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The genetic information within a DNA nol ecul e usual ly serves as
the tenplate for the synthesis of a |large nunber of shorter RNA
nol ecules, 5 nost of which in turn serve as tenplates for the

synt hesi s of specific pol ypeptide chains. Specific nucl eot i de
segnents, (often called pronoters), are recogni zed by RNA

pol ymerase nol ecul es that start RNA synthesis. After transcription
of a functional RNA 1&: chain is finished, a second class of signals
| eads to meta@mmrcﬁarm&hﬂ%psmmsf& aRprédigorigirachment of
RNA - pol ynerase nol ecul es fromtheir respective DNA . tenpl ates.
Currently, there are a nunberimiroduoedogenes in planps onoters used to drive
het er ol ogous gene expression I n nonocot pl ants.

David McEl roy, et al., (1990) noted that transi ent expression
assays of a construct in which the pronoter fromthe rice actin 1
gene (Act 1) was 20 fused to the bacterlal err]-glucuroni dase gene
(QUS) in transf or ned S4Ead) 8X fi a4 ¥ ed that the actin
pronoter drives high | evels of ene ex sio JQF expr essi on
was about 6-fold great eFBEHRFES ation Ls eFtedctPmi ze al cohol
dehydr ogenaseigolated(Ach-oding nuclaﬁaﬂ@éeseqnadces dsefullcas on t he

presence of aBromoters for heterologous gene expression in plants.
The present invention is also directed to vectors and
5 plant cells comprising the isolated nucleotide | )
seguences.

BACKGROUND OF THE INVENTION
The Plant Kingdom is divided into two phyla,
the Bryophyta and Tracheophyta. The phylum

10 Tracheophyta includes over 266,000 species grouped
into four subphyla. Subphylum pteropsida includes
Class Angiospermae. This class is divided into two
subclasées, the dicotyledons (dicots) and the
monocotyledons (monocots). '

15 - Since monocots include many of the important
grain'and feed crops, plant geneticists are keenly
interested in being able to produce transgenic
monocots. About 50,000 species of monocots are known.
These include the lilies, palms, orchids, irises,

20 tulips, sedges, and grassés. The grasses include
corn, wheat, rice and all other cereal grains.
Unfortunately, monocots have been extremely difficult
to genetically engineer so that most of the work with

' plants has been with dicots.

25 The dicots are the latger of the two groups, 
with approximately 200,000 species known. The
buttercup, snapdragon, carnation, magnolia, poppy.
cabbage, rose, pea, poinsettia, cotton plant, cactus,
carrot, blueberry, mint, tomato, sunfldwer, elm, oak,



I ntact Actl 5" intron. David ME roy],c et al., (1991)
noted t optim zed vectors for nobnocot trans n.were
construc e%"‘UZ‘f‘ng either the Cauliflower Msaic Virus 3085%'§§s91(1m 35S
pronoter or the-Actl promoter. Transient expr essi on assays were
done on both transformed rice and mai ze protoplasts. Addition of
the Actl intron and optimzed GUS translation initiation site to
ei t her pronoter sequence increased g@ne‘ expressi-on 35 significantly.

It is also npted as~dn u e | t th he actln pr onot er
was shown ¥ 8 p/gs\ res)enbt 1541 %%m%ﬁ&ies :.co 8.

PCT/ US95/ 11199 ¢ ‘The genetic information w:l.thin a INa

expressi o SRS perlg and sorgnum
prgt opl as&éﬁéﬁf&%ﬁ!lﬁ < ‘%}3{# Zharnyg, fo?"' ?1991) noted that in
situ hybriS¥thesie 9f, @ Jaxge mumber 9&1 M’G eculesparryi ng an

A& | - GUS mfwlmahmwctdﬂmtsdm Arst l:emplates #oxOEheer has a
Cepr oduct (VR AL bF oS A Wl yilprige, cuadBl! BRSHSS) M0 e ¢ ha
t r anageni @uﬁ@@%t&m@sel(&ﬂm callied priomotéds), aref ol | owi ng |
transfor Wé%ﬂéé& WP R p‘lﬂ%e‘i"ﬁ}sreeﬁt%g.‘ecules that'Bi&ke! E}i‘mcom rol of
ei ther the 35S pr.onot ef .
synthesis._ After transcription of a functional RNA
10 ‘chain is finished, a second class of signals leads. to
the termination of RNA synthesis and the detachment of ‘
RNA polymerase molecules from their respective DNA .
templates.- |
Currently.'there are a number of common
15 promoters used to drive heterologous gene expression
in monocot plants. o ;
David McElroy, et al., (1990) noted that
transient ekpression assays of a construct in which
the promoter from the rice actin 1 gene (Act 1) was
20 fused to the bacterial S-glucuronidase gene“(GUS)_in
transformed rice protoplasts showed that the actin .
promoter drives high levels of gene expression. This
expression was about 6-fold greater than that seen
with the maize alcohol'dehydfogenase 1 gene (Adhl) .
25 promoter, and is dependent on the presence of an
intact Actl 5’ intron. 5
David McElroy, et al., (1991) noted that
optimized vectors for monocot transformation were
constructed using either the Cauliflower Mosaic Virus
30 (CaMV) 35S promoter or the Actl promoter. rransieﬁt
expression assays were done on both transformed riée
and maize protoplasts. Addition of the Actl intron
and optimized GUS translation initistion'site to
_ either promoter sequence’increased gene expression
35 significantly. It is also noted as an unpublished
result that the actin promoter was shown to drive Gbs



tHe rice Actl pronoter. Alan H Christensen, et al.,
(1992) not ewo 96/07746 that Mai ze protopl asts transforned w tRCHUSASI11199
Uhi-I- 15 CAT gene fusion showed approxi mately 10-fold higher

| evel s of CAT activity than mai ze cells transforned with a
CaMV- 35S- GUS gene fusion in transient expression assays. Northern
bl.ot analysis of Uoi-I"~ and UWbi- 3 transcript levels foll ow ng heat
shock of 20 mai ze seedlings denonstrated that both genes are
expressed conssipresadety id Xafsient assaysdefewheat, oat,f baxdeyng the

heat shock. Fhm ﬁ_ i Toki, et aI , (1992) noted that
stably transfor mecrft ans gnl ant S were - obtai ned’ foI | ow ng
el ect ropor at i on- medi at edVanggen 2 &t Adatsi o(r:|-9(§f1)t Rotes thate 18 pr essed
under the situ WY irdilzﬁidmesﬁﬁam df trapsyeniey rdeeé iﬂ.laﬁﬂ:tsl on on

bi al o This result d es th the Uhi ter can
be us% to driSAFRHY cﬁ%%m"&"l#%tﬂ IR lgmwegf t&@ﬁet&% on in
rice to all owpromstaredidsora aohstitutive rpag:aemnatqfomme‘aaim dn

transgenic ri G el %fertatj,fve méi \ﬁ]egrodu[ ai%e Hi®suest al ., (1993) noted

that stably anst or ne nts were obtai ned follow ng
bonbar dment of calli derduWefatomt rﬂ?&t'ur@%r Beteds that i th poth the

bar gene and @Xanfifédid @i YA Wfbre selected1@ddy Biadophdg ol of the
mai z¢, Joi - | rgtorﬂowing transformaVQo%G_/w 71:14Q:he bar gene expressed ’
PCT/ 5/ 1119 _
under the control of either the CaMV 35S promoter or
the rice Actl pramoter. '
-Alan H. Christensen, et al., (1992) noted
thet Maize protoplasts transformed with a maize Ubi- 1-
15 CAT gene fusion showed approximately 10- fold higher
levels of CAT activity:than maize cells transformed
with a CaMV-358- GUS gene fusion in transient
expression assays. Northern blot snalysis ef Ubi- 1
and Ubi-2 transcript levels followzng heat shock of
20 maize seedlings demonstrated that both genes are
expressed constitutively at 25C, but are induced
following the heat shock. |
Seiichi Toki, et al., (1992) noted that
stabiy transformed transgenic rice plants were
25 ocbtained following eleetroporation-mediated
transformation of the bar_gene expressed under the
control of the maize Ubi-l prqmoter and selection_on
bialephos. This result demonstrates that the Ubi-1
promoter can be used to drive'sufficiently high levels
30 of gene expression in rice to allow for selection and
regeneration of fertile, transgenic rice plants.
J. Troy, et al., (1993) noted that stably
transformed wheat plants were obtained following .
bombardment of calli derived from immature embryos
"~ 35 with both the bar gene and GUS, each being expressed
under the contrel_ef_the msize Ubi-1 promoter,



-4- fol | owed by sel ection on bial ophos. This resul't ¢

denonstrates that the Ubi-l pronpbter can be used to drive

suffici WP h | evel s of gene expression in - \Mﬁﬂ§$WQﬂQﬁlom1for
sel ection and regeneration of 5 fertile, tranagenic plants. i
Yuechun Wan, and Peggy G Lemaux, (1994) noted that stably
transforned, fertilé barley plants wer e obtained after
n1cropr01ectlle borbar dnent of 4 enbryonlc barl ey tissues with both

t he bar gene 0=~ res under_t he control of the
mai ze Ubi - &iSﬁBé FS%FSglﬂnb?n gf@ﬂ?? fhg' result,| ophos. This
rFesul t dendenbn(tsetesathahethblUbi 1 promoterocnnebecasedetused to drive

sufflC|enth¥19hggukg¥§£§nt1 h 9£v€f€ertfgéﬁésé£€§ég Pgﬁlﬁx to allow1for :

sel ection ge era lon O genic plants.
exper i ment WhasS| tPngliewpEPuneelegtian sand | regemeragion of pl ants W|th

ei sher Ubi £@2eide, CBﬁ@hBEéhbarpsﬂﬁﬂBd no significant difference in
t he nunber of transf n%nts talqu Junko

Kyozuka, ‘et al., (19 E?cﬁﬁ?éﬁa?hafng.gb H%?Q%“*ﬁhflﬁ?%hnter-cus f usi on
was i ntrodootedi bhat stably trensﬁonho@laﬁentibedheraeytphmngenlc ri ce :

lants. wers oBUELELR SELLXI hoLpkifelt P0G OShitaPhilhe YBS CXaM ned

to determine the pattern o mar ze Adhl pronoter
was found EBPEYSRIEbarhey| tispyes with both,thehapgene aandparts of the

pLants exagusgdeadt being mﬂda“&maﬁvm%&aﬁapmﬁr%ed for Adhl
expression nai z QEP" élrhjvegePJSE X I’eSSI on was induced
in roots b?a%\ﬁae%{) % RBT? ??’6 Y . Last, et al. ‘
(1991) notkialbphosherThis result demonstrates that the Ubi-1 ”

promoter can be used to drive sufficiently high levels

of gene expression in barley to allow for selection
15 and regeneration of fertile, transgenic plants. ap

experiment involving bombardment of a small number of

plants with either Ubi-bar or CaMVv 35S-bar showed no

significant difference in the number of transforments

obtained.
20 Junko Kyozuka, et al., (1991) noted that a

maize Adhl promoter-GUS fusion was introduced into

‘rice protoplasts to obtain transgenic rice plants.

