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Description

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit under Title 35, United States Code 119(e) of United States Provisional
Patent Application No. 61/523,877 filed August 16, 2011.

FIELD OF THE INVENTION

[0002] The invention relates to RNA methods and compositions that include RNA formulations that are applied to
external plant parts, preferably the leaves, wherein the dsRNA is assimilated into the plant cells.

BACKGROUND

[0003] Many food sources are produced by crop plants. Environmental conditions such as drought and heat often
adversely affect crop growth and yield. Pest pressure may also have a substantial negative impact. Consequently, plants
that are capable of withstanding environmental stresses and/or pest challenge are desirable. Plants tolerant or resistant
to abiotic and biotic stresses can be obtained by selective breeding or through genetic modification. RNA interference
15 (RNAi) can be used to produce genetically modified plants that are tolerant or resistant to abiotic and biotic stresses.
[0004] In the past decade, RNAi has been described and characterized in organisms as diverse as plants, fungi,
nematodes, hydra, and humans. Zamore and Haley (2005) Science 309, 1519-24. RNA interference in plants is commonly
referred to as post-transcriptional gene silencing or RNA silencing and is referred to as quelling in fungi. The process
of post-transcriptional gene silencing is thought to be an evolutionarily conserved cellular defense mechanism used to
prevent the expression of foreign genes and is commonly shared by diverse flora and phyla. Fire (1999) Trends Genet.
15,358-363.
[0005] RNA interference occurs when an organism recognizes double-stranded RNA molecules and hydrolyzes them.
The resulting hydrolysis products are small RNA fragments of 19-24 nucleotides in length, called small interfering RNAs
(siRNAs) or microRNAs (miRNAs). The siRNAs then diffuse or are carried throughout the organism, including across
cellular membranes, where they hybridize to mRNAs (or other RNAs) and cause hydrolysis of the RNA. Most plant
miRNAs show extensive base pairing to, and guide cleavage of their target mRNAs. Jones-Rhoades et al. (2006) Annu.
Rev. Plant Biol. 57, 19-53; Llave et al. (2002) Proc. Natl. Acad. Sci. USA 97, 13401-10406. In other instances, interfering
RNAs may bind to target RNA5 molecules having imperfect complementarity, causing translational repression without
mRNA degradation.
[0006] The mode of action for silencing a plant gene generally includes a double stranded RNA (dsRNA) that associates
with a dicer enzyme that cuts the dsRNA into ds fragments 19-24 bps in length (siRNA). There may be more than one
dicer enzyme, depending on the organism. Meister and Tuschl, 2004). The siRNA is typically degraded into two single
stranded RNAs (ssRNAs), referred to as the passenger strand and the guide strand. A RNA-interference silencing
complex (RISC complex) loads the guide strand. The RISC complex associates with a target mRNA that has partial or
complete homology to the guide strand. The catalytic RISC component argonaute causes cleavage of the target mRNA
preventing it from being used as a translation template. Ahlquist P (2002) RNA-dependent RNA polymerases, viruses,
and RNA silencing, Science 296 (5571): 1270-3. The RNAi pathway is exploited in plants by using recombinant tech-
nology, which entails transforming a plant with a vector comprising DNA that when expressed produces a dsRNA
homologous or nearly homologous to a gene target. The gene target can be homologous to a endogenous plant gene
or an insect gene. If the target is an insect gene, the insect eats the plant thereby ingesting the dsRNA, at which the
RNAi RISC complex of the insect causes cleavage and targeting of the homologous mRNA, causing disruption of a vital
insect process.
[0007] To date, plant recombinant technology is the vehicle for delivering gene silencing of target genes, either en-
dogenous plant target genes or target genes of a plant pest organism. In general, a plant is transformed with DNA that
is incorporated into the plant genome, and when expressed produces a dsRNA that is complementary to a gene of
interest, which can be an endogenous plant gene or an essential gene of a plant pest. Plant recombination techniques
to generate transgene and beneficial plant traits require significant investments in research and development, and pose
significant regulatory hurdles. Methods and formulations for delivering dsRNA into plant cells by exogenous application
to exterior portions of the plant, such as leaf, stem, and/or root surfaces for regulation of endogenous gene expression
are not known in the art. Such methods and formulations represent a significant development for gene silencing tech-
nology.
[0008] Known methods for delivering exogenous dsRNA into plant cells are via particle bombardment or viral RNA
infection through wounding the plant tissue (e.g. tobacco and rice leaf tissues). Application by spray or brush of RNA
molecules, or other non-tissue evasive techniques, resulting in assimilation of the exogenous RNA molecules into plant
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tissue, thereby causing endogenous and/or pest gene silencing, has not been reported.
[0009] The present invention is directed to methods and formulations to incorporate exogenous RNA, by application
to external tissue surface(s) of plants, into the plant cells causing silencing of plant endogenous target gene(s) or of the
target genes of plant pests.
[0010] The present invention is not directed to any particular RNAi mechanism or mode of action of gene silencing,
and should not be construed as limited to any such mechanisms, known or unknown.

