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PLANT PROMOTER FOR TRANSGENE EXPRESSION

INCORPORATION BY REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application Serial
No. 62/578,658 filed October 30, 2017 and U.S. Provisional Patent Application Serial No.
62/727,007 filed September 21, 2018, both of which are expressly incorporated by reference in
their entirety herein.
[0002] Incorporated by reference in its entirety is a computer-readable nucleotide/amino
acid sequence listing submitted concurrently herewith and identified as follows: one 32.4 KB
ASCII (Text) file named “79351 [2] SEQ LISTING_ST25” created on September 4, 2018.

BACKGROUND

[0003] Many plant species are capable of being transformed with transgenes to introduce
agronomically desirable traits or characteristics. The resulting plant species are developed and/or
modified to have particular desirable traits. Generally, desirable traits include, for example,
improving nutritional value quality, increasing yield, conferring pest or disease resistance, increasing
drought and stress tolerance, improving horticultural qualities (e.g., pigmentation and growth),
imparting herbicide tolerance, enabling the production of industrially useful compounds and/or
materials from the plant, and/or enabling the production of pharmaceuticals.
[0004] Transgenic plant species comprising multiple transgenes stacked at a single genomic
locus are produced via plant transformation technologies. Plant transformation technologies result in
the introduction of a transgene into a plant cell, recovery of a fertile transgenic plant that contains the
stably integrated copy of the transgene in the plant genome, and subsequent transgene expression via
transcription and translation results in transgenic plants that possess desirable traits and phenotypes.
However, novel gene regulatory elements that allow the production of transgenic plant species to
highly express multiple transgenes engineered as a trait stack are desirable.
[0005] Likewise, novel gene regulatory elements that allow the expression of a transgene
within particular tissues or organs of a plant are desirable. For example, increased resistance of a
plant to infection by soil-borne pathogens might be accomplished by transforming the plant
genome with a pathogen-resistance gene such that pathogen-resistance protein is robustly

expressed within the roots of the plant. Alternatively, it may be desirable to express a transgene
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in plant tissues that are in a particular growth or developmental phase such as, for example, cell
division or elongation. Furthermore, it may be desirable to express a transgene in leaf and stem
tissues of a plant to provide tolerance against herbicides, or resistance against above ground insects
and pests.

[0006] Therefore, a need exists for new gene regulatory elements that can drive the desired
levels of expression of transgenes in specific plant tissues.

BRIEF SUMMARY

[0007] In embodiments of the subject disclosure, the disclosure relates to a nucleic acid
vector comprising a promoter operably linked to: a polylinker sequence; a non-GmCAB?2
heterologous coding sequence; wherein said promoter comprises a polynucleotide sequence that
has at least 95% sequence identity with SEQ ID NO:2. In further embodiments, said promoter is
1,376 bp in length. In other embodiments, said promoter consists of a polynucleotide sequence
that has at least 95% sequence identity with SEQ ID NO:2. In additional embodiments, said
promoter is operably linked to a heterologous coding sequence. Accordingly, the heterologous
coding sequence encodes a selectable marker protein, an insecticidal resistance protein, a herbicide
tolerance protein, a nitrogen use efficiency protein, a water use efficiency protein, a small RNA
molecule, a nutritional quality protein, or a DNA binding protein. In other embodiments, the
nucleic acid vector comprises a terminator polynucleotide sequence. In additional embodiments,
the nucleic acid vector comprises a 3' untranslated polynucleotide sequence. In additional
embodiments, the nucleic acid vector comprises a 5' untranslated polynucleotide sequence. In
additional embodiments, the nucleic acid vector comprises an intron sequence. In additional
embodiments, said promoter has tissue preferred expression. In further embodiments, the nucleic
acid vector comprises a polynucleotide sequence that has at least 95% sequence identity with SEQ
ID NO:2 operably linked to a heterologous coding sequence. In further embodiments, said plant
is selected from the group consisting of Zea mays, wheat, rice, sorghum, oats, rye, bananas, sugar
cane, Glycine max, cotton, Arabidopsis, tobacco, sunflower, and canola. In yet another embedment,
said plant is Glycine max. In some embodiments, the heterologous coding sequence is inserted into

the genome of said plant. In other embodiments, the promoter comprises a polynucleotide
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sequence having at least 95% sequence identity with SEQ ID NO:2 and said promoter is operably
linked to a heterologous coding sequence. In additional embodiments, the transgenic plant
comprises a 3' untranslated sequence. In further embodiments, said heterologous coding sequence
has tissue preferred expression. In additional embodiments, the transgenic plant comprises said
promoter of 1,376 bp in length.

[0008] In embodiments of the subject disclosure, the disclosure relates to a method for
producing a transgenic plant cell, the method comprising the steps of transforming a plant cell with
a gene expression cassette comprising a GmCAB?2 promoter operably linked to at least one
polynucleotide sequence of interest; isolating the transformed plant cell comprising the gene
expression cassette; and, producing a transgenic plant cell comprising the GmCAB2 promoter
operably linked to at least one polynucleotide sequence of interest. In other embodiments, the
transformation of a plant cell is performed with a plant transformation method. In some aspects,
the plant transformation method is selected from the group consisting of an Agrobacterium-
mediated transformation method, a biolistics transformation method, a silicon carbide
transformation method, a protoplast transformation method, and a liposome transformation
method. In further embodiments, the polynucleotide sequence of interest is expressed in a plant
cell. In other embodiments, the polynucleotide sequence of interest is stably integrated into the
genome of the transgenic plant cell. In further embodiments, the method comprises regenerating
the transgenic plant cell into a transgenic plant; and, obtaining the transgenic plant, wherein the
transgenic plant comprises the gene expression cassette comprising the GmCAB2 promoter
operably linked to at least one polynucleotide sequence of interest. In other embodiments, the
transgenic plant cell is a monocotyledonous transgenic plant cell or a dicotyledonous transgenic
plant cell. Examples of a dicotyledonous transgenic plant cell includes an Arabidopsis plant cell,
a tobacco plant cell, a Glycine max plant cell, a canola plant cell, and a cotton plant cell. Examples
of a monocotyledonous transgenic plant cell includes a Zea mays plant cell, a rice plant cell, and a
wheat plant cell. In some embodiments, the GmCAB?2 promoter comprises the polynucleotide of
SEQ ID NO:2. In other embodiments, the GmCAB?2 promoter comprises a first polynucleotide
sequence of interest operably linked to the 3’ end of SEQ ID NO:2. In additional embodiments, the
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method comprises introducing into the plant cell a polynucleotide sequence of interest operably linked
to a GmCAB2 promoter. In further embodiments, the polynucleotide sequence of interest operably
linked to the GmCAB2 promoter is introduced into the plant cell by a plant transformation method.
Examples of plant transformation methods include Agrobacterium-mediated transformation
method, a biolistics transformation method, a silicon carbide transformation method, a protoplast
transformation method, and a liposome transformation method. In further embodiments, the
polynucleotide sequence of interest is expressed in embryonic cell tissue. In additional
embodiments, the polynucleotide sequence of interest is stably integrated into the genome of the
plant cell. In some embodiments, the transgenic plant cell is a monocotyledonous plant cell or a
dicotyledonous plant cell. Examples of dicotyledonous plant cells include an Arabidopsis plant
cell, a tobacco plant cell, a Glycine max plant cell, a canola plant cell, and a cotton plant cell.
Examples of monocotyledonous plant cells include a Zea mays plant cell, a rice plant cell, and a
wheat plant cell.

[0009] In embodiments of the subject disclosure, the disclosure relates to a transgenic plant
cell comprising a GmCAB2 promoter. In other embodiments, the transgenic plant cell comprises
a transgenic event. In further embodiments, the transgenic event comprises an agronomic trait.
Examples of agronomic traits include an insecticidal resistance trait, herbicide tolerance trait,
nitrogen use efficiency trait, water use efficiency trait, nutritional quality trait, DNA binding trait,
selectable marker trait, small RNA trait, or any combination thereof. In further embodiments, the
agronomic trait comprises an herbicide tolerant trait. In an aspect of this embodiment, the
herbicide tolerant trait comprises an aad-1 coding sequence. In yet another embodiment, the
transgenic plant cell produces a commodity product. Examples of a commodity product includes
protein concentrate, protein isolate, grain, meal, flour, oil, or fiber. In further embodiments, the
transgenic plant cell is selected from the group consisting of a dicotyledonous plant cell or a
monocotyledonous plant cell. For example, the dicotyledonous plant cell is a Glycine max plant
cell. In additional embodiments, the GmCAB2 promoter comprises a polynucleotide with at least
95% sequence identity to the polynucleotide of SEQ ID NO:2, SEQ ID NO:28, or SEQ ID NO:29.

