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(57) ABSTRACT 

The present invention provides compositions and methods 
for regulating expression of heterologous nucleotide 
sequences in a plant. Compositions include a novel nucle 
otide sequence for a root-preferred promoter for the gene 
encoding, a metallothionein gene and sequences isolated 
therefrom. A method for expressing a heterologous nucle 
otide sequence in a plant using the promoter sequences 
disclosed herein is provided. The method comprises trans 
forming a plant cell With a nucleotide sequence operably 
linked to one of the root-preferred promoters of the present 
invention and regenerating a stably transformed plant that 
expresses the nucleotide sequence in a root-preferred man 
ner from the transformed plant cell. Compositions and 
methods for expressing metallothionein genes in plants, 
plant cells and tissues are also provided. The compositions 
comprise nucleotide sequences encoding plant metallothio 
nein. The sequences are useful in transforming plants for 
tissue-preferred or constitutive expression of metallothion 
ein. Such sequences ?nd use in modulating levels of metal 
ions in plants and plant tissues. 
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MAIZE METALLOTHIONEIN GENE AND 
PROMOTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/520,268, ?led Mar. 7, 2000, Which claims the 
bene?t of US. Provisional Application No. 60/123,510, ?led 
Mar. 8, 1999, Which are hereby incorporated herein in their 
entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of plant 
molecular biology, more particularly to regulation of gene 
expression in plants. 

BACKGROUND OF THE INVENTION 

[0003] 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. Where expression in speci?c tissues or organs 
is desired, tissue-preferred promoters may be used. Where 
gene expression in response to a stimulus is desired, induc 
ible promoters are the regulatory element of choice. In 
contrast, Where continuous expression is desired throughout 
the cells of a plant, constitutive promoters are utiliZed. 
Additional regulatory sequences upstream and/or doWn 
stream from the core promoter sequence may be included in 
the expression constructs of transformation vectors to bring 
about varying levels of expression of heterologous nucle 
otide sequences in a transgenic plant. 

[0004] Frequently it is desirable to express a DNA 
sequence in particular tissues or organs of a plant. 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 tissue 
preferred promoter operably linked to a heterologous patho 
gen-resistance gene such that pathogen-resistance proteins 
are produced in the desired plant tissue. 

[0005] 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 tissue-preferred promoter operably linked to an 
antisense nucleotide sequence, such that expression of the 
antisense sequence produces an RNA transcript that inter 
feres With translation of the mRNA of the native DNA 
sequence. 

[0006] Thus far, the regulation of gene expression in plant 
roots has not been adequately studied despite the root’s 
importance to plant development. To some degree this is 
attributable to a lack of readily available, root-speci?c 
biochemical functions Whose genes may be cloned, studied, 
and manipulated. Genetically altering plants through the use 
of genetic engineering techniques and thus producing a plant 
With useful traits requires the availability of a variety of 
promoters. An accumulation of promoters Would enable the 
investigator to design recombinant DNA molecules that are 
capable of being expressed at desired levels and cellular 
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locales. Therefore, a collection of tissue-preferred promoters 
Would alloW for a neW trait to be expressed in the desired 
tissue. Several genes have been described by Takahashi et al. 
(1991), Plant J. 1:327-332; Takahashi et al. (1990), Proc. 
Natl. Acad. Sci. USA 87:8013-8016; Hertig et al. (1991), 
Plant Mol Biol. 16:171-174; Xu et al. (1995), Plant Mol 
Biol. 27:237-248; Capone et al. (1994), Plant Mol Biol. 
25:681-691; Masuda et al. (1999), Plant Cell Physiol. 
40(11):1177-81; Luschnig et al. (1998), Genes Dev. 
12(14):2175-87; Goddemeier et al. (1998), Plant Mol Biol. 
36(5):799-802; and Yamamoto et al. (1991), Plant Cell. 
3(4):371-82 to express preferentially in plant root tissues. 

[0007] Metallothioneins (MT’s) are proteins or polypep 
tides that bind and sequester ionic forms of certain metals in 
plant and animal tissues. Examples of such metals include 
copper, Zinc, cadmium, mercury, gold, silver, cobalt, nickel 
and bismuth. The speci?c metals sequestered by MT’s vary 
for the structurally distinct proteins/polypeptides occurring 
in different organisms. Plants appear to contain a diversity of 
metal-binding MT’s With the potential to perform distinct 
roles in the metabolism of different metal ions. In plants, 
MT’s are suggested to have roles in metal accumulation, 
metal intoxication, and embryogenesis. 

[0008] Typically, MT’s and MT-like proteins are Cys-rich 
proteins, characteriZed by the presence of Cys-Xaa-Cys 
motifs suggesting the capability of binding metal ions. 
Further categories of MT-like proteins have been proposed 
on the basis of the predicted locations of Cys residues and 
designated types 1 and 2. In type 1 there are exclusively 
Cys-Xaa-Cys motifs, Whereas in type 2 there is a Cys-Cys 
and a Cys-Xaa-Xaa-Cys pair Within the N-terminal domain. 
The type 1 motif has been implicated in the binding and 
sequestration of copper. 

[0009] Several metallothionein-like plant genes have been 
isolated, including those from pea, maiZe, barley, mimulus, 
soybean, castorbean and arabidopsis. See Robinson et al. 
(1993) Biochem J. 295: 1-10. Sequences expressed in roots 
have been reported to be isolated from pea, as described in 
Evans et al. (1990) FEBS Lett 262:29-32. A maiZe root MT 
gene has been described in US. Pat. No. 5,466,785; though 
this sequence is also expressed leaves, pith and seed, as 
described in de Framond (1991) FEBS Lett 290:103-106. 

[0010] Thus, isolation and characteriZation of tissue-pre 
ferred, particularly root-preferred, promoters that can serve 
as regulatory regions for expression of heterologous nucle 
otide sequences of interest in a tissue-preferred manner are 
needed for genetic manipulation of plants. Furthermore, 
isolation and characteriZation of sequences involved in 
metal-binding and accumulation are needed for in?uencing 
metabolism of metals in plants. 

SUMMARY OF THE INVENTION 

[0011] Compositions and methods for regulating expres 
sion of heterologous nucleotide sequences in a plant are 
provided. Compositions comprise novel nucleotide 
sequences for promoters that initiate transcription in a 
root-preferred manner. More particularly, a transcriptional 
initiation region isolated from a plant metallothionein gene, 
is provided. A method for expressing a heterologous nucle 
otide sequence in a plant using the transcriptional initiation 
sequences disclosed herein is provided. The method com 
prises transforming a plant cell With a transformation vector 
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that comprises a heterologous nucleotide sequence operably 
linked to one of the plant promoters of the present invention 
and regenerating a stably transformed plant from the trans 
formed plant cell. In this manner, the promoter sequences 
are useful for controlling the expression of operably linked 
coding sequences in a root-preferred manner. 

[0012] DoWnstream from and under the transcriptional 
initiation regulation of the promoter Will be a sequence of 
interest that Will provide for modi?cation of the phenotype 
of the plant. Such modi?cation includes modulating the 
production of an endogenous product, as to amount, relative 
distribution, or the like, or production of an exogenous 
expression product to provide for a novel function or prod 
uct in the plant. 

[0013] Also provided are compositions and methods for 
expressing metallothionein genes in plants, plant cells, and 
plant tissues. The compositions comprise nucleotide 
sequences for the expressed region of the MT gene, Which 
comprise the nucleotide sequences encoding the metal 
lothionein polypeptide. These sequences are useful in trans 
forming plants for tissue-preferred or constitutive expres 
sion of metallothionein. Such sequences ?nd use in 
modulating levels of metal ions in plants and plant tissues. 

[0014] Expression cassettes comprising the sequences of 
the invention are provided. Additionally provided are trans 
formed plant cells, plant tissues, and plants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 depicts a construct used for Agrobacterium 
mediated transformation utiliZing an MT promoter of the 
invention. 

[0016] FIG. 2 depicts root-preferred expression of the MT 
gene of the invention, relative to other genes. 

[0017] FIG. 3 depicts tissue distribution of expression of 
the MT gene of the invention relative to a second MT gene. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The invention relates to compositions and methods 
draWn to plant metallothionein (MT) genes and methods of 
their use. The compositions comprise nucleotide sequences 
for the promoter region of the MT gene of the invention, as 
Well as the nucleotide sequences for the expressed regions of 
the gene. 

[0019] The MT promoter sequences of the present inven 
tion include nucleotide constructs that alloW initiation of 
transcription in a tissue-preferred, more particularly in a 
root-preferred manner. Such constructs of the invention 
comprise regulated transcription initiation regions associ 
ated With plant developmental regulation. Thus, the compo 
sitions of the present invention comprise novel plant pro 
moter nucleotide sequences, particularly root-preferred 
promoter sequences for the MT gene, more particularly a 
maiZe MT promoter sequence. The sequence for the maiZe 
MT promoter region is set forth in SEQ ID NO:1. 

[0020] Also provided are compositions and methods for 
expressing MT genes in plants, plant cells, and speci?c plant 
tissues. Such compositions are nucleic acids and proteins 
relating to MT or MT-like genes in plants. More particularly, 
nucleotide sequences encoding maiZe MT and the amino 
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acid sequences for the proteins encoded thereby are dis 
closed. The MT gene encodes a protein involved in binding 
and sequestering metal ions. The MT protein contains 
knoWn Cys-rich motifs. The maiZe MT gene is abundantly 
expressed in maiZe root tissue. Nucleotide sequences for the 
expressed region of the maiZe MT gene comprising the MT 
coding sequences are set forth in SEQ ID NO:2. The maiZe 
MT polypeptide sequence is set forth in SEQ ID NO: 3. 

[0021] Compositions of the invention include the nucle 
otide sequences for the native MT promoter and expressed 
regions, the MT amino acid sequences, as Well as fragments 
and variants thereof. The nucleotide sequences for the 
expressed region of the MT gene or corresponding antisense 
sequences ?nd use in modulating the expression of metal 
lothionein in a plant or plant cell. That is, the coding 
sequences are used to increase the expression While anti 
sense sequences are used to decrease expression. The pro 
moter sequences of the invention are useful for expressing 
sequences in a tissue-preferred, particularly a root-preferred 
manner. The sequences of the invention also ?nd use in the 
construction of expression vectors for subsequent transfor 
mation into plants of interest, as probes for the isolation of 
other MT-like genes, as molecular markers, and the like. 

[0022] In particular, the present invention provides for 
isolated nucleic acid molecules comprising the nucleotide 
sequences set forth in SEQ ID NOs:1 and 2, isolated nucleic 
acid molecules comprising nucleotide sequences encoding 
the amino acid sequences shoWn in SEQ ID NO:3, or the 
nucleotide sequences encoding the DNA sequences depos 
ited in a bacterial host as Patent Deposit Nos. 207085 and 
207086. Further provided are polypeptides having an amino 
acid sequence encoded by a nucleic acid molecule described 
herein, for example those set forth in SEQ ID NO: 2, those 
deposited as Patent Deposit NO. 207086, and fragments and 
variants thereof. 

[0023] Plasmids containing the nucleotide sequences of 
the invention Were deposited With the Patent Depository of 
the American Type Culture Collection (ATCC), Manassas, 
Va., on Feb. 2, 1999 and assigned Patent Deposit NOs. 
207085 and 207086. These deposits Will be maintained 
under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Pur 
poses 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. §112. 