The GUS activity in the transgenic plents ‘was examined

to determine the pattern of GUS expression The
25 maize Adhl promoter was found to promote constitutive

expression in all parts of the plants examined. As

had been previously demonstrated for Adhl expression

in maize, the Adhl- driven aus expression was induced

in roots by anaerobic conditions.
30 ' . D. I. Lsst, et al., (1991) noted that when

the maize Adhl promoter was modified by addition of

multiple copies of the Anserobic Responsive element of
the maize ADH1 gene:end ocs elements from the octopine
synthase gene of Agrobacterinm tumefaciens (pE:'nLu).E In
35 transient expression assays of protoplests'O£ ' '
different moncot species transformed with pEmu-GUS.,




t He mai ze Adhl pronoter was nodified by addition of mul tiple

copi es of tWwe9sPaEOLI C Responsive el enent of
and ocs elenents fromthe octoline

tunefaciens (pEmu). In 35  © transient expression assays of protoplasts

of di fferent noncot species transfornmed with pEnu- GUS,
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t he best construct, gave 10-50-fold higher |evels of expressi on

t han the CathﬁSWsthueWaegaverrnbzsp -fold highercdevelakofn,

| ol i [tifl d t h
(Toozy 5 | ekptagtha ¢ sar e cany 388°pLoRBLEE 24CwARRE! (nfiaB| " C

follow ng traFdcsrmeiokers, ams

t he neonycin phOSphotramﬂseo@e&end RobertUGdeBikbh (1:171)]

nber | dth
prorml”é*ﬁﬁa?%e(f%l&r ﬁFB‘nF% e 83??%% %#ataig %4 noted that 10

pr onot er
the E

nts mere obt al ned

f our

t he reCTrESISMEI99gene
synt hase gene of Agrobacterium

and

sugarcane with
of the Enu

di fferent seIdkﬂahhﬂmunmkansGewuat@naonﬁcmeryogenic paddpeobLansf er ase,

hygronyci n ph
N-acetyl trans e ase and a ace
her bi ci de resi
rice.
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t.afeis %he neomycianﬁBQPﬂakgﬂbﬁanse

ol.actate synthgse conferring

éPQUF°ntr°1 PﬁaﬁhﬂeFE“tPﬁﬁgPGPﬁed into both wheat and

calp.as Thdmbexlafia;ed alce {L9LES wetedobhatned after

the Emu promoter was used to drive the expression- of
four different selectable marker genes (neomycin

' phosphotransferase, hygromycin phosphotransferase,

phophinothryicin N-acetyltransferase and a mutant
acetolactate synthase conferring herbicide resistance)
that were transformad into both wheat and rice. 'Wheat
callus and transformed rice plants were obtained after
selection of transformants, demonstrating that the
promoter can be used to drive expression of selectable
marker genes to ohtain transformed cereals.

A review of promoter elements used to
control foreign gene expression in transgenic cereals

has recently been publiahed and is herein incorporated'

by reference. (McElroy and Brettel, 1994) _
' A number of promoters are currently being
used far'transformatioh of dicotyledonous plants.
These pramotera”came.frqm a variety of different
sources. One group of_camﬁonly used promoters were
isolated frdm.Agrobactgrium"tumefaciens;'whefé'they
function to'drive the ekpresiion of opine synthase
genes carried on the T-DNA segment that is integrated
into the plant genome during infection. These
promoters include the octopine synthase (ocs) promoter
(L. Comai et al., 1985; C. Waldron et al., 1985), the
mannopine synthase (mas) promoter (L. Comai et al.,
1985; K.E. McBride and'K;R. Summerfelt)'lSSO)'and the
nopaline synthase (nos) promoter (M.W. Bevan et al.,



sel ection of transformants, denonstrating that the pronoter can be-

used to drive expression of selectable : mar ker genes to obtain

t ransf or'We@68oieal s. 20 . A review of promPCFUSSS/BaIENt S used
to control foreign gene expression in fransgenic cereals ’
has recently been published and is herein incorporated by
reference. (McElroy and Brettel, 1994) A nunber of
pronoters are currently being 25 - 6 used for transformati on of .

di cotyl edonous pl ant-s. These pronoters conme fromavariety of

different 1983; Db yJerreswn-Egtrellauptodlceoni8aBy Rs®d premeyeee wer e
i sol at ed fr n1Ag@@gach¢rbgnh&Bg§fgglg&s w@gﬁe kheﬁain et al.functlon to
0

drive the expre55|on opl ne synt has ge carried’on the T-DNA
segnent t hdP85d «j nThgse pFomoters ‘rPnFStiﬂe éPaﬂt"@éﬁoﬁEréaFYng i nf ecti on.
These of planvtigsue.NCcl ude the octopine synthase (ocs) pronoter

(Lg Comai et aI , 5. C_.Waldron_ et a 5) ’ mannopi ne
synt hase (nas) prono% verpl Eﬁﬁﬁﬁ EF°§Pk°r§53r° a1839§3°dKFE MeBri de and

K. R Summedriivie hedefplagdushgene expressbpalinedigetsasa.cnos) pr onot er
(MW Beva?fgglahnﬂ R.M. Goodmsnwclgsép774ﬁe Cauliflo%er Mbseic

PCT/ US95/ 1 1983; L
Her r er a- EsVil&Mis, 358 promotegsispone pf th¢ promoters used mqst

often for dieot transformation because it confers high
10 levels of gene expression in almost all tissues fa. _

Odell et al., 1985, D.W. Ow et al., 1986; D.M. shajh et - ‘

al., 1986). Modificstions of this promoter are also
used, including a configuration with two tandem 358
promoters (R. Kay et al.,1987) and the mas-358 '

15 promoter (L. Comai et al., 1990), which consists of

' the mannopine lynthase promoter in tandem with the 358
promoter. 'Both of these pramoters drive even higher
levels of gene expression than a lingle copy of the
358 promoter. Other viral prqmoters that have been'

20 used include the Cauliflower Mosaic_virus 198 prqmoter
(J. Paszkowski et al., 1984; E. Balazs et al.) and:the
348 promoter from the figﬁert mosaic virus (M. Sanber
et al., 1990). - |

Studies of AHAS expression in a number of

25 plants indicates that AHAS is expressed in all plant

tissues.. Gail Schmitt and Bijay K. Singh (1990) neted
 that enzyms assays performed on various tissues of

lima bean demonstrated that AHAS activity was present
in all tissues tested. including . 1eaves, stems, reots,

30 - flowers, pods and meristems. AHAS activity was found
to be fairly constant in the stems, bnt declined in
leaves, roots and meristems with increasing age.

Sharon J. Kheeler et al., (1993) noted that

tobacco contains two genes encoding acetohydroxyacid

35 synthase, SurA and SurB. Both'genes appear te be
expressed in all tissue types, with about a four- fold



al., 1983, M De Block et al., 1984, R Hain et al., 1985). These
promoters AY@IN46/e in a wide variety - of plant ti ST 5
Several viral pronoters are also used to drive heterol ogous gene
expression in dicots (J.C. - - Kridl and R M Goodman, 1986). The

Caul i f1 ower Mbdsaic . ~Virus 35S pronoter is one of the pronoters used
nost often for dicot transforwelion because it confers high 10

| evel s of gene expression in alnost all tissues (J, Qdel | et al .,
1985; D.W cmweriatlonlbsathe>lﬁve%amfeexpression in dififexpgnt

Nbd;flcatéonstgé?a s’w?eegi Cofgds appear toﬁﬁibelff?uﬂi 1987)
configuration,w an
and tﬁe mas- 358V 5%{'3%’?‘ (LIanﬂé‘f plé\'%ﬁ#gizﬁ% a%ﬁ‘?%ﬁ consi st s

of tﬂemonstrated that helse highestrlevelmmifnexpréssien 35S

promoger. BotRoal Lgﬁéfs%ﬂﬂg&e@?%é’& fﬂeﬂe%{celﬁr activ€VEES of gehe

expressi on than I'n Q her viral
pronot er s thaFan&‘ﬂaY é?iiéi-)ng cellgscdSRER | VRR W%‘Ff?ﬁvk*ﬂ%%al c Virus

19S pronoter jevels thad. sEﬁﬁZkﬂV\En €igdhes dR&finéd. Bal azs et al.) and

Ea?eal ., 1990). 49 prormtﬂl ,LQQ wg&iﬁgm@é B:FD Hklés%é({)r'é%é% %ﬂga nunber of

25 pl anBrasalicaaspeciéat conkdin smekpigenedfamiliés peucoding

tissygs. Gail §§Qgh§&raﬁg %aggéréthQh fg@gogfneﬁg ive that enzyne

assays perfornmed on var ean denonstrated that
AHAS acti vi tygmssphegenbeen identified) 1-%3%%%%%"4 RIS - | NRNBEeNg | eaves,

stems, roots, §9tect1onfkeaey§ ub0hl§ gefle Bpecitis . prbhés anbruity MHS_found
to be fairly con t ant $ gge :ﬁierns oP olea es, roots
and meri st ensPRF ﬂr?ﬂérgﬁs ﬁﬁeﬁﬂggé pat exprafsh heel er et
al ., (1993) ntheddiffierent memberebefctheogenentameygﬁnewerhondlng
acethydroxyaﬁ&gssica species. Two of the genes, "AHAS1 and AHAS3,
were found to be expressed oonstitutively in all
tissues examined. AHAS2 trenscripts were.detected
only in the reproductive organs and extra-embryonio_
tissue of seeds. Transcripts encoded by the fourth
20 gene, AHAS4, were not detected'end it is therefore
believed that this represents a pseudogene.
Dale L. Shaner end'N. Moorthy Mallipudi
(1991) noted that comparison of AHAS activity in young
corn leaves and BMS eells'grdﬁn in suspension culture
25 showed that the activity of the BMS cells per gram
fresh weight was approximately 5.8-fold higher than in
the leaf samples. Since the BMS cells are actively
dividing, this result is consistent with results of
previous studies with tobacco and. 1ima bean which
30 demonstrated that younger, aotively dividing tissues
have more AHAS activity then older tissues.

