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TITLE
PLANT SEEDS WITH ALTERED STORAGE COMPOUND LEVELS,
RELATED CONSTRUCTS AND METHODS INVOLVING GENES ENCODING
OXIDOREDUCTASE MOTIF POLYPEPTIDES

FIELD OF THE INVENTION

This invention Is In the field of plant molecular biology. More specifically, this
iInvention pertains to isolated nucleic acid fragments encoding oxidoreductase motif
proteins In plants and seeds and the use of such fragments to modulate expression
of a gene encoding oxidoreductase activity.

BACKGROUND OF THE INVENTION

At maturity, about 40% of soybean seed dry weight is protein and 20%
extractable oil. These constitute the economically valuable products of the soybean
crop. Plant oils for example are the most energy-rich biomass available from plants;
they have twice the energy content of carbohydrates. It also requires very little
energy to extract plant oils and convert them to fuels. Of the remaining 40% of seed
weight, about 10% is soluble carbohydrate. The soluble carbohydrate portion
contributes little to the economic value of soybean seeds and the main component
of the soluble carbohydrate fraction, raffinosaccharides, are deleterious both to
processing and to the food value of soybean meal in monogastric animals (Coon
et al., (1988) Proceedings Soybean Utilization Alternatives, Univ. of Minnesota,
pp. 203-211).

As the pathways of storage compound biosynthesis in seeds are becoming
better understood it is clear that it may be possible to modulate the size of the
storage compound pools In plant cells by altering the catalytic activity of specific
enzymes in the oll, starch and soluble carbohydrate biosynthetic pathways (Taiz L.,
et al. Plant Physiology; The Benjamin/Cummings Publishing Company: New York,
1991). For example, studies investigating the over-expression of LPAT and DAGAT
showed that the final steps acylating the glycerol backbone exert significant control
over flux to lipids In seeds. Seed oil content could also be increased in oil-seed
rape by overexpression of a yeast glycerol-3-phosphate dehydrogenase, whereas

over-expression of the individual genes involved In de novo fatty acid synthesis in
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the plastid, such as acetyl-CoA carboxylase and fatty acid synthase, did not
substantially alter the amount of lipids accumulated (Vigeolas H., et al. Plant
Biotechnology J. 5, 431-441 (2007). A low-seed-oil mutant, wrinkled 1, has been
identified in Arabidopsis. The mutation apparently causes a deficiency In the seed-
specific regulation of carbohydrate metabolism (Focks, Nicole et al., Plant Physiol.
(1998), 118(1), 91-101. There is a continued interest in identifying the genes that
encode proteins that can modulate the synthesis of storage compounds, such as oll,
protein, starch and soluble carbohydrates, in plants.

The biochemical term oxidoreductase refers to enzymes involved in the
transfer of electrons from one molecule (the reductant, also called the hydrogen or
electron donor) to another (the oxidant, also called the hydrogen or electron
acceptor). For some oxidoreductase proteins catalytic properties are known while
other proteins are only identified based on the presence of a motif found also In
known oxidoreductase enzymes. Small, proteins, 10-30 kDA in size with, with an
oxidoreductase motif (ORM) and unkown catalytic properties are prevalent in
eukaryotes ranging from unicellular yeast and algae to the animal and plant
kingdom. Yoshikawa et al (FEMS Yeast Research (2009), 9(1), 32-44.) disclose
that disruption of YPL107W of Saccharomyces cerevisae encoding a protein with
oxidoreductase motif and mitochondrial localization is hypersensitive osmotic and
ethanol stress. Although proteins with an oxidoreductase motif closely related to that
of YPL107W have been identified in every plant that was subjected to in-depth
genome or EST sequencing few studies have been conducted on the role of these
proteins. In view of the ubiquitous nature of genes encoding ORM proteins Iin plants
further investigation of their role in plant growth and development and specifically in
the regulation of storage compound content in seed Is of great interest.

SUMMARY OF THE INVENTION
In a first embodiment the present invention concerns a transgenic plant
comprising a recombinant DNA construct comprising a polynucleotide operably
linked to at least one regulatory element, wherein said polynucleotide encodes a
polypeptide having an amino acid sequence of at least 70% sequence identity,
based on the Clustal V method of alignment, when compared to SEQ ID NO: 26, 28,
30, 32, 40, 42, 44, 46, 48, 64, 65, 66, 67, 69,70, 102, 104, 105, 106, 108, 110, 113,

1106, or 117 and wherein seeds from said transgenic plant have an altered oll,
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protein, starch and/or soluble carbohydrate content when compared to seeds from
a control plant not comprising said recombinant DNA construct.

In a second embodiment the present invention concerns transgenic seed
comprising a recombinant DNA construct comprising a polynucleotide operably
linked to at least one regulatory element, wherein said polynucleotide encodes a
polypeptide having an amino acid sequence of at least 70% sequence identity,
based on the Clustal V method of alignment, when compared to SEQ ID NO: 26, 28,
30, 32, 40, 42, 44, 46, 48, 64, 65, 66, 67, 69, 70, 102, 104, 105, 106, 108, 110, 113,
116, or 117 and wherein said transgenic seed has an altered oll, protein, starch
and/or soluble carbohydrate content when compared to a control seed not
comprising said recombinant DNA construct.

