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F-BOX PROTEIN TARGETED PLANT OIL PRODUCTION

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This Application claims the benefit of priority to U.S. Provisional Application 

No. 60/720,424, filed September 26, 2005,

FIELD OF THE INVENTION

[0002] This invention relates to the field of agriculture and plant engineering. In 

particular, this invention relates to methods and compositions for increasing oil content in 

transgenic plants, including the oil content of Arabidopsis thaliana seeds.

1. BACKGROUND OF THE INVENTION

[0003] Plant oils represent a renewable resource of highly reduced carbon. Current 

world vegetable oil production is estimated at 87 million metric tons with an approximate 

market value of some 40 billion U.S. dollars. The majority of vegetable oil currently goes 

directly to human consumption and as much as 25% of human caloric intake in developed 

countries is derived from plant fatty acids (Broun et al. (1999) Ann. Rev. Nutr. 19: 197­

216). In addition to their importance in human nutrition, plant fatty acids are also major 

ingredients of nonfood products such as soaps, detergents, lubricants, biofuels, cosmetics, 

and paints (see Ohlrogge (1994) Plant Physiol. 104: 821-6). While the demand for 

vegetable oils has increased steadily, production capacity to meet this demand is more 

than adequate and prices of vegetable oils have remained below or near 0.6 U.S. dollars 

per kilogram. This low cost of production has stimulated interest in use of vegetable oils 

as renewable alternatives to petroleum-derived chemical feedstocks.

[0004] Fatty acids are the most abundant form of reduced carbon chains available 

from nature and have diverse uses ranging from food to industrial feedstocks. Plants 

represent a significant renewable source of fatty acids because many species accumulate 

them in the form of triacylglycerol as major storage components in seeds. With the advent 

of plant transformation technology, metabolic engineering of oilseed fatty acids has 

become possible and transgenic plant oils represent some of the first successes in design
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of modified plant products, For example, the transfer of a California bay plant 

thioesterase gene into the seeds on non-laurate (12:0)-accumulating plants, Arabidopsis 

and Brassica napus (rapeseed) resulted in the alteration of the fatty acid acyl chain 

elongation process to produce laurate up to 24% and 58% of total seed fatty acids, 

respectively (see Voelker et al. (1992) Sci. 257: 72-4; and Voelker et al. (1996) Plant J, 9: 

229-41 respectively). Thus, the transfer of a single gene into a plant can dramatically 

alter the type of fatty acids produced.

[0005] However, such success with a single gene is the exception rather than the rule 

(for review, see Thelen and Ohlrogge (2002) Metabol. Engineer. 4:12-21). Moreover, to 

be economically useful for both human consumption and industrial uses, an actual 

increase in seed oil fatty acid content, rather than just a change in the type of fatty acid 

produced, would be highly desirable. While the production of malonlyl-CoA by acetyl- 

CoA carboxylase is a key regulatory step in the de novo synthesis of fatty acids, attempts 

to increase the rate of this apparently rate-limiting step by genetic engineering have met 

with, at best, modest success. Furthermore, the overexpression of several individual fatty 

acid synthase enzymes has not resulted in an increased flux of fatty acid biosynthesis 

(reviewed in Thelan and Ohlrogge (2002) Metabol. Engineer. 4:12-21).

[0006] Accordingly, there remains a need for genetic engineering strategies that will 

increase the total amount of fatty acid produced by plants.

2. SUMMARY OF THE INVENTION

[0007] The invention is based, in part, upon the unexpected finding that

overexpression of F-box genes in plants results in the increased production of plant oil.

In particular, the overexpression of the Arabidopsis thaliana F-box protein (GenBank 

Accession Nos. NM_111499 (cDNA) and NP_566277 (protein) using the seed specific 

promoter phaseolin, produced seeds with a higher oil content phenotype (see Figures 1-5). 

[0008] Accordingly, in one aspect, the invention provides a genetic construct for the 

overexpression of an F-box protein in plants. In general, such genetic constructs of the 

invention include a gene promoter sequence; and a sequence encoding a plant F-box 

protein that is functionally linked to the gene promoter sequence. In some embodiments, 

the F-box protein is a plant F-box protein or encoded by a plant F-box gene. In other
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embodiments, the F-box protein is a non-plant F-box protein or encoded by a non-plant 

F-box gene, such as an animal (e.g., a mammal) F-box protein or gene. In some 

embodiments, the gene promoter sequence is a seed-specific promoter. In particularly 

useful embodiments, the gene promoter sequence is phaseolin. In certain particularly

5 useful embodiments, the genetic construct comprises a pBBV-PHAS expression vector. 

[0009] In a further embodiment, the genetic constructs of the invention comprise a 

sequence that encodes the plant F-box protein has a polypeptide sequence that is at 

least 75% identical to the polypeptide sequence of SEQ ID NO: 1. In other 

embodiments, the plant F-box protein has a polypeptide sequence that is at least 90%

10 identical to the polypeptide sequence of SEQ ID NO: 1. In still further useful 

embodiments, the genetic constructs of the invention comprise a plant F-box protein 

having the polypeptide sequence of SEQ ID NO: 1. In particular embodiments, the 

plant F-box protein is encoded by the nucleic acid sequence of SEQ ID NO: 2. In 

further embodiments, the F-box protein is encoded by a nucleic acid that hybridizes to

15 the nucleic acid sequence of SEQ ID NO: 2. In particularly useful embodiments, the F- 

box protein is encoded by a nucleic acid that hybridizes under stringent conditions to 
the nucleic acid sequence of SEQ ID NO: 2.

[0009A] In another aspect, the invention provides a composition comprising a 

genetic construct comprising the nucleic acid sequence of SEQ ID NO:2 operably

20 linked to a seed-specific promoter.

[0009B] In another aspect, the invention provides a composition comprising a 

genetic construct comprising a nucleic acid sequence having at least 95% identity with 

SEQ ID NO:2 operably linked to a seed-specific promoter.

[0010] In another aspect, the invention provides transgenic plant cells comprising

25 any of the above-described genetic constructs or compositions of the invention. In 

certain useful embodiments, the transgenic plant cell is an Arabidopsis thaliana. In 

other embodiments, the transgenic plant cell is an agricultural crop plant, such as com 

or wheat. In other embodiments, the transgenic plant cell is an oil-producing 
agricultural crop such as soybean, palm, rapeseed or sunflower.

30 [0011] In a further aspect, the invention provides a recombinant Arabiposis

thaliana plant cell having an heterologous genetic construct that includes a gene
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promoter sequence functionally linked to a plant F-box encoding sequence. In certain 

particularly useful embodiments, the F-box sequence encoded corresponds to the plant 

F-box polypeptide of SEQ ID NO: 1 and the promoter is phaseolin.

[0011 A] In a further aspect, the invention provides a recombinant plant cell

5 comprising a genetic construct comprising the nucleic acid sequence of SEQ ID NO:2 

operably linked to a seed-specific promoter.

[0012] In yet another aspect, the invention provides a plant having a transgenic 

plant cell of the invention, as described above, or a part, propagule or progeny thereof 

comprising one of the genetic constructs of the invention.

10 [0013] In still another aspect, the invention provides a method of modifying oil

production in a plant by, first, stably incorporating into the genome of the plant a 

genetic construct of the invention, as described above, to provide a transformed plant, 

and, then, regenerating the transformed plant so that expression of the incorporated 

genetic construct modifies oil production in the plant. In particular embodiments, the

15 plant modified is Arabidopsis thaliana. In other embodiments, the plant is an 

agricultural crop plant, such as com or wheat. In further embodiments, the plant is an 

oil-producing agricultural crop such as soybean, palm, rapeseed or sunflower.

[0013A] In still another aspect, the invention provides a method of increasing seed 
oil content in a plant, said method comprising:

20 (a) transforming a plant cell with a genetic construct comprising a seed-
specific promoter operably linked to a nucleotide sequence encoding a F-box protein 
having at least 95% sequence identity to SEQ ID NO:1, and wherein said genetic 
construct is stably integrated into the genome of said plant cell;

(b) regenerating a transformed plant from said transformed plant cell;
25 (c) obtaining transformed seeds overexpressing said F-box protein from the

regenerated plant of step (b); and
(d) screening the seeds of step (c) for increase in oil content as compared to 

the oil content of a seed obtained from a plant of the same species lacking said genetic 
construct.

30 [0013B] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion of 
any other element, integer or step, or group of elements, integers or steps.
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[0013C] Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an admission 
that any or all of these matters form part of the prior art base or were common general 

knowledge in the field relevant to the present disclosure as it existed before the priority
5 date of each claim of this application.

3. BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a graphical representation of experiments demonstrating the 

increased oil content of transgenic phaseolin-F-box lines compared with vector control

10 lines. Data shown are average of 18 lines (T2) and error bars are SE.

[0015[ Figure 2 is a graphical representation of experiments demonstrating total 

seed FAMEs of F-box transgenic lines compared to WT, and vector control lines. Error 

bars are SE based on 18 lines: 3 duplicate for each line.

[0016] Figure 3 is a graphical representation of experiments demonstrating total

15 seed FAMEs of transgenic lines versus WT and vector control lines. Large dots are the 

two lines with highest oil content and were named Fbox2 and Fbox3 later chosen for 

next generation analysis.

[0017] Figure 4 is a graphical representation of experiments showing the fatty acid 

profile and fatty acid molar ratio composition of F-box transgenic lines versus control

20 plants.

[0018] Figure 5 is a graphical representation of seed weight determination. Around 

400 seeds were counted for both wild type seeds and transformants with F-box genes. 

Counted seeds were stored in a desiccator overnight then determined using an 

analytical balance. Error bars are SE based on 6 replicates.

25 [0019] Figure 6 is a graphical representation of experiments demonstrating total
FAMEs per seed in F-box T3 seeds versus WT and vector control lines. The error bars 
are SE based on data obtained from 12 plants for F-box2 and F-box3 lines; 6 plants for 
WT

4A
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and vector control lines. The two lines here named F-box2 and F-box3 are the two data 

points indicated by large dots in Figure 3.

[0020] Figure 7 is a graphical representation of experiments demonstrating total seed 

FAMEs of transgenic lines (F-box2 and F-box3) versus WT and vector control lines. 

[0021] Figure 8 (A) is a graphical representation of experiments demonstrating a C: N 

ratio analysis for two independent lines F-box2 and F-box3. Error bars are SE based on 

six replicates. Figure 8 (B) is a graphical representation of experiments demonstrating the 

positive correlation between oil content and C:N ratio. Open columns are overexpressors 

F-box2 and F-box3; grey columns are Wild type Arabidopsis seeds.

[0022] Figure 9 (A) is a graphical representation of experiments demonstrating a 

FAME analysis of F-box-KO lines.

[0023] Figure 9 (B) is a graphical representation of experiments demonstrating a fatty 

acid profile of KO lines and WT. Error bars are SE based on nine independent replicates. 

[0024] Figure 10A is a schematic representation of the polypeptide sequence of an 

Arabidopsis thaliana F-box protein corresponding to GenBank Accession No.

NP_566277 (SEQ ID NO: 1).

[0025] Figure 10B is a schematic representation of the nucleotide sequence of an

Arabidopsis thaliana F-box protein corresponding to GenBank Accession No.

NM_111499 (SEQ ID NO: 2). The predicted initiation and termination codons of the F- 

box protein open reading frame are underlined.

[0026] Figure 11 is a schematic representation of the nucleic acid sequence (SEQ ID 

NO: 6) of pGATE-PHASE: F-box, with the inserted F-box encoding sequences shown in 

capital letters.

[0027] Figure 12 is a diagrammatic representation of the seed-specific pGATE- 

PHASE: F-box vector showing the site of cloning behing the seed-specific phaseolin 

promoter.