SUMMARY OF THE INVENTION

[0011] This invention disclosure is a novel approach of dsRNA penetration into plant cells and the subsequent induction
of plant endogenous gene silencing by application of the dsRNA to a surface of a plant structure, e.g., a leave surface.
More significantly, gene silencing was successful in a crop species (maize) rather than model plants (Arabidopsis etc).
Thus, the present invention establishes that external application of dsRNA can be used to silence or otherwise modulate
endogenous plant gene expression.
[0012] This invention disclosure is a novel approach of plant hormone-mediated penetration of dsRNA into plant cells
and the subsequent induction of plant endogenous gene silencing by application of the dsRNA to a surface of a plant
structure, e.g. a leaf surface. Gene silencing was successful in a crop species (maize) rather than model plants (Arabi-
dopsis etc). Thus, the present invention establishes that external application of dsRNA can be used to silence or otherwise
modulate endogenous plant gene expression.
[0013] This invention disclosure is a novel approach of plant hormone-mediated penetration of dsRNA into plant cells
and the subsequent induction of plant endogenous gene silencing by application of the dsRNA in a formulation to a
surface of a plant structure, e.g. a leaf surface. Gene silencing was successful in a crop species (maize) rather than
model plants (Arabidopsis etc). Thus, the present invention establishes that external application of dsRNA can be used
to silence or otherwise modulate endogenous plant gene expression.
[0014] The invention includes a method of integrating RNA into a plant cell comprising: providing a formulation com-
prising a gene-specific dsRNA, H2O, and a plant hormone Brassinosteroid and applying the formulation to the leaf
surface of a live plant, wherein the RNA is single strand RNA and is assimilated from the external leaf surface into cells
of the plant leaf.
[0015] It is also understood for plant hormones in the formulation and method of the present invention to assist dsRNA
processing inside the plant cell for plant endogenous gene silencing.
[0016] One aspect of the invention is directed to integrating RNA into a plant cell comprising: providing a formulation
comprising a gene-specific dsRNA, H2O, and a plant hormone Brassinosteroid, and applying the formulation to the
external surface of a live plant, wherein the dsRNA is assimilated from the external leaf surface into cells of the plant.
[0017] One aspect of the invention is directed to integrating RNA into a plant cell comprising: providing a formulation
comprising a gene-specific dsRNA, H2O, and a plant hormone Brassinosteroid, and applying the formulation to the
external leaf surface of a live plant, wherein the dsRNA is assimilated from the external leaf surface into cells of the plant
leaf.
[0018] One aspect of the disclosure is directed to integrating RNA into a plant cell comprising: providing a formulation
comprising a gene-specific dsRNA, H2O, and a plant hormone, and applying the formulation to the external surface of
a live plant, wherein the dsRNA is assimilated from the external surface into cells of the plant.
[0019] Another aspect of the invention includes a formulation including a dsRNA at a concentration of about 250 ng/ul
and a Brassinosteroid plant hormone in formulation in range of about 0.8 micromolar to about 1.6 micromolar.
[0020] Another aspect of the invention includes using dsRNA in a formulation at a concentration of about 250 ng/ul.
[0021] Another aspect of the invention includes using Brassinosteroid plant hormone in formulation in range of about
0.8 micromolar to about 1.6 micromolar.
[0022] The invention further includes a formulation comprising a dsRNA, H2O, and a plant hormone to a live plant
about 12 days from germination. An aspect of the invention includes applying the formulation to a dicot plant, a maize
plant or a tobacco plant.
[0023] Another aspect of the invention is a formulation for applying to the external surface of a plant comprising dsRNA,
H2O, and a plant hormone Brassinosteroid.
[0024] Another aspect of the invention is a wherein the Brassinosteroid in the formulation is at 0.8 micromolar to about
1.6 micromolar.
[0025] Yet another aspect of the invention a formulation where the dsRNA in the formulation is at a concentration of
about 250 ng/ul.
[0026] One aspect of the invention is a method of producing a plant, plant part, or plant cell comprising RNAi for
modulating at least one target endogenous gene of the plant.
[0027] The present disclosure includes methods and compositions for controlling pest infestation by repressing, de-
laying, or otherwise reducing gene expression within a particular pest.
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BRIEF DESCRIPTION OF THE SEQUENCES

[0028]

SEQ ID NO 1: depicts 600 nucleotide bases of the ZsGreen gene sequence.
SEQ ID NO 2: depicts 1071 nucleotide bases of the Zea mays Glutamine Synthetase cDNA sequence.
SEQ ID NO 3: depicts 395 nucleotide bases of the Nicotiana tabacum chloroplast FtsH protease cDNA sequence.
SEQ ID NO 4: depicts 1761 nucleotide bases of the Nicotiana tabacum Phytoene Desaturase cDNA sequence

