
US 20120137387A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2012/0137387 A1 

Baum et al. (43) Pub. Date: May 31, 2012 

(54) METHODS FOR GENETIC CONTROL OF Publication Classi?cation 
INSECT INFESTATION IN PLANTS AND (51) Int Cl 
COMPOSITIONS THEREOF A 0} H :g/oo (200601) 

C12N 15/63 (2006.01) 
(75) Inventors: James A. Baum, Webster Groves, CIZN 15/113 (201001) 

MO (US) Claire A. Cajacob CIZN 1/21 (200601) 
’ ’ C12N 5/10 (2006.01) 

Chester?eld, Pascale Feldmann, Gent (BE); GI‘GgOI‘y R. A01N 57/16 (200601) 
Heck, Crystal Lake Park, MO (US); A01N 65/00 (2009.01) 
Irene Nooren, XH Utrecht (NL); A01P 7/04 (2006.01) 
Geert Plaetinck, C12N 15/82 (2006.01) 
Merelbeke-Bottelare (BE); Wendy CUB 1/00 (200601) 

Maddelein, GijZenele (BE); Ty T. l/‘olo Vaughn’ Impenal’ MO (Us) A23L 1/00 (2006.01) 

A23L 1/10 (2006.01) 
(73) Assignees: DevGen NV, ZWijnaarde (BE); A23K 1/00 (200601) 

Monsanto Technology LLC, St. C07H 21/04 (200601) 
Louis’ MO (Us) (52) US. Cl. ................... .. 800/279; 536/245; 435/320.1; 

435/252.3; 435/419; 800/302; 514/44 A; 
424/93.21; 554/9; 530/370; 536/102; 426/665; 

(21) APP1-NO-I 12/973,783 426/443; 426/54 
(57) ABSTRACT 

(22) Flled' Dec' 20’ 2010 The present invention relates to control of pest infestation by 
inhibiting one or more biological functions. The invention 

Related U_s_ Application Data provides methods and compositions for such control, By 
feeding one or more recombinant double stranded RNA mol 

(62) Division of application No. 11/522,307, ?led on Sep. ecules provided by the invention to the pest, a reduction in 
15, 2006, now Pat, NO_ 7,943,819 pest infestation is obtained 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 

(60) Provisional application N0~ 60/718,034, ?led 011 Sep- pesticidal agents for use in protecting plants from pest infes 
16, 2005. tation. 



Patent Application Publication May 31, 2012 Sheet 1 0f 7 US 2012/0137387 A1 

FIG. 1 

DV49 (98503) F1 Bioassay 

3w 5% 5 

EEEmIENaW 5 mm?iwlzwam 1.. SWEEQENQ 5 mmmémiumm I._ FESEIENQW T: 26 55|2Hmm 5 $59m§?$ 5 gampmgwam T: OESEIENam T: mmmriméwam 5 ??imlzumw 1.. qw?imlzmmm 5 H65 _ mémmm 5 mmamFwgmmmi 
Economic injurythreshold 



Patent Application Publication May 31, 2012 Sheet 2 0f 7 US 2012/0137387 A1 

FIG. 2 

C1 (98504) F1 Bioassay 

BUSH O EZJEIZJHEIEI 

.. 352mg ~55 
:68 5|; wmmT: Bmam Fm|2 SE4 8% 5-2 Q35 85m 5|: Emmi 

Economic injury threshold 



Patent Application Publication May 31, 2012 Sheet 3 0f 7 US 2012/0137387 A1 

E8. .59 En: H58 28 3% 

on | mmUcoU mu | mmucou ivu | mmUcoU 
mm 1 mmucou mm | mmucou Hu 4 mmucou @ G O 

2.3% 595 =6 BUS HOECOUNQQSU H mmOwUU mvSQ 



Patent Application Publication May 31, 2012 Sheet 4 0f 7 US 2012/0137387 A1 

2893 IIIIAUAHAU 33a: III‘ 
B a: #E 3 Q8 6E 

,5 8w E II 
an mm “mm AUAU 3 8 "E AIILAU 

3 02 E I. 
3 m2 “E I 2 2 _ E I 

5 9x2 

B 812 AU AU 
5 91E AU 

moucozcom woucoauow 

v .UE 



Patent Application Publication May 31, 2012 Sheet 5 0f 7 US 2012/0137387 A1 

* Statistically S|gn|?cant 
E 
O. 
O. 
F. 
O 

E 
A Q 

‘P & 
“.- o 
‘- o‘ 

,n 9:. 
- m 

2. s 
in E E 

Q a 
E 5. 
00 O 

(‘5 
> 
G‘ 
2: s 
> 3 
O O 

Q. 
0 



Patent Application Publication May 31, 2012 Sheet 6 0f 7 US 2012/0137387 A1 

00.0 00.0_‘ 00.0N 00.00 00.0w 00.00 00.00 00.0» 00.00 00.00 00.00_. 
Mumww % 

w .UFQ 



Patent Application Publication May 31, 2012 Sheet 7 0f 7 US 2012/0137387 A1 

Q-E 
8 a: 
2:2 
0:9: 
2: c 
E9 
(DU) 
* 

* * 'lr * 0.1ppm 
Elzl 

Zld 

Hz! 

FIG. 7 

CIIJ 8H 

Zlzl 

Hz! 

DV49-DV248 Fragments (F11-F13) 0.005ppm 0.01ppm 0.02ppm 



US 2012/0137387 A1 

METHODS FOR GENETIC CONTROL OF 
INSECT INFESTATION IN PLANTS AND 

COMPOSITIONS THEREOF 

PRIORITY CLAIM 

[0001] This application claims the priority of US. Provi 
sional Application Ser. No. 60/718,034, ?led Sep. 16, 2005, 
Which application is incorporated herein by reference in its 
entirety. 

INCORPORATION BY REFERENCE OF 
SEQUENCE LISTING SUBMITTED ON A 

COMPACT DISC 

[0002] The Sequence Listing is submitted on one compact 
disc (Copy 1), together With a duplicate thereof (Copy 2), 
each created on Sep. 15, 2006, and each containing one 669 
kb ?le entitled “MNDE002.APP.TXT.” The material con 
tained on the compact disc is speci?cally incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention relates generally to genetic 
control of pest infestations. More speci?cally, the present 
invention relates to recombinant DNA technologies for post 
transcriptionally repressing or inhibiting expression of target 
coding sequences in the cell of a pest to provide a pest 
protective effect. 
[0005] 2. Description of RelatedArt 
[0006] The environment in Which humans live is replete 
With pest infestation. Pests including insects, arachnids, crus 
taceans, 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. A multitude 
of means have been utiliZed for attempting to control infes 
tations by these pests. Compositions for controlling infesta 
tions by microscopic pests such as bacteria, fungi, and viruses 
have been provided in the form of antibiotic compositions, 
antiviral compositions, and antifungal compositions. Com 
positions for controlling infestations by larger pests such as 
nematodes, ?atWorm, roundWorms, pinWorms, heartWorms, 
tapeWorms, trypanosomes, schistosomes, and the like have 
typically been in the form of chemical compositions that can 
be applied to surfaces on Which pests are present or adminis 
tered to infested animals in the form of pellets, poWders, 
tablets, pastes, or capsules and the like. There is a great need 
in the art for improvement of these methods and particularly 
for methods that Would bene?t the environment relative to the 
prior techniques. 
[0007] Commercial crops are often the targets of insect 
attack. Substantial progress has been made in the last a feW 
decades toWards developing more e?icient methods and com 
positions for controlling insect infestations in plants. Chemi 
cal 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 
intended to control invertebrate pests, such as coleopteran 
insects including com rootWorm species that are harmful to 
various crops and other plants, exert their effects on non 
target fauna as Well, often effectively steriliZing a ?eld for a 
period of time over Which the pesticidal agents have been 
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applied. Chemical pesticidal agents persist in the environ 
ment 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 evolutionary ladder, can act as 
mutagens and/or carcinogens to cause irreversible and del 
eterious genetic modi?cations. Thus there has been a particu 
larly long felt need for environmentally friendly methods for 
controlling or eradicating insect infestation on or in plants, 
i.e., methods that are selective, environmentally inert, non 
persistent, and biodegradable, and that ?t Well into pest resis 
tance management schemes. 
[0008] Compositions that include Bacillus Zhuringiensis 
(Bt) bacteria have been commercially available and used as 
environmentally safe and acceptable insecticides for more 
than thirty years. The insecticidal effect of Bt bacteria do not 
persist in the environment, 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 Bt 
protein are also available in the art and are remarkably e?i 
cient in controlling 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 con 
trol 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 environ 
mental bene?ts, there has been a noticeable increase in the 
numbers of bene?cial insects in crop ?elds in Which trans 
genic 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 complementary 
sense strand RNA molecule. Antisense technology has been 
dif?cult to employ in many systems for three principle rea 
sons. First, the antisense sequence expressed in the trans 
formed cell is unstable. Second, the instability of the anti 
sense 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 trans 
genic cell. Third, the dif?culties encountered With instability 
and delivery of the antisense sequence create dif?culties in 
attempting to provide a dose Within the recombinant cell 
expressing the antisense sequence that can effectively modu 
late the level of expression of the target sense nucleotide 
sequence. 
[0010] There have been feW improvements in technologies 
for modulating the level of gene expression Within a cell, 
tissue, or organism, and in particular, a lack of developed 
technologies for delaying, repressing or otherWise reducing 
the expression of speci?c genes using recombinant DNA 
technology. Furthermore, as a consequence of the unpredict 
ability 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 demonstrated. 
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dsRNA mediated approaches to genetic control have been 
tested in the fruit ?y Drosophila melanogasler (Kennerdell 
and CartheW, 1998; Kennerdell and CartheW, 2000). Kenner 
dell and CartheW (1998) describe a method for delivery of 
dsRNA involved generating transgenic insects that express 
double stranded RNA molecules or injecting dsRNA solu 
tions into the insect body or Within the egg sac prior to or 
during embryonic development. 
[0012] Research investigators have previously demon 
strated 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. (2002) described failed 
attempts to suppress an endogenous gene in larvae of the 
insect pest Spodoplera lilura by feeding or by soaking neo 
nate larvae in solutions containing dsRNA speci?c for the 
target gene, but Were successful in suppression after larvae 
Were injected With dsRNA into the hemolymph of 5th instar 
larvae using a microapplicator. Recently, Yadav et al. (2006) 
reported that host-generated dsRNA produced in a plant can 
protect such plants from infection by nematodes. Similarly, 
US. Patent App. Pub. No. 2003/0150017 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. WO 2005/ 110068 teaches providing, in the diet of 
corn rootWorm (CRW), CRW-speci?c dsRNA directed to 
essential CRW genes. The dsRNA is provided in the CRW 
diet in-vitro and in-planta, With the result that CRW larvae are 
stunted or killed after feeding on the diet, and this effect Was 
demonstrated for several different genes. 

