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COMPOSITIONS AND METHODS TO 
CONTROL INSECT PESTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/330.484, filed on May 3, 2010 and 
U.S. Provisional Application No. 61/237,880, filed Aug. 28, 
2009, the contents of which are herein incorporated by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to methods 
of molecular biology and gene silencing to control pests. 

REFERENCE TO ASEQUENCE LISTING 
SUBMITTED ASATEXT FILE VIA EFS-WEB 

0003. The official copy of the sequence listing is submitted 
concurrently with the specification as a text file via EFS-Web, 
in compliance with the American Standard Code for Infor 
mation Interchange (ASCII), with a file name of 
391924SEQLIST.txt, a creation date of Aug. 25, 2010 and a 
size of 306 Kb. The sequence listing filed via EFS-Web is part 
of the specification and is hereby incorporated in its entirety 
by reference herein. 

BACKGROUND OF THE INVENTION 

0004 Insect pests are a serious problem in agriculture. 
They destroy millions of acres of staple crops such as corn, 
Soybeans, peas, and cotton. Yearly, these pests cause over 
S100 billion dollars in crop damage in the U.S. alone. In an 
ongoing seasonal battle, farmers must apply billions of gal 
lons of synthetic pesticides to combat these pests. Other 
methods employed in the past delivered insecticidal activity 
by microorganisms or genes derived from microorganisms 
expressed in transgenic plants. For example, certain species 
of microorganisms of the genus Bacillus are known to possess 
pesticidal activity againstabroad range of insect pests includ 
ing Lepidoptera, Diptera, Coleoptera, Hemiptera, and others. 
In fact, microbial pesticides, particularly those obtained from 
Bacillus strains, have played an important role in agriculture 
as alternatives to chemical pest control. Agricultural Scien 
tists have developed crop plants with enhanced insect resis 
tance by genetically engineering crop plants to produce insec 
ticidal proteins from Bacillus. For example, corn and cotton 
plants genetically engineered to produce Cry toxins (see, e.g., 
Aronson (2002) Cell Mol. Life Sci. 59(3):417-425: Schnepfet 
al. (1998) Microbiol. Mol. Biol. Rev. 62(3):775-806) are now 
widely used in American agriculture and have provided the 
farmer with an alternative to traditional insect-control meth 
ods. However, these Bt insecticidal proteins only protect 
plants from a relatively narrow range of pests. Moreover, 
these modes of insecticidal activity provided varying levels of 
specificity and, in some cases, caused significant environ 
mental consequences. Thus, there is an immediate need for 
alternative methods to control pests. 

BRIEF SUMMARY OF THE INVENTION 

0005 Methods and compositions are provided which 
employ a silencing element that, when ingested by a pest, 
Such as Coleopteran plant pest including a Diabrotica plant 
pest, is capable of decreasing the expression of a target 
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sequence in the pest. In specific embodiments, the decrease in 
expression of the target sequence controls the pest and 
thereby the methods and compositions are capable of limiting 
damage to a plant. The present invention provides various 
target polynucleotides as set forth in SEQID NOS: 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 
40, 41,42, 43,44, 45,46,47, 48,49, 50, 51, 52,53,54, 55,56, 
57, 58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 69,70, 71, 72,73, 
74, 75,76, 77,78, 79,80, 81, 82, 83, 84, 85,86, 87,88, 89,90, 
91, 92,93,94, 95, 96, 97,98,99, 100, 101, 102,103,104,105, 
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 
178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 
226,227, 228,229, 230, 231,232,233,234,235,236 or active 
variants or fragments thereof, wherein a decrease in expres 
sion of one or more the sequences in the target pest controls 
the pest (i.e., has insecticidal activity). Further provided are 
silencing elements, which when ingested by the pest, 
decrease the level of expression of one or more of the target 
polynucleotides. Plants, plant parts, plant cells, bacteria and 
other host cells comprising the silencing elements oran active 
variant or fragment thereof are also provided. 
0006. In another embodiment, a method for controlling a 
pest, such as a Coleopteran plant pest or a Diabrotica plant 
pest, is provided. The method comprises feeding to a pest a 
composition comprising a silencing element, wherein the 
silencing element, when ingested by the pest, reduces the 
level of a target sequence in the pest and thereby controls the 
pest. Further provided are methods to protect a plant from a 
pest. Such methods comprise introducing into the plant or 
plant parta silencing element of the invention. When the plant 
expressing the silencing element is ingested by the pest, the 
level of the target sequence is decreased and the pest is con 
trolled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 shows a corn rootworm whole plant assay. 
The data demonstrates that expression of SEQ ID NO: 8 
(clone idvlc.pk001.e9.f); SEQID NO: 26 (clone idvlc.pk003. 
p13.f); SEQ ID NO:17 (clone idvlc.pk003.f).f); SEQ ID 
NO:28 (clone idvlc.pk004.d17p); and SEQID NO:10 (clone 
idvlc.pk001.nl.f) as a hairpin in a maize plant produces a 
maize plant, which when ingested by corn root worm, has 
insecticidal activity. CRWNIS refers to corn root worm nodal 
injury score. 
0008 FIG. 2 shows a corn rootworm whole plant assay. 
The data demonstrates that expression of SEQ ID NO: 13 
(clone idvlc.pk002.j171); SEQ ID NO: 40 (clone idvlc. 
pk013.h1.f); SEQ ID NO:72 (clone idvlc.pk017.d14.f); and 
SEQ ID NO:73 (clone idvlc.pk017.e22.f) as a hairpin in a 
maize plant produces a maize plant, which when ingested by 
corn root worm, has insecticidal activity. CRWNIS refers to 
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corn root worm nodal injury score. PHP19288 is a control 
plasmid lacking the silencing element. 

DETAILED DESCRIPTION OF THE INVENTION 

0009. The present inventions now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which some, but not all embodiments of the inven 
tions are shown. Indeed, these inventions may be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will satisfy appli 
cable legal requirements. Like numbers refer to like elements 
throughout. 
0010 Many modifications and other embodiments of the 
inventions set forth herein will come to mind to one skilled in 
the art to which these inventions pertain having the benefit of 
the teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 

I. Overview 

0011 Frequently, RNAi discovery methods rely on evalu 
ation of known classes of sensitive genes (transcription fac 
tors, housekeeping genes etc.). In contrast, the target poly 
nucleotide set forth herein were identified based solely on 
high throughput screens of all singletons and representatives 
of all gene clusters from a cDNA library of neonate western 
corn rootworms. This screen allowed for the discovery of 
many novel sequences, many of which have extremely low or 
no homology to known sequences. This method provided the 
advantage of having no built in bias to genes that are fre 
quently highly conserved across taxa. As a result, many novel 
targets for RNAi as well as known genes not previously 
shown to be sensitive to RNAi have been identified. 
0012. As such, methods and compositions are provided 
which employ a silencing element that, when ingested by a 
pest, Such as a Coleopteran plant pest or a Diabrotica plant 
pest, is capable of decreasing the expression of a target 
sequence in the pest. In specific embodiments, the decrease in 
expression of the target sequence controls the pest and 
thereby the methods and compositions are capable of limiting 
damage to a plant or plant part. The present invention pro 
vides target polynucleotides as set forth in SEQID NOS: 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33,34, 35,36, 37,38, 
39, 40, 41,42, 43,44, 45,46, 47, 48,49, 50, 51, 52,53,54, 55, 
56, 57,58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 69,70, 71,72, 
73,74, 75,76, 77,78, 79,80, 81, 82,83, 84,85, 86, 87, 88,89, 
90,91, 92,93, 94, 95, 96, 97,98, 99, 100, 101, 102, 103,104, 
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 
177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 
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213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 
225, 226, 227, 228, 229, 230, 231, 232,233,234,235, or 236, 
or active variants and fragments thereof, including, for 
example, nucleotides 1-380 of SEQID NO. 45: nucleotides 
1-266 of SEQID NO:50: SEQID NO:50; nucleotides 1-675 
of SEQID NO:37; and nucleotides 1-132 of SEQID NO:40. 
Silencing elements designed in view of these target poly 
nucleotides are provided which, when ingested by the pest, 
decrease the expression of one or more of the target sequences 
and thereby controls the pest (i.e., has insecticidal activity). 
0013 As used herein, by “controlling a pest” or “controls 
a pest' is intended any affect on a pest that results in limiting 
the damage that the pest causes. Controlling a pest includes, 
but is not limited to, killing the pest, inhibiting development 
of the pest, altering fertility or growth of the pest in such a 
manner that the pest provides less damage to the plant, 
decreasing the number of offspring produced, producing less 
fit pests, producing pests more Susceptible to predator attack, 
or deterring the pests from eating the plant. 
0014 Reducing the level of expression of the target poly 
nucleotide or the polypeptide encoded thereby, in the pest 
results in the Suppression, control, and/or killing the invading 
pathogenic organism. Reducing the level of expression of the 
target sequence of the pest will reduce the disease symptoms 
resulting from pathogen challenge by at least about 2% to at 
least about 6%, at least about 5% to about 50%, at least about 
10% to about 60%, at least about 30% to about 70%, at least 
about 40% to about 80%, or at least about 50% to about 90% 
or greater. Hence, the methods of the invention can be utilized 
to control pests, particularly, Coleopteran plant pest or a 
Diabrotica plant pest. 
00.15 Assays that measure the control of a pest are com 
monly known in the art, as are methods to quantitate disease 
resistance in plants following pathogen infection. See, for 
example, U.S. Pat. No. 5.614.395, herein incorporated by 
reference. Such techniques include, measuring over time, the 
average lesion diameter, the pathogen biomass, and the over 
all percentage of decayed plant tissues. See, for example, 
Thomma et al. (1998) Plant Biology 95:15107-15111, herein 
incorporated by reference. See, also Baum et al. (2007) 
Nature Biotech 11:1322-1326 and WO 2007/035650 which 
proved both whole plant feeding assays and corn root feeding 
assays. Both of these references are herein incorporated by 
reference in their entirety. See, also the examples below. 
0016. The invention is drawn to compositions and meth 
ods for protecting plants from a plant pest, such as 
Coleopteran plant pests or Diabrotica plant pests or inducing 
resistance in a plant to a plant pest, such as Coleopteran plant 
pests or Diabrotica plant pests. As used herein “Coleopteran 
plant pest' is used to refer to any member of the Coleoptera 
order. 

0017. As used herein, the term “Diabrotica plant pest” is 
used to refer to any member of the Diabrotica genus. Accord 
ingly, the compositions and methods are also useful in pro 
tecting plants against any Diabrotica plant pest including, for 
example, Diabrotica adelpha, Diabrotica anecameca, 
Diabrotica balteata, Diabrotica barberi, Diabrotica biannu 
laris, Diabrotica Cristata, Diabrotica decempunctata, 
Diabrotica dissimilis, Diabrotica lemniscata, Diabrotica 
limitata (including, for example, Diabrotica limitata quinde 
cimpuncata); Diabrotica longicornis, Diabrotica nummu 
laris, Diabrotica porracea, Diabrotica scutellata, 
Diabrotica sexmaculata, Diabrotica speciosa (including, for 
example, Diabrotica speciosa speciosa); Diabrotica tibialis, 
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Diabrotica undecimpunctata (including, for example, 
Diabrotica undecimpunctata duodecimnotata, Diabrotica 
undecimpunctata howardi (spotted cucumber beetle); 
Diabrotica undecimpunctata undecimpunctata (western 
spotted cucumber beetle)); Diabrotica virgifera (including, 
for example, Diabrotica virgifera virgifera (western corn 
rootworm) and Diabrotica virgifera zeae (Mexican corn root 
worm)); Diabrotica viridula, Diabrotica wartensis, 
Diabrotica sp. JJG335; Diabrotica sp. JJG336; Diabrotica 
sp. JJG341; Diabrotica sp. JJG356: Diabrotica sp. JJG362; 
and, Diabrotica sp. JJG365. 
0018. In specific embodiments, the Diabrotica plant pest 
comprises D. virgifera virgifera, D. barberi, D. speciosa or D. 
undecimpunctata howardi. 

II. Target Sequences 

0019. As used herein, a “target sequence' or “target poly 
nucleotide' comprises any sequence in the pest that one 
desires to reduce the level of expression. In specific embodi 
ments, decreasing the level of the target sequence in the pest 
controls the pest. For instance, the target sequence can be 
essential for growth and development. While the target 
sequence can be expressed in any tissue of the pest, in specific 
embodiments, the sequences targeted for Suppression in the 
pest are expressed in cells of the gut tissue of the pest, cells in 
the midgut of the pest, and cells lining the gut lumen or the 
midgut. Such target sequences can be involved in, for 
example, gut cell metabolism, growth or differentiation. Non 
limiting examples of target sequences of the invention include 
a polynucleotide set forth in SEQID NO: 1,2,3,4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 32,33, 34, 35,36, 37,38, 39, 40, 41, 42, 
43,44, 45,46, 47, 48,49, 50, 51, 52,53,54, 55,56, 57,58, 59, 
60, 61, 62,63, 64, 65, 66, 67,68, 69,70, 71,72, 73,74, 75,76, 
77,78, 79,80, 81, 82, 83, 84,85, 86, 87, 88,89,90,91, 92,93, 
94, 95, 96, 97,98, 99, 100, 101, 102, 103,104,105,106, 107, 
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 
144, 145, 146, 147,148, 149, 150, 151, 152, 153, 154, 155, 
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 
168, 169, 170, 171, 172,173, 174, 175, 176, 177, 178, 179, 
180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 
228, 229, 230, 231,232,233,234, 235, or 236 or variants and 
fragments thereof, including, for example, nucleotides 1-380 
of SEQID NO:45; nucleotides 1-266 of SEQID NO:50:SEQ 
ID NO:50; nucleotides 1-675 of SEQID NO:37; and nucle 
otides 1-132 of SEQID NO: 40. As exemplified elsewhere 
herein, decreasing the level of expression of one or more of 
these target sequences in a Coleopteran plant pest or a 
Diabrotica plant pest controls the pest. 

III. Silencing Elements 

0020. By “silencing element” is intended a polynucleotide 
which when ingested by a pest, is capable of reducing or 
eliminating the level or expression of a target polynucleotide 
or the polypeptide encoded thereby. The silencing element 
employed can reduce or eliminate the expression level of the 
target sequence by influencing the level of the target RNA 
transcript or, alternatively, by influencing translation and 
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thereby affecting the level of the encoded polypeptide. Meth 
ods to assay for functional silencing elements that are capable 
of reducing or eliminating the level of a sequence of interest 
are disclosed elsewhere herein. A single polynucleotide 
employed in the methods of the invention can comprise one or 
more silencing elements to the same or different target poly 
nucleotides. The silencing element can be produced in vivo 
(i.e., in a host cell Such as a plant or microorganism) or in 
vitro. 

0021. In specific embodiments, the target sequence is not 
endogenous to the plant. In other embodiments, while the 
silencing element controls pests, preferably the silencing ele 
ment has no effect on the normal plant or plant part. 
0022. As discussed in further detail below, silencing ele 
ments can include, but are not limited to, a sense Suppression 
element, an antisense Suppression element, a double stranded 
RNA, a siRNA, a amiRNA, a miRNA, or a hairpin suppres 
sion element. Non-limiting examples of silencing elements 
that can be employed to decrease expression of these target 
Coleopteran plant pest sequences or Diabrotica plant pest 
sequences comprise fragments and variants of the sense or 
antisense sequence or consists of the sense or antisense 
sequence of the sequence set forth in SEQID NO: 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 
40, 41,42, 43,44, 45,46,47, 48,49, 50, 51, 52,53,54, 55,56, 
57, 58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 69,70, 71, 72,73, 
74, 75,76, 77,78, 79,80, 81, 82, 83, 84, 85,86, 87,88, 89,90, 
91, 92,93,94, 95, 96.97,98,99, 100, 101, 102,103,104,105, 
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 
178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 
226, 227, 228, 229, 230, 231, 232, 233,234, 235, 236 or a 
biologically active variant or fragment thereof, including, for 
example, nucleotides 1-380 of SEQID NO. 45: nucleotides 
1-266 of SEQID NO:50: SEQID NO:50; nucleotides 1-675 
of SEQID NO:37; and nucleotides 1-132 of SEQID NO:40. 
The silencing element can further comprise additional 
sequences that advantageously effect transcription and/or the 
stability of a resulting transcript. For example, the silencing 
elements can comprise at least one thymine residue at the 3' 
end. This can aid in stabilization. Thus, the silencing elements 
can have at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more thymine 
residues at the 3' end. As discussed in further detail below, 
enhancer Suppressor elements can also be employed in con 
junction with the silencing elements disclosed herein. 
(0023. By “reduces” or “reducing the expression levelofa 
polynucleotide or a polypeptide encoded thereby is intended 
to mean, the polynucleotide or polypeptide level of the target 
sequence is statistically lower than the polynucleotide level or 
polypeptide level of the same target sequence in an appropri 
ate control pest which is not exposed to (i.e., has notingested) 
the silencing element. In particular embodiments of the 
invention, reducing the polynucleotide level and/or the 
polypeptide level of the target sequence in a pest according to 
the invention results in less than 95%, less than 90%, less than 
80%, less than 70%, less than 60%, less than 50%, less than 
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40%, less than 30%, less than 20%, less than 10%, or less than 
5% of the polynucleotide level, or the level of the polypeptide 
encoded thereby, of the same target sequence in an appropri 
ate control pest. Methods to assay for the level of the RNA 
transcript, the level of the encoded polypeptide, or the activity 
of the polynucleotide or polypeptide are discussed elsewhere 
herein. 
0024 i. Sense Suppression Elements 
0025. As used herein, a “sense suppression element com 
prises a polynucleotide designed to express an RNA molecule 
corresponding to at least a part of a target messenger RNA in 
the “sense' orientation. Expression of the RNA molecule 
comprising the sense Suppression element reduces or elimi 
nates the level of the target polynucleotide or the polypeptide 
encoded thereby. The polynucleotide comprising the sense 
Suppression element may correspond to all or part of the 
sequence of the target polynucleotide, all or part of the 5' 
and/or 3' untranslated region of the target polynucleotide, all 
or part of the coding sequence of the target polynucleotide, or 
all or part of both the coding sequence and the untranslated 
regions of the target polynucleotide. 
0026. Typically, a sense Suppression element has Substan 

tial sequence identity to the target polynucleotide, typically 
greater than about 65% sequence identity, greater than about 
85% sequence identity, about 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98% or 99% sequence identity. See, U.S. 
Pat. Nos. 5.283,184 and 5,034.323; herein incorporated by 
reference. The sense Suppression element can be any length 
so long as it allows for the suppression of the targeted 
sequence. The sense Suppression element can be, for 
example, 15, 16, 17, 18, 19, 20, 22, 25, 30, 50, 100, 150, 200, 
250, 300, 350, 400, 450, 500, 600, 700, 900, 1000, 1100, 
1200, 1300 nucleotides or longer of the target polynucle 
otides set forth in any of SEQID NO:1-106. In other embodi 
ments, the sense Suppression element can be, for example, 
about 15-25, 19-35, 19-50, 25-100, 100-150, 150-200, 200 
250, 250-300, 300-350, 350-400, 450-500, 500-550, 550 
600, 600-650, 650-700, 700-750, 750-800, 800-850, 850 
900, 900-950,950-1000, 1000-1050, 1050-1100, 1100-1200, 
1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-1700, 
1700-1800 nucleotides or longer of the target polynucleotides 
set forth in any of SEQID NO:1-236. 
0027 ii. Antisense Suppression Elements 
0028. As used herein, an “antisense suppression element' 
comprises a polynucleotide which is designed to express an 
RNA molecule complementary to all or part of a target mes 
senger RNA. Expression of the antisense RNA suppression 
element reduces or eliminates the level of the target poly 
nucleotide. The polynucleotide for use in antisense Suppres 
sion may correspond to all or part of the complement of the 
sequence encoding the target polynucleotide, all or part of the 
complement of the 5' and/or 3' untranslated region of the 
target polynucleotide, all or part of the complement of the 
coding sequence of the target polynucleotide, or all or part of 
the complement of both the coding sequence and the untrans 
lated regions of the target polynucleotide. In addition, the 
antisense Suppression element may be fully complementary 
(i.e., 100% identical to the complement of the target 
sequence) or partially complementary (i.e., less than 100% 
identical to the complement of the target sequence) to the 
target polynucleotide. In specific embodiments, the antisense 
suppression element comprises at least 85%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence 
complementarity to the target polynucleotide. Antisense Sup 
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pression may be used to inhibit the expression of multiple 
proteins in the same plant. See, for example, U.S. Pat. No. 
5.942,657. Furthermore, the antisense suppression element 
can be complementary to a portion of the target polynucle 
otide. Generally, sequences of at least 15, 16, 17, 18, 19, 20, 
22, 25, 50, 100, 200, 300, 400, 450 nucleotides or greater of 
the sequence set forth in any of SEQ ID NO:1-236 may be 
used. Methods for using antisense Suppression to inhibit the 
expression of endogenous genes in plants are described, for 
example, in Liu et al (2002) Plant Physiol. 129:1732-1743 
and U.S. Pat. Nos. 5,759,829 and 5,942,657, each of which is 
herein incorporated by reference. 
(0029) iii. Double Stranded RNA Suppression Element 
0030. A “double stranded RNA silencing element” or 
“dsRNA comprises at least one transcript that is capable of 
forming a dsRNA either before or after ingestion by a pest. 
Thus, a “dsRNA silencing element” includes a dsRNA, a 
transcript or polyribonucleotide capable of forming a dsRNA 
or more than one transcript or polyribonucleotide capable of 
forming a dsRNA. “Double stranded RNA or “dsRNA'. 
refers to a polyribonucleotide structure formed either by a 
single self-complementary RNA molecule or a polyribo 
nucleotide structure formed by the expression of least two 
distinct RNA strands. The dsRNA molecule(s) employed in 
the methods and compositions of the invention mediate the 
reduction of expression of a target sequence, for example, by 
mediating RNA interference “RNAi’ or gene silencing in a 
sequence-specific manner. In the context of the present inven 
tion, the dsRNA is capable of reducing or eliminating the 
level or expression of a target polynucleotide or the polypep 
tide encoded thereby in a pest. 
0031. The dsRNA can reduce or eliminate the expression 
level of the target sequence by influencing the level of the 
target RNA transcript, by influencing translation and thereby 
affecting the level of the encoded polypeptide, or by influ 
encing expression at the pre-transcriptional level (i.e., via the 
modulation of chromatin structure, methylation pattern, etc., 
to alter gene expression). See, for example, Verdel et al. 
(2004) Science 303:672-676: Pal-Bhadra et al. (2004) Sci 
ence 303:669-672: Allshire (2002) Science 297: 1818-1819; 
Volpe et al. (2002) Science 297:1833-1837; Jenuwein (2002) 
Science 297:2215-2218; and Hall et al. (2002) Science 297: 
2232–2237. Methods to assay for functional dsRNA that are 
capable of reducing or eliminating the level of a sequence of 
interest are disclosed elsewhere herein. Accordingly, as used 
herein, the term “dsRNA is meant to encompass other terms 
used to describe nucleic acid molecules that are capable of 
mediating RNA interference or gene silencing, including, for 
example, short-interfering RNA (siRNA), double-stranded 
RNA (dsRNA), micro-RNA (miRNA), hairpin RNA, short 
hairpin RNA (shRNA), post-transcriptional gene silencing 
RNA (ptgsRNA), and others. 
0032. In specific embodiments, at least one strand of the 
duplex or double-stranded region of the dsRNA shares suffi 
cient sequence identity or sequence complementarity to the 
target polynucleotide to allow for the dsRNA to reduce the 
level of expression of the target sequence. As used herein, the 
Strand that is complementary to the target polynucleotide is 
the “antisense Strand’ and the Strand homologous to the target 
polynucleotide is the “sense strand.” 
0033. In another embodiment, the dsRNA comprises a 
hairpin RNA. A hairpin RNA comprises an RNA molecule 
that is capable of folding back onto itself to form a double 
stranded structure. Multiple structures can be employed as 
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hairpin elements. In specific embodiments, the dsRNA sup 
pression element comprises a hairpin element which com 
prises in the following order, a first segment, a second seg 
ment, and a third segment, where the first and the third 
segment share Sufficient complementarity to allow the tran 
scribed RNA to form a double-stranded stem-loop structure. 
0034. The “second segment of the hairpin comprises a 
“loop' or a “loop region.” These terms are used synony 
mously herein and are to be construed broadly to comprise 
any nucleotide sequence that confers enough flexibility to 
allow self-pairing to occur between complementary regions 
of a polynucleotide (i.e., segments 1 and 3 which form the 
stem of the hairpin). For example, in Some embodiments, the 
loop region may be substantially single stranded and act as a 
spacer between the self-complementary regions of the hairpin 
stem-loop. In some embodiments, the loop region can com 
prise a random or nonsense nucleotide sequence and thus not 
share sequence identity to a target polynucleotide. In other 
embodiments, the loop region comprises a sense or an anti 
sense RNA sequence or fragment thereof that shares identity 
to a target polynucleotide. See, for example, International 
Patent Publication No. WO 02/00904, herein incorporated by 
reference. In specific embodiments, the loop region can be 
optimized to be as short as possible while still providing 
enough intramolecular flexibility to allow the formation of 
the base-paired stem region. Accordingly, the loop sequence 
is generally less than 1000,900, 800, 700, 600, 500, 400,300, 
200, 100, 50, 25, 20, 19, 18, 17, 16, 15, 10 nucleotides or less. 
0035. The “first” and the “third” segment of the hairpin 
RNA molecule comprise the base-paired stem of the hairpin 
structure. The first and the third segments are inverted repeats 
of one another and share sufficient complementarity to allow 
the formation of the base-paired stem region. In specific 
embodiments, the first and the third segments are fully 
complementary to one another. Alternatively, the first and the 
third segment may be partially complementary to each other 
So long as they are capable of hybridizing to one another to 
form a base-paired stem region. The amount of complemen 
tarity between the first and the third segment can be calculated 
as a percentage of the entire segment. Thus, the first and the 
third segment of the hairpin RNA generally share at least 
50%, 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, up to and including 100% 
complementarity. 
0036. The first and the third segment are at least about 
1000, 500, 475, 450, 425,400,375, 350, 325,300, 250, 225, 
200, 175, 150, 125, 100, 75, 60, 50, 40, 30, 25, 22, 20, 19, 18, 
17, 16, 15 or 10 nucleotides in length. In specific embodi 
ments, the length of the first and/or the third segment is about 
10-100 nucleotides, about 10 to about 75 nucleotides, about 
10 to about 50 nucleotides, about 10 to about 40 nucleotides, 
about 10 to about 35 nucleotides, about 10 to about 30 nucle 
otides, about 10 to about 25 nucleotides, about 10 to about 19 
nucleotides, about 10 to about 20 nucleotides, about 19 to 
about 50 nucleotides, about 50 nucleotides to about 100 
nucleotides, about 100 nucleotides to about 150 nucleotides, 
about 100 nucleotides to about 300 nucleotides, about 150 
nucleotides to about 200 nucleotides, about 200 nucleotides 
to about 250 nucleotides, about 250 nucleotides to about 300 
nucleotides, about 300 nucleotides to about 350 nucleotides, 
about 350 nucleotides to about 400 nucleotides, about 400 
nucleotide to about 500 nucleotides, about 600 nt, about 700 
nt, about 800 nt, about 900 nt, about 1000 nt, about 1100 nt, 
about 1200 nt, 1300 nt, 1400 nt, 1500 nt, 1600 nt, 1700 nt, 
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1800 nt, 1900 nt, 2000 nt or longer. In other embodiments, the 
length of the first and/or the third segment comprises at least 
10-19 nucleotides, 10-20 nucleotides; 19-35 nucleotides, 
20-35 nucleotides; 30-45 nucleotides; 40-50 nucleotides; 
50-100 nucleotides; 100-300 nucleotides; about 500-700 
nucleotides; about 700-900 nucleotides; about 900-1100 
nucleotides; about 1300-1500 nucleotides; about 1500-1700 
nucleotides; about 1700-1900 nucleotides; about 1900-2100 
nucleotides; about 2100-2300 nucleotides; or about 2300 
2500 nucleotides. See, for example, International Publication 
No. WO 0200904. In non-limiting examples the first stem of 
the hairpin comprises nucleotides 1-380 of SEQID NO: 45: 
nucleotides 1-266 of SEQ ID NO:50; nucleotides 1-675 of 
SEQID NO:37; or nucleotides 1-132 of SEQ ID NO:40 or 
active variants and fragments thereof. In specific embodi 
ments, the first and the third segment comprise at least 20 
nucleotides having at least 85% complementary to the first 
segment. In still other embodiments, the first and the third 
segments which form the stem-loop structure of the hairpin 
comprises 3' or 5' overhang regions having unpaired nucle 
otide residues. 

