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METHODS AND COMPOSITIONS FOR
PLANT PEST CONTROL

[0001] This application claims benefit of U.S. Provisional
Patent Application No. 61/783,260, filed on Mar. 14, 2013,
which is incorporated herein by reference in its entirety.

INCORPORATION OF SEQUENCE LISTING

[0002] A sequence listing is provided herewith as a part of
this U.S. patent application via the USPTO’s EFS system in
the file named “40_70_59232_Seq_listing.txt” which is
101,482 bytes in size (measured in MS-Windows®), was
created on Mar. 12, 2014, and is incorporated herein by ref-
erence in its entirety.

BACKGROUND OF THE INVENTION

[0003] Powdery mildews are fungal diseases that affect a
wide range of plants including cereals, grasses, vegetables,
ornamentals, weeds, shrubs, fruit trees, broad-leaved shade
and forest trees, that is caused by different species of fungi in
the order Erysiphales. The disease is characterized by spots or
patches of white to grayish, talcum-powder-like growth that
produce tiny, pinhead-sized, spherical fruiting structures (the
cleistothecia or overwintering bodies of the fungus), that are
first white, later yellow-brown and finally black. The fungi
that cause powdery mildews are host specific and cannot
survive without the proper host plant. They produce myce-
lium (fungal threads) that grow only on the surface of the
plant and feed by sending haustoria, or root-like structures,
into the epidermal cells of the plant. The fungi overwinter on
plant debris as cleistothecia or mycelia. In the spring, the
cleistothecia produce spores that are moved to susceptible
hosts by rain, wind or insects.

[0004] Powdery mildew disease is particularly prevalent in
temperate and humid climates, where they frequently cause
significant yield losses and quality reductions in various agri-
cultural settings including greenhouse and field farming. This
affects key cereals (e.g. barley and wheat), horticultural crops
(e.g. grapevine, pea and tomato) and economically important
ornamentals (e.g. roses). Limited access to natural sources of
resistance to powdery mildews, rapid changes in pathogen
virulence and the time consuming introgression of suitable
resistance genes into elite varieties has led to the widespread
use of fungicides to control the disease. This has not surpris-
ingly led to the evolution and spread of fungicide resistance,
which is especially dramatic amongst the most economically
important powdery mildews.

[0005] Downy mildew diseases are caused by oomycete
microbes from the family Peronosporaceae that are parasites
of plants. Peronosporaceae are obligate biotrophic plant
pathogens and parasitize their host plants as an intercellular
mycelium using haustoria to penetrate the host cells. The
downy mildews reproduce asexually by forming sporangia on
distinctive white sporangiophores usually formed on the
lower surface of infected leaves. These constitute the “downy
mildew” and the initial symptoms appear on leaves as light
green to yellow spots. The sporangia are wind-dispersed to
the surface of other leaves. Depending on the genus, the
sporangia may germinate by forming zoospores or by germ-
tube. In the latter case, the sporangia behave like fungal
conidia and are often referred to as such. Sexual reproduction
is via oospores.

[0006] Most Peronosporaceae are pathogens of herbaceous
dicots. Some downy mildew genera have relatively restricted
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host ranges, e.g. Basidiophora, Paraperonospora, Protobre-
mia and Bremia on Asteraceae; Perofascia and Hyaloperono-
spora almost exclusively on Brassicaceae; Viennotia,
Graminivora, Poakatesthia, Sclerospora and Peronoscle-
rospora on Poaceae, Plasmoverna on Ranunculaceae. How-
ever, the largest genera, Peronospora and Plasmopara, have
very wide host ranges.

[0007] In commercial agriculture, downy mildews are a
particular problem for growers of crucifers, grapes and veg-
etables that grow on vines. Peronosporaceae of economic
importance include Plasmopara viticola which infect grape-
vines, Peronospora tabacina which causes blue mold on
tobacco, Bremia lactucae, a parasite on lettuce, and Plasmo-
para halstedii on sunflower.

[0008] Rusts (Pucciniales, formerly Uredinales) are obli-
gate biotrophic parasites of vascular plants. Rusts affect a
variety of plants; leaves, stems, fruits and seeds and is most
commonly seen as coloured powder, composed of tiny
aeciospores which land on vegetation producing pustules, or
uredia, that form on the lower surfaces. During late spring or
early summer, yellow orange or brown, hairlike or ligulate
structures called telia grow on the leaves or emerge from bark
of woody hosts. These telia produce teliospores which will
germinate into aerial basidiospores, spreading and causing
further infection.

[0009] The Death No Defense 1 (DND1) gene was identi-
fied from an Arabidopsis mutant unable to mount a Hyper-
sensitive Response upon challenge by avirulent Pseudomo-
nas syringae strains but nevertheless able to control pathogen
infection (Yu I C, Parker J, Bent A F. Gene-for-gene disease
resistance without the hypersensitive response in Arabidopsis
dnd1 mutant. Proc Natl Acad Sci USA. 1998 95(13):7819-
24). The DND1 mutant was subsequently shown to be a loss
of function allele in the AtCNGC?2, a cyclic nucleotide-gated
ion channel which results in constitutively elevated salicylic
acid levels and increased pathogenesis-related (PR) gene
expression (Clough S J et al. The Arabidopsis dnd1 “defense,
no death” gene encodes a mutated cyclic nucleotide-gated ion
channel. Proc Natl Acad Sci USA. 2000 97(16):9323-8). In
addition to elevated resistance to Pseudomonas, the DND1
Arabidopsis mutant demonstrated higher resistance to Xan-
thomonas campestris pv. campestris and X. c. pv. Raphani
(bacteria), Peronospora parasitica (oomycete) and Tobacco
ringspot virus. However plants exhibit a dwarf phenotype and
were conditional lesion mimics under certain conditions

SUMMARY OF THE INVENTION

[0010] The present embodiments provide for compositions
comprising polynucleotide molecules and methods for treat-
ing a plant to alter or regulate gene or gene transcript expres-
sion in the plant, for example, by providing RNA or DNA for
inhibition of expression. Various aspects provide composi-
tions comprising polynucleotide molecules and related meth-
ods for topically applying such compositions to plants to
regulate endogenous DNDI1 genes in a plant cell. The poly-
nucleotides, compositions, and methods disclosed herein are
useful in decreasing levels of DND1 transcript and improving
fungal disease and/or nematode resistance of a plant.

[0011] In one embodiment, the polynucleotide molecules
are provided in compositions that can permeate or be
absorbed into living plant tissue to initiate localized, partially
systemic, or systemic gene inhibition or regulation. In certain
embodiments, the polynucleotide molecules ultimately pro-
vide to a plant, or allow the in planta production of, RNA that
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is capable of hybridizing under physiological conditions in a
plant cell to RNA transcribed from a target endogenous gene
or target transgene in the plant cell, thereby effecting regula-
tion of the endogenous DND1 target gene. In certain embodi-
ments, regulation of the DND1 target gene, such as by silenc-
ing or suppression of the target gene, leads to the upregulation
of'another gene that is itself affected or regulated by decreas-
ing the DNDI1 target gene’s expression.

[0012] Incertain aspects or embodiments, the topical appli-
cation of a composition comprising an exogenous polynucle-
otide and a transfer agent to a plant or plant part according to
the methods described herein does not necessarily result in
nor require the exogenous polynucleotide’s integration into a
chromosome of the plant. In certain aspects or embodiments,
the topical application of a composition comprising an exog-
enous polynucleotide and a transfer agent to a plant or plant
part according to the methods described herein does not nec-
essarily result in nor require transcription of the exogenous
polynucleotide from DNA integrated into a chromosome of
the plant. In certain embodiments, topical application of a
composition comprising an exogenous polynucleotide and a
transfer agent to a plant according to the methods described
herein also does not necessarily require that the exogenous
polynucleotide be physically bound to a particle, such as in
biolistic mediated introduction of polynucleotides associated
with a gold or tungsten particles into internal portions of a
plant, plant part, or plant cell. An exogenous polynucleotide
used in certain methods and compositions provided herein
can optionally be associated with an operably linked pro-
moter sequence in certain embodiments of the methods pro-
vided herein. However, in other embodiments, an exogenous
polynucleotide used in certain methods and compositions
provided herein is not associated with an operably linked
promoter sequence. Also, in certain embodiments, an exog-
enous polynucleotide used in certain methods and composi-
tions provided herein is not operably linked to a viral vector.

[0013] In certain embodiments, methods for improving
fungal disease resistance and/or nematode resistance in a
plant comprising topically applying compositions compris-
ing a polynucleotide and a transfer agent that suppress the
target DND1 gene are provided. In certain embodiments,
methods for selectively suppressing the target DND1 gene by
topically applying the polynucleotide composition to a plant
surface at one or more selected seed, vegetative, or reproduc-
tive stage(s) of plant growth are provided. Such methods can
provide for gene suppression in a plant or plant part on an as
needed or as desired basis. In certain embodiments, methods
for selectively suppressing the target DND1 gene by topically
applying the polynucleotide composition to a plant surface at
one or more pre-determined seed, vegetative, or reproductive
stage(s) of plant growth are provided. Such methods can
provide for DND1 gene suppression in a plant or plant part
that obviates any undesired or unnecessary effects of sup-
pressing the genes expression at certain seed, vegetative, or
reproductive stage(s) of plant development.

[0014] In certain embodiments, methods for selectively
improving fungal disease resistance and/or nematode resis-
tance in a plant by topically applying the polynucleotide
composition to the plant surface at one or more selected seed,
vegetative, or reproductive stage(s) are provided. Such meth-
ods can provide for improved fungal disease resistance and/or
nematode disease resistance in a plant or plant part on an as
needed or as desired basis. In certain embodiments, methods
for selectively improving fungal disease and/or nematode
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resistance in a plant by topically applying the polynucleotide
composition to the plant surface at one or more predetermined
seed, vegetative, or reproductive stage(s) are provided. Such
methods can provide for improving fungal disease and/or
nematode resistance in a plant or plant part that obviates any
undesired or unnecessary effects of suppressing DND1 gene
expression at certain seed, vegetative, or reproductive stage
(s) of plant development.

[0015] Polynucleotides that can be used to suppress a
DND1 include, but are not limited to, any of: 1) polynucle-
otides comprising at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to a gene
or a transcript of the gene(s) of SEQ ID NO: 1-33; ii) poly-
nucleotides comprising at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
apolynucleotides of SEQ ID NO: 34-59; iii) polynucleotides
of SEQ ID NO: 34-59 (Table 2); or iv) SEQ ID NO: 64-67
(Table 4). Methods and compositions that provide for the
topical application of certain polynucleotides in the presence
oftransfer agents can be used to suppress DND1 gene expres-
sion in an optimal manner. In certain embodiments, the com-
positions provided herein can be applied on an “as needed”
basis upon scouting for the occurrence of fungal disease or
nematodes. In certain embodiments, the compositions can be
applied in a manner that obviates any deleterious effects on
yield or other characteristics that can be associated with sup-
pression of DNDI1 gene expression in a crop plant. The
applied polynucleotides are complementary to the DND1
target host gene in plants and their topical application leads to
suppression of the DND1 gene’s activity.

[0016] Provided herein are compositions and methods for
controlling plant fungal diseases. Plant fungal diseases that
can be controlled with the methods and compositions pro-
vided herein include, but are not limited to, obligate
biotrophic powdery mildew, downy mildew and rust fungal
infestations in plants. In certain embodiments, methods and
compositions for reducing expression of one or more host
plant DND1 polynucleotide and/or protein molecules in one
or more cells or tissues of the plant such that the plant is
rendered less susceptible to fungal infections from the order
Erysiphales, the family Peronosporaceae or the order Puc-
ciniales, are provided. In certain embodiments, nucleotide
and amino acid sequences of plant DND1 genes which can be
downregulated by methods and compositions provided
herein to increase plant resistance to powdery mildew, downy
mildew or rust infection are disclosed.

[0017] Also provided herein are methods and compositions
that provide for reductions in expression of DNDI1 target
polynucleotide and protein molecules in at least the cells of a
plant root and for improved resistance to nematodes. Nema-
todes that can be controlled by the methods and compositions
provided herein include, but are not limited to, root knot
nematodes (such as Meloidogyne sp.), cyst nematodes (such
as Globodera sp. and Heterodera sp.), lesion nematodes
(such as Pratylenchus sp.), and the like. In certain embodi-
ments, DND1 expression is reduced in plant root cells from
which nematodes feed by providing topically to plant leaves,
shoots, roots and/or seeds compositions comprising poly-
nucleotides that comprise at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
a DND1 gene or to a transcript of the DND1 gene; and a
transfer agent.

[0018] Also provided are methods and compositions where
topically induced reductions in DND1 transcript or protein
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levels are used to achieve powdery mildew, downy mildew or
rust control while minimizing deleterious pleiotropic effects
in the host plant. Such methods and compositions provide for
optimized levels of DND1 gene inhibition and/or optimized
timing of DND1 gene inhibition.

[0019] Certain embodiments are directed to methods for
producing a plant exhibiting an improvement in fungal dis-
ease resistance and/or nematode resistance comprising topi-
cally applying to a plant surface a composition that com-
prises:

a. at least one polynucleotide that comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to a DND1 gene or to a transcript of the gene;
and

b. atransfer agent, wherein the plant exhibits an improvement
in fungal disease resistance and/or nematode resistance that
results from suppression of the DNDI1 gene. In certain
embodiments, the polynucleotide molecule comprises sense
ssDNA, sense ssRNA, dsRNA, dsDNA, a double stranded
DNA/RNA hybrid, anti-sense ssDNA, or anti-sense ssRNA.
In certain embodiments, the polynucleotide is selected from
the group consisting of SEQ 1D NO: 34-59, or wherein the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQ ID NO: 1-33. In certain embodiments, the polynucle-
otide comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to SEQ ID
NO: 64-67. In certain embodiments: (a) the plant is a cucum-
ber plant, the gene or the transcript is a cucumber DND1 gene
or transcript, and the polynucleotide comprises at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to SEQ ID NO: 1,3,7, 11, or 19; (b) the
plantis a soybean plant, the gene or the transcript is a soybean
DND1 gene or transcript, and the polynucleotide molecule is
selected from the group consisting of SEQ ID NO: 34-59, or
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQ ID NO: 2, 4, 21, or 31; (c) the plant is a lettuce
plant, the gene or the transcript is a lettuce DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 5 or 9; (d) the plant is a tomato
plant, the gene or the transcript is a tomato DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 6, 10, 64, 65, 66 or 67; (e) the
plant is a barley plant, the gene or the transcript is a barley
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 8 or 12; (f) the
plant is a cotton plant, the gene or the transcript is a cotton
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
oressentially complementary to SEQIDNO: 13,14, 18,25 or
26; (g) the plant is a melon plant, the gene or the transcript is
a melon DNDI1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
15, 27, or 28; (h) the plant is a maize plant, the gene or the
transcript is a maize DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 16, 20, 29, or 30; (i) the plant is a rice plant, the gene
or the transcript is a rice DND1 gene or transcript, and the
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polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQIDNO:17,22,32, or 33; or, (j) the plant is a wheat plant,
the gene or the transcript is a wheat DND1 gene or transcript,
and the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 23 or 24. In certain embodi-
ments, the composition comprises any combination of two or
more polynucleotide molecules. In certain embodiments, the
polynucleotide is at least 18 to about 24, about 25 to about 50,
about 51 to about 100, about 101 to about 300, about 301 to
about 500, or at least about 500 or more residues in length. In
certain embodiments, the composition further comprises a
non-polynucleotide herbicidal molecule, a polynucleotide
herbicidal molecule, a polynucleotide that suppresses an her-
bicide target gene, an insecticide, a fungicide, a nematocide,
or a combination thereof. In certain embodiments, the com-
position further comprises a non-polynucleotide herbicidal
molecule and the plant is resistant to the herbicidal molecule.
In certain embodiments, the transfer agent comprises an orga-
nosilicone preparation. In certain embodiments, the poly-
nucleotide is not operably linked to a viral vector. In certain
embodiments, the polynucleotide is not integrated into the
plant chromosome. Further embodiments are directed to: a
plant made according to any of the above-described methods;
progeny of plants that exhibit the improvements in fungal
disease resistance and/or nematode resistance; seed of the
plants, wherein seed from the plants exhibits the improve-
ment in fungal disease resistance and/or nematode resistance;
and a processed product of the plants, the progeny plants, or
the seeds, wherein the processed products exhibit the
improvement in fungal disease resistance and/or nematode
resistance. In certain embodiments, the processed product of
the plant or plant part exhibits an improved attribute relative
to a processed product of an untreated control plant and the
improved attribute results from the improved fungal disease
resistance and/or nematode resistance. An improved attribute
of a processed product can include, but is not limited to,
decreased mycotoxin content, improved nutritional content,
improved storage characteristics, improved flavor, improved
consistency, and the like when compared to a processed prod-
uct obtained from an untreated plant or plant part.

[0020] An additional embodiment is directed to a compo-
sition comprising a polynucleotide molecule that comprises
at least 18 contiguous nucleotides that are essentially identi-
cal or essentially complementary to a DND1 gene or tran-
script of the gene, wherein the polynucleotide is not operably
linked to a promoter; and, b) a transfer agent. In certain
embodiments, the polynucleotide is selected from the group
consisting of SEQ ID NO: 34-59, or the polynucleotide com-
prises at least 18 contiguous nucleotides that are essentially
identical or essentially complementary to SEQ ID NO: 1-33.
In certain embodiments, the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 64-67. In cer-
tain embodiments: (a) the plant is a cucumber plant, the gene
or the transcript is a cucumber DND1 gene or transcript, and
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQIDNO: 1,3,7,11, or 19; (b) the plant is a soybean
plant, the gene or the transcript is a soybean DND1 gene or
transcript, and the polynucleotide molecule is selected from
the group consisting of SEQ ID NO: 34-59, or the polynucle-
otide comprises at least 18 contiguous nucleotides that are
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essentially identical or essentially complementary to SEQ ID
NO: 2,4, 21, or 31; (c) the plant is a lettuce plant, the gene or
the transcript is a lettuce DND1 gene or transcript, and the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQ ID NO: 5 or 9; (d) the plant is a tomato plant, the gene or
the transcript is a tomato DND1 gene or transcript, and the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQ ID NO: 6, 10, 64, 65, 66 or 67; (e) the plant is a barley
plant, the gene or the transcript is a barley DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 8 or 12; (f) the plant is a
cotton plant, the gene or the transcript is a cotton DND1 gene
or transcript, and the polynucleotide comprises at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to SEQ ID NO: 13, 14, 18, 25 or 26; (g)
the plant is a melon plant, the gene or the transcript is a melon
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 15, 27, or 28;
(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essentially
identical or essentially complementary to SEQ ID NO: 16,
20, 29, or 30; (i) the plant is a rice plant, the gene or the
transcript is a rice DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
IDNO: 17, 22,32, or 33; or, (j) the plant is a wheat plant, the
gene or the transcript is a wheat DND1 gene or transcript, and
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQ ID NO: 23 or 24. In certain embodiments, the
polynucleotide is at least 18 to about 24, about 25 to about 50,
about 51 to about 100, about 101 to about 300, about 301 to
about 500, or at least about 500 or more residues in length. In
certain embodiments, the composition further comprises a
non-polynucleotide herbicidal molecule, a polynucleotide
herbicidal molecule, a polynucleotide that suppresses an her-
bicide target gene, an insecticide, a fungicide, a nematocide,
or a combination thereof. In certain embodiments, the trans-
fer agent is an organosilicone preparation. In certain embodi-
ments, the polynucleotide is not physically bound to a biolis-
tic particle.

[0021] Another embodiment is directed to a method of
making a composition comprising the step of combining at
least: (a) a polynucleotide molecule comprising at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to a DND1 gene or transcript of a plant,
wherein the polynucleotide is not operably linked to a pro-
moter or a viral vector; and, (b) a transfer agent. In certain
embodiments, the polynucleotide is obtained by in vivo bio-
synthesis, in vitro enzymatic synthesis, or chemical synthe-
sis. In certain embodiments, the method further comprises
combining with the polynucleotide and the transfer agent at
least one of a non-polynucleotide herbicidal molecule, a poly-
nucleotide herbicidal molecule, an insecticide, a fungicide,
and/or a nematocide. In certain embodiments, the transfer
agent is an organosilicone preparation.

[0022] Yet another embodiment is directed to a method of
identifying a polynucleotide for improving fungal disease
resistance and/or nematode resistance in a plant comprising;
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(a) selecting a population of polynucleotides that are essen-
tially identical or essentially complementary to a DND1 gene
or transcript of a plant; (b) topically applying to a surface of
atleast one of the plants a composition comprising at least one
polynucleotide from the population and an transfer agent to
obtain a treated plant; and, (c) identifying a treated plant that
exhibits suppression of the DNDI1 gene or exhibits an
improvement in fungal disease resistance or exhibits an
improvement in nematode resistance, thereby identifying a
polynucleotide that improves fungal disease resistance and/or
nematode resistance in the plant. In certain embodiments, the
polynucleotide is selected from the group consisting of SEQ
ID NO: 34-59, or the polynucleotide comprises at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to SEQ ID NO: 1-33. In certain
embodiments, the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 64-67. In certain embodi-
ments: (a) the plant is a cucumber plant, the gene or the
transcript is a cucumber DND1 gene or transcript, and the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQIDNO: 1,3,7,11, 0r 19; (b) the plant is a soybean plant,
the gene or the transcript is a soybean DND1 gene or tran-
script, and the polynucleotide molecule is selected from the
group consisting of SEQ ID NO: 34-59, or the polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
2,4,21, or31; (c) the plant is a lettuce plant, the gene or the
transcript is a lettuce DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 5 or 9; (d) the plant is a tomato plant, the gene or the
transcript is a tomato DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 6, 10, 64, 65, 66 or 67; (e) the plant is a barley plant,
the gene or the transcript is a barley DND1 gene or transcript,
and the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 8 or 12; (f) the plant is a
cotton plant, the gene or the transcript is a cotton DND1 gene
or transcript, and the polynucleotide comprises at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to SEQ ID NO: 13, 14, 18, 25 or 26; (g)
the plant is a melon plant, the gene or the transcript is a melon
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 15, 27, or 28;
(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essentially
identical or essentially complementary to SEQ ID NO: 16,
20, 29, or 30; (i) the plant is a rice plant, the gene or the
transcript is a rice DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
IDNO: 17,22,32, or 33; or, (j) the plant is a wheat plant, the
gene or the transcript is a wheat DND1 gene or transcript, and
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQ ID NO: 23 or 24.

[0023] A further embodiment is directed to a plant com-
prising an exogenous polynucleotide that comprises at least
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18 contiguous nucleotides that are essentially identical or
essentially complementary to a DND1 gene or transcript of
the gene, wherein the exogenous polynucleotide is not oper-
ably linked to a promoter or to a viral vector, is not integrated
into the chromosomal DNA of the plant, and is not found in a
non-transgenic plant; and, wherein the plant exhibits an
improvement in fungal disease resistance and/or nematode
resistance that results from suppression of the DNDI1 gene. In
certain embodiments, plant further comprises an organosili-
cone compound or a component thereof. In certain embodi-
ments, the polynucleotide is selected from the group consist-
ing of SEQ ID NO: 34-59, or comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 1-33. In certain embodi-
ments, the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 64-67. In certain embodi-
ments: (a) the plant is a cucumber plant, the gene or the
transcript is a cucumber DND1 gene or transcript, and the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQIDNO:1,3,7,11, 0r 19; (b) the plant is a soybean plant,
the gene or the transcript is a soybean DND1 gene or tran-
script, and the polynucleotide molecule is selected from the
group consisting of SEQ ID NO: 34-59, or the polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
2,4,21, or31; (c) the plant is a lettuce plant, the gene or the
transcript is a lettuce DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 5 or 9; (d) the plant is a tomato plant, the gene or the
transcript is a tomato DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 6, 10, 64, 65, 66 or 67; (e) the plant is a barley plant,
the gene or the transcript is a barley DND1 gene or transcript,
and the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 8 or 12; (f) the plant is a
cotton plant, the gene or the transcript is a cotton DND1 gene
or transcript, and the polynucleotide comprises at least 18
contiguous nucleotides that are essentially identical or essen-
tially complementary to SEQ ID NO: 13, 14, 18, 25 or 26; (g)
the plant is a melon plant, the gene or the transcript is a melon
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 15, 27, or 28;
(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essentially
identical or essentially complementary to SEQ ID NO: 16,
20, 29, or 30; (i) the plant is a rice plant, the gene or the
transcript is a rice DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
IDNO: 17, 22,32, or 33; or, (j) the plant is a wheat plant, the
gene or the transcript is a wheat DND1 gene or transcript, and
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQ ID NO: 23 or 24.

[0024] An additional embodiment is directed to a plant part
comprising an exogenous polynucleotide that comprises at
least 18 contiguous nucleotides that are essentially identical
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oressentially complementary to a DND1 gene or transcript of
the gene, wherein the exogenous polynucleotide is not oper-
ably linked to a promoter or to a viral vector and is not found
in a non-transgenic plant; and, wherein the plant part exhibits
animprovement in fungal disease resistance and/or nematode
resistance that results from suppression of the DND1 gene. In
certain embodiments, the polynucleotide is selected from the
group consisting of SEQ ID NO: 34-59, or wherein the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 1-33. In certain embodiments, the polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
64-67. In certain embodiments: (a) the plant is a cucumber
plant, the gene or the transcript is a cacumber DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ IDNO: 1,3, 11, or 19; (b) the plant is
a soybean plant, the gene or the transcript is a soybean DND1
gene or transcript, and the polynucleotide molecule is
selected from the group consisting of SEQ ID NO: 34-59, or
the polynucleotide comprises at least 18 contiguous nucle-
otides that are essentially identical or essentially complemen-
tary to SEQ ID NO: 2, 4, 21, or 31; (c) the plant is a lettuce
plant, the gene or the transcript is a lettuce DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQIDNO: 5or 9; (d) the plant is a tomato
plant, the gene or the transcript is a tomato DND1 gene or
transcript, and the polynucleotide comprises at least 18 con-
tiguous nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 6, 10, 64, 65, 66 or 67; (e) the
plant is a barley plant, the gene or the transcript is a barley
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
or essentially complementary to SEQ ID NO: 8 or 12; () the
plant is a cotton plant, the gene or the transcript is a cotton
DND1 gene or transcript, and the polynucleotide comprises at
least 18 contiguous nucleotides that are essentially identical
oressentially complementary to SEQIDNO: 13, 14, 18,25 or
26; (g) the plant is a melon plant, the gene or the transcript is
a melon DNDI1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
15, 27, or 28; (h) the plant is a maize plant, the gene or the
transcript is a maize DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to SEQ
ID NO: 16, 20, 29, or 30; (i) the plant is a rice plant, the gene
or the transcript is a rice DND1 gene or transcript, and the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQIDNO:17,22,32, or 33; or, (j) the plant is a wheat plant,
the gene or the transcript is a wheat DND1 gene or transcript,
and the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 23 or 24. In certain embodi-
ments, the plant part is a flower, meristem, ovule, stem, tuber,
fruit, anther, pollen, leaf, root, or seed. In certain embodi-
ments, the plant part is a seed. Also provided are processed
plant products obtained from any of the aforementioned plant
parts, wherein the processed plant products exhibit an
improved attribute relative to a processed plant product of an
untreated control plant and wherein the improved attribute
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results from the improved fungal disease resistance and/or
nematode resistance. In certain embodiments, the processed
product is a meal, a pulp, a feed, or a food product. Another
embodiment is directed to a plant that exhibits an improve-
ment in fungal disease resistance and/or nematode resistance,
wherein the plant was topically treated with a composition
that comprises: (a) at least one polynucleotide that comprises
at least 18 contiguous nucleotides that are essentially identi-
cal or essentially complementary to a DND1 gene or to a
transcript of the gene; and (b) a transfer agent; and, wherein
the plant exhibits an improvement in fungal disease resistance
and/or nematode resistance that results from suppression of
the DND1 gene.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows the efficacy of certain DND1 ssDNA
trigger sequences to Phytophthora sojae root rot (PRR).
[0026] FIG. 2 shows the average total cysts removed from 4
replicas per treatment.

[0027] FIG.3isa graph showingthe results of an evaluation
of Tomato Powdery Mildew disease in treated plants.

DETAILED DESCRIPTION

1. Definitions

[0028] The following definitions and methods are provided
to better define the present invention and to guide those of
ordinary skill in the art in the practice of the present invention.
Unless otherwise noted, terms are to be understood according
to conventional usage by those of ordinary skill in the relevant
art.

[0029] Where a term is provided in the singular, the inven-
tors also contemplate embodiments described by the plural of
that term.

[0030] As used herein, the terms “DNA,” “DNA molecule,”
and “DNA polynucleotide molecule” refer to a single-
stranded DNA or double-stranded DNA molecule of genomic
or synthetic origin, such as, a polymer of deoxyribonucle-
otide bases or a DNA polynucleotide molecule.

[0031] As used herein, the terms “DNA sequence,” “DNA
nucleotide sequence,” and “DNA polynucleotide sequence”
refer to the nucleotide sequence of a DNA molecule.

[0032] Asusedherein, the term “gene” refers to any portion
of'a nucleic acid that provides for expression of a transcript or
encodes atranscript. A “gene” thus includes, but is not limited
to, a promoter region, 5' untranslated regions, transcript
encoding regions that can include intronic regions, and 3'
untranslated regions.

[0033] Asused herein, the terms “RNA,” “RNA molecule,”
and “RNA polynucleotide molecule” refer to a single-
stranded RNA or double-stranded RNA molecule of genomic
or synthetic origin, such as, a polymer of ribonucleotide bases
that comprise single or double stranded regions.

[0034] Unless otherwise stated, nucleotide sequences in the
text of this specification are given, when read from left to
right, in the 5'to 3' direction. The nomenclature used herein is
that required by Title 37 of the United States Code of Federal
Regulations §1.822 and set forth in the tables in WIPO Stan-
dard ST.25 (1998), Appendix 2, Tables 1 and 3.

[0035] As used herein, a “plant surface” refers to any exte-
rior portion of a plant. Plant surfaces thus include, but are not
limited to, the surfaces of flowers, stems, tubers, fruit,
anthers, pollen, leaves, roots, or seeds. A plant surface can be
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on a portion of a plant that is attached to other portions of a
plant or on a portion of a plant that is detached from the plant.
[0036] As used herein, the phrase “polynucleotide is not
operably linked to a promoter” refers to a polynucleotide that
is not covalently linked to a polynucleotide promoter
sequence that is specifically recognized by either a DNA
dependent RNA polymerase II protein or by a viral RNA
dependent RNA polymerase in such a manner that the poly-
nucleotide will be transcribed by the DNA dependent RNA
polymerase II protein or viral RNA dependent RNA poly-
merase. A polynucleotide that is not operably linked to a
promoter can be transcribed by a plant RNA dependent RNA
polymerase.

[0037] As used herein, any polynucleotide sequences of
SEQ ID NO: 1-33, 34-63 and 64-67, though displayed in the
sequence listing in the form of ssDNA, encompass all other
polynucleotide forms such as dsDNA equivalents, ssDNA
equivalents, ssRNA equivalents, ssRNA complements,
dsRNA, and ssDNA complements.

[0038] As used herein, a first nucleic-acid sequence is
“operably” connected or “linked” with a second nucleic acid
sequence when the first nucleic acid sequence is placed in a
functional relationship with the second nucleic acid
sequence. For instance, a promoter is operably linked to an
RNA and/or protein-coding sequence if the promoter pro-
vides for transcription or expression of the RNA or coding
sequence. Generally, operably linked DNA sequences are
contiguous and, where necessary to join two protein-coding
regions, are in the same reading frame.