[0013] Therefore, there has existed a need for identifying 
e?icacious nucleotide sequences for use in improved meth 
ods of modulating gene expression by repressing, delaying or 
otherWise reducing gene expression Within a particular 
coleopteran pest for the purpose of controlling pest infesta 
tion or to introduce novel phenotypic traits. 

SUMMARY OF THE INVENTION 

[0014] In one aspect, the invention provides a method of 
inhibiting expression of a target gene in a coleopteran pest. In 
certain embodiments, the method comprises modulating or 
inhibiting expression of one or more target genes in a 
coleopteran pest that causes cessation of feeding, groWth, 
development, reproduction and/or infectivity and eventually 
result in the death of the insect. The method comprises intro 
duction of partial or fully, stabiliZed double-stranded RNA 
(dsRNA), including its modi?ed forms such as small inter 
fering RNA (siRNA) sequences, into the cells or into the 
extracellular environment, such as the midgut, Within a 
coleopteran pest body Wherein the dsRNA enters the cells and 
inhibits expression of at least one or more target genes and 
Wherein the inhibition exerts a deleterious effect upon the 
coleopteran pest. The methods and associated compositions 
may be used for limiting or eliminating coleopteran pest 
infestation in or on any pest host, pest symbiont, or environ 
ment in Which a pest is present by providing one or more 
compositions comprising the dsRNA molecules described 
herein in the diet of the pest. The method Will ?nd particular 
bene?t for protecting plants from insect attack. In one 
embodiment, the pest is de?ned as comprising a digestive 
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system pH 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. 
[0015] In another aspect, the present invention provides 
exemplary nucleic acid compositions that are homologous to 
at least a portion of one or more native nucleic acid sequences 
in a target pest. In certain embodiments, the pest is selected 
from among Diabrolica sp. including Western Corn Root 
Worm (WCR, Diabrolica virglfera or Diabrolica virgi era 
virgifera), Southern Corn RootWorm (SCR, Diabrolica 
undecimpunclala howardi), Mexican Corn RootWorm 
(MCR, Diabrolica virgifera Zea), Brazilian Corn RootWorm 
(BZR, Diabrolica balleala, Diabrolica viridula, Diabrolica 
speciosa), Northern Corn rootWorm (NCR, Diabrolica bar 
beri), Diabrolica undecimpunclala; as Well as Colorado 
Potato Beetle (CPB, Leplinolarsa decemlineala), Red Flour 
Beetle (RFB, Tribolium caslaneum), and Mexican Bean 
Beetle (Epilachna variveslis). In other embodiments the pest 
is selected from among Lepidopteran insects including Euro 
pean Corn Borer (ECB, Oslrinia nubilalis), Black CutWorm 
(BCW, Agrolis ipsilon), Corn EarWorm (CEW, Helicoverpa 
Zea), Fall ArmyWorm (FAW, Spodoplera?’ugiperda), Cotton 
Ball Weevil (BWV, Anlhonomus grandis), silkWorms (Bom 
byx mori) and Manduca sexta, and from Dipteran insects 
including Drosophila melanogasler, Anopheles gambiae, and 
Aedes aegypli. Speci?c examples of such nucleic acids pro 
vided by the invention are given in the attached sequence 
listing as SEQ ID NO:1 through SEQ ID NO:906. 
[0016] In yet another aspect, the invention provides a 
method for suppression of gene expression in a coleopteran 
pest such as a corn rootWorm or related species that 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 described herein, at least one segment 
of Which is complementary to an mRNA sequence Within the 
cells of the pest. The method may further comprise observing 
the death, inhibition, stunting, or cessation of feeding of the 
pest. A dsRNA molecule, including its modi?ed form such as 
an siRNA molecule, fed to a pest in accordance With the 
invention may be 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 a RNA molecule transcribed from a nucleotide 
sequence selected from the group consisting of SEQ ID NO:1 
through SEQ ID NO:906. In particular embodiments, the 
nucleotide sequence may be selected from the group consist 
ing of SEQ ID NO:697, SEQ ID NOs:813-819, SEQ ID 
NO:841, and SEQ ID NO:874. 
[0017] Accordingly, in another aspect of the present inven 
tion, a set of isolated and puri?ed nucleotide sequences as set 
forth in SEQ ID NO:1 through SEQ ID NO:906 is provided. 
The present invention provides a stabiliZed dsRNA molecule 
or the expression of one or more miRNAs for inhibition of 
expression of a target gene in a coleopteran pest expressed 
from these sequences and fragments thereof. A stabiliZed 
dsRNA, including a miRNA or siRNA molecule can com 
prise at 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 
by a spacer sequence of at least from about ?ve to about one 
thousand nucleotides, Wherein the sense strand and the anti 
sense strand may be a different length, and Wherein each of 
the tWo coding sequences shares at least 80% sequence iden 
tity, at least 90%, at least 95%, at least 98%, or 100% 
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sequence identity, to any one or more nucleotide sequence(s) 
set forth in set forth in SEQ ID NO:1 through SEQ ID 
NO:906. 
[0018] Further provided by the invention is a fragment or 
concatemer of a nucleic acid sequence selected from the 
group consisting of SEQ ID NO:1 through SEQ ID NO:906. 
In particular embodiments, the nucleotide sequence may 
comprise a fragment or concatemer of a sequence selected 
from the group consisting of SEQ ID NO:697, SEQ ID NOs: 
813-819, SEQ ID NO:841, and SEQ ID NO:874. 
[0019] The fragment may be de?ned as causing a the death, 
inhibition, stunting, or cessation of feeding of a pest When 
expressed as a dsRNA and provided to the pest. The fragment 
may, for example, comprise at least about 19, 21, 23, 25, 40, 
60, 80, 100, 125 or more contiguous nucleotides of any one or 
more of the sequences in SEQ ID NO:1 through SEQ ID 
NO:906, or a complement thereof. One bene?cial DNA seg 
ment for use in the present invention is at least from about 19 
to about 23, or about 23 to about 100 nucleotides up to about 
2000 nucleotides or more in length. Particularly useful Will be 
dsRNA sequences including about 23 to about 300 nucle 
otides homologous to a pest target sequence. The invention 
also provides a ribonucleic acid expressed from any of such 
sequences including a dsRNA. A 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 in 
the suppression of a single gene or gene family in the one or 
more target pests, or that the DNA sequence can be con 
structed as a chimera from a plurality of DNA sequences. 