In other embodiments, the GmCAB2 promoter is 1,376 bp in length. In some embodiments, the
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GmCAB2 promoter consists of SEQ ID NO:2, SEQ ID NO:28, or SEQ ID NO:29. In subsequent
embodiments, the GmCAB?2 promoter comprises a first polynucleotide sequence of interest operably
linked to the 3’ end of SEQ ID NO:2. In other embodiments, the agronomic trait is expressed in plant
tissues. In further embodiments, the isolated polynucleotide comprises a nucleic acid sequence
with at least 95% sequence identity to the polynucleotide of SEQ ID NO:2, SEQ ID NO:28, or SEQ
ID NO:29. In additional embodiments, the isolated polynucleotide drives tissue preferred
expression. In other embodiments, the isolated polynucleotide comprises expression activity
within a plant cell. In some embodiments, the isolated polynucleotide comprise an open-reading
frame polynucleotide coding for a polypeptide; and a termination sequence. In subsequent
embodiments, the polynucleotide of SEQ ID NO:2 is 1,376 bp in length. In subsequent
embodiments, the polynucleotide of SEQ ID NO:28 is 1,453 bp in length. In subsequent
embodiments, the polynucleotide of SEQ ID NO:29 is 1,454 bp in length.

[0010] In embodiments of the subject disclosure, the disclosure relates to a gene expression
cassette comprising a promoter operably linked to a heterologous coding sequence, wherein the
promoter comprises a polynucleotide comprising a sequence identity of at least 95% to SEQ 1D
NO:2, SEQ ID NO:28, or SEQ ID NO:29. In some embodiments, the polynucleotide has at least
95% sequence identity to SEQ ID NO:2, SEQ ID NO:28, or SEQ ID NO:29. In additional
embodiments, the gene expression cassette comprises an intron. In further embodiments, the gene
expression cassette comprises a 5° UTR. In subsequent embodiments, the promoter has tissue
preferred expression. In other embodiments, the promoter is operably linked to a heterologous
coding sequence that encodes a polypeptide or a small RNA gene. Examples of the encoded
polypeptide or small RNA gene include a heterologous coding sequence conferring insecticidal
resistance, herbicide tolerance, a nucleic acid conferring nitrogen use efficiency, a nucleic acid
conferring water use efficiency, a nucleic acid conferring nutritional quality, a nucleic acid
encoding a DNA binding protein, and a nucleic acid encoding a selectable marker. In additional
embodiments, the gene expression cassette comprises a 3' untranslated region. For example, the
3’ untranslated region has at least 95% sequence identity to SEQ ID NO:4. In additional

embodiments, the gene expression cassette comprises a 5' untranslated region. For example, the
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5’ untranslated region has at least 95% sequence identity to SEQ ID NO:3. In additional
embodiments, the gene expression cassette comprises a terminator region. For example, the
terminator region has at least 95% sequence identity to SEQ ID NO:5. In other embodiments
the subject disclosure relates to a recombinant vector comprising the gene expression cassette,
wherein the vector is selected from the group consisting of a plasmid, a cosmid, a bacterial artificial
chromosome, a virus, and a bacteriophage. In other embodiments the subject disclosure relates to
a transgenic cell comprising the gene expression cassette. In an aspect of this embodiment, the
transgenic cell is a transgenic plant cell. In other aspects of this embodiment the transgenic plant
comprises the transgenic plant cell. In further aspects the transgenic plant is a monocotyledonous
plant or dicotyledonous plant. Examples of a monocotyledonous plant is include a maize plant, a
rice plant, and a wheat plant. In further aspects of the embodiment, the transgenic plant produces
a seed comprises the gene expression cassette. In other embodiments, the promoter is a tissue
preferred promoter. In some embodiments, the tissue preferred promoter is a tissue preferred
promoter.

[0011] In embodiments of the subject disclosure, the disclosure relates to a nucleic acid
vector comprising a promoter operably linked to: a polylinker sequence; a non-GmCAB?2
heterologous coding sequence; wherein said promoter comprises a polynucleotide sequence that
has at least 95% sequence identity with SEQ ID NO:28. In further embodiments, said promoter is
1,453 bp in length. In other embodiments, said promoter consists of a polynucleotide sequence
that has at least 95% sequence identity with SEQ ID NO:28. In additional embodiments, said
promoter is operably linked to a heterologous coding sequence. Accordingly, the heterologous
coding sequence encodes a selectable marker protein, an insecticidal resistance protein, a herbicide
tolerance protein, a nitrogen use efficiency protein, a water use efficiency protein, a small RNA
molecule, a nutritional quality protein, or a DNA binding protein. In other embodiments, the
nucleic acid vector comprises a terminator polynucleotide sequence. In additional embodiments,
the nucleic acid vector comprises a 3' untranslated polynucleotide sequence. In additional
embodiments, the nucleic acid vector comprises a 5' untranslated polynucleotide sequence. In

additional embodiments, the nucleic acid vector comprises an intron sequence. In additional
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embodiments, said promoter has tissue preferred expression. In further embodiments, the nucleic
acid vector comprises a polynucleotide sequence that has at least 95% sequence identity with SEQ
ID NO:28 operably linked to a heterologous coding sequence. In further embodiments, said plant
is selected from the group consisting of Zea mays, wheat, rice, sorghum, oats, rye, bananas, sugar
cane, Glycine max, cotton, Arabidopsis, tobacco, sunflower, and canola. In yet another embedment,
said plant is Glycine max. In some embodiments, the heterologous coding sequence is inserted into
the genome of said plant. In other embodiments, the promoter comprises a polynucleotide
sequence having at least 95% sequence identity with SEQ ID NO:28 and said promoter is operably
linked to a heterologous coding sequence. In additional embodiments, the transgenic plant
comprises a 3' untranslated sequence. In further embodiments, said heterologous coding sequence
has tissue preferred expression. In additional embodiments, the transgenic plant comprises said
promoter of 1,453 bp in length.

[0012] In embodiments of the subject disclosure, the disclosure relates to a nucleic acid
vector comprising a promoter operably linked to: a polylinker sequence; a non-GmCAB2
heterologous coding sequence; wherein said promoter comprises a polynucleotide sequence that
has at least 95% sequence identity with SEQ ID NO:29. In further embodiments, said promoter is
1,454 bp in length. In other embodiments, said promoter consists of a polynucleotide sequence
that has at least 95% sequence identity with SEQ ID NO:29. In additional embodiments, said
promoter is operably linked to a heterologous coding sequence. Accordingly, the heterologous
coding sequence encodes a selectable marker protein, an insecticidal resistance protein, a herbicide
tolerance protein, a nitrogen use efficiency protein, a water use efficiency protein, a small RNA
molecule, a nutritional quality protein, or a DNA binding protein. In other embodiments, the
nucleic acid vector comprises a terminator polynucleotide sequence. In additional embodiments,
the nucleic acid vector comprises a 3' untranslated polynucleotide sequence. In additional
embodiments, the nucleic acid vector comprises a 5' untranslated polynucleotide sequence. In
additional embodiments, the nucleic acid vector comprises an intron sequence. In additional
embodiments, said promoter has tissue preferred expression. In further embodiments, the nucleic

acid vector comprises a polynucleotide sequence that has at least 95% sequence identity with SEQ
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ID NO:29 operably linked to a heterologous coding sequence. In further embodiments, said plant
is selected from the group consisting of Zea mays, wheat, rice, sorghum, oats, rye, bananas, sugar
cane, Glycine max, cotton, Arabidopsis, tobacco, sunflower, and canola. In yet another embedment,
said plant is Glycine max. In some embodiments, the heterologous coding sequence is inserted into
the genome of said plant. In other embodiments, the promoter comprises a polynucleotide
sequence having at least 95% sequence identity with SEQ ID NO:29 and said promoter is operably
linked to a heterologous coding sequence. In additional embodiments, the transgenic plant
comprises a 3" untranslated sequence. In further embodiments, said heterologous coding sequence
has tissue preferred expression. In additional embodiments, the transgenic plant comprises said
promoter of 1,454 bp in length.
[0013] The foregoing and other features will become more apparent from the following
detailed description of several embodiments, which proceeds with reference to the accompanying
figures.