5
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4. DETAILED DESCRIPTION OF THE INVENTION

[0028] The patent and scientific literature referred to herein establishes knowledge 

that is available to those of skill in the art. The issued U.S. patents, allowed applications, 

published foreign applications, and references, including GenBank database sequences, 

that are cited herein are hereby incorporated by reference to the same extent as if each 

was specifically and individually indicated to be incorporated by reference.

4.1. General

[0029] The invention is based in part upon the unexpected discovery that

overexpression of plant F-box proteins increases the oil content of plant seeds. In 

particular, the overexpression of the Arabidopsis thaliana F-box protein (GenBank 

Accession Nos. NM_111499 (cDNA) and NP__566277 (protein) using the seed specific 

promoter phaseolin, produced seeds with a higher fatty acid content phenotype (see 

Figures 1-5). Accordingly, in general, the invention provides transgenic plants 

incorporating heterologous F-box genes that increase the oil content of one or more 

developmental stages of a vascular plant.

[0030] Fatty acids stored in plant seeds are usually unbranched compounds with an 

even number of carbons ranging from 12 to 22 and with 0 to 3 cis double bonds.

However, numerous variations on this theme exist in nature particularly with regard to 

additional functional groups such as hydroxyl, epoxy, cyclopropene, or acetylenic. Plants 

represent a large reservoir of fatty acid diversity, synthesizing at least 200 different types 

of fatty acids (see van de Loo et al., (1993) “Unusual fatty acids”in Plant Lipids (T. 

Moore, Ed.), pp. 91-126, CRC, Boca Raton, FL). Human use, however, has been 

predominantly restricted to a select few fatty acids that accumulate in domesticated 

plants. The four most important oilseed crops are, in descending order, soybean, oil 

palm, rapeseed, and sunflower, which together account for 65% of current worldwide 

vegetable oil production. The abundant fatty acids produced in these major commercial 

oilseeds comprise just four of the more than 200 possibilities, namely linoleate, palmitate, 

laurate, and oleate.

[0031] With regard to lipid nomenclature, a simple shorthand notation based on 

molecule length and the number and position of double bonds has been developed to

6
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designate fatty acids. For example, the common monounsaturated fatty acid oleic acid 

(octadecenoic acid) is designated 18:1. The first value, 18, represents the number of 

carbons. The second value, 1, indicates the number of double bonds. In addition, the 

position of the double bonds, counting from the carboxyl group is designated by delta (Δ) 

and oleic acid can be more fully designated as 18:1 Δ9. The double bonds in naturally 

occurring fatty acids are almost exclusively cis isomers, and usually no designation for 

the type of double bond is used unless it is a trans isomer, as in 16:1 Δ3ί. Some authors 

also designate the positions of the double bonds relative to the terminal methyl carbon. 

Thus, an omega-3 fatty acid contains a double bond 3 carbons from the methyl end of the 

fatty acid (e.g., 18:3 Δ9, 12, 15 is an omega-3 fatty acid). The position at which a fatty 

acid is esterified to the glycerol backbone of glycerolipids is designated sn-3 (the terminal 

hydroxyl that is phosphorylated in glycerol 3-phosphate), sn-2 (the central hydroxyl), and 

sn-1 (the terminal hydroxyl that is not phosphorylated).

[0032] For both edible and industrial uses, an increase in seed oil content is desirable 

and has been a major goal of oilseed engineering. However, to be economically useful, 

such a change must not come at the expense of overall seed yield or at the loss of other 

high-value components. For example, soybean is the largest source of vegetable oil, 

comprising 30% of the world market, and now constitutes over 80% of all dietary 

vegetable oils in the United States. Although termed an oilseed, soybean contains only 

18-22% oil on a seed dry-weight basis and is grown principally as a high-protein meal for 

animal feeds. Thus, increasing oil in soybean will in most cases not be useful if it comes 

at the expense of high-value soy protein that drives the crop’s economics. By 

comparison, other oilseed crops (except cotton) are grown primarily for their oil and 

produce seeds with 40-60% oil. The wide range of seed oil percentage observed in nature 

suggests that this pathway might be amenable to metabolic engineering, particularly in 

“low-oil” oilseeds, provided the key mechanisms which control oil content are identified.

4.2 Definitions

[0033] For convenience, the meaning of certain terms and phrases employed in the 

specification, examples, and appended claims are provided below.

7
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[0034] The term "agonist", as used herein, is meant to refer to an agent that mimics or 

upregulates (e.g. potentiates or supplements) a bioactivity. For example, an F-box agonist 

can be a wild-type F-box protein or derivative thereof having at least one bioactivity of 

the wild-type F-box protein. An agonist can also be a compound which increases the 

interaction of a bioactive polypeptide with another molecule, for example, a receptor. 

Agonists can be any class of molecule, such as a small molecule, including a nucleic acid, 

protein, carbohydrate, lipid or combination thereof.

[0035] The tenn "allele", which is used interchangeably herein with "allelic variant" 

refers to alternative fonns of a gene or portions thereof. Alleles occupy the same locus or 

position on homologous chromosomes. When a subject has two identical alleles of a 

gene, the subject is said to be homozygous for the gene or allele. When a subject has two 

different alleles of a gene, the subject is said to be heterozygous for the gene or allele. 

Alleles of a specific gene can differ from each othei' in a single nucleotide, or several 

nucleotides, and can include substitutions, deletions, and insertions of nucleotides. 

Frequently occurring sequence variations include transition mutations (i.e. purine to 

purine substitutions and pyrimidine to pyrimidine substitutions, e.g. A to G or C to T), 

transversion mutations (i.e. purine to pyrimidine and pyrimidine to purine substitutions, 

e.g. A to T or C to G), and alteration in repetitive DNA sequences (e.g, expansions and 

contractions of trinucleotide repeat and other tandem repeat sequences). An allele of a 

gene can also be a form of a gene containing a mutation. The term "allelic variant of a 

polymorphic region of a gene" refers to a region of a locus gene having one or several 

nucleotide sequence differences found in that region of the gene in other individuals. 

[0036] As used herein, the term "F-box" or "F-box protein" refers to the amino acid 

sequences of proteins involved in proteolysis, including but not limited to proteins 

involved in the ubiquitin-ligase complex obtained from any species, including plant 

species, from any source whether natural, synthetic, semi-synthetic, or recombinant. The 

F-box is a sequence of 35-45 amino acids and allows the F-box proteins to enter into 

complexes with other ubiquitin-dependent protein degradation components (e.g., Skpl). 

Thus, the F-box proteins may bind Skpl, and may contain a motif that displays a 

sequence similarity to Grrl or Cdc4 or to the Arabidopsis thaliana F-box protein shown in 

Figure 10A. This conserved structural motif is included in the sequence alignments

8
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shown in Figure 7 of U.S. Patent No. 6,573,094, the contents of which have been 

incorporated herein in their entirety (i.e., the amino acid residues that are shared by the F- 

box proteins shown). However, it is not intended that the term be limited to the exact 

sequences set forth herein. In some embodiments, the F-box proteins may further 

comprise additional motifs, in particular motifs involved in protein-protein interaction. 

These additional motifs included, but are not limited to leucine-rich repeats, and WD-40. 

In certain embodiments, the F-box protein is from a vascular plant, while in particularly 

useful embodiments, the F-box protein is from Arabidopsis thaliana.

[0037] The term "antagonist" as used herein is meant to refer to an agent that 

downregulates (e.g. suppresses or inhibit;) at least bioactivity. An antagonist can be a 

compound that inhibits or decreases the interaction between one protein and another 

molecule, e.g., a substrate. Accordingly, a useful antagonist is a compound that inhibits or 

decreases binding to a substrate and thereby blocks enzyme function. An antagonist can 

also be a compound that downregulates expression of a gene or genes or which reduces 

the amount of a gene product translated. The target bioactivity antagonist can be a 

dominant negative form of a polypeptide possessing that bioactivity, for example F-box 

antagonists would include a form of an F-box polypeptide which is capable of interacting 

with other components of the ubiquitin-dependent pathway, but which interferes with the 

function of the resulting complex (i.e. a dominant negative form of the target bioactivity). 

An antagonist can also be an antisense nucleic acid, or a ribozyme capable of interacting 

specifically with a traget bioactivity-encoding mRNA. Yet other antagonists are 

molecules that bind to a target bioactivity and inhibit its action. Such molecules include 

peptides such as those which will bind the active site of an enzyme and prevent it from 

interacting with substrate. Yet other target bioactivity antagonists include antibodies 

which interact specifically with an epitope of the target polypeptide, such that binding 

interferes with the biological function of the polypeptide. In yet another useful 

embodiment, the antagonist is a small molecule, such as a molecule capable of inhibiting 

the interaction between a target enzyme and its substrate.

[0038] "Asexual propagation" refers to producing progeny by regenerating an entire 

plant from leaf cuttings, stem cuttings, root cuttings, single plant cells (protoplasts) and 

callus.

9
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[0039] The term "catalytic site" refers to the portion of a molecule that is capable of 

binding a reactant and improving the rate of a reaction. Catalytic sites may be present on 

polypeptides or proteins, enzymes, organics, organo-metal compounds, metals and the 

like. A catalytic site may be made up of separate portions present on one or more 

polypeptide chains or compounds. These separate catalytic portions associate together to 

form a larger portion of a catalytic site. A catalytic site may be formed by a polypeptide 

or protein that is bonded to a metal.

[0040] Cells", "host cells" or "recombinant host cells" are terms used

interchangeably herein. It is understood that such terms refer not only to the particular 

subject cell but to the progeny or potential progeny of such a cell. Because certain 

modifications may occur in succeeding generations due to either mutation or 

environmental influences, such progeny may not, in fact, be identical to the parent cell, 

but are still included within the scope of the term as used herein.

[0041] A "chimeric polypeptide" or "fusion polypeptide" is a fusion of a first amino 

acid sequence encoding one of the subject polypeptides with a second amino acid 

sequence defining a domain (e.g. polypeptide portion) foreign to and not substantially 

homologous with any domain of the subject polypeptide. A chimeric polypeptide may 

present a foreign domain which is found (albeit in a different polypeptide) in an organism 

which also expresses the first polypeptide, or it may be an "interspecies", "intergenic", 

etc. fusion of polypeptide structures expressed by different kinds of organisms. In 

general, a fusion polypeptide can be represented by the general formula X-polypeptide-Y, 

wherein polypetide represents a first or subject protein or polypeptide, and X and Y are 

independently absent or represent amino acid sequences which are not related to the first 

sequence in an organism, including naturally occurring mutants.

[0042] As used herein, "conservatively modified variations" of a particular nucleic 

acid sequence refer to those nucleic acids which encode identical or essentially identical 

amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, 

to essentially identical sequences. Because of the degeneracy of the genetic code, a large 

number of functionally identical nucleic acids encode any given polypeptide. For 

instance, the codons CGU, CGC, CGA, COG, AGA, and AGG all encode the amino acid 

arginine. Thus, at every position where an arginine is specified by a codon, the codon can

10
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be altered to any of the corresponding codons described without altering the encoded 

polypeptide. Such nucleic acid variations are "silent variations," which are one species of 

"conservatively modified variations." Every nucleic acid sequence herein which encodes 

a polypeptide also describes every possible silent variation. One of skill will recognize 

that each codon in a nucleic acid (except AUG, which is ordinarily the only codon for 

methionine) can be modified to yield a functionally identical molecule by standard 

techniques. Accordingly, each "silent variation" of a nucleic acid which encodes a 

polypeptide is implicit in each described sequence. Furthermore, one of skill will 

recognize that individual substitutions, deletions or additions which alter, add or delete a 

single amino acid or a small percentage of amino acids (typically less than 5%, more 

typically less than 1%) in an encoded sequence are "conservatively modified variations" 

where the alterations result in the substitution of an amino acid with a chemically similar 

amino acid. Conservative substitution tables providing functionally similar amino acids 

are well known in the art. The following six groups each contain amino acids that are 

conservative substitutions for one another: 1) Alanine (A), Serine (S), Threonine (T); 2) 

Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), 

Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 6) 

Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

[0043] As described herein, sequences may be optimized for expression in a 

particular host cell used to produce the protein {e.g, a plant cell such as a tomato, or a 

cloning and expression system such as a yeast cell). Similarly, "conservative amino acid 

substitutions," in one or a few amino acids in an amino acid sequence are substituted with 

different amino acids with highly similar properties (see, the definitions section, supra), 

are also readily identified as being highly similar to a particular amino acid sequence, or 

to a particular nucleic acid sequence which encodes an amino acid. Such conservatively 

substituted variations of any particular sequence are a feature of the present invention. 

