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FurdUay FeAYyow BLFE  MERIHE (R HE
Foud — h Lo EXPHE £ &5 - #) STDEY

nNazr L 0,09 0. 00
pHONIO008 GFP ([& 4 % M) 0. 00 0,00

EXP-CaMV. 355~
pHON19460 PCR24 echtZm, Inak 1:1 170 76.11 18. 68
pMONZ0167 FCRZ5 EXP-Us. dctl:1:1 164 3.83 0.73
PHONL40896 FCR41 EXP ANbge. Ubgl:l:7 5 103, 46 16,31
pMON140917 PCR42 EXP-ANBgo. Ubgl:l:8 ] 61.48 1. 99
PHONIA0BGT PCRAZ EXP-ANBge. lUbgl 1:19 16 62. 63 1. 38
pHON 140898 PCRA4 EXP-ANDge, Uhgl:i1:6 12 48, 74 3,09
pMONTAORGY PCR4S EXP ANBPge.lUbgl:@l:il 14 54, G1 3. 50
PHGN 140000 PCR46 EXP-aNbgo. Ubgl:l:12 16 42,81 .97
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Ooo0oooao

000031000 00000D0EXPOOEXP-ANDge.Ubgl:1:70 O O O O 50 O EXP-ANDge.Ub
ql:1:80 O O O O 80O O EXP-ANDge.Ubq1:1:100 O O O O 100 O EXP-ANDge.Ubqgl:1:60 O O
O O 120 O EXP-ANDge.Ubq1:1:110 0O O O O 140 O EXP-ANDge.Ubql:1:120 0 0O O O 160 O
EXP-ERIra.Ubql:1:90 0 O 0O 0O 220 O EXP-ERIra.Ubql:1:100 O O O O 250 O EXP-ERIra.uU
bl:1:80 O 0O O O 270 O EXP-ERIra.Ubgl:1:110 O 0O O O 290 O EXP-ERIra.Ubqgl:1:120
00003100 EXP-CIl.Ubgl:1:100 O 0O O 0O 980 O EXP-CI1.Ubg1:1:130 0 0O 0 O 1140 0 E
XP-Cl.Ubg1:1:140 0O 0O 0O 0O 1150 0 O O EXP-CI.Ubg1:1:150 0 0O 0 0O 1160 O O CP40 O O
O0oo00ODDOO0O0O0O000O00D0DEXP-Cl.Ubgl:1:1500 00 0 11600 0 0O 0O O O EXPO
OO0O0O0ODDOO0OO0OEXP-Os.Actl:1:10 00001640 00000000000CPAOODOAO
OOO0O0CO0O0OO0OEXPOODOOODOODODODOEXP-CaMV.35S-enh+Zm.DnaK:1:10 0 0O 0O O 1
oo ooboboooobboooobobobooobobobooooDbnO

goooooano
020000 0000000EXPOOEXP-CI.Ubgl:1:100 O O O O 980 O EXP-CI.Ubgl:1:16
000009300 00OEXP-Cl.Ubgl:1:170 0 000970 000000000 OOODOOO
goooooocPp400 0000000 O0OOO0OO0DO0DO0DOOODDODO0OO0DODOOOOO0OOOaGOaGO
O000000EXP-Os.Actl:1:10 000016400000 00000cCcP40000000
ooooDoDoDOoo0O0OpemO OO0 O0OCPA0 0000 OOCDOODDODDODOOOOO320000
o000 oooooooooboobooboocrP40 0000 Oan
gooooao
boEwo | PET Al
W CP4 nme/ BCP4 nmg/
Fowdlawy | Frrlilay s | AR | BN HE
F o F w— b 10 EXPig ¥ iy Avg Stdbev
pHON3016T PCRZEB EXF-Os. Actlzizd 164 15. 84 2.12
BMONIL0QI3 PCR1G EXP-CL. Ubgl:1:10 68 736. 32 74, b6
pMONL42748 pMON142748 EXP-CI. Ubgl:1:16 93 oB3. 72 B0, 22
pEMONILZ2749 pMON142749 EXP-CE. Ubgli1:17 a7 763, 85 86, 94
gooO00o0ono

OO0OO0036000000000EXPOOEXP-CI.Ubgl:1:100 0 O O O 980 O EXP-CHI.Ubgl:1
1160 0 00 0930 00 0O EXP-Cl.Ubgl:1:170 00009700 0CP40D0O0D00OODODOO
gooo3a0OEXpPO 0000000 obbO0o0oobobobo0oobDbO0O0OOn0DEXP-Os.Act

10

20

30

40

50



(66) JP 2016-165295 A 2016.9.15

1:1:10 0000140000 0DO0OO

OoDoooo

0001000000000 00000D000DcCcP40 00000000000
0000000000000 o0DoDoDoDO0D0O0O0U0oooDDoDCcCcPA0DOODDOOOEXP-Sv.Ub
ql:1:70 O 0O O O 1280 O EXP-Sv.Ubql:1:80 0O 0O O O 1320 O EXP-Sv.Ubql:1:90 0 O O O
1330 O EXP-Zm.UbgM1:1:60 O O O O 1370 O EXP-Zm.UbgM1:1:80 O O O O 1450 O EXP-Zm.
UbgM1:1:70 0O 0O O O 1410 O EXP-SETit.Ubql:1:50 0 0O O O 1170 O EXP-SETit.Ubql:1:7
000001230 0 EXP-SETit.Ubgl:1:60 0O O O O 1240 O EXP-Sb.Ubg4:1:20 0 O O O 151
O 0O EXP-Sb.Ubg6:1:20 0 O 0O 0O 1530 0O O O EXP-Cl.Ubqgl:1:100 0 0 00980 OO O OO
OCOOOEPOODOODOOODODODODODODOODODOODODODODOOODOOOODOO
000000000 00OD0ODODODDOAgrobacterium tumefaciensD 0 0 0O 0O 0O O O O T-AGR
tu.nos-1:1:130 0 0O 0 0O 1270 0 O O T-CaMv.35S-1:1:10 O O O O 1400 3*UTRO 570 0O O
0000000000000 O0O000D0DO0OO0ODOOD0OEPSPSO OO OO OCP40 US RE392470
050 0000000000000 00EBXPODDOOOOOA. tumefaciens 00 00O 0O 0O
0O 0OB-AGRtu.left border1 0 00000 DODOOODODDODODODDODDODODODODODODDODODOOP
ECO 00000000 D0O0DO0O0DO0OD0D0Do0DDUOoDDoDOooODOoDOooDOooOooDOooODOO

OoDoooao

000000000 D0O0O0D0OpMON1292030 pMON1290400 pMON1290500 pMON1292100 pMON1292
110 pMON12921200 pMON1292000 pMON1292010 pMON1292020 pMON1292190 O O O pMON129218
OoOoQ00120000000000000

OoDoooo

ocp40 0 0DDO0DDODDDOOODODDODODODO3dWO0O0OO0O0DODODDOODO pMON301670
O 0O 0O EXP-Os.Actl:1:10 0 0O 0O O 1640 O O O pMON1308030 O O O EXP-P-CaMV.35S-enh-1
:1:13/L-CaMV_.35S-1:1:2/1-0s.Actl1-1:1:190 0 0O O 0O 1390 0O O O pMON1328040 O O O O
000000000 DO0O337000000000O0OEXPOO0ODOODOOODOOODOODOCP4O
oooooDooooao

OoDoooao

OPEGD 00 00OQCOODDODOODODOODODDODODDODOODOOOODOODODOGDODGOAOCPS ELI
sA0 00 O0DOoooDooocecp40D000D0DO0OO0ODODO337y00000O0

Oo370 00000000 D0D0OO0O0DO0DD0DO0DO0DDODUDDODOcCcPADODODOODOO

ooDooao

EE T2

CP4 Cr4 Cpr4 CP4
FTH AR Rz B Ty STDEV F Hy STDEV
YA RFZLE EXPE 1 #5 ppm ppm ppm ppm

EXP-P-CaMV, 35S-enh-
PrEr13/L-CaMy. 355~
pMON132804 11102/ Os, Actl 101019 173 557,97 194,00 | 283,63 45, &
pHON3OLET EXP~0s. Actl:1:1 164 57.1b 20.99 18,38 5.41
pHON130803 EXP Os, Actlili] 164 34. 46 1.61 16, 57 3,71
pMONLZ29203 EXP-Sv. Ubql:L1:7 123 89, 2 32,48 36, B 9. 55
pHON129204 EXP-Sv. Ubql:1:8 132 87. %2 45. 87 98, 46 12.93
pMON129205 EXP-Sv.Ubql:1:9 133 265,57 70. 14 T2.03 8. 25
pMONL29210 EXP-Zm. UbqMl:1:86 137 353,08 29. 18 199, 31 4.7
pHON129211 EXP-Zm. UbqMi:1:8 145 745,18 15,1 411, 24 17.12
pMON129212 EXP-Zm. UbqMi:1:7 141 454. 88 Y517 215,06 23,22
pHON129200 EXP SETit.Ubql:1:5 117 159. 74 63.21 91.71 41. 35
pMON129201 EXP-~SETit . Ubgl:1:7 123 119,57 281 102,72 31,12
pMON129202 EXP-SETit. Ubhgl:1:5 124 43.79 25,77 97,63 45, 07
pHON129219 EXP-Sbh. Ubqd:1:2 151 895. 63 38.69
pMONT29218 EXP-Sh. Ubqb:1:2 153 343, 34 116.2 179,75 51,18
pHON1Z29221 LXP Cl.Ubql:1:10 98 371,08 205,28 | 256883 38,08
ooooon

10

20

30

40

50



(67) JP 2016-165295 A 2016.9.15

oooboos3syb00 00000 o0OxpPoOoDooDOOOOoDOooOoooooDDDbDOOcerP4D O
ooocobODbOO0OO0D0D0o0oooooODbDDbDO0O0EXP-Os.Actl:1:100 0001640000000
goocP4000DO0D0DDOODODOOOOODDOOODOOOOOODDODOOEXPDODDOEX
P-Zm.UbgM1:1:80 0 O 00450 0 00000000000 ODO0ODOODQOEXP-P-CaMv.35
S-enh-1:1:13/L-CaMV.35S-1:1:2/1-0s.Actl1-1:1:190 0 0 001390 00 0000000

ooocooboooood

gooooao

gob0l1ipocp40 0000000000 OCDODDOOOOOOOODODDDODOOOOOORGDN
gocp400 0 OO0O0DO0DODODOOO0O
goooooooboboogogobooobbbooobboooobbooobbocerP4t d
000000 EXP-ANDge.Ubql:1:70 O 0O O O 50 O EXP-ANDge.Ubq1:1:80 0 O 0O O 80 O EX

P-ANDge.Ubqgl:1:100 O O O O 100 O EXP-ANDge.Ubqgl:1:60 O O O O 120 O EXP-ANDge.Ubqg
1:1:110 0 O O O 140 O EXP-ANDge.Ubql:1:120 0O O O O 160 O EXP-ERIra.Ubql:1:90 O
O 0O 0 220 O EXP-ERIra.Ubql:1:100 O O O O 250 O EXP-ERIra.Ubql:1:80 O O O O 270
O EXP-ERIra.Ubqgl:1:110 0 O 0O O 290 O EXP-ERIra.Ubqgl:1:120 0 O O O 310 O EXP-CI.U
bgl:1:100 0 O O O 980 O EXP-CI.Ubql1:1:130 0 O 0O O 1140 O EXP-CI.Ubg1:1:140 O O
1150 0 0 O EXP-CI.Ubql:1:150 0 0 0 01160 0 0 0 000 CODDOOOOEXPDOO

Ooooooogoogogoooao

O

Ooooooogood

Iy A I Ny
OO0 OoogooogogDo

O

O

oo oooooogoQgog

O
O
O
0
4
O
0
O
O

O

gboobooooboboooooooooobooboooooboooooboboooao
Oo0o0Qb0O0T-AGRtu.nos-1:1:13 3"UTRO S0 0 0 0 O0COODOOOOOO
oooOEPSPSO 0 ODODOOCP40 US RE392470 O S0 0O DO DOOOOO
EXPOOOOOOA. tumefaciens0 0O 000 O0O0D0OOOCODOO0OOODOO
gboboboooobbooooboooobboooooboooobbooadd
gooooooboobobooooooocooobobobobooooonn

OoOoo0ooodg

200000000PEGODOOOOOOOODODODDODOOOOOOOODODODOGO
oooobDOoOcP4O00D0DDOELISADDODOOOOOOODODDDOOOO

EXPO O EXP-ANDge.Ubgl:1:70 O O O O 50 O EXP-ANDge.Ubql:1:80 O O O O 80 O EXP-A
NDge.Ubqgl:1:100 O O O O 100 O EXP-ANDge.Ubql:1:60 O 0O O O 120 O EXP-ANDge.Ubgl:1
110 0 O O O 140 O EXP-ANDge.Ubql:1:120 0O O O O 160 O EXP-ERIra.Ubql:1:90 O O O
O 220 O EXP-ERIra.Ubgl:1:100 O O O O 250 O EXP-ERIra.Ubgl:1:80 0O O O O 270 O EXP
-ERlIra.Ubqgl:1:110 0O 0 O 0 290 O EXP-ERIra.Ubgl:1:120 0O O O O 310 O EXP-Cl.Ubgl:1
100 0 O O 0980 O EXP-CI.Ubgl:1:130 0O 0O O O 1140 O EXP-CI1.Ubg1:1:140 O 0O O O 11
500 00EXP-Cl.Ubql:1:150 0000116000 000000C0OODDODOOOOOOOGO
ooc4000DODOODODODOOOOOOOODDOODODOUOOOODDDODODODODOOOO
O O EXP-CaMV.35S-enh+Zm.DnaK:1:10 0 O O 0O 1700 0O 0 O EXP-Os.Actl:1:10 00O O O 16
A0 0 0000bOoO0ogcecP40 DD OO0 DODOO0OO0DDOO0OpemM0ObOOCP4D OO0
oooooboOoOooooossoooan
ogosguooooooooooboboboboooooocP4oononO

10

20

30



(68)

JP 2016-165295 A 2016.9.15

Ooo0ooOoao
T £P4 ng/mg CP4 ng/mg
FuFVary | )ayr HY By NATIH BFRIHE
FrFTr—F 1D EXp# 5l &5 I 1 STDEY
EXP~Caly, 355~

pMONES8469 PCRZ4 enhtZm. BnakK:1:1 17 99, 6 7.2
pHONSOI6T PCRZS EEP Gs.Actl:l:d 164 3.0 9.0
pHONT 40896 FCR41 EXP-ANDge. Ubgl ] 7 5 al.9 3.3
pMONL40817 PCR42 EXP-ANDge. Ubqgl:1:8 B i5, 4 1.9
pMONL40897 PCR43 EXP-4NDge. Ubql:l:10 10 20,7 2.2
pMONL40RYE PCRA4 EXP-ANDge. Ubgl:l:6 12 21.8 2.8
pMONEADRBY PCR45H HXP-ANDge. Ubgl:il:11 14 36,9 7.2
pMONE4080C PCRAG EXP-ANDge. Ubgql:l:i2 16 51,7 5.6
pMON140504 FCR50 EXP-ERIra. Ubgl:l:9 22 103 1.1
pMONE40905 PCR5E EXP~ERIra. Ubgl:1:10 P43 25.3 4.7
pMONE40006 PCRS2 EXP~ERIra. Ubqgl:i1:8 27 29,9 4.6
pMON140507 PCRo3 EXP-FRIra. Ubgl:l:1il 29 44. 0 7.1
pMON140908 PCRa4 EXP-ERTra, Ubqgl:1:12 31 37.0 o4
pMONT 40913 PCR19G EXP-C1. Ubgl-1:10 g8 19,2 1.3
pPMONE40914 PCRZO EXP-CL. Ubgl:1:13 il4 20,5 2.1
pHONE40Y15 FCRZT EXP Cl.libglil:14 ils 23,4 1.6
pMONEA0Y16 PCRZ2 EXP~C1. Ubgl:1:12 il 2.0 0.0

ooocooao

goobo3sg0o0n00OOoODnDDEXPO

0O EXP-ANDge.Ubqgl:1:70 O O O O 50 O EXP-ANDge.Ub

ql:1:80 O O O O 80 O EXP-ANDge.Ubq1:1:100 0O O O O 100 O EXP-ANDge.Ubqgl:1:60 O O
O O 120 O EXP-ANDge.Ubq1:1:110 0O O O O 140 O EXP-ANDge.Ubql:1:120 0 0O O O 160 O
EXP-ERIra.Ubql:1:90 0 O 0O 0O 220 O EXP-ERIra.Ubql:1:100 O O O O 250 O EXP-ERIra.uU

bgl:

150 0O
aad
120

1:80 0 O 0O 0O 270 O EXP-ERIra.Ubql:1:110 0O O O O 290 O EXP-ERIra.Ubql:1:120
O 0O 310 O EXP-CI.Ubgl:1:100 O O O 0O 980 O EXP-CI.Ubg1:1:130 O 0O O 0O 1140 O
EXP-CIl.Ubgl:1:140 00 001150 00CP40 00000 O000O00O0DOODODOEXP-CI.Ubg
gddl1le00000O0O0ODO0OO0OOocCcPAD0DDDOOODDOOOOD

ooobobDboooooooeusigogoooooononan

Oooo0oogoood
Ooo0oo0Oo0oooano
OoOoo0oo0oogoooi;mo

ogd

O 0Ooooo
OO ooo
O O0oooo
OO ooo
O 0Ooooio
O 0Oo0O™o

u
O
g

0
O

0o0o0ooDooo0Do0oooooDoooDOoOoB
OGUS-20 0 0 00D0D0DUOUOUOEXPODODOOOOGOADO
Oo00DDDODO00oO0oO0oo0ooooDoODoDOooOoOoOooOooao
0200000000000 00000O0D010000
A. tumefaciens0 0D 0000 O0DO0OOO0ODODOOOO

O
O

O
O

O
O

Ooo0ooooooo0o oo oooog|bo 0o -g
e s e e s e Y Y B
Oooooooooooogoggolio;mo

O
O

-g0gbobooooobeusi b ooo0bbOoO0ogbDbDO0OOEXPO
ooobDDbOO0DO0oooooobDbbooooeusboooooan
ooooODbOO0OO0OO0O0oo0ooocooODbbOO0oO0oO0oO0ooooOoExPOOnnO
ooobObOO0OO0DO0oooooobObO0ob0oDoooao

OCO0OO0O0O0O0D0OA. tumefaciensD O OO OO0OO0OO0OD0OO0DOOO
3"UTRO T-Os.LTP-1:1:10 0000 1410050000 0000
-0D00oo0ooboOoogoaeustnon
gooboboioooogooban
ooooODbOO0O0OO0oooooao
gooooooooboboogood
gooooooooboboogdo

ooobODboO0o0oDoooobosonooboi1cooboboo0obooooooooDbOOEeEXxPODOOO
oooODbOO0O0o0od
00000000 bbo0o0oo0oboboo0oO0bDbOD0EXPOO

10

20

30

40



(69)

JP 2016-165295 A 2016.9.15

ooooao
ST AR B 51

2 A MZZ b EXPHC ¥ # T

pMON142865 EXP-ANDge. Ubgl:1:8 ] Ro$s & TFR,

pMON142864 EXP-ERIra. Ubgl:1:8 27 R.43 L& OFR,

pMON142729 EXP-Cl. Ubgl:1:12 90 R,

aMON142730 EXP-C1.Ubgl:1:11 95 K,

pMONL132047 EXP-Cl. Ubgl:1:23 108 R,

oMON132037 EXP-SETit. Ubgl:1:10 119 Reds & LRF, 10

pMONL319567 EXP-SETit. Ubgl:1:11 1256 Fi

pMONL131958 ExP-sv. Ubgl:1:11 130 | RS & ORF,

oMON131959 EXP-Sv.Ubgl:1:12 136 K,

pMON131961 EXP-Zm. UbgMl:1:10 139 R,

pMONL31963 EXP-Zm. UbgM1:1:12 143 Ro

pMONL31962 EXP-Zm, UbgMI:t1:11 149 B,

aMONL 32932 EXP-Sb. Ubg4:1:2 151 K,

pMON132931 EXP-Sb. Ubg6:1:3 155 R,

pMON132974 EXP-5b, Ubqg7:1:2 157 Reds & IFF,
oo0oooad 20
0000000D0DD0O0O0ODO?20090138980 0 0 000 0O0ODOOOOA0NO Agrobacteriumd O
0o0ooDoo0ooDoDoooooDoooooao
Ooo0oooad
0000000000000 D0DDOO0O0o0DDODoDO0oOo0oDoDDOoeUsDoo0oDoDooobDbOOaOd
goeusdoooOX-GlucO5-0 00 -4-000-3-00000-b-0000000010003
0od/00000000DO0DOOOO0ODDDODOOODDODDODOOODDODDOOOODODOOODODOOO
0000000 o0DoODo0OO00o0DoDODoOO0o0oo0DDbDoDO0oO0o0DoDDO0oOo0o0oDbODDODOoOOooOoDoDOoOoOoonOao
ocobooooo0ooDbOoeusCcoOooOooDOOoODDbDO0ObODR,UDODDODDOODODODODDODODO
00022100 21AP0 0000 00DODOOOODODDODOOODODDOOOODODOOODODOOO
a 30
oooooad
0o0o0oDoo0o0oooDoDo0oo0ooDooo0oo0oDoDoo0o0ooDoDooo0oDoDooooDoDoooonoan
0odoooo0o0i10oo0ooooo0oooDoDoooobooDooooDoDoo4-00000DbDO0O0O0O0
00-p-D-000000OMUGHODODODOS00D0000O0ODDOOODODODODOODDOOOO
0oooooo4-0000000O0DOO0ODODO4-MUODO0DODODODODODODODODODODODODOODOOnO
OpHO OO OOODDODODOOODDOOOODDDOOODDDOOODDODOOODOOOOORO
00000000 oDo0DO00pHODOOOODODOOODDODDDODOOODDODDOOODODDOAOAd365nm
O00000445nmO O Fluoromax-30 0 OO0 0O O O O O O O Micromax Readerd O O 0O O O
oo0ooooooz2nm00O0O03nmd0 0000 O00oOoOad
oooooad 40
O0ODO00O0O0000DO0OD0OD0D0OD0D0OORpGUSDODODOOD400DOO00400000 0 pMON
1319570 EXP-SETit.Ubql:1:110 0 00 01250 0000000 0000000000Rg G
ushoooooDoDoooooooooDoDoo0oooDoDoo0ooDoDoDOorFIODOOoDOoOooOoODOO
0o0ooDoooooDooobboooag
oobD4000000000000000ORg GUSO O



(70) JP 2016-165295 A 2016.9.15

ooooao
B | V3 V4 V7 vT V3 | v4 | VT VT

EXP#C 5 EH5 |8 R OB B R K O E B

EXP-ANDge. Ubgl:1:8 8 nd | 283 | 199 1 70 nd | 538 | 168 | 130
EXP-ERIra.Ubql:1:8 27 ad | 477 | 246 |} 62 nd | 888 | 306 | 242
EXP-C1l. Uhgtil:12 90 i<l 27 | 147 1 02 nd 70 | 189 | 199
EXP-Cl.Ubgi:1:11 b nd 28 77 al nd 101 | 177 | 223
EXP-Cl.Ubgi1:23 108 0 nd 7 34 1201 | nd | 194 | 200
EXP-SETit.Ubql:1:10 119 0 nd 29 a7 D& nd 37 16
EXP-5v.Ubgt:l:11 1390 nd nd nd g 20 nd a5 24
EXP-Sv.lbhgl: 1112 1386 63 nd 0 28 184 | nd 27 16
EXP-~Zm. LbhgMl:1:10 139 0 nd | 2371 18 |22 nd | 272 | 272
EXP-Zm. UbgM1:1:12 143 0 nd 21 43 | 234 | nd | 231 | L9
EXP-Ym. LbeM1:1:11 149 124 | nd | 103 1112 | 311 | ad | 369 | 297
EXP-5b.Ubg4:1:2 151 125 nd 0 95 | 233 | nd 150 88
EXP Sb.lbg6:1:3 165 154 nd 13 12 a4 nd 39 ob
EXP-Sb.Ubg7:1:2 157 37 nd 22 18 | 165 | nd 89 | 177

004100000000000000000000000CO0O0D000O0D000000000
00 Ry GUSO O

gooooao
BEFf | VT | VI/R1 | 21DAP | Z1DAP
EXPEE 51 w5 | #H  BER ke 2k

EXP-ANBDge. Ubqli:1:8 8 247 256 24 b

EXP-ERTra.Ubqgi:1:8 27 246 237 36 61

EXP-Cl. Ubgl:1:12 g0 420 121 26 220

EXP-Cl.Ubqgl:1:11 b 326 227 41 221

EXP-Cl.Ubqgl:1:23 198 548 416 212 234

EXP-5ETit. Ubgl:1:140 119 132 85 50 63

EXP-5v. Ubqgl:1:11 130 | 217 3 45 g2

EXP-Sv. Ubgl:1:12 136 120 21 49 112

EXP-Zm. UbgM1:1:10 139 261 506 403 376

EXP-Zm. UbgML: 1112 143 775 362 253 247

EXP-Zm. UbgMl:1:11 149 b5l 452 234 302

EXP-Sb. Ubg4:1:2 1561 213 0 2h 79

EXF-5b. Ubg6:1:3 1656 295 87 51 61

EXP-5b. Ubg7:1:2 157 423 229 274 50
oooooao
OReUODDODOOODOOOOCOODDOOODODOGUSO D OOoOooooDODOODOEXPOODOO
uooobODOEXpPOODDOOODODOOOODODDODODOODODOOOOODGUSODODODODODOGO
oooobDDbOO0O0DO0oo0oo0oooo0OexpPoooObbObbObOoOoooooOoDbODDbDDbDOOoDOoOoooao
O O O EXP-ANDge.Ubql:1:80 O 0O 0O O 80 0O O O EXP-ERIra.Ubgl:1:80 0 0 O 0O 270 0 0O
oooobobobOoooeusbooooooooobvaooovoooooOOoOOOoOoovrToao
OO0O0O0ODDOEXP-Zm.UbgMl:z1z10O O OO D130 O OO DODOOOOOOOOODOV3OO
ocoOoocoooOoooOovriooooovioooooOoOoooEXP-Zm.UbgM1:z1:110 00 O
gmooooooobobboooooovnovrooovioooooobobooooooano
OO0O0OO0ODDOOO0OO0OO00OEXP-CI.Ubgl:1:120 0 0O 0O O 900 O EXP-Cl.Ubql:1:110 00 0O O

950 0O 0O O EXP-Cl.Ubql:1:230 0 0001080 00000000 DODOOOODOOODORDO
cooovs/v400O0vVyDOOOOOOODOVIDDODOVEOODOODOODODODODOODO
gooeGusoooooObObOoooooooobbboboooooooobobboooooonb

10

20

30

40

50



(71) JP 2016-165295 A 2016.9.15

O O EXP-ANDge.Ubql:1:80 0 O 0O O 80 O O O EXP-ERIra.Ubql:1:80 0 00 O27y0 00O 0O
ocooooov/v4OD0ODOO0OO0OOVVWOODOVIODDODODOOODODODODODOODOEXP-Zn.Ub
gM1:1:100 O O O O 1390 0O EXP-Zm.UbgM1:1:110 0 O O O 1490 O EXP-Zm.UbgM1:1:120 O
0001430 0 00 EXP-Cl.Ubgl:1:230 00001080 0 00 000O0OoeusODoovstogyv
TOOOODOOOQOEXP-SETit.Ubgl:1:100 0 0O 0O O 1190 O O O EXP-Sb.Ubg6:1:30 0 O O O
1550 0 0000000000000 000D00000O0O0OEXP-CI.Ubgl:1:120 00 O O 90
O 0 EXP-CIl.Ubgl:1:110 O O 0O D0 950 0 O O EXP-CI.Ubg1:1:230 0 00O 0 1080 O OO O
OCoOoocOoOooO0oooDOoovsgbOOovrOvIDOOOOODOUODEXP-Sv.Ubgl:1:120 00 O
01360 O 0O 0O EXP-Sb.Ubg4:1:20 0 0001510 000000000V 0OVIODOODO
gogono

oggoano

ooocoobOooooooooobDbbobOoooooo2pAPOD OO ODODDODODOOO
OO0OEXxpPuoooooOoOODDODOODODOOOoOOOODODDODOODODOOoOoOooOooODODDbOOOOO
OO0OO000000ODEXP-Zm.UbgM1:1:100 O O O O 1390 O EXP-Zm.UbgM1:1:110 O O
1490 0O EXP-Zm.UbgM1:1:120 0 O 0O O 1430 0 O O EXP-CI1.Ubg1:1:230 O O O O 1080
O0ODO00O0O00O0O0ODO0OO0OO0OO0OD0ODO0O0DDODDOEXP-ANDge.Ubgl:1:80 0 0O 0 0O 80 0O
EXP-ERIra.Ubql:1:80 0 0 002700000000 0O0OCO0OCODODODOOOOOOOOGO
OCOO00OO0O00O0O0D0OOO0O0OEXP-Sb.Ubq7:1:20 00001700 00000000O0
ooobODbOO0O0D0O0oo0ooocobObObOb0Do0o0ooo0ooobDbO0Ob0O00O00dO0EXPOOOEXP
-Sb.Ubg4:1:20 00001510 00000000000 D0OO0O0ODOODODOODOODODODOGO
OCOO0O00O00O00DOD0OO0OOD0O0OEXP-Sv.Ubgl:1:110 00001300 00000000
OO0OO0O0O0O0O00O0DOEXP-Sb.Ubg4:1:20 000015100 0000000000000
O EXP-Sb.Ubg4:1:20 00D 001510 000000000000 DOOOCDODODOOODODOGO
EXP-Sv.Ubql:1:110 0 0 0 01300 0 00 000O0DODDODOO0O0O0oO0ooobooooboobooooo

OooooogoQgoao
Oo0oooooggogao

aogogoano

oooooao
uoooorRO00ROD0D000C0D0DODO000000OCODODDODODOODOOOO0OREODOOGO
coboocoooooobDoooobowH24000000000RO0DO0CDODO0COOO0OOODO
ugugouobodoRr,O00oobboogobobooouobbdoouRb00R,DO0O0O000
gooobbbOoo0ooooooobObbobooooooeusiooooooboboboooooodnn
goooobbo0ooooooo0rRO00R0D000000D40040AGODOOOOOO0OAO
OCOO0O0O0DO00O0O0DOO0O0OOCcoleoptideD OV3DOOODOODODOVOODODOODODOO
goooooobooOovioooooooOoooooooooobDbOoO ODoObOO0OO0O0o0oRr1OO
gooooo0oobboo0ogbDbilz20d di1z2bAPO0 OO 0O 0O 0O DO O 0O 21DAPO O 0O 38DAPO O O
OO0OO0C0O0O0O0OO00O0O pMON1320370 EXP-SETit.Ubgl:1:100 O O O O 1190 O pMON1319570 EX
P-SETit.Ubqgql:1:110 0O O O O 1250 O pMON1319580 EXP-Sv.Ubql:1:110 0O O 0O O 1300 O

0O O pMON1329740 EXP-Sb.Ubq7:1:20 0 OO 0O157z0 00000000 O0OODOODODCOO
coboocoooooobooooboROODODOODOOOODODOODOODODOOOVIIDODOO
uogbobooooobooooobobooooobooooobod

ooocooao

0 pMON1320370 EXP-SETit.Ubqgl:1:100 O O O O 1190 O pMON1319570 EXP-SETit.Ubql:1:1
10 0 0 0 0 1250 O pMON1319580 EXP-Sv.Ubqgl:1:110 O 0O O O 1300 O O O pMON1329740 E
XP-Sb.Ubqg7:1:20 gooiyooooooooborRVdOOoooooobboo4oODOOO

O
goobooooooboboooobooobbobooobobooooobobosoooboobooooban
goobooooooobooooobooobobobbooooboboooooboboooobobooooonan
ooocoovooooooooobobbobooooooooobobobobooooooooobooao
ooocoobobobooooooooobbbooooooooobbobobooooooooboao
gogoooovooooobooooobooooboooobboooobooooobbooao
ooocooobobobo200b0000o0oo0oocoobobbob0oooooooobobbOoooooonb
ooocoboObOOO0oDooooooobobbOoOooooooosocobbobobooooooooobooao

10

20

30

40



OoOoo0oooo
OO oOooo

0

O Ooooo
O OoOgoo
OoOoo0oooao

O

0

(72) JP 2016-165295 A 2016.9.15

ooobODobOoo0ooooooboobboooooooooobbovoobDDboboooo
oooObObOO0o0ooooooobOobobbooooooocoobobbobobooooooboao
oooODbObOO0O0oDoooooobObobbooooooooobobboboooooooboao
oooDbobOOoooooooooobobboooooooooboooD

O
oeGusioooooObOOoO0OO0ooooooobObbobooooooooDbODbOanpMo

N1320370 EXP-SETit.Ubql:1:100 O O O O 1190 O pMON1319570 EXP-SETit.Ubql:1:110 O
O 0O 0 1250 0O pMON1319580 EXP-Sv.Ubql:1:110 0O O O 0O 1300 O O O pMON1329740 EXP-Sb
.Ubg7:1:20 00001700 00000O00CRKVO00OD0O0O0ODOODOODODOODODOGO
goovadoogogoooogogobooogobeusbboooobbooobooooovenod 10
oooobDbOoO0ooooooooDbDDb o002 0ob12000 000000 oODoOooDDOO
ocooocoooOooosoOOOooOo/0CbO00O/0O0DDODODODODODODODODRODON
ooocooODDbOObOO0DNMOUOOOODODOOODOOoOooOoOODODDbDDbOOOOoGeUSOODOoOooOooOooOan

Oo0ooooooooonOoooao
oooooao
OGUSD 000000 DODDO0OND0OONDODNOOODODDNOOO0OODOONOFR, GUSOO OO
O0420 000430 0000 0O
O O 420 pMON1428640 O O pMON1428650 D D D O OO0 OO0 O0OODOO0OOOFR,6USO O
00000
3 pMON142864 | pMON142865 20
VI 86 74
V3R 4] 52
VRIE 109 123
VSR 241 252
VIiE, i 168 208
ViR 158 104
RifE &) 171 224
R1#8 # 314 274
R14R 721 308 20
R1H 4 428 364
R2F#E 7 - 12DAP 109 72
R37E 7 -21DAP- IR 45 32
R3FE 7 -21DAP- N L 175 196
REFE - —3BDAP- R 163 58
RG#E - -38DAP- 1N #, 90 69

0 O 430 pMON1320370 pMON1319570 pMON1319580 O O pMON1329740 0 O O OO OO DOOO
oooonoeFreusto O



(73) JP 2016-165295 A 2016.9.15

Ooooao
BE pMONI32037 | pMON1231957 | pMON131958 | pMON132074

W 7k FE TR 536 285 488 1199

0ok PR 45 71 73 316

G- B B - 4DAG 218 60 143 146

R -4DAG 74 33 101 48

LEE 104 129 66 52

V3R 74 71 81 194

Va4 - 73 15 72 N/A

V3R -3E i 113 44 89 49

VagE - o 97 344 £03 157

V3 -F o 205 153 129 2386

V58 185 142 77 282

YRR 33 16 Gl 28

VI 74 968 625 619 888

LA £38 89 132 268

VT - £21 100 156 345

YTIE ¥y 610 1119 339 4249

R1E df 291 70 168 127

R1#8 % 164 124 167 101

RIiB 36 39 39 21

R1% 1 255 8y 232 141

R2FE T -12DAP L3R 170 165 160

RIFEF -21DAP-BE 44 97 489 480

RIEE T -210AP-P L 57 118 52 217

ROFE F--38DAP-BR 600 147 377 527

RSEE + -38DAP-A HL 38 36 57 106
Oooooao
000000000000 D0O0DD0D0D0D0O0D0D0D0DDO0OO0DO0DO0OO0oDoOOoGeUSOOO0O00N
O0D0DO0OD0DO0OEXPOOODODODODODODODODODOEXPOOODODODODODODODODODDODORO0O0O0D
OO0O0O0O00O00eusSO 0000000000000 O0OOOO0OO0DOOEXPODOOOOODOO
0000000000000 0000RLIOOOOOEXP-ERIra.Ubgl:1:80 00 0O O 270 O
0 0 EXP-ANDge.Ubql:1:80 0 0 00810020 000038DAPO 00000 0O00OODOGUSO
0 0O O EXP-ERIra.Ubgl:1:80 0 0 O O 270 O O EXP-ANDge.Ubql:1:80 0 0 0080 00O O

OoOOoo03qO00o0O0oobOobvedboovehOOoOOOOOODODODOUODEXP-ERITa.Ubqgl:
1:80 0 0 OO 270 O O EXP-ANDge.Ubqgl:1:80 0 0 0 080 OO O0O0O0OOODOAO
gooooao

OoOO0O0O0O0oO0O0O0oDO0oo0OO0O0ODb00O0ODOFR, GUSDO O0ODOEXP-Sb.Ubg7:1:20 0 0 0O O 157
OD0DO00OO0O0O00O0DOD0DO0ODEXP-SETit.Ubgl:1:100 O 0O O O 1190 O EXP-SETit.Ubql
112110 0 00 0 1250 0 O O EXP-Sv.Ubgl:1:110 000D 1300 00000000000
OOO0O0CO0O00O0O0DO0D0DO0O0ODEXP-SETit.Ubgl:1:100 O O O O 1190 O EXP-SETit.Ubql
1:110 0 0 0 0 1250 0 EXP-Sv.Ubql:1:110 0 O 0O 0O 1300 O O O EXP-Sb.Ubq7:1:20 O O
goisvdooooooobooogogoboboovoboouoobbooobooooobboo

O 0O 0O EXP-SETit.Ubql:1:110 0 O 0O 0O 1250 O EXP-Sv.Ubgl:1:110 0O 0 O 0 1300 O O O E
XP-Sb.Ubqg7:1:20 00 00157000 00000OO0OOCDOOOOODODOODOOCDODODOOOV
30 0 00 EXP-SETit.Ubgl:1:110 00001250 0000000000000 00D00OR0O
O EXP-Sb.Ubq7:1:20 00D 001570 0 0000000000 0ODOOEXP-SETit.Ubgl:1:10
O000D01190 0 EXP-SETit.Ubgl:1:110 0O 0O 0O 0O 1250 0 0O O EXP-Sv.Ubgl:1:110 0O O
o130 booooobb0ooooooooobbob0ob0OoRrRIOOCOCODDOOOOOEXP-SET
it.Ubgl:1:100 0 O O 0O 1190 0 O O EXP-Sv.Ubql:1:110 0 000130000000 DO 0O EX
P-SETit.Ubgql:1:110 0 00012500 000000 0C0OO0O00O00O0DOOODOO

ooocooao

10

20

30

40

50



UoExpoOoOoooooOooooboboooooboooobboooooooobobooao
oooooObOO0OO0DO0ooo0ooo0oEexpPuoooObbOODDooooooObODbOOOoDOooOooOooao
ooocoobobobooooooooobbbooooooooobbobobooooooooboao
gooboboDoooeXxpPgoOOoooobooooboboooobboooobooooobboo
UuoexpuboooooboooobbooouoobooooboooobooooobodogeE
XpOODODOOOOGOooooODOOOOoOooooooobODbOOoooooooobbooooao
gooobobooooooboogogoboooobbooobbooobboo

goonoan

(74)

JP 2016-165295 A 2016.9.15

c4DD0D0O0O0DODODODOODODOEXPOOODODDDODOOODDOOODODODODOODDDOO
oooDbDDbOOoOO0DooooooobDDbboOocecP4DD00O0O00O0ODODODODDDOOO

gooboand

O

EXPO OO OOOAL

O

o4 0000000000 oobobobooooooocP4ODDDDDODODODOOOO

OooOD0EXpPOO

gooooao
TT7AIFR= B
YA P77 b | EXPRCA &5 |74
pMON141619 | EXP-ANDge.Ubql:1:8 8 Ryds JL ',
pMON142862 | EXP-ERIra.Ubql:1:8 27 Rofs L U,
pMON129221 | EXP—-CL.Ubql:1:10 98 Ro$3 JLU'F,
pMONI129205 | EXP—Sv.Ubgl:1:9 133 R X UF,
pMON129212 | EXP—Zm.UbgM1:1:7 141 Ry
goooon

ooocooboboooooooooobobbooooooocooobobobobooooooooobooao
gio0gdgooooz2000000T-DNAOD OO ODDOOOODODDOOOOODOOO0ODbDDOO

O
O
o000 0ogoooooobobboioooooocp4 000 00Dnononononoan
O
O
O

EXPO O EXP-ANDge.Ubgl:1:80 0O O O 0O 80 O EXP-ERIra.Ubql:1:80 O O O O 270 O EXP-
Cl_Ubgl:1:100 O O O O 980 O EXP-Sv.Ubql:1:90 O O O O 1330 O O O EXP-Zm_.UbgM1:1:7
0000040000 Do0oo0o0oooooDooo0Do0oooDooDoooDoooDooDoooDdOd
0000000000 0O000D0DOOdAgrobacterium tumefaciensd 0 00 O O 0O 0O O T-AGR
tu.nos-1:1:130 0 0 0 0 1270 3"UTRO S0 0 0 0 00 0D0DDODDODODODOOOODOOODOO
OD0OOO0O0OEPSPSO OO DOODOCP40 US RE392470 0 5"0 000 DO0O0OOODOODODODOGO
tumefaciensU 0 0000000 0OO0DODODODOODO440000000
000000000 DU0oo0DO0Do00O0oDU0Do0DDODU00O0D0O0DU0DOo0DDUDODOEXPOOODO

ocoOooo0oooO0oobDU0oboR,UODOODDDODODODOOCOOODOODCP4 ELISAODDOOODO
goooooooooooobocecM40000O0O0OO0DDODODDODODOODOODOODOODOOOOaO
Oo0ooO0oocP40000O000O0400004600 00007000000
o450 R0 000000000000 0000O0O0DODOGOGOGOGOCP4O O
ooooao
& #

EXPRE F| %8 V4ig V7 VT V41R VT4R VTR
EXP ANbge.Ubql:1:8 |8 20,00 | 18,53 | 25,19 [11.50 |26.54 |17.20
EXP~ERTra.Ubql:1:8 |27 16.92 |16.60 |25.88 9,42 26.31 | 13,33
EXP CLl.Ubqi:1:310 g8 10.70 | 12.49 | t7.42 |7.56 13.9% | 6,68
EXP-Sv. Ubgl:i:9 143 3,72 1. 34 1. 48 2,80 6. 89 2,74
EXP~7m. Ubgl1:1:7 141 12,42 | 21.89 |38.78 9,56 16.69 |11.15

db460R,O000000O0O0ODODOOOO0DOOOOOODDODOOOOOOODOC CPAODO

10

20

30

40



(75) JP 2016-165295 A 2016.9.15

ooooao
Al | VT Rl R3 R3
EXPELS #y HRE Wk kR
EXP-ANDge.Ubql:1:8 8 24.14 5.bh 7.29 4.91
EXP-ERIra.Ubql:1:8 27 19.20 10.27 12.60 4.70
EXP-Cl.Ubql:1:10 08 18.70 16.21 8.26 8.82
EXP-Sv.Ubql:1:9 133 7.10 4.72 3.13 1.74
EXP-Zm.UbqM1:1:7 141 67.25 11.21 7.85 10.69
10

oooooao
00450000460 000 OO DO OO EXPO OEXP-ANDge.-Ubq1:1:80 0O O O O 80 O EXP-ER
Ira.Ubql:1:80 0 O O O 270 O EXP-Cl.Ubgl:1:100 O O O 0O 980 O EXP-Sv.Ubgl:1:90 O
OD001330000EXP-Zm.UbgM1:1:70 00001410 0000000R,EUDDO0OC0DODOO
00000000000 oooooDoDOocCcPAD DD D00 ODO0DO0DODOODDODOCPADDDOOO
EXP-ANDge.Ubq1:1:80 0 O O O 80 O O O EXP-ERIra.Ubql:1:80 0 0 O O 27y0 00000
OO0CO0O0ODDOO0OOO0OO0OO0ODOcCcPAU0O0ODODOCPAODODODODEXP-Cl.Ubgl:1:1000 0O O O 98
0oooDDoDoODo0o0o0o0o0ooooDoDDo0Do0o0O00o0oooDoDoDoDoDo0Doo0oooDooDoDOao
0 000 vegetative toleranceD 0 000D 0O O0O0DDODDOOODODDODOOODODOOOO140 0O
00 20
oooooao
OO0OEXPOOOODODDODDODODODOOODOODDODODODODOOODODODDODODODOOODOO
0O00O0OD0ODOO0O0000U0O0OQCO0ODODDODDOO0OO0O00O0OO0ODOCP40 OO O EXP-ANDge.-Ubgl:1:8
OO0OO0CODS8IODODOEXP-ERIra.Ubgl:1:80 0000270 0000 CODODODOOOOEXP-A
NDge.Ubql:1:80 0 D 0D 08I 000D DOUOODODOOCOODERIra.Ubql:1:80 0000 21
gooooOoOOoO0oOooooooooDoODOoO0ooodooooDoDoDOoDooooooooooOoao
I A A O A A A N A =02 ¢
POOOORDODOODODODODOOOOODDODOODOODODOODODOCPAODODDODOODODOOOOO

O

oooDoOnD 30

F,O0O00D0D00O0O0R,UOOCODDOOOODOOOODODDOODOOOOLH2440 O
ooobboooodoooorkOb000O0O0o0ooocobobbobooooooooobooao
ca0000D0DOOOOOO0OOOOODDOCPAODODDODDOOODOOOOODDOOOOO
ooobObOO00DO0oo0oo2000000o0co0ob0bO0b0DO0oO0oooooobObobOOoOooooan
goobboooobobooooobocPADDD0OOTOELISADD DD D ODDDOOODDOOO
ooobDOoOcP40 00 0004700004800 00

U470 0000000 COOO0OO0OO0OO0O00O000CP4O O

Ooooogogooao



(76) JP 2016-165295 A 2016.9.15

Ooo0ooOoao
pMON14286 | pMON12922
e pMON141619 | 2 1
VAZE 11.50 13.51 7.68
VAR 12.48 12.60 10.29
VTHE 16.59 20.21 12.01
VTR 11.00 13.62 8.15
VTHE 39.88 44.85 29.42
VTR 17.43 21.83 13.43
VT{E, # 52.74 55.72 53.62
RIAE:% 16.01 23.81 14.42
R3fET-21DAP-JI 33.29 57.96 51.64
R3FEF21DAP-HNH. | 2.99 3.20 6.44
Ooo00o0ooOoao
Ubodb4700000000Db0DbO0ODbOobO0ObOCP4D O D0 O pMON1416190 EXP-ANDge-U
bgl:1:80 O O O O 50 O O O pMON14286200 EXP-ERIra.Ubql:1:80 0 0 O O 270 00 00O 0O
ODODOFRO0O0000O0DODDOPMONLI292210 EXP-CI.Ubgl:1:100 0000980 00 D0O0OO
O0o0oOo0o00oo0oO0ooO0oo0oo0oo0oooo0ooo0o3do0OXxPo OO OO ooOooooOooaooao
O000000O00EXP-ERIra.Ubql:1:80 00002700 000000 0O000OO0OOOO0OAO
OO021IDAPO 0D 00000 DO OCP40 O 0O O O EXP-ERIra.Ubgql:1:80 0 O 0O O 270 0 O O EX
P-Cl.Ubql:1:100 0 000980 000D D0O0OO0OO00ODODODOODDODODOOODODDODOOODDOGO

ODOCP40 00 ODOEXP-Cl.Ubgl:1:100 O DO O0o98I O O0O00ODODOODDOOOOOD
obo480 00000000 OCODODOOO0O00O000O0CP4O O

Oooooao
pMON12920

e 5

VAHE 1.73
VAR 2.44
VTEE 2.84
VTR 1.51
VTHE 3.29
VTR 2.63
VTHE, # 7.52
RIfH:R 1.99
R3fEF 21DAP- iR 3.40
R3FE-21DAP-HF. | 1.79

gooooao

OD0D00470480 00000000OCP40O OO O pMON12920500 EXP-Sv.Ubgl:1:90 O O O O
13300000000 OD0D0O0000000DOO0OODOOD pMON1416190 EXP-ANDge-Ubqg
1:1:80 O O O O 80 O pMON142862[1 EXP-ERIra.Ubql:1:80 0O 0O O O 270 O O O pMON129221
O EXP-Cl.Ubgl:1:100 0 00098 00 O0OCO0DODOOODODOOODOOO

ooocooao
oooobODOO0OEXPOODDOODOOOOOODDODODODODOOOODODODDODDODOODOOOOO
gooobooooooboooooboooboboboooobboooobobboooboooooban
ugogobobooooobooooboooobobbooobboooobboooobbooooonan

10

20

30

40



OOoo0oo0ogao
O 0oo0oo0oo

O

O
O
O
0
4

a
O
O
t
u

140

) JP 2016-165295 A 2016.9.15

ooooooDDoDOoOO0OO0OEXPODOOOOOOOOODDOODOEPODDODDOOOOO
gooooooboobobooooooooobboboboooooooobobbooooo
goooobOoboboboooooooobODbO0ob0D0ooooEXxpPooooooooOao
oooooboboooooooooboao

0

ReOO O OODODDODDODDODO0DO0OO0DO0DO0OO0OO0OO0ODDODODODOOOoOOoOOoODDODODOOOan

O

Ooooogooogoodg
Oooo0Ooooo0oood

490

I e e e s [y e s [ [ |

O
|

O

< [ oy o

O

O
OoooooooQgdg

OOooooogogg
OOoo0ooood

0O 0O 490

O

O Ooo0oooao

TO

O

O
OO0 oooooggogao

0

v4aQ

v4Qd

CPAODDDDDODODODODUODUODODEPOOODODDODDDDODODODODOODOODDDOOOOO
00o0o0D0oDoD0oo0o0Do0oo0DooDo0ooDoDOo0o0o0Do0oo0Do0DoDoDUooDoODOooODo0DooDooODDoDOan
0 O O reproductive toleranceD 0 0000 OOODO

Oo0ooao
pMON1416190 pMON14286200 pMON129221[0 pMON1292050 O O pMON1292120 0 O 0 O O O O
0 0CP40 O O O O EXPO O EXP-ANDge.Ubgl:1:80 0O O O O 80 O EXP-ERIra.Ubql:1:80
00 0 270 O EXP-Cl.Ubqgl:1:100 O O O O 980 O EXP-Sv.Ubql:1:90 0O 0O 0O O 1330 0 O
EXP-Zm_UbgM1:1:70 0 0001410 0000 00000000010 000FRO00000

ugogobobooooobobboooooobooooobobooooboboooooboboogadao
ooobDi1c0b0rRO000200000000000vV4O0O00O0OVEOOODOO

goobooosooggooboboooobboooooboogsgogooboboogao
OoOO000O0o0O0O0oDOoo0O0oO0o0O0O0oD00Q0DOOD Roundup WeatherMaxd O
OoOO0O0O0O0o0O0O0ODO0Ob00O0O11.5a.e/00000a@.e.00000000OOC
0100000000000 00DO0OO0DOOO0OO0OO00OO0D0ODDO0ODA490 Veg Tol

O

goboboooobbooooobooooobobooooobooooooTo
gboboboboooobboooobooooobobooooobooooboad
gooooooboobooooooocobobbobboooooooooobooboao
gooboboooobboooooboooobboooobbooooboboDboo
490 Repro TOID OO OO ODOOODDOOTOOOONODODODODOORO
veOooooooooooooobooooooooobbobooodo