0037. In specific embodiments, the sequences used in the 
first, the second, and/or the third segments comprise domains 
that are designed to have sufficient sequence identity to a 
target polynucleotide of interest and thereby have the ability 
to decrease the level of expression of the target polynucle 
otide. The specificity of the inhibitory RNA transcripts is 
therefore generally conferred by these domains of the silenc 
ing element. Thus, in some embodiments of the invention, the 
first, second and/or third segment of the silencing element 
comprise a domain having at least 10, at least 15, at least 19, 
at least 20, at least 21, at least 22, at least 23, at least 24, at least 
25, at least 30, at least 40, at least 50, at least 100, at least 200, 
at least 300, at least 500, at least 1000, or more than 1000 
nucleotides that share sufficient sequence identity to the tar 
get polynucleotide to allow for a decrease in expression levels 
of the target polynucleotide when expressed in an appropriate 
cell. In other embodiments, the domain is between about 15 to 
50 nucleotides, about 19-35 nucleotides, about 20-35 nucle 
otides, about 25-50 nucleotides, about 19 to 75 nucleotides, 
about 20 to 75 nucleotides, about 40-90 nucleotides about 
15-100 nucleotides 10-100 nucleotides, about 10 to about 75 
nucleotides, about 10 to about 50 nucleotides, about 10 to 
about 40 nucleotides, about 10 to about 35 nucleotides, about 
10 to about 30 nucleotides, about 10 to about 25 nucleotides, 
about 10 to about 20 nucleotides, about 10 to about 19 nucle 
otides, about 50 nucleotides to about 100 nucleotides, about 
100 nucleotides to about 150 nucleotides, about 150 nucle 
otides to about 200 nucleotides, about 200 nucleotides to 
about 250 nucleotides, about 250 nucleotides to about 300 
nucleotides, about 300 nucleotides to about 350 nucleotides, 
about 350 nucleotides to about 400 nucleotides, about 400 
nucleotide to about 500 nucleotides or longer. In other 
embodiments, the length of the first and/or the third segment 
comprises at least 10-20 nucleotides, at least 10-19 nucle 
otides, 20-35 nucleotides, 30-45 nucleotides, 40-50 nucle 
otides, 50-100 nucleotides, or about 100-300 nucleotides. 
0038. In specific embodiments, the domain of the first, the 
second, and/or the third segment has 100% sequence identity 
to the target polynucleotide. In other embodiments, the 
domain of the first, the second and/or the third segment hav 
ing homology to the target polypeptide have at least 50%, 
60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%.97%, 98%, 99%, or greater sequence identity to a region 
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of the target polynucleotide. The sequence identity of the 
domains of the first, the second and/or the third segments to 
the target polynucleotide need only be sufficient to decrease 
expression of the target polynucleotide of interest. See, for 
example, Chuang and Meyerowitz (2000) Proc. Natl. Acad. 
Sci. USA 97:4985-4990; Stoutesdijk et al. (2002) Plant 
Physiol. 129: 1723-1731: Waterhouse and Helliwell (2003) 
Nat. Rev. Genet. 4:29-38; Pandolfini et al. BMC Biotechnol 
ogy 3:7, and U.S. Patent Publication No. 20030175965; each 
of which is herein incorporated by reference. A transient 
assay for the efficiency of hpRNA constructs to silence gene 
expression in vivo has been described by Panstruga et al. 
(2003) Mol. Biol. Rep. 30:135-140, herein incorporated by 
reference. 

0039. The amount of complementarity shared between the 
first, second, and/or third segment and the target polynucle 
otide or the amount of complementarity shared between the 
first segment and the third segment (i.e., the stem of the 
hairpin structure) may vary depending on the organism in 
which gene expression is to be controlled. Some organisms or 
cell types may require exact pairing or 100% identity, while 
other organisms or cell types may tolerate some mismatching. 
In some cells, for example, a single nucleotide mismatch in 
the targeting sequence abrogates the ability to Suppress gene 
expression. In these cells, the Suppression cassettes of the 
invention can be used to target the Suppression of mutant 
genes, for example, oncogenes whose transcripts comprise 
point mutations and therefore they can be specifically tar 
geted using the methods and compositions of the invention 
without altering the expression of the remaining wild-type 
allele. 

0040 Any region of the target polynucleotide can be used 
to design the domain of the silencing element that shares 
Sufficient sequence identity to allow expression of the hairpin 
transcript to decrease the level of the target polynucleotide. 
For instance, the domain can be designed to share sequence 
identity to the 5' untranslated region of the target polynucle 
otide(s), the 3' untranslated region of the target polynucle 
otide(s), exonic regions of the target polynucleotide(s), 
intronic regions of the target polynucleotide(s), and any com 
bination thereof. In specific embodiments, a domain of the 
silencing element shares sufficient homology to at least about 
15, 16, 17, 18, 19, 20, 22, 25 or 30 consecutive nucleotides 
from about nucleotides 1-50, 25-75, 75-125, 50-100, 125 
175, 175-225, 100-150, 150-200, 200-250, 225-275, 275 
325, 250-300, 325-375, 375-425, 300-350, 350-400, 425 
475, 400-450, 475-525, 450-500, 525-575, 575-625, 550 
600, 625-675, 675-725, 600-650, 625-675, 675-725, 650 
700, 725-825, 825-875, 750-800, 875-925, 925-975, 850 
900, 925-975,975-1025,950-1000, 1000-1050, 1025-1075, 
1075-1125, 1050-1100, 1125-1175, 1100-1200, 1175-1225, 
1225-1275, 1200-1300, 1325-1375, 1375-1425, 1300-1400, 
1425-1475, 1475-1525, 1400-1500, 1525-1575, 1575-1625, 
1625-1675, 1675-1725, 1725-1775, 1775-1825, 1825-1875, 
1875-1925, 1925-1975, 1975-2025, 2025-2075, 2075-2125, 
2125-2175, 2175-2225, 1500-1600, 1600-1700, 1700-1800, 
1800-1900, 1900-2000 of the target sequence. In some 
instances to optimize the siRNA sequences employed in the 
hairpin, the synthetic oligodeoxyribonucleotide/RNAse H 
method can be used to determine sites on the target mRNA 
that are in a conformation that is susceptible to RNA silenc 
ing. See, for example, Vickers et al. (2003) J. Biol. Chem. 
278:7108-7118 and Yang et al. (2002) Proc. Natl. Acad. Sci. 
USA99:9442-9447, herein incorporated by reference. These 
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studies indicate that there is a significant correlation between 
the RNase-H-sensitive sites and sites that promote efficient 
siRNA-directed mRNA degradation. 
0041. The hairpin silencing element may also be designed 
Such that the sense sequence or the antisense sequence do not 
correspond to a target polynucleotide. In this embodiment, 
the sense and antisense sequence flank a loop sequence that 
comprises a nucleotide sequence corresponding to all or part 
of the target polynucleotide. Thus, it is the loop region that 
determines the specificity of the RNA interference. See, for 
example, WO 02/00904, herein incorporated by reference. 
0042. In addition, transcriptional gene silencing (TGS) 
may be accomplished through use of a hairpin Suppression 
element where the inverted repeat of the hairpin shares 
sequence identity with the promoter region of a target poly 
nucleotide to be silenced. See, for example, Aufsatz et al. 
(2002) PNAS 99 (Suppl. 4): 16499-16506 and Mette et al. 
(2000) EMBOJ 19(19):5194-5201. In other embodiments, 
the dsRNA can comprise a small RNA (sRNA). sRNAs can 
comprise both micro RNA (miRNA) and short-interfering 
RNA (siRNA) (Meister and Tuschl (2004) Nature 431:343 
349 and Bonetta et al. (2004) Nature Methods 1:79-86). miR 
NAS are regulatory agents comprising about 19 ribonucle 
otides which are highly efficient at inhibiting the expression 
of target polynucleotides. See, for example Javier et al. (2003) 
Nature 425: 257-263, herein incorporated by reference. For 
miRNA interference, the silencing element can be designed 
to express a dsRNA molecule that forms a hairpin structure 
containing a 19-nucleotide sequence that is complementary 
to the target polynucleotide of interest. The miRNA can be 
synthetically made, or transcribed as a longer RNA which is 
subsequently cleaved to produce the active miRNA. Specifi 
cally, the miRNA can comprise 19 nucleotides of the 
sequence having homology to a target polynucleotide in sense 
orientation and 19 nucleotides of a corresponding antisense 
sequence that is complementary to the sense sequence. 
0043. When expressing an miRNA, it is recognized that 
various forms of an miRNA can be transcribed including, for 
example, the primary transcript (termed the “pri-miRNA) 
which is processed through various nucleolytic steps to a 
shorter precursor miRNA (termed the “pre-miRNA); the 
pre-miRNA; or the final (mature) miRNA is present in a 
duplex, the two strands being referred to as the miRNA (the 
strand that will eventually basepair with the target) and 
miRNA*. The pre-miRNA is a substrate for a form of dicer 
that removes the miRNA/miRNA duplex from the precur 
sor, after which, similarly to siRNAs, the duplex can be taken 
into the RISC complex. It has been demonstrated that miR 
NAs can be transgenically expressed and be effective through 
expression of a precursor form, rather than the entire primary 
form (Parizotto et al. (2004) Genes & Development 18:2237 
2242 and Guo et al. (2005) Plant Cell 17:1376-1386). 
0044) The methods and compositions of the invention 
employ silencing elements that when transcribed “form a 
dsRNA molecule. Accordingly, the heterologous polynucle 
otide being expressed need not form the dsRNA by itself, but 
can interact with other sequences in the plant cellor in the pest 
gut after ingestion to allow the formation of the dsRNA. For 
example, a chimeric polynucleotide that can selectively 
silence the target polynucleotide can be generated by express 
ing a chimeric construct comprising the target sequence for a 
miRNA or siRNA to a sequence corresponding to all or part of 
the gene or genes to be silenced. In this embodiment, the 
dsRNA is “formed” when the target for the miRNA or siRNA 
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interacts with the miRNA present in the cell. The resulting 
dsRNA can then reduce the level of expression of the gene or 
genes to be silenced. See, for example, US Application Pub 
lication 2007-0130653, entitled “Methods and Compositions 
for Gene Silencing, herein incorporated by reference. The 
construct can be designed to have a target for an endogenous 
miRNA or alternatively, a target for a heterologous and/or 
synthetic miRNA can be employed in the construct. If a 
heterologous and/or synthetic miRNA is employed, it can be 
introduced into the cell on the same nucleotide construct as 
the chimeric polynucleotide or on a separate construct. As 
discussed elsewhere herein, any method can be used to intro 
duce the construct comprising the heterologous miRNA. 

IV. Variants and Fragments 
0045. By “fragment' is intended a portion of the poly 
nucleotide or a portion of the amino acid sequence and hence 
protein encoded thereby. Fragments of a polynucleotide may 
encode protein fragments that retain the biological activity of 
the native protein. Alternatively, fragments of a polynucle 
otide that are useful as a silencing element do not need to 
encode fragment proteins that retain biological activity. Thus, 
fragments of a nucleotide sequence may range from at least 
about 10, about 15, about 19 nucleotides, about 20 nucle 
otides, about 22 nucleotides, about 50 nucleotides, about 75 
nucleotides, about 100 nucleotides, 200 nucleotides, 300 
nucleotides, 400 nucleotides, 500 nucleotides, 600 nucle 
otides, 700 nucleotides and up to the full-length polynucle 
otide employed in the invention. Alternatively, fragments of a 
nucleotide sequence may range from 1-50, 25-75, 75-125, 
50-100, 125-175, 175-225, 100-150, 100-300, 150-200, 200 
250, 225-275, 275-325, 250-300, 325-375, 375-425, 300 
350, 350-400, 425-475, 400-450, 475-525, 450-500, 525 
575, 575-625, 550-600, 625-675, 675-725, 600-650, 625 
675, 675-725, 650-700, 725-825, 825-875, 750-800, 875 
925,925-975,850-900,925-975,975-1025,950-1000, 1000 
1050, 1025-1075, 1075-1125, 1050-1100, 1125-1175, 1100 
1200, 1175-1225, 1225-1275, 1200-1300, 1325-1375, 1375 
1425, 1300-1400, 1425-1475, 1475-1525, 1400-1500, 1525 
1575, 1575-1625, 1625-1675, 1675-1725, 1725-1775, 1775 
1825, 1825-1875, 1875-1925, 1925-1975, 1975-2025, 2025 
2075, 2075-2125, 2125-2175, 2175-2225, 1500-1600, 1600 
1700, 1700-1800, 1800-1900, 1900-2000 of any one of SEQ 
ID NO: 1-236. Methods to assay for the activity of a desired 
silencing element are described elsewhere herein. 
0046) “Variants” is intended to mean substantially similar 
sequences. For polynucleotides, a variant comprises a dele 
tion and/or addition of one or more nucleotides at one or more 
internal sites within the native polynucleotide and/or a sub 
stitution of one or more nucleotides at one or more sites in the 
native polynucleotide. A variant of a polynucleotide that is 
useful as a silencing element will retain the ability to reduce 
expression of the target polynucleotide and, in some embodi 
ments, thereby control a pest of interest. As used herein, a 
“native' polynucleotide or polypeptide comprises a naturally 
occurring nucleotide sequence or amino acid sequence, 
respectively. For polynucleotides, conservative variants 
include those sequences that, because of the degeneracy of 
the genetic code, encode the amino acid sequence of one of 
the polypeptides employed in the invention. Variant poly 
nucleotides also include synthetically derived polynucle 
otide, Such as those generated, for example, by using site 
directed mutagenesis, but continue to retain the desired 
activity. Generally, variants of a particular polynucleotide of 
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the invention (i.e., a silencing element) will have at least about 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
more sequence identity to that particular polynucleotide as 
determined by sequence alignment programs and parameters 
described elsewhere herein. 
0047 Variants of a particular polynucleotide of the inven 
tion (i.e., the reference polynucleotide) can also be evaluated 
by comparison of the percent sequence identity between the 
polypeptide encoded by a variant polynucleotide and the 
polypeptide encoded by the reference polynucleotide. Per 
cent sequence identity between any two polypeptides can be 
calculated using sequence alignment programs and param 
eters described elsewhere herein. Where any given pair of 
polynucleotides employed in the invention is evaluated by 
comparison of the percent sequence identity shared by the 
two polypeptides they encode, the percent sequence identity 
between the two encoded polypeptides is at least about 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more 
sequence identity. 
0048. The following terms are used to describe the 
sequence relationships between two or more polynucleotides 
or polypeptides: (a) “reference sequence', (b) “comparison 
window', (c) “sequence identity, and, (d) "percentage of 
sequence identity.” 
0049 (a) As used herein, “reference sequence' is a defined 
sequence used as a basis for sequence comparison. A refer 
ence sequence may be a subset or the entirety of a specified 
sequence; for example, as a segment of a full-length cDNA or 
gene sequence, or the complete cDNA or gene sequence. 
0050 (b) As used herein, "comparison window makes 
reference to a contiguous and specified segment of a poly 
nucleotide sequence, wherein the polynucleotide sequence in 
the comparison window may comprise additions or deletions 
(i.e., gaps) compared to the reference sequence (which does 
not comprise additions or deletions) for optimal alignment of 
the two polynucleotides. Generally, the comparison window 
is at least 20 contiguous nucleotides in length, and optionally 
can be 30, 40, 50, 100, or longer. Those of skill in the art 
understand that to avoid a high similarity to a reference 
sequence due to inclusion of gaps in the polynucleotide 
sequence a gap penalty is typically introduced and is Sub 
tracted from the number of matches. 
0051. Unless otherwise stated, sequence identity/similar 
ity values provided herein refer to the value obtained using 
GAP Version 10 using the following parameters: % identity 
and% similarity for a nucleotide sequence using GAPWeight 
of 50 and Length Weight of 3, and the nwsgapdna.cmp scor 
ing matrix; % identity and % similarity for an amino acid 
sequence using GAPWeight of 8 and Length Weight of 2, and 
the BLOSUM62 scoring matrix; or any equivalent program 
thereof. By “equivalent program' is intended any sequence 
comparison program that, for any two sequences in question, 
generates an alignment having identical nucleotide or amino 
acid residue matches and an identical percent sequence iden 
tity when compared to the corresponding alignment gener 
ated by GAP Version 10. 
0.052 (c) As used herein, “sequence identity” or “identity” 
in the context of two polynucleotides or polypeptide 
sequences makes reference to the residues in the two 
sequences that are the same when aligned for maximum cor 
respondence over a specified comparison window. When per 
centage of sequence identity is used in reference to proteins it 
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is recognized that residue positions which are not identical 
often differ by conservative amino acid substitutions, where 
amino acid residues are Substituted for other amino acid resi 
dues with similar chemical properties (e.g., charge or hydro 
phobicity) and therefore do not change the functional prop 
erties of the molecule. When sequences differ in conservative 
Substitutions, the percent sequence identity may be adjusted 
upwards to correct for the conservative nature of the substi 
tution. Sequences that differ by such conservative substitu 
tions are said to have “sequence similarity” or “similarity”. 
Means for making this adjustment are well known to those of 
skill in the art. Typically this involves scoring a conservative 
substitution as a partial rather than a full mismatch, thereby 
increasing the percentage sequence identity. Thus, for 
example, where an identical amino acid is given a score of 1 
and a non-conservative substitution is given a score of Zero, a 
conservative Substitution is given a score between Zero and 1. 
The scoring of conservative substitutions is calculated, e.g., 
as implemented in the program PC/GENE (Intelligenetics, 
Mountain View, Calif.). 
0053 (d) As used herein, “percentage of sequence iden 

tity” means the value determined by comparing two optimally 
aligned sequences over a comparison window, wherein the 
portion of the polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as 
compared to the reference sequence (which does not com 
prise additions or deletions) for optimal alignment of the two 
sequences. The percentage is calculated by determining the 
number of positions at which the identical nucleic acid base or 
amino acid residue occurs in both sequences to yield the 
number of matched positions, dividing the number of 
matched 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. 
0054. A method is further provided for identifying a 
silencing element from the target polynucleotides set froth in 
SEQID NO:1-236. Such methods comprise obtaining a can 
didate fragment of any one of SEQID NO:1-236 which is of 
Sufficient length to act as a silencing element and thereby 
reduce the expression of the target polynucleotide and/or 
control a desired pest: expressing said candidate polynucle 
otide fragment in an appropriate expression cassette to pro 
duce a candidate silencing element and determining is said 
candidate polynucleotide fragment has the activity of a 
silencing element and thereby reduce the expression of the 
target polynucleotide and/or controls a desired pest. Methods 
of identifying Such candidate fragments based on the desired 
pathway for Suppression are known. For example, various 
bioinformatics programs can be employed to identify the 
region of the target polynucleotides that could be exploited to 
generate a silencing element. See, for example, Elbahir et al. 
(2001) Genes and Development 15:188-200, Schwartz et al. 
(2003) Cell 115:199-208, Khvorova et al. (2003) Cell 115: 
209-216. See also, siRNA at Whitehead (jura.wi.mit.edu/ 
bioc/siRNAext/) which calculates the binding energies for 
both sense and antisense siRNAS. See, also genscript.com/ 
ssil-bin/app/rnail?op=known; Block-iTTM RNAi designer 
from Invitrogen and GenScript siRNA Construct Builder. 

V. DNA Constructs 

0055. The use of the term “polynucleotide' is not intended 
to limit the present invention to polynucleotides comprising 
DNA. Those of ordinary skill in the art will recognize that 
polynucleotides can comprise ribonucleotides and combina 
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tions of ribonucleotides and deoxyribonucleotides. Such 
deoxyribonucleotides and ribonucleotides include both natu 
rally occurring molecules and synthetic analogues. The poly 
nucleotides of the invention also encompass all forms of 
sequences including, but not limited to, single-stranded 
forms, double-stranded forms, hairpins, stem-and-loop struc 
tures, and the like. 
0056. The polynucleotide encoding the silencing element 
or in specific embodiments employed in the methods and 
compositions of the invention can be provided in expression 
cassettes for expression in a plant or organism of interest. It is 
recognized that multiple silencing elements including mul 
tiple identical silencing elements, multiple silencing ele 
ments targeting different regions of the target sequence, or 
multiple silencing elements from different target sequences 
can be used. In this embodiment, it is recognized that each 
silencing element can be contained in a single or separate 
cassette, DNA construct, or vector. As discussed, any means 
of providing the silencing element is contemplated. A plant or 
plant cell can be transformed with a single cassette compris 
ing DNA encoding one or more silencing elements or sepa 
rate cassettes comprising each silencing element can be used 
to transform a plant or plant cell or host cell. Likewise, a plant 
transformed with one component can be Subsequently trans 
formed with the second component. One or more silencing 
elements can also be brought together by sexual crossing. 
That is, a first plant comprising one component is crossed 
with a second plant comprising the second component. Prog 
eny plants from the cross will comprise both components. 
0057 The expression cassette can include 5' and 3' regu 
latory sequences operably linked to the polynucleotide of the 
invention. “Operably linked' is intended to mean a functional 
linkage between two or more elements. For example, an oper 
able linkage between a polynucleotide of the invention and a 
regulatory sequence (i.e., a promoter) is a functional link that 
allows for expression of the polynucleotide of the invention. 
Operably linked elements may be contiguous or non-contigu 
ous. When used to refer to the joining of two protein coding 
regions, by operably linked is intended that the coding regions 
are in the same reading frame. The cassette may additionally 
contain at least one additional polynucleotide to be cotrans 
formed into the organism. Alternatively, the additional 
polypeptide(s) can be provided on multiple expression cas 
settes. Expression cassettes can be provided with a plurality 
of restriction sites and/or recombination sites for insertion of 
the polynucleotide to be under the transcriptional regulation 
of the regulatory regions. The expression cassette may addi 
tionally contain selectable marker genes. 
0058. The expression cassette can include in the 5'-3' 
direction of transcription, a transcriptional and translational 
initiation region (i.e., a promoter), a polynucleotide compris 
ing the silencing element employed in the methods and com 
positions of the invention, and a transcriptional and transla 
tional termination region (i.e., termination region) functional 
in plants. In other embodiment, the double stranded RNA is 
expressed from a Suppression cassette. Such a cassette can 
comprise two convergent promoters that drive transcription 
of an operably linked silencing element. "Convergent pro 
moters' refers to promoters that are oriented on either termi 
nus of the operably linked silencing element such that each 
promoter drives transcription of the silencing element in 
opposite directions, yielding two transcripts. In such embodi 
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ments, the convergent promoters allow for the transcription of 
the sense and anti-sense Strand and thus allow for the forma 
tion of a dsRNA. 
0059. The regulatory regions (i.e., promoters, transcrip 
tional regulatory regions, and translational termination 
regions) and/or the polynucleotides employed in the inven 
tion may be native/analogous to the host cell or to each other. 
Alternatively, the regulatory regions and/or the polynucle 
otide employed in the invention may be heterologous to the 
host cell or to each other. As used herein, "heterologous' in 
reference to a sequence is a sequence that originates from a 
foreign species, or, if from the same species, is Substantially 
modified from its native form in composition and/or genomic 
locus by deliberate human intervention. For example, a pro 
moter operably linked to a heterologous polynucleotide is 
from a species different from the species from which the 
polynucleotide was derived, or, if from the same/analogous 
species, one or both are substantially modified from their 
original form and/or genomic locus, or the promoter is not the 
native promoter for the operably linked polynucleotide. As 
used herein, a chimeric gene comprises a coding sequence 
operably linked to a transcription initiation region that is 
heterologous to the coding sequence. 
0060. The termination region may be native with the tran 
Scriptional initiation region, may be native with the operably 
linked polynucleotide encoding the silencing element, may 
be native with the plant host, or may be derived from another 
Source (i.e., foreign or heterologous) to the promoter, the 
polynucleotide comprising silencing element, the plant host, 
or any combination thereof. Convenient termination regions 
are available from the Ti-plasmid of A. tumefaciens, such as 
the octopine synthase and nopaline synthase termination 
regions. See also Guerineau et al. (1991) Mol. Gen. Genet. 
262:141-144; Proudfoot (1991) Cell 64:671-674; Sanfaconet 
al. (1991) Genes Dev. 5:141-149; Mogen et al. (1990) Plant 
Cell 2:1261-1272; Munroe et al. (1990) Gene 91:151-158: 
Ballas et al. (1989) Nucleic Acids Res. 17:7891-7903; and 
Joshi et al. (1987) Nucleic Acids Res. 15:9627-9639. 
0061 Additional sequence modifications are known to 
enhance gene expression in a cellular host. These include 
elimination of sequences encoding spurious polyadenylation 
signals, exon-intron splice site signals, transposon-like 
repeats, and other such well-characterized sequences that 
may be deleterious to gene expression. The G-C content of the 
sequence may be adjusted to levels average for a given cellu 
lar host, as calculated by reference to known genes expressed 
in the host cell. When possible, the sequence is modified to 
avoid predicted hairpin secondary mRNA structures. 
0062. In preparing the expression cassette, the various 
DNA fragments may be manipulated, so as to provide for the 
DNA sequences in the proper orientation and, as appropriate, 
in the proper reading frame. Toward this end, adapters or 
linkers may be employed to join the DNA fragments or other 
manipulations may be involved to provide for convenient 
restriction sites, removal of superfluous DNA, removal of 
restriction sites, or the like. For this purpose, in vitro 
mutagenesis, primer repair, restriction, annealing, resubstitu 
tions, e.g., transitions and transversions, may be involved. 
0063 A number of promoters can be used in the practice of 
the invention. The polynucleotide encoding the silencing ele 
ment can be combined with constitutive, tissue-preferred, or 
other promoters for expression in plants. 
0064. Such constitutive promoters include, for example, 
the core promoter of the Rsyn? promoter and other constitu 
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tive promoters disclosed in WO99/43838 and U.S. Pat. No. 
6,072,050; the core CaMV 35S promoter (Odellet al. (1985) 
Nature 313:810-812); rice actin (McElroy et al. (1990) Plant 
Cell 2:163-171); ubiquitin (Christensen et al. (1989) Plant 
Mol. Biol. 12:619-632 and Christensen et al. (1992) Plant 
Mol. Biol. 18:675-689); pEMU (Last et al. (1991) Theor: 
Appl. Genet. 81:581–588); MAS (Velten et al. (1984) EMBO 
J. 3:2723-2730); ALS promoter (U.S. Pat. No. 5,659,026), 
and the like. Other constitutive promoters include, for 
example, U.S. Pat. Nos. 5,608,149; 5,608,144; 5,604,121: 
5,569,597; 5,466,785; 5,399,680: 5,268,463; 5,608,142; and 
6,177,611. 
0065. An inducible promoter, for instance, a pathogen 
inducible promoter could also be employed. Such promoters 
include those from pathogenesis-related proteins (PR pro 
teins), which are induced following infection by a pathogen; 
e.g., PR proteins, SAR proteins, beta-1,3-glucanase, chiti 
nase, etc. See, for example, Redolfi et al. (1983) Neth, J. Plant 
Pathol. 89:245-254; Uknes et al. (1992) Plant Cell 4:645 
656; and Van Loon (1985) Plant Mol. Virol. 4:111-116. See 
also WO99/43819, herein incorporated by reference. 
0066. Additionally, as pathogens find entry into plants 
through wounds or insect damage, a wound-inducible pro 
moter may be used in the constructions of the invention. Such 
wound-inducible promoters include potato proteinase inhibi 
tor (pin II) gene (Ryan (1990) Ann. Rev. Phytopath. 28:425 
449: Duan et al. (1996) Nature Biotechnology 14:494-498); 
wun1 and wun2, U.S. Pat. No. 5,428, 148; win1 and win2 
(Stanford et al. (1989) Mol. Gen. Genet. 215:200-208); sys 
temin (McGurlet al. (1992) Science 225:1570-1573); WIP1 
(Rohmeier et al. (1993) Plant Mol. Biol. 22:783-792: Eck 
elkamp et al. (1993) FEBS Letters 323:73-76); MPI gene 
(Corderok et al. (1994) Plant J. 6(2):141-150); and the like, 
herein incorporated by reference. 
0067 Chemical-regulated promoters can be used to 
modulate the expression of a gene in a plant through the 
application of an exogenous chemical regulator. Depending 
upon the objective, the promoter may be a chemical-inducible 
promoter, where application of the chemical induces gene 
expression, or a chemical-repressible promoter, where appli 
cation of the chemical represses gene expression. Chemical 
inducible promoters are known in the art and include, but are 
not limited to, the maize In2-2 promoter, which is activated by 
benzenesulfonamide herbicide safeners, the maize GST pro 
moter, which is activated by hydrophobic electrophilic com 
pounds that are used as pre-emergent herbicides, and the 
tobacco PR-1a promoter, which is activated by salicylic acid. 
Other chemical-regulated promoters of interest include ste 
roid-responsive promoters (see, for example, the glucocorti 
coid-inducible promoter in Schena et al. (1991) Proc. Natl. 
Acad. Sci. USA 88:10421-10425 and McNellis et al. (1998) 
Plant J. 14(2):247-257) and tetracycline-inducible and tetra 
cycline-repressible promoters (see, for example, Gatz et al. 
(1991) Mol. Gen. Genet. 227:229-237, and U.S. Pat. Nos. 
5,814,618 and 5,789,156), herein incorporated by reference. 
0068 Tissue-preferred promoters can be utilized to target 
enhanced expression within a particular plant tissue. Tissue 
preferred promoters include Yamamoto et al. (1997) Plant J. 
12(2):255-265; Kawamata et al. (1997) Plant Cell Physiol. 
38(7):792-803; Hansen et al. (1997) Mol. Gen Genet. 254(3): 
337-343; Russellet al. (1997) Transgenic Res. 6(2):157-168: 
Rinehart et al. (1996) Plant Physiol. 112(3):1331-1341; Van 
Camp et al. (1996) Plant Physiol. 112(2):525-535; Canevas 
cini et al. (1996) Plant Physiol. 112(2):513-524; Yamamoto 
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et al. (1994) Plant Cell Physiol. 35(5):773-778; Lam (1994) 
Results Probl. Cell Differ. 20:181-196; Orozco et al. (1993) 
Plant Mol Biol. 23(6):1129-1138; Matsuoka et al. (1993) 
Proc Natl. Acad. Sci. USA 90(20):9586-9590; and Guevara 
Garcia et al. (1993) Plant J. 4(3):495-505. Such promoters 
can be modified, if necessary, for weak expression. 
0069 Leaf-preferred promoters are known in the art. See, 
for example, Yamamoto et al. (1997) Plant J. 12(2):255-265; 
Kwon et al. (1994) Plant Physiol. 105:357-67: Yamamoto et 
al. (1994) Plant Cell Physiol. 35(5):773-778; Gotor et al. 
(1993) Plant J. 3:509-18; Orozco et al. (1993) Plant Mol. 
Biol. 23(6):1129-1138; and Matsuoka et al. (1993) Proc. 
Natl. Acad. Sci. USA 90(20):9586-9590. 
0070 Root-preferred promoters are known and can be 
selected from the many available from the literature or iso 
lated de novo from various compatible species. See, for 
example, Hire et al. (1992) Plant Mol. Biol. 20(2):207-218 
(Soybean root-specific glutamine synthetase gene); Keller 
and Baumgartner (1991) Plant Cell 3(10): 1051-1061 (root 
specific control element in the GRP 1.8 gene of French bean); 
Sanger et al. (1990) Plant Mol. Biol. 14(3):433-443 (root 
specific promoter of the mannopine synthase (MAS) gene of 
Agrobacterium tumefaciens); and Miao et al. (1991) Plant 
Cell 3(1):11-22 (full-length cDNA clone encoding cytosolic 
glutamine synthetase (GS), which is expressed in roots and 
root nodules of soybean). See also Bogusz et al. (1990) Plant 
Cell 207):633-641, where two root-specific promoters iso 
lated from hemoglobin genes from the nitrogen-fixing non 
legume Parasponia andersonii and the related non-nitrogen 
fixing nonlegume Trema tomentosa are described. The 
promoters of these genes were linked to a B-glucuronidase 
reporter gene and introduced into both the nonlegume Nic 
Otiana tabacum and the legume Lotus corniculatus, and in 
both instances root-specific promoteractivity was preserved. 
Leach and Aoyagi (1991) describe their analysis of the pro 
moters of the highly expressed rolC and roll D root-inducing 
genes of Agrobacterium rhizogenes (see Plant Science (Lim 
erick) 79(1):69-76). They concluded that enhancer and tis 
sue-preferred DNA determinants are dissociated in those pro 
moters. Teeri et al. (1989) used gene fusion to lacZ to show 
that the Agrobacterium T-DNA gene encoding octopine Syn 
thase is especially active in the epidermis of the root tip and 
that the TR2 gene is root specific in the intact plant and 
stimulated by wounding in leaf tissue, an especially desirable 
combination of characteristics for use with an insecticidal or 
larvicidal gene (see EMBO.J. 8(2):343-350). The TR1' gene, 
fused to nptII (neomycin phosphotransferase II) showed 
similar characteristics. Additional root-preferred promoters 
include the VfBNOD-GRP3 gene promoter (Kuster et al. 
(1995) Plant Mol. Biol. 29(4):759-772); and rolB promoter 
(Capana et al. (1994) Plant Mol. Biol. 25(4):681-691. See 
also U.S. Pat. Nos. 5,837,876; 5,750,386; 5,633,363; 5,459, 
252: 5,401,836; 5,110,732; and 5,023,179. 
0071. In one embodiment of this invention the plant-ex 
pressed promoter is a vascular-specific promoter Such as a 
phloem-specific promoter. A "vascular-specific promoter, as 
used herein, is a promoter which is at least expressed in 
vascular cells, or a promoter which is preferentially expressed 
in vascular cells. Expression of a vascular-specific promoter 
need not be exclusively in vascular cells, expression in other 
cell types or tissues is possible. A "phloem-specific pro 
moter” as used herein, is a plant-expressible promoter which 
is at least expressed in phloem cells, or a promoter which is 
preferentially expressed in phloem cells. 