[0024] The invention encompasses isolated or substan 
tially puri?ed nucleic acid or protein compositions. An 
“isolated” or “puri?ed” nucleic acid molecule or protein, 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 encoding sequences) that naturally ?ank 
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 ?ank the 
nucleic acid molecule in genomic DNA of the cell from 
Which the nucleic acid is derived. A protein that is substan 
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tially free of cellular material includes preparations of 
protein having less than about 30%, 20%, 10%, 5%, (by dry 
Weight) of contaminating protein. When the protein of the 
invention or biologically active portion thereof is recombi 
nantly produced, preferably culture medium represents less 
than about 30%, 20%, 10%, or 5% (by dry Weight) of 
chemical precursors or non-protein-of-interest chemicals. 
The MT promoter sequences of the invention may be 
isolated from the 5‘ untranslated region ?anking their respec 
tive transcription initiation sites. Methods for isolation of 
promoter regions are Well knoWn in the art. 

[0025] Fragments and variants of the disclosed nucleotide 
sequences and proteins encoded thereby are also encom 
passed by the present invention. By “fragment” is intended 
a portion of the nucleotide sequence or a portion of the 
amino acid sequence and hence protein encoded thereby. 
Fragments of a MT coding sequence may encode protein 
fragments that retain the biological activity of the native 
protein and hence bind metal ion. Fragments of a MT 
promoter sequence may retain the biological activity of 
driving root-preferred expression. Alternatively, fragments 
of a nucleotide sequence that are useful as hybridiZation 
probes generally do not encode fragment proteins or pro 
moters retaining biological activity. Thus, fragments of a 
nucleotide sequence for the expressed region of the MT gene 
may range from at least about 27 nucleotides, about 50 
nucleotides, about 100 nucleotides, and up to the full-length 
nucleotide sequence of the invention for the expressed 
region of the gene. Fragments of a nucleotide sequence for 
the promoter region of the MT gene may range from at least 
about 20 nucleotides, about 50 nucleotides, about 100 nucle 
otides, and up to the full-length nucleotide sequence of the 
invention for the promoter region of the gene. 

[0026] A fragment of a MT nucleotide sequence that 
encodes a biologically active portion of a protein of the 
invention Will encode at least 15, 25, 30, 50 contiguous 
amino acids, or up to the total number of amino acids present 
in a full-length MT protein of the invention (for example, 79 
amino acids for SEQ ID NO: 3). Fragments of a MT 
nucleotide sequence that are useful as hybridiZation probes 
or PCR primers generally need not encode a biologically 
active portion of a MT protein. 

[0027] Thus, a fragment of a MT nucleotide sequence may 
encode a biologically active portion of a MT protein, MT 
promoter, or it may be a fragment that can be used as a 
hybridiZation probe or PCR primer using methods disclosed 
beloW. Abiologically active portion of a MT protein can be 
prepared by isolating a portion of the nucleotide sequences 
of the invention for the expressed region of the MT gene, 
expressing the encoded portion of the protein (e.g., by 
recombinant expression in vitro), and assessing the activity 
of the encoded portion of the MT protein. Nucleic acid 
molecules that are fragments of a nucleotide sequence for 
the expressed region of the MT gene comprise at least 27, 
50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600 
or up to the number of nucleotides present in a full-length 
MT sequence disclosed herein (for example, 612 nucleotides 
for SEQ ID NO: 2. 

[0028] Abiologically active portion of a MT promoter can 
be prepared by isolating a portion of the MT promoter 
sequence of the invention, and assessing the promoter activ 
ity of the portion. Nucleic acid molecules that are fragments 
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of a MT promoter nucleotide sequence comprise at least 
about 16, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 
500, 550, 600, 650, 700 nucleotides, or up to the number of 
nucleotides present in a full-length MT promoter sequence 
disclosed herein (for example, 747 nucleotides for SEQ ID 
NO: 1). 

[0029] By “variants” is intended substantially similar 
sequences. For nucleotide sequences, naturally occurring 
variants can be identi?ed With the use of Well-known 
molecular biology techniques, as, for example, With poly 
merase chain reaction (PCR) and hybridiZation techniques 
as outlined beloW. For MT coding sequences, conservative 
variants include those sequences that, because of the degen 
eracy of the genetic code, encode the amino acid sequence 
of one of the MT polypeptides of the invention. Thus, for 
MT coding sequences, variants include naturally occurring 
allelic variants. Variant nucleotide sequences also include 
synthetically derived nucleotide sequences, such as those 
generated, for example, by using site-directed mutagenesis. 
For MT coding sequences, such synthetically derived 
sequences still encode a MT protein of the invention. 

[0030] Generally, variants of a particular nucleotide 
sequence of the present invention Will have at least 70%, 
generally at least 75%, 80%, 85%, preferably about 90% to 
95% or more, and more preferably about 98% or more 
sequence identity to that particular nucleotide sequence as 
determined by sequence alignment programs described else 
Where herein using default parameters. 

[0031] By “variant” protein is intended a protein derived 
from the native protein by deletion (so-called truncation) or 
addition of one or more amino acids to the N-terminal and/or 
C-terminal end of the native protein; deletion or addition of 
one or more amino acids at one or more sites in the native 

protein; or substitution of one or more amino acids at one or 

more sites in the native protein. Variant proteins encom 
passed by the present invention are biologically active, that 
is they continue to possess the desired biological activity of 
the native protein, that is, metal ion binding activity as 
described herein. Such variants may result from, for 
example, genetic polymorphism or from human manipula 
tion. Biologically active variants of a native MT protein of 
the invention Will have at least at least 80%, 85%, preferably 
about 90% to 95% or more, and more preferably about 98% 
or more sequence identity to the amino acid sequence for the 
native protein as determined by sequence alignment pro 
grams described elseWhere herein using default parameters. 
A biologically active variant of a protein of the invention 
may differ from that protein by as feW as 1-15 amino acid 
residues, as feW as 1-10, such as 6-10, as feW as 5, as feW 
as 4, 3, 2, or even 1 amino acid residue. 

[0032] The proteins of the invention may be altered in 
various Ways including amino acid substitutions, deletions, 
truncations, and insertions. Methods for such manipulations 
are generally knoWn in the art. For example, amino acid 
sequence variants of the MT proteins can be prepared by 
mutations in the DNA. Methods for mutagenesis and nucle 
otide 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 in Enzymol. 154:367-382; 
US. Pat. No. 4,873,192; Walker and Gaastra, eds. (1983) 
Techniques in Molecular Biology (MacMillan Publishing 
Company, NeW York) and the references cited therein. 
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Guidance as to appropriate amino acid substitutions that do 
not affect biological activity of the protein of interest may be 
found in the model of Dayhoff et al. (1978) Atlas of Protein 
Sequence and Structure (Natl. Biorned. Res. Found., Wash 
ington, D.C.), herein incorporated by reference. Conserva 
tive substitutions, such as exchanging one amino acid With 
another having similar properties, may be preferred. 

[0033] Thus, the genes and nucleotide sequences of the 
invention include both the naturally occurring sequences as 
Well as mutant forms. Likewise, the proteins of the invention 
encompass both naturally occurring proteins as Well as 
variations and rnodi?ed forrns thereof. Such variants Will 
continue to possess the desired metal binding activity. Obvi 
ously, the mutations that Will be made in the DNA encoding 
the variant must not place the sequence out of reading frame 
and preferably Will not create cornplernentary regions that 
could produce secondary rnRNA structure. See, EP Patent 
Application Publication No. 75,444. 

[0034] The deletions, insertions, and substitutions of the 
protein sequences encornpassed herein are not expected to 
produce radical changes in the characteristics of the protein. 
HoWever, When it is dif?cult to predict the exact effect of the 
substitution, deletion, or insertion in advance of doing so, 
one skilled in the art Will appreciate that the effect Will be 
evaluated by routine screening assays. That is, the activity 
can be evaluated by assessing metal ion binding to the 
isolated protein, or by assessing accumulation of metal ions 
in cells expressing the protein. See, for example, Robinson 
et al. (1993) Biochem J. 295: 1-10, herein incorporated by 
reference. 

[0035] Variant nucleotide sequences and proteins also 
encompass sequences and proteins derived from a 
rnutagenic and recornbinogenic procedure such as DNA 
shuf?ing. With such a procedure, one or more different MT 
nucleotide sequences for the promoter or the expressed 
region of the gene can be manipulated to create a neW MT 
prornoter or protein possessing the desired properties. In this 
manner, libraries of recombinant polynucleotides are gen 
erated from a population of related sequence polynucle 
otides cornprising sequence regions that have substantial 
sequence identity and can be hornologously recornbined in 
vitro or in vivo. For example, using this approach, sequence 
rnotifs encoding a domain of interest may be shuffled 
betWeen the gene of the invention and other knoWn MT 
genes to obtain a neW gene coding for a protein With an 
improved property of interest, such as an increased af?nity 
for metal ions. Strategies for such DNA shuffling are knoWn 
in the art. See, for example, Sternrner (1994) Proc. Natl. 
Acad. Sci. USA 91:10747-10751; Sternrner (1994) Nature 
370:389-391; Crarneri et al. (1997) Nature Biotech. 15:436 
438; Moore et al. (1997) J. Mol. Biol. 272:336-347; Zhang 
et al. (1997) Proc. Natl. Acad. Sci. USA 94:4504-4509; 
Crarneri et al. (1998) Nature 391:288-291; and US. Pat. 
Nos. 5,605,793 and 5,837,458. 

[0036] The nucleotide sequences of the invention can be 
used to isolate corresponding sequences from other organ 
isrns, particularly other plants, more particularly other 
rnonocots. In this manner, methods such as PCR, hybrid 
iZation, and the like can be used to identify such sequences 
based on their sequence homology to the sequences set forth 
herein. Sequences isolated based on their sequence identity 
to the entire MT sequences set forth herein or to fragrnents 
thereof are encompassed by the present invention. 
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[0037] In a PCR approach, oligonucleotide primers can be 
designed for use in PCR reactions to amplify corresponding 
DNA sequences from cDNA or genomic DNA extracted 
from any plant of interest. Methods for designing PCR 
primers and PCR cloning are generally knoWn in the art and 
are disclosed in Sarnbrook et al. (1989) Molecular Cloning: 
A Laboratory Manual (2d ed., Cold Spring Harbor Labora 
tory Press, PlainvieW, See also Innis et al., eds. (1990) 
PCR Protocols: A Guide to Methods and Applications 
(Academic Press, NeW York); Innis and Gelfand, eds. (1995) 
PCR Strategies (Academic Press, NeW York); and Innis and 
Gelfand, eds. (1999) PCR Methods Manual (Academic 
Press, NeW York). KnoWn methods of PCR include, but are 
not limited to, methods using paired prirners, nested prirners, 
single speci?c prirners, degenerate prirners, gene-speci?c 
prirners, vector-speci?c prirners, partially-rnisrnatched prirn 
ers, and the like. 

