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TRANSGENIC PLANT SEED WITH INCREASED LYSINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

Disclosed herein are DNA constructs useful for producing transgenic plants
with parts having increased lysine content and methods of using such DNA constructs
for producing transgenic plants and seed, harvested matenials from the plants, and
meal and food products prepared from such. Such DNA constructs are useful for
producing transgenic plants with improved nutritional benefit provided by increased
accumulation of lysine in the seed. Also disclosed are polynucleotide molecules and

methods useful for producing transgenic plants with increased lysine content in their

seed.

2. Description of the Related Art

Zea mays, commonly known as maize or corn, 1s a gram widely used as
animal feed and human food. The grain, herein referred to as a kernel or seed, 1s a
source of protein, starch and oil for many lower animals including swine, beef and

dairy cattle, fish and poultry. In some countries, such as Mexico, over 70% of the

harvested corn is used for human consumption, and corn and com-derived products
such as hominy and tortillas are dietary staples. In the kernel, the bulk of the amino
acid composition is determined by the amount and type of amino acids contained 1n
polypeptides. Only a relatively small portion, up to 10%, of the available amino acids
in the kernel exists as free amino acid pools; the rest are contained in various proteins.
In corn, most of the polypeptides found in the kernel are seed storage‘ proteins or
zeins. These seed storage proteins are synthesized as the kernel develops and are used

as a source of energy as the kernel germinates and begins to grow. The seed storage

proteins, however, contain little to no lysine. Of the ten amino acids deemed essential

in a mixed grain feed (arginine, histidine, isoleucine, leucine, lysine, methionine or

cysteine, phenylalanine or tyrosine, threonine, tryptophan, and valine), corn 1s

1
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particularly lacking not only in lysine, but also in threonine and methionine. The lack
of these essential amino acids, especially lysine, requires that feed corn be
supplemented with these nutrients, often provided by the addition of soybean meal or
synthetic lysine. It would be of benefit to the art to increase the level of lysine i corn
seed as a means of making the seed more nutritious as a food or feed grain.
Additional benefit is realized if the grain requires little or no supplementation with

additional lysine.

In human nutrition, the poor tend to consume diets that are relatively high
inexpensive starchy foods and relatively low in high quality protein. Kwashiorkor 1s a
form of malnutrition caused by inadequate quality protein intake in the presence of
fair to good energy (total calories) intake. Early symptoms are very general and
include fatigue, irritability, and lethargy. As protein deficiency continues, growth
failure, loss of muscle mass, generalized swelling (edema), and decreased immunity
occur. A large, protuberant belly is common. Skin conditions (such as dermatitis,

changes in pigmentation, thinning of hair, and vitiligo) are seen frequently. Shock

- and coma precede death. One sovernment estimate suggests that as many as 50% of

elderly persons in nursing homes in the U.S. suffer from protein-calorie malnutrition.
Thus, corn products with improved protein quality due to higher levels of lysine
would significantly improve not only the nutritional quality of the diet but the overall

general level of health.

A plant molecular biology approach to increasing lysine levels involves the

identification and introduction of genes into corn to affect the levels of lysine in the

~ kernel without negatively affecting agronomic properties. Lysine 1s derived from

aspartate, the metabolism of which is interconnected with pathways mvolving
threonine, methionine and isoleucine. Lysine itself serves as an end product to
modify and regulate enzymes in the pathway for i1ts own production. Key enzymes
ivolved in lysine metabolism are aspartate kinase (AK) and dihydrodipicolinic acid
synthase (DHDPS), while lysine-ketoglutarate reductase (LKR, a bifunctional enzyme
also known as saccharopine dehydrogenase, SDH) appears to play a key role in lysine
catabolism. AK and DHDPS are feedback regulated by lysine; as lysine levels

increase, the amino acid down-regulates the activity of these enzymes.

Thus, m order to increase levels of lysine, it would be beneficial to have a

feedback insensitive version of AK or DHDPS. Lysine-insensitive variants of a
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bacterial AK gene have been described as well as several vanants from plants (see

Falco et al., U.S. Patent No. 5.773,691). Lysine-
insensitive forms of AK have been i1dentified from barley, com, and tobacco. A
bacterial DHDPS gene, 1solated from E. coli, has been shown to be at least 20-fold

less sensitive to increases 1n lysine levels (Glassman, ef al, U.S. Patent No.

5,258.300; Galili, et al., U.S. Patent No. 5,367,110).

Falco, et al. (U.S Patent No. 5,773,691 and 6,459,019, U.S. Patent Application

Publication Nos. U.S. 2003/0056242), and Dizigan et al. (U.S. Patent Application
Publication No. 2005/0132437), describe the isolation and use of

lysine feedback-insensitive aspartate

kinase (AK, the gene known as /ysC) from E. coli, DHDPS from E. coli, and DHDPS
from Corynebacterium (known herein as CORgl.dapA) to generate transgenic

rapeseed, tobacco, corn and soybean plants with increased levels of lysine in seed.

The present invention provides DNA constructs that when expressed n plant

cells provides an increased nutritional component of a plant product, in particular,

increased lysine 1n a plant seed.

SUMMARY OF THE INVENTION

Provided herein are DNA constructs that when operative in the genome of a
transgenic plant confer increased levels of lysine in the seed of the plant. The
harvested high lysine seeds are useful for the production of food and feed products,
such as comn flour (also known as “masa harina”), corn meal and meal products that

require little or no lysine supplementation. Preferably, the transgenic plant and seed
is a crop plant and seed, preferably a monocot plant and seed, and most preferably, a

corn plant and seed.

The invention provides transgenic plants and seed that compnise the DNA

constructs and have increased levels of lysine in the seed. The DNA constructs of the
present invention comprise a molecule that when expressed n corn cells inhibits the
production of a lysine degradation polypeptide and a molecule that when expressed 1n
corn cells provides for production of a lysine insensitive dihydrodipicolinic acid

svnthase polypeptide or a lysine insensitive aspartate kinase.

The harvested grain, even when nonviable and therefore unusable as seed,

nevertheless offers the higher levels of lysine and higher protein quality enabled by
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this invention. Such harvested grain is capable of being processed in the same
manner as conventional grain. Accordingly, in another embodiment, the invention
provides a high lysine animal feed product prepared by growing a transgenic plant
of the invention and harvesting the high lysine containing seed, or by processing a
seed of the invention or portion thereof. In yet another embodiment, the invention
provides a meal or meal product prepared by growing a transgenic plant of the
invention and harvesting the high lysine containing seed, or by processing a seed

of the invention or portion thereof.

In one embodiment of the invention, a DNA construct comprises novel
polynucleotide compositions that are enhanced for expression in plant cells,
especially com cells. One of the novel polynucleotides (SEQ ID NO:5) that
encodes a dihydrodipicolinic acid synthase polypeptide, and another novel
polynucleotide (SEQ ID NO:9) that is homologous and complementary to a
portion of a lysine ketoglutarate reductase polynucleotide coding sequence. The
DNA construct when expressed in a plant cell, especially a corn plant cell and
preferably a corn seed cell causes an increase in lysine in the corn seed. The DNA
construct comprises polynucleotides for example, a sequence such as SEQ 1D
NO:1 that encodes a lysine insensitive dihydrodipicolinic acid synthase, and a
sequence such as SEQ ID NO:2 that encodes a lysine ketoglutarate reductase that
is used as a template for designing inhibitory RNAs, or a sequence such as SEQ
ID NO:3 that encodes an aspartate kinase. The DNA construct preferably
comprises a promoter molecule that is enhanced for directing the transcription of
an operably linked polynucleotide in a corn seed. Additionally, a novel DNA
molecule (SEQ ID NO:10) that comprises a gene suppression molecule with a
lysine ketoglutarate reductase gene target in which the gene suppression molecule

1s embedded within an intron of the DNA construct.

In accordance with one embodiment of the present invention, there is
provided a DNA construct comprising a heterologous plant expression cassette
encoding a dihydrodipicolinic acid synthase that 1s substantially resistant to
feedback inhibition by free L-lysine and has SEQ ID NO:1, a DNA molecule that
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i1s transcribed to produce an RNA molecule that suppresses a lysine ketoglutarate
reductase/saccharopine dehydrogenase and is identical or complementary to SEQ
ID NO:2 or comprises a portion thereof sufficient for suppressing the
dehydrogenase, and an additional expression cassefte comprising a DNA
molecule encoding an aspartate kinase that is substantially resistant to feedback
inhibition by free L-lysine and has SEQ ID NO:3, wherein each of the DNA
molecules is operably linked to a seed enhanced promoter, wherein the promoter
promotes the transcription of the DNA molecules substantially in the endosperm

of a seed.