DETAILED DESCRIPTION OF THE INVENTION

[0029] This description is not intended to be a detailed catalog of all the different ways in which the invention may be
implemented, or all the features that may be added to the instant invention.
[0030] For example, features illustrated with respect to one embodiment may be incorporated into other embodiments,
and features illustrated with respect to a particular embodiment may be deleted from that embodiment. In addition,
numerous variations and additions to the various embodiments suggested herein will be apparent to those skilled in the
art in light of the instant disclosure, which do not depart from the instant invention. Hence, the following descriptions are
intended to illustrate some particular embodiments of the invention, and not to exhaustively specify all permutations,
combinations and variations thereof.
[0031] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. The terminology used in the description of
the invention herein is for the purpose of describing particular embodiments only and is not intended to be limiting of the
invention.
[0032] As used herein, "a," "an" or "the" can mean one or more than one. For example, a cell can mean a single cell
or a multiplicity of cells.
[0033] As used herein, "and/or" refers to and encompasses any and all possible combinations of one or more of the
associated listed items, as well as the lack of combinations when interpreted in the alternative (or).
[0034] Further, the term "about," as used herein when referring to a measurable value such as an amount of a compound
or agent, dose, time, temperature, and the like, is meant to encompass variations of 6 20%, 6 10%, 6 5%, 6 1%, 6
0.5%, or even 6 0.1% of the specified amount.
[0035] As used herein, the transitional phrase "consisting essentially of" means that the scope of a claim is to be
interpreted to encompass the specified materials or steps recited in the claim and those that do not materially affect the
basic and novel characteristic(s) of the claimed invention. Thus, the term "consisting essentially of" when used in a claim
of this invention is not intended to be interpreted to be equivalent to "comprising."
[0036] It will be understood that, although the terms "first," "second," etc. may be used herein to describe various
elements, these elements should not be limited by these terms. These terms are only used to distinguish one element
from another. Thus, a "first" element (e.g., a first promoter sequence) as described herein could also be termed a "second"
element (e.g., a second promoter sequence) without departing from the teachings of the present invention.
[0037] The term "RNA" includes any molecule comprising at least one ribonucleotide residue, including those pos-
sessing one or more natural ribonucleotides of the following bases: adenine, cytosine, guanine, and uracil; abbreviated
A, C, G, and U, respectively, modified ribonucleotides, and non-ribonucleotides. "Ribonucleotide" means a nucleotide
with a hydroxyl group at the 2’ position of the D-ribofuranose moiety.
[0038] As used herein, the terms and phrases "RNA," "RNA molecule(s)," and "RNA sequence(s)," are used inter-
changeably to refer to RNA that mediates RNA interference. These terms and phrases include single-stranded RNA,
double-stranded RNA, isolated RNA, partially purified RNA, essentially pure RNA, synthetic RNA, recombinant RNA,
intracellular RNA, and also includes RNA that differs from naturally occurring RNA by the addition, deletion, substitution,
and/or alteration of one or more nucleotides of the naturally occurring RNA.
[0039] An "interfering RNA" (e.g., siRNA and miRNA) is a RNA molecule capable of post-transcriptional gene silencing
or suppression, RNA silencing, and/or decreasing gene expression. Interfering RNAs affect sequence-specific, post-
transcriptional gene silencing in animals and plants by base pairing to the mRNA sequence of a target nucleic acid.
Thus, the siRNA is at least partially complementary to the silenced gene. The partially complementary siRNA may include
one or more mismatches, bulges, internal loops, and/or non-Watson-Crick base pairs (i.e., G-U wobble base pairs).
[0040] The terms "silencing" and "suppression" are used interchangeably to generally describe substantial and meas-
urable reductions of the amount of the target mRNA available in the cell for binding and decoding by ribosomes. The
transcribed RNA can be in the sense orientation to effect what is referred to as co-suppression, in the anti-sense
orientation to effect what is referred to as anti-sense suppression, or in both orientations producing a double-stranded
RNA to effect what is referred to as RNA interference. A "silenced" gene includes within its definition a gene that is
subject to silencing or suppression of the mRNA encoded by the gene.
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[0041] MicroRNAs are encoded by genes that are transcribed but not translated into protein (non-coding DNA), although
some miRNAs are encoded by sequences that overlap protein-coding genes. By way of background, miRNAs are
processed from primary transcripts known as pri-miRNAs to short stem loop structures called pre-miRNAs that are further
processed by action of dicer enzyme(s) creating functional siRNAs/miRNAs. Typically, a portion of the precursor miRNA
is cleaved to produce the final miRNA molecule. The stem-loop structures may range from, for example, about 50 to
about 80 nucleotides, or about 60 nucleotides to about 70 nucleotides (including the miRNA residues, those pairing to
the miRNA, and any intervening segments). The secondary structure of the stem-loop structure is not fully base-paired;
mismatches, bulges, internal loops, non-Watson-Crick base pairs (i.e., G-U wobble base pairs), and other features are
frequently observed in pre-miRNAs and such characteristics are thought to be important for processing. Mature miRNA
molecules are partially complementary to one or more mRNA molecules, and they function to regulate gene expression.
SiRNAs of the present invention have structural and functional properties of endogenous miRNAs (e.g., gene silencing
and suppressive functions). Thus, in various aspects of the invention, siRNAs of the invention can derived from miRNAs,
from target gene sequence information, or can be produced synthetically based on predictive models known in the art.
[0042] The phrases "target-specific small interfering RNAs," "target-specific siRNAs," "target-specific microRNAs,"
"target-specific miRNAs," "target-specific amiRNAs," and "target-specific nucleotide sequence" refer to interfering RNAs
that have been designed to selectively hybridize with nucleic acids in a target organism, but not in a non-target organism,
such as a host organism (the organism expressing or producing the miRNA) or a consumer of the host organism.
Consequently, "target-specific siRNAs" only produce phenotypes in target organisms and do not produce phenotypes
in non-target organisms. In the present invention, the target-specific siRNAs selectively hybridize to nucleic acids that
are endogenous to the host organism, which are plants.
[0043] MicroRNAs (miRNAs) are non-protein coding RNAs, generally of between about 19 to about 25 nucleotides
(commonly about 20-24 nucleotides in plants). MiRNAs direct cleavage in trans of target transcripts, regulating the
expression of genes involved in various regulation and development pathways (Bartel, Cell, 116:281-297 (2004); Zhang
et al. Dev. Biol. 289:3-16 (2006)). MiRNAs have been shown to be involved in different aspects of plant growth and
development as well as in signal transduction and protein degradation. In addition, growing evidence indicates that small
endogenous mRNAs including miRNAs may also be involved in biotic stress responses such as parasite attack. Since
the first miRNAs were discovered in plants (Reinhart et al. Genes Dev. 16:1616-1626 (2002), Park et al. Curr. Biol.
12:1484-1495 (2002)), many hundreds have been identified. Further, many plant miRNAs have been shown to be highly
conserved across very divergent taxa (Floyd et al. Nature 428:485-486 (2004); Zhang et al. Plant J. 46:243-259 (2006)).
Many microRNA genes (MIR genes) have been identified and made publicly available in a database ("miRBase," available
on line at microma.sanger.ac.uk/sequences). MiRNAs are also described in U.S. Patent Publications 2005/0120415
and 2005/144669A1.
[0044] As used herein, "heterologous" refers to a nucleotide sequence that either originates from another species or
is from the same species or organism but is modified from either its original form or the form primarily expressed in the
cell. Thus, a nucleotide sequence derived from an organism or species different from that of the cell into which the
nucleotide sequence is introduced, is heterologous with respect to that cell and the cell’s descendants. In addition, a
heterologous nucleotide sequence includes a nucleotide sequence derived from and inserted into the same natural,