Mar. 3, 2011 

0072 Expression of a phloem-specific promoter need not 
be exclusively in phloem cells, expression in other cell types 
or tissues, e.g., xylem tissue, is possible. In one embodiment 
of this invention, a phloem-specific promoter is a plant-ex 
pressible promoter at least expressed in phloem cells, wherein 
the expression in non-phloem cells is more limited (or absent) 
compared to the expression in phloem cells. Examples of 
Suitable vascular-specific or phloem-specific promoters in 
accordance with this invention include but are not limited to 
the promoters selected from the group consisting of the 
SCSV3, SCSV4, SCSV5, and SCSV7 promoters (Schun 
mann et al. (2003) Plant Functional Biology 30:453-60; the 
rolCgene promoter of Agrobacterium rhizogenes (Kiyokawa 
et al. (1994) Plant Physiology 104:801-02: Pandolfini et al. 
(2003) BioMedCentral (BMC) Biotechnology 3:7, (www. 
biomedcentral.com/1472-6750/3/7); Graham et al. (1997) 
Plant Mol. Biol. 33:729-35; Guivarc'het al. (1996); Almonet 
al. (1997) Plant Physiol. 115:1599-607; the rolA gene pro 
moter of Agrobacterium rhizogenes (Dehio et al. (1993) Plant 
Mol. Biol. 23:1199-210); the promoter of the Agrobacterium 
tumefaciens T-DNA gene 5 (Korber et al. (1991) EMBO.J. 
10:3983-91); the rice sucrose synthase RSS1 gene promoter 
(Shi et al. (1994) J. Exp. Bot. 45:623–31); the CoYMV or 
Commelina yellow mottle badnavirus promoter (Medberry et 
al. (1992) Plant Cell 4:185-92; Zhou et al. (1998) Chin. J. 
Biotechnol. 14:9-16); the CFDV or coconut foliar decay virus 
promoter (Rohde et al. (1994) Plant Mol. Biol. 27.623-28; 
Helm and Rhode (1998) J. Gen. Virol. 79: 1495-99); the 
RTBV or rice tungro bacilliform virus promoter (Yin and 
Beachy (1995) Plant J. 7:969-80; Yin et al. (1997) Plant J. 
12:1179-80); the pea glutamin synthase GS3A gene (Ed 
wards et al. (1990) Proc. Natl. Acad. Sci. USA 87:3459-63: 
Brears et al. (1991) Plant J. 1:235-44); the inv CD111 and inv 
CD141 promoters of the potato invertase genes (Hedley et al. 
(2000).J. Exp. Botany 51:817-21); the promoter isolated from 
Arabidopsis shown to have phloem-specific expression in 
tobacco by Kertbunditetal. (1991) Proc. Natl. Acad. Sci. USA 
88:5212-16); the VAHOX1 promoter region (Tornero et al. 
(1996) Plant J. 9:639-48); the pea cell wall invertase gene 
promoter (Zhang et al. (1996) Plant Physiol. 112:1111-17); 
the promoter of the endogenous cotton protein related to 
chitinase of US published patent application 20030106097, 
an acid invertase gene promoter from carrot (Ramloch 
Lorenz et al. (1993) The Plant J. 4:545-54); the promoter of 
the sulfate transporter geneSultr1; 3 (Yoshimoto et al. (2003) 
Plant Physiol. 131:1511-17); a promoter of a sucrose syn 
thase gene (Nolte and Koch (1993) Plant Physiol. 101:899 
905); and the promoter of a tobacco sucrose transporter gene 
(Kuhn et al. (1997) Science 275-1298-1300). 
(0073 Possible promoters also include the Black Cherry 
promoter for Prunasin Hydrolase (PHDL14 PRO) (U.S. Pat. 
No. 6,797.859). Thioredoxin H promoter from cucumber and 
rice (Fukuda Aetal. (2005). Plant Cell Physiol. 46(11): 1779 
86), Rice (RSS1) (Shi, T. Wang et al. (1994). J. Exp. Bot. 
45(274): 623-631) and maize sucrose synthese -1 promoters 
(Yang. N-S. et al. (1990) PNAS 87:4144-4148), PP2 pro 
moter from pumpkin Guo, H. et al. (2004) Transgenic 
Research 13:559-566). At SUC2 promoter (Truernit, E. et al. 
(1995) Planta 196(3):564–70. At SAM-1 (S-adenosylme 
thionine synthetase) (Mijnsbrugge KV. et al. (1996) Planr. 
Cell. Physiol. 37(8): 1108-1115), and the Rice tungro bacil 
liform virus (RTBV) promoter (Bhattacharyya-Pakrasi et al. 
(1993) Plant J. 4(1):71-79). 
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0074 The expression cassette can also comprise a select 
able marker gene for the selection of transformed cells. 
Selectable marker genes are utilized for the selection of trans 
formed cells or tissues. Marker genes include genes encoding 
antibiotic resistance. Such as those encoding neomycin phos 
photransferase II (NEO) and hygromycin phosphotransferase 
(HPT), as well as genes conferring resistance to herbicidal 
compounds, such as glufosinate ammonium, bromoxynil. 
imidazolinones, and 2,4-dichlorophenoxyacetate (2,4-D). 
Additional selectable markers include phenotypic markers 
Such as 3-galactosidase and fluorescent proteins such as 
green fluorescent protein (GFP) (Su et al. (2004) Biotechnol 
Bioeng 85:610-9 and Fetter et al. (2004) Plant Cell 16:215 
28), cyan florescent protein (CYP) (Bolte et al. (2004).J. Cell 
Science 1 17:943-54 and Kato et al. (2002) Plant Physiol 
129:913-42), and yellow florescent protein (PhiYFPTM from 
Evrogen, see, Bolte et al. (2004).J. Cell Science 1 17:943-54). 
For additional selectable markers, see generally, Yarranton 
(1992) Curr. Opin. Biotech. 3:506-511; Christopherson et al. 
(1992) Proc. Natl. Acad. Sci. USA 89:6314-6318; Yao et al. 
(1992) Cell 71:63-72; Reznikoff (1992) Mol. Microbiol. 
6:2419-2422; Barkley et al. (1980) in The Operon, pp. 177 
220; Hu et al. (1987) Cell 48:555-566; Brown et al. (1987) 
Cell 49:603-612: Figge et al. (1988) Cell 52:713-722: Deus 
chle et al. (1989) Proc. Natl. Acad. Sci. USA 86:5400-5404; 
Fuerstetal. (1989) Proc. Natl. Acad. Sci. USA 86:2549-2553; 
Deuschle et al. (1990) Science 248:480-483; Gossen (1993) 
Ph.D. Thesis, University of Heidelberg; Reines et al. (1993) 
Proc. Natl. Acad. Sci. USA 90:1917-1921; Labow et al. 
(1990) Mol. Cell. Biol. 10:3343-3356; Zambrettietal. (1992) 
Proc. Natl. Acad. Sci. USA 89:3952-3956; Baim et al. (1991) 
Proc. Natl. Acad. Sci. USA 88:5072-5076; Wyborski et al. 
(1991) Nucleic Acids Res. 19:4647-4653: Hillenand-Wiss 
man (1989) Topics Mol. Struc. Biol. 10:143-162; Degenkolb 
et al. (1991) Antimicrob. Agents Chemother: 35:1591-1595: 
Kleinschnidt etal. (1988) Biochemistry 27:1094-1104; Bonin 
(1993) Ph.D. Thesis, University of Heidelberg: Gossen et al. 
(1992) Proc. Natl. Acad. Sci. USA 89:5547-5551; Oliva et al. 
(1992) Antimicrob. Agents Chemother. 36:913-919; Hlavka et 
al. (1985) Handbook of Experimental Pharmacology, Vol. 78 
(Springer-Verlag, Berlin); Gill et al. (1988) Nature 334:721 
724. Such disclosures are herein incorporated by reference. 
The above list of selectable marker genes is not meant to be 
limiting. Any selectable marker gene can be used in the 
present invention. 

VI. Compositions Comprising Silencing Elements 

0075 One or more of the polynucleotides comprising the 
silencing element can be provided as an external composition 
Such as a spray or powder to the plant, plant part, seed, a pest, 
or an area of cultivation. In another example, a plant is trans 
formed with a DNA construct or expression cassette for 
expression of at least one silencing element. In either com 
position, the silencing element, when ingested by an insect, 
can reduce the level of a target pest sequence and thereby 
control the pest (i.e., a Coleopteran plant pest including a 
Diabrotica plant pest, such as, D. virgifera virgifera, D. bar 
beri, or D. undecimpunctata howardi). It is recognized that 
the composition can comprise a cell (such as plant cell or a 
bacterial cell), in which a polynucleotide encoding the silenc 
ing element is stably incorporated into the genome and oper 
ably linked to promoters active in the cell. Compositions 
comprising a mixture of cells, some cells expressing at least 
one silencing element are also encompassed. In other 
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embodiments, compositions comprising the silencing ele 
ments are not contained in a cell. In such embodiments, the 
composition can be applied to an area inhabited by a pest. In 
one embodiment, the composition is applied externally to a 
plant (i.e., by spraying a field or area of cultivation) to protect 
the plant from the pest. 
0076. The composition of the invention can further be 
formulated as bait. In this embodiment, the compositions 
comprise a food Substance or an attractant which enhances 
the attractiveness of the composition to the pest. 
0077. The composition comprising the silencing element 
can be formulated in an agriculturally suitable and/or envi 
ronmentally acceptable carrier. Such carriers can be any 
material that the animal, plant or environment to be treated 
can tolerate. Furthermore, the carrier must be such that the 
composition remains effective at controlling apest. Examples 
of such carriers include water, Saline, Ringer's solution, dex 
trose or other Sugar Solutions, Hank's solution, and other 
aqueous physiologically balanced salt solutions, phosphate 
buffer, bicarbonate buffer and Tris buffer. In addition, the 
composition may include compounds that increase the half 
life of a composition. Various insecticidal formulations can 
also be found in, for example, US Publications 2008/ 
0275115, 2008/0242174, 2008/0027143, 2005/0042.245, and 
2004/0127520, each of which is herein incorporated by ref 
CCC. 

0078. It is recognized that the polynucleotides comprising 
sequences encoding the silencing element can be used to 
transform organisms to provide for host organism production 
of these components, and Subsequent application of the host 
organism to the environment of the target pest(s). Such host 
organisms include baculoviruses, bacteria, and the like. In 
this manner, the combination of polynucleotides encoding the 
silencing element may be introduced via a suitable vector into 
a microbial host, and said host applied to the environment, or 
to plants or animals. 
(0079. The term “introduced” in the context of inserting a 
nucleic acid into a cell, means “transfection' or “transforma 
tion' or “transduction' and includes reference to the incor 
poration of a nucleic acid into a eukaryotic or prokaryotic cell 
where the nucleic acid may be stably incorporated into the 
genome of the cell (e.g., chromosome, plasmid, plastid, or 
mitochondrial DNA), converted into an autonomous repli 
con, or transiently expressed (e.g., transfected mRNA). 
0080 Microbial hosts that are known to occupy the 
“phytosphere' (phylloplane, phyllosphere, rhizosphere, and/ 
or rhizoplana) of one or more crops of interest may be 
selected. These microorganisms are selected so as to be 
capable of Successfully competing in the particular environ 
ment with the wild-type microorganisms, provide for stable 
maintenance and expression of the sequences encoding the 
silencing element, and desirably, provide for improved pro 
tection of the components from environmental degradation 
and inactivation. 
0081. Such microorganisms include bacteria, algae, and 
fungi. Of particular interest are microorganisms such as bac 
teria, e.g., Pseudomonas, Erwinia, Serratia, Klebsiella, Xan 
thomonas, Streptomyces, Rhizobium, Rhodopseudomonas, 
Methylius, Agrobacterium, Acetobacter; Lactobacillus, 
Arthrobacter, Azotobacter; Leuconostoc, and Alcaligenes, 
fungi, particularly yeast, e.g., Saccharomyces, Cryptococcus, 
Kluyveromyces, Sporobolomyces, Rhodotorula, and Aure 
Obasidium. Of particular interest are such phytosphere bac 
terial species as Pseudomonas Syringae, Pseudomonas fluo 
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rescens, Serratia marcescens, Acetobacter xylinum, 
Agrobacteria, Rhodopseudomonas spheroides, Xanthomo 
nas campestris, Rhizobium melioti, Alcaligenes entrophus, 
Clavibacter xyli and Azotobacter vinlandir, and phytosphere 
yeast species such as Rhodotorula rubra, R. glutinis, R. 
marina, R. aurantiaca, Cryptococcus albidus, C. difluens, C. 
laurentii, Saccharomyces rosei, S. pretoriensis, S. cerevisiae, 
Sporobolomyces rosues, S. Odorus, Kluyveromyces veronae, 
and Aureobasidium pollulans. 
0082. A number of ways are available for introducing the 
polynucleotide comprising the silencing element into the 
microbial host under conditions that allow for stable mainte 
nance and expression of such nucleotide encoding sequences. 
For example, expression cassettes can be constructed which 
include the nucleotide constructs of interest operably linked 
with the transcriptional and translational regulatory signals 
for expression of the nucleotide constructs, and a nucleotide 
sequence homologous with a sequence in the host organism, 
whereby integration will occur, and/or a replication system 
that is functional in the host, whereby integration or stable 
maintenance will occur. 

0083 Transcriptional and translational regulatory signals 
include, but are not limited to, promoters, transcriptional 
initiation start sites, operators, activators, enhancers, other 
regulatory elements, ribosomal binding sites, an initiation 
codon, termination signals, and the like. See, for example, 
U.S. Pat. Nos. 5,039,523 and 4,853,331; EPO O480762A2; 
Sambrook et al. (2000); Molecular Cloning: A Laboratory 
Manual (3" ed.: Cold Spring Harbor Laboratory Press, Pla 
inview, N.Y.); Davis et al. (1980) Advanced Bacterial Genet 
ics (Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y.); and the references cited therein. 
0084 Suitable host cells include the prokaryotes and the 
lower eukaryotes, such as fungi. Illustrative prokaryotes, both 
Gram-negative and Gram-positive, include Enterobacteri 
aceae. Such as Escherichia, Erwinia, Shigella, Salmonella, 
and Proteus; Bacillaceae; Rhizobiceae, such as Rhizobium; 
Spirillaceae, such as photobacterium, Zymomonas, Serratia, 
Aeromonas, Vibrio, Desulfovibrio, Spirillum: Lactobacil 
laceae; Pseudomonadaceae, such as Pseudomonas and 
Acetobacter, Azotobacteraceae and Nitrobacteraceae. 
Among eukaryotes are fungi, Such as Phycomycetes and 
Ascomycetes, which includes yeast, such as Saccharomyces 
and Schizosaccharomyces; and Basidiomycetes yeast, Such 
as Rhodotorula, Aureobasidium, Sporobolomyces, and the 
like. 

0085 Characteristics of particular interest in selecting a 
host cell for purposes of the invention include ease of intro 
ducing the coding sequence into the host, availability of 
expression systems, efficiency of expression, stability in the 
host, and the presence of auxiliary genetic capabilities. Char 
acteristics of interest for use as a pesticide microcapsule 
include protective qualities, such as thick cell walls, pigmen 
tation, and intracellular packaging or formation of inclusion 
bodies; leaf affinity; lack of mammalian toxicity; attractive 
ness to pests for ingestion; and the like. Other considerations 
include ease of formulation and handling, economics, storage 
stability, and the like. 
I0086) Host organisms of particular interest include yeast, 
Such as Rhodotorula spp., Aureobasidium spp., Saccharomy 
ces spp., and Sporobolomyces spp., phylloplane organisms 
Such as Pseudomonas spp., Erwinia spp., and Flavobacte 
rium spp., and other Such organisms, including Pseudomonas 
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aeruginosa, Pseudomonas fluorescens, Saccharomyces cer 
evisiae, Bacillus thuringiensis, Escherichia coli, Bacillus 
subtilis, and the like. 
I0087. The sequences encoding the silencing elements 
encompassed by the invention can be introduced into micro 
organisms that multiply on plants (epiphytes) to deliver these 
components to potential target pests. Epiphytes, for example, 
can be gram-positive or gram-negative bacteria. 
I0088. The silencing element can be fermented in a bacte 
rial host and the resulting bacteria processed and used as a 
microbial spray in the same manner that Bacillus thuringien 
sis Strains have been used as insecticidal sprays. Any Suitable 
microorganism can be used for this purpose. Pseudomonas 
has been used to express Bacillus thuringiensis endotoxins as 
encapsulated proteins and the resulting cells processed and 
sprayed as an insecticide Gaertner et al. (1993), in Advanced 
Engineered Pesticides, ed. L. Kim (Marcel Decker, Inc.). 
I0089 Alternatively, the components of the invention are 
produced by introducing heterologous genes into a cellular 
host. Expression of the heterologous sequences results, 
directly or indirectly, in the intracellular production of the 
silencing element. These compositions may then be formu 
lated in accordance with conventional techniques for appli 
cation to the environment hosting a target pest, e.g., Soil, 
water, and foliage of plants. See, for example, EPA 0192319, 
and the references cited therein. 

0090. In the present invention, a transformed microorgan 
ism can beformulated with an acceptable carrier into separate 
or combined compositions that are, for example, a Suspen 
Sion, a Solution, an emulsion, a dusting powder, a dispersible 
granule, a wettable powder, and an emulsifiable concentrate, 
an aerosol, an impregnated granule, an adjuvant, a coatable 
paste, and also encapsulations in, for example, polymer Sub 
StanceS. 

0091 Such compositions disclosed above may be 
obtained by the addition of a surface-active agent, an inert 
carrier, a preservative, a humectant, a feeding stimulant, an 
attractant, an encapsulating agent, a binder, an emulsifier, a 
dye, a UV protectant, a buffer, a flow agent or fertilizers, 
micronutrient donors, or other preparations that influence 
plant growth. One or more agrochemicals including, but not 
limited to, herbicides, insecticides, fungicides, bactericides, 
nematicides, molluscicides, acaracides, plant growth regula 
tors, harvest aids, and fertilizers, can be combined with car 
riers, Surfactants or adjuvants customarily employed in the art 
of formulation or other components to facilitate product han 
dling and application for particular target pests. Suitable car 
riers and adjuvants can be solid or liquid and correspond to 
the Substances ordinarily employed in formulation technol 
ogy, e.g., natural or regenerated mineral Substances, Solvents, 
dispersants, wetting agents, tackifiers, binders, or fertilizers. 
The active ingredients of the present invention (i.e., at least 
one silencing element) are normally applied in the form of 
compositions and can be applied to the crop area, plant, or 
seed to be treated. For example, the compositions may be 
applied to grain in preparation for or during storage in a grain 
bin or silo, etc. The compositions may be applied simulta 
neously or in Succession with other compounds. Methods of 
applying an active ingredient or a composition that contains at 
least one silencing element include, but are not limited to, 
foliar application, seed coating, and soil application. The 
number of applications and the rate of application depend on 
the intensity of infestation by the corresponding pest. 
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0092 Suitable surface-active agents include, but are not 
limited to, anionic compounds such as a carboxylate of, for 
example, a metal; carboxylate of a long chain fatty acid; an 
N-acylsarcosinate; mono- or di-esters of phosphoric acid 
with fatty alcohol ethoxylates or salts of such esters; fatty 
alcohol Sulfates such as sodium dodecyl sulfate, Sodium octa 
decyl sulfate, or sodium cetyl sulfate; ethoxylated fatty alco 
hol Sulfates; ethoxylated alkylphenol Sulfates; lignin Sul 
fonates; petroleum Sulfonates; alkyl aryl Sulfonates Such as 
alkyl-benzene sulfonates or lower alkylnaphtalene sul 
fonates, e.g., butyl-naphthalene Sulfonate; salts of sulfonated 
naphthalene-formaldehyde condensates; salts of Sulfonated 
phenol-formaldehyde condensates; more complex Sulfonates 
Such as the amide Sulfonates, e.g., the Sulfonated condensa 
tion product of oleic acid and N-methyl taurine; or the dialkyl 
SulfoSuccinates, e.g., the Sodium Sulfonate or dioctyl Succi 
nate. Non-ionic agents include condensation products offatty 
acid esters, fatty alcohols, fatty acid amides or fatty-alkyl- or 
alkenyl-substituted phenols with ethylene oxide, fatty esters 
of polyhydric alcohol ethers, e.g., Sorbitan fatty acid esters, 
condensation products of Such esters with ethylene oxide, 
e.g., polyoxyethylene Sorbitan fatty acid esters, block copoly 
mers of ethylene oxide and propylene oxide, acetylenic gly 
cols such as 2.4.7.9-tetraethyl-5-decyn-4,7-diol, or ethoxy 
lated acetylenic glycols. Examples of a cationic Surface 
active agent include, for instance, an aliphatic mono-, di-, or 
polyamine Such as an acetate, naphthenate or oleate; or oxy 
gen-containing amine Such as an amine oxide of polyoxyeth 
ylene alkylamine; an amide-linked amine prepared by the 
condensation of a carboxylic acid with a di- or polyamine; or 
a quaternary ammonium salt. 
0093 Examples of inert materials include, but are not 
limited to, inorganic minerals such as kaolin, phyllosilicates, 
carbonates, Sulfates, phosphates, or botanical materials such 
as cork, powdered corncobs, peanut hulls, rice hulls, and 
walnut shells. 
0094. The compositions comprising the silencing element 
can be in a suitable form for direct application or as a con 
centrate of primary composition that requires dilution with a 
suitable quantity of water or other dilutant before application. 
0095. The compositions (including the transformed 
microorganisms) can be applied to the environment of an 
insect pest (Such as a Coleoptera plant pest or a Diabrotica 
plant pest) by, for example, spraying, atomizing, dusting, 
scattering, coating or pouring, introducing into or on the soil. 
introducing into irrigation water, by seed treatment or general 
application or dusting at the time when the pest has begun to 
appear or before the appearance of pests as a protective mea 
Sure. For example, the composition(s) and/or transformed 
microorganism(s) may be mixed with grain to protect the 
grain during storage. It is generally important to obtain good 
control of pests in the early stages of plant growth, as this is 
the time when the plant can be most severely damaged. The 
compositions can conveniently contain another insecticide if 
this is thought necessary. In an embodiment of the invention, 
the composition(s) is applied directly to the Soil, at a time of 
planting, in granular form of a composition of a carrier and 
dead cells of a Bacillus strain or transformed microorganism 
of the invention. Another embodiment is a granular form of a 
composition comprising an agrochemical Such as, for 
example, a herbicide, an insecticide, a fertilizer, in an inert 
carrier, and dead cells of a Bacillus strain or transformed 
microorganism of the invention. 
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VII. Plants, Plant Parts, and Methods of Introducing 
Sequences into Plants 
0096. In one embodiment, the methods of the invention 
involve introducing a polynucleotide into a plant. “Introduc 
ing is intended to mean presenting to the plant the polynucle 
otide in Such a manner that the sequence gains access to the 
interior of a cell of the plant. The methods of the invention do 
not depend on a particular method for introducing a sequence 
into a plant, only that the polynucleotide or polypeptides 
gains access to the interior of at least one cell of the plant. 
Methods for introducing polynucleotides into plants are 
known in the art including, but not limited to, stable transfor 
mation methods, transient transformation methods, and 
virus-mediated methods. 

