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·ketoltydroxyac1d synthase promoter for expression of 

introduced genes 1n plants 

PZBLD 01' '.rllB DIVBNUOR 

The present invention is directed to 
isolated non-coding nucleotide sequences useful as 
promoters for heterologous gene expression in plants. 
The present invention is also directed to vectors and 

5 plant cells comprising the isolated nucleotide 
sequences. 

BACltGRoUND OP '.rllB DIVJ51.ft'IOR 

The Plant Kingdom is divided into two phyla, 
the Bryophyta and Tracheophyta. The phylum 

10 T~acheophyta includes over 266,000 species grouped 
into four subphyla. Subphylum pter~psida includes 
Class Angiospermae. This class is divided into two 

subclasses, the dicotyledons (dicots) and the 
monocotyledons (menocots) • 

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 grasses. '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 larger 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, sunflower, elm, oak, 
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and mapl~represent 19 of the 250 families of dicots • 
. r ~he genetic information within a DHA 

molecule usually serves as the template for the 
synthesis of a large number of shorter RNA molecules, 

5 most of which in turn serve as templates for the 
synthesis of specific polypeptide chains. Specific 
nucleotide segments, (often called promoters), are 
recognized by RNA polymerase mo_lecules that start RNA 

10 
synthesis. After transcription of a functional ~ 
chain is finished, a second class of signals leac:ls:to 
the termination of RNA synthesis and the detacbment 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. 
David McBlroy, et al., (1990) noted that. 

transient expression assays of a construct in which 
the promoter from the rice actin 1 gene (Act 1) wa~ 

20 fused to the bacterial ~-glucuronidase gene (GUS) $11 
transformed rice protoplasts showed that the actin . 
promoter drives high levels of gene expression. This 
expression was about 6-fold greater than ~t seen . 
with the maize alcohol dehydrogenase 1 gene (Adhl) 

25 promoter, and is dependent on the presence of an 
intact Actl 5' intron. 

David McBlroy, et al., (1991) noted that 
optimized vectors for monocot transformation were 
constructed using either the Cauliflower Mosaic Vi%1Us 

30 (CaMV) 35S promoter or the Actl promoter. Transie~t 

expression assays were done on both transformed ric,e 
and maize protoplasts. Addition of the Actl intron 
and optimized GUS translation initiation 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 GUS 

.. 

f 
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expressicm:in transient assays of wheat, oat, barley 

and ~f~~ protoplasts. 
· Wanggen Zhang, et al., (1991) noted that :Ln 

situ hybridization studies of transgeni~ rice plants 

5 .carrying an Actl-GUS gene fusion showed that the Actl 

promoter has a constitutive pattern of expression in 

both vegetative and reproductive tissue. 
Jun Cao, et al., (1992) noted that 

transgenic riQe plants were selected.on bialophos 

10 following transformation with the bar gene expressed 

under the control of either the CaMV 3SS promoter or 

the rice Actl promoter. 
·Alan B. Christensen, et al., (1992) noted 

that Maize protoplaats transformed with a maize Ubi-1-

15 CAT gene fusion showed ali?Prozimately 10-fold higher 

levels of CAT activitythan maize cells transformed 

with a CaMV-3SS-GUS gene fusion in transient 

expression assays. Northern blot analysis of Ubi-1 

and Ubi-2 transcript levels following heat shock of 

20 maize seedlings demonstrated that both genes are 

expressed constitutively at 2SC, but are induced 

following the heat shock. 
Seiichi Toki, et al., (1992) noted that 

stably transformed transgenic rice plants were 

25 obtained following electroporation-mediatad 
transformation of the J:>ar gene expressed under the 

control of the maize Ubi-1 promoter and selection on 

bialophoa. Thia result demonstrates that the Ubi-1 

promoter can be used t~ drive au~ficiently 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 control of the maize Ubi-1 promoter, 
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followe~~Y selection on bialophos. This result 
demon•trae~s that the tJbi~l promoter can be used to 
drive sufficiently high levels of gene expression in 
wheat to allow for selection and regene~ation of 

5 fert~le, transgenic plants. 
Yuechun Wan, and Peggy G. Lemawc, (1994)' 

noted that stably transformed, fertile barley plants 
were obtained after microprojectile bombardment of 
embryonic barley tissues with both the bar gene and 

10 GUS, each being expressed under the control of the 
maize tJbi-1 promoter, followed by selection on 
bi_alophos. Thia result demonstrates that the tJbi-: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. An 
experiment invoiving bombardment of a mDa.11 number! of 
plants with either tJbi-bar "or CaMV 35S~bar showed no 
significant difference in the number of transformahta 
obtained. 