TOOOOoOoODODDoOOoOooONTODOOooDbooooDbaDo
vebOooooooooooooooooooooooobDbao

10

20



(78) JP 2016-165295 A 2016.9.15

Ooooao
TFREI Ko B 7 Veg Tol | Veg Tol | Repre
YA RF I B EXPEL 7l &5 =4 v V8 Tol
EH1 T T NT
T E2 T T T
E h) T NT
=& T T NT
PHONL4L619 EXP-ANDge., Ubgl:1:8 3 s 1 1 1
BHE i T NT
T ET T T T
&y 1 T T 10
E59 T T NT
ik 1 1 T
R T T NT
TE T T T
% 4 T T "
PHON42867 EXP-FRIra. Ubgl:1:8 27 EEHS T T NT
&6 1 i T
BT T T NT
kel o f T T T
E50 1 T T
EH] T T NT
EE 3 1 i NT 20
=D NT NT T
pHON129221 EXP C1.Ubql:1:10 98 Wy NT NT T
BEHE5 ) T NT
=& NT NT T
HRT 1 1 I
=% NT NT
FH2 NT NT NY
El 1} i NT
pMON129205 EXP-Sv. Ubql:1:9 133 = NT NT
D NE N NT
TG N NT NT
BET NT NT NT 30
T a T 1
FH2 1 T
FEH2 T T
LSy T T
aoe oy L EHs [l l
pMONLZ9212 EXP-Zm. UbgM1:1:7 141 o " n
By T 1
i 1 1
ki3 1 T
ZRU 1 T
Oooooao 40

OD0O0O0490 00 0 0O EXPO O EXP-ANDge.Ubqg1:1:80 0O O O O 80 O EXP-ERIra.Ubql:1:80
OD0O002700 0 0 EXP-Zm.UbgM1:1:70 000014100 00cCP40000000DODOO
goooooooboogooboooobobbooobbobooobbooobboooobnn
OOO0C0CO0OO0O0O0O0DODDOEXP-ANDge.Ubgl:1:80 0 0008 O DOO9OIDOOODODOO
40 0 0O O EXP-ERIra.Ubgl:1:80 0 0 0027000090 00000CDO60000D00OR0O
ooooDbDDbOO0OO0DO0oOooooooDbDDbDOO0OoOoo0oooOoDboDDbOOOEXP-CI.Ubgl:-1:100 0O
oooboesnboopooooooobbboboooooobooobobbobbooooooboooDboo
OCODO0O0OO0DO00O00DO0OD0DO0OOD0EXP-Sv.Ubgl:1:90 00001330 0000001000
OoODOoo0oo0o0oo00O0oDO0oo0O0DO0Ob0O0O0DD0oO0ODb0O00OO0O0OD0OD0DODEXP-Zm.UbgM1:-1:70
uogbobwmiooooobooooobooooboboooobboooobooooobobooao 50



(79) JP 2016-165295 A 2016.9.15

ooao
150 00030 00000/000000000000D000COOOOODOOOADO

0000000000000 O0OO0D0O0O0D0O0O0DDODO0OD0DOO0D0DOO0DODOO0DDODOoOOOaO
0000000000000 00/000000000000000000S5"-AG-3
0030000000000 0000GUSO0DDO0O0O0O0OEXPODOOOODDODDODDOD
00o00000000000D000D0O0O0DO0DO0D0DOD00DO0OO0DoDO0OO0oDO0OO0DoODOoOOoDoOoOoao
2000 0000000000000 00O000O0D0OO0

000000 10
oeus0 00 0000000000000 O0D0DODO0O0O0OO0DO0DDNDDODO0OOO0OOoDOoDOoooOaOn

000 T-AGRtu.nos-1:1:130 0 00 01270 3"UTROS5 0 00000000000 OGUSO
000005 0000000000000 000/0000000000000O000&5"-
AG-3"0 00000003 0000000000000 0D0D00D000DDO0Ss000000

L I sy s [ |
O Ooinooo oo
o B

0o0ooos"00o0o00o0ooDooooooodaolLL-Clolbgl-1:1:100 0 0 O 810 O 5*
00000O000D0D0AO0dCoix lacryma-jobiO OO OO ODODOOOP-CI.Ubgl-1:1:100O
goosogoooOooOooOoooooso00boo0oooboobooooooooooOoaoOonOas3stgao
Ooo0oooao
goso00o000o0oOoO0oO0o0DbOooo0oobo0oOooo0oo0obOoOoooo/Z000O0Oo0OboOOOano
O00000000b5"-AG-3"0 0 3000 20
Oo00o0o0oao
3 AT A AIRAG
FHERAIF LRE BHEOA a3
DA RFI b EXPECHY #FE | 4o ERE X2 VFAFR
1CLUbgl 31116
oMONT49889 EXP-C1. Ubql 11110 98 (i 41 #5591) GIe
I-C1 Ubgl~1: 107
DMON 146795 EXP-C1, Ubqt:1:18 99 FEEHFE92) GIG
I-Cl.Ubgi-1:1:8
oMON 146796 EXP-CL. Ubqt:1:19 100 | (EEHEE101) GG
I-Cl. Ubgl-t:1:9 30
oMONT46T97 HXP-CL, Ubqgl:1:20 102 | (@52 103) GAC
T-Cl. Ubgl-1:1:10
pMON148798 EXP-CL. Ubgl:1:21 104 | (EEHIE105) ACC
-0 Ubgl-1:1: 31
oMON 146799 EXP-CL. Ubgl:1:22 106 | (FEFIESI0T) GGG
{—Cl. Ubgi-1:1:12
oMON 48800 EXP-CL. Ubgl:1:23 108 | (EFIER109) GGT
I-Cl. Ubgl-3:1:13
oMON 146801 EXP-CL. Ubql:1:24 110 | (EEFIHEELLD) CGT
I-C1. Ubgl-1:1:14
PMON 146802 EXP-CL. Ubql 1125 112 | (EEH&ES113) 161
oMON25455 EXP-0s, Aci101:9 179 R
EXP-CalMy. 355 40
pMONEE328 enh+Ta. Lhebl+0s, Actlz izl | 163 AR ER
Ooo0oooOooao

oooooboobooOoooooooooboobobobooooooooobobobobooooeusDooooOoan
ooocoobObOoooooooobobOooosxooocooobobobobooooooooobooao
goboboooooboboogooboooobDbooeust OddRwued 0gooao
gosiooooooboooooboooboobooooboboooooboobooooboooooonan
GuUSO O O RLucO



(80)

JP 2016-165295 A 2016.9.15

Ooo0ooOoao
e momis oA

YRTTA

A SRATAGIE

BoOL2 b

sy IRR GUS/ GUs/

EXPEI3 7 LAFF | EHGUS | TERLue | Rlue | FBHGUS | EHRLuc | Riue
FXP-Ci. Ubgi:1:10 GTe 140343.0 | YS8T0.75 | .50 | 40906.25 | 1738175 | 2. 35
EXP-C1. Ubqlit 1018 GIG F48106, 25 | 60585, 25 | €. 86 | 58700,00 | L7RUS 75 | 4. 17
EXP-C1 Ubgli 1019 GU6 PABA06. 89 | HBSR9.TS | 154 | 4321190 | 17332.50 | 2,44
EXP-CI. Ubqgiz1:20 GAC 1AR110, 83 | 10478542 | 132 | 3171550 | 17953.75 | 17T
EXP-CL Lhqit1:21 ACE LATU06, 75 | 72519.80 | 190 | B4164.17 | 17772.83 | 2,05
EXP-Ui.Ubgi:1:22 GGG PAT306. 83 | 92643.42 | L. 4% | 55198.25 | 1447675 | 5.81
EXP-C1.Ubgis1:23 GGT 144085, 50 | ©4351.25 | 2.24 | 43008.85 | 1391150 | 3,09
EXP-C1 Ubgis1:24 CGT PAZ06E. 50 | 65884.00 | 2,16 | 5121080 | 15041.00 | 3.40
EXP-C1, Ubqitl:25 TGT PAGIES, 60 | 81249.50 | 209 | 4957775 | 1534825 | 3,23
EXP~0s. Actir1:8 | #EACAIHIIE | 347665, 25 | GB835.50 | .57 | 1O830.95 | 17716.50 | 0.81
EXP-CaMy. 358-
cnh+Ta, Lheb1+0s,
Actliitl ReacnIHliE | 4983370 | 41968, 75 | L. 21| 1559883 14877.50 | 1,05
Oo00o0OooOoao

OO00O0O460 00 O Coix lacryma—jobiO OO DO DOEXPOODODODOOGUS/RLucOD OO DO OO
200 00 00 0O EXP-Os.Actl:1:90 0 O O 0O 1790 O O O EXP-CaMV.35S-enh+Ta.Lhcbl1+0s.
Actl:1:10 0000163000 00C0CODODODOO0OOOO0OOOS2O000000

O O 520 EXP-0Os.Actl1:1:90 0O 0O O O 1790 O O O EXP-CaMV.35S-enh+Ta.Lhcbl1+0Os.Actl:1:
1000001630 0000000000 Coix lacryma-jobiOD OO DO OEXPO O ODOODO

Ooo0oao
[k =Ry o A
Y ASGA EXP- EXP-CaMV. 365 EXpP- EXP—CaM¥. 365-
RERAYAGIEE | Os. Actl:1: | enh+Ta. Lhebi+ | Os. Actl:1: | enh+Ta. Lhchi+
BOALT | QRHLT | OsActb I | QLT | 05 Acti iz
w3 R | BEREL L | e LOEEREME | EiME LR | W LTI R
EXPELSE ZVvFFFR GHS/RLuc L 76US/RLue GUS/Rluc L7AGUS/Rluc
EXP-Cl.Ubgl: 116 GTC 2.61 1. 24 3.85 2. 24
EXP-CL. Ubgliit 18 GTG 4.13 1. 86 5018 3. 02
EXP-CL. Ubgl: 1118 GG 2.69 1.27 4,07 2. 38
EXP-C1.Ubgl 1:20 GAC 2.30 1. 08 2.89 L. 68
E{P~Cl, Ubgl:1:21 ACC 3,32 1,57 4,99 2. 91
EXP-Cl. Ubgl: 1122 GGG 2. 59 1.23 6. 24 3. 64
EXP-CL, Ubssl: 1723 GGT 3.91 185 2.06 2,95
EXP-Cl. Ubgl:1:24 CGt 377 178 LY 2085
EXP-Cl.Ubgl:1:23 TG* 4.01 1.80¢ 5. 28 3. 08
EXP-Us. Aethob:B | HERRATNIHA 1.00 0. 47 £.00 0. 58
EXP-CaMV. 358-
enh-Ta. Lhebi+0s,
Aetlill i lpAinbayic 2011 1. 0 172 1. 00

OO0O0O000O0Coix lacryma—jobiO OO ODODEXPOODODODODOODODODOOD

gooodaad

0ooaoos2o

gooooooboboogoooboogoobaoD
gooboboooooboooooooooooanb
ooocooObOoOoboDoooooooobooooo
oooooDODbO0O0os"-AG-3"0 0000300
ooobooDbi1020000000000G6USOO
O00000O0EXP-CI.Ubgl:1:200 0 OO OO

gooboooobbooooboooonnb
UEXpUOOODOOOOOOOOODOOOO
ocoooooooovsobOOO0OO0OODODOOO
O0000O0DO0OD0DOOD0EXP-Cl.Ubgl:1:20
ooobDDboceusCODoOoOOoO0oDO0oooooao
O/000000000000000D00ODS5"-AC

10

30

40

50



(81)

JP 2016-165295 A 2016.9.15

-3"0 000003000000 00058™-6GAC-3"00000D0DDODOO0DO00O0OD0DEXPO
ooocooobooboooooooooobobbobooooooooobobobobooooooooobooao
OOOOOORNAODODODOODOGUSODOODOODOOODOEXP-Cl.Ubgl:1:200 00O O O 10
200 00 000000mRNAD D 1000 DD O0O0O0oDOoOO0ooobboooobboooDbab
ooocoboDDbOO0OO0DO0DO0oo0oU0OEXxpPoOooooeGusioooooOOmRNAD OO OOOODOOO
ooocoobobOO0oooooooooboobob22c00b0000000O0OOD0ODDODDbODOOOO0OOO
ooooDDoOO0OI1-Cl.ubgl-1:1:00 000010300 00DbDOOO0OO0OO0oOoOOs3 OO0
5°"-GAC-3"0 0 000uogo3"cooobboooooooooobbboooooooboooDoDboaon
ooocooobooboooooooooobobboboooooooobobobobooooooooobooao

od
gaoogao

0

g
a
dofdile00000000000D0D0~O0
O

ooobODbOO00oDo0oooooobObbboouoooooobbbOb0oO0oOooOoo?20e0o90 1101
30 150 170 190 230 260 280 300 320 340 380 400 420 460 500 560 600 640 660 700 7
40 760 780 800 840 860 880 9100 96 D O 1350 0 0D OO0 0 0000 OCOODOOOOOO0

0000000000000 DODoOOoOS" 0003000000 o0boDOoOoooDoDoDoOoOooan
00000 bDOO0oDoDO0obOO0ooDOooODOoboDOooDOooDOooDOooDOooOobs"0o0DoOo3"0o0Dooooaaan
0o0o0oooo0ooDoDoo0oooDoDooo0DoDoDoo0ooDoDooooDoDooooDoDoooonan
000000 o0oo0ooODoDO0o0o0ooDoODO0oo0oo0DoODoDO0oo0o0ooDoDOoOo0o0bODoDOoOooOooDoDoOoOoOoonoan
00000000 o0OD0o0DO00o0DoDoODO0o0o0DoDoD1IboDO0O0O0DODDOoOOo0O0oDoDOoDOooOoDbDoOOOd
0o0o0ooo0ooDoDoo0oo0ooDoooo0DoDoDoo0o0ooDoDooo0oDoDooooDoDoooonan
00000000 TATAOOODDODOOODDDOOODDDOOODODDOOODODOOOOO
000000000000 0D0DDODOOO0TATAUOOODDOOODDOOODDOOOODRO
TATAUOOOOOOODODODODOODODDOOoOOoDoDoOoooDoDoooooooooooooag
0odooo0o0ooDoDoDOo0oooDoooooDoDooooDoDooononoP-Chl.Ubgl-1:1:100
000000 O00D0D0OE-CI.Ubgl-1:1:1000008QUIO0DO0O0OOODODOGO
oooooad
0o0o0ooDoo0o0ooDoDoo0oooDoooo0oDoDoo0o0ooDoDooooDoDooooDoDoooonan
0000000 o0DoDoo0o0o0ooDoDooooDoDOoOooooDosS* 0003 0o0oDoDooooan
0000000000000 DODOD0DO0o0DDDODO0OO0o0DDDOoOO0oO0DbDODDODOOOD0DS*000a3to
00000000 oDoDo0oo0ooDoo0o0o0DoDoDoO0o0oDoDoo0o0oDoDoOoooDoDooOooOoonoan
0o0o0ooo0oooDoDo0oooDoDooooDoDoOooos" 0003 0co0o0oooooonan
0 I A A o A 0 A A 0 S S R R M AC R W AW
00000000 oDoo0i1b000oDoDo0o0o0oDoDOoo0oo0oDoDoOoo0ooDoDoDoooDoDoOoad
0dooooo0oooDoOo0oooDoooo0ooDoDooooDoDooooODoDooooDoDoooonan
000000 ooos5" 00030 00o0ooDo0oo0o0ooDoDOoo0o0booDoOoooDoDooooan
0000000 oDoDoo0oo0oDoo0o0o0oDoDo0o0oDoDOoOoo0oDoDoOoooDoDoOooOooaon
00000 boOOooDOoboOooOobs" 00030000 oo b0 b0 oo boDOooDooDooaoan
0o0o0ooDo0o0ooDoDoDOo0oooDoOoooooooeUusoooDoDoooooDoooboodd
0000000 o0DoODo0DO00o0oODoODO0oo0oo0DobODoDO0oO0o0DoDDOoOo0o0DbODoDOoOOoOoDbDoDOoOoOonOan
booobdoOoooobooo0o0oOoooooDoOoO0O0OA. tumefaciensi 000000 OOA.
tumefaciens 0 000 O00O0O00O0OOO 3"UTRO T-AGRtu.nos-1:1:130 0 0 O 0O 1610 0O O
0000000000000 DODOOO0O0O3"JTRO T-0s.LTP-1:1:10 000 0 17500 0 O 0O
00000 bDOO0oD0DO0ob0OO0oboDO0oboOOobODOoboDOooDOooDOoboDOobooOoeUus-200 0001600 00O
0o0o0ooo0oooooeus-100o0o0gi1s90pB -0 0 oooDooooaeUsODoooonoano
0000000 0DDoDD0DO0OZ.maysOHSP7OO D OO ODODDODOOODODDODOOODODOOOOOIN-
Zm.DnakK-1:1:10 0 0001440 000000000 O0DODODOOOODODOOOODODDOOOO
000000 o0ooDoDoDo0oo0ooDooo0o0oDoDoo0o0oDoDooo0oDoDooooDoDooonao

ooocooOobooOooooooooobobooooo
ooocoobODbOO0OO0oooooooobobooooao

oboi1ljoooooooobobboboooooan
giljoooooooobobbOooooooan

10

20

30

40

50



(82)

JP 2016-165295 A 2016.9.15

uoogooooooboobooooobooooboboboooobboooobboooblobobooan
ooocoobobObOO0oDoooooobOoboboboooooooobobbOoboooo200000000
tumefaciensU 0 000000000 OCDOOODOOOODODOGO
goooooooboogoobooobobbooobobooobbooobboooooban
Agrobacterium0 0 000D O00COO0OO0OODOOOCODOOOODODOODODOOCDODOOOODO

oooobDDO0O00oA.

0

oo ooooQgogoo
OO0 oooogg
Ooooooogdg
OO0 ooooggdg
Oooooooogdg
O Oo0oooao

O 0Ooooo

O

oo

goooooobobobooooooooobbobooooooooobobbooooo
goboboooobobooooobooooboboooobbooobboooobonn
goooooobboood

go

gooboooobobooooboboooobbooooboboboolmoooobno
oooooobOobbooooooeusbogooooobobooboooooonn
gbiwgooboobooooooboooooooooobioobooooboboad
goooooboboboooooooooboboooooooobobbooooo
gooboooobobooooboooobobbooooboooobbooo
inodooobooooooboboooboboooooboooobboooooooobobooOoan

ooocooboobooboooooooooobobbooooooooobobobobooooooooobooao
goooooooboboogoobooobbobooobobooobbooobbooooboao
oooooooooan

ooocooao

o017y 00ogogooooboboooggogeusiggdoooooonogan
oogooooooboobooogoobooobobboooobbooT-DNAD O DD O OO0oDbDbOOo
ugogoboboooooboouooboooobobbooobbooooobboooobboooooan
ooocobObOO0OO0oDooooooobOboboboooooooobODbbOobOoDOoooocP400nOnn
gooooooobooooboooobobbooobbooobbooobbooooboan
goobobooooobooooobooobobobooobbooooboboooobobooooonan
ooocooobooboooooooooobobboboooooooobobobobooooooooobooao
goooooooboboogoobooobbobooobobooobbooobbooooboao
goooooooboooobooobobboooobboooobboooboboooooan
uygobobobooooboboouogouoboouobobbooouobbooooobooOoasuTRUODDOOO
ooocoobobobooooooooobbbooooooooobbobobooooooooboao
gooooooobobooogoobooobobbooobboooobbo0oobbbs uTRO O
gogobobooooobooooboooobobobbooobboooobboooobboooooan
ooocooboobooboooooooooobobbooooooooobobobobooooooooobooao
gooooooobbooobbooo

gooooaad

OoooOD0OD0O0O00000O0A40 70 210 240 360 440 480 520 540 580 620 680 720 820
920 940 1010 1030 1050 1070 1090 1110 1130 1180 1200 1220 1270 1290 1310 1380 14
00 1420 1440 1460 1480 1500 1520 1540 1560 1580 0 0 1820 0 0 D O OO OO DD O
gogbobooobNAOObObOOoouoboboooobboouoobbooobOooOddddDNAD DO
ooocooObObOO0oooooooobODbOoO0OodcebDNAODODODDODDODDODODOOOGOOOODDOGO
gooobooooobooboooi1ogobooooboboooobboooooboooobboo
gooboboooooboooaswirRObOboooooboooiloooooooobooooooan

\/s00000000OO0O0CDODOOCOOOO0OODODODDODODODOODODODDOODODODODODODO

goooobooobobooooooooooobboboi1cobbopbo22c0bObbboooOoOoO
ooooboooboboobooooooooboobobbbooooooogsscbobbobooooo
gz2000ooooocoobobbob0oooooooosbboooooooooDboan
0
0

O o0Ooo0Oo0oogao
OoOoo0oo0ogao

O o0Ooo0Oo0oogano
OoOoo0oo0odgao

O Ooooo

O

oooobObOoOooooooooobboao

gooboobioooobobbbOobooooooboosooobooobobbooooo
10 003WTRODOODEODODODODODODOOOOOODODOODODODOODODODOoooOoooooOOanO

10

20

30

40

50



(83) JP 2016-165295 A 2016.9.15

ooooobDbooogogcechosooooooooboboboooooooooeBOOsS"0boDbDOO
ooocoobobOOOoDoooooobOoboboboooooooobDbAODDODDDOOOOOOO
ooobz2ooooobObbOO0oO0oooooosgUoooooboboboOoooz2b0003TuTRO O
gkKboooooogoobooobobooooJyuobobooobbooo2o0b0bO00

OO0 00O60o0Oaood
Oooo0oogoogood

oboi1ljgooooooco22o0oo0ooobobcOos0bbboooooboooobobood

oorOOS"O0ob0coOobODDbO0O0DO0O0o0oo0o1loooooooobbilcocoobobOoO0OOn

goeuos*booooobobooooobobooooobboooooboooobDbooobE
ooooobobooooooos3sooooocoobobbooooooosgoooooooao
g3 og3viROODOQuOO0Oooooooobboooooooooobo2co0000
pOOS™ 000 o0obOOOoOO0oOoobObODOoOooOoboboooougsbboooboboooobnob
oobobooo0oi1oooobooNoOosTobboooboboooobobboooboMaoDnbos

uogobooooobboooobboooooboooobbooooobo0oLboooboboOoo

oooOao

O Ooo0oooao

0

ooobObOO0o0oooooos3sgooooboobobboi1c0b00b000002000000000
goooboooooobooooobooooboooobobooooboboooobbooao
gogoboboooooboodoogouoboooobboooobobooooobooad

000040 70 210 240 360 440 480 520 540 580 620 680 7200 820 920 940 1010 103
1050 1070 1090 1110 1130 1180 1200 12200 1270 1290 1310 1380 1400 1420 1440 146

0 1480 1500 1520 1540 1560 1580 0 0 1820 0 0 0 D O OO O0DOODODOOS000O0O0OG
gooocooObOoo0oo3*0o0oan
ooooobDDbDoO0oo0oooooan
360 440 480 520 540 580 620
30 1180 1200 1220 1270 1290

60 1580
a

OooooooooooogQgog
OO0 Do oDoo4gogogooog
OO0 oooooogoogooo

OO0 0o oDoogogoooodg
Oo0ooooooooooogooQgdg

ooo
efaciensl
ooooao
ooooao
ooooao
0 540 580

220 1270 1290

bebO0OoODO0OOOOODODODODODOOOV/ZOODODOO
Oo0oo0oDDOO0OO0O0O0o0oo0oo0ooOoODDOaO0an 7O 210 240
680 720 820 920 940 1010 1030 1050 1070 1090 1110 11
1310 1380 1400 1420 1440 1460 1480 1500 1520 1540 15

gi820 50 0010000200000 0oe6ermboog3roboo4bo 00000
A0 0OOOoOoOoooOoooDOoobogoooooooobDoov/swOoOooOooDO
oooocooobooboooooooooboboboe0bbbb0OO0O0OoooOooooDOO
gooboboooobobooooooboooboboooobbooobbooooobonon
gboboboooobbooooooooooobooooobboooooboboooooan
gbboboououobbouodgbobORNADOOOOODDOOOODLDOOOODOOO
goooooObobobooooooooobboboooogos"ooeGrbbbbooogod
UOATODDOO0O0DDDOO0OAD0DODODODDODO0OO0OODDOOO0ODDOS3 "0 D0OAGHO
ooooesooooooobobbbooTecboooobbbOoOoOoooooooDoDao
goooobooboboboooooooos™bboo3"ooooooobobbooooo
goobooooobboogoobao

t
gooooooboobobooooooooobbobooooooooobobboboooao
gooboooobobooooobobobooooboboooobbooobobooooobono
gboboboooobboooooooobbooooboboooobDboOogA. tum
ooooboobODbODb0O00038TUTRO T-AGRtu.nos-1:1:130 0 0 0 0O 1610 0 0 O O
goooboooObobobOooooooboobobbbooeus-2000 0016000 000
goobooecus-aoooDbDDiko0p -0ooooobboboeuscobboooOogoo
oooooobOoO0ooooooooDbDDbDO0OO0oa4an 70 210 240 360 440 480 52
620 680 720 820 920 940 1010 1030 1050 1070 1090 1110 1130 1180 1200 1

1310 1380 1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 O O 18

200000500 000000ODODDDOO0OO0O0O0ODOL-CaMv.35S-1:1:1500 0 0 0O 1770
os" 0000000 DOO0O0O00ObOO0O0DDOoDO0bODO0OO0O0O0ODO0ODODOD0OOP-CaMv.35S-enh
-l:1:900O0O0OD0O1veCODODOODOOOOOOODDOOODODOOOOODDODOOOO
oooooboboooooooooobbboooooooooDbboboooooooooDbOoo
ooobcz22oooooobobboboooooocobobbboooooooobobboooooonb
ooocooboobooboooooooooobobbooooooooobobobobooooooooobooao

10

20

30

40



e e e Y Iy

Oooo0ogogood

Ooo0oo0Oo0ooobd
Oooo0ogoood

O

OOoo0ooooaoo
O 0O0o0ooooaog

O

(84)

JP 2016-165295 A 2016.9.15

ooobDDbDOoOO00ooooboboboeusboooDbDDbOO0OOoDOooOooOooODDoeuso O
oooo0ObODbOO00DO000O0ZeamaysO HSP7OO OO OO OOOoGOooOooOoOOOO
I-Zm.DnakK-1:1:10 0 0001780 0 0 000000000000 OOO0OGO
gogooboooooboboooobooooobboooboboboogoobobogoao
uogobobooooobbooooobooooobbooooboobooooobbooado
ooooOao

40 70 210 240 360 440
1050 1070 1090 1110 1130 1180
1480 1500 1520 1540 1560 1580

480 5200 540 580 620 680 720 820 920 940 1010 103
1200 1220 1270 1290 1310 1380 1400 1420 1440 146
o180 0 o0ooooobooo0ogooboogoobao

ooobDDbObOO0ooooooeusbgoooooooDbDaO

OO0O000O0D000D0DO0OA. tumefaciensD O OO O0OO
Oo00O0D0D03"WTRO T-AGRtu.nos-1:1:130 0 0 0O O 161
oooboooobb0oogboeus-20 0000 1600

Gus-10 00001580 p -OO0O0O0O0OOO0OOGUSODODOO
ooocoooOoobooooooooobooOosooooooboao
aMv.35S-1:1:150 0 0 001770 0S80 00 0000DODOO0O0O

OO0O0000D0OP-CaMv.355-enh-1:1:90 0 O 0O O 1760 0 O O

ooobDicoo0O00000
iDoooooooooobao
oooDDDbOO00O0o0oo00oaoO0ag
ooobODbOO0o0oooo2000
ooobODbOO0O00o0oooooao
oooDDDbOOoOO0oooooooao

gooooooboobobooooooooobbobobooooooooobobbooooo
gooboboooobobooooooboooboboooobbooobbooooobonon
oooboboooobobooooobooooooboobooodao

480 520 540 580 620 680 720 820 920 940 1010 103
1200 1220 1270 1290 1310 1380 1400 1420 1440 146
1820 0 0 0 D0 O0OoooOOOOO0ODO0O0Oo0ooOooan

O 0Oo0Oo0ooo
O0Ooo0oooaoo
O 0Oo0oooo
O0Ooo0oooaoo
O 0Ooo0Ooooo
O0Ooo0oooaoo
O 0Ooo0oooo
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooaoo
O 0Ooo0oooo
O0Ooo0oo0ooao
O Ooo0oooao
O0Ooo0oo0ooao

ATGOOOoooooboObbooooooooooboao

O0Oo0Oooo
OOoo0oooao
O0Oo0oooao
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooaog
O0Ooo0oooao
OOooooao
O0Ooo0oo0ooao

OJ
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O

oo0ooDoDoOoooooooooao
ooooDoDoooooooooao

O A. tumefaciensO O 00O 0O 0O O
oo0o0ooDoDo0oo0oooodooooao
ooooDoDOoo0ooooooao

oooDoDoDOooooooao

I o o e A R O Ay B

ooooDoDoooooao
Oo0poDoDoODO0O0oO0oOoooooDoDoDOoooooooooao
Oo0DoDDoODO00O00oooooDDoDOoooooooooao
000000000 odoooDoDoDUOoUooOooooooao
Oo0o0ooDDoDO0O0oO00oooooDDOoDUOUoDoOooooooOao
OO0D0DDD0DO0OO0O0O000A. tumefaciensi O OO O0OAO
00000000000 ooDoDoDUOUoOoOooooooao
Agrobacterium0 0 0000000 O0QOO0OO0ODD0DO0OD0DO0DO0OOOOODODODODOOOOOGOOO
oooao

oooao

oo0ooDoDoOoooooooooao
ooooDoDoDo0ooooooao

Oooooa0o

000040 70 210 240 360 440

1050 1070 1090 1110 1130 1180

1480 1500 1520 1540 1560 1580 0O O
0000000000 o0oooDoODOoU0oo0DOoOooooooOao
Oo0o0oo0DoD0O0O00oooooDoDOoDUUoDOoOooooooao
Oo0poDoDoODO0O0oO0oOoooooDoDoDOoooooooooao
0000000000 o0ooDoODOoO0o0oOoOooooooao
0o0o0oo0DoD0U0O00dodoooDoDoDUUoOoOooooooao
Oo0o0ooDDoDO0O0oO00oooooDDOoDUOUoDoOooooooOao
oooDDOoDo0oOoooooooooao
00000000000 ooDoDoDUOUoOoOooooooao
Oo0o0oo0DoD0O0O00oooooDoDOoDUUoDOoOooooooao
Oo0oDoDoDo0o0oo0ooooooDDoDoDoOoooooooooaon
0000000000000 DoDOoU0o0DoOooooooao
oo0o0ooDoDU0U0O00dooooDoDoDUUoDOoUooooooao
Oo0poDoDoODO0O0oO0oOoooooDoDoDOoooooooooao
OooDDoDOoDo0oooooooooooOoao

ooooao
Oo0o0ooDDoDO0O0oO00oooooDDOoDUOUoDoOooooooOao
Oo0oDoDoODO0O0oo0oooooDDoDOooDoooooooao

10

20

30

40

50



(85)

JP 2016-165295 A 2016.9.15

ooooobobooooooooobbbooooooooobbobobooooooboooDbOoo
ooocooobooboooooooooobobbobooooooooobobobobooooooooobooao
ooocoobobobooooooooobbbooooooooobbobobooooooooboao

gooooooaob

FACTCGCATTATCGRTGEAGGAGTEGRTTTAGARCCCTEARARC TRBTACTGTITC

TITCGTTTGTITGTCGTARATAT AT TTACTATGHT

GAACTGARRAACACTGTAGCAL

CTRRCTAGGCTCARRAGAATCETUTCACRATETACATC TAAATTATG
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CTCGTTACETTTGECACARL T TAGT TGARTI

CGTTACRTTIGRN TAGTTGAATCCRG

GTTATTGGGACATTATACGTAGEA

CAAGTTATTGEGACATTATACGTAGGA

AGCAAGTGTATRAT:

TTAAGATG TAGRATAAACGGTATGTAAR T TTATAGEGAGTOATAGAS

ATAGAATARACGUTATGTAAATTIATAGCGAGTGAT,
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TCGIGCAANTLY CTAGE CTGIGAGEA

AGTIGT

TCGIGLARATTICICTC TAGG TG I GIGTGTGAC TETGTGAGTARCRATTICTL
- AGTTET

TEGTGCARAT TICTCTCTAGG TG TG TG TEACTO TG TBAGTARCAAT T LCTCTAGTEGT

GUGCBACTECTGCT TACTTTGGAGAT TACAATATC I TCTARAR TGO T TCGAT TACTTAT

GCOCGACTGCIGCTTACTITGOAGAT TACAATATC TTICTARAATGC I TCGAT TACTIAT
GUGCGACTGCTGCTTACT TTOGAGATT: ATCTTICTARARTGCTTCGATTACTTAT

TTATARMCCGTCTC TARGRCCARTTEC TCAAGATTCATTCARCART TGAARCGTCTCACA

TEAT

ATCATATAMAGTTTCTARGTCT FETTTGACAAGATTT T TTTAGAT T TTCATCT

TARATCATATARRGTTTCTARSTCTTGTI TEACAAGAT TTI T TAGRTTTTCAT
TEATTARATCATATARAGT TTCTARGTC TTGT T TEACARGATTITTTTAGATT TTCATCT

TEATTAARTCATAT: IO TAAGTO TG T T TGACAAGAT TTTTT TAGAT TTTC,

ARBTTGOATGAAACTATCARACALTARTITT:
ABATIGGAT LT CACTRAITT

ARATTGEATGAAACTATCARACACTAATTTTAA

s TOCTE

PAGGTCGTCTATETTATTATAAGAGTARAGTCGTCTATTCTOTTCGTC
ARGGTOGTCTATET TATTATABGAGTARAGTCHTC
ABRGETCGICTATGT AT TATAAG

CRACATATATA

TOTCTTCGTLCCRACATATATS
TATTCICTTE C TALS

GTCTATGTTATTATARGAGTARAGICOTC TATTCTCTTC!

GAGATTCTCGARGTICAL CGCCTCGTTGTCAACGEGART TG TTALY
GAGATTCTCGAAGTCACTATTAGCH! GTTGTCARCEAE GTCGCTTAC
GRAGATTCTCGAAGTCACTATTAL CCTCGTIGTCAACBUEAATSTCELTT
GAGRTTCTCOARGTCACTATTAGCGCCILGT TETCARCOEGAREGTUGC TTAL

GICARCGEGRATETCROTTACE

GAGATTCTCGAAGTCACTATTAGCGC GITGICAACGGGAARTGTCGCTTACCACTTAA
CRTAACGCCGRGAARTCCCGTARTARATC TACGAGCACCCOTGCCAAGTT
AGCATARCGCCGRGABATCCCEH A ARG T GRGCACCCGTECCRAGTT

BATAABTCOAGTARBATACGAGUACCCGTHCCARSTT
COTAATAARTCCAGTARAATACGAG 5
OO ART A . .

_—— . o

GAATATTIGAACCCBAC TAGAT ABGGACCTAAC
GAATATTICAACCCGAGTGEGTAGATTCCACCGUARAGGACCTARCCAGATCATTICGCA
GAATATTIGARCCCGAGTGRETAGATTCOACCGE: ACCTRACCAGRTCATTTCECA
GAATATTIGAAC STGGGTAGATTCCACOBCARAGGACCTARCCABATCATTTOGCA
GRATATTIGAACS GETAGATTCCALCGUARRGOACTTAACCAGATCATTTCACA

GARTATTIGAACS! ACCGCARAGOACCTARCCAGATC

GGAAL [ETAC
GGARGCCCCTACTETS
GORRGCCTCTACT T TAGH
GGAAGCCCCTACTET,

GGRAGCCCCTACTETAGGTATAARATGUAATAC TAGTGHAGCTCC TARATARAL TTCTAT
TTTTCATOHCCT IO TABART TCACTCCCADACCCOTAGC TATAGRAGTC TC TR ATCCATE

TTITCATGRCCTICTRRART TCAC
TTTTICATG TOTARRRY TCACTC
TTITCATGGCCTTCTARRATICACTCCCARBLOCC
TTTTCATGGCCTTCTAAAAT TCACTCOCARACCOOTAG
cToee. -

ARACCCC TAT CTTATCCATC
CARBGOCCTAGCTATAG CTCITATCCATC
TAYAGAAGTCTCTTATCCAIC
TATAGAAGTCTCTTATCOATC
TCTTATCOATC

AAGT

GCCTTCTARARTTCACTCOCARRCOCCTAGC TATAGRAS

AR KRR AKX PR KRR TR Rk A D EARF IR

TTTT!

FIG. 1f
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S ACHARAC
GARBCCETEACG
GARRCCGTGACGH

COTCTY
GTTCCGOCTCOTCTC

TCUARGTLLGTTICCGCOTCOTUTE 5 ACCGTEACG
B

TATAAZ
TCTCCOHCOGCTATARATAGE
TETCCCGOOGETATARATAGS
TCTCCOGCCHCTATARATAGS
GGESGAT CCCCTATABATAGT
GEGEGRT T ATARATAC

G

=

CAGCCCCATCOLCAGITICT
CAGCCCCATCCTCAGOTICTT
CAGCCCCATCCLCABCTTCTTIC
CAGCCCOATCCOCAGCTICTTIN
GOCCCRTC
CAGCCCOATC
CAGC 0

B
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BATCOGGC ATGECAMGT TAGRC LG TAGTGTG:

ACGYGATATLTATGTIGAGAT G
CACGIGARTATT TATGTTGA

STGATAGATEEGCACARBECTTCCTATTICT
2 ACAAGGLTTCCTATTICT

TAARTCAGACTITGTAAGAAL BGEMTTATABGAGABTEHGATAMACCATATAT
ARTCAGACTTT A AAGGALTTATAAGAGARTGGGATAARCCATATAT

CARTGGIBTAGTA
CARTGGIGTAGTATGTLAGTATE

TTARGRT

TARBARA
TAARARY

HCATGECCTGET TARRT TATTAGCCATACCCTARCH
3 28 3 Ci

AGC CAGCT

FIG. 2b
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T
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GTTTGOCCETETETGCCEGCCRAT TACACHT TT TTGCHGTGTCC TCCHACARAR
TTGGCOGTGTGIGCOGCCART TRCACETITI TECRS TG TCCICLTACARDA

GTTTEGCERTGTGTGICHGCCART TACACET T TTTRCEE TG TCCTCOOACAIAL
TTCICCHTTIBECESTGTGTIGOCGECCARTTACACGT TETYGCEGTEITCTCUGATARAA

TTTGCCTTT

TTTGCCTTTT:
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ARARAATGTARTTCTAAGTATGAGTTGTA
ABTTCTAAGTATGAGTT
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TTTCAGRAGTCCTTATTTATATGTGCTAGT TTGOCAGCAC T TARAATCGT TAGAGRG?
g TATATGIGCTAGT ITGGCAGCACT TARRATCGT T

TCCTTATT TATATGTGCTAGT T TG TAABATCGT

TAMAC, GEOTITIE. CHACE T TGAGCCAGAT TEGT TEATGELE
4T GCCTITTCARAACGACC TTERGCCAGRTTAGTTEA RAATTTGAT
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B

ARATACCCTCOCATCE
LUbgl-1:li: SARAETCACGLCC: -y N MJ‘E ; TZ:
JUbqgl-l:1: TOTCTARATECCARGEACGAAAC TEACOLC coacTa R TAMATACCETECO AT
Jubgl-lil A AGG) o POV ST OO O
Ubgl-1:l: o GeCBOTA

c; GIGATTG
COGARCACTGHTGATTG

<Ubgl-dc

TATGCGCRC
GTATGCGCCCE
TATGCECCOTAGE, pc CCGNBETGLIOTTC

P

falale CTGCTG
CGTGECCCTECTE
GTGECCCTECTE
TGO C GETEGTGETGECCOET GCTG
BAR AR RN AR RSN KRR A AR RS R AR AR SR T RA S S EREBI AR YRR AR AN ARTAD AR

P-SETit, Tbgl-l:
B-SETit.

FIiG. 8¢

FiG. 6b

ooooao ooooao

1.Ubglel
GCCAAGCTAGE CAGACGGCUGEAGACGCTEACATCCTTGCCTTGEC60GGCA
GCCAAGCTAGCL: ABGCAGH RGRCGCTACACOOTTGOCTIGREECGEEC
SCCARGC TAGCCARGCGARGE. SGOCGAGROECTGHCACCOTTGECTTGECEIGECH

GLCRAGCTAGCLAAGCGARGCRGAL GAGACGCTGACACCCTTECCTTGRCGGHECA

GICGCTEGTCACTEECTC TRECCC T CACCTCOACCT
TEGCTCGLTGGUTCT T _C(”GﬁGAC‘TTC COGTCCACCTONACCT

GCTCGUTGECTCTGECCCCTICEUBACAGT TCLGETUCACCTOUATCT
PCTCCETCECTGGLICGCTEECTCTGGCCUCTTCGCEAGRGTTCCGRETCCACCTCCACCT

i JATCT STTPICTTTITGCCCTEAR
B CA Ubw;l 131

E~C1,Ubgl~1
P-C1.Ubgl-1

AGAGTGAAGTCATCATCATAT TTACCATOGCGUOCETAGGAGCGCTICG TCGAAGALCCA
AGAGTGARGTCATCATCATATTTACCATS “GCGTAGGAGCGOTICGTOR <

FIGTCBETTICCABCTC
GTETLGETTTCCAACTECBTT
GTEICEGTTTCCARCT
BTGTCGETTICCARITCCETICCELLTT GALT TCET

GTGGGALTISTIOCH
CGOCTICOCRTEAGACTIOTTCCRTT
STTCCGUCTTOOUE TG TTCCE

CATATTTACCATGECECECGTAGGAGCGOTICHTCGARGACT

AGAGTGARGTC

TGETTHITTCCTGTTATETAATATCEGAT GEOG!
ke GGTACTCE TEGTIGTITCCIGTTATGTART AT

I GEIACICG TGETIGTITCCIGTIATGTRATATCGGATGEGGBAGCA

GCATCCGGARATTGCGTGGNGTAGAGTACGES
GLATCOGGARATTCCGTGE! mee
GCATCCGGARAT TECATH
GLATCCBGAARTTGCOTAGE

GICGHLTAGET TEUTONTS ACTEEICHTCCCCTAGTBOGCTAGATECGCGAT

23 gl CTTCQUCACCALTGCTCCTECCCY

GICGGCTAGGTTGETCLCATEGETACTGRTLGICOCCTAGTGCOCTAGRTGCGCGATETT N T ACCOCTCCTICNCT

P~Cl,Ubgl-1; 13 CACGAGCTE, %C(xﬁﬁ\bﬁb(}("/xu(.ﬂ( GGUGGGGAT JCL: TCCCCACCACCGUTCCTTCCCT
1.ubgl-1:1 GTCOGCTAGETTGHTCCCATCGRTAC TGRTCHTCCET TAGTECGOTAGATGCGLGATGTT 4 GCTCACGELADCHGCAGCALGECT I TCCTTECCCACTATCALTCCTTCCT

TTCCCITCOTCHULCGLT
TTCCLTTICCTCGCCCGLIATCATAAM] LA\«F‘C COCCTCCCAGCTTCCTTORCOACAT
SO
o CRLS

FTCCOT (We CAY CCCTCCCAGCTYCOTTCGUCACAT
TTCECTICOTCRCT ATCATAARTAGE! CICCCAGCTIOCTTONT
= COTTCCTOBCCOGOOATCRTARAT: A

KaR AR AR ERER R

G Dbk

P—Cl Ubggl~1:1:5

Lubglol

GAARARAAGAAGATTCTATCTGT T TITTTTTGAAATEGC TCCART T TATAGGATGAGCL
GAARAMAAGAAGAT TCTATCTGTITTITI T TGAAATGOL TOCART T TATAGGAGGRGCC

FAR’\MAAGMGAYITIAI- mTNTIrrIXTf" TGECTCCARTTTATAGE

£-CL,Ubgl-1s
?

COTTTAACGECGT TCTAACGGACACCAATCAGCGAATGS

CCAACCAGCUAATGAGT
COABCTAGCGAAT
CCARCCAGCORAT

CCCACCAGT

PeCl.Ubgle1

FIG. 7b

FIG. 7a
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PLANT REGULATORY ELEMENTS AND USES THEREOF

REFERENCE TO RELATED APPLICATIONS

{001} This application claims the benefit of United States provisional application No,

61/467,875 filed Magch 25, 2011 which is herein incorporated by reference in its entirety.

INCORPORATION OF SEQUENCE LISTING
[062] The sequence listing that is contained in the file named “MONS282WO_seq.txt”, which
is 347 kilobytes (as measured in Microsoft Windows®) and was created on March 21, 2012, is

filed herewith by electronic submission and is incorporated by reference hierein.

FIELD OF THE INVENTION
[003] The invesntion relates to the field of plant molecular biology and plant genetic

engineering, and DNA molecules useful for modulating gene expression in plants.

BACKGROUND
[004] Regulatory clements are genetic elements that regulate gene activity by medulating the
transcription of an operably linked transcribable polynuclectide molecule.  Such elements
include promoters, leaders, introns, and 3" untranslated regions and are useful in the field of plant

molecular biology and plant genetic engineering.

SUMMARY OF THE INVENTION
[005] The present invention provides novel gene regulatory elements for use in plants. The
present invention also provides DNA constructs comprising the regulatory elements. The
present invention also provides transgenic plant cells, plants, and seeds comprising the regulatory
elements. The sequences may be provided cperably linked to a transcribable polynucleotide
molecule. 1n one embodiment, the transcribable polynucleotide molecule may be heterologous
with respect to a regulatory sequence provided herein. A regulatory element sequence provided
by the invention thus may, in particular embediments, be defined as operably linked to a
heterologous transcribable polynucleotide molecule. The present invention also provides

methods of making and using the regulatory elements, the DNA constructs comprising the
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regulatory elements, and the transgenic plant ceils, plants, and seeds comprising the regulatory
elements operably linked to a transcribable polynucleotide molecule.

[006] Thus, in one aspect, the present invention provides & DNA molecule comprising & DNA
sequence selected from the group consisting of! a) a sequence with at least about 85 percent
sequence identity to any of SEQ ID NOs: 1-158 and 180-183; b} a sequence comprising any of
SEQ ID NOs: 1-158 and 180-183: and ¢} a fragment of any of SEQ 1D NOs: 1-158 and 180-183,
wherein the fragment has gene-regulatory activity; wherein the sequence is operably linked to a
heterologous transcribable polynucleotide molecule. In specific embodiments, the DNA
molecule comprises at least about 90 percent, at least about 95 percent, at least about 98 percent,
or at feast about 99 percent sequence identity to the DNA sequence of any of SEQ 1D NOQOs: 1-
158 and 180-183. In certain embodiments of the DNA molecule, the DNA sequence comprises a
regulatory etement. [n some embodiments the regulatory element comprises a promoter. In
particular embodiments, the heterologous franscribable polynucleotide moelecule comprises a
gene of agronomic interest, such as a gene capable of providing herbicide resistance in plasts, or

a gene capable of providing plant pest resistance in plants.

[007] The invention also provides a transgenic plant cell comprising a heterologous DNA
construct provided by the invention, including a sequence of any of SEQ TD NOs: |-158 and
180-183, or a fragment or variant thereof, wherein said sequence is operably linked to a
heterologous transcribable polynucleotide molecule. In certain embodiments, the transgenic
plant cell is a monocotyledonous plant cell. In other embodiments, the transgenic plant cell is a

dicotyledonious plant cell.

[008] Further provided by the invention is a transgenic plant, or part thereof, comprising a
DPNA molecule as provided herein, including a DNA sequence selected from the group
consisting of! a) a sequence with at least §5 percent sequence identity to any of SEQ ID NQOs: 1-
158 and 180-183; b) a sequence comprising any of SEQ 1D NOs: 1-158 and 180-183; and ¢) a
fragment of any of SEQ ID NOs: 1-158 and 180-183, wherein the fragment has gene-regulatory
activity; wherein the sequence is operably linked to a heterologous transcribable polynucleotide
molecule. I specific embodiments, the transgenic plant may be a progeny plant of any
generation that comprises the DNA molecule, relative to a starting transgenic plant comprising
the DNA molecule.  Still further provided is a transgenic seed comprising a DNA molecule

according to the invention.
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[00S1 In vyet ancther aspect, the invention provides a method of producing a commodity product
comprising obtaining a transgenic plant or part thereof according to the invention and producing
the commodity product therefrom. In one embodiment, a commodity product of the invention is
protein concentrate, protein isolate, grain, starch, seeds, meal, flour, biomass, or seed oil. In
another aspect, the invention provides a commodity produced using the above method. For
instance, in one embodiment the iavention provides a commeoedity product comprising a DNA
molecule as provided herein, including a DNA sequence selected from the group consisting of;
a} a sequence with at least 85 percent sequence identity to any of SEQ 1D NOs; 1-1538 and 180-
183; b) a sequence comprising any of SEQ ID NOs: 1-158 and 180-183; and ¢) a fragment of any
of SEQ ID NQOs: 1-158 and 180-183, wherein the fragment has gene-regulatory activity; wherein

the sequence is operably linked to a heterologous transcribable polynucleotide molecule.

[0C10} 1In still yet another aspect, the invention provides a method of expressing a transcribable
polynucleotide molecule that comprises obtaining a transgenic plant according to the invention,
such as a plant comprising a DNA molecule as described herein, and caltivating plant, wherein a

transcribable polynucleotide in the DNA molecule is expressed,

[0011] TFhroughout this specification and the claims. unless the context requires otherwise, the
word “comprise” and its variations, such as “comprises” and “comprising,” will be understood to
imply the inclusion of a stated composition. step, and/or value, or group thereof, but not the

exclusion of any other composition, step, and/or value, or group thereof,

BRIEF DESCRIPTION OF THE FIGURES

(0012} FIGS. 1a- 1h depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass species Andropogon gerardii. In particular, Figs. 1a-1h show
alignment of the 2603 bp promoter sequence P-ANDge Ubqgl-1:1:11 (SEQ ID NOG: 2), found in
the transcriptional regulatory expression element group EXP-ANDge. Ubqgl:1:9 (SEQ ID NO: 1),
with promoter sequences derived via deletion analysis of P-ANDge.Ubgi-1:1:11. Deletion, for
instance of the 5 end of P-ANDge Ubgl-1:1:11, produced the promoter P-ANDge. Ubgl-1:1:9
(SEQ 1D NO: 63, a 2114 bp sequence which is found within EXP-ANDge Ubql:1:7 (SEQ ID
NO: 5). Gther promoter sequences in Fig. 1 include P-ANDge.Ubqgl-1:1:10 (SEQ ID NO: 93, a
1644 bp sequence comprised within EXP-ANDge. Ubql:1:8 (SEQ D NO: B); P-ANDge.Ubgl-
11212 (SEQ ID NO: E), a 1472 bp sequence comprised within EXP-ANDge Ubgi: 1110 (SEQ
3
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1D NO: 10y, P-ANDge.tlbgl-1:1:8 {SEQ ID NO: 13). a 1114 bp sequence comprised within
EXP-ANDge.Ubgl:1:6 (SEQ ID NO: 12); P-ANDge.Ubg1-1:1:13 (SEQ ID NO: {5), a 771 bp
sequence comprised within EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14); and P-ANDge.Ubq!l-
1:1:14 (SEQ 1D NO: 17), a 482 bp sequence comprised within EXP-ANDge Ubql:1:12 (SEQ ID
NO: 16).

