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MAIZE PROMOTERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application Ser. No. 60/076,075, filed Feb. 26, 1998, herein 
incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to the field of plant molecu 
lar biology, more particularly to regulation of gene expres 
Sion in plants. 

BACKGROUND OF THE INVENTION 

Expression of heterologous DNA sequences in a plant 
host is dependent upon the presence of an operably linked 
promoter that is functional within the plant host. Choice of 
the promoter Sequence will determine when and where 
within the organism the heterologous DNA sequence is 
expressed. Thus, where continuous expression is desired 
throughout the cells of a plant, constitutive promoters are 
utilized. In contrast, where gene expression in response to a 
Stimulus is desired, inducible promoters are the regulatory 
element of choice. In either case, additional regulatory 
Sequences upstream and/or downstream from the core pro 
moter Sequence may be included in expression constructs of 
transformation vectors to bring about varying levels of 
constitutive or inducible expression of heterologous nucle 
otide Sequences in a transgenic plant. 

Frequently it is desirable to have constitutive expression 
of a DNA sequence throughout the cells of an organism. For 
example, increased resistance of a plant to infection by Soil 
and air-borne pathogens might be accomplished by genetic 
manipulation of the plant's genome to comprise a constitu 
tive promoter operably linked to a heterologous pathogen 
resistance gene Such that pathogen-resistance proteins are 
continuously expressed throughout the plant's tissues. 

Alternatively, it might be desirable to inhibit expression of 
a native DNA sequence within a plant's tissues to achieve a 
desired phenotype. In this case, Such inhibition might be 
accomplished with transformation of the plant to comprise a 
constitutive promoter operably linked to an antisense nucle 
otide Sequence, Such that constitutive expression of the 
antisense Sequence produces an RNA transcript that inter 
feres with translation of the mRNA of the native DNA 
Sequence. 

Thus, isolation and characterization of constitutive pro 
moters that can Serve as regulatory regions for constitutive 
expression of heterologous nucleotide Sequences of interest 
are needed for genetic manipulation of plants to exhibit 
Specific phenotypic traits. 

SUMMARY OF THE INVENTION 

Compositions and methods for regulating expression of 
heterologous nucleotide Sequences in a plant are provided. 
Compositions are novel nucleotide Sequences for constitu 
tive plant promoters, more particularly promoters isolated 
from maize genes encoding histone H2B, metallothionein, 
alpha-tubulin 3, elongation factor efla, ribosomal protein 
rps8, chlorophyll a?b binding protein, and glyceraldehyde 
3-phosphate dehydrogenase. A method for constitutively 
expressing a heterologous nucleotide Sequence in a plant 
using the promoter Sequences disclosed herein is provided. 
The method comprises transforming a plant cell with a 
transformation vector that comprises a heterologous nucle 
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2 
otide Sequence operably linked to one of the plant promoters 
of the present invention and regenerating a stably trans 
formed plant from the transformed plant cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the plasmid vector PHP3953 comprising the 
GUS gene operably linked to the ubiquitin promoter. Pro 
moter fragments of the present invention were recloned into 
this plasmid in place of the ubiquitin promoter, and the 
resulting plasmid DNA was available for use in transforma 
tion Studies to test for promoter activity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Compositions of the present invention are nucleic acid 
molecules comprising novel nucleotide Sequences for plant 
promoters, more particularly constitutive promoters for the 
maize genes encoding histone H2B, metallothionein-1, 
alpha-tubulin 3-18; elongation factor efla-11, efla-15, and 
efla-16; ribosomal protein rps8; chlorophyll a?b binding 
protein cab-10 and cab-20; and glyceraldehyde-3-phosphate 
dehydrogenase gpc4. The nucleotide Sequences for these 
promoters are set forth in SEQ ID NOs: 1-10, respectively. 
In particular, the present invention provides for isolated 
nucleic acid molecules comprising nucleotide Sequences 
encoding the DNA sequences deposited in a bacterial host as 
ATCC Accession Nos. 207123, 207120, 207125, 207121, 
207122, 207124, 207126, 207127, 207128, and 207119, and 
variants and fragments thereof. The promoters for these 
maize genes were isolated from the 5' untranslated region 
flanking their respective transcription initiation sites. Meth 
ods for isolation of promoter regions are well known in the 
art. The specific method used to obtain the promoters of the 
present invention is described in Example 1 below. 

Plasmids containing the promoter nucleotide Sequences of 
the invention were deposited with American Type Culture 
Collection (ATCC), Manassas, Virginia, and assigned 
Accession Nos. 207123, 207120, 207125, 207121.207122, 
207124, 207126, 207127, 207128, and 207119. These 
deposits will be maintained under the terms of the Budapest 
Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure. These 
deposits were made merely as a convenience for those of 
skill in the art and are not an admission that a deposit is 
required under 35 U.S.C. S 112. 
The invention encompasses isolated or Substantially puri 

fied nucleic acid compositions. An "isolated” or “purified” 
nucleic acid molecule, or biologically active portion thereof, 
is Substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or 
Substantially free of chemical precursors or other chemicals 
when chemically synthesized. Preferably, an “isolated” 
nucleic acid is free of Sequences (preferably protein encod 
ing sequences) that naturally flank the nucleic acid (i.e., 
Sequences located at the 5' and 3' ends of the nucleic acid) 
in the genomic DNA of the organism from which the nucleic 
acid is derived. For example, in various embodiments, the 
isolated nucleic acid molecule can contain less than about 5 
kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb, or 0.1 kb of nucleotide 
Sequences that naturally flank the nucleic acid molecule in 
genomic DNA of the cell from which the nucleic acid is 
derived. 
By “promoter' is intended a regulatory region of DNA 

usually comprising a TATA box capable of directing RNA 
polymerase II to initiate RNA synthesis at the appropriate 
transcription initiation Site for a particular coding Sequence. 
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A promoter may additionally comprise other recognition 
Sequences generally positioned upstream or 5' to the TATA 
box, referred to as upstream promoter elements, which 
influence the transcription initiation rate. It is recognized 
that having identified the nucleotide Sequences for the 
promoter regions disclosed herein, it is within the State of the 
art to isolate and identify further regulatory elements in the 
5' untranslated region upstream from the particular promoter 
regions identified herein. Thus the promoter regions dis 
closed herein may further comprise upstream regulatory 
elements that confer tissue-specific expression of any het 
erologous nucleotide Sequence operably linked to one of the 
disclosed promoter Sequences. See particularly Australian 
Patent No. AU-A-77751/94 and U.S. Pat. Nos. 5,466,785 
and 5,635,618. 
The maize promoter Sequences of the present invention, 

when assembled within a DNA construct such that the 
promoter is operably linked to a heterologous nucleotide 
Sequence of interest, enable constitutive expression of the 
heterologous nucleotide Sequence in the cells of a plant 
stably transformed with this DNA construct. By “heterolo 
gous nucleotide Sequence' is intended a sequence that is not 
naturally occurring with the promoter Sequence. While this 
nucleotide Sequence is heterologous to the promoter 
Sequence, it may be homologous or native or heterologous 
or foreign to the plant host. By “constitutive' is intended 
expression in the cells throughout a plant at most times and 
in most tissues. 

The isolated promoter Sequences of the present invention 
can be classified as providing for a range of constitutive 
expression. Thus, Some are weak constitutive promoters, 
and others are strong constitutive promoters. Generally, by 
“weak promoter' is intended a promoter that drives expres 
sion of a coding sequence at a low level. By “low level” is 
intended at levels of about 1/10,000 transcripts to about 
1/100,000 transcripts to about 1/500,000 transcripts. 
Conversely, a Strong promoter drives expression of a coding 
Sequence at a high level, or at about 1/10 transcripts to about 
1/100 transcripts to about 1/1,000 transcripts. 
The nucleotide Sequences for the constitutive promoters 

of the present invention may be the naturally occurring 
Sequences or any Sequence having Substantial homology. By 
“Substantial homology” is intended a Sequence exhibiting 
Substantial functional and structural equivalence with the 
native or naturally occurring Sequence. Any functional or 
Structural differences between Substantially homologous 
Sequences do not effect the ability of the Sequence to 
function as a promoter as disclosed in the present invention. 
Thus, any Sequence having Substantial Sequence homology 
with the Sequence of a particular constitutive promoter of the 
present invention will direct constitutive expression of an 
operably linked heterologous nucleotide Sequence. Two pro 
moter nucleotide Sequences are considered Substantially 
homologous when they have at least about 50%, 60%, to 
70%, generally about 80%, preferably about 85%, 90%, up 
to 98% Sequence homology. 

Substantially homologous Sequences of the present inven 
tion include variants of the disclosed Sequences, Such as 
those that result from Site-directed mutagenesis, as well as 
Synthetically derived Sequences. Methods for mutagenesis 
and nucleotide Sequence alterations are well known in the 
art. See, for example, Kunkel (1985) Proc. Natl. Acad. Sci. 
USA 82:488–492; Kunkel et al. (1987) Methods Enzymol. 
154:367–382, U.S. Pat. No. 4,873, 192; Walker et al., eds. 
(1983) Techniques in Molecular Biology (MacMillan Pub 
lishing Company, New York) and the references cited 
therein. Thus, the promoter nucleotide Sequences of the 
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4 
invention include both the naturally occurring Sequences as 
well as mutant and Synthetically derived forms. Generally, 
nucleotide Sequence variants of the invention will have at 
least about 50%, 60%, to 70%, generally about 80%, pref 
erably about 85%, 90%, up to 98% sequence identity to its 
respective native nucleotide Sequence. 

