confirmation Number 1996

Deposit Account 190065

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (if appl.)
Applicant R to Pre-E 305338
1 pplicant Response to Fre-txam TransLtr-DecNameCng.pdf no 6
Formalities Notice
525fd1edf15242a21db19b99ae19ce80168
Warnings:
Information:
30209
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
98300084b738bc612843d29d3e78b48077|
d5a3e9
Warnings:
Information:
Total Files Size (in bytes):l 335547

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 as a
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.

Bayer EX1005-0654 (2 of 2)



UNITED STATES PATENT AND TRADEMARK OFFICE 2 5 NUV ZUGB

] Commissioner for Patents
United States Patent and Trademark Office
P.0O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

SALIWANCHIK LLOYD & SALIWANCHIK
A PROFESSIONAL ASSOCIATION

PO BOX 142950

GAINESVILLE FL 32614-2950

In re Application of

WRIGHT et al. :

Application No.: 11/587,893 . DECISION ON PETITION
PCT No.: PCT/US05/14737 :

Int. Filing Date: 02 May 2005 : UNDER 37 CFR 1.182

Priority Date: 30 April 2004
Attorney Docket No.: DAS-115XC1
For: NOVEL HERBICIDE RESISTANCE GENES

This is a decision on applicant’s a Petition under 37 CFR 1.182 filed on 21 August 2008
in the United States Patent and Trademark Office.

BACKGROUND

On 27 October 2006, applicant filed a transmittal letter concerning a filing under 35
U.S.C. 371 accompanied by the basic national fee. On 22 May 2008, applicant filed an executed
declaration in the above referenced application.

On 30 June 2008, a Notification of Missing Requirements was mailed to applicants
indicating that an oath or declaration, in compliance with 37 CFR 1.497(a) & (b) and the
surcharge for filing the oath or declaration after the thirty month period, was required. Applicant
was advised that the declaration filed on 22 May 2008 did not comply with 37 CFR 1.497(a) and
(b) as inventor’s name had changed without documentation.

On 21 August 2008, applicant filed a petition under 37 CFR 1.182 to correct the
inventor’s name. :

DISCUSSION

A review of the application file reveals that the given name of the ?pplicant as listed on the
published international application is "Nicole Hopkins”. The declaration, filed on 22 May
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Application No.: 11/587,893 2

2008, was signed by "Nicole L. Arnold” and was unacceptable.

Applicant now submits declaration by the inventor Nicole Hopkins indicating that her
name changed due to her marriage, providing sufficient evidence of her name change.

The executed declarations are in compliance with 37 CFR 1.497(a) and (b) as the
declaration names the same inventive entity identified in the published international application
and state the citizenship, residency and mailing addresses of the named inventors. The declaration
satisﬁgssthe requirements of 35 U.S.C. 371 (c¢)(4) for entrance into the national stage in the
United States.

CONCLUSION

" For the above reasons, the declaration submitted on 22 May 2008 now meets the
requirements of 37 CFR 1.497(a) and (b) and is acceptable.

The petition under 37 CFR 1.182 to change the respective inventor's name to Nicole L.
Arnold is GRANTED.

The application will be forwarded to the United States Designated/Elected Office for
further processing. The 35 U.S.C. 371(c)(1), (c)(2) and (c)(4) date is 22 May 2008.

ynthia M. Kratz

< Attorney Advisor

Office of PCT Legal Administration

Telephone: (571) 272-3286
Facsimile: (571) 273-0459
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UNITED STATES PATENT AND TRADEMARK OFFICE

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO.
11/587,893 Terry R. Wright DAS-115XC1

23557 INTERNATIONAL APPLICATION NO.

SALIWANCHIK LLOYD & SALIWANCHIK PCT/US2005/014737

A PROFESSIONAL ASSOCIATION LA. FILING DATE PRIORITY DATE

PO BOX 142950 05/02/2005 04/30/2004

GAINESVILLE, FL 32614-2950

Date Mailed: 12/23/2008

CONFIRMATION NO. 7868
371 ACCEPTANCE LETTER

i,

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a

Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has

met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United

States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

05/22/2008
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1),

08/21/2008

DATE OF COMPLETION OF ALL

(¢)(2) and (c)(4) REQUIREMENTS 35U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all

correspondence to the Group Art Unit designated thereon.
The following items have been received:

« Copy of the International Application filed on 10/27/2006
+ Copy of the International Search Report filed on 10/27/2006
+ Copy of IPE Report filed on 10/27/2006

+ Preliminary Amendments filed on 10/27/2006

« Information Disclosure Statements filed on 07/11/2008

« Biochemical Sequence Diskette filed on 10/27/2006

+ Oath or Declaration filed on 05/22/2008

+ Biochemical Sequence Listing filed on 10/27/2006

* Request for Immediate Examination filed on 10/27/2006
+ U.S. Basic National Fees filed on 10/27/2006

+ Assignment filed on 12/17/2008

* Priority Documents filed on 10/27/2006

+ Power of Attorney filed on 05/22/2008

« Specification filed on 10/27/2006

+ Claims filed on 10/27/2006

+ Abstracts filed on 10/27/2006

page 1 of 2

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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+ Drawings filed on 10/27/2006
+ Paper nucleotide sequence listings filed on 10/27/2006
+ Paper Computer Listings filed on 11/08/2006

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

BARBARA A CAMPBELL

Telephone: (703) 308-9140 EXT 217

page 2 of 2

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDI0. g0V

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
11/587,893 05/22/2008 1661 DAS-115XCl1 67

23557

SALIWANCHIK LLOYD & SALIWANCHIK
A PROFESSIONAL ASSOCIATION

PO BOX 142950

GAINESVILLE, FL 32614-2950

CONFIRMATION NO. 7868
FILING RECEIPT

A

00000003372410

Date Mailed: 12/23/2008

Receipt is acknowledged of this non-provisional 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 APPLICANT, 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, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections 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

Applicant(s)

Terry R. Wright, Westfield, IN;

Justin M. Lira, Fishers, IN;

Donald J. Merlo, Carmel, IN;

Nicole L. Arnold, Carmel, IN;
Assignment For Published Patent Application

Dow AgroSciences LLC, Indianapolis, IN

Power of Attorney: The patent practitioners associated with Customer Number 23557

Domestic Priority data as claimed by applicant

This application is a 371 of PCT/US2005/014737 05/02/2005

which claims benefit of 60/567,052 04/30/2004

Foreign Applications

If Required, Foreign Filing License Granted: 12/19/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 11/587,893
Projected Publication Date: 04/02/2009
Non-Publication Request: No

Early Publication Request: No
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Title

Novel Herbicide Resistance Genes
Preliminary Class

PLT

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 result 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
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 (1-866-999-4158).

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

page 2 of 3
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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).

page 3 of 3
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UNITED STATES NATIONAL STAGE WORKSHEET (DO/EQ
B.C., Patent Application Specialist, PCT /DO/EO/National Stage Division

Publication No. wOQ5 / IO 1&3 7 Publication Date _} [—|7-Q5

Not Published U.S. only Requested
Basic fee paid: $,3(XD _PER fee paid: s_ﬁ/ us ISA fee paid: s*/ us
. U.S. Application No. 11/ 557, 89.3
International Application Number: prCT/UISSO0S ; O} ﬂ: 13 { International Filing Date: O0S5-Q62-05

Application Filed by 30 Month: _v/ Yes No Language:
Copyof 1A: yesyY  no Translation: yes no____ Defective: __Yes Date satisfied:
371 Filing Fees v paid Insufficient Meet Article 33 Requirement: Yes __ No & why not

Original claims: l-"{'as Added Claims: . Total Claims: é 2 Chargeable &7 lndependenti___ muhiple&__

After entry of Article 19 or 34 Amdt:

Cancelled Claims via Article1g or 34 &/or Pre-Amdrt. Clms. added via Article 19 or 34
Total Number of Drawing Sheets: &fk Foreign Text:

Oath/Declaration: yes, ‘/ no :signed unsigned ___ defective: _ Date Satisfied:

PCT/RO/101/Request Form Declaration: yes properly executed No not properly executed Date:
Small Entity: ___Yes Small Entity Statement Assertion by filing fee paid Large Entity: i

1*' Submission: Biochemical Seq. Diskette: yes_i no. entered & date 1]-¥- O@ not entered & date

2"® Submission: Biochemical Seq. Diskette: yes___no entered & date not entered & date

Biochemical Seq. Listing: ycs\é no __ statement L yes ___no other submission date(s):

Biochemical Diskette/Listing not needed:
Copy of ISR: ___with references without references ¥/ Non-Establishment of ISR PCT/ISA/z03

Article 19 Amendment: entered not entered Replaced by Article 34 Amendment

" Copy of IPER: without Annexes: with Annexes: Annexes entered Annexes not entered \/ 237

Reason Annexes have not been entered:

Preliminary Amendment(s) yest/___not entered ‘& why Other Amendment dates:
IDS: LLyes I/ with references ___without references Other IDS Dates;&&‘*"-()g; 1-i1-0%

Request for Immediate Examination: yes, no > Other Early Processing Date:

Substitute Specification: yes, Date filed: Other documents filed:
Assignment: yesV _ Date filed: IR 1" @) g Assignment for PG Pub: __Yes Date filed:

Power of Attorney _y/__ Date ﬁled:&llaa [;2& Application Data Sheet l/ Priority Document(s): yes v

**Other: ] .
/XA T opbisis

**Other Problems: C/MAONTI(0/) AIYL KR K2 rICE £ 7ax 272 AL ORr. > OAATB LS

Applu‘atmn Size: Spec. &_Claxms IQ Abstract_| DrawmgsZH: Seq. List. &Seq RF l Total @

Application size

V_Declaration ¥ Claims ___Multiple __ Translation Extension Petition

Date of 35 USC Receipt of Request: iO 'cQ.'-I 06

Date Completion USC 371 Requirements: Slé& log ( § iQQ o MQ ) & i "9’?5 og_)

Notice of Missing Requirements: @) Response to Missing Requirements Q )Q) —Og
371 Formalities Letter: (Sequence) 922 922 Response __ or (Fees Owed) 923 923-Repsonse -
Notice of Defective Response: _ Defective Response Reply i

Notice of Acceptance: 'g:- ‘q - 08
Petition 2 8‘5\’.‘ ‘ O 2 Petition 1.47: i Petition Granted:__| ] “ﬁﬁ _d-)g

Notification of Abandonment:
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) PTO/SB/B1 (1108}
Approved for use through 11/30/2011. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired fo respond fo a collection of information unless it displavs a valid OMB control number.
( Application Number { \
POWER OF ATTORNEY pp 11./587,893
OR Filing Date Cetober 27, 2006

REVOCATION OF POWER OF ATTORNEY First Named Inventor Terry R. Wright

WITH A NEW POWER OF ATTORNEY
AND Art Unit 1661

CHANGE OF CORRESPONDENCE ADDRESS | —ooor Yame__ - .
\ Attorney Docket Number | pac_po17 5.US=02

| hereby revoke all previous powers of attorney given in the above-identified application.