20 Junko Xyozuka, 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 plants.was examined 
to determine the pattern of GUS expression. 'l'he 

. . 

25 maize Adhl promoter was found to promote constitutive 

30 

expression in all parts of the plants examined. A. 
had been previously demonstrated for·Adh1 expressibn 
in maize, the Adhl-driven GUS expression was induced 
in roots by anaerobic conditions •. 

. . . . . i 
D. I. Last, et al., (1991) noted that whf!n 

the maize Adhl promotet- was modified by addition of 
multiple copies of the Anaerobic Resp0nsive element of 

; 

the maize ADBl gene and ocs elements from the octopine 
synthase gene of Agrobacterium tumefaciens (pBmu).' In 

35 transient expression assays of protoplasts of 
different moncot species transformed with pEmu-GUS~ 

.. 
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the best --construct, gave 10-50-fold higher levels of 

expr~,~~ than the CaMV 35S promoter i~ wheat, maize, 
rice, einkorn, and lolium multiflorum. 

Robert Bower and Robert G. Birch (1992) 
' 

5 noted that stable transformants were obtained 

following transformation of embryogenic callus of 

sugarcane with the neomycin phosphotransferase gene 

under the control of the Bmu promoter. 

D.A. Clutmberlain, et al., (1994) noted that 

10 the Bmu promoter was used to drive the expression-of 

four different selectable marker genes (neomycin 

phosphotransferase, hygromycin phosphotransf erase, 

phophinothryicin N-acetyltransferase and a mutant 

acetolactate synthase conferring herbicide resistance) 

15 that were transformed 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 obtain transformed cereals. 

20 A review of promoter elements used to 

control foreign gene expression in transgenic cereals 

has recently been published and is herein incorporated· 

by reference. (McBlroy and Brettel, 1994) 

A number of promoters are currently being 

25 used for transformation of dicotyledonous plants. 
These promoters come from a variety of different 

sources. One group of commonly used promoters were 

isolated fram Agrobacter:Lum tumefaciens, where they 

function to drive the expression .of opine synthase 

30 genes carried on the T-DHA 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., 

35 1985; It.B. McBride and It.R. Summer.felt, 1990) and the 

nopaline synthase (nos) promoter (M.W. Bevan et al., 
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1983; ll~Berre~a-Estrella et al., 1983, R.T. PralEfY et 
al., fl.983> M. De Block et al., 1984, R. Bain et al., 
1985) • ·These promoters are active in a wide vari.ty 
of plant tissue. 

-drive 
Itridl 
Virus 

Several viral promoters are also used t9 
heterologous gene expression in dicots (J.C. 
and R.M~ Goodman, 1986). The cauliflower Mo~aic . . . . . ! 

. i 

35S promoter is one of the promoters used ~st 
often for dicot transformation because it confers 

1high 
10 levels of gene expression in almost all tissues tJ. 

Odell et al., 1985; D.W. OW et al., 1986; D.M. Shah et 
al., 1986). Modifications of this promoter are also 
used, including a conf~guration with two tandem 35:S 
promoters (R. Itay et al~,1987) and the mas-358 

. . ' . . 

15 promoter (L. Comai et al .• , 1990), which consists o;f 
the mannopine synthase promoter in tandem with the, 35S 
promoter. ·Both of these promoters drive even higher . . . ! 

levels of gene expression than a single copy of th~ 
35S promoter. Other viral promoters that have be~ 

20 used include the Cauliflower Mosaic Virus 19S prompter 
(J. Paszkowski et al., 1984; E. Balazs et al.) and the 
34S promoter from the figwort mosaic virus (M. Sanger 
et al., 1990). 