In a third embodiment the present invention concerns transgenic seed
comprising:a recombinant DNA construct comprising: (a) a polynucleotide
operably linked to at least one regulatory element, wherein said polynucleotide
encodes a polypeptide having an amino acid sequence of at least 70% sequence
identity, based on the Clustal V method of alignment, when compared to SEQ ID
NO: 26, 28, 30, 32, 40, 42, 44, 46, 48, 64, 65, 66, 67, 69, 70, 102, 104, 105, 106,
108, 110, 113, 116, or 117, or (b) a suppression DNA construct comprising at least
one regulatory element operably linked to: (i) all or part of: (A) a nucleic acid
sequence encoding a polypeptide having an amino acid sequence of at least 70%
sequence identity, based on the Clustal V method of alignment, when compared to
SEQ ID NO: : 26, 28, 30, 32, 40, 42, 44, 46, 48, 64, 65, 66, 67, 69, 70, 102, 104,
105, 106, 108, 110, 113, 116, or 117, or (B) a full complement of the nucleic acid
sequence of (b)(1)(A); or (ii) a region derived from all or part of a sense strand or
antisense strand of a target gene of interest, said region having a nucleic acid
sequence of at least 70% sequence identity, based on the Clustal V method of
alignment, when compared to said all or part of a sense strand or antisense strand
from which said region is derived, and wherein said target gene of interest encodes
an ORM protein, and wherein said plant has an altered oll, protein, starch and/or
soluble carbohydrate content when compared to a control plant not comprising said
recombinant DNA construct.

In a fourth embodiment the invention concerns transgenic seed having an

increased oil content of at least 2% on a dry-weight basis when compared to the oll
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content of a non-transgenic seed, wherein said transgenic seed comprises a
recombinant DNA construct comprising: (a) all or part of the nucleotide sequence
set forth in SEQ ID NO: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47,48, 68, 101,
103, 107, 109, 111, or 114; or (b) the full-length complement of (a): wherein (a)
or (b) Is of sufficient length to inhibit expression of endogenous activity in a
transgenic plant and further wherein said seed has an increase In oil content of at
least 2% on a dry-weight basis, as compared to seed obtained from a non-
transgenic plant.

In a fifth embodiment the invention concerns transgenic seed comprising a
recombinant DNA construct comprising:(a) all or part of the nucleotide sequence set
forth in SEQ ID NO: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 48, 68, 101, 103,
107, 109, 111, or 114; or (b) the full-length complement of (a): wherein (a) or (b) is
of sufficient length to inhibit expression of endogenous ORM proteins activity in a
transgenic plant and further wherein said seed has an increase in oil content of at
least 2% on a dry-weight basis, as compared to seed obtained from a non-
transgenic plant.

In a sixth embodiment the present invention concerns a method for producing
transgenic seeds, the method comprising: (a) transforming a plant cell with a
recombinant DNA construct comprising a polynucleotide operably linked to at least
one regulatory sequence, wherein the polynucleotide encodes a polypeptide having
an amino acid sequence of at least 70% sequence identity, based on the Clustal V
method of alignment, when compared to SEQ ID NO: 26, 28, 30, 32, 34, 36, 38, 40,
42,44, 46, 48, 64, 65, 66, 67,69, 70,102, 104, 105, 106, 108, 110, 113, 116, or
117; and (b) regenerating a transgenic plant from the transformed plant cell of (a);
and (c) selecting a transgenic plant that produces a transgenic seed having an
altered oll, protein, starch and/or soluble carbohydrate content, as compared to a
transgenic seed obtained from a non-transgenic plant.

In a seventh embodiment this invention concerns a method for producing
fransgenic seed, the method comprising: (a) transforming a plant cell with a
recombinant DNA construct comprising: (i) all or part of the nucleotide sequence
set forth in SEQ ID NO: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 48, 68, 101,
103, 107, 109, 111, or 114; or (i) the full-length complement of (i); wherein (i) or (ii)

IS of sufficient length to inhibit expression of endogenous ORM protein activity in a
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transgenic plant;

(b) regenerating a transgenic plant from the transformed plant cell of (a); and

(c) selecting a transgenic plant that produces a transgenic seed having an altered
oll, protein, starch and/or soluble carbohydrate content, as compared to a
transgenic seed obtained from a non-transgenic plant.

In an eighth embodiment, the present invention concerns a method for
producing transgenic seed, the method comprising: (a) transforming a plant cell with
a recombinant DNA construct comprising: (i) all or part of the nucleotide sequence
set forth in SEQ ID NO: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47 , 48, 68, 101,
103, 107, 109, 111, or 114; or (i) the full-length complement of (i); wherein (i) or (ii)
IS of sufficient length to inhibit expression of endogenous ORM protein activity in a
transgenic plant; (b) regenerating a transgenic plant from the transformed plant cell
of (a); and (c) selecting a transgenic plant that produces a transgenic seed having
an increase in oil content of at least 2% on a dry-weight basis, as compared to a
transgenic seed obtained from a non-transgenic plant.

In a ninth embodiment the invention concerns a transgenic seed comprising:
a recombinant DNA construct comprising: (a) a polynucleotide operably linked to
at least one regulatory element, wherein said polynucleotide encodes a polypeptide
having an amino acid sequence of at least 70% sequence identity, based on the
Clustal V method of alignment, when compared to SEQ ID NO: 26, 28, 30, 32, 40,
42, 44,46, 48, 64, 65, 66, 67, 69, 70, 102, 104, 105, 106, 108, 110, 113, 116, or 117
or (b)a suppression DNA construct comprising at least one regulatory element
operably linked to: (i) all or part of: (A) a nucleic acid sequence encoding a
polypeptide having an amino acid sequence of at least 70% sequence identity,
based on the Clustal V method of alignment, when compared to SEQ ID NO: 26, 28,
30, 32, 40, 42, 44, 46, 48, 64, 65, 66, 67, 69, 70, 102, 104, 105, 106, 108, 110, 113,
116, or 117, or (B) a full complement of the nucleic acid sequence of (b)(i)(A); or (ii)
a region derived from all or part of a sense strand or antisense strand of a target
gene of interest, said region having a nucleic acid sequence of at least 70%
sequence identity, based on the Clustal V method of alignment, when compared to
said all or part of a sense strand or antisense strand from which said region is
derived, and wherein said target gene of interest encodes a ORM protein,and

wherein said plant has an altered, increased or decreased oll, protein, starch and/or
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soluble carbohydrate content when compared to a control plant not comprising said
recombinant DNA construct.