A Power of Attorney is submitted herewith,

OR :

| hereby appoint Practitioner(s) assaciated with the following Customer 830 6’7

. Number as my/our attorney(s) or agent(s) to prosecute the application N
identified above, and to transact ali business in the United States Patent
and Trademark Office connecled therewith:

OR

D | hereby appoint Practifioner(s) named below as my/our attorney(s) or agent(s} to prosecute the application identified above, and

to ransact all business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name : Registration Number

Please recognize or change the correspondence address for the above-identified application to:

@ * The address associated with the above-mentioned Customer Number.
OR

D The address associated with Customer Numbear:
OR
Firm or
Individual Name
Address

City i [ State | | Zin}
Country ]
Telephone | Email |

| am the: -

D Applicant/tnventor.

. Assignee of record of the entire interest. See 37 CFR 3.71.
-Statement under 37 CFR 3.73(b} (Form PTO/SB/36) submitted herewith or filed on
: SIGNATURE of Applicant or Assignee of Record . .
Sigraiure T B Date /=505

Name ANDREA T. BORUCKI Telephone | 317-337-4820

Title and Company GENERAL PATENT COUNSEL, DOW _AGROSCIENCES LLC

NOTE: Signatures of all the inventors or assignees of recard of the entire interest or theie representative(s) are required. Submit muitiple forms if more than one
slgnature is required, see below*. . -

*Tptal of 2 forms are submitted.

This callection of information is required by 37 CFR 1.31, 1.32 and 1.33. 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 govermned by 35 U.8.C. 122 and 37 CFR 1.11 and_1.14, This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on
the amaount of ime you require to complete this form andfor suggestions for reducing this burden, should be sent o 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,

if you need assistance in completing the form, call 1-800-PT0-9193 and select option 2.

Title Novel Herbicide Resistant |Gene
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PTQ/SB/96 (09-06)

Approved for use through 03/31/2007, OMB $651-0031

U.S. Patent and Trademarsk Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to fespond to a collection of informition unless it displays a valid OMB coatrol number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: DOW AgroSciences LLC

Application No./Patent No.; _11/567,893 Filed/lssuDate: __October 27, 2006

Entitled:

Dow AgroSciences LLC _a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.}

states that it is:
1. the assignee of the entire right, title, and interest; or

P D an assignee of less than the entire right, title and interest
(The extent (by percentage) of its ownership interestis ____~_%)

in the patent application/patent identified above by virtue of either: )
A. An assignment from the inventor(s) of the patent applicationliqgtsgtsidentiﬁed abov 51-{'? assignment was recorded

in the United States Patent and Trademark Office at Reel 0 , Frame , or for which a copy
thereof is attached.

OR
B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . . or for which a copy thereof is aftached.
2. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is aftached.
3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel i , Frame , or for which a copy thereof is attached.

[] Additional documents in the chain of title are listed on a supplemental sheet.

[:l As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee
was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.
[NOTE: A separate capy (i.e., a true copy of the original assignment document(s)} must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. Seg MPEP
302.08]

The undersigned (whose title is suppiied below) is authorized to act on behalf of the assignee.

L,//Aj/y,,{\@-—«..___ )=/ ~0F

Signature Date
Andrea T. Borucki : (317) 337-4820
Printed or Typed Name Telephone Number
General Patent Counsel
Title

This collection of information is required by 37 CFR 3.73(h). 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 1.11 and 1.14. This collection is estimated fo 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 1o complete this form andfor suggestions for reducing this burden, shauld be sent to the Chief Information Officer,
U.S. Patent and Trademark Offica, U.S. Department of Commerce, P.0O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED .
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, calf 1-800-PT0O-9189 and selact option 2.

5296574
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Electronic Acknowledgement Receipt

EFS ID: 4684848
Application Number: 11587893
International Application Number:
Confirmation Number: 7868

Title of Invention:

Novel Herbicide Resistance Genes

First Named Inventor/Applicant Name:

Terry R. Wright

Customer Number:

23557

Filer:

Jay M. Sanders/Lisa Schodrowski

Filer Authorized By:

Jay M. Sanders

Attorney Docket Number: DAS-115XC1
Receipt Date: 27-JAN-2009
Filing Date: 22-MAY-2008
Time Stamp: 16:08:22

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

DAS_P0115_POA.PDF

169883
yes 2

1fe04695ebf6a3879a5a71d2ee3201dca7l
elct
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
CRF Statement Paper and CRF are the same 2 2
Warnings:
Information:
Total Files Size (in bytes):l 169883

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.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

VAVl;aaﬂg;:;,g\g\J?ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/587,893 05/22/2008 Terry R. Wright DAS-P0115-US-02
CONFIRMATION NO. 7868
83067 POA ACCEPTANCE LETTER
Baker & Daniels LLP- Dow AgroSciences

300 North Meridian Street, Suite 2700

LRI
Indianapolis, ID 46204 00000003432267

Date Mailed: 02/03/2009

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/27/2009.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/Ichau/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

vAvlviaaﬂg;:;,g\g\J?ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/587,893 05/22/2008 Terry R. Wright DAS-115XC1
CONFIRMATION NO. 7868
23557 POWER OF ATTORNEY NOTICE
SALIWANCHIK LLOYD & SALIWANCHIK

A PROFESSIONAL ASSOCIATION

LR e
PO Box 142950 00000003432265

GAINESVILLE, FL 32614

Date Mailed: 02/03/2009

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/27/2009.

» The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/Ichau/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number | Filing Date
Substitute for Form PTO-875 11/587,893 05/22/2008 | [ 7o be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [] ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 sasic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b). or (c)
[0 seArcH FEe
(37 CFR1.16(K). (). or (m) N/A N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or () N/A N/A N/A N/A
Do e oo | e g LA
INDEPENDENT CLAIMS ) . _ _
(37 CFR 1.16(h) minus 3 = XS = XS =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
%F;%F'gﬁq(g” SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
| 10/27/2006 | srrer PREVIOUSLY EXTRA RATE®) | FeE (5) RATE $) FEE ($)
E AMENDMENT PAID FOR
% Jotal @7 crm * 67 Minus | * 67 = x$ = oR |xs =
E Ig;ig;;:nffg;” - 4 Minus | =4 = X $ = OR X $ =
E: D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE ($) FEE ($) RATE () FEE ($)
- AMENDMENT PAID FOR
Z | [oa e . Minus | » = xXs = orR [xs =
= Independent % Minus ok _ X$ - OR X $ -
(] 37 CFR 1.16(h)) =
E I:‘ Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:
/KATRINA S. TURNER/

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.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDI0. g0V

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/587,893 05/22/2008 Terry R. Wright DAS-P0115-US-02
CONFIRMATION NO. 7868
83067 PUBLICATION NOTICE
Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700 0RO 0RO 0 i
000000035412010

Indianapolis, ID 46204

Title:Novel Herbicide Resistance Genes

Publication No.US-2009-0093366-A1
Publication Date:04/09/2009

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently hitp://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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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.\,\SP[O.gOV

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
11/587,893 05/22/2008 Terry R. Wright DAS-P0115-US-02 7868
83067 7590 09/25/2009 | |
. A EXAMINER
Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700 KRUSE, DAVID H
Indianapolis, IN 46204
| ART UNIT | PAPER NUMBER |
1638
| NOTIFICATION DATE | DELIVERY MODE |
09/25/2009 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

inteas @bakerd.com
cynthia.payson @bakerd.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

11/587,893 WRIGHT ET AL.
Office Action Summary Examiner Art Unit

David H. Kruse 1638

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)] Responsive to communication(s) filed on
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-51 and 53-68 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5)[] Claim(s) _____is/are allowed.
6)] Claim(s)____is/are rejected.
7)1 Claim(s) is/are objected to.

8)X] Claim(s) 1-51 and 53-68 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a) JAlIl  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other: ______

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090922
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DETAILED ACTION
Election/Restrictions
1. Restriction is required under 35 U.S.C. 121 and 372.
This application contains the following inventions or groups of inventions which
are not so linked as to form a single general inventive concept under PCT Rule 13.1.
In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to
elect a single invention to which the claims must be restricted.

Group |, claim(s) 1-51 and 57-68, drawn to a transgenic plant cell comprising a
polynucleotide that encodes and AAD-1 protein and methods of using and making.

Group Il, claim(s) 53-56, drawn to a method of detecting whether a plant comprises a
polynucleotide that encodes and AAD-1 protein.

2. The inventions listed as Groups | and |l do not relate to a single general inventive
concept under PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or
corresponding special technical features for the following reasons: The invention of
Group Il is directed to a method of using an antibody or PCR primer which is a distinct
inventive concept from the invention of Group | directed to use of a polynucleotide that
encodes and AAD-1 protein, hence the groups lack the same special technical feature.

3. Applicant is advised that the reply to this requirement to be complete within one
month (not less than 30 days) must include an election of the invention to be examined
even though the requirement be traversed (37 CFR 1.143).

4. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR § 1.48(b) if
one or more of the currently named inventors is no longer an inventor of at least one
claim remaining in the application. Any amendment of inventorship must be
accompanied by a request under 37 CFR § 1.48(b) and by the fee required under 37
CFR § 1.17(i).

5. 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)
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272-0799. The examiner can normally be reached on Monday to Friday from 8:00 a.m.
to 4:30 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Anne Marie Grunberg can be reached at (571) 272-0975. The fax
telephone number for this Group 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 (571) 272-
1600.

/David H. Kruse/
Primary Examiner, Art Unit 1638
21 September 2009
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To: inteas@bakerd.com,cynthia.payson@bakerd.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 83067

Sep 25, 2009 05:42:48 AM
Dear PAIR Customer:

Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700
Indianapolis, IN 46204

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 83067 , 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.
11587893 CTRS 09/25/2009 DAS-P0115-US-02

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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I hereby certify that this correspondence if being
electronically filed with the United States Patent

and Tradem%%%ober 22,2009

Jay M. Sanﬂ'yr/s, Patent Attorney——

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit: 1638 ) Confirmation No. 7868
Attorney ;
- Docket No.: DAS-P0115-US-02 )
Inventors: Terry Wright et al. | %
Title: Novel Herbicide Resistance Genes ;
Serial No: 11/587,893 %
Filed: May 22, 2008 ;
Examiner: . David H. Kruse ;

ELECTION/RESPONSE TO RESTRICTION REQUIREMENT

In response to the Restriction Requirement mailed September 25, 2009, Applicants
hereby elect Group I (Claims 1-51 and 57-68).
Applicants believe that no fees are due in connection with this submission. However, if
any fees are necessary, please charge Deposit Account No. 020390.
Respectfully submitted,

W G

Jaff\//l./ Sanders

Reg. No. 39,355

BAKER & DANIELS

300 N. Meridian Street, Suite 2700
Indianapolis, Indiana 46204
Telephone: (317) 237-1245

Fax: (317)237-1000
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Electronic Acknowledgement Receipt

EFS ID: 6309942
Application Number: 11587893
International Application Number:
Confirmation Number: 7868

Title of Invention:

Novel Herbicide Resistance Genes

First Named Inventor/Applicant Name:

Terry R. Wright

Customer Number:

83067

Filer:

Jay M. Sanders

Filer Authorized By:

Attorney Docket Number: DAS-P0115-US-02
Receipt Date: 22-0CT-2009
Filing Date: 22-MAY-2008
Time Stamp: 15:42:26

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . g
Number Message Digest | Part/.zip| (ifappl.)
DAS_P115_R Restricti 1875
1 Response to Election / Restriction Filed - —ozsgggse_ estrictl no 1
' 084de0b99d418d756f8e10106207 1eebe3a)
3e480

Warnings:

Information:
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Total Files Size (in bytes):l 41875

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.