original cell type, but which is present in a non-natural state, e.g. present in a different copy number, and/or under the
control of different regulatory sequences than that found naturally in nature.
[0045] The terms "increase," "increased," "enhance," "enhanced," "enhancing," and "enhancement" (and grammatical
variations thereof), as used herein, describe an increase in the resistance of a plant to a parasite (e.g., a soybean plant
having increased resistance to the soybean cyst nematode) by the introduction of a heterologous miRNA nucleotide
sequence of the present invention into the plant, thereby producing a transgenic plant having increased resistance to
the parasite. This increase can be observed by comparing the resistance of the plant transformed with the heterologous
miRNA nucleotide sequence of the invention to a plant (e.g., soybean) that is not transformed with the heterologous
miRNA nucleotide sequence of the invention (e.g., a soybean plant transformed with the heterologous miR164 nucleotide
sequence compared to a soybean plant that is not transformed with the heterologous miR164 nucleotide sequence).
[0046] As used herein, the term "nucleic acid," "nucleic acid molecule," and/or "nucleotide sequence" refers to a
heteropolymer of nucleotides or the sequence of these nucleotides from the 5’ to 3’ end of a nucleic acid molecule and
includes DNA or RNA molecules, including cDNA, a DNA fragment, genomic DNA, synthetic (e.g., chemically synthe-
sized) DNA, plasmid DNA, mRNA, and anti-sense RNA, any of which can be single stranded or double stranded. The
terms "nucleotide sequence" "nucleic acid," "nucleic acid molecule," "oligonucleotide" and "polynucleotide" are also used
interchangeably herein to refer to a heteropolymer of nucleotides. Nucleic acid sequences provided herein are presented
herein in the 5’ to 3’ direction, from left to right and are represented using the standard code for representing the nucleotide
characters as set forth in the sequence rules for the U.S. Patent and Trademark Office, 37 CFR §§1.821 - 1.825, and
the World Intellectual Property Organization (WIPO) Standard ST.25.
[0047] As used herein, the term "gene" refers to a nucleic acid molecule capable of being used to produce mRNA,
antisense RNA, miRNA, and the like. Genes may or may not be capable of being used to produce a functional protein
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or gene product. Genes can include both coding and non-coding regions (e.g., introns, regulatory elements, promoters,
enhancers, termination sequences and/or 5’ and 3’ untranslated regions). A gene may be "isolated" by which is meant
a nucleic acid that is substantially or essentially free from components normally found in association with the nucleic
acid in its natural state. Such components include other cellular material, culture medium from recombinant production,
and/or various chemicals used in chemically synthesizing the nucleic acid.
[0048] The terms "complementary" or "complementarity," as used herein, refer to the natural binding of polynucleotides
under permissive salt and temperature conditions by base-pairing. For example, the sequence "A-G-T" binds to the
complementary sequence "T-C-A." Complementarity between two single-stranded molecules may be "partial," in which
only some of the nucleotides bind, or it may be complete when total complementarity exists between the single stranded
molecules. The degree of complementarity between nucleic acid strands has significant effects on the efficiency and
strength of hybridization between nucleic acid strands.
[0049] The term "nucleic acid fragment" will be understood to mean a nucleotide sequence of reduced length relative
to a reference nucleic acid or nucleotide sequence and comprising, consisting essentially of and/or consisting of a
nucleotide sequence of contiguous nucleotides identical or almost identical (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 98%, 99% identical) to the reference nucleic acid or
nucleotide sequence. Such a nucleic acid fragment according to the invention may be, where appropriate, included in
a larger polynucleotide of which it is a constituent. In some embodiments, such fragments can comprise, consist essentially
of and/or consist of, oligonucleotides having a length of at least about 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 750, or 1000 consecutive nucleotides of a
nucleic acid or nucleotide sequence according to the invention.
[0050] An "isolated" nucleic acid of the present invention is generally free of nucleic acid sequences that flank the
nucleic acid of interest in the genomic DNA of the organism from which the nucleic acid was derived (such as coding
sequences present at the 5’ or 3’ ends). However, the nucleic acid of this invention can include some additional bases
or moieties that do not deleteriously affect the basic structural and/or functional characteristics of the nucleic acid.
"Isolated" does not mean that the preparation is technically pure (homogeneous).
[0051] Thus, an "isolated nucleic acid" is present in a form or setting that is different from that in which it is found in
nature and is not immediately contiguous with nucleotide sequences with which it is immediately contiguous (one on
the 5’ end and one on the 3’ end) in the naturally occurring genome of the organism from which it is derived. Accordingly,
in one embodiment, an isolated nucleic acid includes some or all of the 5’ non-coding (e.g., promoter) sequences that
are immediately contiguous to a coding sequence. The term therefore includes, for example, a recombinant nucleic acid
that is incorporated into a vector, into an autonomously replicating plasmid or virus, or into the genomic DNA of a
prokaryote or eukaryote, or which exists as a separate molecule (e.g., a cDNA or a genomic DNA fragment produced
by PCR or restriction endonuclease treatment), independent of other sequences. Thus, a nucleic acid found in nature
that is removed from its native environment and transformed into a plant is still considered "isolated" even when incor-
porated into the genome of the resulting transgenic plant. It also includes a recombinant nucleic acid that is part of a
hybrid nucleic acid encoding an additional polypeptide or peptide sequence.
[0052] The term "isolated" can further refer to a nucleic acid, nucleotide sequence, polypeptide, peptide or fragment
that is substantially free of cellular material, viral material, and/or culture medium (e.g., when produced by recombinant
DNA techniques), or chemical precursors or other chemicals (e.g., when chemically synthesized). Moreover, an "isolated
fragment" is a fragment of a nucleic acid, nucleotide sequence or polypeptide that is not naturally occurring as a fragment
and would not be found as such in the natural state. "Isolated" does not mean that the preparation is technically pure
(homogeneous), but it is sufficiently pure to provide the polypeptide or nucleic acid in a form in which it can be used for
the intended purpose.
[0053] The terms "polypeptide," "protein," and "peptide" refer to a chain of covalently linked amino acids. In general,
the term "peptide" can refer to shorter chains of amino acids (e.g., 2-50 amino acids); however, all three terms overlap
with respect to the length of the amino acid chain. As used herein, the terms "protein" and "polypeptide" are used
interchangeably and encompass peptides, unless indicated otherwise. Polypeptides, proteins, and peptides may com-
prise naturally occurring amino acids, non-naturally occurring amino acids, or a combination of both. The polypeptides,
proteins, and peptides may be isolated from sources (e.g., cells or tissues) in which they naturally occur, produced
recombinantly in cells in vivo or in vitro or in a test tube in vitro, or synthesized chemically. Such techniques are known
to those skilled in the art. See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual 2nd Ed. (Cold Spring
Harbor, NY, 1989); Ausubel et al. Current Protocols in Molecular Biology (Green Publishing Associates, Inc. and John
Wiley & Sons, Inc., New York).
[0054] The term "fragment," as applied to a polypeptide, will be understood to mean an amino acid sequence of
reduced length relative to a reference polypeptide or amino acid sequence and comprising, consisting essentially of,
and/or consisting of an amino acid sequence of contiguous amino acids identical to the reference polypeptide or amino
acid sequence. Such a polypeptide fragment according to the invention may be, where appropriate, included in a larger
polypeptide of which it is a constituent. In some embodiments, such fragments can comprise, consist essentially of,
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and/or consist of peptides having a length of at least about 4, 6, 8, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150,
