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METHODS FOR THE BIOSYNTHESIS OF TAURINE
OR HYPOTAURINE IN CELLS

CROSS REFERENCE TO RELATED APPLICATION(S)
This application claims the benefit of U.S. Patent Application No. 61/257,240 filed
November 2, 2009 and U.S. Patent Application No.: 61/263,548 filed November 23,

2009, the disclosures of which are incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

The present invention is in the field of recombinant production of taurine.
BACKGROUND OF THE INVENTION
Taurine as a plant growth stimulator

Exogenous application of taurine has been reported to increase crop harvest, yield, and
biomass (1). Applications of taurine by foliar spray, soil and roots application, and seed
immersion increase crop production and seedling growth (1). Exogenous applications of
taurine have also been shown to increase photosynthetic capacity of isolated plant cells
(protoplasts and chloroplasts) (1). Increased taurine production in plants can enhance
plant growth and development, yield, or tolerance to biotic and/or abiotic stresses.
Increased yield, growth, or biomass may be a result of increased nitrogen flow, sensing,
uptake, storage, transport or nitrogen use efficiency. Increased yield, growth or biomass
may also be a result of increased carbon metabolism due to increased photosynthesis or
increased carbohydrate metabolism by increased sucrose production and/or transport or
increase biosynthesis or mobilization of starch, or oil. Increased yield, growth or biomass
may also be associated with increased phosphorus uptake, transport or utilization.
Increased yield, growth or biomass may also be associated with increased sulfur or
sulfate uptake, transport or utilization. Increased yield, growth or biomass may also be

associated with increased water uptake, transport, utilization or water-use-efficiency.
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Increased yield, growth or biomass may also be due to changes in the cell cycle
modifications that improve growth rates and may increase early vigor and accelerate
maturation leading to improved yield. Increased yield, growth or biomass may also be
due to changes in the production of hormones or signaling molecules that regulate and
improve plant growth and development leading to improvements in yield and biotic or
abiotic stress tolerance. Increases in carbon, nitrogen, phosphorus, or sulfate flow,
sensing, uptake, storage, transport or efficiency may improve seed quality for starch, oil
or protein content. Increased yield, growth or biomass may also be a result of increased
tolerance to abiotic stress such as changes in osmotic conditions, oxidative damage,
drought, salt, cold, freezing, heat, UV light or light intensity. Increased yield, growth or
biomass may also be a result of increased tolerance to biotic stress such as challenges,
infection or insult from pests, pathogens, bacteria, microbes, viruses, viroids,
microorganisms, invertebrates, insects, nematodes, or vertebrate. Increased yield, growth
or biomass may be a result of increased tolerance to abiotic stresses such as changes in
osmotic conditions or light intensity, oxidative damage, drought, salt, cold, freezing, heat,

or UV radiation.
Taurine is an essential compound for animals

Taurine is essential for human neonatal development (2) and plays an important role in
brain development (3, 4). Taurine is involved in the modulation of intracellular calcium
homeostasis (5, 6) and may balance glutamate activity, protecting neurons against
glutamate excitotoxicity (7, 8). Taurine is also an osmoregulator (9). Taurine is essential
for heart function (10), protects the integrity of hepatic tissue (11), and plays a role in
photoprotection (12).

Taurine as a pharmaceutical or therapeutic

Taurine is used as a pharmaceutical and therapeutic. Taurine has been used in the
treatment of cardiovascular diseases (13, 14), elevated blood pressure (15), seizure

disorders (16), hepatic disorders (17), and alcoholism (18) and may be useful in the

.
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treament of diabetes (19), Alzheimer’s disease (20), and ocular disorders (21). Taurine
has been shown to prevent obesity (22) and control cholesterol (23, 24). Taurine acts as
an antioxidant and protects against toxicity of various substances (25-27). Taurine has
been shown to prevent oxidative stress induced by exercise (28), and is used in energy
drinks to improve performance (29). Taurine can also be used in topical applications to

treat dermatological conditions (30).
Taurine as a dietary supplement

Taurine is biosynthesized in most animals and can be found in meat and seafood. Those
who do not eat these foods regularly (e.g., vegetarians) or do not produce sufficient levels
of taurine, e.g., cats (31), must acquire it through dietary supplement. Trout that are fed

all-plant protein diets must acquire dietary taurine for normal growth (32).
Metabolic pathways that synthesize taurine

With few exceptions (33, 34), taurine is found in plants only in low levels (35), and the
metabolic pathway for taurine and hypotaurine has not yet been identified in plants.
Several metabolic pathways that synthesize taurine and hypotaurine have been identified
in animals and bacteria (Figure 1). In animals, cysteine and oxygen are converted into 3-
sulfinoalanine by cysteine dioxygenase (CDO). 3-sulfinoalanine is converted into
hypotaurine by sulfinoalanine decarboxylase (SAD) or glutamate decarboxylase (GAD).
Hypotaurine is converted into taurine either by the activity of hypotaurine dehydrogenase
(HTDeHase) or by a spontancous conversion. Cysteamine (2-aminoethanethiol) and
oxygen are converted into hypotaurine by cysteamine dioxygenase (ADO), and
hypotaurine is converted into taurine. Alternatively cysteine and sulfite are converted into
cysteate and hydrogen sulfide by cysteine lyase (cysteine sulfite lyase or cysteine
hydrogen-sulfide-lyase). Cysteate is converted into taurine by SAD or GAD. In bacteria,
the compound 2-sulfoacetaldehyde is synthesized from acetyl phosphate and sulfite by
sulfoacetaldehyde acetyltransferase (SA). Alanine and 2-sulfoacetaldehyde are converted

into taurine and pyruvate by taurine-pyruvate aminotransferase (TPAT). In addition,
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sulfoacetaldehyde and ammonia (or ammonium) are converted into taurine and water in
the presence of ferrocytochrome C by taurine dehydrogenase. Sulfite,
aminoacetaldehyde, carbon dioxide and succinate are converted into taurine, 2-

oxoglutarate and oxygen by taurine dioxygenase (TDO).
SUMMARY OF THE INVENTION

The invention provides methods and compositions for taurine or taurine precursor
production in organisms. More particularly, the invention encompasses the use of
polynucleotides that encode in plants functional (1) cysteine dioxygenase (CDO), (2)
CDO and sulfinoalanine decarboxylase (SAD) or glutamate decarboxylase (GAD), (3)
cysteamine dioxygenase (ADO), (4) taurine-pyruvate aminotransferase (TPAT), (5)
TPAT and sulfoacetaldehyde acetyltransferase (SA), (6) taurine dehydrogenase
(TDeHase) or (7) taurine dioxygenase (TDO). The invention provides methods for
transforming plants and constructing vector constructs and other nucleic acid molecules
for use therein. The transgenic plants will have increased levels of taurine or taurine-
precursors for enhanced plant growth and development, yield, or tolerance to biotic
and/or abiotic stresses and can be used to provide nutraceuticals or pharmaceuticals for
improving physical or mental performance, antioxidative activity, or therapeutic
compounds in the treatment of conditions including congestive heart failure, high blood
pressure, hepatitis, high cholesterol, diabetes, fibrosis, epilepsy, autism, attention deficit-
hyperactivity disorder, retinal disorders, alcoholism, or as a food supplement in animal

feed.

The invention provides isolated cells comprising exogenous DNA which expresses
enzymes of taurine biosynthetic pathways. In one embodiment, an isolated cell comprises
two separate expression cassettes. A first expression cassette comprises a first promoter
operably linked to a first polynucleotide, and a second expression cassette comprises a
second promoter operably linked to a second polynucleotide. In some embodiments, the
first polynucleotide encodes cysteine dioxygenase (CDO) and the second polynucleotide

encodes sulfinoalanine decarboxylase (SAD). In other embodiments the first
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polynucleotide encodes cysteine dioxygenase (CDO) and the second polynucleotide
encodes glutamate decarboxylase (GAD). In still other embodiments, the first
polynucleotide encodes taurine-pyruvate aminotransferase (TPAT) and the second
polynucleotide encodes sulfoacetaldehyde acetyltransferase (SA). In yet other
embodiments the first polynucleotide encodes a small subunit of taurine dehydrogenase
(ssTDeHase) and the second polynucleotide encodes a large subunit of taurine

dehydrogenase (IsTDeHase).

[10] Some isolated cells of the invention comprise exogenous DNA which comprises a single
expression cassette. The single expression cassette comprises a promoter operably linked
to a polynucleotide which encodes (i) CDO and SAD; (i1)) CDO and GAD; (ii1) TPAT,;
(iv) TPAT and SA; or (v) ssTDeHase and IsTDeHase.

[11]  Other isolated cells of the invention are plant cells which comprise exogenous DNA
which comprises a promoter operably linked to a polynucleotide. The polynucleotide

encodes CDO, ADQ, or taurine dioxygenase (TDO).

[12] The invention also provides plant storage organs comprising isolated cells of the
invention; transgenic seeds with a genome comprising exogenous DNA encoding one or
more of CDO, SAD, GAD, ADO, TPAT, SA, TDO, or TDeHase, and transgenic plants

grown from the transgenic seeds.

[13] The invention provides methods of altering a property of a transgenic plant of the
invention by contacting the transgenic plant with an agent which increases sulfur or

nitrogen concentration in cells of the transgenic plant.

[14] The invention also provides pharmaceutical compositions and nutritional supplements
comprising an extract of a transgenic plant of the invention, and feeds comprising a
component, which can be one or more of the plant storage organs, transgenic seeds, and

transgenic plants of the invention.
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In one embodiment of the invention polynucleotides encoding functional CDO and SAD
or GAD enzymes are used to transform plant cells or to transform plants. Inventive
methods produce plants that have advantages of enhanced taurine production, that result
in plants with enhanced plant growth characteristics, survival characteristics and/or
tolerance to environmental or other plant stresses and increase nutritional,
pharmaceutical, or therapeutic value. Plants are genetically modified in accordance with
the invention to introduce into the plant a polynucleotide that encodes a CDO enzyme
and/or a polynucleotide that encodes a SAD or GAD that functions in the formation of

hypotaurine or taurine in the plant.

Another embodiment of the invention describes the use of ADO, TPAT, TDeHase, or

TDO to produce hypotaurine or taurine in plants.

Another embodiment of the invention describes the use of TPAT and SA to produce

taurine in plants.

Another embodiment of the invention describes the use of polynucleotides that encode
polypeptides for functional CDO, CDO and SAD or GAD, ADO, TPAT, SA, TDeHase
or TDO expressed in eukaryotes or prokaryotes or in eukaryotic or prokaryotic cells, for

hypotaurine or taurine production.

BRIEF DESCRIPTION OF THE FIGURE

Figure 1 shows taurine biosynthetic pathways.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods and materials for the production of taurine (2-
aminoethanesulfonic acid) in cells and living organisms. In preferred embodiments, the
invention provides methods for the genetic transformation of organisms, preferably
plants, with genes that encode proteins that catalyze the conversion of cysteine to taurine,

methionine to taurine, cysteamine to taurine, or alanine to taurine. The invention also
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provides methods of using plants with increased levels of endogenous taurine or taurine
derivatives such as hypotaurine to improve plant growth, development and performance,
that is to increase plant size, biomass, yield or tolerance to biotic or abiotic stress. The
invention also provides methods of using plants with elevated levels of endogenous
taurine or taurine derivatives such as hypotaurine as a food- or feed-supplement, dictary

supplement, or as a component of a health supplement or therapy.

The present invention describes the methods for the synthesis of DNA constructs for
taurine or taurine precursor production from polynucleotides and vectors and the methods
for making transformed organisms including plants, photosynthetic organisms, microbes,
invertebrates, and vertebrates. The present invention is unique in that it describes a
method to produce plants that have advantages of enhanced taurine production and that
result in plants with enhanced plant growth characteristics, survival characteristics and/or
tolerance to environmental or other plant stresses and increased nutritional,

pharmaceutical, or therapeutic value.

The present invention describes the insertion of the taurine biosynthetic pathway in
organisms where the pathway does not exist or has not clearly been identified. The
invention describes methods for the use of polynucleotides that encode functional
cysteine dioxygenase (CDO) and sulfinoalanine decarboxylase (SAD) or glutamate
decarboxylase = (GAD), cysteamine  dioxygenase (ADOQO), taurine-pyruvate
aminotransferase (TPAT), TPAT and sulfoacetaldehyde acetyltransferase (SA), taurine
dehydrogenase (TDeHase) or taurine dioxygenase (TDO) in plants. The preferred

embodiment of the invention is in plants but other organisms may be used.
Enzymes of taurine biosynthetic pathways

Examples of amino acid sequences of enzymes of taurine biosynthetic pathways are
provided in the sequence listing: SEQ ID NO:3 and SEQ ID NO:4 (CDO); SEQ ID NO:7
and SEQ ID NO:8 (SAD); SEQ ID NO:11 and SEQ ID NO:12 (GAD); SEQ ID NO:18
(TPAT); SEQ ID NO:20 (SA); SEQ ID NO:22 (ssTDeHase); SEQ ID NO:22

-7 -
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(IsTDeHase); SEQ ID NO:13 and SEQ ID NO:14 (ADO); and SEQ ID NO:26 (TDO).
The invention is not limited to the use of these amino acid sequences. Those of ordinary
skill in the art know that organisms of a wide variety of species commonly express and
utilize homologous proteins, which include the insertions, substitutions and/or deletions
discussed above, and effectively provide similar function. For example, the amino acid
sequences for CDO, SAD, GAD, or ADO from zebra fish (Danio rerio) or TPAT, SA,
ssTDeHase or IsTDeHase from Roseobacter denitrificans or TDO from Escherichia coli
may differ to a certain degree from the amino acid sequences of CDO, SAD, GAD, ADO,
TPAT, SA, ssTDeHase, IsTDeHase or TDO in another species and yet have similar
functionality with respect to catalytic and regulatory function. Amino acid sequences
comprising such variations are included within the scope of the present invention and are
considered substantially or sufficiently similar to a reference amino acid sequence.
Although it is not intended that the present invention be limited by any theory by which it
achieves its advantageous result, it is believed that the identity between amino acid
sequences that is necessary to maintain proper functionality is related to maintenance of
the tertiary structure of the polypeptide such that specific interactive sequences will be
properly located and will have the desired activity, and it is contemplated that a
polypeptide including these interactive sequences in proper spatial context will have

activity.

Another manner in which similarity may exist between two amino acid sequences is
where there is conserved substitution between a given amino acid of one group, such as a
non-polar amino acid, an uncharged polar amino acid, a charged polar acidic amino acid,
or a charged polar basic amino acid, with an amino acid from the same amino acid group.
For example, it is known that the uncharged polar amino acid serine may commonly be
substituted with the uncharged polar amino acid threonine in a polypeptide without
substantially altering the functionality of the polypeptide. Whether a given substitution
will affect the functionality of the enzyme may be determined without undue
experimentation using synthetic techniques and screening assays known to one with

ordinary skill in the art.
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One of ordinary skill in the art will recognize that changes in the amino acid sequences,
such as individual substitutions, deletions or additions to a nucleic acid, peptide,
polypeptide, or protein sequence which alters, adds or deletes a single amino acid or a
small percentage of amino acids in the encoded sequence is “sufficiently similar” when
the alteration results in the substitution of an amino acid with a chemically similar amino
acid. Thus, any number of amino acid residues selected from the group of integers
consisting of from 1 to 15 can be so altered. Thus, for example, 1, 2, 3, 4, 5, 7 or 10
alterations can be made. Conservatively modified variants typically provide similar
biological activity as the unmodified polypeptide sequence from which they are derived.
For example, CDO, SAD, GAD, ADO, TPAT, SA, ssTDeHase, IsTDeHase or TDO
activity is generally at least 40%, 50%, 60%, 70%, 80% or 90%, preferably 60-90% of
the native protein for the native substrate. Tables of conserved substitution provide lists

of functionally similar amino acids.

The following three groups each contain amino acids that are conserved substitutions for
one another: (1) Alanine (A), Serine (S), Threonine (T); (2) Aspartic acid (D), Glutamic
acid (E); and (3) Asparagine (N), Glutamine (Q);

Suitable polynucleotides for CDO, SAD, GAD, ADO, TPAT, SA, TDO, ssTDeHase, and
IsTDeHase

As examples, suitable polynucleotides encoding enzymes of taurine biosynthetic
pathways are described below. The invention is not limited to use of these sequences,
however. In fact, any nucleotide sequence which encodes an enzyme of a taurine
biosynthetic pathway can be used in an expression vector to produce that enzyme

recombinantly.

Suitable polynucleotides for CDO are provided in SEQ ID NO:1 and SEQ ID NO:2 Other
suitable polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:1 or SEQ ID NO:2 by hybridization under low stringency conditions, moderate

-9.-
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stringency conditions, or high stringency conditions. Still other suitable polynucleotides
for use in accordance with the invention may be obtained by the identification of
polynucleotides that have substantial identity of the nucleic acid of SEQ ID NO:1 or SEQ
ID NO:2 when it used as a reference for sequence comparison or polynucleotides that
encode polypeptides that have substantial identity to amino acid sequence of SEQ ID

NO:3 or SEQ ID NO:4 when it used as a reference for sequence comparison.

Suitable polynucleotides for SAD are provided in SEQ ID NO:5 and SEQ ID NO:6.
Other suitable polynucleotides for use in accordance with the invention may be obtained
by the identification of polynucleotides that selectively hybridize to the polynucleotides
of SEQ ID NO:5 or SEQ ID NO:6 by hybridization under low stringency conditions,
moderate stringency conditions, or high stringency conditions. Still other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that have substantial identity of the nucleic acid of SEQ
ID NO:5 or SEQ ID NO:6 when it used as a reference for sequence comparison or
polynucleotides that encode polypeptides that have substantial identity to amino acid
sequence of SEQ ID NO:7 or SEQ ID NO:8 when it is used as a reference for sequence

comparison.

Suitable polynucleotides for GAD are provided in SEQ ID NO:9 and SEQ ID NO:10.
Other suitable polynucleotides for use in accordance with the invention may be obtained
by the identification of polynucleotides that selectively hybridize to the polynucleotides
of SEQ ID NO:9 or SEQ ID NO:10 by hybridization under low stringency conditions,
moderate stringency conditions, or high stringency conditions. Still other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that have substantial identity of the nucleic acid of SEQ
ID NO:9 or SEQ ID NO:10 when it used as a reference for sequence comparison or
polynucleotides that encode polypeptides that have substantial identity to amino acid
sequence of SEQ ID NO:11 or SEQ ID NO:12 when it used as a reference for sequence

comparison.