Yet another embodiment of the present invention provides a corn cell
comprising one or more exogenous plant expression cassettes comprising a DNA
molecule encoding a dihydrodipicolinic acid synthase that is substantially
resistant to feedback inhibition by free L-lysine and has SEQ ID NO:1, a DNA
molecule that is transcribed to produce an RNA molecule that suppresses a lysine
ketoglutarate reductase/saccharopine dehydrogenase and is identical or
complementary to SEQ ID NO:2 or comprises a portion thereof sufficient for
suppressing the dehydrogenase, and a DNA molecule encoding a lysine feedback
resistant aspartate kinase and has SEQ ID NO:3, the DNA molecules being
operably linked to one or more promoter molecules that cause transcription of one
or more RNA molecules substantially in the endosperm of a corn seed, wherein

expression of the cassette results in lysine levels in the corn seed of at least 4,000

ppnl.

Yet another embodiment of the present invention provides a method for
making grain comprising the steps of: transforming a cell of a plant with the plant
expression cassette pMONS80378; screening the cell for polynucleotides from the
plant expression cassette pMONB0378; regenerating the cell into a fertile plant
having the expression cassettes tn its genome; and harvesting seed from the plant,

whereby the seed has a lysine content higher than seed of the same variety not

transformed with the construct.

43
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In another embodiment, the invention provides a method of making a high
lysine corn seed by crossing inbred parents to provide a hybrid seed, wherein each
parent contains one or more plant expression cassettes of the DNA constructs of
the present invention in its genome and the expression cassettes are different from
each other in each parent and neither parent contains all three, and harvesting the

seed that has a lysine content higher than either of the parents.

In another embodiment, the invention provides a method of making a lngh
lysine human food or animal feed product comprising the step of processing a

seed or

4b
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a portion thereof from a transgenic plant having a genome comprising an exogenous

- DNA construct or collection of constructs according to the present invention.

Additionally, the invention provides a method of making a high lysine human food or
amimal feed product comprising the steps of 'growing a transgenic plant to produce
seed, the seed having a genome comprising an exogenous DNA construct of the

present ihvention, and harvesting the seed.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1. Plasmid map illustrating pMON66649
FIG. 2. Plasmid map illustrating pMONS0003
FI1G. 3. Plasmid map illustrating pMON79465
FIG. 4. Plasmid map 1illustrating pMON93092
FIG. 5. Plasmid map illustrating pMON93093
FI1G. 6. Plasmid map illustrating pMONS80378

FIG. 7. ©Free lysine content of R2 kernels from events comprising

pMON93092.

FIG. 8. Free lysine content of R2 kemels from events comprising

pMON93093.

DETAILED DESCRIPTION OF THE INVENTION

A transgenic plant or seed that shows a desired trait, for example, increased
lysine of the present invention, comprises a particular exogenous DNA inserted 1nto
the genome of the transgenic plant that imparts the desired trait. The trait is expressed
as a measurable change from the naturally occurring trait in a control plant, for
example, a plant or seed of substantially the same genotype that lacks that particular
exogenous DNA. Preferably, the change i1s measured by comparing the expression of
the trait 1 a transgenic plant or seed having the particular exogenous DNA associated
with the desired trait to the expression of the same trait in a conirol plant or seed.
“High lysine maize” 1s therefore a corn (maize) planf with increased lysine 1 any
plant part, preferably a seed, which may also be referred to herein as a kernel or in the
aggregate as grain. The present imnvention provides DNA constructs and seeds that

contain at least one of the plant expression cassettes of the DNA constructs of the
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present inventions in its genome, wherein the seed has a higher lysine content than

seeds not containing the construct.

Increased lysine may be exhibited by the plant by accumulation of increased
amounts of the amino acid 1n the kernel and may be measured by any suitable method,
such as mass spectrophotometry or high performance liquid chromatography of
appropriately extracted tissue. A transgenic corn kernel of the present invention with
increased lysine 1s especially useful as a feed or food product, a meal or meal product,
a source of punified corn protein products, or a source of other products processed

from the kernel that contain a higher lysine content than nontransgenic kernels of a

similar variety.

Com grain with a level of approximately 4000 parts per million (ppm) of total
lysine has a sufficient quantity of lysine such that the livestock feed or food product
made from the grain does not require supplementation from additional lysine sources.
The high lysine corn of the present invention achieves this level of lysine production
and accumulation in a com kernel. The present invention 1s a substantial
improvement over previously described methods and composttions for increasing

lysine in a corn kernel (for example, U.S. Patent No. 5,773,691).

Efforts to increase amino acid levels in transgenic plants include expressing
recombinant DNA molecules that encode proteins in an amino acid synthesis pathway

at higher levels than native genes. One method for producing enhanced levels of

lysine in corn is by expression of a bacterial dihydrodipicolinic acid synthase
(DHDPS) as disclosed in U.S. Patents 5,288,300, 6,459,019, and U.S. Patent

Application Publication 2003/0056242 Al and suppression of endogenous LKR (U.S.
Patent Application Publication 2005/0193444).

Any of the plants or parts thereof of the present invention may be processed to
produce a feed, flour, meal, protein or oil preparation. A particularly preferred plant
part for this purpose is the seed. In one preferred embodiment the feed, flour, meal,
protein or oil preparation is designed for use in feeding farm animals (livestock).
Methods to produce feed, flour, meal, protein and oil preparations are known in the
art, for example, U.S. Patents 4,957,748, 5,100,679, 5,219,596; 5,936,069; 6,005,076;
6,146,669; and 6,156.227. In a
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préferred embodiment, the protein preparation is a high protein preparation, such as a
concentrate or isolate. The high protein preparation preferably has a protein content
of greater than 5% w/v, more preferably 10% w/v, and even more preferably 15%

wW/V.

In a further embodiment, meal of the present mvention may be :blended*with
other meals. In a preferred embodiment, the meal produced from plants or seeds of
the present mvention or generated by a method of the present inventioh constitutes
greater than about 0.5%, about 1%, about 5%, about 10%, about 25%, about 50%,
about 75% or about 90% by volume or weight of the meal component of any product.

In another embodiment, the meal preparation may be blended and can constitute

greater than about 10%, about 25%, about 35%, about 50% or about 75% of the blend

by volume. The present invention also provides a method of enhancing the growth of

a human or lower animal compriéing feeding the human or lower amimal a diet
wherein at least a portion of the diet is a high lysine corn comprising one or more of
the plant expression cassettes of the present invention. As used herein, the term
“lower animal” 1s intended to encompass the feeding of avians and fish as well as

mammals. | : x

Recombinant DNA Constructs

The present invention provides DNA constructs that comprise operably linked
polynucleotides that are effective for imparting increased lysine in corn kernels. The
term “DNA construct” mcludes, but 1s not Iimited to the polynucleotide molecules
that direct the transcription of linked polynucleotide molecules in a plant cell. At
least a portion of a DNA construct of the present invention 1s used i a method to
transform a plant :cell, that 1s, the portion that 1s stably inserted into the genome of the
cell. The portion provides for the high lysine phenotype in the corn kernels or meal
produced from those kernels and is an aspect of the present invention. A deposit by
Monsanto Technology LLC of DNA constructs pMON93092 and pMONO09093 has
been made under the Budapest Treaty with the American Type Culture Collection
(ATCC) as accessions numbered PTA-6733 and PTA-6734, respectively. These
deposits form a part of the disclosure of this invention, and while the sequences
provided herein in the written disclosure are believed to be accurate, the

polynucleotide sequence of the DNA molecules that comprise regulatory elements,



CA 02624255 2008-03-28

WO 2007/041419 PCT/US2006/038289

10

15

20

25

30

coding molecules and noncoding molecules can be determined from the deposit if

necessary and used to correct those sequences disclosed herein.

The polynucleotide molecules are linked in recombinant DNA constructs
using methods known to those of ordinary skill in the art. An example of a useful
technology for building DNA constructs 1s the GATEWAY™ cloning technology
(Invitrogen Life Technologies, Carlsbad, California) that uses the site-specific
recombinase LR cloning reaction of the Integrase/att system from bacteriophage
lambda for vector construction instead of restriction endonucleases and ligases. The
GATEWAY™ (Cloning Technology Instruction Manual supplied by Invitrogen also
provides concise directions for routine cloning of any desired polynucleotide info a
vector comprising operable plant expression elements. Additional methods are
disclosed in Molecular Cloning: A Laboratory Manual, 3 edition Volumes 1, 2, and
3. I.F. Sambrook, D.W. Russell, and N. Irwin, Cold Spring Harbor Laboratory Press,
2000 (referred to herein as Sambrook, et al.).

As used herein “exogenous DNA or i1solated DNA” refers to DNA molecule

that is not normally found in the genome of a host cell, or a DNA not normally found

1n the host genome 1 an identical context, or any two sequences adjacent to each

other that are not normally or naturally adjacent to each other. Exogenous DNA may
include a DNA or RNA polynucleotide molecule native to the host genome or may
comprise the native polynucleotide altered by the addition or deletion of one or more
polynucleotides or modifications to associated polynucleotide regulatory elements or
other polynucleotide sequences as discussed herein. In addition to regulatory
elements, an exogenous DNA may contain a coding sequence that encodes a protein
or polypeptide, or a noncoding sequence that produces a non-protein product, such as
an RNA molecule that affects the transcription or translation of another DNA
sequence. A DNA construct of the present invention comprising a coding sequence

and a noncoding sequence.