[0044] A "delivery complex" shall mean a targeting means {e.g. a molecule that 

results in higher affinity binding of a gene, protein, polypeptide or peptide to a target cell 

surface and/or increased cellular or nuclear uptake by a target cell). Examples of targeting 

means include: sterols {e.g. cholesterol), lipids {e.g. a cationic lipid, virosome or 

liposome), viruses {e.g. tobacco mosaic virus) or target cell specific binding agents {e.g.
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ligands recognized by target cell specific receptors). Useful complexes are sufficiently 

stable in vivo to prevent significant uncoupling prior to internalization by the target cell. 

However, the complex is cleavable under appropriate conditions within the cell so that the 

gene, protein, polypeptide or peptide is released in a functional form.

[0045] As is well known, genes may exist in single or multiple copies within the 

genome of an individual. Such duplicate genes may be identical or may have certain 

modifications, including nucleotide substitutions, additions or deletions, which all still 

code for polypeptides having substantially the same activity. The term "DNA sequence 

encoding a target polypeptide" may thus refer to one or more genes within a particular 

individual. Moreover, certain differences in nucleotide sequences may exist between 

individual organisms, which are called alleles. Such allelic differences may or may not 

result in differences in amino acid sequence of the encoded polypeptide yet still encode a 

polypeptide with the same biological activity.

[0046] The phrases "disruption of the gene" and "targeted disruption" or any similar 

phrase refers to the site specific interruption of a native DNA sequence so as to prevent 

expression of that gene in the cell as compared to the wild-type copy of the gene. The 

interruption may be caused by deletions, insertions or modifications to the gene, or any 

combination thereof.

[0047] The tenn "enzymatic site" refers to the portion of a protein molecule that 

contains a catalytic site. Most enzymatic sites exhibit a very high selective substrate 

specificity. An enzymatic site may be comprised of two or more enzymatic site portions 

present on different segments of the same polypeptide chain. These enzymatic site 

portions are associated together to fonn a greater portion of an enzymatic site. A portion 

of an enzymatic site may also be a metal.

[0048] The term "enzyme" refers to a protein, polypeptide, peptide RNA molecule, or 

multimeric protein capable of accelerating or producing by catalytic action some change 

in a substrate for which it is often specific.

[0049] The tenn "epitope" refers to portion of a molecule that is specifically 

recognized by an immunoglobulin product. It is also refen'ed to as the detenninant or 

antigenic detenninant.
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[0050] As used herein, an "immunoglobulin" is a multimeric protein containing the 

immunologically active portions of an immunoglobulin heavy chain and immunoglobulin 

light chain covalently coupled together and capable of specifically combining with 

antigen.

[0051] As used herein, a Fab fragment is a multimeric protein consisting of the 

portion of an immunoglobulin molecule containing the immunologically active portions 

of an immunoglobulin heavy chain and an immunoglobulin light chain covalently 

coupled together and capable of specifically combining with antigen. Fab fragments are 

typically prepared by proteolytic digestion of substantially intact immunoglobulin 

molecules with papain using methods that are well known in the art. However, a Fab 

fragment may also be prepared by expressing in a suitable host cell the desired portions of 

immunoglobulin heavy chain and immunoglobulin light chain using methods well known 

in the art.

[0052] As used herein, an F[v [fragment: A multimeric protein consisting of the 

immunologically active portions of an immunoglobulin heavy chain variable region and 

an immunoglobulin light chain variable region covalently coupled together and capable of 

specifically combining with antigen. F[v [fragments are typically prepared by expressing 

in suitable host cell the desired portions of immunoglobulin heavy chain variable region 

and immunoglobulin light chain variable region using methods well known in the art. 

[0053] As used herein, the term "gene" or "recombinant gene" refers to a nucleic acid 

comprising an open reading frame encoding a polypeptide of the present invention, 

including both exon and (optionally) intron sequences. A "recombinant gene" refers to 

nucleic acid encoding such regulatory polypeptides, which may optionally include intron 

sequences which are either derived from a chromosomal DNA. Exemplary recombinant 

genes include those which encode an F-box polypeptide activity.

[0054] As used herein, "heterologous DNA" or "heterologous nucleic acid" include 

DNA that does not occur naturally as part of the genome in which it is present or which is 

found in a location or locations in the genome that differs from that in which it occurs in 

nature. Heterologous DNA is not endogenous to the cell into which it is introduced, but 

has been obtained from another cell. Generally, although not necessarily, such DNA 

encodes RNA and proteins that are not normally produced by the cell in which it is
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expressed. Heterologous DNA may also be referred to as foreign DNA, Any DNA that 

one of skill in the art would recognize or consider as heterologous or foreign to the cell in 

which is expressed is herein encompassed by heterologous DNA. Examples of 

heterologous DNA include, but are not limited to, isolated DNA that encodes an F-box 

protein.

[0055] "Homology" or "identity" or "similarity" refers to sequence similarity between 

two peptides or between two nucleic acid molecules. Homology can be determined by 

comparing a position in each sequence which may be aligned for purposes of comparison. 

When a position in the compared sequence is occupied by the same base or amino acid, 

then the molecules are identical at that position. A degree of homology or similarity or 

identity between nucleic acid sequences is a function of the number of identical or 

matching nucleotides at positions shared by the nucleic acid sequences. A degree of 

identity of amino acid sequences is a function of the number of identical amino acids at 

positions shared by the amino acid sequences. A degree of homology or similarity of 

amino acid sequences is a function of the number of amino acids, i.e. structurally related, 

at positions shared by the amino acid sequences. An "unrelated" or "non-homologous" 

sequence shares less than 40% identity, or less than 25% identity, with one of the 

sequences of the present invention.

[0056] "Inactivation", with respect to genes of the host cell, means that production of 

a functional gene product is prevented or inhibited. Inactivation may be achieved by 

deletion of the gene, mutation of the promoter so that expression does not occur, or 

mutation of the coding sequence so that the gene product is inactive (constitutively or 

inducibly). Inactivation may be partial or total.

[0057] The term "interact" as used herein is meant to include detectable relationships 

or association (e.g. biochemical interactions) between molecules, such as interaction 

between protein-protein, protein-nucleic acid, nucleic acid-nucleic acid, and protein-small 

molecule or nucleic acid-small molecule in nature.

[0058] The tenn "isolated" as also used herein with respect to nucleic acids, such as 

DNA or RNA, refers to molecules separated from other DNAs, or RNAs,· respectively, 

that are present in the natural source of the macromolecule. For example, isolated nucleic 

acids encoding the subject polypeptides typically include no more than 10 kilobases (kb)
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of nucleic acid sequence which naturally immediately flanks that gene in genomic DNA, 

or no more than 5 kb of such naturally occurring flanking sequences, and most usefully 

less than 1.5 kb of such naturally occurring flanking sequence. The term isolated as used 

herein also refers to a nucleic acid or polypeptide that is substantially free of cellular 

material, viral material, or culture medium when produced by recombinant DNA 

techniques, or chemical precursors or other chemicals when chemically synthesized. 

Moreover, an "isolated nucleic acid" is meant to include nucleic acid fragments which are 

not naturally occurring as fragments and would not be found in the natural state. The term 

"isolated" is also used herein to refer to polypeptides which are isolated from other 

cellular proteins and is meant to encompass both purified and recombinant polypeptides. 

[0059] The term "knock-out" refers to partial or complete suppression of the 

expression of an endogenous gene. This is generally accomplished by deleting a portion 

of the gene or by replacing a portion with a second sequence, but may also be caused by 

other modifications to the gene such as the introduction of stop codons, the mutation of 

critical amino acids, the removal of an intron junction, etc.

[0060] The term "marker" or "marker sequence" or similar phrase means any gene 

that produces a selectable genotype or a selectable phenotype. It includes such examples 

as the spectinomycin gene (spcR), neo gene (neoR), green fluorescent protein (GFP) 

gene, TK gene, β-galactosidase gene, etc. The marker sequence may be any sequence 

known to those skilled in the art that serves these purposes, although typically the marker 

sequence will be a sequence encoding a protein that confers a selectable trait, such as an 

antibiotic resistance gene, or an enzyme that can be detected and that is not typically 

found in the cell. The marker sequence may also include regulatory regions such as a 

promoter or enhancer that regulates the expression of that protein. However, it is also 

possible to transcribe the marker using endogenous regulatory sequences. In one 

embodiment of the present invention, the marker facilitates separation of transfected from 

untransfected cells by fluorescence activated cell sorting, for example by the use of a 

fluorescently labeled antibody or the expression of a fluorescent protein such as GFP. 

Other DNA sequences that facilitate expression of marker genes may also be incorporated 

into the DNA constructs of the present invention. These sequences include, but are not 

limited to transcription initiation and termination signals, translation signals, post-
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translational modification signals, intron splicing junctions, ribosome binding sites, and 

polyadenylation signals, to name a few. The marker sequence may also be used to append 

sequence to the target gene. For example, it may be used to add a stop codon to truncate 

F-box translation. The use of selectable markers is well known in the art and need not be 

detailed herein. The term "modulation" as used herein refers to both upregulation (i.e., 

activation or stimulation (e.g., by agonizing or potentiating)) and downregulation (i.e. 

inhibition or suppression (e.g., by antagonizing, decreasing or inhibiting)).

[0061] A "mutated gene" or "mutation" refers to an allelic form of a gene, which is 

capable of altering the phenotype of a subject having the mutated gene relative to a 

subject which does not have the mutated gene. If a subject must be homozygous for this 

mutation to have an altered phenotype, the mutation is said to be recessive. If one copy of 

the mutated gene is sufficient to alter the genotype of the subject, the mutation is said to 

be dominant. If a subject has one copy of the mutated gene and has a phenotype that is 

intermediate between that of a homozygous and that of a heterozygous subject (for that 

gene), the mutation is said to be co-dominant.

[0062] As used herein, the term "nucleic acid" refers to polynucleotides such as 

deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The term 

should be understood to include either single- or double-stranded forms of nucleic acid, 

and, as equivalents, analogs of either RNA or DNA. Such nucleic acid analogs may be 

composed of nucleotide analogs, and, as applicable to the embodiment being described, 

may be single-stranded (such as sense or antisense) or double-stranded polynucleotides. 

[0063] The phrase "nucleotide sequence complementary to the nucleotide sequence 

set forth in SEQ ID NO: x" refers to the nucleotide sequence of the complementary strand 

of a nucleic acid strand having SEQ ID NO: x. The term "complementary strand" is used 

herein interchangeably with the term "complement". The complement of a nucleic acid 

strand can be the complement of a coding strand or the complement of a non-coding 

strand. When referring to double stranded nucleic acids, the complement of a nucleic acid 

having SEQ ID NO: x refers to the complementary strand of the strand having SEQ ID 

NO: x or to any nucleic acid having the nucleotide sequence of the complementary strand 

of SEQ ID NO: x. When referring to a single stranded nucleic acid having the nucleotide 

sequence SEQ ID NO: x, the complement of this nucleic acid is a nucleic acid having a
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nucleotide sequence which is complementary to that of SEQ ID NO: x. The nucleotide 

sequences and complementary sequences thereof are always given in the 5' to 3' direction. 

[0064] The phrase "operably linked" refers to functional linkage between a promoter 

and a second sequence, wherein the promoter sequence initiates transcription of RNA 

corresponding to the second sequence.

