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(57) ABSTRACT 

The present invention is directed to controlling pest infes 
tation by inhibiting one or more biological functions in an 
invertebrate pest. The invention discloses methods and com 
positions for use in controlling pest infestation by feeding 
one or more different recombinant double stranded RNA 
molecules to the pest in order to achieve a reduction in pest 
infestation through suppression of gene expression. The 
invention is also directed to methods for making transgenic 
plants that express the double stranded RNA molecules, and 
to particular combinations of transgenic pesticidal agents for 
use in protecting plants from pest infestation. 
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COMPOSITIONS AND METHODS FOR CONTROL 
OF INSECT INFESTATIONS IN PLANTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application Nos. 60/560,842, ?led Apr. 9, 2004, 60/565, 
632, ?led Apr. 27, 2004, 60/579,062, ?led Jun. 11, 2004, 
60/603,421, ?led Aug. 20, 2004, 60/617,261, ?led Oct. 11, 
2004, and 60/ , ?led on Apr. 7, 2005. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to genetic 
control of pest infestations in plants and in and on animals. 
More speci?cally, the present invention relates to the meth 
ods for modifying endogenous expression of coding 
sequences in the cell or tissue of a particular pest. More 
speci?cally, the present invention utiliZes recombinant DNA 
technologies to post-transcriptionally repress or inhibit 
expression of a target coding sequence in the cell of a pest, 
by feeding to the pest one or more double stranded or small 
interfering ribonucleic acid (RNA) molecules transcribed 
from all or a portion of a target coding sequence, thereby 
controlling the infestation. Therefore, the present invention 
relates to sequence-speci?c inhibition of expression of cod 
ing sequences using double-stranded RNA (dsRNA) or 
small interfering RNA (siRNA) to achieve the intended 
levels of pest control. 

[0003] Novel isolated and substantially puri?ed nucleic 
acid molecules including but not limited to non-naturally 
occurring nucleotide sequences and recombinant DNA con 
structs for transcribing the dsRNA or siRNA molecules of 
the present invention are also provided that suppress or 
inhibit the expression of an endogenous coding sequence or 
a target coding sequence in the pest When introduced thereto. 
Transgenic plants that (a) contain nucleotide sequences 
encoding the isolated and substantially puri?ed nucleic acid 
molecules and the non-naturally occurring recombinant 
DNA constructs for transcribing the dsRNA or siRNA 
molecules for controlling plant pest infestations, and (b) 
display resistance and/or enhanced tolerance to the insect 
infestations, are also provided. Compositions containing the 
dsRNA nucleotide sequences of the present invention for use 
in topical applications onto plants or onto animals or into the 
environment of an animal to achieve the elimination or 
reduction of pest infestation are also described. 

FIELD OF THE INVENTION 

[0004] The present invention relates generally to genetic 
control of pest infestations in plants and in and on animals. 
More speci?cally, the present invention relates to the meth 
ods for modifying endogenous expression of coding 
sequences in the cell or tissue of a particular pest. More 
speci?cally, the present invention utiliZes recombinant DNA 
technologies to post-transcriptionally repress or inhibit 
expression of a target coding sequence in the cell of a pest, 
by feeding to the pest one or more double stranded or small 
interfering ribonucleic acid (RNA) molecules transcribed 
from all or a portion of a target coding sequence, thereby 
controlling the infestation. Therefore, the present invention 
relates to sequence-speci?c inhibition of expression of cod 
ing sequences using double-stranded RNA (dsRNA) or 
small interfering RNA (siRNA) to achieve the intended 
levels of pest control. 
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[0005] Novel isolated and substantially puri?ed nucleic 
acid molecules including but not limited to non-naturally 
occurring nucleotide sequences and recombinant DNA con 
structs for transcribing the dsRNA or siRNA molecules of 
the present invention are also provided that suppress or 
inhibit the expression of an endogenous coding sequence or 
a target coding sequence in the pest When introduced thereto. 
Transgenic plants that (a) contain nucleotide sequences 
encoding the isolated and substantially puri?ed nucleic acid 
molecules and the non-naturally occurring recombinant 
DNA constructs for transcribing the dsRNA or siRNA 
molecules for controlling plant pest infestations, and (b) 
display resistance and/or enhanced tolerance to the insect 
infestations, are also provided. Compositions containing the 
dsRNA nucleotide sequences of the present invention for use 
in topical applications onto plants or onto animals or into the 
environment of an animal to achieve the elimination or 
reduction of pest infestation are also described. 

BACKGROUND OF THE INVENTION 

[0006] The environment in Which humans live is replete 
With pest infestation. Pests including insects, arachnids, 
crustaceans, fungi, bacteria, viruses, nematodes, ?atWorms, 
roundWorms, pinWorms, hookWorms, tapeWorms, trypano 
somes, schistosomes, bot?ies, ?eas, ticks, mites, and lice 
and the like are pervasive in the human environment, and a 
multitude of means have been utiliZed for attempting to 
control infestations by these pests. Compositions for con 
trolling infestations by microscopic pests such as bacteria, 
fungi, and viruses have been provided in the form of 
antibiotic compositions, antiviral compositions, and antifun 
gal compositions. Compositions for controlling infestations 
by larger pests such as nematodes, ?atWorm, roundWorms, 
pinWorms, heartWorms, tapeWorms, trypanosomes, schisto 
somes, and the like have typically been in the form of 
chemical compositions Which can either be applied to the 
surfaces of substrates on Which pests are knoWn to infest, or 
to be ingested by an infested animal in the form of pellets, 
poWders, tablets, pastes, or capsules and the like. The 
present invention is directed to providing an improved 
means for controlling pest infestation compared to the 
compositions knoWn in the art. 

[0007] Commercial crops are often the targets of insect 
attack. Substantial progress has been made in the last a feW 
decades toWards developing more ef?cient methods and 
compositions for controlling insect infestations in plants. 
Chemical pesticides have been very effective in eradicating 
pest infestations. HoWever, there are several disadvantages 
to using chemical pesticidal agents. Chemical pesticidal 
agents are not selective. Applications of chemical pesticides 
are intended to control invertebrate pests that are harmful to 
various crops and other plants. HoWever, because of the lack 
of selectivity, the chemical pesticidal agents exert their 
effects on non-target fauna as Well, often effectively steril 
iZing a ?eld for a period of time over Which the pesticidal 
agents have been applied. Chemical pesticidal agents persist 
in the environment and generally are sloW to be metaboliZed, 
if at all. They accumulate in the food chain, and particularly 
in the higher predator species. Accumulations of these 
chemical pesticidal agents results in the development of 
resistance to the agents and in species higher up the evolu 
tionary ladder, act as mutagens and/or carcinogens often 
causing irreversible and deleterious genetic modi?cations. 
Thus there has been a long felt need for environmentally 
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friendly methods for controlling or eradicating insect infes 
tation on or in plants, i.e., methods Which are selective, 
environmentally inert, non-persistent, and biodegradable, 
and that ?t Well into pest resistance management schemes. 

[0008] Compositions that include Bacillus thuringiensis 
(B.t.) bacteria have been commercially available and used as 
environmentally safe and acceptable insecticides for more 
than thirty years. The insecticidal effect of Bt bacteria arises 
as a result of proteins that are produced exclusively by these 
bacteria that do not persist in the environment, that are 
highly selective as to the target species affected, exert their 
effects only upon ingestion by a target pest, and have been 
shoWn to be harmless to plants and other non-targeted 
organisms, including humans. Transgenic plants containing 
one or more genes encoding insecticidal B.t. protein are also 
available in the art and are remarkably ef?cient in control 
ling insect pest infestation. A substantial result of the use of 
recombinant plants expressing Bt insecticidal proteins is a 
marked decrease in the amount of chemical pesticidal agents 
that are applied to the environment to control pest infestation 
in crop ?elds in areas in Which such transgenic crops are 
used. The decrease in application of chemical pesticidal 
agents has resulted in cleaner soils and cleaner Waters 
running off of the soils into the surrounding streams, rivers, 
ponds and lakes. In addition to these environmental bene?ts, 
there has been a noticeable increase in the numbers of 
bene?cial insects in crop ?elds in Which transgenic insect 
resistant crops are groWn because of the decrease in the use 
of chemical insecticidal agents. 

[0009] Antisense methods and compositions have been 
reported in the art and are believed to exert their effects 
through the synthesis of a single-stranded RNA molecule 
that in theory hybridiZes in vivo to a substantially comple 
mentary sense strand RNA molecule. Antisense technology 
has been dif?cult to employ in many systems for three 
principle reasons. First, the antisense sequence expressed in 
the transformed cell is unstable. Second, the instability of 
the antisense sequence expressed in the transformed cell 
concomitantly creates dif?culty in delivery of the sequence 
to a host, cell type, or biological system remote from the 
transgenic cell. Third, the dif?culties encountered With insta 
bility and delivery of the antisense sequence create dif?cul 
ties in attempting to provide a dose Within the recombinant 
cell expressing the antisense sequence that can effectively 
modulate the level of expression of the target sense nucle 
otide sequence. 

[0010] There have been feW improvements in technolo 
gies for modulating the level of gene expression Within a 
cell, tissue, or organism, and in particular, a lack of devel 
oped technologies for delaying, repressing or otherWise 
reducing the expression of speci?c genes using recombinant 
DNA technology. Furthermore, as a consequence of the 
unpredictability of these approaches, no commercially 
viable means for modulating the level of expression of a 
speci?c gene in a eukaryotic or prokaryotic organism is 
available. 

[0011] Double stranded RNA mediated inhibition of spe 
ci?c genes in various pests has been previously demon 
strated. dsRNA mediated approaches to genetic control have 
been tested in the fruit ?y Drosophila melanogaster (Tabara 
et al., (1998) Science 282:430-431). Tabara et. al.’s method 
for delivery of dsRNA involved generating transgenic 
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insects that express double stranded RNA molecules or 
injecting dsRNA solutions into the insect body or Within the 
egg sac prior to or during embryonic development. Research 
investigators have previously demonstrated that double 
stranded RNA mediated gene suppression can be achieved in 
nematodes either by feeding or by soaking the nematodes in 
solutions containing double stranded or small interfering 
RNA molecules and by injection of the dsRNA molecules. 
Rajagopal et. al. described failed attempts to suppress an 
endogenous gene in larvae of the insect pest Spodoptera 
litura by feeding or by soaking neonate larvae in solutions 
containing dsRNA speci?c for the target gene, but Was 
successful in suppression after larvae Were injected With 
dsRNA into the hemolymph of 5th instar larvae using a 
microapplicator (J. Biol. Chem., 2002, 277:46849-46851). 
Similarly, Mesa et al. (US 2003/0150017A1) prophetically 
described a preferred locus for inhibition of the lepidopteran 
larvae Helicoverpa armigera using dsRNA delivered to the 
larvae by ingestion of a plant transformed to produce the 
dsRNA. It is believed that it Would be impractical to provide 
dsRNA molecules in the diet of most invertebrate pest 
species or to inject compositions containing dsRNA into the 
bodies of invertebrate pests. The diet method of providing 
dsRNA molecules to invertebrate pests is impractical 
because RNA molecules, even stabiliZed double stranded 
RNA molecules, are in effect highly unstable in mildly 
alkaline or acidic environments such as those found in the 
digestive tracts of most invertebrate pests, and easily 
degraded by nucleases in the environment. 

[0012] Therefore, there exists a need for improved meth 
ods of modulating gene expression by repressing, delaying 
or otherWise reducing gene expression Within a particular 
invertebrate pest for the purpose of controlling pest infes 
tation or to introduce novel phenotypic traits. 

SUMMARY OF THE INVENTION 

[0013] The present invention, in one embodiment, com 
prises a method of inhibiting expression of a target gene in 
an invertebrate pest. Speci?cally, the present invention com 
prises a method of modulating or inhibiting expression of 
one or more target genes in an invertebrate pest, in particu 
lar, in lygus bugs (Lygus hesperus Knight) and the like, that 
cause cessation of feeding, groWth, development, reproduc 
tion and infectivity and eventually result in the death of the 
insect. The method comprises introduction of partial or fully, 
stabiliZed double-stranded RNA (dsRNA) or its modi?ed 
forms such as small interfering RNA (siRNA) sequences, 
into the cells or into the extracellular environment, such as 
the midgut, Within an invertebrate pest body Wherein the 
dsRNA or siRNA enters the cells and inhibits expression of 
at least one or more target genes and Wherein inhibition of 
the one or more target genes exerts a deleterious effect upon 
the invertebrate pest. It is speci?cally contemplated that the 
methods and compositions of the present invention Will be 
useful in limiting or eliminating invertebrate pest infestation 
in or on any pest host, pest symbiont, or environment 
preferred by a pest by providing one or more compositions 
comprising dsRNA molecules in the diet of the pest so long 
as the pest digestive system pH is Within the range of from 
about 4.5 to about 9.5, from about 5 to about 9, from about 
6 to about 8, and from about pH 7.0. 

[0014] The present application discloses an exemplary 
sequence listing ?le containing lygus speci?c probe 
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sequences, primer sequences, amplicon sequences, 
sequences encoding double stranded RNA sequences and 
Unigene nucleotide sequences as set forth in SEQ ID NO:4 
through SEQ ID NO:14 and SEQ ID NO:180 through SEQ 
ID NO:184 from lygus bugs (Lygus hesperus). The sequence 
listing also contains cDNA or EST sequences, insect speci?c 
probe sequences, primer sequences, amplicon sequences, 
and sequences encoding double stranded RNA sequences 
from coleopteran insects including Western corn rootWorm 
(WCR, Diabrotica virgifera virgifera), Southern corn root 
Worm (SCR, Diabrotica undecempunctata), Colorado 
Potato Beetle (CPB, Leptinotarsa decemlineata) and Red 
Flour Beetle (RFB, T ribolium castaneum), from lepi 
dopteran insects including European Corn Borer (ECB, 
Ostrinia nubilalis), Black CutWorm (BCW,Agr0tis ipsilon), 
Corn EarWorm (CEW, Helicoverpa Zea), Fall Army Worm 
(FAW, Spodoptera frugiperda), Cotton Ball Weevil (BWV, 
Anthonomus grandis), silkWorms (Bombyx mori) and 
Manduca sexta and from Dipteran insects including Dr0s0 
phila melanogaster; Anopheles gambiae, and Aedes aegypti, 
as set forth in SEQ ID NO:155 through SEQ ID NO:179. 
The sequence listing is included along With this application 
in computer readable form on diskette in a 144 kilobyte ?le 
named Lygus_reglisting.tXt, and in paper form consisting of 
74 pages. 

[0015] The present invention provides a method for sup 
pression of gene eXpression in an invertebrate pest such as 
a a lygus or related species comprises the step of providing 
in the diet of the pest a gene suppressive amount of at least 
one dsRNA molecule transcribed from a nucleotide 
sequence as set forth in SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184 in the 
sequence listing, at least one segment of Which is comple 
mentary to an mRNA sequence formed Within the cells of 
the pest, and observing the death, inhibition, stunting, or 
cessation of feeding of the pest. 