Bayer EX1005-0678 (2 of 2)



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.\,\SP[O.gOV

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
11/587,893 05/22/2008 Terry R. Wright DAS-P0115-US-02 7868
83067 7590 03/09/2010 | |
. : EXAMINER
Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700 KRUSE, DAVID H
Indianapolis, IN 46204
| ART UNIT | PAPER NUMBER |
1638
| NOTIFICATION DATE | DELIVERY MODE |
03/09/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

inteas @bakerd.com
cynthia.payson @bakerd.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

11/587,893 WRIGHT ET AL.
Office Action Summary Examiner Art Unit

David H. Kruse 1638

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1IX] Responsive to communication(s) filed on 22 October 2009.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-51 and 53-68 is/are pending in the application.
4a) Of the above claim(s) §3-56 is/are withdrawn from consideration.

5[] Claim(s) is/are allowed.

6)X] Claim(s) 1-51 and 57-68 is/are rejected.

7)1 Claim(s) ____is/are objected to.

8)] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)IX] The drawing(s) filed on 27 October 2006 is/are: a)X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a) JAlIl  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [_] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date _____. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100226
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DETAILED ACTION
Election/Restrictions
1. Applicant’s election of Group I, claims 1-51 and 57-68 in the reply filed on 22
October 2009 is acknowledged. Because applicant did not distinctly and specifically
point out the supposed errors in the restriction requirement, the election has been
treated as an election without traverse (MPEP § 818.03(a)).
2. Claims 53-56 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected invention, there being no allowable generic or
linking claim. Election was made without traverse in the reply filed on 22 October 2009.
3. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).
Claim Objections

4. Claim 1 is objected to because of the following informalities: At line 1, --
recombinant -- should be inserted before “polynucleotide”. Appropriate correction is
required.

Claim 40 is objected to because of the following informalities: At line 3, “a cell”

should read -- the cell -- in referring to claim 1. Appropriate correction is required.
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Claim 50 is objected to because of the following informalities: At line 2, 'a
polynucleotide" should read -- the polynucleotide -- in referring to claim 47. Appropriate
correction is required. See also claim 64, line 2.

Claim 57 is objected to because of the following informalities: “a cell” should read
-- the cell -- in referring to claim 1. Appropriate correction is required.

Claim Rejections - 35 USC § 112

5. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

6. Claim 60 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

The recitation of “method is used” renders the claim indefinite because the metes
and bounds of the claim are unclear. This is because the method of claim 13 is to
"controlling at least one weed in a field", one is applying an herbicide and it is unclear to
what herbicide the weeds would be resistant to. If the weeds are resistant to a phenoxy
auxin herbicide or an aryloxyphenoxypropionate herbicide then there would be no
control of weeds, if the weeds are not so resistant then it is unclear what the instant
claim encompasses.

7. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.
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8. Claims 44-51 and 63-68 are rejected under 35 U.S.C. 112, first paragraph, as
failing to comply with the written description requirement. The claim(s) contains subject
matter which was not described in the specification in such a way as to reasonably
convey to one skilled in the relevant art that the inventor(s), at the time the application
was filed, had possession of the claimed invention.

Applicants claim a polynucleotide optimized for expression in a plant encoding a
protein having aryloxyalkanoate dioxygenase activity that hybridizes under stringent
conditions with the full complement of a sequence selected from SEQ ID NO: 3,4 or 5
and a method of using same. Applicants claim a method of conferring 2,4-D herbicide
resistance to a crop by introducing a nucleic acid encoding an enzyme having R-specific
aryloxyalkanoate dioxygenase activity.

Applicant describes polynucleotides encoding an enzyme having
aryloxyalkanoate dioxygenase activity at SEQ ID NO: 9, 10 and 11 which are more than
99% identical to each other.

Applicants do not describe other enzymes having aryloxyalkanoate dioxygenase
activity, nor does Applicants describe any specific structure of a dioxygenase that
produces aryloxyalkanoate dioxygenase activity.

Hence, it is unclear that Applicants were in possession of the invention as
broadly claimed. See University of California V. Eli Lilly and Co., 43 USPQ2d 1398
(Fed. Cir. 1997), which teaches that the disclosure of a process for obtaining cDNA from
a particular organism and the description of the encoded protein fail to provide an

adequate written description of the actual cDNA from that organism which would
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encode the protein from that organism, despite the disclosure of a cDNA encoding that
protein from another organism. At 1406, the court states that a description of a genus
of cDNAs may be achieved by means of a recitation of a representative number of
cDNAs, defined by nucleotide sequence, falling within the scope of the genus or of a
recitation of structural features common to the members of the genus, which features
constitute a substantial portion of the genus. A method is not described if products used
in the method are not described. See 64 Fed. Reg. 71427, 71428 (1999), comment No.
4.

Claim Rejections - 35 USC § 103
9. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

10.  Claim 59 is rejected under 35 U.S.C. 103(a) as being unpatentable over Spencer
et al (1992 Plant Molecular Biology 18: 201-210).

Applicants claim progeny of a transgenic plant.

Spencer teaches that transgenes will segregate in a Mendelian (1:1) fashion in
progeny of a transgenic plant.

Spencer does not teach the transgenic plant of instant claim 5, upon with claim

59 depends.
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The instant claim is prima face obvious over the teaching of Spencer et al
because the claimed progeny would comprise individual that lack a transgene, said
individual would be obvious in view of the teachings of Spencer et al.

11.  Claims 1-51 and 57-68 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Kaphammer (U.S. Patent 5,608,147) in view of Kohler (1999 J.
Industrial Microbiology & Biotechnology 23: 336-340) and van der Meer (3 March 2004,
Genbank Accession No. AJ628859, NCBI-National Library of Medicine USA, Bethesda,
Maryland) and in further view of Jepson et al (U.S. Patent Application Publication US
2003/0041357).

Kaphammer teaches transgenic plant cells, plants and seeds transformed with a
tfdA (2,4-dichlorophenoxyacetate (2,4-D)/a-ketoglutarate dioxygenase) gene that
confers tolerance to the herbicide 2,4-D (claims 11-23).

Kaphammer does not teach a polynucleotide that encodes an aryloxyalkanoate
dioxygenase that is at least 95% identical to instant SEQ ID NO: 9. Kaphammer does
not teach introducing a transgene encoding an enzyme that produces tolerance to a
different herbicide.

van der Meer teaches a polynucleotide isolated from Sphingobium
herbicidovorans MH that encodes an enzyme that degrades (R)-dichlorprop and (R)-
mecoprop said enzyme being 100% identical to instant SEQ ID NO: 9. Kohler teaches
that Sphingobium herbicidovorans MH degrades achiral phenoxyacetic acid herbicides

(see Table 1, page 338), in particular 2,4-D, (R)-dichlorprop and (R)-mecoprop.
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Jepson et al teaches that at the time of Applicants’ invention, it would have been
obvious to one of ordinary skill in the art to introduce additional transgenes to produce
transgenic plant having resistances to multiple herbicides (see the Abstract) including
the product of a t#fdA gene (see claim 4).

It would have been prima face obvious to one of ordinary skill in the art at the
time of Applicants’ invention to modify the teachings of Kaphammer using the
polynucleotide taught by van der Meer to produce a transgenic plant cell having
resistance to an aryloxyphenoxypropionate herbicide. It would also have been obvious
to modify the teachings of Kaphammer using the teachings of Jepson et al to introduce
an additional polynucleotide encoding a second herbicide resistance in conjunction with
a tfdA type gene. Given the teachings of Kohler, one of ordinary skill in the art at the
time of Applicants’ invention would have had a reasonable expectation of success to
produce a transgenic plant resistance to an aryloxyphenoxypropionate herbicide. Given
the teachings of Jepson et al, one of ordinary skill in the art would have had a
reasonable expectation of success in adding a second herbicide resistance gene.

Double Patenting
12.  The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29

USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
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F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

13. Claims 1-51 and 57-68 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 99-126 of
copending Application No. 12/599,385. Although the conflicting claims are not identical,
they are not patentably distinct from each other because the instant claims overlap in
scope with the claims of the copending application.

This is a provisional obviousness-type double patenting rejection because the
conflicting claims have not in fact been patented.

Conclusion
14.  No claims are allowed.
15.  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. The examiner can normally be reached on Monday to Friday from 8:00 a.m.
to 4:30 p.m.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Anne Marie Grunberg can be reached at (571) 272-0975. The central FAX

number for official correspondence is 571-273-8300.
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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

(571) 272-1600.

/David H Kruse/
Primary Examiner, Art Unit 1638
26 February 2010
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LOCUS AJ628859 2693 bp DNA linear BCT 03-MAR-2004
DEFINITION Sphingomonas herbicidovorans tnpA gene for transposase and rdpA
gene for (R)-2-(2,4-dichlorophenoxy)propionate,2-oxoglutarate

dioxygenase.

ACCESSION AJ628859

VERSION AJ628859.1 GI:44903448

KEYWORDS (R)-2—(2,4-dichlorophenoxy)propionate, 2—oxoglutarate dioxygenase;
rdpA gene; tnpA gene; transposase.

SOURCE Sphingobium herbicidovorans (Sphingomonas herbicidovorans)

ORGANISM Sphingobiam he dovorans
Bacteria; Proteobacteria; Alphaproteobacteria; Sphingomonadales;
Sphingomonadaceae; Sphingobium.
REFERENCE 1
AUTHORS Kohler,H.P.
TITLE Sphingomonas herbicidovorans MH: a versatile phenoxyalkanoic acid
herbicide degrader
JOURNAL J. Ind. Microbiol. Biotechnol. 23 (4-5), 336-340 (1999
PUBMED 11423952
REFERENCE 2
AUTHORS Mueller,T.A., Byrde,S.M., Werlen,C., van der Meer,J.R. and
Kohler,H.P.E.
TITLE Genetic analysis of phenoxyalkanoic acid degradation in
Sphingomonas herbicidovorans MH
JOURNAL Unpublished
REFERENCE 3 (bases 1 to 2693)
AUTHORS van der Meer,J.R.
TITLE Direct Submission
JOURNAL Submitted (24-FEB-2004) van der Meer J.R., Department of
Fundamental Microbiology, University of Lausanne, Batiment de
Biologie, Lausanne, CH 1015, SWITZERLAND
FEATURES Location/Qualifiers
source 1..2693
/organism="Sphingobium herbicidovorans"
/mol_type="genomic DNA"
/strain="strain MH"
/db_xref="taxon:76%47"
/clone="pMeclO"
/clone_lib="cosmid 10A12"