[0020] In yet another aspect, the invention provides recom 
binant DNA constructs comprising a nucleic acid molecule 
encoding a dsRNA molecule described herein. The dsRNA 
may be formed by transcription of one strand of the dsRNA 
molecule from a 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:1 through 
SEQ ID NO:906. Such recombinant DNA constructs may be 
de?ned as producing dsRNA molecules capable of inhibiting 
the expression of endogenous target gene(s) in a pest cell 
upon ingestion. The construct may comprise a nucleotide 
sequence of the invention operably linked to a promoter 
sequence that functions in the host cell. Such a promoter may 
be tissue-speci?c and may, for example, be speci?c to a tissue 
type Which is the subject of pest attack. In the case of root 
Worms, for example, it may be desired to use a promoter 
providing root-preferred expression. 
[0021] Nucleic acid constructs in accordance With the 
invention may comprise at least one non-naturally occurring 
nucleotide sequence that can be transcribed into a single 
stranded RNA capable of forming a dsRNA molecule in vivo 
through hybridization. Such dsRNA sequences self assemble 
and can be provided in the diet of a coleopteran pest to achieve 
the desired inhibition. 

[0022] A recombinant DNA construct may comprise tWo 
different non-naturally occurring sequences Which, When 
expressed in vivo as dsRNA sequences and provided in the 
diet of a coleopteran pest, inhibit the expression of at least tWo 
different target genes in the cell of the coleopteran pest. In 
certain embodiments, at least 3, 4, 5, 6, 8 or 10 or more 
different dsRNAs are produced in a cell or plant comprising 
the cell that have a pest-inhibitory effect. The dsRNAs may 
expressed from multiple constructs introduced in different 
transformation events or could be introduced on a single 
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nucleic acid molecule. The dsRNAs may be expressed using 
a single promoter or multiple promoters. In one embodiments 
of the invention, single dsRNAs are produced that comprise 
nucleic acids homologous to multiple loci Within a pest. 

[0023] In still yet another aspect, the invention provides a 
recombinant host cell having in its genome at least one 
recombinant DNA sequence that is transcribed to produce at 
least one dsRNA molecule that functions When ingested by a 
coleopteran pest to inhibit the expression of a target gene in 
the pest. The dsRNA molecule may be encoded by any of the 
nucleic acids described herein and as set forth in the sequence 
listing. The present invention also provides a transformed 
plant cell having in its genome at least one recombinant DNA 
sequence described herein. Transgenic plants comprising 
such a transformed plant cell are also provided, including 
progeny plants of any generation, seeds, and plant products, 
each comprising the recombinant DNA. 
[0024] The methods and compositions of the present inven 
tion may be applied to any monocot and dicot plant, depend 
ing on the coleopteran pest control desired. Speci?cally, the 
plants are intended to include, Without limitation, alfalfa, 
aneth, apple, apricot, artichoke, arugula, asparagus, avocado, 
banana, barley, beans, beet, blackberry, blueberry, broccoli, 
brussel sprouts, cabbage, canola, cantaloupe, carrot, cassaya, 
cauli?ower, celery, cherry, cilantro, citrus, clementine, cof 
fee, corn, cotton, cucumber, Douglas ?r, eggplant, endive, 
escarole, eucalyptus, fennel, ?gs, gourd, grape, grapefruit, 
honey deW, jicama, kiWifruit, lettuce, leeks, lemon, lime, 
Loblolly pine, mango, melon, mushroom, nut, oat, okra, 
onion, orange, an ornamental plant, papaya, parsley, pea, 
peach, peanut, pear, pepper, persimmon, pine, pineapple, 
plantain, plum, pomegranate, poplar, potato, pumpkin, 
quince, radiata pine, radicchio, radish, raspberry, rice, rye, 
sorghum, Southern pine, soybean, spinach, squash, straW 
berry, sugarbeet, sugarcane, sun?ower, sWeet potato, sWeet 
gum, tangerine, tea, tobacco, tomato, turf, a vine, Water 
melon, Wheat, yarns, and Zucchini plants. Thus, a plant 
transformed With a recombinant DNA sequence as set forth in 

SEQ ID NO: 1 through SEQ ID NO:906, or concatemer, frag 
ment, or complement thereof, that is transcribed to produce at 
least one dsRNA molecule that functions When ingested by a 
coleopteran pest to inhibit the expression of a target gene in 
the pest is also provided by the invention. In particular 
embodiments, the recombinant DNA sequence may be 
selected from the group consisting of SEQ ID NO:697, SEQ 
ID NOs:813-819, SEQ ID NO:841, and SEQ ID NO:874, or 
fragment, complement, or concatemer thereof. 

[0025] The invention also provides combinations of meth 
ods and compositions for controlling coleopteran pest infes 
tations. One means provides a dsRNA method as 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 composi 
tions. For example, one or more Bt proteins may be provided 
in the diet of insect pests in combination With one or more 
dsRNAs as described herein. A composition formulated for 
topical application or derived using a transgenic approach 
that combines dsRNA methods and compositions With Bt 
may be used to provide synergies that Were not knoWn previ 
ously in the art for controlling insect infestation. One synergy 
is the reduction in the level of expression required for either 
the dsRNA(s) or the Bt protein(s). When combined together, 
a loWer effective dose of each pest control agent could be 
used. It is believed that the Bt insecticidal proteins create 
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entry pores through Which the dsRNA molecules are able to 
penetrate more effectively into spaces remote from the gut of 
the insect pest, or more e?iciently into the cells in the prox 
imity of lesions created by the Bt proteins, thus requiring less 
of either the Bt or the dsRNA to achieve the desired insecti 
cidal result or the desired inhibition or suppression of a tar 
geted biological function in the target pest. 
[0026] The present invention therefore provides a compo 
sition that contains tWo or more different pesticidal agents 
each toxic to the same pest or insect species, at least one of 
Which comprises a dsRNA described herein. In certain 
embodiments, the second agent can be an agent selected from 
the group consisting of a patatin, a Bacillus Zhuringiensis 
insecticidal protein, a Xenorhabdus insecticidal protein, a 
Pholorhabdus insecticidal protein, a Bacillus lalerosporous 
insecticidal protein, a Bacillus sphaericus insecticidal pro 
tein, and a lignin. ABacillus Zhuringiensis insecticidal protein 
can be any of a number of insecticidal proteins including but 
not limited to a Cryl, a Cry3, a TIC851, a CryET70, a Cry22, 
a TlC90l, a TICl20l, a TIC407, a TlC4l7, a binary insecti 
cidal protein CryET33 and CryET34, a binary insecticidal 
protein CryET80 and CryET76, a binary insecticidal protein 
TIClOO and TIClOl, a binary insecticidal protein PS 1 49B 1, 
a VIP insecticidal protein, a TIC900 or related protein, or 
combinations of the insecticidal proteins ET29 or ET37 With 
insecticidal proteins TIC810 or TIC812, and insecticidal chi 
meras of any of the preceding insecticidal proteins. 
[0027] A ribonucleic acid that is provided in a diet can be 
provided in an arti?cial diet formulated to meet particular 
nutritional requirements for maintaining a pest on such diet. 
The diet may be supplemented With a pest controlling amount 
of an RNA that has been puri?ed from a separate expression 
system to determine a pest controlling amount of RNA com 
position or to determine extent of 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 trans 
formed cells by the pest, a desired 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] A gene targeted for suppression can encode an 
essential protein, the predicted function of Which is selected 
from the group consisting of muscle formation, juvenile hor 
mone formation, juvenile hormone regulation, ion regulation 
and transport, protein synthesis and transport, digestive 
enzyme synthesis, maintenance of cell membrane potential, 
amino acid biosynthesis, amino acid degradation, sperm for 
mation, pheromone synthesis, pheromone sensing, antennae 
formation, Wing formation, leg formation, development and 
differentiation, egg formation, larval maturation, digestive 
enzyme formation, haemolymph synthesis, haemolymph 
maintenance, neurotransmission, cell division, energy 
metabolism, respiration, an unknoWn function, and apopto 
s1s. 