[0038] In hybridiZation techniques, all or part of a knoWn 
nucleotide sequence is used as a probe that selectively 
hybridiZes to other corresponding nucleotide sequences 
present in a population of cloned genomic DNA fragments 
or cDNA fragments (i.e., genornic or cDNA libraries) from 
a chosen organism. The hybridiZation probes may be 
genomic DNA fragments, cDNA fragments, RNA frag 
rnents, or other oligonucleotides, and may be labeled With a 
detectable group such as 32P, or any other detectable rnarker. 
Thus, for example, probes for hybridiZation can be made by 
labeling synthetic oligonucleotides based on the MT 
sequences of the invention. Methods for preparation of 
probes for hybridiZation and for construction of cDNA and 
genomic libraries are generally knoWn in the art and are 
disclosed in Sarnbrook et al. (1989) Molecular Cloning: A 
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory 
Press, PlainvieW, 

[0039] For example, the entire MT promoter sequence 
disclosed herein, or one or more portions thereof, may be 
used as a probe capable of speci?cally hybridiZing to 
corresponding MT sequences and messenger RNAs. To 
achieve speci?c hybridiZation under a variety of conditions, 
such probes include sequences that are unique among MT 
sequences 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 corresponding 
MT sequences from a chosen plant by PCR. This technique 
may be used to isolate additional coding sequences from a 
desired organism, or as a diagnostic assay to determine the 
presence of coding sequences in an organism. Hybridization 
techniques include hybridiZation screening of plated DNA 
libraries (either plaques or colonies; see, for example, Sarn 
brook et al. (1989) Molecular Cloning: A Laboratory 
Manual (2d ed., Cold Spring Harbor Laboratory Press, 
Plainview, NY). 
[0040] HybridiZation of such sequences may be carried 
out under stringent conditions. By “stringent conditions” or 
“stringent hybridiZation conditions” is intended conditions 
under Which a probe Will hybridiZe to its target sequence to 
a detectably greater degree than to other sequences (e.g., at 
least 2-fold over background). Stringent conditions are 
sequence-dependent and Will be different in different cir 
curnstances. By controlling the stringency of the hybridiZa 
tion and/or Washing conditions, target sequences that are 
100% complementary to the probe can be identi?ed 
(hornologous probing). Alternatively, stringency conditions 
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can be adjusted to allow some mismatching in sequences so 
that loWer degrees of similarity are detected (heterologous 
probing). Generally, a probe is less than about 1000 nucle 
otides in length, preferably less than 500 nucleotides in 
length. 
[0041] Typically, stringent conditions Will be those in 
Which the salt concentration is less than about 1.5 M Na ion, 
typically about 0.01 to 1.0 M Na ion concentration (or other 
salts) at pH 7.0 to 8.3 and the temperature is at least about 
30° C. for short probes (e.g., 10 to 50 nucleotides) and at 
least about 60° C. for long probes (e.g., greater than 50 
nucleotides). Stringent conditions may also be achieved With 
the addition of destabiliZing agents such as formamide. 
Exemplary loW stringency conditions include hybridiZation 
With a buffer solution of 30 to 35% formamide, 1 M NaCl, 
1% SDS (sodium dodecyl sulphate) at 37° C., and a Wash in 
1x to 2><SSC (20><SSC=3.0 M NaCl/0.3 M trisodium citrate) 
at 50 to 55° C. Exemplary moderate stringency conditions 
include hybridiZation in 40 to 45% formamide, 1.0 M NaCl, 
1% SDS at 37° C., and a Wash in 0.5>< to 1><SSC at 55 to 60° 
C. Exemplary high stringency conditions include hybridiZa 
tion in 50% formamide, 1 M NaCl, 1% SDS at 37° C., and 
a Wash in 0.1><SSC at 60 to 65° C. Duration of hybridiZation 
is generally less than about 24 hours, usually about 4 to 
about 12 hours. 

[0042] Speci?city is typically the function of post-hybrid 
iZation Washes, the critical factors being the ionic strength 
and temperature of the ?nal Wash solution. For DNA-DNA 
hybrids, the Trn can be approximated from the equation of 
Meinkoth and Wahl (1984) Anal. Biochem. 138:267-284: 
Tm=81.5° C.+16.6(log M)+0.41(%GC)—0.61 (% form) 
500/L; Where M is the molarity of monovalent cations, %GC 
is the percentage of guanosine and cytosine nucleotides in 
the DNA, % form is the percentage of formamide in the 
hybridiZation solution, and L is the length of the hybrid in 
base pairs. The Trn is the temperature (under de?ned ionic 
strength and pH) at Which 50% of a complementary target 
sequence hybridiZes to a perfectly matched probe. Trn is 
reduced by about 1° C. for each 1% of mismatching; thus, 
Tm, hybridiZation, and/or Wash conditions can be adjusted to 
hybridiZe to sequences of the desired identity. For example, 
if sequences With 290% identity are sought, the Trn can be 
decreased 10° C. Generally, stringent conditions are selected 
to be about 5° C. loWer than the thermal melting point (Tm) 
for the speci?c sequence and its complement at a de?ned 
ionic strength and pH. HoWever, severely stringent condi 
tions can utiliZe a hybridiZation and/or Wash at 1, 2, 3, or 4° 
C. loWer than the thermal melting point (Tm); moderately 
stringent conditions can utiliZe a hybridiZation and/or Wash 
at 6, 7, 8, 9, or 10° C. loWer than the thermal melting point 
(Tm); loW stringency conditions can utiliZe a hybridiZation 
and/or Wash at 11, 12, 13, 14, 15, or 20° C. loWer than the 
thermal melting point Using the equation, hybridiZa 
tion and Wash compositions, and desired Tm, those of 
ordinary skill Will understand that variations in the strin 
gency of hybridiZation and/or Wash solutions are inherently 
described. If the desired degree of mismatching results in a 
Trn of less than 45° C. (aqueous solution) or 32° C. (forma 
mide solution), it is preferred to increase the SSC concen 
tration so that a higher temperature can be used. An exten 
sive guide to the hybridiZation of nucleic acids is found in 
Tijssen (1993) Laboratory Techniques in Biochemistry and 
Molecular Biology—Hybridization with Nucleic Acid 
Probes, Part I, Chapter 2 (Elsevier, NY); and Ausubel et al., 
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eds. (1995) Current Protocols in Molecular Biology, Chap 
ter 2 (Greene Publishing and Wiley-Interscience, NeW 
York). See Sambrook et al. (1989) Molecular Cloning: A 
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory 
Press, PlainvieW, 

[0043] Thus, isolated sequences that have root-preferred 
promoter activity or encode for a MT protein and Which 
hybridiZe under stringent conditions to the MT sequences 
disclosed herein, or to fragments thereof, are encompassed 
by the present invention. Such sequences Will be at least 
70% homologous, and even about 75%, 80%, 85%, 90%, 
95% to 98% homologous or more With the disclosed 
sequences. That is, the sequence identity of sequences may 
range, sharing at least 70%, and even about 75%, 80%, 85%, 
90%, 95% to 98% or more sequence identity. 

[0044] The folloWing terms are used to describe the 
sequence relationships betWeen tWo or more nucleic acids or 
polynucleotides: (a) “reference sequence”, (b) “comparison 
WindoW”, (c) “sequence identity”, (d) “percentage of 
sequence identity”, and (e) “substantial identity”. 

[0045] (a) As used herein, “reference sequence” is a 
de?ned sequence used as a basis for sequence comparison. 
A reference sequence may be a subset or the entirety of a 
speci?ed sequence; for example, as a segment of a full 
length cDNA or gene sequence, or the complete cDNA or 
gene sequence. 

[0046] (b) As used herein, “comparison WindoW” makes 
reference to a contiguous and speci?ed segment of a poly 
nucleotide sequence, Wherein the polynucleotide sequence 
in the comparison WindoW may comprise additions or dele 
tions (i.e., gaps) compared to the reference sequence (Which 
does not comprise additions or deletions) for optimal align 
ment 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 poly 
nucleotide sequence a gap penalty is typically introduced 
and is subtracted from the number of matches. 

[0047] Methods of alignment of sequences for comparison 
are Well knoWn in the art. Thus, the determination of percent 
sequence identity betWeen any tWo sequences can be accom 
plished using a mathematical algorithm. Preferred, non 
limiting examples of such mathematical algorithms are the 
algorithm of Myers and Miller (1988) CABIOS 4:11-17; the 
local homology algorithm of Smith et al. (1981) Adv. Appl. 
Math. 2:482; the homology alignment algorithm of Needle 
man and Wunsch (1970) J. Mol. Biol. 48:443-453; the 
search-for-similarity-method of Pearson and Lipman (1988) 
Proc. Natl. Acad. Sci. 85:2444-2448; the algorithm of Karlin 
and Altschul (1990) Proc. Natl. Acad. Sci. USA 872264, 
modi?ed as in Karlin and Altschul (1993) Proc. Natl. Acad. 
Sci. USA 90:5873-5877. 

[0048] Computer implementations of these mathematical 
algorithms can be utiliZed for comparison of sequences to 
determine sequence identity. Such implementations include, 
but are not limited to: CLUSTAL in the PC/Gene program 
(available from Intelligenetics, Mountain VieW, Calif.); the 
ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST, 
FASTA, and TFASTA in the Wisconsin Genetics SoftWare 
Package, Version 8 (available from Genetics Computer 
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Group (GCG), 575 Science Drive, Madison, Wis., USA). 
Alignments using these programs can be performed using 
the default parameters. 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) NucleicAcia's Res. 16:10881-90; Huang et al. (1992) 
CABIOS 8:155-65; and Pearson et al. (1994) Meth. Mol. 
Biol. 24:307-331. The ALIGN program is based on the 
algorithm of Myers and Miller (1988) supra. A PAM120 
Weight residue table, a gap length penalty of 12, and a gap 
penalty of 4 can be used With the ALIGN program When 
comparing amino acid sequences. The BLAST programs of 
Altschul et al (1990) J. Mol. Biol. 215:403 are based on the 
algorithm of Karlin and Altschul (1990) supra. BLAST 
nucleotide searches can be performed With the BLASTN 
program, score=100, Wordlength=12, to obtain nucleotide 
sequences homologous to a nucleotide sequence encoding a 
protein of the invention. BLAST protein searches can be 
performed With the BLASTX program, score=50, 
Wordlength=3, to obtain amino acid sequences homologous 
to a protein or polypeptide of the invention. To obtain 
gapped alignments for comparison purposes, Gapped 
BLAST (in BLAST 2.0) can be utiliZed as described in 
Altschul et al. (1997) Nucleic Acids Res. 25:3389. Alterna 
tively, PSI-BLAST (in BLAST 2.0) can be used to perform 
an iterated search that detects distant relationships betWeen 
molecules. See Altschul et al. (1997) supra. When utiliZing 
BLAST, Gapped BLAST, PSI-BLAST, the default param 
eters of the respective programs (e.g., BLASTN for nucle 
otide sequences, BLASTX for proteins) can be used. See 
http://WWW.ncbi.nlm.nih.gov. Alignment may also be per 
formed manually by inspection. 

[0049] Unless otherWise stated, sequence identity/similar 
ity values provided herein refer to the value obtained using 
GAP version 10 using the folloWing parameters: % identity 
using GAP Weight of 50 and Length Weight of 3; % 
similarity using Gap Weight of 12 and Length Weight of 4, 
or any equivalent program. By “equivalent program” is 
intended any sequence comparison program that, for any 
tWo sequences in question, generates an alignment having 
identical nucleotide or amino acid residue matches and an 
identical percent sequence identity When compared to the 
corresponding alignment generated by GAP Version 10. 