[0039] As used herein, the phrase “organosilicone prepara-
tion” refers to a liquid comprising one or more organosilicone
compounds, wherein the liquid or components contained
therein, when combined with a polynucleotide in a composi-
tion that is topically applied to a target plant surface, enable
the polynucleotide to enter a plant cell. Exemplary organo-
silicone preparations include, but are not limited to, prepara-
tions marketed under the trade names “Silwet®” or
“BREAK-THRU®” and preparations provided in Table 1. In
certain embodiments, an organosilicone preparation can
enable a polynucleotide to enter a plant cell in a manner
permitting a polynucleotide suppression of target gene
expression in the plant cell.

[0040] As used herein, the phrase “provides for an
improvement in fungal disease resistance and/or nematode
resistance” refers- to any measurable increase in a plants
resistance to fungal- and/or nematode-induced damage. In
certain embodiments, an improvement in fungal disease
resistance and/or nematode resistance in a plant or plant part
can be determined in a comparison to a control plant or plant
part that has not been treated with a composition comprising
a polynucleotide and a transfer agent. When used in this
context, a control plant is a plant that has not undergone
treatment with polynucleotide and a transfer agent. Such con-
trol plants would include, but are not limited to, untreated
plants or mock treated plants.

[0041] As used herein, the phrase “provides for a reduc-
tion”, when used in the context of a transcript or a protein in
a plant or plant part, refers to any measurable decrease in the
level of transcript or protein in a plant or plant part. In certain
embodiments, a reduction of the level of a transcript or pro-
tein in a plant or plant part can be determined in a comparison
to a control plant or plant part that has not been treated with a
composition comprising a polynucleotide and a transfer
agent. When used in this context, a control plant or plant part
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is a plant or plant part that has not undergone treatment with
polynucleotide and a transfer agent. Such control plants or
plant parts would include, but are not limited to, untreated or
mock treated plants and plant parts.

[0042] As used herein, the phrase “wherein said plant does
not comprise a transgene” refers to a plant that lacks either a
DNA molecule comprising a promoter that is operably linked
to a polynucleotide or a recombinant viral vector.

[0043] Asusedherein, the phrase “suppressing expression”
or “suppression”, when used in the context of a gene, refers
any measurable decrease in the amount and/or activity of a
product encoded by the gene. Thus, expression of a gene can
be suppressed when there is a reduction in levels of a tran-
script from the gene, a reduction in levels of a protein encoded
by the gene, a reduction in the activity of the transcript from
the gene, a reduction in the activity of a protein encoded by
the gene, any one of the preceding conditions, or any combi-
nation of the preceding conditions. In this context, the activity
of a transcript includes, but is not limited to, its ability to be
translated into a protein and/or to exert any RNA-mediated
biologic or biochemical effect. In this context, the activity of
aprotein includes, but is not limited to, its ability to exert any
protein-mediated biologic or biochemical effect. In certain
embodiments, a suppression of gene expression in a plant or
plant part can be determined in a comparison of gene product
levels or activities in a treated plant to a control plant or plant
part that has not been treated with a composition comprising
a polynucleotide and a transfer agent. When used in this
context, a control plant or plant part is a plant or plant part that
has not undergone treatment with polynucleotide and a trans-
fer agent. Such control plants or plant parts would include, but
are not limited to, untreated or mock treated plants and plant
parts.

[0044] As used herein, the term “transcript” corresponds to
any RNA that is produced from a gene by the process of
transcription. A transcript of a gene can thus comprise a
primary transcription product which can contain introns or
can comprise a mature RNA that lacks introns.

[0045] As used herein, the term “liquid” refers to both
homogeneous mixtures such as solutions and non-homoge-
neous mixtures such as suspensions, colloids, micelles, and
emulsions.

I1. Overview

[0046] Provided herein are certain methods and polynucle-
otide compositions that can be applied to living plant cells/
tissues to suppress expression of target genes and that provide
improved fungal disease resistance and/or nematode resis-
tance to a crop plant. Also provided herein are plants and plant
parts exhibiting fungal disease resistance and/or nematode
resistance as well as processed products of such plants or
plant parts. The compositions may be topically applied to the
surface of a plant, such as to the surface of a leaf, and include
a transfer agent. Aspects of the method can be applied to
various crops, for example, including but not limited to: 1) row
crop plants including, but are not limited to, corn, barley,
sorghum, soybean, cotton, canola, sugar beet, alfalfa, sugar-
cane, rice, and wheat; ii) vegetable plants including, but not
limited to, tomato, potato, sweet pepper, hot pepper, melon,
watermelon, cucumber, eggplant, cauliflower, broccoli, let-
tuce, spinach, onion, peas, carrots, sweet corn, Chinese cab-
bage, leek, fennel, pumpkin, squash or gourd, radish, Brus-
sels sprouts, tomatillo, garden beans, dry beans, or okra; iii)
culinary plants including, but not limited to, basil, parsley,
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coffee, or tea; iv) fruit plants including but not limited to
apple, pear, cherry, peach, plum, apricot, banana, plantain,
table grape, wine grape, citrus, avocado, mango, or berry; v)
atree grown for ornamental or commercial use, including, but
not limited to, a fruit or nut tree; or, vi) an ornamental plant
(e.g., an ornamental flowering plant or shrub or turf grass).
The methods and compositions provided herein can also be
applied to plants produced by a cutting, cloning, or grafting
process (i.e., a plant not grown from a seed) that include fruit
trees and plants. Fruit trees produced by such processes
include, but are not limited to, citrus and apple trees. Plants
produced by such processes include, but are not limited to,
avocados, tomatoes, eggplant, cucumber, melons, watermel-
ons, and grapes as well as various ornamental plants.

[0047] Without being bound by theory, the compositions
and methods as described herein are believed to operate
through one or more of the several natural cellular pathways
involved in RNA-mediated gene suppression as generally
described in Brodersen and Voinnet (2006), Trends Genetics,
22:268-280; Tomari and Zamore (2005) Genes & Dev,
19:517-529; Vaucheret (2006) Genes Dev., 20:759-771;
Meins et al. (2005) Annu. Rev. Cell Dev. Biol., 21:297-318;
and Jones-Rhoades et al. (2006) Annu. Rev. Plant Biol.,
57:19-53. RNA-mediated gene suppression generally
involves a double-stranded RNA (dsRNA) intermediate that
is formed intra-molecularly within a single RNA molecule or
inter-molecularly between two RNA molecules. This longer
dsRNA intermediate is processed by a ribonuclease of the
RNAase III family (Dicer or Dicer-like ribonuclease) to one
or more shorter double-stranded RNAs, one strand of which is
incorporated into the RNA-induced silencing complex
(“RISC”). For example, the siRNA pathway involves the
cleavage of a longer double-stranded RNA intermediate to
small interfering RNAs (“siRNAs”). The size of siRNAs is
believed to range from about 19 to about 25 base pairs, but the
most common classes of siRNAs in plants include those
containing 21 to 24 base pairs (See, Hamilton et al. (2002)
EMBO J,, 21:4671-4679).

Polynucleotides

[0048] Asusedherein, “polynucleotide” refers to a DNA or
RNA molecule containing multiple nucleotides and generally
refers both to “oligonucleotides™ (a polynucleotide molecule
of'18-25 nucleotides in length) and longer polynucleotides of
26 or more nucleotides. Embodiments include compositions
including oligonucleotides having a length of 18-25 nucle-
otides (18-mers, 19-mers, 20-mers, 21-mers, 22-mers,
23-mers, 24-mers, or 25-mers), or medium-length polynucle-
otides having a length of 26 or more nucleotides (polynucle-
otides of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41,42,43,44,45,46,47,48, 49,50, 51,52, 53, 54, 55, 56,
57, 58, 59, 60, about 65, about 70, about 75, about 80, about
85, about 90, about 95, about 100, about 110, about 120, about
130, about 140, about 150, about 160, about 170, about 180,
about 190, about 200, about 210, about 220, about 230, about
240, about 250, about 260, about 270, about 280, about 290,
or about 300 nucleotides), or long polynucleotides having a
length greater than about 300 nucleotides (e.g., polynucle-
otides of between about 300 to about 400 nucleotides,
between about 400 to about 500 nucleotides, between about
500 to about 600 nucleotides, between about 600 to about 700
nucleotides, between about 700 to about 800 nucleotides,
between about 800 to about 900 nucleotides, between about
900 to about 1000 nucleotides, between about 300 to about



US 2014/0283211 Al

500 nucleotides, between about 300 to about 600 nucleotides,
between about 300 to about 700 nucleotides, between about
300 to about 800 nucleotides, between about 300 to about 900
nucleotides, or about 1000 nucleotides in length, or even
greater than about 1000 nucleotides in length, for example up
to the entire length of a target gene including coding or
non-coding or both coding and non-coding portions of the
target gene). Where a polynucleotide is double-stranded, its
length can be similarly described in terms of base pairs.

[0049] Polynucleotide compositions used in the various
embodiments include compositions including oligonucle-
otides, polynucleotides, or a mixture of both, including: RNA
or DNA or RNA/DNA hybrids or chemically modified oligo-
nucleotides or polynucleotides or a mixture thereof. In certain
embodiments, the polynucleotide may be a combination of
ribonucleotides and deoxyribonucleotides, for example, syn-
thetic polynucleotides consisting mainly of ribonucleotides
but with one or more terminal deoxyribonucleotides or syn-
thetic polynucleotides consisting mainly of deoxyribonucle-
otides but with one or more terminal dideoxyribonucleotides.
In certain embodiments, the polynucleotide includes non-
canonical nucleotides such as inosine, thiouridine, or
pseudouridine. In certain embodiments, the polynucleotide
includes chemically modified nucleotides. Examples of
chemically modified oligonucleotides or polynucleotides are
well known in the art; see, for example, U.S. Patent Publica-
tion 2011/0171287, U.S. Patent Publication 2011/0171176,
U.S. Patent Publication 2011/0152353, U.S. Patent Publica-
tion 2011/0152346, and U.S. Patent Publication 2011/
0160082, which are herein incorporated by reference. Illus-
trative examples include, but are not limited to, the naturally
occurring phosphodiester backbone of an oligonucleotide or
polynucleotide which can be partially or completely modified
with phosphorothioate, phosphorodithioate, or methylphos-
phonate internucleotide linkage modifications, modified
nucleoside bases or modified sugars can be used in oligo-
nucleotide or polynucleotide synthesis, and oligonucleotides
or polynucleotides can be labeled with a fluorescent moiety
(e.g., fluorescein or rhodamine) or other label (e.g., biotin).

[0050] Polynucleotides can be single- or double-stranded
RNA, single- or double-stranded DNA, double-stranded
DNA/RNA hybrids, and modified analogues thereof. In cer-
tain embodiments, the polynucleotides that provide single-
stranded RNA in the plant cell may be: (a) a single-stranded
RNA molecule (ssRNA), (b) a single-stranded RNA mol-
ecule that self-hybridizes to form a double-stranded RNA
molecule, (¢) a double-stranded RNA molecule (dsRNA), (d)
a single-stranded DNA molecule (ssDNA), (e) a single-
stranded DNA molecule that self-hybridizes to form a
double-stranded DNA molecule, (f) a single-stranded DNA
molecule including a modified Pol III gene that is transcribed
to an RNA molecule, (g) a double-stranded DNA molecule
(dsDNA), (h) a double-stranded DNA molecule including a
modified Pol I1I gene that is transcribed to an RNA molecule,
and (i) a double-stranded, hybridized RNA/DNA molecule,
or combinations thereof. In certain embodiments, these poly-
nucleotides can comprise both ribonucleic acid residues and
deoxyribonucleic acid residues. In certain embodiments,
these polynucleotides include chemically modified nucle-
otides or non-canonical nucleotides. In certain embodiments
of the methods, the polynucleotides include double-stranded
DNA formed by intramolecular hybridization, double-
stranded DNA formed by intermolecular hybridization,
double-stranded RNA formed by intramolecular hybridiza-
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tion, or double-stranded RNA formed by intermolecular
hybridization. In certain embodiments where the polynucle-
otide is a dsRNA, the anti-sense strand will comprise at least
18 nucleotides that are essentially complementary to the tar-
get gene. In certain embodiments the polynucleotides include
single-stranded DNA or single-stranded RNA that self-hy-
bridizes to form a hairpin structure having an at least partially
double-stranded structure including at least one segment that
will hybridize to RNA transcribed from the gene targeted for
suppression. Not intending to be bound by any mechanism, it
is believed that such polynucleotides are or will produce
single-stranded RNA with at least one segment that will
hybridize to RNA transcribed from the gene targeted for
suppression. In certain embodiments, the polynucleotides
can be operably linked to a promoter—generally a promoter
functional in a plant, for example, a pol Il promoter, a pol 111
promoter, a pol IV promoter, or a pol V promoter.

[0051] In some embodiments, the polynucleotide mol-
ecules are designed to modulate expression by inducing regu-
lation or suppression of an endogenous gene in a plant and are
designed to have a nucleotide sequence essentially identical
or essentially complementary to the nucleotide sequence of
an endogenous gene of a plant or to the sequence of RNA
transcribed from an endogenous gene of a plant, which can be
coding sequence or non-coding sequence. These effective
polynucleotide molecules that modulate expression are
referred to herein as “a trigger, or triggers”. By “essentially
identical” or “essentially complementary” it is meant that the
trigger polynucleotides (or at least one strand of a double-
stranded polynucleotide) have sufficient identity or comple-
mentarity to the endogenous gene or to the RNA transcribed
from the endogenous gene (e.g. the transcript) to suppress
expression of the endogenous gene (e.g. to effect a reduction
in levels or activity of the gene transcript and/or encoded
protein). Polynucleotides of the methods and compositions
provided herein need not have 100 percent identity to a
complementarity to the endogenous gene or to the RNA tran-
scribed from the endogenous gene (i.e. the transcript) to sup-
press expression of the endogenous gene (i.e. to effect a
reduction in levels or activity of the gene transcript or
encoded protein). Thus, in certain embodiments, the poly-
nucleotide or a portion thereof is designed to be essentially
identical to, or essentially complementary to, a sequence of at
least 18 or 19 contiguous nucleotides in either the target gene
or messenger RNA transcribed from the target gene (e.g. the
transcript). In certain embodiments, an “essentially identical”
polynucleotide has 100 percent sequence identity or at least
about 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, or 99 percent sequence identity when compared to the
sequence of 18 or more contiguous nucleotides in either the
endogenous target gene or to an RNA transcribed from the
target gene (e.g. the transcript). In certain embodiments, an
“essentially complementary” polynucleotide has 100 percent
sequence complementarity or at least about 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent
sequence complementarity when compared to the sequence
of'18 or more contiguous nucleotides in either the target gene
or RNA transcribed from the target gene.

[0052] Incertainembodiments, polynucleotides used in the
methods and compositions provided herein can be essentially
identical or essentially complementary to any of: 1) conserved
regions of DND1 genes of both monocot and dicot plants; ii)
conserved regions of DND1 genes of monocot plants; or iii)
conserved regions of DND1 genes of dicot plants. Such poly-
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nucleotides that are essentially identical or essentially
complementary to such conserved regions can be used to
improve fungal disease resistance and/or nematode disease
resistance by suppressing expression of DND1 genes in any
of: 1) both dicot and monocot plants, including, but not limited
to, maize, barley, wheat, sorghum, rice, cucumber, pea, Medi-
cago sp., soybean, pepper, tomato, lettuce, cotton, melon, and
grape; i1) monocot plants, including, but not limited to, maize,
barley, wheat, sorghum, and rice, and; or iii) dicot plants,
including, but not limited to, cucumber, pea, Medicago sp.,
soybean, pepper, tomato, lettuce, cotton, melon, and grape.

[0053] Polynucleotides containing mismatches to the tar-
get gene or transcript can thus be used in certain embodiments
of the compositions and methods provided herein. In certain
embodiments, a polynucleotide can comprise at least 19 con-
tiguous nucleotides that are essentially identical or essentially
complementary to said gene or said transcript or comprises at
least 19 contiguous nucleotides that are essentially identical
or essentially complementary to the target gene or target gene
transcript. In certain embodiments, a polynucleotide of 19
continuous nucleotides that is essentially identical or essen-
tially complementary to the endogenous target gene or to
RNA transcribed from the target gene (e.g. the transcript) can
have 1 or 2 mismatches to the target gene or transcript. In
certain embodiments, a polynucleotide of 20 or more nucle-
otides that contains a contiguous 19 nucleotide span of iden-
tity or complementarity to the endogenous target gene or to an
RNA transcribed from the target gene can have 1 or 2 mis-
matches to the target gene or transcript. In certain embodi-
ments, a polynucleotide of 21 continuous nucleotides that is
essentially identical or essentially complementary to the
endogenous target gene or to RNA transcribed from the target
gene (e.g. the transcript) can have 1, 2, or 3 mismatches to the
target gene or transcript. In certain embodiments, a poly-
nucleotide of 22 or more nucleotides that contains a contigu-
ous 21 nucleotide span of identity or complementarity to the
endogenous target gene or to an RNA transcribed from the
target gene can have 1, 2, or 3 mismatches to the target gene
or transcript. In designing polynucleotides with mismatches
to an endogenous target gene or to an RNA transcribed from
the target gene, mismatches of certain types and at certain
positions that are more likely to be tolerated can be used. In
certain exemplary embodiments, mismatches formed
between adenine and cytosine or guanosine and uracil resi-
dues are used as described by Du et al. Nucleic Acids
Research, 2005, Vol. 33, No. 5 1671-1677. In certain exem-
plary embodiments, mismatches in 19 base pair overlap
regions can be at the low tolerance positions 5, 7, 8 or 11
(from the 5' end of a 19 nucleotide target) with well tolerated
nucleotide mismatch residues, at medium tolerance positions
3,4, and 12-17, and/or at the high tolerance nucleotide posi-
tions at either end of the region of complementarity (i.e.
positions 1, 2, 18, and 19) as described by Du et al. Nucleic
Acids Research, 2005, Vol. 33, No. 5 1671-1677. It is further
anticipated that tolerated mismatches can be empirically
determined in assays where the polynucleotide is applied to
the plants via the methods provided herein and the treated
plants assayed for suppression of DNDI1 expression or
appearance of fungal disease resistance and/or nematode
resistance.

[0054] In certain embodiments, polynucleotide molecules
are designed to have 100 percent sequence identity with or
complementarity to one allele or one family member of a
given target gene coding or non-coding sequence of a DND1
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target gene. In other embodiments, the polynucleotide mol-
ecules are designed to have 100 percent sequence identity
with or complementarity to multiple alleles or family mem-
bers of a given DND1 target gene. In certain embodiments,
the polynucleotide can thus comprise at least 18 contiguous
nucleotides that are identical or complementary to SEQ 1D
NO: 1-33. In certain embodiments, the polynucleotide com-
prises at least 18 contiguous nucleotides that are essentially
identical or essentially complementary to SEQ ID NO: 1-33.
In certain embodiments, the polynucleotide comprises at
least 18 contiguous nucleotides that are identical or comple-
mentary to SEQ ID NO: 64-67. In certain embodiments, the
polynucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complementary to
SEQ ID NO: 64-67.

[0055] In certain embodiments, polynucleotide composi-
tions and methods provided herein typically effect regulation
or modulation (e.g., suppression) of gene expression during a
period during the life of the treated plant of at least 1 week or
longer and typically in systemic fashion. For instance, within
days of treating a plant leaf with a polynucleotide composi-
tion as described herein, primary and transitive siRNAs can
be detected in other leaves lateral to and above the treated leaf
and in apical tissue. In certain embodiments, methods of
systemically suppressing expression of a gene in a plant, the
methods comprising treating said plant with a composition
comprising at least one polynucleotide and a transfer agent,
wherein said polynucleotide comprises at least 18 or at least
19 contiguous nucleotides that are essentially identical or
essentially complementary to a gene or a transcript encoding
a DND1 gene of the plant are provided, whereby expression
of the gene in said plant or progeny thereof is systemically
suppressed in comparison to a control plant that has not been
treated with the composition.

[0056] Compositions used to suppress a target gene can
comprise one or more polynucleotides that are essentially
identical or essentially complementary to multiple genes, or
to multiple segments of one or more genes. In certain embodi-
ments, compositions used to suppress a target gene can com-
prise one or more polynucleotides that are essentially identi-
cal or essentially complementary to multiple consecutive
segments of a target gene, multiple non-consecutive segments
of a target gene, multiple alleles of a target gene, or multiple
target genes from one or more species.

[0057] In certain embodiments, the polynucleotide
includes two or more copies of a nucleotide sequence (of 18
or more nucleotides) where the copies are arranged in tandem
fashion. In another embodiment, the polynucleotide includes
two or more copies of a nucleotide sequence (of 18 or more
nucleotides) where the copies are arranged in inverted repeat
fashion (forming an at least partially self-complementary
strand). The polynucleotide can include both tandem and
inverted-repeat copies. Whether arranged in tandem or
inverted repeat fashion, each copy can be directly contiguous
to the next, or pairs of copies can be separated by an optional
spacer of one or more nucleotides. The optional spacer can be
unrelated sequence (i.e., not essentially identical to or essen-
tially complementary to the copies, nor essentially identical
to, or essentially complementary to, a sequence of 18 or more
contiguous nucleotides of the endogenous target gene or
RNA transcribed from the endogenous target gene). Alterna-
tively the optional spacer can include sequence that is
complementary to a segment of the endogenous target gene
adjacent to the segment that is targeted by the copies. In
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certain embodiments, the polynucleotide includes two copies
of a nucleotide sequence of between about 20 to about 30
nucleotides, where the two copies are separated by a spacer
no longer than the length of the nucleotide sequence.

Tiling

[0058] Polynucleotide trigger molecules can be identified
by “tiling” gene targets in random length fragments, e.g.
200-300 polynucleotides in length, with partially overlapping
regions, e.g. 25 or so nucleotide overlapping regions along the
length of the target gene. Multiple gene target sequences can
be aligned and polynucleotide sequence regions with homol-
ogy in common are identified as potential trigger molecules
for multiple targets. Multiple target sequences can be aligned
and sequence regions with poor homology are identified as
potential trigger molecules for selectively distinguishing tar-
gets. To selectively suppress a single gene, trigger sequences
may be chosen from regions that are unique to the target gene
either from the transcribed region or the non-coding regions,
e.g., promoter regions, 3' untranslated regions, introns and the
like.

[0059] Polynucleotides fragments are designed along the
length of the full length coding and untranslated regions of a
DNDI1 gene or family member as contiguous overlapping
fragments of 200-300 polynucleotides in length or fragment
lengths representing a percentage of the target gene. These
fragments are applied topically (as sense or anti-sense ssDNA
orssRNA, dsRNA, or dsDNA) to determine the relative effec-
tiveness in providing the yield/quality phenotype. Fragments
providing the desired activity may be further subdivided into
50-60 polynucleotide fragments which are evaluated for pro-
viding the yield/quality phenotype. The 50-60 base fragments
with the desired activity may then be further subdivided into
19-30 base fragments which are evaluated for providing the
yield/quality phenotype. Once relative effectiveness is deter-
mined, the fragments are utilized singly, or in combination in
one or more pools to determine effective trigger composition
or mixture of trigger polynucleotides for providing the yield/
quality phenotype.

[0060] Coding and/or non-coding sequences of gene fami-
lies in the crop of interest are aligned and 200-300 polynucle-
otide fragments from the least homologous regions amongst
the aligned sequences are evaluated using topically applied
polynucleotides (as sense or anti-sense ssDNA or ssRNA,
dsRNA, or dsDNA) to determine their relative effectiveness
in providing the yield/quality phenotype. The effective seg-
ments are further subdivided into 50-60 polynucleotide frag-
ments, prioritized by least homology, and reevaluated using
topically applied polynucleotides. The effective 50-60 poly-
nucleotide fragments are subdivided into 19-30 polynucle-
otide fragments, prioritized by least homology, and again
evaluated for induction of the yield/quality phenotype. Once
relative effectiveness is determined, the fragments are uti-
lized singly, or again evaluated in combination with one or
more other fragments to determine the trigger composition or
mixture of trigger polynucleotides for providing the yield/
quality phenotype.

[0061] Coding and/or non-coding sequences of gene fami-
lies in the crop of interest are aligned and 200-300 polynucle-
otide fragments from the most homologous regions amongst
the aligned sequences are evaluated using topically applied
polynucleotides (as sense or anti-sense ssDNA or ssRNA,
dsRNA, or dsDNA) to determine their relative effectiveness
in inducing the yield/quality phenotype. The effective seg-
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ments are subdivided into 50-60 polynucleotide fragments,
prioritized by most homology, and reevaluated using topi-
cally applied polynucleotides. The effective 50-60 polynucle-
otide fragments are subdivided into 19-30 polynucleotide
fragments, prioritized by most homology, and again evalu-
ated for induction of the yield/quality phenotype. Once rela-
tive effectiveness is determined, the fragments may be uti-
lized singly, or in combination with one or more other
fragments to determine the trigger composition or mixture of
trigger polynucleotides for providing the yield/quality phe-
notype.

[0062] Also, provided herein are methods for identifying a
preferred polynucleotide for improving fungal disease and/or
nematode resistance in a plant. Populations of candidate poly-
nucleotides that are essentially identical or essentially
complementary to a DND1 gene or transcript of the gene can
be generated by a variety of approaches, including but not
limited to, any of the tiling, least homology, or most homol-
ogy approaches provided herein. Such populations of poly-
nucleotides can also be generated or obtained from any of the
polynucleotides or genes provided herewith in SEQ ID NO:
1-59. Such populations of polynucleotides can also be gen-
erated or obtained from any of the polynucleotides provided
herewith in SEQ ID NO: 64-67. Such populations of poly-
nucleotides can also be generated or obtained from any genes
that are orthologous to the genes provided herewith in SEQ
ID NO: 1-33. Such populations of polynucleotides can also be
generated or obtained from any genes that encode ortholo-
gous proteins. Such polynucleotides can be topically applied
to a surface of plants in a composition comprising at least one
polynucleotide from said population and a transfer agent to
obtain treated plants. Treated plants that exhibit suppression
of the DNDI1 gene and/or exhibit an improvement fungal
disease and/or nematode resistance are identified, thus iden-
tifying a preferred polynucleotide that improves improving
fungal disease and/or nematode resistance in a plant. Sup-
pression of the gene can be determined by any assay for the
levels and for activity of a gene product (i.e. transcript or
protein). Suitable assays for transcripts include, but are not
limited to, semi-quantitative or quantitative reverse tran-
scriptase PCR® (qRT-PCR) assays. Suitable assays for pro-
teins include, but are not limited to, semi-quantitative or
quantitative immunoassays, biochemical activity assays, or
biological activity assays. In certain embodiments, the poly-
nucleotides can be applied alone. In other embodiments, the
polynucleotides can be applied in pools of multiple poly-
nucleotides. When a pool of polynucleotides provides for
suppression of the DND1 gene and/or an improvement in
fungal disease resistance and/or nematode disease resistance
are identified, the pool can be de-replicated and retested as
necessary or desired to identify one or more preferred poly-
nucleotide(s) that improves fungal disease resistance and/or
nematode disease resistance in a plant.

[0063] Methods of making polynucleotides are well known
in the art. Such methods of making polynucleotides can
include in vivo biosynthesis, in vitro enzymatic synthesis, or
chemical synthesis. In certain embodiments, RNA molecules
can be made by either in vivo or in vitro synthesis from DNA
templates where a suitable promoter is operably linked to the
polynucleotide and a suitable DNA-dependent RNA poly-
merase is provided. DNA-dependent RNA polymerases
include, but are not limited to, E. coli or other bacterial RNA
polymerases as well as the bacteriophage RNA polymerases
such as the T7, T3, and SP6 RNA polymerases. Commercial
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preparation of oligonucleotides often provides two deoxyri-
bonucleotides on the 3' end of the sense strand. Long poly-
nucleotide molecules can be synthesized from commercially
available kits, for example, kits from Applied Biosystems/
Ambion (Austin, Tex.) have DNA ligated on the 5' end that
encodes a bacteriophage T7 polymerase promoter that makes
RNA strands that can be assembled into a dsRNA. Alterna-
tively, dsRNA molecules can be produced from expression
cassettes in bacterial cells that have regulated or deficient
RNase III enzyme activity. Long polynucleotide molecules
can also be assembled from multiple RNA or DNA frag-
ments. In some embodiments design parameters such as Rey-
nolds score (Reynolds et al. Nature Biotechnology 22, 326-
330(2004) and Tuschl rules (Pei and Tuschl, Nature Methods
3(9): 670-676, 2006) are known in the art and are used in
selecting polynucleotide sequences effective in gene silenc-
ing. In some embodiments random design or empirical selec-
tion of polynucleotide sequences is used in selecting poly-
nucleotide sequences effective in gene silencing. In some
embodiments the sequence of a polynucleotide is screened
against the genomic DNA of the intended plant to minimize
unintentional silencing of other genes.

[0064] While there is no upper limit on the concentrations
and dosages of polynucleotide molecules that can be useful in
the methods and compositions provided herein, lower effec-
tive concentrations and dosages will generally be sought for
efficiency. The concentrations can be adjusted in consider-
ation of the volume of spray or treatment applied to plant
leaves or other plant part surfaces, such as flower petals,
stems, tubers, fruit, anthers, pollen, leaves, roots, or seeds. In
one embodiment, a useful treatment for herbaceous plants
using 25-mer polynucleotide molecules is about 1 nanomole
(nmol) of polynucleotide molecules per plant, for example,
from about 0.05 to 1 nmol polynucleotides per plant. Other
embodiments for herbaceous plants include useful ranges of
about 0.05 to about 100 nmol, or about 0.1 to about 20 nmol,
or about 1 nmol to about 10 nmol of polynucleotides per
plant. In certain embodiments, about 40 to about 50 nmol of
a ssDNA polynucleotide are applied. In certain embodiments,
about 0.5 nmol to about 2 nmol of a dsRNA is applied. In
certain embodiments, a composition containing about 0.5 to
about 2.0 mg/mlL, or about 0.14 mg/m[. of dsRNA or ssDNA
(21-mer) is applied. In certain embodiments, a composition
of'about 0.5 to about 1.5 mg/mL of a long dsRNA polynucle-
otide (i.e. about 50 to about 200 or more nucleotides) is
applied. In certain embodiments, about 1 nmol to about 5
nmol of a dsRNA is applied to a plant. In certain embodi-
ments, the polynucleotide composition as topically applied to
the plant contains the at least one polynucleotide at a concen-
tration of about 0.01 to about 10 milligrams per milliliter, or
about 0.05 to about 2 milligrams per milliliter, or about 0.1 to
about 2 milligrams per milliliter. In certain embodiments, a
composition of about 0.5 to about 1.5 mg/ml of a long
dsRNA polynucleotide (i.e. about 50 to about 200 or more
nucleotides) is applied. Very large plants, trees, or vines may
require correspondingly larger amounts of polynucleotides.
When using long dsRNA molecules that can be processed
into multiple oligonucleotides, lower concentrations can be
used. To illustrate certain embodiments, the factor 1x, when
applied to oligonucleotide molecules is arbitrarily used to
denote a treatment of 0.8 nmol of polynucleotide molecule
per plant; 10x, 8 nmol of polynucleotide molecule per plant;
and 100x, 80 nmol of polynucleotide molecule per plant.
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[0065] The polynucleotide compositions as described
herein are useful in compositions, such as liquids that com-
prise polynucleotide molecules, alone or in combination with
other components either in the same liquid or in separately
applied liquids that provide a transfer agent. As used herein,
a transfer agent is an agent that, when combined with a
polynucleotide in a composition that is topically applied to a
target plant surface, enables the polynucleotide to enter a
plant cell. In certain embodiments, a transfer agent is an agent
that conditions the surface of plant tissue, e.g., seeds, leaves,
stems, roots, flowers, or fruits, to permeation by the poly-
nucleotide molecules into plant cells. The transfer of poly-
nucleotides into plant cells can be facilitated by the prior or
contemporaneous application of a polynucleotide-transter-
ring agent to the plant tissue. In some embodiments the trans-
ferring agent is applied subsequent to the application of the
polynucleotide composition. The polynucleotide transfer
agent enables a pathway for polynucleotides through cuticle
wax barriers, stomata and/or cell wall or membrane barriers
into plant cells. Suitable transfer agents to facilitate transfer
of the polynucleotide into a plant cell include agents that
increase permeability of the exterior of the plant or that
increase permeability of plant cells to oligonucleotides or
polynucleotides. Such agents to facilitate transfer of the com-
position into a plant cell include a chemical agent, or a physi-
cal agent, or combinations thereof. Chemical agents for con-
ditioning or transfer include (a) surfactants, (b) an organic
solvent or an aqueous solution or aqueous mixtures of organic
solvents, (¢) oxidizing agents, (d) acids, (e) bases, () oils, (g)
enzymes, or combinations thereof. Embodiments of the
method can optionally include an incubation step, a neutral-
ization step (e.g., to neutralize an acid, base, or oxidizing
agent, or to inactivate an enzyme), a rinsing step, or combi-
nations thereof. Embodiments of agents or treatments for
conditioning of a plant to permeation by polynucleotides
include emulsions, reverse emulsions, liposomes, and other
micellar-like compositions. Embodiments of agents or treat-
ments for conditioning of a plant to permeation by polynucle-
otides include counter-ions or other molecules that are known
to associate with nucleic acid molecules, e.g., inorganic
ammonium ions, alkyl ammonium ions, lithium ions,
polyamines such as spermine, spermidine, or putrescine, and
other cations. Organic solvents useful in conditioning a plant
to permeation by polynucleotides include DMSO, DMF,
pyridine, N-pyrrolidine, hexamethylphosphoramide, aceto-
nitrile, dioxane, polypropylene glycol, other solvents mis-
cible with water or that will dissolve phosphonucleotides in
non-aqueous systems (such as is used in synthetic reactions).
Naturally derived or synthetic oils with or without surfactants
or emulsifiers can be used, e.g., plant-sourced oils, crop oils
(such as those listed in the 9% Compendium of Herbicide
Adjuvants, publicly available on the worldwide web (inter-
net) at herbicide.adjuvants.com can be used, e.g., paraffinic
oils, polyol fatty acid esters, or oils with short-chain mol-
ecules modified with amides or polyamines such as polyeth-
yleneimine or N-pyrrolidine. Transfer agents include, but are
not limited to, organosilicone preparations.