Fragments of the promoter nucleotide Sequences dis 
closed herein are also encompassed by the present invention. 
By "fragment' is intended a portion of the promoter nucle 
otide Sequence. Fragments of a promoter nucleotide 
Sequence may retain their biological activity. Thus, for 
example, less than the entire promoter Sequences disclosed 
herein may be utilized to drive expression of an operably 
linked nucleotide Sequence of interest, Such as a nucleotide 
Sequence encoding a heterologous protein. It is within Skill 
in the art to determine whether Such fragments decrease 
expression levels or alter the nature of expression, i.e., 
constitutive expression. Alternatively, fragments of a pro 
moter nucleotide Sequence that are useful as hybridization 
probes generally do not retain this biological activity. 
Nucleic acid molecules that are fragments of a promoter 
nucleotide sequence comprise at least 15, 20, 25, 30, 35, 40, 
45, 50, 75, 100,325,350,375,400, 425,450, 500, 550, 600, 
650, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400, 1,500, 
1,600, or 1,700 nucleotides, or up to the number of nucle 
otides present in a full-length promoter nucleotide Sequence 
disclosed herein (i.e., 1392, 1300, 166, 1023, 1022, 1769, 
461, 467, 467, and 565 for SEO ID NOs: 1-10, 
respectively). Generally, fragments of a promoter Sequence 
that retain their biological activity comprise at least 30, 35, 
40 contiguous nucleotides, preferably at least 50 contiguous 
nucleotides, more preferably at least 75 contiguous 
nucleotides, Still more preferably at least 100 contiguous 
nucleotides of the particular promoter nucleotide Sequence 
disclosed herein. Preferred fragment lengths depend upon 
the objective and will also vary depending upon the par 
ticular promoter Sequence. 
The nucleotides of Such fragments will usually comprise 

the TATA recognition Sequence of the particular promoter 
Sequence. Such fragments may be obtained by use of restric 
tion enzymes to cleave the naturally occurring promoter 
nucleotide Sequence disclosed herein; by Synthesizing a 
nucleotide Sequence from the naturally occurring Sequence 
of the promoter DNA sequence, or may be obtained through 
the use of PCR technology. See particularly, Mullis et al. 
(1987) Methods Enzymol. 155:335-350, and Erlich, ed. 
(1989) PCR Technology (Stockton Press, New York). Vari 
ants of these promoter fragments, Such as those resulting 
from Site-directed mutagenesis, are encompassed by the 
compositions of the present invention. 
The disclosed promoter nucleotide Sequences can be used 

to isolate homologous promoter Sequences in other plant 
species. Methods are readily available in the art for the 
hybridization of nucleic acid Sequences. Promoter Sequences 
from other plants may be isolated according to well-known 
techniques based on their Sequence homology to the pro 
moter Sequences Set forth herein. In these techniques all or 
part of the known nucleotide Sequence is used as a probe 
which selectively hybridizes to other promoter nucleotide 
Sequences present in a population of cloned genomic DNA 
fragments or cDNA fragments (i.e., genomic or cDNA 
libraries) from a chosen organism. 
To obtain other homologous promoter Sequences, the 

entire promoter nucleotide Sequence or portions thereof may 
be used as probes capable of Specifically hybridizing to 
corresponding promoter Sequences. To achieve Specific 
hybridization under a variety of conditions, Such probes 
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include Sequences that are unique and are preferably at least 
about 10 nucleotides in length, and most preferably at least 
about 20 nucleotides in length. Such probes may be used to 
amplify the promoter Sequences of interest from a chosen 
organism by the well-known process of polymerase chain 
reaction (PCR). This technique may be used to isolate 
additional promoter Sequences from a desired organism or as 
a diagnostic assay to determine the presence of promoter 
Sequences in an organism. 

Such techniques include hybridization Screening of plated 
DNA libraries (either plaques or colonies; See, e.g., Sam 
brook et al. (1989) Molecular Cloning: A Laboratory 
Manual (2d ed., Cold Spring Harbor Laboratory Press, 
Plainview, N.Y.) and amplification by PCR using oligo 
nucleotide primers (see, e.g., Innis et al, eds. (1990) PCR 
Protocols, a Guide to Methods and Applications, Academic 
Press, New York). 

For example, hybridization of Such Sequences may be 
carried out under conditions of reduced Stringency, medium 
Stringency, or even Stringent conditions (e.g., conditions 
represented by a wash stringency of 35-40%. Formamide 
with 5x Denhardt's solution, 0.5% SDS and 1X SSPE at 37 
C.; conditions represented by a wash stringency of 40-45% 
Formamide with 5x Denhardt's Solution, 0.5% SDS, and 1x 
SSPE at 42 C.; and conditions represented by a wash 
stringency of 50%. Formamide with 5x Denhardt’s solution, 
0.5% SDS and 1x SSPE at 42°C., respectively) to DNA for 
the promoter Sequences disclosed herein in a Standard 
hybridization assay. See Sambrook et al. (1989) Molecular 
Cloning. A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Plainview, N.Y.). In general, homologous 
Sequences that are promoter Sequences and hybridize to the 
promoter sequences disclosed herein will be at least 40% to 
50% homologous, 60% to 70% homologous, and even 80%, 
85%, 90%, 95% homologous or more with the disclosed 
Sequence. That is, the Sequence Similarity of Sequences may 
range, sharing at least about 40%, 50%, about 60%, 70%, 
and even about 80%, 85%, 90%, 95%, 98% sequence 
Similarity. 

The following terms are used to describe the Sequence 
relationships between two or more nucleic acids: (a) “ref 
erence sequence', (b) “comparison window', (c) “Sequence 
identity”, (d) "percentage of Sequence identity”, and (e) 
“substantial identity”. 

(a) AS used herein, “reference Sequence” is a defined 
Sequence used as a basis for Sequence comparison. A refer 
ence Sequence may be a Subset or the entirety of a Specified 
Sequence; for example, as a Segment of a full-length cDNA 
or gene Sequence, or the complete cDNA or gene Sequence. 

(b) AS used herein, "comparison window' makes refer 
ence to a contiguous and Specified Segment of a polynucle 
otide Sequence, wherein the polynucleotide Sequence in the 
comparison window may comprise additions or deletions 
(i.e., gaps) compared to the reference Sequence (which does 
not comprise additions or deletions) for optimal alignment 
of the two Sequences. Generally, the comparison window is 
at least 20 contiguous nucleotides in length, and optionally 
can be 30, 40, 50, 100, or longer. Those of skill in the art 
understand that to avoid a high Similarity to a reference 
Sequence due to inclusion of gaps in the polynucleotide 
Sequence, a gap penalty is typically introduced and is 
Subtracted from the number of matches. 

Methods of alignment of Sequences for comparison are 
well known in the art. Optimal alignment of Sequences for 
comparison may be conducted by the local homology algo 
rithm of Smith et al. (1981) Adv. Appl. Math. 2:482; by the 
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6 
homology alignment algorithm of Needleman et al. (1970) 
J Mol. Biol. 48:443; by the search for similarity method of 
Pearson et al. (1988) Proc. Natl. Acad. Sci. 85:2444; by 
computerized implementations of these algorithms, 
including, but not limited to: CLUSTAL in the PC/Gene 
program by Intelligenetics, Mountain View, Calif.; GAP, 
BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin 
Genetics Software Package, Genetics Computer Group 
(GCG), 575 Science Drive, Madison, Wis.; the CLUSTAL 
program is well described by Higgins et al. (1988) Gene 
73:237-244 (1988); Higgins et al. (1989) CABIOS 
5:151-153; Corpet et al. (1988) Nuc. Acids Res. 
16:10881–90; Huang et al. (1992) Computer Applications in 
the Biosciences 8:155–65, and Person et al. (1994) Meth. 
Mol. Biol. 24:307-331; preferred computer alignment meth 
ods also include the BLASTP, BLASTN, and BLASTX 
algorithms (see Altschul et al. (1990) J Mol. Biol. 
215:403-410). Alignment is also often performed by inspec 
tion and manual alignment. 

(c) As used herein, “sequence identity” or “identity” in the 
context of two nucleic acid Sequences makes reference to the 
residues in the two Sequences that are the Same when aligned 
for maximum correspondence over a specified comparison 
window. 

(d) AS used herein, "percentage of Sequence identity” 
means the value determined by comparing two optimally 
aligned Sequences over a comparison window, wherein the 
portion of the polynucleotide Sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as 
compared to the reference Sequence (which does not com 
prise additions or deletions) for optimal alignment of the two 
Sequences. The percentage is calculated by determining the 
number of positions at which the identical nucleic acid base 
occurs in both Sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the window of comparison, and 
multiplying the result by 100 to yield the percentage of 
Sequence identity. 

(e)(i) The term “substantial identity” of polynucleotide 
Sequences means that a polynucleotide comprises a 
Sequence that has at least 70% sequence identity, preferably 
at least 80%, more preferably at least 90% and most pref 
erably at least 95%, compared to a reference Sequence using 
one of the alignment programs described using Standard 
parameterS. 

Another indication that nucleotide Sequences are Substan 
tially identical is if two molecules hybridize to each other 
under Stringent conditions. Generally, Stringent conditions 
are selected to be about 5 C. to about 20° C. lower than the 
thermal melting point (T) for the specific sequence at a 
defined ionic Strength and pH. The T is the temperature 
(under defined ionic strength and pH) at which 50% of the 
target Sequence hybridizes to a perfectly matched probe. 
Typically, Stringent wash conditions are those in which the 
salt concentration is about 0.02 molar at pH 7 and the 
temperature is at least about 50, 55, or 60 C. 
The nucleotide Sequences for the constitutive promoters 

disclosed in the present invention, as well as variants and 
fragments thereof, are useful in the genetic manipulation of 
any plant when assembled within a DNA construct such that 
the promoter Sequence is operably linked with a heterolo 
gous nucleotide Sequence whose constitutive expression is 
to be controlled to achieve a desired phenotypic response. 
By “operably linked' is intended the transcription or trans 
lation of the heterologous nucleotide Sequence is under the 
influence of the promoter Sequence. In this manner, the 
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nucleotide Sequences for the promoters of the invention are 
provided in expression cassettes along with heterologous 
nucleotide Sequences for expression in the plant of interest. 
It is recognized that the promoter Sequences of the invention 
may also be used with their native coding Sequences to 
increase or decrease expression of the native coding 
Sequence, thereby resulting in a change in phenotype in the 
transformed plant. 

Such expression cassettes will comprise a transcriptional 
initiation region comprising one of the promoter nucleotide 
Sequences of the present invention, or variants or fragments 
thereof, operably linked to the heterologous nucleotide 
Sequence whose expression is to be controlled by the con 
Stitutive promoters disclosed herein. Such an expression 
cassette is provided with a plurality of restriction Sites for 
insertion of the nucleotide Sequence to be under the tran 
Scriptional regulation of the regulatory regions. The expres 
Sion cassette may additionally contain Selectable marker 
geneS. 

In order to increase transcription levels, enhancers may be 
utilized in combination with the promoter regions of the 
invention. Enhancers are nucleotide Sequences that act to 
increase the expression of a promoter region. Enhancers are 
known in the art and include the SV40 enhancer region, the 
35S enhancer element, and the like. 

The transcriptional cassette will include in the 5'-to-3' 
direction of transcription, a transcriptional and translational 
initiation region, a heterologous nucleotide Sequence of 
interest, and a transcriptional and translational termination 
region functional in plants. The termination region may be 
native with the transcriptional initiation region comprising 
one of the promoter nucleotide Sequences of the present 
invention, may be native with the DNA sequence of interest, 
or may be derived from another Source. Convenient termi 
nation regions are available from the Ti-plasmid of A. 
tumefaciens, Such as the octopine Synthase and nopaline 
Synthase termination regions. See also, Guerineau et al. 
(1991) Mol. Gen. Genet. 262:141–144; Proudfoot (1991) 
Cell 64:671-674; Sanfacon et al. (1991) Genes Dev. 
5:141–149; Mogen et al. (1990) Plant Cell 2:1261–1272; 
Munroe et al. (1990) Gene 91:151-158; Ballas et al. 1989) 
Nuc. Acids Res. 17:7891-7903; Joshi et al. (1987) Nuc. Acid 
Res. 15:9627-9639. 
The expression cassette comprising the promoter 

Sequence of the present invention operably linked to a 
heterologous nucleotide Sequence may also contain at least 
one additional nucleotide Sequence for a gene to be cotrans 
formed into the organism. Alternatively, the additional 
Sequence(s) can be provided on another expression cassette. 
Where appropriate, the heterologous nucleotide Sequence 

whose expression is to be under the control of the promoter 
Sequence of the present invention and any additional nucle 
otide Sequence(s) may be optimized for increased expression 
in the transformed plant. That is, these nucleotide Sequences 
can be Synthesized using plant-preferred codons for 
improved expression. Methods are available in the art for 
Synthesizing plant-preferred nucleotide Sequences. See, for 
example, U.S. Pat. Nos. 5,380,831 and 5,436,391, and 
Murray et al. (1989) Nuc. Acids Res. 17:477-498, herein 
incorporated by reference. 