[0013] FIGS. 2a- 2g depict alignment of promoter variants isolated from the grass Saccharum
ravennae {Ervianthus ravennae). In particular, FIGS. 2a- 2g show an alignment of the 2536 bp
promoter sequence P-ERTra.Ubgl-1:1:10 (SEQ ID NO: 19) (found, for instance, within the
transcriptional regulatory expression element group EXP-ERIra.Ubgl (SEQ 1D NO: 18)) with
promoter sequences derived from deletion analysis of P-ERIra.Ubql-1:1:10: a 2014 bp promoter
sequence P-ERIra.Ubgi-1:1:9 (SEQ ID NO: 23); a 1525 bp promoter sequence P-ERIra.Ubgl-
1:1:11 (SEQ 1D NO: 26); a 1044 bp promoter sequence P-ERIra.Ubgl-1:1:8 (SEQ ID NO: 28); a
796 bp sequence P-ERIra.Ubgl-1:1:12 (SEQ ID NO: 30): and a 511 bp sequence P-ERIra. Ubqgl-
1:1:13 (SEQ 1D NO: 32).

[0014] FIGS. 3a- 3¢ depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass species Sefaria viridis. In particular, FIGS. 3a-3¢ show an
alignment of a 1493 bp promoter sequence, P-5v.Ubql-1:1:1 (SEQ ID NO: 34) with promoters
derived from deletion analysis of the 57 end of P-Sv.Ubql-1:1:1: a 1035 bp sized promoter P-
Sv.Ubgl-1:1:2 (SEQ ID NO: 38); and a 681 bp promoter sequence P-Sv.Ubql-1:1:3 (SEQ ID
NO: 40,

[0015] FIGS. 4a- 4e depict alignment of transcriptional regulatory expression element group
variants derived from the grass Zea mavs subsp. mexicana. In particular, FIGS. 4a- 4e compare a
2003 bp wanscriptional regulatory expression element group termed EXP-Zm.UbgM1:1:2 (SEQ
1D NO: 49) with allelic variant EXP-Zm.UbgM1:1:5 (SEQ ID NO: 533), as well as with size
variants BEXP-Zm UbgM1:1:1 (SEQ ID NO: 41), which is 1922 bps in length, and EXP-
Zm.UbgM1:1:4 (SEQ ID NO: 45), which is 1971 bps in length.

[0016] FIGS. Sa- 5b depict alignment of promoter size variants isolated from the grass Sorghum
bicolor. In particular, FIGS. 5a- 5b shows alignment of the 791 bp sized promoter element, P-

Sh.Ubg6-1:1:2 (SEQ ID NO: 60} comprised within the transcriptional regulatory expression
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element group EXP-Sb.lbgb (SEQ ID NG: 59), with 853 bp promoter element P-§5.1bq6-1:1:1
(SEQ ID NO: 64) comprised within EXP-5b.Ubq6:1:1 (SEQ D NO: 63).

[0017F FIGS. 6a- 6¢ depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass Setaria itafica. In particular, FIGS. 6a- 6¢ show an alignment
of the 1492 bp promoter variant P-SETit,Ubql-1:1:1 (SEQ 1D NO: 70} with 1492 bp promoter
variant P-SETit.Ubqgl-1:1:4 (SEQ 1D NO: 74), 1034 bp promoter element P-SETie.Ubgli-1:1:2
(SEQ ID NO: 76), and 680 bp promoter element P-SETit.Ubqgl-1:1:3 (SEQ ID NO: 78).

[0018] FIGS. 7a- 7b depict alignment of promoter size variants and an enhancer element
corresponding to promoter elements isolated from the grass species Coix fochivma-jobi. In
particular, FIGS. 7a and 7b show an alignment of the 837 bp promoter variant, P-C1.Ubql-1:1:1
(SEQ D NO: 80) found within transcriptional regulatory expression element group EXP-
CLUbql:1:1 (SEQ ID NO: 79), with an enhancer fragment derived from P-ClLUbqgl-1:1:1,
termed E-CLUbqgl:1:1 (SEQ 1D NO: 89) that is 798 bp in length, as well as with three 5’ end
deletion variants of P-CL.Ubqgl-1:1:1: a 742 bp element P-CLUbgi-1:1:4 (SEQ ID NO: 84); a
401 bp element P-CLUbqgl-1:1:3 (SEQ ID NO: 86} and a 54 bp minimal promoter element P-
CLUBql-1:1:5 {(SEQ ID NO: 88).

[0019} FIG. 8 depicts transgene cassette configurations of the present invention.

BRIEF DESCRIPTION OF THE SEQUENCES

[0020] SEQ IDNOS: 1,5,8, 10, 12, 14, 16, 18, 22, 25, 27, 29, 31, 33, 37, 39, 41, 45, 49, 53, 55,
539, 63, 65, 69, 73, 75, 77,79, 83, 85, 87, 90, 93, 93, 97, 98, 99, 100, 162, 104, 106, 108, 110,
112, 114, 115, 116, 117, 119, 121, 123, 124, 125, 126, 128, 130, 132, 133, 134, 136, 137, 139,
141, 143, 145, 147, 149, 151, 153, 155, 157, 180, 181 and 183 are sequences of transcriptional
regulatory expression element groups or EXP sequences comprising a promoter sequence

operably linked 57 to a leader sequence which is operably linked 5’ to an intron sequence.

[00211 SEQ D NOS: 2,6,9, 11, 13,15, 17,19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60,
64, 66,70, 74, 76, 78, 80, 84, 86, 8§, 91, 96 and [35 are promoter sequences.

[0022] SEQ ID NOS: 3, 20, 35, 43,47, 51, 57, 61, 67, 71 and 81 are leader sequences.
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[00231 SEQ ID NOS: 4,7, 21, 24, 36, 44, 48, 52, 54, 38, 62, 68, 72, 82, 92, 94, 101, 103, 103,
107, 169, 111, £13, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144, 146, 148, 150, 152, 154,

156, 158 and 182 are intron sequences.

[0024] SEQ ID NO: 89 is the sequence of an enhancer.

DETAILED BESCRIPTION OF THE INVENTION

[0G251 The invention disclosed herein provides polynucleotide molecules having beneficial gene
regulatory activity from plant species. The design, construction, and use of these polynucleotide
molecules are provided by the invention. The nucleotide sequences of these polynucleotide
molecules are provided ameng SEQ 1D NOs: 1-158 and 180-183.  These polynucleotide
molecules are, for instance, capable of affecting the expression of an operably linked
transcribable polynucleotide molecule in plant tissues, and therefore selectively regulating gene
expression, or activity of an encoded gene product, in transgenic plants. The present invention
also provides methods of modifying, producing, and using the same.  The invention also
provides compositions, transformed host cells, transgenic plants, and seeds coataining the
promoters and/or other disclosed nucleotide sequences, and methods for preparing and using the

same.,

[00267 The following definitions and methods are provided to better define the present inveation
and to guide those of ordinary skill in the art in the practice of the present invention. Unless
otherwise noted, terms are to be understood according to conventional usage by those of ordinary

skill in the relevant art.

DNA Molecules
[0G27F As used herein, the term “DNA” or “DNA molecule”™ refers to a double-stranded DNA

molecule of genomic or synthetic origin, ie. a polymer of deoxyribonucleotide bases or a
polynucleotide molecule, read from the 57 {upstream) end to the 37 (downstream) end. As used
herein, the term “DNA sequence” refers to the nuclectide sequence of a DNA molecule. The
noemenclature used herein corresponds to that of by Title 37 of the United States Code of Federal
Regulations § 1.822, and set forth in the tables in WIPO Standard ST.25 {1998), Appendix 2,
Tables 1 and 3.

O
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[G0281 As used herein, the term “isolated DNA meoelecule” refers to a DNA molecule at least
partially separated from other molecules normally associated with it in its native or natural state.
In one embodiment, the term “isolated” refers to a DNA molecule that is at least partially
separated from some of the nucleic acids which normally flank the DNA molecule in its native or
natural state, Thus, DNA melecules fused to regulatory or coding sequences with which they are
net normally associated, for example as the result of recombinant technigues, are considered
isolated herein. Such molecules are considered isolated when integrated into the chromosome of
a host cell or present in a nucleic acid solution with other DNA molecules, in that they are not in
their native state,

[00261 Any number of methods well known to those skilled in the art can be used to isolate and
manipulate a2 DNA molecule, or fragment thereof, disclosed in the present invention. For
example, PCR (polymerase chain reaction) technology can be used to amplify a particular
starting DNA molecule and/or to produce variants of the original molecule. DNA molecules, or
fragiment thereof, can also be obtained by other techniques such as by directly synthesizing the
fragment by chemical means, as is commonly practiced by using an automated oligenucleotide
synthesizer.

[0030] As used herein, the term “sequence identity” refers to the extent to which two optimally
aligned polynucleotide sequences or two optimally aligned polypeptide sequences are identical.
An optimal sequence alignment is created by manually aligning two sequences, e.g. a reference
sequence and another sequence, to maximize the number of nucleotide matches in the sequence
alignment with appropriate internal nucleotide insertions, deletions, or gaps. As used herein, the
term “reference sequence” refers to a sequence provided as the polynucleotide sequences of SEQ
ID NOs: 1-158 and 180-183.

[G031] As used herein, the term “percent sequence identity” or “percent identity” or “% identity”
is the identity fraction times 100, The “identity fraction” for a sequence optimally aligned with a
reference sequence is the namber of nucleotide matches in the optimal alignment, divided by the
total number of nucleotides in the reference sequence, e.g. the total number of nuclectides in the
full length of the entire reference sequence. Thus, one embodiment of the invention is a2 DNA
molecule comprising a sequence that when optimally aligned to a reference sequence, provided
herein as SEQ ID NOs: 1-158 and 180-183, has at least about 85 percent identity, at least about

90 percent identity, at least about 95 percent identity, at least about 96 percent identity, at least

7
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about 97 percent identity, at least about 98 percent identity, or at least about 99 percent identity
to the reference sequence. In particular embediments such sequences may be defined as having
sene-regulatory activity.

Regulatory Elements

[0032] A regulatory element is a DNA molecule having gene regulatory activity, i.e. one that has
the ability to affect the transcription and/or translation of an operably linked transcribable
polynucleotide molecule. The term “gene regulatory activity” thus refers to the abidity to affect
the expression pattern of an operably linked transcribable polynucleotide molecule by affecting
the transcription and/or translation of that operably linked transcribable polynucleotide molecule.
As used herein, a transcriptional regulatory expression element group or “EXP” sequence may be
comprised of expression elements, such as enhancers, promoters, leaders and introns, operably
linked. Thus a transcriptional regulatory expression element group may be comprised, for
instance, of a promoter operably linked 57 to a leader sequence, which is in tum operably linked
37 to an intron sequence. The intron sequence may be comprised of a sequence beginning at the
point of the first intron/exon splice junction of the native sequence and further may be comprised
of a small leader fragment comprising the second intron/exon splice junction so as to provide for
proper intron/exon processing to facilitate transcription and proper processing of the resulting
transcript.  Leaders and introns may positively affect transcription of an operably linked
transcribable polynucleotide molecule as well as transiation of the resulting transcribed RNA.
The pre-processed RNA molecnle comprises leaders and introns, which may affect the post-
transcriptional processing of the transcribed RNA and/or the export of the transcribed RNA
molecule from the cell nucleus into the cytoplasm. Following post-transcriptional processing of
the transcribed RNA molecule, the leader sequence may be retained as part of the final
messenger RNA and may positively affect the translation of the messenger RNA molecule.
[0033] Regulatory elements such as promoters, leaders, introns, and transcription termination
regions (or 37 UTRs) are DNA molecules that have gene regulatory activity and play an integral
part in the overall expression of genes in living cells. The term “regulatory element” refers to a
DNA molecule having gene regulatory activity, fe. one that has the ability to affect the
transcription and/or translation of an operably linked transcribable polynucleotide molecule.
Isolated regulatory elements, such as promoters and leaders that function in plants are therefore

useful for modifying plant phenotypes through the methods of genetic engineering.
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[0034] Regulatory elements may be characterized by their expression pattern effects
(qualitatively and/or quantitatively}, e.g. positive or negative effects and/or constitutive or other
effects such as by their temporal, spatial, developmental, tissue, environmental, physiological,
pathological, cell cycle, and/or chemically responsive expression pattern, and any combination
thereof, as well as by quantitative or qualitative indications. A promoter is useful as a regulatory
element for modulating the expression of an operably linked transcribable polynucleotide
molecule.

{00357 As used herein, a “gene expression pattern” is any pattern of transcription of an operably
linked DNA molecule into a transcribed RNA molecule. The transeribed RNA molecule may be
translated to produce a protein moitecule or may provide an antisense or other regulatory RNA
molecule, such as a dsRNA, a tRNA, an rRNA, 2 miRNA, and the like.

{00361 As used herein, the term “protein expresston” is any pattern of translation of a transcribed
RNA molecule into a protein molecule. Protein expression may be characterized by its temporal,
spatial, developmental, or morphological qualities as well as by quantitative or qualitative
indications.

f00371 Az used herein, the term “promoter” refers generally to a DNA molecule that is involved
in recognition and binding of RNA polymerase il and other proteins (trans-acting transcription
factors} to initiate transcription, A promoter may be initially isolated from the 37 untranslated
region (37 UTR) of a genomic copy of a gene. Alternately, promoters may be synthetically
produced or manipulated DNA molecules. Promoters may also be chimeric, that is a promoter
produced through the fusion of two or more heterologous DNA meoelecules. Promoters useful in
practicing the present invention include SEQ ID NOS: 2,6, 9, 11, 13, 15, 17, 19, 23, 26, 28, 30,
32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74, 76, 78, 80, 84, B6, 88, 91, 96 and 135, or
fragments or variants thereof. In specific embodiments of the invention, such molecules and any
variants or derivatives thereof as described herein, are further defined as comprising promoter
activity, ie., are capable of acting as a promoter in a host cell, such as in a transgenic plant. In
stilf further specific embodiments, a fragment may be defined as exhibiting promoter activity
possessed by the starting promoter molecule from which it is derived, or a fragment may
comprise a “minimal promoter” which provides a basal level of transcription and is comprised of
a TATA box or equivalent sequence for recognition and binding of the RNA polymerase I

complex for initiation of transcription.
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[0G38] In one embodiment, fragments are provided of a promoter sequence disclosed herein.
Promoter fragments may comprise promoter activity, as described above, and may be useful
alone or in combination with other promoters and promoter fragments, such as in constructing
chimeric promoters. In specific embodiments, fragments of a promoter are provided comprising
at least about 50, 95, 150, 250, 500, 750, or at least about 1000 contiguous nuclectides, or longer,
of a polynucleotide molecule having promoter activity disclosed herein.
{0039} Compositions derived from any of the promoters presented as SEQ ID NOS: 2, 6, 9, 11,
13, 15, 17,19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 506, 60, 64, 66, 70, 74, 76, 78, 80, 84, 86,
88, 91, 96 and 135, such as internal or 57 deletions, for example, can be produced using methods
known in the art to improve or alter expression, including by removing elements that have either
positive or negative effects on expression; duplicating elements that have positive or negative
effects on expression; and/or duplicating or removing elements that have tissuve or cell specific
effects on expression. Compoesitions derived from any of the promoters presented as SEQ ID
NOS: 2,6,9, 11, 13,15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74,
76,78, 80, 84, 86, 88, 91, 96 and 135 comprised of 37 deletions in which the TATA box element
or equivalent sequence thereof and downstream sequence is removed can be used, for example,
to make enhancer elements, Further deletions can be made to remove any elements that have
positive or pegative; tissue specific; cell specific; or timing specific (such as, but not limited to,
circadian rhythms) effects on expression. Any of the promoters presented as SEQ D NOS: 2, 6,
9, t1, 13,15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 36, 60, 64, 66, 70, 74. 76, 78, 80,
84, 86, 88, 91, 96 and 135 and fragments or enhancers derived there from can be used to make
chimeric franscriptional regulatory element compositions comprised of any of the promoters
presented as SEQ 1D NOS: 2, 6,9, 11, 13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50,
36, 60, 64, 66, 70. 74, 76, 78, 80, 84, 86, 88, 91, 96 and 135 and the fragments or enhancers
derived therefrom operably linked to other enhancers and promoters. The efficacy of the
modifications, duplications or deletions deseribed herein on the desired expression aspects of a
particular transgene may be tested empirically in stable and transient plant assays, such as those
described in the working examples herein, so as to validate the results, which may vary
depending upon the changes made and the goal of the change in the starting molecule.
[00407 As used herein, the term “leader” refers to a DNA molecule isolated from the

untranstated 57 region (37 UTR) of a genomic copy of a gene and defined generally as a
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nucieotide segment between the transcription start site {TSS5) and the protein coding sequence
start site. Alternately, leaders may be synthetically produced or manipulated DNA elements. A
leader can be used as a 57 regulatory element for modulating expression of an operably linked
transcribable polynucieotide molecule. Leader molecules may be used with a heterclogous
promoter or with their native promoter. Promoter molecules of the present inveation may thus
be operably linked to their native leader or may be operably linked to a heterologous leader.
Leaders useful in practicing the present invention include SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57,
61, 67, 71 and 81 or fragments or variants thereof. In specific embodiments, such seguences
may be provided defined as being capable of acting as a leader in a host cell, including, for
example, a transgenic plant cell. In one embodiment such sequences are decoded as comprising
leader activity.
[00417 The leader sequences (57 UTR) presented as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57, 61,
67,71 and 81 may be comprised of regulatery elements or may adopt secondary structures that
can have an effect on transcription or translation of a transgene. The leader sequences presented
as SEQ 1D NOS: 3, 20, 35, 43, 47, 51, 37, 61, 67, 71 and 81 can be used in accordance with the
invention to make chimeric regulatory elements that affect transcription or translation of a
transgene. In addition, the leader sequences presented as SEQ 1D NOS: 3, 20, 35, 43, 47, 51, 57,
61, 67, 71 and 81 can be used to make chimeric leader sequences that affect transcription or
translation of a transgene.
[0042} The introduction of a foreign gene into a new plant host does not always result in a high
expression of the incoming gene. Furthermore, if dealing with complex traits, it is sometimes
necessary fo modulate several genes with spatially or temporarily differeat expression pattern.
Introns can principally provide such modulation. However multiple use of the same intron in
one plant has shown to exhibit disadvantages. In those cases it is pecessary to have a collection
of basic control elements for the construction of appropriate recombinant DNA elements, As the
avaitable collection of introns known in the art with expression enhancing properties is limited,
alternatives are needed.
[00431 Compositions derived from any of the introns presented as SEQ 1D NOS: 4, 7, 21, 24, 36,
44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 04, 101, 103, 105, 107, 109, 111, 113, 118§, 120, 122, 127,
129, 131, 138, 140, 142, 144, 146, 148, 150, 132, 134, 156, 158 and 182 can be comprised of

internal deletions or duplications of ¢is regulatory elements; and/or alterations of the 57 and 37
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sequences comprising the intron/exon splice junctions can be used to improve expression or
specificity of expression when operably linked to a promoter + leader or chimeric promoter +
leader and coding sequence. Alterations of the 57 and 37 regions comprising the intronfexon
splice junction can also be made to reduce the potential for introduction of false start and stop
codons being produced in the resulting transcript after processing and splicing of the messenger
RNA. The introns can be tested empirically as described in the working examples to determine
the intron’s effect on expression of a transgene,

[00447 In accordance with the invention a promoter or promoter fragment may be analyzed for
the presence of known promoter elements, ie. DNA sequence characteristics, such as a TATA-
box and other known transcription factor binding site motifs, Identification of such known
promoter elements may be used by one of skill in the art to design variants of the promoter
having a similar expression pattern to the original promoter.

[0045] As used herein, the term “enhancer” or “enhancer element” refers to a cis-acting
transcriptional regulatory element, ak.a, cis-element, which confers an aspect of the overali
expression pattern, but is vsually insufficient alone to drive transcription, of an operably linked
polynucleotide sequence.  Unlike promoters, enhancer elements do not usuvally include a
transcription start site (TSS) or TATA box or equivalent sequence, A promoter may naturally
comprise ope or more enhancer elements that affect the transcription of an operably linked
polynucleotide sequence. An isolated enhancer element may also be fused to a promoter to
produce a chimeric promoter cis-element, which confers an aspect of the overall modulation of
gene expression. A promoter or promoter {ragment may comprise one or more enhancer
elements that effect the transcription of operably linked genes. Many promoter enhancer
elements are believed to bind DNA-binding proteins and/or affect DNA topology, producing
local conformations that selectively allow or restrict access of RNA polymerase to the DNA
template or that facilifate selective opening of the double helix at the site of transcriptional
initiation.  An enhancer element may function to bind transcription factors that regulate
transcription. Some enhancer elements bind more than one transcription factor, and transcription
factors may interact with different affinities with more than one enhancer domain. Enhancer
elements can be identified by a number of techniques, including deletion analysis, ie. deleting
one or more nucleotides from the 57 end or internat to a promoter; DNA binding protein analysis

using DNase [ footprinting, methylation interference, electrophoresis mobility-shift assays, in
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vivo genomic footprinting by ligation-mediated PCR, and other conventional assays; or by DNA
sequence similarity analysis using known cis-element motifs or enhancer elements as a target
sequence or target motif with conventional DNA sequence comparisen methods, such as
BLAST. The fine structure of an enhancer domain can be further studied by mutagenesis (or
substitution) of ene or more nucleotides or by other conventional methods. Enhancer elements
can be obtained by chemical synthesis or by isolation from regulatory elements that include such
elements, and they can be synthesized with additional flanking nuclectides that contain useful
restriction enzyme sites to facilitate subsequence manipulation. Thus, the design, construction,
and use of enhancer elements according to the methods disclosed herein for modulating the
expression of operably linked transcribable polynucleotide molecules are encompassed by the
present inveation,

{00461 In plants, the inclusion of some introns in gene constructs leads to increased mRNA and
protein accumulation relative to constructs lacking the intros.

f00477 This effect has been termed “intron mediated enhancement” (IME) of gene expression
(Mascarenhas et al., (1990) Plant Mol. Biol. 15:913-920). Introns known to stimmulate expression
in plants have been identified in maize genes (e.g. tubAl, Adhl, Shi, Ubil {Jeon et al. (2000)
Plant Physicl, 123:1005-1014; Callis er al. (1987} Genes Dev. 1:1183-1200; Vasil ef af. (198%)
Plant Physiol. 91:1375-1579; Christiansen ef af, (1992) Plant Mol. Biol. 18:675-689) and in rice
genes (e.g. salt, wpi: McElroy et al., Plant Cell 2:163-171 (1990); Xu er ol., Plant Physiol.
106:459-467 (1994)). Similarly, introns from dicotyledonous plant genes like those from petunia
(e.g. rbed)y, potato (e.g. si-Isl) and from Arabidopsis thaliana (e.g. ubg3 and pai!l) have been
found to elevate gene expression rates (Dean er al. (1989} Plant Cell 1:201-208; Leon er al
(1991 Planr Physiol. 95:968-972; Nouris er al. (1993) Planr Mol Biol 21:895-906; Rose and Last
(1997 Plant J.11:455-464). It has been shown that deletions or mutations within the splice sites
of an intron reduce gene expression, indicating that splicing might be needed for IME
(Mascarenhas et al. (1990) Plant Mol Biol. 15:913-920; Clancy and Hannah (2002) Plasr
Physiol. 130:918-929). However, that splicing per se is not required for a certain IME in
dicotyledonous plants has been shown by point mutations within the splice sites of the patl gene
from A. rhalicna (Rose and Beliakoff (2000} Planr Physiol. 122:535-542).

[0048] Enhancement of gene expression by introns is not a general phenomenon because some

introp insertions into recombinant expression cassettes fail to enhance expression (e.g. introns
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from dicot genes {rbeS gene from pea, phaseolin gene from bean and the stls-! gene from
Solanum tuberosum) and introns from maize genes {adh! gene the ninth intron, Asp8/ gene the
first intron)} (Chee er al. {1986} (Gene 41:47-57, Kuhlemeier er al. (1988) Mol Gen Genet
212:405-411; Mascarenhas et al. (1990) Plant Mol Biol 15:913-920; Sinibaldi and Mettler
(1992 In WE Cohn, K Moldave, eds, Progresy in Nucleic Acid Research and Molecular
Biology. Vol 42, Academic Press, New York, pp 229-257; Vancannewt et al. 1990 Mol. Gen.
CGrener, 220:245-250), Therefore, not each infron can be employed in order to manipulate the
gene expression level of non-endogenous genes or endogenous genes in transgenic plants. What
characteristics or specific sequence features must be present in an intron sequence in order to
enhance the expression rate of a given gene is not known in the prior art and therefore from the
prior art it is not possible to predict whether a given plant intron, when used heterclogously, will
cause enhancement of expression at the DNA level or at the transcript level (IME).

[0049] As used herein, the term “chimeric” refers to a single DNA molecule produced by fusing
a first DNA molecule to a second DNA molecule, where neither first nor second DNA molecule
would normally be found in that configuration, ie. fused to the other. The chimeric DNA
molecule is thus a new DNA molecule not otherwise normally found in nature. As used herein,
the term “chimeric promoter” refers to a promoter produced through such manipulation of DNA
molecules. A chimeric promoter may combine two or more DNA fragments; an example wouid
be the fusion of a promoter to an enhancer element. Thus, the design, construction, and use of
chimeric promoters according to the methods disclosed herein for modulating the expression of
operably linked transcribable polynucieotide molecules are encompassed by the present
invention.

[0G507 As used herein, the term “variant” refers to a second DNA molecule that is in
composition similar, but not identical to, a first DNA melecule and yet the second DNA
molecule still maintains the general functionality, f.e. same or similar expression pattern, of the
first DNA molecule. A variant may be a shorter or truncated version of the first DNA molecule
and/or an altered version of the sequence of the first DNA molecule, such as one with different
restriction enzyme sites and/or internal deletions, substitutions, and/or insertions. A “variant”
can also encompass a regulatory element having a nucleotide sequence comprising a substitution,
deletion and/or insertion of one or more nucleotides of a reference sequence, wherein the

derivative regulatory element has more or less or equivalent transcriptional or translational
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activity than the corresponding parent regulatory molecule. The regulatory element “variants”
will also encompass variants arising from mutations that naturally occur in bacterial and plant
cell transformation. In the present invention, a polynucleotide sequence previded as SEQ 1D
NOs: 1-158 and 180-183 may be used to create variants that are in composition similar, but not
identical to, the polynucleotide sequence of the original regulatory element, while stll
maintaining the general functionality, ie. same or similar expression pattern, of the original
regulatory element. Production of such variants of the present invention is well within the
ordinary skill of the art in light of the disclosure and is encompassed within the scope of the
present invention. Chimeric regulatory element “variants” comprise the same constituent
elements as a reference sequence but the constituent elements comprising the chimeric regulatory
element may be operatively linked by various methods known in the art such as, restriction
enzyme digestion and ligation, ligation independent cloning, modular assembly of PCR products
during amplification, or direct chemical synthesis of the regulatory element as well as other
methods known in the art, The resulting chimeric regulatory element “vartant” can be comprised
of the same, or variants of the same, constituent elements of the reference sequence but differ in
the sequence or sequences that comprise the linking sequence or sequences which allow the
constituent parts to be operatively linked. In the present invention, a polynucleotide sequence
provided as SEQ ID NOs: 1-158 and 180-183 provide a reference sequence wherein the
constituent elermnents that comprise the reference sequence may be joined by methods known in
the art and may comprise substitutions, deletions and/or insertions of one or more nucleotides or

mutations that paturally occur in bacterial and plant cell transformation.

Constructs
[00651] As used herein, the term “construct” means any recombinant polynucleotide molecule

such as a plasmid, cosmid, vires, antonomously replicating polynucleotide molecule, phage, or
linear or circular single-stranded or double-stranded BNA or RNA polynucleotide molecule,
derived from any source, capable of genomic integration or autonomous replication, comprising
a polynucleotide molecule where one or more polynucleotide molecule has been linked in a
functionally cperative manner, i.e. operably linked. As used herein, the term “vector” means any
recombinant polynucieotide construct that may be used for the purpose of transformation, f.e. the
introduction of heterologous DNA into a host cell. The term includes an expression cassette
isolated from any of the aforementioned molecules.
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[0052] As used herein, the term “operably linked” refers to a first molecule joined to a second
molecule, wherein the molecules are so arranged that the first molecule affects the function of
the second molecule. The two molecules may or may not be part of a single contiguous
molecule and may or may not be adiacent. For example, a promoter is operably linked to a
transcribable  polynucleotide molecule if the promoter modulates transcription of the
transcribable polynucleotide molecule of interest in a cell. A leader, for example, is operably
linked to coding sequence when it is capable of serving as a leader for the polypeptide encoded
by the coding sequence.

[0053] The constructs of the present invention may be provided, in one embodiment, as double
Ti plasmid border DNA constructs that have the right border (RB or AGRiu.RB) and left border
(LB or AGRtu.LB) regions of the Ti plasmid isolated from Agrobacterium twmefaciens
comprising a T-DNA, that along with transfer molecules provided by the A. rumefaciens cells,
permit the integration of the T-DNA into the genome of a plant cell (see, for example, US Patent
6,603,061). The constructs may also contain the plasmid backbone DNA segments that provide
replication function and antibiotic selection in bacterial cells, for example, an Escherichia coli
origin of replication such as ori322, a broad host range origin of replication such as oriV or
oriRi, and a ceding region for a selectable marker such as Spec/Strp that encodes for Tn7
aminoglycoside adenyltransferase (aadA) conferring resistance to spectinomycin  or
streptomycin, or a gentamicin (G, Gent) selectable marker gene. For plant transformation, the
host bacterial strain is often A, rwmefaciens ABL C358, or LBA4404; however, other straing
known to those skilled in the art of plant transformation can function in the present invention.
[0054] Methods are known in the art for assembling and introducing constructs into a cell in
such a manner that the transcribable pelynucleotide molecule is transcribed into a functionai
mRNA molecule that is translated and expressed as a protein product. For the practice of the
present invention, conventional compositions and methods for preparing and using constructs
and host cells are well known to one skilled in the at, see, for example, Molecular Cloning: A
Laboratory Manuql, 3 edition Volumes 1, 2, and 3 (2000) J. Sambrook, D.W. Russeli, and N.
Irwin, Cold Spring Harbor Laboratory Press. Methods for making recombinant vectors
particularly suited to plant transformation include, without limitation, those described in U.S.
Patent No. 4,971 ,908; 4,940,835; 4,769,061; and 4.757.011 in their entirety. These types of

vectors have also been reviewed in the scientific literature (see, for example, Rodriguez, ef al.,
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Vectors: A Survey of Molecular Cloning Vectors and Their Uses, Butterworths, Boston, (1988)
and Glick, er al., Methods in Plant Molecular Biology and Biotechnology, CRC Press, Boca
Raton, FL. (1993)). Typical vectors useful for expression of nucleic acids in higher plants are
well known in the art and include vectors derived from the tumor-inducing (Ti1) plasmid of
Agrobacterium tumefacieny (Rogers, ef al., Mefhods in Enzymology 153: 253-277 (1987)). Other
recombinant vectors useful for plant transformation, including the pCaMVCN transter control
vector, have also been described in the scientific literature (see, for example, Fromm, ef al.,
Proc. Natl. Acad. Sci. USA 82: 5824-5828 (1985)).

[0055] Various regulatory elements may be included in a comstruct including any of those
provided herein. Any such regulatory elements may be provided in combination with other
regulatory elements. Such combinations can be designed or modified to produce desirable
regulatory features. In one embodiment, constructs of the present invention comprise at least one
regulatory element operably linked to a transcribable polynucleotide molecule operably linked to
a3 " UTR.

[0056] Constructs of the present invention may include any promoter or leader provided herein
or known in the art. For example, a promoter of the present invention may be operably linked to
a heterologous non-transiated 37 leader such as one derived from a heat shock protein gene (see,
for example, U.S. Patent No, 5,659,122 and 5,362,865), Alternatively, a leader of the present
invention may be operably linked to a heterologous promoter such as the Cauliflower Mosaic
Virus 358 transcript promoter {see, U.S. Patent No. 5,352,603).

[0057F As used herein, the term “intron” refers to a DNA molecule that may be isolated or
identified from the genomic copy of a gene and may be defined generally as a region spliced out
during mRNA processing prior to transiation. Alternately, an intron may be a synthetically
produced or manipulated DNA element. An intron may contain enhancer elements that effect the
transcription of operably linked genes. An intron may be used as a regulatory element for
modulating expression of an operably linked transcribable polynucleotide molecule. A DNA
construct may comprise an intron, and the intron may or may not be heterologous with respect to
the transcribable polynucieotide molecule sequence. Examples of introns in the art include the
rice actin niron (UJ.S, Patent No. 3.041.876) and the corn HSP7) intron (11.S, Patent No,
5.859,347). Introns useful in practicing the present invention include SEQ 1D NOS: 4, 7, 21, 24,
36. 44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, Lil, 113, 118, 120, 122,
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127, 129, 131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 136, 158 and [82. Further, when
modifying intron/exon boundary sequences, it may be preferable to avoid using the nucleotide
sequence AT or the nucleotide A just prior to the 5° end of the splice site (GT) and the nucleotide
G or the nucleotide sequence TG, respectively just after 3" end of the splice site (AG) 1o
elimminate the potential of unwanted start codons from being formed during processing of the
messenger RNA into the final transcript. The sequence around the 57 or 37 end splice junction
sites of the intron can thus be modified in this manner.

{00581 As used herein, the term “37 transcription termination molecule” or “3” UTR” refers to a
DNA motecule that is used during transcription to produce the 37 untranslated region (3° UTR)
of an mRNA molecule. The 37 untranslated region of an mRNA molecule may be generated by
specific cleavage and 37 polyadenylation, a.k.a. polyA tail. A 37 UTR may be operably linked to
and located downstream of a transcribable polynucleotide molecule and may include
polyaucleotides that provide a polyadenylation signal and other regulatory signals capable of
affecting transcription, mRNA processing, or gene expression. PolyA tails are thought to
function in mRNA stability and in initiation of translation. Examples of 37 transcription
termination molecules in the art are the nopaline synthase 37 region (see, Fraley, et al,, Proc.
Natl, Acad. Sci. USA, 80: 4803-4807 {1983}): wheat hsp!7 3 region; pea rubisco small subunit
37 region; cotton EG6 37 region (U8, Patent 6,096,950); 37 regions disclosed in WO0011200A2;
and the coixin 37 UTR (U.S. Patent No. 6,635,806).

{00551 37 UTRs typically find beneficial use for the recombinant expression of specific genes.
In animal systems, a machinery of 3" UTRs has been well defined (e.g. Zhao ef al., Microbiol
Mol Biol Rev 63:405-445 (1999}, Proudfoot, Ngsure 322:562-563 (1986). Kim et al.,
Biotechnology Progress 19:1620-1622 (2003); Yonaha and Proudfoot, EMBQ J. 19:3770-3777
(2000%; Cramer ¢f al., FEBS Letters 498:179-182 {2001y, Kuerstern and Goodwin, Nature
Reviews Genetics 4:626-637 (2003)). Effective termination of RNA transcription iy required to
prevent unwanted transcription of trait- unrelated (downstream) sequences, which may interfere
with trait performance. Arrangement of multiple gene expression cassettes in local proximity to
one another (e.g. within one T- DNA) may cause suppression of gene expression of one or more
genes in said construct in comparison to independent insertions (Padidam and Cao,
BioTechniques 31:328-334 (2001). This may interfere with achieving adequate levels of

expression, for instance in cases were strong gene expression from all cassettes is desired.
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[0060] In plants, clearly defined polyadenylation signal sequences are not known. Hasegawa et
al., Plany J. 33:1063-1072, (2003)) were not able to identify conserved polyadenylation signal
sequences in both in vitro and in vive systems in Nicotiana sylvestris and to determine the actual
length of the primary (non-polyadenylated) transeript. A weak 37 UTR has the potential to
generate read-through, which may affect the expression of the genes located in the neighboring
expression cassettes (Padidam and Cao, BioTechnigues 31:328-334 (2001)). Appropriate control
of transcription termination can prevent read-through into sequences {e.g. other expression
cassettes) localized downstream and can further atlow efficient recycling of RNA polymerase, to
improve gene expression. Efficient termination of transcription (release of RNA Polymerase Il
from the DNA) is pre-requisite for re-initiation of transcription and thereby directly affects the
overall transcript level, Subsequent to transcription termination, the mature mRNA is released
from the site of synthesis and template to the cytoplasm. Eukaryotic mRNAs are accumulated as
poly(A) forms in vive, so that it is difficult to detect transcriptional termination sites by
conventional methods. However, prediction of functional and efficient 3 UTRs by
bioinformatics methods is difficult in that there are no conserved sequences which would allow
easy prediction of an effective 3" UTR.

[0061] From a practical standpoint, it is typically beneficial that a 3 UTR used in a transgene
cassette possesses the following characteristics. The 37 UTR should be able to efficiently and
effectively terminate transcription of the transgene and prevent read-through of the transcript into
any neighboring DNA sequence which can be comprised of another transgene cassette as in the
case of multiple cassettes residing in one T-DNA, or the neighboring chromosomal DNA into
which the T-DNA has inserted. The 3” UTR should not cause a reduction in the transcriptional
activity imparted by the promoter, leader and intrens that are used to drive expression of the
transgene. In plant biotechnology. the 37 UTR is often used for priming of amplification
reactions of reverse transcribed RNA extracted from the transformed plant and used to (1) assess
the transcriptional activity or expression of the transgene cassette once integrated into the plant
chromosome; {2} assess the copy number of insertions within the plant DNA; and (3) assess
zygosity of the resulting seed after breeding. The 37 UTR is also used in amplification reactions
of DNA extracted from the transformed plant to characterize the intactness of the inserted

cassette.
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[0062} 37 UTRs useful in providing expression of a transgene in plants may be identified based
upon the expression of expressed sequence tags (ESTs) in cDNA libraries made from messenger
RNA isolated from seed, flower and other fissues derived from Big bluestern {Andropogon
gerardii), Phume grass (Saccharum ravennae (Erianthus ravennae)), Green bristlegrass (Seraria
viridiy), Teosinte {Zea mays subsp. mexicana), Foxtail millet {Setaria iralica}, or Coix (Coix
lacryma-jobi). Libraries of ¢cDNA are made from tissues isolated from selected plant species
using methods known to those skilled in the art from flower tissue, seed, leaf and root. The
resulting ¢DNAs are sequenced using various sequencing methods known in the art. The
resulting ESTs are assembled into clusters using bioinformatics software such as
cle_ref_assemble_complete version 2.01.3713% (CLC bio USA, Cambridge, Massachusetts
02142). Transcript abundance of each cluster is determined by counting the number of cDNA
reads for each cluster. The identified 37 UTRs may be comprised of sequence derived from
cDNA sequence as well as sequence derived from genomic DNA. The ¢DNA sequence is used
to design primers, which are then used with GenomeWalker™ (Clontech Laboratories, Inc,
Mountain View, CA} libraries constructed following the manufacturer’s protocol to clone the 37
region of the comesponding genomic DNA sequence to provide a longer termination sequence.
Analysis of relative transcript abundance either by direct counts or normalized counts of
observed sequence reads for each tissue library can be used to infer properties about patters of
expression. For example, some 3° UTRs may be found in transcripts seen in higher abundance in
root tissue as opposed to leaf. This is suggestive that the transcript is highly expressed in root
and that the properties of root expression may be attributable to the transcriptional regulation of
the promoter, the lead, the introns or the 37 UTR. Empirical testing of 37 UTRs identified by the
properties of expression within specific organs, tissues or cell types can result in the
identification of 37 UTRs that enhance expression in those specific organs, tissues or cell types.

{00631 Constructs and vectors may also include a transit peptide coding sequence that expresses
a linked peptide that is useful for targeting of a protein product, particularly to a chloroplast,
lencoplast, or other plastid organelie; mitochondria; peroxisome; vacuole; or an extracellular
location.  For descriptions of the use of chleroplast transit peptides, see U.S. Patent No.
5,188,642 and U.S. Patent No. 5,728,925, Many chloroplast-localized proteins are expressed
from nuclear genes as precursors and are targeted to the chloroplast by a chloroplast transit

peptide (CTP). Examples of such isolated chloroplast proteins include, but are not limited to,

20



(116) JP 2016-165295 A 2016.9.15

WO 2012/134921 PCT/US2012/029990

those associated with the small subunit (SSU} of ribulose-1,5.-bisphosphate carboxylase,
ferredoxin, ferredoxin oxidoreductase, the light-harvesting complex protein I and protein I,
thioredoxin F, enolpyruvyl shikimate phosphate synthase (EPSPS), and transit peptides described
in U.S, Patent No, 7.193,133. It has been demonsirated in vivo and in vitro that non-chloroplast
proteins may be targeted to the chloroplast by use of protein fusions with a heterologous CTP
and that the CTP is sufficient fo target a protein to the chloroplast. Incorporation of a suitable
chloroplast transit peptide such as the Arabidopsis thaliana EPSPS CTP (CTP2) {See, Klee et al.,
Mol Gen. Genet. 210:437-442 (1987)) or the Petunia hybrida EPSPS CTP (CTP4) (See, della-
Cioppa et al., Proc. Natl. Acad. Sci. USA 83:6873-6877 (1986)) has been show to target
heterologous EPSPS protein sequences 1o chloroplasts in transgenic planis {See, U.S. Patent Nos,
3,627,001 5,033,435; and 5,312,910 and EP 0218571; EP 189707; EP 508909; and EP 924299).

Franscribable polynucleotide molecules
{0064} As used herein, the term “transcribable polynucleotide molecule” refers 1o any DNA

molecule capable of being transcribed into a RNA molecule, including, but not limited to, those
having protein coding sequences and those producing RNA molecules having sequences usetul
for gene suppression. A “tansgene” refers to a transcribable polynucleotide molecule
heterologous to a host cell at least with respect te its location in the genome and/for a
transcribable polynuclectide molecule artificially incorporated into a host cell’s genome in the
current or any prior generation of the cell.

{00651 A promoter of the present invention may be operably linked to a transcribable
pelynucleotide molecule that is heterologous with respect to the promoter molecule. As used
herein, the term “heterologous™ refers to the combination of two or more polynucleotide
molecules when such a combination is not normally found in nature. For example, the two
molecules may be derived from different species and/or the two molecules may be derived from
different genes, e.g. different genes from the same species or the same genes from different
species. A promoter is thus heterologous with respect to an operably linked transcribable
polynucleotide mofecule if such a combination is not normally found in nature, ie. that
transcribable polynucleotide molecule is not naturally ccewrring operably linked in combination
with that promoter molecule.

[0066] The trapscribable polynucleotide molecule may generally be any DNA molecule for
which expression of a RNA. transcript is desired.  Such expression of an RNA transcript may
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result in transiation of the resulting mRNA molecule and thus protein expression. Alternatively,
for example. a transcribable polynucleotide molecule may be designed to ultimately cause
decreased expression of a specific gene or protein.  In one embodiment, this may be
accomplished by using a transcribable polynucleotide molecule that is oriented in the antisense
direction. One of ordinary skill in the art is familiar with using such antisense technology.
Briefly, as the antisense transcribable polynucleotide molecule is transcribed, the RNA product
hybridizes to and sequesters a complimentary RNA molecule inside the cell. This duplex RNA
molecule cannot be translated into a protein by the cell’s translational machinery and is degraded
in the cell. Any gene may be negatively regulated in this manner.

{00671 Thus, one embodiment of the invention is a regulatory element of the present invention,
such as those provided as SEQ ID NOs: 1-158 and 180-183, operably linked to a transcribable
polyaucleotide molecule so as to modulate transcription of the transcribable polynucleotide
molecule at a desired level or in a desired pattern when the construct is integrated in the genome
of a plant cell. In one embodiment, the transcribable polynucleotide molecule comprises a
protein-coding region of a gene, and the promoter affects the transcription of an RNA molecule
that is translated and expressed as a protein product. In another embodiment, the transcribable
polyaucleotide molecule comprises an antisense region of a gene, and the promoter affects the
transcription of an antisense RNA molecule, double stranded RNA or other similar inhibitory
RNA molecule in order to inhibit expression of a specific RNA molecule of interest in a target

host cell.

Genes of Agronomic Interest
{0068} Transcribable polynucleotide molecules may be gepes of agronomic infterest. As used

herein, the term “gene of agronomic interest” refers to a transcribable polynucieotide molecule
that when expressed in a particular plant tissue, cell, or cell type confers a desirable
characteristic, such as associated with plant morphology, physiology, growth, development,
vield, product, nutritional profile, disease or pest resistance, and/or environmental or chemical
tolerance. Genes of agronomic interest include, but are not limited to, those encoding a yield
profein, a stress resistance protein, a developmental conatrol protein, a tissue differentiation
protein, a meristern protein, an environmentally responsive protein, a senescence protein, a
hormone responsive protein, an abscission protein, a source protein, a sink protein, a flower
control protein, a seed protein. an herbicide resistance protein, a disease resistance protein, a
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fatty acid biosynthetic enzyme, a tocopherol biosynthetic enzyme, an amino acid biosynthetic
enzyme, a pesticidal protein, or any other agent such as an antisense or RNAi molecule targeting
a particular gene for suppression. The product of a gene of agronomic interest may act within
the plant in order to cause an effect upon the plant physiology or metabolism or may be act as a
pesticidal agent in the diet of a pest that feeds on the plant.

{00691 1n one embodiment of the invention, a promoter of the present invention is incorporated
into a construct such that the promoter is operably linked to a transcribable polynucleotide
molecule that is a gene of agronomic interest. The expression of the gene of agronomic interest
is desirable in order to confer an agronomically beneficial trait. A beneficial agronomic trait
may be, for example, but is not limited to, herbicide tolerance, insect control, modified yield,
fungal disease resistance, virus resistance, nematode resistance, bacterial disease resistance, plant
growth and development, starch production, medified oils production, high il production,
medified fatty acid content, high protein production, fruit ripening, enhanced animal and human
nutrition, biopelymers, environmental stress resistance, pharmaceutical peptides and secretable
peptides, improved processing traits, improved digestibility, enzyme production, flavor, nitrogen
fixation, hybrid seed production, fiber production, and biofuel production. Examples of genes of
agronomic interest known in the art include those for herbjcide resistance (U.S. Patent No.
6.803,501; 6,448.476; 6,248.876; 6,225,114; 6,107.549; 5,860,775; 5,804,425, 5,633,435; and
5.463,175), increased yield (1J.5. Patent Nos. USRE38,446; 6,716,474, 6,663,906, 6,476,295,
6,441,277, 6,423,828, 6,399,330; 6,372211; 6,235.971; 6,222,098; and 3,716,837), insect
control (U.5. Patent Nes. 6,809,078; 6,713,063; 6,686,432; 6,657,046; 6,645,497, 6,642,030,
6,639,054; 6,620,088: 6,593,293; 6,555,655; 6,538,109; 6,537.756; 6,521,442; 6.,501,009;
6,468,523, 6,326,351, 6313,378; 6,284,949; 6,281,016; 6,248,536; 6.242,241; 6,221,649;
6,177,615; 6,156,573; 6,153,814, 6,110,464; 6,093,695; 06,063,756; 6,063,597, 6,023.013;
5,959,091 5,942,664, 5,942,658, 5880,275; 5,7063,245; and 5,763,241}, fungal disease
resistance {J.S. Patent Nos. 0,0653,280; 6,573,361, 0,506,902; 6,316,407, 6,215,048, 3,510,671,
3,773,696; 6,121,4306; 6,316,407, and 6,500,962), virus resistance ((J.8. Patent Nos. 6,617,4906;
6,608,241 6,015,940, 6,013.864; 5,850.023; and 5,304,730), nematode resistance (11.S. Patent
No. 0,228,992), bacterial disease resistance (U.S. Patent No. 3.316,671), plant growth and
development (.S, Patent Nos. 6,723,897 and 6,518,488), starch production (UJ.S. Patent Nos.
6,538,181; 6,538,179; 6,538,178; 5.750,876; 6,470,295), modified oils production (U.S. Patent
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Nos. 0,444.876; 6,426,447, and 6,380,462), high oil production (UJ.S. Patent Nos. 6,495,739;
5.608,149; 6,483.008; and 6.476,295), modified fatty acid content (U.S. Patent Nos. 6,828.475;
6,822,141; 6,770,463; 6,706,950; 6,660,849; 6,596,538; 6,589,767 6,537,750; 6,489,461; and
6,459,018}, high protein production (U.S. Patent No. 6,380,466}, fruit ripening {U.S. Patent No.
5,512.466), enhanced animal and human nutrition (U.S. Patent Nos. 6,723.837; 6,653,530,
6,5412,59; 5,985.605; and 6,171,640), biopolymers (U.S. Patent Nos. USRE37,543; 6,228.,623;
and 5,958,745, and 6,946,588), environmental stress resistance (U.S. Patent No. 6,072,103},
pharmaceutical peptides and secretable peptides (U.S. Patent Nos. 6,812,379; 6,774.283;
6,140,075; and 6,080,560, improved processing traits (U.S. Patent No. 6,476,295), improved
digestibility (U.5. Patent No. 6,531,048) low raffinose (UJ.8, Patent No. 6,166,292), industrial
enzyme production (U.S. Patent No, 5,543,576), improved flavor {({J.S. Patent No. 6,011,199},
pitrogen fixation (LJ.S. Patent No. 5,229.114), hybrid seed production (U5, Patent No.
5.689,041), fiber production (U.S. Patent Nos. 6,576.818; 6,271,443; 5,981,834; and 5,869,720)
and biofuel production (U1.S. Patent No. 5,99§,700).

{00701 Alternatively, a gene of agronomic interest can affect the above mentioned plant
characteristic or phenotype by encoding a RNA molecule that causes the targeted moduolation of
gene expression of an endogenous gene, for example via antisense {see e¢.g. US Patent
5,107,065); inhibitory RNA ("RNAI”, including medulation of gene expression via miRNA-,
siRNA-, trans-acting siRNA-, and phased sRNA-mediated mechanisms, e.g. as described in
published applications US 2006/0200878 and US 2008/0066206, and in US patent application
11/974,469); or cosuppression-mediated mechanisms. The RNA could also be a catalytic RNA
molecule {e.g. a ribozyme or a riboswitch; see e.g. US 2006/0200878) engineered to cleave a
desired endogenous mRNA product. Thus, any transcribable polynucleotide molecule that
encodes a franscribed RNA molecule that affects an agronomically important phenotype or
morphology change of interest may be useful for the practice of the present invention. Methods
are known in the art for constructing and introducing constructs into a cell in such a manner that
the transcribable polynuclectide meolecule is transcribed into a molecule that is capable of
causing gene suppression. For example, posttranscriptional gene suppression using a construct
with an anti-sense oriented transcribable polynucleotide molecule to regulate gene expression in
plant cells is disclosed in U.5. Patent Nos. 5,107,003 and 5,739.829, and posttranscriptional gene

suppression using a construct with a sense-oriented transcribable polynucleotide molecule to
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regulate gene expression in plants is disclosed in U.S. Patent Nos. 5,283,184 and 5,231,020.
Expression of a transcribable polynucleotide in a plant cell can also be used to suppress plant
pests feeding on the plant cell, for example, compositions isolated from coleopteran pests (1.5,
Patent Publication No. US20070124836) and compositions isolated from pematode pests {U.S.
Patent Publication No. US20070230947). Plant pests include, but are not limited to arthropod
pests, nematode pests, and fungal or microbial pests. Exemplary transcribable polynucleotide
molecules for incorporation into constructs of the present invention include, for example, DNA
molecules or genes from a species other than the target species or genes that originate with or are
present in the same species, but are incorporated into recipient cells by genetic engineering
methods rather than classical reproduction or breeding techniques. The type of polynucleotide
molecule can include, but is not limited to, a polynucleotide molecule that is already present in
the plant cell, a polynucleotide molecule from another plamt, a pelynucleotide molecule from a
different organism, or a polynucleotide molecule generated externally, such as a polynucleotide
molecule containing an antisense message of a gene, or a polynucleotide molecule enceding an

artificial, synthetic, or otherwise modified version of a transgene.