Exogenous DNA constructs used for transforming plant cells will comprise the
Coding sequence of mterest and usually other regulatory elements as discussed herein
such as, but not limited to promoters, introns, 5’ and 3’ untranslated regions, leader
sequences, localization and transit sequences and enhancers, the operable linkage of
these regulatory elements to express an RNA 1n a plant cell being referred to herein as

a heterologous plant expression cassette. The DNA constructs that are listed in Table
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1 illustrate the linkage of regulatory elements in expression cassettes that express
coding sequences and non-coding sequences, and the average lysine levels measured
in transgenic maize seed comprising each construct. A promoter DNA molecule of an
exogenous DNA construct of the present invention 1s exemplitied by a seed-enhanced
or seed-specific promoter that include, for example those for use in a monocot crop
plant, such as, a maize .3 promoter (U.S. Patent 6,433,252 or homologs thereof,
and referred to as P-Zm.L.3 1n the present

mvention), a maize B32 promoter (SEQ ID NO:4 or homologs thereof, herein referred
to as P-Zm.B32), a maize gamma coixin promoter (U.S. Patent 6,635,806

or homologs thereof, herein referred to as P-Zm.Gex), or

anyone of which 1s used in a DNA construct of the present invention or other known
promoters that provide for enhanced transcription 1n a corn seed is herein referred to
as P-Zm.seed. Examples of additional promoters that function 1n seeds, inciude but
are not limited to promoters that drive expression of seed storage proteins, such as,
rice glutelin and the prolamin proteins of 7riticeae species and promoters that control
the expression of enzymes involved in starch synthesis in the seed, such as, promoters
that drive expression of monocot ADP glucose starch glycosyl transferase. The
selected seed promoter 1s operably linked to a DHDPS coding region (for example,
SEQ ID NO:1, heremn referred to as CORgl.dapA) or an aspartate kinase coding
region (for example, SEQ ID NO:3). Additional seed-enhanced and seed-specific
promoters are known in the art and can be selected and tested in operable linkage with
the DNA coding molecules and non-coding molecules of the present invention by
methods described in the present invention or similar methods known to those skilled
in the art of plant molecular biology. A seed enhanced promoter primarily expresses
in all of or 1n a part of a seed, although 1t may secondarily express in other plant cells,
tissues or organs of the plant. A part of a seed includes, but 1s not Iimited to, an
embryo, an endosperm, a seed coat, a coleoptile, a cotyledon, a hypocotyl, an
aleurone layer, a pericarp, or a scutellum. Additional regulatory regions provided in
the DNA constructs can include, but are not limited to, an intron (I-), a transit signal
(TS-), a 5" untranslated leader (L-), a 3" polyadenylation region (T-), or a non-coding
antisense region. A selectable or scorable marker expression cassette can also be
included to assist in selection or identification of transformed plant cells and tissues.
The construct of the present invention optionally contains an expression cassette that

provides glyphosate tolerance to the corn plant and can be used as a selectable

9
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marker. As used herein “transgene” means an exogenous DNA that 1s incorporated
into a host genome or is capable of autonomous replication in a host cell and is
capable of causing the expression of one or more cellular products. Exemplary
:transgenes will provide the host cell, plants regenerated therefrom or pafts of those
plants, with a novel phenotype relative to the corresponding non-transformed cell or
plant, for example, increased lysine in a corn kernel. Transgenes may be directly
introduced into a plant by genetic transformation, and are preferably stable and
heritable so that they may be inherited from a plant of any previous geﬁeration that

was transformed with the exogenous DNA.

As used herein, “gene” or “coding sequence” means a DNA molecule from
which an RNA molecule is transcribed. The DNA molecule provides a coding region
(CR-) for an mRNA that encodes a protein product, or an RNA that functions as a
gene suppression molecule, or a structural RNA molecule such as a tRNA, rRNA,
snRNA, or other RNA. As used herein "expression" refers to the combination of
intracellular processes, including: transcription and translation, by which a DNA
molécule, such as a gene, produces a polypeptide or an RNA molecule.  An
exemplary coding sequence is a Corynebacterium dihydrodipicolinate synthase gene
(DHDPS; Bonnassie ef al., 1990; Richaud et al., 1986) useful for the production of
corn kernels with increased lysine. A corn plant, transformed to contain and express a
Corynebacterium DHDPS gene, or any other gene resulting in increased lysine m
kernel tissue, is also referred to as a high lysine corn plant. The Corynebacterium
DHDPS co ding region of the present invention is additionally modified to provide
enhanced expression in a plant cell, preferably a monocot cell and most preferably a :
corn cell. The modified Corynebacterium DHDPS coding region used in the present

invention is disclosed as SEQ ID NO:5, herein referred to as CORgl.dapA.nno.

As used herein “promoter” means a region of DNA sequence that initiates
transcription of RNA from DNA. Promoters are located upstream of DNA to be
transcribed and have regions that act as binding sites for RNA polymerase and have
regions that work with other factors to promote RNA transcription. More specifically,
basal promoters in plants comprise canonical regions associated with the initiation of
transcription, such as CAAT and TATA boxes. In the present invention, preferred
promoter molecules and 5° UTR molecules allow for transcription in seed cells or

tissues at a rate or level greater than in other cells and tissues of the plant. Promoter
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molecules can be selected from those know in the art for example, promoters are

described in U.S. Patent 6,437,217 (maize RS&81 promoter), U.S. Patent 5,641,876
(rice actin promoter), U.S. Patent 6,426,446 (maize RS324 promoter), U.S. Patent

6,429,362 (maize PR-1 promoter), U.S. Patent 6,232,526 (maize A3 promoter), U.S.

Patent 6,177,611 (constitutive maize promoters), U.S. Patents 5,322,938, 5,352,605,
5,359,142 and 5,530,196 (35S promoter), U.S. Patent 6,433,252 (maize L3 oleosin
promoter, P-Zm.L3), U.S. Patent 6,429,357 (rice actin 2 promoter as well as a rice
actin 2 intron), U.S. Patent 5,837,848 (root specific promoter), U.S. Patent 6,294,714
(light inducible promoters), U.S. Patent 6,140,078 (salt inducible promoters), U.S.
Patent 6,252,138 (pathogen inducible promoters), U.S. Patent 6,175,060 (phosphorus

deficiency inducible promoters), U.S. Patent 6,635,806 (gamma-coixin promoter, P-

C1.Gex), and U.S. Patent 7,151,204 (maize chloroplast aldolase promoter).
Additionally, chimeric promoter molecules can be constructed that have cis elements
derived from heterologous sources that provide further enhancement of promoter
expression profile useful in the present invention. For example, plant virus promoter

elements have been shown to provide enhancements to plant promoter elements when

o

operably linked (U.S. Patent 6.660.911).

DNA constructs for use in transforming plants typically also comprise other
regulatory elements in addition to a promoter, such as but not hmited to 3’
untranslated regions (containing polyadenylation sites), transit or signal peptides for

targeting a protein to a plant cellular organelle, particularly to a chloroplast, leucoplast

or other plastid organelle.

One skilled in the art would know various introns, enhancers, transit peptides,
targeting signal sequences, 5 and 3° untranslated regions (UTRs) useful in the design
of effective plant expression vectors, such as those disclosed, for example, in U.S.

Patent Application Publication 2003/01403641.

A 5’ UTR that functions as a translation leader sequence is a DNA genetic
element located between the promoter sequence of a gene and the coding sequence.
The translation leader sequence is present in the fully processed mRNA upstream of

the translation start sequence. The translation leader sequence may affect processing

of the primary transcript to mRNA, or it may affect mRNA stability or translation

efficiency. Examples of translation leader sequences include maize and petunia heat
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shock protein leaders (U.S. Patent No. 5,362,;865), plant Virus coat protein leaders,
plant Rubisco leaders, among others (Turner and Foster, -1 995). Leader molecules
associated in the native context with promoter molecules described in the present
invention include for example, the maize B32 leader (L-Zm.B32), the rice actin 1

leader (IL.-Os.Actl), the gamma coixin leader (L-CL.Gex)..

The 3’ untranslated region (3° UTR) or 3' polyadenylation region means a
DNA molecule linked to and located downstream of a structural polynucleotide
molecule and includes polynucleotides that provide a polyadenylation signal and other
regulatory signals capable of affecting transcription, mRNA processing or gene
expression. The polyadenylation signal functions in plants to cause the addition of
polyadenylate nucleotides to the 3' end of the mRNA precursor. The polyadenylation
sequence can be derived from the natural gene, from a variety of plant genes, or from
Agrobacterium T-DNA genes. Examples of 3’ UTR regions are the nopaline synthase
3' region (nos 3'; Fraley et al., 1983), wheat hsp17/(T-Ta.Hspl7), and T-Ps.RbcS2:E9
(pea rubisco small subumit), those disclosed in WO0011200A2 and other 3° UTRs
known 1n the art can be tested and used 1 combination with a DHDPS or AK coding

~ region, herein referred to as T-3’UTR.