BRIEF DESCRIPTION OF THE FIGURES
[0014] FIG. 1. Provides a figure of a linear synthetic DNA fragment containing GmCAB2
promoter, 5’ UTR and terminator linked by the multiple cloning site and franked by Gateway aatL 1
and aatL2 recombination sites.
[0015] FIG. 2. Provides a figure of a plasmid map of pDAB122135.
[0016] Fig. 3A, Fig. 3B, and Fig. 3C Provides an alignment of SEQ ID NO:2, SEQ ID
NO:28, and SEQ ID NO:29 using the AlignX global alignment program from the Vector NTI
Advance 11.0 bioinformatic computer program that is available from Invitrogen Corporation. SEQ
ID NO:28 and SEQ ID NO:29 share 99.9% sequence identity. SEQ ID NO:2 and SEQ ID NO:28
share 94.5% sequence identity. SEQ ID NO:2 and SEQ ID NO:29 share 94.4% sequence identity.

DETAILED DESCRIPTION
L Overview of several embodiments
[0017] Development of transgenic plant products is becoming increasingly complex.

Commercially viable transgenic plants now require the stacking of multiple transgenes into a single

locus. Plant promoters and 3° UTRs/terminators used for basic research or biotechnological
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applications are generally unidirectional, directing only one gene that has been fused at its 3’ end
(downstream) for the promoter, or at its 5* end (upstream) for the 3° UTR/terminator. Accordingly,
each transgene/heterologous coding sequence usually requires a promoter and 3° UTR/terminator for
expression, wherein multiple regulatory elements are required to express multiple transgenes within
one gene stack. With an increasing number of transgenes in gene stacks, the same promoter and/or
3> UTR/terminator is routinely used to obtain optimal levels of expression patterns of different
transgenes. Obtaining optimal levels of transgene/heterologous coding sequence expression is
necessary for the production of a single polygenic trait. Unfortunately, multi-gene constructs driven
by the same promoter and/or 3° UTR/terminator are known to cause gene silencing resulting in less
efficacious transgenic products in the field. The repeated promoter and/or 3° UTR/terminator
elements may lead to homology-based gene silencing. In addition, repetitive sequences within a
transgene/heterologous coding sequence may lead to gene intra locus homologous recombination
resulting in polynucleotide rearrangements. The silencing and rearrangement of transgenes will likely
have an undesirable affect on the performance of a transgenic plant produced to express transgenes.
Further, excess of transcription factor (TF)-binding sites due to promoter repetition can cause
depletion of endogenous TFs leading to transcriptional inactivation. Given the need to introduce
multiple genes into plants for metabolic engineering and trait stacking, a variety of promoters and/or
3’ UTRs/terminators are required to develop transgenic crops that drive the expression of multiple
genes.

[0018] A particular problem in promoter and/or 3° UTR/terminator identification is the
need to identify tissue-specific/preferred promoters, related to specific cell types, developmental
stages and/or functions in the plant that are not expressed in other plant tissues. Tissue specific
(i.e., tissue preferred) or organ specific promoters drive gene expression in a certain tissue such as
in the kernel, root, leaf, or tapetum of the plant. Tissue and developmental stage specific promoters
and/or 3’ UTRs/terminators can be initially identified from observing the expression of genes,
which are expressed in particular tissues or at particular time periods during plant development.
These tissue specific/preferred promoters and/or 3° UTRs/terminators are required for certain

applications in the transgenic plant industry and are desirable as they permit specific expression of
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heterologous genes in a tissue and/or developmental stage selective manner, indicating expression
of the heterologous gene differentially at various organs, tissues and/or times, but not in other
undesirable tissues. For example, increased resistance of a plant to infection by soil-borne
pathogens might be accomplished by transforming the plant genome with a pathogen-resistance
gene such that pathogen-resistance protein is robustly expressed within the roots of the plant.
Alternatively, it may be desirable to express a transgene/heterologous coding sequence in plant
tissues that are in a particular growth or developmental phase such as, for example, cell division
or elongation. Another application is the desirability of using tissue specific/preferred promoters
and/or 3° UTRs/terminators to confine the expression of the transgenes encoding an agronomic trait
in specific tissues types like developing parenchyma cells. As such, a particular problem in the
identification of promoters and/or 3’ UTRs/terminators is how to identify the promoters, and to
relate the identified promoter to developmental properties of the cell for specific/preferred tissue
expression.

[0019] Another problem regarding the identification of a promoter is the requirement to
clone all relevant cis-acting and trans-activating transcriptional control elements so that the cloned
DNA fragment drives transcription in the wanted specific expression pattern. Given that such
control elements are located distally from the translation initiation or start site, the size of the
polynucleotide that is selected to comprise the promoter is of importance for providing the level
of expression and the expression patterns of the promoter polynucleotide sequence. It is known
that promoter lengths include functional information, and different genes have been shown to have
promoters longer or shorter than promoters of the other genes in the genome. Elucidating the
transcription start site of a promoter and predicting the functional gene elements in the promoter
region is challenging. Further adding to the challenge are the complexity, diversity and inherent
degenerate nature of regulatory motifs and cis- and trans-regulatory elements (Blanchette,
Mathieu, et al. "Genome-wide computational prediction of transcriptional regulatory modules
reveals new insights into human gene expression." Genome research 16.5 (2006): 656-668). The
cis- and trans-regulatory elements are located in the distal parts of the promoter which regulate the

spatial and temporal expression of a gene to occur only at required sites and at specific times
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(Porto, Milena Silva, et al. "Plant promoters: an approach of structure and function." Molecular
biotechnology 56.1 (2014): 38-49). Accordingly, the identification of promoter regulatory
elements requires that an appropriate sequence of a specific size containing the necessary cis- and
trans-regulatory elements is obtained that will result in driving expression of an operably linked
transgene/heterologous coding sequence in a desirable manner.

[0020] Provided are methods and compositions for overcoming such problems through the
use of GmCAB?2 gene regulatory elements to express transgenes in planta.

1. Terms and Abbreviations

[0021] Throughout the application, a number of terms are used. In order to provide a clear
and consistent understanding of the specification and claims, including the scope to be given such
terms, the following definitions are provided.

[0022] As used herein, the articles, “a,” “an,” and “the” include plural references unless the
context clearly and unambiguously dictates otherwise.

[0023] The term “isolated”, as used herein means having been removed from its natural
environment, or removed from other compounds present when the compound is first formed. The
term “isolated”” embraces materials isolated from natural sources as well as materials (e.g., nucleic
acids and proteins) recovered after preparation by recombinant expression in a host cell, or
chemically-synthesized compounds such as nucleic acid molecules, proteins, and peptides.
[0024] The term “purified”, as used herein relates to the isolation of a molecule or
compound in a form that is substantially free of contaminants normally associated with the
molecule or compound in a native or natural environment, or substantially enriched in
concentration relative to other compounds present when the compound is first formed, and means
having been increased in purity as a result of being separated from other components of the original
composition. The term “purified nucleic acid” is used herein to describe a nucleic acid sequence
which has been separated, produced apart from, or purified away from other biological compounds
including, but not limited to polypeptides, lipids and carbohydrates, while effecting a chemical or
functional change in the component (e.g., a nucleic acid may be purified from a chromosome by

removing protein contaminants and breaking chemical bonds connecting the nucleic acid to the
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remaining DNA in the chromosome).

[0025] The term “synthetic”, as used herein refers to a polynucleotide (i.e., a DNA or
RNA) molecule that was created via chemical synthesis as an in vitro process. For example, a
synthetic DNA may be created during a reaction within an Eppendorf™ tube, such that the
synthetic DNA is enzymatically produced from a native strand of DNA or RNA. Other laboratory
methods may be utilized to synthesize a polynucleotide sequence. Oligonucleotides may be
chemically synthesized on an oligo synthesizer via solid-phase synthesis using phosphoramidites.
The synthesized oligonucleotides may be annealed to one another as a complex, thereby producing
a “synthetic” polynucleotide. Other methods for chemically synthesizing a polynucleotide are
known in the art, and can be readily implemented for use in the present disclosure.