SUMMARY OF THE INVENTION
AHAS promoters from maize are used to
35 express introduced genes at high levels and in various
plant tissues. Promoters from the alsl and als2 genes



35 synt haée, Sur A and SurB. Both genes appear to be

expressed in all tissue types, mnth about a four-fold WO

96/ 07746W0 %6/07746 - PCT/ US95/ 1111%US95111199

-7- variation in the |l evel of expression in different

ti ssues. Devel opi ng organs appear to have the: hi ghest | evel s of
expression. In sitda hybridization studies denonstrated that the
hi ghest | evels of expression 5 weBe-consi stently observed in
netabolicall¥ actlve'or pidly dividing cells. . SurB was

expressed aPfhPghEg, are °1°n°¢e%1’ss?ﬁ'é?P%¢A(1f*9‘é\¥9 i sBiguresdni ned.
Ther ese Quekhigturet 33, . and 16R8) pH6métei hoégions fro@rﬁﬁésé éhegi es contain

t F f
The tOve afte! taan 0aeEbadedd, sneo, s SNSRI 1R b EMRERE R s Rovase
prot ection assaybebsrsyug@nentée”f (QUSY obebothrm'omoter perforned to

det grnine tBpagRbhes"Saph fi‘&heéﬁéoﬂ:i)i ize lind € fid PIGNt menvers of
t he gene fam | I,'Qﬁl n v r?ous Bra m’(‘:azespeczlles ﬁ%\/o o?i]t he genes,

AHASL and APK r‘“%r%‘fm’E kely 1400 base patxatively in al l
ti ssues exam:ngd wﬂsrﬁistthesslsztprmeeﬁefﬁgﬂht contain®829 i n the

e et b OBR-f £ SRR e nenpviey (RS RS oo
and it is thtemebers, the chimeric plasmids are then transferred
10 into maize Black Mexiean Sweet protoplests and r:i:ce _
protoplasts for analysis of transient expression ‘
levels. For oomparison, protoplasts are also _
transfomed with a: plasmid with the CaMV 358 promoter
driving the GUS reporter gene. The expression of the
15 chimeric plasmids in the maize cells is determined by
anelyzing the GUS enzyme activity. 'I.‘he activity of |
the corn. a1s2 promoter was equal to or higher than the
activity of the cmv 358 promoter in both cell types
(Figure 4). Figure 5 shows the results of beta- -
20 glucuronidase assays performed on maize BMS cell lines
stably transformed with either pCD221B (als2-GUS-ocs
terminator plasmid) or pAC400 (CaMV 358-GUS-ocs
terminator plasmid) Analysis of AHAS mRNA
distribution by in situ hybridization of radiolabeled
25 RNA probes to plant tissue shows that the maize ms
promoters are active in most plant parts (figure 6,
figure 7, figure 8).
The activity of the Arabidopsis AHAS _
promoter is analyzed in Arabidopsis plants that are
30 stably transformed using Agrobaoterium tume.faciens.
The upstream promoter region of the Arab.zdopsis AHAS

gene is fused to the GUS reporter gene, inserted into
the b:.nary vector pBINlS and used to transform
Arab.idopsis. Analysis of transformed plants shows GUs

35 expression, (indioative of the promoter aetivity) in
most plant parts. '



bélieved that this represents a pseudogene. Dal e L.

Shaner andvol96MmId6 t hy Mal | i pudi (1991) not ed t hat PSIRRIPAEEY of
AHAS activity in young corn |l eaves and BMS cells grown in
suspension culture 25 “showed that the activity of the EMS cells per
gram fresh melght was approximately 5.8-fold higher than in

the leaf sanples. Since the BMS cells &re actively - dividing, this
result is consistent with results of preV|ous studies with tobacco
and |im bean which 30" "BRIEFBESCRIFPEION OD IEEMMGELICactivel y dividing
tissues ha\f‘wﬂrg%rﬂﬂsaeuws@e ttlw ABGE prionptees.

SUMWARY OF THE INMENTICN AHAS pronoters from nai ze are
used to 35 SeIUERGH %.ﬂﬁﬁﬂh&?@&egéﬁég ‘at high levels and in various

pl ant tissues. Pronot digureo2 tdiscalcdesartdheamsQ@moter WO

96/ 07%746 ALS2 from PCT/ US95/ 11199

of mal ze are cﬁ%’ne an sequence ("T’a gure 1 Aa%re 2, figure 3),
and the prompter regi ofigunen? kise 8 PFomAbexn i ntroduced i nto

a pl a;sm d 5 g&gé&g NIHZ From maize mrze, beta gl ucur oni dase (GUS) Bot h
promot er Figure 4 is a bar graph presenting beta-

glucuronidase activity from transient assays of
10 protoplasts of Black Mexican Sweet maize cells or rice
suspension cells after transformation with pCD221B
(als2-promoter-GUS-ocs terminator plasmid) or pAC400
(CaMV 358-GUS-ocs terminator plasmid). The GUS
activity is calculated as pmol/min/mg protein.
15 Results are from three independent experiments.
Figure 5 is a bar graph representing the
beta-glucuronidase activity in stably transformed
Black Mexican Sweet cell lines after transformation
with either pCD221B (als2 promoter-GUS-ocs terminator)
20 or PAC400 (CaMV 358-GUS-OCS terminator). CK
designates untransformed control tissue. The GUS
'activity is calculated as‘ﬁmol/min/mg protein.
_ figure 6 - In situ hybridization studies
of leaf whorl from 2 week-old corn seedling using
25 radiolabeled RNA probes. Tissue section were prepared
and hybridized to RNA probes encoding either the AHAS
sense strand (AHAS-) or the AHAS antisense strand
(AHAS+). For a comparison, the SSU (RUBISCO small
subunit) sense strand (88U-) or SSU antisense strand
30 - (88U+) probes were also used. In each case only the
antisense strand (+) is expected to hybridize to the
mRNA present in the tissue. a) SSU+probe; b) SSU-
probe; c¢) AHAS+probe; d) AHAS-probe. '
Figure 7 - In situ hybridization studies of
35 corn kernel 12 days after pollination prepared as
described for Figure 6, a) embryo and suspensor,



5 fragnents are fromthe Xl 12 nmaize line. The alsl

pronoter fragment is approximately 1400 base pairs - long, whereas"
t he al aWQRA6T#M6er fragnent contains 819 base paPEHUSISHAIMet er m ne
the activity of the AHAS pronoters, the chineric plasmds are then”
transferred 10 into mai ze Bl ack Mexican Sweet protoplasts and rice
protoplasts for analysis of transient expression | evel s. For
conpari son, protopl-asts are also = 10 - transfornmed with a plasmd with
the CaW 35S gr onoter g driving the GUS reporter gene. The

expr essi onABASt hprghe; b) Mrﬂdp?m?n# @8Ik s

det er m nedpbywa:p, aleabiche Zand éddospére,\ZANKS aGptobéy.d) The activity of
the corn ala2.

h h : Lo f
e o BEFPARED FLele R S Wnd P Bl ) SO
shows the results of Figure ®0- In sity thybxidikation stradbes fof med on mai ze
BMG cel | 145€8a1 meriate:ﬁt@@;yoﬁig’”'@éfﬁ%ﬂ%t&%fﬁc& 02218

- (al s2- GQUS- gcs t erm nat or as or MV 35S- GQUS- ocs
t er mi nat ordppgEHhed in Eigure § %ﬁl@%‘g&msp Probesi¢) ARdon by in situ

hybri di zatdpnanis + ap-ebhébel ed 25 RNA probes to plant tissue shows
that the maize AHAS . pronoters are active in nost plant parts
(figure 6, figure 7, figure 8). ‘The activity of
t he Arabi dopsis AHAS pronoter is analyzed in Arabi dopsis plants
that are 30 stably transformed using Agrobacterium tumefaciens.

The upstream pronoter region of the Arabi dopsis AHAS. - gene is fused
to the GUS reporter gene, inserted into t he binary vector pBI Nl
and used to transform Ar abi dopsis. Analysis of transfornmed plant

shows GUS 35 expression, (indicative of the promoter activity) in
nost plant parts. o
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Fi.gure 1 discloses the AHAS pronoter sequence ALS1 from nai ze
XA17. Figure 2 discloses the AHAS pronoter 5

sequence ALS2 from nai ze XAl7. Figure 3 discloses the
AHAS pronot er - sequence ALS2 froginuize Xl 12.