Transit signals generally refer to peptide molecules that when linked to a
protein of interest directs the protein to a particular tissue, cell, subcellular location, or
cell organelle. Examples include, but are not limited to, chloroplast transit peptides,
nuclear targeting signals, and vacuolar signals. The plastid transit peptide is of
particular utility in the present mvention to direct expression of the DHDPS enzyme
to the plastids 1n a seed. A chloroplast transit peptide (CTP); can be engineered to be
fused to the N terminus of proteins that are to be targeted mto the plant chloroplast.
Many chloroplast-localized proteins are expressed from nuclear genes as precursors
and are targeted to the chloroplast by a CTP that 1s removed during the import steps.
Examples of chloroplast proteiris include the small subunit (RbcS2) of ribulose-1,5,-
bisphosphate carboxylase, ferredoxin, ferredoxin oxidoreductase, the light-harvesting
complex protein I and protein II, and thioredoxin F. It has been demonstrated in vivo
and 1n vitro that non-chloroplast proteins may be targeted to the chloroplast by use of
protein fusions with a CTP and that a CTP is sufficient to target a protein to the
chloroplast. Incorporation of a suitable chloroplast transit peptide, such as, the

Arabidopsis thaliana EPSPS CTP (Klee et al., 1987), and the Petunia hybrida EPSPS
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CTP (della-Cioppa et al., 1986) has been shown to target heterologous protein to
chloroplasts in transgenic plants. The Zea mays DapA CTP (SEQ ID NO:6, herein
referred to as TS-Zm.DapA) of the present invention has utility to provide direction of
the linked DHDPS polypeptide into the plastids of the seed. Those skilled in the art
will recognize that various chimeric constructs can be made that utilize the
functionality of a particular CTP to import a heterologous DHDPS polypeptide nto

the plant cell plastid. For a description of the use of a chloroplast transit peptide see

U.S. Patent 5,188,642.

Table 1 illustrates combinations of promoters and other regulatory elements
operably linked to LKR gene suppression molecules and DHDPS coding molecules
and their resulting effect on lysine levels in corn plants and kernels. One skilled 1n
the art would know that exogenous DNA molecules having similar function can be

substituted with those illustrated in Table 1 and tested in the methods described herein

or related methods that are useful for the evaluation of lysine levels in plant tissues,

kernels or processed products.

DNA constructs of the present invention may optionally contain a selectable
or scorable marker molecule. Of particular importance are selectable marker
molecules that also provide a valuable agronomic trait, for example, herbicide
tolerance. Herbicides for which transgenic plant tolerance has been demonstrated and
the method of the present invention can be applied, include but are not limited to:
glyphosate, glufosinate, sulfonylureas, imidazolinones, bromoxynil, dalapon,

cyclohexanedione, protoporphyrinogen oxidase inhibitors, and 1soxaflutole

herbicides.  Polynucleotide molecules encoding proteins involved in herbicide
tolerance are known in the art, and include, but are not limited to a polynucleotide
molecule encoding 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS, described
in U.S. Patent Nos. 5,627,061; 5,633,435; 6,040,497, Padgette et al., 1996; and

Penaloza-Vazquez et al., 1995; and aro4 (U.S. Patent No. 5,094,945) for glyphosate
tolerance; bromoxynil nitrilase (Bxn) for Bromoxynil tolerance (U.S. Patent No.
4,810,648); phytoene desaturase (crt/, Misawa et al., 1993 and 1994); for tolerance to
norflurazon, acetohydroxyacid synthase (AHAS, aka ALS, Sathasiivan et al., 1990);
and the bar gene for tolerance to glufosinate and bialaphos (DeBlock ef al., 1987).

Herbicide tolerance is a desirable phenotype for crop plants. DNA constructs

of the present invention preferably contain an expression cassette that provides
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glyphosate tolerance in the transformed corn plant. The expression cassette

additionally allows the selection of transformed corn cells on a media containing
glyphosate. The expression cassette preferably contains a promoter that directs the
transcription of a gene coding for a glyphosate resistant EPSPS in all of the cells of
the transformed plant. In particular, the glyphosate tolerant expression cassette of the
present invention comprises the rice actin 1 promoter and intron (P-Os.Actl, I-
Os.Actl, U.S. Patent 5,641,876) operably linked to

a chloroplast transit peptide-encoding polynucleotide and a polynucleotide encoding a
glyphosate resistant EPSPS 1solated from Agrobacterium strain CP4 (herein referred
to as aroA:CP4 EPSPS, U.S. Patent 5,633,435).

N-phosphonomethylglycine, also known as glyphosate, 1s a well known herbicide that
has activity on a broad spectrum of plant species. Glyphosate is the active ingredient
of Roundup® herbicide (Monsanto Co., St. Louis, MO), a safe herbicide having a
deswrably short half life mn the environment. When applied to a plant surface,
glyphosate moves systemically through the plant. Glyphosate 1s toxic to plants by
blocking the shikimic acid pathway which provides a precursor for the synthesis of
aromatic amino acids.  Specifically, glyphosate affects the conversion of
phosphoenolpyruvate and 3-phosphoshikimic acid to 5-enolpyruvylshikimate 3-
phosphate by inhibiting the enzyme 5-enolpyruvylshikimate 3-phosphate synthase
(heremnafter referred to as EPSP synthase or EPSPS). For purposes of the present
invention, the term “glyphosate” should be considered to include any herbicidally
effective form of N-phosphonomethylglycine (including any salt thereof) and other

forms which result 1in the production of the glyphosate anion in planta. Glyphosate as
N-phosphonomethylglycine and 1ts salts are used as components of synthetic culture
media for the selection of bacterial and plant tolerance to glyphosate or used to
determine enzyme resistance in in vitro biochemical assays. Examples of commercial

formulations of glyphosate include, without restriction, those sold by Monsanto
Company under the trademarks ROUNDUP®, ROUNDUP® ULTRA, ROUNDUP®

ULTRAMAX, ROUNDUP® CT, ROUNDUP® EXTRA, ROUNDUP® BIACTIVE,
ROUNDUP® BIOFORCE, RODEO®, POLARIS®, SPARK® and ACCORD®
herbicides, all of which contain glyphosate as its 1sopropylammonium salt; those sold
by Monsanto Company as ROUNDUP® DRY and RIVAL® herbicides, which

contain glyphosate as its ammomnium salt; that sold by Monsanto Company as
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ROUNDUP® GEOFORCE, which contains glyphosate as 1ts sodium salt; that sold by
Monsanto Company as ROUNDUP® WEATHERMAX, which contains glyphosate
as 1ts potassium salt; and that sold by Zeneca Limited as TOUCHDOWN® herbicide,
which contamns glyphosate as its trimethylsulfonium salt. Glyphosate herbicide
formulations can be safely used over the top of glyphosate tolerant crops to control
weeds 1n a field at rates as low as & ounces/acre and up to 64 ounces/acre.
Experimentally, glyphosate has been applied to glyphosate tolerant crops at rates as
low as 4 ounces/acre and up to or exceeding 128 ounces/acre with no substantial
damage to the crop plants. The selection of application rates for a glyphosate
formulation that constitute a biologically effective dose is within the skill of the
ordinary agricultural technician. To illustrate that production of transgenic plants
with herbicide resistance is a capability of those of ordinary skill in the art, reference
is made to U.S. Patent Application Publications 2003/0106096A1 and
2002/0112260A1 and U.S. Patents 5,034,322; 6,107,549 and 6,370.754.

The present invention provides a corn plant with increased lysine and is optionally

glyphosate tolerant.

During transformation, the exogenous DNA may be introduced randomly, i.e.

at a non-specific location, in the plant genome. In some cases, it may be useful to

target an exogenous DNA insertion in order to achieve site-specific integration, for

example, to replace an existing gene sequence or region in the genome. In some other

cases 1t may be useful to target an exogenous DNA 1ntegration into the genome at a

predetermined site from which it is known that gene expression occurs. Several site-

specific recombination systems exist that are known to function in plants include

Cre/lox as disclosed in U.S. Patent 4,959,317 and FLP/FRT as disclosed 1n U.S.
Patent 5,527.695.

Useful selectable marker genes include those conferring resistance to
antibiotics such as ampicillin, kanamycin (nptll), hygromycin B (aph [V) and

gentamycin (aac3 and aacC4), or selectable marker genes as described m U.S. Patents

5.550,318: 5.633,435; 5,780,708 and 6,118,047. Screenable markers that provide an

“ability to visually identify transformants can also be employed, for example. a gene

expressing a colored or fluorescent protein such as a luciferase or green fluorescent

protein (GFP) or a gene

15



10

15

20

235

30

CA 02624255 2008-03-28

WO 2007/041419 PCT/US2006/038289

expressing a beta-glucuronidase or uidA gene (GUS) for which various chromogenic

£

substrates are known.