In a tenth embodiment, the present invention includes an isolated
polynucleotide comprising: (a) a nucleotide sequence encoding a polypeptide
required for altering I1.e. increasing or decreasing oll, protein, starch and/or soluble
carbohydrate content, wherein the polypeptide has an amino acid sequence of at
least 70% sequence identity when compared to SEQ ID NO: 32, 102, 104; 113, or
116, or (b) a full complement of the nucleotide sequence, wherein the full
complement and the nucleotide sequence consist of the same number of
nucleotides and are 100% complementary. The polypeptide may comprise the
amino acid sequence of SEQ ID NO: 32; 102, 104; 113, or 116. The nucleotide
sequence may comprise the nucleotide sequence of SEQ ID NO:31, 101, 103, 112,
or 115.

In another embodiment, the present invention concerns a recombinant DNA
construct comprising any of the isolated polynucleotides of the present invention
operably linked to at least one regulatory sequence, and a cell, a plant, and a seed
comprising the recombinant DNA construct. The cell may be eukaryotic, €.g., a
yeast, insect or plant cell, or prokaryotic, e.qg., a bacterial cell.

Seeds obtained from monocot and dicot plants (such as for example maize
and soybean, respectively) comprising the recombinant constructs of the invention
are within the scope of the present invention. Also included are seed-specific or
seed-preferred promoters driving the expression of the nucleic acid sequences of
the invention. Embryo or endosperm specific promoters driving the expression of
the nucleic acid sequences of the invention are also included.

Furthermore, the methods of the present inventions are useful for obtaining
transgenic seeds from monocot plants (such as maize and rice) and dicot plants
(such as soybean and canola).

Also within the scope of the invention are product(s) and/or by-product(s)
obtained from the transgenic seed obtained from monocot or dicot plants, such as
maize and soybean, respectively.

In another embodiment, this invention relates to a method for suppressing in
a plant the level of expression of a gene encoding a polypeptide having ORM

protein activity, wherein the method comprises transforming a monocot or dicot
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plant with any of the nucleic acid fragments of the present invention.

BRIEF DESCRIPTION OF THE DRAWING AND SEQUENCE LISTING

The invention can be more fully understood from the following detailed
description and the accompanying Drawing and Sequence Listing which form a part
of this application.

Figure 1A-1B shows an alignment of the amino acid sequences of ORM
proteins encoded by the nucleotide sequences derived from the following: Brassica
rapa (SEQ ID NO:26, 28, and 30); Helianthus annuus (SEQ ID NO:32); Ricinus
communis (SEQ ID NO:34); Glycine max (SEQ ID NO:306, and 38), Zea mays (SEQ
ID NO:40, 42, 44, and 66, which corresponds to NCBI Gl NO:195615148); Oryza
sativa (SEQ ID NO:46); Sorghum bicolor (SEQ ID NO:48; Populus trichocarpa (SEQ
ID NO:64; NCBI Gl NO.:118481427); SEQ ID NO:65 corresponding to SEQ ID
NO:36271 from US Patent Application US20060123505; SEQ ID NO:67
corresponding to SEQ ID NO:233249 of US Patent Application US20040214272;
and Arabidopssis thaliana (SEQ ID NO:69, At5G17280). For the alignment, amino
acids which are conserved among all sequences at a given position, are indicated
with an asterisk (*). Dashes are used by the program to maximize the alignment of
the sequences. A conserved sequence motif is boxed Iin the alignment and
corresponds to SEQ ID NO:70.

FIG.2 shows a chart of the percent sequence identity for each pair of amino
acid sequences displayed in Figs.1A-1B.

FIG. 3A-3C shows an alignment of the amino acid sequences of ORM
proteins encoded by the nucleotide sequences derived from the following: Brassica
rapa (SEQ ID NO:26, 28, and 30); Helianthus annuus (SEQ ID NO:32); Ricinus
communis (SEQ ID NO:34); Glycine max (SEQ ID NO:306, and 38), Zea mays (SEQ
ID NO:40, 42, 44, and 66, which corresponds to NCBI Gl NO:195615148); Oryza
sativa (SEQ ID NO:46); Sorghum bicolor (SEQ ID NO:48; Populus trichocarpa (SEQ
ID NO:64; NCBI Gl NO.:118481427); SEQ ID NO:65 corresponding to SEQ ID
NO:36271 from US Patent Application US20060123505; SEQ ID NO:67
corresponding to SEQ ID NO:233249 of US Patent Application US20040214272;
Arabidopssis thaliana (SEQ ID NO:69, At5G17280), Guar (SEQ ID NO:102,
lds2c.pk014.b22), Bahia (SEQ ID NO:104, contig), Arabidopsis lyrata (SEQ 1D
NO:105, NCBI Gl NO:297807753), Picea sitchensis (SEQ ID NO:106, NCBI Gl
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NO:116782186), Hordeum vulgare (SEQ ID NO:108), Raphanus sativus (SEQ ID
NO:110), Dennstaedtia punctiloba (SEQ ID NO:113), Osmunda cinnamomea (SEQ
ID NO:116). For the alignment, amino acids which are conserved among all
sequences at a given position, are indicated with an asterisk (*). Dashes are used
by the program to maximize the alignment of the sequences. A conserved
sequence motif iIs boxed in the alignment and corresponds to SEQ ID NO:117.

FIG.4 shows a chart of the percent sequence identity for each pair of amino
acid sequences displayed in Figs.3A-3C.

The sequence descriptions and Sequence Listing attached hereto comply
with the rules governing nucleotide and/or amino acid sequence disclosures In
patent applications as set forth in 37 C.F.R. §1.821-1.825.

SEQ ID NO:1 corresponds to the nucleotide sequence of vector PHSbarENDS2.
SEQ ID NO:2 corresponds to the nucleotide sequence of vector pUC9 and a
polylinker.