[0066] In certain embodiments, an organosilicone prepara-
tion that is commercially available as Silwet® [.-77 surfactant
having CAS Number 27306-78-1 and EPA Number: CAL.
REG.NO. 5905-50073-AA, and currently available from
Momentive Performance Materials, Albany, N.Y. can be used
to prepare a polynucleotide composition. In certain embodi-
ments where a Silwet .-77 organosilicone preparation is used
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as a pre-spray treatment of plant leaves or other plant sur-
faces, freshly made concentrations in the range of about 0.015
to about 2 percent by weight (wt percent) (e.g., about 0.01,
0.015,0.02,0.025,0.03,0.035,0.04,0.045, 0.05,0.055,0.06,
0.065,0.07,0.075,0.08, 0.085, 0.09, 0.095,0.1,0.2,0.3,0.4,
0.5,0.6,0.7,08,09,1.0,1.1,1.2,1.3,14,1.5,1.6,1.7, 1.8,
1.9,2.0,2.1, 2.2, 2.3, 2.5 wt percent) are efficacious in pre-
paring a leaf or other plant surface for transter of polynucle-
otide molecules into plant cells from a topical application on
the surface. In certain embodiments of the methods and com-
positions provided herein, a composition that comprises a
polynucleotide molecule and an organosilicone preparation
comprising Silwet [.-77 in the range of about 0.015 to about
2 percent by weight (wt percent) (e.g., about 0.01, 0.015,
0.02,0.025,0.03,0.035,0.04,0.045, 0.05, 0.055, 0.06, 0.065,
0.07, 0.075, 0.08, 0.085, 0.09, 0.095, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,0.8,09,1.0,1.1,1.2,1.3,14,1.5,1.6,1.7,1.8,1.9,
2.0,2.1,2.2,2.3,2.5wtpercent) is used or provided. In certain
embodiments of the methods and compositions provided
herein, a composition that comprises a polynucleotide mol-
ecule and an organosilicone preparation comprising Silwet
L-77 in the range of about 0.3 to about 1 percent by weight (wt
percent) or about 0.5 to about 1% by weight (wt percent) is
used or provided.

[0067] In certain embodiments, any of the commercially
available organosilicone preparations provided in the follow-
ing Table 1 can be used as transfer agents in a polynucleotide
composition. In certain embodiments where an organosili-
cone preparation of Table 1 is used as a pre-spray treatment of
plant leaves or other surfaces, freshly made concentrations in
the range of about 0.015 to about 2 percent by weight (wt
percent) (e.g., about 0.01, 0.015, 0.02, 0.025, 0.03, 0.035,
0.04,0.045,0.05, 0.055, 0.06,0.065, 0.07, 0.075, 0.08, 0.085,
0.09,0.095,0.1,0.2,0.3,0.4, 0.5, 0.6, 0.7, 0.8,0.9, 1.0, 1.1,
12,13,14,15,1.6,1.7,18,1.9,2.0,2.1,2.2,2.3,2.5 wt
percent) are efficacious in preparing a leaf or other plant
surface for transfer of polynucleotide molecules into plant
cells from a topical application on the surface. In certain
embodiments of the methods and compositions provided
herein, a composition that comprises a polynucleotide mol-
ecule and an organosilicone preparation of Table 1 in the
range ofabout 0.015 to about 2 percent by weight (wt percent)
(e.g., about 0.01, 0.015, 0.02, 0.025, 0.03, 0.035, 0.04, 0.045,
0.05,0.055,0.06, 0.065, 0.07,0.075, 0.08, 0.085, 0.09, 0.095,
0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.1, 1.2, 1.3, 1.4,
1.5,1.6,1.7,18,1.9,2.0,2.1,2.2,2.3, 2.5 wt percent) is used
or provided.

TABLE 1

Exemplary organosilicone preparations

Name CAS number Manufacturer %2

BREAK-THRU ® S 321 na
BREAK-THRU ® S 200
BREAK-THRU ® OE 441
BREAK-THRU ® S 278

Evonik Industries AG
67674-67-3 Evonik Industries AG
68937-55-3 Evonik Industries AG
27306-78-1 Evonik Goldschmidt

BREAK-THRU ® S 243 na Evonik Industries AG

Silwet ® L-77 27306-78-1 Momentive Performance
Materials

Silwet ® HS 429 na Momentive Performance
Materials

Silwet ® HS 312 na Momentive Performance
Materials

BREAK-THRU ® S 233
Silwet ® HS 508

134180-76-0 Evonik Industries AG
Momentive Performance
Materials
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TABLE 1-continued

Exemplary organosilicone preparations

Name CAS number Manufacturer > 2

Silwet ® HS 604 Momentive Performance

Materials

! Evonik Industries AG, Essen, Germany
2 Momentive Performance Materials, Albany, New York

[0068] Organosilicone preparations used in the methods
and compositions provided herein can comprise one or more
effective organosilicone compounds. As used herein, the
phrase “effective organosilicone compound” is used to
describe any organosilicone compound that is found in an
organosilicone preparation that enables a polynucleotide to
enter a plant cell. In certain embodiments, an effective orga-
nosilicone compound can enable a polynucleotide to enter a
plant cell in a manner permitting a polynucleotide mediated
suppression of a target gene expression in the plant cell. In
general, effective organosilicone compounds include, but are
not limited to, compounds that can comprise: i) a trisiloxane
head group that is covalently linked to, ii) an alkyl linker
including, but not limited to, an n-propyl linker, that is
covalently linked to, iii) a poly glycol chain, that is covalently
linked to, iv) a terminal group. Trisiloxane head groups of
such effective organosilicone compounds include, but are not
limited to, heptamethyltrisiloxane. Alkyl linkers can include,
but are not limited to, an n-propyl linker. Poly glycol chains
include, but are not limited to, polyethylene glycol or
polypropylene glycol. Poly glycol chains can comprise a
mixture that provides an average chain length “n” of about
“7.5”. In certain embodiments, the average chain length “n”
can vary from about 5 to about 14. Terminal groups can
include, but are not limited to, alkyl groups such as a methyl
group. Effective organosilicone compounds are believed to
include, but are not limited to, trisiloxane ethoxylate surfac-
tants or polyalkylene oxide modified heptamethyl trisiloxane.

(Compound I: polyalkyleneoxide heptamethyltrisiloxane, average n =7.5).

One organosilicone compound believed to be ineffective
comprises the formula:

[0069] In certain embodiments, an organosilicone prepara-
tion that comprises an organosilicone compound comprising



US 2014/0283211 Al

a trisiloxane head group is used in the methods and compo-
sitions provided herein. In certain embodiments, an organo-
silicone preparation that comprises an organosilicone com-
pound comprising a heptamethyltrisiloxane head group is
used in the methods and compositions provided herein. In
certain embodiments, an organosilicone composition that
comprises Compound I is used in the methods and composi-
tions provided herein. In certain embodiments, an organosili-
cone composition that comprises Compound I is used in the
methods and compositions provided herein. In certain
embodiments of the methods and compositions provided
herein, a composition that comprises a polynucleotide mol-
ecule and one or more effective organosilicone compound in
the range of about 0.015 to about 2 percent by weight (wt
percent) (e.g., about 0.01, 0.015, 0.02, 0.025, 0.03, 0.035,
0.04,0.045,0.05, 0.055, 0.06,0.065, 0.07, 0.075, 0.08, 0.085,
0.09,0.095,0.1,0.2,0.3,0.4, 0.5, 0.6, 0.7, 0.8,0.9, 1.0, 1.1,
12,13,14,15,1.6,1.7,18,1.9,2.0,2.1,2.2,2.3,2.5 wt
percent) is used or provided.

[0070] Incertain embodiments, the polynucleotide compo-
sitions that comprise an organosilicone preparation can com-
prise a salt such as ammonium chloride, tetrabutylphospho-
nium bromide, and/or ammonium sulfate. Ammonium
chloride, tetrabutylphosphonium bromide, and/or ammo-
nium sulfate can be provided in the polynucleotide composi-
tion at a concentration of about 0.5% to about 5% (w/v). An
ammonium chloride, tetrabutylphosphonium bromide, and/
or ammonium sulfate concentration of about 1% to about 3%,
or about 2% (w/v) can also be used in the polynucleotide
compositions that comprise an organosilicone preparation. In
certain embodiments, the polynucleotide compositions can
comprise an ammonium salt at a concentration greater or
equal to 300 millimolar. In certain embodiments, the poly-
nucleotide compositions that comprise an organosilicone
preparation can comprise ammonium sulfate at concentra-
tions from about 80 to about 1200 mM or about 150 mM to
about 600 mM.

[0071] Incertain embodiments, the polynucleotide compo-
sitions can also comprise a phosphate salt. Phosphate salts
used in the compositions include, but are not limited to,
calcium, magnesium, potassium, or sodium phosphate salts.
In certain embodiments, the polynucleotide compositions can
comprise a phosphate salt at a concentration of at least about
5 millimolar, at least about 10 millimolar, or at least about 20
millimolar. In certain embodiments, the polynucleotide com-
positions will comprise a phosphate salt in a range of about 1
mM to about 25 mM or in a range of about S mM to about 25
mM. In certain embodiments, the polynucleotide composi-
tions can comprise sodium phosphate at a concentration of at
least about 5 millimolar, at least about 10 millimolar, or at
least about 20 millimolar. In certain embodiments, the poly-
nucleotide compositions can comprise sodium phosphate at a
concentration of about 5 millimolar, about 10 millimolar, or
about 20 millimolar. In certain embodiments, the polynucle-
otide compositions will comprise a sodium phosphate salt in
a range of about 10 mM to about 160 mM or in a range of
about 20 mM to about 40 mM. In certain embodiments, the
polynucleotide compositions can comprise a sodium phos-
phate buffer at a pH of about 6.8.

[0072] Incertain embodiments, other useful transfer agents
or adjuvants to transfer agents that can be used in polynucle-
otide compositions provided herein include surfactants and/
or effective molecules contained therein. Surfactants and/or
effective molecules contained therein include, but are not
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limited to, sodium or lithium salts of fatty acids (such as
tallow or tallowamines or phospholipids) and organosilicone
surfactants. In certain embodiments, the polynucleotide com-
positions that comprise a transfer agent are formulated with
counter-ions or other molecules that are known to associate
with nucleic acid molecules. [llustrative examples include,
but are not limited to, tetraalkyl ammonium ions, trialkyl
ammonium ions, sulfonium ions, lithium ions, and
polyamines such as spermine, spermidine, or putrescine. In
certain embodiments, the polynucleotide compositions are
formulated with a non-polynucleotide herbicide. Non-poly-
nucleotide herbicidal molecules include, but are not limited
to, glyphosate, auxin-like benzoic acid herbicides including
dicamba, chloramben and TBA, glufosinate, auxin-like her-
bicides including phenoxy carboxylic acid herbicide, pyri-
dine carboxylic acid herbicide, quinoline carboxylic acid her-
bicide, pyrimidine carboxylic acid herbicide, and benazolin-
ethyl herbicide, sulfonylureas, imidazolinones, bromoxynil,
delapon, cyclohezanedione, protoporphyrionogen oxidase
inhibitors, and 4-hydroxyphenyl-pyruvate-dioxygenase
inhibiting herbicides.

[0073] Incertainembodiments, the polynucleotides used in
the compositions that are essentially identical or essentially
complementary to the DND1 target gene or transcript will
comprise the predominant nucleic acid in the composition.
Thus in certain embodiments, the polynucleotides that are
essentially identical or essentially complementary to the tar-
get gene or transcript will comprise at least about 50%, 75%,
95%, 98%, or 100% of the nucleic acids provided in the
composition by either mass or molar concentration. However,
in certain embodiments, the polynucleotides that are essen-
tially identical or essentially complementary to the target
gene or transcript can comprise at least about 1% to about
50%, about 10% to about 50%, about 20% to about 50%, or
about 30% to about 50% of the nucleic acids provided in the
composition by either mass or molar concentration. Also
provided are compositions where the polynucleotides that are
essentially identical or essentially complementary to the tar-
get gene or transcript can comprise at least about 1% to 100%,
about 10% to 100%, about 20% to about 100%, about 30% to
about 50%, or about 50% to a 100% of the nucleic acids
provided in the composition by either mass or molar concen-
tration.

[0074] Polynucleotides comprising ssDNA, dsDNA,
ssRNA, dsRNA, or RNA/DNA hybrids that are essentially
identical or complementary to certain plant target genes or
transcripts and that can be used in compositions containing
transfer agents that include, but are not limited to, organosili-
cone preparations, to suppress those target genes when topi-
cally applied to plants are disclosed in co-assigned U.S.
patent application Ser. No. 13/042,856. Various polynucle-
otide herbicidal molecules, compositions comprising those
polynucleotide herbicidal molecules and transfer agents that
include, but are not limited to, organosilicone preparations,
and methods whereby herbicidal effects are obtained by the
topical application of such compositions to plants are also
disclosed in co-assigned U.S. patent application Ser. No.
13/042,856, and those polynucleotide herbicidal molecules,
compositions, and methods are incorporated herein by refer-
ence in their entireties. Genes encoding proteins that can
provide tolerance to an herbicide and/or that are targets of a
herbicide are collectively referred to herein as “herbicide
target genes”. Herbicide target genes include, but are not
limited to, a S-enolpyruvylshikimate-3-phosphate synthase
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(EPSPS), a glyphosate oxidoreductase (GOX), a glyphosate
decarboxylase, a glyphosate-N-acetyl transferase (GAT), a
dicamba monooxygenase, a phosphinothricin acetyltrans-
ferase, a 2,2-dichloropropionic acid dehalogenase, an aceto-
hydroxyacid synthase, an acetolactate synthase, a haloarylni-
trilase, an acetyl-coenzyme A carboxylase (ACCase), a
dihydropteroate synthase, a phytoene desaturase (PDS), a
protoporphyrin IX oxygenase (PPO), a hydroxyphenylpyru-
vate dioxygenase (HPPD), a para-aminobenzoate synthase, a
glutamine synthase, a cellulose synthase, a beta tubulin, and a
serine hydroxymethyltransferase gene. The effects of apply-
ing certain compositions comprising polynucleotides that are
essentially identical or complementary to certain herbicide
target genes and transfer agents on plants containing the
herbicide target genes was shown to be potentiated or
enhanced by subsequent application of an herbicide that tar-
gets the same gene as the polynucleotide in co-assigned U.S.
patent application Ser. No. 13/042,856. For example, compo-
sitions comprising polynucleotides targeting the EPSPS her-
bicide target gene were potentiated by glyphosate in experi-
ments disclosed in co-assigned U.S. patent application Ser.
No. 13/042,856.

[0075] In certain embodiments of the compositions and
methods disclosed herein, the composition comprising a
polynucleotide and a transfer agent can thus further comprise
a second polynucleotide comprising at least 19 contiguous
nucleotides that are essentially identical or essentially
complementary to a transcript to a protein that confers resis-
tance to a herbicide. In certain embodiments, the second
polynucleotide does not comprise a polynucleotide that is
essentially identical or essentially complementary to a tran-
script encoding a protein of a target plant that confers resis-
tance to said herbicidal molecule. Thus, in an exemplary and
non-limiting embodiment, the second polynucleotide could
be essentially identical or essentially complementary to a
transcript encoding a protein that confers resistance to a her-
bicide in a weed (such as an EPSPS encoding transcript) but
would not be essentially identical or essentially complemen-
tary to a transcript encoding a protein that confers resistance
to that same herbicide in a crop plant.

[0076] Incertain embodiments, the polynucleotide compo-
sitions that comprise a transfer agent can comprise glycerin.
Glycerin can be provided in the composition at a concentra-
tion of about 0.1% to about 1% (w/v or v/v). A glycerin
concentration of about 0.4% to about 0.6%, or about 0.5%
(w/v or v/v) can also be used in the polynucleotide composi-
tions that comprise a transfer agent.

[0077] Incertain embodiments, the polynucleotide compo-
sitions that comprise a transfer agent can further comprise
organic solvents. Such organic solvents include, but are not
limited to, DMSO, DMF, pyridine, N-pyrrolidine, hexameth-
ylphosphoramide, acetonitrile, dioxane, polypropylene gly-
col, other solvents miscible with water or that will dissolve
phosphonucleotides in non-aqueous systems (such as is used
in synthetic reactions).

[0078] Incertain embodiments, the polynucleotide compo-
sitions that comprise a transfer agent can further comprise
naturally derived or synthetic oils with or without surfactants
or emulsifiers. Such oils include, but are not limited to, plant-
sourced oils, crop oils (such as those listed in the 9th Com-
pendium of Herbicide Adjuvants, publicly available on line at
www.herbicide.adjuvants.com), paraffinic oils, polyol fatty
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acid esters, or oils with short-chain molecules modified with
amides or polyamines such as polyethyleneimine or N-pyr-
rolidine.

[0079] Insomeembodiments, methods include one or more
applications of the composition comprising a polynucleotide
and a transfer agent or one or more effective components
contained therein. In certain embodiments of the methods,
one or more applications of a transfer agent or one or more
effective components contained therein can precede one or
more applications of the composition comprising a poly-
nucleotide and a transfer agent. In embodiments where a
transfer agent and/or one or more effective molecules con-
tained therein is used either by itself as a pre-treatment or as
part of a composition that includes a polynucleotide, embodi-
ments of the polynucleotide molecules are double-stranded
RNA oligonucleotides, single-stranded RNA oligonucle-
otides, double-stranded RNA polynucleotides, single-
stranded RNA polynucleotides, double-stranded DNA oligo-
nucleotides, single-stranded DNA oligonucleotides, double-
stranded DNA polynucleotides, single-stranded DNA
polynucleotides, chemically modified RNA or DNA oligo-
nucleotides or polynucleotides or mixtures thereof.

[0080] Compositions and methods as described herein are
useful for modulating or suppressing the expression of an
endogenous DNDI1 target gene or transgenic DND1 target
gene in a plant cell or plant. In certain embodiments of the
methods and compositions provided herein, expression of
DNDI1 target genes can be suppressed completely, partially
and/or transiently to result in an improvement in fungal dis-
ease resistance and/or nematode resistance. In various
embodiments, a DNDI1 target gene includes coding (protein-
coding or translatable) sequence, non-coding (non-translat-
able) sequence, or both coding and non-coding sequence.
Compositions as described herein can include polynucle-
otides and oligonucleotides designed to target multiple
DND1 genes, or multiple segments of one or more DND1
genes. The target gene can include multiple consecutive seg-
ments of a target DND1 gene, multiple non-consecutive seg-
ments ofa DNDI target gene, multiple alleles of a target gene,
or multiple DND1 target genes from one or more species.
DND1 target genes include, but are not limited to, the endog-
enous DND1 plant genes of SEQ ID NO: 1-33. DND1 target
genes include, but are not limited to, DND1 plant genes that
encode orthologous proteins or essentially homologous pro-
teins having between about 1,2,3,4,5,6,7,8,9, or 10 amino
acid substitutions, deletions, or insertions.

[0081] Target genes and plants containing those target
genes can be obtained from: 1) row crop plants including, but
are not limited to, corn, soybean, cotton, canola, sugar beet,
alfalfa, sugarcane, rice, and wheat; ii) vegetable plants includ-
ing, but not limited to, tomato, potato, sweet pepper, hot
pepper, melon, watermelon, cucumber, eggplant, cauliflower,
broccoli, lettuce, spinach, onion, peas, carrots, sweet corn,
Chinese cabbage, leek, fennel, pumpkin, squash or gourd,
radish, Brussels sprouts, tomatillo, garden beans, dry beans,
or okra; iii) culinary plants including, but not limited to, basil,
parsley, coffee, or tea; iv) fruit plants including but not limited
to apple, pear, cherry, peach, plum, apricot, banana, plantain,
table grape, wine grape, citrus, avocado, mango, or berry; v)
atree grown for ornamental or commercial use, including, but
not limited to, a fruit or nut tree; or, vi) an ornamental plant
(e.g., an ornamental flowering plant or shrub or turf grass).
The methods and compositions provided herein can also be
applied to plants produced by a cutting, cloning, or grafting
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process (i.e., a plant not grown from a seed) include fruit trees
and plants that include, but are not limited to, citrus, apples,
avocados, tomatoes, eggplant, cucumber, melons, watermel-
ons, and grapes as well as various ornamental plants. Such
row crop, vegetable, culinary, fruit, tree, or ornamental plants
exhibiting improvements in fungal disease resistance and/or
nematode resistance that result from suppressing DND1 gene
expression are provided herein. Such row crop, vegetable,
culinary, fruit, tree, or ornamental plant parts or processed
plant products exhibiting improvements in fungal disease
resistance and/or nematode resistance that result from sup-
pressing DND1 gene expression are also provided herein.
Such plant parts can include, but are not limited to, flowers,
stems, tubers, fruit, anthers, meristems, ovules, pollen,
leaves, or seeds. Such processed plant products obtained from
the plant parts can include, but are not limited to, a meal, a
pulp, a feed, or a food product.

[0082] In some embodiments, a method for modulating or
suppressing expression of an DND1 gene in a plant including
(a) conditioning of a plant to permeation by polynucleotides
and (b) treatment of the plant with the polynucleotide mol-
ecules, wherein the polynucleotide molecules include at least
one segment of 18 or more contiguous nucleotides cloned
from or otherwise identified from the DND1 target gene in
either anti-sense or sense orientation, whereby the polynucle-
otide molecules permeate the interior of the plant and induce
modulation of the target gene is provided. The conditioning
and polynucleotide application can be performed separately
orin a single step. When the conditioning and polynucleotide
application are performed in separate steps, the conditioning
can precede or can follow the polynucleotide application
within minutes, hours, or days. In some embodiments more
than one conditioning step or more than one polynucleotide
molecule application can be performed on the same plant. In
embodiments of the method, the segment can be cloned or
identified from (a) coding (protein-encoding), (b) non-coding
(promoter and other gene related molecules), or (c¢) both
coding and non-coding parts of the DND1 target gene. Non-
coding parts include DNA, such as promoter regions or the
RNA transcribed by the DNA that provide RNA regulatory
molecules, including but not limited to: introns, 5' or 3'
untranslated regions, and microRNAs (miRNA), trans-acting
siRNAs, natural anti-sense siRNAs, and other small RNAs
with regulatory function or RNAs having structural or enzy-
matic function including but not limited to: ribozymes, ribo-
somal RNAs, t-RNAs, aptamers, and riboswitches. In certain
embodiments where the polynucleotide used in the composi-
tion comprises a promoter sequence essentially identical to,
oressentially complementary to, at least 18 contiguous nucle-
otides of the promoter of the endogenous target gene, the
promoter sequence of the polynucleotide is not operably
linked to another sequence that is transcribed from the pro-
moter sequence.

[0083] Compositions comprising a polynucleotide and a
transfer agent provided herein can be topically applied to a
plant or plant part by any convenient method, e.g., spraying or
coating with a powder, or with a liquid composition compris-
ing any of an emulsion, suspension, or solution. Such topi-
cally applied sprays or coatings can be of either all or of any
a portion of the surface of the plant or plant part. Similarly,
compositions that comprise a transfer agent or other pre-
treatment can in certain embodiments be applied to the plant
or plant part by any convenient method, e.g., spraying or
wiping a solution, emulsion, or suspension. Compositions

Sep. 18,2014

comprising a polynucleotide and a transfer agent provided
herein can be topically applied to plant parts that include, but
are not limited to, flowers, stems, tubers, meristems, ovules,
fruit, anthers, pollen, leaves, or seeds.

[0084] Application of compositions comprising a poly-
nucleotide and a transfer agent to seeds is specifically pro-
vided herein. Seeds can be contacted with such compositions
by spraying, misting, immersion, and the like.

[0085] In certain embodiments, application of composi-
tions comprising a polynucleotide and a transfer agent to
plants, plant parts, or seeds in particular can provide for an
improvement in fungal disease resistance and/or nematode
resistance in progeny plants, plant parts, or seeds derived
from those treated plants, plant parts, or seeds. In certain
embodiments, progeny plants, plant parts, or seeds derived
from those treated plants, plant parts, or seeds will exhibit an
improvement in fungal disease resistance and/or nematode
resistance that result from suppressing expression ofa DND1
gene. In certain embodiments, the methods and compositions
provided herein can provide for an improvement in fungal
disease resistance and/or nematode resistance in progeny
plants or seeds as a result of epigenetically inherited suppres-
sion of DNDI1 expression. In certain embodiments, such
progeny plants exhibit an improvement in fungal disease
resistance and/or nematode resistance from epigenetically
inherited suppression of DND1 gene expression that is not
caused by a transgene where the polynucleotide is operably
linked to a promoter, a viral vector, or a copy of the poly-
nucleotide that is integrated into a non-native location in the
chromosomal DNA of the plant. Without seeking to be lim-
ited by theory, progeny plants or seeds derived from those
treated plants, plant parts, or seeds can exhibit an improve-
ment in an improvement in fungal disease resistance and/or
nematode resistance through an epigenetic mechanism that
provides for propagation of an epigenetic condition where
suppression of DND1 gene expression occurs in the progeny
plants, plant parts, or plant seeds.

[0086] In certain embodiments, progeny plants or seeds
exhibiting an improvement in fungal disease resistance and/
or nematode resistance as a result of epigenetically inherited
suppression of DND1 gene expression can also exhibit
increased methylation, and in particular, increased methyla-
tion of cytosine residues, in the endogenous DND1 gene of
the plant. Plant parts, including seeds, of the progeny plants
that exhibit an improvement in an improvement in fungal
disease resistance and/or nematode resistance as a result of
epigenetically inherited suppression of DND1 gene expres-
sion, can also in certain embodiments exhibit increased
methylation, and in particular, increased methylation of
cytosine residues, in the endogenous DND1 gene. In certain
embodiments, DNA methylation levels in DNA encoding the
endogenous DND1 gene can be compared in plants that
exhibit an improvement in fungal disease resistance and/or
nematode resistance and control plants that do not exhibit an
improvement in fungal disease resistance and/or nematode
resistance to correlate the presence of the an improvement in
fungal disease resistance and/or nematode resistance to epi-
genetically inherited suppression of DND1 gene expression
and to identify plants that comprise the epigenetically inher-
ited improvement in fungal disease resistance and/or nema-
tode resistance.

[0087] Various methods of spraying compositions on
plants or plant parts can be used to topically apply to a plant
surface a composition comprising a polynucleotide that com-
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prises a transfer agent. In the field, a composition can be
applied with a boom that extends over the crops and delivers
the composition to the surface of the plants or with a boomless
sprayer that distributes a composition across a wide area.
Agricultural sprayers adapted for directional, broadcast, or
banded spraying can also be used in certain embodiments.
Sprayers adapted for spraying particular parts of plants
including, but not limited to, leaves, the undersides of leaves,
flowers, stems, male reproductive organs such as tassels, mer-
istems, pollen, ovules, and the like can also be used. Compo-
sitions can also be delivered aerially, such as by a crop dusting
airplane. In certain embodiments, the spray can be delivered
with a pressurized backpack sprayer calibrated to deliver the
appropriate rate of the composition. In certain embodiments,
such a backpack sprayer is a carbon dioxide pressurized
sprayer with a 11015 flat fan or equivalent spray nozzle with
a customized single nozzle assembly (to minimize waste) ata
spray pressure of about 0.25 MPa and/or any single nozzle
sprayer providing an effective spray swath of 60 cm above the
canopy of 3 to 12 inch tall growing plants can be used. Plants
in a greenhouse or growth chamber can be treated using a
track sprayer or laboratory sprayer with a 11001XR or
equivalent spray nozzle to deliver the sample solution at a
determined rate. An exemplary and non-limiting rate is about
140 L/ha at about 0.25 MPa pressure.

[0088] In certain embodiments, it is also contemplated that
a plant part can be sprayed with the composition comprising
a polynucleotide that comprises a transfer agent. Such plant
parts can be sprayed either pre- or post-harvest to provide for
an improvement in fungal disease resistance and/or nematode
resistance in the plant part that results from suppression of
DND1 gene expression. Compositions can be topically
applied to plant parts attached to a plant by a spray as previ-
ously described. Compositions can be topically applied to
plant parts that are detached from a plant by a spray as pre-
viously described or by an alternative method. Alternative
methods for applying compositions to detached parts include,
but are not limited to, passing the plant parts through a spray
by a conveyor belt or trough, or immersing the plant parts in
the composition.

[0089] Compositions comprising polynucleotides and
transfer agents can be applied to plants or plant parts at one or
more developmental stages as desired and/or as needed.
Application of compositions to pre-germination seeds and/or
to post-germination seedlings is provided in certain embodi-
ments. Seeds can be treated with polynucleotide composi-
tions provided herein by methods including, but not limited
to, spraying, immersion or any process that provides for coat-
ing, imbibition, and/or uptake of the polynucleotide compo-
sition by the seed. Seeds can be treated with polynucleotide
compositions using seed batch treatment systems or continu-
ous flow treatment systems. Seed coating systems are at least
described in U.S. Pat. Nos. 6,582,516, 5,891,246, 4,079,696,
and 4,023,525. Seed treatment can also be effected in labo-
ratory or commercial scale treatment equipment such as a
tumbler, a mixer, or a pan granulator. A polynucleotide com-
position used to treat seeds can contain one or more other
desirable components including, but not limited to liquid
diluents, binders to serve as a matrix for the polynucleotide,
fillers for protecting the seeds during stress conditions, and
plasticizers to improve flexibility, adhesion and/or spread-
ability of the coating. In addition, for oily polynucleotide
compositions containing little or no filler, drying agents such
as calcium carbonate, kaolin or bentonite clay, perlite, diato-
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maceous earth or any other adsorbent material can be added.
Use of such components in seed treatments is described in
U.S. Pat. No. 5,876,739. Additional ingredients can be incor-
porated into the polynucleotide compositions used in seed
treatments. Such ingredients include but are not limited to:
conventional sticking agents, dispersing agents such as meth-
ylcellulose (Methocel A1SLV or Methocel A15C, for
example, serve as combined dispersant/sticking agents for
use in seed treatments), polyvinyl alcohol (e.g., Elvanol
51-05), lecithin (e.g., Yelkinol P), polymeric dispersants (e.g.,
polyvinylpyrrolidone/vinyl acetate PVPNA S-630), thicken-
ers (e.g., clay thickeners such as Van Gel B to improve vis-
cosity and reduce settling of particle suspensions), emulsion
stabilizers, surfactants, antifreeze compounds (e.g., urea),
dyes, colorants, and the like that can be combined with com-
positions comprising a polynucleotide and a transfer agent.
Further ingredients used in compositions that can be applied
to seeds can be found in McCutcheon’s, vol. 1, “Emulsifiers
and Detergents,” MC Publishing Company, Glen Rock, N.J.,
U.S.A., 1996 and in McCutcheon’s, vol. 2, “Functional Mate-
rials,” MC Publishing Company, Glen Rock, N.J., US.A.,
1996. Methods of applying compositions to seeds and pesti-
cidal compositions that can be used to treat seceds are
described in U.S. Patent Application publication
20080092256, which is incorporated herein by reference in
its entirety.