0097 “Stable transformation' is intended to mean that the 
nucleotide construct introduced into a plant integrates into the 
genome of the plant and is capable of being inherited by the 
progeny thereof. “Transient transformation' is intended to 
mean that a polynucleotide is introduced into the plant and 
does not integrate into the genome of the plant or a polypep 
tide is introduced into a plant. 
0.098 Transformation protocols as well as protocols for 
introducing polypeptides or polynucleotide sequences into 
plants may vary depending on the type of plant or plant cell, 
i.e., monocot or dicot, targeted for transformation. Suitable 
methods of introducing polypeptides and polynucleotides 
into plant cells include microinjection (Crossway et al. (1986) 
Biotechniques 4:320-334), electroporation (Riggs et al. 
(1986) Proc. Natl. Acad. Sci. USA 83:5602-5606, Agrobac 
terium-mediated transformation (U.S. Pat. No. 5,563,055 and 
U.S. Pat. No. 5,981,840), direct gene transfer (Paszkowski et 
al. (1984) EMBO.J. 3:2717-2722), and ballistic particle accel 
eration (see, for example, U.S. Pat. No. 4,945,050; U.S. Pat. 
No. 5,879,918; U.S. Pat. No. 5,886,244; and, U.S. Pat. No. 
5,932,782; Tomes et al. (1995) in Plant Cell, Tissue, and 
Organ Culture. Fundamental Methods, ed. Gamborg and 
Phillips (Springer-Verlag, Berlin); McCabe et al. (1988) Bio 
technology 6:923-926); and Lec 1 transformation (WO 
00/28058). Also see Weissingeret al. (1988) Ann. Rev. Genet. 
22:421-477; Sanford et al. (1987) Particulate Science and 
Technology 5:27-37 (onion); Christou et al. (1988) Plant 
Physiol. 87:671-674 (soybean); McCabe et al. (1988) Bio/ 
Technology 6:923-926 (soybean); Finer and McMullen 
(1991) In Vitro Cell Dev. Biol. 27P:175-182 (soybean): Singh 
etal. (1998) Theor. Appl. Genet. 96:319-324 (soybean); Datta 
et al. (1990) Biotechnology 8:736-740 (rice); Klein et al. 
(1988) Proc. Natl. Acad. Sci. USA 85:4305-4309 (maize): 
Klein et al. (1988) Biotechnology 6:559-563 (maize): U.S. 
Pat. Nos. 5,240,855; 5,322,783; and, 5,324,646; Klein et al. 
(1988) Plant Physiol. 91:440-444 (maize): Fromm et al. 
(1990) Biotechnology 8:833-839 (maize): Hooykaas-Van 
Slogteren et al. (1984) Nature (London) 311:763-764; U.S. 
Pat. No. 5,736,369 (cereals); Bytebieretal. (1987) Proc. Natl. 
Acad. Sci. USA 84:5345-5349 (Liliaceae); De Wet et al. 
(1985) in The Experimental Manipulation of Ovule Tissues, 
ed. Chapman et al. (Longman, New York), pp. 197-209 (pol 
len); Kaeppler et al. (1990) Plant Cell Reports 9:415-418 and 
Kaeppler et al. (1992) Theor: Appl. Genet. 84:560-566 (whis 
ker-mediated transformation); D Halluin et al. (1992) Plant 
Cell 4:1495-1505 (electroporation); Li et al. (1993) Plant 
Cell Reports 12:250-255 and Christou and Ford (1995) 
Annals of Botany 75:407-413 (rice); Osjoda et al. (1996) 
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Nature Biotechnology 14:745-750 (maize via Agrobacterium 
tumefaciens); all of which are herein incorporated by refer 
CCC. 

0099. In other embodiments, the polynucleotide of the 
invention may be introduced into plants by contacting plants 
with a virus or viral nucleic acids. Generally, such methods 
involve incorporating a nucleotide construct of the invention 
within a viral DNA or RNA molecule. Further, it is recog 
nized that promoters of the invention also encompass promot 
ers utilized for transcription by viral RNA polymerases. 
Methods for introducing polynucleotides into plants and 
expressing a protein encoded therein, involving viral DNA or 
RNA molecules, are known in the art. See, for example, U.S. 
Pat. Nos. 5,889,191, 5,889,190, 5,866,785, 5,589,367, 5,316, 
931, and Porta et al. (1996) Molecular Biotechnology 5:209 
221; herein incorporated by reference. 
0100 Methods are known in the art for the targeted inser 
tion of a polynucleotide at a specific location in the plant 
genome. In one embodiment, the insertion of the polynucle 
otide at a desired genomic location is achieved using a site 
specific recombination system. See, for example, WO99/ 
25821, WO99/25854, WO99/25840, WO99/25855, and 
WO99/25853, all of which are herein incorporated by refer 
ence. Briefly, the polynucleotide of the invention can be con 
tained in transfer cassette flanked by two non-recombino 
genic recombination sites. The transfer cassette is introduced 
into a plant having stably incorporated into its genome a 
target site which is flanked by two non-recombinogenic 
recombination sites that correspond to the sites of the transfer 
cassette. An appropriate recombinase is provided and the 
transfer cassette is integrated at the target site. The polynucle 
otide of interest is thereby integrated at a specific chromo 
Somal position in the plant genome. 
0101 The cells that have been transformed may be grown 
into plants in accordance with conventional ways. See, for 
example, McCormicket al. (1986) Plant Cell Reports 5:81– 
84. These plants may then be grown, and either pollinated 
with the same transformed strain or different strains, and the 
resulting progeny having constitutive expression of the 
desired phenotypic characteristic identified. Two or more 
generations may be grown to ensure that expression of the 
desired phenotypic characteristic is stably maintained and 
inherited and then seeds harvested to ensure expression of the 
desired phenotypic characteristic has been achieved. In this 
manner, the present invention provides transformed seed 
(also referred to as “transgenic seed') having a polynucle 
otide of the invention, for example, an expression cassette of 
the invention, stably incorporated into their genome. 
0102. As used herein, the term plant includes plant cells, 
plant protoplasts, plant cell tissue cultures from which plants 
can be regenerated, plant calli, plant clumps, and plant cells 
that are intact in plants or parts of plants such as embryos, 
pollen, ovules, seeds, leaves, flowers, branches, fruit, kernels, 
ears, cobs, husks, stalks, roots, root tips, anthers, and the like. 
Grain is intended to mean the mature seed produced by com 
mercial growers for purposes other than growing or reproduc 
ing the species. Progeny, variants, and mutants of the regen 
erated plants are also included within the scope of the 
invention, provided that these parts comprise the introduced 
polynucleotides. 
0103) The present invention may be used for transforma 
tion of any plant species, including, but not limited to, mono 
cots and dicots. Examples of plant species of interest include, 
but are not limited to, corn (Zea mays), Brassica sp. (e.g., B. 
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napus, B. rapa, B. juncea), particularly those Brassica spe 
cies useful as sources of seed oil, alfalfa (Medicago sativa), 
rice (Oryza sativa), rye (Secale cereale), Sorghum (Sorghum 
bicolor, Sorghum vulgare), millet (e.g., pearl millet (Pennis 
etum glaucum), proso millet (Panicum miliaceum), foxtail 
millet (Setaria italica), finger millet (Eleusine coracana)), 
Sunflower (Helianthus annuus), safflower (Carthamus tinc 
torius), wheat (Triticum aestivum), soybean (Glycine max), 
tobacco (Nicotiana tabacum), potato (Solanum tuberosum), 
peanuts (Arachis hypogaea), cotton (Gossypium barbadense, 
Gossypium hirsutum), Sweet potato (Ipomoea batatus), cas 
sava (Manihot esculenta), coffee (Coffea spp.), coconut (Co 
cos nucifera), pineapple (Ananas Comosus), citrus trees (Cit 
rus spp.), cocoa (Theobroma cacao), tea (Camelia sinensis), 
banana (Musa spp.), avocado (Persea americana), fig (Ficus 
Casica), guava (Psidium guajava), mango (Mangifera 
indica), olive (Olea europaea), papaya (Carica papaya), 
cashew (Anacardium Occidentale), macadamia (Macadamia 
integrifolia), almond (Prunus amygdalus), Sugar beets (Beta 
vulgaris), Sugarcane (Saccharum spp.), oats, barley, Veg 
etables, ornamentals, and conifers. 
0104 Vegetables include tomatoes (Lycopersicon escu 
lentum), lettuce (e.g., Lactuca sativa), green beans (Phaseo 
lus vulgaris), lima beans (Phaseolus limensis), peas 
(Lathyrus spp.), and members of the genus Cucumis such as 
cucumber (C. sativus), cantaloupe (C. cantalupensis), and 
muskmelon (C. melo). Ornamentals include azalea (Rhodo 
dendron spp.), hydrangea (Macrophylla hydrangea), hibiscus 
(Hibiscus rosasanensis), roses (Rosa spp.), tulips (Tulipa 
spp.), daffodils (Narcissus spp.), petunias (Petunia hybrida), 
carnation (Dianthus caryophyllus), poinsettia (Euphorbia 
pulcherrima), and chrysanthemum. 
0105 Conifers that may be employed in practicing the 
present invention include, for example, pines Such as loblolly 
pine (Pinus taeda), slash pine (Pinus elliotii), ponderosa pine 
(Pinus ponderosa), lodgepole pine (Pinus contorta), and 
Monterey pine (Pinus radiata); Douglas-fir (Pseudotsuga 
menziesii); Western hemlock (Tsuga Canadensis); Sitka 
spruce (Picea glauca); redwood (Sequoia sempervirens); true 
firs such as silver fir (Abies amabilis) and balsam fir (Abies 
balsamea); and cedars Such as Western red cedar (Thuja 
plicata) and Alaska yellow-cedar (Chamaecyparis nootkat 
ensis). In specific embodiments, plants of the present inven 
tion are crop plants (for example, corn, alfalfa, Sunflower, 
Brassica, Soybean, cotton, safflower, peanut, Sorghum, 
wheat, millet, tobacco, etc.). In other embodiments, corn and 
Soybean plants are optimal, and in yet other embodiments 
corn plants are optimal. 
0106 Other plants of interest include grain plants that 
provide seeds of interest, oil-seed plants, and leguminous 
plants. Seeds of interest include grain seeds, such as corn, 
wheat, barley, rice, Sorghum, rye, etc. Oil-seed plants include 
cotton, soybean, Safflower, Sunflower, Brassica, maize, 
alfalfa, palm, coconut, etc. Leguminous plants include beans 
and peas. Beans include guar, locust bean, fenugreek, Soy 
bean, gardenbeans, cowpea, mungbean, lima bean, fava bean, 
lentils, chickpea, etc. 

VIII. Methods of Use 

0107 The methods of the invention comprise methods for 
controlling a pest (i.e., a Coleopteran plant pest, including a 
Diabrotica plant pest, such as, D. virgifera virgifera, D. bar 
beri, or D. undecimpunctata howardi). The method com 
prises feeding to a pest a composition comprising a silencing 



US 2011/0054.007 A1 

element of the invention, wherein said silencing element, 
when ingested by a pest (i.e., a Coleopteran plant pest includ 
ing a Diabrotica plant pest, such as, D. virgifera virgifera, D. 
barberi, or D. undecimpunctata howardi), reduces the level 
of a target polynucleotide of the pest and thereby controls the 
pest. The pest can be fed the silencing element in a variety of 
ways. For example, in one embodiment, the polynucleotide 
comprising the silencing element is introduced into a plant. 
As the Coleopteran plant pest or Diabrotica plant pest feeds 
on the plant or part thereof expressing these sequences, the 
silencing element is delivered to the pest. When the silencing 
element is delivered to the plant in this manner, it is recog 
nized that the silencing element can be expressed constitu 
tively or alternatively, it may be produced in a stage-specific 
manner by employing the various inducible or tissue-pre 
ferred or developmentally regulated promoters that are dis 
cussed elsewhere herein. In specific embodiments, the silenc 
ing element is expressed in the roots, stalk or stem, leaf 
including pedicel, Xylem and phloem, fruit or reproductive 
tissue, silk, flowers and all parts therein or any combination 
thereof. 

0108. In another method, a composition comprising at 
least one silencing element of the invention is applied to a 
plant. In Such embodiments, the silencing element can be 
formulated in an agronomically suitable and/or environmen 
tally acceptable carrier, which is preferably, suitable for dis 
persal in fields. In addition, the carrier can also include com 
pounds that increase the half life of the composition. In 
specific embodiments, the composition comprising the 
silencing element is formulated in Such a manner Such that it 
persists in the environment for a length of time sufficient to 
allow it to be delivered to a pest. In such embodiments, the 
composition can be applied to an area inhabited by a pest. In 
one embodiment, the composition is applied externally to a 
plant (i.e., by spraying a field) to protect the plant from pests. 
0109. In certain embodiments, the constructs of the 
present invention can be stacked with any combination of 
polynucleotide sequences of interest in order to create plants 
with a desired trait. A trait, as used herein, refers to the 
phenotype derived from a particular sequence or groups of 
sequences. For example, the polynucleotides of the present 
invention may be stacked with any other polynucleotides 
encoding polypeptides having pesticidal and/or insecticidal 
activity, such as other Bacillus thuringiensis toxic proteins 
(described in U.S. Pat. Nos. 5,366,892; 5,747,450; 5,737,514; 
5,723,756; 5,593.881; and Geiser et al. (1986) Gene 48:109), 
lectins (Van Damme et al. (1994) Plant Mol. Biol. 24:825, 
pentin (described in U.S. Pat. No. 5,981,722), and the like. 
The combinations generated can also include multiple copies 
of any one of the polynucleotides of interest. The polynucle 
otides of the present invention can also be stacked with any 
other gene or combination of genes to produce plants with a 
variety of desired trait combinations including, but not lim 
ited to, traits desirable for animal feed Such as high oil genes 
(e.g., U.S. Pat. No. 6.232.529); balanced amino acids (e.g., 
hordothionins (U.S. Pat. Nos. 5,990,389; 5,885,801; 5,885, 
802; and 5,703.409); barley high lysine (Williamson et al. 
(1987) Eur: J. Biochem. 165:99-106; and WO 98/20122) and 
high methionine proteins (Pedersen et al. (1986) J. Biol. 
Chem. 261:6279; Kirihara et al. (1988) Gene 71:359; and 
Musumura et al. (1989) Plant Mol. Biol. 12:123)); increased 
digestibility (e.g., modified storage proteins (U.S. application 
Ser. No. 10/053,410, filed Nov. 7, 2001); and thioredoxins 
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(U.S. application Ser. No. 10/005,429, filed Dec. 3, 2001)); 
the disclosures of which are herein incorporated by reference. 
0110. The polynucleotides of the present invention can 
also be stacked with traits desirable for disease or herbicide 
resistance (e.g., fumonisin detoxification genes (U.S. Pat. No. 
5,792.931); avirulence and disease resistance genes (Jones et 
al. (1994) Science 266:789; Martin et al. (1993) Science 262: 
1432: Mindrinos et al. (1994) Cell 78:1089); acetolactate 
synthase (ALS) mutants that lead to herbicide resistance such 
as the S4 and/or Hra mutations; inhibitors of glutamine Syn 
thase Such as phosphinothricin or basta (e.g., bar gene); and 
glyphosate resistance (EPSPS gene)); and traits desirable for 
processing or process products such as high oil (e.g., U.S. Pat. 
No. 6.232.529); modified oils (e.g., fatty acid desaturase 
genes (U.S. Pat. No. 5,952,544; WO 94/11516)); modified 
starches (e.g., ADPG pyrophosphorylases (AGPase), starch 
synthases (SS), starch branching enzymes (SBE), and starch 
debranching enzymes (SDBE)); and polymers or bioplastics 
(e.g., U.S. Pat. No. 5,602,321; beta-ketothiolase, polyhy 
droxybutyrate synthase, and acetoacetyl-CoA reductase 
(Schubert etal. (1988).J. Bacteriol. 170:5837-5847) facilitate 
expression of polyhydroxyalkanoates (PHAs)); the disclo 
sures of which are herein incorporated by reference. One 
could also combine the polynucleotides of the present inven 
tion with polynucleotides providing agronomic traits such as 
male sterility (e.g., see U.S. Pat. No. 5,583,210), stalk 
strength, flowering time, or transformation technology traits 
Such as cell cycle regulation or gene targeting (e.g., WO 
99/61619, WO00/17364, and WO99/25821); the disclosures 
of which are herein incorporated by reference. 
0111. These stacked combinations can be created by any 
method including, but not limited to, cross-breeding plants by 
any conventional or TopCross methodology, or genetic trans 
formation. If the sequences are stacked by genetically trans 
forming the plants, the polynucleotide sequences of interest 
can be combined at any time and in any order. For example, a 
transgenic plant comprising one or more desired traits can be 
used as the target to introduce further traits by Subsequent 
transformation. The traits can be introduced simultaneously 
in a co-transformation protocol with the polynucleotides of 
interest provided by any combination of transformation cas 
settes. For example, if two sequences will be introduced, the 
two sequences can be contained in separate transformation 
cassettes (trans) or contained on the same transformation 
cassette (cis). Expression of the sequences can be driven by 
the same promoter or by different promoters. In certain cases, 
it may be desirable to introduce a transformation cassette that 
will suppress the expression of the polynucleotide of interest. 
This may be combined with any combination of other Sup 
pression cassettes or overexpression cassettes to generate the 
desired combination of traits in the plant. It is further recog 
nized that polynucleotide sequences can be stacked at a 
desired genomic location using a site-specific recombination 
system. See, for example, WO99/25821, WO99/25854, 
WO99/25840, WO99/25855, and WO99/25853, all of which 
are herein incorporated by reference. 
0112 Methods and compositions are further provided 
which allow for an increase in RNAi produced from the 
silencing element. In such embodiments, the methods and 
compositions employ a first polynucleotide comprising a 
silencing element for a target pest sequence operably linked 
to a promoteractive in the plant cell; and, a second polynucle 
otide comprising a Suppressor enhancer element comprising 
the target pest sequence or an active variant or fragment 



US 2011/0054.007 A1 

thereof operably linked to a promoter active in the plant cell. 
The combined expression of the silencing element with Sup 
pressor enhancer element leads to an increased amplification 
of the inhibitory RNA produced from the silencing element 
over that achievable with only the expression of the silencing 
element alone. In addition to the increased amplification of 
the specific RNAi species itself, the methods and composi 
tions further allow for the production of a diverse population 
of RNAi species that can enhance the effectiveness of dis 
rupting target gene expression. As such, when the Suppressor 
enhancer element is expressed in a plant cell in combination 
with the silencing element, the methods and composition can 
allow for the systemic production of RNAi throughout the 
plant; the production of greater amounts of RNAi than would 
be observed with just the silencing element construct alone; 
and, the improved loading of RNAi into the phloem of the 
plant, thus providing better control of phloemfeeding insects 
by an RNAi approach. Thus, the various methods and com 
positions provide improved methods for the delivery of 
inhibitory RNA to the target organism. See, for example, U.S. 
application Ser. No. 12/351,093, entitled “Compositions and 
Methods for the Suppression of Target Polynucleotides', filed 
Jan. 9, 2009 and herein incorporated by reference in its 
entirety. 
0113. As used herein, a “suppressor enhancer element' 
comprises a polynucleotide comprising the target sequence to 
be suppressed or an active fragment or variant thereof. It is 
recognize that the Suppressor enhancer element need not be 
identical to the target sequence, but rather, the suppressor 
enhancer element can comprise a variant of the target 
sequence, so long as the Suppressor enhancer element has 
Sufficient sequence identity to the target sequence to allow for 
an increased level of the RNAi produced by the silencing 
element over that achievable with only the expression of the 
silencing element. Similarly, the Suppressor enhancer ele 
ment can comprise afragment of the target sequence, wherein 
the fragment is of Sufficient length to allow for an increased 
level of the RNAi produced by the silencing element over that 
achievable with only the expression of the silencing element. 
Thus, in specific embodiments, the Suppressor enhancer ele 
ment comprises a polynucleotide set forth in SEQ ID NO: 
1-236 or an active variant or fragment thereof. 
0114. It is recognized that multiple suppressor enhancer 
elements from the same target sequence or from different 
target sequences, or from different regions of the same target 
sequence can be employed. For example, the Suppressor 
enhancer elements employed can comprise fragments of the 
target sequence derived from different region of the target 
sequence (i.e., from the 3'UTR, coding sequence, intron, and/ 
or 5' UTR). Further, the suppressor enhancer element can be 
contained in an expression cassette, as described elsewhere 
herein, and in specific embodiments, the Suppressor enhancer 
element is on the same or on a different DNA vector or 
construct as the silencing element. The Suppressor enhancer 
element can be operably linked to a promoter as disclosed 
herein. It is recognized that the Suppressor enhancer element 
can be expressed constitutively or alternatively, it may be 
produced in a stage-specific manner employing the various 
inducible or tissue-preferred or developmentally regulated 
promoters that are discussed elsewhere herein. 
0115. In specific embodiments, employing both a silenc 
ing element and the Suppressor enhancer element the sys 
temic production of RNAi occurs throughout the entire plant. 
In further embodiments, the plant or plant parts of the inven 
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tion have an improved loading of RNAi into the phloem of the 
plant than would be observed with the expression of the 
silencing element construct alone and, thus provide better 
control of phloem feeding insects by an RNAi approach. In 
specific embodiments, the plants, plant parts, and plant cells 
of the invention can further be characterized as allowing for 
the production of a diversity of RNAi species that can 
enhance the effectiveness of disrupting target gene expres 
S1O. 

0116. In specific embodiments, the combined expression 
of the silencing element and the Suppressor enhancer element 
increases the concentration of the inhibitory RNA in the plant 
cell, plant, plant part, plant tissue orphloem over the level that 
is achieved when the silencing element is expressed alone. 
0117. As used herein, an “increased level of inhibitory 
RNA' comprises any statistically significant increase in the 
level of RNAi produced in a plant having the combined 
expression when compared to an appropriate control plant. 
For example, an increase in the level of RNAi in the plant, 
plant part or the plant cell can comprise at least about a 1%, 
about a 1%-5%, about a 5%-10%, about a 10%-20%, about a 
20%-30%, about a 30%-40%, about a 40%-50%, about a 
50%-60%, about 60-70%, about 70%–80%, about a 80%- 
90%, about a 90%-100% or greater increase in the level of 
RNAi in the plant, plant part, plant cell, or phloem when 
compared to an appropriate control. In other embodiments, 
the increase in the level of RNAi in the plant, plant part, plant 
cell, or phloem can comprise at least about a 1 fold, about a 1 
fold-5 fold, about a 5 fold-10 fold, about a 10 fold-20 fold, 
about a 20 fold-30 fold, about a 30 fold-40 fold, about a 40 
fold-50 fold, about a 50 fold-60 fold, about 60 fold-70 fold, 
about 70 fold-80 fold, about a 80 fold-90 fold, about a 90 
fold-100 fold or greater increase in the level of RNAi in the 
plant, plant part, plant cell or phloem when compared to an 
appropriate control. Methods to assay for an increase in the 
level of RNAi are discussed elsewhere herein. 
0118. The following examples are offered by way of illus 
tration and not by way of limitation. 

EXPERIMENTAL 

Example 1 

In Vitro Transcript dsRNA Screening Method 

0119) A cDNA library was produced from neonate west 
ern corn rootworm larvae by standard methods. A selected 
cDNA clone containing an expressed sequence tag is ampli 
fied in a PCR using universal primers to the plasmid backbone 
and flanking the EST insert. The universal primers also con 
tain T7 RNA polymerase sites. 1 ul of the PCR reaction is 
used as the template for an in vitro transcription (IVT) reac 
tion to produce long double stranded RNAs. Following enzy 
matic digestion and removal of the DNA template and single 
stranded RNA, the IVT reaction products are incorporated 
into artificial insect diet as described below. 

Insect Bioassays 

I0120 2.5ul of the IVT reaction are added to a given well 
of a 96 well microtiter plate. 25ul of molten lowmelt Western 
corn rootworm diet are added to the sample and shaken on an 
orbital shaker to mix the sample and diet. Once the diet has 
solidified, neonate rootworms are added to the well. An aver 
age of 5 neonates is added to each well. After the plate is 
infested, the plate is sealed with mylar and a single hole in 
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D NO: 219 
c.pk031.j1.f 
D NO: 220 
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NO: 224 
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D NO: 225 
c.pk032.n18.f 

s 
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expressing 
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s 

complement of SEQ 
SEOID NO: 238 
Construct expressing 
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complement of SEQ 
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SE 
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SE 
Construct expressing 
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Construct expressing 
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TABLE 1-continued 

SEQID NO: 28 operably linked to 
complement of SEQID NO: 28. 
SEOID NO: 242 
Construct expressing SEQID NO: 13 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 

he ADH1 intron operably linked to the 

SEQID NO: 13 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO: 13. 
SEOID NO: 243 
Construct expressing SEQID NO:40 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 40 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO:40. 
SEOID NO: 244 
Construct expressing SEQID NO: 72 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 72 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO: 72. 
SEOID NO: 245 
Construct expressing SEQID NO: 73 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 73 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO: 73 
SEOID NO: 246 
Construct expressing SEQID NO: 15 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 15 operably linked to the ADH1 intron operably linked to the 
complement of SEQ 
SEOID NO: 247 
Construct expressing SEQID NO: 18 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 18 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO: 18. 
SEQID NO: 248 
Construct expressing nt 1-380 of SEQID NO:45 as a hairpin RNA. The 
construct comprises: UBI1ZM promoter 5'UTR and 1 intron operably 
linked to nt 1-380 of SEQID NO: 45 operably linked to the ADH1 intron 
operably linked to the complement of nt 1-380 of SEQID NO:45. 
SEQID NO: 249 
Construct expressing nt 1-675 of SEQID NO:37 as a hairpin RNA. The 
construct comprises: UBI1ZM promoter 5'UTR and 1 intron operably 
linked to nt 1-675 of SEQID NO:37 operably linked to the ADH1 intron 
operably linked to the complement of nt 1-675 of SEQID NO:37. 
SEQID NO: 250 
Construct expressing SEQID NO: 29 as a hairpin RNA. The construct 
comprises: UBI1ZM promoter 5'UTR and 1 intron operably linked to 
SEQID NO: 29 operably linked to the ADH1 intron operably linked to the 
complement of SEQID NO: 29. 
SEQID NO: 251 
Construct expressing nt 1-266 of SEQID NO: 50 as a hairpin RNA. The 
construct comprises: UBI1ZM promoter 5'UTR and 1 intron operably 
linked to nt 1-266 of SEQID NO: 50 operably linked to the ADH1 intron 
operably linked to the complement of 1-266 of SEQID NO: 50. 
SEQID NO: 252 
Construct expressing nt 16-585 of SEQID NO.47 as a hairpin RNA. The 
construct comprises: UBI1ZM promoter 5'UTR and 1 intron operably 
linked to nt 16-585 of SEQID NO:47 operably linked to the ADH1 intron 
operably linked to the complement of nt 16-585 of SEQID NO:47. 