-10 -
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Suitable polynucleotides for ADO are provided in SEQ ID NO:13 and SEQ ID NO:14.
Other suitable polynucleotides for use in accordance with the invention may be obtained
by the identification of polynucleotides that selectively hybridize to the polynucleotides
of SEQ ID NO:13 or SEQ ID NO:14 by hybridization under low stringency conditions,
moderate stringency conditions, or high stringency conditions. Still other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that have substantial identity of the nucleic acid of SEQ
ID NO:13 or SEQ ID NO:14 when it used as a reference for sequence comparison or
polynucleotides that encode polypeptides that have substantial identity to amino acid
sequence of SEQ ID NO:15 or SEQ ID NO:16 when it used as a reference for sequence

comparison.

A suitable polynucleotide for TPAT is provided in SEQ ID NO:17. Other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:17 by hybridization under low stringency conditions, moderate stringency
conditions, or high stringency conditions. Still other suitable polynucleotides for use in
accordance with the invention may be obtained by the identification of polynucleotides
that have substantial identity of the nucleic acid of SEQ ID NO:17 when it used as a
reference for sequence comparison or polynucleotides that encode polypeptides that have
substantial identity to amino acid sequence of SEQ ID NO:18 when it used as a reference

for sequence comparison.

A suitable polynucleotide for SA is provided in SEQ ID NO:19. Other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:19 by hybridization under low stringency conditions, moderate stringency
conditions, or high stringency conditions. Still other suitable polynucleotides for use in
accordance with the invention may be obtained by the identification of polynucleotides

that have substantial identity of the nucleic acid of SEQ ID NO:19 when it used as a

-11 -
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reference for sequence comparison or polynucleotides that encode polypeptides that have
substantial identity to amino acid sequence of SEQ ID NO:20 when it used as a reference

for sequence comparison.

A suitable polynucleotide for ssTDeHase is provided in SEQ ID NO:21. Other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:21 by hybridization under low stringency conditions, moderate stringency
conditions, or high stringency conditions. Still other suitable polynucleotides for use in
accordance with the invention may be obtained by the identification of polynucleotides
that have substantial identity of the nucleic acid of SEQ ID NO:21 when it used as a
reference for sequence comparison or polynucleotides that encode polypeptides that have
substantial identity to amino acid sequence of SEQ ID NO:22 when it used as a reference

for sequence comparison.

A suitable polynucleotide for IsTDeHase is provided in SEQ ID NO:23. Other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:23 by hybridization under low stringency conditions, moderate stringency
conditions, or high stringency conditions. Still other suitable polynucleotides for use in
accordance with the invention may be obtained by the identification of polynucleotides
that have substantial identity of the nucleic acid of SEQ ID NO:23 when it used as a
reference for sequence comparison or polynucleotides that encode polypeptides that have
substantial identity to amino acid sequence of SEQ ID NO:24 when it used as a reference

for sequence comparison.

A suitable polynucleotide for TDO is provided in SEQ ID NO:25. Other suitable
polynucleotides for use in accordance with the invention may be obtained by the
identification of polynucleotides that selectively hybridize to the polynucleotides of SEQ
ID NO:25 by hybridization under low stringency conditions, moderate stringency

conditions, or high stringency conditions. Still other suitable polynucleotides for use in

-12-
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accordance with the invention may be obtained by the identification of polynucleotides
that have substantial identity of the nucleic acid of SEQ ID NO:25 when it used as a
reference for sequence comparison or polynucleotides that encode polypeptides that have
substantial identity to amino acid sequence of SEQ ID NO:26 when it used as a reference

for sequence comparison.

Another embodiment of the invention is a polynucleotide (e.g., a DNA construct) that
encodes a protein that functions as a CDO, SAD, GAD, ADO, TPAT, SA, ssTD¢Hase,
IsTDeHase or TDO and selectively hybridizes to either SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23, or SEQ ID
NO:25 respectively. Selectively hybridizing sequences typically have at least 40%
sequence identity, preferably 60-90% sequence identity, and most preferably 100%

sequence identity with each other.

Another embodiment of the invention is a polynucleotide that encodes a polypeptide that
has substantial identity to the amino acid sequence of SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, or SEQ ID
NO:26. Substantial identity of amino acid sequences for these purposes normally means
sequence identity of between 50-100%, preferably at least 55%, preferably at least 60%,
more preferably at least 70%, 80%, 90%, and most preferably at least 95%.

The process of encoding a specific amino acid sequence may involve DNA sequences
having one or more base changes (i.e., insertions, deletions, substitutions) that do not
cause a change in the encoded amino acid, or which involve base changes which may
alter one or more amino acids, but do not eliminate the functional properties of the

polypeptide encoded by the DNA sequence.

It is therefore understood that the invention encompasses more than the specific

polynucleotides encoding the proteins described herein. For example, modifications to a
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sequence, such as deletions, insertions, or substitutions in the sequence, which produce
“silent” changes that do not substantially affect the functional properties of the resulting
polypeptide are expressly contemplated by the present invention. Furthermore, because of
the degeneracy of the genetic code, a large number of functionally identical nucleic acids
encode any given protein. For instance, the codons GCA, GCC, GCG and GCU all
encode the amino acid alanine. Thus, at every position where an alanine is specified by a
codon, the codon can be altered to any of the corresponding codons described without
altering the encoded polypeptide. Such nucleic acid variations are “silent variations” and
represent one species of conservatively modified variation. Every nucleic acid sequence
herein that encodes a polypeptide also describes every possible silent variation of the
nucleic acid. One of ordinary skill in the art will recognize that each amino acid has
more than one codon, except for methionine and tryptophan that ordinarily have the
codons AUG and UGG, respectively. It is known by those of ordinary skill in the art,
“universal” code is not completely universal. Some mitochondrial and bacterial genomes
diverge from the universal code, e.g., some termination codons in the universal code
specify amino acids in the mitochondria or bacterial codes. Thus each silent variation of a
nucleic acid, which encodes a polypeptide of the present invention, is implicit in each

described polypeptide sequence and incorporated in the descriptions of the invention.

It is understood that alterations in a nucleotide sequence, which reflect the degeneracy of
the genetic code, or which result in the production of a chemically equivalent amino acid
at a given site, are contemplated. Thus, a codon for the amino acid alanine, a hydrophobic
amino acid, may be substituted by a codon encoding another less hydrophobic residue,
such as glycine, or a more hydrophobic residue, such as valine, leucine, or isoleucine.
Similarly, changes which result in substitution of one negatively charged residue for
another, such as aspartic acid for glutamic acid, or one positively charged residue for
another, such as lysine for arginine, can also be expected to produce a biologically

equivalent product.
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Nucleotide changes which result in alteration of the amino-terminal and carboxy-terminal
portions of the encoded polypeptide molecule would also not generally be expected to
alter the activity of the polypeptide. In some cases, it may in fact be desirable to make
mutations in the sequence in order to study the effect of alteration on the biological
activity of the polypeptide. Each of the proposed modifications is well within the routine

skill in the art.

When the nucleic acid is prepared or altered synthetically, one of ordinary skill in the art
can take into account the known codon preferences for the intended host where the
nucleic acid is to be expressed. For example, although nucleic acid sequences of the
present invention may be expressed in both monocotyledonous and dicotyledonous plant
species, sequences can be modified to account for the specific codon preferences and GC-
content preferences of monocotyledonous plants or dicotyledonous plants, as these
preferences have been shown to differ (36). An alternative approach to the generation of
variants of the sequences is to use random recombination techniques such as “DNA
shuffling” (37). An alternative method to modify the sequences is by rapid molecular

evolution methods such as a staggered extension process (38).
Cloning techniques

For purposes of promoting an understanding of the principles of the invention, reference
will now be made to particular embodiments of the invention and specific language will
be used to describe the same. The materials, methods and examples are illustrative only
and not limiting. Unless mentioned otherwise, the techniques employed or contemplated
herein are standard methodologies well known to one of ordinary skill in the art. Specific
terms, while employed below and defined at the end of this section, are used in a
descriptive sense only and not for purposes of limitation. The practice of the present
invention will employ, unless otherwise indicated, conventional techniques of botany,
microbiology, tissue culture, molecular biology, chemistry, biochemistry and

recombinant DNA technology, which are within the skill of the art (39-46).
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A suitable polynucleotide for use in accordance with the invention may be obtained by
cloning techniques using cDNA or genomic libraries, DNA, or cDNA from bacteria
which are available commercially or which may be constructed using standard methods
known to persons of ordinary skill in the art. Suitable nucleotide sequences may be
isolated from DNA libraries obtained from a wide variety of species by means of nucleic
acid hybridization or amplification methods, such as polymerase chain reaction (PCR)
procedures, using as probes or primers nucleotide sequences selected in accordance with

the invention.

Furthermore, nucleic acid sequences may be constructed or amplified using chemical
synthesis. The product of amplification is termed an amplicon. Moreover, if the particular
nucleic acid sequence is of a length that makes chemical synthesis of the entire length
impractical, the sequence may be broken up into smaller segments that may be
synthesized and ligated together to form the entire desired sequence by methods known
in the art. Alternatively, individual components or DNA fragments may be amplified by
PCR and adjacent fragments can be amplified together using fusion-PCR (47), overlap-
PCR (48) or chemical (de novo) synthesis (49-53) by methods known in the art.

A suitable polynucleotide for use in accordance with the invention may be constructed by
recombinant DNA technology, for example, by cutting or splicing nucleic acids using
restriction enzymes and mixing with a cleaved (cut with a restriction enzyme) vector with
the cleaved insert (DNA of the invention) and ligated using DNA ligase. Alternatively
amplification techniques, such as PCR, can be used, where restriction sites are
incorporated in the primers that otherwise match the nucleotide sequences (especially at
the 3’ ends) selected in accordance with the invention. The desired amplified recombinant
molecule is cut or spliced using restriction enzymes and mixed with a cleaved vector and
ligated using DNA ligase. In another method, after amplification of the desired
recombinant molecule, DNA linker sequences are ligated to the 5" and 3’ ends of the
desired nucleotide insert with ligase, the DNA insert is cleaved with a restriction enzyme

that specifically recognizes sequences present in the linker sequences and the desired
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vector. The cleaved vector is mixed with the cleaved insert, and the two fragments are
ligated using DNA ligase. In yet another method, the desired recombinant molecule is
amplified with primers that have recombination sites (e.g. Gateway) incorporated in the
primers, that otherwise match the nucleotide sequences selected in accordance with the
invention. The desired amplified recombinant molecule is mixed with a vector containing
the recombination site and recombinase, the two molecules are ligated together by

recombination.

The recombinant expression cassette or DNA construct includes a promoter that directs
transcription in a plant cell, operably linked to the polynucleotide encoding a CDO, SAD,
GAD, ADO, TPAT, SA, ssTDeHase or IsTDeHase. In various aspects of the invention
described herein, a variety of different types of promoters are described and used. As
used herein, a polynucleotide is "operably linked" to a promoter or other nucleotide
sequence when it is placed into a functional relationship with the promoter or other
nucleotide sequence. The functional relationship between a promoter and a desired
polynucleotide insert typically involves the polynucleotide and the promoter sequences
being contiguous such that transcription of the polynucleotide sequence will be
facilitated. Two nucleic acid sequences are further said to be operably linked if the nature
of the linkage between the two sequences does not (1) result in the introduction of a
frame-shift mutation; (2) interfere with the ability of the promoter region sequence to
direct the transcription of the desired nucleotide sequence, or (3) interfere with the ability
of the desired nucleotide sequence to be transcribed by the promoter sequence region.
Typically, the promoter element is generally upstream (i.c., at the 5" end) of the nucleic

acid insert coding sequence.

While a promoter sequence can be ligated to a coding sequence prior to insertion into a
vector, in other embodiments, a vector is selected that includes a promoter operable in the
host cell into which the vector is to be inserted. In addition, certain preferred vectors have
a region that codes a ribosome binding site positioned between the promoter and the site

at which the DNA sequence is inserted so as to be operatively associated with the DNA
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sequence of the invention to produce the desired polypeptide, i.e., the DNA sequence of

the invention in-frame.
Suitable promoters

A wide variety of promoters are known to those of ordinary skill in the art as are other
regulatory elements that can be used alone or in combination with promoters. A wide
variety of promoters that direct transcription in plants cells can be used in connection
with the present invention. For purposes of describing the present invention, promoters
are divided into two types, namely, constitutive promoters and non-constitutive
promoters. Constitutive promoters are classified as providing for a range of constitutive
expression. Thus, some are weak constitutive promoters, and others are strong
constitutive promoters. Non-constitutive promoters include tissue-preferred promoters,

tissue-specific promoters, cell-type specific promoters, and inducible-promoters.

Of particular interest in certain embodiments of the present invention are inducible-
promoters that respond to various forms of environmental stresses, or other stimuli,
including, for example, mechanical shock, heat, cold, salt, flooding, drought, salt, anoxia,
pathogens, such as bacteria, fungi, and viruses, and nutritional deprivation, including
deprivation during times of flowering and/or fruiting, and other forms of plant stress. For
example, the promoter selected in alternate forms of the invention, can be a promoter is
induced by one or more, but not limiting to one of the following, abiotic stresses such as
wounding, cold, dessication, ultraviolet-B (54), heat shock (55) or other heat stress,
drought stress or water stress. The promoter may further be one induced by biotic stresses
including pathogen stress, such as stress induced by a virus (56) or fungi (57, 58), stresses
induced as part of the plant defense pathway (59) or by other environmental signals, such
as light (60), carbon dioxide (61, 62), hormones or other signaling molecules such as
auxin, hydrogen peroxide and salicylic acid (63, 64), sugars and gibberellin (65) or
abscissic acid and ethylene (66).
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In other embodiments of the invention, tissue-specific promoters are used. Tissue-specific
expression patterns as controlled by tissue- or stage-specific promoters that include, but is
not limited to, fiber-specific, green tissue-specific, root-specific, stem-specific, and
flower-specific. Examples of the utilization of tissue-specific expression includes, but is
not limited to, the expression in leaves of the desired peptide for the protection of plants
against foliar pathogens, the expression in roots of the desired peptide for the protection
of plants against root pathogens, and the expression in roots or seedlings of the desired
peptide for the protection of seedlings against soil-borne pathogens. In many cases,
however, protection against more than one type of pathogen may be sought, and

expression in multiple tissues will be desirable.

Although many promoters from dicotyledons have been shown to be operational in
monocotyledons and vice versa, ideally dicotyledonous promoters are selected for
expression in dicotyledons, and monocotyledonous promoters are selected for expression
in monocotyledons. There are also promoters that control expression of genes in green
tissue or for genes involved in photosynthesis from both monocotyledons and
dicotyledons such as the maize from the phosphenol carboxylase gene (67). There are
suitable promoters for root specific expression (68, 69). A promoter selected can be an
endogenous promoter, i.e. a promoter native to the species and or cell type being
transformed. Alternatively, the promoter can be a foreign promoter, which promotes
transcription of a length of DNA of viral, microbes, bacterial or eukaryotic origin,
invertebrates, vertebrates including those from plants and plant viruses. For example, in
certain preferred embodiments, the promoter may be of viral origin, including a
cauliflower mosaic virus promoter (CaMV), such as CaMV 358 or19S, a figwort mosaic
virus promoter (FMV 358S), or the coat protein promoter of tobacco mosaic virus (TMV).
The promoter may further be, for example, a promoter for the small subunit of ribulose-1,
3-biphosphate carboxylase. Promoters of bacterial origin (microbe promoters) include the
octopine synthase promoter, the nopaline synthase promoter and other promoters derived

from native Ti plasmids (70).

-19 -



[54]

[53]

[S6]

[57]

WO 2011/053764 PCT/US2010/054664

The promoters may further be selected such that they require activation by other elements
known to those of ordinary skill in the art, so that production of the protein encoded by
the nucleic acid sequence insert may be regulated as desired. In one embodiment of the
invention, a DNA construct comprising a non-constitutive promoter operably linked to a
polynucleotide encoding the desired polypeptide of the invention is used to make a
transformed plant that selectively increases the level of the desired polypeptide of the
invention in response to a signal. The term "signal” is used to refer to a condition, stress
or stimulus that results in or causes a non-constitutive promoter to direct expression of a
coding sequence operably linked to it. To make such a plant in accordance with the
invention, a DNA construct is provided that includes a non-constitutive promoter
operably linked to a polynucleotide encoding the desired polypeptide of the invention.
The construct is incorporated into a plant genome to provide a transformed plant that

expresses the polynucleotide in response to a signal.

In alternate embodiments of the invention, the selected promoter is a tissue-preferred
promoter, a tissue-specific promoter, a cell-type-specific promoter, an inducible promoter
or other type of non-constitutive promoter. It is readily apparent that such a DNA
construct causes a plant transformed thereby to selectively express the gene for the
desired polypeptide of the invention. Therefore under specific conditions or in certain
tissue- or cell-types the desired polypeptide will be expressed. The result of this
expression in the plant depends upon the activity of the promoter and in some cases the

conditions of the cell or cells in which it is expressed.

It is understood that the non-constitutive promoter does not continuously produce the
transcript or RNA of the invention. But in this embodiment the selected promoter for
inclusion of the invention advantageously induces or increases transcription of gene for
the desired polypeptide of the invention in response to a signal, such as an environmental

cue or other stress signal including biotic and/or abiotic stresses or other conditions.