Figure 4 is a bar graph presenti ng bet a- gI ucuroni dase activity
fromtransi ent assays UETHX ; %) fTEE N Sweet mai ze

cells or- rice . suspen5| on cells fter transfort i on WI t h pCD2218
(al s2- pronot er - GQUSfocs term nat or plasm- d) or. pAC400

35S- GUS- ocs teminator plégianbistsrpregexploring ways itQ mupe §Q§ﬂ‘b’tﬂ ated as
pol / m n/ Ny predei ficaion to Rnfd® duslddble unmduaiamwwn

t h
et o o cour on RHRS R @9A8ESe, e Sl Unde o 19, (10

Sweet cell i rﬁsp:edxte_r_cheam&eﬁrﬂim such as tagte, e:qurq)cm;zm (al s2
promot er - GUS- ‘}ggé %Qm&ﬂda e 4hd herbi¥idd ¥iid See18
term nator). ghat es_untransforne control tlssue The GUS

activity is ca#%i#h@lécplasﬂmﬁﬁﬁ/‘?ﬁg M(SFPPB are being exploredi g re 6
- In situ hybrigli g athem ﬁé@:.esst_retegy than traditional methods of

10 ' cross-breeding. _

The present invention is directed to AHAS
promoters from maize and Arabidopsis and vectors and
plant cells comprising these promoters. (For purposes
of this application a promoter is defined as a

15 . nucleotide sequence found upstream of a gene that ecte
as a signal for the binding of the RNA polymerase.)
The alsl and als2 genes of maize are cloned and
sequenced and the promoter regiane'fram these genes
‘are then introduced into a plasmid 5’ to the GUS
20 reporter gene. For'purposes of this application e
' reporter gene is defined as a nucleotide sequence
which is fused downstream of the promoter of interest,
so that transcripts initiating at the promoter proceed
through the reporter gene. Reporter genes encode some
25 easily meeeureble enzyme activity; for example, in the
present invention the expreesionlof chimeric plasnids
in maize cells is determined by analyzing the beta-
glucuronidase (GUS) enzyme activity.
. One skilled in the art should appreciate
30 that AHAS premetere are highly active in many
different plant tissues, and can be used to express
novel genes in a variety of plants. Novel genes
include but are not 1imited to genes for herbicide
resistance, detoxification and resistance towards
35 plant pathogens..'
The claimed promoters can be used for



of leaf whorl from 2 week-old corn seedling using 25 radi ol abel ed RNA:
probes. _Tissue-section were prepared and hybridi zed to RNA probes
encodi ng WO BNZMH6 ¢ he AHAS _ sense strand (AHAS-) or*%

anti sense strand (AHASt+) . For a conparison, the SSU (RUBI SCO smal | *
subunit) sense strand (SSU-) or SSU antisense strand 30 (SSU+) probes
were al so used. |In each case only the antisense strand (+) is
expected to hybridize to the - 12RNA present in the tissue. a)
SSU+probe; b) SSU —- probe; c¢) AHASt+probe; d) AHAS- pr obe.

Figure 7 - heteXqlegens igansmearessdon. dnomogocolyledons kernel 12 days

after pol | iffluling SR ebtilimited to BRIEe),Dedckor whedw,e 6, a) enbryo
ggg/agggfg & ey, sorghum, od%%coz;%ﬁend millet. Onelgkilled in AHASH

probe; b) dhe artamhonlshalsor ammeiameomh;tc):he claimedericarp, al eurone
and endos P Emciides viirlqb‘ile@ drive axg&f_a@:b%hpinah&%%gie%ﬁaendosper m

AHAS+ probé._ gure In sit zatil o studi es of

5 apiddfthangh mﬁw%ﬁ& m%er%&paﬁeénaslicots is descri bed
in Figure fxpdctidd th) béHAESloWethdevelsathan in monGkobBAS- probe. '

One skilled in the art should qpprecisté
that the maize als2 promoter can be used to drive gene
10 expression in other monocot species. For examplen the
rice Actl promoter drives gene expression in maize | ‘
protoplasts, the maize Emu promoter has been used to
select transgenic whest, barley and rice, and the
Arabidopsis AHAS promoter, a dicot promoter, has heen
15 used to drive AHAS gene expression in transgenic f
tobacco and transgenic potato. ‘The claimod maize slsz
performs best in maize, but also drives'gene
expression in another monocot. Based on studies done
in maize and other species, this promoter should drive
20 constitutive expression of a gene throughout a pldnt.
' The highest levels of expression is seen in either
actively dividing or metsbolically active tissue.;
A variety of different techniques well known
by those skilled in the art including, but not limited
25 to, microprojectile bombardment, PEG-mediated
trsnsformstion, electroporation, and silicon fibers
have been used to trensform.monocot crops. All of
these techniques involve the use of DNA vectors for '
delivery of the nucleotide sequences to be
30 transformed. Vectors suitable for use in the present
invention include, but are not limited to, vectors
carrying marker genes used for the selection of
transgenic materiel, including genes conferring _
resistance to hygromycin, kanamycin, bialophos and the
35 imidazolinone and sulfonylurea herbicides.
The following Example serves only to
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Scientists are ‘exploring ways to use genetic _ nodi fication to confer
desirabl e characteristics on'5 plants. Genetic engineering

techni ques used to I nprove characteristics such as taste, texture,
Si ze, pest resistance and herbiig de-resi stance, col or,

acidity or sweetness of food crops are being expl ored as a nuch
faster strategnlhb&matbadhbimnabnutbhodndoislﬂot to berceasbruedi ag.

The present eghl d.to pronoters from nmai ze and
Ar abi dopai s a% %gﬁ@ih& OL tﬁFmé?vceFfs conprising these
pronoters. (For purposes of thls application a pronoter is defined
as a 15 nucl eoti de sequence foung;gg%ggean1of a gene that acts

as a signal for the binding of the polynerase.) ° The al sI and
al w2 genes of numize are cloned and sequenced and the pronoter
regions fromthese geneThe efficiency bficthenalsliuand ails? a plasnid 5" to
the GUS 20 OfyerP. f | agjon

reporter gene |§“8§$&Le§ agsggﬁﬁgﬁ ﬁ? ﬁéggégin g8 EcQEQEEghih
downst r eam of majzeppadprdceoprpioplasts or maize cell lines

_ carrying constructs in which these promoter sequences
10 are fused to the GUS gene. The preparation of the

s fused

vectors and transformation protocol is described
below. _ _ N
Constructs eantaining the Chimeric CaMV 35S-GUS, alsl-
' GUS and als2-GUS Gemnes
15 '
Plasmid pAC400 is a pUClS-based plasmid _
containing a fusion of the 418 base pair (pb) EcoRI-
Xbal fragment of the CaMV 35S promoter cloned upstream
: of a 1.7 kb XbaI-PstI fragment containing the GUS gene
20 and a 700 bp PstI-BamHI fragment containing the
octopine synthase terminator. The alsl and als2 genes
are obtained by screening a genomic library'prepared
from maize line XI1l2. An EcoRI-Nc¢ol fragment
containing 1.4 kilobase (kb) of sequence upstream from
25 the ATG inltiation codon of the alsl gene is subcloned
into pAC400 in place of the caMv 358 promoter to
create pCD223B. An 819 bp PstI-Ncol fragment upstream
from the ATG of als2 was subcloned in front of the
- game GUS-ocs terminator fusion in pBluescript® Ks-

30 (Stratagene) to create pcnzz1s. The sequence of the
. als2 promoter from maize XI12 is presented in Figure
3. '

Transformation and Assay of Protoplasts of Rice and
35 Maize



SO0 that transcripts initiating at the pronoter proceed | t hrough the:-

reporter Reporter genes encode sone 25 easi |y neasurabl e enzyne
acti vi t yWO QP éﬁanpl e, in the present invention W@’sé‘ﬁféﬂé%m on -of
chinmeric pI asm ds “in maize cells is determ ned by anal yzing the
bet a- gl ucuroni dase (GQUS) enzyne activity. One
skilled in the art 3houl d appreciate 30 t hat AHAS pronoters are

hi ghly active in many di fferdft-plant tissues, and can be used to
express novel genes in a varjety of_ plants.: Novel genes

i nclude but are nop |FFRYGRIAGFS AR #ﬁﬂl%"mf&%ri“ (Noxrtaddj st ance,
det oxi f i catdd maiele (Bl fdla Mecicii [Sieels BMS) riiuaiiied@abho@@lis

fne ¢l al MeuBi ARLE forkiill R $hd2¥1e or pacsoo W8c32d]nl"%o

het er ol oqo@ge&ﬁﬁﬂ@#@?&%rt#@ﬁﬁﬂ%ﬁ%ﬂm@@ocds of L.Ancl uding but not

lingted 10 P &t G, WIDH9) and J.¥. tﬁ&:!gexet 239489094t Spolrye and
mllet. One ski t he ar uld al sQ appreciiate that the

|
clained 5% r"nsiﬁﬂ"brﬂﬂ%@wq”l‘%w \?é'%’xﬁré’w&ﬁ’tﬁ &%t y| edons,
al though e)pietssd on Milinpere fildErse placedlionottdp ©f medium expect ed to

be at | ower A ﬁﬁ%%éﬁm‘ﬁ% and transformed BMS One iskilled _,i n the

art shoul d @pprecra
protcplasts are cultured in 3 ml of liquid mediumm

10 Two days efter_transformation, protcplast cultures are

collected and extracted with GUS extraction buffe:i‘.’ ‘

GUS activity is measured fluerimetricelly according to
the protocol of R.A. Jefferson (1987). '
To recover stable transfcrmsnts from msize

15 BMS'culture, prctoplasts are co-transformed with
PFF19K (containing the selecteble'ﬁarker'gene encoding
neomycin phosphotrensferase) and pCD221B or pAC400.
After transformation, protoplasts are cultured on
Millipore filters placed on top of medium containing

20 feeder cells. One week leter, the protoplasts
cultures are transferred to medium conteining feeder
cells and 100 mg/1 kanemycin. Protoplasts cultures
are transferred to fresh MS medium with 100 mg/1
kanamycin until resistant calluses became vilible.