[0016] In another aspect of the present invention, the 
method comprises the step of feeding to the pest one (or 
more) stabiliZed dsRNA molecules or its modi?ed form such 
as an siRNA molecule the nucleotide sequence of Which is 
at least from about 80, 81, 82, 83, 84, 85, 86, 87, 88 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, or about 100% identical 
to an RNA molecule transcribed from a nucleotide sequence 
selected from the group consisting of SEQ ID NO:4 through 
SEQ ID NO:14 and SEQ ID NO:180 through SEQ ID 
NO:184. Accordingly, in another aspect of the present 
invention, a set of isolated and puri?ed nucleotide sequences 
as set forth SEQ ID NO:4 through SEQ ID NO:14 and SEQ 
ID NO:180 through SEQ ID NO:184 in the sequence listing 
is provided. Nucleotide sequences disclosed herein as set 
forth in SEQ ID NO:4 through SEQ ID NO:14 and SEQ ID 
NO:180 through SEQ ID NO:184 Were isolated and sub 
stantially puri?ed from the cDNA nucleotide sequences of a 
lygus species (Lygus hesperus), and from mRNA pools 
isolated from the insect pest or from cDNA nucleotide 
sequences derived from such mRNA pools and assembled 
into the Unigene sequences. The present invention provides 
a stabiliZed dsRNA or siRNA molecule for inhibition of 
expression of a target gene in an invertebrate pest such as a 
lygus bug insect. AstabiliZed dsRNA or siRNA molecule can 
comprise least tWo coding sequences that are arranged in a 
sense and an antisense orientation relative to at least one 
promoter, Wherein the nucleotide sequence that comprises a 
sense strand and an antisense strand are linked or connected 
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by a spacer sequence of at lease from about ?ve to about one 
thousand nucleotides, Wherein the sense strand and the 
antisense strand are different in length, and Wherein each of 
the tWo coding sequences shares at least 80% sequence 
identity, at least 90%, at least 95%, at least 98%, or even 
100% sequence identity, to a nucleotide sequence as set forth 
in one of SEQ ID NO:4 through SEQ ID NO:14 and SEQ ID 
NO:180 through SEQ ID NO:184. 

[0017] The invention also provides non-naturally occur 
ring (NNO) nucleotide sequences that may be used to target 
genes in the invertebrate pest for double stranded RNA 
mediated suppression in order to achieve desired inhibition 
of the target genes. Any one of the nucleotide sequences as 
set forth in SEQ ID NO:4 through SEQ ID NO:14 and SEQ 
ID NO:180 through SEQ ID NO:184 may be used to 
construct such a NNO nucleotide sequence. 

[0018] The present invention also provides a recombinant 
DNA construct encoding the dsRNA molecules contem 
plated herein for introduction into a host cell. The recom 
binant DNA construct comprises a nucleotide sequence that 
is transcribed into RNA by the host cell. The transcribed 
RNA forms at least one dsRNA molecule, such that one 
strand of the dsRNA molecule is coded by a portion of the 
nucleotide sequence Which is at least from about 80% to 
about 100% identical to a nucleotide sequence selected from 
the group consisting of SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184. The 
recombinant DNA construct is capable of producing dsRNA 
molecules in the host cell and inhibiting the eXpression of 
the endogenous gene or the target gene or a derivative 
thereof or a complementary sequence thereto in the host cell, 
or in a pest cell upon ingestion of the transformed host cell 
by an invertebrate pest. Anucleotide sequence of the present 
invention is placed under the control of a promoter sequence 
that is operable in the host cell and eXpressed to produce 
ribonucleic acid sequences that form dsRNA molecules 
Within the host cell. The dsRNA molecules may be further 
processed either in the host cell or in an invertebrate pest to 
form siRNA molecules. 

[0019] The present invention also provides a recombinant 
DNA sequence for plant transformation constructed to con 
tain at least one non-naturally occurring nucleotide sequence 
that can be transcribed into a single stranded RNA molecule. 
The single stranded RNA molecule forms a double stranded 
RNA molecule in vivo through intermolecular hybridiZation 
that, When provided in the diet of an invertebrate pest, 
inhibits the eXpression of at least one target gene in a cell of 
the invertebrate pest. The non-naturally occurring nucleotide 
sequence is operably linked to at least one promoter 
sequence Which functions in a transgenic plant cell to 
transcribe the operably linked non-naturally occurring 
nucleotide sequence into one or more ribonucleic acid 

sequences. The RNA sequences self assemble into double 
stranded RNA molecules and are provided in the diet of an 
invertebrate pest that feeds upon the transgenic plant. The 
provision of the dsRNA molecules in the diet of the pest 
achieves the desired inhibition of eXpression of one or more 
target genes Within the pest. 

[0020] The present invention also provides a recombinant 
host cell having in its genome at least one recombinant DNA 
sequence that is transcribed in the host cell to produce at 
least one dsRNA molecule that functions When ingested by 
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an invertebrate pest to inhibit the expression of a target gene 
in the pest. The dsRNA molecule is coded by a portion of a 
nucleotide sequence that exhibits at least from about 80 to 
about 100% identity to a nucleotide sequence as set forth in 
SEQ ID NO:4 through SEQ ID NO:14 and SEQ ID NO:180 
through SEQ ID NO:184. Exemplary nucleotide sequences 
for use in constructing dsRNA agents for suppressing lygus 
species genes are set forth in SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184. 

[0021] The present invention also provides a recombinant 
DNA construct for plant transformation that consists of at 
least tWo different non-naturally occurring sequences Which, 
When expressed in vivo as RNA sequences and provided in 
the diet of an invertebrate pest, inhibit the expression of at 
least tWo different target genes in the cell of the invertebrate 
pest. The ?rst non-naturally occurring sequence is tran 
scribed into RNA that forms at least one ?rst dsRNA 
molecule. One portion of the ?rst dsRNA molecule is 
encoded by a portion of the ?rst non-naturally occurring 
sequence and exhibits at least from about 80 to about 100% 
identity to at least one of the nucleotide sequences as set 
forth in SEQ ID NO:4 through SEQ ID NO:14 and SEQ ID 
NO:180 through SEQ ID NO:184, and to the nucleotide 
sequence of the ?rst target gene, derivative thereof, or 
sequence complementary thereto. The second non-naturally 
occurring sequence is transcribed into RNA that forms a 
second dsRNA molecule. One portion of the second dsRNA 
molecule is encoded by a portion of the second non 
naturally occurring sequence and exhibits at least from about 
80 to about 100% identity to a nucleotide sequence selected 
from the group as set forth in SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184 and 
to the nucleotide sequence of the second target gene, deriva 
tive thereof, or sequence complementary thereto. The tWo 
non-naturally occurring sequences are placed operably 
under the control of at least one promoter sequence. The 
promoter sequence functions to express the ?rst and second 
dsRNA molecules in the transgenic plant cell. The dsRNA 
molecules are provided in a pest inhibitory concentration in 
the diet of an invertebrate pest feeding on the transgenic 
plant, and ingestion of plant cells by the pest achieves the 
desired inhibition of expression of the target genes in the 
pest. 

[0022] The present invention also provides a transformed 
plant cell having in its genome at least one of the afore 
mentioned recombinant DNA sequences for plant transfor 
mation. Transgenic plants are generated from the trans 
formed plant cell, and progeny plants, seeds, and plant 
products, each comprising the recombinant DNA, are pro 
duced from the transgenic plants. 

[0023] The methods and compositions of the present 
invention may be applied to any monocot and dicot plant, 
depending on the invertebrate pest control desired, or may 
be applied to through pharmaceutically acceptable formu 
lations to vertebrate animals in order to provide some level 
of reduction of invertebrate pest infestation. Speci?cally, the 
plants are intended to comprise Without limitation alfalfa, 
aneth, apple, apricot, artichoke, arugula, asparagus, avo 
cado, banana, barley, beans, beet, blackberry, blueberry, 
broccoli, brussel sprouts, cabbage, canola, cantaloupe, car 
rot, cassaya, cauli?oWer, celery, cherry, cilantro, citrus, 
clementine, coffee, corn, cotton, cucumber, Douglas ?r, 
eggplant, endive, escarole, eucalyptus, fennel, ?gs, gourd, 
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grape, grapefruit, honey deW, jicama, kiwifruit, lettuce, 
leeks, lemon, lime, IJoblolly pine, mango, melon, mush 
room, nut, oat, okra, onion, orange, an ornamental plant, 
papaya, parsley, pea, peach, peanut, pear, pepper, persim 
mon, pine, pineapple, plantain, plum, pomegranate, poplar, 
potato, pumpkin, quince, radiata pine, radicchio, radish, 
raspberry, rice, rye, sorghum, Southern pine, soybean, spin 
ach, squash, straWberry, sugarbeet, sugarcane, sun?oWer, 
sWeet potato, sWeetgum, tangerine, tea, tobacco, tomato, 
turf, a vine, Watermelon, Wheat, yams, and Zucchini plants. 

[0024] The present invention also provides a pest control 
agent comprising a dsRNA molecule transcribed from a 
nucleotide sequence of the present invention. The nucleotide 
sequence shares at least from about 80 to about 100% 
sequence identity to at least one of the nucleotide sequences 
as set forth in SEQ ID NO:4 through SEQ ID NO:14 and 
SEQ ID NO:180 through SEQ ID NO:184. In one form, the 
pest control agents comprise dsRNA molecules. In another 
form, the pest control agents comprise siRNA molecules. In 
still another form, the pest control agents comprise recom 
binant DNA sequences that encode mRNA molecules that 
form the dsRNA or siRNA molecules for introduction into 
plants and microbes. In yet another form, the pest control 
agents are microbes that contain recombinant DNA 
sequences that encode the RNA molecules that form the 
dsRNA or siRNA molecules. The pest control agent is 
preferably an insect or a nematode pest control agent. 

[0025] It is intended that the pest control agent act to 
reduce or eliminate infestation of a lygus bug, but it is also 
contemplated that the methods and compositions set forth 
herein are capable of being utiliZed to derive related 
sequences from other pests and utiliZe those derivatives for 
controlling infestation of the other pest(s). It is further 
contemplated that the insect pest may be selected from any 
genus, family, or order of insect. For lygus bugs, it is 
contemplated that the pest be selected from the same genus, 
same family, or order to Which a lygus belongs. Further, the 
present inventors contemplate that the present invention may 
be used and applied to control any species from the insect 
kingdom and from nematodes, fungal pathogens, virus, 
bacteria and any other invertebrate plant pests. 

[0026] The invention also provides combinations of meth 
ods and compositions for controlling invertebrate pest infes 
tations. One means provides the dsRNA methods and com 
positions described herein for protecting plants from insect 
infestation along With one or more insecticidal agents that 
exhibit features different from those exhibited by the dsRNA 
methods and compositions. For example, When Bt proteins 
are provided in the diet of insect pests a mode of action for 
controlling the insect pest is exhibited that is dramatically 
different from the mode of action of the methods and 
compositions of the present invention. A composition, either 
formulated for topical application or one derived using a 
transgenic approach that combines dsRNA methods and 
compositions With Bt methods and compositions results in 
synergies that Were not knoWn previously in the art for 
controlling insect infestation. Transgenic plants that produce 
one or more dsRNA or siRNA molecules that inhibit some 

essential biological function in a target pest along With one 
or more B.t. insecticidal proteins that are toxic to the target 
pest provide surprising synergies. One synergy is the reduc 
tion in the level of expression required for either the dsR 
NA(s) or the Bt protein(s). When combined together, a loWer 
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effective dose of each pest control agent is required. It is 
believed that the Bt insecticidal proteins create entry pores 
through Which the dsRNA or siRNA molecules are able to 
penetrate more effectively into spaces remote from the gut of 
the insect pest, or more ef?ciently into the cells in the 
proximity of lesions created by the Bt proteins, thus requir 
ing less of either the Bt or the dsRNA to achieve the desired 
insecticidal result or the desired inhibition or suppression of 
a targeted biological function in the target pest. 

[0027] The inventors herein describe a plurality of inven 
tions, including a method for controlling invertebrate pest 
infestations by providing a diet to an invertebrate pest an 
agent comprising or consisting of a ribonucleic acid that 
functions upon ingestion by the pest to inhibit the expression 
of a target nucleotide sequence that is Within the cells of the 
pest. The ribonucleic acid that is provided in the diet consists 
of a ribonucleotide sequence that is, or that is complemen 
tary to, the target nucleotide sequence. The ribonucleotide 
sequence is transcribed from a contiguous DNA sequence 
that is at least from about 19 to about 5000 nucleotides in 
length and that is selected from the group consisting of the 
sequences disclosed herein and the complement thereof. The 
method provides for the construction of a nucleotide 
sequence that can be used to express an RNA molecule that 
can be ingested by the pest in a diet provided to the pest. The 
diet can be an arti?cial diet formulated to meet the particular 
nutritional requirements for maintaining a pest on such diet, 
and be supplemented With a pest controlling amount of the 
RNA that has been puri?ed from a separate expression 
system, the supplementation of the diet being for the purpose 
of determining the pest controlling amount of the RNA 
composition, or determing Whether one or more particular 
RNA’s constructed speci?cally to bind or hybridiZe in part 
to one or more target sequences Within the pest are func 
tional in achieving some gene suppressive activity upon 
ingestion of the supplemented diet by the pest. The diet can 
also be a recombinant cell transformed With a DNA 
sequence constructed for expression of the agent, the RNA, 
or the gene suppression agent. Upon ingestion of one or 
more such transformed cells by the pest, a desired genotypic 
or phenotypic result is observed, indicating that the agent 
has functioned to inhibit the expression of a target nucleotide 
sequence that is Within the cells of the pest. 

[0028] The invertebrate pest is preferably an insect, an 
arachnid, a nematode, a platyhelminthe, an aschelminthe, a 
fungal pest, or any other invertebrate pest for Which the gene 
suppression technology is amenable. More preferably, the 
invertebrate pest is one that is particularly problematic in 
terms of infestation of animals or plants. More particularly, 
the invertebrate pest is an insect or a nematode or a fungal 

pest that preferentially infests crop plants, ornamentals, 
and/or grasses. 

[0029] A DNA sequence that is selected for use in expres 
sion of a gene suppression agent of the present invention is 
preferably at least from about 19 to about 5000 nucleotides 
in length, and is at least in part substantially identical in 
sequence to the sense or the antisense strand of a target 
sequence present in the DNA of one or more particular target 
pest species. The phrase “at least in part” is intended to refer 
to the concept that the DNA sequence selected for use in 
expression of a gene suppression agent can be constructed 
from a single sequence derived from one or more target pests 
and intended for use in expression of an RNA that functions 
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in the suppression of a single gene or gene family in the one 
or more target pests, or that the DNA sequence can be 
constructed as a chimera from a plurality of DNA sequences. 
The plurality of DNA sequences can be each be derived from 
one or more nucleotide sequences from Within a single pest, 
or can be derived one or more nucleotide sequences from a 

plurality of different pests. In particular the selected 
sequence should exhibit from about 80 to about 100% 
nucleotide sequence identity to a nucleotide sequence from 
the DNA of the pest species. The DNA of the pest species 
can be identi?ed by directly isolating the DNA from the pest 
species or by identi?cation of RNA sequences Within the 
pest species and reverse translating the RNA sequences to 
DNA. Sequences exemplifying DNA from corn rootWorm 
pest species are set forth herein in the sequence listing, and 
the complements thereof. 