In another embodiment of the invention, a DNA construct comprising a plant GAD

promoter operably linked to polynucleotides that encode the desired polypeptide of the
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invention is used to make a transformed plant that selectively increases the transcript or
RNA of the desired polypeptide of the invention in the same cells, tissues, and under the
environmental conditions that express a plant glutamate decarboxylase. It is understood
to those of ordinary skill in the art that the regulatory sequences that comprise a plant
promoter driven by RNA polymerase Il reside in the region approximately 2900 to 1200
basepairs up-stream (5') of the translation initiation site or start codon (ATG). For
example, the full-length promoter for the nodule-enhanced PEP carboxylase from alfalfa
is 1277 basepairs prior to the start codon (71), the full-length promoter for cytokinin
oxidase from orchid is 2189 basepairs prior to the start codon (72), the full-length
promoter for ACC oxidase from peach is 2919 basepairs prior to the start codon (73),
full-length promoter for cytokinin oxidase from orchid is 2189 basepairs prior to the start
codon, full-length promoter for glutathione peroxidasel from Citrus sinensis is 1600
basepairs prior to the start codon (74), and the full-length promoter for
glucuronosyltransferase from cotton is 1647 basepairs prior to the start codon (75). Most
full-length promoters are 1700 basepairs prior to the start codon. The accepted
convention is to describe this region (promoter) as —1700 to —1, where the numbers
designate the number of basepairs prior to the “A” in the start codon. In this embodiment
of the invention that the region of —2000 to —1 basepairs 5’ to a plant GAD is operably
linked to a polynucleotide for the said encoded peptide to make a transformed plant that
selectively expresses the polynucleotide or increases the level of the said protein where
the plant GAD is expressed or accumulates. A plant GAD promoter is the -2000 to —1
basepair region genes that include, but is not limited to, the five Arabidopsis thaliana
GADs (AtGAD) (76), petunia GAD (77), tomato GAD (78), tobacco GAD (79), rice
(80), barely, poplar, soybean, mustard, orange, Medicago truncatula, grape and pine.
Those of ordinary skill in the art can either digest the desired region using restriction
enzymes and ligase to clone the plant GAD promoters or use amplification, such as PCR,
techniques with the incorporation of restriction or recombination sites to clone the plant
GAD promoters 5’ to the desired polynucleotide. A plant GAD promoter for these

purposes normally means the following regions upstream (5') to the start codon between
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—200 to —1 basepairs, preferably at least between —500 to —1 basepairs, preferably at least
between —1000 to —1 basepairs, more preferably at least between —1500 to —1 basepairs,

and most preferably at —2000 to —1 basepairs.

In another embodiment of the invention, a DNA construct comprising a plant glutamate
receptor promoter operably linked to polynucleotides that encode the desired polypeptide
of the invention is used to make a transformed plant that selectively increases the
transcript or RNA of the desired polypeptide of the invention in the same cells, tissues,
and under the environmental conditions that express a plant glutamate receptor. It is
understood to those of ordinary skill in the art that the regulatory sequences that comprise
a plant promoter driven by RNA polymerase II reside in the region approximately 2900
to 1200 basepairs up-stream (5') of the translation initiation site or start codon (ATG). A
plant glutamate receptor promoter is the -2000 to —1 basepair region genes that include,
but is not limited to, the 20 Arabidopsis thaliana glutamate receptors (AtGLRs or
AtGluRs) and 23 rice glutamate receptors. The promoters for the following AtGLRs
genes, 1.1, 2.1, 3.1 (81), 3.2 (note this is designated as GLR2 in the manuscript; (82), and
3.4 (83) have been shown to control specific cell-type, tissue-type, developmental and
environmental expression patterns in plants. Those of ordinary skill in the art can either
digest the desired region using restriction enzymes and ligase to clone the plant glutamate
promoters or use amplification, such as PCR, techniques with the incorporation of
restriction or recombination sites to clone the plant glutamate receptor promoters 5’ to the
desired polynucleotide. A plant glutamate receptor promoter for these purposes normally
means the following regions upstream (5') to the start codon between —200 to —1
basepairs, preferably at least between —500 to —1 basepairs, preferably at least between —
1000 to —1 basepairs, more preferably at least between —1500 to —1 basepairs, and most

preferably at —2000 to —1 basepairs.

In another embodiment of the invention, a DNA construct comprising a plant sulphate
transporter promoter operably linked to polynucleotides that encode the desired

polypeptide of the invention is used to make a transformed plant that selectively increases
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the transcript or RNA of the desired polypeptide of the invention in the same cells,
tissues, and under the environmental conditions that express a plant sulphate transporter.
It is understood to those of ordinary skill in the art that the regulatory sequences that
comprise a plant promoter driven by RNA polymerase II reside in the region
approximately 2900 to 1200 basepairs up-stream (5') of the translation initiation site or
start codon (ATG). A plant sulphate transporter promoter is the -2000 to -1 basepair
region genes that include, but is not limited to, the Arabidopsis thaliana sulphate
transporters (SULTR or AtSULTR). The promoters for the following SULTR genes,
SULTRI;1, SULTRI1;2 (84), SULTR 1;3; (85), SULTR2;1 (86), and SULTR3;5 (87)
have been shown to control specific cell-type, tissue-type, developmental and
environmental expression patterns in plants. Those of ordinary skill in the art can either
digest the desired region using restriction enzymes and ligase to clone the plant glutamate
promoters or use amplification, such as PCR, techniques with the incorporation of
restriction or recombination sites to clone the plant sulphate transporter promoters 5’ to
the desired polynucleotide. A plant sulphate transporter promoter for these purposes
normally means the following regions upstream (5') to the start codon between -200 to -1
basepairs, preferably at least between -500 to -1 basepairs, preferably at least between -
1000 to -1 basepairs, more preferably at least between -1500 to -1 basepairs, and most

preferably at -2000 to -1 basepairs.
Suitable vectors

A wide variety of vectors may be employed to transform a plant, plant cell or other cells
with a construct made or selected in accordance with the invention, including high- or
low-copy number plasmids, phage vectors and cosmids. Such vectors, as well as other
vectors, are well known in the art. Representative T-DNA vector systems (70, 88) and
numerous expression cassettes and vectors and in vitro culture methods for plant cell or
tissue transformation and regeneration of plants are known and available (89). The
vectors can be chosen such that operably linked promoter and polynucleotides that

encode the desired polypeptide of the invention are incorporated into the genome of the
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plant. Although the preferred embodiment of the invention is expression in plants or plant
cells, other embodiments may include expression in prokaryotic or eukaryotic

photosynthetic organisms, microbes, invertebrates or vertebrates.

It is known by those of ordinary skill in the art that there exist numerous expression
systems available for expression of a nucleic acid encoding a protein of the present
invention. There are many commercially available recombinant vectors to transform a
host plant or plant cell. Standard molecular and cloning techniques (43, 46, 90) are
available to make a recombinant expression cassette that expresses the polynucleotide
that encodes the desired polypeptide of the invention. No attempt to describe in detail the
various methods known for the expression of proteins in prokaryotes or eukaryotes will
be made. In brief, the expression of isolated nucleic acids encoding a protein of the
present invention will typically be achieved by operably linking, for example, the DNA
or cDNA to a promoter, followed by incorporation into an expression vector. The vectors
can be suitable for replication and integration in either prokaryotes or cukaryotes.
Typical expression vectors contain transcription and translation terminators, initiation
sequences, and promoters useful for regulation of the expression of the DNA encoding a
protein of the present invention. To obtain high-level expression of a cloned gene, it is
desirable to construct expression vectors that contain, at the minimum, a strong promoter,
such as ubiquitin, to direct transcription, a ribosome-binding site for translational

Initiation, and a transcription/translation terminator.

One of ordinary skill to the art recognizes that modifications could be made to a protein
of the present invention without diminishing its biological activity. Some modifications
may be made to facilitate the cloning, expression, targeting or to direct the location of the
polypeptide in the host, or for the purification or detection of the polypeptide by the
addition of a “tag” as a fusion protein. Such modifications are well known to those of
skill in the art and include, for example, a methionine added at the amino terminus to
provide an initiation site, additional amino acids (tags) placed on either terminus to create

a tag, additional nucleic acids to insert a restriction site or a termination.
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In addition to the selection of a suitable promoter, the DNA constructs requires an
appropriate transcriptional terminator to be attached downstream of the desired gene of
the invention for proper expression in plants. Several such terminators are available and
known to persons of ordinary skill in the art. These include, but are not limited to, the tml
from CaMV and E9 from rbcS. Another example of a terminator sequence is the
polyadenlyation sequence from the bovine growth hormone gene. A wide variety of
available terminators known to function in plants can be used in the context of this
invention. Vectors may also have other control sequence features that increase their
suitability. These include an origin of replication, enhancer sequences, ribosome binding
sites, RNA splice sites, polyadenylation sites, selectable markers and RNA stability
signal. Origin of replication is a gene sequence that controls replication of the vector in
the host cell. Enhancer sequences cooperate with the promoter to increase expression of
the polynucleotide insert coding sequence. Enhancers can stimulate promoter activity in
host cell. An example of specific polyadenylation sequence in higher eukaryotes is
ATTTA. Examples of plant polyadenylation signal sequences are AATAAA or
AATAAT. RNA splice sites are sequences that ensure accurate splicing of the transcript.
Selectable markers usually confer resistance to an antibiotic, herbicide or chemical or
provide color change, which aid the identification of transformed organisms. The vectors
also include a RNA stability signal, which are 3’-regulatory sequence clements that

increase the stability of the transcribed RNA (91, 92).

In addition, polynucleotides that encode a CDO, SAD, GAD, ADO, TPAT, SA,
ssTDeHase, IsTDeHase or TDO can be placed in the appropriate plant expression vector
used to transform plant cells. The polypeptide can then be isolated from plant callus or
the transformed cells can be used to regenerate transgenic plants. Such transgenic plants
can be harvested, and the appropriate tissues can be subjected to large-scale protein

extraction and purification techniques.

The vectors may include another polynucleotide insert that encodes a peptide or

polypeptide used as a “tag” to aid in purification or detection of the desired protein. The
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additional polynucleotide is positioned in the vector such that upon cloning and
expression of the desired polynucleotide a fusion, or chimeric, protein is obtained. The
tag may be incorporated at the amino or carboxy terminus. If the vector does not contain
a tag, persons with ordinary skill in the art know that the extra nucleotides necessary to
encode a tag can be added with the ligation of linkers, adaptors, or spacers or by PCR
using designed primers. After expression of the peptide the tag can be used for
purification using affinity chromatography, and if desired, the tag can be cleaved with an
appropriate enzyme. The tag can also be maintained, not cleaved, and used to detect the
accumulation of the desired polypeptide in the protein extracts from the host using
western blot analysis. In another embodiment, a vector includes the polynucleotide for
the tag that is fused in-frame to the polynucleotide that encodes a functional CDO, SAD,
GAD, ADO, TPAT, SA, ssTD¢Hase, IsTDeHase or TDO to form a fusion protein. The
tags that may be used include, but are not limited to, Arg-tag, calmodulin-binding
peptide, cellulose-binding domain, DsbA, c-myc-tag, glutathione S-transferase, FLAG-
tag, HAT-tag, His-tag, maltose-binding protein, NusA, S-tag, SBP-tag, Strep-tag, and
thioredoxin (Trx-Tag). These are available from a variety of manufacturers Clontech
Laboratories, Takara Bio Company GE Healthcare, Invitrogen, Novagen Promega and

QIAGEN.

The vector may include another polynucleotide that encodes a signal polypeptide or
signal sequence (“subcellular location sequence”) to direct the desired polypeptide in the
host cell, so that the polypeptide accumulates in a specific cellular compartment,
subcellular compartment, or membrane. The specific cellular compartments include the
apoplast, vacuole, plastids chloroplast, mitochondrion, peroxisomes, secretory pathway,
lysosome, endoplasmic reticulum, nucleus or Golgi apparatus. A signal polypeptide or
signal sequence is usually at the amino terminus and normally absent from the mature
protein due to protease that removes the signal peptide when the polypeptide reaches its
final destination. Signal sequences can be a primary sequence located at the N-terminus
(93-96), C-terminus (97, 98) or internal (99-101) or tertiary structure (101). If a signal

polypeptide or signal sequence to direct the polypeptide does not exist on the vector, it is
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expected that those of ordinary skill in the art can incorporate the extra nucleotides
necessary to encode a signal polypeptide or signal sequence by the ligation of the
appropriate nucleotides or by PCR. Those of ordinary skill in the art can identify the
nucleotide sequence of a signal polypeptide or signal sequence using computational tools.
There are numerous computational tools available for the identification of targeting
sequences or signal sequence. These include, but are not limited to, TargetP (102, 103),
iPSORT (104), SignalP (105), PrediSi (106), ELSpred (107) HSLpred (108) and PSLpred
(109), MultiLoc (110), SherLoc (111), ChloroP (112), MITOPROT (113), Predotar (114)
and 3D-PSSM (115). Additional methods and protocols are discussed in the literature
(110).

Fusion of two gene products

Two gene products can be fused together to increase the efficiency of an enzymatic
reaction conducted by two enzymes (116-118). The two genes can be fused in-frame to
be expressed as a single gene product with or without a linker. The linker can be a

sequence that encodes a “tag” or a peptide.
Transformation of host cells

Transformation of a plant can be accomplished in a wide variety of ways within the scope
of a person of ordinary skill in the art. In one embodiment, a DNA construct is
incorporated into a plant by (i) transforming a cell, tissue or organ from a host plant with
the DNA construct; (ii) selecting a transformed cell, cell callus, somatic embryo, or seed
which contains the DNA construct; (iii) regenerating a whole plant from the selected
transformed cell, cell callus, somatic embryo, or seed; and (iv) selecting a regenerated
whole plant that expresses the polynucleotide. Many methods of transforming a plant,
plant tissue or plant cell for the construction of a transformed cell are suitable. Once

transformed, these cells can be used to regenerate transgenic plants (119).
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Those of ordinary skill in the art can use different plant gene transfer techniques found in
references for, but not limited to, the electroporation (120-124), microinjection (125,
126), lipofection (127), liposome or spheroplast fusions (128-130), Agrobacterium (131),
direct gene transfer (132), T-DNA mediated transformation of monocots (133), T-DNA
mediated transformation of dicots); (134, 135), microprojectile bombardment or ballistic
particle acceleration (136-139), chemical transfection including CaCl2 precipitation,
polyvinyl alcohol, or poly-L-ornithine (140), silicon carbide whisker methods (141, 142),
laser methods (143, 144), sonication methods (145-147), polyethylene glycol methods
(148), and vacuum infiltration (149) and transbacter (150).

In one embodiment of the invention, a transformed host cell may be cultured to produce a
transformed plant. In this regard, a transformed plant can be made, for example, by
transforming a cell, tissue or organ from a host plant with an inventive DNA construct;
selecting a transformed cell, cell callus, somatic embryo, or seed which contains the DNA
construct; regenerating a whole plant from the selected transformed cell, cell callus,
somatic embryo, or seed; and selecting a regenerated whole plant that expresses the

polynucleotide.

A wide variety of host cells may be used in the invention, including prokaryotic and
cukaryotic host cells. These cells or organisms may include microbes, invertebrate,
vertebrates or photosynthetic organisms. Preferred host cells are eukaryotic, preferably
plant cells, such as those derived from monocotyledons, such as duckweed, corn, rice,
sugarcane, wheat, bent grass, rye grass, Bermuda grass, Blue grass, and Fescue, or
dicotyledons, including canola, cotton, camelina, lettuce, rapeseed, radishes, cabbage,
sugarbeet, peppers, broccoli, potatoes and tomatoes, and legumes such as soybeans and

bush beans.

One embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:
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1. operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the CDO construct into a plant or plant
cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional SAD gene product;
5. insert the polynucleotide construct (from step 4 above) into a vector; and

6. transform the vector containing the SAD construct into a plant or plant cell
carrying a CDO construct or one that expresses a functional CDO gene

product.

[73] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for the
functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the CDO construct into a plant or plant
cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional SAD gene product;

5. insert the polynucleotide construct (from step 4 above) into a vector;
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transform the vector containing the SAD construct into a plant or plant

cell; and

Sexually cross a plant (or fuse cells) carrying a CDO construct or one that
expresses a functional CDO with a plant (or cells) carrying a SAD

construct or one that expresses a functional SAD gene product.

[74] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1.

In the same vector, operably link a promoter to the 5 end of the

polynucleotide for the functional CDO gene product;

operably link a promoter to the 5’ end of the polynucleotide for the
functional SAD gene product;

insert the two polynucleotides into the vector in such a manner that both
polynucleotides are expressed by one promoter or each polynucleotide is

expressed by one promoter; and

transform the vector containing the CDO and SAD constructs into a plant

or plant cell.

[75] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO gene product;

insert the polynucleotide construct (from step 1 above) into a vector;

transform the vector containing the CDO construct into a plant or plant

cell;
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4. operably link a promoter to the 5’ end of the polynucleotide for the
functional GAD gene product;

5. insert the polynucleotide construct (from step 4 above) into a vector; and

6. transform the vector containing the GAD construct into a plant or plant
cell carrying a CDO construct or one that expresses a functional CDO

gene product.

[76] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for the
functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the CDO construct into a plant or plant
cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional GAD gene product;

5. insert the polynucleotide construct (from step 4 above) into a vector;

6. transform the vector containing the GAD construct into a plant or plant
cell; and

7. Sexually cross a plant (or fuse cells) carrying a CDO construct or one that

expresses a functional CDO with a plant (or cells) carrying a GAD

construct or one that expresses a functional GAD gene product.

[77] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:
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1. In the same vector, operably link a promoter to the 5 end of the

polynucleotide for the functional CDO gene product;

2. operably link a promoter to the 5’ end of the polynucleotide for the
functional GAD gene product;

3. insert the two polynucleotides into the vector in such a manner that both
polynucleotides are expressed by one promoter or each polynucleotide is

expressed by one promoter; and

4. transform the vector containing the CDO and GAD constructs into a plant

or plant cell.

[78] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the CDO construct into a plant or plant

cell.

[79] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional SAD gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the SAD construct into a plant or plant

cell.
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[80] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional ADO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the ADO construct into a plant or plant

cell.

[81] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional TPAT gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the TPAT construct into a plant or plant

cell.

[82] One embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional TPAT gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the TPAT construct into a plant or plant
cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional SA gene product;
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5. insert the polynucleotide construct (from step 4 above) into a vector; and

6. transform the vector containing the TPAT construct into a plant or plant
cell carrying a SA construct or one that expresses a functional SA gene

product.