Example 3 
Transformation of Maize 

I0123 Immature maize embryos from greenhouse donor 
plants are bombarded with a plasmid containing the silencing 
element of the invention operably linked to either a tissue 
specific, tissue selective, or constitutive promoter and the 
selectable marker gene PAT (Wohleben et al. (1988) Gene 
70:25-37), which confers resistance to the herbicide Biala 
phos. In one embodiment, the constructs will express a long 
double stranded RNA of the target sequence set forth in table 
1. Such a construct can be linked to the dMMB promoter. 
Alternatively, the selectable marker gene is provided on a 
separate plasmid. Transformation is performed as follows. 
Media recipes follow below. 
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Preparation of Target Tissue 
0124. The ears are husked and surface sterilized in 30% 
Clorox bleach plus 0.5% Micro detergent for 20 minutes, and 
rinsed two times with sterile water. The immature embryos 
are excised and placed embryo axis side down (scutellum side 
up), 25 embryos per plate, on 560Y medium for 4 hours and 
then aligned within the 2.5 cm target Zone in preparation for 
bombardment. 
0.125. A plasmid vector comprising the silencing element 
of interest operably linked to either the tissue specific, tissue 
selective, or constitutive promoter is made. This plasmid 
DNA plus plasmid DNA containing a PATselectable marker 
is precipitated onto 1.1 um (average diameter) tungsten pel 
lets using a CaCl2 precipitation procedure as follows: 100 ul 
prepared tungsten particles in water, 10ul (1 ug) DNA in Tris 
EDTA buffer (1 lug total DNA): 100 ul 2.5 M CaCl; and, 10 
ul 0.1 M spermidine. 
0126 Each reagent is added sequentially to the tungsten 
particle Suspension, while maintained on the multitube Vor 
texer. The final mixture is sonicated briefly and allowed to 
incubate under constant vortexing for 10 minutes. After the 
precipitation period, the tubes are centrifuged briefly, liquid 
removed, washed with 500 ml 100% ethanol, and centrifuged 
for 30 seconds. Again the liquid is removed, and 105ul 100% 
ethanol is added to the final tungsten particle pellet. For 
particle gun bombardment, the tungsten/DNA particles are 
briefly sonicated and 10 ul spotted onto the center of each 
macrocarrier and allowed to dry about 2 minutes before bom 
bardment. 
0127. The sample plates are bombarded at level #4 in a 
particle gun. All samples receive a single shot at 650 PSI, with 
a total often aliquots taken from each tube of prepared par 
ticles/DNA. 
0128. Following bombardment, the embryos are kept on 
560Y medium for 2 days, then transferred to 560R selection 
medium containing 3 mg/liter Bialaphos, and Subcultured 
every 2 weeks. After approximately 10 weeks of selection, 
selection-resistant callus clones are transferred to 288J 
medium to initiate plant regeneration. Following Somatic 
embryo maturation (2-4 weeks), well-developed somatic 
embryos are transferred to medium for germination and trans 
ferred to the lighted culture room. Approximately 7-10 days 
later, developing plantlets are transferred to 272V hormone 
free medium in tubes for 7-10 days until plantlets are well 
established. Plants are then transferred to inserts in flats 
(equivalent to 2.5" pot) containing potting soil and grown for 
1 week in a growth chamber, Subsequently grown an addi 
tional 1-2 weeks in the greenhouse, then transferred to classic 
600 pots (1.6 gallon) and grown to maturity. 
0129. Plants are monitored and scored for the appropriate 
marker, Such as the control of a Coleoptera plant pest, Such as 
a Diabrotica plant pest and have insecticidal activity. For 
example, Ro plant roots are fed to western corn rootworm 
larvae (WCR, Diabrotica virgifera). Transgenic corn roots 
are handed-off in Petri dishes with MSOD medium contain 
ing antibiotics and glyphosate for in vitro selection. Two 
WCR larvae are infested per root in each dish with a fine tip 
paintbrush. The dishes are sealed with Parafilm to prevent the 
larvae from escaping. The assays are placed into a 27°C., 
60% RH Percival incubator incomplete darkness. Contami 
nation and larval quality are monitored. After six days of 
feeding on root tissue, the larvae are transferred to WCR diet 
in a 96 well plate. The larvae are allowed to feed on the diet for 
eight days making the full assay fourteen days long. Larval 
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mass and Survivorship are recorded for analysis. A one-way 
ANOVA analysis and a Dunnett's test is performed on the 
larval mass data to look for statistical significance compared 
to an untransformed negative control. WCR larvae stunting is 
measured after feeding on two events and compared to growth 
of larvae fed on negative control plants. 
0.130. In other assays, transgenic corn plants (Ro) gener 
ated are planted into 10-inch pots containing Metromix soil 
after reaching an appropriate size. When plants reach the V4 
growth stage, approximately 1000 Western corn rootworm 
(WCR, Diabrotica virgifera) eggs are infested into the root 
Zone. Non-transgenic corn of the same genotype is infested at 
a similar growth stage to serve as a negative control. Eggs are 
pre-incubated so hatch occurs within 24 hours of infestation. 
Larvae are allowed to feed on the root systems for 3 weeks. 
Plants are removed from the soil and washed so that the roots 
can be evaluated for larval feeding. Root damage is rated 
using a Node Injury Scale (NIS) to score the level of damage 
where a 0 indicates no damage, a 1 indicates that one node of 
roots is pruned to within 1.5 inches, a 2 indicates that 2 nodes 
are pruned, while a 3 indicates that 3 nodes are pruned. 
Because the plants being used for evaluation are directly out 
of tissue culture after transformation and because transfor 
mation events are unique, only a single plant is evaluated per 
event at this time. The plants in the assay that present signs or 
symptoms of larval feeding indicate that a successful infes 
tation is obtained. Negative control plant roots are moderately 
to severely damaged averaging whereas roots of the trans 
genic plants provide Substantial control of larval feeding, 
with about 0.2 or less on the Node Injury Scale. 
I0131 Bombardment medium (560Y) comprises 4.0 g/1 
N6 basal salts (SIGMA C-1416), 1.0 ml/l Eriksson's Vitamin 
Mix (1000x SIGMA-1511), 0.5 mg/l thiamine HCl, 120.0 g/1 
Sucrose, 1.0 mg/l 2,4-D, and 2.88 g/l L-proline (brought to 
volume with D-I HO following adjustment to pH 5.8 with 
KOH); 2.0 g/l Gelrite (added after bringing to volume with 
D-I HO); and 8.5 mg/l silver nitrate (added after sterilizing 
the medium and cooling to room temperature). Selection 
medium (560R) comprises 4.0 g/l N6 basal salts (SIGMA 
C-1416), 1.0 ml/l Eriksson's Vitamin Mix (1000x SIGMA 
1511), 0.5 mg/l thiamine HCl, 30.0 g/l sucrose, and 2.0 mg/1 
2,4-D (brought to volume with D-IHO following adjustment 
to pH 5.8 with KOH); 3.0 g/l Gelrite (added after bringing to 
volume with D-I HO); and 0.85 mg/l silver nitrate and 3.0 
mg/l bialaphos (both added after sterilizing the medium and 
cooling to room temperature). 
I0132 Plant regeneration medium (288J) comprises 43 g/1 
MS salts (GIBCO 11117-074), 5.0 ml/l MS vitamins stock 
solution (0.100 g nicotinic acid, 0.02 g/l thiamine HCl, 0.10 
g/l pyridoxine HCl, and 0.40 g/l glycine brought to volume 
with polished D-I HO) (Murashige and Skoog (1962) 
Physiol. Plant. 15:473), 100 mg/l myo-inositol, 0.5 mg/1 
Zeatin, 60 g/l sucrose, and 1.0 ml/l of 0.1 mM abscisic acid 
(brought to volume with polished D-IHO after adjusting to 
pH 5.6); 3.0 g/l Gelrite (added after bringing to volume with 
D-I HO); and 1.0 mg/l indoleacetic acid and 3.0 mg/l biala 
phos (added after sterilizing the medium and cooling to 60° 
C.). Hormone-free medium (272V) comprises 4.3 g/l MS 
salts (GIBCO 11117-074), 5.0 ml/l MS vitamins stock solu 
tion (0.100 g/l nicotinic acid, 0.02 g/l thiamine HCl, 0.10 g/1 
pyridoxine HCl, and 0.40 g/l glycine brought to volume with 
polished D-I HO), 0.1 g/1 myo-inositol, and 40.0 g/l sucrose 
(brought to volume with polished D-I HO after adjusting pH 
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to 5.6); and 6 g/l bacto-agar (added after bringing to Volume 
with polished D-I HO), sterilized and cooled to 60° C. 

Example 4 

Agrobacterium-Mediated Transformation of Maize 

0.133 For Agrobacterium-mediated transformation of 
maize with a silencing element of the invention, the method of 
Zhao is employed (U.S. Pat. No. 5,981,840, and PCT patent 
publication WO98/32326; the contents of which are hereby 
incorporated by reference). Such as a construct can, for 
example, express a long double stranded RNA of the target 
sequence set forth in table 1. Such a construct can be linked to 
the dMMB promoter. Briefly, immature embryos are isolated 
from maize and the embryos contacted with a suspension of 
Agrobacterium, where the bacteria are capable of transferring 
the polynucleotide comprising the silencing element to at 
least one cell of at least one of the immature embryos (step 1: 
the infection step). In this step the immature embryos are 
immersed in an Agrobacterium Suspension for the initiation 
of inoculation. The embryos are co-cultured for a time with 
the Agrobacterium (step 2: the co-cultivation step). The 
immature embryos are cultured on Solid medium following 
the infection step. Following this co-cultivation period an 
optional “resting step is contemplated. In this resting step, 
the embryos are incubated in the presence of at least one 
antibiotic known to inhibit the growth of Agrobacterium 
without the addition of a selective agent for plant transfor 
mants (step 3: resting step). The immature embryos are cul 
tured on solid medium with antibiotic, but without a selecting 
agent, for elimination of Agrobacterium and for a resting 
phase for the infected cells. Next, inoculated embryos are 
cultured on medium containing a selective agent and growing 
transformed callus is recovered (step 4: the selection step). 
The immature embryos are cultured on solid medium with a 
selective agent resulting in the selective growth of trans 
formed cells. The callus is then regenerated into plants (step 
5: the regeneration step), and calligrown on selective medium 
are cultured on Solid medium to regenerate the plants. Assays 
for insecticidal activity can be performed as described above 
in Example, 5. 

Example 5 

Soybean Embryo Transformation 

Culture Conditions 

0134 Soybean embryogenic suspension cultures (cv. 
Jack) are maintained in 35 ml liquid medium SB196 (see 
recipes below) on rotary shaker, 150 rpm, 26°C. with cool 
white fluorescent lights on 16:8 hr day/night photoperiod at 
light intensity of 60-85 uE/m2/s. Cultures are subcultured 
every 7 days to two weeks by inoculating approximately 35 
mg of tissue into 35 ml of fresh liquid SB196 (the preferred 
subculture interval is every 7 days). 
0135 Soybean embryogenic suspension cultures are 
transformed with the plasmids and DNA fragments described 
in the examples above by the method of particle gun bom 
bardment (Klein et al. (1987) Nature, 327:70). 

Soybean Embryogenic Suspension Culture Initiation 

0.136 Soybean cultures are initiated twice each month 
with 5-7 days between each initiation. 
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0.137 Pods with immature seeds from available soybean 
plants 45-55 days after planting are picked, removed from 
their shells and placed into a sterilized magenta box. The 
soybean seeds are sterilized by shaking them for 15 minutes 
in a 5% Clorox solution with 1 drop of ivory soap (95 ml of 
autoclaved distilled water plus 5 ml Clorox and 1 drop of 
soap). Mix well. Seeds are rinsed using 2 1-liter bottles of 
sterile distilled water and those less than 4 mm are placed on 
individual microscope slides. The small end of the seed are 
cut and the cotyledons pressed out of the seed coat. Cotyle 
dons are transferred to plates containing SB1 medium (25-30 
cotyledons per plate). Plates are wrapped with fiber tape and 
stored for 8 weeks. After this time secondary embryos are cut 
and placed into SB196 liquid media for 7 days. 

Preparation of DNA for Bombardment 
0.138 Either an intact plasmidora DNA plasmidfragment 
containing the genes of interest and the selectable marker 
gene are used for bombardment. Plasmid DNA for bombard 
ment are routinely prepared and purified using the method 
described in the PromegaTM Protocols and Applications 
Guide, Second Edition (page 106). Fragments of the plasmids 
carrying the silencing element of interest are obtained by gel 
isolation of double digested plasmids. In each case, 100ug of 
plasmid DNA is digested in 0.5 ml of the specific enzyme mix 
that is appropriate for the plasmid of interest. The resulting 
DNA fragments are separated by gel electrophoresis on 1% 
SeaPlaque GTG agarose (BioWhitaker Molecular Applica 
tions) and the DNA fragments containing silencing element 
of interest are cut from the agarose gel. DNA is purified from 
the agarose using the GELase digesting enzyme following the 
manufacturer's protocol. 
0.139. A 50 ul aliquot of sterile distilled water containing 3 
mg of gold particles (3 mg gold) is added to 5ul of a lug/ul 
DNA solution (either intact plasmid or DNA fragment pre 
pared as described above), 50 ul 2.5M CaCl and 20 Jul of 0.1 
M spermidine. The mixture is shaken 3 min on level 3 of a 
vortex shaker and spun for 10 sec in a bench microfuge. After 
a wash with 400 ul 100% ethanol the pellet is suspended by 
sonication in 40 ul of 100% ethanol. Five ul of DNA suspen 
sion is dispensed to each flying disk of the Biolistic PDS1000/ 
HE instrument disk. Each 5ul aliquot contains approximately 
0.375 mg gold per bombardment (i.e. per disk). 
Tissue Preparation and Bombardment with DNA 
0140. Approximately 150-200 mg of 7 day old embryonic 
Suspension cultures are placed in an empty, Sterile 60x15 mm 
petri dish and the dish covered with plastic mesh. Tissue is 
bombarded 1 or 2 shots per plate with membrane rupture 
pressure set at 1100 PSI and the chamber evacuated to a 
vacuum of 27-28 inches of mercury. Tissue is placed approxi 
mately 3.5 inches from the retaining/stopping screen. 

Selection of Transformed Embryos 
0141 Transformed embryos were selected either using 
hygromycin (when the hygromycin phosphotransferase, 
HPT, gene was used as the selectable marker) or chlorsulfu 
ron (when the acetolactate synthase, ALS, gene was used as 
the selectable marker). 

Hygromycin (HPT) Selection 
0.142 Following bombardment, the tissue is placed into 
fresh SB196 media and cultured as described above. Six days 
post-bombardment, the SB196 is exchanged with fresh 
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SB196 containing a selection agent of 30 mg/L hygromycin. 
The selection media is refreshed weekly. Four to six weeks 
post selection, green, transformed tissue may be observed 
growing from untransformed, necrotic embryogenic clusters. 
Isolated, green tissue is removed and inoculated into multi 
well plates to generate new, clonally propagated, transformed 
embryogenic Suspension cultures. 

Chlorsulfuron (ALS) Selection 
0143 Following bombardment, the tissue is divided 
between 2 flasks with fresh SB196 media and cultured as 
described above. Six to seven days post-bombardment, the 
SB196 is exchanged with fresh SB196 containing selection 
agent of 100 ng/ml Chlorsulfuron. The selection media is 
refreshed weekly. Four to six weeks post selection, green, 
transformed tissue may be observed growing from untrans 
formed, necrotic embryogenic clusters. Isolated, green tissue 
is removed and inoculated into multiwell plates containing 
SB196 to generate new, clonally propagated, transformed 
embryogenic Suspension cultures. 
Regeneration of Soybean Somatic Embryos into Plants 
0144. In order to obtain whole plants from embryogenic 
Suspension cultures, the tissue must be regenerated. 

Embryo Maturation 
0145 Embryos are cultured for 4-6 weeks at 26° C. in 
SB196 under cool white fluorescent (Phillips cool white 
Econowatt F40/CW/RS/EW) and Agro (Phillips F40 Agro) 
bulbs (40 watt) on a 16:8 hr photoperiod with light intensity of 
90-120 uE/m2s. After this time embryo clusters are removed 
to a solid agar media, SB 166, for 1-2 weeks. Clusters are then 
subcultured to medium SB103 for 3 weeks. During this 
period, individual embryos can be removed from the clusters 
and screened for the appropriate marker or the ability of the 
plant, when injected with the silencing elements, to control 
the Coleopteran plant pest or the Diabrotica plant pest. 

Embryo Desiccation and Germination 
0146 Matured individual embryos are desiccated by plac 
ing them into an empty, small petri dish (35x10 mm) for 
approximately 4-7 days. The plates are sealed with fiber tape 
(creating a small humidity chamber). Desiccated embryos are 
planted into SB71-4 medium where they were left to germi 
nate under the same culture conditions described above. Ger 
minated plantlets are removed from germination medium and 
rinsed thoroughly with water and then planted in Redi-Earth 
in 24-cell pack tray, covered with clear plastic dome. After 2 
weeks the dome is removed and plants hardened off for a 
further week. If plantlets looked hardy they are transplanted 
to 10" pot of Redi-Earth with up to 3 plantlets per pot. 

Media Recipes 

0147 

SB 196 - FN Lite liquid proliferation medium (per liter) - 

MS FeFDTA - 100x Stock 1 10 ml 
MS Sulfate - 100x Stock 2 10 ml 
FN Lite Halides - 100x Stock3 10 ml 
FN Lite P, B, Mo - 100x Stock 4 10 ml 
B5 vitamins (1 ml/L) 1.0 ml 
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2,4-D (10 mg/L final concentration) 1.0 ml 
KNO3 2.83 gm 
(NH4)2SO4 0.463 gm 
Asparagine 1.0 gm 
Sucrose (1%) 10 gm 
pH 5.8 

FN Lite Stock Solutions 

Stock # 1000 ml 500 ml 

1 MS Fe EDTA 100x Stock 
Na, EDTA* 3.724 g 1.862 g 
FeSO 7H2O 2.784 g 1.392 g 

2 MS Sulfate 100x stock 
MgSO 7H2O 37.0 g 18.5 g. 
MnSO-H2O 1.69 g 0.845 g 
ZnSO–7H2O 0.86 g 0.43 g 
CuSO 5H2O 0.0025 g 0.00125 g 

3 FN Lite Halides 100x Stock 
CaCl2—2H2O 30.0 g 15.0 g 
KI 0.083 g 0.0715 g 
CoCl2–6H2O 0.0025 g 0.00125 g 

4 FN Lite P, B, Mo 100x Stock 
KH2PO 18.5 g. 9.25 g 
HBO 0.62 g 0.31 g 
Na-MoO-2H2O 0.025 g 0.0125 g 

*Add first, dissolve in dark bottle while stirring 

0148 SB1 solid medium (per liter) comprises: 1 pkg. MS 
salts (Gibco/BRL-Catil 11117-066); 1 ml B5 vitamins 1000x 
stock; 31.5 g sucrose; 2 ml 2,4-D (20 mg/L final concentra 
tion); pH 5.7; and, 8 gTC agar. 
0149 SB 166 solid medium (per liter) comprises: 1 pkg. 
MS salts (Gibco/BRL-Catil 11117-066); 1 ml B5 vitamins 
1000x stock; 60 g maltose; 750 mg MgCl2 hexahydrate; 5g 
activated charcoal; pH 5.7; and, 2 g gelrite. 
0150 SB 103 solid medium (per liter) comprises: 1 pkg. 
MS salts (Gibco/BRL-Catil 11117-066); 1 ml B5 vitamins 
1000x stock; 60 g maltose; 750 mg MgCl2 hexahydrate; pH 
5.7; and, 2 g gelrite. 
0151. SB 71-4 solid medium (per liter) comprises: 1 bottle 
Gamborg's B5 salts w/sucrose (Gibco/BRL-Catil 
21153-036); pH 5.7; and, 5 gTC agar. 
0152 2,4-D stock is obtained premade from Phytotech 
cati D 295-concentration is 1 mg/ml. 
(O153 B5Vitamins Stock (per 100 ml) which is stored in 
aliquots at -20 C comprises: 10 g myo-inositol; 100 mg 
nicotinic acid; 100 mg pyridoxine HCl; and, 1 g thiamine. If 
the Solution does not dissolve quickly enough, apply a low 
level of heat via the hot stir plate. Chlorsulfuron Stock com 
prises 1 mg/ml in 0.01 N. Ammonium Hydroxide 

Example 6 

Expression of Silencing Elements in Maize 
0154) The silencing elements set forth in SEQID NO: 8, 
26, 17, 28 and 10 were expressed in a maize plantas hairpins 
and the plant was tested for insecticidal activity against corn 
root worms. The sequences set forth in SEQID NO: 8, 26, 17. 
28 and 10 were engineered to be expressed as a hairpin. The 
constructs comprised the following components: the maize 
ubiquitin promoter/5'UTR/1 intron operably linked SEQID 
NO:8, 26, 17, 28 or 10::ADH1 intron::complement of SEQ 
ID NO:8, 26, 17, 28 and 10. Plasmids PHP41121, PHP41134, 
PHP41127, PHP41130, PHP41118 were generated as sum 
marized below in Table 2. 
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TABLE 2 

SEQID NO Sequence 
SEQID of construct homology 
NO of wfpromoter of the 

silencing and silencing Clone name of silencing Plasmid 
element element silencing element element l8le 

8 237 idvlc.pk001.e9.f Ribosomal PHP41121 
protein s1OE 

26 238 idvlc.phO03.p13.f Ribosomal PHP41134 
protein 

17 239 idvlc.pk003.f).f 27 kD PHP41127 
proteinase 

28 240 idvlc.pk004.d17.f Tribolium PHP41130 
10 241 idvlc.pk001.n1.f No hits PHP41118 

0155 Maize plants were transformed with Plasmids 
PHP41121, PHP41134, PHP41127, PHP41130, PHP41118 
and plants expressing the silencing elements denoted in Table 
2 were transplanted from 272V plates into greenhouse flats 
containing Fafard Superfine potting mix. Approximately 10 
to 14 days after transplant, plants (now at growth stage 
V2-V3) were transplanted into treepots containing Fafard 
Superfine potting mix. At 14 days post greenhouse send date, 
plants were infested with 100 eggs of western corn root 
worms (WCRW)/plant. For later sets, a second infestation of 
100 eggs WCRW/plant was done 14 days after the first infes 
tation and scoring was at 14 days after the second infestation. 
21 days post infestation, plants were scored using CRWNIS. 
Those plants with a score of s().5 are transplanted into large 
pots containing SB300 for seed. As shown in FIG. 1, each of 
SEQ ID NO: 8, 26, 17, 28 and 10 had insecticidal activity. 

Example 7 

Insect Bioassays 

0156 2.5 ul of an in-vitro transcription reaction which 
synthesized one of the sequences set forth in SEQ ID NO: 
107-236 were added to a given well of a 96 well microtiter 
plate. 25 ul of molten lowmelt western corn rootworm diet 
were added to the sample and shaken on an orbital shaker to 
mix the sample and diet. Once the diet had solidified, neonate 
rootworms were added to the well. An average of 5 neonates 
were added to each well. After the plate was infested, the plate 
was sealed with mylar and a single hole was punched in the 
mylar over each well to allow air exchange. 4 replicate wells 
were produced for each sample. The assay was scored for 
activity 7 days post infestation. Table 3 provides insecticidal 
bioassay data employing the Southern corn rootworm. The 
possible scores are dead (D), severely stunted (SS; little or no 
growth but alive), stunted (S: growth to second instar but not 
equivalent to controls), contaminated (c), or no activity. 
0157 Following confirmation, a simple dose response 
assay was performed with both Southern and western corn 
rootworms. See, Tables 4 and 5 below. Samples for dose 
response assays were produced in the same manner described 
above with the following modification: samples were further 
purified using column purification prior to enzymatic treat 
ment. Samples were also normalized to 0.5 ugful and all 
samples were evaluated by gel electrophoresis. Dose 
response assays were performed with the following rates: 
crude, 0.5, 0.25, 0.0125 ppm, and 0.125 dilutions (equivalent 
to 51, 25, 12.5 and 6 ppm). 
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TABLE 3 

Insecticidal Bioassay Data Against Southern Corn Root Worm 

Clone name 

S S S S 
S S S S 

S S 
S S S S S s S s S 
S S S S S S S S 

S S S S 
S S S S 
S S S S S 

S S S S S 

S 

S S S S S 

S S S S 

s s 

S S S S S 

s s 
S S S S 

S S SS 

S S S SS SS 

S S S S S 

S S S S 

S S S S S 

S S S S 

S 
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TABLE 5 

Insect Bioassaws Against Southern and Western Corn RootWorm. 

SCRW dose response #1 SCRW does response #2 2nd 1 assay 1st 

0.125 Crude 0.5 0.25 O.S. O.25 Confirmation Confirmation Crude result Clone name 

Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z, Z Z 
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TABLE 5-continued 

Insect Bioassays Against Southern and Western Corn Root Worm. 

1 assay 1st 2nd SCRW dose response #1 SCRW does response #2 

Clone name result Confirmation Confirmation Crude 0.5 0.25 0.125 Crude 0.5 0.25 0.125 

idv1c.pk035.h19.f S SS SS S N N N N N N N 
idv1c.pk035.j4.f S SS SS SS S S S SS SS S S 
idv1c.pk035.m1.f S S S S S S S S S S N 
idv1c.pk035.o13.f S S S S N N S S N N N 
idv1c.pk036.a 14.f S S N SS S S N SS S S N 
idv1c.pk036.e18.f S S S S S S N S S S N 
idv1c.pk036.f4.f S S S S S S S S S N N 
idv1c.pk036.f).f S S S SS S S S SS S S N 
idv1c.pk036.i.17.f S S S S S S S S S S N 
idv1c.pk036.i.20.f S S S SS SS N N SS SS S N 
idv1c.pk036.k23.f S S S S S N N S S S N 

Example 8 
TABLE 7 

Expression of Silencing Elements in Maize Oneway Anova 
Summary of Fit 

0158. The silencing elements set forth in SEQID NO: 13, 
40, 72 and 73 were expressed in a maize plant as hairpins and 8: KSquare 
the plants were tested for insecticidal activity against corn Root Mean Square Error O.65412S 
root worms. The sequences set forthin SEQID NO: 13, 40, 72 Mean of Response 1.270885 

Observations (or Sum Wigts) 226 and 73 were engineered to be expressed as a hairpin. The 
constructs comprised the following components: the maize Analysis of Variance 
ubiquitin promoter/5'UTR/1 intron operably linked to one of Sum of M 

ll O (8. 

SEQ ID NO: 13, 40, 72 and 73:the ADH1 intron:comple- Source DF Squares Square F Ratio Prob >F 
ment of the corresponding SEQID NO. Plasmids PHP41136, 
PHP41567, PHP41992, PHP42000 were generated as sum- Construct 11 72.2O36O 6.56396 15.34O7 <.OOO1* 

Error 214 91.56622 O.42788 
marized below in Table 6. PHP19288 was a control plasmid o 
which lacked a silencing element. C. Total 225 163.76982 

Means for Oneway Anova 
TABLE 6 

Level Number Mean Std Error Lower 95% Upper 95% 
SEQID NO of 

SEQID NO construct w/ PHP Control 2O 1.96OOO O.14627 1672 2.2483 
of silencing promoter and Clone name of Plasmid PHP19288 22 159545 0.13946 1.321 18703 
element silencing element silencing element l8le PHP41136 16 O.S2813 0.16353 O.2O6 O.8SOS 

PHP41567 17 O.82941. O.1586S 0.517 1.1421 
13 242 idv1c.pk002.j7f PHP41136 PHP41992 23 O.913O4. O.13639 O644 1.1819 
40 243 idylc.pk013.hlf PHP41567 PHP42OOO 21 O.7881O O. 14274 0.507 1.0695 
72 244 idv1c.pk017.d14.f PHP41992 
73 245 idv1c.pk017.e22.f PHP42OOO StdError uses a pooled estimate of error variance 

0159. Maize plants were transformed with plasmids Example 9 
PHP41136, PHP41567, PHP41992, PHP42000, and 
PHP19288 (control lacking silencing element) and plants 
expressing the silencing elements denoted in Table 6 were 
transplanted from 272V plates into greenhouse flats contain 
ing Fafard Superfine potting mix. Plants were infected (100 
eggs per plant) 14 days post green house send date and a 
second infestation (150 eggs per plant) was performed 14 
days later. The scoring for insecticidal activity was done 14 
days later (28 days post first infection). Each of SEQID NO: 
13, 40, 72 and 73 had insecticidal activity in this assay. 
0160. As shown in FIG. 2, significant efficacy was shown 
with the PHP41136, PHP41567, PHP41992, and PHP42000 
constructs. No significant difference between PHP41 136 and 
the PHP positive control was seen. Table 7 provides a sum 
mary of the data shown in FIG. 2. 