[0030] The DNA sequences selected for use in expression 
of a gene suppressive RNA molecule can be included in a 
polynucleotide composition for use in a plant cell. In par 
ticular the DNA sequences can be incorporated into a vector 
for use in transforming the genome of a plant cell, and can 
be incorporated into an expression cassette containing at 
least a plant functional promoter operably linked to the 
selected DNA sequence along With any other expression 
control elements desired to achieve an appropriate cellular 
temporal or plant spatial level of expression. The introduc 
tion of the polynucleotide composition into the genome of a 
plant cell provides a transformed cell that can be selected, 
providing that appropriate selective means have been 
included along With the polynucleotide composition, and 
regenerated into a transgenic recombinant plant. The trans 
genic plant, an event, can be provided in the diet of the pest 
or pests to achieve control of a pest infestation. The trans 
genic plant can give rise to progeny plants, plant cells, and 
seeds each containing the polynucleotide composition. 

[0031] The present invention provides a method for pro 
tecting a platn from insect infestation by providing to the 
insec pest one or more of the plants’ cells each expressing 
a gene suppressive RNA molecule from a DNA sequence 
that is selected from the group consisting of the sequences 
exempli?ed herein. The ingestion of the plant cells contain 
ing the gene suppressive RNA, the pest or insect control 
agent, results in the inhibition of one or more biological 
functions in the pest or insect. 

[0032] The present invention provides a composition that 
contains tWo or more different pesticidal agents each toxic to 
the same pest or insect species. As indicated herein, one of 
these pesticidal agents can be a RNA molecule that functions 
to suppress an essential biological function in one or more 
cells of the pest. A second pesticidal agent can be included 
along With the ?rst. The second agent can be a second gene 
suppressive RNA that is different from the ?rst, or the 
second agent can be an agent selected from the group of 
insecticidal proteins active in control of the invertebrate pest 
When provided in its diet. 

[0033] The gene targeted for suppression, or the function 
in a pest cell or as a physiological or metatabooic aspect of 
the pest that is enabled by the expression of the gene targeted 
for suppression, can encode an essential protein, the pre 
dicted function of Which is selected from the group consist 
ing of muscle formation, juvenile hormone formation, juve 
nile hormone regulation, ion regulation and transport, 
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digestive enzyme synthesis, maintenance of cell membrane 
potential, amino acid biosynthesis, amino acid degradation, 
sperm formation, pheromone synthesis, pheromone sensing, 
antennae formation, Wing formation, leg formation, devel 
opment and differentiation, egg formation, larval matura 
tion, digestive enZyme formation, haemolymph synthesis, 
haemolymph maintenance, neurotransmission, cell division, 
energy metabolism, respiration, and apoptosis. It is preferred 
that the DNA sequence selected for constructing the sup 
pression construct be derived from the nucleotide sequences 
set forth in the sequence listing for suppression of a corn 
rootWorm gene. It is envisioned that the method for con 
trolling invertebrate pest infestation Will include providing 
in the diet of the invertebrate pest an agent, for example, a 
?rst ribonucleotide sequence expressed from a ?rst DNA 
sequence that functions upon ingestion by the pest to inhibit 
a biological function Within said pest, and that the ?rst DNA 
sequence exhibits from about 85 to about 100% nucleotide 
sequence identity to a coding sequence derived form said 
pest. The ?rst ribonucleotide sequence may be hybridiZed to 
a second ribonucleotide sequence that is complimentary or 
substantially complimentary to the ?rst ribonucleotide 
sequence, and the second ribonucleotide sequence is 
expressed from a second DNA sequence that corresponds to 
a coding sequence derived from the invertebrate pest, 
selected from the sequences set forth herein in the sequence 
listing, or the complements thereof. It is preferred that the 
?rst and the second DNA sequence comprise a contiguous 
sequence of identity to one or more of the sequences set 
forth in the sequence listing, and be from about 14 to about 
25 or more contiguous nucleotides. 

[0034] The invention functions at optimum When a diet 
containing a pest gene suppressive amount of an insecticidal 
agent, such as one or more RNA molecules produced from 
the expression of one or more sequences set forth herein in 
the sequence listing, are provided to an invertebrate pest that 
exhibits a digestive system pH that is from about 4.5 to about 
9.5, or from about 5.0 to about 9.0, or from about 5.5 to 
about 8.5, or from about 6.0 to about 8.0, or from about 6.5 
to about 7.0, or about 7.0. Any of the methods, nucleic acids, 
ribonucleic acids, ribonucleotide sequences, compositions, 
plants, plant cells, progeny plants, seeds, insect control 
agents, pest control agents, expression cassettes, described 
herein are optionally functional When provided in a diet to 
one or more pests that comprise such a digestive tract pH. 

[0035] The diet of the present invention can be any pest 
sufficient diet including but not limited to an arti?cial diet or 
formulation, a plant cell, a plurality of plant cells, a plant 
tissue, a plant root, a plant seed, and a plant groWn from a 
plant seed, Wherein the diet comprises a pest inhibitory 
amount of an RNA molecule encoded from a DNA sequence 
that is or is complimentary to, or is substantially or is 
substantially complimentary to one or more contiguous at 
least from about 19 to about 5000 nucleotides selected from 
the nucleotide sequences set forth in the sequence listing, or 
selected from nucleotide sequences derived from a particular 
invertebrate pest species. 

[0036] Agronomically and commercially important prod 
ucts and/or compositions of matter including but not limited 
to animal feed, commodities, and corn products and by 
products that are intended for use as food for human 
consumption or for use in compositions and commodities 
that are intended for human consumption including but not 
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limited to corn ?our, corn meal, corn syrup, corn oil, corn 
starch, popcorn, corn cakes, cereals containing corn and corn 
by-products, and the like are intended to be Within the scope 
of the present invention if these products and compositions 
of matter contain detectable amounts of the nucleotide 
sequences set forth herein as being diagnostic for any 
transgenic event containing such nucleotide sequences. 
These products are useful at least because they are likely to 
be derived from crops and produce that are propagated in 
?elds containing feWer pestidides and organophosphates as 
a result of their incorporation of the nucleotides of the 
present invention for controlling the infestation of inverte 
brate pests in plants. Such commodities and commodity 
products are produced from seed produced from a transgenic 
plant, Wherein the transgenic plant expresses RNA from one 
or more contiguous nucleotides of the present invention or 
nucleotides of one or more invertebrate pests and the com 
pliments thereof. Such commodities and commodity prod 
ucts may also be useful in controlling invertebrate pests of 
such commodity and commodity products, such as for 
example, control of ?our Weevils, because of the presence in 
the commodity or commodity product of the pest gene 
suppressive RNA expressed from a gene sequence as set 
forth in the present invention. 

[0037] The invention also provides a computer readable 
medium having recorded thereon one or more of the nucle 
otide sequences as set forth in SEQ ID NO:4 through SEQ 
ID NO:14 and SEQ ID NO:180 through SEQ ID NO:184 or 
complements thereof, for use in a number of computer based 
applications, including but not limited to DNA identity and 
similarity searching, protein identity and similarity search 
ing, transcription pro?ling characteriZations, comparisons 
betWeen genomes, and arti?cial hybridiZation analyses. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] The folloWing is a detailed description of the 
invention provided to aid those skilled in the art in practicing 
the present invention. Modi?cations and variations in the 
embodiments described herein may be made by those of 
ordinary skill in the art Without departing from the spirit or 
scope of the present invention. 

[0039] The inventors have herein discovered that, contrary 
to the teachings in the prior art, feeding a composition 
containing double stranded RNA molecules consisting of 
sequences found Within one or more expressed nucleotide 
sequences of an invertebrate species to the invertebrate 
species from Which the nucleotide sequences Were obtained 
results in the inhibition of one or more biological functions 
Within the invertebrate species. Particularly, the inventors 
have discovered that feeding double stranded RNA mol 
ecules consisting of lygus bug RNA sequences respectively 
to lygus bugs can result in the death or inhibition of 
development and differentiation of the lygus bugs that ingest 
these compositions. 

[0040] The inventors have identi?ed the nucleotide 
sequence of thousands of cDNA sequences obtained from 
each of the invertebrate pest species. Amino acid sequences 
encoded by the cDNA sequences Were deduced and com 
pared to all knoWn amino acid sequences. Many of the 
cDNA sequences are predicted to encode proteins that have 
some annotation information associated With them. The 
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annotation information that is associated With a particular 
nucleotide sequence and protein sequence encoded there 
from is based on homology or similarity betWeen the amino 
acid sequences deduced through translation of the cDNA 
sequences described herein and amino acid sequences that 
are knoWn in the art in publicly available databases. The 
deduced amino acid sequences as set forth herein Were 
BLASTX-ed against all knoWn amino acid sequences, and 
likely functionalities of each of the deduced amino acid 
sequences Were assigned based on the alignment results. 
cDNA sequences encoding proteins or parts of proteins 
knoWn in the art to be essential for survival, such as amino 
acid sequences involved in various metabolic or catabolic 
biochemical pathWays, cell division, reproduction, energy 
metabolism, digestion, neurological function and the like 
Were selected for use in preparing double stranded RNA 
molecules that Were provided in the diet of an invertebrate 
pest. As described herein, ingestion by a target pest of 
compositions containing one or more dsRNA’s, at least one 
segment of Which corresponds to at least a substantially 
identical segment of RNA produced in the cells of the target 
pest, resulted in death, stunting, or other inhibition of the 
target pest. These results indicated that a nucleotide 
sequence, either DNA or RNA, derived from an invertebrate 
pest can be used to construct a recombinant pest host or 
symbiont that is a target for infestation by the pest. The pest 
host or symbiont can be transformed to contain one or more 
of the nucleotide sequences derived from the invertebrate 
pest. The nucleotide sequence transformed into the pest host 
or symbiont encodes one or more RNA’s that form into a 

dsRNA sequence in the cells or biological ?uids Within the 
transformed host or symbiont, thus making the dsRNA 
available in the diet of the pest if/When the pest feeds upon 
the transgenic host or symbiont, resulting in the suppression 
of expression of one or more genes in the cells of the pest 
and ultimately the death, stunting, or other inhibition of the 
pest. 
[0041] The present invention relates generally to genetic 
control of invertebrate pest infestations in host organisms. 
More particularly, the present invention includes the meth 
ods for delivery of pest control agents to an invertebrate 
pest. Such pest control agents cause, directly or indirectly, an 
impairment in the ability of the pest to maintain itself, groW 
or otherWise infest a target host or symbiont. The present 
invention provides methods for employing stabiliZed 
dsRNA molecules in the diet of the pest as a means for 
suppression of targeted genes in the pest, thus achieving 
desired control of pest infestations in, or about the host or 
symbiont targeted by the pest. Transgenic plants can be 
produced using the methods of the present invention that 
express recombinant stabiliZed dsRNA or siRNA molecules. 

[0042] In accomplishing the foregoing, the present inven 
tion provides a method of inhibiting expression of a target 
gene in an invertebrate pest, and in particular, in lygus bugs 
or other piercing and sucking insects, resulting in the ces 
sation of feeding, groWth, development, reproduction, infec 
tivity, and eventually may result in the death of the pest. The 
method comprises introducing partial or fully, stabiliZed 
double-stranded RNA (dsRNA) nucleotide molecules or 
their modi?ed forms such as small interfering RNA (siRNA) 
molecules into a nutritional composition that the pest relies 
on as a food source, and making the nutritional composition 
available to the pest for feeding. Ingestion of the nutritional 
composition containing the double stranded or siRNA mol 
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ecules results in the uptake of the molecules by the cells of 
the pest, resulting in the inhibition of expression of at least 
one target gene in the cells of the pest. Inhibition of the target 
gene exerts a deleterious effect upon the pest. dsRNA 
molecules or siRNA molecules consist of nucleotide 
sequences as set forth in any of SEQ ID NO:4 through SEQ 
ID NO:14 and SEQ ID NO:180 through SEQ ID NO:184, 
the inhibition of Which results in the reduction or removal of 
a protein or nucleotide sequence agent that is essential for 
the pests’ groWth and development or other biological 
function. The nucleotide sequence selected exhibits from 
about 80% to about 100% sequence identity to one of the 
nucleotide sequences as set forth in SEQ ID NO:4 through 
SEQ ID NO:14 and SEQ ID NO:180 through SEQ ID 
NO:184, or the complement thereof. Such inhibition is 
speci?c in that a nucleotide sequence from a portion of the 
target gene is chosen from Which the inhibitory dsRNA or 
siRNA is transcribed. The method is effective in inhibiting 
the expression of at least one target gene and can be used to 
inhibit many different types of target genes in the pest. 

[0043] The present invention also provides different forms 
of the pest control agents to achieve the desired reduction in 
pest infestation. In one form, the pest control agents com 
prise dsRNA molecules. In another form, the pest control 
agents comprise siRNA molecules. In still another form, the 
pest control agents comprise recombinant DNA constructs 
that can be used to stably transform microorganisms or 
plants, enabling the transformed microbes or plants to 
encode the dsRNA or siRNA molecules. In another form, the 
pest control agents are microbes that contain the recombi 
nant DNA constructs encoding the dsRNA or siRNA mol 
ecules. 

[0044] Pairs of isolated and puri?ed nucleotide sequences 
are provided from cDNA library and/or genomic library 
information. The pairs of nucleotide sequences are derived 
from any preferred invertebrate pest for use as thermal 
ampli?cation primers to generate the dsRNA and siRNA 
molecules of the present invention. 

[0045] The present invention provides recombinant DNA 
constructs for use in achieving stable transformation of 
particular host or symbiont pest targets. Transformed host or 
symbiont pest targets express pesticidally effective levels of 
preferred dsRNA or siRNA molecules from the recombinant 
DNA constructs, and provide the molecules in the diet of the 
pest. 

[0046] The present invention also provides, as an example 
of a transformed host or symbiont pest target organism, 
transformed plant cells and transformed plants and their 
progeny. The transformed plant cells and transformed plants 
express one or more of the dsRNA or siRNA sequences of 
the present invention from one or more of the DNA 
sequences as set forth in SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184, or the 
complement thereof. 

[0047] As used herein the Words “gene suppression”, 
When taken together, are intended to refer to any of the 
Well-knoWn methods for reducing the levels of protein 
produced as a result of gene transcription to mRNA and 
subsequent translation of the mRNA. Gene suppression is 
also intended to mean the reduction of protein expression 
from a gene or a coding sequence including posttranscrip 
tional gene suppression and transcriptional suppression. 
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Posttranscriptional gene suppression is mediated by the 
homology between of all or a part of a mRNA transcribed 
from a gene or coding sequence targeted for suppression and 
the corresponding double stranded RNA used for suppres 
sion, and refers to the substantial and measurable reduction 
of the amount of available mRNA available in the cell for 
binding by ribosomes. The transcribed RNA can be in the 
sense orientation to effect What is called co-suppression, in 
the anti-sense orientation to effect What is called anti-sense 
suppression, or in both orientations producing a dsRNA to 
effect What is called RNA interference (RNAi). Transcrip 
tional suppression is mediated by the presence in the cell of 
a dsRNA, a gene suppression agent, exhibiting substantial 
sequence identity to a promoter DNA sequence or the 
complement thereof to effect What is referred to as promoter 
trans suppression. Gene suppression may be effective 
against a native plant gene associated With a trait, e.g., to 
provide plants 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 plant pests that may ingest or contact 
plant material containing gene suppression agents, speci? 
cally designed to inhibit or suppress the expression of one or 
more homologous or complementary sequences in the cells 
of the pest. 