226..1374
/gene="tnpA"
226..1374

/gene="tnpA"
/citation=[2]
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="
/db_xref="GI:44903449"
/translation="MQRDGAVLSMVLRIFLRVIAQTLQTHSPGAAHMDKAGLHIGATIA
FIHRFGSSLNEHVHFHVCVVDGVFEEVEGEGDADATPRISSPGVIFHAATGIDAATVA
PVQTTLOKRILRAFVARGLLENCDAKDMLGYKHSGEF SVDAGVCIEAHDRAALERLLRY
CARPPFSTERLRKEGSKLVYRCAKQRNGPTSDKRGAKADELHLTPLELIDRIAALVPP
PRTHRHRYFGVLAPNSPLRAAVTALAQPAASQPATVETAQPGAGVPGVAAPGNAATPT
PEPEARPKRAAHYLWAVLIARIYEAFPLLCPMCGGOMRITAFITHSAETIRHILNHIGV
ESAPPHITPARGPPLWEGCDAPVDDGAQGEPDWDLAAQPDEVDQRVNW"

1733..2620
/gene="rdpA"
1733..2620

/gene="rdpA"

/function="first step in (R)-dichlorprop and (R)-mecoprop
conversion"

/experiment="experimental evidence, no additional details
recorded"
/citation=[2]
/codon_start=1
/transl table=1
/product="(R)-2-(2,4-dichlorophenoxy)propionate, 2—
oxoglutarate dioxygenase"

/protein_id="0C L
/db_xref="GI:44903450"
/translation="MHAALSPLSQRFERIAVQPLTGVLGAEITGVDLREPLDDSTWNE
ILDAFHTYQVIYFPGOAITNEQHIAFSRREFGPVDPVPLLKSIEGYPEVOMIRREANES
GRVIGDDWHTDSTFLDAPPAAVVMRAIDVPEHGGDTGELSMYTAWETLSPTMQATIEG
LNVVHSATRVFGSLYQAQNRREFSNTSVKVMDVDAGDRETVHPLVVTHPGSGRKGLYVN

http://www.ncbi.nlm.nih.gov/sviewer/viewer.fcgi?44903448:0LD04:1273435 2/25/10
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121
181
241
301
361
421
481
541
601
661
721
781
841
9201
961

1021
1081
1141
1201
1261
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1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

caggccgece
catgacctcg
gcccgcagcece
gtgcgccagt
gcggtgetga
cacagccccyg
attcaccgat
ggggtgtttyg
ccgggtgtceca
accacactgce
gacgccaaag
atcgaagcce
ttttccateg
cgcaacgggc
ctggaactga
tactttggtg
cctgctgegt
gtggecggege
gcggcgcatt
tgcccecatgt
cgccacatce
gggccaccgce
gattgggatc
gaagcggegg
actgcctcce
cgtgtttcga
ggattctatc
tctacggeat
accaggtcgt
tgcactgtcc
cctgggecgee
cgaaatccte
caacgaacag
caagagcatc
gcgtgtgatc
cgtggtgatg
gtacaccgcg
agtgcacagc
caacaccagc
ggtggtgacc
gcgcatcgag
tgcgacacgg
ggacaacctg
gacgcgcacc
gaccgccgcet
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agttgcatca
cgcgcecttgg
accagcgcag
gggtgctcte
gcatggtgcet
gtgcggccca
tcggctccag
aggaagtgga
tectttecacge
aaaaacgtat
acatgctggg
acgaccgcgce
agcgcctacg
ccaccagtga
tcgaccgcat
tgctggcacc
cgcaaccagc
cgggcaacgc
acttgtgggce
gcggtgggca
tgaaccacat
tgtgggaggg
tggcagctca
tatccatcge
aagctcttge
ggcccaaaac
tggatttcgt
gccecgecgat
gcgcgagceac
cccctectece
gagatcaccg
gacgcgttcc
cacatcgcct
gaagggtatc
ggtgatgact
cgcgcgateg
tgggagacgc
gccacgcgtg
gtcaaggtga
catccgggcea
ggcatgaccg
ttcgatttca
tgcacgatgc
acggtcggtg
gcgcgecgcee

gcagcgcegce
cgttggccag
ccagcgcccece
cgtgcccaag
gcgeatcecttt
tatggacaag
cctcaatgaa
gggcgagggce
ggccaccggce
cctgcgegec
ctacaaacac
tgcgctggag
caaagaggga
caagcgtggt
cgccgegcetg
aaactcgceg
cacggtggag
ggccacacce
ggtgctgatt
gatgcgcate
cggggtggag
ctgcgacgcg
acccgacgag
tgcggggaag
cattgagcgg
tcgtgccata
gccatacttg
cagttcggeg
aacatcaagt
agcgctttga
gcgtcgacct
acacttacca
tcagccggeg
cagaggtgca
ggcacaccga
acgtgcccga
tgtcgcccac
tgttcggcte
tggacgtcga
gcggccgceaa
atgccgaaag
cctgccgegt
accgggccgt
gcgtgcgece
cgcaccacac

gcccagcacce
tacacggaag
cagcgccagg
aggttgcggt
ctgegggtga
gcaggcctgce
cacgtccact
gatgctgatg
atcgatgcgg
ttcgttgcetce
agcggcttct
cggctgctge
agcaaactgg
gccaaggcag
gtgccaccgce
ctgagagcgg
actgcacaac
acacccgaac
gcccgcatct
attgccttca
tctgeccececece
ccggtggatg
gtagaccagc
cagctgcgeg
caagcgagcyg
cttggcctca
gcctcatgeg
cgttcttcaa
tcgattaagg
gcgcatcgeg
gcgcgagecg
ggtcatctat
cttecggccce
gatgatccgce
cagcaccttc
gcatggcggce
catgcaggcce
gctctaccag
cgcgggcgac
gggcctgtac
caaaccgctg
gcgctggaag
acccgactac
ggcgegcetag
ccacatcgce

accagcagcg
aacgggttca
ccgtattcce
acttcatgca
tcgecacaaac
acatcggtge
tccacgtttg
cgaccccteg
ctaccgtgge
ggggcctget
cggtggacge
gctattgcge
tgtaccgetg
atgagctgca
cacgcaccca
cggtaacggce
ctggcgcggg
ctgaagcacg
acgaggcatt
tcacccacag
cgcacatcac
atggtgcgca
gcgtcaattg
cgcgecaggce
ctcaaccttce
tgcggttgaa
gttgaatttc
ggcgcagtac
atcaacgctt
gtccagccge
ctcgacgaca
tttcceggece
gtcgatcceg
cgcgaagcca
ctggacgcac
gacaccggtt
accatcgaag
gcccagaacc
cgtgaaaccg
gtgaaccagg
ctgcagttcce
aaggaccagg
gcgggeaagt
cgcctcageg
acgccggcca

cggeggecgt
gcagccacac
ccgcctgecg
acgcgacgga
tctgcagace
catcgcecctte
tgtggtggac
aatctcatcg
cccagtgcag
ggagaactgt
cggtgtctge
gcgtccaceg
tgccaaacag
cctcacaccg
ccggcaccgce
gctggectcag
cgtacctggg
cccgaagcga
tccgectgetg
cgccgaaate
cccggeacgce
aggcgagccg
gtgacccagt
ccaaatgcat
cttggccgaa
tttcctatct
ctatctggat
gacgggttca
ccatgcatge
tgaccggcgt
gcacctggaa
aggcgatcac
tgcccectget
acgaaagcgg
cgccggecge
ttctgageat
ggttgaacgt
ggcgcttcag
tgcaccccct
tctattgcca
tgtacgagca
tcctggtctg
tccgctacct
cggcgacgcyg
gca

http://www.ncbi.nlm.nih.gov/sviewer/viewer.fcgi?44903448:0LD04:1273435 2/25/10
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Abstract

Progeny recovered from backcrossed transgenic maize tissue culture regenerants (R, ) were analyzed to
determine the segregation, expression, and stability of the introduced genes. Transgenic A188 x B73 R,
plants (regenerated from embryogenic suspension culture cells transformed by microprojectile bombard-
ment; see [9]) were pollinated with nontransformed B73 pollen. Inheritance of a selectable marker gene,
bar, and a nonselectable marker gene, uidd, was analyzed in progeny (R,) representing four indepen-
dent transformation events. Activity of the bar gene product, phosphinothricin acetyltransferase (PAT),
was assessed in plants comprising the four R, populations. The number of R, plants containing PAT
activity per total number of R, plants recovered for each population was 2/7, 19/34, 3/14 and 73/73.
Molecular analysis confirmed the segregation of bar in three R, populations and the lack of segregation
in one R, population. Cosegregation analysis indicated genetic linkage of bar and uidA in all four R,
populations. Analysis of numerous R, plants derived from crossing transformed R, plants with non-
transformed inbreds revealed 1:1 segregation of PAT activity in three of four lines, including the line that
failed to segregate in the R, generation. Integrated copies of bar in one line appeared to be unstable or
poorly transmitted.

Introduction

Major progress has been made in overcoming the
recalcitrance of agronomically important mono-
cots to genetic transformation. Rice yielded to
transformation via protoplast-based, direct DNA
uptake systems, ultimately giving rise to fertile
transgenic japonica [17] and indica [4] rice
plants. Recovery of fertile transgenic maize plants
[9, 8] was recently accomplished using micropro-
jectile bombardment, a direct DNA delivery sys-
tem not requiring protoplast isolation [13]. While

this progress is encouraging, very little is known
about the integration and expression, and ulti-
mately, the inheritance and stability of genes in-
troduced into important monocots.

Fertile transgenic plants have been recovered
from numerous dicot species using Agro-
bacterium-mediated transformation. Agrobacte-
rium transformation of dicots usually results in a
low number (average of 3 copies) of T-DNA in-
sertions into the host plant genome. T-DNA in-
sertions appear to be site-independent and are
often unlinked (for review, see [22]). Inheritance
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of introduced genes is usually Mendelian [7, 1, 5,
11]. Genes introduced into dicots via Agrobacte-
rium appear to be very stable; however, low fre-
quencies of instability have been observed {16, 3].

Inheritance of genes introduced via direct DNA
delivery systems, particularly microprojectile
bombardment, has not been as well character-
ized. Genes on gold particles accelerated into
soybean meristems resulted in chimeric regener-
ants containing expressing and nonexpressing
sectors; germ-line transformation was observed
at low frequencies [15]. Analysis of subsequent
generations of two lines of transgenic soybean
showed that all copies of foreign genes were in-
herited in Mendelian fashion as single units [2].
Transgenic tobacco lines recovered from bom-
barded leaf discs exhibited both Mendelian and
non-Mendelian segregation for introduced genes
[21]. Here, we describe detailed analysis of in-
heritance, expression, and stability of genes in-
troduced into cultured embryogenic maize cells
by microprojectile bombardment.

Materials and methods
Plant care and backcrossing

Tissue culture regenerants (R,) were grown to
maturity in a greenhouse in 16 liter pots contain-
ing modified Promix BX (Premier Brands, Stam-
ford, CT). Plants received a 14 h photoperiod of
natural and supplemental light (high-pressure so-
dium lamps, 250 uE m~? s~ ). R, ears were pol-
linated with pollen from nontransformed, seed-
derived B73 plants. Kernels that developed on R,
ears were removed 30-40 days after pollination
and planted in 0.5 liter pots. R, plants were grown
to the 1-2 leaf stage in a growth chamber (450 uE
m~2 s~ '; 14 h photoperiod) and subsequently
transferred to 16 liter pots and grown to maturity
in the greenhouse. Progeny (R;) were crossed, as
both the male and female parent, to several non-
transformed inbred lines. Kernels recovered as a
result of R, crosses matured on the plants for
40-45 days, were removed from the ears, and
handled as described above.