Additional Sequence modifications are known to enhance 
gene expression in a cellular host. These include elimination 
of Sequences encoding Spurious polyadenylation signals, 
exon-intron Splice Site signals, transposon-like repeats, and 
other Such well-characterized Sequences that may be delete 
rious to gene expression. The G-C content of the heterolo 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
gous nucleotide Sequence may be adjusted to levels average 
for a given cellular host, as calculated by reference to known 
genes expressed in the host cell. When possible, the 
Sequence is modified to avoid predicted hairpin Secondary 
mRNA structures. 
The expression cassettes may additionally contain 5' 

leader Sequences in the expression cassette construct. Such 
leader Sequences can act to enhance translation. Translation 
leaders are known in the art and include: picornavirus 
leaders, for example, EMCV leader (Encephalomyocarditis 
5' noncoding region) (Elroy-Stein et al. (1989) Proc. Nat. 
Acad. Sci. USA 86:6126-6130); potyvirus leaders, for 
example, TEV leader (Tobacco Etch Virus) (Allison et al. 
(1986)); MDMV leader (Maize Dwarf Mosaic Virus) 
(Virology 154:9-20); human immunoglobulin heavy-chain 
binding protein (BiP) (Macejak and Sarnow (1991) Nature 
353:90-94); untranslated leader from the coat protein 
mRNA of alfalfa mosaic virus (AMV RNA 4) (Jobling and 
Gehrke (1987) Nature 325:622-625); tobacco mosaic virus 
leader (TMV) (Gallie et al. (1989) Molecular Biology of 
RNA, pages 237-256); and maize chlorotic mottle virus 
leader (MCMV) (Lommel et al. (1991) Virology 
81:382–385). See also Della-Cioppa et al. (1987) Plant 
Physiology 84:965-968. Other methods known to enhance 
translation and/or mRNA stability can also be utilized, for 
example, introns, and the like. 

In those instances where it is desirable to have the 
constitutively expressed product of the heterologous nucle 
otide Sequence directed to a particular organelle, Such as the 
chloroplast or mitochondrion, or Secreted at the cell's Sur 
face or extracellularly, the expression cassette may further 
comprise a coding Sequence for a transit peptide. Such 
transit peptides are well known in the art and include, but are 
not limited to, the transit peptide for the acyl carrier protein, 
the small subunit of RUBISCO, plant EPSP synthase, and 
the like. 

In preparing the expression cassette, the various DNA 
fragments may be manipulated, So as to provide for the DNA 
Sequences in the proper orientation and, as appropriate, in 
the proper reading frame. Toward this end, adapters or 
linkers may be employed to join the DNA fragments or other 
manipulations may be involved to provide for convenient 
restriction sites, removal of Superfluous DNA, removal of 
restriction sites, or the like. For this purpose, in Vitro 
mutage nesis, primer repair, restriction, annealing, 
resubstitutions, for example, transitions and transversions, 
may be involved. 
The expression cassette comprising the particular pro 

moter Sequence of the present invention operably linked to 
a heterologous nucleotide Sequence of interest can be used 
to transform any plant. In this manner, genetically modified 
plants, plant cells, plant tissue, Seed, and the like can be 
obtained. Transformation protocols may vary depending on 
the type of plant or plant cell, i.e., monocot or dicot, targeted 
for transformation. Suitable methods of transforming plant 
cells include microinjection (Crossway et al. (1986) Bio 
techniques 4:320-334), electroporation (Riggs et al. (1986) 
Proc. Natl. AcadSci, USA 83:5602-5606), Agrobacterium 
mediated transformation (Hinchee et al. (1988) Biotechnol 
ogy 6:915-921), direct gene transfer (Paszkowski et al. 
(1984) EMBO J 3:2717–2722), and ballistic particle accel 
eration (see, for example, Sanford et al. U.S. Pat. No. 
4,945,050; Tomes et al. (1995) in Plant Cell, Tissue, and 
Organ Culture. Fundamental Methods, ed. Gamborg and 
Phillips (Springer-Verlag, Berlin); and McCabe et al. (1988) 
Biotechnology 6:923–926). Also see Weissinger et al. (1988) 
Annual Rev. Genet. 22:421–477; Sanford et aL (1987) 
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Particulate Science and Technology 5:27-37 (onion); Chris 
tou et al. (1988) Plant Physiol. 87:671-674 (soybean); 
McCabe et al. (1988) Bio/Technology 6:923–926 (soybean); 
Datta et al. (1990) Biotechnology 8:736–740 (rice); Kleinet 
al. (1988) Proc. Natl. Acad. Sci. USA 85:4305-4309 
(maize); Klein et al. (1988) Biotechnology 6:559–563 
(maize); Klein et al. (1988) Plant Physiol. 91:440-444 
(maize); From et al. (1990) Biotechnology 8:833–839; 
Hooydaas-Van Slogteren and Hooykaas (1984) Nature 
(London) 311:763–764; Bytebier et al. (1987) Proc. Natl. 
Acad. Sci. USA 84:53.45-5349 (Liliaceae); De Wet et al. 
(1985) in The Experimental Manipulation of Ovule Tissues, 
ed. G. P. Chapman et al. (Longman, New York), pp. 197-209 
(pollen); Kaeppler et al. (1990) Plant Cell Reports 
9:415-418; and Kaeppler et al. (1992) Theor. Appl. Genet. 
84:560-566 (whisker-mediated transformation); DHalluin 
et al. (1992) Plant Cell 4: 1495–1505 (electroporation); Liet 
al. (1993) Plant Cell Reports 12:250-255 and Christou and 
Ford (1995) Annals of Botany 75:407-413 (rice); Osjoda et 
al. (1996) Nature Biotechnology 14:745-750 (maize via 
Agrobacterium tumefaciens); all of which are herein incor 
porated by reference. 

The cells that have been transformed may be grown into 
plants in accordance with conventional ways. See, for 
example, McCormick et al. (1986) Plant Cell Reports 
5:81-84. These plants may then be grown, and either pol 
linated with the same transformed Strain or different Strains, 
and the resulting hybrid having constitutive expression of 
the desired phenotypic characteristic identified. Two or more 
generations may be grown to ensure that constitutive expres 
Sion of the desired phenotypic characteristic is stably main 
tained and inherited and then Seeds harvested to ensure 
constitutive expression of the desired phenotypic character 
istic has been achieved. 

The promoter nucleotide Sequences and methods dis 
closed herein are useful in regulating constitutive expression 
of any heterologous nucleotide Sequence in a host plant in 
order to vary the phenotype of a plant. Various changes in 
phenotype are of interest including modifying the fatty acid 
composition in a plant, altering the amino acid content of a 
plant, altering a plant's pathogen defense mechanism, and 
the like. These results can be achieved by providing expres 
Sion of heterologous products or increased expression of 
endogenous products in plants. Alternatively, the results can 
be achieved by providing for a reduction of expression of 
one or more endogenous products, particularly enzymes or 
cofactors in the plant. These changes result in a change in 
phenotype of the transformed plant. 

Genes of interest are reflective of the commercial markets 
and interests of those involved in the development of the 
crop. CropS and markets of interest change, and as devel 
oping nations open up world markets, new crops and tech 
nologies will emerge also. In addition, as our understanding 
of agronomic traits and characteristics Such as yield and 
heterosis increase, the choice of genes for transformation 
will change accordingly. General categories of genes of 
interest include for example, those genes involved in 
information, Such as Zinc fingers, those involved in 
communication, Such as kinases, and those involved in 
housekeeping, Such as heat Shock proteins. More specific 
categories of transgenes, for example, include genes encod 
ing important traits for agronomics, insect resistance, dis 
ease resistance, herbicide resistance, Sterility, grain 
characteristics, and commercial products. Genes of interest 
include, generally, those involved in oil, Starch, 
carbohydrate, or nutrient metabolism as well as those affect 
ing kernel size, Sucrose loading, and the like. 
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Agronomically important traits Such as oil, Starch, and 

protein content can be genetically altered in addition to 
using traditional breeding methods. Modifications include 
increasing content of oleic acid, Saturated and unsaturated 
oils, increasing levels of lysine and Sulfur, providing essen 
tial amino acids, and also modification of Starch. Hordot 
hionin protein modifications are described in U.S. patent 
application Ser. Nos. 08/838,763 (U.S. Pat. No. 5,900,389), 
filed Apr. 10, 1997; 08/824,379 (U.S. Pat. No. 5,885,801.16), 
filed Mar. 26, 1997; 08/824,382 (U.S. Pat. No. 5,885.802), 
filed Mar. 26, 1997; and U.S. Pat. No. 5,703,409; herein 
incorporated by reference. Another example is lysine and/or 
sulfur rich seed protein encoded by the Soybean 2S albumin 
described in U.S. Ser. No. 08/618,911, U.S. Pat. No. 5,850, 
016, filed Mar. 20, 1996, and the chymotrypsin inhibitor 
from barley, Williamson et al. (1987) Eur: J Biochem. 
165:99-106, the disclosures of which are herein incorpo 
rated by reference. 

Derivatives of the coding Sequences can be made by Site 
directed mutagenesis to increase the level of preselected 
amino acids in the encoded polypeptide. For example, the 
gene encoding the barley high lysine polypeptide (BHL) is 
derived from barley chymotrypsin inhibitor, U.S. Ser. No. 
08/740,682 (pending), filed Nov. 1, 1996, and PCT/US97/ 
20441, filed Oct. 31, 1997, the disclosures of each are 
incorporated herein by reference. Other proteins include 
methionine-rich plant proteins Such as from Sunflower Seed 
(Lilley et al. (1989) Proceedings of the World Congress On 
Vegetable Protein Utilization in Human Foods and Animal 
Feedstuffs, ed. Applewhite (American Oil Chemists Society, 
Champaign, Ill.), pp. 497–502; herein incorporated by 
reference)); corn (Pedersen et al. (1986) J Biol. Chem. 
261:6279; Kirihara et al. (1988) Gene 71:359; both of which 
are herein incorporated by reference); and rice (Musumura 
et al. (1989) Plant Mol. Biol. 12:123, herein incorporated by 
reference). Other agronomically important genes encode 
latex, Floury 2, growth factors, Seed Storage factors, and 
transcription factors. 