[83] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for the
functional TPAT gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the TPAT construct into a plant or plant
cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional SA gene product;

5. insert the polynucleotide construct (from step 4 above) into a vector;

6. transform the vector containing the SA construct into a plant or plant cell;
and

7. Sexually cross a plant (or fuse cells) carrying a TPAT construct or one that

expresses a functional TPAT with a plant (or cells) carrying a SA

construct or one that expresses a functional SA gene product.

[84] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. In the same vector, operably link a promoter to the 5 end of the

polynucleotide for the functional TPAT gene product;
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2. operably link a promoter to the 5’ end of the polynucleotide for the

functional SA gene product;

3. insert the two polynucleotides into the vector in such a manner that both
polynucleotides are expressed by one promoter or each polynucleotide is

expressed by one promoter; and

4. transform the vector containing the TPAT and SA construct into a plant or

plant cell.

[85] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a

functional small subunit of TDeHase (ssTDeHase) gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the ssTDeHase construct into a plant or
plant cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional large subunit of TDeHase (IsTDeHase) gene product;
5. insert the polynucleotide construct (from step 4 above) into a vector; and

6. transform the vector containing the IsTDeHase construct into a plant or
plant cell carrying a ssTDeHase construct or one that expresses a

functional ssTDeHase gene product.

[86] Another embodiment of the invention is a method for the production of taurine by the

following steps:
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1. operably link a promoter to the 5’ end of the polynucleotide for the

functional ssTDeHase gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;

3. transform the vector containing the ssTDeHase construct into a plant or
plant cell;

4. operably link a promoter to the 5’ end of the polynucleotide for the

functional IsTDeHase gene product;
5. insert the polynucleotide construct (from step 4 above) into a vector;

6. transform the vector containing the IsTDeHase construct into a plant or

plant cell; and

7. Sexually cross a plant (or fuse cells) carrying a ssTDeHase construct or
one that expresses a functional ssTDeHase with a plant (or cells) carrying
a IsTDeHase construct or one that expresses a functional IsTDeHase gene

product.

[87] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. In the same vector, operably link a promoter to the 5 end of the

polynucleotide for the functional ssTDeHase gene product;

2. operably link a promoter to the 5’ end of the polynucleotide for the

functional IsTDeHase gene product;

3. insert the two polynucleotides into the vector in such a manner that both
polynucleotides are expressed by one promoter or each polynucleotide is

expressed by one promoter; and
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4. transform the vector containing the ssTDeHase and IsTDeHase construct

into a plant or plant cell.

[88] Another embodiment of the invention is a method for the production of taurine by the

following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional TDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the TDO construct into a plant or plant

cell.

[89] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO fused in-frame to a functional SAD gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the CDO-SAD construct into a plant or

plant cell.

[90] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO fused with a linker in-frame to a functional SAD gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the CDO-linker-SAD construct into a

plant or plant cell.
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[91] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a

functional SAD fused in-frame to a functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the SAD-CDO construct into a plant or

plant cell.

[92] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional SAD fused with a linker in-frame to a functional CDO gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the SAD-linker-CDO construct into a

plant or plant cell.

[93] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a

functional CDO fused in-frame to a functional GAD gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the CDO-GAD construct into a plant or

plant cell.

[94] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:
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1. operably link a promoter to the 5’ end of the polynucleotide for a
functional CDO fused with a linker in-frame to a functional GAD gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the CDO-linker-GAD construct into a

plant or plant cell.

[95] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a

functional GAD fused in-frame to a functional CDO gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the GAD-CDO construct into a plant or

plant cell.

[96] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional GAD fused with a linker in-frame to a functional CDO gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the GAD-linker-CDO construct into a

plant or plant cell.

[97] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:
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1. operably link a promoter to the 5’ end of the polynucleotide for a
functional TPAT fused in-frame to a functional SA gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the TPAT-SA construct into a plant or

plant cell.

[98] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional TPAT fused with a linker in-frame to a functional SA gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the TPAT-linker-SA construct into a plant

or plant cell.

[99] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a

functional SA fused in-frame to a functional TPAT gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the SA-TPAT construct into a plant or

plant cell.

[100] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:
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1. operably link a promoter to the 5’ end of the polynucleotide for a
functional SA fused with a linker in-frame to a functional TPAT gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the SA-linker-TPAT construct into a plant

or plant cell.

[101] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional ssTDeHase fused in-frame to a functional IsTDeHase gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the ssTDeHase-IsTDeHase construct into

a plant or plant cell.

[102] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional ssTDeHase fused with a linker in-frame to a functional

IsTDeHase gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the wvector containing the ssTDeHase-linker-IsTDeHase

construct into a plant or plant cell.

[103] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

-4] -



WO 2011/053764 PCT/US2010/054664

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional IsTDeHase fused in-frame to a functional ssTDeHase gene

product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the IsTDeHase-ssTDeHase construct into

a plant or plant cell.

[104] Another embodiment of the invention is a method for the production of hypotaurine or

taurine by the following steps:

1. operably link a promoter to the 5’ end of the polynucleotide for a
functional 1sTDeHase fused with a linker in-frame to a functional

ssTDeHase gene product;

2. insert the polynucleotide construct (from step 1 above) into a vector;
transform the vector containing the IsTDeHase-linker-ssTDeHase

construct into a plant or plant cell.
Suitable plants

[105] The methods described above may be applied to transform a wide variety of plants,
including decorative or recreational plants or crops, but are particularly useful for treating
commercial and ornamental crops. Examples of plants that may be transformed in the
present invention include, but are not limited to, Acacia, alfalfa, algae, aneth, apple,
apricot, artichoke, arugula, asparagus, avocado, banana, barley, beans, beech, beet,
Bermuda grass, bent grass, blackberry, blueberry, Blue grass, broccoli, Brussels sprouts,
cabbage, camelina, canola, cantaloupe, carrot, cassava, cauliflower, celery, cherry,
chicory, cilantro, citrus, clementines, coffee, corn, cotton, cucumber, duckweed, Douglas
fir, eggplant, endive, escarole, eucalyptus, fennel, fescue, figs, forest trees, garlic, gourd,
grape, grapefruit, honey dew, jicama, kiwifruit, lettuce, leeks, lemon, lime, Loblolly pine,

maize, mango, melon, mushroom, nectarine, nut, oat, okra, onion, orange, an ornamental
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plant, papaya, parsley, pea, peach, peanut, pear, pepper, persimmon, pine, pineapple,
plantain, plum, pomegranate, poplar, potato, pumpkin, quince, radiata pine, radicchio,
radish, rapeseed, raspberry, rice, rye, rye grass, scaweed, scallion, sorghum, Southern
pine, soybean, spinach, squash, strawberry, sugarbeet, sugarcane, sunflower, sweet
potato, sweetgum, switchgrass, tangerine, tea, tobacco, tomato, turf, turnip, a vine,
watermelon, wheat, yams, and zucchini. Other suitable hosts include bacteria, fungi,
algac and other photosynthetic organisms, and animals including vertebrate and

invertebrates.

Once transformed, the plant may be treated with other “active agents” either prior to or
during the exposure of the plant to stress to further decrease the effects of plant stress.
“Active agent,” as used herein, refers to an agent that has a beneficial effect on the plant
or increases production of amino acid production by the plant. For example, the agent
may have a beneficial effect on the plant with respect to nutrition, and the resistance
against, or reduction of, the effects of plant stress. Some of these agents may be
precursors of end products for reaction catalyzed by CDO, SAD, GAD, ADO, TPAT,
SA, ssTDeHase or IsTDeHase. These compounds could promote growth, development,
biomass and yield, and change in metabolism. In addition to the twenty amino acids that
are involved in protein synthesis specifically sulfur containing amino acids methionine,
and cysteine, other amino acids such as glutamate, glutamine, serine, alanine and glycine,
sulfur containing compounds such as fertilizer, sulfite, sulfide, sulfate, taurine,
hypotaurine, cysteate, 2-sulfacetaldehyde, homotaurine, homocysteine, cystathionine, N-
acetyl thiazolidine 4 carboxylic acid (ATCA), glutathione, or bile, or other non-protein
amino acids, such as GABA, citrulline and ornithine, or other nitrogen containing
compounds such as polyamines may also be used to activate CDO, SAD, GAD, ADO,
TPAT, SA, ssTDeHase, IsTDeHase or TDO. Depending on the type of gene construct or
recombinant expression cassette, other metabolites and nutrients may be used to activate
CDO, SAD, GAD, ADO, TPAT, SA, ssTDeHase, 1sTDeHase, or TDO. These include,
but are not limited to, sugars, carbohydrates, lipids, oligopeptides, mono- (glucose,

arabinose, fructose, xylose, and ribose) di- (sucrose and trehalose) and polysaccharides,
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carboxylic acids (succinate, malate and fumarate) and nutrients such as phosphate,

molybdate, or iron.

Accordingly, the active agent may include a wide variety of fertilizers, pesticides and
herbicides known to those of ordinary skill in the art (151). Other greening agents fall
within the definition of “active agent” as well, including minerals such as calcium,
magnesium and iron. The pesticides protect the plant from pests or disease and may be
either chemical or biological and include fungicides, bactericides, insecticides and anti-

viral agents as known to those of ordinary skill in the art.

In some embodiments properties of a transgenic plant are altered using an agent which
increases sulfur concentration in cells of the transgenic plant, such as fertilizer, sulfur,
sulfite, sulfide, sulfate, taurine, hypotaurine, homotaurine, cysteate, 2-sulfacetaldehyde,
N-acetyl thiazolidine 4 carboxylic acid (ATCA), glutathione, and bile. In other
embodiments, the agent increases nitrogen concentration. Amino acids, either naturally
occurring in proteins (e.g., cysteine, methionine, glutamate, glutamine, serine, alanine, or
glycine) or which do not naturally occur in proteins (e.g., GABA, citrulline, or ornithine)

and/or polyamines can be used for this purpose.
Expression in Prokaryotes

The use of prokaryotes as hosts includes strains of E. coli. However, other microbial
strains including, but not limited to, Bacillus (152) and Salmonella may also be used.
Commonly used prokaryotic control sequences include promoters for transcription
initiation, optionally with an operator, along with ribosome binding site sequences.
Commonly used prokaryotic promoters include the beta lactamase (153), lactose (153),
and tryptophan (154) promoters. The vectors usually contain selectable markers to
identify transfected or transformed cells. Some commonly used selectable markers
include the genes for resistance to ampicillin, tetracycline, or chloramphenicol. The
vectors are typically a plasmid or phage. Bacterial cells are transfected or transformed

with the plasmid vector DNA. Phage DNA can be infected with phage vector particles or
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transfected with naked phage DNA. The plasmid and phage DNA for the vectors are
commercially available from numerous vendors known to those of ordinary skill in the

art.
Expression in non-plant eukaryotes

The present invention can be expressed in a variety of eukaryotic expression systems
such as yeast, insect cell lines, and mammalian cells which are known to those of
ordinary skill in the art. For each host system there are suitable vectors that are
commercially available (e.g., Invitrogen, Startagene, GE Healthcare Life Sciences). The
vectors usually have expression control sequences, such as promoters, an origin of
replication, enhancer sequences, termination sequences, ribosome binding sites, RNA
splice sites, polyadenylation sites, transcriptional terminator sequences, and selectable
markers. Synthesis of heterologous proteins in yeast is well known to those of ordinary
skill in the art (155, 156). The most widely used yeasts are Saccharomyces cerevisiae and
Pichia pastoris. Insect cell lines that include, but are not limited to, mosquito larvae,
silkworm, armyworm, moth, and Drosophila cell lines can be used to express proteins of
the present invention using baculovirus-derived vectors. Mammalian cell systems often
will be in the form of monolayers of cells although mammalian cell suspensions may also
be used. A number of suitable host cell lines capable of expressing intact proteins have

been developed in the art, and include the HEK293, BHK21, and CHO cell lines.

A protein of the present invention, once expressed in any of the non-plant cukaryotic
systems can be isolated from the organism by lysing the cells and applying standard
protein isolation techniques to the lysates or the pellets. The monitoring of the
purification process can be accomplished by using western blot techniques or

radioimmunoassay of other standard immunoassay techniques.
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Pharmaceutical compositions

The invention provides pharmaceutical compositions which comprise extracts of one or
more transgenic plants described above. Plant extracts containing taurine and hypotaurine
can be used to synthesize or manufacture homotaurine or other taurine derivatives (157,
158), taurine-conjugates (159) or taurine-polymers (160) that may have a wide range of
commercial and medicinal applications (161). Some taurine derivatives can function as
organogelators (162) or dyes (163) and can be used in nanosensor synthesis (164). Some
taurine derivatives have anticonvulsant (157) or anti-cancer (165) properties. Other
taurine derivatives are used in the treatment of alcoholism (166, 167). Taurine-conjugated
carboxyethylester-polyrotaxanes increase anticoagulant activity (168). Taurine-
containing polymers may increase wound healing (169, 170). Taurine linked polymers
such as poly gamma-glutamic acid-sulfonates are biodegradable and may have
applications in the development of drug delivery systems, environmental materials, tissue
engineering, and medical materials (171). Extracts from taurine-containing plants may be
used in pharmaceutical or medicinal compositions to deliver taurine, hypotaurine,
taurine-conjugates, or taurine-polymers for use in the treatment of congestive heart
failure, high blood pressure, hepatitis, high cholesterol, fibrosis, epilepsy, autism,
attention deficit-hyperactivity disorder, retinal degeneration, diabetes, and alcoholism. It

is also used to improve mental performance and as an antioxidant.

Pharmaceutically acceptable vehicles of taurine, taurine derivatives, taurine-conjugates,
or taurine-polymers are tablets, capsules, gel, ointment, film, patch, powder or dissolved

in liquid form.
Nutritional Supplements and Feeds

Transgenic plants containing taurine or hypotaurine may be consumed or used to make
extracts for nutritional supplements. Transgenic plant parts that have elevated levels of
taurine or hypotaurine may be used for human consumption. The plant parts may include

but are not limited to leaves, stalks, stems, tubers, stolons, roots, petioles, cotyledons,
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seeds, fruits, grain, strover, nuts, flowers, petioles, pollen, buds, or pods. Extracts from
transgenic plants containing taurine or hypotaurine may be used as nutritional
supplements, as an antioxidant or to improve physical or mental performance. The

extracts may be used in the form of a liquid, powder, capsule or tablet.

Transgenic plants containing taurine or hypotaurine may be used as fish or animal feed or
used to make extracts for the supplementation of animal feed. Plant parts that have
clevated levels of taurine or hypotaurine may be used as animal or fish feed include but
are not limited to leaves, stalks, stems, tubers, stolons, roots, petioles, cotyledons, seeds,
fruits, grain, strover, nuts, flowers, petioles, buds, pods, or husks. Extracts from
transgenic plants containing taurine or hypotaurine may be used as feed supplements in

the form of a liquid, powder, capsule or tablet.
DEFINITIONS

The term “polynucleotide” refers to a natural or synthetic linear and sequential array of
nucleotides and/or nucleosides, including deoxyribonucleic acid, ribonucleic acid, and
derivatives thereof. It includes chromosomal DNA, self-replicating plasmids, infectious
polymers of DNA or RNA and DNA or RNA that performs a primarily structural role.
Unless otherwise indicated, nucleic acids or polynucleotide are written left to right in 5
to 3’ orientation, Nucleotides are referred to by their commonly accepted single-letter

codes. Numeric ranges are inclusive of the numbers defining the range.

The terms “amplified” and “amplification” refer to the construction of multiple copies of
a nucleic acid sequence or multiple copies complementary to the nucleic acid sequence
using at least one of the nucleic acid sequences as a template. Amplification can be
achieved by chemical synthesis using any of the following methods, such as solid-phase
phosphoramidate technology or the polymerase chain reaction (PCR). Other
amplification systems include the ligase chain reaction system, nucleic acid sequence

based amplification, Q-Beta Replicase systems, transcription-based amplification system,
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and strand displacement amplification. The product of amplification is termed an

amplicon.

As used herein “promoter” includes reference to a region of DNA upstream from the start
of transcription and involved in recognition and binding of RNA polymerase, either I, 11
or III, and other proteins to initiate transcription. Promoters include necessary nucleic
acid sequences near the start site of transcription, such as, in the case of a polymerase 11
type promoter, a TATA element. A promoter also optionally includes distal enhancer or
repressor elements, which can be located as far as several thousand base pairs from the

start site of transcription.

The term “plant promoter” refers to a promoter capable of initiating transcription in plant

cells.

The term “microbe promoter” refers to a promoter capable of initiating transcription in

microbes.

The term “foreign promoter” refers to a promoter, other than the native, or natural,
promoter, which promotes transcription of a length of DNA of viral, bacterial or
eukaryotic origin, including those from microbes, plants, plant viruses, invertebrates or

vertebrates.

The term “microbe” refers to any microorganism (including both eukaryotic and
prokaryotic microorganisms), such as fungi, yeast, bacteria, actinomycetes, algae and

protozoa, as well as other unicellular structures.

The term “plant” includes whole plants, and plant organs, and progeny of same. Plant
organs comprise, e.g., shoot vegetative organs/structures (e.g. leaves, stems and tubers),
roots, flowers and floral organs/structures (e.g. bracts, sepals, petals, stamens, carpels,
anthers and ovules), seed (including embryo, endosperm, and seed coat) and fruit (the
mature ovary), plant tissue (e.g. vascular tissue, ground tissue, and the like) and cells (e.g.

guard cells, egg cells, trichomes and the like). The class of plants that can be used in the
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method of the invention is generally as broad as the class of higher and lower plants
amenable to transformation techniques, including angiosperms (monocotyledonous and
dicotyledonous plants), gymnosperms, ferns, and multicellular algae. It includes plants of
a variety of ploidy levels, including aneuploid, polyploid, diploid, haploid and

hemizygous.
The term “plant storage organ” includes roots, seeds, tubers, fruits, and specialized stems.

The term “constitutive” refers to a promoter that is active under most environmental and
developmental conditions, such as, for example, but not limited to, the CaMV 35S

promoter and the nopaline synthase terminator.

The term “tissue-preferred promoter” refers to a promoter that is under developmental

control or a promoter that preferentially initiates transcription in certain tissues.

The term “tissue-specific promoter” refers to a promoter that initiates transcription only

in certain tissues.

The term “cell-type specific promoter” refers to a promoter that primarily initiates

transcription only in certain cell types in one or more organs.