200, or more consecutive amino acids of a polypeptide or amino acid sequence according to the invention. A fragment
of a polypeptide or protein can be produced by methods well known and routine in the art, for example, by enzymatic
or other cleavage of naturally occurring peptides or polypeptides or by synthetic protocols that are well known.
[0055] A polypeptide fragment can be a biologically active fragment. A "biologically active fragment" or "active fragment"
refers to a fragment that retains one or more of the biological activities of the reference polypeptide. Such fragments
can be tested for biological activities according to methods described in the art, which are routine methods for testing
activities of polypeptides, and/or according to any art-known and routine methods for identifying such activities. The
production and testing to identify biologically active fragments of a polypeptide would be well within the scope of one of
ordinary skill in the art and would be routine. Thus, the present invention further provides biologically active fragments
of a polypeptide such as a polypeptide of interest and the polynucleotides encoding such biologically active polypeptide
fragments.
[0056] The term "transgene" as used herein, refers to any nucleic acid sequence used in the transformation of a plant,
animal, or other organism. Thus, a transgene can be a coding sequence, a non-coding sequence, a cDNA, a gene or
fragment or portion thereof, a genomic sequence, a regulatory element and the like. A "transgenic" organism, such as
a transgenic plant, transgenic microorganism, or transgenic animal, is an organism into which a transgene has been
delivered or introduced and the transgene can be expressed in the transgenic organism to produce a product, the
presence of which can impart an effect and/or a phenotype in the organism.
[0057] Different nucleic acids or polypeptides having homology are referred to herein as "homologues." The term
homologue includes homologous sequences from the same and other species and orthologous sequences from the
same and other species. "Homology" refers to the level of similarity between two or more nucleic acid and/or amino acid
sequences in terms of percent of positional identity (i.e., sequence similarity or identity). Homology also refers to the
concept of similar functional properties among different nucleic acids or proteins.
[0058] As used herein "sequence identity" refers to the extent to which two optimally aligned polynucleotide or polypep-
tide sequences are invariant throughout a window of alignment of components, e.g., nucleotides or amino acids. "Identity"
can be readily calculated by known methods including, but not limited to, those described in: Computational Molecular
Biology (Lesk, A. M., ed.) Oxford University Press, New York (1988); Biocomputting: Informatics and Genome Projects
(Smith, D. W., ed.) Academic Press, New York (1993); Computer Analysis of Sequence Data, Part I (Griffin, A. M., and
Griffin, H. G., eds.) Humana Press, New Jersey (1994); Sequence Analysis in Molecular Biology (von Heinje, G., ed.)
Academic Press (1987); and Sequence Analysis Primer (Gribskov, M. and Devereux, J., eds.) Stockton Press, New
York (1991).
[0059] An "identity fraction" for aligned segments of a test sequence and a reference sequence is the number of
identical components which are shared by the two aligned sequences divided by the total number of components in
reference sequence segment, i.e., the entire reference sequence or a smaller defined part of the reference sequence.
As used herein, the term "percent sequence identity" or "percent identity" refers to the percentage of identical nucleotides
in a linear polynucleotide sequence of a reference ("query") polynucleotide molecule (or its complementary strand) as
compared to a test ("subject") polynucleotide molecule (or its complementary strand) when the two sequences are
optimally aligned (with appropriate nucleotide insertions, deletions, or gaps totaling less than 20 percent of the reference
sequence over the window of comparison). In some embodiments, "percent identity" can refer to the percentage of
identical amino acids in an amino acid sequence.
[0060] Optimal alignment of sequences for aligning a comparison window are well known to those skilled in the art
and may be conducted by tools such as the local homology algorithm of Smith and Waterman, the homology alignment
algorithm of Needleman and Wunsch, the search for similarity method of Pearson and Lipman, and optionally by com-
puterized implementations of these algorithms such as GAP, BESTFIT, FASTA, and TFASTA available as part of the
GCG® Wisconsin Package® (Accelrys Inc., Burlington, Mass.). An "identity fraction" for aligned segments of a test
sequence and a reference sequence is the number of identical components which are shared by the two aligned se-
quences divided by the total number of components in the reference sequence segment, i.e., the entire reference
sequence or a smaller defined part of the reference sequence. Percent sequence identity is represented as the identity
fraction multiplied by 100. The comparison of one or more polynucleotide sequences may be to a full-length polynucleotide
sequence or a portion thereof, or to a longer polynucleotide sequence. For purposes of this invention "percent identity"
may also be determined using BLASTX version 2.0 for translated nucleotide sequences and BLASTN version 2.0 for
polynucleotide sequences.
[0061] The percent of sequence identity can be determined using the "Best Fit" or "Gap" program of the Sequence
Analysis Software Package™ (Version 10; Genetics Computer Group, Inc., Madison, Wis.). "Gap" utilizes the algorithm
of Needleman and Wunsch (Needleman and Wunsch, J Mol. Biol. 48:443-453, 1970) to find the alignment of two
sequences that maximizes the number of matches and minimizes the number of gaps. "BestFit" performs an optimal
alignment of the best segment of similarity between two sequences and inserts gaps to maximize the number of matches
using the local homology algorithm of Smith and Waterman (Smith and Waterman, Adv. Appl. Math., 2:482-489, 1981,
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Smith et al., Nucleic Acids Res. 11:2205-2220, 1983).
[0062] Useful methods for determining sequence identity are also disclosed in Guide to Huge Computers (Martin J.
Bishop, ed., Academic Press, San Diego (1994)), and Carillo, H., and Lipton, D., (Applied Math 48:1073(1988)). More
particularly, preferred computer programs for determining sequence identity include but are not limited to the Basic Local
Alignment Search Tool (BLAST) programs which are publicly available from National Center Biotechnology Information
(NCBI) at the National Library of Medicine, National Institute of Health, Bethesda, Md. 20894; see BLAST Manual,
Altschul et al., NCBI, NLM, NIH; (Altschul et al., J. Mol. Biol. 215:403-410 (1990)); version 2.0 or higher of BLAST
programs allows the introduction of gaps (deletions and insertions) into alignments; for peptide sequence BLASTX can
be used to determine sequence identity; and, for polynucleotide sequence BLASTN can be used to determine sequence
identity.
[0063] Accordingly, the present invention further provides nucleotide sequences having significant sequence identity
to the nucleotide sequences of the present invention. Significant sequence similarity or identity means at least 70%,
75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 96%, 97%, 98%, 99%
and/or 100% similarity or identity with another nucleotide sequence.
[0064] "Introducing," in the context of a nucleotide sequence of interest (e.g., miR164), means presenting the nucleotide
sequence of interest to the plant, plant part, and/or plant cell in such a manner that the nucleotide sequence gains access
to the interior of a cell. Where more than one nucleotide sequence is to be introduced these nucleotide sequences can
be assembled as part of a single polynucleotide or nucleic acid construct, or as separate polynucleotide or nucleic acid
constructs, and can be located on the same or different transformation vectors.
[0065] Accordingly, these polynucleotides can be introduced into plant cells in a single transformation event, in separate
transformation events, or, e.g., as part of a breeding protocol. Thus, the term "transformation" as used herein refers to
the introduction of a heterologous nucleic acid into a cell. Transformation of a cell may be stable or transient.
[0066] Thus, in some particular embodiments, the introducing into a plant, plant part and/or plant cell is via bacterial-
mediated transformation, particle bombardment transformation, calcium-phosphate-mediated transformation, cyclodex-
trin-mediated transformation, electroporation, liposome-mediated transformation, nanoparticle-mediated transformation,
polymer-mediated transformation, virus-mediated nucleic acid delivery, whisker-mediated nucleic acid delivery, micro-
injection, sonication, infiltration, polyethyleneglycol-mediated transformation, any other electrical, chemical, physical