Insect Bioassays 
0.161 2.5 ul of an in-vitro transcription reaction which 
synthesized one of the sequences set forth in SEQID NO: 13, 
40, 72 and 73 was added to a given well of a 96 well microtiter 
plate. 25ul of molten lowmelt western corn rootworm diet 
were added to the sample and shaken on an orbital shaker to 
mix the sample and diet. Once the diet solidified, neonate 
rootworms were added to the well. An average of 5 neonates 
was added to each well. After the plate was infested, the plate 
was sealed with mylar and a single hole was punched in the 
mylar over each well to allow air exchange. 4 replicate wells 
were produced for each sample. The assay was scored for 
activity 7 days post infestation. Dose response assays were 
performed with the following rates: 50, 25, 12.5, 6.5, 3.2, and 
1.5 ppm. Table 8 provides insecticidal bioassay data employ 
ing the Southern corn rootworm. The possible scores are dead 
(D), severely stunted (SS; little or no growth but alive), 
stunted (S.; growth to second instar but not equivalent to 
controls), contaminated (c), or no activity. 
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TABLE 8 
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Comparison of TO activity and dsRNA assay results 

Gene id 

SCRW 

50 25 12.S 6.S 3.2 1.5 50 
ppm ppm ppm ppm ppm ppm ppm 

Proteosome subunit SS SS SS SS 
alpha type 3 
Low homology to N N N N N N SS 
sea urchin reverse 
transcriptase 
Mosquito conserved SS SS SS SS SS SS SS 
hypo. Prot. 
Syntaxin SS SS SS N N N N 
Ribosomal protein SS SS SS SS SS SS S 
L27E 
No hits SS SS S N N N S 
Proteosome beta SS SS SS SS SS SS S 
Subunit 
Cadherin like S S S S S S SS 
Ribosome biogenesis S S N N N N SS 
regulatory homolog 

Example 10 

Expression of Silencing Elements in Maize 

0162 The silencing elements set forth in the various SEQ 
ID NOS denoted in Table 9 were expressed in a maize plant 
(via the FASTcorn highthoughput Screening methods) as 
hairpins and the various plants were tested for insecticidal 

25 
ppm 

SS 

SS 

SS 

N 

WCRW 

equivalent 
to Sing/cm2 ToGene 

12.S 6.5 3.2 1.5 testing 
ppm ppm ppm ppm PHP# results 

SS SS SS SS 41 136 good 

SS SS SS SS 41129 poor 

SS SS SS SS 41124 poor 

N N N N 41558 poor 
N N N N 41567 good 

N N N N 41549 poor 
S S N N 41999 poor 

SS SS S S 41992 good 
SS SS S S 42000 good 

activity against corn root worms. The sequences set forth in 
the SEQID NOS denoted in Table 9 were engineered to be 
expressed as a hairpin. The constructs comprised the follow 
ing components: the maize ubiquitin promoter/5'UTR/1''' 
intron operably linked SEQID NO set forthin Table 9::ADH1 
intron::complement of the SEQID NO: set forth in Table 9. 
The various plasmids having these silencing expression con 
structs were generated as summarized below in Table 9. 

TABLE 9 

SEQ ID NO of 
SEQID NO making full length % 

up one stem of Clone name of expression Weak i %rtPCR actives Diet assay 
Row Labels the hairpin silencing element wector Pass pass tested (+) ofrtPCR+ activity 

PHP44742 nt 1-380 of idv1c.pk014.b17. 248 100.0% O.0%. 19 90 1OO S 

SEQ ID NO:45 
PHP44107 8 idw1c.pk001.e.9.f 237 94.7% O.0%. 19 95 100 SS 
PHP44118 15 idw1c.pk003.d6.f 246 SS.0%. 10.0%. 20 70 1OO S 
PHP44747 nt 1-266 of SEQID NO: 50 idv1c.pk014.k23 251 40.0%. 13.3% 15 67 SO SS 
PHP44116 18 idv1c.pk003.j4.f 247 31.6%. 10.5%. 19 25 100 SS 
PHP44109 29 idw1c.pk004.f20.f 250 30.0%. 10.0%. 20 58 63 SS 
PHP44750 nt 1-675 of idv1c.pk013.b11 249 30.0% O.0%. 10 50 33 S 

SEQ ID NO:37 
PHP44119 9 idv1c.pk001.m.5.f 26.3% O.0% 19 No data No data ss 
PHP44117 14 idv1c.pk002.n13 26.3% 5.3%. 19 O O S 
PHP44744 nt 1-132 of idv1c.pk013.h1.f 243 21.1% 5.3%. 19 68 38 S 

SEQ ID NO:40 
PHP44748 nt 16-585 of idv1c.pk014.d11 252 17.6% 5.9%. 17 83 25 s 

SEQ ID NO:47 
PHP44211 S4 idv1c.pk014.n23 15.0% O.0% 2O No data No data s 
PHP44208 32 idv1c.pk004.nó.f 12.5%. 25.0% 8 No data No data s 
PHP45641 92 idw1c.pk019.7.f 12.5% O.0% 8 50 12 S 
PHP44115 12 idw1c.pk002.f20.f 10.0% 10.0% 2O No data No data ss 
PHP44122 27 idv1c.pk004.b12. 10.0% O.0% 2O No data No data ss 
PHP44120 25 idv1c.pk003.o22. 10.0% 15.0% 2O No data No data s 
PHP44121 21 idw1c.pk003.11.f 10.0% S.0% 2O No data No data s 
PHP44746 46 idv1c.pk014.c14. 9.1% 18.2%. 11 40 25 s 
PHP44976 66 idv1c.pk016.h19. 7.70% O.0%. 13 92 8 SS 
PHP44213 23 idv1c.pk003.m10.f 5.6% O.0% 18 No data No data s 
PHP44113 26 idv1c.pk003.p13. 5.3% 5.3% 19 No data No data ss 
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TABLE 9-continued 

SEQID NO of 
SEQID NO making full length % 
up one stem of Clone name of expression Weak i %rtPCR actives Diet assay 

Row Labels the hairpin silencing element Wector Pass pass tested (+) ofrtPCR+ activity 

PHP44114 24 idv1c.pk003.O13.f 5.3% 5.3% 19 No data No data s 
PHP44745 33 idv1c.pk004.o4.f 5.3% O.0% 19 76 O S 
PHP44210 11 idv1c.pk002.c5.f S.0% O.0% 2O No data No data SS 
PHP44106 10 idv1c.pk001.n1.f S.0% 15.0% 2O No data No data s 
PHP44112 28 idv1c.pk004.d17.f O.0% O.0% 17 No data No data SS 
PHP4.4216 2O idv1c.pk003.20.f O.0% O.0% 12 No data No data SS 
PHP4422O 13 idv1c.pk002.17.f O.0% O.0% 2O No data No data SS 
PHP44209 56 idv1c.pk015.a16.f O.0% O.0% 14 No data No data is 
PHP44212 38 idv1c.pk013.c21.f O.0% O.0% 2O No data No data is 
PHP44215 39 idv1c.pk013.d22.f O.0% O.0% 18 No data No data is 
PHP44217 53 idv1c.pk014.n16.f O.0% O.0% 13 No data No data is 
PHP44221 48 idv1c.pk014.f3.f O.0% O.0% 10 No data No data is 
PHP44743 48 idv1c.pk013.k1.f O.0% O.0% 20 37 O s: 
PHP44756 49 idv1c.pk014.i.2.f O.0% O.0% 20 O O s: 
PHP44757 61 idv1c.pk015.p2.f O.0% O.0% 20 8O O s: 
PHP44975 65 idv1c.pk016.h15. O.0% O.0% 5 3 O s: 
PHP44977 68 idv1c.pk016.15.f O.0% O.0% 6 30 O s: 
PHP44982 75 idv1c.pk017.h14. O.0% O.0% 1 55 O s: 
PHP44989 84 idv1c.pk018.f19.f O.0% O.0% 9 45 O s: 
PHP44991 87 idv1c.pk018.h.21. O.0% O.0% 2 60 O s: 
PHP44992 91 idv1c.pk019.k3.f O.0% O.0% 5 25 O s: 
PHP45629 99 idv1c.pk020.3.f O.0% O.0% 3 8O O s: 
PHP45635 104 idv1c.pk021.h12. O.0% O.0% 6 30 O s: 
PHP45636 98 idv1c.pk020.k19. O.0% O.0% 4 70 O s: 
PHP45638 97 idv1c.pk020.i.24.f O.0% O.0% 7 35 O s: 
PHP45640 95 idv1c.pk020.g17. O.0% O.0% 5 75 O s: 
PHP44111 17 idv1c.pk003.f.f O.0% O.0% 9 No data No data s 
PHP44204 16 idv1c.pk003.f3.f O.0% O.0% 2O No data No data s 
PHP442OS 34 idv1c.pk004.o9.f O.0% O.0% 3 No data No data s 
PHP442O6 43 idv1c.pk014.a 19. O.0% O.0% 7 No data No data s 
PHP442O7 22 idv1c.pk003.m1.f O.0% O.0% 2O No data No data s 
PHP44214 41 idv1c.pk013.h14. O.0% O.0% 8 No data No data s 
PHP44218 19 idv1c.pk003.6.f O.0% O.0% 2O No data No data s 
PHP44219 52 idv1c.pk014.m13.f O.0% O.0% 2O No data No data s 
PHP44222 31 idv1c.pk004.15.f O.0% 5.6% 8 No data No data s 
PHP44223 36 idv1c.pk013.a15. O.0% 5.3% 9 No data No data s 
PHP44739 44 idv1c.pk014.b3.f O.0% O.0% 4 O No data s 
PHP44741 51 idv1c.pk014.m.5.f O.0% O.0% 3 O O S 
PHP44749 57 idv1c.pk015.b8.f O.0% O.0% 3 O O S 
PHP44752 60 idv1c.pk015.n19. O.0% O.0% O 70 O S 
PHP44753 71 idv1c.pk017.c3.f O.0% O.0% 9 85 O S 
PHP44973 59 idv1c.pk015.13.f no data no data O 24 No data is 
PHP44978 69 idv1c.pk016.k.9.f no data no data O 10 No data is 
PHP45630 102 idv1c.pk021.d22. no data no data O 5 No data is 
PHP45631 105 idv1c.pk021.m2O.f no data no data O 30 No data is 
PHP45637 96 idv1c.pk020.17.f no data no data O 15 No data is 
PHP45639 94 idv1c.pk020.b11. no data no data O 15 No data is 

0163 Maize plants were transformed with PHP plasmids 
and plants expressing the silencing elements denoted in Table 
9 were transplanted from 272V plates into greenhouse flats 
containing Fafard Superfine potting mix. Approximately 10 
to 14 days after transplant, plants (now at growth stage 
V2-V3) were transplanted into treepots containing Fafard 
Superfine potting mix. At 14 days post greenhouse send date, 
plants were infested with 100 eggs of western corn root 
worms (WCRW)/plant. For later sets, a second infestation of 
100 eggs WCRW/plant was done 14 days after the first infes 
tation and scoring was at 14 days after the second infestation. 
21 days post infestation, plants were scored using CRWNIS. 
Those plants with a score of s().5 are transplanted into large 
pots containing SB300 for seed. “Pass” as denoted in Table 9 
is a Nodal injury score of 0.2 to 0. “Weak pass” as denoted in 
Table 9 is a score from >0.2 to 0.75 which was the cut off for 
advancing an event. “96 rtPCR as denoted in Table 9 is the 
percent of the 20 events with demonstrated expression of the 
hairpin as determined by rtPCR. “% actives of rtPCR as 
denoted in Table 9 is the percent of rtPCR positives that also 
passed the CRWNIS test. So this last number could be 100% 

even if only 10 of 20 events were rtfCR positive if all 10 also 
passed the CRWNIS test. The "diet assay activity summa 
rizes the data previously presented herein denoting either 
stunted (S) or severely stunted (SS) activity when the hairpins 
mixed with the CRW diet and fed directly to the bugs. 
(0164. The article “a” and “an are used herein to refer to 
one or more than one (i.e., to at least one) of the grammatical 
object of the article. By way of example, “an element’ means 
one or more element. 
0.165 All publications and patent applications mentioned 
in the specification are indicative of the level of those skilled 
in the art to which this invention pertains. All publications and 
patent applications are herein incorporated by reference to the 
same extent as if each individual publication or patent appli 
cation was specifically and individually indicated to be incor 
porated by reference. 
0166 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the scope of the appended claims. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 252 

<210s, SEQ ID NO 1 
&211s LENGTH: 1442 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 

200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 
225, 226, 227, 228 

<223> OTHER INFORMATION: n = A, T, C or G 

<4 OOs, SEQUENCE: 1 

gcacgaggcg tcaa.gcaagg C cagt cagtg aaaaattacc teccaac cat cct ctgctta 6 O 

Caggacagcg tdt acttgat gct cttitt Co catgtgtaca gggtggtact actgc catt C 12 O 

ccggagctitt cqgttgttgga aaaactgtaa titt cacaatc tictitt coaaa tatt coaact 18O 

citgatgtcnn nnnnnnnnnn nnnnn.nnnnn nnnnnnnnnn nnnnnnnnct gaagtattga 24 O 

gagattitc cc tdaattgact gttgaaattig acgggcacac tdaatctatt atgaaacgta 3OO 

cc.gcattggit cqccaacaca totaa catgc ctdtagctgc ticgtgaagct tctatictata 360 

ctgg tattac totttctgaa tact tcc.gtg atatgggitta caacgitat ct atgatggctg 42O 

acticga catc acgttgggcc gaagctittga gagaaatttic aggtogtttg gctgaaatgc 48O 

ctg.ccgattic cqgittatc.cg gct tact tag gtgc.ccgttt ggct tcc titc tacgaacgtg 54 O 

Ctggtc.gc.gt taaatgttta ggtaatcCag acagaga agg atc.cgtttca attgtaggag 6OO 

ccgitat cacc ticcitggtggit gatttct cag atcctgttac cactgctact cittgg tattg 660 

tacaggtgtt Ctggggtttg gaCaagaaac ttgcc caacg taagc actt C cct tcagtag 72 O 

actggcttgg at catatt co aaatatttaa gag cattgga cqacttittat gacaaaaact 78O 

tccaagagtt tatt cotctt agaac caaag ttaaggaaat t ctitcaggaa gaagatgat c 84 O 

tagc.cgaaat ttgcagctg gtaggtaaag Catct ctggc agaaacggac aaaat cacct 9 OO 

tggaaattgc caggcttctt aaagaagatt tottgcaa.ca aaact catac tottct tatg 96.O 

acagattctg. tccatt citat aaaactgtcg g tatgttgag aaa catgat c gotttgtacg O2O 

acatggcgag acacgctgta gaatcaaccg cacaat Caga aaataagat C acttggaacg O8O 

taataagaga ttcaatgagt gigaattittat atcaact tag cagtatgaaa tittaaggat.c 14 O 

cc.gtaaaaga tiggtgaagct aaaatcaagg cagattittga t caattatat gaagatatt c 2OO 

agcaggcctt cagaaactta gaagattaaa totttittaag gaaattitt.cc tattttgttc 26 O 

atcagtgtaa gtttaaaaat atagogatat ttatcaaaaa gaataataag goctotaticc 32O 

ct cactitctg tdaat attaa tatggcc.gta ctaaagatag taactaaaga taggttittct 38O 

Ctttitttgat attatcctgt acaaaataaa titatgtaaat tdttaaaaaa aaaaaaaaaa 44 O 

a.a. 442 

<210s, SEQ ID NO 2 
&211s LENGTH: 1098 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 2 
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- Continued 

gcc.caacgta agcact tccc titcagtag ac tdgcttggat catatt coaa at atttalaga 6 O 

gcattggacg acttittatga caaaaactitc caagagttta t t c ct cittag aaccaaagtt 12 O 

aaggaaattic titcaggaaga agatgatcta gcc.gaaattgtcagctggit aggtaaagca 18O 

t citctggcag aaacggacaa aat caccittg gaaattgcca ggctt cittaa agaagatttic 24 O 

ttgcaacaaa act catactic ttct tatgac agattctgtc. cattctataa aactgtcggit 3OO 

atgttgagaa acatgatcgg tttgtacgac atggcgagac acgctgtaga at Caaccgca 360 

caat cagaaa ataagat cac ttggaacgta ataagagatt caatgagtgg aattittatat 42O 

Caacttagca gitatgaaatt taaggat.ccc gtaaaagatg gtgaagctaa aat Caaggca 48O 

gattittgatc aattatatga agatatt cag caggcct tca gaaacttaga agattaaatc 54 O 

tttittaagga aattitt cota ttttgttcat cagtgtaagt ttaaaaatat agcigatattt 6OO 

atcaaaaaga ataataaggc ct citat coct cacttctgtgaat attaata tdgcc.gtact 660 

aatgatagta actaaagata ggttittct ct tttittgatat tat cotgitac aaaataaatt 72 O 

atgtaaattig titgaatatgt gtatagtttt tttgggtgag gigtacagtgc titattaaata 78O 

Ctttittaaac atttitt cocq ccatt coaat tact attaag titttitt.cgtt ttaatactitt 84 O 

tittaaatata caggtgctta at atcgttta tattitt cagt attacttggit tttctt catg 9 OO 

taaattgttt taaatttitt c ttitt accott ttaatcttgt at attacatt acc caattaa 96.O 

agittaattgt acagattaag ataaacgagt at cittataac atc tattaga ttgttagaat 1 O2O 

caataaatgt agtgtaattg ttctgttittgaacaaataaa togcatcatta ttgttgttta 108 O 

aaaaaaaaaa aaaaaaaa. 1098 

<210s, SEQ ID NO 3 
&211s LENGTH: 1766 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 3 

tttittatc.cc gtgagatatt tttgcagt cc ttittaataaa attctt cata attcaccatg 6 O 

aagggctg.cg ttittcaac at Cacaacggit tatttggaag gcctgtgtcg tdgctittaaa 12 O 

tgtgggat.cc tdaaacaatc cqattatttgaatttggtcc agtgttgaaac tottgaagat 18O 

ttaaaactgc acttgcaagg cactgacitat ggaacttittt toggccaatga acctt cacct 24 O 

ttgtcagtat cogt catcga ttcaagacitt cqagaaaaac togtgattga gttccagolac 3OO 

atgcgtaacc aag cagtaga gcct citct cq acatttatgg acttic attac ctacagttac 360 

atgatcgaca acataattitt gct tattaca ggaactic titc accagagacic aat cagtgaa 42O 

ttaatc ccta aatgtcaccc tictaggtagc titcgagcaaa toggaa.gc.cat coacgtagct 48O 

gctact coag ctgagttata caacgctgta ttggtggaca caccacttgc ticcattcttic 54 O 

gttgattgcatcagtgaaca agatttggat gaaatgaaca ttgaaattat cagaaac acc 6OO 

ttatacaaag citt acttgga agcatttitat acct tctgca aggaaattgg agg tact act 660 

gcc.gatagca ttgttgaaat tittggcttitt gaggcagata gacgtgctat tatt attact 72 O 

atcaactic git ttggcactga attaa.gcaaa gatgaccgtg ctaagttgta ccc.tc.gctgt 78O 

ggaagactica accc.cgatgg tttggctgct Ctagtgagag ccgaggact a caccaagtt 84 O 

aaag cagttg ctgaatact a cqctgaat at tccaaactgt ttgaaggagc tiggcaacaac 9 OO 



US 2011/0054.007 A1 Mar. 3, 2011 
33 

- Continued 

ccgggagaca aaa.cattgga agacaaattic tittgaatacg aagtacgt.ct taa catcaat 96.O 

gctitt catgc aacagtttca ctittggggtg ttctact citt acttgaaatt gaaggaacag O2O 

gaatgcagaa at attgtatggattgctgaa ttgtagctic aaaaacacag ggctaaaatc O8O 

gataactaca toccaatatt ctaaaggaat ttcttgtttg cactattgtt togcattccat 14 O 

ttggct catt tagttcttag togt cagtaag tdgaattatc aaaagtatica gttitt tatga 2OO 

ttcagatgta ctatt cagac citt cagacaa atccagttag tacaatgttt togttt caca 26 O 

tittatt atca act acatct t t cagt cqtcc aagattgtta togaaattaaa tatacattaa 32O 

atgtgttgat gttittaacaa tacatagoaa atcct caaaa agaacaataa aaagact cqc 38O 

agitt tattitt gaaggaaaat coattgagta ttaatgitatic ctaaaatatg taatcataaa 44 O 

attacatggit catat cagtt ttatcgc.ctt to agaaattit gctgttacct atcct tattg SOO 

tittatt at at tttittaatga t cqg tatgtt tttgat atta ttittagttitt ctoggaaataa 560 

tattgcacaa attct tagtt atctgattica acatgitatica atgctttgtt gag toatatic 62O 

ataaat atta t tatgttittctgtgtataaa gogtagctag gccaaaatgt tatttctgtt 68O 

gtatatgtaa gaataaataa aattatatgt atctgaaaaa aaaaaaaaaa aaaaaaaaaa 74 O 

aaaaaaaaaa aaaaaaaaaa aaaaaa. 766 

<210 SEQ ID NO 4 
&211s LENGTH: 1016 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 4 

gtgacatttg citt cagaact ttgaaactica caacacccac atatggagac ttaaaccatt 6 O 

tggitat coct cacaatgtcc ggtgtaacca cct gt cittag gttcc caggit cagttgaatg 12 O 

citgat cittag aaaattggct gttcaa.catgg titc cct tccc ccgtc. tccac ttctt catgc 18O 

ccggatt.cgc. tcc act cacc tica agaggca gccaacaata cagagcgttg acagttc.ca.g 24 O 

agct cacaca gcaaatgttt gatgccalaga acatgatggc ggcttgttgat CCC agacacg 3OO 

gaaggtacct tacagtagct gcagt attca gagg taggat gtcaatgaaa gaagttgacg 360 

aacagatgct caa.cat coag aacaagaaca gcago tactt cqtcqaatgg atc.cccaa.ca 42O 

acgittaaaac agcc.gtttgt gatat cocac caa.gaggtot caagatgtct gcc actitt.ca 48O 

tcqgcaactic aaccoccatc caagaattgt toaaacgitat citc.cgaacag titt acagota 54 O 

tgttcaggag gaaagctitt C ttgcattggit acaccggaga agg tatggat gaaatggaat 6OO 

t cacggaagc agaatcCaac atgaacgact ttatcaga ataccalacag taccalagaag 660 

ccacagctga Caagatgcc gaatticgacg aagacCagga agc.cgaagtic gacgagaact 72 O 

aaattt cata cqttaattitt ggatctgaaa toaaagctitt ataacttitta tatttgtctic 78O 

citct cottitt atttitt tatt taa.gcatgtt ttttgtacag totctacatt cocqtttgta 84 O 

aattitcgaat acact actta aattatt coa agactgactt tttgttgctt gtgtttctgg 9 OO 

aattitcagga agtgtttaga tatttaa.cat gttittgcgaa citgtttittitt atgaataggc 96.O 

attaaaactg ctgccattac ttataaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaa 1016 

<210s, SEQ ID NO 5 
&211s LENGTH: 1016 
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titcgaggaga agat.ccggac accgctgcaa citgcggtgct Ctt cqcgttc caaac catat 168O 

citcc ctdcta gaggatticca toggaactic ga acgcttatac agaaaagaaa actict tcc.cg 1740 

gatctotcga cacgt.ct Co agg to Cttitt gggitt acccc gacgaactict Cttgc gaggg 18OO 

cc.cgacttitt tacggttcc gct accgggt t ccggaatag galaccggatt CCCtttcgc.c 1860 

Caatgggtgt gcc.c 1874 

<210s, SEQ ID NO 10 
&211s LENGTH: 816 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 10 

tttitttittitt tttitttitttt tttitttttitt cagagagatt cc catcaacg taaataatca 6 O 

ggg tattt at tca catgtcc ctacgttctt atcat catgt aaaaggagtt ttgactatac 12 O 

at attittgaa alacatttaaa togggg.ccctic agaacaa.cag toggactaagt cacaaattica 18O 

gcatttittag attaatatat caataaaag.c agcaaaatta aatct tccga ttaac aggga 24 O 

cctacacaac ctacct citat atttggctag atgatgctac ataatttgta gctittat ct c 3OO 

ataaacataa tdaaaatatgaatgcaaaga ttgcatttat citcaaaactt agtttittgag 360 

cittatgccac togttgctgat agcct caaat attaa catgt togacagacat aac atctata 42O 

gatgtctaat titc cattgaaacgt.ctagat gacatttitta aaataacgaa ttgtgcatat 48O 

tcaaactaca totatagatg catatgaaat atgacatgaa catacattgt cqt catcaat 54 O 

atgtttacaa aact cattgt titc catattg acagt ctaat t citat acccc gitatctgcaa. 6OO 

aaaaacttaa titt coaattt togtggcaaa cqactaacaa aac agittatic catctataca 660 

caaaactctg atctaaacaa aaaattictag gaacctictaa taccagt cat ctaatacctic 72 O 

gtaactgaat atctittagac ttgataagaa aaaaaaaaca gaaaaaacct acttgacaaa 78O 

t ct cittggca gatacgggct attagaatta gacccc 816 

<210s, SEQ ID NO 11 
&211s LENGTH: 579 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 11 

ggggcttitta catcaaaaat ttctittagct gttgtcggitt aaggaacago ttacaaaatg 6 O 

aaattcaa.ca aattagtaac cqcttcaaga agcaaaaata ggaaaaggca ttt cacago c 12 O 

c catcc caca totagaagaac cct tatgtcc gcacccttgt ctaaagaact tag acaaaag 18O 

tacaatgtta gCactatgcc aatcc.gcaag gacgatgaag tacaagttgt aagggggcac 24 O 

tacaaaggct agcaagtagg taaagttgta Caagtataca ggaagaaatt C9ttatctac 3OO 

attgaaagga t c cagagaga aaaagccaat ggagctagtg tatatgtagg aatccaccct 360 

tcaaaagttg ttattgttaa acttaaaatg gaCaaggaca ggaagaagat cattgacaga 42O 

agagccaaag gacgtttggc tigctittgggc aaaga caaag gaaaatacac talagaatca 48O 

gctgcct cag ctgtagaaac at cittaagtg taataagtaa tttittaataa taaaataata 54 O 

taaagttcca aaaaaaaaaa aaaaaaaaaa aaaaaaaaa st 9 
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<210s, SEQ ID NO 12 
&211s LENGTH: 585 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 12 

gggggotggc agtttgctgt Cittaatgttg acatttittat at attggaala aaatgtcgaa 6 O 

agttgaattit aaacaagata togcc.cccaca aggggg.ctac aatccaatta actataaaag 12 O 

agttcCagoc aaaactitt at ttggaggatgggcct taatc gggggct acc ttggcatgac 18O 

tgcaggagcg gcg tattt at attatttalaa C9tta aggca gtaaaaactic gagaacttga 24 O 

attaaagggc gcc agct tag cqctgtat Co aat actitatg gctgaaagag accgtgaata 3OO 

tatgaa.gcaa ttalaggagaa atagagatga agaacgtgaa ttaatgaaaa atgttgaagg 360 

atggcagacg ggtacatggt atggtgalacc Catct acaag act aaagaca aagat actict 42O 

tatt catc cc ctatt coatgaat attacat t cacagttct tacaaggact acactgttcg 48O 

tgcaaacgtt ggtttgatgt cittaaattitt tatt c tattg taatttagta gcdaaattta 54 O 

aat attaaat tdtaaatatgaaaaaaaaaa aaaaaaaaaa aaaaa 585 

<210s, SEQ ID NO 13 
&211s LENGTH: 1043 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 13 