Enzyme activity determination

Phosphinothricin acetyltransferase (PAT) activ-
ity in R, plants was assessed by local application
of a 2% (v/v) Basta (Hoechst, FRG) solution to
leaves as described [9]. The Basta formulation
used, Basta TX, contains 200 g/ glufosinate (am-
monium salt of phosphinothricin). PAT activity
in R, plants was assessed by spraying plants at
approximately the three-leaf stage with a 1%,
(v/v) Basta solution (manufacturer’s recom-
mended application rate is 0.5-19%) containing
0.1%, (v/v) Triton. Herbicide was applied as a
fine mist using a Spra-tool aerosol dispenser
(Crown Industrial Products Co., Hebron, IL)
until all leaf surfaces were wet. Plants were eval-
vated for resistance to the herbicide one week
after spraying.

Southern blot analysis

Genomic DNA isolation from leaf tissue and
Southern blot analyses were performed as de-
scribed [9]. Approximately 5 ug genomic DNA
was used per digest. The 0.6 kb Sma I fragment
from pDPG165 [9] containing bar and the 1.8 kb
Bam HI/Eco RI fragment from pCEVS5 [18] con-
taining uid4 were used in random priming reac-
tions ([6], Boehringer Mannheim) to generate
probes for detecting PAT- and GUS-coding se-
quences, respectively.

Results and discussion

In a previous report [9] we described regenera-
tion of 219 plants (R,) from transformed callus
lines recovered from transformation experiments
utilizing an embryogenic A188 x B73 maize sus-
pension culture designated SC716. In these ex-
periments, SC716 suspension culture cells were
bombarded with tungsten particles coated with
two plasmids, one containing bar (pDPG165) and
the other containing uid4d (pDPG208). The plas-
mids pDPG165 (35S-bar-Tr7 3’ end) and
pDPG208 (35S-adhl intron-GUS-nos 3’ end)
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have been described [9]. Transformed callus lines
were selected using the herbicide bialaphos.
Transformed SC716 callus lines, previously des-
ignated R1-R21 [9], will here be referred to as
T1-T21 to avoid confusion with designations for
plant generations (e.g. R, R,, and R,). Plants
were regenerated from nine independent SC716
transformants. Two of the ten independent SC716
transformants described by Gordon-Kamm ez al.
[9] were found to be identical upon further
Southern analysis (T6, T11; data not shown).

Analysis of R, plants

The hybridization patterns of bar sequences in
SC716 R, plants and callus were analyzed to
determine if the sequences were stably maintained
during plant regeneration and to confirm the
clonal origin of the individual callus lines. South-
ern blot analyses of genomic DNA from each of
the nine regenerable callus lines, and two R,
plants derived from each callus line, are shown in
Fig. 1; an additional 18 plants (2-6 plants/callus
line) were analyzed for a total of 36 plants (data
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not shown). Genomic DNA was digested with
Eco RI and Hind II1, which release the 1.9 kb bar
expression unit (35S promoter-bar-Tr7 3’ end)
from pDPG165 [9]. Hybridization patterns for
all 36 R, plants were identical to their correspond-
ing callus lines with the exception of one of the
two T5 R, plants analyzed (Fig. 1). It is possible
that callus line T5 arose from more than one
transformed cell and the dissimilar hybridization
patterns of the two R, plants represent indepen-
dent transformation events. Or, if callus line T5
originated from a single-cell transformation event,
the TS R, plant that exhibited a different hybrid-
ization pattern may have resulted from cells that
lost some copies of the integrated plasmid DNA.

While only 36 of 219 R, plants were analyzed
for the presence of bar, these 36 plants were ran-
domly selected and all but one exhibited bar hy-
bridization profiles identical to that of corre-
sponding callus. These comparisons of

hybridization patterns from callus and R,, plants,
as well as similar analyses of four independent
transformation events described previously [9],
provide strong evidence for lack of genetic chi-
merism in bialaphos-selected callus lines.

Fig. 1. Southern blot analyses of bar in callus (C) and corresponding primary regenerants (R,). Genomic DNA from the nine

regenerable callus lines (T8, T18, T5, T6/T11, T1, T4, T9, T17, and T15) and two plants regenerated from each callus line was

digested with Eco RI and Hind III and probed with bar. Control DNA was from a nontransformed A188 x B73 tissue culture

regenerant. Lane designated 1 copy contained 2.3 pg of the 1.9 kb Eco RI/Hind III bar expression unit from pDPG165, representing
one copy per diploid genome. Molecular weights (MW) of standards are shown in kilobases (kb).
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Analysis of R, plants

As described previously [9], SC716 R, plants
were backcrossed to nontransformed seed-de-
rived B73 plants. Although pollen capable of ger-
minating in vitro was recovered at a low frequency
from SC716 R, plants [9], no R, plants were
recovered using this pollen in backcrosses. Ears
that developed on SC716 R, plants were polli-
nated with B73 pollen and viable R, plants were
recovered from R, plants representing five inde-
pendent, transgenic callus lines: T8, T18,T6/
T11, T1 and T9 (Table 1). Fertility of R, plants
was sporadic; progeny were recovered from only
35 of 219 R, plants (Table 1). Only a few kernels
developed on each fertile R, plant; therefore, for
analysis, R, plants were grouped into populations
representing several R, plants and the trans-
formed callus lines from which they were derived.
R, plants were assayed for expression of bar by
local foliar application of the herbicide Basta. We
previously demonstrated that this is a reliable and
sensitive method for detection of PAT activity in
transgenic maize plants [9]. Segregation of PAT
activity was observed in three R, populations:
T6/T11, T8, and T18 (Table 1). No segregation
was observed in the T9 R, population; all plants
tested were tolerant to Basta application (Ta-
ble 1). The single T1 R, plant was sensitive to
Basta application (Table 1).

All of the SC716 callus lines that yielded PAT-

positive R, plants (T8, T18, T6/T11, and T9)
were shown previously to have integrated bar and
uidA. These four callus lines all expressed bar but
lacked GUS activity [9]. Southern blot analyses
were performed on R, plants derived from each
callus line in order to confirm the presence of bar
and widA and to study segregation patterns and
stability following meiosis. Southern blot analy-
ses of Eco RI/Hind I1I-digested genomic DNA
from eight T8 R, plants showed that the two
bar-hybridizing fragments detected in T8 R,
plants segregated together in the R, generation
(Fig. 2A), indicating that all bar-hybridizing se-
quences were likely integrated on the same chro-
mosome. As expected, PAT activity was detected
only in R, plants containing bar-hybridizing se-
quence (Fig. 2A). To determine the segregation of
uidd in T8 R, plants, bar probe was removed
from the filter shown in Fig. 2A, and the filter was
reprobed with uidA. The restriction enzymes used
(Eco RI and Hind III) release a 2.1 kb fragment
from pDPG208 containing uidA and the nos 3’
end [9]. GUS-coding sequence cosegregated with
bar in the T8 R, plants (Figs. 2A and B); all T8
R, plants that contained bar, also contained uidA-
hybridizing sequence. However, not all uidA-
hybridizing fragments detected in T8 R, plants
were present in T8 R, plants (Fig. 2B). This may
be due to segregation of multiple integrations of
uidA on more than one chromosome or may be
due to the loss of some uidd sequence. The lat-

Table 1. Segregation of PAT activity in R; populations recovered from backcrossed SC716 R,, plants.

Calltus line R, plants R, plants yielding Viable progeny PAT-positive PAT-negative
viable progeny recovered progeny progeny
T8 24 5 14 3 11
T18 17 6 34* 19 15
T5 3 0 0 - -
T6/T11 94 4 7 2 5
T1 14 1 1 0 1
T4 2 0 0 - -
T9 55 19 73 73 0
T17 10 0 0 - -
T15 10 0 0 - -

* Does not includes three chlorophyll mutants.
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Fig. 2. Southern blot analyses of progeny (R, ) recovered from
T8 R, plants. A. Genomic DNA from a T8 primary regener-
ant (R,) and eight progeny (R, ) was digested with Eco RI and
Hind 111 and probed with bar. R, plants a—d and e-h were
recovered from separate R, plants. Presence (+ ) or absence
(=) of PAT activity is indicated for each R, plant. B. The blot
shown in A was stripped and reprobed with uidd.

ter seems more likely, given the fact that no hy-
bridization to uid4 was observed in plants that
lacked bar (Figs. 2A and B).

Similar analyses of T18 R, plants showed that
the two bar-hybridizing fragments present in
Eco RI/Hind I11-digested Ry DNA segregated in-
dependently in the R; generation (Fig. 3A). T18
R, plants contained one, both or neither of the
bar-hybridizing fragments present in T18 R,
DNA. One of the fragments (ca. 6 kb) cosegre-
gated with PAT activity (Fig. 3A), indicating
that this fragment contained a functional copy of
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Fig. 3. Southern blot analyses of progeny (R, ) recovered from
T18 R, plants. A. Genomic DNA from a T18 primary regen-
erant (R,) and eight progeny (R,) was digested with Eco RI
and Hind III and probed with bar. R, plants a, b and c-h were
recovered from separate R, plants. Presence ( + ) or absence
(=) of PAT activity is indicated for each R, plant. B. The blot
shown in A was stripped and reprobed with uidA.

bar while the larger-molecular-weight fragment
(ca. 9 kb) was apparently nonfunctional. Reprob-
ing the filter shown in Fig. 3A with uid4 showed
that the single uidA4-hybridizing fragment present
in T18 R, DNA cosegregated with the functional
copy of bar (Fig. 3A and B).

Genomic DNA from the seven T6/T11 R,
plants was digested with Eco RI and Hind III and
analyzed by Southern blot hybridization using bar
probe. Hybridization to high-molecular-weight
(4-5 kb) fragments was observed for two T6/T11
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R, plants, both of which had PAT activity
(Fig. 4A). Segregation of the high-molecular-
weight fragments was independent of the segre-
gation of a smaller (ca. 1kb), apparently non-
functional bar-hybridizing fragment. Reprobing
the filter shown in Fig. 4A with uidd probe re-
vealed cosegregation of all uidA4 fragments present
in T6/T11 Ry, DNA with the functional copy or
copies of bar (Fig. 4A and B).

Fig. 4. Southern blot analyses of progeny (R, ) recovered from
T6/T11 R, plants. A. Genomic DNA from a T6/T11 primary
regenerant (R,) and seven progeny (R,) was digested with
Eco RI and Hind III and probed with bar. R, plants a—c, d,
e, f and g were recovered from four separate R, plants. Pres-
ence ( + ) or absence ( — ) of PAT activity is indicated for each
R, plant. B. The blot shown in A was stripped and reprobed
with uidA.