Insect resistance genes may encode resistance to pests that 
have great yield drag Such as rootworm, cutworm, European 
Corn Borer, and the like. Such genes include, for example 
Bacillus thuringiensis toxic protein genes (U.S. Pat. Nos. 
5,366,892; 5,747,450; 5,737.514; 5,723,756; 5,593.881; 
Geiser et al. (1986) Gene 48:109); lectins (Van Damme et al. 
(1994) Plant Mol. Biol. 24:825); and the like. 

Genes encoding disease resistance traits include detoxi 
fication genes, Such as against fumonosin (U.S. patent 
application Ser. No. 08/484.815 (U.S. Pat. No. 5,792.931), 
filed Jun. 7, 1995); avirulence (avr) and disease resistance 
(R) genes (Jones et al. (1994) Science 266:789; Martin et al. 
(1993) Science 262:1432; Mindrinos et al. (1994) Cell 
78: 1089); and the like. 

Herbicide resistance traits may include genes coding for 
resistance to herbicides that act to inhibit the action of 
acetolactate Synthase (ALS), in particular the Sulfonylurea 
type herbicides (e.g., the acetolactate Synthase (ALS) gene 
containing mutations leading to Such resistance, in particular 
the S4 and/or Hra mutations), genes coding for resistance to 
herbicides that act to inhibit action of glutamine Synthase, 
Such as phosphinothricin or basta (e.g., the bar gene), or 
other Such genes known in the art. The bar gene encodes 
resistance to the herbicide basta, the npt gene encodes 
resistance to the antibiotics kanamycin and geneticin, and 
the ALS gene encodes resistance to the herbicide chlorSul 
furon. 

Sterility genes can also be encoded in an expression 
cassette and provide an alternative to physical detasSeling. 
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Examples of genes used in Such ways include male tissue 
preferred genes and genes with male Sterility phenotypes 
Such as OM, described in U.S. Pat. No. 5,583,210. Other 
genes include kinases and those encoding compounds toxic 
to either male or female gametophytic development. 

The quality of grain is reflected in traits Such as levels and 
types of oils, Saturated and unsaturated, quality and quantity 
of essential amino acids, and levels of cellulose. In corn, 
modified hordothionin proteins, described in U.S. patent 
application Ser. Nos. 08/838,763 (U.S. Pat. No. 5,990,389), 
filed Apr. 10, 1997; 08/824,379 (U.S. Pat. No. 5,885,801), 
filed Mar. 26, 1997; 08/824,382 (U.S. Pat. No. 5,885.802), 
filed Mar. 26, 1997; and U.S. Pat. No. 5,703,409 issued Dec. 
30, 1997, provide descriptions of modifications of proteins 
for desired purposes. 

Commercial traits can also be encoded on a gene or genes 
that could increase for example, Starch for ethanol 
production, or provide expression of proteins. Another 
important commercial use of transformed plants is the 
production of polymers and bioplastics Such as described in 
U.S. Pat. No. 5,602,321 issued Feb. 11, 1997. Genes such as 
B-Ketothiolase, PHBase (polyhydroxyburyrate synthase) 
and acetoacetyl-CoA reductase (see Schubert et al. (1988) J 
Bacteriol. 170:5837-5847) facilitate expression of polyhy 
roxyalkanoates (PHAs). 

Exogenous products include plant enzymes and products 
as well as those from other Sources including procaryotes 
and other eukaryotes. Such products include enzymes, 
cofactors, hormones, and the like. The level of proteins, 
particularly modified proteins having improved amino acid 
distribution to improve the nutrient value of the plant, can be 
increased. This is achieved by the expression of Such pro 
teins having enhanced amino acid content. 

Thus, the heterologous nucleotide Sequence operably 
linked to one of the constitutive promoters disclosed herein 
may be a Structural gene encoding a protein of interest. 
Examples of Such heterologous genes include, but are not 
limited to, genes encoding proteins conferring resistance to 
abiotic StreSS, Such as drought, temperature, Salinity, and 
toxins Such as pesticides and herbicides, or to biotic StreSS, 
Such as attacks by fungi, Viruses, bacteria, insects, and 
nematodes, and development of diseases associated with 
these organisms. More particularly, the constitutive promot 
erS disclosed herein and identified as weak constitutive 
promoters are useful in transforming plants to constitutively 
express an avirulence gene as disclosed in the copending 
applications both entitled “Methods for Enhancing Disease 
Resistance in Plants,” U.S. patent application Ser. No. 
60/075,151, filed Feb. 26, 1998, and U.S. patent application 
Ser. No. 60/092.464, filed Jul. 11, 1998, both of which are 
herein incorporated by reference. Such weak promoters may 
cause activation of the plant defense System short of hyper 
Sensitive cell death. Thus, there is an activation of the plant 
defense System at levels Sufficient to protect from pathogen 
invasion. In this State, there is at least a partial activation of 
the plant defense System wherein the plant produces 
increased levels of antipathogenic factorS Such as PR 
proteins, i.e., PR-1, cattiness, a-glucanases, etc.; Secondary 
metabolites, phytoalexins, reactive oxygen Species, and the 
like. 

Alternatively, the heterologous nucleotide Sequence oper 
ably linked to one of the constitutive promoters disclosed 
herein may be an antisense Sequence for a targeted gene. By 
“antisense DNA nucleotide Sequence' is intended a 
Sequence that is in inverse orientation to the 5' to 3' normal 
orientation of that nucleotide sequence. When delivered into 
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a plant cell, expression of the antisense DNA sequence 
prevents normal expression of the DNA nucleotide Sequence 
for the targeted gene. The antisense nucleotide Sequence 
encodes an RNA transcript that is complementary to and 
capable of hybridizing to the endogenous messenger RNA 
(mRNA) produced by transcription of the DNA nucleotide 
Sequence for the targeted gene. In this case, production of 
the native protein encoded by the targeted gene is inhibited 
to achieve a desired phenotypic response. Thus the promoter 
Sequences disclosed herein may be operably linked to anti 
Sense DNA sequences to reduce or inhibit expression of a 
native protein in the plant. 
The following examples are offered by way of illustration 

and not by way of limitation. 
EXPERIMENTAL 

Promoter regions for maize genes encoding histone H2B, 
metallothionein, alpha-tubulin 3-18, elongation factor efla 
(efla-11, efla-15, and efla-16), ribosomal protein rps8, chlo 
rophyll a?b binding protein (cab-10 and cab-20), and 
glyceraldehyde-3-phosphate gpc4 were isolated from maize 
plants and cloned. These genes were Selected as Sources of 
constitutive promoters based on the developmental and 
Spatial expression of their gene products. The method for 
their isolation is described below. 

Histones are classified on the basis of their role in 
chromatin structure. The histone H2B is one of four histones 
contributing to the nucleoSome core. Of the core histones 
H2A, H2B, H3, and H4, H2B is the least conserved from one 
Species to another. In maize, it exists in the form of multiple 
variants encoded by a large multigenic family. The maize 
H2B histones are constitutively expressed at a high level in 
meristematic tissues throughout the plant. The novel pro 
moter Sequence for a maize gene encoding one of these H2B 
histones is set forth in SEO ID NO: 1. 

Metallothioneins make up a class of proteins that are 
constitutively expressed in low copy number in cells 
throughout a plant. Expression of these proteins in mam 
malian cells is inducible in response to StreSS and to elevated 
concentrations of trace elements and hormones. The novel 
promoter Sequence for a maize gene encoding one of these 
metallothioneins, met-1, is set forth in SEQ ID NO: 2. 

Alpha-tubulins play a key role in the cytoskeleton of a 
plant, contributing to microtubule formation. In maize, these 
proteins are encoded by a family of genes. Generally, these 
genes are constitutively expressed in all meristematic 
tissues, though Some are preferentially expressed in certain 
tissues (see Montoliu et al. (1989) Plant Mol. BioL 14:1-15; 
Montoliu et al. (1990) Gene 94:201-207). The novel pro 
moter Sequence for a maize gene encoding alpha-tubulin 
3-18 is set forth in SEO ID NO: 3. 

Elongation factor efla is one of four subunits of the 
translation elongation factor 1 protein. This Subunit plays a 
role in binding aminoacyl tRNA to the ribosome's acceptor 
Site during protein Synthesis. However, it has been found to 
play a number of other diverse roles in the cell, and hence 
is a multifunctional protein (see Durso and Cyr (1994) 
Protoplasma 180:99-105 for a review). In maize, efla is 
encoded by a family of genes comprising at least 6 members 
(see Berberich et al. (1995) Plant Mol. Biol. 29:611–615). 
Novel promoter Sequences for three maize genes encoding 
efl a proteins, efla-11, efla-15, and efla-16, are Set forth in 
SEQ ID NOs: 4, 5, and 6, respectively. 

Ribosomal proteins contribute to the structure of ribo 
Somes. A novel promoter Sequence for a gene encoding a 
maize ribosomal protein rps8 is set forth in SEQ ID NO: 7. 
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Chlorophyll a?b binding protein is associated with pho 
tosystem II in the thylakoid membranes. Expression of this 
protein in leaf tissues is elevated in the light. Novel promoter 
Sequences for two maize genes encoding maize chlorophyll 
a/b binding proteins, cab-10 and cab-20, are set forth in SEQ 
ID NOs: 8 and 9, respectively. The cab-10 promoter 
Sequence shares homology (97% in an overlap from nt 
1–271 of SEQ ID NO: 8) with a maize cab-m7 gene 
sequence (emb Accession No. X53398/ZMCABM7). The 
C-terminal end of the cab-10 promoter Sequence disclosed 
herein is unique from nt 272-467. The cab-20 promoter 
sequence shares homology (98% in an overlap from nt 1-85 
of SEQID NO:9) with this same cab-m7 gene sequence. The 
C-terminal end of the cab-20 promoter Sequence disclosed 
herein is unique from nt 86-467. Fragments comprising 
contiguous nucleotides of the cab-10 and cab-20 promoters 
disclosed herein are preferably obtained from the unique 
C-terminal end of these promoter Sequences, but fragments 
may overlap the N-terminal regions of homology, and thus 
include contiguous nucleotides within this region of Overlap. 

Glyceraldehyde-3-phosphate dehydrogenase is a glyco 
lytic enzyme. A novel promoter Sequence for a maize gene 
encoding glyceraldehyde-3-phosphate dehydrogenase gpc4 
is set forth in SEO ID NO: 10. 

EXAMPLE 1. 