SEQ ID NO:3 corresponds to the nucleotide sequence of vector pKR385.

SEQ ID NO:4 corresponds to the nucleotide sequence of vector pKR278.

SEQ ID NO:5 corresponds to the nucleotide sequence of vector pKR407.

SEQ ID NO:6 corresponds to the nucleotide sequence of vector pKR1468.

SEQ ID NO:7 corresponds to the nucleotide sequence of vector pKR1475.

SEQ ID NO:8 corresponds to the nucleotide sequence of vector pKR92.

SEQ ID NO:9 corresponds to the nucleotide sequence of vector pKR1478.

SEQ ID NO:10 corresponds to SAIFF and genomic DNA of |017849.

SEQ ID NO:11 corresponds to the forward primer ORM ORF FWD.

SEQ ID NO:12 corresponds to the reverse primer ORM ORF REV.

SEQ ID NO:13 corresponds to the nucleotide sequence of vector pENTR
comprising ORM.

SEQ ID NO:14 corresponds to the nucleotide sequence of vector pKR1478 —ORM.
SEQ ID NO:15 corresponds to the nucleotide sequence of PKR1482.

SEQ ID NO:16 corresponds to the AthLcc In forward primer.

SEQ ID NO;17 corresponds to the AthLcc In reverse primer.

SEQ ID NO:18 corresponds to the PCR product with the laccase intron.

SEQ ID NO:19 corresponds to the nucleotide sequence of PSM1318.

SEQ ID NO:20 corresponds to the nucleotide sequence of pMBL18 ATTR12 INT.
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SEQ ID NO:21 corresponds to the nucleotide sequence of PSM1789.

SEQ ID NO:22 corresponds to the nucleotide sequence of pMBL18 ATTR12 INT
ATTR21.

SEQ ID NO:23 corresponds to the nucleotide sequence of vector pKR14380.
SEQ ID NO:24 corresponds to the nucleotide sequence of pKR1482-ORM.

Table 1 lists the polypeptides that are described herein, the designation of
the clones that comprise the nucleic acid fragments encoding polypeptides
representing all or a substantial portion of these polypeptides, and the
corresponding identifier (SEQ ID NO:) as used in the attached Sequence Listing.
Table 1 also identifies the cDNA clones as individual ESTs ("EST"), the sequences
of the entire cDNA inserts comprising the indicated cDNA clones ("FIS"), contigs
assembled from two or more ESTs ("Contig”), contigs assembled from an FIS and
one or more ESTs ("Contig™), or sequences encoding the entire or functional
protein derived from an FIS, a contig, an EST and PCR, or an FIS and PCR
(“"CGS”).

TABLE 1
ORM Proteins
Protein (Plant Source) Clone Designation Status  (Nucleot (Amino
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ de) ..Aca) .

ORM (Brassica rapa) 1C44737 CGS 25 20
ORM (Brassica rapa) TC52165 CGS 27 28
ORM (Brassica rapa) 1C52879 CGS 29 30

ORM (Helianthus hso1c.pk014.c16 CGS 31 32

annuus)

ORM (Ricinus communis) XM 002533611 CGS 33 34
ORM (Glycine max) Glyma02g05870 CGS 35 30
ORM (Glycine max) Glyma16g24560 CGS 37 38

ORM (Zea mays) GRMZM2G1312101 CGS 39 40
ORM (Zea mays) pCco642986 CGS 41 42
ORM (Zea mays) PCOS975306 CGS 43 44
ORM (Oryza sativa) 0Os09g36120 CGS 45 46
CGS 47 48

ORM (Sorghum bicolor)

Sb02g030770

9
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SEQ ID NO:49 is the nucleic acid sequence of the linker described in Example 19.
SEQ ID NO:50 is the nucleic acid sequence of vector pKS133 described in Example
18.

SEQ ID NO:51 corresponds to the single copy of ELVISLIVES.

SEQ ID NO:52 corresponds to two copies of ELVISLIVES.

SEQ ID NO:53 corresponds the primer described in Example 20.

SEQ ID NO:54 corresponds to the primer described in Example20.

SEQ ID NO:55 corresponds to a synthetic PCR primer (SA1995).

SEQ ID NO:56 corresponds to a synthetic PCR primer (SA196).

SEQ ID NO:57 corresponds to a synthetic PCR primer (SA200).

SEQ ID NO:58 corresponds to a synthetic PCR primer (SA201).

SEQ ID NO:59 corresponds to pGemTA.

SEQ ID NO:60 corresponds to pGemTB.

SEQ ID NO:61 corresponds to pGemT-ORM-HP.

SEQ ID NO:62 corresponds to pKS433.

SEQ ID NO:63 corresponds to pKS120.

SEQ ID NO:64 corresponds to NCBI Gl NO: 118481427 (Populus trichocarpa)
SEQ ID NO:65 corresponds to SEQ ID NO:36271 from US Patent Application,
US20060123505.

SEQ ID NO:66 corresponds to NCBI Gi NO: 195615148 (Zea mays).

SEQ ID NO:67 corresponds to SEQ ID NO:233249 of US20040214272.

SEQ ID NO:68 corresponds to the nucleotide sequence of At5G17280.

SEQ ID NO:69 corresponds to the amino acid sequence encoded by SEQ ID
NO:68.

SEQ ID NO:70 Is a conserved sequence motif associated with sequences included
In the present invention as shown in Figs 1A and 1B.

SEQ ID NO:71 corresponds to the SA3 11 primer.

SEQ ID NO:72 corresponds to the SA3 12 primer.

SEQ ID NO:73 corresponds to the SA3 13 primer.

SEQ ID NO:74 corresponds to the SA3 14 primer.

SEQ ID NO:75 corresponds to the SA3 15 primer.

SEQ ID NO:76 corresponds to the SA3 16 primer.