[0048] Post-transcriptional gene suppression by anti-sense 
or sense oriented RNA to regulate gene expression in plant 
cells is disclosed in US. Pat. Nos. 5,107,065, 5,759,829, 
5,283,184, and 5,231,020. The use of dsRNA to suppress 
genes in plants is disclosed in WO 99/53050, WO 99/49029, 
US. Patent Application Publication No. 2003/0175965 A1, 
and 2003/0061626 A1, US. patent applications No. 10/465, 
800, and US. Pat. Nos. 6,506,559, and 6,326,193. 

[0049] A preferred method of post transcriptional gene 
suppression in plants 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 
one in Which a ?rst segment encodes an RNA exhibiting an 
anti-sense orientation exhibiting substantial identity to a 
segment of a gene targeted for suppression, Which is linked 
to a second segment encoding an RNA exhibiting substantial 
complementarity to the ?rst segment. Such a construct 
Would be expected to form a stem and loop structure by 
hybridiZation of the ?rst segment With the second segment 
and a loop structure from the nucleotide sequences linking 
the tWo segments (see WO94/01550, WO98/05770, U.S. 
2002/0048814A1, and US. 2003/0018993A1). 

[0050] As used herein, the term “nucleic acid” refers to a 
single or double-stranded polymer of deoxyribonucleotide 
or ribonucleotide bases read from the 5‘ to the 3‘ end. The 
“nucleic acid” may also optionally contain non-naturally 
occurring or altered nucleotide bases that permit correct read 
through by a polymerase and do not reduce expression of a 
polypeptide encoded by that nucleic acid. The term “nucle 
otide sequence” or “nucleic acid sequence” refers to both the 
sense and antisense strands of a nucleic acid as either 
individual single strands or in the duplex. The term “ribo 
nucleic acid” (RNA) is inclusive of RNAi (inhibitory RNA), 
dsRNA (double stranded RNA), siRNA (small interfering 
RNA), mRNA (messenger RNA), mRNA (micro-RNA), 
tRNA (transfer RNA, Whether charged or discharged With a 
corresponding acylated amino acid), and cRNA (comple 
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mentary RNA) and the term “deoxyribonucleic acid” (DNA) 
is inclusive of cDNA and genomic DNA and DNA-RNA 
hybrids. The Words “nucleic acid segment”, “nucleotide 
sequence segment”, or more generally “segment” Will be 
understood by those in the art as a functional term that 
includes both genomic sequences, ribosomal RNA 
sequences, transfer RNA sequences, messenger RNA 
sequences, operon sequences and smaller engineered nucle 
otide sequences that express or may be adapted to express, 
proteins, polypeptides or peptides. 
[0051] As used herein, the term “pest” refers to insects, 
arachnids, crustaceans, fungi, bacteria, viruses, nematodes, 
?atWorms, roundWorms, pinWorms, hookWorms, tape 
Worms, trypanosomes, schistosomes, bot?ies, ?eas, ticks, 
mites, and lice and the like that are pervasive in the human 
environment and that may ingest or contact one or more 
cells, tissues, or ?uids produced by a pest host or symbiont 
transformed to express or coated With a double stranded 
gene suppression agent or that may ingest plant material 
containing the gene suppression agent. As used herein, a 
“pest resistance” trait is a characteristic of a transgenic plant, 
transgenic animal, transgenic host or transgenic symbiont 
that causes the plant, animal, host, or symbiont to be 
resistant to attack from a pest that typically is capable of 
in?icting damage or loss to the plant, animal, host or 
symbiont. Such pest resistance can arise from a natural 
mutation or more typically from incorporation of recombi 
nant DNA that confers pest resistance. To impart insect 
resistance to a transgenic plant a recombinant DNA can, for 
example, encode an insect lethal or insect inhibitory protein 
such as a delta endotoxin derived from a B. thuringiensis 
bacterium, eg as is used in commercially available varieties 
of cotton and corn, or be transcribed into a RNA molecule 
that forms a dsRNA molecule Within the tissues or ?uids of 
the recombinant plant. The dsRNA molecule is comprised in 
part of a segment of RNA that is identical to a corresponding 
RNA segment encoded from a DNA sequence Within an 
insect pest that prefers to feed on the recombinant plant. 
Expression of the gene Within the target insect pest is 
suppressed by the dsRNA, and the suppression of expression 
of the gene in the target insect pest results in the plant being 
insect resistant. Fire et al. (US. Pat. No. 6,506,599) generi 
cally described inhibition of pest infestation, providing 
speci?cs only about several nucleotide sequences that Were 
effective for inhibition of gene function in the nematode 
species Caenorhabditis elegans. Similarly, Plaetinck et al. 
(US 2003/0061626A1) describe the use of dsRNA for inhib 
iting gene function in a variety of nematode pests. Mesa et 
al. (US 2003/0150017 A1) describe using dsDNA sequences 
to transform host cells to express corresponding dsRNA 
sequences that are substantially identical to target sequences 
in speci?c pathogens, and particularly describe constructing 
recombinant plants expressing such dsRNA sequences for 
ingestion by various plant pests, facilitating doWn-regulation 
of a gene in the genome of the pest and improving the 
resistance of the plant to the pest infestation. 

[0052] The present invention provides for inhibiting gene 
expression of one or multiple target genes in a target insect 
using stabiliZed dsRNA methods. The invention is particu 
larly useful in the modulation of eukaryotic gene expression, 
in particular the modulation of expression of genes present 
in insects that exhibit a digestive system pH level that is 
from about 4.5 to about 9.5, more preferably from about 5.0 
to about 8.0, and even more preferably from about 6.5 to 
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about 7.5. Plant pests With a digestive system that exhibits 
pH levels outside of these ranges are not preferred candi 
dates for double stranded RNA mediated methods for gene 
suppression using a delivery method that requires ingestion 
of the preferred dsRNA molecules. The modulatory effect is 
applicable to a variety of genes expressed in the pests 
including, for example, endogenous genes responsible for 
cellular metabolism or cellular transformation, including 
house keeping genes, transcription factors and other genes 
Which encode polypeptides involved in cellular metabolism. 

[0053] As used herein, the term “expression” refers to the 
transcription and stable accumulation of sense or antisense 
RNA derived from the nucleic acids disclosed in the present 
invention. Expression may also refer to translation of mRNA 
into a polypeptide or protein. As used herein, the term 
“sense” RNA refers to an RNA transcript corresponding to 
a sequence or segment that, When produced by the target 
pest, is in the form of a mRNA that is capable of being 
translated into protein by the target pest cell. As used herein, 
the term “antisense RN ” refers to an RNA transcript that 
is complementary to all or a part of a mRNA that is normally 
produced in a cell of a target pest. The complementarity of 
an antisense RNA may be With any part of the speci?c gene 
transcript, i.e., at the 5‘ non-coding sequence, 3‘ non-trans 
lated sequence, introns, or the coding sequence. As used 
herein, the term “RNA transcript” refers to the product 
resulting from RNA polymerase-catalyZed transcription of a 
DNA sequence. When the RNA transcript is a perfect 
complementary copy of the DNA sequence, it is referred to 
as the primary transcript or it may be an RNA sequence 
derived from post-transcriptional processing of the primary 
transcript and is referred to as the mature RNA. 

[0054] As used herein, the phrase “inhibition of gene 
expression” or “inhibiting expression of a target gene in the 
cell of an insect” refers to the absence (or observable 
decrease) in the level of protein and/or mRNA product from 
the target gene. Speci?city refers to the ability to inhibit the 
target gene Without manifest effects on other genes of the 
cell and Without any effects on any gene Within the cell that 
is producing the dsRNA molecule. The inhibition of gene 
expression of the target gene in the insect pest may result in 
novel phenotypic traits in the insect pest. 

[0055] Without limiting the scope of the present invention, 
there is provided, in one aspect, a method for controlling 
infestation of a target insect using the stabiliZed dsRNA 
strategies. The method involves generating stabiliZed 
dsRNA molecules as one type of the insect control agents to 
induce gene silencing in an insect pest. The insect control 
agents of the present invention induce directly or indirectly 
post-transcriptional gene silencing events of target genes in 
the insect. DoWn-regulation of expression of the target gene 
prevents or at least retards the insect’s groWth, development, 
reproduction and infectivity to hosts. As used herein, the 
phrase “generating stabiliZed dsRNA molecule” refers to the 
methods of employing recombinant DNA technologies 
readily available in the art (e.g., by Sambrook, et al., 1989) 
to construct a DNA nucleotide sequence that transcript the 
stabiliZed dsRNA. The detailed construction methods of the 
present invention are disclosed beloW in this disclosure. As 
used herein, the term “silencing” refers the effective “doWn 
regulation” of expression of the targeted nucleotide 
sequence and, hence, the elimination of the ability of the 
sequence to cause an effect Within the insect’s cell. 
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[0056] The present invention provides in part a delivery 
system for the delivery of the insect control agents to insects 
through their exposure to a diet containing the insect control 
agents of the present invention. In accordance With one of 
the embodiments, the stabiliZed dsRNA or siRNA molecules 
may be incorporated in the insect diet or may be overlaid on 
the top of the diet for consumption by an insect. 

[0057] The present invention also provides in part a deliv 
ery system for the delivery of the insect control agents to 
insects through their exposure to an microorganism or a host 
such as a plant containing the insect control agents of the 
present invention by ingestion of the microorganism or the 
host cells or the contents of the cells. In accordance With 
another one of the embodiments, the present invention 
involves generating a transgenic plant cell or a plant that 
contains a recombinant DNA construct transcribing the 
stabiliZed dsRNA molecules of the present invention. As 
used herein, the phrase “generating a transgenic plant cell or 
a plant” refers to the methods of employing the recombinant 
DNA technologies readily available in the art (e.g., by 
Sambrook, et al., 1989) to construct a plant transformation 
vector transcribing the stabiliZed dsRNA molecules of the 
present invention, to transform the plant cell or the plant and 
to generate the transgenic plant cell or the transgenic plant 
that contain the transcribed, stabiliZed dsRNA molecules. In 
particular, the method of the present invention may comprise 
the recombinant construct in a cell of a plant that results in 
dsRNA transcripts that are substantially homologous to an 
RNA sequence encoded by a nucleotide sequence Within the 
genome of an insect. Where the nucleotide sequence Within 
the genome of an insect encodes a gene essential to the 
viability and infectivity of the insect, its doWn-regulation 
results in a reduced capability of the insect to survive and 
infect host cells. Hence, such doWn-regulation results in a 
“deleterious effect” on the maintenance viability and infec 
tivity of the insect, in that it prevents or reduces the insect’s 
ability to feed off and survive on nutrients derived from the 
host cells. By virtue of this reduction in the insect’s viability 
and infectivity, resistance and/or enhanced tolerance to 
infection by an insect is facilitated in the cells of a plant. 
Genes in the insect may be targeted at the mature (adult), 
immature (larval), or egg stages. 

[0058] In still another embodiment, non-pathogenic, 
attenuated strains of microorganisms may be used as a 
carrier for the insect control agents and, in this perspective, 
the microorganisms carrying such agents are also referred to 
as insect control agents. The microorganisms may be engi 
neered to express a nucleotide sequence of a target gene to 
produce RNA molecules comprising RNA sequences 
homologous or complementary to RNA sequences typically 
found Within the cells of an insect. Exposure of the insects 
to the microorganisms result in ingestion of the microor 
ganisms and doWn-regulation of expression of target genes 
mediated directly or indirectly by the RNA molecules or 
fragments or derivatives thereof. 

[0059] The present invention alternatively provides expo 
sure of an insect to the insect control agents of the present 
invention incorporated in a spray mixer and applied to the 
surface of a host, such as a host plant. In an exemplary 
embodiment, ingestion of the insect control agents by an 
insect delivers the insect control agents to the gut of the 
insect and subsequently to the cells Within the body of the 
insect. In another embodiment, infection of the insect by the 
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insect control agents through other means such as by injec 
tion or other physical methods also permits delivery of the 
insect control agents. In yet another embodiment, the RNA 
molecules themselves are encapsulated in a synthetic matrix 
such as a polymer and applied to the surface of a host such 
as a plant. Ingestion of the host cells by an insect permits 
delivery of the insect control agents to the insect and results 
in doWn-regulation of a target gene in the host. 

[0060] It is envisioned that the compositions of the present 
invention can be incorporated Within the seeds of a plant 
species either as a product of expression from a recombinant 
gene incorporated into a genome of the plant cells, or 
incorporated into a coating or seed treatment that is applied 
to the seed before planting. The plant cell containing a 
recombinant gene is considered herein to be a transgenic 
event. 

[0061] It is believed that a pesticidal seed treatment can 
provide signi?cant advantages When combined With a trans 
genic event that provides protection from invertebrate pest 
infestation that is Within the preferred effectiveness range 
against a target pest. In addition, it is believed that there are 
situations that are Well knoWn to those having skill in the art, 
Where it is advantageous to have such transgenic events 
Within the preferred range of effectiveness. 

[0062] The present invention also includes seeds and 
plants having more that one transgenic event. Such combi 
nations are referred to as “stacked” transgenic events. These 
stacked transgenic events can be events that are directed at 
the same target pest, or they can be directed at different 
target pests. In one preferred method, a seed having the 
ability to express a Cry3 protein or insecticidal variant 
thereof also has the ability to express at least one other 
insecticidal agent including but not limited to a protein that 
is different from a Cry3 protein and/or an RNA molecule the 
sequence of Which is derived from the sequence of an RNA 
expressed in a target pest and that forms a double stranded 
RNA structure upon expressing in the seed or cells of a plant 
groWn from the seed, Wherein the ingestion of one or more 
cells of the plant by the target pest results in the suppression 
of expression of the RNA in the cells of the target pest. 

[0063] In another preferred method, the seed having the 
ability to express a dsRNA the sequence of Which is derived 
from a target pest also has a transgenic event that provides 
herbicide tolerance. It is preferred that the transgenic event 
that provides herbicide tolerance is an event that provides 
resistance to glyphosate, N-(phosphonomethyl) glycine, 
including the isopropylamine salt form of such herbicide. 