[0029] Another aspect of the present invention also pro 
vides methods for improving the yield of a crop produced 
from a crop plant subjected to insect pest infestation, said 
method comprising the steps of a) introducing a polynucle 
otide comprising a sequence selected from SEQ ID NO:1 
through SEQ ID NO:906 or a complement or concatemer or 
fragment thereof into said crop plant; and b) cultivating the 
crop plant to alloW the expression of said polynucleotide, 
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Wherein expression of the polynucleotide inhibits feeding by 
insect pests and loss of yield due to pest infestation. 
[0030] In certain embodiments, the expression of the poly 
nucleotide produces an RNA molecule that suppresses at least 
a ?rst target gene in an insect pest that has ingested a portion 
of said crop plant, Wherein the target gene performs at least 
one essential function selected from the group consisting of 
feeding by the pest, viability of the pest, pest cell apoptosis, 
differentiation and development of the pest or any pest cell, 
sexual reproduction by the pest, muscle formation, muscle 
tWitching, muscle contraction, juvenile hormone formation 
and/ or reduction, juvenile hormone regulation, ion regulation 
and transport, maintenance of cell membrane potential, 
amino acid biosynthesis, amino acid degradation, sperm for 
mation, pheromone synthesis, pheromone sensing, antennae 
formation, Wing formation, leg formation, egg formation, 
larval maturation, digestive enzyme formation, haemolymph 
synthesis, haemolymph maintenance, neurotransmission, lar 
val stage transition, pupation, emergence from pupation, cell 
division, energy metabolism, respiration, cytoskeletal struc 
ture synthesis and maintenance, nucleotide metabolism, 
nitrogen metabolism, Water use, Water retention, and sensory 
perception. 
[0031] In other embodiments, the insect pest is a corn root 
Worm pest selected from the group consisting of Diabrolica 
undecimpunclala howardi (Southern Corn RootWorm 
(SCR)), Diabrolica virgifera virgifera (Western Corn Root 
Worm (WCR)), Diabrolica barberi (Northern Corn Root 
Worm (NCR)), Diabralica virgifera Zea (Mexican Com Root 
Worm (MCR)), Diabrolica balleala (Brazilian Corn 
RootWorm (BZR)), Diabrolica viridula (Brazilian Corn 
RootWorm (BZR)), and Diabrolica speciosa (Brazilian Corn 
RootWorm (BZR)). 
[0032] Methods for improving the drought tolerance of a 
crop produced from a crop plant subjected to insect pest 
infestation, said method comprising the steps of a) introduc 
ing a polynucleotide sequence selected from SEQ ID NO:1 
through SEQ ID NO: 906, or a fragment thereof, into said crop 
plant; and b) cultivating the crop plant to alloW the expression 
of said polynucleotide, Wherein expression of the polynucle 
otide inhibits feeding by insects pests and loss of drought 
tolerance due to pest infestation, are also provided. 
[0033] Yet another aspect of the invention further provides 
agronomically and commercially important products and/or 
compositions of matter including, but not limited to, animal 
feed, commodities, 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 limited to corn ?our, corn 
meal, corn syrup, corn oil, corn starch, popcorn, corn cakes, 
cereals, and the like. Such compositions may be de?ned as 
containing detectable amounts of a nucleotide sequence set 
forth herein, and thus are also diagnostic for any transgenic 
event containing such nucleotide sequences. These products 
are useful at least because they are likely to be derived from 
crops propagated With feWer pesticides and organophos 
phates as a result of their incorporation of the nucleotides of 
the present invention for controlling the infestation of 
coleopteran pests in plants. Such commodities and commod 
ity products can be 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 coleopteran pests and 
the complements thereof. Such commodities and commodity 
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products may also be useful in controlling coleopteran 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 sup 
pressive RNA expressed from a gene sequence as set forth in 
the present invention. 
[0034] A method of producing such a commodity product 
comprising obtaining a plant transformed With a polynucle 
otide comprising a sequence selected from the group consist 
ing of SEQ ID NO:1 through SEQ ID NO:906, or a concate 
mer or fragment or complement thereof, and preparing a 
commodity product from the plant or part thereof is also 
provided. Further, a method of producing food or feed, com 
prising obtaining a plant transformed With a polynucleotide 
selected from the group consisting of SEQ ID NO:1 through 
SEQ ID NO:906 or a fragment or complement thereof, and 
preparing food or feed from said plant or part thereof is yet 
another aspect of the invention. 
[0035] 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:1 through SEQ ID 
NO:906, 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 searching, transcription pro?ling characteriza 
tions, comparisons betWeen genomes, and arti?cial hybrid 
iZation analyses. 

BRIEF DESCRIPTION OF THE FIGURES 

[0036] FIG. 1: Bioassay of F1 corn plant events trans 
formed With pMON98503 (SEQ ID, NO:820) and challenged 
With Western Com RootWorm (WCR). 
[0037] FIG. 2: Bioassay of F1 corn plant events trans 
formed With pMON98504 comprising concatemer Cl (SEQ 
ID NO:821) and challenged With Western Com RootWorm 
(WCR). 
[0038] FIG. 3: Selection of Dv49 and Dv248 fragments and 
schematic design of Dv49-Dv248 concatemer C38. 
[0039] FIG. 4: dsRNAs Fl-Fl3 synthesiZed based on con 
catemer C38. 

[0040] FIG. 5: DV49-DV248 concatemer 38 dose response 
(Fragments F 1 -F6). 
[0041] FIG. 6: DV49-DV248 concatemer 38 dose response 
(Fragments F7-Fl0). 
[0042] FIG. 7: DV49-DV248 concatemer 38 dose response 
(Fragments Fl 1 -Fl3). 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] The folloWing is a detailed description of the inven 
tion provided to aid those skilled in the art in practicing the 
present invention. Those of ordinary skill in the art may make 
modi?cations and variations in the embodiments described 
herein Without departing from the spirit or scope of the 
present invention. 
[0044] The present invention provides methods and com 
positions for genetic control of pest infestations. For example, 
the present invention provides recombinant DNA technolo 
gies to post-transcriptionally repress or inhibit expression of 
a target coding sequence in the cell of a pest to provide a 
pest-protective effect 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 
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present invention relates to sequence-speci?c inhibition of 
expression of coding sequences using double-stranded RNA 
(dsRNA), including small interfering RNA (siRNA), to 
achieve the intended levels of pest control. 
[0045] Isolated and substantially puri?ed nucleic acid mol 
ecules including but not limited to non-naturally occurring 
nucleotide sequences and recombinant DNA constructs for 
transcribing dsRNA molecules of the present invention are 
provided that suppress or inhibit the expression of an endog 
enous 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 occur 
ring recombinant DNA constructs for transcribing the dsRNA 
molecules for controlling plant pest infestations, and (b) dis 
play resistance and/ or enhanced tolerance to the insect infes 
tations, 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 reduc 
tion of pest infestation are also described. 

[0046] The inventors have herein discovered that, contrary 
to the teachings in the prior art, feeding a composition con 
taining double stranded RNA molecules consisting of 
sequences found Within one or more expressed nucleotide 
sequences of a coleopteran species to the species from Which 
the nucleotide sequences Were obtained results in the inhibi 
tion of one or more biological functions Within the 
coleopteran species. Particularly, the inventors have discov 
ered that feeding the double stranded RNA molecules 
described herein to crop pest species such as corn rootWorms 
results in the death or inhibition of development and differ 
entiation of insect pests that ingest these compositions. 
[0047] The inventors have identi?ed the nucleotide 
sequences described herein as providing plant protective 
effects against coleopteran pest species. Amino acid 
sequences encoded by the cDNA sequences have been 
deduced and compared to knoWn amino acid sequences. 
Many of the sequences are predicted to encode proteins that 
have some annotation information associated With them. The 
annotation information that is associated With a particular 
nucleotide sequence and protein sequence encoded therefrom 
is based on homology or similarity betWeen the amino acid 
sequences deduced through translation of the coding 
sequences described herein as set forth and amino acid 
sequences that are knoWn in the art in publicly available 
databases. 

[0048] cDNA sequences encoding proteins or parts of pro 
teins essential for survival, such as amino acid sequences 
involved in various metabolic or catabolic biochemical path 
Ways, cell division, reproduction, energy metabolism, diges 
tion, neurological function and the like Were selected for use 
in preparing double stranded RNA molecules that Were pro 
vided in the diet of coleopteran pests. As described herein, 
ingestion by a target pest of compositions containing one or 
more dsRNAs, 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 a 
coleopteran pest can be used to construct plant cells resistant 
to infestation by the pest. The pest host, for example, can be 
transformed to contain one or more of the nucleotide 

sequences derived from the coleopteran pest. The nucleotide 
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sequence transformed into the pest host or symbiont may 
encode one or more RNAs 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 sym 
biont, 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 
[0049] The present invention relates generally to genetic 
control of coleopteran pest infestations in host organisms. 
More particularly, the present invention includes the methods 
for delivery of pest control agents to a coleopteran pest. Such 
pest control agents cause, directly or indirectly, an impair 
ment in the ability of the pest to maintain itself, groW or 
otherWise infest a target host or symbiont. The present inven 
tion provides methods for employing stabiliZed dsRNA mol 
ecules 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. 
[0050] In accomplishing the foregoing, the present inven 
tion provides a method of inhibiting expression of a target 
gene in a coleopteran pest, including for example, corn root 
Worms or other coleopteran insect species, resulting in the 
cessation of feeding, groWth, development, reproduction, 
infectivity, and eventually may result in the death of the pest. 
The method comprises in one embodiment introducing par 
tial or fully stabiliZed double-stranded RNA (dsRNA) nucle 
otide molecules into a nutritional composition that the pest 
relies on as a food source, and making the nutritional com 
position available to the pest for feeding. Ingestion of the 
nutritional composition containing the double stranded or 
siRNA molecules 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. 