Studies of AHAS expression in a number of 
25 plants indicates that AHAS is expressed.in all pla:h,t 

tis1111es. Gail Schmitt and Bijay IC; Singh (1990) n~ted 
that enzyme assays performed on various tissues of: 
lima bean demonstrated that AHAS activity was pres'9Jlt 
in all tissues tested, including.leaves, stems, ro~ts, 

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

Sharon J. Ithet!tler et al., (1993) noted that 
; 

tobacco contains two genes encoding acetohydroxyac~d 
35 synthase, SurA and SurB. Both genes appear to be 

expressed in all tissue types, with about a four-fold 

( 
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variation-in the level of expression in different 

tissu'8:~peveloping organs appear to have the highest 

levels of expression. Zn situ hybridization studies 

demonstrated that the highest levels of expression 
' 

5 were consistently ·observed in metabolically active or 

rapidly dividing cells. SurB was expressed at higher 

levels than SurA in all tissues ex•m:lned. 

'l'herese Ouellet et al., (1992) noted that 

Brassica species contain multigene families encoding 

10 acetohydroxyacid synthase. Four of the five AHA& 

genes have been identified in Brassica napus. RNAse 

protection assays using gene-specific probes were 

performed to determine the patterns of expression of 

the different members of the gene family in various 

15 Brassica species. Two of the genes, AHASl arid ABAS3, 

were found to be expressed constitutively in all 

tissues examined. ABAS2 transcripts were detected 

only in the reproductive organs and extra-embryonic 

tissue of seeds. Transcripts encoded by the fourth 

20 gene, AHAS4, were not detected and it is therefore 

believed that this represents a pseudogene. 

Dale L. Shaner and N. Moorthy Ma.llipudi 

(1991) noted that comparison of AHAS activity in young 

corn leaves and BMS cells gro'Wll 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 ~ith tobacco and.lima bean which 

30 demonstrated that younger, actively dividing tissues 

have more AHAS activity than older tissues. 

Svm:@.Y OP '.rJIB DIVBlft':IOR 

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 
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of maiz"_are cloned and sequenced (figure 1, fi~re 2, 
figuJte 3)'",_ and the promoter regions from these g•es 
are then introduced into a plasmid 5' to the rep~rter 
gene beta-glucuronidase (GUS). Both pr.omoter 

5 fragments are from the XI12 maize line. 'l'he als~ 
promoter fragment is approximately 1400 base pai~s 
long, whereas the als2 promoter fragment contains: 819 
base pairs. 'l'o determine the activity of the Amf 
promoters, the chimeric plasmids are then transfe~red 

. I 
10 into maize Black Mexican Sweet protoplasts and r:f:be 

protoplasts for analysis of transient expression . 
. . . . . . ' 

levels. Por comparison, protoplasts are also 
transfoJ:med with a plasmid with the CaMV 35S prom.Pter 
driving the GUS reporter gene. 'l'he expression of, the 

15 chimeric plasmids in the maize cells is determined by 
analyzing th• GUS enzyme activity. 'l'he activ~ty ~f 
the corn als2 promoter w..s equal to or higher ~ the 
activity of the CaMV 35S promoter in both cell type~ 
(Figure 4). Figure 5 shows the results of beta-

20 glucuronidase assays performed on maize BMS cell lines 
stably transfoJ:med with either pCD221B (als2-QUS-oas 
teZD.inator plasmid) or pAC400 (CaMV 358-QUS-oas 
teZD.inator plas.m1d) • Analysis of AHAS mRHA 

distribution by 1D situ hybridization of radiolab.led 
. ! 

25 RNA probes to plant tissue shows that the maize AJirAS 
promoters are active in most plant parts (figure $, 
figure 7, figure 8). 

The activity of the Arabidopsis AHAS 
promoter is analyzed in.Arabidop~is plants that are 

30 stably tran.sfo~ed using Agrobaaterium tumefaaieD~. 
'l'he upstream promoter region of the Arabidopsis AHAS 
gene is fused to the GUS reporter gene, inserted into 
the binary vector pBINl.9 and used to transform 
Arabidopsis. Analysis of transformed plants shows GUS 

I 
35 expression, (indicative of the promoter activity) ,in 

most plant parts. 

( 
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·~~igure 1 discloses the AHAS promoter 
,( 

sequence ALS1 fram ma:Lze XA17. 

Figure 2 discloses the AHAS p~omoter 

5 sequence ALS2 from maize XA17. 
Figure 3 discloses the AHAS promoter 

sequence ALS2 from maize XI12. 

PCT/US95/11199 

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-Gt1S-ocs terminator plasmid) or pAC400 

(CaJIV 358-GUS-oc:s ter.minator plasmid). The GUS 

activity is calculated as pmol/min/mg proteip. 