[0026] The term "about" as used herein means greater or lesser than the value or range of
values stated by 10 percent, but is not intended to designate any value or range of values to only
this broader definition. Each value or range of values preceded by the term "about" is also intended
to encompass the embodiment of the stated absolute value or range of values.

[0027] For the purposes of the present disclosure, a "gene," includes a DNA region
encoding a gene product (see infra), as well as all DNA regions which regulate the production of
the gene product, whether or not such regulatory sequences are adjacent to coding and/or
transcribed sequences. Accordingly, a gene includes, but is not necessarily limited to, promoter
sequences, terminators, translational regulatory sequences such as ribosome binding sites and
internal ribosome entry sites, enhancers, silencers, insulators, boundary elements, replication
origins, matrix attachment sites, introns and locus control regions.

[0028] As used herein the terms "native" or "natural” define a condition found in nature.
A "native DNA sequence” is a DNA sequence present in nature that was produced by natural
means or traditional breeding techniques but not generated by genetic engineering (e.g., using
molecular biology/transformation techniques).

[0029] As used herein a "transgene” is defined to be a nucleic acid sequence that encodes
a gene product, including for example, but not limited to, an mRNA. In one embodiment the

transgene/heterologous coding sequence is an exogenous nucleic acid, where the
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transgene/heterologous coding sequence sequence has been introduced into a host cell by genetic
engineering (or the progeny thereof) where the transgene/heterologous coding sequence is not
normally found. In one example, a transgene/heterologous coding sequence encodes an
industrially or pharmaceutically useful compound, or a gene encoding a desirable agricultural trait
(e.g., an herbicide-resistance gene). In yet another example, a transgene/heterologous coding
sequence is an antisense nucleic acid sequence, wherein expression of the antisense nucleic acid
sequence inhibits expression of a target nucleic acid sequence. In one embodiment the
transgene/heterologous coding sequence is an endogenous nucleic acid, wherein additional
genomic copies of the endogenous nucleic acid are desired, or a nucleic acid that is in the antisense
orientation with respect to the sequence of a target nucleic acid in a host organism.

[0030] As used herein the term "non-GmCAB?2 transgene™ or "non-GmCAB?2 gene" is any
transgene/heterologous coding sequence that has less than 80% sequence identity with the
GmCAB? gene coding sequence of Glymal4g01130 as provided in UniProt Nucleotide Database
as UniProtKB - C6TD73_SOYBN.

[0031] As used herein, “heterologous BNA coding sequence” means any coding sequence
other than the one that naturally encodes the GmCAB2 gene, or any homolog of the expressed
GmCAB2 protein. The term “heterclogous™ is used in the context of this invention for any
combination of nucleic acid sequences that is not normally found intimately associated in natare.
[0032] A "gene product” as defined herein is any product produced by the gene. For
example the gene product can be the direct transcriptional product of a gene (e.g., mRNA, tRNA,
rRNA, antisense RNA, interfering RNA, ribozyme, structural RNA or any other type of RNA) or
a protein produced by translation of a mRNA. Gene products also include RNAs which are
modified, by processes such as capping, polyadenylation, methylation, and editing, and proteins
modified by, for example, methylation, acetylation, phosphorylation, ubiquitination, ADP-
ribosylation, myristilation, and glycosylation. Gene expression can be influenced by external
signals, for example, exposure of a cell, tissue, or organism to an agent that increases or decreases
gene expression. Expression of a gene can also be regulated anywhere in the pathway from DNA

to RNA to protein. Regulation of gene expression occurs, for example, through controls acting on
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transcription, translation, RNA transport and processing, degradation of intermediary molecules
such as mRNA, or through activation, inactivation, compartmentalization, or degradation of
specific protein molecules after they have been made, or by combinations thereof. Gene
expression can be measured at the RNA level or the protein level by any method known in the art,
including, without limitation, Northern blot, RT-PCR, Western blot, or in vitro, in situ, or in vivo
protein activity assay(s).

[0033] As used herein the term “gene expression” relates to the process by which the coded
information of a nucleic acid transcriptional unit (including, e.g., genomic DNA) is converted into an
operational, non-operational, or structural part of a cell, often including the synthesis of a protein.
Gene expression can be influenced by external signals; for example, exposure of a cell, tissue, or
organism to an agent that increases or decreases gene expression. Expression of a gene can also be
regulated anywhere in the pathway from DNA to RNA to protein. Regulation of gene expression
occurs, for example, through controls acting on transcription, translation, RNA transport and
processing, degradation of intermediary molecules such as mRNA, or through activation,
inactivation, compartmentalization, or degradation of specific protein molecules after they have been
made, or by combinations thereof. Gene expression can be measured at the RNA level or the protein
level by any method known in the art, including, without limitation, Northern blot, RT-PCR, Western
blot, or in vitro, in situ, ot in vivo protein activity assay(s).

[0034] As used herein, “homology-based gene silencing” (HBGS) is a generic term that
includes both transcriptional gene silencing and post-transcriptional gene silencing. Silencing of a
target locus by an unlinked silencing locus can result from transcription inhibition (transcriptional
gene silencing; TGS) or mRNA degradation (post-transcriptional gene silencing; PTGS), owing to
the production of double-stranded RNA (dsRNA) corresponding to promoter or transcribed
sequences, respectively. The involvement of distinct cellular components in each process suggests
that dsRNA-induced TGS and PTGS likely result from the diversification of an ancient common
mechanism. However, a strict comparison of TGS and PTGS has been difficult to achieve because it
generally relies on the analysis of distinct silencing loci. In some instances, a single transgene locus

can triggers both TGS and PTGS, owing to the production of dsSRNA corresponding to promoter and
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transcribed sequences of different target genes. Mourrain ef al. (2007) Planta 225:365-79. Itis likely
that siRNAs are the actual molecules that trigger TGS and PTGS on homologous sequences: the
siRNAs would in this model trigger silencing and methylation of homologous sequences in cis and
in trans through the spreading of methylation of transgene sequences into the endogenous promoter.
[0035] As used herein, the term “nucleic acid molecule” (or ‘“nucleic acid” or
“polynucleotide”) may refer to a polymeric form of nucleotides, which may include both sense and
anti-sense strands of RNA, cDNA, genomic DNA, and synthetic forms and mixed polymers of the
above. A nucleotide may refer to a ribonucleotide, deoxyribonucleotide, or a modified form of either
type of nucleotide. A “nucleic acid molecule” as used herein is synonymous with “nucleic acid” and
“polynucleotide”. A nucleic acid molecule is usually at least 10 bases in length, unless otherwise
specified. The term may refer to a molecule of RNA or DNA of indeterminate length. The term
includes single- and double-stranded forms of DNA. A nucleic acid molecule may include either or
both naturally-occurring and modified nucleotides linked together by naturally occurring and/or non-
naturally occurring nucleotide linkages.

[0036] Nucleic acid molecules may be modified chemically or biochemically, or may contain
non-natural or derivatized nucleotide bases, as will be readily appreciated by those of skill in the art.
Such modifications include, for example, labels, methylation, substitution of one or more of the
naturally occurring nucleotides with an analog, internucleotide modifications (e.g., uncharged
linkages: for example, methyl phosphonates, phosphotriesters, phosphoramidites, carbamates, etc.;
charged linkages: for example, phosphorothioates, phosphorodithioates, etc.; pendent moieties: for
example, peptides; intercalators: for example, acridine, psoralen, etc.; chelators; alkylators; and
modified linkages: for example, alpha anomeric nucleic acids, etc.). The term “nucleic acid
molecule” also includes any topological conformation, including single-stranded, double-stranded,
partially duplexed, triplexed, hairpinned, circular, and padlocked conformations.

[0037] Transcription proceeds in a 5’ to 3’ manner along a DNA strand. This means that RNA
is made by the sequential addition of ribonucleotide-5'-triphosphates to the 3’ terminus of the growing
chain (with a requisite elimination of the pyrophosphate). In either a linear or circular nucleic acid

molecule, discrete elements (e.g., particular nucleotide sequences) may be referred to as being
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“upstream” or “5"” relative to a further element if they are bonded or would be bonded to the same
nucleic acid in the 5’ direction from that element. Similarly, discrete elements may be “downstream”
or “3" relative to a further element if they are or would be bonded to the same nucleic acid in the 3’
direction from that element.