[0051] In certain embodiments, dsRNA molecules pro 
vided by the invention comprise nucleotide sequences 
complementary to a sequence as set forth in any of SEQ ID 
NO:1 through SEQ ID NO:906, the inhibition of Which in a 
pest organism 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 may exhibit from about 80% to 
at least about 100% sequence identity to one of the nucleotide 
sequences as set forth in SEQ ID NO:1 through SEQ ID 
NO:906, as set forth in the sequence listing, including the 
complement thereof. Such inhibition can be described as 
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. In 
particular embodiments, the nucleotide sequence may be 
selected from the group consisting of SEQ ID NO:697, SEQ 
ID NOsz8l3-8l9, SEQ ID NOz84l, and SEQ ID NO:874. 
[0052] The sequences identi?ed as having a pest protective 
effect may be readily expressed as dsRNA molecules through 
the creation of appropriate expression constructs. For 
example, such sequences can be expressed as a hairpin and 
stem and loop structure by taking a ?rst segment correspond 
ing to a sequence selected from SEQ ID NO:1 through SEQ 
ID NO:906 or a fragment thereof, linking this sequence to a 
second segment spacer region that is not homologous or 
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complementary to the ?rst segment, and linking this to a third 
segment that transcribes an RNA, Wherein at least a portion of 
the third segment is substantially complementary to the ?rst 
segment. Such a construct forms a stem and loop structure by 
hybridization of the ?rst segment With the third segment and 
a loop structure forms comprising the second segment 
(WO94/01550, WO98/05770, US 2002/0048814A1, and US 
2003/0018993A1). 
[0053] A. Nucleic Acid Compositions and Constructs 
[0054] The invention provides recombinant DNA con 
structs for use in achieving stable transformation of particular 
host or symbiont pest targets. Transformed host or symbiont 
pest targets may express pesticidally effective levels of pre 
ferred dsRNA or siRNA molecules from the recombinant 
DNA constructs, and provide the molecules in the diet of the 
pest. Pairs of isolated and puri?ed nucleotide sequences may 
be provided from cDNA library and/or genomic library infor 
mation. The pairs of nucleotide sequences may be derived 
from any preferred coleopteran pest for use as thermal ampli 
?cation primers to generate DNA templates for the prepara 
tion of dsRNA and siRNA molecules of the present invention. 
[0055] 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 indi 
vidual single strands or in the duplex. The term “ribonucleic 
acid” (RNA) is inclusive of RNAi (inhibitory RNA), dsRNA 
(double stranded RNA), siRNA (small interfering RNA), 
mRNA (messenger RNA), miRNA (micro-RNA), tRNA 
(transfer RNA, Whether charged or discharged With a corre 
sponding acylated amino acid), and cRNA (complementary 
RNA) and the term “deoxyribonucleic acid” (DNA) is inclu 
sive of cDNA and genomic DNA and DNA-RNA hybrids. 
The Words “nucleic acid segment”, “nucleotide sequence seg 
ment”, 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 nucleotide sequences that 
express or may be adapted to express, proteins, polypeptides 
or peptides. 

[0056] Provided according to the invention are nucleotide 
sequences, the expression of Which results in an RNA 
sequence Which is substantially homologous to an RNA mol 
ecule of a targeted gene in an insect that comprises an RNA 
sequence encoded by a nucleotide sequence Within the 
genome of the insect. Thus, after ingestion of the stabiliZed 
RNA sequence doWn-regulation of the nucleotide sequence 
of the target gene in the cells of the insect may be obtained 
resulting in a deleterious effect on the maintenance, viability, 
proliferation, reproduction and infestation of the insect. 
[0057] As used herein, the term “substantially homolo 
gous” or “substantial homology”, With reference to a nucleic 
acid sequence, includes a nucleotide sequence that hybridiZes 
under stringent conditions to the coding sequence as set forth 
in any of SEQ ID NO:1 through SEQ ID NO:906 as set forth 
in the sequence listing, or the complements thereof. 
Sequences that hybridiZe under stringent conditions to any of 
SEQ ID NO:1 through SEQ ID NO:906 as set forth in the 
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sequence listing, 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 strin 
gent 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 detect 
able using methods Well known in the art. Substantially 
homologous sequences have preferably from about 70% to 
about 80% 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:1 through SEQ ID NO:906 as set 
forth in the sequence listing, or the complements thereof. 

[0058] 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 com 
prise 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 posi 
tions 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 positions 
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 posi 
tion 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' 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 complementary to every 
nucleotide of the other sequence When read 3' to 5'. A nucle 
otide sequence that is complementary to a reference nucle 
otide sequence Will exhibit a sequence identical 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. 

[0059] As used herein, a “comparison WindoW” refers to a 
conceptual segment of at least 6 contiguous positions, usually 
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 Wiscon 
sin Genetics SoftWare Package Release 7.0, Genetics Com 
puter Group, 575 Science Drive Madison, Wis., USA) or refer 
to Ausubel et al. (1998) for a detailed discussion of sequence 
analysis. 
[0060] The present invention provides DNA sequences 
capable of being expressed as an RNA in a cell or microor 
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ganism to inhibit target gene expression in a cell, tissue or 
organ of an insect. The sequences comprises a DNA molecule 
coding for one or more different nucleotide sequences, 
Wherein each of the different nucleotide 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 forms 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 may be placed oper 
ably 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 DNA 
sequence may be derived from a nucleotide sequence as set 
forth in SEQ ID NO:1 through SEQ ID NO:906 in the 
sequence listing. 
[0061] The invention also provides a DNA sequence for 
expression in a cell of a plant that, upon expression of the 
DNA to RNA and ingestion by a target pest achieves suppres 
sion 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 complementary and antisense 
sequences. The sense nucleotide sequence or the antisense 
nucleotide sequence is substantially identical to the nucle 
otide 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 organ 
ism, particularly a plant. 
[0062] A gene sequence or fragment for pest control 
according to the invention 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 suppres 
sion of the target gene expression is achieved. 
[0063] A nucleotide sequence provided by the present 
invention may comprise an inverted repeat separated by a 
“spacer sequence.” The spacer sequence may be a region 
comprising any sequence of nucleotides that facilitates sec 
ondary 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 l0-l00 nucleotides 
in length, or alternatively at least about 100-200 nucleotides 
in length, at least 200-400 about nucleotides in length, or at 
least about 400-500 nucleotides in length. 
[0064] The nucleic acid molecules or fragment of the 
nucleic acid molecules or other nucleic acid molecules in the 
sequence listing are capable of speci?cally hybridizing to 
other nucleic acid molecules under certain circumstances. As 
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used herein, tWo nucleic acid molecules are said to be capable 
of speci?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 su?icient 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 
suf?cient 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. (1985). 
[0065] Departures from complete complementarity are 
therefore permissible, as long as such departures do not com 
pletely preclude the capacity of the molecules to form a 
double-stranded structure. Thus, in order for a nucleic acid 
molecule or a fragment of the nucleic acid molecule to serve 
as a primer or probe it needs only be suf?ciently complemen 
tary in sequence to be able to form a stable double-stranded 
structure under the particular solvent and salt concentrations 
employed. 
[0066] Appropriate stringency conditions Which promote 
DNA hybridization are, for example, 6.0x 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 (1989). 
For example, the salt concentration in the Wash step can be 
selected from a loW stringency of about 2.0><SSC at 500 C. to 
a high stringency of about 0.2><SSC at 500 C. In addition, the 
temperature in the Wash step can be increased from loW 
stringency conditions at room temperature, about 220 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. A nucleic acid for use in the present invention may 
speci?cally hybridize to one or more of nucleic acid mol 
ecules from WCR or complements thereof under such condi 
tions. Preferably, a nucleic acid for use in the present inven 
tion 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:1 through 
SEQ ID NO:906 as set forth in the sequence listing. 
[0067] 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 methods 
knoWn in the art. Thus, all or a portion of the nucleic acids of 
the present invention may be synthesized using codons pre 
ferred by a selected host. Species-preferred codons may be 
determined, for example, from the codons used most fre 
quently in the proteins expressed in a particular host species. 
Other modi?cations of the nucleotide sequences may result in 
mutants having slightly altered activity. 
[0068] 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. In one embodi 
ment, the dsRNA molecules may be modi?ed through an 
enzymatic process so that siRNA molecules may be gener 
ated. The siRNA can ef?ciently mediate the doWn-regulation 
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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; Hamilton and Baul 
combe, 1999). 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 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. Detailed descriptions of enzymatic pro 
cesses can be found in Hannon (2002). 