[0064] In the present method, a seed comprising a trans 
genic event is treated With a pesticide. It is believed that the 
combination of a transgenic seed exhibiting bioactivity 
against a target pest as a result of the production of an 
insecticidal amount of an insecticidal dsRNA Within the 
cells of the transgenic seed or plant groWn from the seed 
coupled With treatment of the seed With certain chemical or 
protein pesticides provides unexpected synergistic advan 
tages to seeds having such treatment, including unexpect 
edly superior efficacy for protection against damage to the 
resulting transgenic plant by the target pest. In particular, it 
is believed that the treatment of a transgenic seed that is 
capable of expressing certain constructs that form dsRNA 
molecules, the sequence of Which are derived from one or 
more sequences expressed in a lygus, With from about 100 
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gm to about 400 gm of certain pesticides per 100 kg of seed 
provided unexpectedly superior protection against lygus. In 
addition, it is believed that such combinations are also 
effective to protect the emergent corn plants against damage 
by black cutWorm. The seeds of the present invention are 
also believed to have the property of decreasing the cost of 
pesticide use, because less of the pesticide can be used to 
obtain a required amount of protection than if the innovative 
composition and method is not used. Moreover, because less 
pesticide is used and because it is applied prior to planting 
and Without a separate ?eld application, it is believed that 
the subject method is therefore safer to the operator and to 
the environment, and is potentially less expensive than 
conventional methods. 

[0065] When it is said that some effects are “synergistic”, 
it is meant to include the synergistic effects of the combi 
nation on the pesticidal activity (or ef?cacy) of the combi 
nation of the transgenic event and the pesticide. HoWever, it 
is not intended that such synergistic effects be limited to the 
pesticidal activity, but that they should also include such 
unexpected advantages as increased scope of activity, 
advantageous activity pro?le as related to type and amount 
of damage reduction, decreased cost of pesticide and appli 
cation, decreased pesticide distribution in the environment, 
decreased pesticide exposure of personnel Who produce, 
handle and plant corn seeds, and other advantages knoWn to 
those skilled in the art. 

[0066] Pesticides and insecticides that are useful in com 
positions in combination With the methods and compositions 
of the present invention, including as seed treatments and 
coatings as Well as methods for using such compositions can 
be found, for example, in US. Pat. No. 6,551,962, the 
entirety of Which is incorporated herein by reference. 

[0067] It has been found that the present invention is 
useful to protect seeds and plants against a Wide array of 
agricultural pests, including insects, mites, fungi, yeasts, 
molds, bacteria, nematodes, Weeds, and parasitic and 
saprophytic plants. 

[0068] It is preferred that the seed treatments and coatings 
described herein be used along With transgenic seeds of the 
present invention, in particular by application of a pesticidal 
agent other than the dsRNA molecules derived from the 
sequences described herein as set forth in SEQ ID NO:4 
through SEQ ID NO:14 and SEQ ID NO:180 through SEQ 
ID NO:184 or the complements thereof to a transgenic seed. 
Although it is believed that the seed treatments can be 
applied to a transgenic seed in any physiological state, it is 
preferred that the seed be in a suf?ciently durable state that 
it incurs no damage during the treatment process. Typically, 
the seed Would be a seed that had been harvested from the 
?eld; removed from the transgenic plant; and separated from 
any other non-seed plant material. The seed Would prefer 
ably also be biologically stable to the extent that the treat 
ment Would cause no biological damage to the seed. In one 
embodiment, for example, the treatment can be applied to 
seed corn that has been harvested, cleaned and dried to a 
moisture content beloW about 15% by Weight. In an alter 
native embodiment, the seed can be one that has been dried 
and then primed With Water and/or another material and then 
re-dried before or during the treatment With the pesticide. 
Within the limitations just described, it is believed that the 
treatment can be applied to the seed at any time betWeen 
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harvest of the seed and soWing of the seed. As used herein, 
the term “unsoWn seed” is meant to include seed at any 
period betWeen the harvest of the seed and the soWing of the 
seed in the ground for the purpose of germination and 
groWth of the plant. 

[0069] When it is said that unsoWn seed is “treated” With 
the pesticide, such treatment is not meant to include those 
practices in Which the pesticide is applied to the soil, rather 
than to the seed. For example, such treatments as the 
application of the pesticide in bands, “T”-bands, or in 
furroW, at the same time as the seed is soWed are not 
considered to be included in the present invention. 

[0070] The pesticide, or combination of pesticides, can be 
applied “neat”, that is, Without any diluting or additional 
components present. HoWever, the pesticide is typically 
applied to the seeds in the form of a pesticide formulation. 
This formulation may contain one or more other desirable 

components including but not limited to liquid diluents, 
binders to serve as a matrix for the pesticide, ?llers for 
protecting the seeds during stress conditions, and plasticiZ 
ers to improve ?exibility, adhesion and/or spreadability of 
the coating. In addition, for oily pesticide formulations 
containing little or no ?ller, it may be desirable to add to the 
formulation drying agents such as calcium carbonate, kaolin 
or bentonite clay, perlite, diatomaceous earth or any other 
adsorbent material. Use of such components in seed treat 
ments is knoWn in the art. See, e.g., US. Pat. No. 5,876,739. 
The skilled artisan can readily select desirable components 
to use in the pesticide formulation depending on the seed 
type to be treated and the particular pesticide that is selected. 

[0071] The subject pesticides can be applied to a seed as 
a component of a seed coating. Seed coating methods and 
compositions that are knoWn in the art are useful When they 
are modi?ed by the addition of one of the embodiments of 
the combination of pesticides of the present invention. Such 
coating methods and apparatus for their application are 
disclosed in, for example, US. Pat. Nos. 5,918,413, 5,891, 
246, 5,554,445, 5,389,399, 5,107,787, 5,080,925, 4,759,945 
and 4,465,017. Seed coating compositions are disclosed, for 
example, in US. Pat. Nos. 5,939,356, 5,882,713, 5,876,739, 
5,849,320, 5,834,447, 5,791,084, 5,661,103, 5,622,003, 
5,580,544, 5,328,942, 5,300,127, 4,735,015, 4,634,587, 
4,383,391, 4,372,080, 4,339,456, 4,272,417 and 4,245,432, 
among others. 

[0072] The pesticides that are useful in the coating are 
those pesticides that are described herein. The amount of 
pesticide that is used for the treatment of the seed Will vary 
depending upon the type of seed and the type of active 
ingredients, but the treatment Will comprise contacting the 
seeds With an amount of the combination of pesticides that 
is pesticidally effective. When insects are the target pest, that 
amount Will be an amount of the insecticide that is insecti 
cidally effective. As used herein, an insecticidally effective 
amount means that amount of insecticide that Will kill insect 
pests in the larvae or pupal state of groWth, or Will consis 
tently reduce or retard the amount of damage produced by 
insect pests. 

[0073] In general, the amount of pesticide that is applied 
to the seed in the treatment Will range from about 10 gm to 
about 2000 gm of the active ingredient of the pesticide per 
100 kg of the Weight of the seed. Preferably, the amount of 
pesticide Will be Within the range of about 50 gm to about 
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1000 gm active per 100 kg of seed, more preferably Within 
the range of about 100 gm to about 600 gm active per 100 
kg of seed, and even more preferably Within the range of 
about 200 gm to about 500 gm of active per 100 kg of seed 
Weight. Alternatively, it has been found to be preferred that 
the amount of the pesticide be over about 60 gm of the active 
ingredient of the pesticide per 100 kg of the seed, and more 
preferably over about 80 gm per 100 kg of seed. 

[0074] The pesticides that are used in the treatment must 
not inhibit germination of the seed and should be efficacious 
in protecting the seed and/or the plant during that time in the 
target insect’s life cycle in Which it causes injury to the seed 
or plant. In general, the coating Will be ef?cacious for 
approximately 0 to 120 days after soWing. 

[0075] The pesticides of the subject invention can be 
applied to the seed in the form of a coating. The use of a 
coating is particularly effective in accommodating high 
pesticidal loads, as can be required to treat typically refrac 
tory pests, such as lygus, While at the same time preventing 
unacceptable phytotoxicity due to the increased pesticidal 
load. 

[0076] In addition to the coating layer, the seed may be 
treated With one or more of the folloWing ingredients: other 
pesticides including fungicides and herbicides; herbicidal 
safeners; fertiliZers and/or biocontrol agents. These ingre 
dients may be added as a separate layer or alternatively may 
be added in the pesticidal coating layer. 

[0077] The pesticide formulation may be applied to the 
seeds using conventional coating techniques and machines, 
such as ?uidized bed techniques, the roller mill method, 
rotostatic seed treaters, and drum coaters. Other methods, 
such as spouted beds may also be useful. The seeds may be 
presiZed before coating. After coating, the seeds are typi 
cally dried and then transferred to a siZing machine for 
siZing. Such procedures are knoWn in the art. 

[0078] As used herein, the term “insect control agent”, or 
“gene suppression agent” refers to a particular RNA mol 
ecule consisting of a ?rst RNA segment and a second RNA 
segment linked by a third RNA segment. The ?rst and the 
second RNA segments lie Within the length of the RNA 
molecule and are substantially inverted repeats of each other 
and are linked together by the third RNA segment. The 
complementarity betWeen the ?rst and the second RNA 
segments results in the ability of the tWo segments to 
hybridiZe in vivo and in vitro to form a double stranded 
molecule, i.e., a stem, linked together at one end of each of 
the ?rst and second segments by the third segment Which 
forms a loop, so that the entire structure forms into a stem 
and loop structure, or even more tightly hybridiZing struc 
tures may form into a stem-loop knotted structure. The ?rst 
and the second segments correspond invariably and not 
respectively to a sense and an antisense sequence With 
respect to the target RNA transcribed from the target gene in 
the target insect pest that is suppressed by the ingestion of 
the dsRNA molecule. The insect control agent can also be a 
substantially puri?ed (or isolated) nucleic acid molecule and 
more speci?cally nucleic acid molecules or nucleic acid 
fragment molecules thereof from a genomic DNA (gDNA) 
or cDNA library. Alternatively, the fragments may comprise 
smaller oligonucleotides having from about 15 to about 250 
nucleotide residues, and more preferably, about 15 to about 
30 nucleotide residues. The “insect control agent” may also 
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refer to a DNA construct that comprises the isolated and 
puri?ed nucleic acid molecules or nucleic acid fragment 
molecules thereof from a gDNA or cDNA library. The 
“insect control agent” may further refer to a microorganism 
comprising such a DNA construct that comprises the iso 
lated and puri?ed nucleic acid molecules or nucleic acid 
fragment molecules thereof from a gDNA or cDNA library. 
As used herein, the phrase “generating an insect control 
agent” refers to the methods of employing the recombinant 
DNA technologies readily available in the art (e.g., by 
Sambrook, et al., 1989) to prepare a recombinant DNA 
construct transcribing the stabiliZed dsRNA or siRNA mol 
ecules, to construct a vector transcribing the stabiliZed 
dsRNA or siRNA molecules, and/or to transform and gen 
erate the cells or the microorganisms that contain the tran 
scribed, stabiliZed dsRNA or siRNA molecules. The method 
of the present invention provides for the production of a 
dsRNA transcript, the nucleotide sequence of Which is 
substantially homologous to a targeted RNA sequence 
encoded by a target nucleotide sequence Within the genome 
of a target insect pest. 

[0079] As used herein, the term “genome” as it applies to 
cells of an insect or a host encompasses not only chromo 
somal DNA found Within the nucleus, but organelle DNA 
found Within subcellular components of the cell. The DNA’s 
of the present invention introduced into plant cells can 
therefore be either chromosomally integrated or organelle 
localiZed. The term “genome” as it applies to bacteria 
encompasses both the chromosome and plasmids Within a 
bacterial host cell. The DNA’s of the present invention 
introduced into bacterial host cells can therefore be either 
chromosomally integrated or plasmid-localiZed. 

[0080] Inhibition of target gene expression may be quan 
ti?ed by measuring either the endogenous target RNA or the 
protein produced by translation of the target RNA and the 
consequences of inhibition can be con?rmed by examination 
of the outWard properties of the cell or organism. Techniques 
for quantifying RNA and proteins are Well knoWn to one of 
ordinary skill in the art. Multiple selectable markers are 
available that confer resistance to ampicillin, bleomycin, 
chloramphenicol, gentamycin, hygromycin, kanamycin, lin 
comycin, methotrexate, phosphinothricin, puromycin, spec 
tinomycin, rifampicin, and tetracyclin, and the like. 

[0081] In certain preferred embodiments gene expression 
is inhibited by at least 10%, preferably by at least 33%, more 
preferably by at least 50%, and yet more preferably by at 
least 80%. In particularly preferred embodiments of the 
invention gene expression is inhibited by at least 80%, more 
preferably by at least 90%, more preferably by at least 95%, 
or by at least 99% Within cells in the insect so a signi?cant 
inhibition takes place. Signi?cant inhibition is intended to 
refer to sufficient inhibition that results in a detectable 
phenotype (e.g., cessation of larval groWth, paralysis or 
mortality, etc.) or a detectable decrease in RNA and/or 
protein corresponding to the target gene being inhibited. 
Although in certain embodiments of the invention inhibition 
occurs in substantially all cells of the insect, in other 
preferred embodiments inhibition occurs in only a subset of 
cells expressing the gene. For example, if the gene to be 
inhibited plays an essential role in cells in the insect ali 
mentary tract, inhibition of the gene Within these cells is 
sufficient to exert a deleterious effect on the insect. 
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[0082] The advantages of the present invention may 
include, but are not limited to, the folloWing: the ease of 
introducing dsRNA into the insect cells, the loW concentra 
tion of dsRNA or siRNA Which can be used, the stability of 
dsRNA or siRNA, and the effectiveness of the inhibition. 
The ability to use a loW concentration of a stabiliZed dsRNA 
avoids several disadvantages of anti-sense interference. The 
present invention is not limited to in vitro use or to speci?c 
sequence compositions, to a particular set of target genes, a 
particular portion of the target gene’s nucleotide sequence, 
or a particular transgene or to a particular delivery method, 
as opposed to the some of the available techniques knoWn in 
the art, such as antisense and co-suppression. Furthermore, 
genetic manipulation becomes possible in organisms that are 
not classical genetic models. 

[0083] In practicing the present invention, it is important 
that the presence of the nucleotide sequences that are 
transcribed from the recombinant construct are neither 
harmful to cells of the plant in Which they are expressed in 
accordance With the invention, nor harmful to an animal 
food chain and in particular humans. Because the produce of 
the plant may be made available for human ingestion, the 
doWn-regulation of expression of the target nucleotide 
sequence occurs only in the insect. 

[0084] Therefore, in order to achieve inhibition of a target 
gene selectively Within an insect species that it is desired to 
control, the target gene should preferably exhibit a loW 
degree of sequence identity With corresponding genes in a 
plant or a vertebrate animal. Preferably the degree of the 
sequence identity is less than approximately 80%. More 
preferably the degree of the sequence identity is less than 
approximately 70%. Most preferably the degree of the 
sequence identity is less than approximately 60%. 

[0085] 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 an insect that comprises an RNA 
sequence encoded by a nucleotide sequence Within the 
genome of the insect. Thus, after the stabiliZed RNA 
sequence incorporated in a diet or sprayed on a plant surface 
is ingested by the insect, a doWn-regulation of the nucleotide 
sequence corresponding to the target gene in the cells of a 
target insect is affected. The doWn-regulated nucleotide 
sequence in the insect results in a deleterious effect on the 
maintenance, viability, proliferation, reproduction and infec 
tivity of the insect. Therefore, the nucleotide sequence of the 
present invention may be useful in modulating or controlling 
infestation by a range of insects. 