[0050] GAP uses the algorithm of Needleman and Wunsch 
(1970) J. Mol. Biol. 48: 443-453, to ?nd the alignment of 
tWo complete sequences that maximiZes the number of 
matches and minimiZes the number of gaps. GAP considers 
all possible alignments and gap positions and creates the 
alignment With the largest number of matched bases and the 
feWest gaps. It alloWs for the provision of a gap creation 
penalty and a gap extension penalty in units of matched 
bases. GAP must make a pro?t of gap creation penalty 
number of matches for each gap it inserts. If a gap extension 
penalty greater than Zero is chosen, GAP must, in addition, 
make a pro?t for each gap inserted of the length of the gap 
times the gap extension penalty. Default gap creation penalty 
values and gap extension penalty values in Version 10 of the 
Wisconsin Genetics SoftWare Package for protein sequences 
are 8 and 2, respectively. For nucleotide sequences the 
default gap creation penalty is 50 While the default gap 
extension penalty is 3. The gap creation and gap extension 
penalties can be expressed as an integer selected from the 
group of integers consisting of from 0 to 200. Thus, for 
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example, the gap creation and gap extension penalties can be 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 
55, 60, 65 or greater. 

[0051] GAP presents one member of the family of best 
alignments. There may be many members of this family, but 
no other member has a better quality. GAP displays four 
?gures of merit for alignments: Quality, Ratio, Identity, and 
Similarity. The Quality is the metric maximiZed in order to 
align the sequences. Ratio is the quality divided by the 
number of bases in the shorter segment. Percent Identity is 
the percent of the symbols that actually match. Percent 
Similarity is the percent of the symbols that are similar. 
Symbols that are across from gaps are ignored. A similarity 
is scored When the scoring matrix value for a pair of symbols 
is greater than or equal to 0.50, the similarity threshold. The 
scoring matrix used in Version 10 of the Wisconsin Genetics 
SoftWare Package is BLOSUM62 (see Henikoff and Heni 
koff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 

[0052] (c) As used herein, “sequence identity” or “iden 
tity” in the context of tWo nucleic acid or polypeptide 
sequences makes reference to the residues in the tWo 
sequences that are the same When aligned for maximum 
correspondence over a speci?ed comparison WindoW. When 
percentage of sequence identity is used in reference to 
proteins it is recogniZed that residue positions Which are not 
identical often differ by conservative amino acid substitu 
tions, Where amino acid residues are substituted for other 
amino acid residues With similar chemical properties (e.g., 
charge or hydrophobicity) and therefore do not change the 
functional properties of the molecule. When sequences differ 
in conservative substitutions, the percent sequence identity 
may be adjusted upWards to correct for the conservative 
nature of the substitution. Sequences that differ by such 
conservative substitutions are said to have “sequence simi 
larity” or “similarity”. Means for making this adjustment are 
Well knoWn to those of skill in the art. Typically this involves 
scoring a conservative substitution as a partial rather than a 
full mismatch, thereby increasing the percentage sequence 
identity. Thus, for example, Where an identical amino acid is 
given a score of 1 and a non-conservative substitution is 
given a score of Zero, a conservative substitution is given a 
score betWeen Zero and 1. The scoring of conservative 
substitutions is calculated, e.g., as implemented in the pro 
gram PC/GENE (Intelligenetics, Mountain VieW, Calif.). 

[0053] (d) As used herein, “percentage of sequence iden 
tity” means the value determined by comparing tWo opti 
mally 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 comprise additions or deletions) for optimal align 
ment of the tWo sequences. The percentage is calculated by 
determining the number of positions at Which the identical 
nucleic acid base or amino acid residue occurs in both 
sequences to yield the number of matched positions, divid 
ing 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. 

[0054] (e)(i) The term “substantial identity” of polynucle 
otide 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 
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preferably at least 95%, compared to a reference sequence 
using one of the alignment programs described using stan 
dard parameters. One of skill in the art Will recogniZe that 
these values can be appropriately adjusted to determine 
corresponding identity of proteins encoded by tWo nucle 
otide sequences by taking into account codon degeneracy, 
amino acid similarity, reading frame positioning, and the 
like. Substantial identity of amino acid sequences for these 
purposes normally means sequence identity of at least 60%, 
more preferably at least 70%, 80%, 90%, and most prefer 
ably at least 95%. 

[0055] Another indication that nucleotide sequences are 
substantially identical is if tWo molecules hybridiZe to each 
other under stringent conditions. Generally, stringent con 
ditions are selected to be about 5° C. loWer than the thermal 
melting point (Tm) for the speci?c sequence at a de?ned 
ionic strength and pH. HoWever, stringent conditions 
encompass temperatures in the range of about 1° C. to about 
20° C. loWer than the Tm, depending upon the desired degree 
of stringency as otherWise quali?ed herein. Nucleic acids 
that do not hybridiZe to each other under stringent conditions 
are still substantially identical if the polypeptides they 
encode are substantially identical. This may occur, e.g., 
When a copy of a nucleic acid is created using the maximum 
codon degeneracy permitted by the genetic code. One indi 
cation that tWo nucleic acid sequences are substantially 
identical is When the polypeptide encoded by the ?rst 
nucleic acid is immunologically cross reactive With the 
polypeptide encoded by the second nucleic acid. 

[0056] (e)(ii) The term “substantial identity” in the context 
of a peptide indicates that a peptide comprises a sequence 
With at least 70% sequence identity to a reference sequence, 
preferably 80%, more preferably 85%, most preferably at 
least 90% or 95% sequence identity to the reference 
sequence over a speci?ed comparison WindoW. Preferably, 
optimal alignment is conducted using the homology align 
ment algorithm of Needleman and Wunsch (1970) J. Mol. 
Biol. 48:443-453. An indication that tWo peptide sequences 
are substantially identical is that one peptide is immuno 
logically reactive With antibodies raised against the second 
peptide. Thus, a peptide is substantially identical to a second 
peptide, for example, Where the tWo peptides differ only by 
a conservative substitution. Peptides that are “substantially 
similar” share sequences as noted above except that residue 
positions that are not identical may differ by conservative 
amino acid changes. 

[0057] The present invention may be used for transforma 
tion of any plant species, including, but not limited to, corn 
(Zea mays), Brassica sp. (e.g., B. napus, B. rapa, B. juncea), 
particularly those Brassica species useful as sources of seed 
oil, alfalfa (Medicago sativa), rice (Oryza sativa), rye 
(Secale cereale), sorghum (Sorghum bicolor; Sorghum vul 
gare), millet (e.g., pearl millet (Pennisetum glaucum), proso 
millet (Panicum miliaceum), foxtail millet (Setaria italica), 
?nger millet (Eleusine coracana)), sun?oWer (Helianthus 
annuus), safflower (Carthamus tinctorius), Wheat (Triticum 
aestivum), soybean (Glycine max), tobacco (Nicotiana 
tabacum), potato (Solanum tuberosum), peanuts (Arachis 
hypogaea), cotton (Gossypium barbaa'ense, Gossypium hir 
sutum), sWeet potato (Ipomoea batatus), cassava (Manihot 
esculenta), coffee (Cofea spp.), coconut (Cocos nucifera), 
pineapple (Ananas comosus), citrus trees (Citrus spp.), 
cocoa (T heobroma cacao), tea (Camellia sinensis), banana 
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(Musa spp.), avocado (Persea americana), ?g (Ficus 
casica), guava (Psidium guajava), mango (Mangifera 
indica), olive (Olea europaea), papaya (Carica papaya), 
casheW (Anacardium occidentale), macadamia (Macadamia 
integrifolia), almond (Prunus amygdalus), sugar beets (Beta 
vulgaris), sugarcane (Saccharum spp.), oats, barley, veg 
etables, ornamentals, and conifers. 

[0058] Heterologous coding sequences expressed by the 
promoters of the invention may be used for varying the 
phenotype of a plant. Various changes in phenotype are of 
interest including modifying expression of a gene in a plant 
root, altering a plant’s pathogen or insect defense mecha 
nism, increasing the plants tolerance to herbicides in a plant, 
altering root development to respond to environmental 
stress, and the like. These results can be achieved by 
providing expression of heterologous or increased expres 
sion of endogenous products in plants. 

[0059] Alternatively, the results can be achieved by pro 
viding for a reduction of expression of one or more endog 
enous products, particularly enZymes, transporters, or cofac 
tors, or affecting nutrient uptake in the plant. These changes 
result in a change in phenotype of the transformed plant. 

[0060] General categories of genes of interest for the 
present invention include, for example, those genes involved 
in information, such as Zinc ?ngers, those involved in 
communication, such as kinases, and those involved in 
housekeeping, such as heat shock proteins. More speci?c 
categories of transgenes, for example, include genes encod 
ing important traits for agronomics, insect resistance, dis 
ease resistance, and herbicide resistance. It is recogniZed 
that any gene of interest can be operably linked to the 
promoter of the invention and expressed in plant roots. 

[0061] 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 (US. 
Pat. Nos. 5,366,892; 5,747,450; 5,736,514; 5,723,756; 
5,593,881; and Geiser et al. (1986) Gene 48:109); lectins 
(Van Damme et al. (1994) Plant Mol. Biol. 241825); and the 
like. 

[0062] Genes encoding disease resistance traits include 
detoxi?cation genes, such as against fumonosin (US. Pat. 
No. 5,792,931); avirulence (avr) and disease resistance (R) 
genes (Jones et al. (1994) Science 266:789; Martin et al. 
(1993) Science 26211432; and Mindrinos et al. (1994) Cell 
7811089); and the like. 

[0063] Herbicide resistance traits may include genes cod 
ing for resistance to herbicides that act to inhibit the action 
of acetolactate synthase (ALS), in particular the sulfony 
lurea-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 nptII gene 
encodes resistance to the antibiotics kanamycin and geneti 
cin, and the ALS-gene mutants encode resistance to the 
herbicide chlorsulfuron. 

[0064] Exogenous products include plant enZymes and 
products as Well as those from other sources including 
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prokaryotes and other eukaryotes. Such products include 
enzymes, cofactors, hormones, and the like. 

[0065] Examples of other applicable genes and their asso 
ciated phenotype include the gene Which encodes viral coat 
protein and/or RNA, or other viral or plant genes that confer 
viral resistance; genes that confer fungal resistance; genes 
that promote yield improvement; and genes that provide for 
resistance to stress, such as dehydration resulting from heat 
and salinity, toxic metal or trace elements, or the like. 

[0066] As noted, the heterologous nucleotide sequence 
operably linked to the MT promoters disclosed herein may 
be an antisense sequence for a targeted gene. Thus the 
promoter sequences disclosed herein may be operably linked 
to antisense DNA sequences to reduce or inhibit expression 
of a native protein in the plant root. 

[0067] By “promoter” or “transcriptional initiation 
region” is intended a regulatory region of DNA usually 
comprising a TATA box capable of directing RNA poly 
merase II to initiate RNA synthesis at the appropriate 
transcription initiation site for a particular coding sequence. 
A promoter may additionally comprise other recognition 
sequences generally positioned upstream or 5‘ to the TATA 
box, referred to as upstream promoter elements, Which 
in?uence the transcription initiation rate. It is recogniZed 
that having identi?ed 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 identi?ed herein. Additionally, translational fusions 
may be provided. Such fusions include portions of the amino 
acid sequence. Thus the promoter regions disclosed herein 
are generally further de?ned by comprising upstream regu 
latory elements such as, those responsible for tissue and 
temporal expression of the coding sequence, enhancers and 
the like. In the same manner, the promoter elements, Which 
enable expression in the desired tissue such as the root, can 
be identi?ed isolated and used With other core promoters to 
confer root-preferred expression. In this aspect of the inven 
tion, by “core promoter” is intended a promoter Without 
promoter elements. 