[0065] The tenn "percent identical" refers to sequence identity between two amino 

acid sequences or between two nucleotide sequences. Identity can each be determined by 

comparing a position in each sequence which may be aligned for purposes of comparison. 

When an equivalent position in the compared sequences is occupied by the same base or 

amino acid, then the molecules are identical at that position; when the equivalent site 

occupied by the same or a similar amino acid residue (e.g., similar in steric and/or 

electronic nature), then the molecules can be referred to as homologous (similar) at that 

position. Expression as a percentage of homology/similarity or identity refers to a 

function of the number of identical or similar amino acids at positions shared by the 

compared sequences. Various alignment algorithms and/or programs may be used, 

including FAST A, BLAST or ENTREZ. FASTA and BLAST are available as a part of 

the GCG sequence analysis package (University of Wisconsin, Madison, Wis.), and can 

be used with, e.g., default settings. ENTREZ is available through the National Center for 

Biotechnology Information, National Library of Medicine, National Institutes of Health, 

Bethesda, Md. In one embodiment, the percent identity of two sequences can be 

determined by the GCG program with a, gap weight of 1, e.g., each amino acid gap is 

weighted as if it were a single amino acid or nucleotide mismatch between the two 

sequences.

[0066] The term "plant" includes whole plants, plant organs (e.g., leaves, stems, 

flowers, roots, etc.), seeds and plant cells and progeny of same. The class of plants which 

can be used in the method of the invention is as broad as the class of higher plants 

amenable to transformation techniques, including both monocotyledonous and 

dicotyledonous plants, as well as certain lower plants such as algae. It includes plants of a 

variety of ploidy levels, including polyploid, diploid and haploid. Useful crop plants of 

the invention include, but are not limited to, com (Zea mays'), Brassica spp. (e.g., canola 

(B. napus), B. rapa, B.juncea), particularly those Brassica species useful as sources of
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seed oil, alfalfa (Medicago sativd), rice (Oryza sativa), rye (Secale cereale), sorghum 

(Sorghum bicolor, Sorghum vulgare), millet (e.g., pearl millet (Pennisetum glaucum), 

proso millet (Panicum miliaceum), foxtail millet (Setaria italica), finger millet (Eleusine 

coracana), sunflower (Helianthus annuus), safflower (Carthamus tinctorius), wheat 

(Triticum aestivum), soybean (Glycine max), tobacco (Nicotiana tabacum), potato 

(Solanum tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium barbadense, 

Gossypium hirsutum), sweet potato (Ipomoea batatus), cassava (Manihot esculenta), 

coffee (Coffea spp.), coconut (Cocos nucifera), pineapple (Ananas comosus), citrus trees 

(Citrus spp.), cocoa (Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.), 

avocado (Persea americana), fig (Ficus casica), guava (Psidium guajava), mango 

(Mangifera indica), olive (Olea europaea), papaya (Carica papaya), cashew (Anacardium 

occidentale), macadamia (Macadamia integrifolia), almond (Prunus amygdalus), sugar 

beets (Beta vulgaris), sugarcane (Saccharum spp.), oats, barley, vegetables, ornamentals, 

and conifers.

[0067] The term "plant" farther includes the following classes of plant species:

[0068] . Dicotyledon (dicot): A flowering plant whose embryos have two seed halves 

or cotyledons. Examples of dicots are: tobacco; tomato; the legumes including alfalfa; 

oaks; maples; roses; mints; squashes; daisies; walnuts; cacti; violets; and buttercups. 

[0069] Monocotyledon (monocot): A flowering plant whose embryos have one 

cotyledon or seed leaf. Non-limiting examples of monocots are: lilies; grasses; com; 

grains, including oats, wheat and barley; orchids; irises; onions and palms.

[0070] “Lower plant”, refers to a non-flowering plant including ferns, gymnosperms, 

conifers, horsetails, club mosses, liver warts, homworts, mosses, red algae, brown algae, 

gametophytes, sporophytes of pteridophytes, and green algae.

[0071] In general, plants of interest include grain plants that provide seeds of interest, 

oil-seed plants, and leguminous plants. Seeds of interest include grain seeds, such as com, 

wheat, barley, rice, sorghum, rye, millet, etc. Oil-seed plants include cotton, soybean, 

safflower, sunflower, Brassica, maize, alfalfa, palm, coconut, flax, castor, olive etc. 

Leguminous plants include beans and peas. Beans include guar, locust bean, fenugreek, 

soybean, garden beans, cowpea, mungbean, lima bean, fava bean, lentils, chickpea, etc.
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[0072] The term "promoter" refers to a region of nucleic acid subsequences located 

upstream and/or downstream from the start of transcription which aid in the recognition, 

binding and/or initiation of RNA polymerase or other transcription proteins which initiate 

transcription of an associated gene. A "plant promoter" is a promoter capable of initiating 

transcription in plant cells. A "plant leucine aminopeptidase promoter" is a promoter 

derived from a leucine aminopeptidase gene, e.g., by cloning, isolating or recombinantly 

modifying a native promoter from a leucine aminopeptidase gene.

[0073] A "recombinant nucleic acid" comprises or is encoded by one or more nucleic 

acid which is derived from a nucleic acid which wag artificially constructed. For 

example, the nucleic acid can comprise or be encoded by a cloned nucleic acid formed by 

joining heterologous nucleic acids as taught, e.g., in Berger and Kimmel, Guide to 

Molecular Cloning Techniques, Methods In Enzymology Vol. 152 Academic Press, Inc., 

San Diego, Calif. (Berger) and in Sambrook et al. Molecular Cloning-A Laboratory 

Manual (2nd ed.) Vol. 1-3 (1989) (Sambrook) and in Current Protocols In Molecular 

Biology, Ausubel, F. M., et al., eds., Greene Publishing Associates, Inc. and John Wiley 

& Sons, Inc., (1996 Supplement) (Ausubel). Alternatively, the nucleic acid can be 

synthesized chemically.

[0074] As used herein, a "reporter gene construct" is a nucleic acid that includes a 

"reporter gene" operatively linked to a transcriptional regulatory sequences. Transcription 

of the reporter gene is controlled by these sequences. The transcriptional regulatory 

sequences include the promoter and othei- regulatory regions, such as enhancer sequences, 

that modulate the activity of the promoter, or regulatory sequences that modulate the 

activity or efficiency of the RNA polymerase that recognizes the promoter, or regulatory 

sequences are recognized by effector molecules.

[0075] As used herein, the term "nucleic acid" refers to polynucleotides or 

oligonucleotides such as deoxyribonucleic acid (DNA), and, where appropriate, 

ribonucleic acid (RNA). The tenn should also he understood to include, as equivalents, 

analogs of either RNA or DNA made from nucleotide analogs and as applicable to the 

embodiment being described, single (sense or antisense) and double-stranded 

polynucleotides.
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[0076] As used herein, the term "promoter" means a DNA sequence that regulates 

expression of a selected DNA sequence operably linked to the promoter, and which 

effects expression of the selected DNA sequence in cells. The term encompasses "tissue 

specific" promoters, i.e. promoters, which effect expression of the selected DNA 

sequence only in specific cells (e.g. cells of a specific tissue). The term also covers so- 

called "leaky" promoters, which regulate expression of a selected DNA primarily in one 

tissue, but cause expression in other tissues as well, The term also encompasses non­

tissue specific promoters and promoters that constitutively express or that are inducible 

(i.e. expression levels can be controlled).

[0077] The terms "protein", "polypeptide" and "peptide" are used interchangeably 

herein when referring to a gene product.

[0078] The term "recombinant protein" refers to a polypeptide of the present 

invention which is produced by recombinant DNA, techniques, wherein generally, DNA 

encoding a specific polypeptide is inserted into a suitable expression vector which is in 

turn used to transform a host cell to produce the heterologous protein. Moreover, the 

phrase "derived from", with respect to a recombinant target gene, is meant to include 

within the meaning of "recombinant protein" those proteins having an amino acid 

sequence of a native target polypeptide, or an amino acid sequence similar thereto which 

is generated by mutations including substitutions and deletions (including truncation) of a 

naturally occurring form of the polypeptide.

[0079] As used herein, "recombinant cells" include any cells that have been modified 

by the introduction of heterologous DNA. Control cells include cells that are substantially 

identical to the recombinant cells, but do not express one or more of the proteins encoded 

by the heterologous DNA, e.g., do not include or express a recombinant F-box gene, 

[0080] Small molecule" as used herein, is meant to refer to a composition, which has 

a molecular weight of less than about 5 kD and most usefully less than about 4 kD. Small 

molecules can be nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, 

lipids or other organic (carbon containing) or inorganic molecules. Many pharmaceutical 

companies have extensive libraries of chemical and/or biological mixtures, often fungal, 

bacterial, or algal extracts, which can be screened with any of the assays of the invention 

to identify compounds that modulate a target bioactivity.
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[0081] As used herein, the term "specifically hybridizes" or "specifically detects" 

refers to the ability of a nucleic acid molecule of the invention to hybridize to at least 

approximately 6, 12, 20, 30, 50, 100, 150, 200, 300, 350, 400 or 425 consecutive 

nucleotides of a gene, most usefully a plant F-box gene.

[0082] The term "substantially homologous", when used in connection with amino 

acid sequences, refers to sequences which are substantially identical to or similar in 

sequence, giving rise to a homology in conformation and thus to similar biological 

activity. The tenn is not intended to imply a common evolution of the sequences.

[0083] As used herein, the term "transfection" means the introduction of a nucleic 

acid, e.g., via an expression vector, into a recipient cell by nucleic acid-mediated gene 

transfer. Methods for transformation which are known in the art include any electrical, 

magnetic, physical, biological or chemical means. As used herein, "transfection" includes 

such specific techniques as electroporation, magnetoporation, Ca44’ treatment, injection, 

bombardment, retroviral infection and lipofection, among others. "Transformation" as 

used herein, refers to a process in which a cell's genotype is changed as a result of the 

cellular uptake of exogenous DNA or RNA, and, for example, the transformed cell 

expresses a recombinant form of a target polypeptide or, in the case of anti-sense 

expression from the transferred gene, the expression of a naturally-occurring form of the 

target polypeptide is disrupted.

[0084] As used herein, the tenn "transgene" means a nucleic acid sequence (encoding, 

e.g., one of the target polypeptides, or an antisense transcript thereto) which has been 

introduced into a cell. A transgene could be partly or entirely heterologous, i.e., foreign, 

to the transgenic animal or cell into which it is introduced, or, is homologous to an 

endogenous gene of the transgenic animal or cell into which it is introduced, but which is 

designed to be inserted, or is inseiled, into the animal's genome in such a way as to alter 

the genome of the cell into which it is inserted (e.g., it is inserted at a location which 

differs from that of the natural gene or its insertion results in a knockout). A transgene 

can also be present in a cell in the form of an episome. A transgene can include one or 

more transcriptional regulatory sequences and any other nucleic acid, such as introns, that 

xnay be necessary for optimal expression of a selected nucleic acid.
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[0085] A "transgenic plant" refers to any plant, in which one or more of the cells of 

the plant contain heterologous nucleic acid introduced by way of human intervention, 

such as by transgenic techniques well known in the art. The nucleic acid is introduced 

into the cell, directly or indirectly by introduction into a precursor of the cell, by way of 

deliberate genetic manipulation, such as by microinjection or by infection with a 

recombinant virus. The tenn genetic manipulation does not include classical cross­

breeding, but rather is directed to the introduction of a recombinant DNA molecule. This 

molecule may be integrated within a chromosome, or it may be extrachromosomally 

replicating DNA. In the typical transgenic plants described herein, the transgene causes 

cells to express a recombinant form of one of the target polypeptides, e.g. either agonistic 

or antagonistic forms. However, transgenic plants in which the recombinant target gene is 

silent are also contemplated, as for example, FLP or CRE recombinant dependent 

constructs. Moreover, "transgenic plant" also includes those recombinant animals in 

which gene disruption of one or more plant genes is caused by human intervention, 

including both recombination and antisense techniques. A "transgenic plant" is, further, 

one which has been genetically modified to contain and express heterologous DNA 

sequences, either as regulatory RNA molecules or as proteins. As specifically exemplified 

herein, a transgenic plant is genetically modified to contain and express at least one 

heterologous DNA sequence operably linked to and under the regulatory control of 

transcriptional control sequences which function in plant cells or tissue or in whole plants. 