[0038] A base “position”, as used herein, refers to the location of a given base or nucleotide
residue within a designated nucleic acid. The designated nucleic acid may be defined by alignment
(see below) with a reference nucleic acid.

[0039] Hybridization relates to the binding of two polynucleotide strands via Hydrogen
bonds. Oligonucleotides and their analogs hybridize by hydrogen bonding, which includes Watson-
Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between complementary bases.
Generally, nucleic acid molecules consist of nitrogenous bases that are either pyrimidines (cytosine
(C), uracil (U), and thymine (T)) or purines (adenine (A) and guanine (G)). These nitrogenous bases
form hydrogen bonds between a pyrimidine and a purine, and the bonding of the pyrimidine to the
purine is referred to as “base pairing.” More specifically, A will hydrogen bond to T or U, and G will
bond to C. “Complementary” refers to the base pairing that occurs between two distinct nucleic acid
sequences or two distinct regions of the same nucleic acid sequence.

[0040] “Specifically hybridizable and “specifically complementary” are terms that indicate
a sufficient degree of complementarity such that stable and specific binding occurs between the
oligonucleotide and the DNA or RNA target. The oligonucleotide need not be 100% complementary
to its target sequence to be specifically hybridizable. An oligonucleotide is specifically hybridizable
when binding of the oligonucleotide to the target DNA or RNA molecule interferes with the normal
function of the target DNA or RNA, and there is sufficient degree of complementarity to avoid non-
specific binding of the oligonucleotide to non-target sequences under conditions where specific
binding is desired, for example under physiological conditions in the case of in vivo assays or systems.
Such binding is referred to as specific hybridization.

[0041] Hybridization conditions resulting in particular degrees of stringency will vary
depending upon the nature of the chosen hybridization method and the composition and length of the

hybridizing nucleic acid sequences. Generally, the temperature of hybridization and the ionic strength
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(especially the Na+ and/or Mg2+ concentration) of the hybridization buffer will contribute to the
stringency of hybridization, though wash times also influence stringency. Calculations regarding
hybridization conditions required for attaining particular degrees of stringency are discussed in
Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 1989, chs. 9 and 11.
[0042] As used herein, “stringent conditions” encompass conditions under which
hybridization will only occur if there is less than 50% mismatch between the hybridization molecule
and the DNA target. “Stringent conditions” include further particular levels of stringency. Thus, as
used herein, “moderate stringency” conditions are those under which molecules with more than 50%
sequence mismatch will not hybridize; conditions of “high stringency” are those under which
sequences with more than 20% mismatch will not hybridize; and conditions of “very high stringency”
are those under which sequences with more than 10% mismatch will not hybridize.
[0043] In particular embodiments, stringent conditions can include hybridization at 65°C,
followed by washes at 65°C with 0.1x SSC/0.1% SDS for 40 minutes.
[0044] The following are representative, non-limiting hybridization conditions:
Very High Stringency: Hybridization in 5x SSC buffer at 65°C for 16 hours; wash
twice in 2x SSC buffer at room temperature for 15 minutes each; and wash twice
in 0.5x SSC buffer at 65°C for 20 minutes each.
High Stringency: Hybridization in 5x-6x SSC buffer at 65-70°C for 16-20 hours;
wash twice in 2x SSC buffer at room temperature for 5-20 minutes each; and wash
twice in 1x SSC buffer at 55-70°C for 30 minutes each.
Moderate Stringency: Hybridization in 6x SSC buffer at room temperature to
55°C for 16-20 hours; wash at least twice in 2x-3x SSC buffer at room temperature
to 55°C for 20-30 minutes each.
[0045] In particular embodiments, specifically hybridizable nucleic acid molecules can
remain bound under very high stringency hybridization conditions. In these and further embodiments,
specifically hybridizable nucleic acid molecules can remain bound under high stringency

hybridization conditions. In these and further embodiments, specifically hybridizable nucleic acid

17



WO 2019/089402 PCT/US2018/057904

molecules can remain bound under moderate stringency hybridization conditions.

[0046] As used herein, the term “oligonucleotide” refers to a short nucleic acid polymer.
Oligonucleotides may be formed by cleavage of longer nucleic acid segments, or by polymerizing
individual nucleotide precursors. Automated synthesizers allow the synthesis of oligonucleotides up
to several hundred base pairs in length. Because oligonucleotides may bind to a complementary
nucleotide sequence, they may be used as probes for detecting DNA or RNA. Oligonucleotides
composed of DNA (oligodeoxyribonucleotides) may be used in PCR, a technique for the
amplification of small DNA sequences. In PCR, the oligonucleotide is typically referred to as a
“primer”, which allows a DNA polymerase to extend the oligonucleotide and replicate the
complementary strand.

[0047] The terms “percent sequence identity” or “percent identity” or “identity” are used
interchangeably to refer to a sequence comparison based on identical malches between
correspondingly identical positions in the sequences being compared between two or more amino
acid or nucleotide sequences. The percent identity refers to the extent to which two optimally
aligned polynuclestide or peptide sequences are invariant throughout a window of alignment of
components, ¢.g., nucleotides or amino acids. Hybridization experiments and mathematical
algorithms known in the art may be used to determine percent identity. Many mathematical
algorithms exist as sequence alignment computer programs known in the art that calculate percent
identity. These programs may be categorized as either global sequence alignment programs or
local sequence alignment programs.

[0048] Global sequence alignment programs calculate the percent identity of two
sequences by comparing alignments end-to-end in order to find exact matches, dividing the
number of exact matches by the length of the shorter sequences, and then multiplying by 100.
Basically, the percentage of identical nucleotides in a linear polynucleotide sequence of a reference
{“query) polynucieotide molecule as compared to a test (“subject”) polynucleotide molecule when
the two sequences are optimally aligned (with appropriate nucleotide insertions, deletions, or
gaps).

[0049] Local sequence alignment programs are similar in their calculation, but only
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compare aligned fragments of the sequences rather than utilizing an end-to-end analysis. Local
sequence alignment programs such as BLAST can be used to compare specific regions of two
sequences. A BLAST comparison of two sequences results in an E-value, or expectation value,
that represents the number of different alignments with scores equivalent to or better than the raw
alignment score, S, that are expected to occur in a database search by chance. The lower the E
value, the more significant the match. Because database size is an element in E-value calculations,
E-values obtained by BLASTing against public databases, such as GENBANK, have generally
increased over time for any given query/entry match. In setting criteria for confidence of
polypeptide function prediction, a "high" BLAST match is considered herein as having an E-value
for the top BLAST hit of less than 1E-30; a medium BLASTX E-value is 1E-30 to 1E-8; and a
low BLASTX E-value is greater than 1E-8. The protein function assignment in the present
invention is determined using combinations of E-values, percent identity, query coverage and hit
coverage. Query coverage refers to the percent of the query sequence that is represented in the
BLAST alignment. Hit coverage refers to the percent of the database entry that is represented in
the BLAST alignment. In one embodiment of the invention, function of a query polypeptide is
inferred from function of a protein homolog where either (1) hit_p<le-30 or % identity >35%
AND query_coverage >50% AND hit_coverage >50%, or (2) hit_p<le-8 AND query_coverage
>70% AND hit_coverage >70%. The following abbreviations are produced during a BLAST

analysis of a sequence.

provides the SEQ ID NO for the listed recombinant

SEQ_NUM polynucleotide sequences.

provides an arbitrary sequence name taken from the name of

CONTIG_ID the clone from which
the cDNA sequence was obtained.

provides the SEQ ID NO for the recombinant polypeptide
sequence

provides the GenBank ID number for the top BLAST hit for
the sequence. The top

BLAST hit is indicated by the National Center for
Biotechnology Information GenBank

PROTEIN NUM

NCBI_GI
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NCBI_GI_DESCRIPTION

E_VALUE
MATCH_LENGTH

TOP_HIT_PCT_IDENT

CAT_TYPE

CAT DESC

PRODUCT_CAT_DESC

PRODUCT_HIT_DESC

HIT E

PCT/US2018/057904

Identifier number.