[0090] Application of the compositions in early, mid-, and
late vegetative stages of plant development is provided in
certain embodiments. Application of the compositions in
early, mid- and late reproductive stages is also provided in
certain embodiments. Application of the compositions to
plant parts at different stages of maturation is also provided.
[0091] The following examples are included to demon-
strate examples of certain embodiments. It should be appre-
ciated by those of skill in the art that many changes can be
made in the specific embodiments that are disclosed and still
obtain a like or similar result without departing from the spirit
and scope of the invention.

EXAMPLES
Example 1

DND1 DNA Polynucleotides Give an Effect on
Soybean for Efficacy to Phytophtora Sojae Root Rot
(PRR)

[0092] DND1 ssDNA triggers (Table 2) were tested on
soybean (cultivar Williams 82) for efficacy to Phytophthora
sojae (PRR). Four reps were performed per treatment. Trig-
gers were applied as pools of 20 nm of oligos in 0.2% Silwet,
5 mM NaPO4 and 1% AMS in Gibco Ultra Pure water. There
were 3 to 4 20 nm triggers applied as a pool for a final
concentration of 60 to 80 nm (Table 3). 50 uL was applied to
each plant; 25 pl per each unifoliate (VC-V1) 12 days after
seeding. One day after trigger application the plants were
inoculated with Phytophtora sojae as follows: two 8 mm
plugs containing PRR inoculum harvested from V8+cef agar
plates were ground in a Cuisinart blender and pushed through
a syringe. Four agar plates total were used in the inoculation.
Of the four plates, two were started 6 days before use and the
other two plates were started 13 days before use. One plug
each for the inoculation came from the 6 day old plate and the
second plug was from the older (13 day) plate. Plants were
harvested 22 days after inoculation; roots were weighed and
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rated for disease. Disease development was observed, as the
non-inoculated roots were 3 times larger than the inoculated
control. None of the oligo pool treatments were statistically
different than the formulation blank or the filtered control
treatment. However, pool 5 roots weighed 52% more than the
formulation blank and 32% larger than the filtered control
roots. (Error bars are large enough that these roots were not
statistically different.) Roots were also rated for disease using
a 0 to 4 scale; this is a subjective rating scale.

[0093] Rating scale: 0=no disease; 1=10% browning of
roots; 2=25% browning or roots; 3=50% browning of roots;
4=80% browning of roots.

[0094] As shown in FIG. 1: pool 5 had less disease than all
the other inoculated treatments; roots in pool 5 treated plants
did not have as much browning and had more secondary
roots. This is the first time that a direct correlation was
observed between bigger roots and less disease in testing
triggers to confer efficacy against PRR.

TABLE 2

DND1 ggDNA trigger seguences

Sequence

Sequences listing gene

GGAGAGAGGAGAAGGTGTTGTGCAT coding SEQ ID NO: 34 DND1
CCAGCCCTCCGTCCATGTACAAGCA coding SEQ ID NO: 35 DND1
ATGTAGCCTGTGACTTTTTGCATTC coding SEQ ID NO: 36 DND1
AGCGACTCCCGCGATACGTACGCCA coding SEQ ID NO: 37 DND1
CACCCTGTCACAGATGTTGTCAAGA coding SEQ ID NO: 38 DND1
AAGGCACCATGAAAGCAGCTCGTCA coding SEQ ID NO: 39 DND1
ATTCAAGGTGGTCATGTGGCCTTAT coding SEQ ID NO: 40 DND1
GAGTAGAAGAACAGCGGGTCTATCG coding SEQ ID NO: 41 DND1
ATCACGAATGCGTCGAACCAGAATC coding SEQ ID NO: 42 DND1
TGACAGGAAGTGCCCATTGGTAGAT coding SEQ ID NO: 43 DND1
GCAGCATATTGCAAGAGCCTGCGTT coding SEQ ID NO: 44 DND1
TGCTGCCCATCTCTGACGTTCAAAA coding SEQ ID NO: 45 DND1
CTAAATGGATTGTCATCCACAACTG coding SEQ ID NO: 46 DND1
TTATTGTCATAATGATTTTAATTTT coding SEQ ID NO: 47 DND1
AAGGCACCATGAAAGCAGCTCGTCA coding SEQ ID NO: 48 DND1
CAAACCCCAAAAAATGGGATAAAGA coding SEQ ID NO: 49 DND1
AAAATAGAAGGTATCTAATTTTTAAUpstream SEQ ID NO: 50 DND1
TAAAAAAATAGAAATAACTACATGT Upstream SEQ ID NO: 51 DNDL
CTATCTTGGTTTCTTGCTAACTCTGUpstreamSEQ ID NO: 52 DND1L
TAATTTTATCAACTATTATACCATCUpstreamSEQ ID NO: 53 DND1
GAATTTTTAGACCATTCAACCGGGAUpstream SEQ ID NO: 54 DND1
ACATTCTTGTAAAATATTTTCTCTGUpstream SEQ ID NO: 55 DND1
AAGGATATTTACAAATTTGAGACATUpstream SEQ ID NO: 56 DND1

TTTCATATTTTCTTCATCCCAGCATUpstreamSEQ ID NO: 57 DND1
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TABLE 2 -continued

DND1 gsDNA trigger sequences

Sequence

Sequences listing gene

ATGATGGTAGCATGAGATTACACCCUpstream SEQ ID NO: 58 DND1
ATGGCTCATTTTAGAATAAACTTTAUpstream SEQ ID NO: 59 DND1
ATGGGGGCTCCCGTTAATCCGAAGA control SEQ ID NO: 60
AGCGCCGGTAGCGAGCATACGTATG control SEQ ID NO: 61

ACGACTCTGCTTATTATACTCGGTC control SEQ ID NO: 62

GACATATTAGGGGCGACGTCTCCAA control SEQ ID NO: 63

[0095] Control oligos were generated using bioinformatics
processes such that they would not match to any sequences in
soybean, tomato, cucumber, lettuce, cotton, and maize with
identity over 94.7%.

TABLE 3

Triggers were applied in pools of 3-4 polynucleotides each with the oligo
amount being 20 nmol in 50 pl total volume in the presence of
5 mM NaPO4, 1% AMS, and 0.2% Silwet L-77.

Trt SEQ ID NOs:
1 pool 1 34,35,46, 41
2 pool 2 37,36,42,47
3 pool 3 43,45, 38, 39
4 pool 4 48,44, 40,

5 pool 5 54,57,58, 50
6 pool 6 51,56,55,53
7 pool 7 49,52,59

8 control pool 60, 61,62, 63
9 Form Blank

10 Inoc Only

11 Not Inoc

12 Inoc-plugs

only
13 Inoc-tray
only
Example 2

Application of Topical Polynucleotides to Soybean
Leaves for Control of Soy Cyst Nematode (SCN)

Growth Chamber Whole Plant Assay

[0096] Soybean seeds were planted in sand in 3 inch pots
and allowed to grow for 8 to 11 days. Unifoliate leaves were
topically treated with a pool of up to 4 ssDNA triggers tar-
geting either the coding sequence or the promoter sequence of
the DND1 gene. 20 nmol each total polynucleotide (80 nmols
total) were mixed in a solution containing 0.2% Silwet L-77,
5 mM NaPO4 and 1% AMS in Gibco ultrapure water. The
final volume of water was final 50 pl.. Each unifoliate
received 25 ul. of the polynucleotide containing solution.
One day after topical polynucleotide application, pots were
inoculated with 1000 vermiform SCN eggs. Cysts were har-
vested and counted 28 days after inoculation. FIG. 2 shows
the average total cysts removed from 4 replicas per treatment.
[0097] One pool in particular, Pool 3, containing oligos
corresponding to SEQ ID NO:43, SEQ ID NO:45, SEQ ID
NO:38,and SEQ ID NO:39, all in the antisense direction with
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respect to the DNDI1 coding sequence, gave particularly good
efficacy in terms of decreased cyst number.

Example 3

Topical Oligonucleotide Application and Fungal
Testing Methods

Application of Oligonucleotides to [eaves for
Powdery Mildew Control

[0098] Barley seeds are planted in 2 inch pots in the green-
house. Five days later, barley seedlings are sprayed with
nucleotides, either ssDNA and/or dsRNA oligos directed to
the promoter and/or targeting the coding region of a target
gene of interest such as SEQ ID NO: 1-33. The nucleotide
solution applied consists of 6-20 nm of each ssDNA oligo-
nucleotide or 0.5-4 nm dsRNA, 0.1 to 0.3% L77 Silwet, 50
mM NaPO, in a final volume of 40 pL water. Two to 4 days
post spraying seedlings are infected with dry spores of barley
powdery mildew (Blumeria graminis f. sp. hordei) and 7 days
post infection, disease development is scored for the percent-
age of leaf area covered with powdery mildew.

[0099] Cucumber seeds are planted in a 3-inch square pot
and thinned to one plant per pot after emergence. When the
first true leaf is fully expanded and the second leaf is opening
a nucleotide solution of either ssDNA and/or dsRNA oligos
directed to the promoter and/or targeting the coding region of
a target gene of interest such as SEQ ID NO: 1-33 is applied
to the first true leaf or the cotyledons. The nucleotide solution
applied consists of 6-20 nm of each ssDNA oligonucleotide
or 0.5-4 nm dsRNA, 0.1 to 0.3% L.77 Silwet, 50 mM NaPO,
in a final volume of 40 ul water. Two days later the entire
cucumber plant is inoculated with a shower of dry spores of
cucumber powdery mildew (Podosphaera xanthii) shaken off
diseased plants. Disease severity will be evaluated on the
treated leaf and succeeding leaves 10 days later and at subse-
quent intervals.

[0100] Tomato seeds are planted in a 3-inch square pot and
thinned to one plant per pot after emergence. Two weeks old
tomato seedlings are treated with 6-20 nm of each ssDNA
oligonucleotide or 0.5-4 nm dsRNA, 0.2-0.5% L.77 Silwet, 50
mM NaPO4, 1% ammonium sulfate in a final volume of 30 pl,
water. Two to 4 days post spraying plants are inoculated with
dry spores of tomato powdery mildew (Oidium neolycoper-
sici) and 13 days post infection, disease development is
scored for the percentage of leaf area covered with powdery
mildew.

Example 4

Use of VIGS to Suppress Expression of DND1 Gene
for Control of Tomato Powdery Mildew (TPM,
Oidium Neolycopersici)

[0101] To identify polynucleotide sequences that can sup-
press DNDI1 expression and provide protection against
Tomato Powdery Mildew infection, polynucleotides as sum-
marized in Table 4, below, were introduced into tomato plants
using a Tomato Golden Mosaic Virus (ToGMV) vector. Poly-
nucleotide sequences that exhibit activity using VIGS-medi-
ated suppression of DND1 are subsequently screened for
their ability to suppress expression of DND1 and provide
fungal and nematode resistance when provided to a plant
through direct topical application with a transfer agent.
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[0102] A modification of the sprout vacuum-infiltration-
mediated agroinoculation method for virus-induced gene
silencing protocol described in Yan et al. Plant Cell Rep
(2012) 31:1713-1722 was used. Surface sterilized tomato
seeds (Microtom variety) were first germinated on 4
Murashige-Skoog media plus Cefotaxime. Approximately
three days later, Agrobacterium component A containing
ToGMoV:DND1 Suppression Sequence (Table 4) and the
ToGMoV component B were each separately inoculated into
10 mL Luria Broth with appropriate concentrations of spec-
tinomycin, gentamycin, and chloramphenicol and shaken at
24° C. for about 1-2 days to prepare an Agrobacterium inocu-
lum containing the ToGMoV vector components. The A
genome component is known to encode viral functions nec-
essary for viral DNA replication, while the B genome com-
ponent specifies functions necessary for spread of the virus
through the infected plant (Revington, et al. Plant Cell. 1989
October; 1(10): 985-992). After about one to two days of
growth, the Agrobacterium were pelleted by centrifugation
and resuspended to a final OD600 of 0.05 in Infiltration
Buffer (10 mM MES, 10 mM MgCl, 100 uM Acetosyrin-
gone). The Agrobacterium A component and B component
were mixed for use at a 1:1 ratio and an Infiltration buffer only
control (Mock) was also prepared along with GFP. The A and
B component mixture, the mock Infiltration buffer control
and the GFP controls were then allowed to incubate at room
temperature (~25° C.) for 3-4 hours. About 3 mls of each
sample containing a ToGMV vector with a given test DND1
suppression sequence or control was transferred into a small
microtiter dish. Typically, 1 microtiter plate (6-24 wells) was
used for each test ToGMV vector with a given test DND1
suppression sequence (typically >5 reps/polynucleotide
sequence) and 1 microtiter plate was used for the controls
(Mock, GFP). About 3-5 sprouts were added to each well; a
vacuum was pulled for 10 seconds and then stopped. Pulling
and stopping of the vacuum was then repeated 2 more times.
Vacuum-infiltrated sprouts were planted in soil, taking care
not to cross contaminate samples. This was accomplished by
changing gloves between samples and using new tweezers.
Planted sprouts were covered with a humidity dome (70-80%
humidity) and left at room temperature (~25° C.) overnight to
recover. After one day, potted sprouts were transferred to a
growth chamber (16 hr light cycle, 70% humidity, 200 umol
light, ~25° C.). Twelve days later plants were scored visually
on the first two leaves to obtain an average disease rating/
plant (ratings=0, 1, 10, 25, 50, 75 and 100%). Data was
analyzed for all replicates using ANOVA Single Factor
Analysis (a=0.1).

TABLE 4

Sequences of DND1 tested in the Tomato Powdery Mildew VIGS assay:

SEQ ID NO Species Name
64 Tomato DNDI1-A
65 Tomato DND1-B
66 Tomato DND1-C
67 Tomato DNDI1-D
68 Aqueoria victoria GFP
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Average Disease Rating on Leaf 1-2

VIGS vector used Average % Disease Percent (%) reduction to GFP
Mock 81.25
GFP 65
DND1-A 54.69 8
DND1-B 43.75 26
DND1-C 43.13 27
DND1-D 43.13 27
ANOVA Single Factor:
Groups Repetitions Sum Average Variance
Mock 6 487.5 81.25 171.875
GFP 5 325 65 109.375
DND1-A 8 437.5 54.6875 398.9955
DND1-B 4 175 43.75 260.4167
DND1-C 8 345 43.125 347.7679
DND1-D 4 172.5 43.125 630.7292
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 17396.75 6 2899.458  10.49402 1.19E-06 1.949626
Within Groups 9670.371 35 276.2963
[0103] Potted tomato plants that were Agro inoculated with mock (Infiltration buffer only) treatment or a ToGMYV vector

a recombinant ToGMV vector containing a sequence that
provides for suppression of the endogenous DND1 gene
showed decrease in Tomato Powdery Mildew (TPM) lesions
on their leaves after TPM challenge. See Table 5. No decrease
in TPM lesions was observed in control plants subjected to

containing a GFP sequence. Of the 4 fragments of DND1
gene tested, three (SEQ ID NO 65, 66, 67 corresponding to
fragments DND1-B, DND1-C and DND1-D) gave compa-
rable results, providing a 27% reduction of TPM lesions
compared to the GFP control (FIG. 5).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 68
<210> SEQ ID NO 1

<211> LENGTH: 2001

<212> TYPE: DNA

<213> ORGANISM: Cucumis sativus

<400> SEQUENCE: 1

attcacaatc caaatatata gtttaattga tcattgattt acggtgtttc tttagattga 60
aagaaaaagg ttttttacaa attctatttt atttcaactc tttgtcctaa aaggtttcta 120
aaataaactt ttaaagtgtt gtaaaaaagt tattattaaa cctttcaaat tttcttctac 180
agaatttctc ttgtattaat taatgtgggg cattcttttt tgtactactc atccatttcet 240
tgttcgtgta gtataaaata taattgtcct tgcacttggce ttgtgtctca ctcaaagttt 300
actgtttatc tcgtcaagta gataaaacgt ttagtggtca gaacgcaaag ctagaaaaac 360
aacaaatagt taataaatgg ttgaatcgcg gatcacactce tctttaagte gttttgegge 420
tctgettett tgtgcaaata aagttattge atcgtcatce ccaagataaa aaaacctttg 480
tttttcaatt gattttgcat ataaatcaat cggaatctca gcactcagat aaacgctcaa 540
aattgcttga taaactcaaa gaagaagttt gaaagaaatt ttttctagct tatgaaaatt 600
tgtcgegtat atataatgaa agaatgaaaa aagtgtatat atagtgtgag agaattatca 660
atagacggtt ggaaattaat ttttggaaaa ttaattttgt aacaatttta tttatggaga 720
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gattaggttyg acttattaaa tacaaaacga taataaaacg tttgactctt ttaaatatgt 780
aataaagatc atgacatcaa tatatctcat catgctcgac catctctect agaatgtcaa 840
tatatacgat gagacgatgt tctaaccttt cgegtagete atgttatcge atagtcatga 900
tcaatattac atagttgaaa acttgctaaa acatgaaaga ctatcaagtt ttcattcgca 960
tcgaatttga aacatagctt agtcttctcg catcccataa agaattggcg tttaaaacat 1020
agttatatca cactgtttgg tcttattagg taaagaattt tccattcaac aattctccac 1080
ttaaattttt tttactatag gcaatttact cactttttat cttttattat tattattagt 1140
tccattatga aaatcaaatc attgacctta tttttagtat agattctaat taagtgttgt 1200
tttagtatag gtcattcatt gaacttcctt ttagtatcac aattgaggaa agggcatttc 1260
aacaatagag tgggtggtta ctaatacact tagatgctaa atggtcagtg attttaataa 1320
taaattaagt agggttggta ggggtgtgat ttaaagaatt tttctttaat tccatgctct 1380
ttcttggaag tttggagatt ttagagattt caataaagtt ggttgttgtg atgacagtaa 1440
agagtgattt taaaagctaa gatgaattca tttggaatca tatttttagt taaaaacttt 1500
gatagccata atgttggagt tggtttaggg cgctaataaa gggtaataaa gaaggacaat 1560
ttctececccac gttcagattt agagaaaaga aaagaagaat aaaatcagaa ttgaattaga 1620
ggaaaggtta aaagtgttat taacaaaaag gaaacgtatt gattggaatg ttagtagttg 1680
tagccaaata tattaagaaa actgaaccga cttgcacccg ttctataaat caaacaaaag 1740
atggggaagg tgtttttgga ggttgtgaaa tagagaagga taaatttgta aattaagaac 1800
taatattgtc gttattgatg aaatctctgt tggggttggg gttcceccttt tgcatttata 1860
ttattcctca atcctccacce tectcttaata attceccttttt tgtcacttet atctttaaca 1920
ctccaaaact cacattctca catccaacaa aacaacaata taacacctca ctaccctect 1980
ccataactct cccttcatcece a 2001
<210> SEQ ID NO 2
<211> LENGTH: 2000
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 2
catgaaatat atatatatat atcttctttt tgaaattttc tcttaataca tattcatctt 60
tgcagctata gttatttttg tactataatc acattggggt taccttatgc gtgctataaa 120
ttaaaactta tgacctcatg cataatatct aaattttgat cttaacaaat ttttcactta 180
caactattaa ctattatata attctctata aaattaaaaa gagaaaaaga gcaaaacaag 240
aaagaaataa ttaaggaacg ataaagcaag ccaatccgga aaaaaacttyg aaaggcaacg 300
catttctacg gcatgagatt ttcgtatcat tagtattatt taaactttga tatttattct 360
tgcttcatgg ttactctaaa gtctaaatce tttetttgtt tatgtgataa gcacttttgg 420
aaacctagag agtacaactg aatggctaga agtagttttce aacatcattg tgctgaccag 480
tggcettett cttgtcacta tgttgattgg aaacatcaag gtaaacacaa ttacccaggce 540
tatataaata agtgcgaatc caaaccaata attaatcaag cacattcatt ttagttcatt 600
cattaatttg gttgcgtaaa tatatttgtt atgaaattgt tttggcatat tatgggcacg 660
taccatatgt gtatgtatat acacggggca ggtatttttg cacgcaacaa cgtcaaagaa 720
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gcaagcaatyg caattgaaga tgaggaatat tgaatggtgg atgagaaaac gacgcttgec 780
gctagggttt aggcagcgeg tgcgtaacta tgagaggcag cgttgggetg ccatgegtgg 840
ggttgatgaa ttcgagatga ctaaaaatct ccctgaggga ttaagaagag acatcaagta 900
ccatctttgt ctagacttgg tgagacaggt aaggaaattt cctagaatac taaaaggatt 960
tttagtttcce attttaaaca ataaaaagaa attgagtaaa atatttggag gaaaaatcgt 1020
ctcagttttt cttgtttcta ggtattcctt tcactatttc tagctatcca catggaaaat 1080
aatattgttt attttccaaa aggaaaaaga aaatattttt cttttcttat cacacatatc 1140
tttttcggag attcatgtag ttaagaacgt atatatatag tctgactaat aaacatctaa 1200
tttagttcat gctcaaccta atttaatcac taaaaaatga agttactaaa tagtttctca 1260
agaatgcatc taatgtacca aactgctgaa tcagtatata tttgttgaac aatgagagga 1320
aaatggtttt gttttcacat cttagtaaca taataggttt tccattaaaa aaattaaact 1380
ggatcaaacc atactgcgct aaaagaactt gaatatatat aagtattacc tacatgttta 1440
gtttaattac accaaaaata atgaatagta cgctatgttt tgtttagctt cttgttagaa 1500
aaccaattac gtacgttttt ttttcttttt tctttataga gtaatggctt tatattttgt 1560
tcaggtgcct ctatttcaac acatggacga tctggttcecta gagaacatct gtgaccgtgt 1620
gaagtctctg atattcacaa agggagaaac agtacgttcect aatttccact atatagtatc 1680
acatgttgca taatgcattg ggacaaagtt aaataacatt aaataagaaa tatactgata 1740
ctaacacact ctatcatgaa ctaaaattta tagagaatta taagatttga caagtcccac 1800
tctttattta ataagtttta ttcatgattt tactgtttct aataaacttt aactattaat 1860
aaagaatgca atagaagagt gttaaaaagt agtatattgc tagctagtac tcgattgaaa 1920
taaatagatt tttatatact attttcaaat tgaaatgatt cagctttatt aaacctaaca 1980
tgattaacaa tatgatgcag 2000
<210> SEQ ID NO 3
<211> LENGTH: 1999
<212> TYPE: DNA
<213> ORGANISM: Cucumis sativus
<400> SEQUENCE: 3
taaaatttga tcatctgatt cgctctecgac tggatgcecta cacacttgat ttggaggaag 60
cgaaacatgt gacgttcttg aagtttgttg aacgtctacyg cttgatttgyg agaagcgaag 120
cacataatgt tcttcaagtt ggttgaatgce ttacgcttga tttgaggaag tggaacatct 180
gatcttettyg aagttggaag aaagtttgta tcttcaaatg agtttcaatc ttcgagggtg 240
gtcgacttta ggagttggga agtcttgtag tttttgaaaa aattctctat agaccttatg 300
gagtaaaaaa aatttcaacc cttacaaatg aaagaatttc tctatttata gagttcttat 360
ttaattcgtg gattttaact taatctaatc gttaagatga aaacatgtga cattattaaa 420
atggtcaatt tatgtttttc aattctttaa tttggggcac atgtcaattt taattagtcc 480
taaattttaa tttatttgta cttttcatca acttaataaa tgatgtgaca atttatgatt 540
ggtctcaatt tcttattcaa cacatccgta ttgaatatct tttttctaat tctttataaa 600
tactcgtaga acattgctta tattatatgg taaaaaacaa tataaaacat tgaaagaaaa 660
tgtagttcga gcccggaage atatatactt cgtgtaagge aaagaattca aatcaaacac 720
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atatggtggt atgtattgat ttgatgtatt tgtttttatt ttgacgtatg tgacacatat 780
cttacctacg attcaatgta tatatttttt tctaaaacaa aaaagatgaa caactcatta 840
tttaatatat ttcacaactc gaaactaaac aatctattta aaatgttcgt tectecttttet 900
aaagctaaaa gggcaaaaat aaataaaaga tcaaattttyg gaataatttg attatcatct 960
tcacattttg aatcatcaca aagtctcgaa tagttttgtt ttcttattcg tettttgtga 1020
tattattgaa aaagaaaaag aaatagttac aaaaatatta tattattgtt cacgctgaat 1080
ataagttaac tatctctcct atcaatttcg agatttaaaa tctgatctat ccaatgacat 1140
gtcgtgtatg aataaaattt tatgataaga attgagtgaa caatcattct ctataatgac 1200
taaaagggac catataaaga aaaagacatt gttttaataa ttttgaaata gtaatcaatc 1260
aaacattata ttatacacac tgtgctcaaa tgggtaggtc ctcatcactt tgctatagaa 1320
gttttggtgg ggcataaaaa tgtcttattc tctattttaa ttttcaaaat gacaattcta 1380
acctcttagt aaataataat aactcaaatg attgattgct ttataacttt gaaagttgat 1440
ttcctataac atcaaaaata gttacatgta ccactagcta tttgggtctt tatcatgcat 1500
atatacctta aagtctatac ctaatatttt cattgtctaa acttttttta aaagtaaaat 1560
tacggaaaag ggtacgatgt ttttgtaata tatatatata tgtttagaaa attacatgat 1620
gtgtcatttt ccaaatttgt gatcatacaa aaacgtagtg aatttttttg aaataatatt 1680
gataacgtat aattaatact tgatgcaaaa ttccactata aaaagaactt ttccctttcet 1740
ctcaatgcac acatcaacca agattatttt caacgtatta ttcttttttt actttctcett 1800
tattagtttt taatctacca aaagaaagat gttctcaata ttaattaagt tgattatggt 1860
tgttatttgt aataatatct ccaacagaaa caacaaaggg gttgatgtgt gtatgttgag 1920
gttgacaaat tcaatttgta tacaaagaga atatggttaa aagggtgagt atggagattt 1980
ggtatgaagg tttcaattt 1999
<210> SEQ ID NO 4
<211> LENGTH: 2000
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 4
gggaaatgaa cacttaaaaa caactctaaa attatgaagt atttattata ctattatttt 60
cttaaactat ataaactaaa ctataaaact gcaagtattt tatggttgat tacttataca 120
acaaagccaa tataattgtt aagatataat aaaaaataaa cttttaatag agtgttttaa 180
cagtgtgttt ggtttatcgt tacacaatcc ttaatcctta gtgtatgttce attttaaagt 240
ttectetcat atacttcccg gttgaatggt ctaaaaatte atgttaccaa caaaccaaac 300
agatactaac aaatatgctg ggatgaagaa aatatgaaat gacgaatatt aattactaat 360
atccttctac tgtaaaataa taaactgaat acacatgtga ttgcagaaat gtttcgattt 420
gaatattatg tgtcgcttga gaaatagtat ttaatgtact ttgtctttat ttgttcaaca 480
gaaaaaagat gccagctggt attcgaagat aagtagaatg ttttcctgtt tcaaatcatt 540
gtactcttgg ctattatacg tttcaaaata caaggcttat aaattatttt tcgagaattt 600
ttaaaaatta gataccttct attttaaaga aagataacaa attttttgga tattttaaaa 660
taatttttat tattggggtg taatctcatg ctaccatcat taatatcaca atttcattat 720
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ttgcactttt aaacaggaaa aagttgtcac tgttatatge gacatttatc acatgtagtt 780
atttctattt ttttatatct tttccagaaa catgcatatt aaaaatacac ttttagttta 840
aaggaacaat atttctatgt ctcaaatttg taaatatcct tattataaag tgaattcaag 900
ttatttaatg ttgttagctt aatattaatt ttactttaaa gggtttaaag aaagatatta 960
acagagaaaa tattttacaa gaatgtcatt atcatttttc tttagataag tataatagat 1020
ggtataatag ttgataaaat tatacttatg taatttaatc tctccttata tatatttaac 1080
taaattatga tcatcttttt attaatatat attttttcat ttcaattaac agagttagca 1140
agaaaccaag atagaattta aaaattgtat tttaaaacaa aacaaaaatt acagagtgaa 1200
taaacatgta aagtttattc taaaatgagc catacaaatt ttcgaataaa atcaaagtat 1260
ataactactg attacaacgt ttaaactata acaacttaga gtctatttta aagttgagta 1320
aaattaattt taataaaaat aataaccatc aaattttgta ttgaaatgtg taaatggtat 1380
tagaaatata aagccagaag tatataattg tgtctccaat agtttttctt tatctacaaa 1440
ggtagatact gattattatc tagtaaggtt ttttacattg gtagaaaaat acttgtattg 1500
tgtatggaat agtttgttat actaatacaa gcacattaag ttttacaata gttttaatct 1560
ttagcttaat acatatatat taaattctca tagaggatga gtaatgacat ttggatgcaa 1620
agttgaagga taagaagaag aagaagaaaa aaaagaaaga aaagagtagt gtgaggagga 1680
ggaggcaaac aaaagaaggt ggtcccaagt tatacagaaa acggcaaaga gcaaacagca 1740
gggttgagta gagagtagca accccaccac ccttcececctca acgttgegta accgtaaget 1800
ccaatcccca cectetteca tttcacatge aaattcatcce ctctttatte tcatctcatt 1860
tccatgetet cttcettatat agtaccctte tteccacteca tgtgecttece tetgacacac 1920
tctaatccca ctectcecccaa tecctcecatg taactcacct tettceccccat gectaatggtt 1980
tctetecgat atctcecaacce 2000
<210> SEQ ID NO 5
<211> LENGTH: 2091
<212> TYPE: DNA
<213> ORGANISM: Lactuca sativa
<400> SEQUENCE: 5
atgttagacc agagaagcaa gctgatcaac catggtgacyg atctagacga cgaaagtcac 60
ccaatttcegt tcacaaccga atgttatgca tgcactcaag taggtgttece ggtgttccac 120
tccactaget gcaaccaagce tcagcaaccg gaatgggaag cttecgecegyg ctcatcecte 180
atcceccatcee gcaacagacce cggttccaag atcatcaaga accgatattce cgccggaaaa 240
cggagaccac tgtegtette agggttgteg ttcaggcgag tgtatgatcce aaggagcaaa 300
agtgtacaaa ggtggaatag gtttgtgttg cttgctegtyg gtatggegtt ggctgttgac 360
cetttgttet tctacteget gtcaatagge cgtgggggta cgecgtgtet ttacatggac 420
ggeggtettyg cggeggttgt ggcegtgetg cggacaatga ttgactgett ccatgtegte 480
cacatatggt tacagtttcg ggtggcttat gtgtcacgtg agtcgcttgt ggttggttgt 540
gggaagctygyg tgtgggacce gaagtctatce geattgeatt atgtgegatc acttaaaggce 600
ttectggtacg acatattcegt cgtactgccg gttectcagg ttgtgttcectt attggtactt 660
ccgaaactta tccaagaaga gcgaataaaa acgatcatga ccacccttet gctagtttte 720
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atgttccagt tcctececccaa agtctaccac tcecatctact taatgagacyg gatggcaaag 780
gtcaccgget acatcttcegg caccatttgg tggggttteg cecttaatct aatcacttat 840
tttattgecct ctcatgttge cggtggctgt tggtacgttt tggcaataca acgagtggtt 900
ttgtgtctta gacaacaatg tgaaaacaaa aactcatgeg atcttaccct ttcegtgegece 960

gaggagattt gctaccagtt ttcaggaacc tcaggaaatc catgcaatag aaacttcacc 1020
atgcatgctg ttagaatgcc attgtgttta gatacgaatg gaccatacca ttatggtatc 1080
tatcagtggg cgcttcctgt gatctctage aactcactaa ggataaaaat tcetttatcct 1140
atcttttggg gtttaatgag tctcagcact ttcgggaatg atcttgagcce cactagtcac 1200
tgggtcgaag tgatcttcag tatttgcatc gtgctgagtg gecttgatget attcacctta 1260
ttgattggta atattcaggt gtttctgcat gctgttatgg cgaggaagaa gaaaatgcaa 1320
ctgagatgcce gagatatgga gtggtggatg aaaaggagac aactgccatc gegtcttaga 1380
catagagttc gccattatga acgccaaaat tgggttttga tgggtggaga agatgagatg 1440
gaattgatta aagagttccce agaaggcctc agacgagata tcaaacggtt tttatgtatt 1500
gatctaatcc gaatggtacc attgttccat aacttggaag atcttattct tgataacatc 1560
tgtgatcgtg ttaagccget tgtgttttca aaagacgaaa agatcatcag ggaaggggat 1620
ctagtgcaac gaatggtgtt cattgttcaa gggcgtgtaa aaagctacca aaacctaagt 1680
aaaggagttg tagcgacaag catcctggac cctggaggct acttcggcga tgagettcetg 1740
tcatggtgcce ttcggagacc attgataaac aggctteegt catcttcgge tacatttacg 1800
tgtttagaag ctacacatgc atttgggttg gatgcgaacc atcttcagta tgttacagac 1860
cattttcecggt acaaatttgc aaacgagagg ctgaagcgta cagtgagata ttactcctceg 1920
aactggagga catgggcggc agtaaatatc cagcecttgggt ggaggaggta tacggcgagg 1980
atgaggccgg tgatggctat tgtaagtgca gagaataatg gcagtgaccg tatgcttagg 2040
cagtatgctg ccattttcat gtcaattagg ccacatgatc atttggattg a 2091
<210> SEQ ID NO 6