SEQ ID NO:77 corresponds to the nucleotide sequence of pGEM T Easy-C.

10



10

15

20)

25

30

CA 02790836 2012-08-22
WO 2011/109618 PCT/US2011/027027

SEQ ID NO:78 corresponds to the nucleotide sequence of pGEM T Easy-D.
SEQ ID NO:79 corresponds to the nucleotide sequence of pGEM T Easy-E.
SEQ ID NO:80 corresponds to the nucleotide sequence of pBluescript SK+-C.
SEQ ID NO:81 corresponds to the nucleotide sequence of pBluescript SK+-CD.
SEQ ID NO:82 corresponds to the nucleotide sequence of pBluescript SK+-CDE.
SEQ ID NO:83 corresponds to the nucleotide sequence of KS442.

SEQ ID NO:84 corresponds to the nucleotide sequence of KS442-CDE.

SEQ ID NO:85 corresponds to the nucleotide sequence of 10127

SEQ ID NO:86 corresponds to the sequence of artificial microRNA, OX16.

SEQ ID NO:87 corresponds to the sequence of artificial microRNA, OX2.

SEQ ID NO:88 corresponds to the sequence of artificial microRNA, OX16.

SEQ ID NO:89 corresponds to the sequence of artificial microRNA, OX2.

SEQ ID NO:90 corresponds to the microRNA 396 precursor.

SEQ ID NO:91 corresponds to the microRNA 396 precursor v3 .

SEQ ID NO:92 corresponds to OX16 primer A.

SEQ ID NO:93 corresponds to OX16 primer B.

SEQ ID NO:94 corresponds to the nucleotide sequence of plasmid OX16.

SEQ ID NO:95 corresponds to the microRNA 159 precursor.

SEQ ID NO:96 corresponds to the in-fusion ready microRNA 159 precursor.
SEQ ID NO:97 corresponds to the 159 OX2 primer A.

SEQ ID NO:98 corresponds to the 159 OX2 primer B.

SEQ ID NO:99 corresponds to the nucleotide sequence of plasmid 159-OX2.
SEQ ID ID NO:100 corresponds to the nucleotide sequence of plasmid KS434.
SEQ ID NO:101 corresponds to the nucleotide sequence of a Guar ORM
(lds2c.pk014.b22).

SEQ ID NO:102 corresponds to the amino acid sequence of the Guar ORM
encoded by Nucleotides of SEQ ID NO:101.

SEQ ID NO:103 corresponds to the nucleotide sequence of a contig of a Bahia
ORM.

SEQ ID NO:104 corresponds to the amino acid sequence encoded by nucleotides
of SEQ ID NO:103.

SEQ ID NO:105 corresponds to NCBI Gl NO: 297807753 (Arabidopsis lyrata).
SEQ ID NO:106 corresponds to NCBI Gl NO: 116782186 (Picea sitchensis).
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SEQ ID NO:107 corresponds to a Hordeum vulgare ORM sequence, obtained a
from a Hordeum vulgare seedling shoot EST library.

SEQ ID NO:108 corrresponds to the partial amino acid sequence encoded by SEQ
ID NO: 107.

SEQ ID NO:109 corresponds to a partial ORM nucleotide sequence obtained from
Raphanus sativus.

SEQ ID NO:110 corresponds to the amino acid sequence encoded by SEQ ID
NO:109.

SEQ ID NO:111 corresponds to the ORM nucleotide sequence from Dennstaedtia
punctiloba.

SEQ ID NO:112 corresponds to the nucleotide sequence of the ORM-ORF of SEQ
ID NO:111.

SEQ ID NO:113 corresponds to the amino acids sequence encoded by SEQ ID
NO:112.

SEQ ID NO:114 corresponds to the ORM nucleotide sequence from Osmunda
cinnamomea.

SEQ ID NO:115 corresponds to the nucleotide sequence of the ORM-ORF of SEQ
ID NO:114.

SEQ ID NO:116 corresponds to the amino acid sequence encoded by SEQ ID
NO:115.

SEQ ID NO:117:corresponds to a conserved sequence motif associated with
sequences included in the present invention as shown in Fig. 3A-3C.

SEQ ID NO:118 corresponds to the amino acid sequence from Glycine max in US
Patent US2004031072-A1-14947 .

SEQ ID NO:119 corresponds to the amino acid sequence from Sorghum bicolor
(NCBI Gl: 8062081).

SEQ ID NO:120 corresponds to the amino acid sequence form Arabidopsis thaliana
(BAB10515).

SEQ ID NO:121 corresponds to the the amino acid sequence form Oryza sativa
(NCBI GI: 5207721).

The Sequence Listing contains the one letter code for nucleotide sequence

characters and the three letter codes for amino acids as defined in conformity with
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the IUPAC-IUBMB standards described in Nucleic Acids Res. 13:3021-3030 (1985)
and in the Biochemical J. 219 (No. 2):345-373 (19384) which are herein incorporated
by reference. The symbols and format used for nucleotide and amino acid
sequence data comply with the rules set forth in 37 C.F.R. §1.822.

DETAILED DESCRIPTION OF THE INVENTION

All patents, patent applications, and publications cited throughout the
application are hereby incorporated by reference in their entirety.

As used herein and in the appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context clearly dictates otherwise. Thus,
for example, reference to "a plant” includes a plurality of such plants, reference to "a
cell” includes one or more cells and equivalents thereof known to those skilled in the
art, and so forth.

In the context of this disclosure a number of terms and abbreviations are
used. The following definitions are provided.

"Open reading frame” is abbreviated ORF.

“Polymerase chain reaction” is abbreviated PCR.

“Triacylglycerols™ are abbreviated TAGs.

“Co-enzyme A’ Is abbreviated CoA.

"Pyrophosphatase” is abbreviated PPiase.