[0068] The compositions of the invention include pro 
moter elements identi?ed in the MT promoter sequences of 
the invention. These elements include, but are not limited to 
the promoter elements having the nucleotide sequences 
TATGAGATGA; CGATCGACAA; GGCACAAGA; 
GATATAGAT; the nucleotide sequence set forth in SEQ ID 
NO:9; AGAGCACGC; AGT TCTG; AGCTGTA; AT 
AGATTAC. These elements correspond to nucleotides 
39-48, 179-188, 295-303, 305-313, 422-436, 444-452, 520 
526, 616-622, and 671-679 of the promoter sequence set 
forth in SEQ ID NO:1, respectively. It is determined that 
these elements contribute to the root-preferred expression of 
MT. 

[0069] It is further determined that, these promoter ele 
ments, When introduced into minimal or constitutive pro 
moters, direct root preferred expression in a plant. The 
invention encompasses promoters that drive root-preferred 
expression and comprise at least one copy of at least one 
root-preferred promoter element selected from the group 
consisting of TAT GAGATGA; CGATCGACAA; GGCA 
CAAGA; GATATAGAT; the nucleotide sequence set forth 
in SEQ ID NO:9; AGAGCACGC; AGT TCTG; AGCTGTA; 
AT AGATTAC. 
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[0070] In a preferred embodiment, the root-preferred pro 
moter of the present invention comprises at least one copy 
of at least one promoter element selected among promoter 
elements having the nucleotide sequence CGATCGACAA; 
the nucleotide sequence set forth in SEQ ID NO:9; AGAG 
CACGC; AGTTCTG; AGCTGTA; ATAGATTAC. In a more 
preferred embodiment, the root-preferred promoter of the 
present invention comprises at least one copy of the pro 
moter element having the nucleotide sequence AGAG 
CACGC. 

[0071] The regulatory sequences of the present invention, 
When operably linked to a heterologous nucleotide sequence 
of interest and inserted into a transformation vector, drive 
root-preferred expression of the heterologous nucleotide 
sequence in the root stably transformed With this vector. By 
“root-preferred” is intended that expression of the heterolo 
gous nucleotide sequence is most abundant in the root 
including at least one of root cap, apical meristem, proto 
derm, ground meristem, procambium, endodermis, cortex, 
vascular cortex, epidermis, and the like. While some level of 
expression of the heterologous nucleotide sequence may 
occur in other plant tissue types, expression occurs most 
abundantly in the root including primary, lateral and adven 
titious roots. 

[0072] By “heterologous 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. 

[0073] The isolated promoter sequences of the present 
invention can be modi?ed to provide for a range of expres 
sion levels of the heterologous nucleotide sequence. Thus, 
less than the entire promoter regions may be utiliZed and the 
ability to drive expression of the coding sequence retained. 
HoWever, it is recogniZed that expression levels of the 
mRNA may be decreased With deletions of portions of the 
promoter sequences. Generally, at least about 20 nucleotides 
of an isolated promoter sequence Will be used to drive 
expression of a nucleotide sequence. 

[0074] It is recogniZed that 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. 

[0075] Modi?cations of the isolated promoter sequences 
of the present invention can provide for a range of expres 
sion of the heterologous nucleotide sequence. Thus, they 
may be modi?ed to be Weak promoters or strong promoters. 
Generally, by “Weak promoter” is intended a promoter that 
drives expression of a coding sequence at a loW level. By 
“loW level” is intended at levels of about 1/10,000 tran 
scripts 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 tran 
scripts. 

[0076] It is recogniZed that the promoters of the invention 
may be used With their native MT coding sequences to 
increase or decrease expression, thereby resulting in a 
change in phenotype of the transformed plant. This pheno 
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typic change could further effect an increase or decrease in 
levels of metal ions in tissues of the transformed plant. 

[0077] The MT coding sequences of the present invention 
can be used With promoters knoWn in the art. Such 
sequences ?nd use in modulating uptake of metal ions. Such 
metals include cadmium, Zinc, copper, mercury, gold, silver, 
cobalt, nickel, bismuth, and the like. 

[0078] The MT coding sequences may additionally be 
used to regulate gene expression, particularly by coordina 
tion of Zinc binding and expression during development. The 
MT proteins are implicated in the sequestration of copper in 
roots and play a role in metabolism of metal ions. Addition 
ally, the MT polypeptides may play an antioxidant role as 
DNA strand-breakage, induced by oxidative stress, is 
reduced in the presence of elevated metallothionein levels. 
Thus, antisense constructs corresponding to MT coding 
sequences or MT antibodies may ?nd use in increasing 
strand breakage for enhancement of transformation insertion 
events. 

[0079] It is recogniZed that With the MT coding sequences, 
antisense constructions, complementary to at least a portion 
of the messenger RNA (mRNA) for the MT sequences can 
be constructed. It is also recogniZed that With the MT 
promoter sequences, antisense constructions, complemen 
tary to at least a portion of the messenger RNA (mRNA) for 
any targeted sequence(s) can be constructed. Antisense 
nucleotides are constructed to hybridiZe With the corre 
sponding mRNA. Modi?cations of the antisense sequences 
may be made as long as the sequences hybridiZe to and 
interfere With expression of the corresponding mRNA. In 
this manner, antisense constructions having 70%, preferably 
80%, more preferably 85% sequence identity to the corre 
sponding antisensed sequences may be used. Furthermore, 
portions of the antisense nucleotides may be used to disrupt 
the expression of the target gene. Generally, sequences of at 
least 50 nucleotides, 100 nucleotides, 200 nucleotides, or 
greater may be used. 

[0080] The nucleotide sequences of the present invention 
may also be used in the sense orientation to suppress the 
expression of endogenous genes in plants. Methods for 
suppressing gene expression in plants using nucleotide 
sequences in the sense orientation are knoWn in the art. The 
methods generally involve transforming plants With a DNA 
construct comprising a promoter that drives expression in a 
plant operably linked to at least a portion of a nucleotide 
sequence that corresponds to the transcript of the endog 
enous gene. Typically, such a nucleotide sequence has 
substantial sequence identity to the sequence of the tran 
script of the endogenous gene, preferably greater than about 
65% sequence identity, more preferably greater than about 
85% sequence identity, most preferably greater than about 
95% sequence identity. See, US. Pat. Nos. 5,283,184 and 
5,034,323; herein incorporated by reference. 

[0081] The coding sequences of the invention are useful 
for transforming plants and modulating levels of metal ions 
in a plant. By “modulating levels of metal ions” is intended 
an increase or a decrease in the amount of the ionic form of 
a metal. In this aspect of the invention, it is envisioned that 
the binding of the MT protein expressed by the sequences of 
the invention to a metal ion of interest Will render a 
metal-ligand protein(MT) complex, thereby decreasing the 
amount of the ionic form of the metal. Alternatively, anti 
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sense sequences to the coding sequences of the invention 
may be used to increase the level of metal ions of interest. 
The metal ions are cations, more particularly divalent cat 
ions, even more particularly Cu++. 

[0082] Generally, decreased metal ion content in plant 
tissue may reduce the toxicity associated With excessive 
amounts of metal ions in the tissue. ToWard this end, the 
sequences of the invention may be utiliZed in expression 
cassettes or DNA constructs With tissue-preferred promoters 
including but not limited to seed-speci?c promoters (those 
promoters active during seed development), as Well as 
seed-germinating promoters (those promoters active during 
seed germination). Such seed-speci?c promoters include 
Cim1 (cytokinin-induced message); cZ19B1 (maiZe 19KDa 
Zein); mi1ps (myo-inositol-1-phosphate synthase); celA 
(cellulose synthase); end1 (Hordeum verlgase mRNA clone 
END1); alpha amylase; and imp3 (myo-inositol monophos 
phate-3). For dicots, particular promoters include phaseolin, 
napin, [3-conglycinin, soybean lectin, and the like. For 
monocots, particular promoters include maiZe 15Kd Zein, 
22KD Zein, 27kD Zein, Waxy, shrunken 1, shrunken 2, 
globulin 1, etc. 

[0083] For expression of the nucleotide sequences of the 
invention comprising the MT coding sequences, constitutive 
or tissue-preferred promoters may be utiliZed. Constitutive 
promoters Would provide a constant supply of MT protein 
throughout the plant. Such constitutive promoters include, 
for example, the core promoter of the Rsyn7 (copending 
US. patent application Ser. No. 08/661,601), the core 
CaMV 35S promoter (Odell et al. (1985) Nature 3131810 
812); rice actin (McElroy et al. (1990) Plant Cell 2:163 
171); ubiquitin (Christensen et al. (1989) Plant Mol. Biol. 
12:619-632 and Christensen et al. (1992) Plant Mol. Biol. 
18:675-689); pEMU (Last et al. (1991) Theor. Appl. Genet. 
81:581-588); MAS (Velten et al. (1984) EMBO J. 312723 
2730); ALS promoter (US. patent application Ser. No. 
08/409,297), and the like. Other constitutive promoters 
include, for example, US. Pat. Nos. 5,608,149; 5,608,144; 
5,604,121; 5,569,597; 5,466,785; 5,399,680; 5,268,463; and 
5,608,142. 

[0084] The utiliZation of tissue-preferred promoters With 
the coding sequences of the invention Would increase or 
decrease the availability of a metal ion of interest in speci?c 
tissues of the plant. For example, leaf-speci?c promoters 
may be utiliZed. Such tissue-preferred promoters include, 
Yamamoto et al. (1997) Plant J. 12(2):255-265; KaWamata 
et al. (1997) Plant CellPhysiol. 38(7):792-803; Hansen et al. 
(1997) Mol. Gen. Genet. 254(3):337-343; Russell et al. 
(1997) Transgenic Res. 6(2):157-168; Rinehart et al. (1996) 
Plant Physiol. 112(3):1331-1341; Van Camp et al. (1996) 
Plant Physiol. 112(2):525-535; Canevascini et al. (1996) 
Plant Physiol. 112(2):513-524; Yamamoto et al. (1994) 
Plant Cell Physiol. 35(5):773-778; Lam (1994) Results 
Probl. Cell Di?er. 20:181-196; OroZco et al. (1993) Plant 
Mol. Biol. 23(6):1129-11-38; Matsuoka et al. (1993) Proc. 
Natl. Acad. Sci. USA 90(20):9586-9590; and Guevara-Gar 
cia et al. (1993) Plant J. 4(3):495-505. 

[0085] In particular, one tissue-preferred promoter of 
interest includes root-preferred promoters. The utiliZation of 
such promoters Would provide a mechanism for modulating 
the level of metal ions in the root, and in?uence the uptake 
of the metal ions by the root. Thus, the invention encom 
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passes increasing root uptake of metal ions by expression of 
the coding sequences of the invention; and decreasing root 
uptake of metal ions by transforming roots With correspond 
ing antisense sequences. Root-preferred promoters include 
the VfENOD-GRP3 gene promoter (Kuster H et al. (1995) 
Plant Mol Biol. 29(4):759-772); and rolB promoter (Capana 
et al. (1994) Plant Mol. Biol. 25(4):681-691. See also US. 
Pat. Nos. 5,633,363; 5,459,252; 5,401,836; 5,110,732; and 
5,023,179 and the MT promoter sequences disclosed herein. 

[0086] The nucleotide sequences disclosed in the present 
invention, as Well as variants and fragments thereof, are 
useful in the genetic manipulation of any plant. The MT 
promoter sequences are useful in this aspect When operably 
linked With a heterologous nucleotide sequence Whose 
expression is to be controlled to achieve a desired pheno 
typic response. By “operably linked” is intended the tran 
scription or translation of the heterologous nucleotide 
sequence is under the in?uence of the promoter sequence. In 
this manner, the nucleotide sequences for the promoters of 
the invention may be provided in expression cassettes along 
With heterologous nucleotide sequences of interest for 
expression in the plant of interest, more particularly in the 
root of the plant. 