15 Results are from three independent experiments. 

Figure 5 is a bar graph representing the 

beta-glucuroni<i;ase 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). Cit 

designates untransformed control tissue. 'l'he GUS 

activity is calculated as pmol/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 (SSU-) or S~U antisense strand 

30 (SSU+) 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) ABAS+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, 
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AHAS+ Ft9fe; b) _embryo and suspensor, AHAS- probe; c) 
pericArp, '~leurone and endosperm, AHAS- probe; d) 
pericarp, aleurone and endosperm AHAS+ probe. 

Figure 8 - I.n situ hybridization studies: of· 
5 apical meristem of young corn plant prepared as 

described in Figure 6. a) and b) AHAS+ probe; c) and 
d) AHAS- probe. 
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·~ . 

.r ' 

Scientists are exploring ways to use genetic 

modification to confer desirable charac~eristics on 

5 plants. Genetic engineering techniques used to 

improve characteristics such as taste, texture, size, 

pest resistance and herbicide-resistance, color, 

acidity or sweetness of food crops are being explored 

as a much faster strategy than traditional methods of 

10 cross-breeding. 
The present invention is direct~d to AHAS 

promoters from maize and Arabidopsis and vectors and 

plant cells comprising these promoters. (l'or purposes 

of this application a promoter is defined as a 

15 nucleotide sequence found upstream of a gene that act• 

as a signal for the binding of the RNA polymerase.) 

The alsl and al-s2 genes of maize are cloned and 

sequenced and the promoter regions from these genes 

are then introduced into a plasmid 5' to the GUS 

20 reporter gene. l'or purposes of this application a 

reporter gene is defined as a nucleotide sequence 

which is fused down.stream of the_promoter of interest, 

so that transcripts initiating at the promoter proceed 

through the reporter gene. Reporter genes encode some 

25 easily measurable enzyme activity1 for example, in the 

preaent inventiqn the expression of chimeric plasmids 

in maize cells is determined by analyzing the beta­

glucuronidase (GUS) enzyme activity. 

One skilled in the art.should appreciate 

30 that AHAS promoters 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 limited to genes for herbicide 

resistance, detoxification and resistance towards 

35 plant pathogens. 
The claimed promoters can be used for 
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heterol'°lt;ous gene expression in monocoly1edons, 
inclufling '·but not· limited to maize, rice, wheat, 
barley, sorghum, oats, rye and mi11et. One skill•d in 
the art should also appreciate that the c1aimed 

5 promoters will also drive expression in dicotyledons, 
I 

although expression of monocot promoters in dicot. is 
expected to be at lower levels than in monocots. 

One skilled in the art should appreciat• 
that the maize als2 promoter can be used to drive:gene 

10 expression in other monocot species. l'or example-) the 
rice Actl promoter drives gene expressi0n in.maiz~ 

• . . . ·. . . . . I 
protoplasts, the maize Bmu promoter has been used to 
select transgenic whe~t, barley and rice, and the' 
Arabidopsis AHAS promoter, a dicot prcmaoter, has ~een 

15 used to drive AHAS gene expression in transgenic 
tobacco and transgenic potato. The claimed maize'als2 
performs best in maize, but also drives gene 

expression in an.other monocot. Based on studies done 

20 

25 

in maize and other species, this promoter should drive 
constitutive expression of a gene throughout a plant. 

• i 

The highest levels of expression is seen in eithei 
actively dividing or metabolically active tissue. 

A variety of different techniques well ~own 
i 

by those skilled in the art including, but not l~ted 
to, microprojectile bombardment, PBG-mediated i 

transfoJ:mation,_electroporation, and silicon fibeJi.s 
have been used to transfo:r:m monocot crops. All of! 
these techniques involve the use of DD vectors for 
delivery of the nucleotide sequences to he 

30 transfo:r:med. Vectors suitable for use in the pre•ent 
; 

invention include, but are not limited to, vectors 
carrying marker genes used for the selection ()f 
transgenic material, 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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illustrat:e"the invention and is not -to be construed as 

in anr 'Jliiy limiting on the invention. 

The efficiency of the alsl and als2 
promoters is assessed by measuring GUS activity in 
maize and rice protoplasts or maize cell lines 
carrying constructs in which these promoter sequences 

10 are fused.to the GUS gene. The preparation of the 

vectors and transformation protocol is described 

below. 