The term "fatty acids” refers to long chain aliphatic acids (alkanoic acids) of
varying chain length, from about C42 to Co2 (although both longer and shorter chain-
length acids are known). The predominant chain lengths are between C1g and Cos.
The structure of a fatty acid is represented by a simple notation system of “X:Y",
where X Is the total number of carbon (C) atoms In the particular fatty acid and Y is
the number of double bonds.

Generally, fatty acids are classified as saturated or unsaturated. The term
“saturated fatty acids” refers to those fatty acids that have no “double bonds”
between their carbon backbone. In contrast, "unsaturated fatty acids” have "double
bonds” along their carbon backbones (which are most commonly in the cis-
configuration). "Monounsaturated fatty acids™ have only one “double bond” along
the carbon backbone (e.g., usually between the 9" and 10" carbon atom as for
palmitoleic acid (16:1) and oleic acid (18:1)), while “polyunsaturated fatty acids” (or

‘“PUFAS”) have at least two double bonds along the carbon backbone (e.g., between
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the 9" and 10", and 12™ and 13" carbon atoms for linoleic acid (18:2); and between
the 9" and 10", 12" and 13", and 15" and 16" for a-linolenic acid (18:3)).

The terms “triacylglycerol”, “oil” and "TAGs” refer to neutral lipids composed
of three fatty acyl residues esterified to a glycerol molecule (and such terms will be
used interchangeably throughout the present disclosure herein). Such oils can
contain long chain PUFAs, as well as shorter saturated and unsaturated fatty acids
and longer chain saturated fatty acids. Thus, “oll biosynthesis™ generically refers to
the synthesis of TAGs in the cell.

The term "modulation” or “alteration” in the context of the present invention refers to
Increases or decreases of ORM protein expression, protein level or enzyme activity,
as well as to an increase or decrease In the storage compound levels, such as oll,
protein, starch or soluble carbohydrates.

The term "plant” includes reference to whole plants, plant parts or organs
(e.g., leaves, stems, roots, etc.), plant cells, seeds and progeny of same. Plant cell,
as used herein includes, without limitation, cells obtained from or found in the
following: seeds, suspension cultures, embryos, meristematic regions, callus tissue,
leaves, roots, shoots, gametophytes, sporophytes, pollen and microspores. Plant
cells can also be understood to include modified cells, such as protoplasts, obtained
from the aforementioned tissues. The class of plants which can be used in the
methods of the invention is generally as broad as the class of higher plants
amenable to transformation techniques, including both monocotyledonous and
dicotyledonous plants.

Examples of monocots include, but are not limited to (corn) maize, wheat,
rice, sorghum, millet, barley, palm, lily, Alstroemeria, rye, and oat.

Examples of dicots include, but are not limited to, soybean, rape, sunflower,
canola, grape, guayule, columbine, cotton, tobacco, peas, beans, flax, safflower,
and alfalfa.

Plant tissue includes differentiated and undifferentiated tissues or plants,
iIncluding but not limited to, roots, stems, shoots, leaves, pollen, seeds, tumor tissue,
and various forms of cells and culture such as single cells, protoplasm, embryos,
and callus tissue.

The term "plant organ” refers to plant tissue or group of tissues that constitute

a morphologically and functionally distinct part of a plant.
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The term "genome” refers to the following: 1. The entire complement of
genetic material (genes and non-coding sequences) Is present in each cell of an
organism, or virus or organelle. 2. A complete set of chromosomes inherited as a
(haploid) unit from one parent. The term "stably integrated” refers to the transfer of a
nucleic acid fragment into the genome of a host organism or cell resulting In
genetically stable inheritance.

The terms “polynucleotide”, “polynucleotide sequence”, "nucleic acid”, nucleic
acid sequence’, and “nucleic acid fragment” are used interchangeably herein.
These terms encompass nucleotide sequences and the like. A polynucleotide may
be a polymer of RNA or DNA that is single- or double-stranded, that optionally
contains synthetic, non-natural or altered nucleotide bases. A polynucleotide in the
form of a polymer of DNA may be comprised of one or more segments of cDNA,
genomic DNA, synthetic DNA, or mixtures thereof.

The term "isolated” refers to materials, such as “isolated nucleic acid
fragments” and/or “isolated polypeptides”, which are substantially free or otherwise
removed from components that normally accompany or interact with the materials In
a naturally occurring environment. Isolated polynucleotides may be purified from a
host cell in which they naturally occur. Conventional nucleic acid purification
methods known to skilled artisans may be used to obtain isolated polynucleotides.
The term also embraces recombinant polynucleotides and chemically synthesized
polynucleotides.

The term “isolated nucleic acid fragment” is used interchangeably with
“Isolated polynucleotide™ and is a polymer of RNA or DNA that is single- or double-
stranded, optionally containing synthetic, non-natural or altered nucleotide bases.
An isolated nucleic acid fragment in the form of a polymer of DNA may be
comprised of one or more segments of cDNA, genomic DNA or synthetic DNA.
Nucleotides (usually found in their 5'-monophosphate form) are referred to by their
single letter designation as follows: “"A” for adenylate or deoxyadenylate (for RNA or
DNA, respectively), "C” for cytidylate or deoxycytidylate, “G” for guanylate or
deoxyguanylate, “U" for uridylate, "1 for deoxythymidylate, "R” for purines (A or G),
“Y” for pyrimidines (Cor T), ‘K’ for Gor T, "H” for Aor C or T, “I" for inosine, and “N”
for any nucleotide.

The terms “subfragment that is functionally equivalent” and “functionally
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equivalent subfragment” are used interchangeably herein. These terms refer to a
portion or subsequence of an isolated nucleic acid fragment in which the ability to
alter gene expression or produce a certain phenotype is retained whether or not the
fragment or subfragment encodes an active enzyme. For example, the fragment or
subfragment can be used in the design of recombinant DNA constructs to produce
the desired phenotype in a transformed plant. Recombinant DNA constructs can be
designed for use in co-suppression or antisense by linking a nucleic acid fragment
or subfragment thereof, whether or not it encodes an active enzyme, in the
appropriate orientation relative to a plant promoter sequence.