The term “inducible promoter” refers to a promoter that is under environmental control.

91

The terms “encoding” and “coding™ refer to the process by which a polynucleotide,
through the mechanisms of transcription and translation, provides the information to a
cell from which a series of amino acids can be assembled into a specific amino acid
sequence to produce a functional polypeptide, such as, for example, an active enzyme or

ligand binding protein.

The terms “polypeptide,” “peptide,” “protein” and “gene product” are wused
interchangeably herein to refer to a polymer of amino acid residues. The terms apply to
amino acid polymers in which one or more amino acid residue is an artificial chemical

analogue of a corresponding naturally occurring amino acid, as well as to naturally
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occurring amino acid polymers. Amino acids may be referred to by their commonly
known three-letter or one-letter symbols. Amino acid sequences are written left to right in
amino to carboxy orientation, respectively. Numeric ranges are inclusive of the numbers

defining the range.

2% ¢

The terms “residue,” “amino acid residue,” and “amino acid” are used interchangeably
herein to refer to an amino acid that is incorporated into a protein, polypeptide, or
peptide. The amino acid may be a naturally occurring amino acid and may encompass
known analogs of natural amino acids that can function in a similar manner as the

naturally occurring amino acids.

The terms “cysteine dioxygenase” and “CDQ” refer to the protein (EC:1.13.11.20) that

catalyzes the following reaction:
cysteine + oxygen = 3-sulfinoalanine

NOTE: 3-sulfinoalanine is another name for cysteine sulfinic acid, cysteine sulfinate, 3-
sulphino-L-alanine, 3-sulfino-alanine, 3-sulfino-L-alanine, L-cysteine sulfinic acid, L-

cysteine sulfinic acid, cysteine hydrogen sulfite ester or alanine 3-sulfinic acid

The terms “sulfinoalanine decarboxylase” and “SAD” refer to the protein (4.1.1.29) that

catalyzes the following reaction:
3-sulfinoalanine = hypotaurine = CO,

NOTE: SAD is another name for cysteine-sulfinate decarboxylase, L-cysteine sulfinic
acid decarboxylase, cysteine-sulfinate decarboxylase, CADCase/CSADCase, CSAD,
cysteic decarboxylase, cysteine sulfinic acid decarboxylase, cysteine sulfinate
decarboxylase, sulfoalanine decarboxylase, sulphinoalanine decarboxylase, and 3-

sulfino-L-alanine carboxy-lyase.

NOTE: the SAD reaction is also catalyzed by GAD (4.1.1.15) (glutamic acid

decarboxylase or glutamate decarboxylase).
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Other names for hypotaurine are 2-aminoethane sulfinate, 2-aminoethylsulfinic acid, and

2-aminoethanesulfinic acid

Other names for taurine are 2-aminocthane sulfonic acid, aminocthancsulfonate, L-

taurine, taurine ethyl ester, and taurine ketoisocaproic acid 2-aminoethane sulfinate.

The terms “cysteamine dioxygenase” and “ADO” refer to the protein (EC 1.13.11.19)

that catalyzes the following reaction:
2-aminoethanethiol + O, = hypotaurine

ADO is another name for 2-aminoethanethiol:oxygen oxidoreductase, persulfurase,

cysteamine oxygenase, and cysteamine:oxygen oxidoreductase.

Other names for 2-aminoethanecthiol are cysteamine or 2-aminoethane-1-thiol, b-

mercaptoethylamine, 22-mercaptocthylamine, decarboxycysteine, and thioethanolamine.

The terms “taurine-pyruvate aminotransferase” and “TPAT” refer to the protein (EC

2.6.1.77) that catalyzes the following reaction:
L-alanine + 2-sulfoacetaldehyde = taurine + pyruvate
TPAT is another name for taurine transaminase or Tpa

The terms “sulfoacetaldehyde acetyltransferase” and “SA” refer to the protein

(EC:2.3.3.15) that catalyzes the following reaction:
acetyl phosphate + sulfite = sulfoacetaldehyde + orthophosphate
SA is another name for acetyl-phosphate:sulfite S-acetyltransferase or Xsc

The terms “taurine dehydrogenase” and “TDeHase” refer to the protein (EC:1.4.2.-) that

catalyzes the following reaction:
ammonia + 2-sulfoacetaldehyde = taurine + water
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TDeHase is another name for taurine:oxidoreductase, taurine:ferricytochrome-c

oxidoreductase, tauX or tauY

The terms “taurine dioxygenase” and “TDO” refer to the protein (EC:1.14.11.17) that

catalyzes the following reaction:
sulfite + aminoacetaldehyde + succinate + CO, = taurine + 2-oxoglutarate + O,

TDO is another name for 2-aminocthanesulfonate dioxygenase, alpha-ketoglutarate-

dependent taurine dioxygenase, taurine, 2-oxoglutarate:02 oxidoreductase or tauD
2-oxoglutarate is another name for alpha-ketoglutarate

The term “functional” with reference to CDO, SAD, GAD, ADO, TPAT, SA,
ssTDeHase, IsTDeHase or TDO refers to peptides, proteins or enzymes that catalyze the
CDO, SAD, GAD, ADO, TPAT, SA, TDeHase or TDO reactions, respectively.

The term “recombinant” includes reference to a cell or vector that has been modified by
the introduction of a heterologous nucleic acid. Recombinant cells express genes that are
not normally found in that cell or express native genes that are otherwise abnormally
expressed, underexpressed, or not expressed at all as a result of deliberate human
intervention, or expression of the native gene may have reduced or eliminated as a result

of deliberate human intervention.

The term “recombinant expression cassette” refers to a nucleic acid construct, generated
recombinantly or synthetically, with a series of specified nucleic acid elements, which
permit transcription of a particular nucleic acid in a target cell. The recombinant
expression cassette can be incorporated into a plasmid, chromosome, mitochondrial
DNA, plastid DNA, virus, or nucleic acid fragment. Typically, the recombinant
expression cassette portion of an expression vector includes, among other sequences, a

nucleic acid to be transcribed, and a promoter.
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The term “transgenic plant” includes reference to a plant, which comprises within its
genome a heterologous polynucleotide. Generally, the heterologous polynucleotide is
integrated within the genome such that the polynucleotide is passed on to successive
generations. The heterologous polynucleotide may be integrated into the genome alone
or as part of a recombinant expression cassette. “Transgenic” is also used to include any
cell, cell line, callus, tissue, plant part or plant, the genotype of which has been altered by
the presence of heterologous nucleic acid including those transgenic plants altered or
created by sexual crosses or asexual propagation from the initial transgenic plant. The
term “transgenic” does not encompass the alteration of the genome by conventional plant
breeding methods or by naturally occurring events such as random cross-fertilization,
non-recombinant viral infection, non-reccombinant bacterial transformation, non-

recombinant transposition, or spontaneous mutation.

The term “vector” includes reference to a nucleic acid used in transfection or

transformation of a host cell and into which can be inserted a polynucleotide.

The term “selectively hybridizes” includes reference to hybridization, under stringent
hybridization conditions, of a nucleic acid sequence to a specified nucleic acid target
sequence to a detectably greater degree (e.g., at least 2-fold over background) than its
hybridization to non-target nucleic acid sequences and to the substantial exclusion of
non-target nucleic acids. Selectively hybridizing sequences typically have about at least
40% sequence identity, preferably 60-90% sequence identity, and most preferably 100%

sequence identity (i.e., complementary) with each other.

The terms “stringent conditions” and “stringent hybridization conditions” include
reference to conditions under which a probe will hybridize to its target sequence, to a
detectably greater degree than other sequences (e.g., at least 2-fold over background).
Stringent conditions are sequence-dependent and will be different in different
circumstances. By controlling the stringency of the hybridization and/or washing
conditions, target sequences can be identified which can be up to 100% complementary

to the probe (homologous probing). Alternatively, stringency conditions can be adjusted
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to allow some mismatching in sequences so that lower degrees of similarity are detected
(heterologous probing). Optimally, the probe is approximately 500 nucleotides in length,
but can vary greatly in length from less than 500 nucleotides to equal to the entire length

of the target sequence.

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 or Denhardt solution. Low stringency conditions include hybridization
with a buffer solution of 30 to 35% formamide, 1 M NaCl, 1% SDS (sodium dodecyl
sulfate) at 37°C, and a wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium
citrate) at 50 to 55°C. Moderate stringency conditions include hybridization in 40 to 45%
formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in 0.5X to 1X SSC at 55 to 60°C.
High stringency conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS
at 37°C, and a wash in 0.1X SSC at 60 to 65°C. Specificity is typically the function of
post-hybridization washes, the critical factors being the ionic strength and temperature of
the final wash solution. For DNA-DNA hybrids, the Ty, can be approximated (172),
where the Ty, = 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. Ty, is the temperature (under
defined ionic strength and pH) at which 50% of a complementary target sequence
hybridizes to a perfectly matched probe. T, is reduced by about 1°C for each 1% of
mismatching; thus, Tp,, hybridization and/or wash conditions can be adjusted to hybridize
to sequences of the desired identity. For example, if sequences with >90% identity are
sought, the T,, can be decreased 10°C. Generally, stringent conditions are selected to be
about 5°C lower than the thermal melting point (T,,) for the specific sequence and its

complement at a defined ionic strength and pH. However, severely stringent conditions
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can utilize a hybridization and/or wash at 1, 2, 3 or 4°C lower than the thermal melting
point (T,,); moderately stringent conditions can utilize a hybridization and/or wash at 6,
7, 8, 9 or 10°C lower than the thermal melting point (Tr); 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 (T). Using the equation, hybridization and wash compositions, and
desired Ty, those of ordinary skill in the art will understand that variations in the
stringency of hybridization and/or wash solutions are inherently described. An extensive
guide to the hybridization of nucleic acids is found in the scientific literature (90, 173).
Unless otherwise stated, in the present application high stringency is defined as
hybridization in 4X SSC, 5X Denhardt solution (5 g Ficoll, 5 g polyvinypyrrolidone, 5 g
bovine serum albumin in 500ml of water), 0.1 mg/ml boiled salmon sperm DNA, and 25

mM Na phosphate at 65°C, and a wash in 0.1X SSC, 0.1% SDS at 65°C.

The following terms are used to describe the sequence relationships between two or more

nucleic acids or polynucleotides or polypeptides: “reference sequence,” ‘“‘comparison

EE N1 EE Y

window,” “sequence identity,” “percentage of sequence identity,” and “substantial

identity.”

The term “reference sequence” is a defined sequence used as a basis for sequence
comparison. A reference sequence may be a subset or the entirety of a specified
sequence; for example, as a segment of a full-length cDNA or gene sequence, or the

complete cDNA or gene sequence.

The term “comparison window” includes reference to a contiguous and specified segment
of a polynucleotide sequence, where the polynucleotide sequence may be compared to a
reference sequence and the portion of the polynucleotide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) when it is compared to the
reference sequence for optimal alignment. The comparison window is usually at least 20
contiguous nucleotides in length, and optionally can be 30, 40, 50, 100 or longer. Those

of ordinary skill in the art understand that the inclusion of gaps in a polynucleotide
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sequence alignment introduces a gap penalty, and it is subtracted from the number of

matches.

Methods of alignment of nucleotide and amino acid sequences for comparison are well
known to those of ordinary skill in the art. The local homology algorithm, BESTFIT,
(174) can perform an optimal alignment of sequences for comparison using a homology
alignment algorithm called GAP (175), search for similarity using Tfasta and Fasta (176),
by computerized implementations of these algorithms widely available on-line or from
various vendors (Intelligenetics, Genetics Computer Group). CLUSTAL allows for the
alignment of multiple sequences (177-179) and program PileUp can be used for optimal
global alignment of multiple sequences (180). The BLAST family of programs can be
used for nucleotide or protein database similarity searches. BLASTN searches a
nucleotide database using a nucleotide query. BLASTP searches a protein database using
a protein query. BLASTX searches a protein database using a translated nucleotide query
that is derived from a six-frame translation of the nucleotide query sequence (both
strands). TBLASTN searches a translated nucleotide database using a protein query that
is derived by reverse-translation. TBLASTX search a translated nucleotide database

using a translated nucleotide query.

GAP (175) maximizes the number of matches and minimizes the number of gaps in an
alignment of two complete sequences. GAP considers all possible alignments and gap
positions and creates the alignment with the largest number of matched bases and the
fewest gaps. It also calculates a gap penalty and a gap extension penalty in units of
matched bases. Default gap creation penalty values and gap extension penalty values in
Version 10 of the Wisconsin Genetics Software Package are 8 and 2, respectively. The
gap creation and gap extension penalties can be expressed as an integer selected from the
group of integers consisting of from 0 to 100. GAP displays four figures 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.
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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 BLOSUMG62 (181).

Unless otherwise stated, sequence identity or similarity values refer to the value obtained
using the BLAST 2.0 suite of programs using default parameters (182). As those of
ordinary skill in the art understand that BLAST searches assume that proteins can be
modeled as random sequences and that proteins comprise regions of nonrandom
sequences, short repeats, or enriched for one or more amino acid residues, called low-
complexity regions. These low-complexity regions may be aligned between unrelated
proteins even though other regions of the protein are entirely dissimilar. Those of
ordinary skill in the art can use low-complexity filter programs to reduce number of low-
complexity regions that are aligned in a search. These filter programs include, but are not

limited to, the SEG (183, 184) and XNU (185).

The terms “sequence identity” and “identity” are used in the context of two nucleic acid
or polypeptide sequences and include reference to the residues in the two sequences,
which are the same when aligned for maximum correspondence over a specified
comparison window. When the 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 substitutions, 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. Where sequences
differ in conserved substitutions, the percent sequence identity may be adjusted upwards
to correct for the conserved nature of the substitution. Sequences, which differ by such
conservative substitutions, are said to have “sequence similarity” or “similarity.” Scoring
for a conservative substitution allows for a partial rather than a full mismatch (186),

thereby increasing the percentage sequence similarity.
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The term “percentage of sequence identity” means the value determined by comparing
two optimally aligned sequences over a comparison window, wherein the portion of the
polynucleotide sequence in the comparison window may comprise gaps (additions or
deletions) when compared to the reference sequence for optimal alignment. 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, dividing the number of matched positions by the total number of
positions in the window of comparison and multiplying the result by 100 to yield the

percentage of sequence identity.

The term “substantial identity” of polynucleotide sequences means that a polynucleotide
comprises a sequence that has between 50-100% sequence identity, preferably at least
50% sequence identity, preferably at least 60% sequence identity, preferably at least
70%, more preferably at least 80%, more preferably at least 90%, and most preferably at
least 95%, compared to a reference sequence using one of the alignment programs
described using standard parameters. One of ordinary skill in the art will recognize that
these values can be appropriately adjusted to determine corresponding identity of proteins
encoded by two nucleotide 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 between 50-100%.
Another indication that nucleotide sequences are substantially identical is if two
molecules hybridize to each low stringency conditions, moderate stringency conditions or
high stringency conditions. Yet another indication that two nucleic acid sequences are
substantially identical is if the two polypeptides immunologically cross-react with the

same antibody in a western blot, immunoblot or ELISA assay.

3

The terms “substantial identity” in the context of a peptide indicates that a peptide
comprises a sequence with between 55-100% sequence identity to a reference sequence
preferably at least 55% sequence identity, preferably 60% preferably 70%, more

preferably 80%, most preferably at least 90% or 95% sequence identity to the reference
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sequence over a specified comparison window. Preferably, optimal alignment is
conducted using the homology alignment algorithm (175). Thus, a peptide is
substantially identical to a second peptide, for example, where the two peptides differ
only by a conserved substitution. Another indication that amino acid sequences are
substantially identical is if two polypeptides immunologically cross-react with the same
antibody in a western blot, immunoblot or ELISA assay. In addition, a peptide can be
substantially identical to a second peptide when they differ by a non-conservative change

if the epitope that the antibody recognizes is substantially identical.
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All patents, patent applications, and references cited in this disclosure are expressly
incorporated herein by reference. The above disclosure generally describes the present
invention. A more complete understanding can be obtained by reference to the following
specific examples, which are provided for purposes of illustration only and are not

intended to limit the scope of the invention.
EXAMPLE 1

Development of a transgenic plant that constitutively expresses COD using fusion PCR

Step 1: Make a DNA construct that contains an A¢t7UBS promoter with a CDO gene and

a NOS terminator in the following manner.

Step 1a. Use PCR to amplify the 4¢tTUBS5 promoter (-1851 to -1 bps) with a short overlap
for the 5’ end of CDO at the 3' end of the promoter using 500 ng of genomic DNA
isolated from an Arabidopsis thaliana Col-0. Add 300 nM of the following primers:
5'KpnTubSprom (5'-ttttggtacccacatttgcaaaatgatgaatg-3'; SEQ ID NO:27) and Tub5CDO
(5'-catgacttcagtctgctecatccaatetggttaccgeattg-3'; SEQ ID NO:28). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 1b: Use PCR to amplify the CDO gene from 500 ng of cDNA from a zebrafish
(Danio rerio) cDNA library. Add 300 nM of the following primers: 5'CDO (5'-
atggagcagactgaagtcatg-3’; SEQ ID NO:29) and 3’'CDO (5'-tcagttattctectgegagac-3'; SEQ
ID NO:30). Run the fusion PCR as described by Szewczyk et al. (45).
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[173]

[174]
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[176]

Step 1c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
CDO at the 5’ end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers CDONOS (5'-gtctcgcaggagaataactgagetaccgagetegaatttce-3'; SEQ ID NO:31)
and 3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 1d: Combine the amplified fragments from Example 3: steps 1a, 1b, and 1c and 300
nM of the following primers GP2 (5'-ttttggtaccgtttacatatggagatgatgtc-3'; SEQ ID NO:33)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence. Digest the plasmid
with Acc651 and Xbal, isolate DNA fragment and ligate into the vector pPCAMBIA2300
that has been predigested with Acc651 and Xbal.