25 Individual kanamycin resistant callus is picked end
grown for two to three more weeks in the presence of
kanamyein. Ksnamycinfresistant callus is steined:wdth
X-Gluc or assayed with MUG according to the protodol

~ of R.A. Jefferson (1987) to screen for GUS-positive

30 callus. Callus identified as expressing GUS is gfound

' in extraction buffer and assayed, GUS activity is
measured fluorimeterically.

Data from these experiments is presented in
Figures 4 and 5.

35 A mutant maize AHAS gene conferring

resistance to imidazolinone herbicides and driven by

-



t hat the mai ze al s2 pronoter can be used to drive gene 10 expression
i n ot her noweosw7sipeci es. For exanple, the ri ce ACRCT/ES3(1d198r
drives gene expression in maize protopl asts, the maize Emu
pronoter has been used to . :.- sel ect tranageni ¢ wheat, barley and
rice, and the Ar abi dopsi s AHAS pronoter, a dicot prormter, has
been 15 used to drive AHAS gene explsessi on in transgenic

t obacco and transgeni c- potato. The cl ai ned nmi ze al s2 per f or s
beat in naize, thatmaize 252 cpromoker is used a@rasatirrtablmarardenonocot .

Based on studi g5 gBE&fk transgenit @azfu@wf@é@%rmmd& Sof" ONOt er
shoul d drive 20 £ constl tut I ve_expre fl on ﬂ@{i eq hrogﬁfut a plant.
The highest | ebetk Wseﬁ’b‘ﬂe%%?%n"l%"%e%?lf 5 c Rely

di vi di ng or nereBaltcatpportsititetideacthat the als2 promoter dwivesy of

di ffergnt techpjgue b t

I ncl udng, but Hg#‘?f%ﬁ%gﬁw leve:l.s °m Cr {J)ér)%j“:eé‘{l< +$ ‘gtingear%lgéé

PEG nedi ated gene expreasit®ms mati on, el ect roporation, and silicon fibers

have been usedg {,osyganﬁi‘,gi.gam@fgﬁ crops. Al of t hese
techni ques involve the usge, of DNA vectors

' liver f. the
nucl eoti de sequences to Bdi are PYSRRES ?éﬂentjv%yt%r e%‘fﬁ"f%?f?eblfor use
in the presentJ. A. Langaalzenétonll (T$88)e, brissue iwtfixedtin 4%, vectors

ot e M1, " ol GOFRALgehREe. ApupRragsa °th' Sbhihol, gleazed (HIBAT U,
kananyci n, bi akypene and aneééed in P#nﬁﬁb¥9+|ﬁ%hesﬁmdi%u#1%ﬁ94urea
herbicides.  jneo 8-10 um sectiSfs’Qhd Pl ASed Ghbd CaBLIYPScoatea! O
with poly-h lysine. Paraffin is removed with xylene
and tissue is rehydrated by washing in ethanol and
15 rinsing in water. RNA probes are prepared from both
strands (+ and -) of a 172 nucleotide (nt) fragment
from the alsz'encodinglregiop and a 392 nt'fragment |
from the S8U coding region using the Ambion Maxiscript
® xit. Slides are hybridized according to the
20 protocol of Meyerowitz et al (1988) at 50°C overnight
in a 1:4 dilution of SPB [100 uxl of 10 X salts (3M
NaCl, 10mM Tris p.H. 6.8, 50 mM DTA); 400 pl. '
formamide; 200 pl 50% dextran sulphate; 40 ul 10 mg/ml
tRNA; 10 pl 1 MDTT; 50 ul 10 mg/ml poly Al with probe
25 denatured in 50% formaldehyde and 10mM DTT at 80°C for
30 séconds.. Slides are washed 2x 15 minutes in Wash
Buffer (1X salts, 50% formamide, 10 mM Tris pH 8, 1lmM
EDTA and 10 mM DTT) at 50°C, treated with RNase A (20
pg/ml in NTE_ for 30 minutes at 37°C, washed 5X in NTE
30 buffer at 37°C for a total of 1 hour, washed 2 X 30
minutes in Wash Buffer at 50°C, dehydrated in ethanol
and_air dried. 8lides are autoradiographed by dipping
into emulsion prewarmed to 37°C in darkroom, drying
for 30 minutes to 1 hour and storing in the dark at
35 4°C until developing. Slides are developed for 2
minutes, rinsed in water, fixed for at least 5 minutes
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- 13 - il lustrate the I nvention and is not to be construed as

in any VA9 ing on the invention. 5 PCT/USO§/L99 _
efficiency of the alsl and als2 pronoters is assessed by neasuring *
@QUS activity in mai ze and rice protoplasts or maize cell lines :
carrying constructs’in which these pronoter sequences 10 are fused to
the GUS gene. The preparation of t+mi5 - vectors and transfornatLon
prot ocol is desc¢ri bed bel o - Constructs containing the
ghlnerlc 335588a9&F§Iin water. Timsupgig sbained with 15

Pl asmid pAﬂ&&eﬂsB&ﬁpUﬁn&- Besedinkasthdethanol anaosaweﬂeng a fusion of the

b f.th 5S ter
Slonea upoReberPBbubteRl wicy pernp(hE; t1ARUE e hpadtved Halhs b Ui s
gene 20 a dagkdfieldombprescep8art fragnent containing the

ocBopi ne synthase ! cagenahes. e758 ShohieaChpbofal " are obtained
by screenin nom ¢ brary prepared ron1na|ze line X112. An
EcoRI-hbolegPa gﬂﬁPts n Figugg f 2P phowe . Eh%Flﬁh%siﬂ¥%b§ﬂo# 8@quence
upstrean1fenpr3§sed thrbighdd & thetimsizeénemiveys. of the al sl  gene is
subcl oned - 'EEOiBA%QQﬁfepLS‘C&Qiu&De %Wezggrsegsfggtg to
the AHAS promoter by° :

10 1. constructing an als2-GUS £usion gene end

| determining the pattern of GUS activity within ‘ |

transgenic corn or rice plents. Previous studies?
using a maize prcmoter have demonstrated the
feasihility of evaluating maize promoter expression in

15 rice (Junko Kyozuka, et al., 1991). After selectipn
of transgenic plants, histochemicel annlyses are
performed on plant tissues at various stages of
development to determine both tissue- and cell type-
specificity. This technique is commonly used to

- 20 evaluate promoter activity in both monocots and
dicots. o
2. trensient expression assays are
performed on protoplasts prepared from different. plent
species following trensformation of als2-GUS '

25 constructs. This approach is used to evaluate the
ability of different promoters to function in |
heterologous species. Protoplasts are transformed
with the construct of interest and incubeted to allow
the introduced gene to be expressed and the protein to

30 accumulate. Following the incubation, the cells are
assayed'for the presence of the protein encoded by'the
transgene to determine the efficiency of the promoter
driving transgene expression.




cfeate pCD223B. An 819 bp Pstl-Ncol fragnment upstream fromthe ATG

of al s2 wawoestwtiamed in front of the sanme GUS- ocs PCIAUSH LN
fysion in pBluescript[err] KS- 30 (Stratagene) to create pCD221B.
The sequence of the ~als2 pronoter frommaize Xl12 is presented in
Fi gure 3. i _ Transformati on and Assay of Protoplasts of

Ri ce and 35 Mai ze WO S6AQ77%46
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Protopl asts are isolat®@d fromrice (Nortai) , or nmi ze (Bl ack

Mexi can Sweet; BMS) ‘sdspensi on Ce"igEE;!%?E%E”"jtranSfor”Ed wi th pAC221B
or pAC400 according to". : t he medl at ed transformation protocols
of LLA. 5 Lyznik et al. (1989) and J.Y. Peng et al. (1990). For

R{ﬁrsient ?Sf?ys t[ansgabﬂaduétrfcprgtoniastslase) Isolatiphab&d on
i pore filters placed on of _ne m t [ cells
and transfornmed BVMS fkggb?%5|§§#¥“é?€ uregg &hg %g IT?gglqwd

medi um 10 Two day:anéfermaténsiorﬂhgiBhanprﬁebbl85t1§§kﬂﬁies are
coll ected and extracted with GUS extraction buffer,. GQUS activity
I's nmeasured quorlnetrlcaIIy according to

2. David MCElroy et al., (1991) Construction

of expression vectors based on the rice
actin 1 (Actl) 5’ region for use in monocot
transformation. Mol. Gen Genet. 231:
150-160.

3. Wanggen Zhang et al., (1991) Analysis of
the Actl 5’ region activity in transgenic
' rice plants. The plant Cell 3: 1155-1165.

4. Jun Cao et al., (1992) Regeneration of
herbicide resistant transgenic rice plants
following microprojectile-mediated
transformation of suspension culture cells.
Plant Cell Reports 11: 586-591. '

5. Alan H. Christensen et al., (1992) Maize
polyubiquitin genes: structure, thermal
perturbation of expression and transcript
splicing, and promoter activity following
tranafer to protoplasts by electroporation.
Plant Molecular Biology 18: 675-689.

6. Seiichi Toki et al., (1992) Expression of a

| maize'ubiquitin gene promoter-bar chimeric
gene in transgenic rice plants. Plant
Physiol. 100: 1503-1507. '



the protocol of R A Jefferson (1987). To recover stable-
transfornmants from mai ze 15 BMS cul ture, protoplasts are

co-t r ansWOPRBT46: t h . pFF19K (contai ni ng the sel e RCIWSISAHAXer gene
encodi ng neonyci n phosphotransferase) and pCD221B or pAC400.