[0069] A nucleotide sequence of the present invention can 
be recorded on computer readable media. As used herein, 
“computer readable media” refers to any tangible medium of 
expression that can be read and accessed directly by a com 
puter. Such media include, but are not limited to: magnetic 
storage media, such as ?oppy discs, hard disc, storage 
medium, and magnetic tape: optical storage media such as 
CD-ROM; electrical storage media such as RAM and ROM; 
optical character recognition formatted computer ?les, and 
hybrids of these categories such as magnetic/optical storage 
media. A skilled artisan can readily appreciate that any of the 
presently knoWn computer readable mediums can be used to 
create a manufacture comprising computer readable medium 
having recorded thereon a nucleotide sequence of the present 
invention. 

[0070] As used herein, “recorded” refers to a process for 
storing information on computer readable medium. A skilled 
artisan can readily adopt any of the presently knoWn methods 
for recording information on computer readable medium to 
generate media comprising the nucleotide sequence informa 
tion of the present invention. A variety of data storage struc 
tures are available to a skilled artisan for creating a computer 
readable medium having recorded thereon a nucleotide 
sequence of the present invention. The choice of the data 
storage structure Will generally be based on the means chosen 
to access the stored information. In addition, a variety of data 
processor programs and formats can be used to store the 
nucleotide sequence information of the present invention on 
computer readable medium. The sequence information can be 
represented in a Word processing text ?le, formatted in com 
mercially-available softWare such as WordPerfect and 
Microsoft Word, or represented in the form of an ASCII text 
?le, stored in a database application, such as DB2, Sybase, 
Oracle, or the like. The skilled artisan can readily adapt any 
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number of data processor structuring formats (e. g. text ?le or 
database) in order to obtain computer readable medium hav 
ing recorded thereon the nucleotide sequence information of 
the present invention. 
[0071] Computer softWare is publicly available Which 
alloWs a skilled artisan to access sequence information pro 
vided in a computer readable medium. SoftWare that imple 
ments the BLAST (Altschul et al., 1990) and BLAZE (Brut 
lag, et al., 1993) search algorithms on a Sybase system can be 
used to identify open reading frames (ORFs) Within 
sequences such as the Unigenes and EST’s that are provided 
herein and that contain homology to ORFs or proteins from 
other organisms. Such ORFs are protein-encoding fragments 
Within the sequences of the present invention and are useful in 
producing commercially important proteins such as enZymes 
used in amino acid biosynthesis, metabolism, transcription, 
translation, RNA processing, nucleic acid and a protein deg 
radation, protein modi?cation, and DNA replication, restric 
tion, modi?cation, recombination, and repair. 
[0072] The present invention further provides systems, par 
ticularly computer-based systems, Which contain the 
sequence information described herein. Such systems are 
designed to identify commercially important fragments of the 
nucleic acid molecule of the present invention. As used 
herein, “a computer-based system” refers to the hardWare 
means, softWare means, and data storage means used to ana 
lyZe the nucleotide sequence information of the present 
invention. The minimum hardWare means of the computer 
based systems of the present invention comprises a central 
processing unit (CPU), input means, output means, and data 
storage means. A skilled artisan can readily appreciate that 
any one of the currently available computer-based system are 
suitable for use in the present invention. 

[0073] As used herein, “a target structural motif,” or “target 
motif,” refers to any rationally selected sequence or combi 
nation of sequences in Which the sequences or sequence(s) 
are chosen based on a three-dimensional con?guration that is 
formed upon the folding of the target motif. 
[0074] There are a variety of target motifs knoWn in the art. 
Protein target motifs include, but are not limited to, enZymatic 
active sites and signal sequences. Nucleic acid target motifs 
include, but are not limited to, promoter sequences, cis ele 
ments, hairpin structures and inducible expression elements 
(protein binding sequences). 
[0075] B. Recombinant Vectors and Host Cell Transforma 
tion 
[0076] A recombinant DNA vector may, for example, be a 
linear or a closed circular plasmid. The vector system may be 
a single vector or plasmid or tWo or more vectors or plasmids 
that together contain the total DNA to be introduced into the 
genome of the bacterial host. In addition, a bacterial vector 
may be an expression vector. Nucleic acid molecules as set 
forth in SEQ ID NO:1 through SEQ ID NO:906 or fragments 
or complements thereof can, for example, be suitably inserted 
into a vector under the control of a suitable promoter that 
functions in one or more microbial hosts to drive expression 
of a linked coding sequence or other DNA sequence. Many 
vectors are available for this purpose, and selection of the 
appropriate vector Will depend mainly on the siZe of the 
nucleic acid to be inserted into the vector and the particular 
host cell to be transformed With the vector. Each vector con 
tains various components depending on its function (ampli 
?cation of DNA or expression of DNA) and the particular 
host cell With Which it is compatible. The vector components 
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for bacterial transformation generally include, but are not 
limited to, one or more of the folloWing: a signal sequence, an 
origin of replication, one or more selectable marker genes, 
and an inducible promoter alloWing the expression of exog 
enous DNA. 

[0077] Expression and cloning vectors generally contain a 
selection gene, also referred to as a selectable marker. This 
gene encodes a protein necessary for the survival or groWth of 
transformed host cells groWn in a selective culture medium. 
Typical selection genes encode proteins that (a) confer resis 
tance to antibiotics or other toxins, e.g., ampicillin, neomy 
cin, methotrexate, or tetracycline, (b) complement aux 
otrophic de?ciencies, or (c) supply critical nutrients not 
available from complex media, e.g., the gene encoding D-ala 
nine racemase for Bacilli. Those cells that are successfully 
transformed With a heterologous protein or fragment thereof 
produce a protein conferring drug resistance and thus survive 
the selection regimen. 
[0078] An expression vector for producing a mRNA can 
also contain an inducible promoter that is recogniZed by the 
host bacterial organism and is operably linked to the nucleic 
acid encoding, for example, the nucleic acid molecule coding 
the D. v. virgifera mRNA or fragment thereof of interest. 
Inducible promoters suitable for use With bacterial hosts 
include [3-lactamase promoter, E. coli 7» phage PL and PR 
promoters, and E. coli galactose promoter, arabinose pro 
moter, alkaline phosphatase promoter, tryptophan (trp) pro 
moter, and the lactose operon promoter and variations thereof 
and hybrid promoters such as the tac promoter. HoWever, 
other knoWn bacterial inducible promoters are suitable. 
[0079] The term “operably linked”, as used in reference to 
a regulatory sequence and a structural nucleotide sequence, 
means that the regulatory sequence causes regulated expres 
sion of the linked structural nucleotide sequence. “Regulatory 
sequences” or “control elements” refer to nucleotide 
sequences located upstream (5' noncoding sequences), 
Within, or doWnstream (3' non-translated sequences) of a 
structural nucleotide sequence, and Which in?uence the tim 
ing and level or amount of transcription, RNA processing or 
stability, or translation of the associated structural nucleotide 
sequence. Regulatory sequences may include promoters, 
translation leader sequences, introns, enhancers, stem-loop 
structures, repressor binding sequences, and polyadenylation 
recognition sequences and the like. 
[0080] Alternatively, the expression constructs can be inte 
grated into the bacterial genome With an integrating vector. 
Integrating vectors typically contain at least one sequence 
homologous to the bacterial chromosome that alloWs the 
vector to integrate. Integrations appear to result from recom 
binations betWeen homologous DNA in the vector and the 
bacterial chromosome. For example, integrating vectors con 
structed With DNA from various Bacillus strains integrate 
into the Bacillus chromosome (EP 0 127,328). Integrating 
vectors may also be comprised of bacteriophage or transpo 
son sequences. Suicide vectors are also knoWn in the art. 