Selectable Markers
[0071] As used herein the term “marker” refers to any transcribable polynucleotide molecule

whose expression, or lack thereof, can be screened for or scored in some way. Marker genes for
use in the practice of the present imvention include, but are not limited to transcribable
polynucleotide molecules encoding f§-glucuronidase (GUS described in U.S. Patent No.
5,599.670), green fluorescent protein and variants thereof {GFP described in U.S. Patent No.
5,491,084 and 6,146,826}, proteins that confer antibiotic resistance, or proteins that confer
hesbicide tolerance.  Useful antibiotic resistance markers. including those encoding proteins
conferring resistance to kanamycin (wpdfly, hygromycin B (aph IV), streptomycin or
spectinomycin (ead, spec/strepy and gentamycin (aac3 and aacC4) are known in the art.
Herbicides for which transgenic plant tolerance has been demonstrated and the method of the
present invention can be applied. include, but are not limited to: amino-methyl-phosphonic acid,
glyphosate, glufosinate, sulfonylureas, imidazolinones, bromoxynil, dalapon, dicamba,
cyclohexanedione, protoporphyrinogen oxidase inhibitors, and isoxasflutole herbicides.
Transcribable polynucleotide molecules encoding proteins iavolved in herbicide tolerance are
known in the art, and include, but are not limited to, a tanscribable polynucleotide molecule
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encoding 3-enolpyruvylshikimate-3-phosphate synthase (EPSPS for glyphosate tolerance
described in U.S. Patent No. 5,627,061, 5,633.435; 6,040,497; and 5,094,945} a transcribable
polynucleotide molecule encoding a glyphosate exidoreductase and a glyphosate-N-acetyl
transferase (GOX described in  U.S. Patent No. 5,463,175: GAT described in U.S. Patent
publication No. 20030083480, and dicamba monooxygenase U.S. Patent publication No.
20030135879); a transcribable polynucieotide molecule encoding bromoxynil nitrilase (Bxa for
Bromoxynil tolerance described in U.S, Patent No. 4,810,648); a transcribable polynucleotide
molecule encoding phytoene desaturase (crtf) described in Misawa, et af.. Plant Jouwrnal 4:833-
840 {1993) and Misawa, ¢t al., Plant Journol 6:481-489 (1994) for norflurazon tolerance; &
transcribable polynucleotide molecule encoding acetohydroxyacid synthase {AHAS, aka ALS)
described in Sathasiivan, er gl, Nucl Acids Res. 18:2188-2193 (1990} for tolerance fo
sulfonylurea herbicides; and the bar gene described in DeBlock, et al., EMBO Jfournal 6:2513-
2519 (1987) for glufosinate and bialaphos tolerance. The promoter molecules of the present
invention can express linked transcribable polynuclectide molecules that encede for
phosphinothricin  acetyltransferase,  glyphosate  resistant  EPSPS,  aminoglycoside
phosphotransferase, hydroxyphenyl pyruvate dehydrogenase, hygromycin phosphotransferase,
neomycin phosphotransferase, dalapon dehalogenase, bromoxynil resistant nitrilase, anthranilate
synthase, aryloxyalkanoate dioxygenases, acetyl CoA carboxylase, glyphosate oxidoreductase,
and glyphosate-N-acetyl transferase.

f0072} Included within the term “selectable markers” are also genes which encode a secretable
marker whose secretion can be detected as a means of identifying or selecting for transtformed
cells. Examples include markers that encode a secretable antigen that can be identified by
antibody interaction, or even secretable enzymes which can be detected catalytically, Selectable
secreted marker proteins fall into a number of classes, including small, diffusible proteins which
are detectable, (e.g. by ELISA), small active enzymes which are detectable in extracellular
solution {e.g, alpha-amylase, beta-lactamase, phosphinothricin transferase), or proteins which are
inserted or trapped in the cell wall (such as proteins which include a leader sequence such as that
found in the expression unit of extension or tobacco pathogenesis related proteins also known as
tobacco PR-8). Other possible selectable marker genes will be apparent to those of skill in the

art and are encompassed by the present invention.
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Cell Transformation
[00731 The invention is also directed to a methed of producing transformed cells and plants

which comprise a promoter operably linked to a transcribable polyaucleotide molecule.

[0G74] The term “transformation” refers to the introduction of nucleic acid into a recipient host.
As used herein, the term “host” refers to bacteria, fungh, or plant, including any cells, tissue,
organs, or progeny of the bacteria, fungi, or plant. Plant tissues and cells of particular interest
include protoplasts, calli, roots, tubers, seeds, sterns, leaves, seedlings, embryos, and poilen.
[00751 As vsed herein, the term “transformed” refers to a cell, tissue, organ, or crganism into
which a foreign pelynuclectide mwolecule, such as a construct, has been introduced. The
introduced polynucieotide molecule may be integrated into the genomic DNA of the recipient
cell, tissue, organ, or organism such that the introduced polynucleotide molecule is inherited by
subsequent progeny. A “transgenic” or “transformed” cell or organism also includes progeny of
the cell or organism and progeny produced from a breeding program employing such a
transgenic organism as a pavent in a cross and exhibiting an altered phenotype resulting from the
presence of a foreign polynucleotide molecule. The term “transgenic” refers to a bacteria, fungi,
or plant containing one or more heterologous polynucleic acid molecules.

[0076] There are many methods for introducing polynucleic acid molecules into plant cells. The
method generally comprises the steps of selecting a suitable host cell, transforming the host cell
with a recombinant vector, and obtaining the transformed host cell. Suitable methods include
bacterial infection (e.g. Agrobacterium), binary bacterial artificial chromosome vectors, direct
delivery of DNA {e.g. via PEG-mediated transformation, desiccation/inhibition-mediated DNA
uptake, electroporation, agitation with silicon carbide fibers, and acceleration of DNA coated
particles, ete. (reviewed in Potrykus, e al., Ann. Rev. Plant Physiol. Plant Mol. Biol. 42: 203
(19913).

[0G77F Technology for introduction of a PNA molecule into cells is well known to those of skill
in the art. Methods and materials for transforming plant cells by introducing a plant DNA
construct into a plant genome in the practice of this invention can include any of the well-known
and demonstrated methods. Any transformation methods may be utilized to transform a host cell
with one or more promoters and/or constructs of the preseat. Host cells may be any cell or

organism such as a plant cell, algae cell, algae, fungal cell, fungi, bacterial cell, or insect cell.
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Preferred hosts and transformed cells include cells from: plants, Aspergillus, yeasts, insects,
bacteria and algae.

[0078] Regenerated transgenic plants can be self-pollinated to provide homozygous transgenic
plants.  Alternatively, pollen obtained from the regenerated transgenic plants may be crossed
with non-transgenic plants, preferably inbred lines of agronomically important species.
Descriptions of breeding methods that are cormmonty used for different traits and crops can be
found in one of several reference books, see, for example, Allard, Principles of Plant Breeding,
John Wiley & Sons, NY, U. of CA, Davis, CA, 50-98 (1960); Simmonds, Principles of crop
improvement, Longman, Inc, NY, 369-399 (1979); Sneep and Hendriksen, Plant breeding
perspectives, Wageningen {ed}, Center for Agricultural Publishing and Documentation {1979);
Fehr, Sovbeans: Improvement, Production and Uses, 2nd Edition, Monograph, 16:249 (1987);
Fehr, Principles of variety development, Theory and Technigue, (Vol. 1) and Crop Species
Sovbean (Vol 2), Towa State Univ., Macmillan Pub. Co., NY, 360-376 (1987). Conversely,
pollen from non-transgenic plants may be used to pollinate the regenerated fransgenic plants.
[06791 The transformed plants may be analyzed for the presence of the genes of interest and the
expression level and/or profile conferred by the regulatory elements of the present invention.
Those of skill in the art are aware of the numerous methods available for the apalysis of
transformed plants. For example, methods for plant analysis include, but are not limited fo
Southern blots or northern blots, PCR-based approaches, biochemical analyses, phenotypic
screening methods, field evaluations, and immunodiagnostic assays. The expression of a
transeribable polynuclectide molecule can be measured using TagMan® (Applied Biosystems,
Foster City, CA) reagents and methods as described by the manufacturer and PCR cycle times
determined using the TagMan® Testing Matrix. Abternatively, the Invader® (Third Wave
Technologies, Madison, W) reagents and methods as described by the manvfacturer can be used
transgene expression,

[0080} The seeds of the plants of this invention can be harvested from fertile transgenic plants
and be used to grow progeny generations of transformed plants of this invention including hybrid
plant lines comprising the construct of this invention and expressing a gene of agronomic
interest,

[0081} The present invention also provides for parts of the plants of the present invention. Plant

parts, without limitation, include leaves, stems, roots, tubers. seeds, endosperm, ovule, and
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poilen. The invention alse includes and provides transformed plant cells which comprise a
nucleic acid molecule of the present invention.

[0082] The transgenic plant may pass along the transgenic polynuclecotide molecule to its
progeny. Progeny includes any regenerable plant part or seed comprising the transgene derived
from an ancestor plant. The transgenic plant is preferably homozygous for the transformed
pelynucleotide molecule and transmits that sequence to all offspring as a result of sexuval
reproduction, Progeny mmay be grown from seeds produced by the transgenic plant, These
additional plants may then be self-pollinated to generate a true breeding line of plants. The
progeny from these plants are evaluated, among other things, for gene expression. The gene
expression may be detected by several common methods such as western blotting, northern

blotting, immumo-precipitation, and ELISA.

Commodity Products
{00831 The present invention provides a commodity product comprising DNA moleucles

according to the invention. As used herein, a “"commodity product” refers to any composition or
product which is comprised of material derived from a plant, seed, plant cell or plant part
comprising a DNA molecule of the invention. Commeodity products may be sold to consumers
and may be viable or nonviable. Nonviable commodity products include but are not limited to
nonviable seeds and grains; processed seeds, seed parts, and plant parts; dehydrated plant tissue,
frozen plant tissue, and processed plant tissue; seeds and plant parts precessed for animal feed
for terrestrial and/or aguatic animals consumption, oil, meal, flour, flakes, bran, fiber, milk,
cheese, paper, cream. wine, and any other food for human consumption; and biomasses and fuel
products. Viable commodity products include but are not limited to seeds and plant cells. Plants
comprising a DNA mwoleucle according fo the invention can thus be used to manufacture any
commodity product typically acquired from plants or parts thereof.

[00841 Having now generally described the invention, the same will be more readily understood
through reference to the following examples which are provided by way of illustration, and are
not intended to be Hmiting of the present invention, unless specified. It should be appreciated by
those of skill in the art that the techniques disclosed in the following examples represent
techniques discovered by the inventors to function well in the practice of the invention.
However, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specitic embodiments that are disclosed and still obtain a like or
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similar result without departing from the spirit and scope of the invention, therefore ali matter set
forth or shown in the accompanying drawings is to be interpreted as illustrative and not in a

lisniting sense.

EXAMPLES

Exampie 1: Identification and Cloning of Regulatory Elements.

{00851 Novel ubiquitin transcriptional regulatory elements, or transcriptional regulatory
expression element group (EXP) sequences were identified and isolated from genomic DNA of
the monocot species Big bluestern (Andropogon gerardii), Plume Grass (Saccharum ravennae
(Erianthus  ravennae)), CGreen bristlegrass (Setaria viridis), Teosinte (Zea mays subsp.
mexicany, Foxtail millet (Setaria italica), and Coix (Coix lacrvma-jobi).

fO086] Ubiquitin | transcript sequences were identified from each of the above species. The 57
untransiated region (57 UTR) of each of the Ubiquitin | transcripts was used to design primers to
amplify the corresponding transcriptional regulatory elements for the identified Ubiquitin gene,
which comprises a promoter, leader (57 UTR} and first intron operably linked. The primers were
used with GenomeWalker™ {Clontech Laboratories, Inc, Mountain View, CA} libraries
constructed following the manufacturer’s protocol to clone the 37 region of the corresponding
genomic DNA sequence. Ubiquitin transcriptional regulatory elements were also isolated from
the monocot Sorghum bicolor using public sequences that are homologs to the Ubiquitin 4, 6 and
7 genes of Zea mays.

[0087] Using the identified sequences, a bioinformatic analysis was conducted to identify
regulatory elements within the amplified DNA. Using the results of this analysis, regulatory
elements were defined within the DNA sequences and primers designed to amplify the
regulatory elements.  The comresponding DNA molecule for each regulatory element was
amplified using standard polymerase chain reaction conditions with primers containing unigue
restriction enzyime sites and genomic DNA isolated from A. gerardii, §. ravennae, 8. viridis, 7.
mays subsp. mexicana, 8. italica, C. lacryma-jobi, and 8. bicolor. The resulting DNA fragments
were ligated into base plant expression vectors and sequenced. An analysis of the regulatory
element TSS and intron/exen splice junctions was then done using transformed plant protoplasts.

Briefly, the protoplasts were fransformed with the plant expression vectors comprising the
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cloned DNA fragments operably linked to a heterologous transcribable polynucleotide molecule
and the 5° RACE System for Rapid Amplification of ¢DNA Ends, Version 2.0 (Invitrogen,
Cartsbad, California 92008} was used to confirm the regulatory element TSS and intronfexon
splice junctions by analyzing the sequence of the mRNA franscripts produced thereby.

{00881 Sequences of the identified transcriptional regulatory expression element groups
("EXP’s) are provided herein as SEQ ID NOS: 1, 3, 8, 10, 12, 14, 16, 18, 22, 25,27, 29, 31, 33,
37,39, 41, 45, 49, 53, 55, 59, 63, 65,69, 73,75, 77,79, 83, 85, 87, 90, 93, 95, 97, 98, 99, O,
102, 104, 106, 108, 110, 112, 114, 115, 116, 117, 119, 121, 123, 124, 125, 126, 12§, 130, 132,
133, 134, 136, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 180, 181 and 183, as listed
in Table 1 below. Promoter sequences are provided herein as SEQ ID NOS: 2, 6, §, 11, 13, 15,
17,19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 40, 30, 56, 60, 64, 606, 70, 74,76, 78, 80, 84, 86, 88, 91,
96 and 135. Leader sequences are provided herein as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57, 61,
67,71 and 81. Intron sequences are provided herein as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48,
52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129,
131, 138, 140, 142, 144, 1406, 148, 150, 152, 154, 156, 158 and 182, An enhancer sequence is
provided as SEQ ID NO: 89.
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[0089] As shown in Table i, for example, the transcriptional regulatory EXP sequence
designated EXP-ANDge Ubql:1:9 (SEQ ID NO: 1}, with components isolated from A. gerardii,
comprises a promoter element, P-ANDge. Ubql-1:1:11 (SEQ ID NO: 2), operably linked 5" to a
leader element, L-ANDge.Ubql-1:1:2 (SEQ ID NO: 3}, operably linked 57 to an intron element,
I-ANDge Ubql-1:1:3 (SEQ 1D NO: 4. Other EXP’s are linked similarly, as outlined in Table 1.
[00901 As shown in Table 1, the sequence listing and FIGS. 1-7, variants of promoter sequences
from the species A. gerardii, F. ravennae, 2. mays subsp. mexicana, S. bicolor, C. lacryma-jobi,
8. dtalica, and S, viridis were engineered which comprise shorter promoter fragments of, for
instance, P-ANDge Ubgl-1:1:11 (SEQ ID NO:2), P-ERIra.Ubqgl-1:1:10 (SEQ ID NO:19) or
other respective promoters from other species, and for instance resulting in P-ANDge. Ubqgl-
1:1:9 (SEQ 1D NO: 6), P-ERIraUbql-1:1:% (SEQ ID NO: 23), P-Cl.Ubgl-1:1:10 (SEQ ID
NO: 96y, P-SETit.Ubgi-1:1:2 (SEQ ID NO: 76) and P-Sv.Ubqgl-1:1:2 (SEQ ID NO: 38), as
well as other promoter fragments. P-SETit.Ubql-1:1:4 (SEQ ID NO: 74) comprises a single
nucleotide change relative to P-SETit.Ubgl-1:1:1 (SEQ ID NO: 70). Likewise, P-Sv.Ubqgi-1:1:3
(SEQ ID NG: 40) comprises a single nuclectide change relative to P-Sv.Ubgl-1:1:4 (SEQ ID
NQO: 135).

[0091] In some instances, variants of specific introns were created by altering the last 3

nucleotides of each respective intron following the sequence 5-AG-37 of the 37 intron splice

function. These intron variants are shown in Table 2 below.

TFable 2. 3 end sequence of intron variants,

Intron 3" end
nucleotides
immediately
SEQI following 3” splice
Annotation NO: site AG

1-Cl.Ubgl-1:1:7 92 GTG
-CLUbgl-1:1:6 94 GTC
I-Cl.Ubql-1:1:8 101 GCG
I-ClUbg!-1:1:9 103 GAC
1-Cl.Ubql-1:1:10 105 ACC
I-ClLUbg!-1;8:11 107 GGG
-CLUbgl-1:1:12 109 GaT
I-CLUbgi-1:1:13 111 CGT
I-ClLUbgl-1:1:14 i13 TGT

43



(139) JP 2016-165295 A 2016.9.15

WO 2012/134921 PCT/US2012/029990

Intron 3" end
nucleotides
immediately
SEQID following 3’ splice
Annotation NO: site AG
I-SETit.Ubgt-1:1:2 118 GTG
I-SETit.Ubql-1:1:3 120 GGT
I-SETit.Ubqgl-1:1:4 122 ACC
1-SETit.Ubgl-i:1;5 127 GGC
{-Sv.Ubgl-1:1:2 129 GTG
{-Sv.Ubgl-1:1:3 131 GGT
I-Zm. UbgM1-1:1:13 (Allele-1) 138 GTC
H4m UbgMI-1:1:17 (Allele-1) 140 GGT
I-Zm.UbgM1-1:1:14 (Allele-2) 142 GIC
FZm UbgM1-1:1:19 (Allele-2) 144 GGT
1-Zm. UbgM1-1:1:15 (Allele-3) 146 GTC
-Zm UbgM1-1:1:18 (Allele-3) 148 GGT
1-Sb.Ubg6-1:1:2 i34 GTG
1-Sb.Ubg6-1:1:3 156 GGT
1Zm UbgM1-1:1:20 (Allele-3) 182 CGG

[0092] Also listed in Table | are three allelic variants isolated using the same primer sets
designed for amplification of genomic DNA from Z. mays subsp. mexicana. Allelic variants of
the EXP sequences are comprised of sequence that shares some identity within various regions of
other sequences, but insertions, deletions and nuclectide mismatches may also be apparent within
each promoter, leader and/or intron of each of the EXP sequences. The EXP sequence
designated EXP-Zm. UbgM1:1:1 {(SEQ ID NO: 41) represents a first allele {Allele-1) of the Z
mays subsp. mexicana Ubgl gene transcriptional regulatory expression element group. The EXP
sequences designated EXP-Zim.UbgM1:1:6  (SEQ 1D NO: 137) and EXP-Zm.UbgMI1:1:10
(SEQ ID NO: 139) represent a first allele (Allele-1), with the only difference between the two
EXPs occurring in the last 37 nucleotides of each respective intron following the sequence 3°-
AG-37 of the 37 intron splice junction. The EXP sequence designated EXP-Zm.UbgMI:1:4
(SEQ 1D NO: 45) represents a second allele {Allele-2) of the Z. mays subsp. mexicana Ubql
gene transcriptional regulatory expression element group. The EXP sequences designated EXP-
Zm.UbgML:1:7 (SEQ ID NO: 141) and EXP-Zm.UbgM1:1:12 (SEQ 1D NO: 143) represent a

second allele (Allele-2), with the only difference between the two EXPs occurring in the fast 37
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nucleotides of each respective intron following the sequence 53°-AG-37 of the 37 intron splice
junction. The EXP sequences EXP-Zm.UbgM1:1:2 (SEQ ID NO: 49) and EXP-Zm.UbgM1:1:3
(SEQ ID NO: 53) represents a third allel (Allele-3) of the Z. mays subsp. mexicana Ubgl gene
transcriptional regulatory expression element group and comprise a single nucleotide difference
at position 1034 within their respective introns (G for I-Zm.UbgMI1-1:1:11, SEQ ID NO: 52 and
T for IFZmUbgMI-1:1:12, SEQ ID NO: 54). The EXP sequences designated EXP-
Zm.UbgM1:1:8 (SEQ D NO: 145), EXP-Zm.UbgMI1:1:9 (SEQ ID NO: 147), EXP-
Zm.UbgM1:1:11 (SEQ 1D NO: 149) and EXP-Zm.UbgM1:1:13 (SEQ ID NO: 181) also
represent a third allele (Allele-3), The intron of EXP-Zm.UbgM1:1:9, -Zm.UbgM1-1:1:16
(SEQ 1D NO: 148) comprises a thymine residue at position 1034, while the introns of EXP-
Zm.UbgM1:1:8, EXP-Zm.UbqM1:1:11 and EXP-Zm.UbgM1:1:13 (I-Zm.UbgMI-1:1:15, SEQ
1D NO: 146; [-Zm.UbgM1-1:1:18, SEQ ID NO: 11 and; FZm.UbgM1-1:1:20, SEQ ID NO: 182)
each comprise a guanine residue at position 1034, In addition, the last 3, 37 end nucleotides of
EXP-Zm.UbgM1:1:8 (SEQ 1D NO: 145) and EXP-Zm.UbgM1:1:9 (SEQ ID NO: 147) differ
from those of EXP-Zm.UbgM1:E:11 (SEQ ID NO: 149) and EXP-Zm.UbgM1:1:13 (SEQ ID
NO: 181).

Example 2: Analysis of Regulatory Elements Driving GUS in Corn Protoplasts.
{00931 Corn leaf protoplasts were transformed with plant expression vectors containing an EXP
sequence driving expression of the B-glucurenidase (GUS) transgene and compared te GUS
expression in leaf protoplasts in which expression of GUS is driven by known constitutive
promoters.

{0094} Expression of a transgene driven by EXP-ANDge. Ubql:1:7 (SEQ 1D NO: 3), EXP-
ANDge Ubql:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubgi:1:% (SEQ 1D NO: 22) or EXP-
ERIratJbql:1:8 (SEQ ID NO: 27) was compared with expression from known constitutive
promoters. The foregoing EXP sequences were cloned inte plant expression vectors as shown in
Table 3 below to yield vectors in which an EXP sequence is operably linked 57 to a B-
glucuronidase {GUS) reporter that contained a processable intron (referred to as GUS-2, SEQ ID
NO: 160} derived from the potate light-inducible tissue-specific §T-LS1 gene (GenBank
Accession: X04733) or a contiguous GUS coding sequence (GUS-1, SEQ ID NOS: 159), which

was operably linked 57 to a 3" UTR derived from the A. fumefaciens Nopaline synthase gene (T-
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ACRtu.nos-1:1:13, SEQ ID NO: 161) or the wheat Hspt7 gene (T-Ta.Hsp17-1:1:1, SEQ [D NO:;
1623,

Table 3. GUS plant expression plasmid construct and corresponding EXP sequence, GUS
coding sequence and 3° UTR used for transformation of corn leaf protoplasts. “SEQ 1D

NO:” refers to given EXP sequence.
SEQ1
Plasmid EXP sequence NO: GUS 3I'UTR
EXP-CaMV.358-
pMONI9469 | enh+Zm.DnaK:1;1 170 GUS-1 | T-AGRtu.nos-1:1;13
EXP-CaMV .358-
pMONG5328 | enh+Ta.Lhcbl+0s. Actl:1:] 163 GUS-2 T-TaHspl7-1:1:1
pMON25455 | EXP-Os.Actl:1:9 179 GUS-1 | T-AGRtunos-1:1:13
pMON122605 | EXP-0s.TubA-3:1:1 165 GUS-1 | T-AGRtu.nos-1:1:13
pMONI136264 | EXP-ANDge. Ubgl:1:7 5 GUS-1 | T-AGRtunos-1:1:13
pMON136259 | EXP-ANDge. Ubqgl:1:6 12 GUS-1 | T-AGRtu.nos-1:1:13
pMON136263 | EXP-ERIra.Ubgl:1:9 22 GUS-1 | T-AGRtu.pos-1:1:13
pMON136258 | EXP-ERIra.Ubgl1:1:8 27 GUS-1 | T-AGRtunos-1:1:13

{00951 Control plasmids (pMONE9469, pMONG5328, pMON25455 and pMON122605) used
for comparison were constructed as described above and contain a known EXP sequence: EXP-
CaMV.358-enh+Zm.Dnak: 11 (SEQ D NO: 1703, EXP-CaMV.355-
enh+Ta.Lhebl+0s Act]l: 1: I{SEQ ID NO: 163}, EXP-Os.Acti:1:9 (SEQ ID NO: 179), or EXP-
Os.TubA-3:1:1 (SEQ 1D NO: 163), respectively, operably linked 3" to a GUS coding sequence
and 3" UTR. Three additional controls were provided to assess background GUS and luciferase
expression: & no DNA control, an empty vector which is not designed for transgene expression,
and an expression vector used to express green fluorescent protein (GFP).

[00967 Two plasmids, for use in co-transformation and normalization of data, were also
constructed using methods known in the art. Each plasmid contained a specific huciferase coding
sequence that was driven by a constitutive EXP sequence.  The plant vector pMON 19437
comprises a fransgene cassette with a constitutive promoter operably linked 57 to an intron,
(EXP-CaMV.338-enh+Zm.Dnak; 1:1, SEQ ID NO: 170). operably linked 37 to a firefly
(Photinus pyralis) luciferase coding sequence (LUCIFERASE: 1:3, SEQ [D NO: 166), operably
linked 57 to a 37 UTR from the Agrobacterium tumefaciens nopaline synthase gene (T-
AGRuunos-1:1:13, SEQ ID NO: 161). The plant vector pMONG63934 comprises a transgene
cassette with a constitutive EXP sequence (EXP-CaMV .358-enh-Lhcbl, SEQ ID NO: 168),
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operably linked 3° to a sea pansy (Renillay reniformis) tuciferase coding sequence (CR-
Ren.hRenilia Lucife-0:0:1, SEQ D NO:; 167). operably linked 5" tv a 37 UTR from the
Agrobacterivm tumefaciens nopaline synthase gene (T-AGRtu.nos-1:1:13, SEQ ID NO: 161},
{00971 Corn leaf protoplasts were transformed using a PEG-based transformation methed, as is
well known in the art.  Protoplast cells were transformed with pMON19437 plasmid DNA,
pMONG3934 plasmid DNA, and an equimolar quantity of one of the plasmids presented in Table
3 and incubated overnight in total darkness. Measuremenis of both GUS and luciferase were
conducted by placing aliquots of a lysed preparation of cells transformed as above into two
different small-well trays. One tray was used for GUS measurements, and a second tray was
used to perform a dual luciferase assay using the dual luciferase reporter assay system (Promega
Corp., Madison, WI, see for example, Promega Notes Magazine, No: 57, 1996, p.02), One or
two transformations for each EXP sequence were performed and the mean expression values for
each EXP sequence detenmined from several samples from each transformation experiment.
Sample measurements were made using four replicates of each EXP sequence construct
transformation, or alternatively, three replicates of each EXP sequence construct per one of two
transformation experiments. The mean GUS and luciferase expression levels are provided in
Table 4. In this table, the firefly luciferase values {e.g. from expression of pMONI9437} are
provided in the column labeled “FLuc” and the Renilla luciferase values are provided as in the
column labeled “RLuc.”

Table 4. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

SEQID
Plasmid EXP sequence NO: Gus Riuc | FlLue
EXP-CaMV.355-
pMON19469 enh+Zm.DnaK:1:1 170 789147 | 298899 | 36568
EXP-CaMV.358-
pMONGS5328 enh+Ta.Lhchb1+0s.Actl:]:] 163 SO8327 | 158227 | 17193
pMON25455 EXP-Os.Actl:1:9 179 460579 | 183955 | 53813
pMONI22605 | EXP-0Os.TubA-3:1:1 Lo 25082 25821 | 21004
pMONI36264 | EXP-ANDge.Ubql:1:7 5 926083 | 101213 | 23704
pMONI136259 1 EXP-ANDge.Ubqgl:1:6 12 845274 | 193153 | 51479
pMONI36263 | EXP-ERIra.Ubgl:1:9 22 901985 | 132765 | 41313
pMONI36258 | EXP-ERIra.Ubql:1:§ 27 1011447 | 210635 | 66803
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[0098] To compare the relative activity of each EX¥ sequence, GUS values were expressed as a
ratic of GUS to luciferase activity and normalized with respect to the expression levels observed
for the EXP sequence EXP-Os.TubA-3:1:1 (SEQ ID NO: 165). Table 5 below shows the
GUS/RLuc ratios of expression normalized with respect to EXP-Os. TubA-3:1:1 expression in
corn protoplasts.

[0099] As can be seen in Table 5, GUS expression, driven by EXP-ANDge Ubgl:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ERFa.Ubgl:1:9 (SEQ 1D NO: 22) or
EXP-ERfra.Ubql:1:8 {(SEQ ID NO: 27) was 4.51 to 9.42 fold higher than GUS expression
driven by EXP-Os.TubA-3:1:1 (SEQ D NO: 165). GUS expression driven by EXP-
ANDgeUbgl:1:7 (SEQ 1D NO: 5), EXP-ANDgeUbqgli:1:6 (SEQ ID NO: 12), EXP-
ERTra.tbql:1;9 (SEQ D NO: 22} or EXP-ERIra.Ubgl: [:8 (SEQ ID NO: 27) was also higher
than that of EXP-CaMV.358-enh+Zm.DunaK:l:1 (SEQ ID NO: 170), EXP-CaMV.355-
enh+Ta.Lhcbl+0s. Actl:1:1 (SEQ ID NQO: 163), or EXP-Os.Actl:1:9 (SEQ 1D NO: 179).

Fable 5. GUS/RLac fold expression as relative to EXP-0Os.TubA-3:1:1 expression in corn
feaf protoplast cells.

Gus/RLuc
Normalized
SEQ with respect to
iD EXP-0Os.TubA-
Plasmid EXP sequence NO: | Gus/RELuc 3:1:1
pMON 19469 EXP-CaMV.358-enh+Zm.DnaK:1:] 176 2.640000 272
EXP-CaMV.358-
pMONGS328 enh+Ta.Lhcbl+0s. Actl:1:1] 163 3.210000 3.31
pMON23453 EXP-Os.Act];1:9 179 2.300000 2.57
pMONI22605 | EXP-Os.TubA-3:1:1 165 0.971000 1.0
pMON136264 | EXP-ANDge Ubgl:1:7 3 9.150000 5.42
pMON136259 | EXP-ANDge.Ubql:1:6 12 4.380000 4.51
pMON136263 | EXP-ERIra.Ubgl:1:9 22 6.790000 6.99
pMONI36258 | EXP-ERIraUbgl:1:8 27 4,800000 4.94

{001007 Table 6 below show GUS/FLuc ratios of expression normalized with respect to EXP-

05 TubA-3:1:1 expression in corn protoplasts.
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Table 6. GUS/FLuc fold expression as relative to EXP-Os.TubA.3:1:1 expression in corn
leaf protoplast cells.

Normalized
with respect
SEQ to EXP-
D Os. TubA-
Plasmid EXP sequence NO: | Gus/FLuc KHH
pMON 19469 EXP-CaMV.355-enh+Zm.DnaK: 1:] {70 | 21660000 18.15
EXP-CaMV.35S-

pMONGS328 enh+Ta.Lhcbl+0s. Actl:]:1] 163 | 28.600000 24.87
pMON25455 EXP-0s.Actl;1:9 179 8.560000 7.19
pMONI22605 | EXP-Os. TubA-3:1:1 165 £.190000 1.00
pMON136264 | EXP-ANDge Ubgl:1:7 3 39.1600060 32.86
pMON136259 | EXP-ANDge Ubqgl:1:6 12 16.4600G0 13.78
pMON136263 | EXP-ERIra.Ubql:;1:9 22 21.800000 18.32
pMONI136258 | EXP-ERIra.lUbgl:1:8 27 15.160400 12.69

[00101] As can be seen in Table 6, GUS expression, driven by EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge . Ubgl:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubqgl:1:9 (SEQ ID NO: 22) or
EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) demonstrated the same general trend when expressed as
ratic of GUS/FLuc values and is normalized with respect to EXP-0s. TubA-3:1:1 (SEQ ID NO:
1653, Expression was 12.69 1o 32.86 fold higher than GUS expression driven by EXP-Os. TubA-
3:1:1 (SEQ D NO: 165} GUS expression driven by EXP-ANDge. Ubql:1:7 (SEQ 1D NO: 5},
EXP-ANDge.Ubgl:1:6 (SEQ 1D NO: 12), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22) or EXP-
ERIratlbgl:1:8 (SEQ ID NO: 27) was also higher in certain comparisons than that of EXP-
CaMV .358-eph+Zm.Dnak:1:1 (SEQ 1D NO: 1703, EXP-CaMV.358-
enh+Ta.Lhebl+0s. Actl:1:1 (SEQ ID NGO: 163), or EXP-Os.Actl:1:9 (SEQ 1D NO: 179).

Example 3: Analysis of Regulatory Elements Driving GUS in Corn Protoplasts Using GUS
Transgene Cassette Amplicons.

[00162] Corn leaf protoplasts were transformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the §-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS is driven by
known constitutive promoters in a series of experiments presented below.

[01001 In a first set of experiments, com protoplast cells, derived from leaf tissue were

transformed as above with amplicons produced from amplification of GUS transgene cassettes
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comprising plant expression vectors to compare expression of a transgene (GUS) driven by cne
of EXP-ANDge.Ubql:1:7 (SEQ ID NOG: 5), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge. Ubgl:1:6 (SEQ 1D NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ 1D NO: 14), EXP-
ANDge Ubql:1:12 (SEQ 1D NO: 16), EXP-ERIa.Ubql:1:9 (SEQ 1D NO: 22), EXP-
ERIraUbql:1:10 (SEQ ID NO: 25), EXP-ERIraUbgi:1:§8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ 1D NO: 293, EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
SETitUbgl:1:5 (SEQ ID NO: 117, EXP-SETit.Ubgi:1:7 (SEQ ID NO: 123), EXP-
SETie.Ubgl:1:6 (SEQ ID NO: 124}, EXP-Sv.Ubqgl:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ 1D NO: 132), EXP-Sv.Ubql:1:10{(SEQ 1D NO: 134), EXP-Zm.UbqM1:1:6 (SEQ 1D NO:
137y, EXP-Zm UbgMI1:1:7 (SEQ ID NO: 141), EXP-Sb.Ubg4:1:2 (SEQ 1D NO: 151), EXP-
Sb.Ubg6:1:2 (SEQ 1D NO: 153) and EXP-ClUbqgi:1:10 (SEQ ID NO: 98) with that of known
constitutive prometers. Fach EXP sequence comprising the amplification template from which
the transgene cassette amplicon is produced was cloned using methods known in the art into a
plant expression vector shown in Table 7 below under the heading of “Amplicon Template.”
The resulting plant expression vectors comprise a transgene cassetie comprised of a EXP
sequence, operably linked 57 to a coding sequence for B-glucuronidase (GUS) that either contains
a processable intron ("GUS-2" as discussed in Example 2 above), or a contiguous GUS coding
sequence (“CGUS-17, as discussed above), operably linked 37 to a 3" UTR T-AGRtu.nos-1:1:13 or
T-Ta Hspl7-1:1:1, as alsc noted above. Amplicons were produced using methods known to
those skilled in the art using the plasmid construct templates presented in Table 7 below.
Briefly, a 57 oligonucleotide primer was designed to anneal to the promoter sequence and a 3°
oligonucleotide primer, which anneals at the 37 end of the 3° UTR was used for amplification of
each transgene cassette. Successive 57 deletions were introduced into the promoter sequences
comprising the transgene cassettes. giving rise to different EXP sequences, by the use of
different oligonucieotide primers which were designed to anneal at different positions within the

promoter sequence comprising each amplicon tempiate.
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Fable 7. GUS plant expression amplicons and corresponding plasmid construct amplicon
templates, EXP sequence, GUS coding sequence and 3" UTR used for transformation of
corn leaf protoplasts.

SEQ GUS
Amplicon ib Coding
Amplicon ID Template EXP sequence NO: | Sequence 3 UIR
T-
AGRtu.nos-
PCR0145942 | pMON25455 | EXP-Os.Actl:1:9 179 | GUS-] 1:1:13
P-CAMV 355-ENH- T-
1 1G2/1-CAMV 358 AGRtu.nos-
PCRG145%941 | pMON33449 | 1112 169 | GUS-1 1:1:13
T-
EXP-CaMV.358- TaHspl7-
PCRO145943 | pMONG5328 | enh+TaLlhebl+0s. Actl: ] | 163 | GUS-2 1:1:]
T-
EXP-CaMV .358- AGRtu.nos-
PCRG145944 | pMONSI552 | enh+Zm.DnaK:l:] 170 | GUS-1 1:1:13
T
AGRIunos-
PCRO145892 | pMON136264 | EXP-ANDge.Ubql:1:7 3 GUS-1 13
T-
AGRtu.nos-
PCRO145815 | pMONI136264 | EXP-ANDge.Ubql:1;10 10 | GUS-1 1:1:13
T-
AGRunos-
PCRO145893 | pMONI136259 | EXP-ANDge Ubql:1:6 12 1 GUS-1 1:1:13
T
AGRtu.nos-
PCRO145817 | pMONI136264 | EXP-ANDge.Ubql:1:11 4 | GUS-1 1:1:13
T-
AGRtu.nos-
PCRO145819 | pMONI136264 | EXP-ANDge.Ubqgl:1:12 16 | GUS-1 IHHE
T-
AGRtwnos-
PCRO145896 | pMON136263 | EXP-ERIra.tlbql:1:9 22 1 GUS-1 1:1:13
T-
AGRtu.nos-
PCRO145820 | pMON136263 | EXP-ERIra. Ubgl:1:10 25 1 GUS-1 1:1:13
T
AGRtu.no0s-
PCRO145897 | pMON136258 | EXP-ERIra.Ubgl:1:8 27 | GUS-I 1:1:13
T-
AGRtu.nos-
PCRO145821 | pMON136263 | EXP-ERIra.Ubgl:1:11 29 | GUS-1 1:1:13
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SEQ GUS
Amplicon ib Coding
Amplicon 1D Template EXP sequence NO: | Sequence | 3"UTR
T-
AGRtu.nos-
PCRO145822 | pMON136263 | EXP-ERIra,tUbgl:1;12 31 | GUS-1 11013
TA
AGRtunos-
PCRO145900 | pMON140877 | EXP-SETit.Ubgl:1:3 117 | GUS-1 1:1:13
TA
AGRtu.nos-
PCRO145928 | pMON140877 | EXP-SETit.Ubgl: 1.7 123 | GUS-1 1:1:13
T
AGRt.nos-
PCRO145905 | pMON140877 | EXP-SETit.Ubgl:1:6 124 | GUS-1 1:1:13
TA
AGRtunos-
PCRO145909 | pMON140878 | EXP-Sv.Ubgl:1:7 128 | GUS-I 113
T-
AGRu.nos-
PCRO145929 | pMONI140878 | EXP-Sv.Ubgl;1:8 132 | GUS-1 11083
TA
AGRtunos-
PCRO145911 | pMONI140878 | EXP-Sv.Ubgl:1:10 134 | GUS-1 [:1:13
T
AGR1tu.nos-
PCRO145914 | pMONI14088] | EXP-Zm.UbgM1;1:6 137 | GUS-1 1:1:13
T-
AGRtu.nos-
PCRO145915 | pMON140882 | EXP-Zm. UbgM1:1:7 141 | GUS-1 [:1:13
T-
AGRtu.nos-
PCR0O145921 | pMON140886 | EXP-Sb.Ubqg4;1:2 15 | GUS-1 11003
T
AGRtu.nos-
PCRO145920 | pMON140887 | EXP-Sb.Ubg6:1:2 133 | GUS-1 |RHE
T-
AGRtu.nos-
PCRO145922 | pMON140889 | EXP-CL.Ubqgl:1:10 98 | GUS-I 1:1:13

[0101] Plasmid constructs listed as amplicon templates in Table 7 served as templates for
amplification of transgene expression cassettes comprising the listed EXP sequences of Table 7.

Control plasmids used to generate GUS transgene amplicons {or comparison were constructed as
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previously described with known constitutive EXP sequences described in Example 2. Negative
controls for determination of GUS and luciferase background, a no DNA control. and a control
sample in which the two luciferase plasmids are used in transformation along with a plasmid
DNA that does not express a coding sequence were also used. Plasmids pMON19437 and
pMONG63934, as discussed in Example 2, were also employed for co-transformation and
normalization of data.

[0102}] Corn leaf protoplasts were transformed using a PEG-based transformation method as
described in Example 2, above. Table 8§ below shows the average GUS and luciferase expression

values determined for each fransgene cassette.

Table 8. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.
SEQ
D

EXP sequence NO: GUS RLuc FLuc
EXP-Os.Actl:1:9 179 1540.3 | 1054168 | 2671.8
P-CAMV.358-ENH-1:1:102/L-CAMV.3558-1:1:2 169 | 10426.3 | 344088.6 | 8604.1
EXP-CaMV . 338-enh+Ta Lhchl+0s. Actl:1:1 163 | 125308 1 13772261 3067.1
EXP-CaMV.358-enh+Zm.Dnak:1:] 170 | 61036.1 | 208125.3 | 5787.6
EXP-ANDge. Ubgl:1:7 5 504474 | 84667.6 | 25784
EXP-ANDge.Ubgl:1:10 10 40123.3 | 76753.8 | 24198
EXP-ANDge Ubal:1:6 12 42621.6 1 121751.3 | 3974.8
EXP-ANDge Ubgl:1:11 14 443585 | §7105.8 | 26871
EXP-ANDge Ubql:1:12 16 48219.6 | 107762.1 | 3279.6
EXP-ERFra.Ubql:1:9 22 31253.0 1 171684.1 | 6476.1
EXP-ERIra.Ubgl:1:10 25 7905.8 | 212356 | 4624
EXP-ERIra.Ubql:1:§ 27 39935.8 | 173766.6 | 5320.3
EXP-ERIra.Ubgl:1:11 29 341413 1 111626.8 | 3377.6
EXP-ERFra.Ubql:1:12 31 11540.3 |1 42362.1 | 1045.3
EXP-SETit.Ubql:1:5 117 | 204965 | 88695.8 | 2358.8
EXP-SETit.Ubgl:1:7 123 | 75728.5 | 185223.8 | 4723.1
EXP-SETit.Ubql:1:6 124 44148.3 1 1612163 | 4962.1
EXP-5v.Ubgl:1:7 128 15043.8 1 74670.6 | 1888.3
EXP-Sv.Ubqgl:1:8 132 31997.8 | 113787.1 § 3219.8
EXP-Sv.Ubgl:1:10 134 38952.8 | 220208.6 | 70113
EXP-Zm.UbgM1:1:6 137 | 305283 90113.1 | 24536
EXP-Zm.UbgMI:1:7 141 34986.3 | 105724.7 | 2553.8
EXP-Sb.Ubqd:1:2 151 99823 | 725938 | 21716
EXP-8b.Ubg6:1:2 153 | 33689.0 | 114709.6 | 3879.6
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SEQ
H
EXP sequence NO: GUS RLuc FLuc
EXP-Cl.Ubgl:1:10 98 50622.3 | 107084.3 | 2621.3

[0103] To compare the relative activity of each EXP sequence GUS values were expressed as a

ratio of GUS to luciferase activity and normalized with respect to the expression levels observed

for EXP-Os.Actl:1:1 and EXP-CaMV.355-enh+Ta.Lhebl+0s. Actl: 111,

Table 9 below shows

the GUS/RLuc ratios of expression normalized with respect to EXP-Os. Acti:l:l and EXP-

CaMV . 358-enh+Ta.Lhcbi+Os. Actl:I:] driven expression in corn protoplasts. Table 10 below

shows the GUS/FLuc ratios of expression normalized with respect to EXP-Os.Actl: ] and

EXP-CaMV.355-enh+Ta. Lheb1+0s.Actl:1:1 driven expression in corn protoplasts.

Fable 9. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
CaMV.358-enh+Ta.Lhch1+0s.Actl:1:1 (SEQ 1D NO: 163) in corn protoplasts.

SEQ GUS/RLuc Relative to GUS/FLuc Relative to
1D EXP-CaMV.358- EXP-CaMV.358-
EXP sequence NO: | enh+Ta.Lheb1+0s.Actl:1:] | enh+Ta.Lhcbl+Os. Acti:l:1

EXP-Os.Actl:1:9 179 0.16 0.14
P-CAMY 355-ENH-

1:1:102/L-CAMV.355-1:1:2 | 169 0.33 0.30
EXP-CaMV.358-

enh+Ta.Lheb1+0s. Actl:1:1 163 1.00 1.00
EXP-CaMV.358-

enh+Zm.bnak:1:1 170 3.22 2.58
EXP-ANDge. Ubgi: 17 5 172 5.64
EXP-ANDge.Ubgl:1:10 10 575 4.06
EXP-ANDge.Ubgl:1:6 12 3.85 2.62
EXP-ANDge.Ubgi:l: 11 14 5.60 4,04
EXP-ANDge Ubgl:1:12 16 4.92 3.60
EXP-ERIra.Ubgl:1:9 22 2.00 L.18
EXP-ERIra.Ubql:1:10 25 4.09 4.18
EXP-ERIra.Ubgl:1:8 27 2.53 1.84
EXP-ERIra. Ubgl:1:11 29 3.36 247
EXP-ERIra.Ubqgl:1:12 31 2.99 2.70
EXP-SETit.Ubgl:1:5 117 2.54 2.13
EXP-S5ETit Ubgl:1:7 123 449 3.92
EXP-SETit.Uhgl:1:6 124 3.01 2.18
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SEQ GUS/RLuc Relative to GUS/FLuc Relative fo
b EXP-CaMV.355- EXP-CaMV.358-
EXP segoence NO: | enh+Ta.Lhebl+0s.Actl:1:1 | enh+Ta.Lhebi+0s.Acti:1:1
EXP-Sv.Ubql:1:7 128 2.21 1.95
EXP-Sv.Ubqgl:1:8 132 3.09 243
EXP-Sv.Ubql:1:10 134 £.94 1.36
EXP-Zm.UbaM1:1:6 137 3.72 3.05
EXP-Zm.UbgM1:1:7 143 3.64 3.35
EXP-5b.Ubg4:1:2 151 L.51 1.13
EXP-Sb.Ubg6:1:2 153 3.23 2.13
EXP-ClLUbgl:1:10 98 5.20 4.73

Table 10. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

Os.Actl:1:9 (SEQ 1D NO: 179) in corn leaf protoplasts.
SEQ GUS/RLuc GUS/FLuc
ID | Relative to EXP- Relative to EXP-
EXP sequence NO: Os.Actl:1:9 Os. Actl:1:9
EXP-0Os.Actl:1:9 179 1.00 1.00
P-CAMV.358-ENH-1:1:102/L-
CAMV.355-1:1:2 169 2.07 2.10
EXP-CaMV.358-
enh+Ta.Lhcb1+0s Actl:]:{ 163 6.23 7.09
EXP-CaMV_35S8-enh+Zm.Dnak;1:1 170 20.07 18.29
EXP-ANDge Ubql:1:7 3 48.05 39.99
EXP-ANDge.Ubql:1:10 10 35.78 28.76
EXP-ANDge.Ubgl:1:6 12 23.96 18.60
EXP-ANDge.Ubql:1:11 14 34.85 28.64
EXP-ANDge.Ubgl:1:12 16 30.62 25.50
EXP-ERIraUbql:1:9 22 12.46 8.37
EXP-ERIra.Ubql:1:10 25 25.48 29.66
EXP-ERIrallbgl;:1:8 27 15.73 13.02
EXP-ERIra.Ubql:1:1] 29 2093 17.53
EXP-ERIra.lbgl;1:12 31 18.64 19.15
EXP-SETit.Ubqgl:1:5 117 15.82 15.07
EXP-SETit.Ubql:1:7 123 2798 2781
EXP-SETit.Ubql:1:6 124 18.74 15.43
EXP-Sv.Ubql:1:7 128 13.79 13.82
EXP-Sv.Ubql:1:8 132 19.25 17.24
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SEQ GUS/RLuc GUS/FLuce
ID | Relative to EXP- | Relative to EXP-
EXP sequence NO: Os.Actl:1:9 Os.Actl:1:9
EXP-Sv.Ubql:1;10 134 12,41 9.64
EXP-Zm.UbgM1:1:6 137 23.19 21.58
EXP-Zm.UbgM1:1:7 14} 22.65 23.76
EXP-8b.Ubg4:1:2 151 0.4} 7.97
EXP-Sh.Ubg6:1:2 153 20.10 15.06
EXP-Cl.Ubql:1:10 98 3235 33.50

[0104] As can be seen in Tables 9 and 10, nearly all of the EXP sequences were capable of
driving GUS transgene expression in corn cells. Average GUS expression was higher for EXP-
ANDge Ubql:1:7 (SEQ TD NO: 5), EXP-ANDgeUbql:1:10 (SEQ ID NO: 10), EXP-
ANDge Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ 1D NO: 14), EXP-
ANDge Ubql:1:12 (SEQ ID NO: 16), EXP-ERIa Ubqi:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubgl:1:10 (SEQ 1D NO: 25), EXP-ERIra.Ubgl:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ 1D NO: 293  EXP-ERIra.Ubqgl:1:12 (SEQ ID NO: 31), EXP-
SETitUbqgl:1:5 (SEQ 1D NO: 1173  EXP-SETitUbgi:1:7 {SEQ ID NO: 123), EXP-
SETitUbql:1:6 (SEQ ID NQ: 124}, EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ ID NO: 132), EXP-Sv.Ubql:1:10(8EQ 1D NO: 134), EXP-Zm.UbgM1:1:6 (SEQ ID NO:
1373, EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141). EXP-Sb.Ubqg4:1:2 (SEQ ID NO: 151), EXP-
Sb.Ubqg6:1:2 (SEQ ID NO: 153) and EXP-ClUbql:1:10 (SEQ ID NO: 98) when compared to
GUS expression driven by EXP-Os.Actl:1:1 or EXP-CaMV.358-enh+Ta.Lhebl+Os. Actl: 11
[0105] In a second set of experiments, a GUS cassette amplicon comprising the EXP sequence
EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145) was compared to the control amplicons, PCR0145%42
(EXP-Os Actl:1:9, SEQ 1D NO: 179) and PCRO145944 (EXP-CaMV 355-enh+Zm.DnaK:1:1,
SEQ 1D NO: 170) with respect to GUS expression. GUS expression driven by the EXP
sequence EXP-Zm. UbgM1:1:8 was higher than that of the two controls. Table 11 below shows
the mean GUS and luciferase values determined for each amplicon. Table 12 below shows the
GUS/RLuc and GUS/FLuc raties of expression normalized with respect to EXP-Os.Acti:1:9 and
EXP-CaMV.355-enh+Zm.DnaK:1:1 driven expression in corn profoplasts.
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TFable 11. Mean GUS and Luciferase activity in fransformed corn Ieaf protoplast cells.

SEQ
[£))
Amplicon EXP sequence NO: ! GUS | RLuc | FLuc
PCRG145942 | EXP-Os.Actl: 19 179 1151225 | 190461 | 113338
EXP-CaMV.358-
PCRG145944 | enh+Zm.Dnak:i:1 170 | 41176.5 | 330837 | 13885.8
PCR{(145916 | EXP-Zm. UbgM1:1:8 145 1 79581,5 | 330756 | 152625

Table 12. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaM V. 35S8.enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in corn leaf protoplasts.