15 

Constructs containing the C!bineric CellV 358-GUS, alsl~ 

GUS and als2-GUS Gell.es 

Plasmid pAC400 is a pUC19-based plasmid 
containing a fusion of the 418 base pair (pb) BcoRI­
XbaI fragment of the CaKV 35S promoter cloned upstream 
of a 1.7 kb XbaI-PstI fragment containing the GUS gene 

20 and a 700 bp PstI-BamBI fragment containing the 
octopine synthase terminator. The alsl and als2 genes 
are obtained by screening a genomic library.prepared 

from aaize line XI12. An BcoRI-NcoI fragment 
containing 1.4 kilobase (kb) of sequence upstream from 

25 the A'l'G initiation codon of the alsl gene is subcloned 
into pAC400 in place of the CaKV 35S promoter to 

create pCD223B. An 819 bp PstI-NcoI fragment upstream 
from the A'l'G of als2 was subcloned in front of the 

same GUS-ocs terminator fusion i~ pBluescript® xs-
30 (Stratagene) to create pCD221B. The sequence of the 

als2 promoter from maize XI12 is presented in Pigure 
3. 

Transformation and Assay of Protoplasts of Rice and 

35 Maize 
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·~ Protoplasts are isolated from rice (Nor~ai) 
or ma1ze -.(Black Mexican Sweet; BMS) suspension ce1ls 
and transformed with pAC221B or pAC400 according to 
the PBG-mediated transfoz-mation protocols of L.A. 

5 Lyznik et al. (1989.) and J. Y. Peng et al. (1990) • . Por 
transient assays, transformed rice protoplasts are 
plated on Millipore filters placed on top of medi~ 

10 

containing feeder cells and transformed BMS 
protoplasts are cultured in 3 ml of liquid medium+ 

. . . . i 
'l'wo days after transformation, protoplast cultur-. are 

I 

collected and extracted with GUS extraction buffer~ 
GUS activity is measured fluorimetrically according to 
the protocol of R.A. Jefferson (1987). 

To recover stable transfo~ts from maize 
15 BMS.culture, protoplasts are co-transformed with 

pPP19E (containing the selectable marker gene encoding 
neomycin phosphotransferase) and pCD221B or pAC400. 
After transformation, protoplasts are cultured on 
Millipore filters placed on top of medium containing 

20 feeder cells. one week later, the protoplasts 
cultures are transferred to medium containing feeder 
cells and 100 mg/1 kanamycin. Protoplasts cultures 
are transferred to fresh MS medimn with 100 mg/1 
kanamycin until resistant calluses became visible.· 

25 Individual kanamycin resistant callus is picked aDc:l 

grown for two to three more weeks in the presence of 
kanamycin. ltanamycin-resistant callus is stained with 
X-Gluc or assayed with MUG.according to the protocol 
of R.A. Jefferson (1987) to scre4!tJ1 for GUS-positive 

30 callus. Callus identified as expressing GUS is ground 
.. 

in extraction buffer and assayed; GUS activity is 
measured fluorimeterically. 

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

35 A mutant maize AHAS gene conferring 
resistance to imidazolinone herbicides and driven by 

( 
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the maize-als2 promoter is used as a selectable marker 

to obta:fk transgenic callus after transformation of .r , 
both BMS and Al88 x B73 cells and rice cells. This 

result supports the idea that the als2 promoter drives 

5 sufficiently high levels of expression to drive marker 

gene expression. 

In situ Hybridization 
Slides are prepared essentially described by 

J. A. Langdale et al (1988). Tissue is fixed in 4% 

10 ·formaldehyde, dehydrated in ethanol, cleared with 

xylene and embedded in paraf ilm. Tissue is sliced 

into 8-10 pm sections and placed onto slides coated 

with poly-L-lysine. Paraffin is r~oved with xylene 

and tissue is rehydrated by washing in ethanol and 

15 rinsing in ~ater. RNA probes are prepared from both 

strands (+.and-) of a 172 nucleotide (nt) fragment 

from the als2.encoding region and a 392 nt fragment 

from the SSU coding region using the Ambion Maxiscript 

® kit. Slides are hybridized acco~ding to the 

20 protocol of Meyerowitz et al (1988) at 50°C overnight 

in a 1:4 dilution of SPB [100 µl of 10 X salts (3M 

NaCl, lOmM Tris p.H. 6.8, 50 mM DTA); 400 µl· 

formamide; 200 µl 50% dextran sulphate; 40 µl 10 mg/ml 

tRNA; 10 µl 1 MDTT; 50 µl 10 mg/ml poly A) with probe 

25 denatured in 50% formaldehyde and lOmM DTT at 80°C for 
30 seconds. Slides are washed 2X 15 minutes in Wash 