<211> LENGTH: 2127

<212> TYPE: DNA

<213> ORGANISM: Solanum lycopersicum

<400> SEQUENCE: 6

atgtcttcte accaagacgt ccgcttette ctetcaaagt ggtttggeat attccgacga 60
agatcagttc aacctgataa cagcgacgac aacgatgacyg acatcaatcc aatctcaaat 120
tccattgaat gttatgcatg tactcaagtt ggegtccctyg ttttecacte caccagttge 180
gatggagcta accaaccgga gtgggaagct tcagceggtt cttctctagt tcecaattcaa 240
aaccggacgg attcaaaaac cggaaaatcce cggtccagte gcagccggca cacatcgggg 300
cegtteggge gtgtattaga ccctcgaage aagegcegtge agagatggaa ccgaatgatt 360
ttattggcac gtggcatggc tttagccgtt gatcctctat tecttttacge cttatccatce 420
ggeecgeggty gatcgecegtyg tttgtacatg gacggcagec tggceggetat cgtcaccgtg 480
attcggacta gcgtecgacge cgtgcaccte ttecatttgt ggttgcagtt tcegtttgget 540

tacgtgtcega gagaatcget ggtggttggt tgtgggaaac tegtgtggga tgegegtgeg 600

attgcttecte actatgttag gtcccttaaa ggattttggt tcgatgcecttt tgtcatcctt 660
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ccegttecac aggetgtatt ctggetggtg gttccaaaac taataagaga agagcagata 720
aagcttataa tgacgatcct tttattaatg ttecttgttcecce agttceccttece caaagtttat 780
cactgtataa gcttaatgag aaggatgcaa aaggttacag gatatatttt tggtaccate 840
tggtggggat ttggacttaa tctcattgct tattttattg cttctcatgt tgctggggga 900
tgctggtatyg ttcttgcaat acaaagagtg gettcatgte taaggcagca gtgtgagcge 960

aacccttegt gtaatctate tttgtcettge tcagaggagg tgtgttatca gtttetgttg 1020
ccaacaggaa ctgtgggaaa tccatgtget gggaactcaa caacagtgac caggaagcca 1080
atgtgtttgg atgtcaatgg accatttcca tatgggatat accaatgggc acttcctgtt 1140
gtttctagca gatccgtcac tgttaagatt ctttacccca tettttgggg attgatgacce 1200
cttagcacat ttggcaatga cttagaacca acaagtcact ggctggaagt tattttcagt 1260
atatgccttg tgcttagtgg attgatgctce ttcactttge tgattggtaa cattcaggtg 1320
tttttacacg cggtcatggc aaagaagcga aaaatgcaat taagatgtag ggatatggaa 1380
tggtggatga ggaggagaca attaccatca caattaagac aaagagttcg ccactttgaa 1440
caccagagat gggctatgat gggtggcgaa gatgagatgg aacttgtaaa agacctgcca 1500
gaaggactac gaagggacat caaacgcttt ctttgccttg atcttattaa gaaggttect 1560
ctgttcgaaa gtttggatga tctgattcta gataacattt gtgatcgcgt taagccactt 1620
gtgttctecta aagatgagaa gatcataaga gaaggagatc cagtgcacag ggttgtgttce 1680
attgttcegtg gacgtgtaaa aagtagccaa aacctcagta aaggagtgat tgccacaagc 1740
atacttgagc ctggaggctt ctttggagat gaacttcttt cctggtgctt acgccgtecce 1800
tttattgaca gacttccagce ttcttceecgca accttcactt gecattgaatce tacagaagca 1860
tttggcttag atgcaaacca ccttcgattt atcacggatc acttcagata caaatttgca 1920
aacgagaggc tgaagagaac agcaaggtat tattcatcca attggagaac ctgggctgcet 1980
gtgaatatac agttagcttg gcgacgttac atgatgagga ctagccgtcc cactatacat 2040
gtgatcgaaa atggggataa tgatcatcgt cttcgcaagt atgctgcaat gttcecttgtca 2100
atcagaccac atgatcatct tgaatag 2127
<210> SEQ ID NO 7

<211> LENGTH: 2061

<212> TYPE: DNA

<213> ORGANISM: Cucumis sativus

<400> SEQUENCE: 7

atggttcggt ggagcgagcet ttgtctgagg ccatcaccege ctectctcaa tgtegecgee 60
gacgcaacce cagtcttgga atgctacgcece tgtacccaag tgggcegttec agecttccac 120
tccaccaget gcgaccacgce ccaccaacaa cccgaatggg aagectccege gggetcttee 180
ctggttccaa tccaacccac aaaatcctca ccagegceccee gacattctte ggegggttge 240
ttegggacgg ttcetggacce aagaaagaaa ccggttcaga gatggaaccyg ggttcetgtta 300
ttggceceggg gaatgtctet tgcggttgat ccgetttact tcectatgcectet gtcectattgga 360

agaggaggat ggccttgect gtacatggat ggtgggttgg ctgecggagt tacggtggtt 420
cgaacgtgte ttgatatagt geacttgtgg cacgtgtgge ttcagttcag gettgettac 480

gtgtcgaaag agagtatggt gattgggtgt gggaaactgg tgtgggatge acgtgatatt 540
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gcttetcact atgttecgtte tttcaaagge ttttggtttg atgecctttgt tatcctceect 600
gttectcaga ttgtttattg gttggtttta ccaaaactga tcagagaaga aagaatcaaa 660
cttataatga cagtaatctt attaatgttc ttgttccaat tcctcccaaa agtttaccac 720
tccattattt taatgagaag aatgcagaag gttactggat acatctttgg caccatttgg 780
tggggttttg gecctcaatcet cattgectat tttattgect ctcatgttge tgggggttgt 840
tggtatgtte ttgcaataca gcgagttget tcettgtatece aacaacattyg tgagagaaac 900
aagtgcaact tatctttgtc ttgctctgag gaggtgtgtt atcagtttct atcatcagat 960

acaacgattg gaagttcgtg tggtcggaat tcgactgcta cgtttaggaa gccactatgt 1020
ttggatgtta atggtccgtt cgcctatgge atctacaagt gggctcttece tgtcatttcet 1080
agcaattcag ttgctgtcaa aatcctttat cctatctttt ggggattaat gactctcagc 1140
acctttggaa atgatcttga gcctacgagt aattggcetgg aagtgtgctt cagtatttgt 1200
acggtgctta gtggattgtt gcecttttcact cttttgattg gtaatattca ggtacttttg 1260
cacgctgtca tggcaaggag gcgaaaaatg cagctgagat gtcgagattt ggagtggtgg 1320
atgaggagac gacaattgcc atctcgtttg aaacatcgag ttcgacacta tgagcaccag 1380
agatgggcag ctatgggagg agaagatgag atggaactaa tcaatgattt gccagaaggt 1440
cttagaagag atatcaaacg tcatctttgt gttgacctaa tcagaaaggt gcctctettt 1500
caaaacctgg aggagctgat tctagacaac atatgtgaca aagtcaagcc acttgtattce 1560
tccaaagatg aaaagataat cagagaagga gatcctgttc caaggatgtt attcatagtg 1620
tgtggacgag taaaacgtag ccaaagcctg agcaagggca tgacagcgac aagttttatt 1680
gaaccgggag gatttcttgg tgacgaactg ctatcgtggt gtcttegtcecg cccatttetg 1740
gagagacttc cagcttcatce cgctacattt gtttgcattg aaccaacaga agcatttgece 1800
ctgaaagcag accatctgaa gtacataacc gatcacttcc gctacaaatt cgcgaatgag 1860
agactgaaga gaacagcaag attttactct tccaactgga gaacatgggc tgctgttaac 1920
atacaacttg cttggcgtcg atacagaaaa cggatgaggc gtccagtgat agctgtggtg 1980
gaaaatggaa gcactgaacg tcggcttttg cagtatgctg caatgttcat gtcattcaga 2040
ccacatgatc atcttgaata g 2061
<210> SEQ ID NO 8

<211> LENGTH: 1424

<212> TYPE: DNA

<213> ORGANISM: Hordeum vulgare

<400> SEQUENCE: 8

tacgttcttyg cgattcageg tgtcgectee tgectacaat cegaatgega gataaacaac 60
aattgcaatt tgatgtcact ggcttgctee aaggagatgt getttcactt cccttggtca 120
tcagatatga ctgcattgge atgcgatacg aacttaactt ctttcagcca acaaaatgtg 180
ceggectgte taagtggcaa tggegecttt gettacggaa tcetacaaggg ageccttect 240
gttatctcga gcaattcact tgctgtcaaa attctctate ccatattetg gggectecatg 300
accctcagca catttggaaa tgatcttgag ccgacgagea actggettga ggtgatctte 360
agcatcatta atgtactcag cgggctgatg ctettcacge tgctgategg caacatacag 420

gtattcttge acgcegtget ggcgaggaag cggaagatge agetgeggtt cegggacatg 480
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gagtggtgga tgaggcggeg gcagctgeceg tegeggetge ggcagegggt ccggaagtac 540
gagcgggage ggtgggegge catcaccgge gacgaggaga tggagatgat caaggacctce 600
ccegagggece tceggeggga catcaagegg tacctetgec tggagetggt gaagcaggtg 660
ccectgttee acggcatgga cgagetgate ctggacaaca tetgegacceg getgeggeceg 720
ctggtgttet geggeggega gaaggtgate cgggagggeg acceggtgca gegcatggtg 780
ttegtectge aggggaaget geggageacyg cagecgetga ccaagggegt ggtggeggag 840
tgcgtgetgyg gegeggggag cttectegge gacgagetge tgtegtggtyg cctgeggegg 900
cegttegteg accggetgee ggegtegteg gecacgtteg agtgegtega ggeggegeag 960
gccttetgee tcegacgegcee ggacctgege tacatcacgg agcacttceccg gtacaagtte 1020
gccaacgaca agctcaageg caccgegege tactactegt ccaactggeg gacgtgggec 1080
gecgtcaacyg tgcagetcege gtggaggagyg tacagggcca ggatgatgge gacggeggtyg 1140
ctgcecgeage cgccggecgg cgeggegggg cccgaggacg gggacegecg getgeggeat 1200
tatgcggecca tgttcatgte gectcaggccg cacgaccacce tcgagtaggce tcegggaccgt 1260
tcgggtgget aggggatcgg aggggacgtg ggcatgtaga gggaccttge tttggtataa 1320
cgtgtatctg tcacgttgta gctgacaagg ctcgccattt attaaggatg atcagtacaa 1380
taatggaggt ggaggtggta tttctaaaaa aaaaaaaaaa aaaa 1424
<210> SEQ ID NO 9

<211> LENGTH: 1743

<212> TYPE: DNA

<213> ORGANISM: Lactuca sativa

<400> SEQUENCE: 9

atggcttgta ggaatgaaca ttcagatgcet tacacagaaa ccactgacga agaagaagaa 60
gtagcagaaa aagagtacga ggagaacata tatagcgtgt gtagtccaag tgggagagca 120
agaattgacc cgagatctcc atgggtccaa gaatggaacce gggttttect gttggtgtgt 180
gecgatgggte tgttegtgga cccgetette ttcetacacte tgtcegattag cgagtcegtge 240
atgtgtttgt tcgtecgacgg gtggttegee gtcactgtga cggtgctecyg gtgcatgacyg 300
gacgcgttge acctgtggaa tatatggttg cggttcaaga tgaaaaggtc atctccactt 360
gacgaacgcce ggttcagcac cgatgaatcg attgtacgga acgtgctgac gaggttgatg 420
acggaggcca gaaaccgcett ctcacttgat atcttegteg tcettaccaat ctctcagget 480
gtgggtgett gttggtactt gctaggagcce cagaggactt ccagatgett gaaggagaaa 540
tgcatggaaa caaatggatg catgccaaga gtattgacgt gtgaaaactt catgtattat 600
ggaacaaaca aactagtgat aagagacacg tggagactct tatggggtga gagtagaagce 660
acaaggacta cttgtctaca aggtagcgac agtttcagtt ttggtgcata taaatggaca 720
gttcaactcyg ttaccaatga gagcagattg gagaagatac tcttccccat attttggggt 780
ttgatgacac taagtacatt tggtaacttg gagagcacaa cagattggtt ggaagtggtt 840
ttcattatca ttgttctcac gacgggcctce cttttagtca ccatgttgat tggaaacatt 900
aaggtgtttt tgcatgcaac gacatcaaag aaactagcaa tgcagttgaa aatgagagac 960

atagagtggt ggatgaggag gagacgcctc cctcaagaat ttagacaaag agtcagaaat 1020

tacgagagaa aaagttgggc agccatgcgt ggagttgatg agtgtgagat gattcgcaac 1080
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ctgcctgagg gectgcgaag agatataaag taccatctat gettggattt ggttcgacag 1140
gtacctttat ttcaacatat ggacaacctg gtccttgaga acatatgtga ccgtgttaag 1200
ccecttattt acactaatgg agaaataatt actcgagagg gagatgcagt gcaaaggatg 1260
ttatttatag tacgagggca tcttcaaagt agccaatatt tacgagatgg tgtcaaaagt 1320
agttgtatgt taggcccagg aaacttcagt ggggacgagc tcttatcgtg gtgtctaaag 1380
agacctttca ttgaaagact accttcatca tcatcaacac tagtcactct cgagaccaca 1440
gaagcttttyg gectagatge cgaagatgta aagtatgtta cacaacattt tagatatact 1500
tttgtgaacg aaaaagtgaa gatgagtgca agatattatt caccaggatg gaggacttgg 1560
gccgcagttyg cgattcaatt ggcttggagg aggtacaagce atagacttac acttaactcg 1620
ttgtcgttta ttagaccaag gagacctttg tctaggtgtt cttcacttgg ggaagatagg 1680
ctaagacttt atacggctct attgacttcg ccaaagccta atcaagatga ttttgaattt 1740
tga 1743
<210> SEQ ID NO 10

<211> LENGTH: 2441

<212> TYPE: DNA

<213> ORGANISM: Solanum lycopersicum

<400> SEQUENCE: 10

agtgcatata ttctcttcat ttttttttat cteccatatcc caaatccata aaagaaaaaa 60
actagcacaa aaaaaaaaaa ttaatggcta gtcatcatga acttgaacta tcaaataatt 120
atagtgatcg aagtgacgat gacatggacg aggacgagga tgagcaagat aacatagaag 180
aggaggaaaa agaagatgat aattcaaatg actacaacat ttgtagtagt cgtagtcgag 240
gaggaggatt gacagacttc ttttcgtgga aagtcataga ccctagageg ccttgggtte 300
aagaatggaa tcgagtattt ttattagtat gtgccacggg gctatttgtg gatcctctet 360
ttttctactce tctcectctate agcgagactt gcatgtgect ttttatcgat ggttggtttg 420
cggtaacggt caccgttett cgatgcatga ccgatgcgat gcatttatgyg aacatgtgga 480
tacgattcaa gatgcataaa ttacgtcctt acaatgaaaa aatggatgaa aatcaaatta 540
ctagtagtag tcgaggtcca cgactacatc aagaccagag ttttcgatgt tttgtggect 600
tacgatactt gaaatccaag aagggtttct ttttggatct ctttgtcatc cttectttac 660
ctcagatagt gatgtgggta gggattccag gtttactgga gaaaggatat acaacaacag 720
taatgacagt attattaata atgtttctgt ttcaatatct gcccaaaatt tatcactcag 780
tttgectget aagacgcatg cagaatctct ctggatacat ttttggtact gtttggtggg 840
gaattgctcect taacttgatt gcttattttg ttgcctccca tgcagtggga gcatgttggt 900
acttgctagg aatccaaagg gcagcaaaat gtttgaaaca acagtgtaga gttacaaatg 960

gttgtagcct aagaatgttg gcatgtgaag agaaaatatt ttatggaaca agtagtttgg 1020

tgaagcatag aagtagagtc atatggggtg agtccaaaat tgcaagatca acatgtctag 1080

cctctgaaca caattttgat tatggagttt ataaatggac tgttcaactt gtcacaaatg 1140

agaatcgttt tgagaaaata ttatttccca tcttcectgggg tcectcatgact ctcagtacat 1200

ttggaaactt ggagagcaca acagattggc tggaagatgt attcataatc attgttctca 1260

ctactggtct tcttecttgte actatgttga ttggtaatat caaggtattc ttgcatgcaa 1320
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caacatcaaa gaaacaagca atgcaactaa aaatgagaaa tgtagaatgg tggatgagga 1380
gaagaaggtt gcctcaagga tacaagcaaa gggtcagaaa ttatgaaagg catagatttg 1440
cagcaacaag aggagttgat gaatatgaga tgataagcaa ccttcecctgag ggacttagaa 1500
gagacatcaa atatcatctt tgtttggact tggttagaca ggttcctttg tttcaacata 1560
tggataattt ggtcctggag aacatatgtg accgcgtaaa atccttgatt ttcactaaag 1620
gagaaacaat aacaagagaa ggtgatccag ttcaaagaat gttgttcata gtgagaggtc 1680
atctccaaag cagtcaagaa cttagagatg gtgtcaaaag ttgttgcatg ttgggccctg 1740
gaaacttcag cggcgacgaa cttcectctcat ggtgcctceceg gaaacccttce gtggagegte 1800
taccgectte ctectcateg ctagtgacte tcgagaccac agaagcegttt ggcctcgaag 1860
cagatgatgt caagtatgtc actcaacatt tccgctacac atttgtgaat gagaaagtga 1920
agagaagcgce cagatattat tcectccaggat ggcgaacttg ggctgccgtt gcectattcagt 1980
tggcctggag gagatataga caccggctga ctcectcacgtce gttgtectte attcgaccaa 2040
gacgaccgtt gtctcgatct tcttcattaa cagaagacag actcaggcta tatacagett 2100
tgctcacttc accaaagcct aatcaggacg attttgattt ttaaaaagag caacaaacaa 2160
atggaatgtt accttctttc tgttatgaga taggagcaca tcccecctcece tcectatatgte 2220
cttcaattat ccattcatgt gatatgtagt agtctcttecg tttcaattta tgtgaattcg 2280
tggacaccga gtttaagaaa gaaaagaaga ttttgatcta cagagtctgt agattttgag 2340
gtcatgtaga acatctcaga tcaagtgtgt ctgattttat cctccatgtg tgctacttgt 2400
atcttttecct gaatataatt atttctaatc taaaaaaaaa a 2441
<210> SEQ ID NO 11

<211> LENGTH: 1980

<212> TYPE: DNA

<213> ORGANISM: Cucumis sativus

<400> SEQUENCE: 11

atggccacca cctcectaac atccgatgac gaagagetag accaccaaga atcagaagaa 60
gaagaacact ccaacgctge gttttgtcag agcttatacg gagttgette agttetegac 120
ccaacatcca aatgggtteg agaatggaat tgggtcttec tectegtetg tgcageggge 180
ctgttegteg accctttgtt tetctacacg ctatccataa gegagtegtyg gatgtgegtt 240
tttattgacg ggtggttgge catcaccgtyg accgtectece getgecatggg cgatgetttg 300
cacctttgga atatgtgget tcagctcaag actgetacaa agtcatcett tgetggtage 360

ggggagggty atgggagggg tgaaaataga cggctttgeg atagtagecce acgegeegte 420

gcteteceggt atttgaagtc caagaaaggce ttcettttttg atctetttgt cattcettect 480
tttectcagg ttgtattatg gatagtaatt cctagaataa tgaaagaagyg attagtgaca 540
tcggtgatga cagtcttatt gatagttttt ttgtttcaat atttaccaaa attgtaccat 600
tctgtttget tactacgacg tcetccaaaac ctttectggtt acatctttgg cactgtttgg 660
tggggcattyg ctctcaatct cattgcttac tttgttgetyg cccatgetge aggtgcatgt 720
tggtatctat taggggtaca aagagcagca aaatgtctaa aagagcaatyg tagatcagca 780
acaaccaaca gctgtgggcet gaggttgtta tcatgcaaag acccaatctt ctatggacca 840

aacaatatga gaatgggaag agatggagga aggtttgatt gggcaaacaa taggctatca 900
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aaattcatgt gtttagatac tgctgataac tttgattatg gagcttataa atggactgtt 960
caacttgttg tcaatcaaag tcggttggag aaaatccttt tccccatctt ttggggectce 1020
atgactctta gtacctttgg gaatttggaa agcacaactg aatggctgga agtagtgttc 1080
aatatcattg ttctcaccag tggactctta ttggtcacca tgttgattgg aaatatcaag 1140
gtgtttctac atgcaacaac gtcaaaaaaa caaggaatgc agctgaagat gaggaaccta 1200
gagtggtgga tgaggaagcg aaggctgcca caagggtttc ggcagcgtgt tcggaactat 1260
gaacgccaac ggtgggcgge gatgeggggt gtggacgagt gegagatgat aaaaaaccta 1320
ccggaagggce ttagacgaga cataaagtat cacctttget tggatctagt caggcaggtg 1380
ccattgtttc aacatatgga tgatcttgtt cttgagaaca tttgtgatcg tgtcaagtcc 1440
ctcatcttca ctaagggcga aaccataaca agagaaggag atccagtaca aagaatgcta 1500
ttecgtagtge gagggcatct ccaaagcagce caagtcctac gcgacggcgt aaaaagctgce 1560
tgcatgttgg gcccecggcaa cttcagegge gacgagcette tatcctggtg cctecgecgce 1620
cctttcatag agcgecttece accctectcee tttacteteg tgacactgga gaccactgaa 1680
gccttcaget tggaggccga ggatgtcaag tatgtaaccc agcacttccg ctacaccttt 1740
gtcaatgaca aggtcaagcg cagtgcccgce tactactcec caggctggceg cacttggget 1800
gctgttgeca tceccagctage ctggcgecga tatcgeccate gtcectcacact cacgtcecttg 1860
tcetttatte ggcceccgeeg cccactcectca cggtgctett cecttggggga ggatcegecte 1920
cgcctetata cggegttget tacttcectcca aagcccaacce acgaccactt tgatttttga 1980
<210> SEQ ID NO 12

<211> LENGTH: 1980

<212> TYPE: DNA

<213> ORGANISM: Hordeum vulgare

<400> SEQUENCE: 12

atggccacca cctcectaac atccgatgac gaagagetag accaccaaga atcagaagaa 60
gaagaacact ccaacgctge gttttgtcag agcttatacg gagttgette agttetegac 120
ccaacatcca aatgggtteg agaatggaat tgggtcttec tectegtetg tgcageggge 180
ctgttegteg accctttgtt tetctacacg ctatccataa gegagtegtyg gatgtgegtt 240
tttattgacg ggtggttgge catcaccgtyg accgtectece getgecatggg cgatgetttg 300
cacctttgga atatgtgget tcagctcaag actgetacaa agtcatcett tgetggtage 360

ggggagggty atgggagggg tgaaaataga cggctttgeg atagtagecce acgegeegte 420

gcteteceggt atttgaagtc caagaaaggce ttcettttttg atctetttgt cattcettect 480
tttectcagg ttgtattatg gatagtaatt cctagaataa tgaaagaagyg attagtgaca 540
tcggtgatga cagtcttatt gatagttttt ttgtttcaat atttaccaaa attgtaccat 600
tctgtttget tactacgacg tcetccaaaac ctttectggtt acatctttgg cactgtttgg 660
tggggcattyg ctctcaatct cattgcttac tttgttgetyg cccatgetge aggtgcatgt 720
tggtatctat taggggtaca aagagcagca aaatgtctaa aagagcaatyg tagatcagca 780
acaaccaaca gctgtgggcet gaggttgtta tcatgcaaag acccaatctt ctatggacca 840
aacaatatga gaatgggaag agatggagga aggtttgatt gggcaaacaa taggctatca 900

aaattcatgt gtttagatac tgctgataac tttgattatg gagcttataa atggactgtt 960
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caacttgttg tcaatcaaag tcggttggag aaaatccttt tccccatctt ttggggectce 1020
atgactctta gtacctttgg gaatttggaa agcacaactg aatggctgga agtagtgttc 1080
aatatcattg ttctcaccag tggactctta ttggtcacca tgttgattgg aaatatcaag 1140
gtgtttctac atgcaacaac gtcaaaaaaa caaggaatgc agctgaagat gaggaaccta 1200
gagtggtgga tgaggaagcg aaggctgcca caagggtttc ggcagcgtgt tcggaactat 1260
gaacgccaac ggtgggcgge gatgeggggt gtggacgagt gegagatgat aaaaaaccta 1320
ccggaagggce ttagacgaga cataaagtat cacctttget tggatctagt caggcaggtg 1380
ccattgtttc aacatatgga tgatcttgtt cttgagaaca tttgtgatcg tgtcaagtcc 1440
ctcatcttca ctaagggcga aaccataaca agagaaggag atccagtaca aagaatgcta 1500
ttecgtagtge gagggcatct ccaaagcagce caagtcctac gcgacggcgt aaaaagctgce 1560
tgcatgttgg gcccecggcaa cttcagegge gacgagcette tatcctggtg cctecgecgce 1620
cctttcatag agcgecttece accctectcee tttacteteg tgacactgga gaccactgaa 1680
gccttcaget tggaggccga ggatgtcaag tatgtaaccc agcacttccg ctacaccttt 1740
gtcaatgaca aggtcaagcg cagtgcccgce tactactcec caggctggceg cacttggget 1800
gctgttgeca tceccagctage ctggcgecga tatcgeccate gtcectcacact cacgtcecttg 1860
tcetttatte ggcceccgeeg cccactcectca cggtgctett cecttggggga ggatcegecte 1920
cgcctetata cggegttget tacttcectcca aagcccaacce acgaccactt tgatttttga 1980
<210> SEQ ID NO 13

<211> LENGTH: 2389

<212> TYPE: DNA

<213> ORGANISM: Gossypium hirsutum

<400> SEQUENCE: 13

cctecttect teocttttect tecattegece caattectgyg ctegeccatyg gttecactet 60
ttctecaccat gecttetcag tccaacttet cectatcaag gtggtttgga ctttttcaac 120
ttccaaacte aatgccagag agatctgata atggtagtgt tagcggcgaa ggcaatgaag 180
aaaacccaat ttcctacacc gtagaatgtt acgettgtac tcaagtcggt gttcecagttt 240
ttcactccac cagctgtgac caagctcacce caccggaatyg ggaagcctee getggttett 300
cectegttece aattcaagcet cgtacggect ccaaacagaa gaagactcaa cagcectgecg 360
cgectaatac tceggegacct tcectggteegt teggtegggt gettgatcect aggaccaage 420
gagtgcaaaa ctggaaccgg gctttcecttat tggctegtge aatggettta gecattgatce 480
ctttgttttt ctatgcttta tctataggaa gaggtgggtc geccgtgtttg tacatggatg 540
ggggectege tgccatcgta accgtectcee gecacgtgtgt ggacgecgtg catttgttec 600
atctttgget tcagttcaga ctggcgtacg tgtcaaggga gtegetggte gtceggttgtyg 660
gtaaactcgt gtgggacgca cgtgecatceg cttcetcatta cgttegttece ctcaaaggtt 720
tctggtttga tgtctttgtyg attctgeccgg ttectcagge agtattttgg ttagttgtac 780
caaaattaat aagggaagag cagatcaaga ttattatgac aatactgtta ttaatcttct 840
tgttccaatt cttgccaaag gtttaccaca tcatttgett aatgagaagyg ctgcaaaagg 900
tcaccggtta catctttggce accatttggt ggggttttgg ccttaatcte attgectact 960

tcatagecctce tcacgttgcet ggagggtgct ggtatgtect tgcaatacaa cgggtagect 1020
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catgtctgeg gcaacaatgce gcgagaaaca agcagtgcaa gcetttcattg tegtgctegg 1080
aggaagtgtg ctaccaattc ttatttccag ctgaggcagt aggaaatact tgtggtggta 1140
actcaaccaa cgttattgga aaacctttat gtttagaggt tcatggacca ttcaattatg 1200
ggatatatca gtgggctcte cctgttgttt ctagcaattc tgttgctgtt aggatccttt 1260
atcccatcta ttggggctta atgtctcectca gcacctttgg gaatgatctt gaaccaacaa 1320
gtcactggtt agaagtgatg ttcagtattt gcattgtgct tgctggattg atgctcttta 1380
ctttattgat tggaaacatt caggtattct tgcatgctgt catggcgaag aagaggaaaa 1440
tgcagctgag atgtcgagac atggaatggt ggatgaaacg ccggcaacta ccatcttgtt 1500
tgagacaacg agtccgcecat tacgaacgcec aaaaatggge gaccttggge ggagaagacg 1560
aaatggaact gatcaaagac ttacccgaag gcctccggag agacattaaa cgcttecttt 1620
gccttgaccet catcaagaag gttecctttat tccataactt gaatgatctt attctggata 1680
acatctgtga tcgagttaag ccgctcegtat tctctaaaga tgaaaagata attagagaag 1740
gtgatccagt acaaagaatg gtgtttgtcg ttcgtggacg tataaaacgt atccaaagcce 1800
ttagcaaagg cgtggttgcc acaagtttaa tcgagtcagg aggcttccta ggtgacgaat 1860
tgttgtcatg gtgtcttege cgaccattta tcaaccgtcet tccagecteg tecgcaacat 1920
ttgtttgtgt agagccgatt gaagcattca gtctcgactc aaaccatctc aaatacatta 1980
cagatcactt caggtataaa tttgccaatg agagacttaa aagaacagca agatactatt 2040
catcgaattg gcgaacatgg gcagccgtga atatacaact tggctggcgg cgttacagaa 2100
cgaggactceg aggtccaatg atttctgetg cecgaaaacgyg caacagcage gaccgecggt 2160
tgctgcaata cgctgccatg tttatgtcaa taaggccaca agatcatcta gaataaagaa 2220
aagccaattg ccttectgcaa ttcatttggg tcattatgta atctgtactg tcatttaata 2280
aagtttttca ttcaccatgg aaaccatttt gaacatagtt gtttgctcat tcectgtactca 2340
tctgcttcaa gtacaagtca aaaaaaaaaa agaagaaaag gggggggaa 2389
<210> SEQ ID NO 14