As used herein, a transgenic plant also refers to progeny of the initial transgenic plant 

where those progeny contain and are capable of expressing the heterologous coding 

sequence under the regulatory control of the plant-expressible transcription control 

sequences described herein. Seeds containing transgenic embryos are encompassed within 

this definition, as are cuttings and other plant materials for vegetative propagation of a 

transgenic plant.

[0086] When plant expression of a heterologous gene or coding sequence of interest 

is desired, that coding sequence is operably linked in the sense orientation to a suitable 

promoter and advantageously under the regulatory control of DNA sequences which 

quantitatively regulate transcription of a downstream sequence in plant cells or tissue or 

in plants, in the same orientation as the promoter, so that a sense (i.e., functional for
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translational expression) mRNA is produced. A transcription tennination signal, for 

example, as polyadenylation signal, functional in a plant cell is advantageously placed 

downstream of the metal or organometal resistance coding sequence, and a selectable 

marker which can be expressed in a plant, can be covalently linked to the inducible 

expression unit so that after this DNA molecule is introduced into a plant cell or tissue, its 

presence can be selected and plant cells or tissue not so transfonned will be killed or 

prevented from growing. In the present invention, the mercury resistance coding sequence 

can serve as a selectable marker for transformation of plant cells or tissue. Where 

constitutive gene expression is desired, suitable plant-expressible promoters include the 

35S or 19S promoters of Cauliflower Mosaic Virus, the nos, ocs or mas promoters of 

Agrobacterium tumefaciens Ti plasmids, and others known to the art. Where tissue 

specific expression of the plant-expressible metal resistance coding sequence is desired, 

the skilled artisan will choose from a number of well-known sequences to mediate that 

form of gene expression. Environmentally regulated promoters are also well known in the 

art, and the skilled artisan can choose from well known transcription regulatory sequences 

to achieve the desired result.

[0087] "Transcriptional regulatory sequence" is a generic term used throughout the 

specification to refer to DNA sequences, such as initiation signals, enhancers, and 

promoters, which induce or control transcription of protein coding sequences with which 

they are operably linked. In some embodiments, transcription of a recombinant gene is 

under the control of a promoter sequence (or other transcriptional regulatory sequence) 

which controls the expression of the recombinant gene in a cell-type in which expression 

is intended. It will also be understood that the recombinant gene can be under the control 

of transcriptional regulatory sequences which are the same or which are different from 

those sequences which control transcription of the naturally-occurring form of the protein, 

[0088] The term "vector" refers to a nucleic acid molecule capable of transporting 

another nucleic acid to which it has been linked. One type of useful vector is an episome, 

i.e., a nucleic acid capable of extra-chromosomal replication. Particularly useful vectors 

are those capable of autonomous replication and/or expression of nucleic acids to which 

they are linked. Vectors capable of directing the expression of genes to which they are 

operatively linked are referred to herein as "expression vectors". In general, expression
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vectors of utility in recombinant DNA techniques are often in the form of "plasmids" 

which refer generally to circular double stranded DNA loops which, in their vector form 

are not bound to the chromosome. In the present specification, "plasmid" and "vector" are 

used interchangeably as the plasmid is the most commonly used form of vector. However, 

the invention is intended to include such other forms of expression vectors which serve 

equivalent functions and which become known in the art subsequently hereto.

[0089J The tenn "wild-type allelle" refers to an allele of a gene which, when present 

in two copies in a subject results in a wild-type phenotype. There can be several different 

wild-type alleles of a specific gene, since certain nucleotide changes in a gene may not 

affect the phenotype of a subject having two copies of the gene with the nucleotide 

changes.

4.3 F-box Nucleic Acid and Polypeptide Sequences

[0090] The F-box nucleic acid and protein sequences of the invention include the 

Arabidopsis thaliana F-box protein (GenBank Accession Nos. NM_111499 (cDNA) and 

NP_566277 (protein), see Figures 10B and 10A, respectively).

[0091} Other equivalent nucleic acids and polypeptides include those discernable 

from the following summary of this F-box protein family (At3g06240).

SELECTED PROTEIN SIMILARITIES

[0092] Comparison of sequences in UniGene with proteins supported by a complete 

genome. The alignments can suggest function of a gene.

[0093] A. thaliana ref:NP_566277.1 - expressed protein [Arabidopsis thaliana] 100 

% 1 416 aa (see ProtEST)

GENE EXPRESSION

[0094] Tissues and development stages from this gene's sequences survey gene 

expression. Links to other NCBI expression resources.

[0095] cDNA sources: mixture of silique and flower ; green siliques ; roots ; seed ; 

adult vegetative tissue; flower buds; flowers and buds; inflorescence lacking open or 

older flowers.

[0096] GEO profiles: Gene expression profiles in the NCBI Gene Expression 

Omnibus database .
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MAPPING POSITION

[0097] Genomic location specified by transcript mapping, radiation hybrid mapping, 

genetic mapping or cytogenetic mapping.

[0098] Arabidopsis Chromosome: III 

SEQUENCES

[0099] Sequences representing this gene; mRNAs, ESTs, and gene predictions 

supported by transcribed sequences.

[0100] NM_111499.3 Arabidopsis thaliana F-box family protein (At3g06240) 

mRNA, complete cds P

[0101] AY084423.1 Arabidopsis thaliana clone 108003 mRNA, complete sequence

P

[0102] AK118303.1 Arabidopsis thaliana At3g06240 mRNA for unknown protein,

complete cds, clone: RAFL19-58-P14 P

[0103] BT006048.1 Arabidopsis thaliana clone U50970 putative F-box protein

family (At3g06240) mRNA, complete cds P

[0104] BX824678.1 Arabidopsis thaliana Full-length cDNA Complete sequence

from clone GSLTPGH64ZA06 of Hormone Treated Calins of strain col-0 of Arabidopsis 

thaliana (thale cress) P

[0105] BX829355.1 Arabidopsis thaliana Full-length cDNA Complete sequence

from clone GSLTSIL94ZF11 of Silique of strain col-0 of Arabidopsis thaliana (thale 

cress) P

[01061 EST Sequences (19)

BP842389.1 Clone RAFL21-54-K05 5'read

BP825839.1 Clone RAFL22-69-O13 mixture of silique and flower 5' read

BP824403.1 Clone RAFL22-09-H01 mixture of silique and flower 5' read

BP817574.1 Clone RAFL22-45-F24 mixture of silique and flower 5' read

BP652696.1 Clone RAFL19-94-A01 mixture of silique and flower 3' read

BP644487.1 Clone RAFL19-65-J12 mixture of silique and flower 3' read

BP643288.1 Clone RAFL19-61-H05 mixture of silique and flower 3' read

CF773451.1 Clone 17B03 inflorescence lacking open or older flowers

BX838532.1 Clone GSLTFB50ZF02 flowers and buds 5' read P
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BX836858.1 Clone GSLTLS79ZF01 adult vegetative tissue 5'read

BX837508.1 Clone GSLTLS79ZE01 adult vegetative tissue 5'read P

AU239163.1 Clone RAFL19-58-P14 mixture of silique and flower 5' read P 

AU230440.1 Clone RAFL19-58-P14 mixture of silique and flower 3' read 

AV562416.1 Clone SQ169fl2F green siliques 3' read A

AV551881.1 Clone RZ15gO9R roots 5'read

AV540406.1 Clone RZ15gO9F roots 3' read P

AV534311.1 Clone FBO78aO2F flower buds 3' read P

BE525819.1 Clone 600034345R1 seed 5'read

BE523193.1 Clone M35B4 seed 5' read P.

Homologous F-box Proteins

[0107] The invention further provides F-box protein encoding genes that are 

homologous to those specifically described herein (e.g., the Arabidopsis thaliana F-box 

Protein shown in Figure 10A, and the corresponding encoding sequence demarcated in 

Figure 10B). For example, equivalent nucleotide sequences include sequences that differ 

by one or more nucleotide substitutions, additions or deletions, such as intragenus 

variants; and also include sequences that differ from the nucleotide sequence encoding the 

portion of the a protein represented herein due to the degeneracy of the genetic code. 

Equivalent nucleic acids also include nucleotide sequences that hybridize under stringent 

conditions (i.e., equivalent to about 20-27° C. below the melting temperature (Tm) of the 

DNA duplex formed in about 1 M salt) to a nucleotide sequence of an heterologous gene 

of the invention.

[0108] Particularly useful nucleic acids encode polypeptides comprising an amino 

acid sequence which is at least 70% identical, 80% identical or 85% identical with an 

amino acid sequence of the invention. Nucleic acids encoding polypeptides, particularly 

polypeptides retaining an activity of one of the subject heterologous genes which confer 

an F-box activity, and comprising an amino acid sequence which is at least about 90%, or 

at least about 95%, and most usefully at least about 98-99% identical with an amino acid 

sequence of the invention are also within the scope of the invention.
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[0109] Another aspect of the invention provides nucleic acid that hybridizes under 

high or low stringency conditions to nucleic acid which encodes a polypeptide identical 

or homologous with an amino acid sequence of the invention. Appropriate stringency 

conditions which promote DNA hybridization, for example, 6.0 x sodium

chloride/sodium citrate (SSC) at about 45° C., followed by a wash of 2.0 x SSC at 50° C, 

are known to those skilled in the art or can be found in Current Protocols in Molecular 

Biology, John Wiley & Sons, N.Y. (1989) 6.3.1-6.3.6. For example, the salt concentration 

in the wash step can be selected from a low stringency of about 2.0.x.SSC at 50° C to a 

high stringency of about 0.2 x SSC at 50° C. In addition, the temperature in the wash step 

can be increased from low stringency conditions at room temperature, about 22° C, to 

high stringency conditions at about 65° C.

[0110] Isolated nucleic acids encoding an heterologous protein of the present 

invention, yet which differ from the nucleotide sequences referenced herein due to 

degeneracy in the genetic code, are also within the scope of the invention. Such nucleic 

acids are understood to be capable of encoding functionally equivalent polypeptides (i.e., 

a polypeptide having at least a portion of the biological activity of a protein encoded by 

the enumerated sequences). For instance, a number of amino acids are designated by 

more than one triplet. Codons that specify the same amino acid (for example, CAU and 

CAC are synonyms for histidine) may result in "silent" mutations which do not affect the 

amino acid sequence of the protein. However, it is expected that DNA sequence 

polymorphisms that do lead to changes in the amino acid sequences of the protein will 

exist even within the same species. One skilled in the art will appreciate that these 

variations in one or more nucleotides (up to about 3-4% of the nucleotides) of a gene 

encoding a protein may exist among individual cells of a given species, e.g., amongst a 

population of Arabidopsis thaliana cells, due to natural allelic variation. Any and all such 

nucleotide variations and resulting amino acid polymorphisms are within the scope of this 

invention.

[0111] Fragments of the nucleic acid encoding portions of the subject heterologous F- 

box such as a fragments which retain the ability to interact with the ubiquitin proteolytic 

pathway, are also within the scope of the invention. As used herein, such fragments refer 

to nucleotide sequences having fewer nucleotides than the coding sequence of the gene,
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yet still include enough of the coding sequence so as to encode a polypeptide with at least 

some of the activity of the full-length protein activity.

[0112] In yet a further embodiment, the recombinant regulatory genes may further 

include, additional nucleotide sequences. For instance, the recombinant gene can include 

nucleotide sequences of a PCR fragment generated by amplifying the gene from a 

genomic DNA library, e.g., 5' and 3' non-coding sequences of either of the subject genes. 