Step 1f. Transform the ligated vector containing the DNA construct by electroporation
into E. coli. Select for kanamycin (50 pg/ml) resistance on LB plates. Confirm the
presence of the DNA constructs in the selected colonies by PCR analysis with the GP2
and GP5 primers using the following program: 96°C for 3 min followed by 25 cycles of
94°C for 30 seconds, 55°C for 30 seconds, 72°C for 5 min, and 72°C for 3 min. Grow a
colony that contains the proper DNA construct overnight at 37°C in 6 ml LB plus
spectinomycin (100 pg/ml) or streptomycin (200 pg/ml). Isolate the plasmid DNA that
contains the DNA construct by Wizard Plus SV Minipreps DNA Purification System
(Promega Corporation, Madison, WI, USA). Sequence the DNA insert to confirm its
identity and the fidelity of the DNA construct.

Step 2: Transform Agrobacterium tumefaciens
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Independently transform the vector construct into electrocompetent Agrobacterium
tumefaciens EHA105, as described by the Green Lab Protocol (http://
www.bch.msu.edu/pamgreen/green.htm). Select positive transformants using Terrific
Broth plus kanamycin (50 pg/ml) on 1% agar plates. Confirm Agrobacterium colonies by
PCR using the following primers: GP2 and GP5. Run the following PCR reaction: 96°C
for 5 min followed by 20 cycles of 94°C for 45 seconds, 60°C for 30 seconds, 70°C for 5

min, and 72°C for 3 min.
Step 3: Transform plant, Arabidopsis thaliana

Step 3a: Sow Arabidopsis (L.) Heynh. ecotype Columbia (Col-0) seeds in 248 cm’
plastic pots with moistened soil (Promix HP, Premier Horticulture Inc., Redhill, PA,
Canada). Grow plants at 20-21°C, with 60-70% relative humidity, under cool white
fluorescent lights (140 pmol m™ s™) with a 16 h light/8 h dark cycle. Water plants as
needed by subirrigation. After two weeks, transfer five individual plants to smaller pots
(72 cm?) for use in the transformation protocol. Grow the plants until the first floral buds

and flowers form (2-3 additional weeks).

Step 3b: Grow Agrobacterium, the construct to be transformed, in 500 ml of Terrific
Broth plus kanamycin (50 pg/ml) for 2 days at 29°C. Collect cells by centrifugation at
6000 rpm for 15 minutes, and resuspend cells in 5% sucrose plus 0.05% surfactant

(Silwet L-77, Lehle Seeds, Round Rock, TX, USA) solution.

Step 3c: Transform plants by the floral dip transformation (144). Keep the plants in
scaled containers to maintain high humidity for 16 to 24 h and maintain plants as
described in step 4a above. At 8 to 10 weeks, dry the plants, collect the seeds, and select
for the marker in each line. Select for kanamycin resistance for the A¢TUBS5::CDO
constructs in pCAMBIA2300 by incubating seeds on plates containing 4.418g/L
Murashige and Skoog Salt and Vitamin Mixture (MS medium, Life Technologies, Grand
Island, NY, USA) plus kanamycin (50 ug/ml) and 0.8% (wt vol) Phytagar. Collect and

transfer positively selected plants into pots containing soil and grow for 5 to 6 weeks.
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Allow the plants to self-pollinate. Collect the seeds and repeat the selection process until

homozygotes are identified.
EXAMPLE 2

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
and SAD using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)

promoter with a CDO gene and a NOS terminator in the following manner.

Step la: Use PCR to amplify the AtPHYB promoter (—1960 to -1 bps) with a short
overlap for the 5" end of CDO at the 3’ end using 500 ng of genomic DNA isolated from
an Arabidopsis thaliana Col-0. Add 300 nM of the following primers: 5S’AtPHYB (5'-
caatgcctaataatgtctage-3'; SEQ ID NO:35) and AtPHYBCDO (5'-
catgacttcagtctgctccatgecgtttgattttgaatttgag-3'; SEQ ID NO:36). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.

Step 1c: Use the NOS terminator with a short overlap for the 3" end of CDO at the 5" end
of the NOS terminator that was amplified in Example 1: Step Ic.

Step 1d: Combine the PCR fragments (Example 2: 1a, 1b, and 1c¢) and 300 nM of the
following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3'; SEQ ID NO:37) and GP5
(5'-ttttttttctagagatctagtaacatagatgacac-3'; SEQ ID NO:34). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Xbal, isolate DNA fragment and
ligate into the vector pPCAMBIA2300 that has been predigested with Xmal and Xbal.
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Step 2: Make a DNA construct that contains an 4tPHYB promoter with a SAD gene and

a NOS terminator to in the following manner.

Step 2a: Use PCR to amplify the AtPHYB promoter (—1960 to -1 bps) with a short overlap
for the 5’ end of SAD at the 3’ end using 500 ng of genomic DNA isolated from an
Arabidopsis thaliana Col-0. Add 300 nM of the following primers: 5’AtPHYB (5'-
caatgcctaataatgtctagc -3, SEQ ID  NO:35) and AtPHYBSAD  (5'-
cagcttcccatcagactcgtecatgecgtttgattttgaatttgag-3'; SEQ ID NO:38). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 2b: Use PCR to amplify the SAD gene from 500 ng of ¢cDNA from a zebrafish
(Danio rerio) cDNA library. Add 300 nM of the following primers: 5'SAD (5'-
atggacgagtctgatgggaagcetg-3'; SEQ ID NO:39) and 3'SAD (5'-tcatagatccttccegagtttc-3';
SEQ ID NO:40). Run the fusion PCR as described by Szewczyk et al. (45).

Step 2c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
SAD at the 5’ end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers SADNOS (5'-gaaactcgggaaggatctatgagctaccgagetegaatttcc-3'; SEQ ID NO:41)
and 3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 2d: Combine the PCR fragments (Example 2: 2a, 2b, and 2¢) and 300 nM of the
following primers 1P2 (5'-aaaaatctagaattcttgaattacgattgtac-3'; SEQ ID NO:42) and IP5
(5'-tttttttgtcgacgatctagtaacatagatgacac-3’; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 2e: Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify the plasmid that contains the DNA

construct to confirm its identity and the fidelity of the sequence as described in Example
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1: step le.purify. Digest the plasmid with Xbal and Sall, isolate DNA fragment and ligate
into the vector pPCAMBIA2300 that has been predigested with Xbal and Sall.

Step 3: Ligate the AtPHYB promoter-CDO-NOS terminator construct upstream of the

AtPHYB promoter-SAD-NOS terminator construct into a plant expression vector.

Step 3a. Digest the pCambia2300-4AtPHYB promoter-CDO-NOS terminator clone (from
Example 4: Step 1¢) with Xmal and Xbal, isolate DNA insert and ligate it into the vector
pCambia2300-A¢tPHYB promoter-SAD-NOS terminator (from Example 4: Step 2¢) that
has been predigested with Xmal and Xbal. Transform the DNA construct into E. coli,
select for antibiotic resistance and confirm the presence of the DNA construct with PCR

or by restriction digest analysis.

Step 4: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 5: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 3

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
and GAD using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)

promoter with a CDO gene and a NOS terminator in the following manner.

Step 1a: Use the AtPHYB promoter with a short overlap for the 5" end of CDO at the 3’
end that was amplified in Example 2: Step 1a

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.
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Step 1c: Use the NOS terminator with a short overlap for the 3" end of CDO at the 5" end
of the NOS terminator that was amplified in Example 1: Step Ic.

Step 1d: Combine the PCR fragments (Example 3: 1a, 1b, and 1c), run the PCR and the
clone the amplified fragment as described in Example 2: Step 1d.

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Xbal, isolate DNA fragment and
ligate into the vector pPCAMBIA2300 that has been predigested with Xmal and Xbal.

Step 2: Make a DNA construct that contains an AtPHYB promoter with a GAD gene and

a NOS terminator to in the following manner.

Step 2a: Use PCR to amplify the A#PHYB promoter (-1960 to -1 bps) with a short overlap
for the 5" end of GAD at the 3’ end using 500 ng of genomic DNA isolated from an
Arabidopsis thaliana Col-0. Add 300 nM of the following primers: 5’AtPHYB (5'-
caatgcctaataatgtctagc  -3'; SEQ ID NO:35) and AtPHYBGAD  (5'-
cgttacttgcttcttatccatgecgtttgattttgaatttgag-3'; SEQ ID NO:44). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 2b: Use PCR to amplify the GAD gene from 500 ng of DNA from E. coli strain
K12. Add 300 nM of the following primers: 5’GAD (5'-atggataagaagcaagtaacg-3"; SEQ
ID NO:45) and 3'GAD (5'-tcaggtatgtttaaagctgttc-3'; SEQ ID NO:46). Run the fusion PCR
as described by Szewczyk et al. (45).

Step 2c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
GAD at the 5" end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers GADNOS (5'-gaacagctttaaacatacctgagctaccgagcetcgaatttcc-3'; SEQ ID NO:47)
and 3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as
described by Szewczyk et al. (45).
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Step 2d: Combine the PCR fragments (Example 3: 2a, 2b, and 2¢) and 300 nM of the
following primers IP2 (5'-aaaaatctagaattcttgaattacgattgtacc-3; SEQ ID NO:42) and IP5
(5'-tttttttgtcgacgatctagtaacatagatgacac-3’; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 2e: Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify the plasmid that contains the DNA
construct to confirm its identity and the fidelity of the sequence as described in Example
1: step le.purify. Digest the plasmid with Xbal and Sall, isolate DNA fragment and ligate
into the vector pPCAMBIA2300 that has been predigested with Xbal and Sall.

Step 3: Ligate the AtPHYB promoter-CDO-NOS terminator construct upstream of the

AtPHYB promoter-GAD-NOS terminator construct into a plant expression vector.

Step 3a. Digest the pCambia2300-4AtPHYB promoter-CDO-NOS terminator clone (from
Example 4: Step 1¢) with Xmal and Xbal, isolate DNA insert and ligate it into the vector
pCambia2300-4A¢tPHYB promoter-GAD-NOS terminator (from Example 4: Step 2¢) that
has been predigested with Xmal and Xbal. Transform the DNA construct into E. coli,
select for antibiotic resistance and confirm the presence of the DNA construct with PCR

or by restriction digest analysis.

Step 4: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 5: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
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EXAMPLE 4

Development of a transgenic plant that non-constitutively expresses (AtGADI promoter)
ADO using fusion PCR

Step 1: Make a DNA construct that contains an AtGADI (Locus ID# At5g17330)

promoter with an ADO gene and a NOS terminator in the following manner.

Step la: Use PCR to amplify the 4¢GAD/ promoter (-1732 to -1 bps) with a short
overlap for the 5’ end of ADO at the 3’ end of the promoter using 500 ng of genomic
DNA isolated from an Arabidopsis thaliana Col-0. Add 300 nM of the following primers:
5'AtGADI1 (5'-accaaaggataccctgatttg-3’; SEQ ID NO:48) and AtGADIADO (5'-
gattttctggactgtggaagtcatcacggagatgagagagagag-3'; SEQ ID NO:49). Run the fusion PCR
as described by Szewczyk et al. (45).

Step 1b: Use PCR to amplify the ADO gene from 500 ng of cDNA from a zebrafish
(Danio rerio) cDNA library. Add 300 nM of the following primers: 5’ADO (5'-
atgacttccacagtccagaaaatc-3’; SEQ ID NO:50) and 3'ADO (5'-tcagagggtcactttagge-3'; SEQ
ID NO:51). Run the fusion PCR as described by Szewczyk et al. (45).

Step 1c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
ADO at the 5’ end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers ADONOS (5'-gcctaaagtgaccctctgagetaccgagcetcgaatttee-3'; SEQ ID NO:52) and
3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as described
by Szewczyk et al. (45).

Step 1d: Combine the amplified fragments (Example 4: steps 1a, 1b, and 1¢) and 300 nM
of the following primers JP2 (5'-aaaaaggtaccgatatttgagcaaaactgtgg-3'; SEQ ID NO:30)
and GP5 (5'-ttttttt TCTAGAgatctagtaacatagatgacac-3'; SEQ ID NO:34). Run the fusion
PCR as described by Szewczyk et al. (45). Clone the amplified DNA fragment into
pCR4.0-TOPO as described by the manufacturer (Invitrogen).
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Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 5

Development of a transgenic plant that non-constitutively expresses (AtGAD2 promoter)
TPAT using fusion PCR

Step 1: Make a DNA construct that contains an AtGAD?2 (Locus ID# Atlg65960)

promoter with a TPAT gene and a NOS terminator in the following manner.

Step la: Use PCR to amplify the 4¢GAD2 promoter (-1714 to -1 bps) with a short
overlap for the 5’ end of 7PAT at the 3’ end using 500 ng of genomic DNA isolated from
an Arabidopsis thaliana Col-0. Add 300 nM of the following primers: 5’AtGAD2 (5'-
tettaccttgtcctgcaacgag-3'; SEQ ID  NO:54) and  AtGAD2TPAT (5'-
cattgaaattgccgtccatctttgtttetgtttagtgaaag-3'; SEQ ID NO:55). Run the fusion PCR as
described by Szewczyk et al. (45).
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Step 1b: Use PCR to amplify the TPAT gene from 500 ng of DNA from Roseobacter
denitrificans strain. Add 300 nM of the following primers: 5TPAT (5'-
atggacggcaatttcaatg-3'; SEQ ID NO:56) and 3'TPAT (5'-ttagccgaaaacgegegacag-3'; SEQ
ID NO:57). Run the fusion PCR as described by Szewczyk et al. (45).

Step 1c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
TPAT at the 5’ end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers TPATNOS (5'-ctgtcgegegttttcggetaagetaccgagetegaatttee-3'; SEQ ID NO:58) and
3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as described
by Szewczyk et al. (45).

Step 1d: Combine the amplified fragments (Example 5: steps 1a, 1b, and 1¢) and 300 nM
of the following primers KP2 (5'-ttttggtaccctctttcggaacgagettcaac-3"; SEQ ID NO:59) and
GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3"; SEQ ID NO:34). Run the fusion PCR as
described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step 1e). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.
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Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 6

Development of a transgenic plant that non-constitutively expresses (AtGAD2 promoter)
TPAT and SA using fusion PCR

Step 1: Make a DNA construct that contains an AtGAD2 (Locus ID#) promoter with a

TPAT gene and a NOS terminator in the following manner.
Step 1a: Use the 41GAD2 promoter that was amplified in Example 5: Step 1b
Step 1b: Use the TPAT gene that was amplified in Example 5: Step 1b.

Step 1c: Use the NOS terminator with a short overlap for the 3’ end of 7PAT at the 5’ end

of the NOS terminator that was amplified in Example 5: Step 1c.

Step 1d: Combine the PCR fragments (Example 5: 1a, 1b, and 1c), run the PCR and the
clone the amplified fragment as described in Example 5: Step 1d.

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step 1e). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2: Make a DNA construct that contains an 41GAD2 promoter with a S4 gene and a

NOS terminator to in the following manner.

Step 2a: Use PCR to amplify the 41GAD2 promoter (-1960 to -1 bps) with a short overlap
for the 5 end of SA at the 3’ end using 500 ng of genomic DNA isolated from an
Arabidopsis thaliana Col-0. Add 300 nM of the following primers: 5’AtGAD2 (5'-
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cttaccttgtcctgcaacgag-3'; SEQ ID NO:54) and AtGAD2SA (5'-
cttcagtggtcattttcatctttgtttctgtttagtgaaag-3'; SEQ ID NO:60). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 2b: Use PCR to amplify the SA gene from 500 ng of DNA from Roscobacter
denitrificans. Add 300 nM of the following primers: 5'SA (5'-atgaaaatgaccactgaag-3';
SEQ ID NO:61) and 3'SA (5'-tcagacagtctgtggacge-3"; SEQ ID NO:62). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 2¢: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
SA at the 5" end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers SANOS (5'-gcgtccacagactgtctgagetaccgagetcgaatttee-3’; SEQ ID NO:63) and
3'NOS ; 5'-cacgacgttgtaaaacgacggc-3’ SEQ ID NO:32). Run the fusion PCR as described
by Szewczyk et al. (45).

Step 2d: Combine the PCR fragments (Example 6: 2a, 2b, and 2¢) and 300 nM of the
following primers LP2 (5'-tttttctagagaacgagcttcaacgtagee-3'; SEQ ID NO:64) and LP5
(5'-aaaaaaagcttgatctagtaacatagatgacac-3’; SEQ ID NO:65). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 2e: Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify the plasmid that contains the DNA
construct to confirm its identity and the fidelity of the sequence as described in Example
1: step le.purify. Digest the plasmid with Xbal and HindlIll, isolate DNA fragment and
ligate into the vector pPCAMBIA2300 that has been predigested with Xbal and HindIII.

Step 3: Ligate the 4tGAD2 promoter-TPAT-NOS terminator construct upstream of the

AtGAD?2 promoter-SA-NOS terminator construct into a plant expression vector.

Step 3a. Digest the pCambia2300-4tGAD?2 promoter-TPAT-NOS terminator clone (from
Example 4: Step le) with Acc651 and Xbal, isolate DNA insert and ligate it into the
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vector pCambia2300-4tGAD?2 promoter-SA-NOS terminator (from Example 6: Step 2¢)
that has been predigested with Acc651 and Xbal. Transform the DNA construct into E.
coli, select for antibiotic resistance and confirm the presence of the DNA construct with

PCR or by restriction digest analysis.

Step 4: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 5: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 7

Development of a transgenic plant that that non-constitutively expresses (AtGLRI.1
promoter) ssTDeHase and IsTDeHase using fusion PCR

Step 1: Make a DNA construct that contains an AtGLRI.! (Locus ID # At3g04110)

promoter with a ssTDeHase gene and a NOS terminator in the following manner.