[0087] Such expression cassettes Will comprise a tran 
scriptional 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 root-preferred 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 
transcriptional regulation of the regulatory regions. The 
expression cassette may additionally contain selectable 
marker genes. 

[0088] The MT coding sequences of the invention are also 
provided in expression cassettes for expression in the plant 
of interest. The cassette Will include 5‘ and 3‘ regulatory 
sequences operably linked to the sequence of interest. 

[0089] The sequences of the invention can be introduced 
into any plant. The sequences to be introduced may be used 
in expression cassettes for expression in any plant of interest 
Where expression in the plant is necessary for transcription. 

[0090] Plants of interest include, but are not limited to 
corn (Zea mays), canola (Brassica napus, Brassica rapa 
ssp.), alfalfa (Medicago sativa), rice (Oryza sativa), rye 
(Secale cereale), sorghum (Sorghum bicolor; Sorghum vul 
gare), sun?oWer (Helianthus annuus), Wheat (T riticum aes 
tivum), soybean (Glycine max), tobacco (Nicotiana 
tabacum), potato (Solanum tuberosum), peanuts (Arachis 
hypogaea), cotton (Gossypium hirsutum), sWeet potato (Ipo 
moea batatus), cassava (Manihot esculenta), coffee (Cofea 
spp.), coconut (Cocos nucifera), pineapple (Ananas como 
sus), citrus trees (Citrus spp.), cocoa (T heobroma cacao), tea 
(Camellia sinensis), banana (Musa spp.), avocado (Persea 
americana), ?g (Ficus casica), guava (Psia'ium guajava), 
mango (Mangifera indica), olive (Olea europaea), oats, 
barley, vegetables, ornamentals, and conifers. Preferably 
plants include corn, soybean, sun?oWer, safflower, Brassica, 
Wheat, barley, rye, alfalfa, and sorghum. 

[0091] The expression cassette comprising the sequences 
of the invention Will include in the 5‘-to-3‘ direction of 
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transcription, a transcriptional and translational initiation 
region, a nucleotide sequence of interest, and a transcrip 
tional and translational termination region functional in 
plants. The termination region may be native With the 
transcriptional initiation region comprising one of the pro 
moter nucleotide sequences of the present invention, may be 
native With the DNA sequence of interest, or may be derived 
from another source. Convenient termination 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) Nucleic Acids Res. 17:7891-7903; 
Joshi heterologous et al. (1987) NucleicAcid Res. 15:9627 
9639. 

[0092] The expression cassette comprising the sequences 
of the present invention 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. 

[0093] Where appropriate, the nucleotide sequences 
Whose expression is to be under the control of the root 
preferred promoter sequence of the present invention and 
any additional nucleotide sequence(s) may be optimiZed for 
increased expression in the transformed plant. That is, these 
nucleotide sequences can be synthesiZed using plant pre 
ferred codons for improved expression. Methods are avail 
able in the art for synthesiZing plant-preferred nucleotide 
sequences. See, for example, US. Pat. Nos. 5,380,831 and 
5,436,391, and Murray et al. (1989) Nucleic Acids Res. 
17:477-498, herein incorporated by reference. 

[0094] Additional sequence modi?cations 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 deleterious to gene expression. The G-C content of 
the heterologous 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 modi?ed to avoid predicted hairpin 
secondary mRNA structures. 

[0095] The expression cassettes may additionally contain 
5‘ leader sequences in the expression cassette construct. 
Such leader sequences can act to enhance translation. Trans 
lation 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) (Virol 
ogy 154:9-20); human immunoglobulin heavy-chain binding 
protein (BiP) (Macejak et al. (1991) Nature 353:90-94); 
untranslated leader from the coat protein mRNA of alfalfa 
mosaic virus (AMV RNA 4) (Jobling et al. (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 
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to enhance translation and/or mRNA stability can also be 
utilized, for example, introns, and the like. 

[0096] 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 appropri 
ate, 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 conve 
nient restriction sites, removal of super?uous DNA, removal 
of restriction sites, or the like. For this purpose, in vitro 
mutagenesis, primer repair, restriction, annealing, resubsti 
tutions, for example, transitions and transversions, may be 
involved. 

[0097] Reporter genes or selectable marker genes may be 
included in the expression cassettes. Examples of suitable 
reporter genes knoWn in the art can be found in, for example, 
Jefferson et al. (1991) in Plant Molecular Biology Manual, 
ed. Gelvin et al. (KluWer Academic Publishers), pp. 1-33; 
DeWet et al. (1987) Mol. Cell. Biol. 71725-737; Goff et al. 
(1990) EMBO J. 912517-2522; Kain et al. (1995) BioTech 
niques 191650-655; and Chiu et al. (1996) Current Biology 
61325-330. 

[0098] Selectable marker genes for selection of trans 
formed cells or tissues can include genes that confer anti 
biotic resistance or resistance to herbicides. Examples of 
suitable selectable marker genes include, but are not limited 
to, genes encoding resistance to chloramphenicol (Herrera 
Estrella et al. (1983) EMBO J. 21987-992); methotrexate 
(Herrera Estrella et al. (1983) Nature 3031209-213; Meijer et 
al. (1991) Plant Mol. Biol. 161807-820); hygromycin (Wal 
dron et al. (1985) Plant Mol. Biol. 51103-108; Zhijian et al. 
(1995) Plant Science 1081219-227); streptomycin (Jones et 
al. (1987) Mol. Gen. Genet. 210186-91); spectinomycin 
(Bretagne-Sagnard et al. (1996) Transgenic Res. 51131-137); 
bleomycin (Hille et al. (1990) Plant Mol. Biol. 71171-176); 
sulfonamide (Guerineau et al. (1990) Plant Mol. Biol. 
151127-136); bromoxynil (Stalker et al. (1988) Science 
2421419-423); glyphosate (ShaW et al. (1986) Science 
2331478-481); phosphinothricin (DeBlock et al. (1987) 
EMBO J. 612513-2518). 

[0099] Other genes that could serve utility in the recovery 
of transgenic events but might not be required in the ?nal 
product Would include, but are not limited to, examples such 
as GUS ([3-glucuronidase; Jefferson (1987) Plant Mol. Biol. 
Rep. 51387), GFP (green ?orescence protein; Chal?e et al. 
(1994) Science 2631802), luciferase (Riggs et al. (1987) 
Nucleic Acids Res. 15(19)18115 and Luehrsen et al. (1992) 
Methods Enzymol. 2161397-414) and the maiZe genes 
encoding for anthocyanin production (LudWig et al. (1990) 
Science 2471449). 

[0100] The expression cassette comprising the MT pro 
moter or coding sequence of the present invention can be 
used to transform any plant. In this manner, genetically 
modi?ed plants, plant cells, plant tissue, seed, root, and the 
like can be obtained. 

[0101] Transformation protocols as Well as protocols for 
introducing nucleotide sequences into plants may vary 
depending on the type of plant or plant cell, i.e., monocot or 
dicot, targeted for transformation. Suitable methods of intro 
ducing nucleotide sequences into plant cells and subsequent 
insertion into the plant genome include microinjection 
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(CrossWay et al. (1986) Biotechniques 41320-334), elec 
troporation (Riggs et al. (1986) Proc. Natl. Acad. Sci. USA 
8315602-5606, Agrobacterium-mediated transformation 
(ToWnsend et al., US. Pat. No. 5,563,055), direct gene 
transfer (PasZkoWski et al. (1984) EMBO J. 312717-2722), 
and ballistic particle acceleration (see, for example, Sanford 
et al., US. Pat. No. 4,945,050; Tomes et al., US. Pat. No. 
5,879,918; Tomes et al., US. Pat. No. 5,886,244; Bidney et 
al., US. Pat. No. 5,932,782; Tomes et al. (1995) “Direct 
DNA Transfer into Intact Plant Cells via Microprojectile 
Bombardment,” in Plant Cell, Tissue, and Organ Culture: 
Fundamental Methods, ed. Gamborg and Phillips (Springer 
Verlag, Berlin); and McCabe et al. (1988) Biotechnology 
61923-926). Also see Weissinger et al. (1988) Ann. Rev. 
Genet. 221421-477; Sanford et al. (1987) Particulate Science 
and Technology 5127-37 (onion); Christou et al. (1988) Plant 
Physiol. 871671-674 (soybean); McCabe et al. (1988) Bio/ 
Technology 61923-926 (soybean); Finer and McMullen 
(1991) In Wtro Cell Dev. Biol. 27P1175-182 (soybean); 
Singh et al. (1998) Theor. Appl. Genet. 961319-324 (soy 
bean); Datta et al. (1990) Biotechnology 81736-740 (rice); 
Klein et al. (1988) Proc. Natl. Acad. Sci. USA 8514305-4309 
(maiZe); Klein et al. (1988) Biotechnology 61559-563 
(maiZe); Tomes, US. Pat. No. 5,240,855; Buising et al., US. 
Pat. Nos. 5,322,783 and 5,324,646; Tomes et al. (1995) 
“Direct DNA Transfer into Intact Plant Cells via Micro 
projectile Bombardment,” in Plant Cell, Tissue, and Organ 
Culture: Fundamental Methods, ed. Gamborg (Springer 
Verlag, Berlin) (maiZe); Klein et al. (1988) Plant Physiol. 
911440-444 (maiZe); Fromm et al. (1990) Biotechnology 
81833-839 (maiZe); Hooykaas-Van Slogteren et al. (1984) 
Nature (London) 3111763-764; BoWen et al., US. Pat. No. 
5,736,369 (cereals); Bytebier et al. (1987) Proc. Natl. Acad. 
Sci. USA 8415345-5349 (Liliaceae); De Wet et al. (1985) in 
The Experimental Manipulation of Ovule Tissues, ed. Chap 
man et al. (Longman, NeW York), pp. 197-209 (pollen); 
Kaeppler et al. (1990) Plant Cell Reports 91415-418 and 
Kaeppler et al. (1992) Theor. Appl. Genet. 841560-566 
(Whisker-mediated transformation); D’Halluin et al. (1992) 
Plant Cell 411495-1505 (electroporation); Li et al. (1993) 
Plant Cell Reports 121250-255 and Christou and Ford 
(1995) Annals of Botany 751407-413 (rice); Osjoda et al. 
(1996) Nature Biotechnology 141745-750 (maiZe via Agro 
bacterium tumefaciens); all of Which are herein incorporated 
by reference. 

[0102] The folloWing examples are offered by Way of 
illustration and not by Way of limitation. 

EXPERIMENTAL 

[0103] The maiZe MT gene Was isolated from maiZe 
plants. The nucleotide sequences for the maiZe MT promoter 
region is set forth in SEQ ID N011, and the nucleotide 
sequence for the expressed region of the gene is set forth in 
SEQ ID NO12. The sequence for the expressed region of the 
MT gene set forth in SEQ ID NO12 consists of the 5‘ 
untranslated region (5‘ UTR, nucleotides 1-68), the maiZe 
MT polypeptide encoding region (nucleotides 69-308), and 
the 3‘ untranslated region (ncleotides 309-612). 