[0113] Nucleic acids within the scope of the invention may also contain linker 

sequences, modified restriction endonuclease sites and other sequences useful for 

molecular cloning, expression or purification of the recombinant polypeptides.

[0114] As indicated by the examples set out below, a nucleic acid encoding one of the 

subject proteins may be obtained from mRNA present in a sample of eukaryotic cells, 

such as those of a vascular plant. It will also be possible to obtain nucleic acids encoding 

the subject proteins from genomic DNA obtained from such cells. For example, a gene 

encoding one of the subject F-box proteins can be cloned from either a cDNA or a 

genomic library from other plant species in accordance with protocols described herein, 

as well as those generally known in the art. For instance, a cDNA encoding an 

heterologous protein can be obtained by isolating total mRNA from a plant, generating 

double stranded cDNAs from the total mRNA, cloning the cDNA into a suitable plasmid 

or bacteriophage vector, and isolating clones expressing the subject protein using any one 

of a number of known techniques, e.g., oligonucleotide probes, western blot analysis, or 

complementation. Genes encoding related proteins can also be cloned using established 

polymerase chain reaction techniques in accordance with the nucleotide sequence 

information provided by the invention. The nucleic acid of the invention can be DNA or 

RNA.

[0115] Moreover, the nucleotide sequence determined from the cloning of the subject 

heterologous genes will permit the generation of probes designed for use in identifying 

the heterologous transgenic DNA as well as for detecting the presence of the 

corresponding heterologous mRNA. For example, the subject nucleic acids may be used 

following transgenic targeting to confirm the presence and integrity of the introduced 

sequence as well as the amount and specificity of expression in transgenic progeny. For 

instance, the present invention provides a probe/primer comprising a substantially
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purified oligonucleotide, wherein the oligonucleotide comprises a region of nucleotide 

sequence which hybridizes under stringent conditions to at least 10, 25, 50, or 100 

consecutive nucleotides of sense or anti-sense sequence of one of the subject nucleic 

acids, or naturally occurring mutants thereof. In some embodiments, the probe/primer 

further comprises a label group attached thereto and able to be detected, e.g. the label 

group is selected from the group consisting of radioisotopes, fluorescent compounds, 

enzymes, and enzyme co-factors.

Other F-box Proteins

[0116] Still other F-box proteins for use in the invention are known in the art and 

specifically described elsewhere (see, e.g., U.S. Patent Nos. 6,573,094 and 6,232,081, the 

contents of each of which are hereby incorporated by reference in their entireties). Other 

known plant F-box proteins include the F-box protein TIR1, an auxin receptor (see 

Dharmasiri et al. (2005) Nature 435: 441-5; GenBank Accession No. Q570C0; GI: 

68053009)), as well as three additional F-box proteins, termed AFB1, 2, and 3, which 

also regulate auxin response (see Dharmasiri et al. (2005) Dev, Cell 9:109-119). Indeed, 

the Arabidopsis genome alone encodes nearly 700 F-box proteins (see Gagne et al. (2002) 

Proc. Natl. Acad. Sci. USA 99: 11519-24). Still other plant F-box proteins are known in 

the art and available to the skilled artisan using only routine methods in gene cloning.

Vectors

[0117] This invention also provides expression vectors which include a nucleotide 

sequence encoding one of the subject polypeptides and operably linked to at least one 

regulatory sequence. Operably linked is intended to mean that the nucleotide sequence is 

linked to a regulatory sequence in a manner which allows expression of the nucleotide 

sequence. Plant egulatory sequences are art-recognized. Accordingly, the term regulatory 

sequence includes promoters, enhancers and other expression control elements.

Exemplary plant regulatory sequences are described in Yusibo et al. (1999) Curr. Top- 

Micro. Imrnun. 240: 81-94 and Hood et al. (1999) Adv. Exp. Med, Biol, 464: 127-47. For 

instance, any of a wide variety of expression control sequences-sequences that control the 

expression of a DNA sequence when operatively linked to it may be used in these vectors
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to express DNA sequences encoding the Zostera genetic trait-conferring proteins and 

nucleic acids of this invention. Such useful expression control sequences, include, for 

example, the constitutive maize ubiquitin promoter (ubi promoter) (Christensen et al. 

(1992) Plant Mol. Biol. 18: 675-89; Cornejo et al. (1993) Plant Mol. Biol, 23: 567-81) 

and the potato Pinll terminator sequence (An et al. (1989) Plant Cell 1: 115-22). Other 

useful expression control sequences are those derived from plant viruses such as: the 35S 

promoter, which is derived from Cauliflower Mosaic Virus sequences; and the TMV coat 

protein promoter, such as that contained in the cloning vectoi· designated "30B" which is 

derived from the Tobacco Mosaic Virus. Also included in certain aspects of the invention 

are non-plant transcriptional regulatory sequences such as early and late promoters of 

SV40, adenovirus or cytomegalovirus immediate early promoter, the lac system, the trp 

system, the TAG or TRC system, T7 promoter whose expression is directed by T7 RNA 

polymerase, the major operator and promoter regions of phage lambda, the control 

regions for fd coat protein, the promoter for 3-phosphoglycerate kinase or other glycolytic 

enzymes, the promoters of acid phosphatase, e.g., Pho5, the promoters of the yeast a- 

mating factors, the polyhedron promoter of the baculovirus system and other sequences 

known to control the expression of genes of prokaryotic or eukaryotic cells or their 

viruses, and various combinations thereof. It should be understood that the design of the 

expression vector may depend on such factors as the choice of the host cell to be 

transformed and/or the type of protein desired to be expressed. Moreover, the vector's 

copy number, the ability to control that copy number and the expression of any other 

proteins encoded by the vector, such as antibiotic markers, should also be considered. 

[0118] The recombinant construct of the present invention may include a selectable 

marker for propagation of the construct. For example, a construct to be propagated in 

bacteria preferably contains an antibiotic resistance gene, such as one that confers 

resistance to kanamycin, tetracycline, streptomycin, or chloramphenicol. Suitable vectors 

for propagating the construct include plasmids, cosmids, bacteriophages or viruses, to 

name but a few.

[0119] In addition, the recombinant constructs may include plant-expressible 

selectable or screenable marker genes for isolating, identifying or tracking of plant cells 

transformed by these constructs. Selectable markers include, but are not limited to, genes
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that confer antibiotic resistances (e.g., resistance to kanamycin or hygromycin) or 

herbicide resistance (e.g., resistance to sulfonylurea, phosphinothricin, or glyphosate). 

Screenable markers include, but are not limited to, the genes encoding beta-glucuronidase 

(Jefferson (1987) Plant Mol. Biol, Rep. 5:387-405), luciferase (Ow et al. (1986) Sci. 

234:856-859), B and Cl gene products that regulate anthocyanin pigment production 

(Goffet et al. (1990) EMBOJ 9:2517-2522).

[0120] The present invention may also utilize the Agrobacterium system for 

transfonning plants, the recombinant DNA constructs additionally comprise at least the 

right T-DNA border sequence flanicing the DNA sequences to be transformed into plant 

cell. In some embodiments, the sequences to be transferred in flanked by the right and left 

T-DNA border sequences. The proper design and construction of such T-DNA based 

transformation vectors are well known to those skilled in the art.

[0121] This invention also pertains to a host cell transfected with a recombinant gene 

in order that it may express a recombinant protein of the present invention. The host cell 

may be any prokaryotic or eukaryotic cell. For example, a plant F-box protein of the 

present invention may be expressed in bacterial cells, such as E. coli, insect cells, yeast, 

or mammalian cells. Other suitable host cells are known to those skilled in the art.

[0122] Another aspect of the present invention concerns recombinant forms of the 

subject plant proteins. The term "recombinant protein" refers to a protein of the present 

invention which is produced by recombinant DNA techniques, wherein generally DNA 

encoding the protein is inserted into a suitable expression vector which is in turn used to 

transform a host cell to produce the heterologous protein. Moreover, the phrase "derived 

from", with respect to a recombinant gene encoding one of the subject proteins, is meant 

to include within the meaning of "recombinant protein" those proteins having an amino 

acid sequence of the native (or "authentic") form of the plant protein, or an amino acid 

sequence similar thereto, which is generated by mutation so as to include substitutions 

and/or deletions relative to a naturally occurring fonn of the protein. To illustrate, 

recombinant proteins particularly useful in the present invention, in addition to those 

having an amino acid sequence of the native proteins, are those recombinant proteins 

having amino acid sequences which are at least 70% homologous, or 80% homologous 

and most usefully 90% homologous with an ammo acid sequence of the present
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invention. A polypeptide which having an amino acid sequence that is at least about 

95%, or at least about 98%, and most usefully identical to one of the polypeptide 

sequences of the invention are also within the scope of the invention. Thus, the present 

invention pertains to recombinant proteins which are derived, for example from 

Arabidopsis thaliana F-box genes and which have amino acid sequences evolutionarily 

related to a sequence encoded by an orthologous gene from another plant protein, wherein 

"evolutionarily related to" refers to polypeptides having amino acid sequences which have 

arisen naturally (e.g. by allelic variance), as well as mutational variants of the regulatory 

proteins which are derived, for example, by combinatorial mutagenesis.

4.4 Transgenic Plants and Plant Cells

[0123] Techniques for stably incoiporating genetic constructs into the genome of 

target plants are well known in the art and include Agrobacterium tumefaciens-mediated 

introduction, electroporation, protoplast fusion, injection into reproductive organs, 

injection into immature embryos, high velocity projectile introduction and the like. The 

choice of technique will depend upon the target plant to be transformed. For example, 

dicotyledonous plants and certain monocots and gymnosperms may be transformed by 

Agrobacterium Ti plasmid technology (as described, for example by Bevan, (1984) Nucl. 

Acids Res. 12:8711-8721). Targets for the introduction of the genetic constructs of the 

present invention include tissues, such as leaf tissue, dissociated cells, protoplasts, seeds, 

embryos, meristematic regions; cotyledons, hypocotyls, and the like.

[0124] Once the cells are transformed, cells having the inventive genetic construct 

incorporated in their genome may be selected by means of a marker, such as the 

kanamycin resistance marker discussed above. Transgenic cells may then be cultured in 

an appropriate medium to regenerate whole plants, using techniques well known in the 

art. In the case of protoplasts, the cell wall is allowed to reform under appropriate osmotic 

conditions. In the case of seeds or embryos, an appropriate germination or callus initiation 

medium is employed. For explants, an appropriate regeneration medium is used. 

Regeneration of plants is well established for many species. For a review of regeneration 

of forest trees see Dunstan et al. Somatic embryogenesis in woody plants as described in 

Thorpe, T. A. ed., In Vitro Embryogenesis of Plants. Vol. 20 in Current Plant Science and
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Biotechnology in Agriculture, Chapter 12, pp. 471-540, 1995. Specific protocols for the 

regeneration of spruce are discussed by Roberts et al., Somatic Embryogenesis of Spruce 

is described in: Synseed Applications of synthetic seed to crop improvement. 

Redenbaugh, K, ed., CRC Press, Chapter 23, pp. 427-449, 1993. The resulting 

transformed plants may be reproduced sexually or asexually, using methods well known 

in the art, to give successive generations of transgenic plants.

[0125] As discussed above, the production of RNA in target plant cells can be 

controlled by choice of the promoter sequence. A target plant may be transformed with 

more than one genetic construct of the present invention, thereby modulating the activity 

of more than one polypeptide, affecting polypeptide activity in more than one tissue, or 

affecting polypeptide activity at more than one expression time. Similarly, a genetic 

construct may be assembled containing more than one open reading frame coding for an 

inventive polypeptide or more than one non-coding region of a gene coding for such a 

polypeptide. The polynucleotides of the present invention may also be employed in 

combination with other known sequences encoding polypeptides involved in plant cell 

signaling.

[0126] The isolated polynucleotides of the present invention may be employed as 

probes to isolate other related F-box DNA sequences, including those from other plant 

species, using techniques well known to those of skill in the art, such as routinely used 

DNA hybridization and PCR techniques.