Buffer (lX salts, 50% fo:cmamide, 10 mM Tris pH 8, 1mM 

BDTA and 10 mM DTT) at 50°C, treated with RNase A (20 

µg/ml in NTB_ for 30 minutes at ~7°C, washed SX in NTB 

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. Slides 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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and rins~ again in water. Tissue is stained with 
Alcie4 Bl~~ and destained in ethanol and xylene. 
After mounting with Permount, tissue is observed using 
a dark field microscope. 

5 The data from in situ hybridization 

10 

15 

experiments in l'igure 6-8 shows that the gene is ~lso 
expressed throughout the maize embryo. 

It is possible to evaluate the expressio~ of 
the AHAS promoter by: 

1. constructing an als2-GUS fusion g~ and 
determining the pattern of GUS activity within 
transgenic corn or rice plants. Previous studies 
using a maize promoter have demonstrated the 
feasibility of evaluating maize promoter expression in 

. . i rice (Junko Kyozuka, et.al., 1991). After selectipn 
of transgenic plants, histochemical analyses are 
performed on plant tissues at various stages of . 
development to determine both tissue- and cell typ~­
specifici ty. This technique is commonly used to 

20 evaluate promoter activity in both monocots and 
dicots. 

2. transient expression assays are 
pe~formed on protoplasts prepared from different p~ant 
species following transformation 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 int.erest and incubated to aliow 
the introduced gene to be expres•ed and the protei~ to 

30 accumulate. J'ollowing the incubation, the cells a~e 
assayed. for the presence of the protein encoded by the 
transgene to determine the efficiency of the promoter 
driving transgene expression. 

•· 
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SBQlJBNCB LIS'l'IRG 

·~· 
(1) ommlfAL IDORMATJ:OR: 

(i) APPLICAR'l': Dietrich, Gabriele 
.. 

(ii) TJ:TLB 01' J:RVBRTJ:OR: Ron-coding mm 5' to.the structural gene 
(promoter) for acetohydroxyacid synthase (AHAS) is useful 
for the expression of introduced genes in plants. 

(iii) RDllBBR 01' SBQUBHCBS: 3 

(iv) CORRBSPORl>BRCB Am>RBSS: 
(A) Al>DRBSSBB: American Cyanamid company 
(B) STRBBT: One Cyanamid Plaza 
(C) CITY: Wayne . 
(D) S'l'A'l'B: Rew Jersey 
(B) COtm'l'RY: United States 
(I') ZJ:P: 07470-84~6 

(v) COHPU'l'BR RBAl>ULB FORK: 
(A) llBDJ:Ull TYPB: l'loppy disk 
(B) COMPlJ'l'Bll: J:Bll PC·compatible 
(C) OPBRATJ:HG SYS'l'BM: PC-DOS/HS-DOS 
(D) SOl'TWUB: PatantJ:n Release #1.0, Version #1.25 

(vi) ctrR1tBRT APPLJ:CA'l'J:OR DATA: 
(A) APPLICA'l'IOR RDllBBR: US 
(B) l'J:LJ:RG DATB: 
(C) CLASSJ:l'ICATIOR: 

(viii) ATTODBY/AGBRT IDOllllA'l'J:Olf: 
(A) lfAKB: Barrington, James J. 
(B) RBGJ:STRA'l'J:Olf RmlBBR: P38,711 
(C) RBl'BRBRCB/DOCKBT RDllBBR: 32,348 

(ix) 'l'BLBCOHMtJRICA'l'IOR J:DORMATIOR: 
(A) TBLBPBORB: 201-831-3246 
(B) 'l'BLBl'AX: 201-831-3305 

(2) J:DORMATJ:Olf l'OR SBQ ID RO:l: 

(i) SBQUBRCB CllARACTBR:tSTJ:CS: 
(A) LBRGTB: 413 base pairs 
(B) TYPB: nucleic acid 
(C) STRAIU>BJ>HBSS: single 
(D) TOPOLOGY: linear 

(ii) llOLBCULB TYPB: J)1'A (genomic) 