Gene suppression
DNA constructs of the present invention provide expression of an anti-sense

RNA gene suppression molecule specific to the endogenous LKR gene (lysine-
ketoglutarate reductase (LKR, a bifunctional enzyme in plants, also known as
saccharopine dehydrogenase, SDH) 1 a transgenic plant cell. Such a DNA construct
comprises a promoter active in the tissue targeted for enzyme suppression, and a
transcribable DNA element having a sequence that is complementary to the
polyllucleotide sequence of an LKR gene targeted for suppression. The targeted gene
element copied for use in transcribable DNA 1in the gene suppression construct can be
a promoter element, an intron element, an exon element, a 5° UTR element, or a
3’UTR élement. Although the mimimum size of DNA copied from sequence of a
gene targeted for suppression is believed to be about 21 or 23 nucleotides; larger
nucleotide segments are preferred, for example up to the full length of a targeted gene.
The DNA element can comprise multiple parts of a gene, for example nucleotides that
are complementary to contiguous or separated gene elements of UTR, exon and
intron. Such constructs may also comprise other regulatory elements, DNA encoding
transit peptides, signal peptides, selective markers and screenable markers as desired.
To form an anti-sense-oriented RNA loop the complementary DNA element i1s
conveniently not more than about one-half the length of the anti-sense-oriented DNA
element, often not more than one-third the length of said anti- sense-oriented DNA
element, for example not more than one-quarter the length of said antiésense-oriented
DNA element. The overall lengths of the combined DNA elements can vary. For
instance, the anti-sense-oriented DNA element can consist of from 500 to 5000
nucleotides and the complementary DNA element can consist of from 50 to 500

nucleotides.

The anti-sense transcripfion unit can be designed to suppress multiple genes or

~gene family members where the DNA is arranged with two or more anti-sense-

oriented elements from different genes targeted for suppression followed by a
complementary sense-oriented element, for example complementary to at least a part

of the 5’most anti-sense element.
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Gene suppression includes any of the well-known methods for suppressing

transcription of a gene or the accumulation of the mRNA corresponding to that gene
thereby preventing translatidn of the transcript into protein. Posttranscriptional gene
suppression is mediated by transcription of integfated recombinant DNA to form
double-stranded RNA (dsRNA) having homology to a gene targeted for suppression.
This formation of dsSRNA most commonly results from transcription of an integrated
inverted repeat of the target gene, and 1s a common feature of gene suppression
methods known as anti-sense suppression, co-suppression and RNA interference
(RNAi). Transcriptional suppression can be mediated by a transcribed dsRNA having
homology to a promoter DNA sequence to effect what 1s called promoter frans

suppression.

More particularly, posttranscriptional gene sﬁppression by inserting a
recombinant DNA construct with anti-sense oriented DNA to regulate gene
expression in plant cells 1s disclosed in U.S. Patent 5,107,065 (Shewmaker, ef al.) and
U.S. Patent 5,759,829 (Shewmaker, et al.). Transgenic plants transformed using such
anti-sense oriented DNA constructs for gene suppression can comprise integrated
DNA arranged as an inverted repeat that results from imsertion of the DNA construct
into plants by Agrobacterium-mediated transformation, as disclosed by Redenbaugh
et al. (1992). Inverted repeat insertions can comprise a part or all of the T-DNA
construct, for example, an inverted repeat of a complete transcription unit or an
inverted repeat of a transcription terminator sequence. Screening for mserted DNA
comprising inverted repeat elements cén improve the efficiency of identifying
transformation events effective for gene silencing whether the transformation
construct is a simple anti-sense DNA construct which must be inserted in multiple
copies or a complex inverted repeat DNA construct (for example an RNA1 construct)
which can be inserted as a single copy. A DNA construct of the present invention can
contain an inverted repeat inserted within a regulatory element, for example, an
intron. The inverted repeat comprising a DNA molecule that 1s homologous and
complementary to an endogenous LKR gene of the host plant cell. In the present
invention, a DNA molecule (SEQ ID NO:9, dsSDH bifx, also referred to as LKR
dsRNA bfx) is homologous to a portion of the DNA coding for a Zea mays LKR/SDH

(SEQ ID NO:2), and is utilized to suppress expression of the native corn LKR/SDH

genes. The bfx annotation refers to a dsRINA molecule sequence used for gene
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suppression that was specifically selected by an analysis of the target molecule and
exclusion of related target sequences found in some other organisms. In some
constructs described herein, the LKR dsRﬁA bfx fragment is embedded in an intron
(I-Zm.DnaK embedded Zm.LKR dsRNA bfx, SEQ ID NO:10). Additional
polynucleotides homologous and complementary to the Zea mays LKR gene sequence

can be selected for use in the present mvention.

Suppression achieved by insertion mutations created by transposable elements
may also prevent gene function. For example, in many dicot plants, transformation
with the T-DNA of dgrobacterium may be réadily achieved and large numbers of
transformed plants can be rapidly obtained. Also, some species such as Zea mays
have lines with active transposable elements that can efficiently be used for the
generation of large numbers of insertion mutations, while some other species lack
such options. Mutant plants produced by Agrobaéterium or transposon mutagenesis
and having altered expression of a polypeptide of interest can be identified using the
polynucleotides of the present invention. For example, a large population of mutated
plants may be screened with polynucleotides encoding the polypeptide of mterest to
detect mutated plants having an insertion in the gene encoding the polypeptide of

interest.

Protein Molecules

Proteins of the present invention that represent whole proteins or at least a
sufficient portion of the entire protein to impart the relevant biological activity of the
protein, for example increased lysine content in a transgenic maize kermnel. The term
“protein” also includes molecules consisting of one or more polypeptide chains.
Thus, a protein useful in the present invention may constitute an entire gene product
or one or more functional portions of a natural protein that provides the agronomic

trait of this invention, i.e. increased lysine.

Homologs of the proteins of the present invention may be identified by
comparison of the amino acid sequence of the DHDPS (SEQ ID NO:7), or aspartate
kinase (SEQ ID NO:8) proteins to amino acid sequences of proteins from the same or
different plant or bacterial sources, for example manually or by using known

homology-based search algorithms such as those commonly known and referred to as

BLLAST, FASTA, and Smith-Waterman.
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A further aspect of the mvention provides coding sequences which encode
functional homolo gous proteins which differ in one or more amino acids from those
of the DHDPS or aspartate kinase profeins provided herein as the result of one or
more of the well-known conservative amino acid substitutions, for example valine 1s a
conservative substitute for alanine and threonine is a conservative substitute for
serine. When such a homologous proteinﬁ 1s expressed in a transgenic plant, the
homologous protein will affect the transgenic plant in a substantially equivalent

manner as the DHDPS or aspartate kinase proteins.

Conservative substitutions for an amino acid within the native protein
sequence can be selected from other members of a class to which the naturally
occurring amino acid belongs. Representative amino acids within these various
classes include, but are not limited to: (1) acidic (negatively charged) amino acids
such as aspartic acid and glutamic acid; (2) basic (positively charged) amino acids
such as afginine, histidine, and lysine; (3) neutral polar amino acids such as glycine,
serine, threonine, cysteine, tyrosine, asparagine, and glutamine; and (4) neutral
nonpolar (hydrophobic) amino acids such as alanimme, leucine, isoleucine, valine,
proline, phenylalanine, tryptophan, and methionine. Conserved substitutes for an
amino acid within a native amino acid séquence can be selected from other members
of the group to which the naturally occurring amino acid belongs. For example, a
group of amino acids having aliphatic side chains 1s glycine, alanine, valine, leucine,
and 1soleucine; a group of amino acids having aliphatic-hydroxyl si.de chains 1s serine
and threonine; a group of amino acids having amide-containing side chains is
asparagine and glutamine; a group of amino ac:ids having aromatic side chains is
phenylalaﬁine, tyrosine, and tryptophan; a group of amino acids having basic side
chains 1s lysine, arginine, and histidine; and a group of amino acids having sulfur-
containing side chains 1s cysteine and methionine. Naturally conservative amino
acids substitution groups are: valine-leucine, valine-isoleucine, phenylalanine-
tyrosine, lysine-arginine, alanine-valine, aspartic acid-glutamic acid, and asparagine-

glytamine.

A further aspect of the mvention comprises proteins which differ in one or
more amino acids from those of a described DHDPS or aspartate kinase proteins
sequences as the result of deletion or insertion of one or more amino acids in a native

sequence. When such a homologous protein is expressed in a transgenic plant, the
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homologous protein will affect the transgenic plant in a substantially equivalent

manner, for example, result in increased lysine content in the maize kernel.