refers to the description of the GenBank top BLAST hit for
the

sequence.
provides the expectation value for the top BLAST match.

provides the length of the sequence which is aligned in the
top BLAST

match

refers to the percentage of identically matched nucleotides
(or

residues) that exist along the length of that portion of the
sequences which is aligned in

the top BLAST match.
wdicates the classification scheme used to classify the
sequence. GO_BP = Gene

Ontology Consortinm —biclogical process; GO_CC = Gene
Untology Consortinm ——

celhilar cormponent; GO_MVF = Gene Ontology Consortinm -
molecular function; KEGG = KEGG

tunctional hierarchy (KEGG = Kyoto Encyclopedia of
(enes and Genomes),

EC = Enzyme Classification from ENZYME data bank
release 23.0; POI = Pathways of

Interest.

provides the classification scheme subcategory to which the
query sequence was

assigned.

provides the FunCAT annotation category to which the
query

sequence was assigned.

provides the description of the BLAST hit which resulted in
assignment of the sequence to the function category
provided in the cat_desc column.

provides the E valoe for the BLAST hit in the hit_desc
column.
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POT IDENT ;ftzfers ?0 E.hﬁ\ percem?ge of identically matched nucleotides
{or residues} that exist

along the length of that portion of the sequences which is

aligned in the BLAST match

provided iu hit_desc.

QRY _RANGE lists the range of the guery sequence aligned with the hit,
HIT_RANGE lists the range of the hit sequence aligned with the query.

provides the percent of guery sequence length that matches
to the hit (NCBD

sequence in the BLAST match (% gry ovrg = (match
fength/guery total length) x 100},

QRY _CVRG

provides the percent of hit sequence length that matches to

HIT _CVRG .
the guery sequence in

the match generated using BLAST (% hit cvrg = (match
iength/hit total length) x 100y

[0050] Methods for aligning sequences for comparison are well-known in the art. Various
programs and alignment algorithms are described. In an embodiment, the subject disclosure relates
to calculating percent identity between two polynucleotides or amino acid sequences using an
AlignX alignment program of the Vector NTI suite (Invitrogen, Carlsbad, CA). The AlignX
alignment program is a global sequence alignment program for polynucleotides or proteins. In an
embodiment, the subject disclosure relates to calculating percent identity between two
polynucleotides or amino acid sequences using the MegAlign program of the LASERGENE
bioinformatics computing suite (MegAlign™ (©1993-2016). DNASTAR. Madison, WI). The
MegAlign program is global sequence alignment program for polynucleotides or proteins. In an
embodiment, the subject disclosure relates to calculating percent identity between two
polynucleotides or amino acid sequences using the Clustal suite of alignment programs, including,
but not limited to, ClustalW and ClustalV (Higgins and Sharp (1988) Gene. Dec. 15;73(1):237-
44; Higgins and Sharp (1989) CABIOS 5:151-3; Higgins et al. (1992) Comput. Appl. Biosci.
8:189-91). In an embodiment, the subject disclosure relates to calculating percent identity between

two polynucleotides or amino acid sequences using the BLAST suite of alignment programs, for
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example, but not limited to, BLASTP, BLASTN, BLASTX, etc. (Altschul et al. (1990) J. Mol.
Biol. 215:403-10). In an embodiment, the subject disclosure relates to calculating percent identity
between two polynucleotides or amino acid sequences using the FASTA suite of alignment
programs, including, but not limited to, FASTA, TFASTX, TFASTY, SSEARCH, LALIGN etc.
(Pearson (1994) Comput. Methods Genome Res. [Proc. Int. Symp.], Meeting Date 1992 (Suhai
and Sandor, Eds.), Plenum: New York, NY, pp. 111-20). In an embodiment, the subject disclosure
relates to calculating percent identity between two polynucleotides or amino acid sequences using
the EMBOSS suite of alignment programs, including, but not limited to: Matcher, Needle,
Stretcher, Water, Wordmatch, etc. (Rice, P., Longden, 1. & Bleasby, A. EMBOSS: The European
Molecular Biology Open Software Suite. Trends in Genetics 16(6) 276-77 (2000)). In an
embodiment, the subject disclosure relates to calculating percent identity between two
polynucleotides or amino acid sequences using the Geneious alignment program (Kearse, M., et.
al. (2012). Geneious Basic: an integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics,28(12), 1647-49). In an embodiment,
the subject disclosure relates to calculating percent identity between two polynucleotides or amino
acid sequences using the Gap alignment program of Needleman and Wunsch (Needleman and
Wunsch, Journal of Molecular Biology 48:443-453, 1970). In an embodiment, the subject
disclosure relates to calculating percent identity between two polynucleotides or amino acid
sequences using the BestFit alignment program of Smith and Waterman (Smith and Waterman,
Advances in Applied Mathematics, 2:482-489, 1981, Smith et al., Nucleic Acids Research 11:2205-
2220, 1983). These programs produces biologically meaningful multiple sequence alignments of
divergent sequences. The calculated best match alignments for the selected sequences are lined up
so that identities, similarities, and differences can be seen.

[0051] The term “similarity” refers to a comparison between amino acid sequences, and
takes into account not only identical amino acids in corresponding positions, but also functionally
similar amino acids in corresponding positions. Thus similarity between polypeptide sequences
indicates functional similarity, in addition to sequence similarity.

[0052] The term “homology” is sometimes used to refer to the level of similarity between
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two or more nucleic acid or amino acid sequences in terms of percent of positional identity (i.e.,
sequence similarity or identity). Homology also refers to the concept of evolutionary relatedness,
often evidenced by similar functional properties among different nucleic acids or proteins that
share similar sequences.

[0053] As used herein, the term "variants" means substantially similar sequences. For
nucleotide sequences, naturally occurring variants can be identified with the use of well- known
molecular biology techniques, such as, for example, with polymerase chain reaction (PCR) and
hybridization techniques as outlined herein.

[0054] For nucleotide sequences, a variant comprises a deletion and/or addition of one or
more nucleotides at one or more internal sites within the native polynucleotide and/or a substitution
of one or more nucleotides at one or more sites in the native polynucleotide. As used herein, a
"native" nucleotide sequence comprises a naturally occurring nucleotide sequence. For nucleotide
sequences, naturally occurring variants can be identified with the use of well-known molecular
biology techniques, as, for example, with polymerase chain reaction (PCR) and hybridization
techniques as outlined below. Variant nucleotide sequences also include synthetically derived
nucleotide sequences, such as those generated, for example, by using site-directed mutagenesis.
Generally, variants of a particular nucleotide sequence of the invention will have at least about
40%, 45%. 50%>, 55%, 60%, 65%, 710%, 15%, 80%, 85%, 90%. 91%, 92%. 93%. 94%. 95%.
96%, 97%, 98%o0, 99% or more sequence identity to that particular nucleotide sequence as
determined by sequence alignment programs and parameters described elsewhere herein. A
biologically active variant of a nucleotide sequence of the invention may differ from that sequence
by as few as 1-15 nucleic acid residues, as few as 1-10, such as 6-10, as few as 5, as few as 4, 3,
2, or even 1 nucleic acid residue.

[0055] As used herein the term “operably linked” relates to a first nucleic acid sequence is
operably linked with a second nucleic acid sequence when the first nucleic acid sequence is in a
functional relationship with the second nucleic acid sequence. For instance, a promoter is operably
linked with a coding sequence when the promoter affects the transcription or expression of the coding

sequence. When recombinantly produced, operably linked nucleic acid sequences are generally
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contiguous and, where necessary to join two protein-coding regions, in the same reading frame.
However, elements need not be contiguous to be operably linked.

[0056] As used herein, the term “promoter” refers to a region of DNA that generally is located
upstream (towards the 5° region of a gene) of a gene and is needed to initiate and drive transcription
of the gene. A promoter may permit proper activation or repression of a gene that it controls. A
promoter may contain specific sequences that are recognized by transcription factors. These factors
may bind to a promoter DNA sequence, which results in the recruitment of RNA polymerase, an
enzyme that synthesizes RNA from the coding region of the gene. The promoter generally refers to
all gene regulatory elements located upstream of the gene, including, upstream promoters, 5° UTR,
introns, and leader sequences.