and/or biological mechanism that results in the introduction of nucleic acid into the plant, plant part and/or cell thereof,
or a combination thereof.
[0067] The terms "reduce," "reduced," "reducing," "reduction," "diminish," and "decrease" (and grammatical variations
thereof), as used herein, describe a decrease in the soybean cyst nematode cyst formation on a plant (e.g., soybean)
by the introduction of a miRNA of the present invention into the plant, thereby producing a transgenic plant having
decreased or reduced cyst formation on the transgenic plant. This decrease in cyst formation can be observed, by
comparing the number of cysts formed on the plant transformed with the heterologous miR164 nucleotide sequence to
the number formed on a soybean plant that is not transformed with the heterologous miR164 nucleotide sequence. By
"stably introducing" or "stably introduced" in the context of a polynucleotide introduced into a cell is intended the introduced
polynucleotide is stably incorporated into the genome of the cell, and thus the cell is stably transformed with the poly-
nucleotide.
"Stable transformation" or "stably transformed" as used herein means that a nucleic acid is introduced into a cell and
integrates into the genome of the cell. As such, the integrated nucleic acid is capable of being inherited by the progeny
thereof, more particularly, by the progeny of multiple successive generations. "Genome" as used herein also includes
the nuclear and the plastid genome, and therefore includes integration of the nucleic acid into, for example, the chloroplast
genome. Stable transformation as used herein can also refer to a transgene that is maintained extra chromosomally,
for example, as a minichromosome.
[0068] Transient transformation may be detected by, for example, an enzyme-linked immunosorbent assay (ELISA)
or Western blot, which can detect the presence of a peptide or polypeptide encoded by one or more transgene introduced
into an organism. Stable transformation of a cell can be detected by, for example, a Southern blot hybridization assay
of genomic DNA of the cell with nucleic acid sequences which specifically hybridize with a nucleotide sequence of a
transgene introduced into an organism (e.g., a plant). Stable transformation of a cell can be detected by, for example,
a Northern blot hybridization assay of RNA of the cell with nucleic acid sequences which specifically hybridize with a
nucleotide sequence of a transgene introduced into a plant or other organism. Stable transformation of a cell can also
be detected by, e.g., a polymerase chain reaction (PCR) or other amplification reactions as are well known in the art,
employing specific primer sequences that hybridize with target sequence(s) of a transgene, resulting in amplification of
the transgene sequence, which can be detected according to standard methods. Transformation can also be detected
by direct sequencing and/or hybridization protocols well known in the art.
[0069] A nucleic acid (e.g.,ZsGreen) can be introduced into a cell by any method known to those of skill in the art. In
some embodiments of the present invention, transformation of a cell comprises nuclear transformation. In other embod-
iments, transformation of a cell comprises plastid transformation (e.g., chloroplast transformation).
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[0070] Procedures for transforming plants are well known and routine in the art and are described throughout the
literature. Non-limiting examples of methods for transformation of plants include transformation via bacterial-mediated
nucleic acid delivery (e.g., via Agrobacteria), viral-mediated nucleic acid delivery, silicon carbide or nucleic acid whisker-
mediated nucleic acid delivery, liposome mediated nucleic acid delivery, microinjection, microparticle bombardment,
calcium-phosphate-mediated transformation, cyclodextrin-mediated transformation, electroporation, nanoparticle-me-
diated transformation" sonication, infiltration, PEG-mediated nucleic acid uptake, as well as any other electrical, chemical,
physical (mechanical) and/or biological mechanism that results in the introduction of nucleic acid into the plant cell,
including any combination thereof. General guides to various plant transformation methods known in the art include Miki
et al. ("Procedures for Introducing Foreign DNA into Plants" in Methods in Plant Molecular Biology and Biotechnology,
Glick, B. R. and Thompson, J. E., Eds. (CRC Press, Inc., Boca Raton, 1993), pages 67-88) and Rakowoczy-Trojanowska
(Cell. Mol. Biol. Lett. 7:849-858 (2002)).
[0071] Thus, in some particular embodiments, the introducing into a plant, plant part and/or plant cell is via bacterial-
mediated transformation, particle bombardment transformation, calcium-phosphate-mediated transformation, cyclodex-
trin-mediated transformation, electroporation, liposome-mediated transformation, nanoparticle-mediated transformation,
polymer-mediated transformation, virus-mediated nucleic acid delivery, whisker-mediated nucleic acid delivery, micro-
injection, sonication, infiltration, polyethyleneglycol-mediated transformation, any other electrical, chemical, physical
and/or biological mechanism that results in the introduction of nucleic acid into the plant, plant part and/or cell thereof,
or a combination thereof.
[0072] Agrobacterium-mediated transformation is a commonly used method for transforming plants, in particular, dicot
plants, because of its high efficiency of transformation and because of its broad utility with many different species.
Agrobacterium-mediated transformation typically involves transfer of the binary vector carrying the foreign DNA of interest
to an appropriate Agrobacterium strain that may depend on the complement of vir genes carried by the host Agrobacterium
strain either on a co-resident Ti plasmid or chromosomally (Uknes et al. (1993) Plant Cell 5:159-169). The transfer of
the recombinant binary vector to Agrobacterium can be accomplished by a tri-parental mating procedure using Es-
cherichia coli carrying the recombinant binary vector, a helper E. coli strain that carries a plasmid that is able to mobilize
the recombinant binary vector to the target Agrobacterium strain. Alternatively, the recombinant binary vector can be
transferred to Agrobacterium by nucleic acid transformation (Höfgen & Willmitzer (1988) Nucleic Acids Res. 16:9877).
[0073] Transformation of a plant by recombinant Agrobacterium usually involves co-cultivation of the Agrobacterium
with explants from the plant and follows methods well known in the art. Transformed tissue is regenerated on selection
medium carrying an antibiotic or herbicide resistance marker between the binary plasmid T-DNA borders.
[0074] Another method for transforming plants, plant parts and plant cells involves propelling inert or biologically active
particles at plant tissues and cells. See, e.g., US Patent Nos. 4,945,050; 5,036,006 and 5,100,792. Generally, this
method involves propelling inert or biologically active particles at the plant cells under conditions effective to penetrate
the outer surface of the cell and afford incorporation within the interior thereof. When inert particles are utilized, the
vector can be introduced into the cell by coating the particles with the vector containing the nucleic acid of interest.
Alternatively, a cell or cells can be surrounded by the vector so that the vector is carried into the cell by the wake of the
particle. Biologically active particles (e.g., dried yeast cells, dried bacterium or a bacteriophage, each containing one or
more nucleic acids sought to be introduced) also can be propelled into plant tissue.
[0075] Thus, in particular embodiments of the present invention, a plant cell can be transformed by any method known
in the art and as described herein and intact plants can be regenerated from these transformed cells using any of a
variety of known techniques. Plant regeneration from plant cells, plant tissue culture and/or cultured protoplasts is
described, for example, in Evans et al. (Handbook of Plant Cell Cultures, Vol. 1, MacMilan Publishing Co. New York
(1983)); and Vasil I. R. (ed.) (Cell Culture and Somatic Cell Genetics ofPlants, Acad. Press, Orlando, Vol. I (1984), and
Vol. II (1986)). Methods of selecting for transformed transgenic plants, plant cells and/or plant tissue culture are routine
in the art and can be employed in the methods of the invention provided herein.
[0076] Likewise, the genetic properties engineered into the transgenic seeds and plants, plant parts, and/or plant cells
of the present invention described above can be passed on by sexual reproduction or vegetative growth and therefore
can be maintained and propagated in progeny plants. Generally, maintenance and propagation make use of known
agricultural methods developed to fit specific purposes such as harvesting, sowing or tilling.