[0127] The inventive polynucleotides, polypeptides and antibodies to such 

polypeptides may be used to screen for molecules that interact with such polynucleotides 

and/or polypeptides and that thereby modulate cell signaling. Techniques for performing 

such assays are well known in the art. Similarly, the polynucleotides and polypeptides of 

the present invention may be employed in studies designed to elucidate the mechanism of 

cell signaling pathways.

[0128] The invention provides numerous methods for the transformation of plants 

with an heterologous F-box gene or genes which contribute to the production of oils in 

the recipient plant, the details of which methods are further described below. In some 

embodiments, the heterologous gene is introduced by transformation, and the introduced 

gene is expressed stably over the life of the plant and is further capable of being
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transmitted to the plant's offspring. In general, it is desirable for the transgene to be 

integrated into the nuclear DNA, although the plastid genome may be an appropriate 

target for some constructs.

[0129] The transformation of crop and other plants can be effected by a number of 

methods known in the field of plant biotechnology. The method for transformation will 

vary with the plant species to be transformed and the desired pattern and stability of 

transgene expression. For example, particle bombardment methods have been shown to 

be effective in transforming many plant species, including those previously considered 

recalcitrant to transfonnation. This method is commonly used in the transformation of 

monocotyledonous plants such as com. Another plant transformation method available is 

Agrobacterium-rnQ&isXQd gene transfer, which is commonly used to transform 

dicotyledonous crops.

[0130] Still other methods available for plant transformation do not rely upon tissue 

culture for the recovery of transgenic plants, thereby allowing the production of 

transgenics from plant species for which no reliable method of tissue culture exists. For 

example, microtargeting of particle-bound DNA into shoot meristematic tissue produces 

transgenic flowering parts from which transgenic seeds arise (Sautter et al. (1991) 

Biotech. 9: 1080-85). Transgenic seeds can also be created by electrophoresing DNA into 

meristematic tissue (Griesbach (1994) Plant Sci. 102: 81-89; Burchi et al. (1995) J Genetl 

Breeding 49: 163-8). This method has proven successful in the transfonnation of several 

plant species including orchids, chrysantehemums, carnations, lisianthus, peppers, and 

even woody plant species such as plum (Plumus domestica).

[0131] In general, the invention provides methods and reagents for the genetic 

engineering of a target host plant, such as a crop plant, with an heterologous nucleic acid 

which encode an F-box protein function that contributes to the production of oils in the 

recipient plant. One method for transformation makes use of the aforementioned 

common soil bacterium Agrobacterium (see Birch (1997) Ann, Rev, Plant Physiol. Plant 

Mol. Biol, 48: 297-326). This method involves a modified transfer-DNA (T-DNA) vector 

which carries the desired nucleic acid fragment between the T-DNA border regions 

(specific 25 base pair direct repeat regions). The resulting vector is transferred into an 

Agrobacterium host and the target host plant is inoculated with the transfonned
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recombinant bacterium. Virulence genes products of Agrobacterium then actively 

recognize, excise, transport, and integrate the T-DNA region into the host plant genome. 

[0132] Agrobacterium turn efaciens-mediated transformation techniques, including 

disarming and use of binary vectors, are well described in the scientific literature (see, 

e.g. Horsch, et al. (1984) Science 233:496-8, and Fraley, et al. (1983) Proc. Nat. Acad. 

Sci. USA 80:4803. Agrobacterium-mediated transformation is a particularly useful 

method of transformation of dicots.

[0133] The natural host range of Agrobacterium is limited and so this approach to 

transformation is not practicable in some target host plants, particularly cereal crops and 

other monocotyledonous species. For such crops, the invention provides alternative 

approaches to transformation such as direct uptake of naked DNA into protoplasts or 

tissues using electroporation or particle gun bombardment. In this method, the co­

transformation of a selectable marker gene along with the gene of interest allows the 

preferential growth of the transfonned cells in cell culture. Successive manipulations of 

the chemical composition of the culture medium, especially the plant hormones, allows 

the regeneration of complete plants. This method has allowed the recovery of genetically 

engineered plants in virtually all crop plants.

[0134] One representative method for direct transfonnation of the transgene construct 

is by particle bombardment of target plant tissues with high-velocity microprojectiles 

(see, e.g., Finer et al. (1999) Curr. Top. Micro, and Iminun. 240: 60-80 for review). This 

method utilizes a particle accelerator or "gene blaster" to penetrate the outer surface 

layers of the plant tissue or protoplast (Sanford (1988) Trends Biotech.l 6: 299-302). 

Biolistics, a combination of "biological" and "ballistics", describes a technique which 

utilizes instrumentation to accelerate DNA coated microprojectiles into cells, past the cell 

wall and cell membrane. The microprojectile is generally small enough (0.5-5.0 mm) to 

enter the plant cell without too much damage, yet large enough to have the mass to 

penetrate the cell wall and carry an appropriate amount of DNA on its surface into the 

interior of the plant cell.

[0135] A number of different particle gun designs may be used. The basis of all of

these designs is to coat the DNA onto small dense particles and accelerate the particles 

towards a target tissue. The particles usually consist of either gold or tungsten spherical
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particles which are between 0.5 and 5.0 mm in diameter. Gold particles are chemically 

inert, generally more uniform in size than tungsten particles and produce no cytootoxic 

effects. Accordingly, gold particles are generally more effective than tungsten particles. 

Ideally the particles used for bombardment should have good initial affinity for DNA, yet 

freely release the DNA once inside the target cell cytoplasm or nucleus.

[0136] To prepare DNA-coated microprojectiles, washed gold or tungsten particles 

are mixed with plasmid DNA. The DNA is bound on the particles using either ethanol or 

calcium chloride precipitation methods, which are known in the art. Spermidine may be 

added to the mixture, possibly protecting the DNA from degradation and/or altering its 

conformation. After precipitation, the particles may be washed, resuspended and either 

dried or stored on ice as an aqueous suspension until needed.

[0137] The particle gun may utilize a macrocarrier, which supports or carries the 

particles and is accelerated along with the particles towards the target. The macrocarrier is 

usually retained by a stopping plate or screen before it collides with the target, whereas 

the particles continue along their course. In most cases, the particles are accelerated under 

partial vacuum in a vacuum chamber to reduce air drag. Particle penetration is controlled 

by modifying the intensity of the explosive burst, by changing the distance that the 

particles must travel to reach the target tissue or by using different sized particles. A 

commercial hand-held device (the Helios Gene Gun) is available from BioRad 

Laboratories (Hercules, Calif.). A helium-modified bombardment device, which utilizes 

continual build-up of helium back-pressure delivered to a calibrated rupture disc which 

transmits a shock wave to a second disc or macrocarrier that holds the DNA-coated 

particles, is also available from BioRad (i.e. the PDS-1000/He unit). A high voltage 

electrical discharge gun which causes rapid vaporization of a water droplet which in turn 

transmits a shock wave to a mylar sheet coated with DNA-bound particles has also been 

developed (see McCabe and Christou (1993) Plant Cell Tiss. Organ. Cult. 33: 227-236). 

Yet another device for particle bombardment is a microtargeting device, which does not 

utilize a macrocarrier (Sautter et al. (1991) Bio/Technology 9: 1080-5). This device 

accelerates small amounts of a DNA/particle mixture in a focused stream of high-pressure 

nitrogen. The DNA is not precipitate on the gold particles, but is delivered as a mixture.
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[0138] A variety of different plant tissues have been used as targets for particle 

bombardment-mediated transformation. Selection of the appropriate target tissue is 

dependent on multiple factors. For rapid gene expression analysis, various plasmid 

constructs can be introduced into different tissues and transient expression can be quickly 

analyzed to assess promoter activity without the production of stably transformed plants 

(see e.g. Iida et al. (1995) Plant Cell Rep. 14: 539-44). Almost any tissue can be used for 

transient expression studies as long as the cell wall is penetrable by the DNA-coated ( 

particles. For example, embryogenic plant cell cultures have been used successfully for 

the production of transfonned plants (see e.g. Fromm et al. (1990) Bio/Technology 8: 

833-9). Shoot apical meristem transformation results in chimeric plants, where the 

transfonned cells directly give rise to genu-line tissue and the introduced DNA is then 

passed onto progeny plants. Bombardment of shoot meristematic tissues followed by 

tissue culture expansion of the transformed cells has been used to produce genetically- 

transmissible transgenic plant lines (McCable et al. (1988) Bio/Technology 6: 923-6). In 

addition to embryogenic cultures and shoot tips, other tissues that have been subjected to 

particle bombardment include leaves (Klein et al. (1988) Proc. Nat. Acad. Sci, USA 85: 

8502-5), root sections (Seki et al. (1991) Appl, Microbiol, Biotech, 36: 228-30), stem 

sections (Loopstra et al. (1992) Can. J. Res. 22: 993-6), pollen (Twell et al. (1989) Plant 

Physiol. 91-1270-4), styles (Clark and Sims (1994) Plant Physiol. 106: 25-36), cereal 

aleurone cells (Kim et al. (1992) Mol. Gen. Genet. 232: 383-93) and tassel primordia 

(Dupeuis and Pace (1993) Plant Cell Rep. 12: 607-11). In certain instances, the plant 

tissue that is selected for particle bombardment-mediated transfonnation be relatively 

new, as long-tenn cell cultures can result in abnormalities that may compromise the 

usefulness of the transgenic plant—such as infertility of the subsequent transgenic progeny 

(see Rhodes et al. (1988) Biotech, 6: 56-60).

[0139] In certain instances, the magnitude of transgene expression varies markedly 

with the site of insertion and the nature of the inserted sequence(s). For example, while T- 

DNA mediated transfer typically results in the insertion of a single complete intact DNA 

fragment at a single locus, direct DNA transfer approaches frequently result in long 

concatamers of the transferred DNA (see e.g. Czemilofsky et al. (1986) DNA 5: 473-82). 

Such multiple tandem insertions are associated with transcriptional "silencing"
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phenomena in certain instances. Furthermore, the site of insertion within the plant 

genome frequently affects the strength of expression of the transgene—a phenomenon 

know as "position effect." Accordingly, the invention provides methods for mitigating 

interference with the expression of the transgene. For example, position effects can be 

mitigated by flanking transgenes with specific matrix-associated regions which insulate 

transcriptional regulation from the effects of surrounding chromatin (see, e.g., Mlynarova 

et al. (1994) Plant Cell 7: 599-609). For example, scaffold attachment regions (SARs, 

also known as matrix attachment regions or MARs) may be included in the transgene 

vector construct. Usefully, the SARs are ligated to the flanking regions of the gene of 

interest. These sequences are known in the art (e.g. a tobacco SAR is described in Breyne 

et al. (1992) Plant Cell 4: 463-71; and Allen et al. (1996) Plant Cell 8: 899-913). 

Furthermore, transgene silencing mediated by homology-dependent processes can be 

avoided by utilizing transgenic plant lines which avoid multiple tandem or inverted repeat 

insertion patterns, and by limiting homology of the inserted transgene with any 

corresponding endogenous host gene(s) by engineering conserved codon replacements 

within the transgene construct where appropriate. When the transgene is inserted as one 

intact DNA fragment at a single locus, its expression generally behaves in a highly 

consistent manner. Such transgenic loci exhibit the expected additive gene action both 

within loci (hemizygous versus homozygous) and between loci (dihybrids between 

homozygous transgenic individuals). Loss of transgene unction is rare in such transgenic 

lines (approximately one in ten thousand), which is consistent with the performance of 

many endogenous plant genes. Optimized transgenic plants of the invention may be 

obtained by screening candidate plants for persistent expression of the transgene through 

multiple generations of breeding or rounds of vegetative propogation.

5. EXAMPLES

[0140] The following examples are offered by way of illustration and not by way of 

limitation.