<211> LENGTH: 2067

<212> TYPE: DNA

<213> ORGANISM: Gossypium hirsutum

<400> SEQUENCE: 14

atgccttett ccatgtggag cgagetttge ctgagaccet cacegectcee tttcaatgte 60
gecgecgacyg caacccectgt cgtggaatge tacgcatgta cccaagtegg cgtcccagec 120
ttccactcca ccagectgega ccacgeccac caacaacceg aatgggaage cteegeggge 180
tcttecctgg ttecaatcca acccacaaaa tcctcaccac cgceccegaca ttetteegeg 240
ggttgetteg ggacggttet ggacccaaga aagaaaccgg ttcagagatyg gaaccgggtt 300
ctgttactgg cccggggaat ggetettgeg gttgatecac tttactteta tgetetgteg 360

attggaagag gagggtggece ttgectgtac atggatggag ggttggeegg cggggtgacg 420

gtggttcgaa cgtgtecttga tatagtgcac ctgtggcacyg tgtggcettca gttcaggett 480
gecttacgtgt cgaaagagag tatggtgatt gggtgtggga aactggtgtg gaatgcacgt 540
gatattgctt ctcactatgt tcgttctttt aaaggctttt ggtttgatgc ctttgttatce 600

ctcectatte ctcagattgt ttattggttg gttttaccaa aactgatcag agaagagaga 660
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atcaaactta taatgacagt aatcttatta atgtttttgt tccaattcct cccaaaagtt 720
taccactcca ttattttaat gagaagaatg cagaaggtta ctggatacat ctttggcacce 780
atttggtggg gttttggcct caatctcatt gcctatttca ttgcctctceca tgttgctgga 840
ggttgttggt atgttcttge aatacagcga gttgcttcett gtatccaaca acattgtgag 900
agaaacaact gcaacttatc tttgtcttge tctgaggagyg tgtgttatceg gtttctctca 960

tcacctacaa caattggaag tttgtgtggt cggaattcaa ctgctacgtt taggaagcca 1020
ctatgtttgg atgttaaagg tccgttecgce tatggcatct acaagtgggce tcectcecctgte 1080
atttctagta attcagttgc tgtcaaaatc ctttatccta tecttttgggg attaatgact 1140
ctcagcacct ttggaaatga tcttgagcct acgagtaatt ggctggaagt gtgcttcagt 1200
atttgcacgg tgcttagtgg attgttgctt ttcacccttt tgattggtaa tattcaggta 1260
cttttgcatg ctgtcatggc aaggaggcga aaaatgcagc tgagatgtcg agatttggag 1320
tggtggatga ggagacggca attgccgtct cgtttgaaac atcgagttcg acactatgag 1380
caccagagat gggcagctat gggaggagaa gatgagatgg aactaatcaa tgatttgcct 1440
gaaggtctta gaagagatat caaacgtcat ctttgtgttg acctaatcag aaaggtgcct 1500
ctctttcaaa acctggagga gctgattcta gacaacatat gtgatcgagt caagccactt 1560
gtattctcca aagatgaaaa gattatcaga gaaggagatc ctgttccaag aatgttattce 1620
atagtgtgtg gacgagtaaa acgtagccaa agectgagea agggcatgac agcgacaagt 1680
tttattgaac cgggaggctt tcecttggtgat gaactgctat cgtggtgtct tegtcegeccca 1740
tttctggaga gacttccage ttcatcecgcet acatttgttt gecattgaacc aacagaagca 1800
tttgcectga aagcagacca tcectgaagtac ataaccgatc acttccgcta caaattcegeg 1860
aatgagagac tgaagagaac agcaagattt tactcttcca actggagaac atgggctgcet 1920
gttaacatac aacttgcttg gcgtagatac agaaaacgga tgaggcgtcc agcgatagcet 1980
gtggtggaaa acggaagcac tgaacgtcgg cttttgcagt atgctgcaat gttcatgtca 2040
ttcagaccac atgatcatct tgaatag 2067
<210> SEQ ID NO 15

<211> LENGTH: 2893

<212> TYPE: DNA

<213> ORGANISM: Cucumis melo

<400> SEQUENCE: 15

gacatcacgg gaaaatggca aatataaata tcggcgccgg gtacaaaatc ggatcatcec 60
aatcggacge gaacccectag cgcgatcate accattattg tgatgtgece ggcetcacctg 120
tgccaggaac ccggtggece cactacgaac aattgctcga gtcaatcegg taggtgtage 180
cgtgtetgeg tageegttee ggggagecaa gggcteggea ccaccgegge atceggtgeac 240
aaggacggeg cacgtacgeg ccacgtectt gggeccegge geagttgtac cctccatcte 300
tgtcctettt acttgeccca tecatcccac gecgategee aggegecage agcaggcetag 360
ctectgeteeg cegetecactg ctegetaget actggaccge gettcectet ctecategeg 420
ceggegegea cggctagete tagetecegg agecgeectt tecatggtece cgecgtggte 480
gggacgagat gcctccgete gecattectee gecgetacct cecegegagyg cttetegege 540

gagcgtgega tggtggagtc cgggggagee cgggegtgge gegggacgag gaggccggag 600
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gcageggegyg actgagcegge cggteggegg gggcegecgte cggggagtge tacgegtgea 660
cgcagecegg ggtgecggeg ttccacteca cggectgega ccaggtgcac tcegecggact 720
gggacgccega cgeggggtee tcegetggtge cggtcecagge geagcagcag geccagcecgyg 780
cggeggegge ggcgcagcac geggcegeggt ggetgttegyg gecegtgetyg gacccegegea 840
gcaagcgegt gcagegetgg aaccgetgga tectgetegg cegegecgeco gegetggege 900
tggacccget cttettectac gegetceteca teggecgege cggecggece tgcectctact 960
tggacgcegg cctegecgee geggtcaceg cgeteceggac ctgegecgac gtcegegcace 1020
tcgecgecacgt getcectgecag ttecgecteg cctacgtete cegcecgagtece ctegtegteg 1080
ggtgcggecaa gctegtetgg gacgeccgeg ccatcgecge geactacgec cgetecgtea 1140
agggcctetg cttcegaccte ttegtcatce tcecccatece gecaggtcate ttetggttgg 1200
ttataccaaa gttaattagg gaagaacgtg ttaggcttat catgacgata ctgctactca 1260
tgttcatatt tcaatttctc cccaaggtct accatagtat acacatcatg aggaaaatgc 1320
agaaggtgac gggttacatc tttggatcga tatggtgggg atttggttta aatctatttg 1380
cctatttcat tgcttctcat attgcaggtg ggtgctggta tgttcttgca atccagcgca 1440
ttgcttectg ccteccaggaa gaatgcaaga aaaacaatag ttgtgatcta atatcactag 1500
cttgttcgaa ggagatatgc tttcacccte cttggtettce gaatgttaat gggttcgcat 1560
gtgatacgaa catgacctcc tttagtcaac gaaatgtgtc tacttgttta agtggtaaag 1620
ggtcgtttge ttatggaatc tatttggggg ctcttectgt tatatcgagce aattcecgettg 1680
ctgtcaaaat tctctatcct atattttggg gactcatgac actcagtact tttggtaacg 1740
atcttgccce aacaagcaat ggtattgagg tgatattcag cataatcaat gtcctcagtg 1800
gcctgatget cttcacattg ctgatcggaa acatacaggt atttctgcac gcggtceetgg 1860
caaggaagcg gaagatgcag ctgcggttce gagacatgga atggtggatg agacggaggce 1920
agctgecgte tceggetgagg cagagggtge gcaaatatga gegegaacge tgggecgecg 1980
tcacgggaga cgaggagatg gagatgatca aggatctgec tgaaggactyg aggcgggaca 2040
tcaagcgcta cctcetgecte gagcectggtta agcaggttcece getgttceccat ggcatggacg 2100
atctgatcct ggataacatc tgcgaccggce tgcggccact ggtgttctee agcggggaga 2160
aggtgatccg agagggcgac cccgtgcage gcatggtgtt catcctgcag ggcaagctcce 2220
ggagcacgca gccgctgace aagggegtgg tggcaacgtg catgctaggg gegggcaact 2280
tcectaggega cgagetgetg tegtggtgcee tgcgecgece cttegtggac cggctceccecg 2340
cgtegtegge cacgttcgag tgcgtggagg cggcgcaggce gttctgecte gacgcegecgg 2400
acctgcggtt catcaccgag cacttccgct acaagttcege caacgagaag ctcaggcgca 2460
cggcgceggta ctactcgtec aactggcgga cgtgggecge cgtcaacatce cagctcegegt 2520

ggcgcaggta tagggcccgg gcatcgacgyg acctggegge gatggecgeyg ccgeegttgg 2580

cgggeggace cgacgacggg gaccggegge tcagacacta cgeggecatg ttcatgtege 2640

tceggecgea tgaccaccta gagtgatcag gaggggggac gggaccatce tagetgtgece 2700

ggcecgggtceca tggtgtctgt acagtgtaca ctagtggtat gttgttgtca tcttectgegt 2760

gagtgaactg gtggttcggg atttgtcatt taaagaaggt caataatgga gaaatagttt 2820

cttagcccga ttcaattgte ttectttcac caagaataaa aattacttet gecggactgce 2880
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ctcteegegt tgg 2893
<210> SEQ ID NO 16
<211> LENGTH: 2446
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 16
atgccttece tctecttect cegettecte tecgggaggt cgetegegga tgtgtgtgat 60
ggggtgaaga ggaggcttgg attgggggat gatgaaggcec gggacgagga ggctggtctg 120
geeggagggt cgagecegtece ggeggceggeg geggeggtgg cggggectec cggegagtge 180
tacgegtgca cgcageccgg ggtgcegteg ttecacteca cgacgtgega ccaggtgcac 240
tegeeggact gggacgcgga cgcgggeteg tegetagtge cggtecagge gcagecgteg 300
geggegeace acgeggcegge ggcggeggeg cggtgggtgt teggceceggt getcgacceeg 360
cggagcaage gcegtgcagceg gtggaaccgg tggatcctge tggeccgege cgcecgegetyg 420
geggtggace cgetettett ctacgegete tecateggee gegecgggca gecgtgegtyg 480
tacatggacg ccggectege cgeccgecgte acggegcetece gcaccgecge cgacctggeg 540
cacctegece acgtectect ccagttecge gtegectacyg teteccgega gtceectegte 600
gteggetgeyg gcaagetcegt ctgggaccce cgegecateg cegctcacta cgeccgetece 660
ctcaagggcee tctggttega tcectettegte atectgecca teccacaggt catcttetgg 720
ctagtcatac cgaagttaat cagagaagag caaatcaaac ttatcatgac aatgctgctg 780
ctettattet tgctgcaatt tctccccaag gtgtaccaca gtatttatat catgaggaaa 840
atgcagaagg tgactggtta catctttgga acgatatggt ggggattcgg gcttaatctt 900
ttcgectatt tcattgctte tcacatcgca ggtggatgtt ggtatgtcct tgcgattcag 960
cgtgtegect cctgecteca ggaggaatge aagataaaga acacttgcaa cctaacatca 1020
cttgcttget ccaaggagat gtgttttcac cttecttggt cagataagaa tggactggca 1080
tgcaacttga cttcttttgg ccaacaaaac attccagact gtctaagcgg caatgggccce 1140
tttgcttatg gaatctacaa aggggctctg cctgttattt ccagcaattc acttgctgtt 1200
aaaatactct accctatatt ttggggactc atgactctca gtacttttgg taatgatctt 1260
gagcctacaa gcaattggct tgaggtgatt ttcagcataa tcaatgtact tagecgggttg 1320
atgctcttca cattgctgat tggaaacata caggtcttcect tgcatgctgt cttagcaaga 1380
aagcgaaaga tgcagctgceg gttccgggac atggaatggt ggatgcggceg gaggcagttg 1440
cegteccgee tgaggcagag ggtccggaag tacgagegtyg aacgetggge ggccatcacyg 1500
ggagatgagyg agatggagat gatcaaggac ctgcctgaag ggctcaggcg agacatcaaa 1560
cgctacctet gectcgaget agttaaacag gttectetgt tceccatggcat ggacgatctce 1620
atcctggaca acatctgcga caggctgagg ccgectggtgt tectcecagcecgg cgagaaggtg 1680
atccgggagg gcgacceggt gcagceggatg gtgttegtece tcecaggggaa gcetcecggage 1740
acgcagccgce tggccaaggg cgtggtggcg acgtgtatge tcggcgccgg caacttecte 1800
ggcgacgagce tgctgtcegtg gtgectecgg cggccgtceee tggaccggcet gccggcegteg 1860
tcggcgacgt tcgagtgegt cgagacggcg caggcgttet gectcgacge ccccgacctt 1920
cgcttecatca cggagcagtt ccggtacaag ttegccaacyg agaagctcaa gcggacggceg 1980
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cgctactact cctccaactg geggacgtgg gcggccgtca acatccaget cgegtggegce 2040
cggtacaagg caaggacgac gaccgacctg gegteggegyg cgcagecgee gtcegecgge 2100
gggeccgacy acggggaccg ccggetccege cattacgegg ccatgttcat gtegetcagg 2160
ccacacgatce acctecgagtg agagcagecg tggattggga ccgagagtga cggggcatat 2220
gcaatgcaac cgtacgcgca tggagcggac caccctgcge cggccatata tcattgatte 2280
cattgtagta cgatcgtatc ctgctgccgg tcttgacaat tgattagcat ttgtcattgt 2340
ataagatgac caataatggt tatgatgtag ttccaacaaa ataatgcaat gtgctccttg 2400
gttggcgeceg caaatcggat cattgagaag gacatcactg ggaata 2446
<210> SEQ ID NO 17

<211> LENGTH: 1190

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 17

cgaagectge cggegtacge caggtcecagg agagggatgg cgctcgactt cttegtcate 60

ctceccegtga tgcagatggt ggtttgggtyg geggegeegg cgatgateceg tgeggggteg 120

acgacggcegyg tgatgacggt getgetggtg gegttectge tggagtacct gectaagatce 180
taccactceg tctecttect ceggeggacg caggacaagt ceggccacat ctteggcace 240
atctggtggg gcategtget taacctecatg gectactteg tegecgecca cgeggtggge 300
gegtgetggt acctgetegg ggtgcagagyg gccaccaagt gectcaagga geagtgetec 360
atctceggge cgceggggtyg cgegtegggg cegetggegt gecccagece tcetctactac 420

ggeggegeceyg gegeegegge gtceegtegee ggcegacagge tegegtggge cacagaccec 480

cecegecggga gcatgtgect cgtgageggt gacaagtace agttegggge gtacaagtgg 540
acggtgatge tggtggecaa cacgageegg ctggagaaga tgctgetece catattetgg 600
ggcctcatga cgetgagcac gtteggcaac ctggagagca cgacggagtyg getggagatc 660
gtgttcaaca tcgtgaccat cacgggceggyg ctcatcctgg tcaccatget catcggeaac 720
atcaaggcgt tcctgaacge gaccacgtece aagaagcagg cgatgcacac geggetgegg 780

agcctegagt ggtggatgaa gegcaaggag ctgccgeaga getaceggea cegggtgegg 840
cagttcgage ggcageggtyg ggeggecace cgeggegtgg acgagtgeca gatcegtgege 900
gaccteceeg aggccecteeg cegegacate aaagtaccac ctetgecteg acctegteceg 960
ccaggtgecceg ctcettceccage acatggacga cctegtecte gagaacatgt gcegaccgegt 1020
ccgeteccte atctacccca agggcgagac catcegteeg ggaggggece ccggtgcage 1080
ggatggtgtt catcgtgcgg gggcacctgyg agtgcaggca ggagetgegyg aacggggega 1140

cgagctgetg catgctgggg ccgggcaact tcacgggcga cgagctgctg 1190

<210> SEQ ID NO 18

<211> LENGTH: 2169

<212> TYPE: DNA

<213> ORGANISM: Gossypium hirsutum
<400> SEQUENCE: 18

atggttccac tctttetcac catgecttet cagtecaact tetecctate aaggtggttt 60

ggactttttec aacttccaaa ctcaatgcca gagagatctg ataatggtag tgttagegge 120
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gaaggcaatyg aagaaaaccc aatttcctac accgtagaat gttacgettg tactcaagtce 180
ggtgttcecag tttttcacte caccagetgt gaccaagctce acccaccgga atgggaagec 240
tcegetggtt cttecctegt tccaattcaa getcegtacgyg cctecaaaca gaagaagact 300
caacagcctg ccgegectaa tactcggega cettetggte cgtteggteg ggtgettgat 360
cctaggacca agcgagtgca aaactggaac cgggetttet tattggceteg tgcaatgget 420
ttagccattg atcctttgtt tttctatgct ttatctatag gaagaggtgg gtcgccegtgt 480
ttgtacatgg atgggggcct cgctgccate gtaaccgtece tecgcacgtyg tgtggacgece 540
gtgcatttgt tccatctttg gettcagttc agactggegt acgtgtcaag ggagtcgetg 600
gtegteggtt gtggtaaact cgtgtgggac gcacgtgcca tegcttctca ttacgttegt 660
tcectcaaag gtttetggtt tgatgtecttt gtgattetge cggttectca ggcagtattt 720
tggttagttyg taccaaaatt aataagggaa gagcagatca agattattat gacaatactg 780
ttattaatct tcttgttcca attcttgcca aaggtttacce acatcatttg cttaatgaga 840
aggctgcaaa aggtcaccgg ttacatcttt ggcaccattt ggtggggttt tggecttaat 900
ctcattgect acttcatage ctctcacgtt getggagggt getggtatgt ccttgcaata 960

caacgggtag cctcatgtct gcggcaacaa tgcgcgagaa acaagcagtg caagctttca 1020
ttgtcgtget cggaggaagt gtgctaccaa ttcecttatttce cagctgagge agtaggaaat 1080
acttgtggtg gtaactcaac caacgttatt ggaaaacctt tatgtttaga ggttcatgga 1140
ccattcaatt atgggatata tcagtgggct ctcececctgttg tttctagcaa ttectgttget 1200
gttaggatcc tttatcccat ctattgggge ttaatgtcte tcagcacctt tgggaatgat 1260
cttgaaccaa caagtcactg gttagaagtg atgttcagta tttgcattgt gcttgctgga 1320
ttgatgctct ttactttatt gattggaaac attcaggtat tcttgcatge tgtcatggeg 1380
aagaagagga aaatgcagct gagatgtcga gacatggaat ggtggatgaa acgccggcaa 1440
ctaccatctt gtttgagaca acgagtccgce cattacgaac gccaaaaatg ggcgaccttg 1500
ggcggagaag acgaaatgga actgatcaaa gacttacccg aaggcctcecg gagagacatt 1560
aaacgcttcce tttgccttga cctcatcaag aaggttectt tattccataa cttgaatgat 1620
cttattctgg ataacatctg tgatcgagtt aagccgctcecg tattctctaa agatgaaaag 1680
ataattagag aaggtgatcc agtacaaaga atggtgtttg tcgttcgtgg acgtataaaa 1740
cgtatccaaa geccttagcaa aggcgtggtt gccacaagtt taatcgagtce aggaggcttce 1800
ctaggtgacg aattgttgtc atggtgtctt cgccgaccat ttatcaaccg tcecttccagece 1860
tcgtccgecaa catttgtttg tgtagagccg attgaagcat tcagtctcga ctcaaaccat 1920
ctcaaataca ttacagatca cttcaggtat aaatttgcca atgagagact taaaagaaca 1980
gcaagatact attcatcgaa ttggcgaaca tgggcagccg tgaatataca acttggetgg 2040
cggcgttaca gaacgaggac tcgaggtcca atgatttcetg ctgccgaaaa cggcaacagc 2100
agcgaccgcece ggttgctgca atacgctgcce atgtttatgt caataaggcce acaagatcat 2160

ctagaataa 2169

<210> SEQ ID NO 19

<211> LENGTH: 2067

<212> TYPE: DNA

<213> ORGANISM: Cucumis sativus
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<400> SEQUENCE: 19

atgccttett ccatgtggag cgagctttge ctgagaccct caccgectcce tttcaatgte 60
gccgecgacg caacccectgt cgtggaatge tacgcatgta cccaagtegg cgtcccagec 120
ttccactcca ccagctgcga ccacgcccac caacaacccg aatgggaagce ctceegegggce 180
tcttecctgg ttccaatcca acccacaaaa tcctcaccac cgccccgaca tteotteegeg 240
ggttgctteg ggacggttct ggacccaaga aagaaaccgg ttcagagatg gaaccgggtt 300
ctgttactgg cccggggaat ggctcttgeg gttgatccac tttacttcta tgctetgteg 360

attggaagag gagggtggece ttgectgtac atggatggag ggttggeegg cggggtgacg 420

gtggttcgaa cgtgtecttga tatagtgcac ctgtggcacyg tgtggcettca gttcaggett 480
gecttacgtgt cgaaagagag tatggtgatt gggtgtggga aactggtgtg gaatgcacgt 540
gatattgctt ctcactatgt tcgttctttt aaaggctttt ggtttgatgc ctttgttatce 600
ctecectatte ctcagattgt ttattggttg gttttaccaa aactgatcag agaagagaga 660
atcaaactta taatgacagt aatcttatta atgtttttgt tccaattcct cccaaaagtt 720
taccactcca ttattttaat gagaagaatg cagaaggtta ctggatacat ctttggcacce 780
atttggtggg gttttggcct caatctcatt gcctatttca ttgcctctceca tgttgctgga 840
ggttgttggt atgttcttge aatacagcga gttgcttcett gtatccaaca acattgtgag 900
agaaacaact gcaacttatc tttgtcttge tctgaggagyg tgtgttatceg gtttctctca 960

tcacctacaa caattggaag tttgtgtggt cggaattcaa ctgctacgtt taggaagcca 1020
ctatgtttgg atgttaaagg tccgttecgce tatggcatct acaagtgggce tcectcecctgte 1080
atttctagta attcagttgc tgtcaaaatc ctttatccta tecttttgggg attaatgact 1140
ctcagcacct ttggaaatga tcttgagcct acgagtaatt ggctggaagt gtgcttcagt 1200
atttgcacgg tgcttagtgg attgttgctt ttcacccttt tgattggtaa tattcaggta 1260
cttttgcatg ctgtcatggc aaggaggcga aaaatgcagc tgagatgtcg agatttggag 1320
tggtggatga ggagacggca attgccgtct cgtttgaaac atcgagttcg acactatgag 1380
caccagagat gggcagctat gggaggagaa gatgagatgg aactaatcaa tgatttgcct 1440
gaaggtctta gaagagatat caaacgtcat ctttgtgttg acctaatcag aaaggtgcct 1500
ctctttcaaa acctggagga gctgattcta gacaacatat gtgatcgagt caagccactt 1560
gtattctcca aagatgaaaa gattatcaga gaaggagatc ctgttccaag aatgttattce 1620
atagtgtgtg gacgagtaaa acgtagccaa agectgagea agggcatgac agcgacaagt 1680
tttattgaac cgggaggctt tcecttggtgat gaactgctat cgtggtgtct tegtcegeccca 1740
tttctggaga gacttccage ttcatcecgcet acatttgttt gecattgaacc aacagaagca 1800
tttgcectga aagcagacca tcectgaagtac ataaccgatc acttccgcta caaattcegeg 1860
aatgagagac tgaagagaac agcaagattt tactcttcca actggagaac atgggctgcet 1920
gttaacatac aacttgcttg gcgtagatac agaaaacgga tgaggcgtcc agcgatagcet 1980
gtggtggaaa acggaagcac tgaacgtcgg cttttgcagt atgctgcaat gttcatgtca 2040

ttcagaccac atgatcatct tgaatag 2067

<210> SEQ ID NO 20

<211> LENGTH: 2178
<212> TYPE: DNA
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<213> ORGANISM: Zea mays
<400> SEQUENCE: 20
atgcctecge tegcattcect ccgccgectac ctccccgega ggcttctege gcgagcegtge 60

gatggtggag tccgggggag cccgggegtg gecgcegggacg aggaggcecgg aggcagegge 120
ggactgageg gceggtegge gggggegecyg tcceggggagt getacgegtyg cacgeagecc 180
ggggtgcegg cgttecacte cacggectge gaccaggtge actegecgga ctgggacgec 240
gacgeggggt cctegetggt gecggtecag gegcagcage aggeccageco ggeggeggeg 300

geggegeage acgeggegeg gtggetgtte gggecegtge tggacccgeyg cagcaagege 360

gtgcageget ggaaccgetg gatcectgete ggecgegecg cegegetgge getggaceeg 420
ctettettet acgegetete catcggecge gecggecgge cctgectceta cttggacgece 480
ggectegeeyg cegeggtcac cgcegetcegg acctgegecyg acgtcegegea cctegegeac 540
gtgctcctge agttccgect cgectacgte tecegegagt cectegtegt cgggtgcegge 600
aagctegtet gggacgeccg cgccategee gegeactacyg cceegetceegt caagggecte 660
tgcttegace tcttegtcat cctcecccate cegecaggtea tettetggtt ggttatacca 720
aagttaatta gggaagaacg tgttaggctt atcatgacga tactgctact catgttcata 780
tttcaattte tccccaaggt ctaccatagt atacacatca tgaggaaaat gcagaaggtg 840
acgggttaca tctttggatc gatatggtgg ggatttggtt taaatctatt tgcctatttce 900
attgcttcte atattgcagg tgggtgetgg tatgttettyg caatccageg cattgettcee 960

tgcctecagg aagaatgcaa gaaaaacaat agttgtgatc taatatcact agcttgttceg 1020
aaggagatat gctttcaccc teccttggtct tcgaatgtta atgggttcge atgtgatacg 1080
aacatgacct cctttagtca acgaaatgtg tctacttgtt taagtggtaa agggtcgttt 1140
gcttatggaa tcectatttggg ggctcecttect gttatatcga gcaattcget tgctgtcaaa 1200
attctctatc ctatattttg gggactcatg acactcagta cttttggtaa cgatcttgcece 1260
ccaacaagca atggtattga ggtgatattc agcataatca atgtcctcag tggcctgatg 1320
ctcttcacat tgctgatcgg aaacatacag gtatttcetge acgcggtcct ggcaaggaag 1380
cggaagatge agctgeggtt ccgagacatg gaatggtgga tgagacggag gcagetgecg 1440
tcteggetga ggcagagggt gecgcaaatat gagcgcgaac getgggecge cgtcacggga 1500
gacgaggaga tggagatgat caaggatctg cctgaaggac tgaggcggga catcaagege 1560
tacctctgee tcgagectggt taagcaggtt ccgectgttece atggcatgga cgatctgatce 1620
ctggataaca tctgcgaccg gcectgcggcca ctggtgttet ccagcgggga gaaggtgatce 1680
cgagagggeg acccegtgca gegcatggtg ttecatcctge agggcaaget ccggagcacyg 1740
cagcegetga ccaagggcegt ggtggcaacg tgcatgctag gggegggcaa cttectagge 1800
gacgagctge tgtegtggtg cctgcgecge cecttegtgg accggctece cgegtegteg 1860
gecacgtteg agtgcgtgga ggcggegcag gegttetgee tegacgegec ggacctgegyg 1920
ttcatcaccg agcacttcceg ctacaagttce gecaacgaga agctcaggeyg cacggegegg 1980

tactactcgt ccaactggcg gacgtgggcce gccgtcaaca tccagcectcecge gtggcecgcagg 2040

tatagggcce gggcatcgac ggacctggeg gegatggeeg cgeegecgtt ggegggegga 2100

ccegacgacy gggaccggeg getcagacac tacgeggeca tgttcatgte getceggecg 2160
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catgaccacc tagagtga

<210> SEQ ID NO 21

<211> LENGTH: 2145

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 21

atgcacaaca ccttetecte tetecttegt tggattagea aaaagttgeg acgaaggaat
tcaattagca atggtgacag tggcagcgac agettccaga acggtgetge cacagttgtg
gatgacaatc catttagcag cggggtggag tgttacgect geacgcaagt aggtgtgeeg
gtgtttcact ccaccagctg cgacagtgece ttccaccagt tgcagtggga ggettegget
gggtcegtete tggttcccat ccagagecga cccaacaagg tecteggett teggacegtyg
tceggatcaa gtegggggee gttegggegyg gttetggate cgagaagcaa gegegtgcag
aggtggaacc gcgegetget cetggegegt ggggtggege tggegataga ccegetgtte
ttctactege tgtcgatagg aagggagggg tcgeegtget tgtacatgga cggagggetg
geggegatgg tgacggtgge gegcacgtge gtggacgeeg tgcacctett geacgtgtgg
ctgcagttca ggctggegta cgtategegg gagtegetgg tggtggggty cgggaaacte
gtgtgggacyg cgcgtgagat cgcgtegcat tacctgcegat cgttgaaggyg attctggtte
gacgcattcg tgatcctcee agtecccccag gttgtgtttt ggttgttagt gecaaaattg
ctaagagaag agaaaattaa aatcattatg acaataatgc tattgatttt tttgttccaa
tttcteccta aggtttacca tagcatctge atgatgagaa gaatgcaaaa agtcacaggce
tacatctteg gcaccatttg gtggggtttt ggtctcaatce tcatagetta ttttattget
tctecatgttyg ctggagggtg ctggtatgte cttgeaatte aacgtgttge gtegtgecte
cggcagcagt gtgagagaac taatggatge aatctctetg tgtcatgete agaggagata
tgctaccagt ctttgttacc agctagegeg ataggagatt catgtggtgg aaactcaaca
gtggtaagaa agcctctgtg cttagatgtt gaaggacctt tcaaatatgg gatctaccaa
tgggcactte ctgtcatate cagcaactct ttggetgtaa agattettta tcccattttt
tggggtttga tgaccctcag cactttegga aatgatcttg aacccacaag ccactggeta
gaagtgattt tcagtatatg catagtactc agtggactat tgcttttcac attattgatt
ggtaacattc aggtattctt acatgcagtc atggcaaaga agagaaagat gcagctgaga
tgtcegtgaca tggaatggtg gatgaggagg aggcagttge catcgegatt aagacagaga
gttcgecatt ttgaacgtca gagatgggca gcaatgggag gagaagatga gatggaaatg
atcaaagact tgccagaggg gctgaggagg gacatcaage gecatetttyg cctegatcte
attagaaagg ttcctectatt ccacaacttg gatgatctta ttcttgacaa catctgtgac
agggtgaaac ccctagtett ctctaaagat gaaaagataa tcagagaagg tgatcctgta
ccaaggatgg tgttcategt ccgagggege ataaaacgca accaaagect tagcaaaggce
atggtagect caagcatcct tgagccagga gggtttttgg gtgacgaget getttcatgg
tgccttegea ggccgtttat cgatagactt ccggectect cggetacatt tgtgtgtett

gaatcatcag aagcctttgg ccttgatgee aatcacttga ggtacatcac tgatcacttce

cggtacaaat ttgcgaacga gaggctgaag agaacagcaa gatattatte atccaattgg
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agaacctggg ctgctgtcaa cattcaattt gcttggagac gttacaggca gaggactaaa 2040
ggtccagtga cccctgtaag ggacactaat ggaggcactyg aacgcaggct cttgcaatat 2100
gctgcaatgt tcatgtcaat aaggccacat gaccaccttg aatga 2145
<210> SEQ ID NO 22

