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anti-sense orientation to effect what is called anti-sense sup-
pression, or in both orientations producing a dsRNA to effect
what is called RNA interference (RNA1).

[0142] Transcriptional suppression is mediated by the pres-
ence in the cell of a dsRNA gene suppression agent exhibiting
substantial sequence identity to a promoter DNA sequence or
the complement thereof to effect what is referred to as pro-
moter trans suppression. Gene suppression may be effective
against a native host gene associated with a trait, e.g., to
provide hosts with reduced levels of a protein encoded by the
native gene or with enhanced or reduced levels of an affected
metabolite. Gene suppression can also be effective against
target genes in pests that may ingest or contact material con-
taining gene suppression agents, specifically designed to
inhibit or suppress the expression of one or more homologous
or complementary sequences in the cells of the pest.

[0143] A beneficial method of post transcriptional gene
suppression in hosts employs both sense-oriented and anti-
sense-oriented, transcribed RNA which is stabilized, e.g., as
a hairpin and stem and loop structure. A preferred DNA
construct for effecting post transcriptional gene suppression
is one in which a first segment encodes an RNA exhibiting an
anti-sense orientation exhibiting substantial identity to a seg-
ment of a gene targeted for suppression, which is linked to a
second segment in sense orientation encoding an RNA exhib-
iting substantial complementarity to the first segment. Such a
construct forms a stem and loop structure by hybridization of
the first segment with the second segment and a loop structure
from the nucleotide sequences linking the two segments (see
W094/01550, WO98/05770, US 2002/0048814, and US
2003/0018993).

[0144] According to one embodiment of the present inven-
tion, there is provided a nucleotide sequence, for which in
vitro expression results in transcription of a stabilized RNA
sequence that is substantially homologous to an RNA mol-
ecule of a targeted gene in a pest that comprises an RNA
sequence encoded by a nucleotide sequence within the
genome of the pest. Thus, after the pest uptakes the stabilized
RNA sequence, or is otherwise exposed to the dsRNA, a
down-regulation of the nucleotide sequence corresponding to
the target gene in the cells of a target pest is affected.

[0145] Inhibition of a target gene using the stabilized
dsRNA technology of the present invention is sequence-spe-
cific in that nucleotide sequences corresponding to the duplex
region of the RNA are targeted for genetic inhibition. RNA
containing a nucleotide sequences identical to a portion of the
target gene is preferred for inhibition. RNA sequences with
insertions, deletions, and single point mutations relative to the
target sequence have also been found to be effective for inhi-
bition. In performance of the present invention, it is preferred
that the inhibitory dsRNA and the portion of the target gene
share at least from about 80% sequence identity, or from
about 85% sequence identity, or from about 90% sequence
identity, or from about 95% sequence identity, or from about
99% sequence identity, or even about 100% sequence iden-
tity. Alternatively, the duplex region of the RNA may be
defined functionally as a nucleotide sequence that is capable
of hybridizing with a portion of the target gene transcript. A
less than full length sequence exhibiting a greater homology
compensates for a longer less homologous sequence. The
length of the identical nucleotide sequences may be at least
about 25, 50, 100, 200, 300, 400, 500 or at least about 1000
bases. Normally, a sequence of greater than 20-100 nucle-
otides should be used, though a sequence of greater than

Mar. 5, 2015

about 200-300 nucleotides would be preferred, and a
sequence of greater than about 500-1000 nucleotides would
be especially preferred depending on the size of the target
gene. The invention has the advantage of being able to tolerate
sequence variations that might be expected due to genetic
mutation, strain polymorphism, or evolutionary divergence.
The introduced nucleic acid molecule may not need to be
absolute homology, may not need to be full length, relative to
either the primary transcription product or fully processed
mRNA of the target gene. Therefore, those skilled in the art
need to realize that, as disclosed herein, 100% sequence iden-
tity between the RNA and the target gene is not required to
practice the present invention.

[0146] IV.Methods for Preparing dsRNA

[0147] dsRNA molecules may be synthesized either in vivo
or in vitro. The dsRNA may be formed by a single self-
complementary RNA strand or from two complementary
RNA strands. Endogenous RNA polymerase of the cell may
mediate transcription in vivo, or cloned RNA polymerase can
be used for transcription in vivo or in vitro Inhibition may be
targeted by specific transcription in an organ, tissue, or cell
type; stimulation of an environmental condition (e.g., infec-
tion, stress, temperature, chemical inducers); and/or engi-
neering transcription at a developmental stage or age. The
RNA strands may or may not be polyadenylated; the RNA
strands may or may not be capable of being translated into a
polypeptide by a cell’s translational apparatus.

[0148] A RNA, dsRNA, siRNA, or miRNA of the present
invention may be produced chemically or enzymatically by
one skilled in the art through manual or automated reactions
orinvivo in another organism. RNA may also be produced by
partial or total organic synthesis; any modified ribonucleotide
can be introduced by in vitro enzymatic or organic synthesis.
The RNA may be synthesized by a cellular RNA polymerase
or a bacteriophage RNA polymerase (e.g., T3, T7, SP6). The
use and production of an expression construct are known in
the art (see, for example, WO 97/32016; U.S. Pat. Nos. 5,593,
874,5,698,425,5,712,135,5,789,214, and 5,804,693). If syn-
thesized chemically or by in vitro enzymatic synthesis, the
RNA may be purified prior to introduction into the cell. For
example, RNA can be purified from a mixture by extraction
with a solvent or resin, precipitation, electrophoresis, chro-
matography, or a combination thereof. Alternatively, the
RNA may be used with no or a minimum of purification to
avoid losses due to sample processing. The RNA may be dried
for storage or dissolved in an aqueous solution. The solution
may contain buffers or salts to promote annealing, and/or
stabilization of the duplex strands.

[0149] V. Polynucleotide Sequences

[0150] Provided according to the invention are nucleotide
sequences, the expression of which results in an RNA
sequence which is substantially homologous to an RNA mol-
ecule of a targeted gene in a pest that comprises an RNA
sequence encoded by a nucleotide sequence within the
genome of the pest. Thus, after ingestion of the dsRNA
sequence down-regulation of the nucleotide sequence of the
target gene in the cells of the pest may be obtained resulting in
a deleterious effect on the maintenance, viability, prolifera-
tion, reproduction, and infestation of the pest.

[0151] Each “nucleotide sequence” set forth herein is pre-
sented as a sequence of deoxyribonucleotides (abbreviated A,
G, C and T). However, by “nucleotide sequence” of a nucleic
acid molecule or polynucleotide is intended, for a DNA mol-
ecule or polynucleotide, a sequence of deoxyribonucleotides,