GUS/REuc
relative to GUS/FLuc
GUS/RLuc | GUS/FLuc EXP- relative to EXP-
SEQ | relative to | relative to CaMV.358. CaMV.358.
iDh EXP. EXP. enh+Zm.DnaK | enh+Zm.Dnak;
EXP sequence NO: | Os.Actl: ]9 | Os.Actl: ;9 1:1 1:1
EXP-Os.Acti:1:9 179 .00 £.00 0.06 0.04
EXP-CaMV 358-
enh+Zm.Dnak:1:1 170 15.68 2222 £.00 1.00
EXP-Zm.UbgM1:1:8 145 30.30 39.08 1.93 1.76

[0106] In a third set of experiments, amplicon GUS transgene cassettes were made as described
above and assayed for expression driven by the EXP sequences, EXP-ANDge Ubql:1:8 (SEQ ID
NO: 83, EXP-CLUbqgl:{:10 (SEQ 1D NO: 98y, EXP-ClLUbql:1:13 (SEQ ID NO: 114), EXP-
ClUbql:1: 14 (SEQ ID NO: i15) and EXP-CLUbgl:1:15 (SEQ ID NO: 116}, The amplicons
were comprised of an EXP sequence operably linked to the GUS-1 coding sequence which was
operably linked to the T-AGRtu.nos-1:1:13 37 UTR. Expression was compared to the controls
EXP-Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.355-enh+Zm.DnaK:1:1 (SEQ 1D NO:
1705, Table 13 below shows the mean GUS and luciferase values determined for each amplicon.
Table 14 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-

Os.Act]:1:9 and EXP-CaMV 355 -enh+Zm.DnaK:1:1 driven expression in corn protoplasts.
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Fable 13, Mean GUS and Luciferase activity in transformed corn leaf protoplast cells,

Amplicon SEQ
|1} EXP sequence D NO: GUS RLuc
PCRO145942 | EXP-Os. Actl:1:9 179 9445.25 1929755
PCRO145944 | EXP-CaMV.35S-enh+Zm.Dnak: |1 170 78591.25 | 445127
PCRO1406628 | EXP-ANDge.Ubql:1:8 8 192056.75 | 972642
PCRO145922 | EXP-CLUbgl:1: 10 98 175295.25 | 395563
PCRO145945 | EXP-ClL.Ubgi:1:13 1i4 173674.3 | 402966
PCRO145946 | EXP-ClLUbqgl:1:14 115 185987.5 | 390052
PCRO145947 | EXP-CLUbgi:1:15 116 9435 320749

Fable 14. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.358.enh+Zm.DnaK:1:1 (SEQ ID NO; 170}
in corn leaf protoplasts.

GUS/RLuc GUS/RLuc
relative to relative to EXP-
SEQIDb EXP- CaMV.355-
EXP sequence NO: Os.Actl:1:9 | enh+Zm.DnaK:1:1

EXP-0s.Act]:1:9 179 1.00 0.06
EXP-CaMV .355-
enh+7Zm.Daak:1:1 170 17.38 1.0G
EXP-ANDge. Ubgl:1:8 38 19.44 1.12
EXP-CLUbqgl:1:10 98 43.62 2.51
EXP-CLUbgl;1:13 114 42.43 2.44
EXP-CLUbql:1:14 115 46.94 2,70
EXP-CLUbgl;1:15 116 2.90 0.17

[0107F As can be seen in Table 14 above, the EXP sequences EXP-ANDge. Ubgl:1:8 (SEQ ID
NO: 83, EXP-CLUbgl:1:10 (SEQ 1D NO: 98, EXP-Cl.Ubqg1:1:13 (SEQ 1D NO: 114), EXP-
CLUbql:1:14 (SEQ ID NO: 115) and EXP-CLUbgi:1:15 (SEQ ID NO: 116) are capable of
driving transgene expression. Expression driven by EXP-ANDge Ubgl:1:8 (SEQ 1D NO: 8},
EXP-Cl.Ubql:1:10 (SEQ ID NO: 98), EXP-ClUbgi:1:13 (SEQ ID NO: i14) and EXP-
CLUbql:1:14 (SEQ ID NO: 115) was higher than that of both controls. Expression driven by
EXP-ClUbql:1:13 (SEQ ID NO: 116) was lower than EXP-CaMV.355-eni+Zm.DiaK:1:1
(SEQ ID NO: 170) but higher than the control, EXP-Os.Act1:1:9 (SEQ 1D NO: 179).
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[01081 1n a fourth set of experiments, amplicon GUJS transgene cassettes were made as described
above and assayed for expression driven by the EXP sequences, EXP-ClLUbgl:1:10 (SEQ ID
NO: 98), EXP-CLUbqgl:1:16 (SEQ 1D NO: 93) and EXP-CLUbyl:1:17 (SEQ ID NO: 97).
Expression was compared to the controls EXP-Os.Actl:1:9 (SEQ 1D NO: 179) and EXP-
CaMV.358-enh+Zm.DnaK:1:1 (SEQ ID NOG: 170} Table 13 below shows the mean GUS and
luciferase values determined for each amplicon. Table 16 below shows the GUS/RLuc and
GUS/FlLuc ratios of expression normalized with respect to EXP-Os.Actl:1:9 and EXP-

CaMV . 358-enh+Zm.DnaK:1:1 driven expression in com protoplasts.

Fable 15, Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

SEQ
D

Amplicon ID EXP sequence NO: GUS RLuc FlLuc

PCRO145942 | EXP-Os.Act]:1:5 179 53335 | 171941.75 | 7781788
EXP-CaMV.358-

PCRG145944 | enh+Zm.Dnak: 1] 170 88517 177260.25 | 54207.38
PCRO145922 | EXP-CLUbgi:1:10 98 | 13012575 | 194216 32055
pMON146750 | EXP-Cl.Ubgl:1:16 93 | 134101.75 | 182317.5 | 324345
pMON146751 | EXP-CL.Ubgl1:1:17 97 | 107122.5 | 151783.25 | 51354.38

Table 16. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV,358-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in corn leaf protoplasts.

GUS/RLue GUS/FLue

relative o relative to
GEHS/RLuce GUS/FLue FXP- EXP-

SEQ relative 1o relative to CaMV. 358 CaM V.358-

D EXP- EXP. enh+Zm.Dna | enh+Zm.Dna
Amplicon ID EXP sequence NO: Os. Actl:1:9 | OsActl:):9 Kil:l K:l:1
PCRO143942 FEXP-Os.Act: 19 179 1.00 1.00 106 .04
EXP-CaMV.358-

PCROEAS944 crnh+/m.Dnak:i:1 174 16.10 23.83 1.00 £.00
PCRO145922 EXP-CLihgi:1:10 98 21.00 59.23 i34 2.49
pMON 46750 EXP-CLUbqgi:1:16 93 2371 60.32 147 2.53
pMON 146751 EXP-CLibgt: 117 97 22,73 30,43 141 128

[0109] As can be seen in Table 16, the EXP sequences EXP-CLUbql:1:10 (SEQ I NO: 98},
EXP-C1.Ubql:1:16 (SEQ ID NO: 93} and EXP-CLUbql:1:17 (SEQ ID NO: 97) were able to
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drive transgene expression. Expression driven by each of the EXP sequences was higher than
that of both controls.

[01107 in a fifth set of experiments, amplicon GUS transgene cassettes were made as described
above assay expression driven by the EXP sequences, EXP-Zm.UbgM i:1:11 (SEQ ID NO: 149)
and EXP-CLUbqL:1:23 (SEQ [D NO: 108). Expression was compared to the controls EXP-
Os.Act]: 1:9 (SEQ ID NO: 179) and EXP-CaMV.3538-enh+Ta.Lheb1+0s. Acti: 11 (SEQ ID NO:
1633, Table 17 below shows the mean GUS and luciferase values determined for each amplicon.
Table 18 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-
Os. Actl:1:9 and EXP-CaMV.35S-enh+Ta.Lhebl+0s Actl:l:]

protoplasts.

driven expression in comn

Table 17. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells,

JP 2016-165295 A 2016.9.15

SEQ
1D
Template Amplicon EXP sequence NO: GUS Rl.uc
EXP-CaMV.355-
pMONG5328 | PCRO145943 | enh+Ta.Lhcbl+0s.Actl: 111 163 | 70352.00 | 79028.75
pMON25455 | PCR0145942 | EXP-Os.Actl:1:9 179 | 33155.25 | 92337.00
pMONI31962 | pMONI131962 | EXP-Zm.UbgM1:1:11 149 | 18814.75 | 33663.00
pMONI32047 | pMON132047 | EXP-CLUbqgl:1:23 108 | 1538750 | 4099550

Table 18. GUS/RLuc ratios of expression normalized with respect to EXP-Os.Actl:1:9
(SEQ ID NO: 179 and EXP-CaMV.355-enh+Ta.Lhch1+0s. Actl:1:1 (SEQ ID NO: 163) in
corn leaf protoplasts.

GUS/RLuc | GUS/RLuc relative

SEQ relative to | to EXP-CaMV.35S-

ID EXP- enh+Ta.Lhebl+0s,

Amplicon EXP seguence NO: | Os.Actl:1:9 Acti:l:1
EXP-CaMV.35S8-

PCRO145943 enh+Ta.Lhcb1+0s.Actl:1:] 163 2.48 1.00
PCR0O145942 EXP-Os.Actl:1:9 179 1.00 0.40
pMONI131962 | EXP-Zm.UbgMi:1:11] 149 1.56 0.63
pMONI132047 | EXP-ClUbql:1:23 108 1.05 0.42
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[G111} As can be seen in Table 18 above, the FXP sequences, EXP-Zm.UbgM1:1:11 (SEQ 1D
NO: 149) and EXP-CLUbqg1:1:23 (SEQ 1D NO: [08) were able to drive GUS expression in com
leaf protoplasts. Expression was similar to that of the control, EXP-Os.Act1:1:9 (SEQ ID NO:
1793} and tower than that of EXP-CaMV.33S-enh+Ta. Lheb 1+0s. Actl: 1:1 (SEQ 1D NO: 1633,

[0112F The efficacy of regulatory elements driving GUS expression from amplicons can be
similarly studied in svgarcane leaf protoplasts. For instance, sugarcane protoplasts may be
transformed with DNA amplicons derived from plant expression vectors containing an EXP
sequence, driving expression of the B-glucuronidase (GUS) transgene, and compared to leaf
protoplast in which expression of GUS is driven by known constitutive promoters. Likewise,
regulatory efements driving CP4 expression from amplicons in corn or wheat protoplasts may be

similarly studied.

Example 4: Analysis of Regulatory Elements Driving GUS in Wheat Protoplasts Using
GUS Transgene Cassette Amplicons.

[0113] Wheat leaf protoplasts were transformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the B-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS was driven by
known constitutive promoters.

10114} Wheat protoplast cells derived from leaf tissue were transformed using methods known in
the art with amplicons produced from amplification of GUS transgene cassettes comprising
plant expression vectors to compare expression of a wansgene {GUS) driven by the EXP
sequences listed in Tables 10-11 with that of known constitutive promoters with methodology as
described in a previous example (Example 3), using the same GUS cassette amplicons as that
used for assay in Corn in Example 3 above. Control GUS cassette amplicons and Luciferase
plasmids used for wheat protoplast transformation were also the same as those presented in the
previous example and provided in Table 7 above in Example 3. Likewise, negative controls
were used for the determination of GUS and luciferase background, as described above, Wheat
leaf protoplasts were transformed using a PEG-based transformation method, as described in
Example 3 above, Table 19 lists mean GUS and LUC activity seen in transformed wheat leaf
protoplast cells, and Table 20 shows normalized GUS/RLuc ratios of expression in wheat

protoplasts.

61



(157)

WO 2012/134921

JP 2016-165295 A 2016.9.15

PCT/US2012/029990

Table 19. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.
SEQ
1D

EXP sequence NO: GUS Riuc | GUS/RLuc¢
EXP-Os.Actl:1:9 179 | 2976.33 | 53334.8 | 0.0558047
P-CAMV.355-ENH-1:1:102/L-CAMV.358-
12 169 | 1431.33 | 5599¢6.1 | 0.0255612
EXP-CaMV . 338-enh+Ta.Lhcb1+0s.Acti: 11 163 129299.3 | 30717.4 1 0.5776973
EXP-CaMV.358-enh+7Zm.Dnak;1:1 1701 34204.3 | 63307.9 1 0.5417066
EXP-ANDge.Ubql:1:7 5 684443 | 603291 1 1.1345138
EXP-ANDge.Ubql;:1;10 10 60606.3 | 60639.4 | 0.9991243
EXP-ANDge Ubql:1:6 i2 33386.3 | 56712.1 | 0.3886984
EXP-ANDge Ubqgl:1:11 14 1432373 | 482034 | 0.89586090
EXP-ANDge.Ubql:1:12 1o 517127 | 64702.8 ¢ 0.799234]
EXP-ERIra.Ubgl:1:9 22 20998.3 | 602734 | 0.3483845
EXP-ERIra.Ubql:1:10 25 17268.3 | 25465.4 | 0.6781084
EXP-ERIra.Ubgl:1:8 27 34635.7 | 59467.1 | 0.5824341
EXP-ERIra.Ubgl:i:11 29 28979 | 56153.8 1 0.516065
EXP-ERIra.Ubgl:1:12 31 41409.7 | 55152.4 | 0.7508221
EXP-SETit.Ubqgl:1:3 117 394277 1 57463.1 | 0.6861388
EXP-SETit.Ubgl:1:7 123 108091 | 493304 1 2.191169
EXP-SETit.Ubqgl:1:6 124 58703 | 46110.1 | 1.2731047
EXP-Sv.Ubgl:1:7 128 29330 | 43367.1 | 0.676319
EXP-Sv.Ubgl:1:8 132 53359 | 40076.4 | 1.3314306
EXP-Sv.Ubgi:1:10 134 | 49122.7 | 53180.8 | 0.9236922
EXP-Zm UbgMi:1:6 137 37268 | 54088.1 | 0.6890239
EXP-Zm. UbgMi: {7 141 51408 | 4729741 1.0869087
EXP-Sh.Ubg4:1:2 151 | 35660.3 | 625911 ¢ 0.5697347
EXP-Sb.Ubg6:1:2 153 27543 | 57826.4 | 0.4763046
EXP-CLUbgl:1:10 98 54493.3 | 41964.1 | 1.2985699

Table 20. GUS/REuc ratios of expression normalized with respect to EXP-Os.Actl:1:9
(SEQ ID NO: 179) and EXP-CaMV.358-enh+Ta.Lhch1+0s.Actl:1:1 {(SEQ 1D NO: 163) in

wheat leaf protoplasts.

GUS/RLuc Relative
GUS/RLuc to EXP-CaMV,358-
SEQID | Relative to EXP. | enh+Ta.Lhcb1+0s.A
EXP sequence NO: Os.Actl:1:9 cti:l:1
EXP-Os.Actl:1:9 179 1.00 0.10
P-CAMV.355-ENH- 169 0.46 0.04
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1:1:102/1-CAMV . 358-1:1:2

EXP-CaMV.358-

enh+Ta.Lhchbl+0s Actl:1:1 163 10.35 1.00
EXP-CaMV.358-

enh+Zm.DnaK:1:1 170 9.71 0.94
EXP-ANDge.Ubgl:1:7 5 20.33 1.96
EXP-ANDge.Ubgi:1;10 10 17.90 1.73
EXP-ANDge.Ubgi:1:6 12 10.55 1.02
EXP-ANDee.Ubgi:1:11 14 16.05 1.55
EXP-ANDge. Ubgi:1:12 16 14.32 1.38
EXP-ERIra.Ubqgl:1:9 22 6.24 0.60
EXP-ERbra.Ubgl:1:10 25 12.15 1.17
EXP-ERIra.Ubql:1:8 27 10.44 1.01
EXP-ERIra,Ubgl:l:11 29 923 (.89
EXP-ERIra.Ubqgl:1:12 31 1345 1.30
EXP-SETit.Ubgl:1:5 117 12.30 1.19
EXP-SETit.Ubql:1:7 123 39.26 3.79
EXP-SETit.Ubql:1:6 124 22.81 2.20
EXP-Sv.Ubqgl:1:7 128 12.12 1.17
EXP-Sv.Ubgl:1:8 132 23.86 2.30
EXP-Sv.Ubql:1:10 134 16.55 1.60
EXP-Zm.UbgM1:1:6 137 12.35 1.19
EXP-Zm.UbgM1;1:7 141 19.48 1.88
EXP-Sb.Ubg4:1:2 151 10.21 0.99
EXP-Sb.Ubg6:1:2 153 8.54 0.82
EXP-ClUbql:1:10 08 23.27 2.25

[0115] As can be seen in Table 20 above, nearly all of the EXP sequences were capable of
driving GUS transgene expression in wheat cells. GUS transgene expression driven by EXP-
ANDge.Ubqgl:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubqgl:1:10 (SEQ ID NO: 10), EXP-
ANDgeUbql:1:6 {SEQ ID NO: 12), EXP-ANDge.Ubgl:1:i1 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIraUbql:1:9 (SEQ ID NO: 22), EXP-
ERIratlbgl:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubqgi:1:§ (SEQ ID NO: 27), EXP-
ERIraUbgl:1:11 (SEQ 1D NO: 29), EXP-ERIraUbgl:1:12 (SEQ ID NO: 31), EXP-
SETitUbgl:1:5 (SEQ ID NO: 117,  EXP-SETitUbgl:1:7 (SEQ D NO: 123), EXP-
SETieUbgl:1:6 (SEQ ID NO: 124}, EXP-Sv.Ubqgl:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ ID NO: 132), EXP-Sv.Ubql: 1110 {SEQ ID NO: 134), EXP-Zm.UbgM1:1:6 (SEQ ID NC:
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137, EXP-ZmUbgML:1:7 (SEQ ID NO: 141). EXP-Sb.Ubg4: 1:2 (SEQ 1D NO: 151), EXP-
Sb.Ubqg6:1:2 (SEQ ID NO: 153y and EXP-ClUbql:{:10 (SEQ ID NO: 98) was much higher
than GUS expression driven by EXP-Os.Actl:1:9. GUS expression of the amplicons in wheat
leaf protoplast cells relative to EXP-CaMV.3538-enh+TaLhebi+0s Actl:1:1 was slightly
different from the expression observed in corn protoplast cells. Each of EXP-ANDge Ubql: 1.7
(SEQ ID NO: 5), EXP-ANDge Ubgl:1:10 (SEQ ID NO: 10), EXP-ANDge Ubgl:1:6 (SEQ ID
NO: 12), EXP-ANDge Ubql:1:11 (§8EQ 1D NQO: 14), EXP-ANDge Ubgi:1:12 (SEQ 1D NO:
16), EXP-ERIra.Ubqgl:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubqgl:1:8 (SEQ 1D NO: 27), EXP-
ERIra.Ubgl:1:12 (SEQ 1D NO: 31), EXP-SETit.Ubgl:1:5 (SEQ ID NO: 117), EXP-
SETieUbgl: 17 (SEQ 1D NO: 1233,  EXP-SETitUbgl:1:6 (SEQ ID NO: 124), EXP-
Sv.Ubgl:1:7 (SEQ 1D NO: 128), EXP-Sv.Ubqgl:1:8 (SEQ 1D NO: 132), EXP-Sv.Ubgl:1:10
(SEQ ID NO: 134), EXP-Zm.UbgM1:L:6 (SEQ ID NQ: 137}, EXP-Zm.UbgM1:1:7 {(SEQ 1D
NO: 141) and EXP-ClLUbgi:1:10 {(8EQ ID NO: 98) demonstrated higher levels of GUS
expression relative to EXP-CaMV.358-enh+Ta Lheb1+0s. Actl:1:1, The EXP sequences EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubgl:E:11 (SEQ ID NO: 29}, EXP-8b.Ubq4:1:2
(SEQ ID NO: 151) and EXP-Sb.Ubq6:1:2 (SEQ 1D NO: 153) demonsirated lower levels of GUS
expression relative to EXP-CaMV.355-enh+Ta. Lhebl+0s.Actl:1:1.

{0116} In a second set of experiments, amplicon GUS transgene cassettes were made as
described above and assayed for expression driven by the EXP sequences, EXP-
ANDge Ubql:1:8 (SEQ ID NO: 8), EXP-Cl.Ubql:1:10 (SEQ D NO: 98), EXP-CLUbql:1:13
(SEQ 1D NO: 114), EXP-ClLUbg1:1:14 (SEQ 1D NO: 115) and EXP-ClL.Ubg1:1:15 (SEQ ID NO:
116}. The amplicons were comprised of an EXP sequence operably linked to the GUS-1 coding
sequence which was operably linked to the T-AGRtu.nos-1:1:13 37 UTR.  Expression was
compared to the controls EXP-Os.Actl:1:9 (SEQ 1D NO: 179) and EXP-CaMV 353S-
enh+Zm.DnaK:1:1 (SEQ ID NO: 170). Table 21 below shows the mean GUS and luciferase
values determined for each amplicon. Table 22 below shows the GUS/RLuc ratios of expression
normalized with respect to EXP-Os. Acti:1:9 and EXP-CaMV.3355-enh+Zm.DnaK:1:1 driven
expression in corn protoplasts.

Table 21, Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells,

Amplicon SEQ ID
1)) EXP sequence NO: GUS RLue
PCRO145942 | EXP-Os. Actl: 19 179 1234 1 176970.5

64



(160) JP 2016-165295 A 2016.9.15

WO 2012/134921 PCT/US2012/029990
PCRO145944 | EXP-CaMV.338-enh+Zm.DnaK:1:1 170 {28835 119439
PCROT46628 | EXP-ANDge Ubgl:1:8 8 383533 1 1715353
PCRO145922 | EXP-CLUbgl: 1:10 98 34038 1542458
PCRO145945 | EXP-CLUbgi:1:13 114 32121 11222208
PCRO145946 | EXP-CLUbqgl:1:14 115 56814 1 1433183
PCR0O145947 | EXP-ClL.Ubgl:1:15 116 1890.5 1 167178.5

Table 22, GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
Os.Act];1:9 (SEQ 1D NO: 179) and EXP-CaMV.358-enh+Zm.DnaK:1:1 (SEQ 1D NO: 170)
in wheat leaf protoplasts.

GUS/RLuc
relative to EXP-
GUS/RLuc CaMV,358-
SEQ ID | relative to EXP- | enh+Zm.DnaK:
EXP sequence NO: Os. Actl:1:9 1:1
EXP-Os. Actl: 19 179 1.00 0.06
EXP-CaMV.358-enh+Zm.Dnak:1:1 170 15.47 1.00
EXP-ANDge.Ubgl:1:8 8 3207 2047
EXP-CLUbgl:1:10 98 32.48 2.10
EXP-CLUbg1:1:43 114 37.69 244
EXP-CLUbgl:1: 14 113 56.85 3.68
EXP-ChLibgl:l:13 116 1.62 0.10

[G117} As can be seen in Table 22 above, the EXP sequences EXP-ANDge. Ubgl:1:8 (SEQ ID
NO: 8), EXP-CLUbqgl:1:10 (SEQ 1D NO: 98}, EXP-CLUbqgl:1:13 (SEQ ID NO: 114}, EXP-
CLUbql:1:14 (SEQ ID NO: 115) and EXP-CLUbgi:1:15 (SEQ ID NO: 116) are capable of
driving transgene expression. Expression driven by EXP-ANDge. Ubql:1:8 (SEQ ID NO: 8},
EXP-ClUbql:1:10 {(SEQ ID NO: 98), EXP-ClLUbgl:1:13 (SEQ ID NO: 114) and EXP-
CLUbql:1:14 (SEQ ID NO: 115) was higher than that of both controls, Expression diiven by
EXP-ClLUbql:1:15 (SEQ D NO: 116) was lower than EXP-CaMV.358-enh+Zm.DnaK:1:1
(SEQ ID NO: 170) but higher than the control, EXP-Os.Act1:1:9 (SEQ 1D NO: 179).

{0118} 1n a third set of experiments, amplicon GUS transgene cassettes were made as described
above to assay expression driven by the EXP sequences, EXP-CLUbqgi:1:10 (SEQ 1D NO: 98),
EXP-CL.UbqL:1:16 (SEQ [D NG: 93) and EXP-CLUDbg1:1:17 (SEQ {D NO: 97), Expression was
compared to the controls EXP-OsActl:1:9 (SEQ 1D NO: 179) and EXP-CaMV.358-
eni-+Zm.DnaK:1:1 (SEQ ID NO: 170). Table 23 below shows the mean GUS and luciferase
values determined for each amplicon. Table 24 below shows the GUS/RLuc and GUS/Fluc
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ratics of expression normalized with respect to EXP-OsActl:[:9 and EXP-CaMV.3355-

enh+Zm.DnaK:1:] driven expression in corn protoplasts.

Table 23. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SE
Amplicon ID EXP sequence ID N%: GUS RLuc FLuc
PCRO145942 | EXP-0Os. Act]:1:9 179 478 | 46584.3 | 270975
PCR145944 | EXP-CaMV.358-enh+7Zm.DnaK:1:1 170 8178.5 |43490.8 | 2927.25
PCR0O145922 | EXP-CLUbgl:1:10 9% 22068.3 | 47662.3 | 1289
pMON 146750 | EXP-CLUbqgl:1:16 93 342035 | 43004.5 | 1379.63
pMON146731 | EXP-CLUbgl:1:17 97 31758 | 457393 | 2820.75

Table 24, GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP.CaM V., 35S8-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in wheat leaf protoplasts.

GUS/RLue
GUS/RL refative to | GLS/FLuc
SE ue GUS/FLu EXP- relative to
Q refafive | crelative | CaMV.3588 EXP-
10 | W EXP- | to EXP- - CaMV, 358
NO | Os.Actl: | Os.Acti:l | enh+Zm.D | enh+Zm.Da
Amplicon ID EXP sequence : 1Y 9 nak:i:l ak:l:l
PCR{3145942 EXP-Os.Act]: 19 179 1.00 J.00 0.05 0.06
EXP-CaMV.358-
PCRG145%44 eph+/Zm I nak:1:1 170 18.33 15.54 1.060 1.00
PCRG145922 EXP-CLUbgl:1:10 9 45.12 9705 246 6.13
PMON 146750 EXP-CLUbgl:1:16 93 73.97 140.53 4.04 8.87
pMON 146751 EXP-ClUbgl:1:37 97 67.67 63.82 3.69 4,03

[0119] As can be seen in Table 24 above, the EXP sequences EXP-CLUbq1:1:10 (SEQ ID NO:
98), EXP-Cl.Ubgl:1:16 {SEQ ID NO: 93} and EXP-CLUbqgl:1:17 (SEQ ID NO: 97} were able fo
drive transgene expression. Expression driven by each of the EXP sequences was higher than
that of both controls.

[01207 In a fourth set of experiments, amplicon GUS transgene cassettes were made as described
above to assay expression driven by the EXP sequences, EXP-Zm. UbgM1:1:11 {(SEQ ID NO:
149} and EXP-CLUbq1:1:23 (SEQ ID NO: 108). Expression was compared to the controls EXP-
Os. Act]:1:9 (SEQ ID NO: 179) and EXP-CaMV.355-enh+Ta. Lheb1+0s. Acti: 11 {(SEQ ID NO:
163} Table 25 below shows the mean GUS and luciferase values determined for each amplicon.

Table 26 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-
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Os.Actl:1:9 and EXP-CaMV.353S-enh+TaLhch+QOs. Actl; ;1 driven expression in com

protoplasts.

Table 25. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SEQ D
Template Amplicon ID EXP sequence NO: GUS RLuc
EXP-CaMV, 358-
pMONG5328 | PCROI45943 | enb+Talhebl+Os Acili i 163 67459.13 11682.00
pMON253455 | PCROT4S042 | EXP-Os.Act: )0 179 36618.33 16654.83
pMONI31962 | pMON131962 | BEXP-Zm.UbgMi: 11} 149 53862.13 10313.75
pMONI32047 | pMON132047 | EXP-CLUbgl:1:23 108 38869.38 12279.00)

Table 26. GUS/REuc ratios of expression normalized with respect to EXP-Os.Actl:1:9
(SEQ ID NO: 179) and EXP-CaMV.355-enh+Ta. Lhebl+0s.Actl:1:1 (SEQ ID NO: 163) in
wheat leaf protoplasts.

GUS/RLuc
relative to

GUS/RLae relative to EXP-

SEQID EXP. CaMV.358-
Amplicon 1D EXP sequence NO: Os.Ac11:1:9 | enh+TaLhebl+O0s.Acti: ]l
EXP-CaMV.358-
PCROEASHAS | enh+Talhehl+0s Actl:1:1 163 1.70 1.00
POCROI4S942 © EXP-(Js. Act]:1:9 179 1.60 (.59
pMONI31962 | EXP-Zm.UbgM1:1:11 149 1.34 {90
pMON132047 | EXP-ClLUbg1:1:23 {08 0.93 (.55

[G1211 As can be seen in Table 26 above, the EXP sequences, EXP-Zm. UbgM1:1:11 (SEQ 1D
NO: 149) and EXP-CLUbg1:1:23 (SEQ 1D NO: 108) were able to drive GUS expression in
wheat leaf protoplasts. Expression was similar to that of the control, EXP-Os.Act]:1:9 (SEQ ID
NO: 179} and lower than that of EXP-CaMV.355-enh+Ta.Lhebi+0s. Actl:]:1 (SEQ D NO:
1633,
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Example 5: Analysis of Regulatory Elements Driving GUS in Sugarcane Protoplasts Using
GUS Transgene Cassette Amplicons.

{01221 Swugarcane leaf protoplasts were ansformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the B-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS was driven by
known constitutive promoters,

{0123} Sugarcane protoplast cells derived from leaf tissue were transformed using a PEG-based
transformation method, as described in Example 3 above with amplicons produced from
amplification of GUS transgene cassettes comprising plant expression vectors to compare
expression of a transgene (GUS)Y driven by one of EXP-ANDge.Ubqgl:1:7 (SEQ ID NO: 53,
EXP-ANDge.Ubgl:1:10 (SEQ ID NO: 10y, EXP-ANDge Ubgl:1:6 (SEQ ID NO: 12), EXP-
ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubqgl:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ 1D NO: 22), EXP-ERDIaUbql:1:10 (SEQ 1D NO: 25), EXP-
ERIrallbgl:1:8 (SEQ ID NO: 27), EXP-ERIa.Ubgql:I:11 (SEQ ID NO: 29), EXP-
ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-CLUbql:1:10 (SEQ ID NO: 98), EXP-ClL.Ubgl:1:13
(SEQ ID NO: t14), EXP-CLUbg1:1:14 (SEQ ID NO: 115) and EXP-CLUbg1:1:15 (SEQ ID NO:
116} and presented in Table 27 below, with that of known constitutive promoters.

TFable 27, GUS plant expression amplicons and corresponding plasmid construct amplicon

template and EXP sequence.
SEQ
Amplicon Amplicon 1D
1D Template EXP sequence NO:
PCRO145942 | pMON25455 EXP-Os.Act]:1:9 179
EXP-CaMV.358-
PCR0145944 | pMONE1552 enhi+Zm. DnaK:1:1 170
PCRO145892 | pMON 1362064 EXP-ANDge Ubgi:1:7 5
PCRO145815 | pMON 136264 EXP-ANDge.Ubg!:1:10 10
PCRO145893 | pMON136259 EXP-ANDge.Ubg!:1:6 12
PCRO145817 | pMON136264 EXP-ANDege. Ubqgl:1:11 14
PCRO145819 | pMON 136264 EXP-ANDge. Ubgt:1:12 113]
PCRO145896 | pMON136263 EXP-ERIra.Ubgl:1:9 22
PCR0O145820 | pMON136263 EXP-EREa.Ubgl:1:10 25
PCRO145897 | pMON136258 EXP-ERIra.Ubgl:1:8 27
PCRO145821 | sMON136263 EXP-ERIra.Ubqgl:1:11 29
PCRO145822 | pMON 136263 EXP-FRIra.lbgl:1:12 31
PCRO145922 | pMON 140889 EXP-Cl.Ubql:1:10 98
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PCRO145945 | pMON 140889 EXP-Cl.Ubqgl:1:13 114
PCRO143946 | pMON 140889 EXP-Cl.Ubgl:1:14 1E3
PCRO145947 | pMON 140889 EXP-Cl.Ubqgl:1:15 116

[0124] Control GUS cassette amplicons and Luciferase plasmids used for sugarcane protoplast
transformation were also the same as those presented in Examples 2 through 4 and provided in
Table 7 above in Example 3. Likewise, negative controls were used for the determination of
GUS and luciferase background, as described above, Table 28 lists mean GUS and Luc activity
seen in transformed sugarcane leaf protoplast cells, and Table 29 shows normalized GUS/RLuc
ratios of expression in sugarcane leaf protoplasts.

Fable 28. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SEQ
D

EXP sequence NO: GUS Riuc FlLuc
EXP-Os. Actl:1:9 179 6667.5 | 30245 | 1129.25
EXP-CaMV.355-
enh+Zm.Dnak:1:1 170 1487281 5171 2(19.5
EXP-ANDge.Ubgl:1:7 5 15225 14618.25 | 1775.75
EXP-ANDge.Ubgl:1:10 16 1727531 4333 1678
EXP-ANDge.Ubgl:1:6 12 17236 15633.25 ) 2240
EXP-ANDge.Ubgl:1:11 14 22487.8 | 6898.25 | 2878
EXP-ANDge.Ubgl:1:12 16 221453 1624028 | 2676.5
EXP-ERIra.Ubgl:1:9 22 167965 | 775975 | 3179
EXP-ERIra.Ubql:1:10 25 16267.5 | 5632.75 | 2436.75
EXP-ERIra.Ubgl:1:8 27 25351 | 9019.5 | 4313.5
EXP-ERIra.Ubgl:1:11 29 16652.3 | 3672.25 | 1534
EXP-ERIra.Ubgl:1:12 31 12654.5 | 325675 | 1261.3
EXP-Cl.Ubgl:1:10 98 22383.8 1 7097.5 | 3109.25
EXP-Cl.Ubqgi:1:13 114 145323 2786.5 | 1198.25
EXP-Cl.Ubgl:1: 14 115 19244.5 | 345525 | 1473
EXP-Cl.Ubqi:1:15 il6 6676.5 | 3870.25 | 1497.75
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Table 29. GUS/RLuc and GUS/FLue ratios of expression normalized with respect to EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.358S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170}
in sugarcane leaf protoplasts,

GUS/REuc GUS/FLuc
GUS/RLu | GUS/FLu relative to relative to
c relative | ¢ relative EXP- EXP-
SEQ | to EXP. to EXP- | CaMV.355. CaMV. 358.
ID | Os.Actl:l | Os.Actl:]l | enh+Zm.Dna | enh+Zm.DnaK
EXP sequence NO: 9 9 K:1:1 :1:1
EXP-0s.Acti:1:9 179 1.60 £.00 0.77 0.80
EXP-CaMV 355~
enh+Zm.DnaK:1:1 170 1.30 1.25 1.00 1.00
EXP-ANDge. Ubg!:1:7 5 1.50 1.45 i.15 1.16
EXP-ANDge. Ubgl:1:10 10 1.81 1.74 1.39 1.40
EXP-ANDge Ubgl:1:6 12 1.39 1.30 1.06 1.04
EXP-ANDge Ubgl:1:11 14 1.48 £.32 1.13 1.06
EXP-ANDge Ubqgl:1:12 16 1.61 £.40 1.23 1,12
EXP-ERIra.Ubql:1:9 22 0.98 (.89 0.75 0,72
EXP-ERIra.Ubql:1:10 23 1.31 113 1.00 0.91
EXP-ERIra.Ubgl:1:8 27 1.27 1.00 (.98 0.80
EXP-ERIra.Ubgl:1:11 29 2.66 1.84 1.58 1.47
EXP-ERIra.Ubgl:1:12 31 170 170 1.358 1.36
EXP-ClUbgl:1:10 98 1.43 1.22 i.10 0.98
EXP-Clibgl:1:13 114 2.37 2.08 1.81 1.63
EXP-ClLUbgl:1:14 113 2.53 2.21 1.94 177
EXP-Cl.Ubql:1:15 116 0.78 0.75 0.60 0.61

[0125% As can be seen it Table 29 above. the EXP sequences EXP-ANDge. Ubql:1:7 (SEQ 1D
NGO 5), EXP-ANDge Ubql:1:10 (SEQ 1D NO: 10}, EXP-ANDge Ubgi:1:6 (SEQ ID NO: 123,
EXP-ANDge Ubql:1:11 (SEQ 1D NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIratlbql:1:9 (SEQ 1D NO: 22), EXP-ERIraUbql:1:10 (SEQ 1D NO: 25), EXP-
ERIratlbgl:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:I:11 (SEQ 1D NOG: 29). EXP-
ERIraUbql:1:12 (SEQ ID NO: 31), EXP-CL.Ubql:i:10 (SEQ 1D NOG: 98), EXP-Cl.Ubgl:1:13
(SEQ ID NO: 114), EXP-CLUbg!:1:14 (SEQ ID NO: 115) and EXP-CLUbq1:1:15 (SEQ ID NO:
116} were all capable of driving transgene expression in sugarcane protoplasts. The EXP
sequences, EXP-ANDge.Ubqgl:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubgl:1:10 (SEQ ID NO: 10),
EXP-ANDge Ubgl:1:6 (SEQ 1D NO: 12), EXP-ANDge Ubql:1:11 (SEQ ID NOQ: 14), EXP-
ANDge. Ubql:1:12 (SEQ ID NO: 16), EXP-ERIralibgl:1:10 (SEQ ID NO: 25). EXP-
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ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra. Ubql:1:12 (SEQ ID NO: 31). EXP-CLUbq1:1:10
(SEQ ID NO: 98), EXP-ClL.Ubql:1:13 (SEQ ID NO: 114) and EXP-CLUbqg1:1:14 (SEQ 1D NO:
115} expressed GUS higher than EXP-CaMV.358-enh+Zm. DoaK:1:1 (SEQ 1D NO: 170) in this

experiment.

Example 6: Analysis of Regulatory Elements Driving (P4 in Corn Protoplasts.

[0126] This example illustrates the ability of EXP-Sv.Ubql:L:7 (SEQ ID NO: 128), EXP-
Sv.Ubqi:1:8 (SEQ ID NO: 132), EXP-Sv.Ubqi:1:9 (SEQ ID NO: 133), EXP-Zm.UbgM1:1:6
(SEQ ID NO: 137), EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbgM1:1:7 (SEQ 1D
NO: [41), EXP-SETit.Ubgi:1:5 (SEQ ID NO: [17), EXP-SETit.Ubql:1:7 (SEQ 1D NO: 123),
EXP-SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-8Sb.Ubg4:1:2 (SEQ ID NO: 151} and EXP-
Sb.Ubgb: 1:2 (SEQ ID NO: 153) in driving expression of glyphosate tolerance gene CP4 in com
protoplasts. These EXP sequences were cloned into plant binary transformation plasmid
constructs wsing methods known in the art. The resulting plant expression vectors contained a
right border region from A. fumefaciens, an ubiquitin EXP sequence operably linked 5" to a
plastid targeted glyphosate tolerant EPSPS coding sequence (CP4, US RE39247). operably
linked 57 to the T-AGRtu.nos-1:1:13 37 UTR and a left border region from A. tumefaciens (B-
AGRmleft border). The resulting plasmid constructs were used to transform corn leaf
protoplasts cells using methods known in the art.

[01277 Plasmid construets listed in Table 30, with EXP sequences as defined in Table 1, were
utilized. Three control plasmids (pMON30098, pMON42410, and pMON30167), with known
constitutive regulatory elements driving either CP4 or GFP, were constructed and used fo
compare the relative CP4 expression fevels driven by these EXP sequences with CP4 expression
driven by known constitutive expression elements, Two other plasmids {pMON19437 and
pMONG63934} were also used as described above to evaluate transformation efficiency and
viability. Each plasmid contains a specific luciferase coding sequence driven by a constitutive
EXP sequence.

[0128] Corn leaf protoplasts were transformed using a PEG-based transformation method, as
described in Example 2 above. Measurements of both CP4 and fuciferase were conducted
similarly to Example 2 above. The average levels of CP4 protein expression expressed as part

per miltion (ppm) is shown in Table 30 below.
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SEQ | CP4 CP4
ID | Average  STDEV
Plasmid EXP sequence NO: ppm ppm
No DNA No DNA 0 0
pMON30098 | GFP 0 0
EXP-CaMV.358-
pMON42410 | enh+Ta.Lhchbi+0s.Actl;1:1 163 34.1 15.6
pMON30167 | EXP-Os.Actl:l:] 164 40,4 11.6
pMONI129203 | EXP-Sv.Ubql;1:7 128 45.2 6.2
pMON129204 | EXP-Sv.Ubqgl:1:8 132 101.9 13.8
pMONI129205 | EXP-Sv.Ubql;1:9 133 711 8.7
pMON129210 | EXP-Zm.UbgM1:1:0 137 137.1 14.8
pMON129211 | EXP-Zm.UbgM1:1:8 145 136.5 12.3
pMON129212 | EXP-Zm.UbgM1:1:7 141 176.2 18.1
pMON129200 | EXP-SETit. Ubgl:1:5 117 443 9.5
pMON129201 | EXP-SETit.Ubgl:1:7 123 105.1 8.4
pMON129202 | EXP-SETit.Ubgl:1:6 124 124.9 33.7
pMON129219 | EXP-Sb.Ubg4:1:2 151 14.3 I
pMON129218 | EXP-Sb.Ubqg6:1:2 153 75.7 8.9

[0129] Asg can be seen in Table 30, EXP-Sv.Ubql:1:7 (SEQ 1D NO: 128), EXP-Sv.Ubqgt:1:8
(SEQ 1D NO: 132), EXP-Sv.Ubg: 1:9 (SEQ ID NO: 133), EXP-Zm, UbgM1:1:6 (SEQ ID NO:
1373, EXP-Zm. UbgM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbgM1:1:7 (SEQ 1D NO: 141), EXP-
SETie.Ubgl:1:3 (SEQ 1D NG: 117, EXP-SETit.Ubgl:1:7 (SEQ ID NO: 123), EXP-
SETit.Ubgl:1:6 (SEQ D NO: 124} and EXP-Sb.Ubg6:1:2 (SEQ ID NO: 153) drove expression
of the CP4 transgene at levels close to or higher than CP4 expression levels driven by EXP-
CaMV.358-enh+Ta.Lhcb1+0s. Actl:1:1 and EXP-OsActl:i:1.  The EXP sequence, EXP-
SbUbyd:1:2 (SEQ ID NO: 151) demonstrated the ability to drive expression of CP4, but the
level of expression was lower than that of the constitutive controls.

[01307 Similar data to that above may also be obtained from plants stably transformed with
plasmid constructs described above, for instance, plants of progeny generation(s) Ro, R; or Fy or
later. Likewise, expression from other plasmid constructs may be studied. For instance,

pMON141619, comprises the EXP sequence EXP-ANDge.Ubql:1:8, while pMONI142862 is
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comprised of the EXP sequence EXP-ERlra.Ubql:1:8. These and other constructs may be

analyzed in this manner.

Example 7: Analysis of Regulatory Elements Driving CP4 in Corn Protoplasts using CP4
Transgene Cassette Amplicons.

{01311 This example illustrates the ability of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubgl:1:8 (SEQ ID NO: 8), EXP-ANDgeUbq!l:1:10 (SEQ ID N(O: 10), EXP-
ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubgl:1:12 (SEQ ID NO: 16), EXP-ERRa.Ubgi:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ 1D NO: 25), EXP-ERIra.Ubgl:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29}, EXP-ERIraUbgl:1:12 (SEQ ID NO: 31), EXP-
CLUBq1:1:10 (SEQ 1D NO: 98), EXP-CLUbql:1:13 (SEQ 1D NO: 114), EXP-ClLUbql:1:14
(SEQ ID NO: 115), EXP-CLUbql:1:15 (SEQ ID NO: 116), EXP-CLUbql:1:16 (SEQ ID NO:
93) and EXP-ClLUbqgl:1:17 (SEQ ID NOG: 97) in driving expression of glyphosate telerance
gene CP4 in corn protoplasts. These EXP sequences were cloned into plant binary
transformation plasmid constructs, The resulting plant expression vectors were used as
amplification templates to produce a transgene cassette amplicon comprised of an ubiguitin EXP
sequence operably linked 37 to a plastid targeted glyphosate tolerant EPSPS coding sequence
(CP4, US RE39247), operably linked 57 to the T-AGRtunos-1:1:13 37 UTR and a left border
region from A. mumefaciens.  The resulting amplicons were vsed to transform comn leaf
protoplasts cells,

[0132] Corn leaf protoplasts were transformed using a2 PEG-based transformation method, as
described in Example 2 above. Measwrements of both CP4 were conducted using an ELISA-
based assay. The average levels of CP4 protein expression expressed as part per miflion (ppm) is
shown in Tables 31 and 32 below.

{01331 In a first series of experiments, expression of CP4 driven by amplicons comprised of the
EXP sequences EXP-ANDge.Ubgl:1:7 (SEQ 1D NO: 5), EXP-ANDge.Ubqgl:1:8 (SEQ ID NO:
8), EXP-ANDge Ubql:1:10 (SEQ ID NO: 10}, EXP-ANDge Ubgl:1:6 (SEQ D NO: 123,
EXP-ANDge. Ubqgl:1:11 (SEQ 1D NO: 14), EXP-ANDge Ubql:1:12 (SEQ 1D NO: 16}, EXP-
ERIraUbgl:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIaUbql:1:11 (SEQ ID NO: 29), EXP-

ERIraUbgl:1:12 (SEQ ID NO: 31), EXP-Ci.Ubgl:1:10 (SEQ ID NO: 98), EXP-CLUbqg!:1:13
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(SEQ ID NO: 114). EXP-CLUbgl:1:14 (SEQ ID NO: 115) and EXP-CLUbql:1:15 (SEQ ID
NO: 116) were assayed in transformed corn leaf protoplasts and compared to CP4 expression
levels driven by the constitutive controls, EXP-CaMV.355-enh+Zm.DoaK:1:1 (SEQ ID NO:
170% and EXP-Os. Actl:1:1 (SEQ ID NO: 164). The average levels of CP4 protein expression
expressed as part per million (ppr) is shown in Tables 31 below.

Table 31. Average CP4 protein expression in corn leaf protoplasts,

CP4 CP4
ng/mg | ng/mg
total total
profein | protein
Amplicon Amplico SEQID | Averag | STDE
Template niD EXP sequence NO: € Y
ne DNA 0.0 0.0
pMON30098 GFP {negative control) 0.0 0.0
EXP-CaMV.358-
pMON19469 PCR24 | enh+Zm.DnaK:l:1 170 605.5 27.6
pMON30167 PCR25 | EXP-Os.Actl:1:} 164 50.6 14.2
pMON140896 | PCR41 | EXP-ANDge Ubqgl:1:7 5 459.0 60.9
pMONI40917 | PCR42 | EXP-ANDge.Ubql:§:8 8 258.2 38.4
pMONI140897 | PCR43 | EXP-ANDge. Ubgl:1:10 10 3248 21.6
pMONI40898 | PCR44 | EXP-ANDge.Ubgl;1:6 12 3949 66.4
pMONI40899 | PCR45 | EXP-ANDge.Ubgl:i:11 14 508.7 89.6
pMON140900 [ PCR46 | EXP-ANDge.Ubgl;1:12 16 329.3 14.5
pMON}40904 | PCR50 | EXP-ERIra.Ubgl:1:9 22 148.6 244
pMONI40905 | PCR51 | EXP-ERIra.Ubgi:1: 10 25 215.8 22.6
pMON140006 | PCR52 | EXP-ERIra.Ubgl:1:8 27 376.6 44.1
pMONI40907  PCRS53 | EXP-ERIra.Ubgl:]:11 28 459.9 104.7
pPMON40908 | PCR34 | EXP-ERIra.Ubgl:1:12 31 2216 159
pMONI40913 | PCR19 | EXP-ClLUbql:1:19 98 287.8 50.9
pMONI40914 | PCR20G | EXP-CLUbgl:1:13 il4 585.8 47.9
pMONI140915 | PCR21I | EXP-CLUbgl:1:14 115 557.5 76.6
pMON140916 | PCR22 | EXP-CLUbgl:1:15 i16 33.2 9.5

[0134] As can be seen in Table 31 above, the EXP sequences EXP-ANDge Ubqg!l:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge Ubqgl:1:10 (SEQ 1D NO: 10},
EXP-ANDge.Ubqgl:1:6 (SEQ ID NO: 12), EXP-ANDgeUbgl:1:11 (SEQ ID NO: 14), EXP-
ANDge Ubqgl:1:12 (SEQ ID NO: 16). EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
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ERIratUbql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubgl:1:8 (SEQ ID NO: 27), EXP-
ERIraUbql:1:11 (SEQ 1D NO: 293, EXP-ERIra.Ubqgl:1:12 (SEQ ID NO: 31). EXP-
CLUBql:1:10 (SEQ 1D NO: 98), EXP-CLUbqgl:1:13 (SEQ 1D NO: 114), EXP-ClUbql:1:14
(SEQ ID NO: 115 and EXP-ClUbgl:1:15 (SEQ ID NO: 116} were able to drive CP4
expression. All of the EXP sequences with the exception of one EXP-ClLUbgl:1:15 (SEQ 1D
NO: 116) drove CP4 expression levels at a much higher level than the constitutive control, EXP-
Os Actl: 1] (SEQ ID NO: 164).  BExpression levels were lower than that of EXP-(CCaMV 35S-
enh+7Zm.Dnak:1:1 (SEQ ID NO: [70).

[0135] In a second series of experiments, expression of CP4 driven by amplicons comprised of
the EXP sequences EXP-CLUbql:1:10 (SEQ 1D NO: 98}, EXP-CL.Ubql:1:16 {(SEQ ID NO: 93)
and EXP-ClLUbql:1:17 (SEQ ID NO: 97) were assayed in transformed corn leaf protoplasts and
compared to CP4 expression levels driven by the constifutive control, EXP-Os.Actl::] (SEQ
ID NO: 164). The average levels of CP4 protein expression expressed as part per million (ppm)

is shown in Tables 32 below,

Fable 32. Average CP4 protein expression in corn leaf protoplasts.

Maize Maize
Leaf Leaf
CP4 CpP4
mg/total | mg/total
SEQ | protein | protein
Amplicon 1D Avg StdDev
Template Amplicon ID EXP sequence NO:
pMON30167 | PCR25 EXP-0s.Actl:1:1 164 12.2 1.6%
pMONI140913 | PCR19 EXP-ClLUbql:1:10 98 307.5 24.21
pMON142748 | pMON142748 | EXP-CLUbqgl:1:16 93 24595 30.14
pMON142749 | pMON142749 | EXP-CLUbgl:1:17 97 362.85 25.32

[0136] As can be seen in Table 32 above, the EXP sequences EXP-CLUbql:1:10 (SEQ ID NO:
98), EXP-ClUbg!:1:16 (SEQ TD NO: 93y and EXP-ClL.Ubg1: 1:17 (SEQ ID NO: 97) were able fo
drive CP4 expression. Expression levels driven by all three EXP sequences were higher than

that of the constitutive control, EXP-Os. Actl: 1:1 (SEQ ID NO: 164).
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Example 8: Analysis of Regulatory Elements Priving CP'4 in Wheat Protoplasts.
[01371 This example illustrates the ability of EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-
Sv.Ubqgl:1:8 (SEQ ID NO: 132), EXP-Sv.Ubq1:1:9 (SEQ ID NO: 133), EXP-Zm.UbgM1:1:6
(SEQ 1D NO: 137, EXP-Zm.UbgM1:1:8 (SEQ 1D NO: 145), EXP-Zm. UbgM1:1:7 (SEQ ID
NO: 141), EXP-SETit.Ubgi:1:5 (SEQ ID NO: 117), EXP-SETit.Ubqgl:1:7 (SEQ ID NO: 123),
EXP-SETit.Ubqgl:1:6 (SEQ ID NO: 124), EXP-Sb.Ubg4:1:2 (SEQ ID NO: I51) and EXP-
Sh.Ubqg6:1:2 (SEQ ID NO: 153) to drive CP4 expression in wheat leaf protoplasts. These EXP
sequences were cloned into plant binary transformation plasmid constructs using methods known
in the art, and as described in Examples 2 and 5 above.