EXAMPLE 1 

[0104] Isolation of MT Promoter Sequences 

[0105] The procedure for promoter isolation is described 
in the User Manual for the Genome Walker kit sold by 
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Clontech Laboratories, Inc., Palo Alto, Calif. Genomic DNA 
from maize line V3-4 A63 Was prepared by grinding 10-day 
old seedling leaves in liquid nitrogen, and the DNAprepared 
as described by Chen and Dellaporta (1994) in The Maize 
Handbook, ed. Freeling and Walbot (Springer-Verlag, Ber 
lin) With a feW minor modi?cations. Precipitated DNA Was 
recovered using an inoculation loop and transferred to a 1.5 
ml eppendorf tube containing 500 pl of TE (10 mM Tris pH 
8.0, 1 mM EDTA). The DNA Was alloWed to dissolve at 
room temperature for 15 minutes, phenol extracted and 
2-propanol precipitated in 700 pl. The precipitate Was recov 
ered and Washed With 70% ethanol. The DNA Was then 
placed in a clean 1.5 ml eppendorf tube to air dry and 
resuspended in 200 pl of TE. RNase A Was added to 10 
pg/ml and the mixture Was incubated at 37° C. for several 
hours. The DNA Was then extracted once With phenol 
chloroform, then chloroform, then ethanol precipitated and 
resuspended in TE. The DNA Was then used as described in 
the Genome Walker User Manual (Clontech PT3042-1 ver 
sion PR68687). Brie?y, the DNA Was digested separately 
With restriction enZymes DraI, EcoRV, PvuII, ScaI, and StuI, 
all blunt-end cutters. The DNA Was extracted With phenol, 
then chloroform, then ethanol precipitated. The Genome 
Walker adapters Were ligated onto the ends of the restricted 
DNA. The resulting DNA is referred to as DL1-DL5, 
respectively. 

[0106] For isolation of speci?c promoter regions, three 
nonoverlapping gene-speci?c primers (21-26 bp in length) 
Were designed from the 5‘ end of the maiZe genes identi?ed 
from sequence databases. The primers Were designed to 
amplify the region upstream of the coding sequence, i.e. the 
5‘ untranslated region and promoter of the chosen gene. The 
sequence of the primers are given beloW. The ?rst round of 
PCR Was performed on each DNA sample (DL1-5) With 
Clontech primer AP1 (sequence 5‘-gtaatacgactcactatagggc 
3‘) and the gene-speci?c primer (gsp)1 With the sequences 
shoWn in SEQ ID NO:4. 

[0107] PCR Was performed in a model PTC-100 thermal 
cycler With HotBonnet from M J Research (WatertoWn, 
Mass.) using reagents supplied With the Genome Walker kit 
and the Advantage Genomic PCR Kit (Clontech K1906-y). 
The folloWing cycle parameters Were used: 7 cycles of 94° 
C. for 2 seconds, then 720 C. for 3 minutes, folloWed by 37 
cycles of 94° C. for 2 seconds and 67° C. for 3 minutes. 
Finally, the samples Were held at 67° C. for 4 minutes and 
then at 4° C. until further analysis. 

[0108] As described in the User Manual, the DNA from 
the ?rst 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‘) and gene-spe 
ci?c primer (gsp)2 With the sequences shoWn in SEQ ID 
NO:5. The cycle parameters for the second round Were 5 
cycles of 94° C. for 2 seconds, then 72° C. for 3 minutes, 
folloWed by 20 more cycles of 94° C. for 2 seconds, then 67° 
C. for 3 minutes. Finally, the samples Were held at 67° C. for 
4 minutes and then held at 4° C. 

[0109] The DNA from the second round of PCR Was then 
diluted and used as a template in a third round of PCR using 
the Clontech AP2 primer and gene-speci?c primer (gsp)3 
With the sequence shoWn in SEQ ID NO:6. The cycle 
parameters for the third round of PCR Were 93° C. for 1.5 
minutes, folloWed by 35 cycles of 93° C. for 30 seconds, 
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then 58° C. for 30 seconds, then 72° C. for 3 minutes. 
Finally, the samples Were held at 72° C. for 10 minutes and 
then held at 4° C. Approximately 10 pl of each reaction Were 
run on a 0.7% agarose gel, transferred to a solid support and 
hybridiZed With a labeled probe designated CRVAC17. 
Bands that bound to the CRVAC17 probe (usually 500 bp or 
larger) Were excised out of a separate 0.7% agarose gel, 
puri?ed With the PCR Cleanup Kit (Promega, Madison, 
Wis.) and cloned into the Zero Blunt vector, pCR-Blunt 
(Invitrogen, San Diego, Calif.). Clones Were sequenced for 
veri?cation. 

[0110] A clone designated rmp5B corresponding to the 
promoter sequence set forth in SEQ ID NO:1 upstream of 
nucleotides 1-65 of SEQ ID NO:2 Was deposited as ATCC 
Patent Deposit NO: 207085, and a cDNA corresponding to 
SEQ ID NO:2 and the CRVAC17 probe Was deposited as 
ATCC deposit NO: 207086; as indicated above. 

EXAMPLE 2 

[0111] Transformation and Regeneration of Transgenic 
Plants 

[0112] Immature maiZe embryos from greenhouse donor 
plants are bombarded With a plasmid containing a gene of 
interest operably linked to a MT promoter of the invention, 
or a plasmid comprising the MT coding sequences of the 
invention operably linked to a desired promoter (eg a 
ubiquitin promoter), plus a plasmid containing the selectable 
marker gene PAT (Wohlleben et al. (1988) Gene 70:25-37) 
that confers resistance to the herbicide Bialaphos. Transfor 
mation is performed as folloWs. Media recipes folloW beloW. 

[0113] Preparation of Target Tissue 

[0114] The ears are surface steriliZed in 30% Chlorox 
bleach plus 0.5% Micro detergent for 20 minutes, and rinsed 
tWo times With sterile Water. The immature embryos are 
excised and placed embryo axis side doWn (scutellum side 
up), 25 embryos per plate, on 560Y medium for 4 hours and 
then aligned Within the 2.5-cm target Zone in preparation for 
bombardment. 

[0115] Preparation of DNA 

[0116] A plasmid vector comprising a gene of interest 
operably linked to a MT promoter of the invention, or a 
plasmid comprising the MT coding sequences of the inven 
tion operably linked to a desired promoter (eg a ubiquitin 
promoter), is made. This plasmid DNA plus plasmid DNA 
containing a PAT selectable marker is precipitated onto 1.1 
pm (average diameter) tungsten pellets using a CaCl2 pre 
cipitation procedure as folloWs: 

[0117] 100 pl prepared tungsten particles in Water 

[0118] 10 pl (1 pg) DNA in TrisEDTA buffer (1 pg 
total) 

[0119] 100 pl 2.5 M CaCl2 

[0120] 10 pl 0.1 M spermidine 

[0121] Each reagent is added sequentially to the tungsten 
particle suspension, While maintained on the multitube vor 
texer. The ?nal mixture is sonicated brie?y and alloWed to 
incubate under constant vortexing for 10 minutes. After the 
precipitation period, the tubes are centrifuged brie?y, liquid 
removed, Washed With 500 ml 100% ethanol, and centri 
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fuged for 30 seconds. Again the liquid is removed, and 105 
pl 100% ethanol is added to the ?nal tungsten particle pellet. 
For particle gun bombardment, the tungsten/DNA particles 
are brie?y sonicated and 10 pl spotted onto the center of 
each macrocarrier and alloWed to dry about 2 minutes before 
bombardment. 

[0122] Particle Gun Treatment 

[0123] The sample plates are bombarded at level #4 in 
particle gun #HE34-1 or #HE34-2. All samples receive a 
single shot at 650 PSI, With a total of ten aliquots taken from 
each tube of prepared particles/DNA. 

[0124] Subsequent Treatment 

[0125] FolloWing bombardment, the embryos are kept on 
560Y medium for 2 days, then transferred to 560R selection 
medium containing 3 mg/liter Bialaphos, and subcultured 
every 2 Weeks. After approximately 10 Weeks of selection, 
selection-resistant callus clones are transferred to 288] 
medium to initiate plant regeneration. FolloWing somatic 
embryo maturation (2-4 Weeks), Well-developed somatic 
embryos are transferred to medium for germination and 
transferred to the lighted culture room. Approximately 7-10 
days later, developing plantlets are transferred to 272V 
hormone-free medium in tubes for 7-10 days until plantlets 
are Well established. Plants are then transferred to inserts in 
?ats (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. Plants 
are monitored and scored for root-preferred activity of the 
gene of interest, or for altered metal ion levels. 

[0126] Bombardment and Culture Media 

[0127] Bombardment medium (560Y) comprises 4.0 g/l 
N6 basal salts (SIGMA C-1416), 1.0 ml/l Eriksson’s Vita 
min Mix (1000><SIGMA-1511), 0.5 mg/l thiamine HCl, 
120.0 g/l sucrose, 1.0 mg/l 2,4-D, and 2.88 g/l L-proline 
(brought to volume With D-I H2O folloWing adjustment to 
pH 5.8 With KOH); 2.0 g/l Gelrite (added after bringing to 
volume With D-I H20); and 8.5 mg/l silver nitrate (added 
after steriliZing the medium and cooling to room tempera 
ture). Selection medium (560R) comprises 4.0 g/l N6 basal 
salts (SIGMA C-1416), 1.0 ml/l Eriksson’s Vitamin Mix 
(1000><SIGMA-1 511), 0.5 mg/l thiamine HCl, 30.0 g/l 
sucrose, and 2.0 mg/l 2,4-D (brought to volume With D-I 
H2O folloWing adjustment to pH 5.8 With KOH); 3.0 g/l 
Gelrite (added after bringing to volume With D-I H20); and 
0.85 mg/l silver nitrate and 3.0 mg/l bialaphos (both added 
after steriliZing the medium and cooling to room tempera 
ture). 
[0128] Plant regeneration medium (288]) comprises 4.3 
g/l MS salts (GIBCO 11117-074), 5.0 ml/l MS vitamins 
stock solution (0.100 g nicotinic acid, 0.02 g/l thiamine 
HCL, 0.10 g/l pyridoxine HCL, and 0.40 g/l glycine brought 
to volume With polished D-I H2O) (Murashige and Skoog 
(1962) Physiol. Plant. 15:473), 100 mg/l myo-inositol, 0.5 
mg/l Zeatin, 60 g/l sucrose, and 1.0 ml/l of 0.1 mM abscisic 
acid (brought to volume With polished D-I H2O after adjust 
ing to pH 5.6); 3.0 g/l Gelrite (added after bringing to 
volume With D-I H20); and 1.0 mg/l indoleacetic acid and 
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3.0 mg/l bialaphos (added after steriliZing the medium and 
cooling to 60° C.). Hormone-free medium (272V) comprises 
4.3 g/l MS salts (GIBCO 11117-074), 5.0 ml/l MS vitamins 
stock solution (0.100 g/l nicotinic acid, 0.02 g/l thiamine 
HCL, 0.10 g/l pyridoxine HCL, and 0.40 g/l glycine brought 
to volume With polished D-I H2O), 0.1 g/l myo-inositol, and 
40.0 g/l sucrose (brought to volume With polished D-I H2O 
after adjusting pH to 5.6); and 6 g/l bacto-agar (added after 
bringing to volume With polished D-I H2O), steriliZed and 
cooled to 60° C. 