Isolation of Promoter Sequences 
The procedure for promoter isolation is described in the 

User Manual for the GenomeWalker kit sold by Clontech 
Laboratories, Inc., Palo Alto, Calif. Genomic DNA from 
maize line A63 was extracted by grinding 10-day old 
Seedling leaves in liquid nitrogen, and the DNA prepared as 
described by Chen and Dellaporta (1994) in The Maize 
Handbook, ed. Freeling and Walbot (Springer-Verlag, 
Berlin). 
RNase A was added to 10 pg/ml and then incubated at 37 

C. for 1 hr. The DNA was then extracted once with phenol 
chloroform, then chloroform, then ethanol precipitated and 
resuspended in TE (10 mM Tris pH 8.0, 1 mM EDTA). The 
DNA was then used exactly as described in the Genom 
eWalker User Manual (Clontech PT3042-1 version 
PR68687). Briefly, the DNA was digested separately with 
restriction enzymes Dral, EcoRV, Pvull, Scal and StuI, all 
blunt end cutters. The GenomeWalker adapters were then 
ligated onto the ends of the restricted DNA. The resulting 
DNA is referred to as DL1-DL5, respectively. 

For isolation of Specific promoter regions, two nonover 
lapping gene-specific primers (usually 27 bp in length) were 
designed from the Sequences of abundant ESTS in the 
Pioneer/HGS database. The primers were designed to 
amplify the region upstream of the coding Sequence, i.e., the 
5' untranslated region and promoter region of the chosen 
gene. The Sequences of the primers are given below for each 
promoter described. The first round of PCR was performed 
on each DNA sample (DL 1-5) with Clontech primer AP1 
(Sequence 5'-gtaatacgacticactatagggc-3'; SEQ ID NO: 11) 
and the gene-specific primer (gsp)1 with the following 
Sequences: 
histone H2B gSpl Sequence: 

5'-cgcgggcticctccticcg.ccggcttctt-3' (SEQ ID NO: 12) 
metallothione in gSp1 Se quence: 

5'-gtacttctg.ccgcacttgcagcttga-3' (SEQ ID NO: 13) 
alpha-tubulin 3 gS pl Sequence: 

5'-ggtcttgtcaccgggcatctgaccatc-3' (SEQ ID NO: 14) 
efla gSpl Sequence: 5'-gtcctgtggtggtcgacttgccagagt-3' 
(SEQ ID NO: 15) 
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rps8 gSp1.sequence: 5'-ttct tcctccaggccttctgct tcca-3' (SEQ 

ID NO: 16) 
cab gSpl Sequence: 5'-aggagacgacgacggcacgttcacgge-3' 
(SEQ ID NO: 17) 

gpc4 Sequence: 5'-taatcggtgctgatgaaggggtcgttc-3' (SEQ 
ID NO: 18) 

PCR was performed in a model PTC-100 thermal cycler 
with HotBonnet from MJ Research (Watertown, Mass.) 
using reagents Supplied with the GenomeWalker kit. The 
following cycle parameters were used: 7 cycles of 94 C. for 
2 sec, then 72° C. for 3 min, followed by 32 cycles of 94° 
C. for 2 sec, and 67 C. for 3 min. Finally, the samples were 
held at 67° C. for 4 min, then at 4 C. until further analysis. 
AS described in the User Manual, the DNA from the first 

round of PCR was then diluted and used as a template in a 
second round of PCR using the Clontech AP2 primer 
(Sequence 5'-actatagggcacgcgtggt-3'; SEQ ID NO: 19) and 
gene-specific primer (gsp)2 with the following sequences: 
histone H2B gSp2 Sequence: 

5'-gggcttcttctggccttggg.cgccat-3' (SEQ ID NO: 20) 
me tallothione in gSp2 Sequence: 

5'ag.ccgcagcttgatcc.gcagttgcaag-3' (SEQ ID NO: 21) 
alpha-tubulin 3 gSp2 Sequence: 

5'-cc.cagcacgcgttccgacctggatac-3' (SEQ ID NO: 22) 
eflagsp2 Sequence: 5'-tggccaataaccacaatgttgatgtg-3' 
(SEQ ID NO. 23) 

rpS8 gSp2 Sequence: 5'-cgcttgtgcatcgagticacgcgagata-3' 
(SEQ ID NO: 24) 

cab gSp2 Sequence: 5'-gaaggetgtggaggagagggccatggt-3' 
(SEQ ID NO: 25) 

gpc4gsp2 Sequence: 5'-acccattgatcccgatctgatct-3' (SEQ 
ID NO: 26) 

The cycle parameters for the Second round were: 5 cycles 
of 94° C. for 2 sec, then 72° C. for 3 min, followed by 20 
cycles of 94° C. for 2 sec, and 67° C. for 3 min Finally, the 
samples were held at 67 C. for 4 min, and then held at 4 
C. Approximately 10 ul of each reaction were run on a 0.8% 
agarose gel, and bands (usually 500bp or larger) were 
excised, purified with the Sephaglas Band Prep kit 
(Pharmacia, Piscataway, N.J.), and cloned into the TA vector 
pCR2.1 (Invitrogen, San Diego, Calif.). Clones were 
Sequenced for verification, and then the mini-prep DNA was 
diluted 1:30 in water and 1 ul was amplified with gene 
Specific primer (gsp)3 (Sequences below) and the Clontech 
AP2 primer with the following cycle parameters: five cycles 
of 94° C. for 2 sec, 46 C. for 30 sec, 72 C. for min, 
followed by 20 cycles of 94° C. for 2 sec, 67° C. for 3 min, 
then 67 C. for 4 min, and held at 4 C. 
histone H2B gSp3 Sequence: 

5'-gaccatggtgtcgtgtggat.ccgatgcggctgct-3' (SEQID NO: 
27) 

me tallothione in gSp3 Sequence: 
5'-gaccatggtgtcgtgtggatccccttgtggtgc-3' (SEQ ID NO: 
28) 

alpha-tubulin gSp3 Se quence: 
5'-gaccatggtgtcgtgtggat.ccggtgttgttgaacg-3' (SEQ ID 
NO: 29) 

e fla - 11 and e fla - 15 g Sp3 Sequence: 
5'-gaccatggtgtcgtgtggat.ccgtgagattgaac-3' (SEQID NO: 
30) 

e fla-16 gSp3 Sequence: 
5'-gaccatggtgtcgtcgtgtggat.ccgtgaagettaa-3' (SEQ ID 
NO: 31) 

rps 8 gSp3 Sequence: 
5'-gaccatggtgtcgtgtggat.ccgcctgctccttgtc-3' (SEQ ID 
NO:32) 
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cab gSp3 Sequence: 5'-gaccatggtgtcgtgtggat.cctgcactgctac 
3' (SEQ ID NO: 33) 

gp c4 gSp3 Sequence: 
5'-gaccatggtgtcgtgtggat.ccacaaacacaagc-3' (SEQ ID 
NO:34) 

Ten ul of the resulting amplified DNA was run out on a 
0.8% agarose gel, purified with Sephaglas, and cloned into 
the PCR2.1 TA vector. Final sequences were determined on 
the resulting plasmids. 

EXAMPLE 2 

Transient Gene Expression Data Using Promoter 
Sequences 

A transient gene expression assay was used to test the 
cloned DNAS for promoter activity. The promoters were 
recloned into plasmid PHP3953 (FIG. 1) digested with 
Bg1 II and SphI or with Bg1 II and PvulI to remove the 
ubiquitin promoter. The new promoter fragments were 
inserted in place of the ubiquitin promoter Such that the 
ubiquitin 5' untranslated region and intron were now 
between the test promoter and the GUS reporter gene. 

Experiments were performed with immature embryos, 
essentially the Scutellar Surface. Immature GS3 maize 
embryos were isolated from ears 9-11 days after pollination 
using a Scalpel. Prior to embryo isolation, pollinated ears 
were Surface-sterilized with a microdetergent and 25% com 
mercial bleach mixture, then washed with 3 exchanges of 
sterile HO. Isolated immature embryos (1.4-1.7 mm) were 
placed on bombardment medium and aligned in a target grid 
in preparation for bombardment. 

Immature embryos were then transformed by the tungsten 
particle biolistic method (Tomes et al (1995) in Plant Cell, 
Tissue, and Organ Culture. Funadamental Methods, ed. 
Gamborg and Phillips (Springer-Verlag, Berlin); Koziel et 
al. (1993) Bio/Technology 11:194-200) using a high pres 
sure particle delivery system (Biolistic Particle Delivery 
System Model PDS-100 by DuPont). Plasmid DNA com 
prising a promoter Sequence of the invention operably linked 
to the GUS gene was bombarded into the maize immature 
embryos. Following culture for 40 hours, bombarded 
embryos were stained with X-Gluc Staining Solution 
(McCabe et al. (1988) Bio/Technology 6(87):923–926) for 
12 h at 37 C. in the dark. GUS activity was then measured, 
using the ubiquitin promoter as a control, by counting blue 
spots after staining for GUS activity as described elsewhere 
(see Jefferson (1987) Plant Mol. Biol. Rep. 5:387-405). 
Transient expression data are shown in Table 1. 

TABLE 1. 

Promoter activity as measured by transient expression of GUS (see 
Christensen and Quail (1989) Plant Mol. Biol. 12:619-632 for details 

of ubiquitin promoter activity). 

Gene #Blue spots Average 

Ubiquitin (control) 395, 155, 307, 416 318 
histone H2B 2127, 2826, 2830 2594 
tub3-18 (alpha-tubulin 3) 2542, 1832, 2727 2367 
met-1 (methallothionein) 163, 111, 27 1OO 
efla-16 (elongation factor 1a) 136, 2, O 46 
efla-15 (another family member) 81,38, 25 48 

Promoter activity of the promoter Sequences for the 
alpha-tubulin and histone H2B genes was significantly 
Stronger than that of the ubiquitin promoter, indicating these 
as Strong constitutive promoters. Promoter activity of the 
promoter Sequence for the metallothionein gene was con 
siderably lower than that of the ubiquitin promoter, indicat 
ing this is a weak constitutive promoter. 
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EXAMPLE 3 

Transformation and Regeneration of Transgenic 
Plants 

Immature GS3 maize embryos were bombarded with a 
plasmid containing the promoter Sequence operably linked 
to the GUS gene plus a plasmid containing the Selectable 
marker gene PAT (Wohleben et al. (1988) Gene 70:25–37) 
that confers resistance to the herbicide Bialaphos. Transfor 
mation was performed as described in Example 1. See 
Appendix for examples of bombardment (560Y), selection 
(560R), hormone-containing regeneration (288J), and 
hormone-free (272V) media. 
One day after bombardment, the embryos were trans 

ferred from bombardment medium to selection medium 
containing 3 mg/liter Bialaphos and Subcultured on Selection 
medium every 2 weeks. After approximately 10 weeks of 
Selection, Selection-resistant callus clones were transferred 
to hormone-containing medium to initiate plant regenera 
tion. Following Somatic embryo maturation (2-4 weeks), 
well-developed Somatic embryos were transferred to 
medium for germination and transferred to the lighted 
culture room. Approximately 7-10 days later, developing 
plantlets were transferred to hormone-free medium in tubes 
for 7-10 days until plantlets were well established. Plants 
were then transferred to inserts in flats (equivalent to 2.5" 
pot) containing potting Soil and grown for 1 week in a 
growth chamber, Subsequently grown an additional 1-2 
weeks in the greenhouse, then transferred to classic 600 pots 
(1.6 gallon) and grown to maturity. 