Step 1a: Use PCR to amplify the glutamate receptor 1.1 promoter (-1400 to -1 bps) with
a short overlap for the 5" end of ssTDeHase at the 3’ end using 500 ng of genomic DNA
isolated from an Arabidopsis thaliana Col-0. Add 300 nM of the following primers:
5'AtGLR1.1 (5'-gatcatacatattcatacttgatg-3'; SEQ ID NO:66) and AtGLR1.1ssTDeHase
(5'-gagctgtcagtgttttggtcatataatttcttgtatagetctgtaac-3'; SEQ ID NO:67). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1b: Use PCR to amplify the ssTDeHase gene from 500 ng of DNA from
Roseobacter denitrificans. Add 300 nM of the following primers: 5'ssTDeHase (5'-
atgaccaaaacactgacagctc-3'; SEQ ID NO:68) and 3'ssTDeHase (5'-ttaagecttgaagggegggce-
3’; SEQ ID NO:69). Run the fusion PCR as described by Szewczyk et al. (45).
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Step 1c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
ssTDeHase at the 5’ end of the terminator using 500 ng of pPVI1. Add 300 nM of the
following primers ssTDeHaseNOS (5'-gcccgeccttcaaggettaagetacegagetegaatttec-3'; SEQ
ID NO:70) and 3'NOS (5'-cacgacgttgtaaaacgacggc-3; SEQ ID NO:32). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1d: Combine the PCR fragments (Example 7: 1a, 1b, and 1c¢) and 300 nM of the
following primers MP2 (5'-ttttggtacccgaagctcaatcgtctcgag-3'; SEQ ID NO:71) and GP5
(5'-ttttttttctagagatctagtaacatagatgacac-3’; SEQ ID NO:34). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step 1e). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal

Step 2: Make a DNA construct that contains an AtGLR1.1 promoter with a IsTDeHase

gene and a NOS terminator to in the following manner.

Step 2a: Use PCR to amplify the AtGLRI.I promoter (-1714 to -1 bps) with a short
overlap for the 5’ end of IsTDeHase at the 3’ end of the promoter using 500 ng of
genomic DNA isolated from an Arabidopsis thaliana Col-0. Add 300 nM of the
following primers: 5’AtGLR1.1 (5'-gatcatacatattcatacttgatg-3'; SEQ ID NO:66) and
AtGLRI1.1-IsTDeHase  (5'-gtgctttggtctatgtggcatataatttcttgtatagctctgtaac-3';  SEQ 1D
NO:72). Run the fusion PCR as described by Szewczyk et al. (45).

Step 2b: Use PCR to amplify the IsTDeHase gene from 500 ng of DNA from
Roscobacter denitrificans. Add 300 nM of the following primers: 5'IsTDeHase (5'-
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atgccacatagaccaaagcac-3"; SEQ ID NO:73) and 3'IsTDeHase (5'-tcagagaatttcatcgcgaag-
3’; SEQ ID NO:74). Run the fusion PCR as described by Szewczyk et al. (45).

Step 2c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
IsTDeHase at the 5” end of the terminator using 500 ng of pPVI1. Add 300 nM of the
following primers 1sTDeHaseNOS (5'-cttcgcgatgaaattctetgagetaccgagetcgaatttcc-3'; SEQ
ID NO:75) and 3'NOS (5'-cacgacgttgtaaaacgacggc-3; SEQ ID NO:32). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 2d: Combine the PCR fragments (Example 7: 2a, 2b, and 2¢) and 300 nM of the
following primers NP2 (5'-aaaaatctagacgaagctcaatcgtctcgag-3'; SEQ ID NO:76) and LP5
(5'-aaaaaaagcttgatctagtaacatagatgacac-3’; SEQ ID NO:65). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 2e: Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify the plasmid that contains the DNA
construct to confirm its identity and the fidelity of the sequence as described in Example
1: step le.purify. Digest the plasmid with Xbal and HindlIII, isolate the DNA fragment
and ligate into the vector pCAMBIA2300 that has been predigested with Xbal and
HindIII.

Step 3: Ligate the AtGLRI.l promoter-ssTDeHase-NOS terminator construct upstream
of the AtGLRI.1 promoter-IsTDeHase-NOS terminator construct into a plant expression

vector.

Step 3a. Digest the pCambia2300-A¢GLR 1.1 promoter-ssTDeHase-NOS terminator clone
(from Example 4: Step 1¢) with Acc651 and Xbal, isolate DNA insert and ligate it into
the wvector pCambia2300-AtGLR1.1 promoter-lsTDeHase-NOS terminator (from
Example 4: Step 2¢) that has been predigested with Acc651 and Xbal. Transform the
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DNA construct into E. coli, select for antibiotic resistance and confirm the presence of

the DNA construct with PCR or by restriction digest analysis.

Step 4: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 5:  Transform plant, Arabidopsis thaliana: Transform the construct into
Arabidopsis thaliana, select for antibiotic resistance, select for homozygote plants and

confirm the presence of the DNA constructs as described in Example 1: Step 3.

EXAMPLE §

Development of a transgenic plant that non-constitutively expresses (AtSULTRI;3
promoter) TDO using fusion PCR

Step 1: Make a DNA construct that contains an 5’At(SULTRI;3 promoter with a 7DO

gene and a NOS terminator in the following manner.

Step 1a: Use PCR to amplify the A«SULTRI;3 promoter (-2406 to -1 bps) with a short
overlap for the 5" end of TDO at the 3’ end using 500 ng of genomic DNA isolated from
an Arabidopsis thaliana Col-0. Add 300 nM of the following primers: S’AtSULTR1;3 (5'-
tcacaatcgatggactctc-3;, SEQ ID  NO:77) and 5’AtSULTRI1;3  TDO  (5'-
gtaatgctcagacgttcactcattgetatgtgtgttttgtage-3'; SEQ ID NO:78). Run the fusion PCR as
described by Szewczyk et al. (45).

Step 1b: Use PCR to amplify the 7DO gene from 500 ng of DNA from E. coli strain
K12. Add 300 nM of the following primers: 5'TDO (5'-atgagtgaacgtctgagcattac-3"; SEQ
ID NO:79) and 3'TDO (5'-ttaccccgeccgataaaacg-3'; SEQ ID NO:80). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1c: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
ADO at the 5’ end of the terminator using 500 ng of pPV1. Add 300 nM of the following
primers TDONOS (5'-cgttttatcgggcggggtaagctaccgagetcgaatttce-3’; SEQ ID NO:81) and
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3'NOS (5'-cacgacgttgtaaaacgacgge-3'; SEQ ID NO:32). Run the fusion PCR as described
by Szewczyk et al. (45).

Step 1d: Combine the amplified fragments from Example 3: steps 1a, 1b, and 1c and 300
nM of the following primers OP2 (5'-ttttggtaccctatattggtgtcattttgec-3'; SEQ ID NO:82)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step le. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
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EXAMPLE 9

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
fused in-frame with SAD (without a linker) using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a CDO gene fused in-frame with a SAD gene and a NOS terminator in the

following manner.

Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of CDO at the 3’ end that was amplified in Example 2: Step 1a.

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.

Step 1c: Use PCR to amplify the SAD gene with a short overlap for the 3’ end of CDO at
the 5 end using 500 ng of cDNA from a zebrafish (Danio rerio) cDNA library. Add 300
nM of the following primers: CDO/SAD (5'-
gagcgtctcgcaggagaataacatggacgagtetgatgggaagctg -3'; SEQ ID NO:83) and 3’'SAD (5'-

tcatagatccttccegagtttc-3’; SEQ ID NO:40). Run the fusion PCR as described by Szewczyk
et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of SAD at the 5" end

of the NOS terminator that was amplified in Example 2: Step 2c.

Step 1e: Combine the PCR fragments (Example 9: 1a, 1b, 1c, and 1d) and 300 nM of the
following primers HP2 (5'-ttttcccgggattcttgaattacgattgtacc-3'; SEQ ID NO:37) and IP5
(5'-tttttttgtcgacgatctagtaacatagatgacac-3’; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in

Example 1: step le). Digest the plasmid with Xmal and Sall, isolate DNA fragment and
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ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Sall.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.

Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 10

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
fused in-frame with a linker to SAD using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a CDO gene fused in-frame with a linker and the SAD gene and a NOS

terminator in the following manner.

Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of CDO at the 3’ end that was amplified in Example 2: Step 1a.

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.

Step 1c: Use PCR to amplify the SAD gene with a short overlap for the 3° end of CDO at
the 5 end using 500 ng of cDNA from a zebrafish (Danio rerio) cDNA library. Add 300
nM of the following primers: CDOlinkerSAD (5'-
gagcgtctcgcaggagaataacagtactgaaggegaagttaacgeggaagaagaaggcetttatggacgagtctgatgggaag
ctg -3’; SEQ ID NO:84) and 3'SAD (5'-tcatagatccttccegagtttc-3’; SEQ ID NO:40). Run
the fusion PCR as described by Szewczyk et al. (45).
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Step 1d: Use the NOS terminator with a short overlap for the 3’ end of SAD at the 5" end

of the NOS terminator that was amplified in Example 2: Step 2c.

Step 1le: Combine the PCR fragments (Example 10: 1a, 1b, 1c, and 1d) and 300 nM of
the following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3’; SEQ ID NO:37) and
IP5 (5'-tttttttgtcgacgatctagtaacatagatgacac-3'; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Sall, isolate DNA fragment and
ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Sall.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.

Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 11

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) SAD
fused in-frame with CDO withlinker using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a S4D gene fused in-frame with a CDO gene with a linker and a NOS

terminator in the following manner.
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Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of SAD at the 3’ end that was amplified in Example 2: Step 2a.

Step 1b: Step Use the SAD gene that was amplified in Example 2: Step 2b.

Step 1c: Use PCR to amplify the CDO gene with a linker and short overlap for the SAD
at the 3’ using 500 ng of cDNA from a zebrafish (Danio rerio) cDNA library. Add 300
nM of the following primers: SADlinkerCDO (5'-
gaaactcgggaaggatctaagtactgaaggcgaagttaacgcggaagaagaaggcetttatggageagactgaagtcatg-3';
SEQ ID NO:85 and 3'CDO (5'-tcagttattctcctgegagac-3'; SEQ ID NO:30). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of CDO at the 5" end
of the NOS terminator that was amplified in Example 1: Step Ic.

Step 1le: Combine the PCR fragments (Example 11: 1a, 1b, 1c, and 1d) and 300 nM of
the following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3’; SEQ ID NO:37) and
GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3'; SEQ ID NO:34). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Xbal, isolate DNA fragment and
ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Xbal.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.

Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.
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Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.

EXAMPLE 12

[299]

[300]

[301]

[302]

[303]

[304]

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
fused in-frame with GAD (without a linker) using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a CDO gene fused in-frame with a GAD gene and a NOS terminator in the

following manner.

Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of CDO at the 3’ end that was amplified in Example 2: Step 1a.

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.

Step 1c: Use PCR to amplify the GAD gene with a short overlap for the 3° end of CDO
at the 5’ end using from 500 ng of DNA from E. coli strain K12. Add 300 nM of the
following primers: CDO/GAD (5'-gagcgtctcgcaggagaataacAtggataagaagcaagtaacg-3';
SEQ ID NO:86) and 3'GAD (5'-tcaggtatgtttaaagctgttc-3"; SEQ ID NO:46). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of GAD at the 5’ end
of the NOS terminator that was amplified in Example 3: Step 2c.

Step le: Combine the PCR fragments (Example 12: 1a, 1b, 1c, and 1d) and 300 nM of
the following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3’; SEQ ID NO:37) and
IP5 (5'-tttttttgtcgacgatctagtaacatagatgacac-3'; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).
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Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Sall, isolate DNA fragment and
ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Sall.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.

Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 13

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) CDO
fused in-frame with a linker to GAD using fusion PCR

Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a CDO gene fused in-frame with a linker and the GAD gene and a NOS

terminator in the following manner.

Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of CDO at the 3’ end that was amplified in Example 2: Step 1a.

Step 1b: Use the CDO gene that was amplified in Example 1: Step 1b.

Step 1c: Use PCR to amplify the GAD gene with a short overlap for the 3’ end of CDO
at the 5’ end using 500 ng of DNA from E. coli strain K12. Add 300 nM of the following
primers: CDOlinkerGAD (5'-
gagcgtctcgcaggagaataacagtactgaaggegaagttaacgeggaagaagaaggctttatggataagaagceaagtaacg
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-3’; SEQ ID NO:87) and 3'GAD (5'-tcaggtatgtttaaagctgttc-3'; SEQ ID NO:46). Run the
fusion PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of GAD at the 5’ end
of the NOS terminator that was amplified in Example 3: Step 2c.

Step le: Combine the PCR fragments (Example 13: 1a, 1b, 1c, and 1d) and 300 nM of
the following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3’; SEQ ID NO:37) and
IP5 (5'-tttttttgtcgacgatctagtaacatagatgacac-3'; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Sall, isolate DNA fragment and
ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Sall.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.

Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 14

Development of a transgenic plant that constitutively expresses (AtPHYB promoter) GAD
fused in-frame with a linker to CDO using fusion PCR
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Step 1: Make a DNA construct that contains an AtPHYB (Locus ID# At2g18790)
promoter with a GAD gene fused in-frame with a linker and the CDO gene and a NOS

terminator in the following manner.

Step 1a: Use the AtPHYB promoter (—1960 to -1 bps) with a short overlap for the 5° end
of GAD at the 3’ end that was amplified in Example 3: Step 2a.

Step 1b: Step Use the GAD gene that was amplified in Example 3: Step 2b.

Step 1c: Use PCR to amplify the GAD gene with a linker and short overlap for the CDO
at the 3’ using 500 ng of cDNA from a zebrafish (Danio rerio) cDNA library. Add 300
nM of the following primers: GADlinkerCDO (5'-
gaacagctttaaacataccagtactgaaggcgaagttaacgcggaagaagaaggctttatggagcagactgaagtcatg  -3';
SEQ ID NO:88) and 3'GAD (5'-tcaggtatgtttaaagctgttc-3"; SEQ ID NO:46). . Run the
fusion PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of CDO at the 5" end
of the NOS terminator that was amplified in Example 1: Step Ic.

Step le: Combine the PCR fragments (Example 14: 1a, 1b, 1c, and 1d) and 300 nM of
the following primers HP2 (5'-ttttcccgggattcttgaattacgattgtace-3’; SEQ ID NO:37) and
IP5 (5'-tttttttgtcgacgatctagtaacatagatgacac-3'; SEQ ID NO:43). Run the fusion PCR as
described by Szewczyk et al. (45). Clone into pCR4.0-TOPO as described by the

manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Xmal and Sall, isolate DNA fragment and
ligate into the vector pCAMBIA2300 that has been predigested with Xmal and Sall.
Transform the DNA construct into E. coli, sclect for antibiotic resistance and confirm the

presence of the DNA construct with PCR or by restriction digest analysis.
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Step 2: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 3: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 15

Development of a transgenic plant that non-constitutively expresses (AtGAD2 promoter)
SA fused in-frame to TPAT using fusion PCR

Step 1: Make a DNA construct that contains an AtGAD?2 (Locus ID# Atlg65960)
promoter with a SA gene fused in-frame with a TPAT gene and a NOS terminator in the

following manner.

Step 1a: Use the 4tGAD2 promoter (-1714 to -1 bps) with a short overlap for the 5" end of
SA at the 3’ end that was amplified in Example 6: Step 2a.

Step 1b: Step Use the S4 gene that was amplified in Example 6: Step 2b.

Step 1c: Use PCR to amplify the TPAT gene with a short overlap for the 3’end of S4 at
the 5’end using 500 ng of DNA from Roseobacter denitrificans strain. Add 300 nM of the
following primers: SA/TPAT (5'-catgcgtccacagactgtcatggacggcaatttcaatg-3'; SEQ 1D
NO:89) and 3'TPAT (5'-ttagccgaaaacgcgegacag-3'; SEQ ID NO:57). Run the fusion PCR
as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of TPAT at the 5’ end
of the NOS terminator that was amplified in Example 5: Step 1c.

Step 1e: Combine the amplified fragments (Example 15: steps 1a, 1b, 1c and 1d) and 300
nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ ID NO:59)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
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as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 16

Development of a transgenic plant that non-constitutively expresses (AtGAD2 promoter)

SA fused in-frame with a linker to TPAT using fusion PCR

Step 1: Make a DNA construct that contains an AtGAD?2 (Locus ID# Atlg65960)
promoter with a SA gene fused in-frame with a linker to a TPAT gene and a NOS

terminator in the following manner.

Step 1a: Use the 4tGAD?2 promoter (-1714 to -1 bps) with a short overlap for the 5" end of
SA at the 3’ end that was amplified in Example 6: Step 2a.

Step 1b: Use the S4 gene that was amplified in Example 6: Step 2b.
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Step 1c: Use PCR to amplify the TPAT gene with a linker and short overlap for the 3’end
of SA at the 5'end using 500 ng of DNA from Roseobacter denitrificans strain. Add 300
nM of the following primers: SAlinkerTPAT (5'-
catgcgtccacagactgtcagtactgaaggcgaagttaacgcggaagaagaaggctttatggacggcaatttcaatg-3';
SEQ ID NO:90) and 3'TPAT (5'-ttagccgaaaacgegegacag-3"; SEQ ID NO:57). Run the
fusion PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of TPAT at the 5’ end
of the NOS terminator that was amplified in Example 5: Step 1c.

Step le: Combine the amplified fragments (Example 16: steps 1a, 1b, 1c and 1d) 300 nM
of the following primers KP2 (5'-ttttggtaccctctttcggaacgagettcaac-3"; SEQ ID NO:59) and
GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3"; SEQ ID NO:34). Run the fusion PCR as
described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
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EXAMPLE 17

[346]
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[348]
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[351]

[352]

Development of a transgenic plant that non-constitutively expresses (AtGAD2 promoter)
TPAT fused in-frame with a linker to a SA gene using fusion PCR

Step 1: Make a DNA construct that contains an AtGAD?2 (Locus ID# Atlg65960)
promoter with a 7PAT gene fused in-frame with a linker to a SA gene and a NOS

terminator in the following manner.

Step 1a: Use the 4tGAD2 promoter (-1714 to -1 bps) with a short overlap for the 5" end of
TPAT at the 3’ end that was amplified in Example 5: Step 1a.

Step 1b: Use the TPAT gene that was amplified in Example 5: Step 1b.

Step 1c: Use PCR to amplify the SA with a short overlap for the 3" end of TPAT with a
linker at the 5” end using 500 ng of DNA from Roseobacter denitrificans strain. Add 300
nM of the following primers: TPATlinkerSA (5'-
cgetgtcgegegttttcggeagtactgaaggegaagttaacgeggaagaagaaggcetttatgaaaatgaccactgaag-3';
SEQ ID NO:91) and 3'SA (5'-tcagacagtctgtggacge-3"; SEQ ID NO:62). Run the fusion
PCR as described by Szewczyk et al. (45).

Step 1d: Use PCR to amplify the NOS terminator with a short overlap for the 3’ end of
SA that was amplified in Example 6: Step2c.