EXAMPLE 3 

[0129] Expression Data Using the Promoter Sequences of 
the Invention 

[0130] Nine pg of a transformation vector comprising the 
[3-glucuronidase (GUS) operably linked to a promoter of the 
invention, plus 1 pg of a plasmid comprising the luciferase 
reporter gene operably linked to a ubiquitin promoter (ubi 
::LUC) to act as a standard control is precipitated onto 
tungsten particles and bombarded onto maiZe embryos as 
described above. Shoots and roots are harvested separately 
and measured for GUS activity. 

EXAMPLE 4 

[0131] Transformation and Regeneration of Transgenic 
Plants Using Agrobacterium Mediated Transformation 

[0132] For Agrobacterium-mediated transformation of 
maiZe With a nucleotide sequence of interest operably linked 
to a MT promoter of the invention, or With the MT coding 
sequences of the invention, preferably the method of Zhao 
is employed (US. Pat. No. 5,981,840), the contents of Which 
are hereby incorporated by reference. In this method, imma 
ture embryos are isolated from maiZe and the embryos 
contacted With a suspension of Agrobacterium, Where the 
bacteria are capable of transferring the gene of interest, or 
the MT coding sequences, to at least one cell of at least one 
of the immature embryos (step 1: the infection step). In this 
step the immature embryos are preferably immersed in an 
Agrobacterium suspension for the initiation of inoculation. 
The embryos are co-cultured for a time With the Agrobac 
terium (step 2: the co-cultivation step). Preferably the imma 
ture embryos are cultured on solid medium folloWing the 
infection step. FolloWing this co-cultivation period an 
optional “resting” step is contemplated. In this resting step, 
the embryos are incubated in the presence of at least one 
antibiotic knoWn to inhibit the groWth of Agrobacterium 
Without the addition of a selective agent for plant transfor 
mants (step 3: resting step). Preferably the immature 
embryos are cultured on solid medium With antibiotic, but 
Without a selecting agent, for elimination of Agrobacterium 
and for a resting phase for the infected cells. Next, inocu 
lated embryos are cultured on medium containing a selective 
agent and groWing transformed callus is recovered (step 4: 
the selection step). Preferably, the immature embryos are 
cultured on solid medium With a selective agent resulting in 
the selective groWth of transformed cells. The callus is then 
regenerated into plants (step 5: the regeneration step), and 
preferably calli groWn on selective medium are cultured on 
solid medium to regenerate the plants. 
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EXAMPLE 5 

[0133] Expression Analysis of the Metallothionein Pro 
moter 

[0134] Transient expression assays in immature maiZe 
embryos: 

[0135] The rmp5b genomic fragment containing the MT 
promoter and part of the 5‘ UTR Was ligated into an 
expression vector containing [3-glucuronidase (GUS) coding 
sequences. Such a vector is shoWn in FIG. 1, Plasmid M. 
The vector Was constructed for Agrobacterium-mediated 
transformation as described in Example 4 above. The vector 
contained a Right border region(RB); an expression cassette 
comprising the MT promoter (MET PRO), the MT 5‘ UTR 
sequences (MT 5UTR), GUS exon1, the potato ST-LS1 
intron2, GUS exon 2, and the potato proteinase inhibitor 
termination region (PINII TERM) for GUS expression; an 
expression cassette comprising the CaMV 35 S promoter 
(CAMV35S PRO), PAT selection marker, and the CaMV 35 
S termination region (CAMV 35S TERM) for plant trans 
formant selection; and a left border (LB). 

[0136] Immature embryos Were then transformed With 
plasmid M via Agrobacterium-mediated transformation as 
described in Example 4 above to generate stable maiZe 
transformants. A control plasmid, identical to plamid M 
except containing the constitutive ubiquitin promoter and 
enhancer region (ubiquitin exon 1 and part of ubiquitin 
intron 1) rather than the MT promoter and UTR, Was used 
as a positive control. 

[0137] Staining of Immature Embryos for GUS Activity 

[0138] GUS staining of GS3 immature embryos co-culti 
vating With Agrobacterium containing either the control 
plasmid or plasmid M consisted of placing embryos into the 
Wells of a 48-well plate containing 05ml of x-gluc solution 
(0.5 g x-gluc dissolved in 20 ml DMSO and 0.16 g 
K4Fe(CN)6 added separately to 1 L of 0.1M Na2HPO4, pH7, 
0.01M EDTA, 0.1% TritonX-100, 10% Methanol). Each 
plate contained immature embryos from either individual 
ears or a pool of 2-3 ears. The plates Were sealed and 
incubated at 37° C. for 18 h after Which the x-gluc solution 
Was replaced With 0.5 ml of 70% ethanol. The results are 
summariZed in Table I. 

TABLE I 

Total No. of 
expressing GS3 embryos 

Hours After Co-cultivation Plasmid M Control 

24 O of 8 8 of 8 
48 3 of 48 68 of 68 
120 21 of 48 68 of 68 

[0139] These results indicated that rmp5B genomic frag 
ment comprising the metallothionein promoter Was able to 
direct expression of the GUS coding region. Transgenic 
plants are regenerated to determine the strength, as Well as 
root-speci?city of the promoter. 
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EXAMPLE 6 

[0140] Expression of the MT Gene in MaiZe 

[0141] Expression of multiple genes (ESTs) in leaves (the 
6th leaf), stems (stalk), emerging croWn roots (top nodal 
roots), adventitious roots, and corn rootWorm (CRW)-eaten 
adventitious roots of V6 maiZe plants Were compared, 
utiliZing the GeneChip® microarray technology. See Lip 
shutZ et al. (1999) Nature Genetics Supplement 21: 20-24; Li 
et al. (1999) Developmental Biology 211: 64-76. Brie?y, 
using knoWn methods, cDNA Was synthesiZed from polyA+ 
RNA isolated from the indicated tissues. Biotin-labeled 
cRNA Was synthesiZed by in-vitro transcription of this 
cDNA using biotin-conjugated ribonucleotides. The cRNA 
Was fragmented, hybridiZed to a customiZed GeneChip® 
array of Zea mays, Washed, and stained With streptavidin 
(R-phycoerythrin conjugate) using the Affymetrix Inc. 
GeneChip Fluidics station. The HeWlett-Packard G2500A 
Gene Array Scanner and Affymetrix GeneChip Analysis 
softWare Were used to analyZe the results. 

[0142] The developmental stage, V6, Was selected because 
Western corn rootWorm WCRW feed on maiZe roots 

betWeen the stages of V4 and V8. Thus, a promoter active 
during these stages Would be ideal to control the expression 
of a CRW insecticidal gene. V6 is de?ned by the maturation 
of the collar of the sixth leaf of the plant. CRW-eaten 
adventitious roots Were generated by infesting each pot With 
50 WCRW eggs. This resulted in roots that Were damaged 
and scarred, but not decimated. 

[0143] Analysis of the GeneChip results indicated the 
gene for EST CVRAQ62 (sequence set forth in SEQ ID 
NO:7), Which belongs to the EST family corresponding to 
the nucleotide sequences for the expressed region of the 
maiZe MT gene (SEQ ID NO:2), Was expressed in V6 
adventitious roots at levels >250-fold higher than in V6 
leaves. The same gene Was also expressed >100-fold higher 
in V6 roots compared to V6 stalks. Comparing V6 adven 
titious roots to V6 croWn roots shoWed only about a 2-fold 

greater level of expression in adventitious roots. A less than 
2-fold difference Was detected betWeen adventitious roots 

and WCRW-eaten roots. These results indicate that the 
metallothionein gene of the present invention is highly 
expressed in root tissue, but not in leaf or stalk tissue. These 
data also indicate a high level of expression in emerging 
croWn roots and in WCRW-eaten roots as there Was not 

greater than a 3-fold difference in expression betWeen 
adventitious roots, croWn roots and WCRW-eaten roots. 

High expression in WCRW-eaten roots is signi?cant because 
it indicates insect feeding does not doWnregulate the pro 
moter. 

[0144] A second set of GeneChip microarray experiments 
Were performed essentially as described above, and repre 
sentative results are shoWn in FIG. 2. These results indicate 
high expression of the MT gene of the present invention 
represented by EST CRVAQ62, relative to a second maiZe 
MT gene represented by the EST CRWBJ81 (sequence set 
forth in SEQ ID NO:8) and other genes as shoWn in FIG. 2. 

[0145] Northern blot experiments indicating root-pre 
ferred expression of the MT gene of the invention are not 
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available. Electronic Northern blots showed tissue distribu 
tion of the MT gene of the present invention represented by 
EST CRVAQ62, relative to the second rnaiZe MT gene 
represented by the EST CRWBJ81; the results shoWn in 
FIG. 3. 

[0146] All publications and patent applications mentioned 
in the speci?cation are indicative of the level of those skilled 
in the art to Which this invention pertains. All publications 
and patent applications are herein incorporated by reference 
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to the same eXtent as if each individual publication or patent 

application Was speci?cally and individually indicated to be 
incorporated by reference. 

[0147] Although the foregoing invention has been 
described in some detail by Way of illustration and example 
for purposes of clarity of understanding, it Will be obvious 
that certain changes and rnodi?cations may be practiced 
Within the scope of the appended clairn. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: l8 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 747 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Zea mays 

<220> FEATURE: 

<22l> NAME/KEY: promoter 
<222> LOCATION: (1)...(747) 
<223> OTHER INFORMATION: Promoter sequence for maize metallothionein 

<400> SEQUENCE: l 

ogaogggoat ttgogtagtt gaagottaoa aagttgoata tgagatgagt googgaoatg 60 

aagoggataa ogttttaaao tggoaaoaat atotagotgt ttoaaattoa ggogtgggaa 120 

gotaogoota ogogoootgg aoggogtgta aagagooago atoggoatoa ttgtoaaaog 180 

atogaoaagg ooaagaaatt ooaaatatat tattaataaa aaagaaggoa oaaattagtt 240 

tggtttttta gtatgtgtgg oggaggaaat tttgagaaog aaogtatoaa agaaggoaoa 300 

agaogatata gattgaogog gotagaagtt goagoaagao agtgggtaog gtottatata 360 

tootaataaa taaaaaataa aaotatagtg tgtoaaatgt oaaoaagagg aggaggoago 420 

oaaattagoa gagggagaoa agtagagoao goottattag ottgottatt tatogtggtg 480 

gtgtaottgt taattaotgg oaogoattat oaaoaaogoa gttotggatg tgaatotaga 540 

oaaaoatttg totaggttoo goaogtatag tttttttoot ottttttttg gggggggggt 600 

ggggggggga aoggaagotg taataaaogg taotaggaao gaaagoaaoo googogogoa 660 

tgtttttgoa atagattaog gtgaoottga tgoaooaoog ogtgotataa aaaooagtgt 720 

oooogagtot aotoatoaao oaatooa 747 

<2 10> SEQ ID NO 2 
<2ll> LENGTH: 612 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Zea mays 

<220> FEATURE: 

<22l> NAME/KEY: CDS 
<222> LOCATION: (69)...(308) 
<223> OTHER INFORMATION: Coding sequence for maize metallothionein 

<400> SEQUENCE: 2 

taaotogaaa oottttottg tgototgtto tgtotgtgtg tttooaaago aaaogaaaga 60 

ggtogagg atg tot tgo ago tgo gga toa ago tgo aao tgo gga toa ago 110 
Met Ser Cys Ser Cys Gly Ser Ser Cys Asn Cys Gly Ser Ser 

1 5 l0 

tgo aag tgo ggo aag atg tao oot gao otg gag gag aag ago ggo ggg 158 
Cys Lys Cys Gly Lys Met Tyr Pro Asp Leu Glu Glu Lys Ser Gly Gly 
15 20 25 30 