[0138] Three control plasmids (pMON30098, pMON42410, as previously described, and
pMON43647 comprising a right border region from Agrobacterium tumefaciens with EXP-
Os. Act]+CaMV 355 2xA1-B3+0s.Actl:1:1 (SEQ ID NO: [38) operably linked 57 to a plastid
targeted glyphosate tolerance coding sequence (CP4, US RE39247), operably linked 57 to T-
AGRtunes-1:1:13, and a left border region (B-AGRtu.left border) with known constitutive
regulatory elements driving either CP4 or GFP were constructed as cutlined in Example 5.
[0139] Wheat leaf protoplasts were transformed using a PEG-based tansformation method as
described in the previous examples with the exception that 1.5 X 107 protoplast cells per assay
were used.  Assays of luciferase and CP4 transgene expression were performed as described in
Example 6 above. The mean CP4 expression levels determined by CP4 ELISA are presented in
Table 34 below,

Table 34. Mean CP4 Protein Expression in Wheat Leaf Protoplast Cells.

SEQ CP4 CP4
1D Average | STDEV
Plasmid EXP sequence NO: ppm ppm
No DNA No DNA 0 0
pMON30098 | GFP ) 0
EXP-Os. Actl+CaMV.358.2xA1-
pMON43647 | B3+0s. Actl:1:1 172 656,2 1245
pMON42410 | EXP-CaMV.358-enh+Ta.Lhebl+0s.Actl:1:1 163 438.3 78.9
pMON30167 | EXP-Os.Actl:]:1 164 583 107.4
pMON129203 | EXP-Sv.Ubgl:1:7 128 156.9 25.1
pMON129204 | EXP-Sv.Ubgl:1:8 132 39.5 7
pMON129205 | EXP-Sv.Ubgl:{:9 133 154.5 50.5
pMON129210 | EXP-Zm.UbgM1:1:6 137 1500 0
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pMON{29211 | EXP-Zm.UbgMI:1:8 145 199.7 64.9
pMON129212 | EXP-Zm UbgM1:1:7 141 234.6 66.9
pMON129200 | EXP-SETit.Ubgl:1:5 117 7257 1497
pMON129201 | EXP-SETit.Ubgl:1:7 i23 64.9 14.5
pMON129202 | EXP-SETit.Ubgl:1:6 124 1229 48.7
pMONI29219 | EXP-Sb.Ubg4:1:2 151 113.1 32.8

[01401 The total amount of CP4 expression in wheat protoplasts driven by the EXP sequences
and the known constimtive EXP sequence EXP-CaMV.35S-enh+Ta.Lhebl+0s. Actl:]:1
demonstrated different levels of CP4 expression in wheat protoplasts when compared fo corn
protoplasts.

[0141] Several EXP sequences drove CP4 expression at lower levels in wheat protoplasts than
the known constitutive EXP sequences EXP-Os. Act1+CaMV. 358 2xA1-B3+0s.Actl:1:1 and
EXP-CaMV .355-enh+Ta.Lhebl1+0s.Actl:1:1. Two EXP sequences, EXP-Zm.UbqgM1:1:6 (SEQ
1D NO: 137). and EXP-SETit.Ubqgl:1:5 (SEQ ID NO: 117), provide higher levels of CP4
expression in wheat protoplasts than the known constitutive, EXP sequences in this assay. EXP-
Zm.UbgM1:1:2 drove expression of CP4 at the highest level, with expression levels being 2.2 to
34 fold higher than EXP-Os Act]+CaMV. 355 2xA1-B3+0s. Actl:1:1 and EXP-CaMV.355-
enb+Ta.Lhebl+0s Actl: 101, respectively.  All EXP sequences assayed demonstrated the

capacity to drive expression of CP4 in wheat cells.

Example 9: Analysis of Regulatory Elements Driving CP4 in Wheat Protoplasts using CP4
Transgene Cassette Amplicons.

{01421 This example illustrates the ability of EXP-ANDge.Ubql:1:7 (SEQ 1D NO: 5), EXP-
ANDge.Ubql:1:8 (SEQ 1D NO: 8), EXP-ANDgeUbql:1:10 (SEQ 1D NO: 10), EXP-
ANDge.Ubgl:1:60 (SEQ 1D NO: 12), EXP-ANDge Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIa.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubgl:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:1] (SEQ ID NO: 293, EXP-ERIra.Ubqgl:1:12 (SEQ ID NO: 31), EXP-
CLUbql:1:10 (SEQ ID NO: 98), EXP-ClUbqgl:L:13 (SEQ ID NO: 114), EXP-ClUbql:1: 14
(SEQ ID NO: 115), EXP-CLUbql:1:15 (SEQ ID NO: 116), EXP-CLUbql:1:16 (SEQ ID NO:
93) and EXP-Cl.Ubql:1:17 (SEQ ID NO: 97) in driving expression of glyphosate tolerance

gene CP4 in wheat protoplasts. These EXP sequences were cloned into plant binary
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transformation plasmid construcis. The resulting plant expression vectors were used as
amplification templates to produce a transgene cassette amplicon comprised of an ubiquitin EXP
sequence operably linked 537 to a plastid targeted glyphosate tolerant EPSPS coding sequence
(CP4, US RE39247). operably linked 57 to the T-AGRtunos-1:1:13 3° UTR and a left border
region from A tumefaciens.  The resulting amplicons were used to transform corn leaf
protoplasts cells,

[01431 Wheat leaf protoplasts were transformed using a PEG-based iransformation method, as
described in Example 2 above. Measurements of both CP4 were conducted using an ELISA-
based assay. The average levels of CP4 protein expression expressed as part per million (ppm) is
shown in Tables 35 and 36 below.

{01441 1n a first series of experiments, expression of CP4 driven by amplicons comprised of the
EXP sequences EXP-ANDge. Ubgl:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubqgl:1:8 (SEQ ID NO:
8), EXP-ANDge. Ubgl:1:10 (SEQ ID NO: 10}, EXP-ANDge.Ubqgl:1:6 (SEQ ID NO: 12},
EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16}, EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ 1D NO: 25), EXP-
ERIraUbql:1:8 (SEQ ID NO: 27), EXP-ERIraUbql:I:11 (SEQ ID NO: 29), EXP-
ERIra. Ubql:1:12 (SEQ 1D NG: 31), EXP-CiLUbqgl:1:10 (SEQ ID NO: 88), EXP-Cl.Ubg!:1:13
(SEQ ID NO: 114), EXP-CLUbq!:1:14 (SEQ ID NO: 115 and EXP-CLUbql:1:15 (SEQ ID
NO: 116} were assayed in transformed wheat leaf protoplasts and compared to CP4 expression
levels driven by the constitutive controls, EXP-CaMV.33S8-enh+Zm.DnaK:1:1 (SEQ D NO:;
170y and EXP-Os. Actl:1:1 (SEQ ID NO: 164}, The average levels of CP4 protein expression

expressed as part per million (ppm) is shown in Tables 35 below.

‘Table 35. Average CP4 protein expression in wheat leaf protoplasts.

CP4 CP4
ng/mg | ng/mg
SEQ total total
Amplicon Amplicon 1D protein | protein
Template D EXP sequence NO: | Average | STDEV
no DNA 0.00 0.00
pMON30098 GEP (negative control} 0.00 0.00
EXP-CaMV.355-
pMON 19469 PCR24 eph+Zm.Dnak:1:] 176 76.11 18.65
pMON30167 PCR25 EXP-Os.Actl:1:] 164 3.83 0.73
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pMON 140896 | PCR4| EXP-ANDge.Ubgl:1:7 5 10346 | 1631
pMON 140917 | PCR42 EXP-ANDge.Ubg1:1:8 8 61.48 1.99
pMON 140897 | PCR43 EXP-ANDge.Ubql:1:10 10 6265 | 4.58
pMON140898 | PCR44 EXP-ANDege.Ubql:1:6 12 4874 | 3.09
pMON 140899 | PCR45 EXP-ANDge.Ubql:1:11 14 54.91 3.50
pMON140900 | PCR46 EXP-ANDge.Ubql:1:12 16 42.81 5.97
pMON 140904 | PCR50 EXP-ERIra.Ubgl:1:9 22 31.26 1.69
pMON140905 | PCRS1 EXP-ERIra.Ubql:1:10 25 49.82 | 5.96
pMON140906 | PCR52 EXP-ERIra,.Ubgl:1:8 27 3743 | 452
pMON140907 | PCR53 EXP-ERIra.Ubgl:1:11 29 2717 | 0.96
pMON 140908 | PCR54 EXP-ERIra.Ubql:1:12 31 17.41 | 4.3
pMON140913 | PCRI9 EXP-C1LUbgl:1:10 98 66.66 | 1345
pMON 140914 | PCR20 EXP-CLUbql:1:13 114 | 7942 | 1074
pMON140915 | PCR2I EXP-C1.Ubql:1:14 115 | 7553 | 932
pMON140916 | PCR22 EXP-CLUbql:1:15 116 0.00 0.00

[01457 As can be seen in Table 31 above, the EXP sequences EXP-ANDge. Ubgl:1:7 (SEQ ID
NO: 5}, EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge UJbql:1:10 (SEQ 1D NO: 103,
EXP-ANDge Ubqgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge Ubql:1:12 (SEQ ID NO: 16), EXP-ERIa.Ubqi:1:9 (SEGQ ID NO: 22), EXP-
ERIrallbgl:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubgli:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ 1D NO: 29), EXP-ERIraUbql:1:12 (SEQ ID NO: 31), EXP-
CLUbqgl:1:10 (SEQ 1D NO: 98), EXP-Cl.Ubqgl:1:13 (SEQ ID NO: 114), EXP-ClUbqgl:1:14
(SEQ ID NO: 115) and EXP-ClUbgl:1:15 (SEQ 1D NO: 116} were able to drive CP4
expression. All of the EXP sequences with the exception of one EXP-Cl.Ubgi:1:158 (SEQ ID
NO: 116) drove CP4 expression levels at a much higher level than the constitutive control, EXP-
Os.Actl:1:1 (SEQ ID NO: 164).  Expression levels were around the same level or lower than
that of EXP-CaMV.3538-enh+Zm.Dnak: i:1 (SEQ ID NO: 170} for most of the EXP sequences.

{01461 In a second series of experiments, expression of P4 driven by amplicons comprised of
the EXP sequences EXP-CLUbqgl:1:1G (SEQ ID NO: 983, EXP-CLUbql:1:16 (SEQ 1D NO: 93)
and EXP-ClUbqgl:1:17 (SEQ ID NO: 97) were assayed in transformed wheat leaf protoplasts
and compared to CP4 expression levels driven by the constitutive control, EXP-Os.Actl:1:]
(SEQ ID NO: 164). The average levels of CP4 protein expression expressed as part per million

(ppm} is shown in Tables 32 below.
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Fable 36, Average CP4 protein expression in wheat leaf protoplasts.

Maize Maize
Leaf .eaf
CP4 CP4
SEQ | mg/total | mg/total
Amplicon iD | protein | protein
Template Amplicon 1D EXP sequence NO: Avg StdDev
pMON3G167 | PCR25 EXP-Os.Actl:1:1 164 15.84 2.12
pMON140913 | PCRI9 EXP-Cl.Ubgi:1:10 98 736.32 79.56
pMON142748 | pMON142748 EXP-CLUbg!i:1:16 93 593.72 80.22
pMON142749 | pMON142749 | EXP-ClLUbg1:1:17 | 97 763,95 86.94

[01477 As can be seen in Table 36 above, the EXP sequences EXP-CLUbql:1:10 (SEQ 1D NO:
98), EXP-Cl.Ubg1:1:16 (SEQ 1D NO: 93) and EXP-CLUbq1:1:17 (SEQ ID NO: 97) were able to
drive CP4 expression. Expression levels driven by all three EXP sequences were higher than
that of the constitutive control, EXP-Os.Actl:1:] (SEQ ID NO: 164).

Example 10: Analysis of Regulatory Elements Driving CP4 in Sugarcane Protoplasts.

[0148] This example illustrates the ability of EXP-Sv.Ubqgl:1:7 (SEQ ID NO: 128), EXP-
SviUbgl:1:8  (SEQ ID NO: 1323 EXP-Sv.Ubgi:1:9 (SEQ ID NO: 133), EXP-
Zm.UbgM1:1:6  (SEQ ID NO: 1373 EXP-Zm.UbgMI1:1:8 (SEQ ID NO: 145), EXP-
ZmUbgM1:1:7 (SEQ 1D NO: 141), EXP-SETitUbqgl:1:5 (SEQ ID NO: 117), EXP-
SETieUbql:1:7  (SEQ ID NO: 123}, EXP-SETit.Ubgl:L:6 (SEQ ID NO: 124}, EXP-
Sb.Ubg4:1:2 (SEQ 1D NO: 151, EXP-Sb.Ubg6:1:2 (SEQ ID NO: 153) and EXP-

CLUbql:1:10 (SEQ ID NO: 98) in driving expression of CP4 in sugar cane leaf protoplasts.
The EXP sequences were cloped into plant binary transformation plasmid constructs.  The
resulting vectors contained a right border region from Agrobacieriim tumefaciens, an ubiquitin
EXP sequence operably linked 57 to a plastid targeted glyphosate tolerant EPSPS coding
sequence (CP4, US RE39247), operably linked 57 to the T-AGRtu.nos-1:1:13 (SEQ ID NO: 127)
or T-CaMV.355-1:1:1 (SEQ ID NO: 140) 3" UTR and a left border region from A. wmefaciens
(B-AGRtu.left border). The resulting plasmid constructs were used to transform sugarcane leaf

protoplasts cells using PEG transformation method.
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[01491 Plasmid pMON129203, pMONI12904, pMONI2905, pMONI29210,
pMONI29211, pMON129212, pMON129200, pMON129201, pMON129262, pMON129219,
and pMON129218 are as described in Table 12 above.

[01507 Three control plasmids (pMON30167 described above; pMONI30803 aiso comprising
EXP-Os.Actl:]:1 (SEQ ID NO: 164); and pMONI132804 comprising EXP-P-CaMV.355-¢enh-
L1 13/L-CaMV.358-1:1:2/1-0s. Act1-1:1:19  (SEQ ID NO:

constructs

139), with known constitutive
regulatory elements driving CP4 were consiructed and used to compare the relative CP4
expression ievels driven by the ubiquitin EXP sequences listed in Table 37 below.

[0151] Sugarcane leaf protoplasts were transformed using a PEG-based transformation method.

The mean CP4 expression levels determined by CP4 ELISA are presented in Table 37 below.

Table 37. Mean CP4 Protein Expression in Sugarcane Leaf Protoplast Cells.

Experiment 1 Experiment 2
SEQ CP4 Cr4 Ccr4 CP4
Plasmid ID | Average | STDEYV | Average | STDEV
Construct EXP sequence NO: ppm ppm ppm ppm
EXP-P-CaMV.355-enh-
F:1:13/L-CaMV.355-1:1:2/1-
pMONI132804 | Os Actl-1:1:10 173 557,97 194.95 | 283.63 95.8
pMON30167 EXP-0Os.Actl:1:] 164 57.15 2(.99 18.36 541
pMON130803 | EXP-Os. Actl:1:1 164 34.26 .61 16.57 371
pMON129203 | EXP-Sv.Ubgl:1:7 128 86.2 32.46 56.86 9.55
pMON129204 | EXP-Sv.Ubgl:1:8 132 87.2 45.87 98.46 12.93
pMON129205 [ EXP-Sv.Ubgl:1:9 133 263.57 70.14 72.53 9.25
pMONi129210 | EXP-Zm.UbgMi:1:0 137 353.08 29.16 199.31 41.7
pMONI29211 | EXP-Zm.UbgM1:1:8 145 748.18 15.1 411.24 17.12
pMONi29212 | EXP-Zm.UbgM1i:1:7 141 454.88 75.77 215.06 23.22
pMON129200 | EXP-SETit.Ubgl:1:5 117 150.74 63.21 9171 41.35
pMON129201 1 EXP-SETit.Ubqgl:1:7 123 119,57 58.1 102.72 3112
pMONI29202 | EXP-SETit.Ubgl:1:6 124 43.79 25.77 97.63 46.07
pMON126219 | EXP-Sb.Ubgd:i:2 151 95.63 38.69
pMON129218 | EXP-SbUbg6:1:2 153 | 34334 119.2 179.75 51.16
pMON129221 [ EXP-ClUbgl:1:10 98 374.8 205.28 | 258.93 38.03

[0152] As can be seen in Table 37 above, the EXP sequences demonstrated the ability to drive
expression CP4 expression in sugarcane protoplasts, The levels of expression were similar to or

greater than that of CP4 expression driven by EXP-Os. Acti:]:1 {(SEQ 1D NO: 164). One EXP
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sequence. EXP-Zm. UbgM1:1:8 (SEQ ID NG: 145), demonstrated higher levels of expression
when compared to EXP-P-CaMV.358-enh-1:1:13/L-CaMV.355-1: 1:2/1-0s. Act1-1:1:19 (SEQ 1D

NO: 139) in sugarcane protoplasts.

Example 11: Analysis of Regulatory Elements Driving CP4 in Sugarcare Protoplasts using
CP4 Transgene Cassette Amplicons.

[0153] This example iliustrates the ability of EXP-ANDge.Ubgl:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubgl:1:8 (SEQ ID NO: 8§), EXP-ANDgeUbql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubgl:1:12 (SEQ ID NO: 16), EXP-ERIa.Ubqi:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ 1D NO: 25), EXP-ERIra.Ubgi:1:§ (SEQ 1D NO: 27). EXP-
ERIra.Ubql: 1111 (SEQ 1D NO: 293  EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
CLUbql:1:10 {SEQ ID NO: 98), EXP-Cl.Ubql:1:13 (SEQ ID NO: 114), EXP-ClUbql:1:14
(SEQ ID NO: 115) and EXP-CLUbqgl:1:15 (SEQ ID NO: 116) in driving expression of the
glyphosate tolerance gene CP4 in sugarcane protoplasts. These EXP sequences were cloned into
plant binary transformation plasmid constructs. The resulting plant expression vectors were used
as amplification templates to produce a transgene cassette amplicon comprised of an ubiquitin
EXP sequence operably linked 57 to a plastid targeted glyphosate tolerant EPSPS coding
sequence (CP4, US RE39247), operably linked 57 to the T-AGRtu.nos-1:1:13 37 UTR and a left
border region from A. mmefaciens. The resulting amplicons were used to transform sugarcane
leaf protoplasts cells.

[0154] Sugarcane leaf protoplasts were transformed using a PEG-based transformation methed,
as described in Example 2 above. Measurements of both CP4 were conducted using an ELISA-
based assay.

[0155] Expression of CP4 driven by amplicons comprised of the EXP sequences EXP-
ANDge Ubqgl:1:7 (SEQ ID NO: 5 EXP-ANDgeUbql:1:8 {SEQ ID NO: &), EXP-
ANDge.Ubgl:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-
ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-ANDgeUbqgl:1:12 (SEQ 1D NO: 16), EXP-
ERIra.Ubgl:1:9 (SEQ 1D NO: 22), EXP-ERIa.UbqL:L:10 (SEQ ID NO: 23), EXP-
ERIraUbgl:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubgl:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubql:1:12 (SEQ 1D NO: 31), EXP-CLUbq1:1:10 (SEQ 1D NO: 98), EXP-CLUbg1:1:13

(SEQ ID NO: 114), EXP-Cl.Ubgl:1:14 (SEQ ID NO: 115) and EXP-CLUbql:1:15 (SEQ ID
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NO: 116} were assayed in transformed wheat leaf protoplasts and compared to CP4 expression
levels driven by the constitutive controls, EXP-CaMV.358-enh+Zm.DnaK:l:1 (SEQ D NO:
1703 and EXP-Os.Actl: 111 (SEQ ID NO: 164). The average levels of CP4 protein expression

expressed as part per million (ppm) is shown in Table 38 below.

Fable 38. Average CP4 protein expression in sugarcane leaf protoplasts.

Cr4 CP4
ng/mg | ng/mg
SEQ total total
Amplicon | Amplicon 1D protein | protein
Template D EXP sequence NO: | Average | STDEY
EXP-CaMV.355-
pMON19465 | PCR24 enh+Zm.DnaK;1:1 170 99.6 7.2
pMON30167 | PCR25 EXP-Os.Actisl:] 164 0.0 0.0
pMON140896 | PCR41 EXP-ANDge. Ubgl: L7 5 21.9 3.3
pMON 140917 | PCR42 EXP-ANDge.Ubgl:1:8 8 154 1.9
pMON140897 | PCR43 EXP-ANDge.Ubgl:1:10 10 20.7 2.2
pMON 140898 | PCR44 EXP-ANDge.Ubgl:1:6 12 21.8 2.8
pMON140899 | PCR4S EXP-ANDge.Ubgi:1:11 14 36.9 7.2
pMON 140900 | PCR46 EXP-ANDge.Ubql:1:12 16 51.7 5.6
pMON 140904 | PCR50 EXP-ERIraUbqgl:1:9 22 10.3 1.1
pMON 140905 | PCRS5] EXP-ERIra.Ubql:1:10 25 253 4.7
pMON140906 | PCR32 EXP-ERIra.Ubgl:1:8 27 29.9 4.6
pMON 140907 | PCRS53 EXP-ERIra.Ubgl:i:11 29 44.0 7.1
pMONI140908 | PCR34 EXP-ERIra.Ubgl:1:12 31 37.0 5.4
pMON40913 | PCR19 EXP-CELUbql:1:10 98 192 1.3
pMON140914 | PCR20 EXP-CiUbql:1:13 114 205 2.1
pPMONI40915 | PCR21 EXP-CiUbqgl:1:14 115 232 1.6
pMON 140916 | PCR22 EXP-ClLUbgl:1:15 116 0.0 0.0

[0156} As can be seen in Table 38 above, the EXP sequences EXP-ANDge Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ 1D NO: 103,
EXP-ANDge.Ubgl:1:6 (SEQ 1D NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ 1D NO: 16), EXP-ERIa.Ubqi:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ 1D NO: 25), EXP-ERIra.Ubgi:1:§ (SEQ ID NO: 27). EXP-
ERIra.Ubgl;1:11 (SEQ 1D NO: 29, EXP-ERIaUbql:1:12 (SEQ ID NO: 31), EXP-
CLUbqgl:1:10 (SEQ ID NO: 98), EXP-CLUbqg1:1:13 (SEQ ID NO: 114) and EXP-Cl.Ubql:1:14
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(SEQ 1D NO: 115) were able to drive CP4 expression. EXP-CLUbql:1:15 (SEQ ID NO: 116)

did not appear to express CP4 expression in this assay.

Example 12: Analysis of Regulatory Elements driving GUS in Transgenic Corn.

[0157} Cosn plants were transformed with plant expression vectors containing a EXP sequences
driving expression of the B-glucuronidase (GUS) transgene, and the resulting plants were
analyzed for GUS protein expression. The ubiquitin  EXP sequences were cloned into plant
binary transformation plasmid constructs using methods known in the art.
[0158] The resulting plant expression vectors contain a right border region from A. tumefaciens,
a first transgene cassette to assay the EXP sequence operably linked to a coding sequence for B-
glucuronidase (GUS) that possesses the processable intron GUS-2, described above, operably
linked 57 to the 37 UTR from the rice lipid transfer protein gene (T-Os.LTP-1:1:1, SEQ ID NO:
1413 a second transgene selection cassette used for selection of transformed plant cells that
confers resistance fo the herbicide glyphosate (driven by the rice Actin 1 promoter), and a left
border region from A. rumefaciens. The resulting plasmids were used to transform com plants.
Table 39 lists the plasmid designations, the EXP sequences and the SEQ 1D NOs, which are aiso
described in Table 1.

Table 39. Binary plant transformation plasmids and the associated EXP sequences.

JP 2016-165295 A 2016.9.15

SEQ
D
Plasmid Construct EXP sequence NO: Data
pMON 142865 EXP-ANDge. Ubgl:1:8 8 Rpand R,
pMON142864 EXP-ERIra.Ubqgl:1:8 27 Rpand R;
pMON142729 EXP-CLUbgl:1;12 90 Ry
pMON142730 EXP-Cl.Ubgi:1:11 95 Ro
pMON 132047 EXP-CLUbg!:1:23 10§ Rq
pMON132037 EXP-SETit.Ubgl:1:10 119 | Ryand F
pMON 131957 EXP-SETit.Ubgl:1:11 125 Fl
pMON131958 EXP-Sv.Ubgl:1:11 130 | Rpand Fy
pMON131959 EXP-Sv.Ubgl:1:12 136 Ry
pMON131961 EXP-Zm.UbgM1:1:10 139 Ro
pMON131963 EXP-Zm.UbgM1;1:12 143 Ry
pMON131962 EXP-Zm.UbgM1:1:11 149 Ry
pMON 132932 EXP-Sh.Ubg4;1:2 £51 Ry
pMON132931 EXP-Sb.Ubg6:1:3 155 Ry
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| PMON 132974 EXP-Sb.Ubq7:1:2 | 157 | Ryand F,

[0159F Plants were transformed using Agrobacterium-mediated transformations, for instance as
described in U.S. Patent Application Publication 200901389835,

[0160} Histochemical GUS analysis was used for qualitative expression analysis of transformed
plants. Whele tissue sections were incubated with GUS staining solution X-Ciluc (3-bromo-4-
chloro-3-indolyl-b-glucuronide) (1 mitligram/milliliter) for an appropriate length of time, rinsed,
and visually inspected for blue coloration. GUS activity was qualitatively determined by direct
visual inspection or inspection under a microscope using selected plant organs and tissues. The
Ry plants are inspected for expression in the roots and leaves as well as the anther, silk and
developing seed and embrye 21 days after pollination (21 DAP).

[0161] For quantitative analysis, total protein was extracted from selected tissues of transformed
corn plants.  One microgram of total protein was used with the fluorogenic substrate 4-
methyleumbelliferyi-B-D-glucuronide (MUG) in a total reaction volume of 50 micreliters, The
reaction product, 4-methlyombelliferone (4-MU), is maximally fluerescent at high pH, where
the hydroxyl group is ionized. Addition of & basic solution of sodium carbonate simultaneously
stops the assay and adjusts the pH for quantifying the fluorescent product. Fluorescence was
measured with excitation at 365 nm, emission at 445 nm using a Fluoromax-3 (Horiba; Kyoto,
Fapan) with Micromax Reader, with slit width set at excitation 2 nm and emission 3nm.

{01621 The average Ry GUS expression observed for each transformation is presented in Tables
40 and 41 below. The Rs GUS assay performed on transformants transformed with
pMON131957 (EXP-SETit.Ubqgl:1:11, SEQ ID NO:125) did not pass quality standards. These

transformants were assayed at F1 geperation and are presented further below in this example.

TFable 40. Average Ry GUS expression in root and leaf tissue.

SEQ
1B Y3 Y4 | V7 VT | V3 | v4 | V7 | VT
EXP sequence NO: | Reoot | Root | Root  Root | Leal | Leaf | Leaf | Leal

EXP-ANDge Ubgl:1:8 8 nd 255 199 70 gl 638 e 130
EXP-ERIa.Ubgl:1:& 27 ad 477 1 246 62 nd 888 | 305 | 242
EXP-CLUbqgl:1:12 G ad 27 147 52 el 75 189 199
EXP-CLUbgl:1:11 95 d 28 77 50 ngd 01 77 223
EXP-CLUbqgl:1:23 108 0 wd 75 34 201 nd 194 200
EXP-SET#.Ubgl:1:10 119 0O ud 29 57 38 nd 37 46
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SEQ
1D V3 v4 V7 vT ¥3 V4 V7 VT
EXP sequence NO: | Root | Root | Root | Root | Leaf | Leaf | Leaf | Leaf
EXT-Sv Ubgl:1:11 130 wd ad ud 9 20 nd 55 29
EXP-Sv.iibgl:1:12 136 63 nd 0 28 134 nd 27 16
EXP-Zm.UbgM1:1:10 139 € nd 237 18 | 221 | nd | 272 | 272
EXP-ZmiJbgM1:1:12 143 0 wd 21 43 234 nd 231 196
EXP-Zm UbgM1: i1} 149 124 wd 103 1i2 31 nd 369 297
EXP-Sb.Ubg4:1:2 151 125 ad 0 93 233 nd 130 88
EXP-Sh.Albg6:1:3 155 154 d 13 128 53 nd 39 55
EXP-Sb.Ubg7:1:2 157 37 nd 22 18 165 | nd 89 177

Table 41. Average Ry GUS expression in corn reproductive organs (anther, silk} and
developing seed (embryo and endosperm).

SEQ
D VT | VI/RI | 2L DAP | 21 DAP
EXP sequence NO: | Anther | Silk | Embryo | Endosperm

EXP-ANDge.Ubqgl:1:8 8 247 236 24 54
EXP-ERIra.Ubgl:1:8 27 246 237 36 61

EXP-ClUbql:1:12 90 420 121 26 220
EXP-Cl.Ubql:1:11 93 326 227 41 221
EXP-Cl.Ubql:1:23 108 598 416 212 234
EXP-SETit.Ubgl:1:10 £19 132 85 30 63

EXP-Sv.ilbgl:1:11 130 217 3 45 92
EXP-Sv.Ubqgl:1:12 136 120 21 49 112
EXP-Zm.UbgML: 1110 139 261 306 403 376
EXP-Zm UbgM1:1:12 i43 775 362 253 247
EXP-Zm.UbgM1i:L:11 149 551 452 234 302
EXP-§b.Ubg4:1:2 i51 213 i 25 79

EXP-8b.Ubg6:1:3 155 295 87 51 6l

EXP-§b.Ubqg7:1:2 157 423 229 274 90

[0163] In Ry corn plants, GUS expression levels in the leaf and root differed amongst the
ubiquitin EXP sequences., While all of the EXP sequences demonstrated the ability to drive GUS
transgene expression in stably transformed plants, each EXP sequence demonstrated a unique
pattern of expression relative to the others, For example, high levels of GUS expression were
observed i early stages of root development (V4 and V7) for EXP-ANDge. Ubgl:1:8 {SEQ ID

NO: 8) and EXP-ERIra.Ubql:1:8 (SEQ I NOG: 27) and declined by VT stage. Root expression
36
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driven by EXP-Zm.UbqM1:1:10 (SEQ 1D NO: 139) demonstrated no expression at V3 but was
high at V7 and then dropped by VT stage. Root expression driven by EXP-Zm.UbgM1:1:11
(SEQ ID NO: 149) was maintained to a similar level throughout development from stages V3,
V7 through VT. Root expression was observed to increase from earty development (V3/V4) to
V7 stage and then drop from V7 to V& stage in plants transformed with EXP-CLUbql:1:12 (SEQ
1D NO: 90), EXP-CLUbql:1:11 (SEQ ID NO: 93) and EXP-CLUbq1:1:23 (SEQ 1D NO: 108).
GUS expression levels showed dramatic differences in leaf tissue as well. The highest levels of
leaf expression were conferred in early development (V3/V4} with EXP-ANDge. Ubqgl: {:8 {(SEQ
ID NO: 8) and EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) which decline at V7 through VT stage.
GUS expression is retained from V3 through VT stage using EXP-Zm UbgM1:1:10 (SEQ 1D
NO: 139), EXP-Zm. UbgM1:1:11 (SEQ 1D NO: 149), EXP-Zm UbgM1:1:12 (SEQ ID NO: 143)
and EXP-CLUbq1:1:23 (SEQ ID NO: 108); and to a lower extent using EXP-SETit.Ubql:1:10
(SEQ ID NO: 119y and EXP-Sb.Ubq6:1:3 (SEQ ID NO: 155). Expression ia the leaf increased
from V3 to V7 to VT stage using EXP-CLUbqgl:1:12 (SEQ 1D NQO: 90y, EXP-ClUbql:1:11
(SEQ ID NO: 95) and EXP-CLLUbq1:1:23 (SEQ ID NO: 108) while expression declined from V3
to VT stage using EXP-Sv.Ubql:1:12 (SEQ ID NO: 136} and EXP-Sb.Ubg4:1:2 (SEQ ID NO:
151},

[01641 Likewise, with respect to reproductive tissue (anther and silk} and developing seed
(21DAP embryo and endosperm) different patterns of expression were observed unique to each
EXP sequence. For example, High levels of expression were observed in anther and silk as well
as the developing seed using EXP-Zm UbgM1:1:10 (SEQ 1D NO: 139), EXP-Zm.UbgMi:1:11
(SEQ ID NO: 149), EXP-Zm.UbgM1:1:12 (SEQ ID NO: 143) and EXP-CLUbqgl:1:23 (SEQ 1D
NO: 108). Expression was high in the anther and silk but low in the developing seed using EXP-
ANDge.Ubqgl:1:8 (SEQ ID NO: 8) and EXP-ERIra.Ubql:1:8 (SEQ 1D NO: 27). Expression
driven by EXP-5b,Ubq7:1:2 (§EQ ID NO: 157} was high in reproductive tissue and high in the
developing embryo but was lower in the developing endosperm. The EXP sequence, EXP-
Sh.Ubqg4:1:2 (SEQ 1D NO: 151} only demonstrated expression in the anther but not in the silk
and expressed much lower in the developing seed. EXP-Sv.Ubgi:l:11 (SEQ ID NO: 130)
demonstrated a similar pattern as EXP-Sbh.Ubq4:1:2 (SEQ 1D NO: [51) with respect to
reproductive tissue and developing seed, but whereas EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151)
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showed expression in root and leaf tissues, EXP-Sv.ilbgl:1:t1 (SEQ ID NO: 130} expressed
much lower in these same tissues.

[0165] Ry generation pansformants, selected for single copy insertions were crossed with a non-
transgenic LH244 line (resulting in F;) or were self-pollinated (resulting in Ry} in order fo
produce an F; or Ry population of seeds. In either case, heterozygous Fy or Ry planis were
selected for study. GUS expression levels were measured in selected tissues over the course of
development as previously described, The Fy or R, tissues used for this study included: imbibed
seed embryo, imbibed seed endosperm, root and coleoptide at 4 days after germination (DAG);
leaf and root at V3 stage; root and matwe leaf at V8 stage; root, mature leaves, VT stage {at
tasseling, prior to reproduction} anther, polien, leaf and senescing leaf; R1 cob, silk, root and
internode; kernel 12 days after pollination (DAP) and; embryo and endosperm 21 and 38 DAP.
Selected tissue samples were also analyzed for Py plants exposed to conditions of drought and
cold stress for fransformants comprising pMON132037 (EXP-SETit.Ubgl:1:10, SEQ ID NO:
1193, pMON131957 (EXP-SETitUbql:i:11, SEQ ID NG: 125), pMON131958 (EXP-
Sv.Ubgl:1:11, SEQ D NO: 130) and pMON132974 (EXP-Sb.Ubg7:1:2, SEQ 1D NO: 157). V3
root and leaf tissue was sampled after cold and drought exposure.

[0166] Drought stress was induced in ¥y, V3 plants transformed with pMONI132037 {EXP-
SETieUbgl:1:10, SEQ 1D NO: 119), pMON131957 (EXP-SETit.Ubgi:1:11, SEQ ID NG: 125),
pMON131958 (EXP-Sv.Ubgi:1:11, SEQ ID NO: 130} and pMON132974 (EXP-Sb.Ubqg7:1:2,
SEQ TD NO: 157y by withholding watering for 4 days allowing the water content to be reduced
by at least 50% of the original water content of the fully watered plant. The drought protocol was
comprised essentially of the following steps. V3 stage plants were deprived of water. As a com
plant experiences drought, the shape of the leaf will change from the usual healthy and unfelded
appearance to a leaf demonstrating folding at the mid-rib vascular bundle and appearing V-
shaped when viewed from the leaf tip to the stem. This change in morphology usually began to
occur by about 2 days after the cessation of watering and was shown in earlier experiments to be
associated with water loss of around 30% as measured by weight of pots prior to cessation of
watering and weight of pots when the leaf curl morphology was observed in un-watered plants.
Plants were considered to be under drought conditions, when the leaves showed wilting as

evidenced by an inward curling (V-shape} of the leaf. This level of stress is considered to be a
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form of sub-lethal stress. Once each plant demonstrated drought induction as defined above, the
plant was destroyed to acquire both root and leaf samples.

[0167] In addition to drought, F; V3 stage plants transformed with pMONI132037 (EXP-
SETie.Ubql:1:10, SEQ 1D NO: 119), pMON131957 (EXP-SETit.Ubgi:1:11, SEQ ID NO: 123),
pMONI31958 (EXP-Sv.Ubgi:1:t1, SEQ ID NO: 130} and pMONI132974 (EXP-Sb.Ubq7:1:2,
SEQ 1D NO: 157) were also exposed to conditions of cold to determine if the regulatory
elements demonstrated cold-induced expression of GUS. Whole plants were assayed for
induction of GUS expression under cold stress at V3 stage. V3 stage corn plants were exposed
to a temperature of 12°C in a growth chamber for 24 hours. Plants in the growth chamber were
grown under a white light fluence of 800 micro moles per meter squared per second with a light
cycle of ten hours of white light and fourteen hours of darkness. After cold expeosure, leaf and
root tissues were sampied for quantitative GUS expression.

[0168] GUS expression was measured as described above. The average Fy, GUS expression

determined for each tissue sample is presented in Tables 42 and 43 below.

Table 42. Average F: GUS expression in plants transformed with pMONI142864 and
pMON1425865,

Organ pMON142864 pMON142865

V3 Leaf 86 74
V3 Root 41 52
V8 Leaf 109 123
V8 Roat 241 252
VT Flower, anthers 168 208
VT Leaf 158 104
R1 Cob 171 224
R1silk 314 274
R1 Root 721 308
R1 internode 428 364
R2 Seed-12DAP 109 72
R3 Seed-21DAP-Embryo 45 32

3 Seed-21 - :
R35 Seed-38DAP-Embryo 163 38
R5 Seed-38DAP- 90 60
Endosperm

b
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Table 43. Average F; GUS expression in plants transformed with pMON132037,
pMON131957, pMON131958 and pMON132974.

Organ pMON132037 | pMON131957 | pMON131958 | pMON132974
Imbibed Seed
Embryo 336 285 288 1190
Imbibed Seed
Endosperm 95 71 73 316
Coleoptile-4
DAG 218 60 143 136
Root-4 DAG 74 33 101 48
V3 Leaf 104 12G 66 52
V3 Root 74 71 51 194
V3 Leaf-cold 73 15 72 N/A
V3 Root-cold i13 44 g9 49
V3 Leaf-
drought 97 344 103 157
V3 Root-
drought 205 153 129 236
V8 Leaf 185 142 77 282
V8 Root 33 16 61 28
VT Flower-
anthers 968 625 619 888
VT Leaf 138 39 132 268
VT Leaf-
senescing 121 106 156 345
VT Pollen 610 1119 332 4249
R1 Cob 291 70 168 127
Rl silk 164 124 167 101
R1I Root 36 39 39 21
Rl interncde 255 89 232 141
R2 Seed-
12DAP 138 170 165 169
R3 Seed-21
DAP-Embryo 94 97 489 389
R3 Seed-21
DAP-
Endosperm 57 118 52 217
R5 Seed-38
DAP-Embryo 600 147 377 527
RS Seed-38
DAP-
Endosperm 58 36 57 106

9
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[G169} In ¥, corn plants, GUS expression levels in the various tissues sampled differed amongst
the ubiquitin EXP sequences. While all of the EXP sequences demonstrated the ability to drive
GUS gansgene expression in stably transformed Fy comn plants, each EXP sequence
demonstrated a upique pattern of expression relative to the others. For example, R1 root
expression is about twice that for EXP-ERIra.tlbql: 1:8 (SEQ 1D NO: 27} than

[0170] EXP-ANDge. Ubgl:1:8 (SEQ ID NO: 8), GUS expression in the developing seed embryo
at 38 DAP is almost three fold higher for EXP-ERIra, Ubqgl: 1:8 (SEQ ID NO: 27) than EXP-
ANDge.Ubql:1:8 (SEQ 1D NO: 8). 1n contrast leaf and root expression at V3 and V§ stage is
about the same for EXP-ERIra. Ubq1:1:8 (SEQ 1D NO: 27} than EXP-ANDge Ubgl:1:8 {SEQ 1D
NO: 8).

[0171} The F; GUS expression in imbided seeds {embryo and endosperm tissues} was much
higher in plants transformed with EXP-SbUbg7:1:2 (SEQ ID NO: 157) than in those
transformed with EXP-SETit.Ubql:1:10 {(SEQ ID NO: 119), EXP-SETit.Ubgl:1:11 (SEQ ID
NQO: 125) and EXP-Sv.Ubgl:1:11 (SEQ ID NO: 130). Drought caused an increase in V3 root
expression in plants transformed with EXP-SETitUbql:1:10 (SEQ [D NO: 119} EXP-
SETit.Ubqgl:1:11 (SEQ ID NO: 125), EXP-Sv.Ubgl:L:11 (SEQ ID NO: 130) and EXP-
Sb.Ubqg7:1:2 (SEQ 1D NO: 157}, but only increased leaf expression in plants transformed with
EXP-SETit.Ubgl:1:11 (SEQ ID NO: 125}, EXP-Sv.Ubql:1:11 (SEQ B NO: 130} and EXP-
Sh.Ubqg7:1:2 (SEQ 1D NQO: 157). The drought enhanced V3 expression was greatest using EXP-
SETieUbql:i:11 (SEQ ID NO: 125). Pollen expression was also much higher in plants
transtormed with EXP-Sb Ubg7:1:2 (SEQ 1D NO: 157) than in those transformed with EXP-
SETit.Ubgl:1:10 (SEQ ID NO: 119), EXP-SETitUbql:1:11 (SEQ ID NO: 125) and EXP-
Sv.Ubqgl:i:11 (SEQ ID NO: 130). Expression in the R1 iaternode was greatest with EXP-
SETitUbgl:1:10 {SEQ 1D NO: 119) and EXP-Sv.Ubqgl:1:11 (SEQ ID NO: 130) and least in
plants transformed with EXP-SETit.Ubql:1:11 {SEQ ID NO: 125).

{01721 Each EXP sequence demonstrated the ability to drive transgene expression in stably
transformed corn plants. However, each EXP sequence had a pattern of expression for each
tissue that was unique and offers an oppoertunity to select the EXP sequence which will best
provide expression of a specific transgene depending upon the tissue expression strategy needed
to achieve the desired results. This example demonstrates EXP sequences isolated from

homologous genes do not necessarily behave equivalently in the transformed plant and that
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expression can only be determined through empirical investigation of the properties for each
EXP sequence and cannot be predicted based upon the gene homology from which the promoter

was derived,

Example 13: Analysis of Regulatory Elements driving CP4 in Transgenic Corn.

[0173} Corn plants were transformed with plant expression vectors containing EXP sequences
driving expression of the CP4 transgene, and the resulting plants were analyzed for CP4 protein
expression.
[0174] The EXP sequences EXP-ANDgeUbgl:1:8 (SEQ ID NO: §), EXP-ERIra.Ubgl:1:8
(SEQ 1D NO: 27), EXP-CLUbq!:1:10 (SEQ ID NO: 98), EXP-Sv.Ubg!:1:9 (SEQ ID NO: 133)
and EXP-Zm.UbgM1i:1:7 (SEQ I NO: i41) were cloned into plant binary transformation
plasmid constracts. The resulting vectors contained a right border region from Agrobacterivm
tumefuciens, an ubiquitin EXP sequence operably linked 5° to a plastid targeted glyphosate
tolerant EPSPS coding sequence (CP4, US RE39247), operably linked 57 to the T-AGRtu.nos-
1:1:13 (SEQ ID NO: 127 3" UTR and a left border region from A. fumefaciens. Table 44 below
shows the plasmid constructs used to transform corn and the corresponding EXP sequences,

Fable 44. CP4 plasmid construets and corresponding EXP sequences used to transform
COrm.

Plasmid SEQID
Construct EXP sequence NO: Data
pMONI141619 | EXP-ANDge Ubgl; 1:8 8 Roand Fy
pMON142862 | EXP-ERIra.Ubgl:1:8 27 Roand F
pMON12922]1 | EXP-CLUbgl:1:10 98 Ryand Fy
pMON129205 | EXP-Sv.Ubgl:1:9 133 Rpand F;
pMON129212 | EXP-Zm.UbgM1:1:7 141 Ro
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[0175% The resulting plasmids were used to transform com plants. Transformed plants were
selected for one or two copies of the inserted T-DNA and grown in the greenhouse. Selected
tissues were sampled from the Ry transformed plants at specific stages of development and CP4
protein levels were measured in those tissues using an CP4 ELISA assay. The average CP4
expression observed for each transformation is presented in Tables 45 and 46 below and

graphically in figure 7.

TFable 45. Average leaf and root CP4 expression in R, transformed corn plants.

SEQ

D \Z v7 vT V4 V7 VT

EXP sequence NO: Leaf Leaf Leaf Raoot Root Root
EXP-ANDge.Ubg!:1:8 8 2090 | 1853 | 2549 | 115G 1 2654 | 17.20
EXP-ERIra.Ubq1:1:8 27 1992 | 1660 | 2538 992 2631 | 1333
EXP-ClLUbgl:1:10 98 10.70 12.49 17.42 7.56 13.95 6.68
EXP-Sv.Ubql:1:9 133 3.72 4,34 4.48 2.90 6.99 2,78
EXP-Zm.UbgM1:1:7 141 1342 | 21.89 | 38.78 9.56 16.69 | 1L.15

TFable 46. Average CP4 expression in reproductive tissue and developing seed in Ry
transformed corn plants,

SEQ
D VT R1 R3 R3
EXP sequence NO: | Tassel | Silk | Embryo | Endosperm
EXP-ANDee.Ubgl:1:8 8 24.14 5.55 7.29 491
EXP-ERIra.l/bql:1:8 27 19.20 1 10.27 12.60 4.70
EXP-Cl.Ubgl:1:10 98 18.70 16.21 8.26 8.82
EXP-Sv.Ubgl:1:9 133 7.10 472 3.13 1.74
EXP-Zm UbgMi: 117 141 67.25 i1.21 7.85 10.69

[01761 As can be seen in Tables 45 and 46, each of the EXP sequences EXP-ANDge. Ubgl:1:8
(SEQ 1D NO: 8), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-CLUbg:1:16 (SEQ ID NO: 98},
EXP-Sv.Ubgl:1:9 (SEQ 1D NO: 133} and EXP-Zm.UbgM1:1:7 {(SEQ ID NO: i41) was able fo
drive CP4 expression in all tissues sampled from the R, transformed plants. Higher expression of
CP4 in the root and leaf of transformants comprising EXP-ANDge Ubgl:1:8 {(SEQ ID NO: 8)
and EXP-ERIa.Ubqgl:1:8 (SEQ ID NO: 27) driving CP4 than EXP-ClLUbq1: 1:10 (SEQ 1D NO:
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98) driving CP4 may be related to the level of vegetative tolerance to glyphosate application as
observed for these populations of transformants (see Example 14 below).

[0177] Each EXP sequence exhibited a unique expression pattern with respect to the level of
expression for each tissue sampled. For example, while CP4 expression in leaf, root and tassel
were similar for the EXP sequences, EXP-ANDge Ubgl:1:8 (SEQ ID NO: 8) and EXP-
ERIra.Ubqgl:1:8 (SEQ 1D NO: 27). expression in silk using EXP-ANDge. Ubgl:1:8 (SEQ ID
NO: 8) was half that of expression driven by ERJIra,Ubql:1:8 (SEQ 1D NQO: 21). This might be
advantageous for expression of transgenes in which constitutive expression is desired but less
expression in silk tissue would be preferred. The EXP sequences demonstrate unique patterns of
CP4 constitutive expression in Ry transformed corn planis,

{01787 The Rg transformed corn plants were crossed with a non-transgenic LH244 variety to
produce ¥, seed. The resulting F; generation seed was analyzed for segregation of the transgene
cassette and plants heterozygous for the CP4 cassette were selected for analysis of CP4
expression, Seed was grown in the greephouse and two groups of plants were produced, one
group was sprayed with glyphosate while the other was left unsprayed. Expression of CP4 was
analyzed in selected tissues using a standard ELISA based assay. The average CP4 expression is

shown in Tables 47 and 48 below,

Table 47. Average CP4 expression in F; transformed corn plants,

Organ pMON141619 pMONI142862 pMON129221

V4 Leaf 11.50 13.51 7.68
V4 Root 12 48 12.60 10.29
V7 Leaf 16.59 20.21 12.01
V7 Root 11.00 13.62 8.15
VT Leaf 39 .88 44 85 29.42
VT Root 17.43 21.83 13.43
VT Flower, anthers 52.74 55,72 53.62
R1 Silk 16.01 23.81 14.42
R3 Seed-21 DAP-Embryo 33.29 57.96 51.64
R3 Seed-21 DAP-

Endosperm 2.99 3.20 6.44

[01797 As can be seen in Table 47 above, CP4 expression in leaf and root was higher in Fy

transformants transformed with pMON141619 (EXP-ANDge Ubql:1:8, SEQ ID NO: 5} and
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pMON 142862 (EXP-ERIra.Ubgl:[:8, SEQ ID NO: 27) than in those transformed with
pMON12922]1 (EXP-CLUbql:1:10, SEQ ID NO: 98). Expression in the anther tissue was
similar for all three EXP sequences while expression in the silk was highest vsing EXP-
ERIra.Ubgl:1:8 (SEQ ID NO: 27}, Expression in the developing embryo (21 DAP) was highest
in transformants comprising EXP-ERIra.UbqL: 1:8 (SEQ ID NG: 27} and EXP-Cl.Ubql:1: 10
(SEQ 1D NO: 98) driving CP4.  Expression in the developing endosperm was higher in
transformants comprising EXP-CLUbg1:1:10 (SEQ 1D NO: 98) driving CP4.

Table 48. Average CP4 expression in F; transformed corn plants.

Organ pMON129205
V4 Leaf 173
V4 Root 2.44
V7 Leaf 2.84
V7 Root 1.5]
V1 Leaf 329
VT Root 2.63
VT Flower, anthers 152
R1 Silk 1.99
R3 Seed-21 DAP-Embryo 3.40
R3 Seed-21 DAP-Endosperm 179

[01807 As can be seen in Tables 47-48 above, CP4 expression was lower in all tissues of F
transtormants transformed with pMON129205 (EXP-Sv.Ubgl:1:9, SEQ ID NO: 133) than those
tansforized with pMON141619 (EXP-ANDge Ubgl:1:8. SEQ ID NO: 8). pMON142862 (EXP-
ERIra.Ubgl: 1:8, SEQ ID NO: 27) and pMON129221 (EXP-CLUbg1:1:10, SEQ II) NO: 98).

{01817 The unique patterns of expression conferred by each of the EXP sequences assayed
provide an opportunity to produce a transgenic plant in which expression can be fine-tuned to
make small adjustments in transgene expression for optimal performance or effectiveness. In
addition, empirical testing of these EXP sequences driving different transgene expression may
produce results in which one particular EXP sequence is most suitable for expression of a
specific transgene or class of transgenes while ancther EXP sequence is found to be best for a

different transgene or class of transgenes.
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Example 14: Analysis of Vegetative Glyphosate Tolerance in Ry Transgenic Corn Plants.
[0182] Corn plants were transformed with plant expression vectors containing EXP sequences
driving expression of the CP4 transgene, and the resulting plants were assessed for vegetative
and reproductive tolerance to glyphosate application.