Proteins of the present invention that are variants of the proteins provided

herein will generally demonstrate significant identity with the proteins provided
herein, such as at least 50% or more, for example, at least 60% or 70% identity with
DHDPS or aspartate kinase proteins. Useful proteins also include those with higher
percentage 1dentity with the amino acids 1n a protein segment of DHDPS or aspartate

kinase proteins, for example, 80%, 90%, 95%, 98% or up to 99% identity.

Transformation Methods and Plants
As used herein, the term “maize” means Zea mays, also known as corn, and

includes all plant varieties that can be bred with maize, including wild maize species.

Methods and compositions for transforming plants by mtroducing an

exogenous DNA into a plant genome in the practice of this mvention can include any
of the well-known and demonstrated methods. Preferred methods of plant
transformation are microprojectile bombardment as 1illustrated mn U.S. Patents
5,015,580; 5,550,318; 5,538,880; 6,160,208, 6,399,861 and 6,403,865 and
Agrobacterium-mediated transformation as illustrated i U.S. Patents 5,635,055;

5.824,877: 5,591,616; 5,981,840 and 6,384,301 and U.S. Patent Publication
20030196219. Microparticle-mediated transformation refers to the delivery of DNA

coated onto microparticles that are propelled into target tissues by several methods.
Agrobacterium-mediated transformation is achieved through the use of a genetically
engineered soil bacterium belonging to the genus Agrobacterium. Several
Agrobacterium species mediate the transfer of a specific DNA plasmid known as “T-
DNA”, which can be genetically engineered to carry any desired piece of DNA into

many plant species.

As used herein a “transgenic” organism is one whose genome COmprises
exogenous DNA or isolated DNA. The transgenic orgamism may be a plant, animal,
insect, fungus, bacterium, or virus. As used herein “transgenic plant” means a stably
transformed plant or a progeny plant of any subsequent generation descended
therefrom, wherein the DNA of the plant or progeny thereof contams exogenous

DNA. The transgenic plant may additionally contain sequences that are native to the
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plant being transformed, but wherein the exogenous DNA has been altered in order to

alter the level or pattern of expression of the gene.

As used herein, a “stably” transformed plant 1s a plant in which the exogenous
DNA is heritable. The exogenous DNA may be heritable as a fragment of DNA
maintained in the plant cell and not inserted into the host genome. Preferably, the
stably transformed plant comprises the exogenous DNA inserted into the
chromosomal DNA 1in the nucleus, mitochondria, or chloroplast, most preferably in

the nuclear chromosomal DNA.

As used herein an “R, transgenic plant” is a plant that has been directly
transformed with an exogenous DNA or: has been regenerated from a cell, callus or
cell cluster that has been transformed with an exogenous DNA. As used herein
“progeny” means any subsequent generation, Including the seeds and plants
therefrom, which 1s derived from a particular parental plant or set of parental plants;
the resultant progeny may be highly hybridized or substantially homozygous,
depending upon pedigree. Progeny of a transgenic plant of this present invention can
be, for example, self-pollinated, crossed to another transgenic plant, crossed to a non-

transgenic plant, and/or back crossed to an ancestor.

The seeds of the plants of this invention can be harvested from fertile
transgenic plants and can be used to grow progeny generations of plants of this
invention, including a hybrid plant line comprising in its genome an exogenous DNA
construct as listed in Table 1 of the present invention, which provides the benefit of

increased lysine in the maize kernel and optionally tolerance to glyphosate herbicide.

A transgenic “event” is produced by transformation of a plant cell with an
exogenous DNA construct, the regeneration of a plant resulting from the specific
msertion of the exogenous DNA into the genome of the plant, and selection of a
particular plant characterized by évent DNA. FEach event 1s therefore a unique
individual that 1s distinguishable from other events by the specific location of the
genomic 1nsertion of the exogenous DNA construct of the present invention.
Detection of the event DNA is performed by any number of DNA detection methods
known in the art and can be conducted on plants tissues, seeds, and processed
products of the event that contain DNA. Typically, a number of plant cells are

transformed, each potentially representing a different itegration event, producing a
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population of plants from which a particular plant is selected. Since the locus of
integration is generally stable across repeated cycles of plant reproduction, the term
“event” refers to the original R, transformant and progeny of the transformant that
include the exogenous DNA inserted into a particular and unique location 1 the
genome, i.e., event DNA. Progeny produced by a sexual outcross, a self-cross, or
repeated backcrossing, wherein at least one of the plants used in the breeding are

descendants at any generation from the original R, transformant, contain the same

event DNA.

In processing of the seeds and grain of this invention to produce feed and food
products, the normal plant tissue structures will be destroyed, the plant cells may be
ruptured and the native DNA and the exogenous plant expression cassettes may not
remain entirely intact, particularly when high temperatures, extraction solvents and
the hike are uséd. Nevertheless the unique processed products enabled by the practice
of this invention can readily be identified as comprising fragments of the native DNA
and fragments of the exogenous plant expression cassettes. By “fragments” is meant
isolatable or amplifiable DNA segments of at least 20 base pairs in length. Such
fragments. can be sequenced or restriction mapped to confirm sequence 1dentity to the

native DNA or the exogenous expression cassettes of the starting material.

EXAMPLES

The following examples are included to demonstrate examples of certain
preferred embodiments of the present invention. It should be appreciated by those ot
skill 1n the art that the techniques disclosed 1n the examples thét follow represent
approaches the inventors have found function well in the practice of the present
invention, and thus can be considered to constitute examples of preferred modes for
its practice. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific embodiments
that are disclosed and still obtain a like or stmilar result without departing from the

spirit and scope of the invention.

Example 1
DNA constructs and plant transformation

DNA constructs of the present mvention comprise regulatory molecules

operably linked to the DNA of interest. In particular, a DNA construct comprises a
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promoter, an intron, a 5 leader, a coding or noncoding molecule and a 3" untranslated

region. The DNA constructs of the present invention were prepared using various

molecular methods and tools, for example, those described in Sambrook et al., and

variations of these methods that are known by those skilled in the art of DNA

manipulation can be conducted to produce substantially similar constructs. Methods

such as, PCR amplification, cloning and subcloning methods were used to operably

link promoters, leaders, introns, transit peptides, coding molecules, noncoding
molecules, and 3’ untranslated regions as listed in Table 1 in operable configurations

and further illustrated in Figures 1-6. The DNA constructs were cloned mnto one or

more plasmid backbones appropriate for use 1 Agrobacterium-mediated
transformation of maize cells, although other plasmid backbones can be selected, for
example, high copy number plasmids to isolate DNA fragments for particle gun
mediated transformation, or plasmids that are compatible with other bacterial hosts.
Thirty-five constructs listed in Table 1 were made to test combinations of expression
strategies for expression of the lysine feedback resistant DHDPS polypeptide (SEQ
ID NO:7) and repression of lysine catabolism by gene suppression of the maize
endogenous LKR/SDH gene (SEQ ID NO:2) or expression of an aspartate kinase
(SEQ ID NO:8). For example, these strategies included: 1) expression of LKR-
dsRNA in the embryo; 2) expression of both the DHDPS polypeptide and the LKR-
dsRNA in the embryo; 3) expression of both the DHDPS polypeptide and the LKR-
dsRNA in the endosperm; 4) expression of the DHDPS polypeptide in the endosperm
and LKR-dsRNA in the embryo; 5) expression of the DHDPS polypeptide and
aspartate kinase and expression of the LKR-dsRINA.

Preparation of transgenic plants
Corn tissues (LH198 or LH244 inbred lines) that comprise immature embryos

or callus are isolated for transformation, and the DNA constructs of the present

invention are inserted into the corn genome using Agrobacterium mediated

transformation methods (for example, U.S. Patents 5,635,055; 5,824,877, 5,591,616;

5.981.840 and 6,384,301).  Agrobacterium transformed to comprise the DNA
constructs listed in Table 1 are inoculated onto the corn tissue. Following exposure to
the transformed bacteria. standard transformation protocols are used to propagate and

select for transformed corn cells using media supplemented with glyphosate herbicide.

Following selection

b
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of cells surviving exposure to the glyphosate herbicide, R, transgenic plants were
regenerated to maturity. Seeds are collected from the fertile transgenic plants
following either self-crossing or out-crossing to a second corn plant. Molecular
analyses are carried out to characterize the transgenic insertions. PCR, Southern
blotting, Tagman® assay or other methodologies known to those of skill in the art of
molecular biology are used to identify events comprising single, intact insertions of
the DNA constructs or zygosity analysis. The progeny seed i1s planted and the

progeny plants grown for lysine analysis of the tissues and progeny seed.