Southern blot analyses of Eco RI/Hind III-
digested T9 R, genomic DNA demonstrated that
the intact 1.9 kb bar expression unit fragment(s)
present in T9 R, plants did not segregate and was
inherited by all T9 R, plants tested (Fig. 5A).
This is consistent with the lack of segregation for
PAT activity observed in the T9 R; population
(Table 1). To determine if the lack of bar segre-
gation was a result of two or more integrations on
homologous chromosomes, Southern blot analy-
ses were performed on T9 R, and R; genomic
DNA digested with either Eco Rl or Hind III;

Fig. 5. Southern blot analyses of progeny (R, ) recovered from
T9 R, plants. A. Genomic DNA from a T9 primary regener-
ant (R,) and eight progeny (R, ) was digested with Eco RI and
Hind III and probed with bar. R, plants a~d and e-h were
recovered from separate R, plants. Presence ( + ) or absence
(=) of PAT activity is indicated for each R, plant. B. The blot
shown in A was stripped and reprobed with uidA.
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both of these enzymes have unique sites on
pDPG165 [9]. If multiple integrations had oc-
curred, two or more fragments of varying size
would be expected in T9 R, DNA, and these
fragments would be expected to segregate in T9
R, plants. Only one fragment was observed for
R, and R, plants using either Eco RI or Hind 111
(data not shown). Lack of segregation was also
observed for uidd in T9 R, plants; reprobing the
filter shown in Fig. 5A with uidA probe demon-
strated the inheritance of a 2.1kb wuid4-
hybridizing fragment by all T9 R, plants (Fig. 5B).

Although the incidence of fertility of back-
crossed R, plants was low (Table 1), generaliza-
tions about the inheritance of the introduced genes
can be made from the analysis of R; plants. Three
fertile lines, T8, T18, and T6/T11, segregated for
PAT activity and integrated plasmid DNA in the
R, generation. However, the small number of T8,
T18, and T6/T11 R, plants recovered precludes
definitive conclusions about the modes of inher-
itance. Given the evidence that the functional
copy or copies of bar segregate as a single unit in
each of these lines, a 1:1 segregation for PAT
activity would be expected in crosses with non-
transformed plants, if sufficient numbers of prog-
eny were recovered. In the T9 R, population, lack
of segregation for PAT activity, bar, and uidA, as
well as the evidence for a single bar integration
event, suggest that either the transformation was
nonnuclear (maternally inherited) or a single nu-
clear integration event was replicated in T9 cal-
lus yielding T9 R, plants that were homozygous
for the introduced DNA.

Molecular analysis of the inheritance of foreign
DNA in these four transgenic lines (T8, T18, T6/
T11 and T9) was somewhat simplified by the fact
that all four lines were the result of relatively low-
copy-number transformations. Progeny express-
ing introduced plasmid DNA were not recovered
from transgenic lines containing more than 5-6
copies of integrated plasmid DNA.

Analysis of R, plants

To further elucidate the modes of inheritance of
introduced DNA in the transgenic lines, PAT-
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positive T8, T9, T6/T11, and T18 R, plants were
crossed to nontransformed inbred plants. The
fertility of R, plants was substantially improved
over that of R, plants; viable R, plants were re-
covered from all four lines using PAT-positive R,
plants as either the female or male parent. Seed-
set as the result of R, crosses, regardless of the
direction of the cross, was usually normal. In a
previous report [10], we described dramatic im-
provements in the fertility of transgenic maize
lines after one or two backcrosses. We do not, as
yet, have any evidence to suggest that integration
or expression of foreign genes affects fertility or
plant vigor.

Although callus lines T8, T9, T6/T11, and T18
all lacked GUS activity [9], molecular analyses
of R, plants demonstrated that uid4 was present
and apparently linked to functional bar in all four
lines (Figs. 2, 3, 4, 5). R, plants were assayed
fluorometrically [12] for GUS activity to deter-
mine if expression was differentially regulated in
callus and plants. Several R, plants from each
line were tested; all were negative (data not
shown).

PAT activity in R, plants was determined by
spraying seedlings at the 2—3 leaf stage with a 19
(v/v) Basta solution. For each line, numerous R,
progeny of single PAT-positive R; plants were

Fig. 6. Herbicide application to T18 R, plants segregating for

bar. The plant on the left was sprayed with water and four

plants on the right were sprayed with a 1%, (v/v) Basta solu-

tion. The photograph was taken seven days after herbicide
application.
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Table 2. Analysis of PAT activity segregation in R, plants derived from crosses of transgenic R, plants with nontransformed inbred

plants.
R, parent Cross R, plants sprayed with Basta Expected 1 p®
ratio

Resistant Sensitive
T8 male 0 36 1:1 34.02 <0.001
T8 female 2 34 1:1 26.69 <0.001
T9 male 15 15 111 0.03 0.70
T9 female 13 17 1:1 0.30 0.50
T6/T11 male 24 30 1:1 0.46 0.50
T6/T11 female 31 23 1:1 0.91 0.30
T18 male 31 29 1:1 0.02 0.90
T18 female 33 27 1:1 0.42 0.50

2 y2 values calculated using the Yates correction term as described by Strickberger [20].

b P =y probability with 1 d.f.

analyzed, half derived from a backcross using the
R, as the female, and half using the R, as the
male. PAT activity was easily assessed; sensitive
plants began to appear necrotic two to three days
after herbicide application and were completely
necrotic after one week, while most resistant
plants were indistinguishable from water-sprayed
controls (Fig. 6). Occasionally, small lesions ap-
peared on leaf tips or at the base of the whorl of
resistant plants, however plant vigor was unaf-
fected. Applications of up to 21% (v/v) Basta
were tested on T18 R, plants. Some small lesions
and leaf cupping were occasionally observed 1-
2 weeks after application on resistant plants, but
subsequent growth and fertility were unaffected
(data not shown).

As assayed by Basta application, PAT activity
segregated 1:1 in the R, generations derived from
individual transgenic T9, T6/T11, and T18 R;
plants (Table 2). Recovery of Basta-resistant T8
R, plants was sporadic (Table 2). Results from
additional Basta applications to R, plants recov-
ered from several transgenic R, plants from each
line were consistent with data presented in Ta-
ble 2 (data not shown). One-to-one segregation of
functional bar in T18 and T6/T11 R, plants is
consistent with molecular and enzyme activity
analyses of R; populations (Figs. 3 and 4). The
reason for the low frequency of PAT-positive T8
R, plants was investigated by performing South-

ern analyses on twelve T8 R, plants. The twelve
R, plants, including one PAT-positive plant, were
all derived from a single PAT-positive T8 R;
plant. If gene inactivation were responsible for
the low frequency of PAT-positive T8 R, plants,
some of the PAT-negative T8 R, plants would be
expected to contain bar. Southern analyses re-
vealed the presence of bar-hybridizing fragments
in only the single PAT-positive R, plant (data not
shown). These data indicated that loss of the gene,
or poor transmission of the gene was responsible
for the aberrant segregation ratio of T8 R, plants
(Table 2). Given the molecular evidence for the
loss of some wuidd4 sequence in T8 R, plants
(Fig. 2B), instability of the T8 integration event
seems likely. It is also possible that the T8 inte-
gration event was linked to a deleterious chromo-
some abnormality such as a small duplication or
deletion and therefore transmitted at a low fre-
quency. Segregation of PAT activity in T9 R,
plants (Table 2), coupled with the molecular evi-
dence for a single integration event, supports the
hypothesis that a single integration event was rep-
licated in T9 callus, yielding T9 R, plants that
were homozygous for bar and uidA. This finding
also rules out the possibility of a nonnuclear
transformation event. Possible mechanisms re-
sponsible for this homozygosity include mitotic
recombination [19] and gene conversion [14].
Gene conversion is a particularly attractive ex-
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planation, given the possibility that integration of
plasmid DNA and the replication event may have
been concomitant, both the result of the same
nick in chromosomal DNA.

Conclusions

Data in this report demonstrate Mendelian inher-
itance of a functional gene introduced into maize
by microprojectile bombardment. Functional bar
sequence(s) segregated as single units in all four
transgenic lines analyzed; however, integrated
copies of bar appeared to be unstable or poorly
transmitted in one line. Independent segregation
of apparently nonfunctional copies of bar was
also observed. GUS-coding sequence, introduced
simultaneously on a separate plasmid, was inher-
ited by all four lines and appeared to be linked to
functional bar in all cases. However, expression
of uidA was not detected in any of the lines de-
scribed here. These lines were recovered from
experiments using separate plasmids encoding the
selectable and nonselectable markers. Coexpres-
sion frequencies in these experiments, analyzed at
the callus level, were approximately 209, [9].
Currently, we are improving coexpression fre-
quency by bombarding with single plasmids en-
coding both a selectable and a nonselectable
marker.

Using microprojectile bombardment, we can
now study the processes involved in heterologous
gene function in maize. An increased understand-
ing of the mechanisms of gene integration, as well
as the effects of gene position and copy number
on expression, should facilitate significant genetic
manipulation of maize in the future.
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July 8, 2010

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants Terry Wright, Justin Lira, Donald Merlo, Nicole Hopkins
Docket No. DAS-P0115-US-02
Title : Novel Herbicide Resistance Genes
Serial No. : 11/587,893
RESPONSE

In response to the office action dated March 9, 2010, reconsideration is respectfully
requested.
Authorization for a one-month extension of time accompanies this response.

Please amend the above-identified patent application as follows:
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In the Claims

1 (currently amended). A transgenic plant cell comprising a recombinant polynucleotide that
encodes an AAD-1 protein comprising the amino acid sequence of SEQ ID NO:9 or a variant of SEQ
ID NO:9 wherein said variant has aryloxyalkanoate dioxygenase activity, at least one amino acid

deletion or conserved substitution, and at least 95% sequence identity with SEQ ID NO:9.

2 (original). The cell of claim 1 wherein said plant cell is selected from the group

consisting of dicotyledonous cells and monocotyledonous cells.
3 (original).  The cell of claim 2 wherein said plant cell is dicotyledonous and selected from
the group consisting of a cotton cell, a tobacco cell, a canola cell, a soybean cell, and an Arabidopsis

cell.

4 (original). The cell of claim 2 wherein said plant cell is a monocotyledonous cell selected

from the group consisting of a rice cell and a maize cell.

5 (original). A transgenic plant comprising a plurality of cells according to claim 1,
wherein expression of said polynucleotide renders said cells tolerant to an aryloxyalkanoate
herbicide.

6 (original). The plant of claim 5 wherein said herbicide is a phenoxy auxinic herbicide.

7 (original).  The plant of claim 5 wherein said herbicide is selected from the group

consisting of 2,4-dichlorophenoxyacetic acid, MCPA, dichlorprop, and mecoprop.

8 (original).  The plant of claim 5 wherein said herbicide is an aryloxyphenoxypropionate.
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9 (original). The plant of claim 5 wherein said herbicide is selected from the group
consisting of fluazifop, haloxyfop, diclofop, quizalofop, fenoxaprop, metamifop, cyhalofop, and

clodinofop.

10 (original). The plant of claim 5 wherein expression of said polynucleotide renders said

plant resistant to both a phenoxy auxin herbicide and an aryloxyphenoxypropionate herbicide.

11 (original). The plant of claim 5 wherein said plant further comprises a second herbicide

resistance gene.

12 (original). The plant of claim 11 wherein said second herbicide resistance gene renders
said plant resistant to a herbicide selected from the group consisting of glyphosate, glufosinate, ALS
inhibitors, inhibitors of 4-hydroxyphenyl-pyruvate-dioxygenase (HPPD), and inhibitors of
protoporphyrinogen oxidase (PPO).