Example 1: Silencing of ZsGreen in Transgenic Maize Plants

[0077] ZsGreen-transgenic maize vector 15779 was created and is shown in Fig 1. The ZsGreen fluorescent protein
is more fully described in a publication entitled: Reef-Coral proteins as visual, non-destructive reporters for plant trans-
formation, Plant Cell Rep (2003) 22:244-251. The vector was transformed into disarmed Agrobacterium tumafaciens
strain LBA4404 containing helper plasmid pSB1.
[0078] DsRNA was generated from known ZsGreen sequence. Various lengths of dsRNA derived from a target gene
may be used according to the invention. By way of example only, the following sequence was used in the formulation
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of the invention. This sequence is a dsRNA version of the DNA coding sequence SEQ ID NO 1:

[0079] The dsRNA formulation (dsRNA treatment) included about 250 ng/ul dsRNA, H2O, and a plant hormone brassi-
nosteroid (BR) at about 0.8 micromolar to about 1.6 micromolar. The control solution was the same solution, absent
ZsGreen dsRNA.
[0080] In one embodiment, the Brassinosteroid used in the formulation of the invention is an Epibrassinolide (22R,
23R, 24R-2a, 3a, 22, 23-Tetrahydrosy-B-homo-7-oxa-5a-ergostan-6-one (PubChem Substance ID: 24894426).
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[0081] Also disclosed is the use of any plant hormone in the formulation and method of the present, provided it is
capable of mediating penetration of dsRNA into plant cells and the subsequent induction of plant endogenous gene
silencing by application of the formulation to a surface of a plant structure.
[0082] Also disclosed is the use of a combination of two or more plant hormones in the formulation and method of the
present invention, provided the combination is capable of mediating penetration of dsRNA into plant cells and the
subsequent induction of plant endogenous gene silencing by application of the formulation to a surface of a plant structure.
[0083] It is also understood that the plant hormone in the formulation or the combination of plant hormones in the
formulation and method of the present invention may assist dsRNA processing inside the plant cell for plant endogenous
gene silencing. Other plant hormones that could be used include abscisic acid, auxins, cytokinins, gibberellins, jas-
monates, ethylene, salicyclic acid, nitric oxide, or strigolactones.
[0084] Seeds transformed with binary vector 15760 and shown to express ZsGreen were germinated at 25 C in
darkness for 12 days. Once germinated, 4 plants were chosen as control group, and 4 plants as dsRNA treatment group.
At around 12 days after germination, the control or dsRNA formulated solution was dripped onto the maize leaf surface.
Leakage of the solution from the leaf to root was prevented by wrapping layers of parafilm at the junction part between
leaf and stem. ZsGreen fluorescence in the plant leaves was visualized under UV light and was recorded at various time
points post-treatment. Silencing was observed as early as 9 days post-treatment. Evaluation of ZsGreen silencing was
based on the comparison of green fluorescence between control and dsRNA treated plant leaves. At 20 days post-
treatment, ZsGreen silencing in four dsRNA treatment plants were observed under a Zeiss dissecting microscope at
3-4X magnification; this magnification is capable of detecting the silencing phenomena at the cellular level in leaf tissue.
[0085] ZsGreen expression was detected in the leaf tissue of the four control plants, demonstrating that silencing of
ZsGreen expression did not occur in the control plants. One control plant, however, was contaminated by fungus and
the plantlet did not have strong green fluorescence.
[0086] In all four plants that were treated with the dsRNA formulation as described above, the expression of the
ZsGreen was silenced. The green-fluorescence signal of the treated plant leaves was not detectable under UV light at
the same fixed exposure time as in the control group, demonstrating the severe silencing phenotype.
[0087] Overall, the data established high efficacy of silencing (100% in treatment vs % in control), demonstrating the
efficacy of spraying dsRNA for regulating endogenous gene expression in crop plants.

Example 2: Silencing of Maize Glutamine Synthetase

[0088] A similar experiment was performed using dsRNA generated from the known maize glutamine synthetase RNA
sequence. Zma-GS dsRNA was synthesized using the AmpliScribe™ T7-Flash™ Transcription Kit, Epicentre® (an
Illumina Company) according to manufacturer’s suggested protocol. The Zma-GS dsRNA molecule used in this embod-
iment is a double-stranded RNA version of SEQ ID NO 2. Methods for formulation of dsRNA and control solutions, plant
growth conditions, and application of RNAi formulation were as described in the above example, with the exception that
another control formulation was added with only Brassinosteroid at 0.1 micromolar.
[0089] Results were evaluated from leaf samples taken 2-3 weeks after treatment. Four plants were examined from
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each treatment group. Phenotypically, bleaching was observed on the dsRNA treated plants. Since glutamine synthetase
is a natively expressed gene, qPCR analysis was performed to calculate silencing efficiency. qPCR was performed using
the Applied Biosystems 7900HT Fast Real-Time PCR System. Silencing efficiency was calculated according to the
publication Analysis of Relative Gene Expression Data Using Real- Time Quantitative PCR and the 2-ΔΔCt Method,
Methods (2001) 25:402-408. Briefly, ΔCt was calculated for each sample, where ΔCt=sample Ct-reference Ct; ΔΔCt =
experimentalΔCt-controlΔCt; silencing efficiency = (1-2-ΔΔt) x100%. The following table displays the results, where "dsGS"
is the Zma-GS dsRNA described above:

Example 3: Silencing ofNtFtsH Transcript in Tobacco

[0090] The tobacco gene encoding Filamentation temperature-sensitive H (NtFtsH) protease was evaluated for si-
lencing using dsRNA constructs in combination with BR. Tobacco was chosen as a model dicot plant system, and these
experiments demonstrate that this approach is valid in dicotyledonous species as well. Similar to Example 2, dsRNA
was synthesized using AmpliScribe™ T7-Flash™ Transcription Kit, Epicentre® (an Illumina Company) according to
manufacturer’s suggested protocol. The NtFtsH protease dsRNA molecule used in this embodiment is a double-stranded
RNA version of SEQ ID NO 3.
[0091] Once germinated, tobacco plants were transplanted to new soil and grown for an additional 3-4 weeks. Three
tobacco plants were chosen for treatment for either the dsRNA or the control formulation. The treatments were applied
using methods similar to those described in Example 2. Here, the control formulation contained ZsGreen dsRNA. The
tobacco plants did not have the ZsGreen transgene. Similar to Example 2, a bleaching phenotype was observed in the
leaves of the dsRNA treated plants, and results were evaluated by performing qPCR on samples taken 2-3 weeks after
treatment. As in Example 2, the silencing efficiencies were calculated and are shown in the table below, where dsNtFtsH
is dsRNA from NtFtsH protease and dsZsGreen is the dsRNA of ZsGreen:

Event Formulation Silencing Efficiency

ZmGS-Tt-1 dsGS + BR +H2O 84.07%

ZmGS-Tt-2 dsGS + BR +H2O 73.37%

ZmGS-Tt-3 dsGS + BR +H2O 86.64%

ZmGS-Tt-4 dsGS + BR +H2O 81.99%

ZmGS-CK-1-1 dsGS + H2O 11.71%

ZmGS-CK-1-2 dsGS + H2O 0%

ZmGS-CK-1-3 dsGS + H2O 12.78%

ZmGS-CK-1-4 dsGS + H2O 0%

ZmGS-CK-2 1 BR +H2O 0%

ZmGS-CK-2 2 BR +H2O 0%

ZmGS-CK-2-3 BR +H2O 12.21%

ZmGS-CK-2 4 BR +H2O 0%

Event Formulation Silencing Efficiency

Spray NtFtsH_1 dsNtFtsH+BR+H2O 73.49%

Spray NtFtsH 2 dsNtFtsH+BR+H2O 82.21%

Spray NtFtsH_3 dsNtFtsH+BR+H2O 77.22%

CK Spray-1 dsZsGreen+BR+H2O 0%

CK Spray-1 dsZsGreen+BR+H2O 0%

CK Spray-1 dsZsGreen+BR+H2O 0%
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Example 4: Silencing of NtPDS Transcript in Tobacco

[0092] The tobacco gene encoding phytoene desaturase was evaluated for silencing using dsRNA constructs in
combination with BR. Similar to Example 2 and 3, dsRNA was synthesized using AmpliScribe™ T7-Flash™ Transcription
Kit, Epicentre® (an Illumina Company) according to manufacturer’s suggested protocol. The NtPDS dsRNA molecule
used in this embodiment is a double-stranded RNA version of SEQ ID NO 4.
[0093] Similar to Example 3, once germinated and grown for 3-4 weeks, three tobacco plants were chosen for treatment
for either the dsRNA or the control formulation. Here, the control formulation contained BR and water alone. Similar to
Examples 2 and 3, a bleaching phenotype was observed in the leaves of the dsRNA treated plants, and results were
evaluated by performing qPCR on samples taken 2-3 weeks after treatment. As in Examples 2 and 3, the silencing
efficiencies were calculated and are shown in the table below, where dsPDS is dsRNA from NtPDS.