Promoter activity in transformed plant tissues was 
assessed by measuring expression of GUS. Plant tissue 
samples were placed into the wells of 12-well cell culture 
clusters and stained with X-Gluc staining Solution for 12 h 
at 37 C. in the dark. Samples were then scored for GUS 
Staining. GUS Staining Score ranged from 0 (negative)-6 
(highest). These staining scores served as a measure of level 
of GUS expression. Results are shown in Table 2. 

Six transformation events have been evaluated for the 
H2B promoter. Overall, five out of six events scored strong 
GUS expression in maize plants, with one event Scoring 
median expression. GUS expression was particularly Strong 
in leaf, root, and tasSel, with these tissues having GUS 
Staining Scores of 5-6 in all events. GUS expression in husk 
and Silk was slightly lower, with these two tissues mostly 
having Staining Scores of 4-5. GUS Staining with kernels 
was conducted with event TC7394 and it scored strong. In 
general, H2B is a strong promoter in maize embryos, callus, 
and different tissues. 

Four transformation events have been evaluated for the 
met- 1 promoter. Overall, three events scored strong GUS 
expression and one event Scored median expression. GUS 
expression was found in all plant tissues, including leaf, 
root, husk, Silk, and tasSel, with these tissues mostly having 
Staining Scores of 4-5. The expression pattern Seems similar 
to that observed with the tub3-18 promoter. 

Five transformation events have been evaluated for the 
tub3-18 promoter. Overall, three events scored strong GUS 
expression and two Scored median expression. GUS expres 
Sion was found in all plant tissues, including leaf, root, husk, 
Silk, and tasSel, with these tissues mostly having Staining 
scores of 3-5. GUS staining with kernels was conducted 
with event TC7406 and it scored very strong. 

Five transformation events have been evaluated the 
efla-15 promoter. Overall, three events scored strong GUS 
expression, one event Scored median expression, and one 
event Scored weak expression. GUS expression was found in 
all plant tissues, including leaf, root, husk, Silk, and tasSel, 
with these tissues mostly having Staining Scores of 3-5. 
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The ubiquitin promoter was used as a control. Five 
transformation events have been evaluated. Overall, two 
events Scored Strong GUS expression and three Scored weak 
expression. GUS expression was found in all plant tissues, 
including leaf, root, husk, Silk, and tasSel. With those trans 
formation events exhibiting Strong expression, GUS was 
expressed in all different tissues, with tissues mostly having 
staining scores of 4-5. With those transformation events 
exhibiting weak expression, GUS was expressed in leaf, 
root, and tasSel, with these tissues mostly having Staining 
scores of 1-3. There was very little GUS expression in husk 
and Silk tissues in those transformation events that exhibited 
weak expression. 

TABLE 2 

Gus expression as driven by various promoters of the invention. 

GUS 
Promoters Event GUS expression PCR 

H2B TC4703 Strong la 
TC4701 Strong la 
TC4694 Strong la 
TC7392 median positive 
TC7394 Strong positive 
TC7396 Strong positive 

met-1 TC7413 Strong positive 
TCF414 weak positive 
TC7415 Strong positive 
TC7416 Strong positive 

tub3-18 TC74O6 Strong positive 
TC74O7 Strong positive 
TC7408 Strong positive 
TC7409 median positive 
TC7410 median positive 

efla-15 TC7418 median positive 
TC7419 Strong positive 
TC742O Strong positive 
TC7421 weak positive 
TC7422 Strong positive 

Ubi TC7390 Strong positive 
TC7386 Strong positive 
TC7387 weak positive 
TC7388 weak positive 
TC7389 weak positive 

APPENDIX 

272 V 

Ingredient Amount Unit 

D-I HO 95O.OOO ml 
MS Salts (GIBCO 11117-074) 4.300 S. 
Myo-Inositol O.1OO S. 
MS Vitamins Stock Solution # S.OOO ml 
Sucrose 40.OOO S. 
Bacto-Agar (G) 6.OOO S. 

Directions: 
(G) = Add after bringing up to volume 
Dissolve ingredients in polished D-I H2O in sequence 
Adjust to pH 5.6 
Bring up to volume with polished D-I HO after adjusting pH 
Sterilize and cool to 60° C. 
# = Dissolve 0.100 g of Nicotinic Acid; 0.020 g of Thiamine.HCL: 0.100 
g of Pyridoxine.HCL; and 0.400 g of Glycine in 875.00 ml of polished 
D-I HO in sequence. Bring up to volume with polished D-I H.O. Make 
in 400 ml portions. Thiamine.HCL & Pyridoxine.HCL are in Dark Desic 
cator. Store for one month, unless contamination or precipitation occurs, 
then make fresh stock. 
Total Volume (L) = 1.00 
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288 

Ingredient Amount Unit 

D-I HO 95O.OOO ml 
MS Salts 4.300 S. 
Myo-Inositol O.1OO S. 
MS Vitamins Stock Solution # S.OOO ml 
Zeatin .5 mg/ml 1.OOO ml 
Sucrose 6O.OOO S. 
Gelrite G 3.OOO S. 
Indoleacetic Acid 0.5 mg/ml# 2.OOO ml 
.1 mM Abscisic Acid 1.OOO ml 
Bialaphos 1 mg/ml # 3.OOO ml 

Directions: 
(G) = Add after bringing up to volume 
Dissolve ingredients in polished D-I H2O in sequence 
Adjust to pH 5.6 
Bring up to volume with polished D-I HO after adjusting pH 
Sterilize and cool to 60° C. 
Add 3.5 g/L of Gelrite for cell biology. 
# = Dissolve 0.100 g of Nicotinic Acid; 0.020 g of Thiamine. HCL, 0.100 
g of Pyridoxine.HCL; and 0.400 g of Glycine in 875.00 ml of polished 
D-I HO in sequence. Bring up to volume with polished D-I H.O. Make 
in 400 ml portions. Thiamine. HCL & Pyridoxine.HCL are in Dark Desic 
cator. Store for one month, unless contamination or precipitation occurs, 
then make fresh stock. 
Total Volume (L) = 1.00 

56OR 

Ingredient Amount Unit 

D-I Water, Filtered 95O.OOO ml 
CHU (N6) Basal Salts (SIGMA C-1416) 4.OOO S. 
Eriksson's Vitamin Mix (1000X SIGMA-1511) 1.OOO ml 
Thiamine. HCL 0.4 mg/ml 1.250 ml 
Sucrose 3O.OOO S. 
2,4-D 0.5 mg/ml 4.OOO ml 
Gelrite G 3.OOO S. 
Silver Nitrate 2 mg/ml # O.425 ml 
Bialaphos 1 mg/ml # 3.OOO ml 

Directions: 
(G) = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp 
Dissolve ingredients in D-I HO in sequence 
Adjust to pH 5.8 with KOH 
Bring up to volume with D-I HO 
Sterilize and cool to room temp. 
Total Volume (L) = 1.00 

56OY 

Ingredient Amount Unit 

D-I Water, Filtered 95O.OOO ml 
CHU (N6) Basal Salts (SIGMA C-1416) 4.OOO S. 
Eriksson's Vitamin Mix (1000X SIGMA-1511) 1.OOO ml 
Thiamine. HCL 0.4 mg/ml 1.250 ml 
Sucrose 12O.OOO S. 
2,4-D 0.5 mg/ml 2.OOO ml 
L-Proline 2.88O S. 
Gelrite G 2.OOO S. 
Silver Nitrate 2 mg/ml # 4.250 ml 

Directions: 
(G) = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp. 
Dissolve ingredients in D-I HO in sequence 
Adjust to pH 5.8 with KOH 
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Bring up to volume with D-I HO 
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-continued 

Sterilize and cool to room temp. 
*Autoclave less time because of increased sucrose 
Total Volume (L) = 1.00 
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art to which this invention pertains. All publications and 
patent applications are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application was specifically and individually indicated to be 
incorporated by reference. 

Although the foregoing invention has been described in 
10 some detail by way of illustration and example for purposes 

of clarity of understanding, it will be obvious that certain 
All publications and patent applications mentioned in the changes and modifications may be practiced within the 

specification are indicative of the level of those skilled in the Scope of the appended claims. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 34 

<210> SEQ ID NO 1 
&2 11s LENGTH 1392 
&212> TYPE 
<213> ORGANISM: 

DNA 

&22O > FEATURE 

<223> OTHER INFORMATION: H2B histone promoter 

<400 SEQUENCE: 1 

cgacggc.ccg. 

tttgtc.gttc 

catacctagt 

aataagaagg 

totgccttga 

tittatgttct 

tggittatatt 

taaatctatt 

ccitataattit 

tagag cacca 

gttggittitat 

ttacattgac 

tgaaacattg 

ttctgtttca 

gaaaaagtaa 

actagotctt 

aactggtgat 

agtaaatgtt 

gttgg.cggCC 

ccalaaggaaa 

toctoccgct 

cacttgcgac 

titccaccalat 

cacggccata 

ggctggitatic 

cgitatctatg 

gactgtataa 

gtaga cattt 

gtgcgataca 

aagag catct 

ttataaaatt 

at agggaagic 

tttgaccatt 

tatttcaatt 

tttgttctgta 

aataataata 

tacttgcaca 

ttittagg gct 

tittattittac 

atctttgtcg 

gttgtag act 

gag tatgtac 

tggcgggtaa 

ggcct tcc.gg 

to agacitctg 

agattgaaca 

cagoccaagt 

ga 

Zea mays 

gataaatgtt 

tittcatacala 

citctgcatgt 

gagtgattot 

toatatggac 

ccaacaacgt. 