ggggagtcgt caa.cat caat ttcaagttt C aagaaaaagc aaatcactac gaCttgc.cgg 6 O 

attttgtagt agtgttaatt ttg tattaaa aaatcaaaat gagttctatt ggaactgggit 12 O 

acgattitatic agctt.cccaa ttct citcc tig atggaagagt atttcaagtt gaatatgcaa. 18O 

tgaaag cagt taaaatagt ggc accgtaa taggcct cog agg tacagat ggcattgtat 24 O 

tggctgctga aaa.gct catt atgtcaaaat tdcat galacc aagtacaaat aaacgaattit 3OO 

t caa.cattga taalacacata ggaatggcat titt caggctt aatagctgat gcaaggcaaa 360 

tcqttgagat tdctagaaaa gaagcatcaa attatagaca totaatatggit toaaatatt c 42O 

citcttaaata cctaaatgat agagtaagca totacatgca togcatacact ttata cagtg 48O 

ctgttagacc atttggttgc agtgtcatct tdgcc agitta t daagatagt gacccatcta 54 O 

tgitatctgat tatccatct ggagttagct atggatactt tatgtgct acaggtaaag 6OO 

caaaac agtic to aaagact gaaatagaaa aattgaagat ggggaatcta acatgcaaag 660 

aacttgttaa agaagcagcc aaaat cattt atttggit coa tatgagctgaaggatalaga 72 O 

attittgaact ggaactitt ca toggg tatgca aagatacgaa toggtttacat accaaagtgc 78O 

Ctgaat cagt gtttgctgat gcagaaaaag Ctgccaaaca agcaatggala gcagatt cag 84 O 

aatcagatac agaagatatg taataactac atttagttitt taatattitcg citgatggtgg 9 OO 

ctgttcttac aatattitcgt gtgttatgtt catat attat gtaatactgt gagaattitcc 96.O 

atttcaagga taggtttata acttittttitt ctaataaata cataactitta tdtcaaaaaa 1 O2O 

aaaaaaaaaa aaaaaaaaaa aaa. 1043 

<210s, SEQ ID NO 14 
&211s LENGTH: 6O1 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 
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<4 OOs, SEQUENCE: 14 

gggataatca ttagtttittt tattgaaagc tiggaatgaag ggttggatga aaaaaaaaac 6 O 

tgtc.tttatt taatttataa agaattitt at ttittaagtta aaaagcttaa atttittittaa 12 O 

aagacgagaa gaccctatag agttittataa aattattaat aagtttittitt agt attaaat 18O 

ttatttatat aataaattta tittaattggg gtgattaaaa aataaattta acttitttitta 24 O 

tatt attata ttaattaata atttitttgat coaattittitt tdattataag aataaattac 3OO 

Cttagggata acagogta at titt attggag agttcaaatc ggtaataaag attgcgacct 360 

cgatgttgga ttaaagttta taattggtgt agcagotata ttattaagtic togttcgacitt 42O 

ttaaaattitt acatgatctgagtttaaacc ggtgtgagcc aggttggittt citatic tittaa 48O 

tittattaata tattittagta cqaaaggacc aaatatataa aataatttitt at atttagat 54 O 

aaat attaaa aaaaaaaaaa aaaaaaaaag caaaaaaaaa aaaaaaaaaa aaaaaaaaaa 6OO 

a. 6O1 

<210s, SEQ ID NO 15 
&211s LENGTH: 913 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 15 

ggggg.cagtt attitcgacitt tt catgcttgtcataaaata aaattaaaat at atc.cgg.cg 6 O 

aggtgttgac tag.cggattt ttittagattic aacaatc.tta ttittataaaa taattagtta 12 O 

aaatgatgca aacagotaat aatgcatatt atc.ccgatta titccactgct c caatgcaac 18O 

gtcaaattaa C cc ctatgca gataatggag ggagtgtagt agcaatagca ggtgaag act 24 O 

ttgtaataat tdgtgcagat acacgtttga gtactggatt titc catttat accagagaac 3OO 

aaaacaaact titt CCC acta t caggcacta Ctgttittggg ttgttgcagga tigttggtgtg 360 

acactictaac attaaccaga atcCttaaat citcgcatgca gatgtaccala caagagcata 42O 

acaaaacaat gtctacaact gcatgtgc cc agatgttgtc. aac catgctic tact acaaga 48O 

gatt ctitt cott attatata t caaacattc tag taggittt agataatgaa gogaaagggct 54 O 

gtgtttacag ctatgatcct attggacatt gtgaaaaagc tacgtataga gcaggtggitt 6OO 

cagotggagc ticttcttcag cct ctdttgg acaatcaaat toggacagaag aacatgctta 660 

aaac atctgg ggaacct citt agt caggaga aagct citgtc. taccc.ttaaa gatgt attta 72 O 

tittctgctgc tigaaagagac atctacactg gagatagcgt acttataaat attattact a 78O 

aagatggagt aaaggaagag ticcitt coagt tagacggga ttagaa.gcaa gtggittttgt 84 O 

titat atttitc titatgtgtaa ttcaaatata ctittctaaat aaacaaaaaa aaaaaaaaaa 9 OO 

aaaaaaaaaa aaa. 913 

<210s, SEQ ID NO 16 
&211s LENGTH: 681 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 16 

ggggattt cq ttggtttaac gattgatagt aactataaat tcaaattaca gat cagatgt 6 O 

atatatatat ataaac acgc aaaaatgctt ggctataaaa tdaaaaatgt aactgcaata 12 O 
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ttagatgacg ttatatataa aaataaataa aatctgctgt tdatattgta gttcattagt 18O 

tittgaaaaat aag cagtact aactittaatc ttgtgccaaa ttagtttitat tdttaatatt 24 O 

aatattitt ca cccaaataag agaaatggat gacgtgcaac tiggit Cotgt gag tatt agc 3OO 

atgatagaag ataatttata tittaggagga ttggcagctg caaaaattt ggaagttitta 360 

aagaagtaca acattactica tatt cittaccatagatatat gtc cattacc aagaactgta 42O 

acagaacaaa gaaatttagt taccagattt atacagttgt cagaccalacc aagagaagat 48O 

ttgctitt cat attittgatga aacagattta titt attaatgaagga aggga gaagggaatt 54 O 

gttittggttc attgttattt toggtgtttct agaagtgcca citgttgttat togcc catata 6OO 

atgaaaaaat accagatgag titactittgag gcatttgata tigtaaaagc tigaaaaaaaa 660 

aaaaaaaaaa aaagaaaaaa a 681 

<210s, SEQ ID NO 17 
&211s LENGTH: 1109 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 17 

gggggagtag ttgtttitt at titgagatga titt.cgaagtt Caccctggitt ttcttggittt 6 O 

gcattgtc.gc accagogata ggtgatcCac Cagttccaga atggagtgac acttatagog 12 O 

tagaaggaac tat coatttg cct tatgcag aaatagtaga gcc titt.ccat gcttgg tatg 18O 

atggaaaatc taaaaatt cq cqcattgatt act acaatgg gacggctaag acataccaac 24 O 

ttggaggaaa tigaaatggt gtc.ca actga aagtagttcc att Cactaca gaggaggtoc 3OO 

taaaccaaat aacgtgct to cagat caatig gaactgaaga cqatc.ca.gtg act cotcaat 360 

cgattittgcc agatttagaa ggatttgaat at Caaggcat acaggagtat ggagatagag 42O 

aactagaggt atggtttcta aaaactgtcc agittagaaaa agaaaacgaa tacactictat 48O 

gggttgtc.cg agatgagcat ggtaaagcta t t c cagttaa atatgatatg agaggataca 54 O 

attcqttatt gggaagccac tacgat catt act atttgct ataca catcg aagtc.ttaca 6OO 

ggacticacaa gattgatc cc ticcgtttittgaagtagaaac taatagtgaa togcagaagtt 660 

titcc toggacc cqgaaatcaa catgttcaca totatgaacco catggc.cgaa tacatt.cgt.c 72 O 

ccgaaaaaag tdagcacgtg gacticaagct ttgg.cgattt tataaataac cacaacaaaa 78O 

attacgcaga cacaaaagaa cacgtttitta gaaaagaggit titt cogt caa aacgt caggit 84 O 

t catcgaatc ttcaa.ccga caaaataaag gtaagtgtta tag tagggga gcaaagtagg 9 OO 

tgtgctaa at ttgcagt cac tdgagagitta tigcgaccta ttgggttgttg attattaggit 96.O 

cctaaaacca aaaaaagtta agtaaaattt to cattt coa acaatcgttt titt cogatta 1 O2O 

tagcgt catc tat coataat t cqaaaaaat gtctictaata aaagttgctt atttittacga 108 O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaa. 1109 

<210s, SEQ ID NO 18 
&211s LENGTH: 4 OO 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 18 

gggggattitt Ctctagtttg Caggaagcag gaattitcagt aaagaaataa gattaaaatg 6 O 
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gcagacaaag tagaaaaggit togc.ca.gacca atgaaattcc cittacacatt cagtgcaaaa 12 O 

attgcacaat tcc caatcaa goact actitg aagaaccaat gigatctggaa atactatgct 18O 

atttct cittg tag tatgtct tccagt ctitc aact cqatta gtaaactggc caact ct cot 24 O 

ggaaacgttg ctaaatgggc agagatt.cgc agaagagaag Ctgctgaaca t catcactaa 3OO 

gaaaatttitt tittatagitaa ttagt ctogcc aattgttttgttctaattta atttct atta 360 

aatacatgta gaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 4 OO 

<210s, SEQ ID NO 19 
&211s LENGTH: 8OO 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 19 

gggalagcagt ggt at Caacg cagagtggcc attacggc.cg ggg tagttct agcgttctag 6 O 

ttctatagitt gttgttgtagt attittctgtg tagtttgttga tttitt colt at tdtgcatttg 12 O 

tatattitt at ttatttattt atatatttac gat cagtaag aacattttac ataaattcaa 18O 

taag catata gatt.cgtgta aaaaaatgcc aaa.gctatoc aaaaaaaatc aaaaaaaagt 24 O 

agg.cgcticaa caagacitcgt taccgagaaa tdacagaact actgactgta cct caaattic 3OO 

acatt cacat tctggtaatg gtgaaactac titat catago goaaattcaa attctgttgc 360 

t cittgaaagt agttcatcaa atgcc caaat tcaaattagc accatacct c caataaatga 42O 

taattctt.cg ccaaac agct c ctittgat ca aactgcacct acaagttcaa gtttacctga 48O 

gggalagagta cacticcgaaa gaattaattt togtoctaga agagc.cagtt totalacact 54 O 

gagacgtgaa aaagttacag Ctttgaggaia gacacataaa aatatgagaa aaaataaagc 6OO 

tgtaacaagt tittaaatctt ttgct caa.gc cqaaattcaa catgitat ct c titcc.cago.ca 660 

ggagaatttgaaatct cag gat caattgt gaatttggtc act aaaagaa aaaacacaaa 72 O 

tgaagaatgt to atcc catg gct coctitac agaat cagat atggg talacc aaaaaaaaaa 78O 

aaaaaaaaaa aaaaaaaaaa. 8OO 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 1105 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 2O 

gggagc cctt atttct cota ttgctatata cqcagctgaa acatggactic ticaaaaaaat 6 O 

caatcgaagt aagat.cgaag cct tcgaaat gtaggtotac agaattattg taccc.gtgtc 12 O 

Caggagagaa cacagaacca acctgtcaat tctgaaagag Ctt catataa alagacalaggt 18O 

attaaaaaaa gtataccgac catacttaaa ttactittggit aaagtaacga t tactatacg 24 O 

aagaggcaaa togttactitt gattactctg attactitcqt accaatcgta t cagagcgag 3OO 

taacgact at tdt atc tact ttgattactt cqtat cagag cqaataacga citattgtatic 360 

tactittgatt act ctdatta citt cqtacca atcgitat cag agcgagtaac aac tattgta 42O 

cc tactittga ttatt ctd at tactitcqtac caatcgitatic agagcgagta acaactattg 48O 

t cagggcc.gc gtttaggit ca aatgacgc.cc taggcaattic tictagtagcc gcc Cttcaaa 54 O 

catgtaccat ttittgcgaaa aaaaacgcaa goaga attitt ttatttaaat aagaatgtta 6OO 



US 2011/0054.007 A1 Mar. 3, 2011 
42 

- Continued 

ttgcacaaat citcggtgttc ttcaaataat gtttagaaat gtgttaaaaa tatt ctititat 660 

titta catcag gcgtaatgtt acat attact attataagta totttgagcg tttggaactg 72 O 

tgtc. caatgc atgcgttitta atgcatgata cqtagaaatt gcc tdtttgt agcc.gcacct 78O 

acttgttcga ttittaaatga gagatgcatt gaaaacatta citcaa.gcact atgtgttitat 84 O 

agctttgttt aacaataaaa aaattaattt ttagcigatgc aaataat caa aaccogtata 9 OO 

atttgacatg cactittcaaa togcgg taagc agaattgcta ttittatttitt taatcaaaag 96.O 

ttatt cqgat tcaaaaattig caatttitt cq atattittgaaagttcaa.ccg cqt citat citc 1 O2O 

gaaaactato catcctacga aaaaactitta acaac attitt ttgcttagaa tdacccaaaa 108 O 

aaaaaaaaaa aaaaaaaaaa aaaaa. 1105 

<210s, SEQ ID NO 21 
&211s LENGTH: 936 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 21 

gggggotcat ttagtagcg C caggcgcgg aaacgtgagt gctaaaacac agtgatcgta 6 O 

c tagt ccaaa a catcttitta tatttittcta cittittatat c taattgtata gtttcgittat 12 O 

ttitt attact tagaagttta tattittct catcgttittata cqcttctggit aaggatttitt 18O 

atacattaaa caat attact togcttgggta agittatgttt tattittgaaa tatagcattg 24 O 

taacctttitt taaatcttitt atttitttitta tttitt tottt ttctittaa.ca tactact gat 3OO 

acgctgcaga got coatgcg ttittcaattt tttaggat.ct tittgataact tttittaaaat 360 

gtaacacatt tagaaagacic gttgaaaagt togcc cttitt agaccgcgga ggcagtgacg 42O 

tagctgacag gtcc.gcaagg cqgggggc cc cacattagg agggataagt agagatctot 48O 

c tagt cagag ataagtactt actitt catc ttitt cqtaat tacgtactta ctitt.cgatct 54 O 

titt.cgtaatt accitctgttt toctitccatt gcatgtgatc tttgtatata titt cittaata 6OO 

ttttacagaa aacgtaagtg tdtctacaaa atgttittgca tatttgttgta aaattaatca 660 

aaatat citta aaaccagtag toaattaaaa aaatatttaa aaatgttgttg caataaacct 72 O 

tgcgg tattt actgaagtgt ttcacacctg tttgaagtta aatat caagg tittattttitt 78O 

gg.ccgggaat ttaaaggttg toggtatattt acttitttaca attaataatg ggat caactg 84 O 

attgggtata tagggtgatc aaattatacc ttgtagttca at atc.tt cqt togc.ca.galaga 9 OO 

gatgcaggaa aaaaaaaaaa aaaaaaaaaa aaaaaa 936 

<210s, SEQ ID NO 22 
&211s LENGTH: 812 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 22 

gggaaag.cac taaaaaatgc aggatacaaa tittgacattg catatacat c tdtcc ttaca 6 O 

agagct caga acacacttaa ttcaataatc aaagaaattig gccaa.gaga a tittggaaact 12 O 

ataaaaactt ggagacticaa taaagacat tatggtggcc ticactggctt aaataaagca 18O 

gaaa.ca.gcag caaaatatgg agatgagcag gtagctattt ggcggcgcag titttgacatt 24 O 

ccacct coac caatggaacc tdaccatgct tattatgata ccattgtaaa agatgcc.cga 3OO 
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tatgctgatg gtc.ctgcacc agat cagttt cotaaatttgaatcc ttaaa gotiaacaatt 360 

gag.cgtactt taccct tctg gaatgaaact gttgttccac aaattaaggc tiggaaaa.ca.g 42O 

atcttaattig cagcacatgg taacagtttg agaggaattig taaag catct agaccagott 48O 

actgatgacc aaattatgca gttgaatttg cca acaggaa titc catttgt ctacacatta 54 O 

gatgaaaatt taalaccalat aaagagttta gaatt CC tag gagat.ccaga aactgttgaaa 6OO 

aaggctatgg aagctgtagc tigcc.caagga aaa.gc.caaat aag cattatt tattattitat 660 

tgttittaatt tatat caaaa to atttattgttagatattt gatgtgtaat gaataaatgg 72 O 

ttaggctgaa ttgtaaaact cagcagaaat gttatgtgca agacattaaa goatatt citt 78O 

Ctcaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 812 

<210s, SEQ ID NO 23 
&211s LENGTH: 1127 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 23 

gggggaagta ttctgtagaa aactgataag tatattgctt ttct cattta tittatgtggit 6 O 

taaatagtga gttagtgttg gttcaacgtag atgataacaa citgaacattgaataalactac 12 O 

aagaataatgttaa.gcataa aaattctgtt atgitatgttg citggcacacic aatctg.cggit 18O 

agaa.gctgta tataatgttg gagttggacg agc.cgattgc acaggac cat Cagcagaaat 24 O 

tactitt tatg ggittatgc.ca aatc.cggit ca gaaaggatgt ggt at CCatt taaggcagtt 3OO 

ttcaagagca tttgttgatta aagatgagaa cactic tagtt gcatttgttga caattgacac 360 

atgitatgatgaac catcc cc taaaacaa.gc ggtaatagat aaattggat c taaaat atcc 42O 

caatgt attt actictaaaga ataca attct cagtggalaca cacagt caca gcacacctgg 48O 

aggttt cotc aaggatgtaa tittggacat accaa.gctic ggatattgta aagaaac Ctt 54 O 

taacgcattg gtag caggaa ttgtaaaatc catagataaa gcatacaiaca atcaagttga 6OO 

agcaagaatc titt tacagca c tact acagt aactaataca aac aggaaca gaagt ccagc 660 

tgcttacctic tataatccag aat cagaaag aaaaaagtaa gtgtaatact agataataat 72 O 

actittaaact ttattaagta taataaaatt aataacgtac aaaatactica aaattaacat 78O 

ttattt coaa attaccatat aaatataatt ttaataattic togggact caa aac attgtaa 84 O 

tittatttittg cittattaata ataataaatt gtacaaataa attct atttgtcactictaaa 9 OO 

cacaaataag atgttgctgt totttacgac agt ct cotgg cqact agtgt cataacttitt 96.O 

at acticgcat tittaatggcc at cattaata gtggagt caa toggagtttitt act taggaaa 1 O2O 

aaaatcaaac aagagaggac tdtttataac tt cattcaga aatgitat cat aaacaacaca 108 O 

tcaaaaagtt c tactic caaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 1127 

<210s, SEQ ID NO 24 
&211s LENGTH: 869 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 24 

gggccaatag ticc catgaaa gcagcctacg attattacaa gaaatgttca aagacaggaa 6 O 

attgcttgcc accagtaagc ct cct tcct gcaac caaaa ggaaggc gala gttcaactgc 12 O 
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atcggcagtt cataaatct t t ctdaaagta ttalaggtotc titat cittata gataaatgac 9 OO 

aaag cactitc tagtgatgca cc.gcaaaata aaggt caacc ticacgct cqg gta acctgtt 96.O 

ttcaatagcg act agacitaa tag tatttgt aaataggaca gttittatgga cittcaaaatg O2O 

tgattctaca atttacgcgg at attaatca aaatt.cggag ttggcgcagt gatgtgagat O8O 

tattgtaatt totaaacgaa totatt tatg taaattittat tdtgtttgag tdacattaca 14 O 

t caaccataa gatgtgttgtgggg.cccttitt gg.cgaattitt gccataaaaa aattaatttg 2OO 

gaggctttitt alactagotcc aagagttgta cagaaagata tdcc.gctatt aatattgttt 26 O 

cgcaacaaat agat cattitt gattacttaa aaaaagtaca atgaat cata ctaagttatt 32O 

ttttgttgta citat cogttg caagataatt toggatagitaa atttaaacta attcaactaa 38O 

at at attaaa attitt.cgttc catct actitc catttitc.ttt tatttitttitt tataacgagt 44 O 

ggat caacaa aatgagcatt tttittatatt ttaattgttga tittgaaagtg tattittaagt SOO 

gggagatgat gatgttcgag totattaact gtacgttact tat cacaatic tattttgtat 560 

ggattitt cat acaaagaact ttagtttgtt gattattatt taataaact a cattt tattt 62O 

aaaatgtact gtttaacgaa totatgtaacg at cacgcticc togcgcagtaa acaaaatatg 68O 

titccaacaaa cagatgat cq t t catcgcat cqtcc titcca attgttccaa caaaaattgt 74 O 

gatcgt.ccaa tdacagtgtt gcgacgat cattt tag tact ctdatact at aaaaattgttg 8OO 

tgttggaaga aacctaatgt aactg.cgc.ca ttittgaactic agatgtttct tagg tatgcc 86 O 

caggg tagta gttcc.cittaa agaaaaaaaa gtgggaaaat gtttaggittt c tatttatta 92 O 

acaaat caca tattggatgg acagtctgcatctttittttgtcagtataga taaaaaatcc 98 O 

tgttcttata atgctaactt gattatcaaa cqactgctaa gcc ttagatt gaagcct cat 2O4. O 

acgcaccalaa citgcctaatt tagatacaaa attagccaaa citaaatcttic gaatacc caa 21OO 

aacacttaaa ttattgc.cat coatatgtct agtgttgtaaa gacaaccaga aaaacct gat 216 O 

tactgatact aggagtgtaa aatataagct gagggcc ctg a catctgacg agttgatgaa 222 O 

gaatatat ct tcc tatagaa actgttaaaa aaacggtaat attaaatgcg aaacacggag 228O 

Ctacgatgag aagaaaaaat ttggit cotct aac Cactaca agaaaggtoc alaaggtgttg 234 O 

taat atttga t cittatacag tataact cat gatcaaacaa cqtagagagc aaatatgaga 24 OO 

a catcaaatg tatgttaata titc.cgttggg gtgagttgac ggaattaatt aaaaataagt 246 O 

gtaacgacga acagtaatat atttattt at tittgggtgaa caag.cggcgt gttittgctta 252O 

tat citcgaaa gagggttgat tittagcgaa ccgaggattt gtctgcatcg tittgcgtgct 2580 

gtgtagagac to ct cogg accaccacct titatgtcaac tagttittgcg gttittgagat 264 O 

aatgaccaga aagggc cata cattctgcat citccttittaa gaacctttitt g tattittaag 27 OO 

aagttgacat aacgagtgtg gcactctggg catcgcaatic tattagtgtt to Cttgaatg 276 O 

aaac attaat cacaatctgt ttaaaggata acatttcgtt tot cqaaatc aacgg catat 282O 

ggtttgtata t cacatgtgg attittaaatg accaatgccg titt cattttg agaaaagcca 288O 

tgaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 2911 

<210s, SEQ ID NO 31 
&211s LENGTH: 1287 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 
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<210s, SEQ ID NO 35 
&211s LENGTH: 116 O 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 35 

gggagtaaaa ttaaactgca gtgattaa.ca atgaaagttgttatt attitt cqcttittatc 6 O 

tgcaat attg catttgtagc ticatgtttac ccggaatact taaaacaata t cqctgcaa.g 12 O 

gcatctitcgg aaaattatag togaatgctitt ctaaataagc ticagaaatac totgc cctac 18O 

tacgittaaag gcattcctga attagatata cct coatttg atc.cgtttac actacctata 24 O 

tacagt cqca atgtaaac at attgggaaac aagattagtg cqactittcaa aaatt cqatt 3OO 

gtaactggac taaggaactic tattatt cat aatgctaagg ttgatctgaa taacaactat 360 

gCagaaataa gogttact at tcc ttggttg gatatggc.ca cagagtatga tatttctggit 42O 

gaattctittcaat acc cact agatgtgaag gig tacttitta aaggaaatat aactgacatt 48O 

caacttitt ct caaaatctac totacaaact ttcaaaaata acggtgaaga ttattataaa 54 O 

tittgataaaa taalaccaaaa agtacaaatt ggaggaggcc at attgaaat aacaactaca 6OO 

gataaagatc titatgc.cgat agttcaaaca atacaagaat attittaatga gcatcc.caga 660 

ggcttctitta acttgatatt gcc attcaca ttggaatacg cacaagacct act cagagaa 72 O 

tittggcaatgaat atttago caatct tcct gcttctgaat gigttaccgca gtaaa cataa 78O 

atttgaaaaa aatagtagaci ttagtag titt aaacaacata gtttitt tagt taaaaaaatt 84 O 

gaccgtag ta tittaaataat ataatgacaa taatgttgtt gatgat cagt tdagatatat 9 OO 

citat cogcta ttctatggaa aattic cagaa atgcaatgca ttittgaatta togcc cataag 96.O 

tggagtaatt cqttctagoa gcatatagcc tacatgttcaaatgg actga gaccc.gitatic 1 O2O 

ttctgttgac catagdaata catacatttic ct cqtagaac acttittttgt gattattatt 108 O 

tttactttgt gag tattittg tatatgtgaa ataaaaatat tatattittgc aaaaaaaaaa 114 O 

aaaaaaaaaa aaaaaaaaaa. 116 O 

<210s, SEQ ID NO 36 
&211s LENGTH: 721 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 36 

gggg.tcactt taattgtcag taggaactga gtgct agttcaaggtagacg tacgttgacg 6 O 

agcgtgtagc aaagttgttc gtttcggatt ttgtttitt.cg tagg tagatt aatatggatt 12 O 

at agtaagac atggctggga ggcattaaaa aatgcagctt Ctgtgcatgt Ctt Coagaaa 18O 

aatatagdaa tdaatgggitt aaaggcgcct cacgcttct c tdagttacct aggacattct 24 O 

tggt attaat ttittct attt togcttcaagt aatattgtcc ticatggctta gtgg.cgggaa 3OO 

gcaagat cat attagt cqcc gtttcgcaaa atgaag cata titt catalaat atctgtgggit 360 

ataaagtatt CtcCaagcga agctic cagaa totgcagaa to aggagct ttatagccala 42O 

gtctgaagtgaatacagagc aatat catta ataagt catgttcttaaatt atttctaaaa 48O 

attataaaaa Ctgtcagagt gatgatgata gccaacttgg atttagaaag gaattaggaa 54 O 

taaaagatgc attatt tact tittaatgtga taact caaaa atgcatggat tatgtttgttg 6OO 
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aatctgcatgtttgttactt taatttittaa attgt attitt tttittaaatt ttaaaaag.ca 660 

tittgacaaag taagacatga aat attagt c caaaaaaaaa aaaaaaaaaa aaaaaaaaaa 72 O 

a. 721 

<210s, SEQ ID NO 37 
&211s LENGTH: 928 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 37 

ggggtttagt atgtc.ttaga gcattatggit tact citt coa at cattggat gatcgttctic 6 O 

caatgcggta t cotgtatat taccacttaa tacaaattgc gaalacagaca gaatctgtaa 12 O 

aattagtgtt toaagatat c aac catctaa agcaa.cagtt togccaattgc ctitcc.gtcta 18O 

atgaac agct tcaaaagctt tataggcttt tacatgaagt actggittaaa toaaatcaaa 24 O 

gtgagcaggc tigctittagtg atgattgaac ttcttgg tac atacactgac aaaaatgctt 3OO 

ct catgccag agaagacgcc atc.cgttgcattgtaticago act agctgat cocaiacacat 360 

t cct tc.ttga t coattgtta t cactaaaac ctdtcagatt tttggagggit gatttaatac 42O 

atgaccttitt aaa.cat ctitt gttagtgaaa atttgtc. cac ctacct caag titt tacaatg 48O 

alacatalagga atttgtgagt gcacalaggtt taaat catga acagaatatgcaaaaaatga 54 O 

gactgctitt.c citt catgcag cittgctgaga gtaatcc toga aatat cittitt gatgtcatcg 6OO 

aaaaggagtt acagatgaaa C cagacgaag ttgaaagctt tatt attgaa gtattaaaaa 660 

c caagttagt togtgcaaga atggat caat citt cocq gaa agt citttgttg to cagcacaa 72 O 

tgcacaggac titt cqgaagg gcacaatggc aacaactg.cg ggact tact.g. cacticttgga 78O 

ggggaaat at aagttctgtt Caagacggta talagacitat cqc.cgctgct cagctagaac 84 O 

titat galacca acaacagtaa tdataatgaa gttitt cataa cittittaataa aacgttgaaa 9 OO 

aaaaaaaaaa aaaaaaaaaa aaaaaaaa. 928 

<210s, SEQ ID NO 38 
&211s LENGTH: 1339 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 38 