[0086] According to another embodiment of the present 
invention, there is provided a nucleotide sequence, the 
expression of Which in a microbial cell results in a tran 
scription of an RNA sequence Which is substantially 
homologous to an RNA molecule of a targeted gene in an 
insect that comprises an RNA sequence encoded by a 
nucleotide sequence Within the genome of the insect. Thus, 
after the stabiliZed RNA sequence contained in the cell of the 
microorganism is ingested by the insect, it Will affect doWn 
regulation of the nucleotide sequence of the target gene in 
the cells of the insect. The doWn-regulated nucleotide 
sequence in the insect results in a deleterious effect on the 
maintenance, viability, proliferation, reproduction and infes 
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tation of the insect. Therefore, the nucleotide sequence of the 
present invention may be useful in modulating or controlling 
infestation by a range of insects. 

[0087] According to yet another embodiment of the 
present invention, there is provided a nucleotide sequence, 
the expression of Which in a plant cell results in a transcrip 
tion of an RNA sequence Which is substantially homologous 
to an RNA molecule of a targeted gene in an insect that 
comprises an RNA sequence encoded by a nucleotide 
sequence Within the genome of the insect. Thus, after the 
stabiliZed RNA sequence contained in the cell of the plant is 
ingested by the insect, it Will affect doWn-regulation of the 
nucleotide sequence of the target gene in the cells of the 
insect. The doWn-regulated nucleotide sequence in the insect 
results in a deleterious effect on the maintenance, viability, 
proliferation, reproduction and infestation of the insect. 
Therefore, the nucleotide sequence of the present invention 
may be useful in modulating or controlling infestation by a 
range of insects in plants. 

[0088] As used herein, the term “substantially homolo 
gous” or “substantial homology”, With reference to a nucleic 
acid sequence, refers to a nucleotide sequence that hybrid 
iZes under stringent conditions to the coding sequence as set 
forth in any of SEQ ID NO:4 through SEQ ID NO:14 and 
SEQ ID NO:180 through SEQ ID NO:184, or the comple 
ments thereof. Sequences that hybridiZe under stringent 
conditions to any of SEQ ID NO:4 through SEQ ID NO:14 
and SEQ ID NO:180 through SEQ ID NO:184, or the 
complements thereof, are those that alloW an antiparallel 
alignment to take place betWeen the tWo sequences, and the 
tWo sequences are then able, under stringent conditions, to 
form hydrogen bonds With corresponding bases on the 
opposite strand to form a duplex molecule that is suf?ciently 
stable under the stringent conditions to be detectable using 
methods Well knoWn in the art. Such substantially homolo 
gous sequences have preferably from about 65% to about 
70% sequence identity, or more preferably from about 80% 
to about 85% sequence identity, or most preferable from 
about 90% to about 95% sequence identity, to about 99% 
sequence identity, to the referent nucleotide sequences as set 
forth in any of SEQ ID NO:4 through SEQ ID NO:14 and 
SEQ ID NO:180 through SEQ ID NO:184, or the comple 
ments thereof. 

[0089] As used herein, the term “sequence identity”, 
“sequence similarity” or “homology” is used to describe 
sequence relationships betWeen tWo or more nucleotide 
sequences. The percentage of “sequence identity” betWeen 
tWo sequences is determined by comparing tWo optimally 
aligned sequences over a comparison WindoW, Wherein the 
portion of the sequence in the comparison WindoW may 
comprise additions or deletions (i.e., gaps) as compared to 
the reference sequence (Which does not comprise additions 
or deletions) for optimal alignment of the tWo sequences. 
The percentage is calculated by determining the number of 
positions at Which the identical nucleic acid base or amino 
acid residue occurs in both sequences to yield the number of 
matched positions, dividing the number of matched posi 
tions by the total number of positions in the WindoW of 
comparison, and multiplying the result by 100 to yield the 
percentage of sequence identity. A sequence that is identical 
at every position in comparison to a reference sequence is 
said to be identical to the reference sequence and vice-versa. 
A ?rst nucleotide sequence When observed in the 5‘ to 3‘ 
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direction is said to be a “complement” of, or complementary 
to, a second or reference nucleotide sequence observed in 
the 3‘ to 5‘ direction if the ?rst nucleotide sequence exhibits 
complete complementarity With the second or reference 
sequence. As used herein, nucleic acid sequence molecules 
are said to exhibit “complete complementarity” When every 
nucleotide of one of the sequences read 5‘ to 3‘ is comple 
mentary to every nucleotide of the other sequence When read 
3‘ to 5‘. A nucleotide sequence that is complementary to a 
reference nucleotide sequence Will exhibit a sequence iden 
tical to the reverse complement sequence of the reference 
nucleotide sequence. These terms and descriptions are Well 
de?ned in the art and are easily understood by those of 
ordinary skill in the art. 

[0090] As used herein, a “comparison WindoW” refers to a 
conceptual segment of at least 6 contiguous positions, usu 
ally about 50 to about 100, more usually about 100 to about 
150, in Which a sequence is compared to a reference 
sequence of the same number of contiguous positions after 
the tWo sequences are optimally aligned. The comparison 
WindoW may comprise additions or deletions (i.e. gaps) of 
about 20% or less as compared to the reference sequence 
(Which does not comprise additions or deletions) for optimal 
alignment of the tWo sequences Those skilled in the art 
should refer to the detailed methods used for sequence 
alignment in the Wisconsin Genetics SoftWare Package 
Release 7.0, Genetics Computer Group, 575 Science Drive 
Madison, Wis., USA) or refer to Ausubel et al. (1998) for a 
detailed discussion of sequence analysis. 

[0091] The target gene of the present invention is derived 
from an insect cell or alternatively, a foreign gene such as a 
foreign genetic sequence from a virus, a fungus, an insect or 
a nematode, among others. By “derived” it is intended that 
a sequence is all or a part of the naturally occurring 
nucleotide sequence of the target gene from the genome of 
an insect cell, particularly all or a part of the naturally 
occurring nucleotide sequence of the capped, spliced, and 
polyadenylated mRNA expressed from the naturally occur 
ring DNA sequence as found in the cell if the gene is a 
structural gene, or the sequence of all or a part of an RNA 
that is other than a structural gene including but not limited 
to a tRNA, a catalytic RNA, a ribosomal RNA, a micro 
RNA, and the like. A sequence is derived from one of these 
naturally occurring RNA sequences if the derived sequence 
is produced based on the nucleotide sequence of the native 
RNA, exhibits from about 80% to about 100% sequence 
identity to the native sequence, and hybridiZes to the native 
sequence under stringent hybridiZation conditions. In one 
embodiment, the target gene comprises a nucleotide 
sequence as set forth in any of SEQ ID NO:4 through SEQ 
ID NO:14 and SEQ ID NO:180 through SEQ ID NO:184, or 
the complements thereof. Depending on the particular target 
gene and the dose of dsRNA molecules delivered, this 
process may provide partial or complete loss of function for 
the target gene, or any desired level of suppression in 
betWeen. 

[0092] The present invention also provides an arti?cial 
DNA sequence capable of being expressed in a cell or 
microorganism and Which is capable of inhibiting target 
gene expression in a cell, tissue or organ of an insect, 
Wherein the arti?cial DNA sequence at least comprises a 
dsDNA molecule coding for one or more different nucle 
otide sequences, Wherein each of the different nucleotide 
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sequences comprises a sense nucleotide sequence and an 
antisense nucleotide sequence connected by a spacer 
sequence coding for a dsRNA molecule of the present 
invention. The spacer sequence constitutes part of the sense 
nucleotide sequence or the antisense nucleotide sequence 
and Will form Within the dsRNA molecule betWeen the sense 
and antisense sequences. The sense nucleotide sequence or 
the antisense nucleotide sequence is substantially identical 
to the nucleotide sequence of the target gene or a derivative 
thereof or a complementary sequence thereto. The dsDNA 
molecule is placed operably under the control of a promoter 
sequence that functions in the cell, tissue or organ of the host 
expressing the dsDNA to produce dsRNA molecules. In one 
embodiment, the arti?cial DNA sequence may be derived 
from a nucleotide sequence as set forth in SEQ ID NO:4 
through SEQ ID NO:14 and SEQ ID NO:180 through SEQ 
ID NO:184. 

[0093] The invention also provides an arti?cial DNA 
sequence for expression in a cell of a plant, and that, upon 
expression of the DNA to RNA and ingestion by a target pest 
achieves suppression of a target gene in a cell, tissue or 
organ of an insect pest. The dsRNA at least comprises one 
or multiple structural gene sequences, Wherein each of the 
structural gene sequences comprises a sense nucleotide 
sequence and an antisense nucleotide sequence connected by 
a spacer sequence that forms a loop Within the complemen 
tary and antisense sequences. The sense nucleotide sequence 
or the antisense nucleotide sequence is substantially identi 
cal to the nucleotide sequence of the target gene, derivative 
thereof, or sequence complementary thereto. The one or 
more structural gene sequences is placed operably under the 
control of one or more promoter sequences, at least one of 
Which is operable in the cell, tissue or organ of a prokaryotic 
or eukaryotic organism, particularly an insect. In one 
embodiment, the arti?cial DNA sequence comprises from 
about SEQ ID NO:4 through about SEQ ID NO:14 and from 
about SEQ ID NO:180 through about SEQ ID NO: 184 or the 
complements thereof. 

[0094] As used herein, the term “non naturally occurring 
gene”, “non-naturally occurring coding sequences”, “arti? 
cial sequence”, or “synthetic coding sequences” for tran 
scribing the dsRNA or siRNA of the present invention or 
fragments thereof refers to those prepared in a manner 
involving any sort of genetic isolation or manipulation that 
results in the preparation of a coding sequence that tran 
scribes a dsRNA or a siRNA of the present invention or 
fragments thereof. This includes isolation of the coding 
sequence from its naturally occurring state, manipulation of 
the coding sequence as by (1) nucleotide insertion, deletion, 
or substitution, (2) segment insertion, deletion, or substitu 
tion, (3) chemical synthesis such as phosphoramidite chem 
istry and the like, site-speci?c mutagenesis, truncation of the 
coding sequence or any other manipulative or isolative 
method. 

[0095] The non-naturally occurring gene sequence or frag 
ment thereof according to this aspect of the invention for 
lygus control may be cloned betWeen tWo tissue speci?c 
promoters, such as tWo root speci?c promoters Which are 
operable in a transgenic plant cell and therein expressed to 
produce mRNA in the transgenic plant cell that form dsRNA 
molecules thereto. The dsRNA molecules contained in plant 
tissues are ingested by an insect so that the intended sup 
pression of the target gene expression is achieved. 
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[0096] The present invention also provides a method for 
obtaining a nucleic acid comprising a nucleotide sequence 
for producing a dsRNA or siRNA of the present invention. 
In a preferred embodiment, the method of the present 
invention for obtaining the nucleic acid comprising: (a) 
probing a cDNA or gDNA library With a hybridiZation probe 
comprising all or a portion of a nucleotide sequence or a 
homolog thereof from a targeted insect; (b) identifying a 
DNA clone that hybridiZes With the hybridiZation probe; (c) 
isolating the DNA clone identi?ed in step (b); and (d) 
sequencing the cDNA or gDNA fragment that comprises the 
clone isolated in step (c) Wherein the sequenced nucleic acid 
molecule transcribes all or a substantial portion of the RNA 
nucleotide acid sequence or a homolog thereof. 

[0097] In another preferred embodiment, the method of 
the present invention for obtaining a nucleic acid fragment 
comprising a nucleotide sequence for producing a substan 
tial portion of a dsRNA or siRNA of the present invention 
comprising: (a) synthesiZing a ?rst and a second oligonucle 
otide primers corresponding to a portion of one of the 
nucleotide sequences from a targeted insect; and (b) ampli 
fying a cDNA or gDNA insert present in a cloning vector 
using the ?rst and second oligonucleotide primers of step (a) 
Wherein the ampli?ed nucleic acid molecule transcribes a 
substantial portion of the a substantial portion of a dsRNA 
or siRNA of the present invention. 

[0098] In practicing the present invention, a target gene 
may be derived from a lygus or any insect species that cause 
damages to the crop plants and subsequent yield losses. The 
present inventors contemplate that several criteria may be 
employed in the selection of preferred target genes. The gene 
is one Whose protein product has a rapid turnover rate, so 
that dsRNA inhibition Will result in a rapid decrease in 
protein levels. In certain embodiments it is advantageous to 
select a gene for Which a small drop in expression level 
results in deleterious effects for the insect. If it is desired to 
target a broad range of insect species a gene is selected that 
is highly conserved across these species. Conversely, for the 
purpose of conferring speci?city, in certain embodiments of 
the invention, a gene is selected that contains regions that are 
poorly conserved betWeen individual insect species, or 
betWeen insects and other organisms. In certain embodi 
ments it may be desirable to select a gene that has no knoWn 
homologs in other organisms. 

[0099] As used herein, the term “derived from” refers to a 
speci?ed nucleotide sequence that may be obtained from a 
particular speci?ed source or species, albeit not necessarily 
directly from that speci?ed source or species. 

[0100] In one embodiment, a gene is selected that is 
expressed in the insect gut. Targeting genes expressed in the 
gut avoids the requirement for the dsRNA to spread Within 
the insect. Target genes for use in the present invention may 
include, for example, those that share substantial homolo 
gies to the nucleotide sequences of knoWn gut-expressed 
genes that encode protein components of the plasma mem 
brane proton V-ATPase (DoW et al., J. Exp. Biol., 2001237 
245, 1997; DoW, Bioenerg. Biomemb., 31: 75-83, 1999). 
This protein complex is the sole energiZer of epithelial ion 
transport and is responsible for alkaliniZation of the midgut 
lumen. The V-ATPase is also expressed in the Malpighian 
tubule, an outgroWth of the insect hindgut that functions in 
?uid balance and detoxi?cation of foreign compounds in a 
manner analogous to a kidney organ of a mammal. 
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[0101] In another embodiment, a gene is selected that is 
essentially involved in the growth, development, and repro 
duction of an insect. Exemplary genes include but are not 
limited to a CHD3 gene and a [3-tubulin gene. The CHD3 
gene in Drosophila melanogaster encodes a protein With 
ATP-dependent DNA helicase activity that is involved in 
chromatin assembly/disassembly in the nucleus. Similar 
sequences have been found in diverse organisms such as 
Arabidopsis thaliana, Caenorhabditis elegans, and Saccha 
romyces cerevisiae. The beta-tubulin gene family encodes 
microtubule-associated proteins that are a constituent of the 
cellular cytoskeleton. Related sequences are found in such 
diverse organisms as Caenorhabditis elegans, and Mana'uca 
Sexta. 