(iii) HYPOTBB'l'ICAL: RO 

(iv) ARTI-SDSB: RO 

(xi) SBQlJBNCB DBSCRIP'l'IOR: SBQ ID RO:l: 

'l'C'l'AGAGA.•.A C'l'AAAC'l'AC'l' AA'l'.AAAAA'l'T A'1'T'1'T'l'AGCA TA'l'T'l'TAG'l'A C'l'G'l'RGTT'l'A 
60 

'l'AT'l"l'HNAAA TGATAAAG'l'T TAACTAAAAG TGCACCGCTA AACCACCGTA AATCCAAAGA 
120 
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GACCG'l'AAAT,~C'l"rCCACG CACTC'l'GTCG "l'G'rACCAACG TGC'l'G'l'GGAA ACGC'l'CACGT 
180 . 

t ... 

ACC'l"l"l'G'l'GT A'l"1'A'l'G'l'ACG GA'l"l'CGGGCA ACGGACA'l"l"1' CGACG'l'CGG'l' 'l"l'GCCAGTCC 
240 . . 

HA'l"l'CCCA'l'C 'l'GAACCACAC A'l'C'l'CTGAAC · AAAAG'l'AGGG GAGGCGCCCG CG'l'AGCCCCC 
300 . 

'l"l"l'CCCACAA 'l'CCCAC'l'CCG 'l'GCCAGG'J.'GC CACCC'l'CCCC AAGCCC'l'CGC GCCGC'l'¢CGA 
360 

GACAGcCGCC CGCAACCA'l'G GCCACCGCCG CCACCGCGGC CGCCGCCK:'l'C ACC 
413 

( 2) :INl'ORMA'rl:O:R J'OR SBQ m HO: 2: 

(i) SBQUBHCB CDRACTBR?ST:CCS: 
(A) LlDtQ'l'B: 509 base pairs 
(B) '1'DB: nucleic acid 
·cc> S'l'RARI>m>nss: single 
(D) TOPOLOGY: linear 

(ii) JIOLBCULB TDB: ma {g•nomic) 

(xi) SBQUBHCB DBSCR:CPT:COlh SBQ :CD HO: 2: 

CCGGA'l"l"1'CC C'l'G'l"l'GCGGA ftGCGGGTGG CAGCC!TGGCA GG'l'GGGTGCG ACCCCGTftG 
60 . 

GA'l"l'CCC'l'TG 'l'C'l'GGGCCCC Tl'GTG'l'CAG'l' ACCGTC'l'GTA C'l'CCGATGAC A'l'GCACCGTc 
120 

G'l'CCACAG'l'C AAG':L'CCAAAA ':L'C'l'CCCC'l'C'l' i"n ii f fAAC .GGAACAG'l"l'C AAAACC'l'CC'l' 
180 . 

'l'GACGCACGC 'l'G'l'CG'l'G':L'AC CAGCAC'l'CGG 'l'GGACACCAC Gh''l'GTAATC CAGGCCGAcA 
240 

CG'l'CGG'l'CCC ACG'l'CGACAG GCCCCACCG'l' CCGG'l'C'l'G'l'A GCGTG'l'ACG'l' A'l"l'CGGGCGA 
300 

CGGACGTG'l'C GTCGTCGTC'l' TGCGAG'l'CCC A'l"l'CCCA'l'CA CCA'l'C'l'GAGC CACACAT<:CT 
360 . 

CTGAACl--UA GCAGGGAGGC C'rCCACGCAC ATCCCCC'l"l"1' C'l'CCACTCCG GTCCGTGGCA 
420 . 

CCCACCCCAA ACCC'l'CGCGC CGCC'rCCGAG ACAGCCGCCG CAACCATGGC CACCGCcGcC 
480 

GCCGCGTC'l'A CCGCGC'l'CAC 'l'GGCGCCAC 
509 

(2) INFORMATION J'OR SEQ :CD N0:3: 

(i) SBQUBHCB CHARAC'l'BRIS'l':CCS: 
(A) LDG'rH: 829 base pairs 
(B) '1'DB: nucleic acid 
(C) S'l'RANDBDNBSS: single 
(D) TOPOLOGY: i·inear 

(ii) MOLBCULB TYPE: DNA (genomic) 

.. 

f 
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(xi) _,s~~CB DBSCRI1''1'ION: SBQ ID NO: 3: 