After transformation, protoplasts are cultured on M I1ipore
filters placed on tdp of medi um containing 20 feeder cells. One week
| ater, the protopl asts cultuk®s-are transferred to nedi um
cont ai ni ng feeder ~: cells_and 100 _ng/ 1 kananycin. Protoplasts

cultures 7- ot TEST @t 8d w0 (19830 VBapddi eFedRerieno ofy/ 1
kanamycin until ¢resi-shanipla independente 1ineisbbE. £a¥tile | ndividua

kanamyci n resi st ant rown,for _two to t hree
-nnrenaeeks in the prgggkggebﬁcph%hsi qa%%ﬁ&ﬁ#@ ﬁ“&éﬁ&ﬁ}c.np B85t ant

cal lus is stained w #hysiol. 102x- 3077-3P8&ssayed with MJG according to the
pr ot ocol of R A Jefferson (1987) to screen for GQUS-positive 30

cal | us. | lus identjfied as expressing GJS is ground in
extraction®guffer an&“&ESH?e ‘nGEBSa 3¥ (i Lemaux, (1988)sured
fluorimeterically. Generation of a 1anganﬁmb§rtbsse experiments is

mut ant nai ze

di ; _
Rhigegéﬁe LgnferrlnginEbQQESinﬂlgn ancggfﬂsdnfaﬁféFFnBﬁﬁlﬁgrb|C|des_and

driven by wbagsse77R3ant PhYSiol 104: 37-48.
PCT/ US95/ 1119
9. Junko Kyozuka et al., (1991) Anaerocbic. ‘

induction and tissue-specific expression of
maize Adhl promoter in transgemic rice and
their p:dgepyf Mol. Gen. Genet. 228: 40-48.

10. D. I. Last et él;, (1991) pEmué an imprdvéd
promoter for gene expression in cereal
cells. Theor. Appl. Genet. 8l: 581-588.

11. Robert Bower and Robert G. Birch (1992)
Tranégenic sugarcane plants via
microprojectile bombardment. The Plant
Journal 2 (3): 409-416.

12. D. A. Chamberlain et al., (1994) The use of
the Emu promoter with antibiotic and
herbicide resistance genes for the selection
of transgenic wheat callus and’ rice plants.
Aust. J. Plat. Phyliol., 21: 95- 112.

13. L. Comai et al. (1985) Expression in plants
of a mutant aroA gene from Salmbnella
typhimurium confers tolerance to glyphosate.
Nature 317: 741 -744.

14, C. Waldron et al. (1985) Resistance to



-"15 - the mai ze al s2 pronoter is used as a sel ectabl e marker

to obtath tWOPEHEM6c cal lus after transformation of PEHDRSE9aNnd
A188 x B73 cells and rice cells. This result supports the idea
that the als2 pronoter drives 5 sufficiently high levels of
expression to drive marker gene_expressi on. In situ
Hybri di zati on Slides &Pe- prepar ed essentially described
by - J. A Langdale et al, (1988). Tissue.s fé xedll.n 4% 10

for mal dehyde, dehydr at ERYFER¥RAR B: clR RN BTFEr for p | ene and

enbedded in parafil m i ccatsfarpatini studies. iPlantS-MdL pBisEL! i®Ns and

pl aced onto slides fcoat™ 3-108. with poly-L-lysine. Paraffin is renoved
wi th xyl ene _ an I ssue” i s rehydrated by washing in ethanol and 15
rinsing in water. RNA probes are prepared from both strands (+

and -) of a 17gspucl eot i gev{MtR. fﬁé’&"f‘dlé and Krist{id &) tdi@midsferOicodi Ng

region and a 392 nt fra m t he SSU cod] regi on using the
Ambi on Maxi scri pt g{?g‘i’er;’fpﬁ"fed f’b%’éya‘F%c éﬁ”ged according to
the 20 pr ot ocol ofAM@uﬂmm-tmdiéﬁ&B&lmt Stfemis fsrmaeion ght

ina 1:4 dilution of SP X sa|t - NaC1, 10mM Tris
p.H 6.8 50 mM DTA): (%;[J,PQ b1 0 Bi@lfofé f%égﬂz%b ol 50% dext r an

sul phate; 40 pl 10 nmg/ m tRNA; 10 pl 1 MDTT; 50 pl 10 ng/m poly
Al with probe 2§, mfobéﬁéo%fﬂmkquaém&f@é DIT at 80C
for 30 seconds g% vva hed 2X 15 m nutes |{|

Buf fer (1X salts, 50%fo+‘h"a# §t3nce  gene (3f, a select A and 10

mM DTT) at 50[err]C, treﬁﬂﬁwtdsrﬁmmtA ¢€Il transformatidnin NTE for 30

mnutes at 37[err]C, wa NT _ buffer at 37[err]C for a
total of 1 hour, washedslgg%g%)( “]4 gL 187ies in Wash Buffer ‘at 50[err]C

dehydrated in ethanol
' 17. _ Luis Herrera-Estrella et al. (1983)

Expression of chimeric genes transferred
into plant cells using Ti-plasmid-derived
vector. Nature 304: 209-213.

18. Robert T. Fraley et al. (1983) Expression
' of bacterial gemnes in plant cells. P.N.A.S.
80: 4803-4807.

19. Marc De Block et al. (1984) Expression of
' foreign genes in regenerated plants and in
their progeny. EMBO J.3: 1681-1689.

20. R. Hain et al. (1985) Uptake, integrationm,
| expression and g'enetic.transmission of a
selectable chimeric gene by plant
protoplasts. Mol. Gen. Genet. 199: 161-168.

21. J.C. Kridl and Robert M. Goodman (1986)
Transcriptional regulatory equ_ences from
plant viruses. Bio Essays 4:4-8.



and air dried. Slides are autoradi ographed by di pping into
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(ii) TITLE OF INVENTION: Non-coding DMA 5’ to thc structural gene
{promoter) for acetohydroxyacid synthase (AHAS) is useful
for the expression of introduced genes in plants.

(iii) NUMBER OF SEQUINCES; 3

(iv) CORRESPONDENCE ADDRESS:
{(A) ADDRESSEE: American cYanamid Conpany
(B) STREET: One Cyanamid Plaza
(C) CITY: Wayne
(D) STATE: New Jersey
(B) COUNTRY: United States
(F) ZIP: 07470-8426

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible _
(C) OPERATING SYSTEM: PC-DOS/MS-DOS _
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:
(C) CLASSIFICATION:

{viii) Amm/mxm' INFORMATION:
(A) NAME: Harrington, James J.
(B) REGISTRATION NUMBER: P38,711
(C) REFERENCE/DOCKET NUMBER: 32,348

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 201-831-3246
(B) TELEFAX: 201-831-3305
(2) INFORMATION FOR SEQ ID NO:1l:
(1) smunitcx CHARACTERISTICS:
(A) LENGTH: 413 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

{(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

TCTAGAGAAA CTAAACTACT AATAAAAATT ATTTTTAGCA TATTTTAGTA CTGTNGTTTA
60 ' .

TATTTNNAAA TGATAAAGTT TAACTAAAAG 'I‘GCACCGCTA AACCACCGTA AATCCAAAGA
120



cells. Theor. Appl. Genet. 81: 581-588. 11. Robert Bower and

Robert G. Birch (1992) : Transgeni ¢ sugarcane plants via

m cr opr WOA@6MTM6 bonbar dnent . The Pl ant Jour nRCTUSIYI1199,09- 416.

12. D. A Chanberlain et al., (1994) The use of the Emu °
pronoter with antibiotic and her bi ci de resi stance genes for the
sel ection * of transgenic wheat callus and rice plants.

Aust. J. Plat. Physiol., 21: 95-112.- 24 -13. L. Comai et al. (1985)
Expression in plants- - ~ of a nmutant ar oA gene from Sal nonel | a :
t yphdnur I%FWET%WW&WF’EF’&WWE%? TACTGT! ACCqUSACHTe 317: _
741-744. ~ C. Waldron et al. (1985) Resistance to WO ‘

96/ 07746 ACC']."I.‘TGTGT ATTATGTACG surcmca ACGGACATTT cd?ﬂitd:@-Sﬁddbﬁ&rcc |
19 - 240

NATTCCCATC TGAACCACAC ATCTCTGMC AARAGTAGGG GAGGCGCCCG CGTAGCCCCC
300

T'I.‘TCCCACAA TCCCACTCCG TGCCAGGTGC CACCCTCCCC MGCCC!I.'CGC GCCGC'.I.’CCGA
360

GACAGCCGCC CGCAACCATG GCCLCCGCCG CCACCGCGGC CGCCGCGCTC ACC
413

{2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 509 base pairs . ‘
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID MO:2t

CCGGATTTCC CTGTTGCGGA TTGCGGGTGE CAGCCTGGCA GGTGGGTECG ACCCCGT?'I'TG
60 ' :

GATTCCCTTG TCTGGACCCC TTGTGTCAGT ACCGTCTGTA CTCCGATGAC ATGCACCGTC
120 _ : A o :

GTCCACAGTC AAGTCCAAAA TCTCCCCTCT TTTTTTTAAC 'Mmc MMCCTCCT
180 : : .

 TGACGCACGC TGTCGTGTAC CAGCACTCGG TGGACACCAC GTTTGTAATC CAGGCCGACA
240

CGTCGGTCCC ACGTCGACAG GCCCCACCGT CCGGTCTGTA GCGTGTACGT ATTCGGGCGA
300 ' : .

CGGACGTGTC GTCGTCGTCT TGCGAGTCCC ATTCCCATCA CCATCTGAGC mﬂ:ﬂ
360 '

CTGAACAAAA GCAGGGAGGC CTCCACGCAC ATCCCCCTTT CTCCACTICCG GTCCGTGECA
420

CCCACCCCAA ACCCTCGCGC CGCCTCCGAG ACAGCCGCCG CAACCATGGC CACCGCCGCC
480 : '

GCCGCGTCTA CCGCGCTCAC TGGCGCCAC
S0¢

{(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 829 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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AAAAACAGTT GAACAAGATT GACTGTTCCT CCGGGAGGGT TTGGAACATC GTTACAGATG
180 ' ' :

TGAGCGAAAG GTGAGGAAAC AGAGCGGAGG GCTTGGAGGT GACCTCGGTA GTCAGACGCC
240

GGAGTTGAGC TTGATGACGA CACCGTACTG GCGTACCAGG CCTAGTAGTG AACACCGGGC
300 .