<211> LENGTH: 2181

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 22

atgccttece tctecttect cegettecte tecgggaggt cgetegegga tgtgtgtgat 60
ggggtgaaga ggaggcttgg attgggggat gatgaaggcec gggacgagga ggctggtctg 120
geeggagggt cgagecegtece ggeggceggeg geggeggtgg cggggectec cggegagtge 180
tacgegtgca cgcageccgg ggtgcegteg ttecacteca cgacgtgega ccaggtgcac 240
tegeeggact gggacgcgga cgcgggeteg tegetagtge cggtecagge gcagecgteg 300
geggegeace acgeggcegge ggcggeggeg cggtgggtgt teggceceggt getcgacceeg 360

cggagcaage gegtgecageg gtggaacegg tggatcctge tggecegege cgecgegetg 420

geggtggace cgetettett ctacgegete tecateggee gegecgggca gecgtgegtyg 480
tacatggacg ccggectege cgeccgecgte acggegcetece gcaccgecge cgacctggeg 540
cacctegece acgtectect ccagttecge gtegectacyg teteccgega gtceectegte 600
gteggetgeyg gcaagetcegt ctgggaccce cgegecateg cegctcacta cgeccgetece 660
ctcaagggcee tctggttega tcectettegte atectgecca teccacaggt catcttetgg 720
ctagtcatac cgaagttaat cagagaagag caaatcaaac ttatcatgac aatgctgctg 780
ctettattet tgctgcaatt tctccccaag gtgtaccaca gtatttatat catgaggaaa 840
atgcagaagg tgactggtta catctttgga acgatatggt ggggattcgg gcttaatctt 900
ttcgectatt tcattgctte tcacatcgca ggtggatgtt ggtatgtcct tgcgattcag 960

cgtgtegect cctgecteca ggaggaatge aagataaaga acacttgcaa cctaacatca 1020
cttgcttget ccaaggagat gtgttttcac cttecttggt cagataagaa tggactggca 1080
tgcaacttga cttcttttgg ccaacaaaac attccagact gtctaagcgg caatgggccce 1140
tttgcttatg gaatctacaa aggggctctg cctgttattt ccagcaattc acttgctgtt 1200
aaaatactct accctatatt ttggggactc atgactctca gtacttttgg taatgatctt 1260
gagcctacaa gcaattggct tgaggtgatt ttcagcataa tcaatgtact tagecgggttg 1320
atgctcttca cattgctgat tggaaacata caggtcttcect tgcatgctgt cttagcaaga 1380
aagcgaaaga tgcagctgceg gttccgggac atggaatggt ggatgcggceg gaggcagttg 1440
cegteccgee tgaggcagag ggtccggaag tacgagegtyg aacgetggge ggccatcacyg 1500
ggagatgagyg agatggagat gatcaaggac ctgcctgaag ggctcaggcg agacatcaaa 1560
cgctacctet gectcgaget agttaaacag gttectetgt tceccatggcat ggacgatctce 1620
atcctggaca acatctgcga caggctgagg ccgectggtgt tectcecagcecgg cgagaaggtg 1680
atccgggagg gcgacceggt gcagceggatg gtgttegtece tcecaggggaa gcetcecggage 1740
acgcagccgce tggccaaggg cgtggtggcg acgtgtatge tcggcgccgg caacttecte 1800

ggcgacgagce tgctgtcegtg gtgectecgg cggccgtceee tggaccggcet gccggcegteg 1860
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tcggcgacgt tcgagtgegt cgagacggcg caggcgttet gectcgacge ccccgacctt 1920
cgcttecatca cggagcagtt ccggtacaag ttegccaacyg agaagctcaa gcggacggceg 1980
cgctactact cctccaactg geggacgtgg gcggccgtca acatccaget cgegtggegce 2040
cggtacaagg caaggacgac gaccgacctg gegteggegyg cgcagecgee gtcegecgge 2100
gggeccgacy acggggaccg ccggetccege cattacgegg ccatgttcat gtegetcagg 2160
ccacacgatc acctcgagtg a 2181
<210> SEQ ID NO 23

<211> LENGTH: 1193

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 23

cgcgaagect geeggegtac gecaggteca ggagagggat ggegetcgac ttettegtca 60

tccteccegt gatgcagatg gtggtttggg tggeggegee ggegatgate cgtgeggggt 120

cgacgacgge ggtgatgacg gtgctgetgg tggegttect getggagtac ctgcctaaga 180
tctaccacte cgtctectte cteeggegga cgcaggacaa gtceggecac atctteggea 240
ccatctggtyg gggcategtg cttaaccteca tggectactt cgtegecgee cacgeggtgg 300
gegegtgetyg gtacctgete ggggtgcaga gggccaccaa gtgectcaag gagcagtget 360
ccatcteegyg geegeeggygg tgcgegtegyg ggecgetgge gtgecccage cctetctact 420

acggeggege cggegecgeg gegteegteg ccggegacag getegegtgg gecacagace 480

ccececgeagyg gagcatgtge ctegtgageg gtgacaagta ccagtteggg gegtacaagt 540
ggacggtgat gctggtggece aacacgagcece ggctggagaa gatgetgete cccatattet 600
ggggcctcat gacgetgage acgtteggca acctggagag cacgacggag tggetggaga 660
tcgtgttcaa catcgtgace atcacgggeg ggctcatcet ggtcaccatg ctcatcggca 720
acatcaaggc gttcctgaac gegaccacgt ccaagaagea ggcgatgcac acgeggetge 780

ggagcctega gtggtggatg aagegcaagyg agctgccgea gagctacegyg caccgggtge 840
ggcagttcega geggcagegg tgggeggeca cccegeggegt ggacgagtge cagatcegtge 900
gegacctece cgaggcecte cgcegegaca tcaaagtacce acctetgect cgacctegte 960
cgccaggtge cgctcectteca gcacatggac gacctcecgtece tcgagaacat gtgcgaccgce 1020
gtcegetece tcatctacce caagggcgag accatcegte cgggagggge ccecggtgea 1080
geggatggtyg ttcatcgtge gggggcacct ggagtgcagg caggagetge ggaacgggge 1140

gacgagctge tgcatgectgg ggccgggcaa cttcacgggce gacgagctgce tgt 1193

<210> SEQ ID NO 24

<211> LENGTH: 1190

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 24

cgaagectge cggegtacge caggtcecagyg agagggatgg cgetcgactt cttegtcate 60
cteccegtga tgcagatggt ggtttgggtyg geggcegeegyg cgatgatceeyg tgeggggteg 120

acgacggcegyg tgatgacggt getgetggtg gegttectge tggagtacct gectaagatce 180

taccactceg tctecttect ceggeggacg caggacaagt ceggccacat ctteggcace 240
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atctggtggg gcatcgtgcet taacctcatg gectactteg tcegecgecca cgeggtggge 300
gcgtgcetggt acctgctegyg ggtgcagagg gccaccaagt gcectcaagga gcagtgetcec 360
atctececggge cgecggggtyg cgegtegggg ccgetggegt gecccagece tcetctactac 420

ggeggegeceyg gegeegegge gtceegtegee ggcegacagge tegegtggge cacagaccec 480

cecegecggga gcatgtgect cgtgageggt gacaagtace agttegggge gtacaagtgg 540
acggtgatge tggtggecaa cacgageegg ctggagaaga tgctgetece catattetgg 600
ggcctcatga cgetgagcac gtteggcaac ctggagagca cgacggagtyg getggagatc 660
gtgttcaaca tcgtgaccat cacgggceggyg ctcatcctgg tcaccatget catcggeaac 720
atcaaggcgt tcctgaacge gaccacgtece aagaagcagg cgatgcacac geggetgegg 780

agcctegagt ggtggatgaa gcgcaaggag ctgccgcaga gctaccggea ccgggtgcegg 840
cagttcgage ggcageggtg ggcggecace cgeggegtgyg acgagtgceca gatcgtgege 900
gacctcceeeyg aggeccteeg ccgegacatce aaagtaccac ctetgecteg acctegtecg 960
ccaggtgecceg ctcettceccage acatggacga cctegtecte gagaacatgt gcegaccgegt 1020
cegeteccte atctacccca agggcgagac catcegteeyg ggaggggece ccggtgcage 1080

ggatggtgtt catcgtgcgg gggcacctgyg agtgcaggca ggagetgegyg aacggggega 1140

cgagctgetg catgctgggg ccgggcaact tcacgggcga cgagctgctg 1190

<210> SEQ ID NO 25

<211> LENGTH: 2629

<212> TYPE: DNA

<213> ORGANISM: Gossypium hirsutum

<400> SEQUENCE: 25

tccacgegte cgattatgtc ctttctacat atttcatcaa tctttgcecte ttaaacaatt 60
ctaacttata ttccecttet tcttcaaacce tttaatggec atctcectectt agceccccaaa 120
aatatcaatc aaaatttttt tttcttttgc gatggcaagt gaacatgaat tttatccttce 180
acgtgcaacg cccatgcaat actttacgga tgaagacgaa ggagaagaag aaggaggaga 240
aatagaagaa gaatcgacgg acgacgaagt ttgcaaagaa gaagagaaag agaattcaag 300

tgactggagg agtttgtatt tgatgtgegg cggtegecge ggeggtggge gtegecgtaa 360

aacttggtca ctggggcaag tttttttega cccgagggec aaatgggtte aagaatggaa 420
tagggtttte ctectggtat gegegacggg actgttegtg gacccattgt tettttacge 480
cctgtecatt agegacacgt geatgtgect cttegtegac gggtggtteg ccatcaccegt 540
gacggcegete cggtgcatga ctgacgegtt gcacgtgtgg aacatgtgec tccagetcaa 600
aatgatcaag agatcatcgt cgtcgtacag tcgeggcaat gacaagagga gtgggagtga 660

gagtgaaggce gaagggggtg acggcggaga aggaagcage aaccgacccce gtgetgegaa 720

tggccgecac ctggecttee aatgecttgaa ageccaaaaag ggactcettcet ttgacctatt 780
ggtaattcte cctctgecac agattgtact atgggtggca attccatcat tattggaaaa 840
aggatcggta acgctagtaa tgacggtgtt cttgatcatce ttectettee aatacctcece 900
caagatctac cactcegtet gecttttacg tcgaatgecag aacctttecg gctacatttt 960

cggcactgtt tggtggggga ttgctctcaa tttgattgect tatttcgteg cctcacacgce 1020

ggcgggggceyg tgttggtact tgttagggat tcaaagatcg gctaagtgct tgaaagagca 1080
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atgtagaggg atagagaatt gtgacctgag attattggct tgcaaagacc caatttacta 1140
tggaacaaga agtatggtaa gggatagagc aaggttggtt tgggcagaaa ccaatcgagc 1200
aaggagtact tgcattgata accctgataa ctatgattat ggagcttata aatggaccgt 1260
tcagctagtt accaacgata gtcgtctcga gaaaatactt tttcctatcet tttggggtcet 1320
tatgactctc agcacatttg ggaacttgga gagcacaaca gaatggctgg aggttgtttt 1380
caacatcatt gttcttacca gtggacttct tcttgtcaca atgttgattg gtaacatcaa 1440
ggtgtttttyg catgcaacaa cgtccaagaa acaagcaatg caattgaaga tgaggaacat 1500
agagtggtgg atgaggaaga ggcgcctgce ttctggattc aagcaaaggg tccgcaatta 1560
tgagcggcaa cggtgggegg ccatgcgcgg tgtcgatgaa tgccagatga tcagaaacct 1620
ccecgagggg ctceccggagag atatcaagta ccatctttge ctggatttag ttagacaggt 1680
accattgttt caacacatgg atgatttggt cctagagaac atttgtgatc gtgtcaaatc 1740
tctaattttt accaaaggag aaactataac aagggaaggc gacccagtac aaagaatgct 1800
atttgtagta aggggacatc tccaaagcag ccaagttcectt agagatggtg tgaaaagttg 1860
ctgcatgtta gggcccggaa atttcagtgg cgatgagcectce ttgtcatggt gtcttcgaag 1920
acccttecatt gagaggctcecc caccatcgac ttccaccctce gtaacgcttg aaactaccga 1980
ggcatttggce ctcgatgctg aggatgtcaa atatgtcaca caacatttcc gttacacatt 2040
tgttaacgaa agggtcaaga ggagtgctcg gtattattct cccggatgge ggacttgggce 2100
tgcggtggeg attcaattgg cttggaggcg gtacaaacac cggttaacce ttacgtegtt 2160
gtcattcatt aggcctcgga ggccgttgtce gagaagtaat tcattggggg aggacagact 2220
caggctttat acagctatgt taacttcacc aaaaccaaat caagatgatt ttgatttttg 2280
aaaataaaaa aattaaaatg atgctacatg gaattcccat ggtccttaag tttgagtttt 2340
ctgaattaat gttcgctcta ataccatttg taagtacctc gtatttggta cgagagcatt 2400
attctttact tcgactcagce ctgtagtttt gtttttaaaa gaaaaaaaaa agtttgtatc 2460
tacagctaaa aaaaaaaaaa aaaaaactcg aaaagtcttt tagaccaggce ggggggccca 2520
cgatcteccece ceccecggcecggyg ggtccaaaat aaatgteccce cectecccect ctactggagce 2580
tgcttecatt tcaccggccecce gecgcttaca cacttceceegg tggggcaaa 2629
<210> SEQ ID NO 26

<211> LENGTH: 2130

<212> TYPE: DNA

<213> ORGANISM: Gossypium hirsutum

<400> SEQUENCE: 26

atggcaagtyg aacatgaatt ttatccttca cgtgcaacge ccatgcaata ctttacggat 60
gaagacgaag gagaagaaga aggaggagaa atagaagaag aatcgacgga cgacgaagtt 120
tgcaaagaag aagagaaaga gaattcaagt gactggagga gtttgtattt gatgtgcegge 180
ggtcgecgeyg geggtgggeg tegecgtaaa acttggtcac tggggcaagt ttttttegac 240
ccgagggeca aatgggttca agaatggaat agggttttece tectggtatg cgegacggga 300
ctgttegtgg acccattgtt cttttacgee ctgtecatta gegacacgtg catgtgecte 360
ttcegtegacyg ggtggttege catcacegtyg acggegetece ggtgcatgac tgacgegttg 420

cacgtgtgga acatgtgect ccagctcaaa atgatcaaga gatcatcgte gtegtacagt 480
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cgeggcaatyg acaagaggag tgggagtgag agtgaaggeg aagggggtga cggcggagaa 540

ggaagcagca accgaccceg tgctgegaat ggecgccace tggectteca atgettgaaa 600
gccaaaaagg gactcttett tgacctattyg gtaattctee ctetgecaca gattgtacta 660
tgggtggcaa ttccatcatt attggaaaaa ggatcggtaa cgctagtaat gacggtgtte 720
ttgatcatct tcctetteca atacctecce aagatctace actecgtetg ccttttacgt 780
cgaatgcaga accttteegg ctacatttte ggecactgttt ggtgggggat tgctctcaat 840
ttgattgett atttegtege ctcacacgeg gegggggegt gttggtactt gttagggatt 900
caaagatcgg ctaagtgctt gaaagagcaa tgtagaggga tagagaattg tgacctgaga 960

ttattggctt gcaaagaccc aatttactat ggaacaagaa gtatggtaag ggatagagca 1020
aggttggttt gggcagaaac caatcgagca aggagtactt gcattgataa ccctgataac 1080
tatgattatg gagcttataa atggaccgtt cagctagtta ccaacgatag tcgtctcecgag 1140
aaaatacttt ttcctatctt ttggggtctt atgactctca gcacatttgg gaacttggag 1200
agcacaacag aatggctgga ggttgttttc aacatcattg ttcttaccag tggacttctt 1260
cttgtcacaa tgttgattgg taacatcaag gtgtttttgc atgcaacaac gtccaagaaa 1320
caagcaatgc aattgaagat gaggaacata gagtggtgga tgaggaagag gcgcctgect 1380
tctggattca agcaaagggt ccgcaattat gagcggcaac ggtgggcggce catgcgeggt 1440
gtcgatgaat gccagatgat cagaaacctc cccgaggggce tcecggagaga tatcaagtac 1500
catctttgcce tggatttagt tagacaggta ccattgtttc aacacatgga tgatttggtce 1560
ctagagaaca tttgtgatcg tgtcaaatct ctaattttta ccaaaggaga aactataaca 1620
agggaaggcg acccagtaca aagaatgcta tttgtagtaa ggggacatct ccaaagcagc 1680
caagttctta gagatggtgt gaaaagttgc tgcatgttag ggcccggaaa tttcagtggce 1740
gatgagctct tgtcatggtg tcttcgaaga cccttcattg agaggctccce accatcgact 1800
tccaccceteg taacgcttga aactaccgag gcatttggece tcgatgctga ggatgtcaaa 1860
tatgtcacac aacatttccg ttacacattt gttaacgaaa gggtcaagag gagtgctcgg 1920
tattattctc ccggatggeg gacttgggct gcggtggcega ttcaattgge ttggaggegg 1980
tacaaacacc ggttaaccct tacgtcegttg tcattcatta ggcctcggag gecgttgteg 2040
agaagtaatt cattggggga ggacagactc aggctttata cagctatgtt aacttcacca 2100
aaaccaaatc aagatgattt tgatttttga 2130
<210> SEQ ID NO 27

<211> LENGTH: 1986

<212> TYPE: DNA

<213> ORGANISM: Cucumis melo

<400> SEQUENCE: 27

atggccacca cctcccaaac atccgatgac gaagaactag aacacgacga atcagaagat 60
gaagaagaac actccaacgc tgcgttttgt cagagcttat acggagttgg ttetgttete 120
gacccaacaa ccaaatgggt tcgagaatgg aattgggtet tectectegt ctgtgeageg 180
gggctgtteg tcgaccettt gtttctctac acgcttteca taagegagtce gtggatgtge 240
gtttttattyg acgggtggtt ggccatcacc gtcacggtece tcecgetgeat gggegatget 300

ttgcaccttt ggaatatctg ggttcagetyg aagactgcta caaagtcate ctttgcaget 360
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ggtaggggcyg agggtgatgce gagggatgaa aatagaggge ttagagatag tagcccacgc 420

gcecgtegete tecggtattt gaagtccaag aaaggcttet tttttgacct ctttgttatt 480
cttectttte ctcaggttgt attatgggta gtaattccca gaataatgaa agaaggatta 540
gtgacaatgg tgatgacagt attattaata gtatttttgt ttcaatattt accaaaattg 600
tatcattctg tttgcttatt acgacgtctc caaaaccttt ctggctacat ctttggcact 660
gtttggtggg gcattgctct caatctcatt gecttactttg ttgctgccca tgctgcaggt 720
gcatgttggt atctattagg ggtacagaga gcagcaaaat gtcttaaaga gcaatgtaga 780
tcagcaacaa gcaacagctg tgggctgaga ttgttatcat gcaaagaccce aatcttctat 840
ggaccaaaca atatgagaat gggaagagat agaggaagat ttgattgggc aaacaatagg 900
caatcgaagt tcatgtgttt agatactgcet gataactttg attatggagce ttataaatgg 960

actgttcaac ttgttgtcaa tcaaagtcga ttggagaaaa tccttttcce catcttttgg 1020
ggcctcatga ctecttagtac ctttgggaat ttggaaagca caactgaatg gctggaagtt 1080
gtgttcaata tcattgttct caccagtgga ctcttattgg tcaccatgtt gattggaaat 1140
atcaaggtgt ttctacatgc aacaacgtca aaaaaacaag gaatgcagct gaagatgagg 1200
aacctagagt ggtggatgag gaagcgacgg ctgccacaag ggtttcgtca gegtgttegg 1260
aactacgaac ggcaacggtg ggcggcgatg cggggcegtgg acgagtgcga gatgataaaa 1320
aacctaccgg aggggcttceg acgagacata aagtatcacc tttgcttgga tcectagttagg 1380
caggtgccat tgtttcaaca tatggatgat cttgttcttg agaacatttg tgatcgtgtce 1440
aagtccctca tcttcactaa gggcgaaaca ataacaagag aaggagatcce agtacaaaga 1500
atgctattcg tagtgcgagg gcatctccaa agcagccaag tcecttacgcga cggcgtaaaa 1560
agctgctgca tgttgggeccce cggcaactte agecggcgacg agcttctate ctggtgectce 1620
cgeccgeectt tcatagageg ccttccaccg tcectecttta ctecttgtgac actcgagacce 1680
actgaagcct tcagcttgga ggccgaggat gtcaagtatg taacccagca ctttcegctac 1740
acctttgtca atgacaaggt caagcgcagt gcccgctact actccccagg ctggcegcact 1800
tgggctgetg ttgccatcca gectagectgg cgccgatatce gecatcgtet cacactcacg 1860
tcettgtegt ttattcggece ccggcegecca ctetcacggt getcttectt gggggaggat 1920
cgectecgece tectatacgge gttgcttact tctectaage ccaaccacga ccactttgat 1980
ttttga 1986
<210> SEQ ID NO 28

<211> LENGTH: 1986

<212> TYPE: DNA

<213> ORGANISM: Cucumis melo

<400> SEQUENCE: 28

atggccacca cctcccaaac atccgatgac gaagaactag aacacgacga atcagaagat 60
gaagaagaac actccaacgc tgcgttttgt cagagcttat acggagttgg ttetgttete 120
gacccaacaa ccaaatgggt tcgagaatgg aattgggtet tectectegt ctgtgeageg 180
gggctgtteg tcgaccettt gtttctctac acgcttteca taagegagtce gtggatgtge 240
gtttttattyg acgggtggtt ggccatcacc gtcacggtece tcecgetgeat gggegatget 300

ttgcaccttt ggaatatctg ggttcagetyg aagactgcta caaagtcate ctttgcaget 360



US 2014/0283211 Al Sep. 18,2014
47

-continued

ggtaggggcyg agggtgatgce gagggatgaa aatagaggge ttagagatag tagcccacgc 420

gcecgtegete tecggtattt gaagtccaag aaaggcttet tttttgacct ctttgttatt 480
cttectttte ctcaggttgt attatgggta gtaattccca gaataatgaa agaaggatta 540
gtgacaatgg tgatgacagt attattaata gtatttttgt ttcaatattt accaaaattg 600
tatcattctg tttgcttatt acgacgtctc caaaaccttt ctggctacat ctttggcact 660
gtttggtggg gcattgctct caatctcatt gecttactttg ttgctgccca tgctgcaggt 720
gcatgttggt atctattagg ggtacagaga gcagcaaaat gtcttaaaga gcaatgtaga 780
tcagcaacaa gcaacagctg tgggctgaga ttgttatcat gcaaagaccce aatcttctat 840
ggaccaaaca atatgagaat gggaagagat agaggaagat ttgattgggc aaacaatagg 900
caatcgaagt tcatgtgttt agatactgcet gataactttg attatggagce ttataaatgg 960

actgttcaac ttgttgtcaa tcaaagtcga ttggagaaaa tccttttcce catcttttgg 1020
ggcctcatga ctecttagtac ctttgggaat ttggaaagca caactgaatg gctggaagtt 1080
gtgttcaata tcattgttct caccagtgga ctcttattgg tcaccatgtt gattggaaat 1140
atcaaggtgt ttctacatgc aacaacgtca aaaaaacaag gaatgcagct gaagatgagg 1200
aacctagagt ggtggatgag gaagcgacgg ctgccacaag ggtttcgtca gegtgttegg 1260
aactacgaac ggcaacggtg ggcggcgatg cggggcegtgg acgagtgcga gatgataaaa 1320
aacctaccgg aggggcttceg acgagacata aagtatcacc tttgcttgga tcectagttagg 1380
caggtgccat tgtttcaaca tatggatgat cttgttcttg agaacatttg tgatcgtgtce 1440
aagtccctca tcttcactaa gggcgaaaca ataacaagag aaggagatcce agtacaaaga 1500
atgctattcg tagtgcgagg gcatctccaa agcagccaag tcecttacgcga cggcgtaaaa 1560
agctgctgca tgttgggeccce cggcaactte agecggcgacg agcttctate ctggtgectce 1620
cgeccgeectt tcatagageg ccttccaccg tcectecttta ctecttgtgac actcgagacce 1680
actgaagcct tcagcttgga ggccgaggat gtcaagtatg taacccagca ctttcegctac 1740
acctttgtca atgacaaggt caagcgcagt gcccgctact actccccagg ctggcegcact 1800
tgggctgetg ttgccatcca gectagectgg cgccgatatce gecatcgtet cacactcacg 1860
tcettgtegt ttattcggece ccggcegecca ctetcacggt getcttectt gggggaggat 1920
cgectecgece tectatacgge gttgcttact tctectaage ccaaccacga ccactttgat 1980
ttttga 1986
<210> SEQ ID NO 29

<211> LENGTH: 3192

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 29

gtacatgtac tacgcgggca aagcaaagca tcggtgtcta cctcattatt tteggagtec 60
gagtggcgaa acccgccgea gcettccactyg ggcagtgete cacaggetca tatcegatte 120
cgatccctaa gacctcagece getgeggeat ccacggecaa ctcaageget ggcaactgge 180
aagggcagat gatctgtgta tagcactege taccttetet tgatttcece ctcaggtege 240
tgaccaaggyg tcctgtecge catggatgeg gagcgaaget ctgcacgecag cgcecacacct 300

tttggtcege cgtcegateg ccaccgetag acgccacgece tgegttgect tceceggetga 360
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atcgeccgatt cececttggegg tctagtgect geggteggeg ccagacgccg gcgaggtagce 420
cgcgagacac aggtacgggt gccgaacggg aacggctget gcececgcecgag ccgtcgactg 480
cctgectgga gecttgactg cgcaagcegca gcetgcegtgt gttgagtget gagtcgecga 540
ctccaccagg tggccagcga ttgetttget gectccaggaa agaagccaaa aaaaaacacg 600
aagaattaaa catcgattga aagggaaaag acaatgccaa gcctgaactyg agaggcgcac 660
actggatttc gcatcagttc atgtcgttcc ttacaccgtce aatttgacga atcacctcgce 720
cacgccgect tgattttgtt ttgtcctceg cttetggeeg ggctcagttce agetgtatgg 780
tattggtatc gccatgtcaa gcgacctcte cacacgctece tcegecttect cctecaccge 840

gtegecttee gacgactcege ggceggcagga gcaaggccag goeggegggta acgecagegg 900
gagcecggegg tggeggtgge gecteggget gggcegeggeg tgggcgetgg accegeggge 960
gaggtgggtc cgggactgga accgcgcecta cctcectggec tgecgeggecg ggctcatggt 1020
cgacccgete ttectctacg cegtgtecct gageggeccg ctcatgtgca tattcegtega 1080
cggetggete geegecgeog tcaccgeget gegetgeggg gtggacgeca tgcacgtgtg 1140
gaacgtcgee acgcagctee gcaccgccaa ggcegcecgeceg ggtaagegeyg tggecggega 1200
cgaggagcag cagcagaccg tcgecgagge cgegegeaag ctceecegagg acgeggegte 1260
caggaggggg ctgttgctgg acttcttcecgt catccttece gtgatgcagg tggtggtgtg 1320
ggttgcggeg ccggcgatga tcegegeggg gctgacgacyg ccggtgatga cggtgctget 1380
ggtgtcgtte ctgctggagt acctgcccaa gatctaccac geggcgcgece tgctceccggeyg 1440
gatgcagagg cagtctggct acatcttecgg caccatctgg tggggcatcg cgctcaacct 1500
catggcctac ttcgtcecgeeg cccatgetgt gggegcegtge tggtacctge teggegteca 1560
gegggecage aagtgcctga aagagcagtyg cctcecaggeg gecgggtgeyg cgegeggeag 1620
cgeggtggee tgcegeggege cgctgtacta cggeggetece cegtcetceeceg gagteggegg 1680
cggegacagyg ctegectggg cegggaacge geaggeccegg ggcacgtgee tcegecagegg 1740
cgacaactac cagtacggeg cgtacacgtg gacggtgatg ctggtggega acccgagecg 1800
ggtggagcgg atgctgctce ccatcttetg gggcectcatg acgctcagca cgttecggcaa 1860
cctggagagce acgacggagt ggctggagat cgtgttcaac atcatcacca tcacgggcgg 1920
gctegtecte gtcaccatge tcatcggcaa catcaaggtg ttecctgaacg cgaccacgtce 1980
caagaagcag gccatgcaca cgeggetgeg cggegtggag tggtggatga agegcaagaa 2040
actgcegegyg agetteegeg gecgggtgeg ccagttegag cgecageggt gggecgecac 2100
gegeggegte gacgagtgee agatcgtgeg cgacctecce gagggecteco gecgggacat 2160
caagtaccac ctctgccteg acctcegtceccg ccaggtecca ttcectteccage acatggacga 2220
cctegtgete gagaacatct gcgacagggt gaaatccectce atctttccca agggagaaac 2280
catcgtgagg gagggcgacg tggtgcagcg gatgctgttce atcgtgcggg gecacctgca 2340
gtgcagccag gtgctgegga acggcegegac gagcagctge acgctgggge ctggeaactt 2400
cagcggcgac gagctgctgt cgtggtgcect gcgecgeccg ttcecctggaac gectceccgac 2460
gtegteggeg acgctggtga cgctggagag caccgaggtg tteggectgyg acgecgecga 2520
cgtcaagtac gtcacgcage acttccgeta caccttcace aacgacaagg tgcgecgcag 2580

cgctegetac tactcgceceg getggegtac ctgggcggcece gtcecgecgtte agetggectg 2640
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gaggaggtac aagcaccgca agacgctcte gtegetetee ttecatcegec cgeggcegece 2700
gctgtececege tgctectege tcecggggagga gaagctceccge ctgtacacgg ccatcctceac 2760
ctcgeccaag cccaaccagg acgacgactt ctagctaget tagctaggcce gttceccaggcece 2820
ggattctett ctectcagcecg aggagtatat atatcaaaca acatgcattt atttgtagta 2880
ttcattactc gcatgtcgca tgagagacag agccatgacc gtactcccte cgctttecta 2940
ttagttgtcg tttaggataa cgacacggtc tctaatatat aactttgacc aatatttttt 3000
gttaaaatac aaataaactc ttaatacatt tatactttta taaaagtact ttttatgata 3060
aattggtgca tataaatatt aggtttcaaa actaaataac aaaatagtta tttgtagtca 3120
aaactttata agtttgactc gaaccttatc taaaacgaca attaatagga aaccggaggg 3180
agtattttgce at 3192
<210> SEQ ID NO 30