[0081] Construction of suitable vectors containing one or 
more of the above-listed components employs standard 
recombinant DNA techniques. Isolated plasmids or DNA 
fragments are cleaved, tailored, and re-ligated in the form 
desired to generate the plasmids required. Examples of avail 
able bacterial expression vectors include, but are not limited 
to, the multifunctional E. coli cloning and expression vectors 
such as BluescriptTM (Stratagene, La Jolla, Calif.), in Which, 
for example, a D. v. virgifera protein or fragment thereof, may 
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be ligated into the vector in frame With sequences for the 
amino-terminal Met and the subsequent 7 residues of [3-ga 
lactosidase so that a hybrid protein is produced; pIN vectors 
(Van Heeke and Schuster, 1989); and the like. 
[0082] A yeast recombinant construct can typically include 
one or more of the following: a promoter sequence, fusion 

partner sequence, leader sequence, transcription termination 
sequence, a selectable marker. These elements can be com 

bined into an expression cassette, Which may be maintained 
in a replicon, such as an extrachromosomal element (e.g., 
plasmids) capable of stable maintenance in a host, such as 
yeast or bacteria. The replicon may have tWo replication 
systems, thus allowing it to be maintained, for example, in 
yeast for expression and in a prokaryotic host for cloning and 
ampli?cation. Examples of such yeast-bacteria shuttle vec 
tors includeYEp24 (Botstein et al., 1979), pC1/1 (Brake et al., 
1984), and YRp17 (Stinchcomb et al., 1982). In addition, a 
replicon may be either a high or loW copy number plasmid. A 
high copy number plasmid Will generally have a copy number 
ranging from about 5 to about 200, and typically about 10 to 
about 150. A host containing a high copy number plasmidWill 
preferably have at least about 10, and more preferably at least 
about 20. 

[0083] Useful yeast promoter sequences can be derived 
from genes encoding enZymes in the metabolic pathWay. 
Examples of such genes include alcohol dehydrogenase 
(ADH) (EP 0 284044), enolase, glucokinase, glucose-6 
phosphate isomerase, glyceraldehyde-3 -phosphate-dehydro 
genase (GAP or GAPDH), hexokinase, phosphofructokinase, 
3-phosphoglycerate mutase, and pyruvate kinase (PyK) (EP 0 
3215447). The yeast PHOS gene, encoding acid phosphatase, 
also provides useful promoter sequences (Myanohara et al., 
1983). In addition, synthetic promoters that do not occur in 
nature also function as yeast promoters. Examples of such 
hybrid promoters include the ADH regulatory sequence 
linked to the GAP transcription activation region (U.S. Pat. 
Nos. 4,876,197 and 4,880,734). Examples of transcription 
terminator sequences and other yeast-recogniZed termination 
sequences, such as those coding for glycolytic enZymes, are 
knoWn to those of skill in the art. 

[0084] Alternatively, the expression constructs can be inte 
grated into the yeast genome With an integrating vector. Inte 
grating vectors typically contain at least one sequence 
homologous to a yeast chromosome that alloWs the vector to 
integrate, and preferably contain tWo homologous sequences 
?anking the expression construct. Integrations appear to 
result from recombinations betWeen homologous DNA in the 
vector and the yeast chromosome (On-Weaver et al., 1983). 
An integrating vector may be directed to a speci?c locus in 
yeast by selecting the appropriate homologous sequence for 
inclusion in the vector. See Orr-Weaver et al., supra. One or 
more expression constructs may integrate, possibly affecting 
levels of recombinant protein produced (Rine et al., 1983). 
[0085] The present invention also contemplates transfor 
mation of a nucleotide sequence of the present invention into 
a plant to achieve pest inhibitory levels of expression of one or 
more dsRNA molecules. A transformation vector can be 
readily prepared using methods available in the art. The trans 
formation vector comprises one or more nucleotide 
sequences that is/are capable of being transcribed to an RNA 
molecule and that is/ are substantially homologous and/or 
complementary to one or more nucleotide sequences encoded 
by the genome of the insect, such that upon uptake of the RNA 
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there is doWn-regulation of expression of at least one of the 
respective nucleotide sequences of the genome of the insect. 

[0086] The transformation vector may be termed a dsDNA 
construct and may also be de?ned as a recombinant molecule, 
an insect control agent, a genetic molecule or a chimeric 
genetic construct. A chimeric genetic construct of the present 
invention may comprise, for example, nucleotide sequences 
encoding one or more antisense transcripts, one or more sense 

transcripts, one or more of each of the aforementioned, 
Wherein all or part of a transcript therefrom is homologous to 
all or part of an RNA molecule comprising an RNA sequence 
encoded by a nucleotide sequence Within the genome of an 
insect. 

[0087] In one embodiment the plant transformation vector 
comprises an isolated and puri?ed DNA molecule compris 
ing a promoter operatively linked to one or more nucleotide 
sequences of the present invention. The nucleotide sequence 
is selected from the group consisting of SEQ ID NO:1 
through SEQ ID NO:906 as set forth in the sequence listing. 
The nucleotide sequence includes a segment coding all orpart 
of an RNA present Within a targeted pest RNA transcript and 
may comprise inverted repeats of all or a part of a targetedpest 
RNA. The DNA molecule comprising the expression vector 
may also contain a functional intron sequence positioned 
either upstream of the coding sequence or even Within the 
coding sequence, and may also contain a ?ve prime (5') 
untranslated leader sequence (i.e., a UTR or 5'-UTR) posi 
tioned betWeen the promoter and the point of translation 
initiation. 

[0088] A plant transformation vector may contain 
sequences from more than one gene, thus alloWing produc 
tion of more than one dsRNA for inhibiting expression of tWo 
or more genes in cells of a target pest. One skilled in the art 
Will readily appreciate that segments of DNA Whose 
sequence corresponds to that present in different genes can be 
combined into a single composite DNA segment for expres 
sion in a transgenic plant. Alternatively, a plasmid of the 
present invention already containing at least one DNA seg 
ment can be modi?ed by the sequential insertion of additional 
DNA segments betWeen the enhancer and promoter and ter 
minator sequences. In the insect control agent of the present 
invention designed for the inhibition of multiple genes, the 
genes to be inhibited can be obtained from the same insect 
species in order to enhance the effectiveness of the insect 
control agent. In certain embodiments, the genes can be 
derived from different insects in order to broaden the range of 
insects against Which the agent is effective. When multiple 
genes are targeted for suppression or a combination of expres 
sion and suppression, a polycistronic DNA element can be 
fabricated as illustrated and disclosed in Fillatti, Application 
Publication No. US 2004-0029283. 

[0089] Promoters that function in different plant species are 
also Well knoWn in the art. Promoters useful for expression of 
polypeptides in plants include those that are inducible, viral, 
synthetic, or constitutive as described in Odell et al. (1985), 
and/or promoters that are temporally regulated, spatially 
regulated, and spatio-temporally regulated. Preferred pro 
moters include the enhanced CaMV35S promoters, and the 
FMV35S promoter. For the purpose of the present invention, 
e.g., for optimum control of species that feed on roots, it may 
be preferable to achieve the highest levels of expression of 
these genes Within the roots of plants. A number of root 
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enhanced promoters have been identi?ed and are known in 
the art (Lu et al., 2000; US. Pat. Nos. 5,837,848 and 6,489, 
542). 
[0090] A recombinant DNA vector or construct of the 
present invention will typically comprise a selectable marker 
that confers a selectable phenotype on plant cells. Selectable 
markers may also be used to select forplants or plant cells that 
contain the exogenous nucleic acids encoding polypeptides 
or proteins of the present invention. The marker may encode 
biocide resistance, antibiotic resistance (e.g., kanamycin, 
G418 bleomycin, hygromycin, etc.), or herbicide resistance 
(e.g., glyphosate, etc.). Examples of selectable markers 
include, but are not limited to, a neo gene which codes for 
kanamycin resistance and can be selected for using kanamy 
cin, G418, etc., a bar gene which codes for bialaphos resis 
tance; a mutant EPSP synthase gene which encodes glypho 
sate resistance; a nitrilase gene which confers resistance to 
bromoxynil; a mutant acetolactate synthase gene (ALS) 
which confers imidazolinone or sulfonylurea resistance; and 
a methotrexate resistant DHFR gene. Examples of such 
selectable markers are illustrated in US. Pat. Nos. 5,550,318; 
5,633,435; 5,780,708 and 6,118,047. 
[0091] A recombinant vector or construct of the present 
invention may also include a screenable marker. Screenable 
markers may be used to monitor expression. Exemplary 
screenable markers include a [3-glucuronidase or uidA gene 
(GUS) which encodes an enzyme for which various chro 
mogenic substrates are known (Jefferson, 1987; Jefferson et 
al., 1987); an R-locus gene, which encodes a product that 
regulates the production of anthocyanin pigments (red color) 
in plant tissues (Dellaporta et al., 1988); a [3-lactamase gene 
(Sutcliffe et al., 1978), a gene which encodes an enzyme for 
which various chromogenic substrates are known (e.g., 
PADAC, a chromogenic cephalosporin); a luciferase gene 
(Ow et al., 1986) a xylE gene (Zukowsky et al., 1983) which 
encodes a catechol dioxygenase that can convert chromoge 
nic catechols; an ot-amylase gene (Ikatu et al., 1990); a tyro 
sinase gene (Katz et al., 1983) which encodes an enzyme 
capable of oxidizing tyrosine to DOPA and dopaquinone 
which in turn condenses to melanin; an ot-galactosidase, 
which catalyzes a chromogenic ot-galactose substrate. 
[0092] Preferred plant transformation vectors include those 
derived from a Ti plasmid ofAgrobacZerium Zumefaciens (eg 
US. Pat. Nos. 4,536,475, 4,693,977, 4,886,937, 5,501,967 
and EP 0 122 791). Agrobaclerium rhizogenes plasmids (or 
“Ri”) are also useful and known in the art. Other preferred 
plant transformation vectors include those disclosed, e.g., by 
Herrera-Estrella (1983); Bevan (1983), Klee (1985) and EP 0 
120 516. 