taggg cataa 

ccactatgat 

tttittatgaa 

tgagacacca 

to gttgttggit 

ggtaaaactic 

catctgatgt 

agtttgggaa 

cittgagaaaa 

aatcc ticcitc 

gtgttaagta 

totactacag 

agittatcctg 

ccc.gc.ccacc 

accacgtcga 

caccactitct 

tg.ccc.ctittc 

to cacataga 

aattitttacg 

atgagtgitat 

tittattoctg 

aggggittatg 

gacatatgaa 

ataaaa.catc 

atagtatatt 

at gagacact 

atttaaggca 

tttgatagtg 

tacaaattitt 

aaac actgca 

ccalaattitta 

tatalaattac 

tattoaaatg 

at acgtgtca 

taagtattat 

tagaaagttg 

tttgc.gc.gc.c 

caatcc.gggc 

atccacgtoa 

citttalaattic 

ttittgcatat cataatgatg 60 

catato goala cacatgggca 120 

gactatatga totagtaact 18O 

gacittgtaag acttgacatt 240 

catacactgc ttgtttgttg 3OO 

aatgcc ctac aatttaaaaa 360 

cc.gctocaac attaaag.cct 420 

tgaggc actt tagagggtgc 480 

attggagtat tttitttitcc.g 540 

ttgttggaga tottctaaat 600 

gtgcctittgc aatgtacatc 660 

ttatctaatg gacticttgta 720 

tacttittaac agtgacaaga 78O 

ttagg gtttt tattittctaa 840 

ttgaga aaat agagttccala 9 OO 

tgacatttct gg cacgtgac 96.O 

ttattactaa atgccattitt 1020 

tggtgt attt acactaga.ca 1080 

ggcc aggcca aaac caa.ccg. 1140 

galaggtoagt to cittcagtc 1200 

cgaaac acat citgcaccgto 1260 

gc gatc.cgtg gCactagocc 1320 

gcc.gcaccoa ttgctottct 1380 

1392 
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SEQUENCE: 4 

tgttaacaag acgaatcaat gattagaaac act agtaaat 

caatttatcg gatgggat.ca gaalactagat citaac gttgt 

aaaaagcttg atacacataa goagtgtaaa aataaagaag 

caatgtaata taaaaaataa agcaggcata gaaaataaag 

cacatgattt tagcc agta agacgaattic aaaattaggc 

atcaggaatt togtoatatt atgaggittac aactcittact 

agitatcggto: aaatagaaac tacagcagct citacaccitca 

taag accacg talacac gacc gcaa.gc.gcaa ttaagaagtc 

tgcg tatgta atttatcaaa toc agaag.ca act atcc.gta 

cggaag caaa caaaac caca aaaactaaga gaatggagac 

caaacagaag gCC gaatcac titcaggcacg g g gaggcaac 

tgccitatcto atc gag cacc toaaggacaa agatcgagcg 

Caagggacag aggc.cgaaat ggaggcgcac aaggcagacg 

citggcc tota gggttcggga citttatataa gqgtgtcgga 

cittgactitcc gaatgg.cggc ccagg gcc.ca taaacggagc 

actgaatgac aatgttattt gctcittaata ttgitatggca 

caatttctot aatactictac totttcatat tctaatggca 

aat 

<400 

SEQ ID NO 5 
LENGTH 1022 
TYPE DNA 

ORGANISM: Zea mays 
FEATURE: 

OTHER INFORMATION: efla-15 promoter 

SEQUENCE: 5 

gttaacaaga cqaatcaacg attagaaa.ca citagtaaata 

acaatttatc agatgg gatc agaaactaga totaacgttg 

aaaaaagctt gatacacata agcagtgtaa aaataaagaa 

tdaatgtaat ataaaaaaat aaag.caggca tagaaaataa 

cgcacataat tittgagccag talagacga at tdaaaattag 

agat caggaa tittggtoata ttatgaggitt acaactcitta 

caagtatcgg toaaatagaa act acagoag citctacacct 

attalagacca cqtagcacga cc.gcaa.gc.gc aattaagaag 

ggtgcg tatg taatttatca aatccagaag caactato.cg 

cacggaag.ca aacaaaacca caaaaaacta agagaatgga 

togcaaacag aag accgaat cactitcaggc acggggaggc 

cact gccitat citcatcgagc accitcaagga caaagat.cga 

ttgcaaggga cagaggc.cga aatggaggcg Cagaagg Cag 

gtgcttgcct citagggttcg g g actittata taagggtgtc 

atgtgactitc cqatttcc ga atggcggc.cc agg gccataa 

tittggttcgg tttittittctg accagottat atgaaaagct 
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-continued 

taatact acc 

cgc.cggagtt 

caaat attaa. 

ggcaaactoga 

acaacaactic 

gcqcatgaac 

aaaattic gat 

gtocaactac 

agaatcaggt 

gcagtagcta 

agagcacago 

acagaggatt 

gCgagttggg 

gtggc.cggac 

gag acatagt 

gcacttittag 

totcatgtta 

ttaatacitac 

to accggagt 

gcaaatatta 

agagcaaact 

gcacaacaac 

citgcgcatca 

caaaaattog 

togtocaact 

taagaatcag 

gacgcagtag 

aacagag cac 

gCgacagagg 

acggc gagtt 

ggtgtggcc.g 

acggagc gag 

ggttgtgggg 

agtaacgaca 

atgagcttga 

acagagcaat 

taag.cgtgcg 

tataaag cag 

tacaaagaca 

citg acttitat 

ggtgg Cacgg 

catccalaa.ca 

caattaatcg 

tittgaaccac 

agctaccttg 

gaggalaggtg 

cagoccaata 

atatgggatg 

gtatatgcc.c 

tgttggccta 

cagtaacgac 

tatgagcttg 

aacagagcaa 

aataagtgtg 

totataaag.c 

actacaaaga 

atctgactitt 

acggtgg CaC 

gtocatccaaa 

citaca attaa. 

agctttgaac 

attagctacc 

ggggaggaag 

gaccagocca 

acagggtgtg 

aaaagctggc 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1023 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 
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<213> ORGANISM: Zea mays 
&220s FEATURE 
&223> OTHER INFORMATION: 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (459) 
<223> OTHER INFORMATION: Nucleotide at this position may be a or 

g or c or t. 

<400 SEQUENCE: 7 

ggtacagaag 

tgggg.cgc.ct 

acagacct gt 

titat citccala 

taaaaatgaa 

ttcacatgca 

atagaggatg 

tittagagagt 

tgagagaagg aaaccotagg 

gggcc.gcata aaatgtggaa 

aaatggttct gtactictaaa 

caaaagttctg taaagaatca 

ggg.cgitacgg ttctacticta 

catgaccggit aaaaatcaat 

aaatttagag gacattgctg 

gct gtaaagg act gagaata 

<210 SEQ ID NO 8 
&2 11s LENGTH 467 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 
&220s FEATURE 
<223> OTHER INFORMATION: cab-10 promoter 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (370) 
<223> OTHER INFORMATION: Nucleotide 

g or c or t. 

<400 SEQUENCE: 8 

gtag cqagac 

gg tatttaaa 

gaaaataaaa 

ttgg.cgcgac 

gaatctoc git 

gatgtctgtt 

atcaactitan 

taaacgttitt 

ttgcagat.cg atggtggctt 

gCgacggagg gaalacaccgc 

aataaatctg atgcttggat 

gggagcctica gggggacgat 

ggagaagggit gattggg.cgc 

ttalactitctic talactittaac 

ttataaattit gcctaaattit 

aaaacgtoca caa.cccd.cala 

<210 SEQ ID NO 9 
&2 11s LENGTH 467 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 
&220s FEATURE 
<223> OTHER INFORMATION: cab-20 promoter 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (460) 
<223> OTHER INFORMATION: Nucleotide at this position may be a or 

g or c or t. 

<400 SEQUENCE: 9 

rps 8 promoter 

tat cqagtgt 

aggctctgaa 

atatagtata 

totaaagttt 

tacactgtgc 

atagaatgtg 

gagatggaga 

ttcttittang 

gaggtgctgt 

cgc gagcaag 

gcc attggtg 

gaggcagatg 

cgtaaatact 

tgagttcata 

aaataag citc 

ttittgcaatg 
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gtatatagga 

ccg acaaatt 

tagagaatac 

agagcacggC 

ttatttattg 

aaatatggta 

aaatatagag 

g 

ggaCttgtgg 

ttctatottg 

cgtc.cgg gat 

tgggctgtgg 

actatatacc 

taaaaaatcc 

tacttacgac 

caaaagg 

ggagggalagg 

tggatgttta 

atgcatctitt 

atgcatcc.gc 

tgtttgctoa 

cactattgat 

aacaaaattit 

at this position may be a or 

aggcgacgaa 

aatgttgcca 

gctggaacac 

citgaggctag 

tttgttccaa 

aaa.ca tatta 

aaalaccatat 

gtag cq agac ttgcagat.cg atggtggctt gagatgctgt ggacittgtgg aggcgacgaa 

gg tatttaaa gogacggagg gaalacctaca atacggagta toagctaatc tagg.cgg cat 

citcc.cagtca cottgatggit gccaatgaat aattatttag titcgtttitat tigittatcatt 

60 

120 

18O 

240 

360 

420 

461 

60 

120 

18O 

240 

360 

420 

4.67 

60 

120 

18O 

28 
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tattitttgta agacitctitcc actatgtaat aatgattatg 

tgtcattata totgatgttc. tcc tittgg.cg cacatatgag 

taaatttggg totgacactc cqaaag.ccct atacaatcac 

gggatttgat tdttgtc.citc agctogaaag tdacattgta 

atttggct at totggcagat gccttgagaa ttctaaatan 

<400 

SEQ ID NO 10 
LENGTH 565 
TYPE DNA 

ORGANISM: Zea mays 
FEATURE: 

OTHER INFORMATION: gpc4 promoter 

SEQUENCE: 10 

taac agtacc aacttgcaca totagaa.gc.cc cqc gag caca 

atctgctago aagtattoct taagaagitat ttctgctitta 

catgattggg toaacaggaa aatccataat citgatccatc 

galacagagtg gttccattcc ccacaatcca taagcaatgc 

ttaaatagitt ttattatcat gcaccagata aaagattatg 

aaatgcttgg cqcagaactt acttggcc cc tottaacaat 

cgtgcgttgc gatggaagta aaaaatttgt atgaaac att 

actataatat gcaaaatata cqtggaaaat attatcaata 

aagttaattt agaatttitta attacagaca aatatgtcga 

tittagc gata ccago.ccggg cc.gto 

<400 

SEQ ID NO 11 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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acatttatct 

acgcaccc.gt 

tataaaatct 

cc cagggaat 

gtotccc 

gaagtgtata 

tacttatagg 

aagtcaa.ca.g 

citacaacaaa. 

aagtaattga 

atatagtata 

gatacggaac 

toacacalaat 

caactaatca 

citata cactit 

cittitatic cost 

gccaag acct 

toggctg.ccc 

galacatatgg 

ccittagotgc 

toagattgtt 

ttgttaaaaa 

agtgaaattit 

gatatgtgct 

gacaaaaatc 

taattictaaa. 

gctaatccitt 

OTHER INFORMATION: Description of Artificial Sequence: 
PCR Primer 

SEQUENCE: 11 

gtaatacgac toactatagg gc 

<400 

SEQ ID NO 12 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 12 

cgcgggctcc toc toc gocq gottctt 

<400 

SEQ ID NO 13 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 13 

gtacttcttg cc.gcacttgc agcttga 

240 

360 

420 

4.67 

60 

120 

18O 

240 

360 

420 

480 

540 

565 

22 

27 

27 

30 
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<210> SEQ ID NO 14 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 14 

ggtottgtca ccgggcatct gaccatc 

<210 SEQ ID NO 15 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 15 

gtoctotggt ggtogactitg ccagagt 

<210> SEQ ID NO 16 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 16 

ttctitccitcc agg ccttctg. cittitcca 

<210 SEQ ID NO 17 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

<400 SEQUENCE: 17 

aggaga.cgac gacggCacgt to acggC 

<210> SEQ ID NO 18 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 18 

taatcggtgc tigatgaaggg gtc gttc 

<210 SEQ ID NO 19 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 19 

actatagggc acgc.gtggit 

27 

27 

27 

27 

27 

19 

32 
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SEQ ID NO 20 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: PCR primer 