Step 1e: Combine the amplified fragments (Example 17: steps 1a, 1b, 1c and 1d) and 300
nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ ID NO:59)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in

Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
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and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 18

Development of a transgenic plant that non-constitutively expresses (AtGLRI.I
promoter) ssTDeHase fused in-frame with IsTDeHase (without a linker) using fusion
PCR

Step 1: Make a DNA construct that contains an AtGLRI.I (Locus ID # At3g04110)
promoter with a ss7DeHase gene fused in-frame with a IsTDeHase gene and a NOS

terminator in the following manner.

Step la: Use the AtGLRI.1 promoter (—1960 to -1 bps) with a short overlap for the 5’
end of ssTDeHase at the 3° end that was amplified in Example 7: Step 1a.

Step 1b: Use the ssTDeHase gene that was amplified in Example 7: Step 1b.

Step 1c: Use PCR to amplify the IsTDeHase gene with a short overlap for the 3’ end of
ssTDeHase at the 5° end using of DNA from Roseobacter denitrificans. Add 300 nM of
the following primers: ssTDeHase/ IsTDeHase (5'-
geecgececttcaaggetatgecacatagaccaaageac-3'; SEQ ID NO:92) and 3'IsTDeHase (5'-
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[361]
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tcagagaatttcatcgegaag-3'; SEQ ID NO:74). Run the fusion PCR as described by
Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of IsTDeHase at the
5" end of the NOS terminator that was amplified in Example 7: Step 2c.

Step 1e: Combine the amplified fragments (Example 18: steps 1a, 1b, 1c and 1d) and 300
nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ ID NO:59)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step 1e). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
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EXAMPLE 19

Development of a transgenic plant that non-constitutively expresses (AtGLRI1.1
promoter) ssTDeHase fused in-frame with a linker to IsTDeHase using fusion PCR

Step 1: Make a DNA construct that contains an AtGLRI.! (Locus ID # At3g04110)
promoter with a ssTDeHase gene fused in-frame with a linker and the /sTDeHase gene

and a NOS terminator in the following manner.

Step la: Use the AtGLRI.1 promoter (—1960 to -1 bps) with a short overlap for the 5’
end of ssTDeHase at the 3’ end that was amplified in Example 7: Step 1a.

Step 1b: Use the ssTDeHase gene that was amplified in Example 7: Step 1b.

Step 1c: Use PCR to amplify the IsTDeHase gene with a short overlap for the 3’ end of
ssTDeHase at the 5° end using of DNA from Roseobacter denitrificans. Add 300 nM of
the following primers: ssTDeHaselinkerlsTDeHase (5'-
geccgeccttcaaggcetagtactgaaggegaagttaacgeggaagaagaaggctttatgccacatagaccaaagecac  -3';
SEQ ID NO:93) and 3'lsTDeHase (5'-tcagagaatttcatcgcgaag-3'; SEQ ID NO:74). Run the
fusion PCR as described by Szewczyk et al. (45).

Step 1d: Use the NOS terminator with a short overlap for the 3’ end of IsTDeHase at the
5" end of the NOS terminator that was amplified in Example 7: Step 2c.

Step 1e: Combine the amplified fragments (Example 19: steps 1a, 1b, 1¢ and 1d) and 300
nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ ID NO:59)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in

Example 1: step le). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
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and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
EXAMPLE 20

Development of a transgenic plant that non-constitutively expresses (4¢GLRI.1 promoter)
IsTDeHase fused in-frame with a linker to ssTDeHase using fusion PCR

Step 1: Make a DNA construct that contains an AtGLRI.! (Locus ID # At3g04110)
promoter with a IsTDeHase gene fused in-frame with a linker and the ssTDeHase gene

and a NOS terminator in the following manner.

Step la: Use the AtGLRI.1 promoter (—1960 to -1 bps) with a short overlap for the 5’
end of IsTDeHase at the 3’ end that was amplified in Example 7: Step 2a.

Step 1b: Use the IsTDeHase gene that was amplified in Example 7: Step 2b.

Step 1c: Use PCR to amplify the IsTDeHase gene with a short overlap for the 3’ end of
ssTDeHase at the 5° end using of DNA from Roseobacter denitrificans. Add 300 nM of
the following primers: IsTDeHaselinkerssTDeHase (5'-
cttcgecgatgaaattctcagtactgaaggegaagttaacgcggaagaagaaggctttatgaccaaaacactgacagcetc-3';
SEQ ID NO:94) and 3'ssTDeHase (5'-ttaagccttgaagggcgggc-3'; SEQ ID NO:69). Run the
fusion PCR as described by Szewczyk et al. (45).
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Step 1d: Use the NOS terminator with a short overlap for the 3’ end of ssTDeHase at the
5" end of the NOS terminator that was amplified in Example 7: Step 1c.

Step le: Combine the amplified fragments (Example 3: steps 1a, 1b, 1¢ and 1d) and 300
nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ ID NO:59)
and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3; SEQ ID NO:34). Run the fusion PCR
as described by Szewczyk et al. (45). Clone the amplified DNA fragment into pCR4.0-
TOPO as described by the manufacturer (Invitrogen).

Step 1f: Combine the amplified fragments from Example 20: steps 1a, 1b, 1c and 1d and
300 nM of the following primers KP2 (5'-ttttggtaccctctttcggaacgagcettcaac-3'; SEQ 1D
NO:59) and GP5 (5'-ttttttttctagagatctagtaacatagatgacac-3'; SEQ ID NO:34). Run the
fusion PCR as described by Szewczyk et al. (45). Clone the amplified DNA fragment into
pCR4.0-TOPO as described by the manufacturer (Invitrogen).

Step 1g. Transform E. coli, select for antibiotic resistance, conduct PCR identification of
cloned DNA constructs in transformants, purify DNA and sequence (described in
Example 1: step 1e). Digest the plasmid with Acc651 and Xbal, isolate DNA fragment
and ligate into the vector pPCAMBIA2300 that has been predigested with Acc651 and
Xbal.

Step 2. Transform the DNA construct into E. coli, select for antibiotic resistance and

confirm the presence of the DNA construct with PCR or by restriction digest analysis.

Step 3: Transform Agrobacterium tumefaciens: Transform the DNA construct into
Agrobacterium tumefaciens, select for antibiotic resistance and confirm the presence of

the DNA construct as described in Example 1: Step 2.

Step 4: Transform plant, Arabidopsis thaliana: Transform the construct into Arabidopsis
thaliana, select for antibiotic resistance, select for homozygote plants and confirm the

presence of the DNA constructs as described in Example 1: Step 3.
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CLAIMS

1. An isolated cell comprising a first exogenous DNA which comprises two separate
expression cassettes, wherein a first expression cassette comprises a first promoter operably
linked to a first polynucleotide and a second expression cassette comprises a second promoter
operably linked to a second polynucleotide, wherein:

(1) the first polynucleotide encodes cysteine dioxygenase (CDO); and the
second polynucleotide encodes sulfinoalanine decarboxylase (SAD); or

(i1) the first polynucleotide encodes cysteine dioxygenase (CDO); and the
second polynucleotide encodes glutamate decarboxylase (GAD); or

(iii) the first polynucleotide encodes taurine-pyruvate aminotransferase
(TPAT) and the second polynucleotide encodes sulfoacetaldehyde
acetyltransferase (SA); or

(iv) the first polynucleotide encodes a small subunit of taurine
dehydrogenase (ssTDeHase) and the second polynucleotide encodes a large
subunit of taurine dehydrogenase (IsTDeHase).

2. An isolated cell comprising a first exogenous DNA which comprises a single
expression cassette, wherein the single expression cassette comprises a promoter operably linked
to a polynucleotide which encodes (i) CDO and SAD; (ii)) CDO and GAD,; (iii) TPAT; (iv)
TPAT and SA; (v) ssTDeHase and IsTDeHase or (vi) fused CDO-SAD; (vii) fused CDO-
linker-SAD; (viii) fused SAD-CDO; (ix) fused SAD-linker-CDO; (x) fused CDO-GAD; (xi)
fused CDO-linker-GAD; (xii) fused GAD-CDO; (xiii) fused GAD-linker-CDO; (xiv) fused

TPAT-SA; (xv) fused TPAT-linker-SA; (xvi) fused SA-TPAT; (xvii) fused SA-linker-TPAT;
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(xviii) fused ssTDeHase-IsTDeHase; (ixx) fused ssTDeHase-linker-IsTDeHase; (xx) fused
IsTDeHase-ssTDeHase; or (xxi) fused IsTDeHase-linker-ssTDeHase:

3. An isolated cell comprising a first exogenous DNA which comprises a promoter
operably linked to a polynucleotide, wherein the polynucleotide encodes CDO, ADO, or taurine
dioxygenase (TDO) and wherein the isolated cell is a plant cell.

4. The isolated cell of claim 1 or claim 2 wherein:

the CDO comprises the amino acid sequence SEQ ID NO:3 or the
amino acid sequence SEQ ID NO:4;

the SAD comprises the amino acid sequence SEQ ID NO:7 or the
amino acid sequence SEQ ID NO:8;

the GAD comprises the amino acid sequence SEQ ID NO:11 or the
amino acid sequence SEQ ID NO:12;

the TPAT comprises the amino acid sequence SEQ ID NO:18;

the SA comprises the amino acid sequence SEQ ID NO:20;

the ssTdeHase comprises the amino acid sequence SEQ ID NO:22;
and/or
the IsTdeHase comprises the amino acid sequence SEQ ID NO:24.

5. The isolated cell of claim 3 wherein:

the CDO comprises the amino acid sequence SEQ ID NO:3 or the
amino acid sequence SEQ ID NO:4;

the ADO comprises the amino acid sequence SEQ ID NO:13 or the

amino acid sequence SEQ ID NO:14; and/or
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the TDO comprises the amino acid sequence SEQ ID NO:25.

6. The isolated cell of claim 1 wherein the first polynucleotide comprises a nucleotide
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:17,
and SEQ ID NO:21.

7. The isolated cell of claim 1 wherein the second polynucleotide comprises a nucleotide
sequence selected from the group consisting of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:9,
SEQ ID NO:10, SEQ ID NO:19, SEQ ID NO:21, and SEQ ID NO:23.

8. The isolated cell of claim 2 wherein the polynucleotide comprises a nucleotide
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21,
and SEQ ID NO:23.

9. The isolated cell of claim 3 wherein the polynucleotide comprises a nucleotide
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:13,
SEQ ID NO:14, and SEQ ID NO:25.

10. The isolated cell of claim 1 wherein at least one of the first and second promoters is a
constitutive promoter.

11. The isolated cell of claim 2 or claim 3 wherein the promoter is a constitutive
promoter.

12. The isolated cell of claim 1 wherein at least one of the first and second promoters is a
non-constitutive promoter.

13. The isolated cell of claim 2 or claim 3 wherein the promoter is a non-constitutive

promoter.
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14. The isolated cell of claim 12 or claim 13 wherein the non-constitutive promoter is
selected from the group consisting of a tissue-preferred promoter, a tissue-specific promoter, a
cell type-specific promoter, an inducible promoter, a plant glutamate decarboxylase (GAD)
promoter, plant sulphate transporter (SULTR) promoter, and a plant glutamate receptor (GLR)
promoter.

15. The isolated cell of claim 1 which is a plant cell.

16. The isolated cell of claim 1 which is a eukaryotic cell.

17. The isolated cell of claim 1 which is a prokaryotic cell.

18. The isolated cell of claim 1 wherein one or both of the first and second
polynucleotides comprises a subcellular location sequence.

19. The isolated cell of claim 2 or claim 3 wherein the polynucleotide comprises a
subcellular location sequence.

20. The isolated cell of claim 18 or claim 19 wherein the subcellular location sequence
targets a subcellular location selected from the group consisting of an apoplast, a vacuole, a
plastid, a chloroplast, a proplastid, an etioplast, a chromoplast, a mitochondrion, a peroxisome, a
glyoxysome, a nucleus, a lysosome, an endomembrane system, an endoplasmic reticulum, a
vesicle, and a Golgi apparatus.

21. A plant storage organ comprising the isolated cell of claim 1, claim 2, or claim 3.

22. The plant storage organ of claim 21 which a seed, a tuber, a fruit, or a root.

23. A transgenic seed having in its genome exogenous DNA encoding a protein selected

from the group consisting of CDO, SAD, GAD, ADO, TPAT, SA, TDO, and TDeHase, wherein
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enzymatic activity of the protein increases production of taurine or hypotaurine in a transgenic
plant grown from the transgenic seed.

24. The transgenic seed of claim 23 wherein:

the CDO comprises the amino acid sequence SEQ ID NO:3 or
SEQ ID NO:4;

the SAD comprises the amino acid sequence SEQ ID NO:7 or SEQ
ID NO:8§;

the GAD comprises the amino acid sequence SEQ ID NO:11 or
SEQ ID NO:12;

the ADO comprises the amino acid sequence SEQ ID NO:15 or
SEQ ID NO:16;

the TPAT comprises the amino acid sequence SEQ ID NO:18;

the SA comprises the amino acid sequence SEQ ID NO:20;

the TDO comprises the amino acid sequence SEQ ID NO:26;
and/or

the TDeHase comprises the amino acid sequence SEQ ID NO:22
or SEQ ID NO:24.

25. The transgenic seed of claim 23 wherein the exogenous DNA comprises a nucleotide
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23, and SEQ ID NO:25.

26. A transgenic plant grown from the transgenic seed of any of claim 23.
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27. The transgenic plant of claim 26 which is selected from the group consisting of
acacia, alfalfa, algae, aneth, apple, apricot, artichoke, arugula, asparagus, avocado, banana,
barley, beans, beech, beet, Bermuda grass, blackberry, blueberry, Blue grass, broccoli, brussels
sprouts, cabbage, camelina, canola, cantaloupe, carrot, cassava, cauliflower, celery, cherry,
chicory, cilantro, citrus, clementines, coffee, corn, cotton, cucumber, duckweed, Douglas fir,
eggplant, endive, escarole, eucalyptus, fennel, fescue, figs, forest trees, garlic, gourd, grape,
grapefruit, honey dew, jicama, kiwifruit, lettuce, leeks, lemon, lime, Loblolly pine, maize,
mango, melon, mushroom, nectarine, nut, oat, okra, onion, orange, ornamental plants, papaya,
parsley, pea, peach, peanut, pear, pepper, persimmon, pine, pineapple, plantain, plum,
pomegranate, poplar, potato, pumpkin, quince, radiata pine, radicchio, radish, rapeseed,
raspberry, rice, rye, rye grass, seaweed, scallion, sorghum, Southern pine, soybean, spinach,
squash, strawberry, sugarbeet, sugarcane, sunflower, sweet potato, sweetgum, switchgrass,
tangerine, tea, tobacco, tomato, turf, turnip, a vine, watermelon, wheat, yam, and zucchini.

28. A method of producing a crop of transgenic plants, comprising multiplying or
breeding plant material to obtain a crop of transgenic plants from the transgenic seed of claim 23.

29. A method of producing taurine or hypotaurine, comprising growing the isolated cell
of claim 1 under conditions which permit expression of the first and second polynucleotides,
thereby producing taurine or hypotaurine.

30. A method of producing taurine or hypotaurine, comprising growing the isolated cell
of claim 2 or claim 3 under conditions which permit expression of the polynucleotide, thereby

producing taurine or hypotaurine.
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31. The method of claim 29 or claim 30 further comprising introducing the exogenous
DNA into the isolated cell.

32. A transgenic plant having in its genome exogenous DNA encoding a protein selected
from the group consisting of CDO, SAD, GAD, ADO, TPAT, SA, TDO, and TDeHase wherein
the plant has increased growth, yield, or biomass, altered development, or increased tolerance to
biotic (pests, pathogens, bacteria, microbes, viruses, viroids, microorganisms, invertebrates,
insects, nematodes, or vertebrates) or abiotic (changes in osmotic conditions, oxidative damage,
drought, salt, cold, freezing, heat, UV light or light intensity) stress.

33. A transgenic plant having in its genome exogenous DNA encoding a protein selected
from the group consisting of CDO, SAD, GAD, ADO, TPAT, SA, TDO, and TDeHase wherein
the plant has increased water-use-efficiency or nitrogen-use-efficiency.

34. A transgenic plant having in its genome exogenous DNA encoding a protein selected
from the group consisting of CDO, SAD, GAD, ADO, PAT, SA, TDO, and TDeHase wherein
the seeds have increased oil, starch or protein.

35. A method of altering a property of a transgenic plant, comprising contacting a
transgenic plant having in its genome exogenous DNA encoding a protein selected from the
group consisting of CDO, SAD, GAD, ADO, TPAT, SA, TDO, and TDeHase with an agent
which increases sulfur or nitrogen concentration in cells of the transgenic plant, wherein the
property is selected from the group consisting of increased plant growth, altered plant
development, increased tolerance to biotic stress, increased tolerance to abiotic stress, increased

yield, and increased biomass.
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36. The method of claim 35 wherein the agent increases sulfur concentration and the
agent is selected from the group consisting of fertilizer, sulfur, sulfite, sulfide, sulfate, taurine,
hypotaurine, homotaurine, homocysteine, cystathionine cysteate, 2-sulfacetaldehyde, N-acetyl
thiazolidine 4 carboxylic acid (ATCA), glutathione, and bile.

37. The method of claim 35 wherein the agent increases nitrogen concentration and the
agent is selected from the group consisting of an amino acid and a polyamine.

38. The method of claim 37 wherein the agent is an amino acid and the amino acid is not
naturally present in a protein.

39. The method of claim 38 wherein the amino acid is GABA, citrulline, or ornithine.

40. The method of claim 37 wherein the agent is an amino acid and the amino acid is
selected from the group consisting of cysteine, methionine, glutamate, glutamine, serine, alanine,
and glycine.

41. A pharmaceutical composition comprising an extract of the transgenic plant of claim
26, wherein the extract comprises taurine, hypotaurine, homotaurine, taurine derivatives, taurine
conjugates, or taurine polymers.

42. A nutritional supplement comprising an extract of the transgenic plant of claim 26.

43. An animal feed supplement comprising a component selected from the group
consisting of :

the plant storage organ of claim 21;
the transgenic seed of claim 23; and

the transgenic plant of claim 26.
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