[0093] In general it is preferred to introduce a functional 
recombinant DNA at a non-speci?c location in a plant 
genome. In special cases it may be useful to insert a recom 
binant DNA construct by site-speci?c integration. Several 
site-speci?c recombination systems exist which are known to 
function implants include cre-lox as disclosed in US. Pat. No. 
4,959,317 and FLP-FRT as disclosed in US. Pat. No. 5,527, 
695. 

[0094] Suitable methods for transformation of host cells for 
use with the current invention are believed to include virtually 
any method by which DNA can be introduced into a cell, such 
as by direct delivery of DNA such as by PEG-mediated trans 
formation of protoplasts (Omirulleh et al., 1993), by desicca 
tion/inhibition-mediated DNA uptake (Potrykus et al., 1985), 
by electroporation (U .S. Pat. No. 5,384,253), by agitation 
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with silicon carbide ?bers (Kaeppler et al., 1990; US. Pat. 
No. 5,302,523; and US. Pat. No. 5,464,765), by Agrobacze 
rium-mediated transformation (U .S. Pat. No. 5,591,616 and 
US. Pat. No. 5,563,055) and by acceleration of DNA coated 
particles (US. Pat. No. 5,550,318; US. Pat. No. 5,538,877; 
and US. Pat. No. 5,538,880), etc. Through the application of 
techniques such as these, the cells of virtually any species 
may be stably transformed. In the case of multicellular spe 
cies, the transgenic cells may be regenerated into transgenic 
organisms. 
[0095] Methods for the creation of transgenic plants and 
expression of heterologous nucleic acids in plants in particu 
lar are known and may be used with the nucleic acids pro 
vided herein to prepare transgenic plants that exhibit reduced 
susceptibility to feeding by a target pest organism such as 
corn rootworms. Plant transformation vectors can be pre 
pared, for example, by inserting the dsRNA producing 
nucleic acids disclosed herein into plant transformation vec 
tors and introducing these into plants. One known vector 
system has been derived by modifying the natural gene trans 
fer system of A grobaclerium Zumefaciens. The natural system 
comprises large Ti (tumor-inducing)-plasmids containing a 
large segment, known as T-DNA, which is transferred to 
transformed plants. Another segment of the Ti plasmid, the vir 
region, is responsible for T-DNA transfer. The T-DNA region 
is bordered by terminal repeats. In the modi?ed binary vec 
tors the tumor-inducing genes have been deleted and the 
functions of the vir region are utilized to transfer foreign DNA 
bordered by the T-DNA border sequences. The T-region may 
also contain a selectable marker for ef?cient recovery of 
transgenic plants and cells, and a multiple cloning site for 
inserting sequences for transfer such as a dsRNA encoding 
nucleic acid. 
[0096] A transgenic plant formed using Agrobaclerium 
transformation methods typically contains a single simple 
recombinant DNA sequence inserted into one chromosome 
and is referred to as a transgenic event. Such transgenic plants 
can be referred to as being heterozygous for the inserted 
exogenous sequence. A transgenic plant homozygous with 
respect to a transgene can be obtained by sel?ng an indepen 
dent segregant transgenic plant to produce F1 seed. One 
fourth of the F1 seed produced will be homozygous with 
respect to the transgene. Germinating F1 seed results in plants 
that can be tested for heterozygosity or homozygosity, typi 
cally using a SNP assay or a thermal ampli?cation assay that 
allows for the distinction between heterozygotes and 
homozygotes (i.e., a zygosity assay). 
[0097] C. Nucleic Acid Expression and Target Gene Sup 
pression 
[0098] The present invention provides, as an example, a 
transformed host or symbiont pest target organism, trans 
formed plant cells and transformed plants and their progeny. 
The transformed plant cells and transformed plants may be 
engineered to express one or more of the dsRNA or siRNA 
sequences described herein to provide a pest-protective 
effect. These sequences may be used for gene suppression in 
a pest organism, thereby reducing the predation by the pest on 
a protected transformed host or symbiont organism. As used 
herein the words “gene suppression” are intended to refer to 
any of the well-known methods for reducing the levels of 
gene transcription to mRNA and/ or subsequent translation of 
the mRNA. 

[0099] Gene suppression is also intended to mean the 
reduction of protein expression from a gene or a coding 
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sequence including posttranscriptional gene suppression and 
transcriptional suppression. Posttranscriptional gene sup 
pression 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 suppression, and refers to the substan 
tial 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). 
[0100] Transcriptional suppression is mediated by the pres 
ence in the cell of a dsRNA gene suppression agent exhibiting 
substantial sequence identity to a promoter DNA sequence or 
the complement thereof to effect What is referred to as pro 
moter trans suppression. Gene suppression may be effective 
against a native 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. 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. 2003/0175 965, and 2003/ 
0061626, US. patent application Ser. No. 10/465,800, and 
US. Pat. Nos. 6,506,559, and 6,326,193. 
[0101] A bene?cial 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 
is one in Which a ?rst segment encodes an RNA exhibiting an 
anti-sense orientation exhibiting substantial identity to a seg 
ment of a gene targeted for suppression, Which is linked to a 
second segment in sense orientation encoding an RNA exhib 
iting substantial complementarity to the ?rst segment. Such a 
construct forms 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, US 2002/0048814, and US 
2003/0018993). 
[0102] 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 insect ingests the stabi 
liZed RNA sequence incorporated in a diet or sprayed on a 
plant surface, a doWn-regulation of the nucleotide sequence 
corresponding to the target gene in the cells of a target insect 
is affected. 

[0103] Inhibition of a target gene using the stabiliZed 
dsRNA technology of the present invention is sequence-spe 
ci?c in that nucleotide sequences corresponding to the duplex 
region of the RNA are targeted for genetic inhibition. RNA 

May 31, 2012 

containing a nucleotide sequences identical to a portion of the 
target gene is preferred for inhibition. RNA sequences With 
insertions, deletions, and single point mutations relative to the 
target sequence have also been found to be effective for inhi 
bition. In performance of the present invention, it is preferred 
that the inhibitory dsRNA and the portion of the target gene 
share at least from about 80% sequence identity, or from 
about 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 exhib 
iting a greater homology compensates for a longer less 
homologous sequence. The length of the identical nucleotide 
sequences may be at least about 25, 50, 100, 200, 300, 400, 
500 or at least about 1000 bases. Normally, a sequence of 
greater than 20-100 nucleotides should be used, though a 
sequence of greater than about 200-300 nucleotides Would be 
preferred, and a sequence of greater than about 500-1000 
nucleotides Would be especially preferred depending on the 
siZe of the target gene. The invention has the advantage of 
being able to tolerate sequence variations that might be 
expected due to genetic mutation, strain polymorphism, or 
evolutionary divergence. The introduced nucleic acid 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. 
[0104] Inhibition of target gene expression may be quanti 
?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 avail 
able that confer resistance to ampicillin, bleomycin, chloram 
phenicol, gentamycin, hygromycin, kanamycin, lincomycin, 
methotrexate, phosphinothricin, puromycin, spectinomycin, 
rifampicin, and tetracyclin, and the like. 
[0105] In certain 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 suf?cient 
inhibition that results in a detectable phenotype (e. g., cessa 
tion of larval groWth, paralysis or mortality, etc.) or a detect 
able 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 alimentary tract, inhibition of the gene Within these 
cells is suf?cient to exert a deleterious effect on the insect. 

[0106] dsRNA molecules may be synthesiZed either in vivo 
or in vitro. The dsRNA may be formed by a single self 
complementary RNA strand or from tWo complementary 
RNA strands. Endogenous RNA polymerase of the cell may 
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