<211> LENGTH: 2001

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 30

atgtcaagceg acctctecac acgctecteg cettectect ccaccgegte gecttecgac 60
gactcgegge ggcaggagca aggccaggceg gegggtaacyg ccagegggag cceggeggtgg 120

cggtggegee tegggetggg cgeggegtgg gegctggace cgcgggcegag gtgggtccgg 180

gactggaacc gcgcectacct cctggectge geggceceggge tcatggtega ccegetette 240
ctctacgeeg tgtcectgag cggecegete atgtgeatat tegtegacgg ctggetcegece 300
gecgeegtea cegegetgeg ctgeggggtyg gacgecatge acgtgtggaa cgtegecacyg 360
cagctecgea ccgecaagge gecgeogggt aagegegtgg ceggegacga ggagcagceag 420

cagaccgteg ccgaggecge gegcaagete cccgaggacg cggegtcecag gagggggetg 480
ttgctggact tcttegtecat ccttecegtyg atgcaggtgg tggtgtgggt tgeggegecg 540

gegatgatce gegeggggcet gacgacgcceg gtgatgacgg tgetgetggt gtegttectg 600

ctggagtacce tgcccaagat ctaccacgeg gegegectge tecggeggat gcagaggcag 660
tctggetaca tctteggeac catctggtgg ggecatcgege tcaaccteat ggectactte 720
gtcgeegece atgetgtggg cgegtgetgyg tacctgeteg gegtecageyg ggecageaag 780

tgcctgaaag agcagtgect ccaggeggece gggtgegege geggcagege ggtggectge 840
geggegeege tgtactacgg cggetecceyg teteceggag teggeggegyg cgacaggetc 900
gectgggecyg ggaacgcegcea ggcccegggge acgtgecteg ccageggcega caactaccag 960
tacggcegegt acacgtggac ggtgatgetyg gtggegaace cgageegggt ggageggatg 1020
ctgctcececca tettetgggg cctcatgacg ctcagcacgt tcggcaacct ggagagcacg 1080
acggagtggce tggagatcgt gttcaacatc atcaccatca cgggcgggct cgtcectegte 1140
accatgctca tcggcaacat caaggtgtte ctgaacgega ccacgtccaa gaagcaggece 1200
atgcacacge ggctgegegg cgtggagtgg tggatgaage gcaagaaact gecgeggage 1260
ttcegeggee gggtgegeca gttegagege cageggtggg cegecacgeg cggegtegac 1320
gagtgccaga tcgtgcgega cctecccegag ggecteegee gggacatcaa gtaccaccte 1380

tgcctecgace tecgteccgeca ggtcccatte tteccagcaca tggacgacct cgtgctcecgag 1440
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aacatctgcg acagggtgaa atccctcatce tttecccaagg gagaaaccat cgtgagggag 1500
ggcgacgtgg tgcagcggat gctgttcatc gtgcggggec acctgcagtg cagccaggtyg 1560
ctgcggaacyg gcgcgacgag cagctgcacg ctggggectyg gcaacttcag cggcgacgag 1620
ctgctgtegt ggtgcctgeg cecgceccegtte ctggaacgcece tcecccgacgte gteggcegacg 1680
ctggtgacgce tggagagcac cgaggtgttc ggectggacg ccgccgacgt caagtacgtce 1740
acgcagcact tccgctacac cttcaccaac gacaaggtge gcecgcagege tcgctactac 1800
tcgececegget ggcgtaccetyg ggcggcecgte gcegttcage tggcectggag gaggtacaag 1860
caccgcaaga cgctcectcegte getctectte atcecgeceege ggcgecccget gtecccegetge 1920
tectegeteg gggaggagaa getccgectyg tacacggeca tectcaccte gceccaagecce 1980
aaccaggacg acgacttcta g 2001
<210> SEQ ID NO 31

<211> LENGTH: 2076

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 31

atggctacta ccataacaga gcaagaagcce tcatcacgtyg cccecgcacgt gctcgactac 60
gccaccacta catccgacga cgacacggaa aaggaggagg aggagcetggt acacgagcaa 120
aacgaatcct ccggeggagg geggtggttt ceggeggegt geggtggegyg cacgeggcegyg 180

agcgggggag gcgegttagg gegagttett gacccaaggg cgaagtgggt ccaggaatgg 240

aacagggtgt tcctgctagt gtgcgecgeg gggttgtteg ttgaccctet cttettcetac 300
gegetceteeyg tcagecgacte gtgcatgtge gtettegttyg acgggtgget cgecgtcace 360
gtecacggtge tgcggtgcat gaccgacgca ctgcacgtgt ggaacatggt tataaggtgce 420
aagatggcga aacgcacctt cggactegge gectccacca cttetteegyg cagaggaaca 480
tcctegtect ctgteggact cagagatacce cgaccgegtt cegtegegat gggatatcte 540
atgtcacgga ccggattctt ttttgatctg ttegttattc ttcecctctacce acagattgta 600
ctatgggtgg caatcccecte cttgttggag aaaggttcag tgacattggt gatgacagtg 660
ttcttaatta tctttctett ccaatacctt cccaaaattt ttcattcggt ttgccatttg 720
cgacgcacgce aaaacctctce tggctacatt tttggaacag tttggtgggyg aatcgecctt 780
aacatgatcg cgtattttgt tgcttceccat gecagcagggg catgttggta cttgetaggg 840
atacaaaggg cagccaagtg tctcaaagtg cagtgtgaga aaacaagtgg ttgtggcatg 900
aaaatcttgt cttgtcaaac acccatatat tacggaagca acagttttcet agttagggat 960

agggcaaggt tggcttgggc agagaacagg gaagtgagac acacatgcct aaatggtcect 1020

gacaactaca actatggagc ttatagatgg tctgttcagc ttgtcacaaa cgataatcga 1080

ttggagaaga tacttttccc tatcttectgg ggcectaatga ctctcagcac ttttggaaac 1140

ctagagagta caaccgaatg gctggaagta gttttcaaca tcattgtgct gaccagtggce 1200

cttcttettg tcactatgtt gattggaaac atcaaggtat ttttgcatgce aacaacgtca 1260

aaaaagcaag caatgcaatt gaagatgagg aatattgaat ggtggatgag gaaacgacgc 1320

ttgccgetag ggtttaggca gegcgtgcegt aactatgaga ggcaacgttg ggctgccatg 1380

cgtggggttg atgaatttga gatgactaaa aatcttcctg agggattaag aagagacatt 1440
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aaataccatc tttgtctaga cttggtgaga caggtgcctc tatttcaaca catggacgat 1500
ctggttctag agaacatctg tgaccgtgtg aagtctctga tattcacaaa gggagaaaca 1560
atagctagag aaggagaccc agttcagaga atgctatttg tagtaagggg tcaccttcaa 1620
agcagccaag tcctaaggga tggtgtgaag agttgttgca tgttaggtcce aggaaacttce 1680
agtggggacg aactcctcte atggtgttta aggagaccct tcatagaacg ccttccacca 1740
tcttcatcca cactcatcac gttggaaacc accgaggcett ttggccttga agccgaggat 1800
gtgaagtatg tgacacaaca ttttaggtac acatttgtta aggagaaggt gaagagaagt 1860
gcaaggtatt actcaccagg gtggagaact tgggctgctg tggccattca attggcatgg 1920
aggaggtaca agcataggtt gactttgact tcattgtcect ttataaggcc taggaggcect 1980
ttgtcaaggt cctcttccat gggagaggac aggcttcegece tctacacgge tttgttaacce 2040
tcecccaaage ctaatcagga tgattttgac ttttga 2076
<210> SEQ ID NO 32

<211> LENGTH: 2001

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 32

atggegtect cctecgecge cgeccgecteg tecgetcatg gtgttggtgt tgtgecagagg 60
ttatggctgg aggagcagga gcggaagecg cegecgaage gtggeggegyg caageggagg 120

tgggegtggg cgccgetega geecgeggegg goggggtggt gggcgceggga gtgggacagg 180

gegtacctee tegectgege ggeggggcete atggtcegace cgetcettect gtacgeegtyg 240
tcegteageg ggecgetecat gtgegtette ctegacgggt ggttegeege cgeggtcace 300
gtgcteeggt gcacggtgga cgccatgcac gectggaact tgetgatgeg ccteegggeg 360

geggtgegge cgccggagga ggacgacgge gccgacgagg aggtggcggce ggagcgggga 420

gecggeggea atggeggegg gecggegeceyg getcaggtgg cgaggecggt gtecaggaaa 480

gggctcatge tggacatgtt cgtcattett ccegtaatge aggtgategt ctgggtggeg 540
gecaccggega tgatacgege cgggtegacyg acggceggtaa tgacggtget cctggtgteg 600
ttcectgtteg agtacctgece caagatatac cacgecgtec gecteetgeg ccggatgcag 660
aacacctacg tgttcggecac catctggtgg ggcatcgege tcaacctcat ggectactte 720

gtegeegete acgeggtggg cgegtgetgyg tacctgeteg gggegcageyg cgegaccaag 780
tgcctcaagyg agcagtgege ccagggeggg agegggtgeg cgeecggtge getggegtge 840
geggegecge tctactacgg tggegecegtyg ggeggegtgg gegeggacag getegectgg 900
geectegacyg ccteegeceg gggcacgtge ctegacageg gcegacaacta ccagtacggg 960
gcgtacaagt ggaccgtcat gctegtggeg aacccgagec ggctggagaa gatcttgetce 1020
cccatcttet ggggcectcat gacactcagt acatttggga acttggcgag cacaacagag 1080
tggctggaga tagtgttcaa catcatcact atcaccgggg gcttaatcct cgtgacgatg 1140
ctcataggaa acatcaaggt gttcttgaac gcggcgacgt cgaagaagca ggcgatgcag 1200
acgaggctge ggggcegtgga gtggtggatg aagcggaaga agetgecgca gagettceegg 1260
caccgggtge ggcagcacga geggcagegg tgggeggeca cgegeggegt cgacgagtge 1320

cgcategtee gegacctgee ggaggggete cgecgegaca tcaagtacca cctetgecte 1380
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gacctcgtec gecaggtgce actgttccaa cacatggacg acctggtgcet cgagaacatce 1440
tgtgacaggg tcaagtccct cgtattccce aaaggagaaa ttatcgttag agagggcgac 1500
ccggtgcaga ggatgctgtt catagtgcga gggcacctgce agagcagcca ggtgctgagg 1560
accggegeca cgagetgetg cacgetgggg cegggcaact tcagegggga cgagetgetg 1620
tcgtggtgeca tgcggcggece gttectggag cggctgecegg cgtcegtcegte gacgetggtg 1680
acgatggaga gcacggaggc gttcgggetg gaggcecgegyg acgtcaagta cgtgacgcag 1740
cacttccget acaccttcac caacgacagg gtgcggcegea gegegegceta ctactcgcac 1800
gggtggegea cgtgggcegge cgtegecgtg cagcetegegt ggeggeggta caagcaccege 1860
aagacgctcg cgtcegctete cttcateccge ccgegcagge cgctgtcecgeg gtgctegteg 1920
cteggegagg agaagetccg getctacacce gegatcectea cctcacccaa gcoccaaccce 1980
aaccaggacg acttggtgtg a 2001
<210> SEQ ID NO 33

<211> LENGTH: 2001

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 33

atggegtect cctecgecge cgeccgecteg tecgetcatg gtgttggtgt tgtgecagagg 60
ttatggctgg aggagcagga gcggaagecg cegecgaage gtggeggegyg caageggagg 120

tgggegtggg cgccgetega geecgeggegg goggggtggt gggcgceggga gtgggacagg 180

gegtacctee tegectgege ggeggggcete atggtcegace cgetcettect gtacgeegtyg 240
tcegteageg ggecgetecat gtgegtette ctegacgggt ggttegeege cgeggtcace 300
gtgcteeggt gcacggtgga cgccatgcac gectggaact tgetgatgeg ccteegggeg 360

geggtgegge cgccggagga ggacgacgge gccgacgagg aggtggcggce ggagcgggga 420

gecggeggea atggeggegg gecggegeceyg getcaggtgg cgaggecggt gtecaggaaa 480

gggctcatge tggacatgtt cgtcattett ccegtaatge aggtgategt ctgggtggeg 540
gecaccggega tgatacgege cgggtegacyg acggceggtaa tgacggtget cctggtgteg 600
ttcectgtteg agtacctgece caagatatac cacgecgtec gecteetgeg ccggatgcag 660
aacacctacg tgttcggecac catctggtgg ggcatcgege tcaacctcat ggectactte 720

gtegeegete acgeggtggg cgegtgetgyg tacctgeteg gggegcageyg cgegaccaag 780
tgcctcaagyg agcagtgege ccagggeggg agegggtgeg cgeecggtge getggegtge 840
geggegecge tctactacgg tggegecegtyg ggeggegtgg gegeggacag getegectgg 900
geectegacyg ccteegeceg gggcacgtge ctegacageg gcegacaacta ccagtacggg 960
gcgtacaagt ggaccgtcat gctegtggeg aacccgagec ggctggagaa gatcttgetce 1020
cccatcttet ggggcectcat gacactcagt acatttggga acttggcgag cacaacagag 1080
tggctggaga tagtgttcaa catcatcact atcaccgggg gcttaatcct cgtgacgatg 1140
ctcataggaa acatcaaggt gttcttgaac gcggcgacgt cgaagaagca ggcgatgcag 1200
acgaggctge ggggcegtgga gtggtggatg aagcggaaga agetgecgca gagettceegg 1260
caccgggtge ggcagcacga geggcagegg tgggeggeca cgegeggegt cgacgagtge 1320

cgcategtee gegacctgee ggaggggete cgecgegaca tcaagtacca cctetgecte 1380
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gacctcgtec gecaggtgce actgttccaa cacatggacg acctggtgcet cgagaacatce 1440
tgtgacaggg tcaagtccct cgtattccce aaaggagaaa ttatcgttag agagggcgac 1500
ccggtgcaga ggatgctgtt catagtgcga gggcacctgce agagcagcca ggtgctgagg 1560
accggegeca cgagetgetg cacgetgggg cegggcaact tcagegggga cgagetgetg 1620
tcgtggtgeca tgcggcggece gttectggag cggctgecegg cgtcegtcegte gacgetggtg 1680
acgatggaga gcacggaggc gttcgggetg gaggcecgegyg acgtcaagta cgtgacgcag 1740
cacttccget acaccttcac caacgacagg gtgcggcegea gegegegceta ctactcgcac 1800
gggtggegea cgtgggcegge cgtegecgtg cagcetegegt ggeggeggta caagcaccege 1860
aagacgctcg cgtcegctete cttcateccge ccgegcagge cgctgtcecgeg gtgctegteg 1920
cteggegagg agaagetccg getctacacce gegatcectea cctcacccaa gcoccaaccce 1980
aaccaggacg acttggtgtg a 2001
<210> SEQ ID NO 34

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 34

ggagagagga gaaggtgttg tgcat 25
<210> SEQ ID NO 35

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 35

ccagccectece gtccatgtac aagca 25
<210> SEQ ID NO 36

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 36

atgtagcctg tgactttttg cattce 25
<210> SEQ ID NO 37

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 37

agcgactccce gcgatacgta cgcca 25
<210> SEQ ID NO 38

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 38
caccctgtca cagatgttgt caaga 25
<210> SEQ ID NO 39

<211> LENGTH: 25
<212> TYPE: DNA
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<213> ORGANISM: Glycine max
<400> SEQUENCE: 39
aaggcaccat gaaagcagct cgtca
<210> SEQ ID NO 40

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 40
attcaaggtyg gtcatgtgge cttat
<210> SEQ ID NO 41

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 41
gagtagaaga acagcgggtce tatcg
<210> SEQ ID NO 42

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 42
atcacgaatyg cgtcgaacca gaatc
<210> SEQ ID NO 43

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 43
tgacaggaag tgcccattgg tagat
<210> SEQ ID NO 44

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 44
gcagcatatt gcaagagcct gegtt
<210> SEQ ID NO 45

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 45

tgctgcccat ctetgacgtt caaaa
<210> SEQ ID NO 46

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 46

ctaaatggat tgtcatccac aactg

25

25

25

25

25

25

25

25
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<210> SEQ ID NO 47

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 47
ttattgtcat aatgatttta atttt
<210> SEQ ID NO 48

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 48
aaggcaccat gaaagcagct cgtca
<210> SEQ ID NO 49

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 49
caaaccccaa aaaatgggat aaaga
<210> SEQ ID NO 50

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 50
aaaatagaag gtatctaatt tttaa
<210> SEQ ID NO 51

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 51
taaaaaaata gaaataacta catgt
<210> SEQ ID NO 52

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<400> SEQUENCE: 52
ctatcttggt ttettgctaa ctetg
<210> SEQ ID NO 53

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 53

taattttatc aactattata ccatc

<210> SEQ ID NO 54

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

25

25

25

25

25

25

25
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<400> SEQUENCE: 54

gaatttttag accattcaac cggga

<210> SEQ ID NO 55

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 55

acattcttgt aaaatatttt ctctg

<210> SEQ ID NO 56

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 56

aaggatattt acaaatttga gacat

<210> SEQ ID NO 57

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 57

tttcatattt tcttcatcce ageat

<210> SEQ ID NO 58

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 58

atgatggtag catgagatta caccc

<210> SEQ ID NO 59

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 59

atggctcatt ttagaataaa cttta

<210> SEQ ID NO 60

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 60

atgggggcte ccgttaatce gaaga

<210> SEQ ID NO 61

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 61

25

25

25

25

25

25

25
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agcgceggta gcgagcatac

<210> SEQ ID NO 62
<211> LENGTH: 25
<212> TYPE: DNA

gtatg

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 62

acgactctge ttattatact
<210> SEQ ID NO 63

<211> LENGTH: 25
<212> TYPE: DNA

cggte

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 63

gacatattag gggcgacgte
<210> SEQ ID NO 64

<211> LENGTH: 644
<212> TYPE: DNA

tccaa

synthetic

synthetic

<213> ORGANISM: Solanum lycopersicum

<400> SEQUENCE: 64

aagtggtttyg gcatattceg
gacgacatca atccaatctce
cctgttttee actccaccag
ggttcttete tagttccaat
agtcgcagece ggcacacatce
gtgcagagat ggaaccgaat
ctattctttt acgccttate
agcctggegyg ctatcgtcac
ttgtggttge agtttegttt
aaactcgtgt gggatgegeg
tggttcgatg cttttgtcat
<210> SEQ ID NO 65

<211> LENGTH: 652
<212> TYPE: DNA

acgaagatca

aaattccatt

ttgcgatgga

tcaaaaccgyg

ggggccgttc

gattttattg

catcggeege

cgtgattegyg

ggcttacgty

tgcgattget

ccttecegtt

gttcaaccty

gaatgttatg

gctaaccaac

acggattcaa

gggcgtgtat

gcacgtggca

ggtggatcgc

actagcgteg

tcgagagaat

tctcactatg

ccacaggcetyg

<213> ORGANISM: Solanum lycopersicum

<400> SEQUENCE: 65

cgacgeegtyg cacctettec

atcgetggtyg gttggttgtg

tgttaggtce cttaaaggat

tgtattctgyg ctggtggtte

gatcctttta ttaatgttet

aatgagaagyg atgcaaaagg

atttgtggtt

ggaaactcgt

tttggttcega

caaaactaat

tgttccagtt

ttacaggata

gcagtttegt

gtgggatgeg

tgcttttgte

aagagaagag

ccttcceccaaa

tatttttggt

ataacagcga cgacaacgat

catgtactca agttggcgte

cggagtggga agcttcagcc

aaaccggaaa atcccggtec

tagacccteg aagcaagcege

tggctttage cgttgatcct

cgtgtttgta catggacgge

acgccgtgca cctettecat

cgctggtggt tggttgtggg

ttaggtcecct taaaggattt

tatt

ttggcttacyg tgtcgagaga

cgtgcgattyg cttctcacta

atcctteceeyg ttecacagge

cagataaagc ttataatgac

gtttatcact gtataagctt

accatctggt ggggatttgg

25

25

25

60

120

180

240

300

360

420

480

540

600

644

60

120

180

240

300

360
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acttaatctc attgcttatt ttattgctte tcatgttget gggggatgct ggtatgttcet 420
tgcaatacaa agagtggctt catgtctaag gcagcagtgt gagcgcaacc cttegtgtaa 480
tctatctttg tettgctcag aggaggtgtg ttatcagttt ctgttgccaa caggaactgt 540
gggaaatcca tgtgctggga actcaacaac agtgaccagg aagccaatgt gtttggatgt 600
caatggacca tttccatatg ggatatacca atgggcactt cctgttgttt ct 652
<210> SEQ ID NO 66
<211> LENGTH: 656
<212> TYPE: DNA
<213> ORGANISM: Solanum lycopersicum
<400> SEQUENCE: 66
atctttgtet tgctcagagg aggtgtgtta tcagtttcetyg ttgccaacag gaactgtggg 60
aaatccatgt gctgggaact caacaacagt gaccaggaag ccaatgtgtt tggatgtcaa 120
tggaccattt ccatatggga tataccaatg ggcacttcct gttgtttcta gcagatccgt 180
cactgttaag attctttacc ccatcttttg gggattgatg acccttagca catttggcaa 240
tgacttagaa ccaacaagtc actggctgga agttatttte agtatatgec ttgtgettag 300
tggattgatg ctcttcactt tgctgattgg taacattcag gtgtttttac acgcggtcat 360
ggcaaagaag cgaaaaatgc aattaagatg tagggatatg gaatggtgga tgaggaggag 420
acaattacca tcacaattaa gacaaagagt tcgccacttt gaacaccaga gatgggctat 480
gatgggtgge gaagatgaga tggaacttgt aaaagacctg ccagaaggac tacgaaggga 540
catcaaacgc tttctttgecc ttgatcttat taagaaggtt cctctgttecg aaagtttgga 600
tgatctgatt ctagataaca tttgtgatcg cgttaagcca cttgtgttcet ctaaag 656
<210> SEQ ID NO 67
<211> LENGTH: 651
<212> TYPE: DNA
<213> ORGANISM: Solanum lycopersicum
<400> SEQUENCE: 67
atggaacttg taaaagacct gccagaagga ctacgaaggg acatcaaacyg ctttetttge 60
cttgatctta ttaagaaggt tcctctgttc gaaagtttgg atgatctgat tctagataac 120
atttgtgatc gcegttaagcce acttgtgtte tctaaagatg agaagatcat aagagaagga 180
gatccagtge acagggttgt gttcattgtt cgtggacgtg taaaaagtag ccaaaacctce 240
agtaaaggag tgattgccac aagcatactt gagcctggag gettetttgg agatgaactt 300
ctttectggt gettacgeceg tcecctttatt gacagactte cagettctte cgcaacctte 360
acttgcattg aatctacaga agcatttgge ttagatgcaa accaccttceg atttatcacg 420
gatcacttca gatacaaatt tgcaaacgag aggctgaaga gaacagcaag gtattattca 480
tccaattgga gaacctgggce tgctgtgaat atacagttag cttggcgacyg ttacatgatg 540
aggactagce gtcccactat acatgtgatc gaaaatgggg ataatgatca tcgtcttege 600
aagtatgctg caatgttctt gtcaatcaga ccacatgatc atcttgaata g 651

<210> SEQ ID NO 68

<211> LENGTH: 649

<212> TYPE: DNA

<213> ORGANISM: Aqueoria victoria
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59
-continued

<400> SEQUENCE: 68

ctggatggtyg atgtgaacgg gcacaagttce teegtcageyg gagagggtga aggtgatgece 60
acctacggaa agctcaccct gaagttcatce tgcactaccyg gaaagctccee tgttecgtgg 120
ccaacccteg tcaccacttt cacctacggt gttcagtget tceteccggta cccagatcac 180
atgaagcagc atgacttctt caagagegece atgcccgaag gctacgtgca agaaaggact 240
atctctttca aggatgacgg gaactacaag acacgtgccyg aagtcaagtt cgaaggtgat 300
accctggtga accgcatcga gectgaaaggt atcgatttca aggaagatgg aaacatccte 360
ggacacaagc tggagtacaa ctacaactcc cacaacgtat acatcacggce cgacaagcag 420
aagaacggca tcaaggctaa cttcaagatc aggcacaaca tcgaagatgg aagcgtgcaa 480
ctggeggace actaccagca gaacacgcecce ateggcegatyg gecctgtect getgecggac 540
aaccattacc tgtccacgca atctgcecte tecaaggacce ccaacgagaa gagggaccac 600
atggtcctge tggagttegt gacggctgct gggatcacgce atggcatgg 649

What is claimed is:

1. A method for producing a plant exhibiting an improve-
ment in fungal and/or nematode disease resistance compris-
ing topically applying to a plant surface a composition that
comprises:

a. at least one polynucleotide that comprises at least 18
contiguous nucleotides that are essentially identical or
essentially complementary to a DND1 gene or to a tran-
script of said gene; and

b. a transfer agent, wherein said plant exhibits an improve-
ment in fungal and/or nematode disease resistance that
results from suppression of said DND1 gene.

2. The method of claim 1, wherein said polynucleotide
molecule comprises sense ssDNA, sense ssRNA, dsRNA,
dsDNA, a double stranded DNA/RNA hybrid, anti-sense
ssDNA, or anti-sense ssSRNA.

3. The method of claim 1, wherein said polynucleotide is
selected from the group consisting of SEQ ID NO: 34, 35, 36,
37,38,39,40,41,42,43,44,45,46,47,48,49, 50, 51, 52, 53,
54, 55, 56, 57, 58, and 59, or wherein said polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
1,2,3,4,5,6,7,8,9,10,11, 12, 13,14, 15, 16,17, 18, 19, 20,
21,22,23, 24, 25,26, 27, 28, 29,30, 31, 32, or 33.

4. The method of claim 3, wherein:

(a) the plant is a cucumber plant, the gene or the transcript
is a cucumber DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complemen-
tary to SEQID NO: 1,3,7,11,0r 19;

(b) the plant is a soybean plant, the gene or the transcript is
a soybean DND1 gene or transcript, and the polynucle-
otide molecule is selected from the group consisting of
SEQIDNO:34,35,36,37,38,39,40,41,42,43,44,45,
46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, and 59,
or the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 2, 4, 21, or 31;

(c) the plant is a lettuce plant, the gene or the transcript is a
lettuce DND1 gene or transcript, and the polynucleotide

comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 5or 9;

(d) the plant is a tomato plant, the gene or the transcript is
a tomato DND1 gene or transcript, and the polynucle-
otide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to
SEQ ID NO: 6 or 10;

(e) the plant is a barley plant, the gene or the transcript is a
barley DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 8 or 12;

(D) the plant is a cotton plant, the gene or the transcript is a
cotton DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 13, 14, 18, 25 or 26;

(g) the plant is a melon plant, the gene or the transcript is a
melon DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 15, 27, or 28,

(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 16, 20, 29, or 30;

(1) the plant is a rice plant, the gene or the transcript is arice
DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID
NO: 17, 22, 32, or 33; or,

(j) the plant is a wheat plant, the gene or the transcript is a
wheat DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 23 or 24.

5. The method of claim 1, wherein said composition com-

prises any combination of two or more polynucleotide mol-
ecules.
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6. The method of claim 1, wherein said composition further
comprises a non-polynucleotide herbicidal molecule, a poly-
nucleotide herbicidal molecule, a polynucleotide that sup-
presses an herbicide target gene, an insecticide, a fungicide, a
nematocide, or a combination thereof.

7. The method of claim 1, wherein said transfer agent
comprises an organosilicone preparation.

8. The method of claim 1, wherein said polynucleotide is
not operably linked to a viral vector.

9. The method of claim 1, wherein said polynucleotide is
not integrated into the plant chromosome.

10. A plant obtained by the method of claim 1.

11. A processed product of said plant of claim 10, wherein
said processed product exhibits an improved attribute relative
to a processed product of an untreated control plant and
wherein said improved attribute results from said fungal and/
or nematode disease resistance.

12. A composition comprising a polynucleotide molecule
that comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to a DND1
gene or transcript of said gene, wherein said polynucleotide is
not operably linked to a promoter; and, b) a transfer agent.

13. The composition of claim 12, wherein said polynucle-
otide is selected from the group consisting of SEQ ID NO: 34,
35,36,37,38,39,40,41,42,43,44,45,46,47, 48,49, 50, 51,
52,53, 54,55, 56, 57, 58, and 59, or wherein said polynucle-
otide comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to SEQ ID
NO:1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18,
19, 20,21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, or 33.

14. The composition of claim 12, wherein:

(a) the plant is a cucumber plant, the gene or the transcript
is a cucumber DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complemen-
tary to SEQID NO: 1,3,7,11,0r 19;

(b) the plant is a soybean plant, the gene or the transcript is
a soybean DND1 gene or transcript, and the polynucle-
otide molecule is selected from the group consisting of
SEQIDNO:34,35,36,37,38,39,40,41,42,43,44,45,
46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, and 59,
or the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 2, 4, 21, or 31;

(c) the plant is a lettuce plant, the gene or the transcript is a
lettuce DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQID NO: 5o0r 9;

(d) the plant is a tomato plant, the gene or the transcript is
a tomato DND1 gene or transcript, and the polynucle-
otide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to
SEQ ID NO: 6 or 10;

(e) the plant is a barley plant, the gene or the transcript is a
barley DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 8 or 12;

(f) the plant is a cotton plant, the gene or the transcript is a
cotton DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 13, 14, 18, 25 or 26;
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(g) the plant is a melon plant, the gene or the transcript is a
melon DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 15, 27, or 28,

(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 16, 20, 29, or 30;

(1) the plant is a rice plant, the gene or the transcript is arice
DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID
NO: 17, 22, 32, or 33; or,

(j) the plant is a wheat plant, the gene or the transcript is a
wheat DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 23 or 24.

15. The composition of claim 12, wherein said composi-
tion further comprises a non-polynucleotide herbicidal mol-
ecule, a polynucleotide herbicidal molecule, a polynucleotide
that suppresses an herbicide target gene, an insecticide, a
fungicide, a nematocide, or a combination thereof.

16. The composition of claim 12, wherein said transfer
agent is an organosilicone preparation.

17. A plant comprising an exogenous polynucleotide that
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to a DND1 gene
or transcript of said gene, wherein said exogenous polynucle-
otide is not operably linked to a promoter or to a viral vector,
is not integrated into the chromosomal DNA of'the plant, and
is not found in a non-transgenic plant; and, wherein said plant
exhibits an improvement in fungal and/or nematode disease
resistance that results from suppression of the DND1 gene.

18. The plant of claim 17, wherein said plant further com-
prises an organosilicone compound or a component thereof.

19. The plant of claim 17, wherein said polynucleotide is
selected from the group consisting of SEQ ID NO: 34, 35, 36,
37,38,39,40,41,42,43,44,45,46,47,48,49, 50, 51, 52, 53,
54, 55, 56, 57, 58, and 59, or wherein said polynucleotide
comprises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID NO:
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18, 19, 20,
21, 22,23, 24,25, 26, 27, 28, 29, 30, 31, 32, or 33.

20. The plant of claim 17, wherein:

(a) the plant is a cucumber plant, the gene or the transcript
is a cucumber DND1 gene or transcript, and the poly-
nucleotide comprises at least 18 contiguous nucleotides
that are essentially identical or essentially complemen-
tary to SEQ ID NO: 1, 3,7, 11, 0r 19;

(b) the plant is a soybean plant, the gene or the transcript is
a soybean DND1 gene or transcript, and the polynucle-
otide molecule is selected from the group consisting of
SEQIDNO:34,35,36,37,38,39,40,41,42,43,44,45,
46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, and 59,
or the polynucleotide comprises at least 18 contiguous
nucleotides that are essentially identical or essentially
complementary to SEQ ID NO: 2, 4, 21, or 31;

(c) the plant is a lettuce plant, the gene or the transcript is a
lettuce DND1 gene or transcript, and the polynucleotide
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comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQID NO: 5o0r 9;

(d) the plant is a tomato plant, the gene or the transcript is
a tomato DND1 gene or transcript, and the polynucle-
otide comprises at least 18 contiguous nucleotides that
are essentially identical or essentially complementary to
SEQ ID NO: 6 or 10;

(e) the plant is a barley plant, the gene or the transcript is a
barley DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 8 or 12;

(f) the plant is a cotton plant, the gene or the transcript is a
cotton DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 13, 14, 18, 25 or 26;

(g) the plant is a melon plant, the gene or the transcript is a
melon DND1 gene or transcript, and the polynucleotide
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comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 15, 27, or 28,

(h) the plant is a maize plant, the gene or the transcript is a
maize DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 16, 20, 29, or 30;

(1) the plant is a rice plant, the gene or the transcript is arice
DND1 gene or transcript, and the polynucleotide com-
prises at least 18 contiguous nucleotides that are essen-
tially identical or essentially complementary to SEQ ID
NO: 17, 22, 32, or 33; or,

(j) the plant is a wheat plant, the gene or the transcript is a
wheat DND1 gene or transcript, and the polynucleotide
comprises at least 18 contiguous nucleotides that are
essentially identical or essentially complementary to
SEQ ID NO: 23 or 24.
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