SEQUENCE: 20 

gggcttctitc. tcggccittgg gcgc.cat 27 

<400 

SEQ ID NO 21 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 21 

agcc.gcagot togatcc.gcag ttgcaag 27 

<400 

SEQ ID NO 22 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 22 

cc cago acgc gtttcc gacc toggatac 27 

<400 

SEQ ID NO 23 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 23 

tggccaataa ccacaatgtt gatgtg 26 

<400 

SEQ ID NO 24 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 24 

cgcttgttgca to gagt cacg cqagata 27 

<400 

SEQ ID NO 25 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

SEQUENCE: 25 

gaaggctgtg gaggagaggg C catggit 27 

SEQ ID NO 26 
LENGTH 24 

34 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

<400 SEQUENCE: 26 

acco attgat cocgatcttg atct 

<210 SEQ ID NO 27 
<211& LENGTH: 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 27 

gaccatggtg togtgtggat cogatgcggc tigct 

<210> SEQ ID NO 28 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 28 

gaccatggtg togtgtggat coccittgttgg to c 

<210> SEQ ID NO 29 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 29 

gaccatggtg togtgtggat coggtgttgttgaacg. 

<210 SEQ ID NO 30 
<211& LENGTH: 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 30 

gaccatggtg togtgtggat cogtgagatt gaac 

<210> SEQ ID NO 31 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 
gene-specific PCR primer 

<400 SEQUENCE: 31 

gaccatggtg togtogtotg gatcc.gtgaa gottaa 

<210> SEQ ID NO 32 
&2 11s LENGTH 36 
&212> TYPE DNA 

24 

34 

33 

36 

34 

36 

36 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 32 

gaccatggtg togtgtggat cogcctgcto cittgtc 36 

<210 SEQ ID NO 33 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR Primer 

<400 SEQUENCE: 33 

gaccatggtg togtgtggat cotgcactgc tac 33 

<210> SEQ ID NO 34 
<211& LENGTH: 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Maize 

gene-specific PCR primer 

<400 SEQUENCE: 34 

gaccatggtg togtgtggat coacaaacac aagc 34 

What is claimed is: 
1. An isolated nucleic acid molecule having a nucleotide 

Sequence for a promoter that is capable of initiating tran 
Scription in a plant cell, wherein Said nucleotide Sequence is 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 1, 2,3,4,5,6,7, or 10; 

b) a nucleotide sequence Selected from the group consist 
ing of Sequences deposited as ATCC Accession NoS. 
207123, 207120, 207125, 207121, 207122, 207124, 
207126, and 207119; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the sequence set forth in SEQ ID 
NO: 1, 2, 3, 4, 5, 6, 7, or 10; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence set forth in a) or b). 

2. A DNA construct comprising a nucleotide Sequence of 
claim 1 operably linked to a heterologous nucleotide 
Sequence of interest. 

3. A vector comprising the DNA construct of claim 2. 
4. a host cell having Stably incorporated in its genome the 

DNA construct of claim 2. 
5. An isolated nucleic acid molecule having a nucleotide 

Sequence for a promoter that is capable of initiating tran 
Scription in a plant cell, wherein Said nucleotide Sequence is 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 8; 

b) the nucleotide sequence deposited as ATCC Accession 
No. 207127; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO: 8, wherein said C-terminal end 
comprises nucleotides 272–467 of SEQ ID NO: 8; and 
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d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

6. A DNA construct comprising a nuclelotide Sequence of 
claim 5 operably linked to a heterologous nucleotide 
Sequence of interest. 

7. A vector comprising the DNA construct of claim 6. 
8. A host cell having Stably incorporated in its genome the 

DNA construct of claim 6. 
9. An isolated nucleic acid molecule having a nucleotide 

Sequence for a promoter that is capable of initiating tran 
Scription in a plant cell, wherein Said nucleotide Sequence is 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 9; 

b) the nucleotide Sequence deposited as ATCC Accession 
No. 207128; 

c) a nucleotide sequence comprising at least 40 contigu 
OuS nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO:9, wherein said C-terminal end 
comprises nucleotides 86-467 of SEQ ID NO: 9; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

10. A DNA construct comprising a nucleotide Sequence of 
claim 9 operably linked to a heterologous nucleotide 
Sequence of interest. 

11. A vector comprising the DNA construct of claim 10. 
12. A host cell having Stably incorporated in its genome 

the DNA construct of claim 10. 
13. A method for expressing a heterologous nucleotide 

Sequence in a plant, Said method comprising transforming a 
plant cell with a DNA construct comprising Said heterolo 
gous nucleotide Sequence operably linked to a promoter that 
is capable of initiating transcription in a plant cell and 
regenerating a Stably transformed plant from Said plant cell, 
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wherein Said promoter comprises a nucleotide Sequence 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, or 10; 

b) a nucleotide sequence Selected from the group consist 
ing of Sequences deposited as ATCC Accession NoS. 
297123, 207120, 207125, 207121, 207122, 207124, 
207126, and 207119; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the sequence set forth in SEQ ID 
NO: 1, 2, 3, 4, 5, 6, 7, or 10; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence set forth in a) or b). 

14. The method of claim 13, wherein said plant is a 
monocot. 

15. The method of claim 14, wherein said monocot is 
maize. 

16. The method of claim 13, wherein said plant is a dicot. 
17. A method for expressing a heterologous nucleotide 

Sequence in a plant, Said method comprising transforming a 
plant cell with a DNA construct comprising Said heterolo 
gous nucleotide Sequence operably linked to a promoter that 
is capable of initiating transcription in a plant cell and 
regenerating a Stably transformed plant from Said plant cell, 
wherein Said promoter comprises a nucleotide Sequence 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 8; 

b) the nucleotide sequence deposited as ATCC Accession 
No. 207127; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO: 8, wherein said C-terminal end 
comprises nucleotides 272–467 of SEQ ID NO: 8; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence set forth in a) or b). 

18. A method for expressing a heterologous nucleotide 
Sequence in a plant, Said method comprising transforming a 
plant cell with a DNA construct comprising Said heterolo 
gous nucleotide Sequence operably linked to a promoter that 
is capable of initiating transcription in a plant cell and 
regenerating a Stably transformed plant from Said plant cell, 
wherein Said promoter comprises a nucleotide Sequence 
Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 9; 

b) the nucleotide sequence deposited as ATCC Accession 
No. 207128; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO:9, wherein said C-terminal end 
comprises nucleotides 86-467 of SEQ ID NO: 9; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence set forth in a) or b). 

19. A plant cell stably transformed with a DNA construct 
comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in Said plant cell, wherein Said promoter comprises a nucle 
otide Sequence Selected from the group consisting of 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, or 10; 

b) a nucleotide sequence Selected from the group consist 
ing of Sequences deposited as ATCC Accession NoS. 
207123, 207120, 207125, 207121.207122, 207124, 
207126, and 207119; 
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c) a nucleotide sequence comprising at least 40 contigu 

ous nucleotides of the sequence set forth in SEQ ID 
NO: 1, 2, 3, 4, 5, 6, 7, or 10; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

20. The plant cell of claim 19, wherein said plant cell is 
from a monocot. 

21. The plant cell of claim 20, wherein said monocot in 
maize. 

22. The plant cell of claim 19, wherein said plant cell is 
from a dicot. 

23. A plant cell stably transformed with a DNA construct 
comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in Said plant cell, wherein Said promoter comprises a nucle 
otide Sequence Selected from the group consisting of 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 8; 

b) the nucleotide Sequence deposited as ATCC Accession 
No. 207127; 

c) a nucleotide sequence comprising at least 40 contigu 
OuS nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO: 8, wherein said C-terminal end 
comprises nucleotides 272–467 of SEQ ID NO: 8; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

24. A plant cell stably transformed with a DNA construct 
comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in Said plant cell, wherein Said promoter comprises a nucle 
otide Sequence Selected from the group consisting of 

a) a nucleotide Sequence comprising the Sequence Set 
forth in SEQ ID NO: 9; 

b) the nucleotide Sequence deposited as ATCC Accession 
No. 207128; 

c) a nucleotide sequence comprising at least 40 contigu 
OuS nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO:9, wherein said C-terminal end 
comprises nucleotides 86-467 of SEQ ID NO: 9; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

25. A plant stably transformed with a DNA construct 
comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in a plant cell, wherein Said promoter comprises a nucleotide 
Sequence Selected from the group consisting of: 

a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 1,2,3,4,5,6,7, or 10; 

b) a nucleotide Sequence Selected from the group consist 
ing of Sequences deposited as ATCC Accession NoS. 
207123, 207120, 207125, 207121, 207122, 207124, 
207126, and 207119; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the sequence set forth in SEQ ID 
NO: 1, 2, 3, 4, 5, 6, 7, or 10; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

26. The plant of claim 25, wherein said plant is a monocot. 
27. The plant of claim 26, wherein said monocot is maize. 
28. The plant of claim 25, wherein said plant is a dicot. 
29. A plant stably transformed with a DNA construct 

comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in a plant cell, wherein Said promoter comprises a nucleotide 
Sequence Selected from the group consisting of: 
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a) a nucleotide sequence comprising the sequence Set 
forth in SEQ ID NO: 8; 

b) the nucleotide sequence deposited as ATCC Accession 
No. 207127; 

c) a nucleotide sequence comprising at least 40 contigu 
ous nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO: 8, wherein said C-terminal end 
comprises nucleotides 272–467 of SEQ ID NO: 8; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence set forth in a) or b). 

30. A plant stably transformed with a DNA construct 
comprising a heterologous nucleotide Sequence operably 
linked to a promoter that is capable of initiating transcription 
in a plant cell, wherein Said promoter comprises a nucleotide 
Sequence Selected from the group consisting of: 

1O 
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a) a nucleotide sequence comprising the sequence Set 

forth in SEQ ID NO: 9; 
b) the nucleotide Sequence deposited as ATCC Accession 

No. 207128; 
c) a nucleotide sequence comprising at least 40 contigu 

OuS nucleotides of the C-terminal end of the Sequence 
set forth in SEOID NO:9, wherein said C-terminal end 
comprises nucleotides 86-467 of SEQ ID NO: 9; and 

d) a nucleotide sequence that has at least about 70% 
Sequence identity to a sequence Set forth in a) or b). 

31. Seed of the plant of any one of claims 25-30. 

k k k k k 
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