{0183F Fi transformed corn plants described in Example 13 above tansformed with
pMON 41619, pMON142862, pMON129221, pMON129205 and pMON129212 and comprised
of the EXP sequences EXP-ANDge.Ubgl:1:8 (SEQ ID NO: §), EXP-ERIra, Ubg1:1:§ (SEQ ID
NO: 27), EXP-CLUbBq1:1:10 (SEQ ID NO: 98), EXP-Sv.Ubqgl: 1:9 (SEQ 15 NO: 133) and EXP-
Zm.UbgM1:1:7 (SEQ 1D NO: 141), respectively driving CP4 were assessed for both vegetative
and reproductive tolerance when sprayed with glyphosate. Ten F, plants for each event were
divided into two groups, the first group consisting of five plants that received glyphosate spray
and V4 and V8§ stage of development; and a second group of five plants that were left unsprayed
(ie. control). Glyphosate was applied by broadcast foliar spray application using Roundup
WeatherMax® at an application rate of 1.5 a.e.facre (a.e. acid equivalent). After seven to ten
days, the leaves of each plant were assessed for damage. Vegetative tolerance (Veg Tol in Table
49) was assessed comparing the unsprayed and sprayed plants for each event and a damage
rating scale was used to provide a final rating for vegetative tolerance (T = tolerant, NT = not
tolerant). In addition seed set was assayed for all of the plants in each event. Seed set measures
between control plants and sprayed plants was compared and an assignment of reproductive
tolerance (Repro Tol in Table 49} was given for each event based upon the percent seed set of
sprayed plants relative to the controls (1" = tolerant, NT = not tolerant). Table 49 below shows
the vegetative and reproductive tolerance ratings for each event sprayed at V4 and V8 stage. The

letter ““T™ denotes tolerant and “N'T™ denotes not tolerant,

Fable 49. Leaf damage ratings of individual transformed corn events at V4 and V8 stage.

SEQ Veg | Veg
Plasmid D Tol | Tol | Repro
Construct EXP sequence NO: | Event | V4 V8 Tol
pMONI141619 EXP- 8 Event | T T NT
ANDge Ubgl:1:8 Event2 i T T T
Event3 i T T NT
Eventd i T T NT
Event5{ T T T
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SEQ Veg Veg
Plagmid b Tol | Tol | Repro
Construct EXP sequence NO:| Event | V4 | V8 Tol
Event6 | T T NT
Event7{ T T T
Event8 { T T T
Event9 i T T NT
Event | T T T
Event2{ T T NT
Fvent3 i T T T
Eventd i T T T
pMONI142862 | EXP-ERIraUbqi: 1:8 | 27 | Event5: T T NT
Event6 i T T T
Event7 1 T T NT
Event8 : T T T
Event9 { T T T
Event 1 T T NT
Event2 | T T NT
Event3 { NT | NT T
pPMONI129221 | EXP-ClLUbql:1:10 98 | Event4 : NT | NT T
Event5{ T T NT
Event6 { NT | NT T
Event7i{ T T T
Event | | NT | NT
Event2 | NT | NT NT
Event3 i T T NT
pMONI129205 | EXP-Sv.Ubql:1:9 133 | Eventd | NT | NT
Fvent3 | NT | NT NT
Event6 | NT | NT NT
Event7 | NT | NT NT
Event | T T
Event2 { T T
Event3: T T
Eventd i T T
PMON129212 | EXP.Zm.UbqMI:1:7 | 141 oemts T | T
Event6 i T T
Event7 ¢ T T
Event8{ T T
Event9 i T T
Event T T
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SEQ Veg Veg
Plagmid b Tol | Tol | Repro
Construct EXP sequence NO:| Event | V4 | V8 Tol
10

[0184] From Table 49 above, all transformed events assayed comprising CP4 transgene cassettes
comprising the EXP sequences EXP-ANDge Ubgl:1:8 (SEQ 1D NO: 8), EXP-ERIra.Ubqgl:1:8
(SEQ 1D NO: 27) and EXP-Zm.UbgM1:1:7 {SEQ 1D NO: 141) demonstrated full vegetative
tolerance based upon darnage ratings that did not exceed a score of ten. Four events of nine
comprising EXP-ANDge.Ubgl:1:8 (SEQ 1D NO: 8) and six events of nine comprising EXP-
ERIratlbgl:1:8 (SEQ ID NO: 27) were both vegetatively and reproductively tolerant to
glyphosate application. In contrast, events comprising EXP-Cl.Ubql:{:10 (SEQ 1D NO: 98)
were either vegetatively tolerant or reproductively tolerant but not both. Only one event
comprising EXP-Sv.Ubg1:1:9 (SEQ 1D NO: 133) demonstrated vegetative tolerance and none of
the events tested were reproductive tolerant.  All events comprising EXP-Zm.UbgM1:1:7 (SEQ
1D NO: 141) demonstrated vegetative tolerance but and assessment of reproductive telerance is

still in progress.

Example 15: Analysis of Expression Using Different 3° End Intron/Exon Splice Junction
Sequences.
[0185] Corn and Wheat leaf protoplast cells were transformed with plant expression constructs
comprising EXP sequences driving GUS expression that comprise the same promoter and leader
but have different 37 end nucleotides following the intronfexon splice junction sequence, 5™-AG-
37 to see if expression is affected by the slight change in sequence. Expression was also
compared to that of two constitutive control plasmids.
[0186] Plant expression constructs are built comprising a GUS expression cassette.  The
resulting vectors are comprised of the Coix lacryma-jobi ubiquitin promoter, P-ClL.Ubgi-1:1:]
(SEQ ID NO: 80y operably linked 57 to the leader sequence, L-CLUbgl-1:1:1 (SEQ 1D NO: 81),
operably linked 57 to an intron element shown in Table 30 below which each comprise different
nucleotides at the very 3° end just after the intronfexon splice junction 57-A(G-3" sequence,
operably linked 37 to a GUS coding sequence which is operably linked 57 to T-AGRtu.nos-
1:1:13 (SEQ ID NO: 127) 3" UTR. Table 50 below shows the plant expression constructs and

the correspending 37 end sequence.
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Fable 50. Plant expression constructs, introns and 37 end sequence following the
intron/exon splice junction sequence 5-AG-3",

Intron 3" end
nucleotides
SEQ immediately
Plasmid 1D following 3~
construct EXP seguence NO: | Intron Variant splice site AG
{-ClUbgi-1:1:6
pMON 140889 | EXP-Cl.Ubgi:1:10 98 (SEQ ID NO: 94) GTC
-ClUbgi-1:1:7
pMON 146795 | EXP-CL.Ubgi:1:18 99 (SEQ 1D NO: 92) GTG
1-ClL.Ubgi-1:1:8
pMON146796 | EXP-CLUbgt:1:19 100 | (SEQIDNO: 10D GCG
1-CL.Ubgt-1:1:9
pMON 146797 | EXP-CLUbg!:1;20 102 | (SEQIDNO: 103) GAC
LCl.Ubgl-1:1:10
pMON 146798 | EXP-Cl.Ubg1:1:21 104 | (SEQIDNG: 103 ACC
I-CLUbgl-1:1:11
pPMON 146799 | EXP-ClL.Ubgi:1:22 106 | (SEQID NO: 107) GGG
-CLUbgl-1:1:12
pMON146800 | EXP-CLUbg1:1:23 108 | (SEQIDNQ: 109) GGT
I-ClLUbgl1-1:1:13
pMON146801 | EXP-CLUbg1:1:24 1O | (SEQIDNO: 11D CGT
[-CL.Ubg!-1:1:14
pMON 146802 | EXP-CLUbgi:1:25 112 | (SEQIDNO: 113 TGT
Constitutive
pMON25455 | EXP-Os.Act]:1:9 179 Control
EXP-CaMV . 358-
enh+Ta.lhebl+0s Actl: i Constitutive
pMONGS328 | 1 163 Control

[0187% Corn and Wheat protoplasts were fransformed as previously described and assayed for
GUS and luciferase expression. Table 51 below shows the average GUS and RLuc values for

both corn and wheat protoplast expression.
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Fable 51, Average GUS and RLuc values for corn and wheat protoplast cells.

Corn Wheat
intron 3”
end
nuciestides
immed. GUS GUS
following 3° / /
splice site Average | Average | RLu Ave. Ave, RLu
EXP sequence AG GUS RLuc € GUS RLue ¢
FEXP- 17381.7
CLUbg1:1:10 OTC 140343.0 1 93870.75 | 1.50 | 40906.25 3 2.25
EXP- 143106.2 17898.7
CLUbgl:1:18 GTG 5 60565.25 @ 2.36 | 56709.00 5 317
EXP- F36326.8 17352.5
ClLUbgl:1:19 GO 3 88389.75 | 1.54 | 43211.00 3 2.49
EXP- 138110.8 | 1047514 17953.7
CLUbgl:1:20 GAC 3 2 1.32 | 31711.30 3 1.77
EXP- 1379067 17772.8
CLUbgl:1:21 ACC 5 7251950 | 1,90 | 5416417 3 3.08
EXP- 137306.8 14476.7
Cl.Ubgl:1:22 GGG 3 9264342 | 1.48 | 55198.25 3 3181
EXP- 1446835 130115
CLUbqgl:1:23 GOT O 6435125 1 2.24 | 43008.83 0 3.09
EXP- 142001.5 15041.0
Cl.Ubgl:1:24 CGT 5 6388400 |+ 2.16 | 51210.50G ) 3.40
EXP- 1403530 15348.2
CLUbgl:1:25 TOT {} 6124950 @ 2.2% | 49577.75 3 3.23
Constitutive 177105
EXP-0s.Act1:1:9 Control 37665.23 | 6583550 0 0.57 | 108300.25 0 (.61
EXP-CaMV,3558-
enh+Ta.Lhchbl+O | Constitutive 148773
s.Actl:1:1 Control 4983375 1 4126875 1.21 | 15598.83 0 1.05

[0188] The GUS/RLuc values for each Cuoix lacryma-jobi ubiquitin EXP sequence from Table
46 above were used to normalize the expression relative to the fwo constitutive controls EXP-
0Os.Act]: 1:9 (SEQ ID NO: 179) and EXP-CaMV 358-enh+Ta.Lhebi+0s. Acti:1: (SEQ ID NO:
163) and are presented in Table 52 below.
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Fable 52. Normalized expression values of the Coix lacryma-jobi ubiguitin EXP sequences
relative to EXP-OsActl:}:9 (SEQ ID NO: 179 and EXP-CaMV.355.
enh+Ta.Lhcbl+O0s. Acti:1:1 (SEQ ID NO: 163).

Corn Wheat
GUS/RLue
Normalized GUS/RLue GEUS/Rhue
Intron 3" end with Normalized with GUS/Rlue Normmlized with
nacleotides respect 10 | respect o EXP- Normakized respect to EXP-
immediately EXP- CaMV.3558- with respect CaMV 358~
following 3° | Os.Acllil: | enh+TaLhebls to EXP- enh+Ta.Lhchl+
EXP sequence sphHee site AG 4 Os. Actl:]: 1 Os.Actk:1:Y Os,Actl:1:1

EXP-CLUbgi:1:10 GTC 2.61 1.24 3.85 2.24
EXP-CLUbgi:1:18 GG 4.13 1.96 518 3.02
EXP-ClUbqi:1:19 GCG 2.69 1.27 407 2.38
EXP-CLUDbg1:1:20 GAC 2.30 1.09 2.89 1.68
FEXP-CLUbq}:1:21 ACC 3.32 1.57 4.99 2.91
EXP-CLUbg:1:22 GGG 2.59 1.23 6.24 3.04
EXP-CLUbgi:1:23 GO 3.91 1.85 5.06 2.95
EXP-CLUbqi:1:24 CGT 3.77 1.7% 5.57 3.25
EXP-CLUbqi:1:25 TGT 4.01 1.50 5.28 3.08

Constitutive
EXP-Os. Actl:1:9 Control £.00 .47 1.00 .58
EXP-CaMV.338-
enh+Ta.Lhebl+0s A Constitutive
eti:li1 Control 2,11 1.00 1.72 1.00

[0189} As is shown in Table 52 above, each of the Coix lacrvmag-jobi ubiguitin EXP sequences
provided expression that was greater than either constitative control in both corn and wheat.
Expression in corn protoplasts was relatively similar for all of the Coix ubiquitin EXP sequences,
Expression in wheat was a little more variable. The use of different 3” end nucleotides following
the intrenfexon splice junction sequence, 3-AG-37 did not appear to dramatically affect
expression of GUS with the exception of GUS driven by EXP-CLUbqg1:1:20 (SEQ ID NO: 102).
EXP-CLUbqgl:1:20 comprises the 37 end nucleotide sequences, 5-GAC-37 foliowing the
intror/exon splice junction 5-A(G-3" sequence and caused expression to drop slightly relative to
the other Coix ubiquitin EXP sequences. Assessment of the resulting spliced messenger RNA
showed that approximately 10% of the mRNA expressed using EXP-CLUbq 1126 (SEQ ID NO:
102} to drive GUS expression was improperly spliced, The mRNA resuling from GUS
expression using the other Coix ubiquitin EXP sequences appeared to process properly. This

experiment provides evidence that any of the 37 end nucleotides for any of the intron variants

EGE



(197) JP 2016-165295 A 2016.9.15

WO 2012/134921 PCT/US2012/029990

presented in Table 2 of Example | with the exception of the 3° end sequence 5-GAC-3" which is
found associated only with the intron element, FCLUbql-1:1:9 (SEQ ID NO: 103} should be
suitable for use in transgene expression cassettes without sigpificant loss of activity and

processing,

Example 16: Enhancers Derived from the Regulatory Elements,

{01907 Enhancers are derived from the promoter elements provided herein, soch as those
presented as SEQ ID NOS: 2, 6,9, 11, 13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50,
56, 60, 64, 66, 70, 74, 76, 78, B0, 84, 86, 88, 91, 96 and 135, The enhancer element may be
comprised of one or more cis regulatory elements that, when operably linked 57 or 37 to a
promoter element, or operably linked 57 or 37 to additional enhancer elements that are operably
linked to a promoter, can enhance or modulate expression of a transgene, ot provide expression
of a transgene in a specific cell type or plant organ or at a particular time point in development or
circadian rhythm. Enhancers are made by removing the TATA box or functionally similar
elements and any downstream sequence from the promoters that allow transcription to be
initiated from the promeoters provided herein as described above, including fragments thereof, in
which the TATA box or functionally similar elements and sequence downstream of the TATA
box are removed. The enhancer element, E-CLUDbqgl-1:1:1 (SEQ ID NO: 89) which is derived
from the promoter element, P-CLUbql-1:1:1 is provided herein to demonstrate enhancers
derived from a promoter element.

{01911 Enhancer elements may be derived from the promoter elements provided herein and
cloned using methods known in the art to be operably linked 57 or 37 to a promoter element, or
operably linked 57 or 37 to additional enhancer elements that are operably linked to a promoter.
Alternatively, enhancer elements are cloned, using methods known in the art, to be operably
linked to one or more copies of the enhancer element which are operably linked 5" or 3" to a
promoter element, or operably linked 57 or 37 to additional enhancer elements that are operably
linked to a promoter. Enhancer elements can also be cloned to be operably linked 3" or 37 to a
promoter element derived from a different genus organism, or operably linked 57 or 37 to
additional enhancer elements derived from other genus organisms or the same genus organism
that are operably linked to a promoter derived from either the same or different genus organism,
resulting in a chimeric regulatory element. A GUS expression plant transformation vector is

constructed using methods known in the art similar to the constructs described in the previous
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examples in which the resulting plant expression vectors contain a right border region from A.
nmefaciens, a first transgene cassette to test the regulatory or a chimeric regulatory element
comprised of, a regulatory or chimeric regulatory element, operably linked to an intron derived
from the HSP70 heat shock protein of Z. mays (I-Zm.DnaK-1:1:1 SEQ 1D NO: 144) or any of
the introns presented herein or any other intron, operably linked to a coding sequence for B-
glucuronidase (GUS) that either possesses a processable intron (GUS-2, SEQ 1D NO: 160) or no
intron (GHIS-1, SEQ [D NO: 159), operably linked to the Nopaline synthase 3° UTR from A.
tumefaciens (T-AGRtu.nos-1:1:13, SEQ ID NO: 161) or the 3” UTR from the rice lipid transfer
protein gene (T-Os LTP-1:1:1, SEQ ID NO: 175); a second transgene selection cassette used for
selection of transformed plant cells that confers resistance to the herbicide glyphosate (driven by
the rice Actin 1 promoter), or alternatively, the antibiotic kanamycin (driven by the rice Actin 1
promoter) and a left border region from A. fumefaciens. The resulting plasmids are used to
transform corn plants or other genus plants by the methods described above or by other
Agrobacterinm-mediated or particle bombardment methods known in the art.  Alternatively,
protoplast cells derived from corn or other genus plants are transformed using methoeds known in
the art to perform transient assays

[01927 GUS expression driven by the regulatory element comprising one or more enhancers is
evaluated in stable or transient plant assays to determine the effects of the enhancer element on
expression of a transgene. Maodifications to one or more enhancer elements or duplication of one
or more enhancer elements is performed based upon empirical experimentation and the resulting
gene expression reguiation that is observed using each regulatory element compesition. Altering
the refative positions of one or more enhancers in the resulting regulatory or chimeric regulatory
element may affect the transcriptional activity or specificity of the regulatory or chimeric
regulatory element and is determined empirically to identify the best enhancers for the desired

transgene expression profile within the corn plant or other genus plant.

Example 17: Analysis of Intron Enhancement of GUS Activity Using Plant Derived
Protoplasts.

[0193] An intron is selected based upon experimentation and comparison with an intronless
expression vector control to empirically sefect an intron and configuration within the vector T-
DNA element arrangement for optimal expression of a transgene. For example, in the expression

of an herbicide resistance gene, such as CP4 which confers tolerance to glyphosate, it is desirable
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to have transgene expression within the reproductive tissues as well as the vegetative tissues, to
prevent the loss of yield when applying the herbicide. An intron in this instance would be
selected upon its ability when operably linked to a constitutive promoter, to enhance expression
of the herbicide resistance conferring transgene, particularly within the reproductive cells and
tissues of the transgenic plant and thus providing both vegetative and reproductive tolerance to
the transgenic plant, when sprayed with the herbicide. In most ubiquitin genes, the 37 UTR is
comprised of a leader, which has an intron sequence embedded within it, The expression
elements derived from such genes are therefore assayed using the entire 3° UTR comprising the
promoter, leader, and intron. TFo achieve different expression profiles or to modulate the level of
transgene expression, the intron from such an expression element may be removed or substituted
with a heterologous intron.

[01947 Introns presented herein as SEQ 1D NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 538, 62, 68, 72,
82,92, 94, 101, 103, 105, 107, 109, 111, 113, 118, £20, 122, 127, 129, 131, 138, 140, 142, 144,
146, 148, 150, 152, 154, 156, 158 and 182 are identified using genomic DNA contigs in
comparison to expressed sequence fag clusters or ¢DNA contigs to identify exon and intron
sequences within the genomic DNA. In addition, 5" UTR or leader sequences are also used to
define the intron/exon splice junction of one or more introns uader conditions when the gene
sequence encodes a leader sequence that is interrupted by one or more introns. Introns are
cloned using methods known in the art into a plant transformation vector to be operably linked 37
to a transcriptional regulatory element and leader fragment and operably linked 57 to either a
second leader fragment or to coding sequences, for instance as depicted in the two transgene
cassettes presented in FI1G. L

[0195] Thus, for instance, a first possible transgene cassette (Transgene Cassette Configuration 1
in FIG. 8) is comprised of a promoter or chimeric promoter element [A]. operably linked 5" to a
leader element [B], operably linked 57 to a test intron element [C], operably linked to a ceding
region [D], which is operably linked to a 3 UTR element [E]. Alternatively, a second possible
transgene cassette (Transgene Cassette Configuration 2 in FIG. 8) is comprised of a promoter or
chimeric promoter element [F1, operably linked 37 to a first leader element or first leader element
fragment [(i]. operably linked 57 to a test intron element {H], operably linked 5 to a second
leader element or first leader element second fragment [1], operably linked to a coding region [1],

which is operably linked to a 37 UTR element [K]. Further, a third possible transgene cassette
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(Transgene Cassette Configuration 3 in FIG. 8) is comprised of a promoter or chimeric promoter
element [L]. operably linked 5" to a leader element {M], operably linked 57 to a first fragment of
the coding sequence element [N], operably linked 57 to an intron element [O] element, operably
linked 57 to a second fragment of the coding sequence element [P], which is operably linked to a
37 UTR element [Q]. Transgene Cassette Configuration 3 is designed to allow splicing of the
intron in such a manner as to produce a complete open reading frame without a frame shift
between the first and second fragment of the coding sequence.

{01961 The first 6 nucleotides on the 57 end and the iast 6 nucleotides on the 37 end of the introns
presented as SEQ 1D NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103,
1G5, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144, 1406, 148, 150, 152,
154, 156, 158 and 182 represent nucleotides before and after the intronfexon splice junction,
respectively.  These short 6 nucleotide sequences, for example, can be modified by having
additional sequence appended (i.¢. native or artificial) to facilitate cloning of the intron into a
plant transformation vector, so long as the first and secend nucleotides from the 57 end (GT) and
the fourth and fifth nucleotide from the 3" end (AG) of SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52,
54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 167, 109, 111, 113, 118, 120, 122, 127, 129, 131,
138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 138 and 182 are preserved, thus preserving the
intron/exon splice junction of the intron. As discussed above, it may be preferable to avoid using
the nucleotide sequence AT or the nucleotide A just prior to the 5° end of the splice site (GT) and
the nucleotide G or the nucleotide sequence TG, respectively just after 3 end of the splice site
(AG) to eliminate the poteatial of unwanted start codons from being formed during processing of
the messenger RNA into the final transcript.  The sequence around the 37 or 37 end splice
junction sites of the intron can thus be modified.

[G197] The intrens are assayed for an enhancement effect through the ability to enhance
expression in transient assay or stable plant assay. For transieat assay of intron enhancement, a
base plant vector is constructed using methods known in the art. The intron is cloned into a base
plant vector which comprises an expression cassette comprised of a constitutive promoter such
as the Cauliflower mosaic virus promoter, P-CaMV.355-enh-1: 1:9 (SEQ 1D NQ; 176), operably
linked 57 to a leader element, L-CaMV.358-1:1:15 (SEQ ID NO: 177), operably linked 57 to a
test intron element {e.g. one of SEQ 1D NOS: 4, 7, 21, 24, 30, 44, 48, 52, 54, 58, 62, 68, 72, 82,
92,94, 101, 103, 105, 107, 109, 111, 113, 118§, 120, 122, 127, 129, 131, 138, 140, 142, 144, 140,
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148, 150, 152, 134, 156, 158 and 182), operably linked to a coding sequence for B-glucuronidase
(GUS) that either possesses a processable intron (GUS-2. SEQ ID NO: 160} or no intron (GUS-
1, SEQ 1D NO: 159), operably linked to the Nopaline synthase 3" UTR from A. wmefaciens (1-
AGRtunos-1:1:13, SEQ ID NO: 161). Protoplast cells derived from comnt or other genus plant
tissue are transformed with the base plant vector and luciferase control vectors as described
previously in Example 2 above and assayed for activity. To compare the relative ability of the
intron to enhance expression, GUS values are expressed as a ratio of GUS to luciterase activity
and compared with those levels imparted by a construct comprising the constitutive promoter
operably linked to a known intron standard such as that as the intron derived from the HSP70
heat shock protein of Zea mays, 1-Zm.Dnak-1:1:1 (SEQ ID NO: 178) as well as a construct
comprising the constitutive promoter but without an infron operably linked to the promoter.

{01981 For stable plant assay of the introns presented as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48,
52,54, 58, 62, 68, 72. 82, 92, 04, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129,
131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182, a GUS expression plant
transformation vector is constructed similar to the constructs described in the previous examples
in which the resolting plant expression vectors contains a right border region from A
tumefaciens, a first transgene cassette to test the intron comprised of a constitutive promoter such
as the Cauliflower mosaic virus promoter, P-CaMV 358-enh-1;:1:9 (SEQ ID NQ: 176), operably
linked 37 to a leader element, L-CaMV .338-1:1:15 (SEQ 1D NO: 177), operably linked 5" to a
test intron element provided herein, operably linked to a coding sequence for B-glucuronidase
(GUS) that either possesses a processable intron (GUS-2, SEQ ID NO: 160} or no intron (GUS-
L, SEQ ID NO: 158), operably linked to the Nopaline synthase 3° UTR from A. tumefaciens (T-
AGRtu.nes-1:1:13, SEQ 1D NO: 1613); a second transgene selection cassette used for selection of
transformed plant cells that confers resistance to glyphosate (driven by the rice Actin |
promeoter), or alternatively, the antibiotic kanamycin (driven by the rice Actin 1 promoter) and a
left border region from A. tumefaciens. The resulting plasmids are used to transform corn plants
or other genus plants by the methods described above or by Agrobacterium-mediated methods
known in the art. Single-copy or low copy number transformants are selected for comparison to
single-copy or low copy number transformed plants, transformed with a plant transformation
vector identical to the test vector but without the test intron to determine if the test intron

provides an intron mediated enhancement effect,
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[0195] Any of the introns presented as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 34, 58, 62, 08,
72,82, 92,94, 101, 103, 105, 107, 109, 111, 113, £18, 120, 122, 127, 129, 131, 138, 140, 142,
144, 146, 148, 150, 132, 154, 156, 158 and 182 can be modified in a number of ways, such as
deleting fragments within the intron sequence, which may reduce expression or duplication of
fragments with the intron that may enhance expression. In addition, segquences within the intron
that may affect the specificity of expression to either particular cells types or tissues and organs
can be duplicated or altered or deleted to affect expression and paiterns of expression of the
transgene. In addition, the introns provided herein can be modified to remove any potential start
codons (ATG) that may cause unintentional transcripts from being expressed from improperly
spliced introns as different, longer or truncated proteins. Once the intron has been empirically
tested, or it has been altered based upon experimentation, the intron is used to enhance
expression of a transgene in stably transformed plants that can be of any genus monocot or dicot
plant, so long as the intron provides enhancement of the transgene. The intron can also be used
to enhance expression in other organisms, such as algae, fungi or animal cells, so long as the
intron provides enhancement or attenuation or specificity of expression of the transgene to which

it is operably linked.

® ook ook koo

[0200] Having illustrated and described the principles of the present invention, it should be
apparent to persons skitled in the art that the invention can be modified in arangement and detail
without departing from such principles. We claim all modifications that are within the spirit and
scope of the claims. All publications and published patent documents cited herein are hereby
incorporated by reference to the same extent as if each individual publication or patent

application is specifically and individually indicated to be incorporated by reference.
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CLAIMS

Claim 1. A DNA molecule comprising a DPNA sequence selected from the group consisting
of:
a} a sequence with at least 85 percent sequence identity to any of SEQ ID NOs:
1-158 and 180-183;
b) a sequence comprising any of SEQ 1D NOs: 1-158 and 150-183; and
c) a fragment of any of SEQ D NOs: 1-158 and 180-183, wherein the fragment
has gene-regulatory activity;
wherein said sequence is operably linked to a heterclogous transcribable

polynuclectide molecule.

Claim 2. The DNA molecule of claim |, wherein said sequence has at least 90 percent

sequence identity to the DNA sequence of any of SEQ ID NOs: 1-158 and 180-183.

Claim 3. The DNA molecule of claim !, wherein said sequence has at least 95 percent

sequence identity to the DNA sequence of any of SEQ ID NOs: 1-158 and 180-183.

Claim 4. The DNA molecule of claim 1, wherein the DNA sequence comprises gene

regulatory activity.

Claim 3. The DNA molecule of claim 1, wherein the heterologous transcribable

polynucleotide molecule comprises a gene of agronomic interest.

Claim 6. The DNA molecule of claim 5, wherein the gene of agronomic interest confers

herbicide tolerance in plants.

Claim 7. The DNA molecule of claim 5, wherein the gene of agronomic interest confers

pest resistance in plants.

Claim §. A transgenic plant cell comprising a heterologous DNA molecule comprising a
sequence selected from the group consisting of:
a) a sequence with at feast B3 percent sequence identity to any of SEQ 1D NOs: -
158 and 180-183;
b) a sequence comprising any of SEQ 1D NOs: 1-158 and 180-183; and
¢} a fragment of any of SEQ ID NOs: 1-158 and 180-183, wherein the fragment
has gene-regulatory activity;
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wherein said sequence is operably linked to a heterologous transcribable

polynuclectide molecule.

Claim 9. The transgenic plant cell of claim §, wherein said transgenic plant cell is a

monocotyledonous plant cell.

Claim 10. The transgenic plaat cell of claim 8, wherein said transgenic plant cell is a

dicotyledonous plant cell.
Claim 11. A transgenic plant, or part thereof, comprising the DNA molecule of claim 1.

Claim 12. A progeny plant of the transgenic plant of claim 11, or a part thereof, wherein the

progeny plant or part thereof comprises said DNA molecule.
Claim 13. A transgenic seed, wherein the seed comprises the DNA molecule of claim 1.

Claim 14. A method of producing a comumodity product comprising obtaining a transgenic

plant or part thereof according to ¢laim 11 and producing the commeodity product therefrom.

Claim 15. The method of claim 14, wherein the commodity product is protein concentrate,

protein isolate, grain, starch, seeds, meal, flour, biomass, or seed oil.
Claim 16. A commedity product comprising the DNA moleucle of claim 1.

Claim 17. The commodity preduct of claim 16, wherein the commeodity product is protein

concenirate, protein isolate, grain, starch, seeds, meal, flour, biomass, or seed oil.

Claim 18. A method of expressing a transcribable polynucleotide molecule comprising
obtaining a transgenic plant according to claim 11 and cultivating plant, wherein the

transcribable polynucleotide is expressed.
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modulating gene expression in plants and plant cells, The mvention also provides transgenic plants, plant cells, plant parts, seeds,
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GATGGAGGGGTGGGT TTAGARCCCTGARAACTGGTACTGTTTC

GAACTGAARAACACTGIAGCACTITICGT TTGITIGTGGTARATATIATC I TACTATGGT

CTARCTAGGCTCARRAGRATCGTCTOGCARTGTACAT

TARATTATGCAATTAGTIATTT

TGTTTACCTGCATTTCATACTCOGAGCATGCGTCTTTTGGTACATTTARTGCTICGATGT

GGRATTTTAAAARATTIT! GTTGGITTCTA c g T
TGGATICGHICTTTGACGOGGATGCAG TGCAGTE GATACCATCITAGCCGT
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2/ 3
TGCGTCGARGTTCGCTTTGCTAACGTTTIG T, GCTTT TGA
GACGAGCGCCTTACGTGECAGTGL AR GEARCC G TTTGACGCTGTAGTG

~-CTCGTTACGT

GCACAACTTAGTIGAATCCGGCTTCCGGCARACTA’

TTAGCCGGTCTC!

SCACAACTTAGTT

CCGGCTT RCTATAT

GGCARGTTAGACCCAAGT

GTGAGCCCGCCACCGCARGTTATTGGGRCATTATACGTAGGA.

Geane

TAG

CCCARGTGIGAGCCGECC: STTATTGGGACATTATACGTAGGA

GCAAGTGTATAATAAGAATATGAGATAATGT. TATAT: GTCATA
G GTATAATAAGAATATGAGATAATGT. TATATGRATCATCACGICAT:
TTTATGTTAAGATGAAGAGGATAGRAT: TATGTARATTTAT: GTGATAG

TTTATGTTAAGATGAAGAGGATAGAAT ABACGGTATGTARATT TATAGCGAGTGATAGAC

FIG. 1b
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GGGCAC:

GGCCTCCTAGCTATTIC TCGGATTTT

GGGCACRAGGCCTCCTAGCTATITCCATARRTCGGAT TTTGTARGAACARRARAGAGGAC

TTATTATAAGAGHATGTGGTALGTAAGTATACTCTCTCCGT TTCARAT TATARGT TGTTT

TTATTATAAGAGAATGIGGTAAGIARGTATACTCTCTCCGT TTCARAT TATAAGT TGTTT

TGATTETTETIGGTACATCTATTTTACTATGCAT TAGATATARTAATGTGTC TAGATACAT

{ATATAATAATGTGTCTAGATACAT

TGATTITTTTGGTACATCTATTITACTATGCATT:

AACAARATGGATGAATCARAAAAGTCARAGTGAT TTACAAT TTGGAACGGAGAGAGTARG

AACAAARTGGATG: AGTGATTTACAATTTGGARCGE T,

TTCAAGCCGTCARGGCACTTCTATGCARCCACAGTCARC TTGAATGCCGCTTGAGTGCCT

TTCAAGCCGTCAAGGCACTTICTATGCAR TCARCTTGAAL ITGAGTGCCT

TTCABGCCGTCAAGGCACT ICTATGCARCCACAGTCARC TTGARTGCCGC T TGAGTGCCT

TCTCAAGTTTTTTTTTCTTGCAAARATCATTICT Y TTTTTAAAAAAAGTATART TTGGA

TCTCAAGTTTTITITTCTTCE TCATTTCTITTITTTAR GTATAATTTGGA

CARGTTTTETTTTCTTGCARAAATCATTICTTTTTTTTARAAA TTTGEA
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ATTCTAAGCATGARTTGCTTICTITIT GCATGCL, 14
ACAAGAATGA
ATTCTAAGCATGAATTIGCTITCTITITTIGGAC, GGRGCATGCCACARC! GRATGA
TCTAAGCATGARTTGCTTTCTTTITG SAGCATGCC, TGA

ATTCTAAGCATGAATTGCTTTCTTTTTGGACAARAGGAGCATGCCACRACACAAGRATGA

TGTCACCGICATGCTTGGATCCTTTIATGGTARAGCT TCACCTICTATAATC TAACAATA
TGTCACCGTCATGCTTGGATCCTTTTATGGT: CTTCACCTTCTATAATCT: T
TGICACCGTCATGCTTGGATCCITTTATGGTARAGC TTCACCTTC TATAATC TARCAATA
TGECACCGTCATGCTTGGATCCTTTTATGGTARAGCTICACCTICTATARTC TAACAATA

TGTCACCGTCATGCTTGGATCCITTTATGGTARRGCTTCACCTICTATARTC TARCAATA

GAGARATCAGEGARARATCATGITTIGGTIGT I TTTAT I TCTARCCTCCACAATAACTTT
GAGAMATCAGGGARARATCATGITTIGGTTIGTITTTATTTCTAACCTCCACAATAACTTT
ACAATARCTTT
\GEAATCAGGGARARATCATGI TTIGGTTGT I TTTAT I TCTAACCTCCACRATAACTTT

GAGRARTCAGGGARRAATCATGTTTIGGTIGT TT T TAT T TC TAACCTCCACARTARCTTT

GGTTTACCATTTTTITGITIGATIITAGT ITTAGAGAAGCGT TTATAACAGGACCTARAAT
GGTTTACCATTTITTGITIGATT ITAGY T TAGAGAAGCGT T TATAACAGGACC TARRAT
GGTTTACCATTTTTTGITTGATTTTAGT TTTAGAGAAGCGTTTATAACAGGACCTARAAT
GGTTTACCATITTITGITTGATIITAGT TTTAGRGARGCGT TTATAACRGGACCTARAART

GGTTTACCATITTITGITTGATIITAGT TTTAGRGARGCGT TTATAACRGGACCTARRAT

CTTTTTEICAGTACACAGT. GCAGACGCTCATACACGCACGE TCACCTCTATG

TCAGTACACAGTACAACGCAGACGC TCATACACGCACGCACACTCACCTCTATG
CTTTTTTCAGTAC: 3 ICAT GCACACTCACCTCTATG
TTTICAGTACACAGTACAACGCAGACGCTCATACACGCACGE:

CTCACCTCTATG

CAGT. GUAGACGCTCATACACGCACGUACACTCACCTCTATG
G CCTACACCTIG TAT
G CTACACCTTG: TAT:
ARCACACGTAAGARAACCCTACACCT TAT:
RACACACGTAAG CCTACACCTIG TAT:
ACACACGTAAG TACACCTTG. CCTTCGAAGEACTGAGCCGGTARATAT:
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TCGTGCAAATTTCICTCTAGGTGIGTIGT GIGACTGTGIGAGTAACART TICTCTAGTTGT

TCGTGCAARTTECTCTCTAGGTGIGTGTGTGACTGTGTGAGTARCARTTICTCTAGTTGT
GITGT

TCGTGCABRTTTCTCTCTAGGTGIGTIGTGIGACTGTGIGAGTARCART TTCTCTAGTIGT

GCGCGACTGCTGCTTACTTTGGAGAT TACAATATCTTTCTARARTGCTTCGATTACTTAT

GCGCGACTGCTGCTTACT AGATTACAATATCTTICTAARATGCTTCGATTACTTAT
GCGCGACTGUTGUT TACT T TGGAGAT TACARTATCTTICTARAATGCT TOGATTACTTAT

GCGCGACTGUTGUT TACTTTGGAGATTACARTATC TTICTARARTGCTTCGATTACTTAT

TTATARBCCGTCTCTAAGGCCART TGCTCARGAT ICAT TCARCART TGAARCGTCTCACH

TTATARACCGTCTCTARGGCCART TGO TCAAGAT TCATTCARCARTTGARRCGTCTCACA,
TTATAARCCGTCTCTAAGGCCAAT TGCTCARGAT ICATTCARCAATIGAAACGTCTCACA

TTATAAACCGTCTCTARGGCCAATTGCTCARGAT TCATTCAACAATTGARACGTCICACA

TGATTARATCATATARAGT TTCTAAGTCTTGTTTGACAAGATTITTITAGATTTTCATCT

TGATTAAATCATATARAGTTTCTARGTCTTGTTT
TGATTARATCATATARAGTT

TTTTTTAGATTITCATCT
TARGTCTTGTTIGACARGATTITTTTAGATTTTCATCT

TGATTARATCATATARRGTTTCTARGTCTIGI TTGACARGAT TTTTTTAGAT TTICATCT

AAATTGGATGAAACTATCAAACACTAAT TTTARARAATATARGAGARGCTCCGGAGATAR

AARTTGGATGAAACTATCAAACACTAATITT AT . -
AAATTGGATGARACTATCAARACACTAAT TTTAAARAATATARGAGARGCTCCGGAGATAR

ARATTGGATGARACTATCAAACACTAAT TT TAAARAATATARGAGARGC TCCGGAGATAR

AAGGTCGTCTATGTTATTATAAGAGTARAGTCGTCTATTCTCTTCGTICCCAACATATATA

ARGGICGICTATGTTATTATAAGAGTAAAGTCGTCTAT ICTCTICGTICCCARCATATATA
STCEICTATGTTATTATAAGAGTARAGICGTCTATTICTCTICGTCCCAACATATATA

CGTCTATGITATTATAAGAGT STCGICTATTCICTICGTCCCARCATATATA

FIG. 1d
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GAGATTCTCGAAGTCACTATTAGCGCCTCGT TGTCAACGGGAATGTCGCTTACCACTTAR
GAGATTCTCGAAGTCACTATTAGCGCCTCGTIGTCARCGGGAATGTCGCTTACCACTTAR
e

GAGATTCTCGARGTC) TTAGCGCCTCGTTGT GGRATGTCGCTTACCACTTAA
GAGATTCTCGAAGTCACTATTAGCGCCTCGT TGTCARCGGGARTGTCGCTTACCACT TAA
T GGAATGTCGCTTACCACTTAA

GAGATTCTCGAAGTCACTATTAGCGCCTCGT TGTCARCGGGARTGTCGC T TACCACT TAR

AGCATAACGCCGAGARATCCCGTAATARATCCAGTARAATACGAGCACCCGTGCCARGTT
GCATAACGCCGAGAARTCCCGTARTARAL T. TACGAGCACCCGTGCCAAGTT
AGCATARCGCCGAGARATCCOGTAATARATCCAGTARARTACGAGCACCCGTGCCAAGTT
GCAT: AGAAATCCCGTAATARATCCAGTARRATACG: GTGCCAAGIT
GCATAACGCCGAGARATCCCGTAATA GTARAATACGAGCACCCGTGCCAAGTT

AGCATAACGCCGAGAAATCCCGTAATAAATCCAGT ARAATACGAGCACCCGTGOCAAGTT

GRAATATTTGRACCCGAGTGGGTA

GAATATTTGAACCCGAGTGGGT: CACCG GGACCT: CATTTCGCA
GAATATTIGAACCCGAGTGHG CROC! T GATCATTTCGCR
GAATATTT GGETAGATTCCACCH GACCT. ATCATTTCGCA
GAATATTTGAACCCGAGTGEGTAGATT! G GRCCT: CATTTCGCA
GARTATTTGAACCCGAGTGGGTAGATT G GACCTAACCAGATCATTICGCA

GGAACTARRATCGGTAGAGAGCCCAG SCCTTTCCTARGA

GGRACTAARATCGGTAGAGAGCCCAG CTTTCCTAAG

e ABATCGGTAGAGAGCCCAGAC: TTT A

G TCGGTAGAGAGCCC: TTT

GGAACTAARATCGGTAGAGAGCCCAGAC CTTTCCTAAG TCCAGT
AACAGGAACTARAATCGGTAGAGAGCCCAG CCTTTCCTAAGAGCCACTCCAGT
GGARGCCCCTACTITAGGTATARARTGCAATACTAGTGGGECTCCTARATAARCTICTAT

GGAAGCCCCTACTTTAGGTATARAATGCARTACTAGTGGGEC TCCTARATARACTTCTAT
GGARGCCCCTACTITAGGTATARAATGCAATACTAGTGGGECTCC TARATARACTICTAT
GGAAGCCCCTACTTTAGGTATARAATGCARTACTAGTGGGGCTCCTAMATARACTTCTAT

GGAAGCCCCTACTITAGGTATAAAATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT

GGAAGCCCCTACTTTAGGTATARAATGCARTACTAGTGGGGCTCCTAAATARACTTCTAT
TTTTCATGGCCTICTARAATTCACTCCCARACCCCTAGC TATAGAAGTCTCTTATCCATC
CACTCCCARRCCCCTAGCTATAGAAGTCTCTTATCCATC

CTCCCARACCCCTAGCTATAGARGTCTCTTATCCATC
TCCCAARCCCCTAGCTATAGRAGTCICTIATCCATC
TCACTCCCARACCCCTAGCTATAGAAGTCTCTIATCCATC
CACTCCCARRCCCCTRAGCTATAGARGTCTCTTATCCATC
TCTARAATTCACTCCCAAACCCCTAGCTATAGARGTCTCTTATCCATC

TTTTCATGGCCTTCTARAR

TTTTCATGGCC

FIG. 1f
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CTCTARATARARATGGGAGTCTATTTTAT ITCACCAGRGTTGATCGTARATTTAGTCICT
CTCTARATARARATGGGAGTCTATTTTAT TTCACCAGAGT TGATCGTAAATTTAGTCTICT
CICT. TATTTTATTTS RGTTGATCGTARATTTAGTCICT
CTCTARATARARATGGGAGTCTATTTIAT TICACCAGAGTTGATCGTARATTTAGICTCT
CTCTAAATARARATGGGAGTCTATTTTAT TG ATTTAG
CTCTAAA AAAAATGGGAGTCTAITTIATTTCACCAQRC TCATC¢TAAATTTAGTCTCT
CTCT. GG TATTTTATT AGTTGATCGTARATTTAGTCTCT

CARATITTATAAGTIGAGGGTAGAGGATGACTGGAGTTGCTCTA GACCTATCTICA
CAAATTTTATAAGT TGAGGGTAGAGGATGACTGGAGT TGCTCTARACGGACCTATCTICA
CARATTTTATANGT TGAGGGTAGAGGATGACTEGAGT TCTCTAAACGGACCTATCTICA
CAAATTTTATAAGTTGAGGGTAGAGGATGACTGGAGT TGCTCTARACGGACCTATCTICA
CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGT TGCTCTARACGGACCTATCTICA
CARATITTATANGT TGAGGGTAGAGGATGACTEGAGT TCTCTAARCGGACC TATCTICA
CAAATTTTATAAGTTGAGGGTAGAGGATGACTGGAGT TGCTCTARACGGACCTATCTICA

AGTGACCTCAGTIGAGCCCGTTTAACGGCGTCGACARGT TTARTCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTITARCGGOGTCGACRAGT TTAATCTARCGGACACCARCCA
AGTGACCTCAGIGAGCCCGTTTAACGGCGTCGACAAGT TTAATCTARCGGACACCAACCA
AGTIGACCICAGTGAGCCCGTTTAACGGCGTCGACARGT I TAR

AGTGACCTCAGTGAGCCCGTITARCGGCGTCGACAAGTT
AGTGACCICAGTGAGCCCGTTTAACGGCGT STTTAATCTAACGGACACCAACCA
AGTGACCICAGIGAGCUCHTT TAACGGLGTCGACARGT TTARTCTARCGGACACCARCCA

a

AGA CCGECAGCGECGAGES. TTGACATCTTGGCGCGGCACG

GAGAGAGRACCACCGCCAGCGCCGAGOCAAGCGACGTTGACATCTTGACGCGECAC

SAGAAG SACCGUCAGCGCCGAGCCAAGCGACGTTGACATCT SECACH
GCGLCGAGCT TTGACATCTTGGCECGECACEG

STTGACATCTTGGCGE
CCGCCAGCGCCGAGT GACGTTGACATCTT
CCGCCAGCGUCGAGCCARGCGACGTTGACATC TTEGCECGECACEEC

e

ATCTCCCTGGUGTCIGRCCCCCTCTCEAGRCTTCCGCTCCACCTCCCACCGRTARCGETT

CTGGCCCCOTCTCGAGACTTCCGCTCCACCTCCCACCEGTGGCGRTT
166 TCICGAGACTTCCGCTCCACCT GETGECGETT
T CTGGCGTCTGGCCCCCTCTCGAGAC TTCCGC TECACCTCCCACCEETGECEETT

ATCECCCTGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
A C GGCGTCTIGE C TCGAGACTTICCGCTCCACCTCC! GT
ATCTCCCTGOOGTCTGEC0CCCTCTCGRGACTTCCGC TCCACCTACCACCAETEE

FIG. 1g
9/ 31 PCT/US2012/029990
GIGGCCAGCTITIGTICTAGTICARCE GCCTTCCGGECACCTAATACCCTARTT

AATCTATTGCAGCTARCCTCARAAGARATGCATTTGCAGTTGTCTGTCCCRAATCARTCTA

TAGCAGACTTACATTATAGAT ATTARATTCAGCCTTTGACGIGGATGCARCA

\CTGCACTGCACAGGATACCATCTTAGCCGTTGTGTCAARGTTTGCTTTGC TARACGTTT

TGAGAAAACCAGCTTTGACCARCGCGAGATGAGCGCCT TACGT T TGGCACRATGTAATGT

BT TGTAGTGTTAGCCEGCCTCT
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TCCAAGTCCGTICCECCTECTE COGCACGARACCGTGACGGE GCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAARCCGTGACGGGCACCGGCAGCACG
TCCAAGTCCETICCRCCICCTCICACACGACACGARACCGTEACGHGCACCEOCAGCA
TCCAAGTCCGTTCCGCCTCCTICTCACACGGCACGARACCGTGACGGGCACCGGCAGCACE
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGARACCGTGACGGGCACCGGCAGCACG
TCACACGGCACGRRACCGTGACGGGCACCGGCAGCACE
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGRAACCGTGACGGGCACCGGCAGCACG

v
o
&

o
o
a
@
&
o
o
bl
2
8
o

GGGEGATTCCTTTCCCACCGCTCCTTCCCTITCCCT TCCCGCCACTATARATAGT
GGGGGATICCTTTCCCACCGLTCCTTICCCTTTCCCTICCTCT TATARATAGC
GGGGGATTCCTITCOCACCGCTCCTICCCTTICCCTICCTCICCCGCCGCTATARATAGE
GGGGGATTCCTTTCCCACCGLTCCTTCCCTTICCCTTCCTCTCCCGCCGCTATARATAGE
GGGGGATICCTTTCCCACCGCTCCTTICCCTTTCCCTICCTCTCCCGCCGCTATARATAGE
GGGGGATTCCTITCCCACCGCTCCTICCCTTICCCTTCCTCTCCCGCCGCTATARATAGT

GGGEGATTCCTTTCCCACCGOTCCTTCCCTTTCCCT TCCCGCCGCTATARATAGC

CAGCCCCATCCCCAGCTICTITC
CAGCCCCATCCCCAGCTICTITC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTICTITC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTICTITC

FIG. 1h
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TTAATTGAATCCGGCATGGCAR

[AGACCGTAGTGTGAGCCGGCCARCGCAR

GTATARGAGCAAGTGTATIGTCACGTGATATTTATGT TGAGATGAAGRAGRG
rcAcArurﬂrArAAﬁAccAAurc ATTGTCACGTGATATTTATGI TGAGRTGAAGRAGAG

ARAATAAACAGCCTGCARA GCGAGTGATAGATGGGCACAAGGCTTCCTATTTCT

GCCTGCAAATITATAGCGAGTGAT, TICCTATTICT
TAAATCAGACTTTGTAAGAACAAAAR TTAT, CCATATAT
AAATCAGACTTTGTAAGAACAR AGGACTTAT. CCATATAT

CAATGGEGTAGIATGT TAGTATGCATTARGATCTGAC TATTATATGAGTGAGT TGITARA
CAATGGTGTAGTATGTTAGTATGCATTAAGATCTGACTAT TATATGAGTGAGT TGTTARA

ATTTTAGGTGACATGGCC!
TTTAGGIGACATGGC

GGITARATTAT TAGCCATACCCTARCAGCTC TARAARR

GGTTAAATTATTAGC

FIG. 2b
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GATATATTCGTTGAGGCACTITTATGCAACCACATAGTCAACT IGAATGCCGCTTGAGTG
GATATATTCGTTGRGGCACTITIATGUARCCACATAGTCAACTIGRATGCCGCTTGAGTS

CGTTCTCAAGTTTITTITCTIGCARAT TACGCTTTT T TARGAAAGTATAAT TTGGATCGT
CGTTCTCAAGTTTTTTTTCTTGCARATTACGCTTTTTTAAGAARGTATART TTGGATCGT

G
GOBATTTTITTICTC

SGATTTTTTTTCTCTAGGTGIGCGIGACTGIGTGAGTAACAAT TTTGGATC TCAGAARG
GGTGIGCGTGACTGIGTGAGTARCART TTTGGATCTCAGARAG

GTAATAAAAGAATAATACTGCTGCCTACTTTGAGGAT TACAATATCTTTCTCTARAATGT

~-CTGCTGCCTACTTTGAGEAT TACAATATCTTTCTC TARAATGT

TITGGTTTGITATTTABACCGTCTTTARGGCCAATIGC TCARGATTCATTCAACAATTGA
TTTGGTTIGTTATITARACCGTCTTIAAGGCCARTIGCTCARGATTCATTCRACARTTGA

TTTGGTTTGTTATTTARACCGTCTTTARGGCCAATIGC TCARGATTCATTCAACAATTGA

AACGTCT! TGAT TCAT. GGTTGCTAAGGTCTTGTTT ITTTTTT
AACGTICTCACATGATTAAATCATATAAGET TGO TARGGTCT TGTTTGACAAGGT TTTTTT

AACGTCTCACATGATTARATCATATAAGGTTGCTARGGTC TIGTTTG: GTTTTTTT
FIG. 2¢
13/ 51 PCT/US20121029990
TCTCCGTTTGGCGGTGTGIGCCGGCL! TTACACGTITTIGCGGTGT ARAR
ITCTCCGTTTGGCGGTGTGTGCCGGCCARTTACACGTTTTIGCGGTGTCCTCCGACAARA

TGIGCCGGCCARTTACACGTTITTGCGGTGTCCTCCGAC!