[0094] Overall, these examples demonstrate that application of dsRNA formulations with a brassinosteroid plant hor-
mone has silencing effects on both monocotyledonous and dicotyledonous plant cells.
[0095] The present invention, therefore, demonstrates the ability to introduce dsRNA into plant cells by application of
a formulation to a plant surface and to then silence gene protein expression therein.
[0096] All publications and patent applications mentioned in the specification are indicative of the level of skill of those
skilled in the art to which this invention pertains.
[0097] Although the foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity of understanding, it will be obvious that certain changes and modifications may be practiced.

SEQUENCE LISTING

[0098]

<110> Syngenta participations AG Tang, Guo-Qing

<120> METHODS AND COMPOSITIONS FOR INTRODUCTION OF EXOGENOUS DSRNA INTO

<130> 73311_WO_PCT1

<150> 61/523,877
<151> 2011-08-16

<160> 4

<170> PatentIn version 3.5

<210> 1
<211> 600
<212> DNA
<213> Artificial Sequence

<220>
<223> Synythetic florescent protein

Event Formulation Silencing Efficiency

Spray_NtPDS-1 dsPDS+BR+H2O 75.58%

Spray_NtPDS-2 dsPDS+BR+H2O 85.55%

Spray_NtPDS-3 dsPDS+BR+H2O 67.42%

Spray_NtPDS-CK-1 BR+H2O 0%

Spray_NtPDS-CK-2 BR+H2O 0%

Spray_NtPDS-CK-3 BR+H2O 0%
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<400> 1

<210> 2
<211> 1071
<212> DNA
<213> Zea mays

<400> 2
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<210> 3
<211> 395
<212> DNA
<213> Nicotiana tabacum

<400> 3

<210> 4
<211> 1761
<212> DNA
<213> Nicotiana tabacum

<400> 4
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Claims

1. A method of integrating dsRNA into a plant cell comprising:

a) providing a formulation comprising a gene-specific dsRNA, H2O, and a plant hormone Brassinosteroid.
b) applying the formulation to the leaf surface of a live plant, wherein the dsRNA is assimilated from the external
leaf surface into cells of the plant leaf.

2. The method of claim 1, wherein the Brassinosteroid in the formulation is at 0.8 micromolar to about 1.6 micromolar.

3. The method of claim 1, wherein the dsRNA is at about 250 ng/ul.

4. The method of claim 1 wherein the step of applying the formulation is to a live plant about 12 days from germination.

5. The method of claim 1, wherein the plant is a dicot.

6. The method of claim 1, wherein the plant is a maize plant.

7. The method of claim 1, wherein the plant is a tobacco plant.

8. The method of claim 1, wherein the gene specific dsRNA is derived from genes selected from the group consisting
of glutamine synthetase; phytoene desaturase; FtsH protease.

9. A formulation for applying to the external surface of a plant comprising dsRNA, H2O, and a plant hormone Brassi-
nosteroid.

10. The formulation of claim 9, wherein the Brassinosteroid in the formulation is at 0.8 micromolar to about 1.6 micromolar.

11. The formulation of claim 9, wherein the dsRNA is at about 250 ng/ul.

Patentansprüche

1. Verfahren zum Integrieren von dsRNA in eine Pflanzenzelle, das Folgendes umfasst:

a) Bereitstellen einer Formulierung, die eine genspezifische dsRNA, H2O und ein Pflanzenhormon-Brassinos-
teroid umfasst,
b) Applizieren der Formulierung auf die Blattoberfläche einer lebenden Pflanze, wobei die dsRNA von der
äußeren Blattoberfläche in Zellen des Pflanzenblattes assimiliert wird.

2. Verfahren nach Anspruch 1, wobei das Brassinosteroid in der Formulierung 0,8 mikromolar bis ungefähr 1,6 mikro-
molar vorliegt.

3. Verfahren nach Anspruch 1, wobei die dsRNA zu ungefähr 250 ng/ml vorliegt.

4. Verfahren nach Anspruch 1, wobei der Schritt des Applizierens der Formulierung auf eine lebende Pflanze ungefähr
12 Tage ab der Keimung erfolgt.

5. Verfahren nach Anspruch 1, wobei die Pflanze eine dikotyle Pflanze ist.

6. Verfahren nach Anspruch 1, wobei die Pflanze eine Maispflanze ist.

7. Verfahren nach Anspruch 1, wobei die Pflanze eine Tabakpflanze ist.

8. Verfahren nach Anspruch 1, wobei die genspezifische dsRNA von Genen, ausgewählt aus der Gruppe bestehend
aus Glutaminsynthetase; Phytoendesaturase; FtsH-Protease, abgeleitet ist.

9. Formulierung zum Applizieren auf die äußere Oberfläche einer Pflanze, umfassend dsRNA, H2O und ein Pflanzen-
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hormon-Brassinosteroid.

10. Formulierung nach Anspruch 9, wobei das Brassinosteroid in der Formulierung 0,8 mikromolar bis ungefähr 1,6
mikromolar vorliegt.

11. Formulierung nach Anspruch 9, wobei die dsRNA zu ungefähr 250 ng/ml vorliegt.

Revendications

1. Méthode d’intégration d’ARNdb dans une cellule végétale, comprenant :

a) la fourniture d’une formulation comprenant un ARNdb gène-spécifique, H2O, et une hormone végétale de
type brassinostéroïde,
b) l’application de la formulation à la surface foliaire d’une plante vivante, où l’ARNdb est assimilé à partir de
la surface foliaire externe dans les cellules de la feuille végétale.

2. Méthode selon la revendication 1, dans laquelle le brassinostéroïde dans la formulation va de 0,8 micromolaire à
environ 1,6 micromolaire.

3. Méthode selon la revendication 1, dans laquelle l’ARNdb est à environ 250 ng/ml.

4. Méthode selon la revendication 1, dans laquelle l’étape d’application de la formulation se fait à une plante vivante
environ 12 jours après germination.

5. Méthode selon la revendication 1, dans laquelle la plante est une dicotylédone.

6. Méthode selon la revendication 1, dans laquelle la plante est une plante de maïs.

7. Méthode selon la revendication 1, dans laquelle la plante est une plante de tabac.

8. Méthode selon la revendication 1, dans laquelle l’ARNdb gène-spécifique est dérivé de gènes choisis dans le groupe
constitué par la glutamine synthétase ; la phytoène désaturase ; la protéase FtsH.

9. Formulation pour une application à la surface externe d’une plante, comprenant un ARNdb, H2O, et une hormone
végétale de type brassinostéroïde.

10. Formulation selon la revendication 9, dans laquelle le brassinostéroïde dans la formulation va de 0,8 micromolaire
à environ 1,6 micromolaire.

11. Formulation selon la revendication 9, dans laquelle l’ARNdb est à environ 250 ng/ml.
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