- Example 2
Determination of lysine content of the maize tissues and seed

Various methods are useful to determine the lysine content of plant tissues,
seeds and processed products, for example, in the present imvention liquid
chromatography-mass spectrophotometry/mass spectrophotometry (LC-MS-MS) was
used to analyze free lysine (parts per million, ppm) in the corn kernels of the various
events identified as transformed with a DNA construct as listed in Table 1 and the
results of this analysis are described i Table 1 and Table 2. Individual mature corn
kermel samples of each event were first weighed, ground to a fine, homogeneous
powder and extracted with an extraction solvent comprising methanol, water, and
formic acid. In situations where kernels were bulked, approximately 30 mg ot ground
powder was used. Both liquid chromatography and multip le-reacfion-monitoring
(MRM) mass spectrometric techniques were used to separate lysine mn the sample
extract. After the separation, lysine was quantified using 1ts mass spectrometry peak
area against its corresponding standard calibration curve which was prep arecji using a

deuterated ds-lysine mternal standard (IS).

In another method, lysine content of corn kernels was based upon evaluation
of the free amimo acids by high performance hquid chromatography (HPLC).
Individual kernels or pools of kernels of each event were ground to a fine,
homogenous powder as described, and in this instance, approximately 30 mg of
powder was used for analysis. Amino acids were extracted with 5% trichloroacetic
acid and amino acid detection was achieved through a pre-column primary amine
derivatization with o-phthalaldehyde (OPA). Using reverse-phase chromatography,
separation 1s achieved through the hydrophobicity of the R-groups located on each
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To help stabilize the fluorophor, a thiol is added such as

(SHCH;zCHz OH) oI

amino acid.

2-mercaptoethanol 3-mercaptopropionic acid

(SHCH,CH,COOH).

Free lysine levels (ppm) measured ‘in the tfansgenjc' events produced by
transformation with each of the constructs were averaged and summarized in Table 1.
The generation of the seed (F1, F2, F3 and F4) assayed is also identified. Free lysine
level measurements on R1 seed of transgenic corn events containing pMONS80378 1s
presented in Table 2. Lysine levels were surprisingly high in 5 of the 6 events
assayed. Lysine levels can be further adjusted by breeding corn events that contain
various combinations of the plant expression cassettes described in table 1 such that
the hybrid seed of the cross of parents containing one or more of the expression
cassettes have the desired level of lysine. An inbred parents that, for example,
contains the CordapA and E.coli lysC (wild type or Ec.lysC.mut, SEQ ID NO:11, a
DNA molecule that encodes for a protein modified at four positions, S2A, C58G,
T3521 and A401G) expression cassettes can be bred with a parent with the LKR
dsRNA expression cassette to yield a hybrid progeny seed with lysine levels that are
more than additive of the lysine levels of the seed of either parent. Other
combinations, such as, a CordapA and the LKR dsRNA. containing parent can be
crossed with a LysC parent, or a LysC and LKR dsRINA parent can be crbssed with a

CordapA parent to provide unexpected high levels of lysine 1n the hybnd seed.

Table 1. Lysine (ppm) average per generation assayed from greenhouses and
various field tests.

Genotype F1 F2 (R1) | F3 (R2) F4 (R3)

' 1. pPMONG65178: P-Zm.seed/I-Os.Actl/TS-Zm.DapA-CORgl.dapA /T-3’UTR
LH198/Hill - 1720 ppm 1825 ppm 2133 ppm
2. pPMONG66568: P-Cl.Gex/I-Os.Actl/Zm.LKR antisense /T-3"UTR
LHI198/Hill - 31 ppm 56 ppm -

3. pPMON66646: P-C1.Gex/I-Os.Act1/Zm. LKR-dsRNA/T-3"UTR
LHI198/Hill 1279 ppm 1893 ppm 2575 ppm

4. pMONO66649: P-Zm.B32/I—Zm.DnaK/TS-Zm.DapA-CORgl.dapA/T-3 "UTR > <P-

ClL.Gex/ I-Os.Actl/Zm.LKR-dsRNA/T-3’UTR

LH198/Hill

1871 ppm

4556 ppm

5. pMON79454. P Zm.L3/ I-Zm.DnaK / TS-Zm.DapA-CORgl.dapA /3 ’UTR

LH244

862 ppm

1274 ppm

3084 ppm

6. PMONB80002: P-Zm.sced/I-Zm.Adh1/Zm.LKR-dsRNA/T-3’UTR _

LH244

38 ppm

147 ppm

330 ppm
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7. pPMONR0003: P-Zm.L3/ I-Zm.DnaK /T S-Zm.DapA-CORgl.dapA /T-3’UTR>
< P-Zm.seed/I-Zm.Adhl/Zm.LKR dsRNA/T-3’UTR

LH?244

1660 ppm

2223 ppm

4213 ppm

8. pMONS0000: P-L3/ [-Zm.DnaK /TS-Zm.DapA-CORgl.dap A /T-B’UTR

LH244

1157 ppm

2560 ppm

9. pMONS80001: P Cl.Gex/ I-Zm.DnaK /TS-Zm. DapA-CORgl dapA/T-3 UTR

LH244

22 ppm

44 ppm

10. PMONg0354: P-Cl.Gex/I-Zm.DnaK / TS-Zm. DapA-CORgl dapA.nno / T-3’UTR

LH244

27 ppm

47 ppm

-

11. PMONS80355: P-Zm.L3/ I-Zm.DnaK/TS-Zm.DapA-CORgl.dapA.nno /T- 3°UTR

LH244

930 ppm

2065 ppm

12. PMON79901: P-Zm.Em/I-Zm.Adh1/Ec. lysC/T-Ps.RbcS2:E9> <P-Zm. L3/I-
Zm.DnaK/TS-Zm.DapA-CORgl.dapA /T-3’UTR

LH244

1385 ppm

3685 ppm

13. PMON79900: P-Zm.L3/ I-Zm.DnaK/TS-Zm. DapA-CORgl dapA /3 UTR >< P-
Zm.Em/I-Zm.Adhl/Ec.lysC/3’UTR

LH244

2150 ppm

3688 ppm

14. PMON79464: P-Zm.B32/1-Zm.Adh1/Zm.LKR dsRNA/T-3’UTR

LH244

159 ppm

720 ppm

567 ppm

15. PMON79465: P-Zm.B32/I-Zm.Adh1/Zm.LKR dsRNA intermal fragment/T-
3'UTR>
<P-C1.Gex/ I-Zm.DnaK /TS-Zm.DapA-CORgl.dapA/T-3"UTR

LH244

1470 ppm

3171 ppm

4158 ppm

16. PMON74130: P-CL.Gex/1-0Os.Actl/LKR-dsRNA/T-3"UTR> <PZm.B32/ I-
Zm.DnaK / TS-Zm.DapA-CORgl.dapA.nno/T-3’UTR

LH244

3443 ppm

17. pPMONS80371: P-Zm.B32/I-Zm.Adh1/Ec.lysC/T-3’UTR><P-Zm.Gcx/ I-Zm.DnaK
/ TS-Zm.DapA-CORgl.dapA.nno /T-3’UTR

LH244

-

18. pMONS80374:P-Zm.B32/ I-Zm.Adh1/Ec.lysC/3’UTR><P-Cl.Gex/ I-Zm.DnaK/
- TS-Zm.DapA-CORgl.dapA.nno /T-Ta.hspl7

LH244

19. pMONS80378: P-Zm.B32/ I-Zm.Adh1 /Ec.lysC/3’UTR ><P-Zm.Gcx/ I-
Zm.DnaK/ TS-Zm.DapA-CORgl.dapA.nno /3’UTR > <P-Zm.seed/Zm.LKR dsRNA
intermal fragment /T-3’UTR

1LH244

8974 ppm

20. pMON93072: P-Zm.B32/ I-Zm.DnaK embedded Zm.LKR dsRNA intermal
fragment /TS-Zm.DapA-CORgl.dapA.nno /3’UTR><P-Zm.Gcex/I-
Zm.Adhl/Ec.lysC/T-3’UTR

[LH244

21. pMOND93073:P-Cl.Gex/I-Zm.DnaK/ TS-Zm.DapA-CORgl.dapA.nno
/3" UTR><P-Zm.B32/ I-Zm.Adhl / Zm.LKR dsRNA intermal fragment / T-3’UTR

LH244

Al

22. pMON93066: P-B32/ I-Zm.DnaK embedded Zm.LKR dsRNA intermal fragment/
TS-Zm.DapA-CORgl.dapA.nno)/ T-3’UTR

26
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LH244 : 3648 ppm | -

23. pMON93067: P-B32/ I-Zm.DnaK embedded Zm.LKR dsRNA intermal fragment
/ TS-Zm.DapA-CORgl.dapA.nno /T-3’UTR

LH244

24. pMON93063: P-Zm.B32/I-Zm.Adhl / Zm.LKR dsRNA intermal fragment /T-
3’UTR > <P-Cl.Gex/I-Zm.DnaK/ TS-Zm.DapA-CORgl.dapA.mno/T-3’UTR

LH244

25. pMON93064: P-Zm.En/ I-Zm.Adh1 /Ec.lysC/3’UTR > <P-Zm. L3/ I-Zm.DnaK/

TS-Zm.DapA-CORgl.dapA.nno)/ T-3’UTR
LH244 -

26. pPMONS0370: P-Zm.L3/ I-Zm.DnaK embedded Zm.LKR dsRNA intermal
fragment /TS-Zm.DapA-CORgl.dapA.nno /T-3’UTR

LH244 - : 645 ppm -

27. pPMON79469: P-Zm.B32/ I-Zm.Adhl JZm.LKR-dsRNA/ 3°UTR><P-CLGex/I-
Zm.DnaK/ TS-Zm.DapA-Zm.DHDPS/ T-3’UTR

LH244 ; | 182 ppm - : .