TICTICCGTTTGACGE

ICTCCGTTTGECGETGIGTGCCGRCCART TACACGTTITIGCGETGICCTCCGACARAR
TTGCCTTT TTTAT; TCCGGAGATAARAGGCCGTCARTGTTA
TTTGCCTTTE TTTAT, TCCGGAGATAABAGGCCGTCAATGTTA
TITGCCTTT CAATTTTAT; CTCCGGRAGATARAAGGCCGTCAATGTTA
TTTGCCTTT TTTAT: TCCGGAGATARAAGGCCGTCAATGTTA
CAAGAGTGARGTCGTCTACTCCCT! c ATGTAATTCTARGTATGAGITGTA

CAAGAGTGAAGTCGTCTACTCCCTCCATCCCARARAATGTARTTC TARGTATGAGTTGTA
CAAGAGTGAAGFCGFCTACTCCCTCCATCCCAAARAATGTAAT TCTAAGTATGAGTTGTA
CAAGAGTGAAGTCGTCTACTCCCTCCATCCCARRAAATGTAAT ICTARGTATGAGTTGTA

TTATTATTTTTGGACAAAAGGAGT ATACCACAAGRATGATATCATCGTCATGCTTAGATC
TATTATTETTGGAC! GAGTATAC ATATCATCGICATGCTTAGATC
TTATTATTTTTGGAC) SGAGTAT; GAATGATATCATCGTCATGCTTAGATC
TTATTATTTTTGGACAAAAGGAGT ATACCACAAGRATGATATCATCGTCATGCTTAGATC
—ACCACAAGAATGATATCATCGICATGCITAGATC

CITTTTAGIABAGCTIGAGCT TCICTARAAGTAGAGARAT TAGAARARAATCACGTTITT
CTTTTTAGTAAAGCTTGAGCTTCTCTARAAGTAGAGAAATTAGAAAAAAATCACGTTTTT
CTTTTTAGTARSGCTTGAGCTTCTCTARAAGT AGAGARAT TAGAS TCACGTTITT
CTTTTTAGTARAGCTIGAGCTTCTCTARAAGTAGAGARAT TAGAAARARATCACGT TTTT
CTTTTTAGTAAAGCTTGAGCTTCTCTARAAGTAGAGARATTAGAAAAAAATCACGTTTTT

GTGGTCTTGATTICTAGCCTCCACAAARTCTTTGGTTTTACA
GTGG ATTTTTIGITTGATTITGG
GIGGTCTTGATTTCTAGCCTCCACARARTCTTIGGT TTTACATITTTTGT I TGATTTIGG
GIGGICTTGATTICTAGCCTCCACAARRTCTTIGGTTT TACATITTTIGTITGATTT TGS,
GTGGICTTGATTICTAGCCTCCACRRRATCTTIGGTITTACATI TTTIGTITGATTITGS

TTTTTTGTTTGATTTT
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TGIGGARATTTCATCTAAATTTTTGAGTG STATCARATACTAATTT; GGC,
TGTGGARATTICATCTARATTTITGAGTGARACTATCAAATACTART TTARRARAGGCAR

TGTGGABATTT

TCTAAATTTTTGAGTGABACTATCABATACTAATTTARARAAGHCAR

ATTTTGCTGEAGEACACTECAGARACGTGTAAT TGECCGG G CGGAG:
ATTTTGCTGGAGGACACTGCAGAARCE TTGGCCGGCAC Gec SGAG
ATTITGCTGGAGGACACTGCAGAAACGTGTART TGGCCGR! oG cGeaG

ATTTGCCCAGTACCATTATAAATTCATGATARATICATGGTTGTTTGCCAGTGGGGCTAG
ATTTGCCCAGTACCATTATARAT TCATGATAMATICATGGTIGT T TGCCAGTGGGECTAG

ATTTGCCCAGTACCATTATARATTCATGATARATICATGGTTGTTTGCCAGTGGGGCTAG

GGITCCTCECGTATGOTGCGGARIGTIGGT TTGGT TCGRCCARCTCGARCTCARICCGATC
GTTCCTCGOGTATGGTGCGGAATGTGGT TTGETTCGACCARCTCGARCTCAATCCGATC

GGTTCCTCECGTATGOTGCBGARIGTIGETITGGT TCGACCARC TCGARCTCRATCCGATC

CAAAGGEGCATCAATAGTCAT GABAGTTICTCTCTCCCGAGCAGTGGAARTGAT TA

CARAGGGGCATCARTAGTCATTITAGARAGTTICTCTCTCCCGAGCAGTAGRARTGATTA

CAARGGGGCATCARTAGTCATTTTAGARAGTTICTCTCTCCCGAGCAGTGGRARTGAT TA

TTCTATTTGGCGCGATGTCCACCGE
TTCTATTTGGCGCGATGTCCACCG

CACGAATTTGTAATGGTACTAGE:
TTTGTARTGGTACT

ACCG CACGRATTTGTAATGGTACTAGG
TTCTATTTGGCGCGATGT GGCAAR GAATTTGTAATGGTACTAGGCAA
FiG. 2d
12 /31 PCT/US2012/029990
TTT CCTTATTTATATGTGCTAGTTIG TTAARATCGIT!

TTTCAGRAGTCCTTATITATATGTGCTAGT TTGGCAGCACT TABARTCGT TAGAGAGAGC

TTTCAGAAGTCCTTATITATATGTGCTAGTTTGGCAGCACTTARRATCGTTAGAGAGAGC
CCTTATTTATATGIGCTAGTTIG & 2

TTTCAGAAGTCCTTATITATATGIGCTAGT TTGGCAGCACT TABAATCGTTAGAGAGAGC

CTARAC ATGGCCA
CTARACK

CTAAACAAAAG"CTTT %AC"A’CTTGAGCCAGATTQLTTGAT GGCCAAARTTTGAT
CTARACAAAAGCCTTTICARARGGACCT IGAGCCACRTTGET IGATGRCCARRATTIGAT

CTARACKARAGCCTTTICARAACGACCTIGAGCCAGAT IGGTTCATCACCARRAT TIGAT

TGICARBACT TAGGCAAGCCAAGATT I TAGCAGCTAT TTGG T TIGGTACCARAAT T T
TGTCAARACTTAGGCAAGCCAAGATTTTAGCAGCTAT TTGGTT TG, CARRATTTGCC
TGTCAARAC IIAGGC&A{iCCA&GATIIIAGCAGCIATI‘IGGTTIGGI CCARBATTTGCC
TGICARAACTTAGGCAAGCCAAGATTITAGCAGCTATTTGGTTIGGTACCARAATTTGCC
TGTCAARACTTAGGCAAGCCAAGATITTAGCAGCTATTIGGTTTGGTAC TTTGCT
~-AGGCARGCCAAGATTITAGCAGCTATITGGTTIGETACCARRATTIGEC

AATGATCTGTTCTTITTGCCTTTICARCCGGTITATCAGCCGTACTICAGCTTATTCICTC
BATGATC TTIG T AGCTTATTCTCIC
ARTGATCTGTITCTTTIGCCTTITICARCCGGTITATCAGCCGTACTICAGCTTATTCTCTC
AATGATCTGTTCTTITGCCTTTTCARCCGGTITATCAGCCGTACTTCAGCTTATTCTCTC
AATGATCTGTTCTTTIGCCTTITCAACCEGTT TATCAGCCGTACTTCAGCTTATTCICTC
ARTGATCTGTTCTTTIGN CGGTITATCAGCCGTACTICAGCTTATTCTCTC

TCACAGAACACTATTGARTCAGCCGARARGCCACCGE: STATCTCACAR
ACAGARCACTATIGAATCAGCCGAARAGCCACCGCAGRACAGGACCAGTATCTCACAR

TCAC CTATTGAATCAGCCGAAA TCTCACAR
CACAGAACACTATTGAATCAGCCGAARAGCCACCGCAGARCAGGACCAGTATCTCACAR
TC CACTATTGAATCAGCCGAAAAG GCAG G ATCTCACAZ
c CTATTGAATCAGCCGAAA GCAG: ICTCACAR

B
TGECATGCCAAATATACTCACCGTCAGTGAGCCCGTTTARCGGCGTCGACRAGTCTARC
ATGGCATGCCARATATACTCACCGTCAGTGAGCCCGTTTAACGECGTCGACARGTCTAAC
ATGGCATGCCAAATAT CILACCGTPA(IGAGCCCCIILAACGGCGICGACAAGIC AAC
ATGGCATGCCARATATACTCACCGTCAGTG TTTAACGGCGTCGACAAGTCTAAC
ATQGCATGLVAAATATACTCHCF”Tfhc”GAGLLCGTTTAALGGCGTLCALAAGTCTAAL
ATGGCATGCCAAATATACTCACCGICAGTGAG GT TCTAAC

D N

FIG. 2f
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GGCCACCARCCAGCGARCCACCAGCGTCARGC TAGCCARGCGAAGCAGRCGGCCGAGACS
GOCCACCAACCABCGARCCACCAGEGICAAGCTAGCCARGCGRACCAGRCEGCCEAGRCE
GGECACCAACCAGCGAACCACCAGCGICARG! SAAGCGAAGCAGACGGCTGAGAC
GGG CAL,CAACCACC(‘AAC(AC( AGCOICAAGCTAGCCAAGOGRAGCAGRCGGCCGAGRCG
G CAGCG; CAGCGT GACGGCCGAGACE
GGECCACCAACCAGCGARCCACCAGCGTCAAGCTAGE! ca A G

TTGACACCTTGGECECEEGCATCTCTCTGECCCOCTCTCGAGAGT TCCECTCCACCTCCAT
TIGACACCTIGGCGCEGGCATCTCTCTC TCTCGAGAGTT %S I
TTGACACCTTGECGCEEGCATCTCTCTGECCCCCTCTCGAGAGTTCCGC TCCACCTCCAC
TTGACACCTTGRCGCGEGCATCICICIGECCCOCTCTCGAGAGT TCCGCTCCACCTCCAC
TIGACACCTTGGCGCGBECATCTICTCC TCTCGAGAGTT TCCACCT!
TTGACACCTTGGCGCEEGCATCTCTCTGECCCCCTCTCEAGAGTTCCGCTCCACCTCCAC

GGIGGUGGTTICCAAGTCCGTTCCGCC TCCTGUTCCTCC TCACACGECACGARACCGTC

TGGTEECEETTEC TCCGTTOCGLCTCCTIGCTCCICCICACACGGCACGARACCGTC
GGIGGCGGTTTCCAAGTCCGTTCCGLCTCCTGCTCCTCCTCACACGRCACGARACCETC
GGIGGCGGTTTCCAAGTCCETTCCGOCTCCTGCTCCICCICACACGGUACGARACCGTC
TGGTGECEETTIC TCCGTTCCGOCTCCTGCICCICCICACACGECACGARACCGTC

GGTGGECGETTECCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGRCACGARACCETC

ACGGCACCGRCAGCACGGGGGATTCCTT TCCCACCGCTOCTTCCC TTTCCC TTCCTCGEE
ACGGCACCEGCAGCACGEGGEATTCCTTICCCACCGCTCCTICCCTTICCCTICCTCGCT
ACGGCACCGGCAGCACGEGGGATTCCTTICCLE TCCTTCCCTTITCCCTTCCT

ACGGCACCGERCAGCACGGGGGATTCCTTICCCACCGCTOCTTCCC TTTCCCTICCTOGED
ACGGCACCGECAGCACGEGGEATTCCTTICCCACCGCTCCTICCCTTICCCTICCTCRCT

ACGGCACCGGCAGCACGEGGGATTCCTT TCCCA TCCTTCCCTTTCCCTTCCTC

CGCCGTTTTARRTAGCCAGCCCCATCCCCAGCT TCTCTCECT
CGCCGTTTTARATAGCCAGCCCCATCCCCAGCTTCICTCCCS
CGL CGTTITARATAGCCAGCCCCATCCCCAGCTTCTICTCCCC
GTTTTARATAGCCAGCCCCAT! AGCTTCTCICCCT
CGCCGTTITAAATAGCCAGCCCCATCCCCPGCLTCTCTVC
CGCCGTTTT: CAGCTTCTCTCOCC

FiG. 2g
1778 PCT/US20121029990

TAATG TTACGTGGATT; GGT TGGCCCTGTAA VCCHCGGCC

TARTGCCATTACGTGGATIACAGGTAACTGGCCCTGTAACTA ce

T ——
TCA: "”AAACGAcGACGICCGCIAGGCGACGACHCGGCmA*GcAcc:ac CACCCAGGC
o "

GCAGCCACCCAG

G GCCCGI‘TACCGGAG(‘ACGCTCAGCI“ACACGGGCGICGISACJCITC”GA STTGRAGG
CGCGCTAGCGGAGCACGGTCAGGTG. 3 CGIGACGCTTCCGAGTTGAAGE
()CGLGL()LTAGL(;()AbCACGGTCAGGT(:ALAC(;GGCGTC(:Tan¢CIICC»AGTIGAAGG

GGTTAACGCCAGA GTGTTIGGCCAGGGTATY T ARRATATTCACACGA
GGTTAACGO! GTTTGGC GIAT T: ARRATATICACACGR
GGTTAACGCCAGARACAGTGTTTGGCCAGGGTAT TAACAAAARATATTC

GAATGGARGTATGGAGCTGCTACTGTGTARAT! CTCACGCCCECT:
ATOORAGTATOOAGCTGCTAC TGTCTARATGCCRACCAGGRARCTCACECCCOCTA
AAGRATCGAAGTATGGAGCTECT, o CTCACGOCE!

ACATCCAACGGCCAACAGCTCGACGTGCCEGTCAGCAGAGACATCGGARCACTGGTGATT
ACATCCAACGGCCAACAGCTCGACGTGCCGRIC g S TGGTGATT
ACATCCRACGGCCARCAGCTCGACGTGCCGGTCAGC: CATCGGAACACTGGTGATT

N

GGTGGAGCCGGCAGTATGCGCCCCAGCACEG TGGTGGTGGCCCGTGECCCTGAT
GGTGBAGCCGECAGTATGCGCCCCAGCACGGCCGAGGTGRTGGTGGCCCETGRCCETRLT
GGTGGAGCCGGCAGTATGCGCCCCAGCACGE 1GGIGGIEGCCCETGECCCTGET

GTCTGCGCGGCTCGGEACARCTIGAARCTGE TCGTCGCAACTCGCAACCCG
GTCTGCGCGGCTCEEGACAACTTGAMACTGG! GCCTCGTCGCAACTCGCAAC
GICTGCGCGGCTCGEGACARCT TGARACTGE ICGICGCARCTCEE

T

TGG! S TGGCTCETAGGGEC IAGAATCCARGARTGTTGCGCTIGE
TTGGCGGRAGRARGGAATGGCTCGTAGGGECCCGGGTAGAATCCARGAATGTTGCGCTGS,
TGG! GAATGECTCGTAGGGC ITAGAATCCAAGARTGTTGCGCTGE
S

GCTTCGATTCACATAA GGCCTGRAGCTCT! CGGCCCGGTCACCGGECGAT
GCTTCGATTCACATARCATGGGCCTGARGCTCTARARCGACGGCCCEGTCACCEGGLGAT
GCTTCGATTCACATAACATGGGCCTGARGCTCTARAACGACGGCCCGHTCACCEGELGAT
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CGCGACACGCCTCACTGS!

GGAGGECT TCTCT GGC

GGAGCAGCGATCTGGATT G G

CARAGAGCTGARARGATAAGGTTGTGCGGGCTGTGGTGATTAGAGGACCACTAATCCCTC,

CAICTCCTAATGACGCGGIGCCCARGACE;

GCCGLGE! GTCTARGTIGAAC

TTCCGUTAACCTTCCGGTCATTGCGCCTGARAGATGTCATGTGGCGAGGCCCCCCTCTCA

GTAGATTGCCAARCTGCCTACCGTGCCACTCTTCCATGCATGATIGC TCCCGTCTATCCCE

GATAGACAACAGIAAGCATCACT! TGTGTAGAACCTTAR

CGTTTTTGAAGTATCCAGGA

TTAGAAGCTICTACTGCGCTITT:

AABAAGGCTTATACTACCAGTATACTATCAACCAGCATGCCGTTTTTGARGTATCUAGEA

TTATAGCTGTGGACCTGTGETARCCTITCTCTIT
TGTGGACCTGTGGTARCCTTTCTCTTT

GCTTTTATATT.

TGGCGCTTGOTTA

CTCGGCCHTECTGETCCATGC TTAGGCAC TAGGCAGAGATAGAGE

TTGCTTARTCTCGGOCGTGCTGGTCOATGC I TAGGCAC TAGGCAGAGATAGAGC

CGGGGEIGAATGEGEC TARAGC TCAGCTGC ICGAGGEGCCETGEGCTGE

CGGGGEGTGAATGEGGCTARAGC TCAGCTAL TCGAGGEGCCGTEE! T TAG

CTACAGCTGTGCC,
CTACAGCTGIGCCACGIGCGGC

GTGCEOCCELGC SARGCAAGCACGCTGAGCCGTTGGACAG
CGCAAGCCGAAGCAAGCACGCIGAGCCGTTGGACAG

GGAAAGRGACCGGATCCTCOT
GGARAGAGACCGGATCCTCCTCGIGAAT TCTGGARGGCCACACGAGAGCEACCCACCACT
GGAAAGAGACCGGATCCTCCTTGTGART TCTGGAAGGCCACRCGAGAGCGACCCACCACT

FIG. 3a
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GAATTCTGGAAGGCCACACGAGAGCEACCCACCACT

CGTGCETGETCCARCACE GCae GCTe “CTTAACCA

CGIGCGTGGTCCARC, < GGGCTGCGACCTTARCCA

CGIGCEIGEICC GOGC GCTGCGACCTTAACCA

GCARGGCACGCCAC

U

GCAAGGCACGCCACGACCUGT
GCARGGCACGCCACGACCCBLCTCGCOC TOGAGGCATARATACCCTCCCATCS

CCCGCCTCECCCTCGAGECATAAATACCCTCCCATCE
GCCCTCGAGGCATARATACCCTCCCATCS

FIG. 3¢
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GTCGTGCCCCTCICTAGAGATARAGAGCATTGCATGTCTARAGTAT,
GICGTGCCCCTCTCTAGAGATARAGAGCATIGCATGIC TAAAGTATA
GICGTGCCCCTCTCTAGAGATAATGAGCATTGCATGTCTAAGT TATARAARAT TACCACA
GTCGTGCCCCTCECTAGAGATAMAGAGCAT TGCATETC TARGT TATARAART TACCACA

TTACCACA
TTACCACA

TETTTIGICACACT -~ TATTTGRAAGTGTAGT TTATCTATCTCTATACATATATTT
A~~TTTTTTIGTCACACT -~ TATTTGARGTGTAGTTTATC TATCTCTATACATATATTT
TITTITTGICACACTIGTGT TTGAAGTGCAGT ITATCT TATACATATATTT
TA-TTITTITTGTCACACT~+TGITTGAAGTGCAGTITATCTATCTTTATACATATATTT
B T T

ARACTTCACTCTACARATARTATAGTCTATAATACTAAAATAATATTAGTGITTTAGAGG
ARACTTCACTCTACARRTARTATAGTCTATARTACTARRATAATATTAGTGTTTTAGAGS

¢ TAATATAGTCTATAGTATTARARTARTATCARTGT TTTAGATG
TAATATAATCTATAGTACTACAATAATATCAGTGTTTTAGAGA

SR AR ER K KK SRR

ATCATAT: TGCTAGACATGGTC TABAGGATARTTGAATATTTTGACAA -~~~
ATCATAT ACTGCTAGACATGGICTARAG TTGAATATTTTGACAA-
ATTATATAACTGAACTGCTAGACATGGTCT AACCGAGTATTTT T

ATCATATABATGARCAGTTAGACATGGTC TAARGGACAATTGAGTATTTTGACAACAL

.

e
TACAGTTTTATCTTTTTAGTGTGCATGTGATCTCTCTGTTTTTTTTGCAARTAGCTT
TCTACAGTTTTATCTTTTTAGTGIGCATE TCTCTGTITTITTIGCARATAGCTT
~TL,TACNJTTTIATCTTTTTAGTGTGCBTGTG[T’CT"‘T’ ~TTACTTTIGCAAATAGCTT
CTACAGITTTATCTTITTAGTGIGCATGIGTTICTCCTT-TTTITTTTGCAARTAGCTT

GACCTATATAATACTTCATCCATITTATTAGTACATCCAT T TAGGATTTAGGGTIGATGE
GACCTATATAATACTTCATCCATITTATTAGTACATCCATTTAGGAT TTAGGGTIGATGE
CACCTATATAATACTTCATCCATTTTATTAGTACATCCATTT

CACCTATATARTACTTCATCCATITTATTAGTACATCCATT TAGGGT T TAGGGTTARTGE

N U

TCTATAGACTAR~-TTTTTAGIACATCCATTITATICT~TTITAGTCTCTARATTITT
TTICTATAGACTAR-~TTTTTAGTACATCCAT T TATTCT - TTTTAGTCTCTARATTTTT
- ACTARA-TTTTTAGTACATCTATTTTATTCTATTTTAGCCTCTAAA~TTAR
TATAGACTAATTTITTTAGIACATCTATTITATICTATTITAGCCTCTARRRTTAR

TARAACTARARCTCTATITTAG-TTTITTATTTARTARTITAGATATARRATGARRTARR
TAAAACTAARACTCTATTTTAG-TTTTTTATTTAATAAT T TAGATATARAATGAAATARA
GAAAACTTARACTCTATTTTAG-TTTITTATTTARTART T TAGATATARAATAGAATARA
GARAACTARRACTCTATITTAGTITTITTATTTAATARTITAGATATAARATAGARTARA

FiG. 4a
21/ 31 PCT/US2012/029990

CCGCTTCARGGTACGCCGCTCATCCTCCCCCCOCCCCTCTCTCTACCTTCTCTAGATC!
COGCTTCARGGTACGCCGCTCATCCTCCCC: TCTCTCTACCTTICTCTAGATCGG
CCGCTTCARGGTACGCCGCTCATCCTCCT CTCTCTACCTICTCTAGATCGG
CCGCTTCARGGTACGCCGCTCATCCTCCCCLCCCT: TCTCTACCTICTCTAGATCGE

B T T

CGGTCCATGGTTAGGGCCCGGTAGT ICTACTTCTGTTCATGTTTGTGTTAGAGCA
SGATCCGGTCOATGGTTAGGGCCCEETAGT TCTACT TCTGTTCATGTTTGTGT TAGAGCA
CGGTCCATGGTTAGGGCCCGGTAGT ICTACTICTGTTCATGTTTGTGT TAGATC -
CGGTCCATGGTTAGGECCCGGTAGT ICTACTICTGT TCATGT TIGTGI TAGATC—

o CATGITTGTGAT——
o CATGTTTGTGAT oo
TTTCGTACACGGATGCGACCTGTACATCA

TGTTAGATCCGTGCTEET

CGIGTTTGTGTTAGATCCETGCTGCTAGCGT TCGTACACGGATGCGACCTGTACGTCA

GIGGECTGGT TG GGICGITCTAGATCGGAG TAGGATACTGITT
SATGTGEICTGGTT CGGTCGTTCTAGAT ~TAGGATACTGTTT
GACATGTTCIGATTIGCTAACTIGCCAGTGTTTCICTITGGGGARTCCTGGGA- —~TGGCT
GACACGTTCTGATEGCTAACTTGCCAGTGT TTCICTT TGEEGAATCCTGRGA-—~TGECT

TGETGGATT

—ATTAATTTTGTATC

CARG TATGT:

CARGCT BCCTGGIGGATT T~ ~ATTARTTTTGTATCTGTATGT

CTAGCCGTTCCGCAGACGGGATCGATTTCATGAATTITTTITGT TTCGTTGCATAGGGTT
CTAGCCGTTCCGUAGACGGGATCEATT TCATG-ATTITTITTGITTCGTTGCATAGGET T
~-GIGTGCCATACATCTTCATAGT TACGAGT T TAAGATGATGGATGEAAATATCGATCTA

TGCCATACATCTTCATAGTTACGAGTTTARGATGATGGATGGARATATCGATCTA

TTGCCCTTTECCETTAT-— ~ATGCC-

TGGTTTGCCCTTTTCCTTTAT-— ~ATGCC-
PR [ Khown kn ok

ATAGGTATACATGTTGATGCGGGT -~ TT TACTGATGCATATACAGAGATGCTTTTITT
@ TAGGTATACATGTTGATGCGGGT -~ TT TACTGATGCATATACAGAGATGCTTTTTTT

~GEGCACTIGTETGT-CGGEICATCITTICATG: ~TITTTT
—GTGCACTTGTTIGT-CGGETCATCTTTICATEC TTTTTT
CTCGCITGGITGIGATGATATGETCTGGTTGEGCGGTCGTICTAGATCGGAGT! by

CTCGCTTGRTTGTGATGATATGGTCTGGTTGEGCGETCGTTCTAGATCGGAGTAGAATAL,
TTGGCTIGGTIGTGATGATGIGGICTGET TCGTICTAGATCGGAGTAGAATAC
TTGICTIGGTTGTGATGATGTGGTCTGET TCGTTCTAGATCGGAGRAAGAATTC
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TAAAACARATACCCTTTARGAAR CTAAG AT

ATARATTGACTACAAATAAAACAARTACCCTITARGARA-TAARAARACTARGCARACAT

ATARAGTGACT: AATARCTAAATACCTTTTAAGARA-T) 5 T
ATAARGTGACTAARRATTARACARATACCCTTT, T CTARGE T

TTTICTIGIITCGAG
TTITCTTGTTTCGAGTAGATAATGACA
TTTTCTTIGTTCCGAGTAGATA

TAGATAATGACAGEC TGT TCAACGOCGTOG:
GCIGT ICAACGCCGTCGAC

TGACAGCCIGT ! T

SAGTCTRACGGAC

TCTAAC

TTITCITGTITCEAGTAGATAATGCCAGCCTGT TARBCGOCGTUGACGAGTCTAACGGAC

ACCAACCAGCGARCCAGCAGUGTCGCETCEAG CGGCACGGCATCTC
BACCRACCAGCGRACCAGCAGCOTCHCGTCG (‘CAAQ(‘()AA(LAGAC(' CRCGGCATCTC
ACCAACOAGCGARCOAGCAGCETOGORTER N o1

CCAGCGAACCAGCAGCETCRCGTCEAGCCAAGLE: ACGGCATCTC

B

TGTAGCTGCCTCTGGACCCCTCTCGAGAGT ICCGCTCCACCGTTGEACTTGCTCCGLTET
TGTAGCTGCCTCTGGACCCOTCTCGAGAGT TCCGCTCCACCGTTGGACTTGCTCCGCTGT

TGT

TGCCTCT CCTCTCGAGAGT ICCGCTC! ITGGACTIGCTCCECIGT

TGTCGCTGCCTCTGGACCCOTCTCGAGAGT TCCGC TCCACCGTTGEACTTGCTCCGCTET

CGGCATCCAGAAATTGCGTGECGGAGCGGCAGACGTGAGECG!
CGECATCCABARATTGCGTGECEGAGCERCAGACGTCAGECK!
GCGTGGCGEAGCGGCAGACGT e

caae

CCAGAAATTGCGTGGCGAAGCGECAGACGTGAGCCG!

TCCTCCTCTCACGG (‘r’\U‘GuC’\"(“N‘PJGGG’\TTLFTTTCLFALCGCT[ CTTCGCTTTC

TCCTCCTCTCACGGCACCE!
~CCTCC
TCCTCCTCTCACGGCACCGEUAGCT

CCTTCCTCGECCCGCCRT:

SGGGGATTCCTTT GCTCCTICGCTTIC
TCTCACGGCACCGGCAGCTACGGGEGATTCCTTT TCCTTCGCTTIC
ACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTIC

TAMATAGACACCCCCTCC: TCTTT TCGT

CCITCCTCGOCCECCGTARTAARTAGACACCCCCTCCACAUCCTCTTTCCCCARCCTOGT

CCTTCCTCGCCCGCCGTARTARR

AG--ACCCCCT TCGT

CCTTCCTCRCCCECCETAATAAATAGACACCCCCTCCACACCTICTTTCCCCARCCTCGT

GTTCGITCEGAGCGCACACACACGCARCCA

GATCTCCCCCARATCCAGCCGTCGGCACCT

GTICGTTCGOAGCGCACACACACGCRACCAGATC TCOCCCARATCCAGCCGTCGECACTT
GTTCGTTCOEAGCGCGCACACACACAACCAGATCTCCCCCARATCCACCCGTCGGCACCT
GTT-GITCEGAGCGCACACACACACARCCAGATCTCOCCCARATCCACCCGTCREEACCT
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TGTTTCAAACTACC SGATTTAT T GTCGTTCTAGATCGGAGTAG!
TGITTCAAACTACCIGH GATTTAT GGAT! G CGTTCTAGATH AGT

TGITTCAARCTACCTGGTGGATTTATTAA

TGITTCAAACTACCTGE

B

ATACTGTTTCARACTACCT
ATACTGTTTCARACTACCTGE

SGATTTATTE

ATTTATTARRGGATCTGTATGTATGTGCC-TACATC
GGATTTATTAARGGATCTGTATGTATGTGCC-TACATC

TTCATAGTTACGAGT TTAAGATGATGGATY
TTCATAGTTACGAGTTTAAGA

TCTGTATGIATGTGCCATACATC
TIGGRICTGIATGIGTGIGCCATACATA

GGAAATATCGATCTAGGATAGGTATACATGT

TTCATAGTTACGAGTITAAGATGATGOATGGARATATCGATC TAGGATAGGTATACATGT
G

TTCATAGTTACGAATTGAAGHA

SGAARTATCGATCTAGGATAGGTATACATGT

GA

TGATGCGGGTTTTACTGATGCATATACAGAGATGCTITTT - TTCGCTTGETTGTGATGAT

AGAGATGCTTITTT~TICGCTTGRI TGTGATGAT
A TATACAGAGATGCTITTITTICGCT IGGTIGTGATGAT

TGATGCGGGTTTTACTGATGCATATACAGAGATCCTI TTIGTTCGCTTGET TGTGATGAT

TCTGETTEEGCEG—

GGAGTAGAATACTGTTTCARACT

Ga
TGGETTGEGC RGATCGGAGTAGRRTACTGTITCARRCT

CTAGATCGGAGTAGAATACTGTITCARACT

TGGETEGGGCGG-

ACCTGEIGEATTTATTAATT
ACCTGGTGGATTTATTARTTTT,

GTCTGETTEEGOGGTCGTTCATTCGTTCTAGATCGGAGTAGAATACTGTITCARACT

TATCTTTATGTGTGTGCCATACATCTTCATAGITACG
GTATCITTATGTGTGTGCCATACATCTTCATAGTTACG
TTAATTTTGGATCTGTATGTGTGT-~CATACATCTTCATAGTTACG
TARTTTIGE; GTATGIGTGTGICATACATCTTICATAGTTACG

AGITT!
AGTTTAAGATGATGGATGGARATATTGATCT,

TACT:

KRRARRARAARRAR 4 Ak RRREKRAKR KRR RAAKAR KA KA ARk

TGATGGATGGABATAITGATC TAGGATAGGTATACATGTIGATGTGGGTTT

GGATAGGTATACATGTTGATGTGGETTT
-GATCGATGEARATATCGATCTAGEATAGGTATACATGT TGATGTEGETIT
GATGGATGGARATATCGATC TAGGATAGGTATACATGTTGATGTGRGTTT

TGCATATACATGATGGCATATGC TCTATTCATATGCTCTAACCTTGAGTA

TACTGATGCATATACATGATGGCATATGCGGCATC TAT TCATATGCTCTARCCTTGAGTA

TACTGATGCATATACATGATGGCATATGCAGCATC TATTCATATGCTCTARCCTTGAGTA

FIG. 4d
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P-5b. Ubggh -1

P-5b. Ubg6-1:

CATTAARAGTCATTATGIGCATGCGTCGTAAC TARCATGGATAIGT IGCIGCACTATCIC

~CACTAGCTGCGCATGAT AAAGCCACARGUCARART TARTTATTATGGGTGAGAATA
CTCGCACTAGCTGCGCATGAT ARAGCCACAAGCCRARAT TART TATTATGGGTGAGARTA

i2 AATACGTACCAGCACCGGCCATAGARARAGTACATTATTARAGGICTAATTTIGGABACAG
1 GGCCATAGRRAAAGTACATTAT T

CCTATCTATTATAATAAACARGTATGTTTTATAATT:

ITTTGATCTIGATATACTIGGAT P-8b.Ubg6-1 TCTGAARACGACCTGCGCTGCAGAGETARATGTAATTTTCGGCACTAARACCATTATCAR

CIATCIATIATAATAARCARGTAIGT ITTATAATTATTTIGATC TATACTTIGGAT P-5b.Ubg6-111:1 TCTGAARACGACGTGCGCTGCAGAGGTARATGTAAT T TTCGGCACTARAACCATTATCAA

CCTATCTATTATAATARACARGTATGT T I TATART TATTTTGATCTTGATATACTTGGAT AR B A AR A AR AR AR A AR A AR A AR A AR Ak Rk K
CCTATCTATTATAATAAACAAGTATGTTITATAATTATTTTGATCTTGATATACTTGGAT

KRR KRR KRR KRR KR KRR KR KRR KRR KRR KRR KR KRR R KRR RN R R R R EREE b Ubg6-111:2 T AATTCATTCAATAACAGT TAT T TAGRARAIGTATAGCTCEOTCT: —

P-Sb.Ubg6-1:1:1 CTAATTCATTCAATAACAGTTATTTAGAARATGTATAGCTCGCTCT. TTTA

GATGGCATATGCAGCAGCTATATGTGGA-T I TTTTAGCCCTGCCTTCATACGCTATTTAT P

GATGGUATATGCAGCAGCTATATGTGGA-TTTITTAGCCCTGUCTTCATACGCTATTTAT
GATGGCATATGCAGCAGCTATATGTGGATT TTTTTAGCCCTGCCTICATACGC TATTTAT, P-Sb.Ubg6-1

GARAARCAGTCARAATAATTCGACCA

ACAGTTAATAAGGTTCATTARATATATAAT

GATGGCATATGCAGCAGCTATATGTGGATT ITTTTAGCCCTGCCTICATACGCTATTTAT B-5b. Ubg6—1: pe CAGTOARALTAAT TCGAC A TAATAAGCTICATTANATATATAAT
R bbb bbb bbb bbb bbb o KKk ok
TTGCTIGGTACTIGTTICTTTTGTCCGATGUICACCCTGT TGT TGGGTGATACTTCTGCAG B-5b. Ubg6-1 GCACGGTGCTATTIGATCTTITARAGGA G TCGTEGECE Gocn
TTGCTTGGT TTICTITIGTCCGATGE ICACCCTGTIGTTIGGTGATACTTCTGCAG P-5b.Ubg6-1 GCACGETGCTATTTGATCT T TTARAG - CGCCAGECG
CGATGCTCACCCTGTIGTTTGETGATACTTCTIGCAG B L L e L e e T
TGTTGTITGGTGATACTICTGCAG
A P-Sh.UbGE-1:1:2 ATTGGGGCGCGEEAGTCTGCCGEACGACGCG T TCCGTCCGARCGGCCGGACCCGACGAGS
P~Sb. Ubg~1 ATTGGGGCGCC CTGCCGGACGACGCGTTCCGT GGCCGGACCCGACGAGGE

P-8b.Ubg6-1:1:2 CCCCCCGCCBCOCCACGTCECAGAACCETCCGIGEGTGETARTCTERUCG CACCA
P-5b.Ubgb-1:1:1 CCCCCCCGOCGCCCACGTCGCAGAACCGTCCGTGAGTGETARTCTGGCCGGETACACCA

P-8b.Ubqé-1:1:2 GCCGTCCCCTTGEGCGECCTCACAGCACTGGGCTCACACGTGAGT TTIGTTCTGGECTTC
F-8b.Ubg6~1:1:1 GCCGICCCCTTGEGCGGCCTCACAGCACTGGGC TCACACGTGAGTTITGTTCIGGGETTC

5b.UbgH-1:1:2 GGATCGUACCATATGEECCTCGGCATCAGARAGACGEE TCTG g
8b.Ubg6-1:1:1 GGATCGCACCATATGGGCCTCGGCATCA

FiG. 4e FIG. 5a
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P-SETit.Ubgl-1:1:4 ACTGCCGCGACACGCCTCACTGGCGGGA T TeTeTCe
Ubgl-1:1:3
Ubl-i:i:l CTGCCECGAC: G ; TCTCTCOCCERCGE
Ubgl-1:1:2
.ubgl-1:1:4 GAGCAGCGATCTGGATTGGAGAGAAT A TAGCE
- .Ubgl-1:1:3
©.ubgl-1:1:l GAGCAGCGATCTGGATTGGAGAGRATAGAG ks
Ubgl-1:1:2
Obgl-1:1:4 CAARGAGCTGARAAGATAAGGTTGTGCGGGCTGTGETGAT TAGAGGACCACTARTCCT
GRACCTCCTCGTGGATTCCAGRAGCCAGE CGACCACCGACGCGGAGGATACT UbgL-1:1+3
AGGARCCTCCTOGTAGATICCAGAAGCCAGCCACGAGCGACCACCGACGLOGAGGATACT LUbgl-1:i:1 CRAAGAGCTGAAAAGATAAGGTTGTGCEGEC IGTGETGATTAGAGGACCACTAATCCCTE
e Ubgl-1:1:2
CGICGICCARGTCCARCACGGCGGGCEGGCGEECGEACGCETGEGCIGGGCTAACTGCCT Ubgl-1:1:4 CATCICCTAATGACGCGGEIGCCCAAGRCCAGTGCOBCGECACACCAGCGTCTAAGTGAAC
CGTCGT TC CGGCGEECEEECEEECG GTGGGCTGGGCTAACTGCCT ¢ UbqL-1:1:3
AR A A A A C.Ubgl-1:1:1 CATCTCCTARTGACGCGETGCOCARGACCAGTGCCGLGECACACCAGCGTC TARGTGAAC
LUbgl-1:1:2
AACCTTAACCTCCAAGGCACGECARGECCCGCTTCT CCGACATAAATATCCCCCC
AACCTTAACCICCAAGECACGCCARCECCCGETTCICCCACCCOACATARATATCECCCC t.Ubgl-1:1:4 TTCCGCTAACCTECCGGTCATTGCGCCTGARAGATGTCATGTGGCGAGGCCCCCCTCTCA
FERmmeE s Ubgl-1:1:3
Ubgl-1:1:1 TTCCGCTAACCTTCCGGICATTGCGCCTGARAGATGTCATGTGGCEAGGCCCCCCTCTCA
ATCCAGGCAAGGOGC Ubgl-1:1:2

ATCCAGGCAAGGCGT

-8bgl-1 GTAGATTGCCAACTGCCTACCGTGCCACTCTICCATGCATGATTGCTCCCGTCTATCCCE

GTAGATTGCCAACTGCCTACCGTGCCACTCTTCCATGCATGATTGCTCCCGICTATCCCG

SR

TTTCTCAC; TAGACAACAGTARGCATCACTARAG CATGIGTAGAACCTTAR

AGACAACA

TCACTARAG CATGTGTAGRACCTTAR

4 ARRARGGCTTATACTACCAGTATACTATCARCCAGCATGCCGTTITTGAAGTATCCAGGA.
:3

5 ABRAAGGCTTATACTACCAGTATACTATCAACCAGCATGCCGTTTTTGAAGTATCCAGGA
2 GOCGTTITTGARGTATCCAGGR

TTAGARGCTTCTACTGCGCTITTATAT TATAGCTGTGGACCCGTGGTARCCTTICTCTTT

TTAGAAGCTTCTACTGCGCT I TTATAT TATAGCTGIGGACCTGTGGTARCCTTICTCTTT
TTAGARGCTTCTACTGCGCTTTTATATTATAGCTGTGGACC TGTGGTARCCTTICTCTT

GCGCTTGCTTAATCTCGGLCE TGETCCATGCTTAG T TAGA

GGCGCTTGCTTARTCTCGGOCGTGCTGGTCCATGCTTAGH
TGECECTTGCTTARTCICGECCEIGCIGGICCATGCTTAGE

FiG. 5b FIG. 6a
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CGGGGGTG! GGGCTARAGCTCAGCTGCT SGGGCCGTGGECTGETITCCACTAGC
CGGGGGTG: ARGCTCAGCTGCTCGAGGGGCOGTGGECTEGTITCCACTAGE
CGGGEETGAATGEGE CTCAGCTGCT: TGGECTGGTTT T

CTACAGCTGTGCCACGTGCOGCCECGURAGCCGARGORARGCACGCTGAGCCGTIGGACAG

CTACAGCTETGCCACGTGCGECOGCGCAAGCCGARGCAAGCACGCTGAGCCGTTGGACAG
CTACAGCTGTGCUACGTGLGGCGCGCAAGCCGARGOARGCACGC TGAGCCGTTGGACAG

CTTGICATAATGCCATTACGTGGATTACACGTARCTGGCCCTGTARCTACTCETICEECC

TGCCATTACGTGGATTACACGTAACTGGCCCTGTARCTACTCGTTCGECE
I TGTCATARTGCCATTACOTAGATTACACOTARCTCACCCTOTARC TACTCGTTORGCE

ATCARACGACGACGICCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGE
ACGGGTAATGCACGCAGCCACCCAGGT
CARACGACGACGTCCGCTAGGCGACGACACGEGTAATGCACGCAGCCACCCAGGE
CAAAFGACGACGICCGCTAGGCGACCALACCCGTAAIJCP r«ACCCA CCCAGGC

RTINS RTN

»
4
]
B
=8

GCGCGCGCTAGCGGAGCACGETCAGGTGACACGRGCGTCGTGACGCTTCCCAGTIGARGG

GUGCGUGCTAGCGGAGCACGETCAGGTGACACGEGCGTCGTGACGC TTCCCAGTIGARGG

GG AACCCCAGAAACAGTGITTGGFCACGCTATGAACA'nAVAAAnAATAITCACACGA

caee CAGTGTTTGECCAGK TAACAAARAATATTCACACGA
BACGCC CAGTGITTGE TAT TAACA TATTCACACGA
CARARARTATTCACACGA

GGTTARCGCCAGRRRCAGTGTTTGGCCAGGGTATGARCATAR

GTATGGAGCTGCTACTGTGTAARTGCCARGCAGGARACTCACGCCCGCTA

ARGRATGGAAGTATGGAGC TGCTACTGIGTAAAIGCCAAGCAGGARACTCACGCCCGLTA
AR TOGAAGT AT AGCTEC TACTO TG TAARTGCCAAGCAGORAACTCACGECCECTA
AGARTGGAAGTATGGAGCTGCTACTCTG TAAATGE GGARACTCACGCCCG

ACATCCRACHGCOARCAGOTCRACHTEOCGATCAGCAGRGCATCEGARCACTGETGRITE
ACAT GG AGCTCGACGTGCCGGT TCGGRACACTGGIGAITG
GGCCAACAGCTCGACGTGCCGGTCAGCAGAGCATCGGARCACTGETGATTG

ACATCCARCGGCCAACAGCTCGACGTGOCGETCAGCAGAGCATCGGAACACTGGTGATTG

GTGGAGCCGGCAGTATGCGCCCCABCATGECCE: GETGETGECCCETERCCOTGOTE

GTGGAGCCGGCAGTATGCGCCCCAGCACE: GGTGGIGGCCCETGGCCCTIGLT
GTGGAGCCGGCAGTATGCGCCCCAGCACGACCGAGETGETGETGECCCETEGCCCTGLTE
GTGGAGCCGGCAGTATGCGCCCCAGCACG GTGGTGGTGECCCGTGGCCCTELTE
D N N
FIG. 6b
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CGCATIATCGATGGAGCTCTACCARACTOGCCCTAGGCAT IAACCTACCATG
TCG! GATGGAGCTCTAC T GGCATTAACCTACC

GATCACATCGTARRARRRARACCCTACCATGGATCCTATCTGTTTTCTTTTTGCCCTGAR
GATCACATCGTARARRARARACCCTACCATGGATCCTATCTGTTTTCTTTTTGCCCTGAR

CTATCTGTTTTCTTITTGCCCTGAR,

AGAGTGAAGTCATCATCATATT TACCATGGCGCGCGTAGGAGCGC TTCGICGARGACCCA
AGAGTGAAGTCATCATCATATTTACCATGGCGCGCGTAGGAGCGCTTCGTCGAAGACCCA

AGAGTGAAGTCATCATCATATTTACCATGGCGCGCGTAGGAGCGCTTCGTICGAAGACCCA

TAGGGGG
TAGGEGGGEUGET

GGEACTCGCACCETGRTTGTTTCC TG TATGTAATATCGGATGGGGEAGCA.

CTCGCACCHIGOTTGITTCCTGT TATGTAATATCGUATGROGEAGCA.

TAGGGGE! PACTCGCACCGIGETTGTTTCCTGTTATGTARTATCGGATGCEGGAGCA

AGGTTEGTCCCATCGETACTGEETCGTC g TAGATGCGCGATGIT
GTCEGECTAGGTTGETCCCATCOETACTGGTCETCCCCTAGTGCGCTAGATGCGECGRTGTT

GTCGGCTAGGTTGGTCCCATCGETACTGGTCET TAGTECGCTAGATGCGCGATGTT
TGTCC ARACTCTITTCTTCT TCAT. RATTTTTTGCGTAITCGA
TGTCCT TCTTTTCTTICT TCATACGCAAATTTTTIGCGTATICGA
TGICCT TCTITTCTTCTY T CGCAAATTTITIECGTATICGA
ARAARAGRAGATTCTATCTGTITITTIT \TGGCTCCAATTTAT

GAAAAARAGRAGATTCTATCTGTTTITTTTT TGARATGGC TCCAATTTATAGGAGGAGCC

GAAARARAGAAGATTCTATCTGTTTITTITY IGARATGGCTCCARTITATAGGAGGAGCT

CGTTTAA
CGTTTAA

GGCGTCG: TCTAACGGACACC. TGAGCGAACCCACE:
CGTCGACAAATCTAACGGACACCARCCAGCGAATGAGCGRACCCACCAGE
ARATCTARCGGACA ATGAGC!

ACCRGOG

CGTTTAACGGCGTCG: TCTARCGGAC; GCGAATGAGC! ACCAGC
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TCTGCGCGGCTCEGGACARCTTGRRACTGGG GCCTCGTCGCARCTCGCARCCCGT
CTGCOCGGCTCRGGACAACT TGAAACTGGGT SCOTCGTCG Cs
TCTECGCGGCTCEEGACARCTTGARACTGGGC! CTCET! TCGCA
TCTGCGCGGCTCGEGACAACTTGARACTGGGT! SCCTCGTCGCARCTCGCRAC

TGGCGGARG: SAATGGCTCGTAGGGGCCCGE TCGAAGMBATETTECGCTGEG
’GGCGGAAGAAAGCAA“GGCTCGTAGuG CCCGGGTAGRATCGAAGAATGTTGCGCTGRE
TG GCTCGTAGGGECCET TCGARGARATSTT TGGG
TGECGGAAGAAAGGAATGGCTCGTAGGGGC! GARTCGRAGANTGTT TGGG

CTTCGATTCACATAACATGGGCCTGAAGCTCTARAACGACGGCCCGETCGCCGCGCGATG
CTTCGATTCACATAACATGGGCCTGAAGCTCT 3GCCCGETCGOCGEGCGATG
CTTCGATTCACATAACATGGGCCTGARGC TCTARRACGACGGCCCGETCGCCGOGCGATG
CTTCGATTCACATARCATGGGCCTGAAGCTCT GATG

GAAAGAGACCGGATCCTCCTT
GAARGAGACCGGATCCTCCTC
GAAAGAGACCGGA
GARAGAGACCGGATC! AGRGCGACCCACCACCG

AATTCTGGARGGCCACACGAGAGCGACCCACCACCG
TGRATTCTGGAAGGCCACACGAGRGCGACCCACCACCS

CGCEGAGGAGTCETGCGTEGTCCARCAC GCIGGGCTGCGACC T TARCCAG
ACGCGGAGGAGTCGTGCGTGGTCCAACAL: GGLCGGCGGGCTGGGCTGCGACCTTAAVCAa
b G GTCCAACACGGE! TGCGACCTTRACCAG

CGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGECEEECTGARTTY TABCCAG

CAAGGCACGCCACGACCCGCCCCGCCCTCGAGGCATARAT: TCCCALCC

CARGGCACGCCACGACCCGOCCCGCCCTCCAGGCATARAT; CCCATCC
GGCACGCCACGACCCGCCCCGL! CCTCETATOC

CCTCGAGGCATARAT:
G T

CABGGCACGCCACGACCCGLCC

N P

FiG. 6¢c
30/ 51 PCT/US20121029990
o TAGC GAAGCA GGCCG TGACACCCTTGCCTTCGCGCGGCA
GCTAGCCARGCGAAGCAGACGGCCGAGAC CCTTGCCTTGECGEGEE

GCCARGCTAGCCARG! CmuA@”AGACLCCCCQCACGFIGACAFCCTTGF¢ITGGFCCCCCA

GCCAAGCTAGCCAAGCGAAGCAGACGECCEAGACGCTGACACCCTTGUCTTGECGCRGTA,

TCTCCGTCECTEECTCRCTEECTCTEECCCCTTCGCGAGAGT TCCGETCCACCTCCACCT
crec CICCACCT
CTCCGICGCTGECTCGCTGECTCTGGECCCCT TCCG T T
CTCCEICGUTGEUTCRCTEECTCTGECCCCTTCRCGAGAGTTCCGETCCACCTCCACCT

CGCTGECTCGCIGECICTIGECCCCTT GAGTT

GTGTICEETTICCARCTCCGT TCCGCCTICGCGTGRG:

GIGICGGITICCAACTCCGTTCCGCCTTCECET
TGTCEGTTTCCAACTCCGTTCCGCCTTCGOGTGH!

GTGICEGTTICCARCTCCGITCOGCCT

TIGTICCGTTCATCS
CTTGTTCCGT

GITGGCG
GITGGCG
TCCGTTGGECG
CGTTGGCG

CTTGTTCCGT

CGCGTGGGACTIGTTCCGT

GCATCCGGARATIGCGTGGCGTAGAGUACGGEGCCCTCCTCT
GCATCCGGARATTGCGTGGCGTAGAGCACGGGGCCCTCCT CACGGCACGGRACCGT
GC. GABATTGCGTGOECGTAGAGCACGEGGCCCTCCICTCACACGGCACGGAACCET
GCATCCGGRRATIGCGTGGCGTAGAGTACGGEGCCCTCCTCTCACACGGCACGGRACT!

CACGGCACGGAACCS

CACGAGCTCACGGCACCGGCAGCACGECEEGGATICCTTC! CCACCGCTCCTICCET

CACGAGCTCACGECACCGGCAGE GGGATTCCTTCCCCACCACCCCTCCTICCCT
CGAGCTCACGGCACCGGCAGCACGGCEEGEATTCCTICCCCACCACCECTCCTTCECT

CACGAGCTCACGGCACCGGCAGCACGECEEGGAT ICCTTCCCCACCACCGOTCCTTCN!

TTCCCTTCETCGCCCGT!
TTCCCTTCCTCECCORCCATCA
TTCCCTTCCTCECCCGCCATCA:
TTCCCTTCCT
—--CCTTCCTCGUCCECCATCATARATAGC!

ARATAGCCACCCCTCCCAGCTTCCTTCGCCACAT
TARRTAGCCACCCCTCCCAGCTTCCTTCGCCACAT
GCCATCATAA o TCCCAGCTTCCTTCGCCACAT

T
CACCCCTCCCAGCTTCCTTCGCCACAT

FIG. 7b
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