[0057] As used herein, the term *“upstream-promoter” refers to a contiguous polynucleotide
sequence that is sufficient to direct initiation of transcription. As used herein, an
upstream-promoter encompasses the site of initiation of transcription with several sequence motifs,
which include TATA Box, initiator sequence, TFIIB recognition elements and other promoter
motifs (Jennifer, E.F. et al., (2002) Genes & Dev., 16: 2583-2592). The upstream promoter
provides the site of action to RNA polymerase II which is a multi-subunit enzyme with the basal
or general transcription factors like, TFIIA, B, D, E, F and H. These factors assemble into a
transcription pre initiation complex that catalyzes the synthesis of RNA from DNA template.
[0058] The activation of the upstream-promoter is done by the additional sequence of
regulatory DNA sequence elements to which various proteins bind and subsequently interact with
the transcription initiation complex to activate gene expression. These gene regulatory elements
sequences interact with specific DNA-binding factors. These sequence motifs may sometimes be
referred to as cis-elements. Such cis-elements, to which tissue-specific or development-specific
transcription factors bind, individually or in combination, may determine the spatiotemporal
expression pattern of a promoter at the transcriptional level. These cis-elements vary widely in the
type of control they exert on operably linked genes. Some elements act to increase the transcription
of operably-linked genes in response to environmental responses (e.g., temperature, moisture, and

wounding). Other cis-elements may respond to developmental cues (e.g., germination, seed
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maturation, and flowering) or to spatial information (e.g., tissue specificity). See, for example,
Langridge et al., (1989) Proc. Natl. Acad. Sci. USA 86:3219-23. These cis- elements are located at
a varying distance from transcription start point, some cis- elements (called proximal elements)
are adjacent to a minimal core promoter region while other elements can be positioned several
kilobases upstream or downstream of the promoter (enhancers).

[0059] As used herein, the terms “5” untranslated region” or “5” UTR” is defined as the
untranslated segment in the 5° terminus of pre-mRNAs or mature mRNAs. For example, on
mature mRNAs, a 5” UTR typically harbors on its 5” end a 7-methylguanosine cap and is involved
in many processes such as splicing, polyadenylation, mRNA export towards the cytoplasm,
identification of the 5’ end of the mRNA by the translational machinery, and protection of the
mRNAs against degradation.

[0060] As used herein, the term “intron” refers to any nucleic acid sequence comprised in a
gene (or expressed polynucleotide sequence of interest) that is transcribed but not translated. Introns
include untranslated nucleic acid sequence within an expressed sequence of DNA, as well as the
corresponding sequence in RNA molecules transcribed therefrom. A construct described herein can
also contain sequences that enhance translation and/or mRNA stability such as introns. An
example of one such intron is the first intron of gene II of the histone H3 variant of Arabidopsis
thaliana or any other commonly known intron sequence. Introns can be used in combination with
a promoter sequence to enhance translation and/or mRNA stability.

[0061] As used herein, the terms “transcription terminator” or “terminator” is defined as
the transcribed segment in the 3’ terminus of pre-mRNAs or mature mRNAs. For example, longer
stretches of DNA beyond “polyadenylation signal” site is transcribed as a pre-mRNA. This DNA
sequence usually contains transcription termination signal for the proper processing of the pre-
mRNA into mature mRNA.

[0062] As used herein, the term “3’ untranslated region™ or “3” UTR” is defined as the
untranslated segment in a 3’ terminus of the pre-mRNAs or mature mRNAs. For example, on

mature mRNAs this region harbors the poly-(A) tail and is known to have many roles in mRNA
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stability, translation initiation, and mRNA export. In addition, the 3° UTR is considered to include
the polyadenylation signal and transcription terminator.

[0063] As used herein, the term “polyadenylation signal” designates a nucleic acid
sequence present in mRNA transcripts that allows for transcripts, when in the presence of a poly-
(A) polymerase, to be polyadenylated on the polyadenylation site, for example, located 10 to 30
bases downstream of the poly-(A) signal. Many polyadenylation signals are known in the art and
are useful for the present invention. An exemplary sequence includes AAUAAA and variants
thereof, as described in Loke J., et al., (2005) Plant Physiology 138(3); 1457-1468.

[0064] A “DNA binding transgene” is a polynucleotide coding sequence that encodes a
DNA binding protein. The DNA binding protein is subsequently able to bind to another molecule.
A binding protein can bind to, for example, a DNA molecule (a DNA-binding protein), a RNA
molecule (an RNA-binding protein), and/or a protein molecule (a protein-binding protein). In the
case of a protein-binding protein, it can bind to itself (to form homodimers, homotrimers, etc.)
and/or it can bind to one or more molecules of a different protein or proteins. A binding protein
can have more than one type of binding activity. For example, zinc finger proteins have
DNA-binding, RNA-binding, and protein-binding activity.

[0065] Examples of DNA binding proteins include; meganucleases, zinc fingers,
CRISPRs, and TALEN binding domains that can be “engineered” to bind to a predetermined
nucleotide sequence. Typically, the engineered DNA binding proteins (e.g., zinc fingers,
CRISPRs, or TALENS) are proteins that are non-naturally occurring. Non-limiting examples of
methods for engineering DNA-binding proteins are design and selection. A designed DNA
binding protein is a protein not occurring in nature whose design/composition results principally
from rational criteria. Rational criteria for design include application of substitution rules and
computerized algorithms for processing information in a database storing information of existing
ZFP, CRISPR, and/or TALEN designs and binding data. See, for example, U.S. Patents 6,140,081;
6.453,242; and 6,534,261; see also WO 98/53058; WO 98/53059; WO 98/53060; WO 02/016536
and WO 03/016496 and U.S. Publication Nos. 20110301073, 20110239315 and 20119145940.
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[0066] A “zinc finger DNA binding protein” (or binding domain) is a protein, or a domain
within a larger protein, that binds DNA in a sequence-specific manner through one or more zinc
fingers, which are regions of amino acid sequence within the binding domain whose structure is
stabilized through coordination of a zinc ion. The term zinc finger DNA binding protein is often
abbreviated as zinc finger protein or ZFP. Zinc finger binding domains can be “engineered” to
bind to a predetermined nucleotide sequence. Non-limiting examples of methods for engineering
zinc finger proteins are design and selection. A designed zinc finger protein is a protein not
occurring in nature whose design/composition results principally from rational criteria. Rational
criteria for design include application of substitution rules and computerized algorithms for
processing information in a database storing information of existing ZFP designs and binding data.
See, for example, U.S. Pat. Nos. 6,140,081; 6,453,242; 6,534,261 and 6,794,136; see also WO
98/53058; WO 98/53059; WO 98/53060; WO 02/016536 and WO 03/016496.

[0067] In other examples, the DNA-binding domain of one or more of the nucleases
comprises a naturally occurring or engineered (non-naturally occurring) TAL effector DNA
binding domain. See, e.g., U.S. Patent Publication No. 20110301073, incorporated by reference
in its entirety herein. The plant pathogenic bacteria of the genus Xanthomonas are known to cause
many diseases in important crop plants. Pathogenicity of Xanthomonas depends on a conserved
type III secretion (T3S) system which injects more than different effector proteins into the plant
cell. Among these injected proteins are transcription activator-like (TALEN) effectors which
mimic plant transcriptional activators and manipulate the plant transcriptome (see Kay et al,
(2007) Science 318:648-651). These proteins contain a DNA binding domain and a transcriptional
activation domain. One of the most well characterized TAL-effectors is AvrBs3 from
Xanthomonas campestgris pv. Vesicatoria (see Bonas et al., (1989) Mol Gen Genet 218: 127-136
and W0O2010079430). TAL-effectors contain a centralized domain of tandem repeats, each repeat
containing approximately 34 amino acids, which are key to the DNA binding specificity of these
proteins. In addition, they contain a nuclear localization sequence and an acidic transcriptional
activation domain (for a review see Schornack S, et al., (2006) J Plant Physiol 163(3): 256-272).

In addition, in the phytopathogenic bacteria Ralstonia solanacearum two genes, designated brgl1
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and hpx17 have been found that are homologous to the AvrBs3 family of Xanthomonas in the R.
solanacearum biovar strain GMI1000 and in the biovar 4 strain RS1000 (See Heuer et al., (2007)
Appl and Enviro Micro 73(13): 4379-4384). These genes are 98.9% identical in nucleotide
sequence to each other but differ by a deletion of 1,575 bp in the repeat domain of hpx17.
However, both gene products have less than 40% sequence identity with AvrBs3 family proteins
of Xanthomonas. See, e.g., U.S. Patent Publication No. 20110301073, incorporated by reference
in its entirety.