[0102] Other target genes for use in the present invention 
may include, for example, those that play important roles in 
the viability, groWth, development, reproduction and infec 
tivity. These target genes may be one of the house keeping 
genes, transcription factors and insect speci?c genes or 
lethal knockout mutations in Drosophila. The target genes 
for use in the present invention may also be those that are 
from other organisms, e.g., from a nematode (e.g., C. 
elegans). Additionally, the nucleotide sequences for use in 
the present invention may also be derived from plant, viral, 
bacterial or fungal genes Whose functions have been estab 
lished from literature and the nucleotide sequences of Which 
share substantial similarity With the target genes in the 
genome of an insect. According to one aspect of the present 
invention for lygas control, the target sequences may essen 
tially be derived from the targeted lygas insect. Some of the 
exemplary target sequences from cDNA library from lygas 
that encode lygas proteins or fragments thereof Which are 
homologues of knoWn proteins may be found in the 
Sequence Listing. 

[0103] It is preferred in the practice of the invention to use 
DNA segments Whose sequences exhibit at least from about 
80% identity, or at least from 90% identity, or at least from 
95% identity, or at least from 98% identity, or at least about 
100% identity to sequences corresponding to genes or 
coding sequences Within the pest for Which control is 
desired. Sequences less than about 80% identical to a target 
gene are less effective. Inhibition is speci?c to the pests’ 
gene or genes, the sequence of Which corresponds to the 
dsRNA. Expression of unrelated genes is not affected. This 
speci?city alloWs the selective targeting of pest species, 
resulting in no effect on other organisms exposed to the 
compositions of the present invention. A DNA segment for 
use in the present invention is at least from about 23 to about 
100 nucleotides, but less than about 2000 nucleotides, in 
length. 

[0104] The invention is not limited to the speci?c genes 
described herein but encompasses any gene, the inhibition of 
Which exerts a deleterious effect on an insect pest. 

[0105] For many of the insects that are potential targets for 
control by the present invention, there may be limited 
information regarding the sequences of most genes or the 
phenotype resulting from mutation of particular genes. 
Therefore, the present inventors contemplate that selection 
of appropriate genes from insect pests for use in the present 
invention may be accomplished through use of information 
available from study of the corresponding genes in a model 
organism such in Drosophila, in some other insect species, 
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or even in a nematode species, in a fungal species, in a plant 
species, in Which the genes have been characteriZed. In some 
cases it Will be possible to obtain the sequence of a corre 
sponding gene from a target insect by searching databases 
such as GenBank using either the name of the gene or the 
sequence from, for example, Drosophila, another insect, a 
nematode, a fungus, or a plant from Which the gene has been 
cloned. Once the sequence is obtained, PCR may be used to 
amplify an appropriately selected segment of the gene in the 
insect for use in the present invention. 

[0106] In order to obtain a DNA segment from the corre 
sponding gene in an insect species, PCR primers are 
designed based on the sequence as found in lygas or other 
insects from Which the gene has been cloned. The primers 
are designed to amplify a DNA segment of suf?cient length 
for use in the present invention. DNA (either genomic DNA 
or cDNA) is prepared from the insect species, and the PCR 
primers are used to amplify the DNA segment. Ampli?ca 
tion conditions are selected so that ampli?cation Will occur 
even if the primers do not exactly match the target sequence. 
Alternately, the gene (or a portion thereof) may be cloned 
from a gDNA or cDNA library prepared from the insect pest 
species, using the lygas gene or another knoWn insect gene 
as a probe. Techniques for performing PCR and cloning 
from libraries are knoWn. Further details of the process by 
Which DNA segments from target insect pest species may be 
isolated based on the sequence of genes previously cloned 
from lygas or other insect species are provided in the 
Examples. One of ordinary skill in the art Will recognize that 
a variety of techniques may be used to isolate gene segments 
from insect pest species that correspond to genes previously 
isolated from other species. Insects that may cause damage 
in plants generally belong to three categories based upon 
their methods of feeding and these three categories are, 
respectively, cheWing, sucking and boring insects that 
belong to the Orders Coleoptera, Lepidoptera, Diptera, 
Orthoptera, Heteroptera, Ctenophalides, Arachnidiae, and 
Hymenoptera. It has been found that the present method is 
useful to protect seeds and plants against a Wide array of 
agricultural pests, including insects, mites, fungi, yeasts, 
molds, bacteria, nematodes, Weeds, and parasitic and 
saprophytic plants, and the like. 

[0107] When an insect is the target pest for the present 
invention, such pests include but are not limited to: 

from the order Lepidoptera, for example, 

[0108] Acleris spp., Adoxophyes spp., Aegeria spp., 
Agrotis spp., Alabama argillaceae, Amylois spp., Anti 
carsia gemmatalis, Archips spp, Argyrotaenia spp., 
Aatographa spp., Basseola fusca, Cadra caatella, Car 
posina nipponensis, Chilo spp., Choristoneara spp., 
Clysia ambigaella, Cnaphalocrocis spp., Cnephasia 
spp., Cochylis spp., Coleophora spp., Crocidolomia 
binotalis, Cryptophlebia leacotreta, Cydia spp., 
Diatraea spp., Diparopsis castanea, Earias spp., Ephe 
stia spp., Eacosma spp., Eapoecilia ambigaella, 
Eaproctis spp., Eaxoa spp., Grapholita spp., Hedya 
nabzferana, Heliothis spp., Hellala andalis, Hyphantria 
canea, Keiferia lycopersicella, Leacoptera scitella, 
Lithocollethis spp., Lobesia botrana, Lymantria spp., 
Lyonetia spp., Malacosoma spp., Mamestra brassicae, 
Mana'uca sexta, Operophtera spp., Ostrinia Nabilalis, 
Pammene spp., Pandemis spp., Panolis?ammea, Pec 
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tinophora gossypiella, Phthorimaea operculella, Pieris 
rapae, Pieris spp., Plutella xylostella, Prays spp., Scir 
pophaga spp., Sesamia spp., Sparganothis spp., 
Spodoptera spp., Synanthea'on spp., T haumetopoea 
spp., Tortrix spp., Trichoplusia ni and l?vonomeuta 
SPP~; 

from the order Coleoptera, for example, 

[0109] Agriotes spp., Anthonomus spp., Atomaria lin 
earis, Chaetocnema tibialis, Cosmopolites spp., Cur 
culio spp., Dermestes spp., Diabrotica spp., Epilachna 
spp., Eremnus spp., Leptinotarsa decemlineata, Lissor 
hoptrus spp., Melolontha spp., Orycaephilus spp., 
Otiorhynchus spp., Phlyctinus spp., Popillia spp., Psyl 
liodes spp., Rhizopertha spp., Scarabeia'ae, Sitophilus 
spp., Sitotroga spp., Tenebrio spp., Tribolium spp. and 
T rogoderna spp.; 

from the order Orthoptera, for example, 

[0110] Blatta spp.,Blattella spp., Gryllotalpa spp., Leu 
cophaea maderae, Locusta spp., Periplaneta ssp., and 
Schistocerca spp.; 

from the order Isoptera, for example, 

[0111] Reticulitemes ssp; 

from the order Psocoptera, for example, 

[0112] Liposcelis spp.; 

from the order Anoplura, for example, 

[0113] Haematopinus spp., Linognathus spp., Pediculus 
spp., Pemphigus spp. and Phylloxera spp.; 

from the order Mallophaga, for example, 

[0114] Damalinea spp. and Trichoa'ectes spp.; 

from the order Thysanoptera, for example, 

[0115] Franklinella spp., Hercinothrips spp., Taenio 
thrips spp., Thrips palmi, Thrips tabaci and Scirto 
thrips aurantii; 

from the order Heteroptera, for example, 

[0116] Cimex spp., Distantiella theobroma, Dysdercus 
spp., Euchistus spp., Eurygaster spp., Leptocorisa spp., 
Nezara spp., Piesma spp., Rhoa'nius spp., Sahlbergella 
singularis, Scotinophara spp., Triatoma spp., Miridae 
family spp. such as Lygus hesperus and Lygus lin 
eoloris, Lygaeidae family spp. such as Blissus leucop 
terus, and Pentatomidae family spp.; 

from the order Homoptera, for example, 

[0117] Aleurothrixus ?occosus, Aleyroa'es brassicae, 
Aonidiella spp.,Aphia'idae, Aphis spp.,Aspidiotus spp., 
Bemisia tabaci, Ceroplaster spp., Chrysomphalus 
aonia'ium, Chrysomphalus dictyospermi, Coccus hes 
peridum, Empoasca spp., Eriosoma larigerum, Eryth 
roneura spp., Gascara'ia spp., Laodelphax spp., Lacu 
nium corni, Lepidosaphes spp., Macrosiphus spp., 
Myzus spp., Nehotettix spp., Nilaparvata spp., Param 
ria spp., Pemphigus spp., Planococcus spp., Pseu 
daulacaspis spp., Pseudococcus spp., Psylla ssp., 
Pulvinaria aethiopica, Quadraspia'iotus spp., Rhopalo 
siphum spp., Saissetia spp., Scaphoia'eus spp., Schiza 
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phis spp., Sitobion spp., Trialeurodes vaporariorum, 
T rioza erytreae and Unaspis citri; 

from the order Hymenoptera, for example, 

[0118] Acromyrmex, Atta spp., Cephus spp., Diprion 
spp., Diprionia'ae, Gilpinia polytoma, Hoplocampa 
spp., Lasius sppp., Monomorium pharaonis, Neoa'ip 
rion spp, Solenopsis spp. and Vespa ssp.; 

from the order Diptera, for example, 

[0119] Aedes spp., Antherigona soccata, Bibio hortula 
nus, Calliphora erythrocephala, Ceratitis spp., Chry 
somyia spp., Culex spp., Cuterebra spp., Dacus spp., 
Drosophila melanogaster; Fannia spp., Gastrophilus 
spp., Glossina spp., Hypoa'erma spp., Hyppobosca 
spp., Liriomysa spp., Lucilia spp., Melanagromyza 
spp., Musca ssp., Oestrus spp., Orseolia spp., Oscinella 
frit, Pegomyia hyoscyami, Phorbia spp., Rhagoletis 
pomonella, Sciara spp., Stomoxys spp., Tabanus spp., 
Tannia spp. and Tipula spp., 

from the order Siphonaptera, for example, 

[0120] Ceratophyllus spp. und Xenopsylla cheopis and 

from the order Thysanura, for example, 

[0121] Lepisma saccharina. 

[0122] The present invention is particularly effective for 
controlling species of insects that pierce and/or suck the 
?uids from the cells and tissues of plants, including but not 
limited to plant bugs in the Miridae family such as Western 
tarnished plant bugs (Lygus hesperus species), tarnished 
plant bugs (Lygus lineolaris species), and pale legume bugs 
(Lygus elisus) and stinkbugs (Pentatomidae family species). 
[0123] Modi?cations of the methods disclosed herein are 
also surprisingly particularly useful in controlling crop pests 
Within the order lepidopteran. 

[0124] The present invention provides stabiliZed dsRNA 
or siRNA molecules for control of insect infestations. The 
dsRNA or siRNA nucleotide sequences comprise double 
strands of polymeriZed ribonucleotide and may include 
modi?cations to either the phosphate-sugar backbone or the 
nucleoside. Modi?cations in RNA structure may be tailored 
to alloW speci?c genetic inhibition. 

[0125] In one embodiment, the dsRNA molecules may be 
modi?ed through an enZymatic process so the siRNA mol 
ecules may be generated. The siRNA can efficiently mediate 
the doWn-regulation effect for some target genes in some 
insects. This enZymatic process may be accomplished by 
utiliZing an RNAse III enZyme or a DICER enZyme, present 
in the cells of an insect, a vertebrate animal, a fungus or a 
plant in the eukaryotic RNAi pathWay (Elbashir et al., 2002, 
Methods, 26(2):199-213; Hamilton and Baulcombe, 1999, 
Science 286:950-952). This process may also utiliZe a 
recombinant DICER or RNAse III introduced into the cells 
of a target insect through recombinant DNA techniques that 
are readily knoWn to the skilled in the art. Both the DICER 
enZyme and RNAse III, being naturally occurring in an 
insect or being made through recombinant DNA techniques, 
cleave larger dsRNA strands into smaller oligonucleotides. 
The DICER enZymes speci?cally cut the dsRNA molecules 
into siRNA pieces each of Which is about 19-25 nucleotides 
in length While the RNAse III enZymes normally cleave the 
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dsRNA molecules into 12-15 base-pair siRNA. The siRNA 
molecules produced by the either of the enzymes have 2 to 
3 nucleotide 3‘ overhangs, and 5‘ phosphate and 3‘ hydroxyl 
termini. The siRNA molecules generated by RNAse III 
enZyme are the same as those produced by Dicer enZymes in 
the eukaryotic RNAi pathWay and are hence then targeted 
and degraded by an inherent cellular RNA-degrading 
mechanism after they are subsequently unWound, separated 
into single-stranded RNA and hybridiZe With the RNA 
sequences transcribed by the target gene. This process 
results in the effective degradation or removal of the RNA 
sequence encoded by the nucleotide sequence of the target 
gene in the insect. The outcome is the silencing of a 
particularly targeted nucleotide sequence Within the insect. 

[0126] Inhibition of a target gene using the stabiliZed 
dsRNA technology of the present invention is sequence 
speci?c 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 por 
tion of the target gene is preferred for inhibition. RNA 
sequences With insertions, deletions, and single point muta 
tions relative to the target sequence have also been found to 
be effective for inhibition. 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 90% sequence identity, or 
from about 95% sequence identity, or from about 99% 
sequence identity, or even about 100% sequence identity. 
Alternatively, the duplex region of the RNA may be de?ned 
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 
25, 50, 100, 200, 300, 400, 500 or 1000 bases. Normally, a 
sequence of greater than 20-100 nucleotides should be used, 
though a sequence of greater than about 200-300 nucleotides 
Would be preferred, and a sequence of greater than 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 mol 
ecule 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. There 
fore, those skilled in the art need to realiZe that, as disclosed 
herein, 100% sequence identity betWeen the RNA and the 
target gene is not required to practice the present invention. 

[0127] The dsRNA molecules may be synthesiZed either in 
vivo or in vitro. The dsRNA may be formed by a single 
self-complementary RNA strand or 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 speci?c transcription in an organ, tissue, 
or cell type; stimulation of an environmental condition (e.g., 
infection, stress, temperature, chemical inducers); and/or 
engineering 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. 
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[0128] The RNA, dsRNA, siRNA, or mRNA of the 
present invention may be produced chemically or enZymati 
cally by one skilled in the art through manual or automated 
reactions or in vivo in another organism. RNA may also be 
produced by partial or total organic synthesis, any modi?ed 
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 poly 
merase (e.g., T3, T7, SP6). The use and production of an 
expression construct are knoWn in the art (see, for example, 
WO 97/32016; US. Pat. Nos. 5,593,874, 5,698,425, 5,712, 
135, 5,789,214, and 5,804,693). If synthesiZed chemically or 
by in vitro enZymatic synthesis, the RNA may be puri?ed 
prior to introduction into the cell. For example, RNA can be 
puri?ed from a mixture by extraction With a solvent or resin, 
precipitation, electrophoresis, chromatography, or a combi 
nation thereof. Alternatively, the RNA may be used With no 
or a minimum of puri?cation 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. 