“Cosuppression’ refers to the production of sense RNA transcripts capable of
suppressing the expression of identical or substantially similar native genes (U.S.
Patent No. 5,231,020). Cosuppression technology constitutes the subject matter of
U.S. Patent No. 5,231,020, which issued to Jorgensen et al. on July 27, 1999. The
phenomenon observed by Napoli et al. in petunia was referred to as
‘cosuppression” since expression of both the endogenous gene and the introduced
transgene were suppressed (for reviews see Vaucheret et al., Plant J. 16:651-659
(1998); and Gura, Nature 404:804-808 (2000)).

Co-suppression constructs in plants previously have been designed by
focusing on overexpression of a nucleic acid sequence having homology to an
endogenous mMRNA, In the sense orientation, which results in the reduction of all
RNA having homology to the overexpressed sequence (see Vaucheret et al. (1993)
Plant J 16:651-639; and Gura (2000) Nature 404.804-808). The overall efficiency of
this phenomenon is low, and the extent of the RNA reduction is widely variable.
Recent work has described the use of "hairpin” structures that incorporate all, or
part, of an mMRNA encoding sequence in a complementary orientation that results In
a potential “stem-loop” structure for the expressed RNA (PCT Publication
WO 99/53050 published on October 21, 1999). This increases the frequency of co-
suppression in the recovered transgenic plants. Another variation describes the use
of plant viral sequences to direct the suppression, or “silencing”, of proximal mRNA
encoding sequences (PCT Publication WO 98/36083 published on August 20,
1998). Both of these co-suppressing phenomena have not been elucidated
mechanistically, although recent genetic evidence has begun to unravel this
complex situation (Elmayan et al. (1998) Plant Cell 10:1747-1757).
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In addition to cosuppression, antisense technology has also been used to
block the function of specific genes in cells. Antisense RNA is complementary to
the normally expressed RNA, and presumably inhibits gene expression by
interacting with the normal RNA strand. The mechanisms by which the expression
of a specific gene are inhibited by either antisense or sense RNA are on their way to
being understood. However, the frequencies of obtaining the desired phenotype In
a transgenic plant may vary with the design of the construct, the gene, the strength
and specificity of its promoter, the method of transformation and the complexity of
transgene insertion events (Baulcombe, Curr. Biol. 12(3):R82-84 (2002); Tang et al.,
Genes Dev. 17(1):49-63 (2003); Yu et al., Plant Cell. Rep. 22(3):167-174 (2003)).
Cosuppression and antisense inhibition are also referred to as "gene silencing”,
"post-transcriptional gene silencing” (PTGS), RNA interference or RNAIL. See for
example U.S. Patent No. 6,5006,559.

MicroRNAs (mIRNA) are small regulatory RNSs that control gene expression.
MIRNAs bind to regions of target RNAs and inhibit their translation and, thus,
interfere with production of the polypeptide encoded by the target RNA. miRNAs
can be designed to be complementary to any region of the target sequence RNA
including the 3’ untranslated region, coding region, etc. miIRNAs are processed from
highly structured RNA precursors that are processed by the action of a ribonuclease
Il termed DICER. While the exact mechanism of action of mIRNAS I1s unknown, it
appears that they function to regulate expression of the target gene. See, e.g., U.S.
Patent Publication No. 2004/0268441 Al which was published on December 30,
2004.

The term “expression”, as used herein, refers to the production of a
functional end-product, be it mMRNA or translation of mRNA into a polypeptide.
"Antisense Iinhibition” refers to the production of antisense RNA transcripts capable
of suppressing the expression of the target protein. "Co-suppression” refers to the
production of sense RNA transcripts capable of suppressing the expression of
identical or substantially similar foreign or endogenous genes (U.S. Patent
No. 5,231,020).

“Overexpression” refers to the production of a functional end-product In
transgenic organisms that exceeds levels of production when compared to

expression of that functional end-product in a normal, wild type or non-transformed
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organism.

“Stable transformation” refers to the transfer of a nucleic acid fragment into a
genome of a host organism, including both nuclear and organellar genomes,
resulting in genetically stable inheritance. In contrast, “transient transformation”
refers to the transfer of a nucleic acid fragment into the nucleus, or DNA-containing
organelle, of a host organism resulting in gene expression without integration or
stable inheritance. Host organisms containing the transformed nucleic acid
fragments are referred to as “transgenic” organisms. The preferred method of cell
transformation of rice, corn and other monocots Is using particle-accelerated or
‘gene gun” transformation technology (Klein et al. (1987) Nature (London)
327.70-73; U.S. Patent No. 4,945,050), or an Agrobacterium-mediated method
(Ishida Y. et al. (1996) Nature Biotech. 14:745-750). The term “transformation” as
used herein refers to both stable transformation and transient transformation.

"Antisense inhibition” refers to the production of antisense RNA transcripts
capable of suppressing the expression of the target protein.

As stated herein, "suppression” refers to the reduction of the level of enzyme
activity or protein functionality detectable in a transgenic plant when compared to
the level of enzyme activity or protein functionality detectable in a plant with the
native enzyme or protein. The level of enzyme activity in a plant with the native
enzyme Is referred to herein as “wild type” activity. The level of protein functionality
In a plant with the native protein is referred to herein as “wild type” functionality. The
term “suppression” includes lower, reduce, decline, decrease, Inhibit, eliminate and
prevent. This reduction may be due to the decrease in translation of the native
MRNA into an active enzyme or functional protein. It may also be due to the
transcription of the native DNA Iinto decreased amounts of mMRNA and/or to rapid
degradation of the native mRNA. The term “native enzyme” refers to an enzyme
that is produced naturally in the desired cell.