CTGAAGCTGT CGCCGCCGCT GCTCATCTTG TNGGCTGTGC.NCGGTGTCCC TGTTGCGGAT
360 ) . e

TGCGGETGGC AGCCTGGCAG GTGGGTGCGA CCCGTTTGGA CTCCCTGATC TGGGCCCTTT
420

GTGTCAGTAC CGTCTGTACT CCGATGACAT GCACANCGTC GTCCACAGTC AAGTCCACAA
480 ; .

TCTCCCCTCT TTTTTTAACG GAATAGTTNC AAAATCTCCT TGACGCACGC TATCGTGTAC
540 .

CAGCGCTCAC TGGACACCAC GTTTGTAATC CACGCCGACA CGTCGNTCCC ACGTCGACAG
600

GCCCCACCGT CCGGTCTGTA GCGTGTACGT ATTCGGGCAA CGGACGTGTC GTCGTCGTCT
660 '

TGCNNNKGTC CCANNNCCCA TCACCATCTG AGCCATCACA TCTCATGCGT GAANAAAAGC
720 I ) '

AGGGAAGGCC TCTACGCACA TCCCCCTTTC TNNCTNNNNT CCGTGTCCGT GGCACCCAGG
780

GGAAACCCTC GCGCCGCCTC CGAGACAGCC GCCGCAACCA TGGCCACCG
829 '



20. R ain et al. (1985) Uptake, integration, expression

and genetic transm ssion of a sel ect abl e chi neri c gene by
pl ant WO 96/07746 protopl ast. Mdl. Gen. Genet. 199: 161PCEAISIS/11199 21,
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Science 234: 856-934. agas promoter for expression of genes in
plants.
2. The nucleotide sequence of Claim'1l
comprising the sequence of Figure 1, SEQ.E
ID. No. 1.
3. | The nucleotide  sequence of Claim 1 : ]
comprising the sequence of Figure 2, SEQ. | '
ID. No. 2. ' -
4. '~ The nucleotide sequence of Claim 1
comprising the sequence of Figure 3, SEQ. ID
No. 3.
5. The nucleotide sequence of Claim 1, 2, 3 or

4 in which the plant is a monocot.

6. The sequence of Claim 5, in which the
monocot is corn.

7. A transformation vector comprising
nucleotide sequence of Claim 1, 2, 3, 4 or;
5.

8. A plant cell comprising the vector of Claim
7.

9. A mature'plant_camprising the nucleotide

sequence of Claim 1, 2, 3, 4 or 5.
10. A method of expressing a heterologous gehe

in a plant at high levels and in different
tissues of said plant comprising expressing

KR O O




21, D.M Shah et al. (1896) Engineering her bi ci de

t ol erance | Wa9@mtgeni c pl ants. Sci ence 233: 478PdEUSISN1119925,
Robert Kay et al. (1987) Dupljcation of CaW 35S pronot er
sequences creates a strong #"% enhancer fo . =gnce
236: 1299- 1302. 26. L. Commi @t1H4PS S BEEM| || and
usef ul ' properties of a chimeri7c-pl ant fronpt BEPLACED
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mannopi ne sequence of Claim 1, 2, 3 or 4 linked to a
heterologous gene.

12. A nucleic acid const:.ruct of C:laim.ll wherein
the gene is an AHAS gene.

13. A method of using a nucleic acid comstruct
as a selectable marker, the construct
comprising the AHAS promoter sequence of
Claim 1, 2, 3 or 4 linked to a mutant gene,
the gene conferring resistance to a
selectable, transgenic material, the method
comprising the steps of:

(a) recombinantly transforming a plant
material by inserting the nucleic acid
construct;

(b) placing the plant material on a growth
- medium comprising a compound;

(¢) identifying the plant materials capable
of growth in the presence of the
compound.

14. The method of Claim 13 wherein the mutant
gene is an AHAS gene.

15. The method of Claim 13 wherein the compound
is a imidazolinone or sulfonyl urea
compound.
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TCTAGAGAAACTAAACTACTAATAAAAATTATTTTTAGCATATT
TTAGTACTGTNGTTTATATTTNNAAATGATAAAGTTTAACTAAA
AGTGCACCGCTAAACCACCGTAAATCCAAAGAGACCGTAAATCT
CTTCCACGCACTCTGTCGTGTACCAACGTGCTGTGGAAACGCTC
ACGTACCTTTGTGTATTATGTACGGATTCGGGCAACGGACATTT
CGACGTCGGTTTGCCAGTCCNATTCCCATCTGAACCACACATCT
CTGAACAAAAGTAGGGGAGGCGCCCGCGTAGCCCCCTTTCCCAC
AATCCCACTCCGTGCCAGGTGCCACCCTCCCCAAGCCCTCGCGC
CGCTCCGAGACAGCCGCCCGCAACCATGGCCACCGCCGCCACCG
CGGCCGCCGCGCTCACC

FIG.1

CCGGATTTCCCTGTTGCGGATTGCGGGTGGCAGCCTGGCAGGTG
GGTGCGACCCCGTTTGGATTCCCTTGTCTGGGCCCCTTGTGTCA
GTACCGTCTGTACTCCGATGACATGCACCGTCGTCCACAGTCAA
GTCCAAAATCTCCCCTCTTTTTTTTAACGGAACAGTTCAAAACC
TCCTTGACGCACGCTGTCGTGTACCAGCACTCGGTGGACACCAC
GTTTGTAATCCAGGCCGACACGTCGGTCCCACGTCGACAGGCCC
CACCGTCCGGTCTGTAGCGTGTACGTATTCGGGCGACGGACGTG
TCGTCGTCGTCTTGCGAGTCCCATTCCCATCACCATCTGAGCCA
CACATCCTCTGAACAAAAGCAGGGAGGCCTCCACGCACATCCCC
CTTTCTCCACTCCGGTCCGTGGCACCCACCCCAAACCCTCGCGC
CGCCTCCGAGACAGCCGCCGCAACCATGGCCACCGCCGCCGLCG
CGTCTACCGCGCTCACTGGCGCCAC

FIG.2
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'R“d't ‘o les 2;‘2“ ORETRRABGTEA ACBERTENEE FATCRACATC CCAGCTAAAMACABTAAAENt Cel

°pt o 777 GGGGGAAAAC GTGGGTGAGT TGAGTCTGTC TTGTGGAAAA AACGTTTTAG
TTTCTCCTGG AATTAACAAT AAAAACAGTT GAACAAGATT GACTGTTCCT -
CCGGGAGGGT TTGGAACATC GTTACAGATG TGAGCGAAAG GTGAGGAAAC
AGAGCGGAGG GCTTGGAGGT GACCTCGGTA GTCGACGCCG GAGTTGAGCT
TGATGACGAC ACCGTACTGG CGTACCAGGC CTAGTAGTGA ACACCGGGCC
TGAAGCTGTC GCCGCCGCTG CTCATCTTGT GGGCTGTGCC CGGTGTCCCT
GTTGCGGATT GCGGGTGGCA GCCTGGCAGG TGGGTGCGAC CCGTTTGGAC
TCCCTGATCT GGGCCCTTTG TGTCAGTACC GTCTGTACTC CGATGACATG
CACACCGTCG TCCACAGTCA AGTCCACAAT CTCCCCTCTT TTTTTAACGG
AATAGTTCAA AATCTCCTTG ACGCACGCTA TCGTGTACCA GCGCTCACTG
GACACCACGT TTGTAATCCA CGCCGACACG TCGGTCCCAC GTCGACAGGC
CCCACCGTCC GGTCTGTAGC GTGTACGTAT TCGGGCGACG GACGTGTCGT
CGTCGTCTTG CGAGTCCCAT TCCCATCACC ATCTGAGCCA CACATCCTCT
GAACAAAAGC AGGGAGGCCT CTACGCACAT CCCCCTTTCT CCCACTCCGT
GTCCGTGGCA CCCACCCCAA ACCCTCGCGC CGCCTCCGAG ACAGCCGCCG
CAACCATGGC CACCG

FIG.3
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(i") SEQUENCE CHARACTERI STI CS: (A) LENGTH: 413 base pairs

(B) TYPE: rwep@paci d (C) STRANDDNESS: single PCT/US9511199( D)
TQPOLOGY: | i near (ii) MOLECULE TYPE: DNA (genonic) (rii)
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D NO _1: TCTAGAGAAA CT CTACT AATAAAAATT ATTTTTAGCA
TATTTTAGTA CTGINGTTTA 60  TATTTNNAAA T GTT TAACTAAAAG TGCACCGCTA
AACCACCGTA AATCCAAAGA 120 WD 96107746 '
PCT/ US95/ 11199 ‘ oo en—S53
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-~ 24 - GACCGTAAATT, CTCTTCCACG CACTCTGTCG TGTACCAACG TGCTGTGGAA ACGCTCACGT
180  ACCTTTGIGT ATTATGTACG GATTCGGGCA ACGGACATTT CGACGICGGT TTGCCAGTCC
240  NATMIZORETI46 GAACCACAC ATCTCTGAAC AAAAGTAGGG GAGCGCCERSTASPRY®TCC 300

TTTCCCACAA TCCCACTCCG TGCCAGGTGC CAS AAGCCCTCGC GCCGCTCCGA 360
GACAGCCGCC CGCAACCATG GCCACCGCCG CCA CGCCGCGCTC ACC 413 (2)

| NFORVATZON FOR SEQ | D NO 2: . (i) SEQUENCE CHARACTERI STI CS:

(A) LENGIH: 509 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: single =~ (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: DNA (genonic) ° (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 2:

CCGGATTTCC CTGTTGCEGA TTGCGCCTGCA GGTGTGC ACCCCOTTTG 60

FIG.6A FIG.6B

FIG.6C | - FIG.6D
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GATTCCCTTG TCTGEECCCC TTGIGICAGT ACCGTCTGTA CTCCGATGAC ATGCACCGTC 120
GTCCACAGTC AAGTCCAAAA TCTCCCCTCT TTTTTTTAAC GGAACAGTITC AAAACCTCCT 180
TGACOCACGSYG earédGdd¢CT AC CAGCACTCGG TGGACAAC GITTGTAATC CAGCRO®ASRAs 11340
CGTCGGTCCC ACGTCGACAG GCCCCACCGT CCGg;gé:TA GCGTGTACGT ATTCGGGCGA 300
CCGACGTGIC GTCGICGICT TGCGAGTCCC ATT CA CCATCTGAGC CACACATCT 360
CTGGAAAA GCAGGAGGC C CTCCACGCAC ATCCCCCTTT CTCCACTCCG GICCGTGGCA
420 CCCACCCCAA ACCCTCGECEC CGCCTCCGAG ACAGCCGCCG CAACCATGGC CAcCcaeeaece
480 GCCQCGTCTA CCGCGCTCAC TGGCGCCAC 509 (2) INFORVATION FOR SEQ I D.
NO: 3: (1) SZQUNCZ CHLARACTERI STI CS: (A) LENGTH: 829 base
pairs (8 TYPE. nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear

FIG.7A " FIG.7B

FIG.7C " FIG.7D
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(1i) MOLECULE TYPE: DNA (genomic) WD 96/ 07746

PCT/ US95/ 11199 - 25 - (xi)
SEQUENCE D¥GefPP#¢ ON: SEQ | D NO. 3: CTGCAGGTCA ACGGATCACECERISIAAGAT C
CCAGCTAAAA ACAGTAAAAA GGGGGAAAAC 60 GAGT TGAGTCTGTC TTGTGGAAA
AACGTTTTAG TTTCTCCTGG AATTAACAAT 120 . CAGTT GAACAAGATT GACTGTTCCT

CCOGGGGGGT TTGGAACATC GITACAGATG 180  TGAGCGAAG GTGAGGAAAC AGAGCGGAGG
GCTTGAGGT GACCTCGGTA GICAGACGCC 240  GGAGITGAGC TTGATGACGA CACCGTACTG
GCGTACCAGG CCTAGTAGTG AACACCGGEEC 300 '

£
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St hd L

C'I('GAAGCTGT CGCCECCECT GCTCATCTTG TNGGCTGTGC NCGGIGTCCC TGTGCGAT 360
TGCGEGIGEC AGCCTGGCAG GTGEGTGCGA CCCGTTTGGA CTCCCTGATC TGGEGCCCTT 420

-t kg LI I N ) e D e _’_\-; hle TAL BN S AL and LI IV Wy PR IS T TS T Y
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GFGTCAGTAC CGICTGTACT CCGATGACAT GCACANCGIC GTCCACAGIC AAGTCCACAA 480
TCTCCCCTCT TTTTTTAACG GAATAGITNC AAAATCTCCT TGACGCACGC TATCGTGTAC 540

CAGCGCTCAC TGGACACCAC GTTTGIAATC CACGCCGA@E -CGTCGNTCCC SUBBITATAE SHEET

GCCCCACCGT CCGGTCTGTA GCGTGTACGT ATTCGGEGCAA CGGACGTGTIC GICGTCGICT 660
TGCNNNGTC CCANNNCCCA TCACCATCTG AGCCATCACA TCTCATGCGT GAANAAAAGC 720
AGGGAAGGCC TCTACGCACA TCCCCCTTTC TNNCTKERNMS-CGTGTCCGT GGCACCCAGG 780

GEARACCCTC CReCCeT & A CACA CH FeRRIAC e JARA OB iA%ing an asias

promoter for expression of genes in plants and a

~ sequence encoding a heterologous gene.

An isolated nucleotide sequence comprising an AHAS

prbmoter for expression of genes in plants and a

sequence enceding a heterclogous gene; wherein the

AHAS promoter is selected from promoters for the alsl

and als2 genes of maize.

An isolated nucleotide sequénce comprising an AHAS

promoter for expression of genes in plants and a

sequence enceoding a heterologous gene; wherein the

AHAS promoter is melected from:

(a) the nucleotide sequence of Claim 1 comprising the
sequence of Figure 1, SEQ. ID. No. 1;

(b) the nucleotide sequence of Claim 1 comprising the
sequence of Figure 2, SEQ. ID. No. 2; or

(¢) the nucleotide sequence of Claim 1 comprising the
segquence of Figure 3, SEQ. ID No. 3.

An isolated nucleotide sequence comprising an AHEAS

promoter for expression of genes in plants and a

sequence encoding a heterologous gene; wherein the

AHAS promoter is the promoter for als2 in maize.

The sequence of Claim 1, in which promoter sequence is

obtained from a monocot. | _

The sequence of Claim 1, in which promoter sequence is

obtained from waize,

A transformation vector compriging nucleotide sequence

of Claim 1, 2, 3, 4, 5 or 6.

A plant cell comprising the vector of Claim 7.

A mature plant comprising the nucleotide sequence of
Claim 1, 2, 2, 4 5 or 6.
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- 26- 1. "AN isol ated nucl eotide sequence conprising an AHAS

pronoter for expression of genes in plants and a sequence encodi ng a
het er ol ogous gene. 2. An isol ated nucl eoti de sequence conprising an AHAS
pronoter for expression of genes in plants and a sequence encodi ng a
het er ol ogous gene; whetein the AHAS2pronDt er | s SEBSTITUTE r SHEET

pronoters fog.the,als a I .genes | ) ksol.a

nucl eoti de séauen@emggﬁﬁldi 8Fn§g§%‘*§é\£\g§ S hg%?%ﬁgﬁgrbu%ogeé prlglssgi ggg&;

- genes in plants aad pg_:h levedacand éncdiiffgranketésehegoof gand; phasktei n

t he AHAS pro I : ) n okj nce
of Claim1l conpri g?ﬁ‘g’ thgnﬁe %ﬂsége ué'ﬁces%#@FP%Erﬁg ngﬁééE%hgﬁﬁéeﬁgg 1;
(b) the nucl eoti 8eqyensened SdadMilm £.cGwprésihdPx He sequence of
Figure 2, SEQ ID. No. 2; or (c) the nucl eotide sequence of Claim1l
conprising the ' sequence of Figure 3, SEQ, ID No. ‘3. 4. An

i sol ated nuctdoti ﬁe“é’é'd@éﬁcg ?Q?Eﬁgﬁﬁ ﬁﬁ)ﬂsﬂ%nﬁr dhift eFeFYrRE& pPEssi on
of genes in plantglang a, 2, sSeqyescerercodi ng a het erol ogous gene; wherein
t he AHAS pronoter is the pronmoter for als2 in nmaize. 5. The sequence
of Claim1, in which pronoter sequence is obt ai ned -from a nonocot. 6.
The sequenceldf CRaimdleia wiciich ponsorectserfiefdaims 11 wilsradimedtheom

ga;ren 17- ) A3t ri“ﬁ%ﬁ%rﬁ?ﬁ’gbﬁgu\éecé&{e CREPI 5L "huERAdACsSEHUARES is a O
"7 7 'mutant gene capable of conferring resistance to a

selectable, tranggenic material.

13. A nucleic acid construct of Claim 12 wherein the

'~ heterologous gene of the nucleotide sequence is an
AHAS gene. _

14. A method of using a nucleic acid construct as a
_selec‘;able marker, wherein the nucleic¢ acid construct
is the construct of claim 12, the method comprising
the steps of:

{a) recombinantly transforming a plant material by
inserting the nucleic acid construct;

(b) placing the plant material on a grewth medium
comprising a compound;

() identifying the plant materials capable of -g_rowt:h
in the presence of the compound.

- 15. The method of Claim 14 wherein the mutant gene is an
AHAS gene.

15. The method of Claim 14 wherein the compound is a
| imidazolinone ér sulfomyl urea compound.

REPLACEMENT SHEET | -
H!Illlj I |||J| ||||J [l

3 1 MAR 1997 |
AMENDED SHEET TOTAL P.026

L e TR )



(71) Applicant (for all designated States except US): AMERICAN
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8:f_ A plant. cell conprising the vector qu'l_‘,s 53\ f“"_ D nt +
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(54) Title: ACETOHYDROXYACID SYNTHASE PROMOTER EXPRESSION OF INTRODUCED GENES IN
PLANTS
(57) Abstract

The present invention is directed to isolated non-coding nucleotide sequences useful as promoters for heterologous gene expressionin

plants. The present invention is also directed to vectors and plant cells comprising the isolated nucleotide sequences. AHAS promoters

frommammusedﬁoexpressmtroducedgenesathlghlevelsandinvanousplantﬂssms Promoters from the als! and als2 genes of
maize are cloned and sequenced, andﬂ)epmmoteneglonsfromthesegemsmthenmu'oducedmtoaplasmldftothereporuergene
beta-glucuronidase (GUS). Both promoter fragments are from the XI12 maize line. The alsl promoter fragment is approxlmaﬁely 1400
base pairs long, whemasthealsZpromowrfragmentconmnsswbasepm




t he steps of:
I nserting the nucleic acid construct;

on a growth

(a)

medi um

reconbi nantly transform ng a pl ant nﬁterial,by
(b) placing the plant nateri al
conpri si.ng a conpound; (c) identifying

the plant materials capable of growth

conpound.  15.

AHAS gene.

i m dazol i none or qufoxyI

in the presence of the

15. Thé nethod of O aim 14 wherein the conpound Is a
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£ e

urea caonpound.

The method of O aim 14 wherein the mutant gene is an
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