38



WO 2007/038345 PCT/US2006/037111

5.1 Materials and Methods

[0141] AT3G06240: F -box family protein, contains F-box domain Pfam:PF00646

[0142] PRIMERS for the original PCR .

[0143] date 02/28/2002

[0144] Forward primer (Fbox-For)

[0145] 5’-CAC CAA ACA ATG GAG GCG ACG AAG AGA G-3’

[0146] Reverse primer (Fbox-Rev_l)

[0147] 5 ’-ATC TTA GCA AAA AGC AGA CTT C-3 ’

[0148] These primers were used to successfully RT-PCR the following sequence.

CACC AAACA ATGGAGGCGACGAAGAGAGAAAGACGGA
GAGAAGATGACGACGGCGAAAAAGCTTCACCGGAATCACTCGTTCTTCCACCAGAGATCA
TTACAGAAATTCTTCTCCGATTACCAGCCAAATCGATCGGGCGATTCAGGTGCGTATCAA
AGCTCTTTTGCACTTTATCGTCGGATCCAGGGTTCGCGAAGATTCACCTCGATCTGATCC
ttcgaaacgaatccgtaagatcgctccAccgtaagctcattgtgtcttcacataatctgt
ACTCGTTAGATTTCAATTCGATCGGTGACGGAATTAGGGATTTAGCGGCTGTGGAACACA
ATTATCCTCTTAAAGACGATCCAAGCATTTTCTCTGAGATGATTAGGAATTACGTGGGGG
ACCATCTGTACGATGATCGTCGCGTGATGCTTAAGCTGAATGCGAAATCGTATCGAAGAA
ACTGGGTTGAGATCGTTGGATCTTCCAATGGTTTAGTGTGTATCTCTCCTGGTGAAGGAG
CTGTTTTCTTGTATAATCCAACTACCGGAGATTCCAAGAGATTACCTGAAAATTTTCGTC
CCAAATCTGTAGAATACGAAAGAGATAATTTCCAAACTTATGGATTTGGTTTCGATGGTC
TCACTGATGATTACAAATTGGTGAAGCTTGTTGCTACCAGTGAAGATATTCTCGATGCTA
GTGTCTATTCCTTGAAGGCTGACTCATGGAGACGGATCTGCAATTTGAATTATGAGCACA
ACGATGGCTCCTACACGTCCGGTGTGCATTTCAACGGTGCGATTCACTGGGTGTTCACAG
AGAGTAGGCACAACCAAAGAGTGGTTGTAGCATTTGATATTCAAACTGAGGAGTTTCGAG
AGATGCCAGTGCCTGATGAAGCTGAAGATTGTTCCCATAGGTTTAGCAACTTTGTGGTCG
GAAGTCTCAATGGACGTCTCTGTGTGGTCAATAGTTGCTACGATGTGCATGATGATATAT
GGGTGATGAGTGAGTACGGTGAAGCTAAATCCTGGAGCAGAATTCGAATCAACTTGTTGT
ATAGGTCGATGAAACCGCTCTGTTCGACTAAGAACGATGAAGAGGTTCTTCTGGAGCTTG
ATGGAGACCTGGTGTTGTACAACTTTGAAACCAATGCATCGAGTAATCTAGGAATTTGTG
GGGTTAAGCTCAGTGACGGGTTCGAGGCAAATACATACGTAGAGAGCCTCATATCACCCA
ACTCTTATG GTATAGAGAGCTGA GGAAGTCTGCTTTTTGCTAAGAT

[0149] One of the purified PCR products, Fbox_likel, was then cloned into 

GATEWAY pENTR/D-TOPO vector. This was designated as “Entry Clone” and was
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used to sub-clone the desired sequence in to GATEWAY expression vectors (Invitrogen, 

Carlsbad, California cat.number pENTR/D-TOPO, K240020). Further sequence 

information is available from Invitrogen.

[0150] One of the Fbox entry clone plasmids was chosen for full length sequencing 

(coded Fbox-like -LIG1). The clone was sequenced completely using internal primers 

as well and was found to be full-length and without PCR errors.

[0151] Sub-cloning of the Fbox-likel gene fragment to the GATEWAY expression

vector pGATE-Phas is shown in Figure 12. The vector was constructed by inserting 

Gateway Reading Frame Cassette b into Pmel site of pBBV-Phas parent vector.

[0152] The complete pGATE-Phas sequence is shown in Figure 11 (SEQ ID NO: 6). 

The short underlined sequences on either side of the insert were removed during the 

ligation reaction, ie this is where the insert goes. Subcloning and Agrobacterium 

transformation of the Fbox construct, was then completed. Before Agrobacterium 

transformation, the orientation of the inserts were checked by sequencing, and the correct 

ones were utilized.

[0153] After Agrobacterium transformation the presence of the constiuct was 

confirmed by PCR. Finally, a mixture of 3 independent Agrobacterium transformation 

events were used for transformation into Arabidopsis.

5.2 Results of F-box Qverexpression

[0154] Lines that have positive increase in oil content have been taken to T3 and/or 

T4 generation and reanalyzed.

[0155] Screening has shown that over expression of F-box (At3g06240), when driven 

under a seed specific promoter phaseolin, produced seeds with higher oil phenotype is 

shown in Figures 1-5. Also the data obtained for the next (T3) generation is shown in 

Figures 6-7, and further analysis of other aspects of the transgenic seeds is shown in 

Figure 8-9. In particular, Figure 1 shows the oil content of transgenic phaseolin-F-box 

lines compared with vector control lines. Data shown are average of 18 lines (T2) and 

emor bars are SE. Figure 2 shows the total seed FAMEs of F-box transgenic lines 

compared to WT, and vector control lines (error bars are SE based on 18 lines: 3 

duplicate for each line). Figure 3 shows the total seed FAMEs of transgenic lines versus
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WT and vector control lines (large dots are the two lines with highest oil content and were 

named F-box2 and F-box3 later chosen for next generation analysis). Figure 4 shows the 

fatty acid profile and fatty acid molar ratio composition of F-box transgenic lines versus 

control plants. Figure 5 shows the seed weight determination (around 400 seeds were 

counted for both wild type seeds and transformants with F-box genes and counted seeds 

were stored in desiccators overnight, and then determined using an analytical balance and 

error bars are SE based on 6 replicates).

[0156] Data in above section show that there is an >10% increase in oil content in F- 

box overexpressor lines comparing to wild type plants. This increase is confirmed both at 

a per mg basis and at a per seed basis. To further confirm this result, it is essential to 

determine changes in oil content for next generation. Furthermore, there is a small yet 

significant decrease in 18:1 and 18:2 in F-box overexpressors comparing to wild type, and 

there is a significant increase in 18:3 observed. The reason for this is not yet clear.

[0157] Evaluation of F-box gene at T3 generation: T2 plants from F-box2 and F-box3 

lines (see Figure 3) were grown under standard conditions. To eliminate the potential 

effect of BASTA on seed metabolism, transformants were screened by PCR rather than 

by BASTA spray. F-box2 and F-box3 lines were grown together with WT and vector 

control lines. FAME analysis of T3 seeds was shown in Figure 6.

[0158] Figure 6 shows the total FAMEs per seed in F-box T3 seeds versus WT and 

vector control lines (the error bars are SE based on data obtained from 12 plants for F- 

box2 and F-box3 lines; 6 plants for WT and vector control lines; and the two lines here 

named F-box2 and F-box3 are the two data points indicated by big dots in Figure 3). 

Figure 7 shows the total seed FAMEs of transgenic lines (F-box2 and F-box3) versus WT 

and vector control lines.

[0159] C: N ratio analysis of T2 seeds: The two lines F-box2 and F-box3 were chosen 

for C: N ratio analysis. This analysis will confirm the changes the seed storage 

compounds (oil versus protein) (see Figure 8). Figure 8(a) shows the C: N ratio analysis 

for two independent lines F-box2 and F-box3. Error bars are SE based on six replicates. 

Figure 8(b) shows the positive correlation between oil content and C:N ratio further that 

confirms the result (open columns are overexpressors F-box2 and F-box3; grey columns 

are Wild type Arabidopsis seeds).
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5.3 Results of F-box knock-out

[0160] KO (knock-out) analysis of F-box gene: Salk T-DNA insertion lines 

(SALK_048969 and SALI<_048962) were ordered, and homozygous plants were picked 

up by PCR from line SALK_048969, which has a T-DNA insertion at the last exon of the 

gene. Homozygous plants together with WT plants were grown to maturity; seeds were 

analyzed for total FAMEs (see Figure 9).

[0161] Figure 9 (a) shows the FAME analysis of F-box-KO lines, and Figure 9(b) 

shows the fatty acid profile of KO lines and WT (error bars are SE based on nine 

independent replicates). As shown above, there were no observable differences in oil 

content between WT and F-box_KO line; however there was a significant increase in 

18:1 and 18:2 in F-box_KO comparing to wild type, and there was a significant decrease 

in 18:3 observed. This mirrors the profile observed with the overexpression lines (See 

Figure 4).

[0162] Therefore, through this detailed analysis of F-box transgenic lines, it has been 

shown that overexpression of an F-box gene in Arabidopsis can increase total oil content 

by more than 10%. Indeed, this increase was confirmed in two generations and the 

analysis was validated with two different approaches (total FAMEs and C: N ratio 

analysis).

Equivalents

[0163] Those skilled in the art will recognize, or be able to ascertain, using no more 

than routine experimentation, numerous equivalents to the specific embodiments 

described specifically herein. Such equivalents are intended to be encompassed in the 

scope of the following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A composition comprising a genetic construct comprising the nucleic acid 
sequence of SEQ ID NO:2 operably linked to a seed-specific promoter.

5
2. The composition of claim 1, wherein said seed-specific promoter is phaseolin.

3. The composition of claim 1 or claim 2, wherein the genetic construct comprises 
a pBBV-PHAS expression vector.

10
4. A transgenic plant comprising the composition of any one of claims 1 to 3.

5. The transgenic plant of claim 4, wherein the plant is Arabidopsis thaliana.

15 6. The transgenic plant of claim 4, wherein the plant is selected from the group
consisting of soybean, palm, rapeseed and sunflower.

7. A recombinant plant cell comprising a genetic construct comprising the nucleic 
acid sequence of SEQ ID NO:2 operably linked to a seed-specific promoter.

20
8. The recombinant plant cell of claim 7, wherein said seed-specific promoter is 
phaseolin.

9. A composition comprising a genetic construct comprising a nucleic acid 
25 sequence having at least 95% identity with SEQ ID NO:2 operably linked to a seed-

specific promoter.

10. A method of increasing seed oil content in a plant, said method comprising:
(a) transforming a plant cell with a genetic construct comprising a seed- 

30 specific promoter operably linked to a nucleotide sequence encoding a F-box protein
having at least 95% sequence identity to SEQ ID NO:1, and wherein said genetic 
construct is stably integrated into the genome of said plant cell;

(b) regenerating a transformed plant from said transformed plant cell;
(c) obtaining transformed seeds overexpressing said F-box protein from the 

35 regenerated plant of step (b); and
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(d) screening the seeds of step (c) for increase in oil content as compared to 
the oil content of a seed obtained from a plant of the same species lacking said genetic 
construct.

5 11. The method of claim 10, wherein the plant is Arabidopsis thaliana.

12. The method of claim 10, wherein the plant is selected from the group consisting
of soybean, palm, rapeseed and sunflower.

10 13. The method of any one of claims 10 to 12, wherein the seed-specific promoter is
phaseolin.

14. The method of any one of claims 10 to 13, wherein the polypeptide has the 
amino acid sequence of SEQ ID NO: 1.

15
15. The method of any one of claims 10 to 14, wherein the polypeptide is encoded 
by the nucleic acid sequence of SEQ ID NO:2.

16. The composition of claim 1 or claim 9, the transgenic plant of claim 4, the 
20 recombinant plant cell of claim 7, or the method of claim 10, substantially as

hereinbefore described.

25
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