[0129] For transcription from a transgene in vivo or an 
expression construct, a regulatory region (e.g., promoter, 
enhancer, silencer, and polyadenylation) may be used to 
transcribe the RNA strand (or strands). Therefore, in one 
embodiment, the nucleotide sequences for transcription to 
an RNA molecules may be operably linked to one or more 
promoter sequences functional in a microorganism, a fungus 
or a plant host. Ideally, the nucleotide sequences are placed 
under the control of an endogenous promoter, normally 
resident in the host genome. The nucleotide sequence of the 
present invention, under the control of an operably linked 
promoter sequence, may further be ?anked by additional 
sequences that advantageously affect its transcription and/or 
the stability of a resulting transcript. Such sequences are 
generally located upstream of the operably linked promoter 
and/or doWnstream of the 3‘ end of the expression construct 
and may occur both upstream of the promoter and doWn 
stream of the 3‘ end of the expression construct, although 
such an upstream sequence only is also contemplated. 

[0130] In another embodiment, the nucleotide sequence of 
the present invention may comprises an inverted repeat 
separated by a “spacer sequence”. The spacer sequence may 
be a region comprising any sequence of nucleotides that 
facilitates secondary structure formation betWeen each 
repeat, Where this is required. In one embodiment of the 
present invention, the spacer sequence is part of the sense or 
antisense coding sequence for mRNA. The spacer sequence 
may alternatively comprise any combination of nucleotides 
or homologues thereof that are capable of being linked 
covalently to a nucleic acid molecule. The spacer sequence 
may comprise a sequence of nucleotides of at least about 
10-100 nucleotides in length, or alternatively at least about 
100-200 nucleotides in length, at least about 200-400 nucle 
otides in length, or at least about 400-500 nucleotides in 
length. 

[0131] For the purpose of the present invention, the 
dsRNA or siRNA molecules may be obtained from lygus by 
polymerase chain (PCR) ampli?cation of a target lygus gene 
sequence derived from lygus gDNA or cDNA, a library 
made from samples of gDNA or cDNA, or portions thereof. 
Lygus eggs, nymphs, and adults may be prepared using 
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methods known in the art and DNA/RNA may be extracted. 
Lygus bugs at various developmental stages may be used for 
the purpose of the present invention for DNA/RNA eXtrac 
tion. Genomic DNA or cDNA libraries generated from lygus 
may be used for PCR ampli?cation for production of the 
dsRNA or siRNA. 

[0132] The target genes may be then be PCR ampli?ed and 
sequenced using the methods readily available in the art. 
One skilled in the art may be able to modify the PCR 
conditions to ensure optimal PCR product formation. The 
con?rmed PCR product may be used as a template for in 
vitro transcription to generate sense and antisense RNAWith 
the included minimal promoters. 

[0133] The present inventors contemplate that nucleic acid 
sequences identi?ed and isolated from any insect species in 
the insect kingdom may be used in the present invention for 
control of lygus and another targeted insects. In one aspect 
of the present invention, the nucleic acid may be derived 
from a species from a hemipteran species. Speci?cally, the 
nucleic acid may be derived from Western Tarnished Palnt 
bugs belonging to the genus Lygus (Hemiptera Miridae) and 
more speci?cally the nucleic acid molecules of the present 
invention may be derived from species Lygus hesperus. The 
isolated nucleic acids may be useful, for example, in iden 
tifying a target gene and in constructing a recombinant 
vector that produce stabiliZed dsRNAs or siRNAs of the 
present invention for protecting plants from lygus insect 
infestations. 

[0134] Therefore, in one embodiment, the present inven 
tion comprises isolated and puri?ed nucleotide sequences 
from Lygus that may be used as the insect control agents. 
The isolated and puri?ed nucleotide sequences comprise 
those as set forth in SEQ ID NO:4 through SEQ ID NO:14 
and SEQ ID NO:180 through SEQ ID NO:184. 

[0135] The nucleic acids from Lygus that may be used in 
the present invention may also comprise isolated and sub 
stantially puri?ed EST nucleic acid molecules or nucleic 
acid fragment molecules thereof. EST nucleic acid mol 
ecules may encode signi?cant portions of, or indeed most of, 
the polypeptides. Alternatively, the fragments may comprise 
smaller oligonucleotides having from about 15 to about 250 
nucleotide residues, and more preferably, about 15 to about 
30 nucleotide residues. Alternatively, the nucleic acid mol 
ecules for use in the present invention may be from cDNA 
libraries from Lygus, or from any other invertebrate pest 
species. 

[0136] As used herein, the phrase “a substantially puri?ed 
nucleic acid”, “an arti?cial sequence”, “an isolated and 
substantially puri?ed nucleic acid”, or “an isolated and 
substantially puri?ed nucleotide sequence” refers to a 
nucleic acid that is no longer accompanied by some of 
materials With Which it is associated in its natural state or to 
a nucleic acid the structure of Which is not identical to that 
of any of naturally occurring nucleic acid. EXamples of a 
substantially puri?ed nucleic acid include: (1) DNAs Which 
have the sequence of part of a naturally occurring genomic 
DNA molecules but are not ?anked by tWo coding sequences 
that ?ank that part of the molecule in the genome of the 
organism in Which it naturally occurs; (2) a nucleic acid 
incorporated into a vector or into the genomic DNA of a 
prokaryote or eukaryote in a manner such that the resulting 
molecule is not identical to any naturally occurring vector or 
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genomic DNA; (3) a separate molecule such as a cDNA, a 
genomic fragment, a fragment produced by polymerase 
chain reaction (PCR), or a restriction fragment; (4) recom 
binant DNAs; and (5) synthetic DNAs. A substantially 
puri?ed nucleic acid may also be comprised of one or more 
segments of cDNA, genomic DNA or synthetic DNA. 

[0137] Nucleic acid molecules and fragments thereof. 
Lygus, or other invertebrate pest species may be employed 
to obtain other nucleic acid molecules from other species for 
use in the present invention to produce desired dsRNA and 
siRNA molecules. Such nucleic acid molecules include the 
nucleic acid molecules that encode the complete coding 
sequence of a protein and promoters and ?anking sequences 
of such molecules. In addition, such nucleic acid molecules 
include nucleic acid molecules that encode for gene family 
members. Such molecules can be readily obtained by using 
the above-described nucleic acid molecules or fragments 
thereof to screen cDNA or gDNA libraries obtained from 
Lygus hesperus. 
[0138] Nucleic acid molecules and fragments thereof from 
Lygus may also be employed to obtain other nucleic acid 
molecules such as nucleic acid homologues for use in the 
present invention to produce desired dsRNA and siRNA 
molecules. Such homologues include the nucleic acid mol 
ecules that encode, in Whole or in part, protein homologues 
of other species, plants or other organisms. Such molecules 
can be readily obtained by using the above-described nucleic 
acid molecules or fragments thereof to screen EST, cDNA or 
gDNA libraries. Methods for forming such libraries are Well 
knoWn in the art. Such homologue molecules may differ in 
their nucleotide sequences from those found in one or more 
of SEQ ID NO:4 through SEQ ID NO:14 and SEQ ID 
NO:180 through SEQ ID NO:184 or complements thereof 
disclosed herein, because complete complementarity is not 
needed for stable hybridiZation. These nucleic acid mol 
ecules also include molecules that, although capable of 
speci?cally hybridiZing With the nucleic acid molecules may 
lack complete complementarity. In a particular embodiment, 
methods for 3‘ or 5‘ RACE may be used to obtain such 
sequences (Frohman, M. A. et al., Proc. Natl. Acad. Sci. 
(USA) 85:8998-9002 (1988); Ohara, O. et al., Proc. Natl. 
Acad. Sci. (USA) 86:5673-5677 (1989)). In general, any of 
the above described nucleic acid molecules or fragments 
may be used to generate dsRNAs or siRNAs that are suitable 
for use in a diet, in a spray-on miXer or in a recombinant 
DNA construct of the present invention. 

[0139] As used herein, the phrase “coding sequence”, 
“structural nucleotide sequence” or “structural nucleic acid 
molecule” refers to a nucleotide sequence that is translated 
into a polypeptide, usually via mRNA, When placed under 
the control of appropriate regulatory sequences. The bound 
aries of the coding sequence are determined by a translation 
start codon at the 5‘-terminus and a translation stop codon at 
the 3‘-terminus. A coding sequence can include, but is not 
limited to, genomic DNA, cDNA, EST and recombinant 
nucleotide sequences. 

[0140] The term “recombinant DNA” or “recombinant 
nucleotide sequence” refers to DNA that contains a geneti 
cally engineered modi?cation through manipulation via 
mutagenesis, restriction enZymes, and the like. 

[0141] EST nucleic acid molecules or fragment EST 
nucleic acid molecules or other nucleic acid molecules from 
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lygus are capable of speci?cally hybridizing to other nucleic 
acid molecules under certain circumstances. As used herein, 
tWo nucleic acid molecules are said to be capable of spe 
ci?cally hybridizing to one another if the tWo molecules are 
capable of forming an anti-parallel, double-stranded nucleic 
acid structure. A nucleic acid molecule is said to be the 
complement of another nucleic acid molecule if they exhibit 
complete complementarity. TWo molecules are said to be 
“minimally complementary” if they can hybridiZe to one 
another With suf?cient stability to permit them to remain 
annealed to one another under at least conventional “loW 
stringency” conditions. Similarly, the molecules are said to 
be complementary if they can hybridiZe to one another With 
sufficient stability to permit them to remain annealed to one 
another under conventional “high-stringency” conditions. 
Conventional stringency conditions are described by Sam 
brook, et al., 1989; and by Haymes, et al. In: Nucleic Acid 
Hybridization, A Practical Approach, IRL Press, Washing 
ton, DC. (1985). 

[0142] Departures from complete complementarity are 
therefore permissible, as long as such departures do not 
completely preclude the capacity of the molecules to form a 
double-stranded structure. Thus, in order for an EST nucleic 
acid molecule or fragment EST nucleic acid molecule to 
serve as a primer or probe it needs only be suf?ciently 
complementary in sequence to be able to form a stable 
double-stranded structure under the particular solvent and 
salt concentrations employed. 

[0143] Appropriate stringency conditions Which promote 
DNA hybridiZation are, for example, 6.0>< sodium chloride/ 
sodium citrate (SSC) at about 45° C., folloWed by a Wash of 
2.0><SSC at 50° C., are knoWn to those skilled in the art or 
can be found in Current Protocols in Molecular Biology, 
John Wiley & Sons, NY. (1989), 63.1-63.6. For example, 
the salt concentration in the Wash step can be selected from 
a loW stringency of about 2.0><SSC at 50° C. to a high 
stringency of about 0.2><SSC at 50° C. In addition, the 
temperature in the Wash step can be increased from loW 
stringency conditions at room temperature, about 22° C., to 
high stringency conditions at about 65° C. Both temperature 
and salt may be varied, or either the temperature or the salt 
concentration may be held constant While the other variable 
is changed. 

[0144] Anucleic acid for use in the present invention may 
speci?cally hybridiZe to one or more of nucleic acid mol 
ecules from lygus or complements thereof under moderately 
stringent conditions, for example at about 2.0><SSC and 
about 65° C. A nucleic acid for use in the present invention 
Will include those nucleic acid molecules that speci?cally 
hybridiZe to one or more of the nucleic acid molecules 
disclosed therein as set forth in SEQ ID NO:4 through SEQ 
ID NO:14 and SEQ ID NO:180 through SEQ ID NO:184 or 
complements thereof under high stringency conditions. Pref 
erably, a nucleic acid for use in the present invention Will 
exhibit at least from about 80%, or at least from about 90%, 
or at least from about 95%, or at least from about 98% or 
even about 100% sequence identity With one or more nucleic 
acid molecules as set forth in SEQ ID NO:4 through SEQ ID 
NO:14 and SEQ ID NO:180 through SEQ ID NO:184, or as 
disclosed herein; or a nucleic acid for use in the present 
invention Will exhibit at from about 80%, or at least from 
about 90%, or at least from about 95 %, or at least from about 
98% or even about 100% sequence identity With one or more 
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nucleic acid molecules as set forth in SEQ ID NO:4 through 
SEQ ID NO:14 and SEQ ID NO:180 through SEQ ID 
NO:184 isolated from the genomic DNA of an insect pest. 

[0145] All or a substantial portion of the nucleic acids 
from lygus may be used to isolate cDNAs, gDNAs and 
nucleic acids encoding Lygus protein homologues or frag 
ments thereof from the same or other species. The detailed 
descriptions of the techniques on isolation and identi?cation 
of nucleic acids of the present invention from cDNA or 
gDNA libraries are disclosed in the examples. 

[0146] Nucleic acids of the present invention may also be 
synthesiZed, either completely or in part, especially Where it 
is desirable to provide plant-preferred sequences, by Well 
knoWn techniques as described in the technical literature. 
See, e.g., Carruthers et al., Cold Spring Harbor Symp. 
Quant. Biol. 47:411-418 (1982), and Adams et al., J. Am. 
Chem. Soc. 105:661 (1983). Thus, all or a portion of the 
nucleic acids of the present invention may be synthesiZed 
using codons preferred by a selected host. Species-preferred 
codons may be determined, for example, from the codons 
used most frequently in the proteins expressed in a particular 
host species. Other modi?cations of the nucleotide 
sequences may result in mutants having slightly altered 
activity. 

[0147] The present invention provides in part a delivery 
system for the delivery of insect control agents to insects. 
The stabiliZed dsRNA or siRNA molecules of the present 
invention may be directly introduced into the cells of an 
insect, or introduced into an extracellular cavity, interstitial 
space, lymph system, digestive system, into the circulation 
of the insect through oral ingestion or other means that one 
skilled in the art may employ. Methods for oral introduction 
may include direct mixing of RNA With food of the insect, 
as Well as engineered approaches in Which a species that is 
used as food is engineered to express the dsRNA or siRNA, 
then fed to the insect to be affected. In one embodiment, for 
example, the dsRNA or siRNA molecules may be incorpo 
rated into, or overlaid on the top of, the insect’s diet. In 
another embodiment, the RNA may be sprayed onto a plant 
surface. In still another embodiment, the dsRNA or siRNA 
may be expressed by microorganisms and the microorgan 
isms may be applied onto a plant surface or introduced into 
a root, stem by a physical means such as an injection. In still 
another embodiment, a plant may be genetically engineered 
to express the dsRNA or siRNA in an amount suf?cient to 
kill the insects knoWn to infect the plant. 

[0148] Speci?cally, in practicing the present invention in 
lygus, the stabiliZed dsRNA or siRNA may be introduced in 
the midgut inside the insect and achieve the desired inhibi 
tion of the targeted genes. The dsRNA or siRNA molecules 
may be incorporated into a diet or be overlaid on the diet as 
discussed above and may be ingested by the insects. In any 
event, the dsRNA’s of the present invention are provided in 
the diet of the target pest. The target pest of the present 
invention Will exhibit a digestive tract pH from about 4.5 to 
about 9.5, or from about 5 to about 8.5, or from about 6 to 
about 8, or from about 6.5 to about 7.7, or about 7.0. The 
digestive tract of a target pest is de?ned herein as the 
location Within the pest that food that is ingested by the 
target pest is exposed to an environment that is favorable for 
the uptake of the dsRNA molecules of the present invention 
Without suffering a pH so extreme that the hydrogen bonding 














































































































































































