[0068] Specificity of these TAL effectors depends on the sequences found in the tandem
repeats. The repeated sequence comprises approximately 102 bp and the repeats are typically
91-100% homologous with each other (Bonas et al., ibid). Polymorphism of the repeats is usually
located at positions 12 and 13 and there appears to be a one-to-one correspondence between the
identity of the hypervariable diresidues at positions 12 and 13 with the identity of the contiguous
nucleotides in the TAL-effector’s target sequence (see Moscou and Bogdanove, (2009) Science
326:1501 and Boch et al., (2009) Science 326:1509-1512). Experimentally, the natural code for
DNA recognition of these TAL-effectors has been determined such that an HD sequence at
positions 12 and 13 leads to a binding to cytosine (C), NG binds to T, NI to A, C, G or T, NN
binds to A or G, and ING binds to T. These DNA binding repeats have been assembled into
proteins with new combinations and numbers of repeats, to make artificial transcription factors
that are able to interact with new sequences and activate the expression of a non-endogenous
reporter gene in plant cells (Boch et al., ibid). Engineered TAL proteins have been linked to a
Fokl cleavage half domain to yield a TAL effector domain nuclease fusion (TALEN) exhibiting
activity in a yeast reporter assay (plasmid based target).

[0069] The CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)/Cas
(CRISPR Associated) nuclease system is a recently engineered nuclease system based on a
bacterial system that can be used for genome engineering. It is based on part of the adaptive
immune response of many bacteria and Archaea. When a virus or plasmid invades a bacterium,
segments of the invader’s DNA are converted into CRISPR RNAs (crRNA) by the ‘immune’

response. This crRNA then associates, through a region of partial complementarity, with another
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type of RNA called tracrRNA to guide the Cas9 nuclease to a region homologous to the crRNA in
the target DNA called a “protospacer.” Cas9 cleaves the DNA to generate blunt ends at the
double-stranded break (DSB) at sites specified by a 20-nucleotide guide sequence contained within
the crRNA transcript. Cas9 requires both the crRNA and the tracrRNA for site specific DNA
recognition and cleavage. This system has now been engineered such that the crRNA and
tractRNA can be combined into one molecule (the “single guide RNA”), and the crRNA equivalent
portion of the single guide RNA can be engineered to guide the Cas9 nuclease to target any desired
sequence (see Jinek er al., (2012) Science 337, pp. 816-821, Jinek er al., (2013), eLife 2:e00471,
and David Segal, (2013) eLife 2:¢00563). In other examples, the crRNA associates with the
tractrRNA to guide the Cpf1 nuclease to a region homologous to the crRNA to cleave DNA with
staggered ends (see Zetsche, Bernd, et al. Cell 163.3 (2015): 759-771.). Thus, the CRISPR/Cas
system can be engineered to create a DSB at a desired target in a genome, and repair of the DSB
can be influenced by the use of repair inhibitors to cause an increase in error prone repair.

[0070] In other examples, the DNA binding transgene/heterologous coding sequence is a
site specific nuclease that comprises an engineered (non-naturally occurring) Meganuclease (also
described as a homing endonuclease). The recognition sequences of homing endonucleases or
meganucleases such as I-Scel, I-Ceul, PI-Pspl, PI-Sce, I-ScelV, I-Csml, 1-Panl, 1-Scell, 1-Ppol,
I-Scelll, I-Crel, I-Tevl, I-TevIl and I-TevIlI arc known. See also U.S. Patent No. 5,420,032; U.S.
Patent No. 6,833,252; Belfort et al., (1997) Nucleic Acids Res. 25:3379-30 3388; Dujon et al,,
(1989) Gene 82:115-118; Perler et al., (1994) Nucleic Acids Res. 22, 11127; Jasin (1996) Trends
Genet. 12:224-228; Gimble et al., (1996) J. Mol. Biol. 263:163-180; Argast et al., (1998) J. Mol.
Biol. 280:345-353 and the New England Biolabs catalogue. In addition, the DNA-binding
specificity of homing endonucleases and meganucleases can be engineered to bind non-natural
target sites. See, for example, Chevalier et al., (2002) Molec. Cell 10:895-905; Epinat et al., (2003)
Nucleic Acids Res. 5 31:2952-2962; Ashworth er al., (2006) Nature 441:656-659; Paques er al.,
(2007) Current Gene Therapy 7:49-66; U.S. Patent Publication No. 20070117128. The

DNA-binding domains of the homing endonucleases and meganucleases may be altered in the
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context of the nuclease as a whole (i.e., such that the nuclease includes the cognate cleavage
domain) or may be fused to a heterologous cleavage domain.

[0071] As used herein, the term “transformation” encompasses all techniques that a nucleic
acid molecule can be introduced into such a cell. Examples include, but are not limited to:
transfection with viral vectors; transformation with plasmid vectors; electroporation; lipofection;
microinjection (Mueller ez al., (1978) Cell 15:579-85); Agrobacterium-mediated transfer; direct DNA
uptake; WHISKERS™-mediated transformation; and microprojectile bombardment.  These
techniques may be used for both stable transformation and transient transformation of a plant cell.
“Stable transformation” refers to the introduction of a nucleic acid fragment into a genome of a
host organism resulting in genetically stable inheritance. Once stably transformed, the nucleic
acid fragment is stably integrated in the genome of the host organism and any subsequent
generation. Host organisms containing the transformed nucleic acid fragments are referred to as
“transgenic” organisms. “Transient transformation” refers to the introduction of a nucleic acid
fragment into the nucleus, or DNA-containing organelle, of a host organism resulting in gene
expression without genetically stable inheritance.

[0072] An exogenous nucleic acid sequence. In one example, a transgene/heterologous
coding sequence is a gene sequence (e.g., an herbicide-resistance gene), a gene encoding an
industrially or pharmaceutically useful compound, or a gene encoding a desirable agricultural trait.
In yet another example, the transgene/heterologous coding sequence is an antisense nucleic acid
sequence, wherein expression of the antisense nucleic acid sequence inhibits expression of a target
nucleic acid sequence. A transgene/heterologous coding sequence may contain regulatory sequences
operably linked to the transgene/heterologous coding sequence (e.g., a promoter). In some
embodiments, a polynucleotide sequence of interest is a transgene. However, in other embodiments,
a polynucleotide sequence of interest is an endogenous nucleic acid sequence, wherein additional
genomic copies of the endogenous nucleic acid sequence are desired, or a nucleic acid sequence that
is in the antisense orientation with respect to the sequence of a target nucleic acid molecule in the host
organism.

[0073] As used herein, the term a transgenic “event” is produced by transformation of plant
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cells with heterologous DNA, i.e., a nucleic acid construct that includes a transgene/heterologous
coding sequence of interest, regeneration of a population of plants resulting from the insertion of
the transgene/heterologous coding sequence into the genome of the plant, and selection of a
particular plant characterized by insertion into a particular genome location. The term “event”
refers to the original transformant and progeny of the transformant that include the heterologous
DNA. The term “event” also refers to progeny produced by a sexual outcross between the
transformant and another variety that includes the genomic/transgene DNA. Even after repeated
back-crossing to a recurrent parent, the inserted transgene/heterologous coding sequence DNA and
flanking genomic DNA (genomic/transgene DNA) from the transformed parent is present in the
progeny of the cross at the same chromosomal location. The term “event” also refers to DNA from
the original transformant and progeny thereof comprising the inserted DNA and flanking genomic
sequence immediately adjacent to the inserted DNA that would be expected to be transferred to a
progeny that receives inserted DNA including the transgene/heterologous coding sequence of
interest as the result of a sexual cross of one parental line that includes the inserted DNA (e.g., the
original transformant and progeny resulting from selfing) and a parental line that does not contain
the inserted DNA.

[0074] As used herein, the terms “Polymerase Chain Reaction” or “PCR” define a
procedure or technique in which minute amounts of nucleic acid, RNA and/or DNA, are amplified
as described in U.S. Pat. No. 4,683,195 issued July 28, 1987.