“Gene silencing,” as used herein, Is a general term that refers to decreasing
MRNA levels as compared to wild-type plants, does not specify mechanism and Is
Inclusive, and not limited to, anti-sense, cosuppression, viral-suppression, hairpin
suppression and stem-loop suppression.

The terms "homology”, "homologous”, “substantially similar” and

“corresponding substantially” are used interchangeably herein. They refer to nucleic
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acid fragments wherein changes in one or more nucleotide bases does not affect
the abllity of the nucleic acid fragment to mediate gene expression or produce a
certain phenotype. These terms also refer to modifications of the nucleic acid
fragments of the instant invention such as deletion or insertion of one or more
nucleotides that do not substantially alter the functional properties of the resulting
nucleic acid fragment relative to the initial, unmodified fragment. For example,
alterations in a nucleic acid fragment which result in the production of a chemically
equivalent amino acid at a given site, but do not effect the functional properties of
the encoded polypeptide, are well known in the art. Thus, a codon for the amino
acid alanine, a hydrophobic amino acid, may be substituted by a codon encoding
another less hydrophobic residue, such as glycine, or a more hydrophobic residue,
such as valine, leucine, or isoleucine. Similarly, changes which result in substitution
of one negatively charged residue for another, such as aspartic acid for glutamic
acid, or one positively charged residue for another, such as lysine for arginine, can
also be expected to produce a functionally equivalent product. Nucleotide changes
that result in alteration of the N-terminal and C-terminal portions of the polypeptide
molecule would also not be expected to alter the activity of the polypeptide. Each of
the proposed modifications is well within the routine skill in the art, as Is
determination of retention of biological activity of the encoded products. It is
therefore understood, as those skilled in the art will appreciate, that the invention
encompasses more than the specific exemplary sequences.

Moreover, the skilled artisan recognizes that substantially similar nucleic acid
sequences encompassed by this invention are also defined by their ability to
hybridize, under moderately stringent conditions (for example, 1 X SSC, 0.1% SDS,
00 °C) with the sequences exemplified herein, or to any portion of the nucleotide
sequences reported herein and which are functionally equivalent to the gene or the
promoter of the invention. Stringency conditions can be adjusted to screen for
moderately similar fragments, such as homologous sequences from distantly related
organisms, to highly similar fragments, such as genes that duplicate functional
enzymes from closely related organisms. Post-hybridization washes determine
stringency conditions. One set of preferred conditions involves a series of washes

starting with 6X SSC, 0.5% SDS at room temperature for 15 min, then repeated with
2X SSC, 0.5% SDS at 45 °C for 30 min, and then repeated twice with 0.2X SSC,
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0.5% SDS at 50 °C for 30 min. A more preferred set of stringent conditions involves

the use of higher temperatures in which the washes are identical to those above

except for the temperature of the final two 30 min washes in 0.2X SSC, 0.5% SDS

was increased to 60 °C. Another preferred set of highly stringent conditions
involves the use of two final washes in 0.1X SSC, 0.1% SDS at 65 °C.

With respect to the degree of substantial similarity between the target
(endogenous) MRNA and the RNA region in the construct having homology to the
target mMRNA, such sequences should be at least 25 nucleotides in length,
preferably at least 50 nucleotides in length, more preferably at least 100 nucleotides
In length, again more preferably at least 200 nucleotides In length, and most
preferably at least 300 nucleotides in length; and should be at least 80% identical,
preferably at least 85% identical, more preferably at least 90% identical, and most
preferably at least 95% identical.

Substantially similar nucleic acid fragments of the instant invention may also
be characterized by the percent identity of the amino acid sequences that they
encode to the amino acid sequences disclosed herein, as determined by algorithms
commonly employed by those skilled in this art. Suitable nucleic acid fragments
(Isolated polynucleotides of the present invention) encode polypeptides that are at
least 70% identical, preferably at least 80% identical to the amino acid sequences
reported herein. Preferred nucleic acid fragments encode amino acid sequences
that are at least 85% identical to the amino acid sequences reported herein. More
preferred nucleic acid fragments encode amino acid sequences that are at least
90% identical to the amino acid sequences reported herein. Most preferred are
nucleic acid fragments that encode amino acid sequences that are at least 95%
identical to the amino acid sequences reported herein.

It is well understood by one skilled in the art that many levels of sequence
identity are useful in identifying related polypeptide sequences. Useful examples of
percent identities are 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or
any integer percentage from 55% to 100%.

Sequence alignments and percent similarity calculations may be determined
using a variety of comparison methods designed to detect homologous sequences
iIncluding, but not limited to, the Megalign program of the LASARGENE

bioinformatics computing suite (DNASTAR Inc., Madison, WI). Unless stated
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otherwise, multiple alignment of the sequences provided herein were performed
using the Clustal method of alignment (Higgins and Sharp (1989) CABIOS.
5:151-153) with the default parameters (GAP PENALTY=10, GAP LENGTH
PENALTY=10). Default parameters for pairwise alignments and calculation of
percent identity of protein sequences using the Clustal method are KTUPLE=1, GAP
PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. For nucleic acids these
parameters are KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS
SAVED=4. After alignment of the sequences, using the Clustal V program, it is
possible to obtain a “percent identity” by viewing the “sequence distances” table on
the same program.

Unless otherwise stated, "BLAST” sequence identity/similarity values
provided herein refer to the value obtained using the BLAST 2.0 suite of programs
using default parameters (Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997)).
Software for performing BLAST analyses is publicly available, e.g., through the
National Center for Biotechnology Information. This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identifying short words of length
W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database
sequence. T Is referred to as the neighborhood word score threshold (Altschul et
al., supra). These Initial neighbornood word hits act as seeds for initiating searches
to find longer HSPs containing them. The word hits are then extended in both
directions along each sequence for as far as the cumulative alignment score can be
Increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>