13 (original). A method of controlling at least one weed in a field, wherein said field
contains at least one plant of claim 5, wherein said method comprises applying to at least a portion of
said field a first herbicide selected from the group consisting of a phenoxy auxin herbicide and an

aryloxyphenoxypropionate herbicide.

14 (original). The method of claim 13 wherein said herbicide is an R-enantiomer of a chiral

phenoxy auxin.

15 (original). The method of claim 14 wherein said herbicide is selected from the group

consisting of R-dichlorprop and R-mecoprop.

16 (original). The method of claim 13 wherein said herbicide is an achiral phenoxy auxin.
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17 (original). The method of claim 16 wherein said herbicide is selected from the group

consisting of 2,4-D and MCPA.

18 (original). The method of claim 13 wherein said first herbicide is an

aryloxyphenoxypropionate and said plant is a monocot.

19 (original). The method of claim 18 wherein said monocot is selected from the group

consisting of corn, rice, wheat, barley, rye, turf grass, oats, sorghum, and pasture grasses.

20 (original). The method of claim 13 wherein said first herbicide is a phenoxy auxin and

said plant is a dicot.

21 (original). The method of claim 20 wherein said dicot is selected from the group

consisting of cotton, tobacco, canola, and soybean.

22 (original). The method of claim 13 wherein said method comprises applying a second

herbicide.

23 (original). The method of claim 22 wherein said first herbicide and said second herbicide

are applied sequentially.

24 (original). The method of claim 22 wherein said first herbicide and said second herbicide

are applied concurrently.

25 (original). The method of claim 22 wherein said first herbicide is a phenoxy auxin and

second herbicide is an aryloxyphenoxypropionate.

26 (original). The method of claim 13 wherein said plant is resistant to glyphosate.
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27 (original). The method of claim 14 wherein said R-enantiomer is a component of a

racemic mixture.

28 (original). The method of claim 22 wherein said plant further comprises a second

herbicide resistance gene that renders said plant resistant to said second herbicide.

29 (original). The method of claim 28 wherein said second gene is selected from the group
consisting of a modified AHAS (acetohydroxyacid synthase), SurA, SurB, Csrl, Csrl-1, Csr1-2,a
modified EPSPS (5-enolpyruvylshikimate-3-phosphate  synthase), GOX, GAT, PAT
(phosphinothricin-N-acetyltransferase), bar, and a dicamba-degrading enzyme.

30 (original). The method of claim 28 wherein said second herbicide is selected from the
group consisting of glyphosate, glufosinate, dicamba, acetolactate synthase inhibitors,

protoporphyrinogen oxidase inhibitors, and hydroxyphenyl-pyruvate-dioxygenase inhibitors.
31 (original). The method of claim 30 wherein said second herbicide is an acetolactate
synthase inhibitor selected from the group consisting of imidazolinones, sulfonyl ureas, and

triazolopyrimidine herbicides.

32 (original). The method of claim 31 wherein said second herbicide is an imidazolinone

selected from the group consisting of imazamox, imazethapyr, imazaquin, and imazapic.

33 (original). The method of claim 28 wherein said first herbicide is a phenoxy auxin and

said second herbicide is selected from the group consisting of glyphosate and glufosinate.

34 (original). The method of claim 33 wherein said phenoxy auxin is 2,4-D and said second

herbicide is glyphosate.
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35 (original). The method of claim 28 wherein said first herbicide is an

aryloxyphenoxypropionate and said second herbicide is glyphosate.

36 (original). The method of claim 35 wherein said first herbicide is selected from the group
consisting of quizalofop, haloxyfop, and cyhalofop.

37 (original). The method of claim 31 wherein said second herbicide is a sulfonyl urea
selected from the group consisting of amidosulfuron, bensulfuron, chlorimuron, chlorsulfuron,
cinosulfuron, flupyrsulfuron, foramsulfuron, halosulfuron, nicosulfuron, primisulfuron, prosulfuron,
rimsulfuron, sulfometuron, sulfosulfuron, thifensulfuron, triasulfuron, trifloxysulfuron, and

triflusulfuron.

38 (original). The method of claim 28 wherein said method further comprises applying a
third herbicide.

39 (original). The method of claim 38 wherein said herbicides are 2,4-D; quizalofop; and

glufosinate.

40 (currently amended). A method of controlling weeds in a field, wherein said method
cofnprises applying a first herbicide to said field and planting a seed in said field within 14 days of
applying said first herbicide, wherein said seed comprises athe cell of claim 1, and wherein said first
herbicide is selected from the group consisting of a phenoxy auxin and an

aryloxyphenoxypropionate.

41 (original). The method of claim 40 wherein said first herbicide is an acid, an inorganic

salt, an organic salt, an ester, an R-enantiospecific isomer, or a component of a racemic mixture.
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42 (original). The method of claim 40 wherein said seed comprises a second gene that
renders said plant resistant to a second herbicide, and said method further comprises applying said

second herbicide to said field prior to said planting.

43 (original). The method of claim 42 wherein said second herbicide is selected from the

group consisting of glyphosate, gramoxone, and glufosinate

44 (currently amended). A polynucleotide optimized for expression in a plant wherein said
polynucleotide encodes a protein having aryloxyalkanoate dioxygenase activity, wherein a-nueleie
acid-molecule thateneedes-said protein is at least 95% identical with a protein encoded by hybridizes

understringent-conditions-with-the-full complement-ofa sequence selected from the group consisting
of SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5. ‘

45 (original). The polynucleotide of claim 44 wherein said polynucleotide is optimized for

expression in a dicotyledonous plant or a monocotyledonous plant.

46 (original). The polynucleotide of claim 44 wherein said polynucleotide comprises SEQ
ID NO:5.

47 (currently amended). An isolated polynucleotide that encodes a protein that enzymatically
degrades a herbicide selected from the group consisting of a phénoxy auxin and an

aryloxyphenoxypropionate, wherein a-nueleie-acid-molecule thatencodessaid protein is at least 95%

identical with hybridizes-understringent-conditions-with-the full complemesn ofa sequence selected
from the group consisting of SEQIDNO:3, SEQID-NO:4;-and SEQIDNO:5-SEQ ID NO:9, SEQ

- IDNO:10, and SEQ ID NO:11, wherein said polynucleotide is operably linked to a promoter that is

functional in a plant cell.

48 (original). The polynucleotide of claim 47 wherein said promoter is a plant promoter.
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49 (original). The polynucleotide of claim 47 wherein said promoter is a cassava vein

mosaic virus promoter.

50 (currently amended). A method of selecting for a transformed plant cell wherein said
method comprises subject a plurality of plant cells to transformation with a-the polynucleotide of
claim 47 and growing said cells in a concentration of a herbicide that permits transformed cells that
express said polynucleotide to grow while killing or inhibiting the growth of nontransformed cells,
wherein said herbicide is selected from the group consisting of a phenoxy auxin and an

aryloxyphenoxyalkanoate.

51 (original). The method of claim 50 wherein said cells are cells of a plant and said method

is used for selecting a transformed plant.
52-56 (canceled).
| 57 (currently amended). A seed comprising a-the plant cell of claim 1.
58 (original). A plant grown from the seed of claim 57.

59 (currently amended). A part, progeny, or asexual propagate of the plant of claim 5,

wherein said part, progeny, or sexual propagate comprises said polynucleotide.

60 (currently amended). The method of claim 13 wherein said method is used to treat or

prevent herbicide-resistant weeds, wherein said herbicide-resistant weeds are sensitive to a herbicide

selected from the group consisting of a phenoxy auxin herbicide and an aryloxyphenoxypropionate

herbicide.
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61 (original). The plant of claim 5 wherein said plant further comprises an insect-resistance
gene derived from an organism selected from the group consisting of Bacillus thuringiensis,

Photorhabdus, and Xenorhabdus.

62 (original). The plant of claim 5 wherein said plant further comprises a gene for an
agronomic trait selected from the group consisting of fungal resistance, stress tolerance, increased
yield, improved oil profile, improved fiber quality, viral resistance, delayed ripening, cold tolerance,
and salt tolerance.

63 (canceled).

64 (original). A method of controlling glyphosate-resistant weeds in a field of glyphosate
tolerant crop plants, wherein said plants comprise a polynucleotide of claim 47, and said method
comprises applying an aryloxyalkanoate herbicide to at least a portion of said field.

65 (original). The method of claim 64 wherein said herbicide is a phenoxy auxin.

66 (original). The method of claim 64 wherein said herbicide is an aryloxy

phenoxypropionate.
67 (original). The method of claim 64 wherein said plants are dicots.

68 (original). The method of claim 64 wherein said plants are monocots.
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Remarks

Claims 1-51 and 53-68 were the subject of the office action dated March 9, 2010.

Claims 53-56 were withdrawn from consideration as being non-elected. These claims are
canceled accordingly without prejudice. Claim 63 is also canceled for consistency in favor of the
other claims.

Thus, claims 1-51 and 57-68 are now presented for further consideration.

Claims 44 and 47 are amended to be consistent with claim 1.
Claims 1, 40, 50, and 57 are amended as suggested on pages 2-3 of the office action.

Claim 60 is amended to clarify that herbicide-resistant weeds would be sensitive to the
herbicides specified in claim 60. Sensitive plants and herbicide-resistant weeds are discussed in
paragraphs 7, 9, 11, 17, and throughout the Examples. Paragraphs 6-7 and 79-80 and Examples
19-21 discuss concern about glyphosate-resistant weeds in the context of glyphosate-only weed
control programs. Example 22 discusses preventing glufosinate-resistant weeds. Example 23
discusses imidazolinone resistance prevention.

As discussed therein, there is concern that relying on only a single herbicide (such as
glyphosate) for weed control could select for weeds that are resistant to that herbicide. Thus, the
subject herbicides (phenoxy auxins (such as 2,4-D; 2,4-DB; 2,4-dichlorophenoxypropionates;
MCPA,; and MCPB) and aryloxyphenoxypropionates) can be used to kill weeds that would
otherwise grow to develop resistance to glyphosate, for example. The subject herbicides can be
used in fields of crops that comprise the AAD-1 genes without significant injury to the crop
plants — while controlling sensitive weeds and any glyphosate-resistant weeds, for example.
Crops can be "stacked" with a subject AAD-1 gene and a glyphosate-resistance gene, so that both

types of herbicides could be used without significant crop injury.

The written description rejection of claims 44-51 and 63-68 should be rendered moot.

Original language from claim 1 is now also used in claims 44 and 47.
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Claim 59 is amended to clarify that the progeny, parts, or propagates comprise the
polynucleotide of claim 1. Thus, the obviousness rejection of this claim should be rendered

moot.

Claims 1-51 and 57-68 stand rejected as being obvious in view of Kaphammer (U.S.
Patent No. 5,608,147), Kohler (1999), van der Meer (2004), and Jepson (US 2003/0041357).

The applicants respectfully traverse this rejection.

Kaphammer is cited as teaching plants and plant cells transformed with a tfdA gene. The
examiner admits that Kaphammer does not teach a polynucleotide that is at least 95% identical to
SEQ ID NO:9.

van der Meer is cited as teaching SEQ ID NO:9 from Sphingobium herbicidovorans.