28. pMON79470: P-Zm.B32/ I-Zm.Adhl /Zm.LKR internal fragment/ 3’UTR><P-
Cl1.Gcex/I-Zm.DnaK /TS-Zm.DapA-DHDPS/T-3’UTR

LH244 - 368 ppm - -

29. pPMON93065:P-Zm.seed/ I-Zm.Adh1 /Zm.LKR internal fragment / 3°UTR > <P-
Zm.L3/ I-Zm.DnaK/TS-Zm.DapA-CORgl.dapA.nno/T-3’UTR

LH244

30. pMON93092: P-Cl.Gex/I-Zm.DnaK/TS-Zm.Dap A-CORgl.dap A .nno/T-
Ta.Hapl17><P-Zm.B32/I-Zm.Adhl/Zm.LKR dsRNA bfx/T-3’UTR

LH244 4478 ppm

31. pMON93093: P-Zm.B32/I-Zm.DnaK-LKR dsRNA bfx -I-Zm.DnaK/TS-
Zm.DapA-CORgl.dapA.nno/T-Ta.Hapl7

LH244 3041 ppm

32. pPMON93083: P-Cl.Gex/I-Zm.DnaK/TS-Zm.DapA- CORgl.dapA.nno /T-
Ta.Hspl7, P-Zm.B32/I-Zm.Adh1/Zm.LLKR dsRNA bix/T-3’UTR>

[LH244

1 33. pMON93084: P-Cl.Gex/I-Zm.DnaK/ TS-Zm.DapA-CORgl.dapA.nno/T-
Ta.Hspl7, P-Zm.B32/1-Zm.Adh1/Zm.I.LKR dsRNA bix)/T-3’UTR>

1L.H244

34. pMONS80380: RB <P-Cl.Gcx/I-Zm.Adhl/Ec.lysC/T-Ps.RbcS2:E9><P- Zm.
B32/I-Zm.DnaK-Zm.LKR dsRNA-Zm.DnaK/ TS-Zm.DapA-CORgl.dapA.nno/T-
Ta.hHspl7>

LH244

35. pMON74138: P-Zm.B32/I-Zm.DnaK-Zm.LKR dsRNA-Zm.DnaK/TS-Zm.DapA-

CORgl.dapA.nmo / TS-Zm.DapA-Ec.lysC/T-Ta.Hspl17>
LH244 |
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Table 2. Lysine levels measured in R1 events transformed with pMONS(0378

Corn event Free lysine level (ppm)
Zm M118682 16379
Zm M118685 15092
Zm M118686 17878
Zm M118699 18815
Zm M118700 22719
Zm M118702 1832

Free lysine content of kernels from events comprising pMON93092 was also
determined by tandem mass spectrophotometry (LC MS-MS) on ground and extracted
samples of approximately 20 kernels per ear. The amount of free lysine mn parts per
million (ppm) in R2 kernels from a number of transformation events 1s shown i FIG.
7 and FIG. §. For events comprising pMONO93092 as shown, levels of free lysine
ranged between approximately 3500-5500 ppm, while for events comprising
pMONO93093 as shown, levels ranged between approximately 1700-6500 ppm. In
most cases, two or more ears per event were independently measured and the standard

deviation is shown. In comparison, lysine levels for wild type corn average between

50 and 100 ppm.

A deposit by Monsanto Technology LLC, of pMON93092 and pMON93093
disclosed above and recited in the claims, has been made under the Budapest Treaty

with the American Type Culture Collection (ATCC), 10801 University Boulevard,
Manassas, Va. 20110. The ATCC accession numbers are PTA-6733 and PTA-6734,

respectively. The deposit will be maintained in the depository for a period of 30
years, or 5 years after the last request, or for the effective life of the patent, whichever

is longer, and will be replaced as necessary during that period.
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The embodiments of the present invention for which an exclusive property or privilege 1s

clainmed are defined as follows:

l. A DNA construct comprising a heterologous plant expression cassette encoding a
dihydrodipicolinic acid synthase that is substantially resistant to feedback inhibition by free L-
lysine and has SEQ ID NO:1, a DNA molecule that is transcribed to produce an RNA molecule
that suppresses a lysine ketoglutarate reductase/saccharopine dehydrogenase and is identical or
complementary to SEQ ID NO:2 or comprises a portion thereof sufficient for suppressing the
dehydrogenase, and an additional expression cassette comprising a DNA molecule encoding an
aspartate kinase that is substantially resistant to feedback inhibition by free L-lysine and has SEQ
ID NO:3, wherein each of the DNA molecules is operably linked to a seed enhanced promoter,
wherein the promoter promotes the transcription of the DNA molecules substantially in the

endosperm of a seed.

2. The construct of claim 1, wherein a DNA molecule encoding a plastid transit signal

peptide is operably linked to the DNA molecule encoding the aspartate kinase.

3. The DNA construct of claim 1, wherein a DNA molecule encoding a plastid transit signal

peptide is operably linked to the DNA molecule encoding dihydrodipicolinic acid synthase.

4. A corn cell comprising one or more exogenous plant expression cassettes comprising a
DNA molecule encoding a dihydrodipicolinic acid synthase that is substantially resistant to
feedback inhibition by free L-lysine and has SEQ ID NO:1, a DNA molecule that is transcribed
to produce an RNA molecule that suppresses a lysine ketoglutarate reductase/saccharopine
dehydrogenase and is identical or complementary to SEQ ID NO:2 or comprises a portion
thereof sufficient for suppressing the dehydrogenase, and a DNA molecule encoding a lysine
feedback resistant aspartate kinase and has SEQ ID NO:3, the DNA molecules being operably
linked to one or more promoter molecules that cause transcription of one or more RNA

molecules substantially in the endosperm of a corn seed, wherein expression of said expression

cassettes results in lysine levels in said corn seed of at least 4,000 ppm.
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3. The cell of claim 4, wherein

(1) the construct further comprises a DNA molecule that encodes a 5-

cnolpyruvylshikimate 3-phosphate synthase; or

(11)  the DNA molecule that is transcribed to produce an RNA molecule that

suppresses a lysine ketoglutarate reductase/saccharopine dehydrogenase is SEQ ID NO:9; or

(1)  the DNA molecule further comprises a DNA sequence encoding a chloroplast
transit signal peptide operably linked to the DNA sequence encoding the dihydrodipicolinic acid

synthase or the aspartate kinase; or

(1v)  the promoter is a Zea mays B32, gamma coixin or Zea mays L3 promoter.

0. The cell of claim 5, wherein the 5-enolpyruvylshikimate-3-phosphate synthase is an
aroA:CP4 EPSPS.
7. The cell of claim 4, which has a lysine content

(1) higher than corn seed not containing the exogenous plant expression cassettes; or

(1)  of greater than 4,000 ppm.

8. A processed product containing intact or ruptured cells according to any one of claims 4

to 7, wherein the product is a flour, meal, protein or oil preparation.

9. A method for making grain comprising the steps of:

a) transforming a cell of a plant with a plant expression cassette encoding a

dihydrodipicolinic acid synthase that is substantially resistant to feedback inhibition by free L-

lysine and has SEQ ID NO:1;

b) screening the cell for polynucleotides from the plant expression cassette;

C) regenerating said cell into a fertile plant having the expression cassette 1n its

genome; and
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d) harvesting seed from said plant,

whereby the seed has a lysine content higher than seed of the same variety not

transformed with said construct.

10.  Use of a diet comprising a high lysine corn seed or a processed product therefrom

comprising:

(1) a plant expression cassette encoding a dihydrodipicolinic acid synthase that 1s

substantially resistant to feedback inhibition by free L-lysine and has SEQ ID NO:1; or

(11) fragments of native DNA from the seed and fragments of the plant expression

cassette to provide nutrition to a human or lower animal.
11.  The processed product of claim 8 obtained by a method comprising the steps of:

a) transforming a cell of a plant with a plant expression cassette encoding a
dihydrodipicolinic acid synthase that is substantially resistant to feedback inhibition by free L-

lysine and has SEQ ID NO:1;

b) regenerating said cell into a fertile plant having the expression cassettes 1n 1ts
genome;

c) harvesting seed from said plant, and

d) processing said seed into an animal feed, or a meal, or a flour;

whereby the seed has a lysine content higher than seed of the same variety not

transformed with said construct.
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