C'l'GCAGG'l'CA ACGGATCACC 'l'ATCAACA'l'C CCAGCTAAAA ACAG'l'AAAAA GGGGGAAAAC 
60 

G'l'GGG'l'GAGT 'J.'GAG'l'CTG'l'C 'l"l'G'l'GGAAAA AACGTT'l"l'AG 'l"l"l'CTCCTGG AA'l"l'AACAAT 
120 

AAAAACAG'l"l' GAAC.J.AGA'l"l' GACTG'l"l'CCT crnGGG'l' 'l"l'GGAACATC G'l"l'ACAGA'l'G 
180 

'l'GAGCGAAAG G'l'GAGGl--•-1'.C AGAGCGQAGG GC'l"l'GGAGG'l' GACCTCGG'l'A G'l'CAGACGCC 
240 

GGAGT'l'GAGC 'l"l'GA'l'GACGA CACCG'l'AC'l'G GCG'l'ACCAGG CCTAG'l'AG'l'G AACACCGGGC 
300 

CTGAAGCTG'l' CGCCGCCGCT GC'l'CA'l'C'l"l'G TRGGCTGTGC NCGG'l'GTCCC 'l'G'l"l'GCGGA'l' 
360 

TGCGGG'l'GGC AGCCTGGCAG G'l'GGGTGCGA CCCGT'l"l'GGA CTCCCTGA'l'C 'l'GGGCCCTT'l' 
420 

G'l'GTCAG'l'AC CG'l'C'M'l'ACT CCGATGACA'l' GCACANCG'l'C GTCCACAG'l'C AAG'l'CCACAA 
480 . . 

'l'CTCCCCTCT in:£ ttAACG GAA'l'AG'l"l'NC AAAA'l'CTCCT 'l'GACGCACGC 'l'A'l'CG'l'G'l'AC 
540 

CAGCGCTCAC 'l'GGACACCAC GT'l"l'G'l'AA'l'C CACGCCGACA CG'l'CGN'l'CCC ACG'l'CGACAG 
600 

GCCCCACCG'l' CCGG'l'C'M'l'A GCG'l'G'l'ACG'l' A'l"l'CGGGCAA CGGACG'l'G'l'C G'l'CG'l'CG'l'CT 
660 

'l'GCNN!mG'l'C CCAHNNCCCA 'l'CACCA'l'C'l'G AGCCATCACA 'l'CTCA'l'GCG'l' GAANAAAAGC 
720 ' 

AGGGAAGGCC 'l'CTACGCACA 'l'CCCCCT'l"l'C 'tHNC'l'HHNN'1' CCG'l'G'l'CCGT GGCACCCAGG 
780 . 

GGAAACCC'l'C GCGCCGCCTC CGAGACAGCC GCCGCAACCA 'l'GGCCACCG 
U9 . 
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REPLACED - 26 

r ·~. CLADIS 

An. isolated nucleotide sequence comprising 
an AHAS promoter for expression_ of genes in 
plants. 

'l'he nucleotide sequence of Claim:l 
comprising the sequence· of Figure 1, SBQ. ' 

:ID. No. 1. 

'l'he nucleotide·sequence of Claim 1 

comprising the sequence of Figure 2, SBQ. 

:ID. No. 2. 

The nucleotide sequence of Claim 1 
comJ?rising the sequence of Figure 3, SBQ. 

No. 3. 
:ID 

'l'he nucleotide sequence of Claim 1, 2, 3 or 
·4 in which the plant is a monocot. 

'l'he sequence of Claim 5, in which the 
monocot is corn. 

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 comprising the nucleotide 
sequence of Claim l, 2, 3, 4 or 5. 

10. A method of expressing a heterologous gene 
in a plant at high levels and in different 
tissues of said plant comprising expressing 

11111111111111 11111 1111111 1111 ! . 
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REPLACED 

a-lieterologous gene in said plant under the 

·~ntrol of a nucleotide sequence of Claim 1, .r 
2 3 or 4. 

11. A nucleic acid construct comprising the 

sequence of Claim 1, 2, 3 or 4 linked to a 

heterologous gene. 

12. A nucleic acid construct of Claim 11 wherein 

the gene is an AHAS gene. 

13. A method of using a nucleic acid construct 

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 

select!lble, 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;· 

(c) 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 sulf onyl urea 

compound. 
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