Jepson is cited as teaching the introduction of transgenes into plants.

There are no specific comments regarding Kohler in the office action. Kohler is entitled
"Sphingomonas herbicidovorans MH: a versatile phenoxyalkanoic acid herbicide degrader." The
office action simply states that given the teachings of Kohler, one would have had a reasonable
expectation of success to produce a plant that is resistant to aryloxyphenoxypropionates.

However, the abstract of Kohler states:

Sphingomonas herbicidovorans MH was isolated from a dichlorprop-degrading
soil column. It is able to grow on phenoxyalkanoic acid herbicides, such as mecoprop,
dichlorprop, 2,4-D, MCPA, and 2,4-DB. Strain MH utilizes both enantiomers of the
chiral herbicides mecoprop and dichlorprop as sole carbon and energy sources.
Enantiomer-specific uptake systems are responsible for transporting the acidic
substrates across the cell membrane. Catabolism is initiated by two enantiomer-
specific a-ketoglutarate-dependent dioxygenases that catalyze the cleavage of the
ether bond of the respective enantiomer to yield the corresponding phenol and
pyruvate. Therefore selective degradation of the enantiomers of mecoprop and
dichlorprop by strain MH is not only due to enantioselective catabolism but also to
enantioselective transport.

As illustrated by Tables 1 and 2 in the subject specification, mecoprop and dichlorprop
have phenoxy auxin chemistries, while the aryloxyphenoxypropionates or "fops" are in a
different class of chemistries. Thus, it is not seen how Kohler would support the reasonable

expectation of success to produce a plant that is resistant to aryloxyphenoxypropionates.
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Moreover, the subject AAD-1 gene was a choice of one of over 100 other possible genes.

Example 1 (paragraph 179) of the subject application (as published) states [emphasis added]:

As a way to identify genes which possess herbicide degrading activities in planta,
it is possible to mine current public databases such as NCBI (National Center for
Biotechnology Information). To begin the process, it is necessary to have a functional
gene sequence already identified that encodes a protein with the desired characteristics
(i.e., .alpha.-ketoglutarate dioxygenase activity). This protein sequence is then used as the
input for the BLAST (Basic Local Alignment Search Tool) (Altschul et al, 1997)
algorithm to compare against available NCBI protein sequences deposited. Using default
settings, this search returns upwards of 100 homologous protein sequences at varying
levels. These range from highly identical (85-98%) to very low identity (23-32%) at the
amino acid level. Traditionally only sequences with high homology would be expected to
retain similar properties to the input sequence. In this case we chose only those sequences
with <50% homology. We go on to exemplify that cloning and recombinantly expressing
homologues with as little as 27% amino acid conservation can be used to impart
commercial levels of resistance not only to the intended herbicide, but also to substrates
never previously tested with these enzymes.

Thus, the subject AAD-1 gene was only 1 of over 100 BLAST search results having some
degree of identity with tfdA. As discussed above, there were a great number of other possible
choices to begin with.

In addition, the behavior and acﬁvity of a herbicide-tolerance gene in bacteria cannot be
predicted in plants. This is illustrated by, for example, Example 17 of the subject specification,
which compares the subject AAD-1 genes to another gene referred to as AAD-2. AAD-2 was
another gene identified from BLAST search results. Paragraph 444 of the published application

(paragraph 434 of the application as filed) states:

Another gene was identified from the NCBI database (see the ncbi.nlm.nih.gov
website; accession #AP005940) as a homologue with only 44% amino acid identity to tfdA.
This gene is referred to herein as AAD-2 (vl) for consistency. Percent identity was
determined by first translating both the AAD-2 and tfdA DNA sequences (SEQ ID NO:12
and GENBANK Accession No. M16730, respectively) to proteins (SEQ ID NO:13 and
GENBANK Accession No. M16730, respectively), then using Clustal W in the Vector NTI
software package to perform the multiple sequence alignment.

AAD-2 was obtained from Bradyrhizobium japonicum. Again, AAD-2 is more related
(about 44%) at the sequence level to tfdA than is AAD-1 (about 27%).
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AAD-2 was more active than AAD-1 in vitro using 2,4-D as a substrate. However, AAD-2
was surprisingly inactive in plants, while AAD-1 was very active. For example, paragraph 452
states:

The enzyme kinetics of partially purified AAD-1 (vl) and AAD-2 (vl) were
compared using 2,4-D as substrate. See FIG. 19. The Km values for 2,4-D were 97 and 423
.mu.M for AAD-1 (v1) and AAD-2 (v1) respectively and the apparent Vmax values were
0.11 and 0.86 A510 units, respectively (Table 34). Because equivalent amounts of enzyme
were used in the assays (as determined by SDS-PAGE analysis), it can be concluded that the
kear of AAD-2 (v1) for 2,4-D is almost 8-fold higher than AAD-1 (v1) and the kg/Kp, is 2-
fold higher. Thus AAD-2 (v1) is significantly more efficient at cleaving 2,4-D in vitro than
AAD-1 (v1). This is in surprising contrast to the in planta findings reported below, where
plants expressing AAD-1 (v1) are significantly better in conferring 2,4-D resistance relative
to AAD-2 (v1).

This shows that herbicidal activity in plants is unpredictable and that the results of van der
Meer could not readily be applied to in planta behavior. Furthermore, there were over a hundred
other choices to begin with; AAD-1 and AAD-2 were choices among more than a hundred. If AAD-
2 were used as the point of reference (rather than the gene of van der Meer), one would predict no
activity in plants for bacterial genes.

The foregoing should show that there was no reasonable expectation of successfully
producing a herbicide-tolerant plant using AAD-1 (or AAD-2). Inlight of this, the withdrawal of the

subject rejection for obviousness is respectfully requested.

Regarding the provisional obviousness-type double-patenting rejection, the exemplified
AAD-13 protein of USSN 12/599,385 shares only about 27% identity with the exemplified AAD-1
protein of the subject application. Thus, it is unclear how claims 99-126 of that application would
render claims 1-51 and 57-68 of the subject application obvious, and vice versa. At only 27%
identity, it is not seen how hybridization could be maintained between genes encoding AAD-1
proteins and AAD-13 proteins, as stringent hybridization conditions are defined in the specification
of USSN 12/599,385 as being, for example, 1X SSPE at room temperature. Thus, no overlap in
scope is apparent to the applicants, and the withdrawal of this provisional rejection is respectfully

requested.
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The subject application is believed to be in condition for allowance, and such action is

respectfully requested.

The Commissioner is hereby authorized to charge any fees as required by this paper to
Deposit Account No. 02-0390.
Respectfully submitted,

A4

Jay M. Sanders

Patent Attorney

Registration No. 39,355

Phone No.:  317-237-1245

Fax No.: 317-237-1000

Address: BAKER & DANIELS LLP

300 N. Meridian Street

Suite 2700
Indianapolis, IN 46204
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Alexandria, Virginia 22313-1450
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NOTICE OF ALLOWANCE AND FEE(S) DUE

83067 7590 09/24/2010 | EXAMINER |
Baker & Daniels LLP- Dow AgroSciences KRUSE, DAVID H
300 North Meridian Street, Suite 2700 | ART UNIT PAPER NUMBER |

Indianapolis, IN 46204 1638

DATE MAILED: 09/24/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/587.893 05/22/2008 Terry R. Wright DAS-PO115-US-02 7868
TITLE OF INVENTION: NOVEL HERBICIDE RESISTANCE GENES

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 12/27/2010

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 SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (f required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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 (f 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

83067 7590 09/24/2010
X K Certificate of Mailing or Transmission
Baker & Daniels LLP- Dow Agl‘OSClel’lCﬁS I hereby certify that this Fee(s) Transmittal is being deposited with the United
LR : States Postal Service with sufficient postage for first class mail in an envelope
300 North Mendlan Street, Suite 2700 addressed to the Mail Stop ISSUE FEE address above, or being facsimﬁe
Indianapolis, IN 46204 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/587.893 05/22/2008 Terry R. Wright DAS-PO115-US-02 7868
TITLE OF INVENTION: NOVEL HERBICIDE RESISTANCE GENES
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 12/27/2010
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KRUSE, DAVID H 1638 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
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. . ’ . 2
(2) the name of a single firm (having as a member a

[J "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is 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 [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) J Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
a Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ho. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 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 L?'A,e 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, Virginia 22313-1450.

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.
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
11/587,893 05/22/2008 Terry R. Wright DAS-P0115-US-02 7868
83067 7590 09/24/2010 | EXAMINER |
Baker & Daniels LLP- Dow AgroSciences KRUSE, DAVID H
300 North Meridian Street, Suite 2700 | ART UNIT PAPER NUMBER |

Indianapolis, IN 46204 1638

DATE MAILED: 09/24/2010

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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 Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

. . 11/587,893 WRIGHT ET AL.
NOtlce OfAllowab’Ilty Examiner Art Unit
David H. Kruse 1638

-- 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. [X] This communication is responsive to the Amendment filed 8 July 2010.

2. [X] The allowed claim(s) is/are 1-51, 57-62 and 64-68.

3. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[1 Al b)[JSome* c)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ 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. [] 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. [ Notice of References Cited (PTO-892)
2. [[] Notice of Draftperson's Patent Drawing Review (PT0O-948)

3. [ Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date

4. [] Examiner's Comment Regarding Requirement for Deposit
of Biological Material

5. [] Notice of Informal Patent Application
6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
7. [ Examiner's Amendment/Comment
8. [] Examiner's Statement of Reasons for Allowance

9. [[] Other .

/David H Kruse/
Primary Examiner, Art Unit 1638
17 September 2010

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-08)

Notice of Allowability

Part of Paper No./Mail Date 20100917
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 11587893 WRIGHT ET AL.
LA
David H Kruse 1638
v Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference 0] Objected
X Claims renumbered in the same order as presented by applicant O cPA O T1.D. O R.1.47
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Final Original  |09/17/2010
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U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 11587893 WRIGHT ET AL.
LA
David H Kruse 1638
v Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference 0] Objected
X Claims renumbered in the same order as presented by applicant O cPA O T1.D. O R.1.47
CLAIM DATE
Final Original  |09/17/2010
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Application/Control No.
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To: inteas@bakerd.com,cynthia.payson@bakerd.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 83067

Sep 24, 2010 06:05:54 AM
Dear PAIR Customer:

Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700
Indianapolis, IN 46204

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 83067 , 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.
11587893 NOA 09/24/2010 DAS-P0115-US-02

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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/587,893 11/23/2010 7838733 DAS-P0115-US-02 7868
83067 7590 11/03/2010

Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700
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 360 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 hitp://pair.uspto.gov for additional applicants):
Terry R. Wright, Westfield, IN;
Justin M. Lira, Fishers, IN;

Donald J. Merlo, Carmel, IN;
Nicole L. Arnold, Carmel, IN;

IR103 (Rev. 10/09)
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To: inteas@bakerd.com,cynthia.payson@bakerd.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 83067

Nov 04, 2010 05:36:19 AM
Dear PAIR Customer:

Baker & Daniels LLP- Dow AgroSciences
300 North Meridian Street, Suite 2700
Indianapolis, IN 46204

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 83067 , 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.
11587893 ISSUE.NTF 11/03/2010 DAS-P0115-US-02

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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