ggggaatata attaattcaa taattagaat tagaaat atc. tcgttggaac agttgtagat 6 O 

att cataatg gagagtaact tdgttatca aaatgggagt caaagtagag aacaagacitt 12 O 

tcaaaaactg. tcgcagacca togg taccag catacagaaa atat cacaaa atgtgtc.ttic 18O 

tatgcagcgg atggtcaatc aaataggaac C catcaagat t cqcctgaat tagaaagca 24 O 

attacatt co attcaacact acacccagca gttagtaaag gacacaaatg gatacat caa 3OO 

agacct tagc catatt coac catct citatc acaatcc gag cagagacaaa goaaaatgca 360 

gagggagagg Cttcaagatgagtacaccag tec attgaat ttgtttcaaa acgtc.ca.gag 42O 

aagtacagca tacaaagaaa aggagcaggt caataaggct aaggcc.cagg totatggaga 48O 

accc cattta attggatata agt coaagga ccaacaactic atagaactgc aagacaataa 54 O 

titcgaggcaa atgcaaatgc aagaggagtic aaatctalagg gaattagaag alacaggaiaca 6OO 

gtcaataaga cagttggaga gcgacatcaa catgtcaac Ctaattitt.ca aagaattagg 660 
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<210s, SEQ ID NO 41 
&211s LENGTH: 788 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 41 

ggggaactgt caaatataac cittaaataat atttatttac gtgttgtgtct tdttt coat a 6 O 

gttittagctt tttittcttitt aatttaaaaa gatgagtgac gatagtgata actittgaata 12 O 

tgtagacgat gagatagatg ataaaactica caataaacta gtggataacg tttittaaagt 18O 

taaataaagt toaacatgtc. aaaagtgcac atagaactga agctgcc act aaagtgtctg 24 O 

aatttaatct agtaaaatcc ctitt.cgaata aaaatttagt gcatgttaat gaattaacga 3OO 

gcqttittaaa goggaaggaag tot ctitcago tdtctaataa aattaaatct acaagtaata 360 

t cagcaagac attgcc taaa cct ctagaaa agccacaagc tigaacg tatt aaacgagctt 42O 

taalactatga gaaag.cgaaa ttaaaattgg atagatggga agct Cttgtt Caggctaata 48O 

gatcagctgc acaattatcg titcCCtttaa at agtgatga gaaagtaaag gtcattgaga 54 O 

aacgggc.cat atcttacc cc titat ctitt ca gagittaaatc ggacctt cag aaaaatttgg 6OO 

aaaatataga t t cacaaata gaagagtatic acatagatac agtagaaaag aaagaagatg 660 

aagacitat co acttacacta gaagaattaa aggaaaaaaa agaaaagaac tagccaaact 72 O 

tcqtgcacac cagagttitta aagaa.gcaaa agctagacaa aaaaaaaaaa aaaaaaaaaa 78O 

aaaaaaaa. 788 

<210s, SEQ ID NO 42 
&211s LENGTH: 444 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 42 

ggggaacgaa gtggccattt cittacagata attccacatg ccaac catt catalagataaa 6 O 

gcaaggcatc gtcgtgttct tittgaaact Ctagtag tog gtatgggcc c act at CCaat 12 O 

titccaataat tctaatccaa ccagtaactt tttgttgacac ttctg tatga t ct cottgaa 18O 

tataat cagg gttgttaa.ca acgcaactga at atttic cqt agagggcgct tcaaaaatcc 24 O 

gtagaaatcc gtag tacaaa aatctgacag aaaatgacac ttggcagacic aaaaaaagaa 3OO 

gaagaatgac acttgacata caaaaaaaga agaagaatga cacttgacag accaaaaaaa 360 

gaagaataat gacacttgac agaccaaaaa gaagaagaat ggc acttgac acaccaaaaa 42O 

aaaaaaaaaa aaaaaaaaaa aaaa. 444 

<210s, SEQ ID NO 43 
&211s LENGTH: 472 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 43 

gaggtttaca tattittcaag ttgtc.caaaa at atccacat gtc.tt cqagg taattgagat 6 O 

gg tagt ccag acctittaaaa catttittaaa tt catttggg toga catatat at attggtgg 12 O 

aattgaatat gtcaaattta titt attactt caatagtata taagttcttgc agctgttacg 18O 

tittaaaattit gagtagctta cittaactgtc. g tatttgaaa agtgttgttgg togaatatgc 24 O 
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gcc cacagat tcc.cgatata gaccacagtg gcgtttcaag C9ttactgca attcagtgtg 3OO 

agtcaaacgt toagtttcaa gttagatatt act cqcacat tdtgttgttgt ttaagagaaa 360 

aaataatttg gaaaagagca tttctataaa cactic.cggac titattggga atggtggtca 42O 

tccatgcatgaaaagttctt gcaaaaacaa tatttatata t tatgtattt tatacaactic 48O 

atcagtgttc actggttgta aattatattt tatt ctaatt ttitta acct a caact ctaca 54 O 

titcc ttgtta ttittaaaata atcgtcaaat taa catagaa tittgcaagaa acatgtacaa 6OO 

tgggcattta agatctgctg. ccdtttgata tagaatticcic titagtgttaa ttittattgat 660 

ttgattttgt aaactgtaga tigaataatta ttgtagatga tagtttgaat gtatagattit 72 O 

tattgtacct atgtaattta t tatgagagg ataaaacgat citatatgttg tatacaattg 78O 

atttaagtaa gtttgg taga tigt attgtcc aatgtag atc gtaaaatttg gtgtaattitt 84 O 

ttatagcata gtttatttitt taaataac cc aactgatact c tattgct ct attcaaattg 9 OO 

tgctttittitt gtctaagaaa taaaatagitt gtgaaaaaaa aaaaaaaaaa aaaaaaaaaa 96.O 

a.a. 962 

<210s, SEQ ID NO 48 
&211s LENGTH: 1146 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 48 

ggggattggt gttcaagt ca agt caagttt gttgagtaaa atcaaac tag tittgacttga 6 O 

tgcatctota at atctgcca taaattgaag gactic cagta ttcaatc.cga atatgtttca 12 O 

acgtaaatgt aaattic taca togacaaaaac toagttctta atagatggac acaacatttic 18O 

agcgaa catc taaat attaa cqatattgaa gaaggittaca acatagaaaa toaacaaaat 24 O 

ctacat catc aactacacac tdaag accca acaagagaag aagtat caac togc catccta 3OO 

aaactcaaag acaataaag.c cct gaatctg ttctgatctg. tataaaaagg toggtgat cat 360 

ttgcagcaat C catalaatta at agtactga tatggcagaa taactggat C cagaaaagg 42O 

gaataatacg tcc.gttgcat aaaaaaggtg at Caactgga ttgtaagaac tatataggca 48O 

ttactic tact agcatctacg tataaaatct tcggcaatgt attgtttgaa agactgaaac 54 O 

ttitt cacaaa goatattgtt ggit caat atc aatgcggatt cactgctgga aagt caacta 6OO 

tacatcaaat t caag cacat agacagattic tagaaaagtic aatagaatat aacatagata 660 

cccaccatct citt cqt cqac ttcaaag.cag cctatgacag togttaaaaga actgcattat 72 O 

ataatgcaat gattgactitt gggat.cccac cqaatttggit taagttgacc caactaacaa 78O 

tgcaaaatgt aagctcgtgc gttagaattic aaggaga aaa citgga catt C tittgacatta 84 O 

ataatggit ct aaggtotaag acagggggac gcgctggcgt gtctic ct citt taatatt Cot 9 OO 

tggaaaaggc agtgagaaaa ttaaat atta gaatgaatgg aagtatttitt aatagat.cga 96.O 

cgcaaatt ct cqcatt.cgct gacgatatag titat agtggg Cagaagttgttg agaga catgg 1 O2O 

tgcagt attt taaaagacitt gcggacgcgg caagtgaatt aggacttgttg atacacgagg 108 O 

aaaaaaacaa atatatgttg gtttctaaaa act cocq aaa aaaaaaaaaa aaaaaaaaaa 114 O 

aaaaaa. 1146 
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at agtttgat ggtgataaag gaatagttt C aagttcaggaa tagaatcaaa aataattagt 72 O 

aatatgtagt taa catctgc acttgaac cq ttittatcagt aacatttatt aacac catgt 78O 

acco attcaa gtacatttitt ttaataattgaaaaaaagga aggatatagt aagagtaata 84 O 

at at accctt atgtttittat caccittatag taaattgtac act agacaaa ttittagttta 9 OO 

atgacticcita gaatttataa aactcaaaca actittgaagc tigattat ct c agaactacca 96.O 

aaactgcact taaacgcttt tacgtgtggc ccc ct caatt gtaaaac caa aatgttaatg O2O 

cgggctgaat coccg.cgaca aatgaatcag aagatagt cc attctittaaa atttagagca O8O 

aaaaccgtga aagaatggac taagagctica aagagtgcgg caatc act cc tittaggagtg 14 O 

tagatgcc at gatgatgatg ataccttgta taaaggattt taattattitt tdtgattaat 2OO 

tgtacacagt cqataaaaag aaagagtata aatgccttitt aaatatatta aattt tactt 26 O 

titccatgaaa ctittagtgtt toaat atcta at catgaaaa gttcaagtgt cittcaacaga 32O 

at attaactt toagatttgt aatagittittg ggattaatta ttg tattgga gattic gaatt 38O 

taataattct tat coacctt accqttaccg to cagtc.cgit ctdctgctac toc tattgttg 44 O 

ataaaagtat aaattggcaa actittattitt to atctacaa aaaaaaaaaa aaaaaaaaaa SOO 

aaaaaaaa. 508 

<210 SEQ ID NO 52 
&211s LENGTH: 631 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 52 

ggggaaaaag titatttitttgataaattt cq aactg tattt gaaaattgat tctatataat 6 O 

aaatacataa aaagattggt tittaaataaa aatggcacac aat attaaaa aactgagtgt 12 O 

ttcaatgagt aaag.cgggaa togc catttico agtacctaca aagattatta gatttgttag 18O 

gaaaggttgt actaatagac cctttitt.cca catagtag tit gcagatgcta gat cagat.ca 24 O 

acacgaccct tcaatagaac aacttggaac toatgat cott titcc.caaatgaacacaatga 3OO 

aagattaa.ca toctitaaact tcgaaagaat t cqatattgg ttatcgcatg gag cattgc 360 

aacaaatcct gttcttgaat tattaggit ct tdcaggattic tat cotatt c accc.caggag 42O 

ttatatgact gcttggagaa acagggaaaa ggcaaaacaa gct tctgaag Ctgctgaaca 48O 

gaccaaagag gagaaaagtt aataa catgt catttacttic tdtgttgttgt gtacatttta 54 O 

gtatgtttaa gtagctataa gtc.t.attatt ttgtaaaaag to attataaa catataaacg 6OO 

Caaaaaaaaa aaaaaaaaaa aaaaaaaaaa, a 631 

<210s, SEQ ID NO 53 
&211s LENGTH: 114 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 53 

ggggattitta taaatctgtt aaacaatgag ttggt cagca taagctic caa agtgttgtag 6 O 

caatacagaa tagtttaaa tat ctaaaaa aaaaaaaaaa aaaaaaaaaa aaaa 114 

<210s, SEQ ID NO 54 
&211s LENGTH: 597 
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&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 54 

gggg.tc.ttitt ct cagtgaag ccatc.ttggc aaacgittagt aacgtgaaat aaaacttaaa 6 O 

ttttittcaaa atgggit cqta to acgcacc aggaaaaggt attgcc.cagt cqgcattgcc 12 O 

atacagaagg agtgtaccala catggttgaa agt cacacca gaagaagitaa alagaccatat 18O 

ttittaaactt ggcaagaaag gottgactico at cacaaatt ggtgttatcc ticagggattic 24 O 

atatggtgtt gcc caagtaa ggtttgtttic tigaaacaaa atcttgcgta t catgaaagc 3OO 

tatgggtc.tt gcc cct gatc taccagaaga tttgtactac ctitat caaga aggcagtagc 360 

tatic cqcaaa catttagaac gitaacagaaa agacaaggac agcaaatticc gtttgattitt 42O 

ggtagaatca citatccacc gtttggctag gtact acaaa accalaga.gcg tattggCacc 48O 

caactggaag tacgaatcaa goacagdatc tdotttgg to gottaaattig togcttittatg 54 O 

ttaagtttat aaaataaaaa tittct attaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 597 

<210s, SEQ ID NO 55 
&211s LENGTH: 543 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 55 

ggggcc tittt taacgaaaaa togtgtgtaa agg tagcaca cqaataatca tottt taatt 6 O 

titcc ctataa toctitt cagg atggcaatca gaccagttta ccgtcct caa atcatcaaaa 12 O 

agagga caaa gaagttcatc aggcatcagt ccgatagata tigtaaactt aagagaaact 18O 

ggcgtaalacc aaaggg tatt gacaacagag tdagaaggcg titt Caaggga caat atttga 24 O 

tgccaaat at tdgittatggit to caatticta agact aggca tatgctacca acaggitttca 3OO 

gaaaagttitt gg tacacaat gtaaaagaac ttgaagttct cottatgcaa aaccogtaaat 360 

attgttgcaga aattgcacat ggagtttcgt caaagaaacg Caaggatatt gtagaacgtg 42O 

Ctcagcaatt gag tattagg gt cacaaatg gaaatgctag gttacgtagc Caagaaaatg 48O 

aataagct at tattttgttt aataaaaaat agcaaaaaaa aaaaaaaaaa aaaaaaaaaa 54 O 

a.a.a. 543 

<210s, SEQ ID NO 56 
&211s LENGTH: 1023 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 56 

ggggatticag tat attggga titt attaaag agatttctag cccagtgaga agaaattcaa 6 O 

gaaagtggcg aggttcgagg gaaaatttitt ttctg.ccgt.c aataatttitt tttctagttc 12 O 

accc.ttggtg aaccaaatta agg acttagt tactaaacaa gtaagttcgt cagataccga 18O 

aatgtcacag aaagaaagtgaatctgtgga tigctacatca cct cotccaa togctaattga 24 O 

aaccactgag aaatc.cgatg gag tocct tc cagat cacca totgatgaaa ttagtaaact 3OO 

alagaccagag gaccgcticaa gaaat cagag Cttitt ct atc agaaatatgc aggtgtc.ca.g 360 

gagg caaatgaaggaataca gagaa.gc.ctt tag actgttc gacaaagacg gtgatggcag 42O 

tataacaaaa gaagaattag gcaaggtgat gaggit cqtta gga caatticg Ctcgcactga 48O 
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agagct taala caaatgct tc aagaaataga tat catggit gatggtaatgttagttittga 54 O 

agaatticgta gatatagctt ggt cagdaag Ctcagggcgt gatcc.cgat C acactatgtc. 6OO 

tittggaggaa gaagaaaaag agctalagaga tigcct tcc.gt gtatttgata alacacaiacag 660 

aggatatatt gtc.tc.gtcag atcto cdagc cqttittgcat tdt cittggag aagacittatc 72 O 

tgatgaagaa attgaagaaa tattaaaga agttgatgta gacggagatg gacgaataga 78O 

Cttt tatgaa titcgittaatg Ctttgggtga acc aggcaat gaggatagot acgatgatga 84 O 

cgacgatgat tactitat cat tittataacta gaaaacatta agatatatgg tttittatgta 9 OO 

cctgtgtttic cagagaactt catccataat caaataagct gcc taataaa caattaacct 96.O 

aattataaag tittaaatata cctatgcc tig citacaaaaaa aaaaaaaaaa aaaaaaaaaa 1 O2O 

a.a.a. 1023 

<210s, SEQ ID NO 57 
&211s LENGTH: 1179 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 57 

ggggctitt at aatttgtcgt taaaaagat agggctic caa agt cctattg C caacaaaaa 6 O 

aacaacgcaa gacattaaac aacttittittcaagcc catct g tatttaaaa aaa.ca.gtgca 12 O 

aaatgtttct gtgggactgg tttacgggaa totgggata t ct aggattg tdgaagaaac 18O 

ctggaaaact attatt citta ggactggata acgcaggcaa alactaccct t c tacatatgc 24 O 

t caaggatga cagactggcc cagcatct tcc cacgttaca toccacatca gaggagctitt 3OO 

c cattggtaa catgaggttt acgacgttcg atttgggggg C cacgagcag gctaggaga.g 360 

tgtggaggga Ctactitt.cca gcagt catg C catagtgtt CCttgttgat gccaacgaca 42O 

gct caagatt tdtagaaag.c caggaacago taaatgc cct cotct cagac gaaactictat 48O 

caaactgtcc aatactitatic titagg taata aaattgat ct c cc aggtgct gctitcggaag 54 O 

atgaattacg alactagattic ggcttgtttg gccaaac cac aggcaaaggc aaagtagc.ca 6OO 

gaaatgat ct acccgg tagg cct citagaac tatt tatgtg citctatact c aaaagacaag 660 

gttatggaga aggttt cogt toggttggcac aatatat cqa ttaattatgt atttitt.ccat 72 O 

titcgttctgt cattgagtta ggatattaat gtttgaggaa citattggcaa cactgcaact 78O 

acct gatt cattt cagat ct tagg tactitt acataaatat citaaatatag atgttggcaa. 84 O 

tgtaattittgaacaac agta tatacattca atgtaaatta tatatttitta gttaagttac 9 OO 

cittcttaaat gigtgtttgag toggctatogt actgaaatag tittgacttitt tdtgttcttic 96.O 

gataactaaa aatgatttct tdtggaaagt tacacticaga attacatagt taactitctitt 1 O2O 

atcagcagtt gttgtcaaga titt coattitt gagacgattgttttgtaaat taggtgggaa 108 O 

tttittaaaat gttggactgt tttittaa.cat gcc tittct ca actitttgtta caaataatgt 114 O 

tttgtc. caca aaaaaaaaaa aaaaaaaaaa aaaaaaaaa 1179 

<210s, SEQ ID NO 58 
&211s LENGTH: 453 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 58 
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<210s, SEQ ID NO 61 
&211s LENGTH: 715 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 61 

gggacaactg. tcaaat attt aactic ccaac at aacct gta acctgtgtaa gat cittgatt 6 O 

gaccaaaaaa atacaaaaat ggt caaggct tcc.gaga cag ggggcgtgaa gCC catgtcg 12 O 

at agcagg to gctittataaa cqaacgagaa cqttt actag gaatgacagc tigCagaacga 18O 

gactitt cqca aacagtggct aaaagaccaa gaattgtc.cc attctgagcc gaaaaatgtc 24 O 

cctgaaatgt ataaagctac ccataatcca at caggaggc tictacagatt to citctggat 3OO 

acct taggta aaatgttgga gcc tittittg ggattacaga gtgct tctag agtgagatac 360 

ttcaccggaa aatttcttitt ggctgttgca ggtgcttacg ccttgacct a citatgttaaa 42O 

tacaatacca atgactggac acgtaagaac ggaatgagaa tact caagtic taa catat ca 48O 

gtacatgaag gtgaccCagg ctatcctaga gitatctgaaa ggagtaaac C at Cagattat 54 O 

ggtgat coag gattcaatga taacaaatta aacttgtaat at atttatat gaaaatattt 6OO 

agtgttcgtt ttaggat cat ttatttgttg cittgcaaatt ttaac catala catctttgta 660 

taataaagtg caagaact at td taagaaaa aaaaaaaaaa aaaaaaaaaa aaaaa 71s 

<210 SEQ ID NO 62 
&211s LENGTH: 1242 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 62 

ggggacataa aatctacaag atctacagta gatacagtgt titcgtactac aatgataaaa 6 O 

aacaat ctitt caaagagatgttacaagaag togct cittaaa attatgggaa got ctagt ca 12 O 

aaaacgaagg citcgcaac cc acccaaaaag goaccctgta titcgtaagac ctacgataga 18O 

citt cacticaa gaagaaacga ttctacagaa cct catt coa caaattic gag aagacattct 24 O 

gaatgaatct ttagtttacc agaagaacac gccaa.cagtt agaggacatgtcgaaaacct 3OO 

tattaatgat acagtc.ggag at cittaagcc aaaattt citc aactgtgctt taatagogat 360 

atacgc.ctac aagtattitta aac aggat.ca caccgaagaa gagttggtca aggctgggat 42O 

tittgggctgg totacaa at tcaagacct cqc catgatt atcgttgatg a catactgga 48O 

tgaatcaaaa attcgttaca ataaacct co cittgtatagg gtag togggaa taaaacaagc 54 O 

tatic ctagac totataattt tagaatcago cqctaacttic ctagttittaa aatatttitt c 6OO 

tgat cacaag catttagtta aaatccaaaa gcatcto atc ctaaacatag cqacaactac 660 

gattitcacag aaacaa.gagc tigittaaagta taaatagac gaattggaag tittittgaaaa 72 O 

tittgattaag tottitt cogc titttaataca togctgttaca totg.cggtgt atttggctgg 78O 

tat catgat coaaagat.co. aatccatagt gaagaagttt togcgtggata ttgctatatt 84 O 

tggaaaaaga tatgatgact ttacagtatt t ct agaccca aaaactattggggaaaagga 9 OO 

caacacagat atcgittagtt ttaagataac atggatggcc atccaagttct c caaaatggg 96.O 

aag.ccc.ccaa cagaaaaaga ctitt catgaa acactacggit cacticagat c ctdaatcagt 1 O2O 

tgctat catt tttgatatat acagggaact caatttagtt gaa cattt cq ataaatatat 108 O 

gatggaattt tacgacgaca togcttacaca aattcagaac ttgcct cotc aactgccaaa 114 O 
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agaatttitt c tataatatac tag actgtgc tigtagcaaat aagatgitat g c ttaataaat 12 OO 

ttaaattatgtcgaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 1242 

<210s, SEQ ID NO 63 
&211s LENGTH: 1950 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 63 

ttttittttitt tttitttittitt tttitttttitc gcttagcaac aac actt tag tittattt tag 6 O 

taat attittg tattittgaca acggcacccg atttggg.cgit cqaaacgitta ataaaattat 12 O 

ttttitt catt ttaattgtgg cittatttic cc atataaataa ttaat cataa aaatgccaca 18O 

aggaaatagc titcagaacaa cataaagaaa cattgttgg aaatggaaaa ttalaattaaa 24 O 

aatggaaagt ccc cactaaa atggaaaatt ttactitt act ttttittggtg ttagg accta 3OO 

c cct tcacaa tocaataggit coccaaag.cg citcgagtgac togcacattta gcatactittg 360 

citcc cccacc attattgata gttcaagaaga gtattacaaa atgtg tatgc atacat atta 42O 

aaaaaaaaat act acgtacc aaagaaatca cqaagaagtgaaaagcaa.ca gtaatat cat 48O 

t citcaaaata agtttatcat coacctittag ccctaaa.cat agatt attat cqaact catt 54 O 

tagaatttag aatacatatt atgtaaaata aaaaaac cag tataataata aataatacat 6OO 

tttact agtgaaagaacacc aatttgctgt tdgtag tatg taattgttta ggaagatctg 660 

tgttgttggag toggtttcttt ttgcacaaga acatt cataa ataact caac giggit catcaa 72 O 

tatgccatcq toggaga atta acagataagg aaaat caatt togcaaag.cat acaaatcagt 78O 

caatgttaac ttacaggaca cqatgtgata ct catatgtt cqgttcttct acc cact citt 84 O 

ttitt cacggc agaagtatgg toagtaccgt attcagattig caaagttact tacagtacgt. 9 OO 

aaatcc titca ggtggacaag titacgtactg tataa cataa atatattitta aaaaggtgca 96.O 

tttittaagaa aaataaaata tittgaat cac cct attggta aaaagtaiaca atatgggtct O2O 

atgaagacag aataataact taattgtgta t catatatat tcaaaacct g taaacgagct O8O 

ttittatagta taacgt atta t caatttgtt ttaaattictt tittatagitat aacgt attat 14 O 

caatttgttt taaatt citta gaagattaca aggattic cat ataaaaaatg aagatat caa 2OO 

acaagtggac aaaataaaat act taggagt ctggat cacg gaagctittaa atc.cgaaatc 26 O 

agaaatticga t caagaatag agcaatcaag agcagocttt ttgaatatga gqaaatttct 32O 

gagtaaccaa agattcaatc togcaaatc.cg at atcggatg gtaacgtgtt at atccactic 38O 

tatt Cttctt tacggtgtcg aagcttggac tittaatgct gaCttaatga gaaagctgga 44 O 

agcttctgag atgtggcttt ttaggagaat attgaaaata C catggaaaa actgtttagt SOO 

tittgaaatta gtttittaaat aaaaaatatt ttaaaaatta aagacaaatt attaact cat 560 

taat cataaa citttgtttitt gatttattta tdgacagcct togctacaaaa titc cct catt 62O 

c catt cattc taacagotct attgcaccaa aaact catac togaacagaa gottcaacta 68O 

acacaggitta gcgcagttgg caatatggitt gttagcatta aggggcatta accttcaaat 74 O 

tgacaact cattt cqactga cacaaacgt.c aaaatgtgac aatgtgatag ctaaatattt 8OO 

tggalacacat a catagaaat gataagtagg agittattaca gctgattatg aaggg tacaa 86 O 

ttggaagggg. tcc tagtgga ctacaaat at Cctggctgaa aaa.catt.cgc gactggacca 92 O 
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aaaagtgaat tagatttatt tatggatatt aatttaagta ctaagtagtt act tattgac 1 O2O 

tgttatttaa aaacagaatc acgtaaagta acaaattaaa aaaaaaaatg taaagtatt c 108 O 

tgct cqttac atgctttaca tottatttgc atgaccttitt acgaaattct gttcatagitt 114 O 

gttaatagat aataaagatg caaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 1.191 

<210s, SEQ ID NO 66 
&211s LENGTH: 854 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 66 

ttttittttitt tttitttittitt tttitttttitt at agtgtaaa actgattittt ttattittaat 6 O 

atataccalaa acataccalaa gottaaaaaa taatcaatta acctt cataa aatttgggca 12 O 

att catttico taaaacaact citt cqttcaa taccagottc agtgatgat c cccagtctga 18O 

ctacacct co tdaagaacca tot cittgaca tdgcaagtgc caatig tattt gtgacaaact 24 O 

t cacacattc titccttgctic at attgggct tdaagttggc atctacgitaa ccataaacat 3OO 

aactggaacc tdatcc tic.cg attgacactt cittgtctaac acacatcc.ca cca attggta 360 

tggaatatac ttgtcc.gc.ct ttctttittat cocaacctgc taccagtata ccago catta 42O 

gcgaat ct ct ataattgtag caaagttctt ggaaaatggc ggcacct act t tactittgg 48O 

gttctt cacc aagttc cata ccatgaaaat taagatgata agcaacaatgtctgcaattg 54 O 

Cttgttgtatic totgcagat cctgaacgac alacagtatat atggt cagtg actittggtga 6OO 

gtttgtctgc tacccggittt gcaatgtagg CCC cagtagt ttgcgaga a tictgctic ct a 660 

taacaacgcc tccatcaaac toccggcca taatagaggit toctgtact.g. tagcggcat 72 O 

citct coaatc attaggacca gttcattgcac catacticagt cataagaggc atttitttaca 78O 

agtttaatga aaagaataca agcttagaaa aattacactt gtaatcc togc aatgcaatat 84 O 

tittgc.cagtic cccc 854 

<210s, SEQ ID NO 67 
&211s LENGTH: 1162 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 67 

ttttittttitt tttitttittitt tttittittatt ataactattt at attittagt taatacatct 6 O 

taaatacaca gtacacatta tatacaacta ttaattcaga ttitttittcta t ccagt caac 12 O 

aaaagtagta act ctdgtgt agacaccggg at atc cc titt toag.cgcatc taaatccata 18O 

ggaaac cact coaatcagat aatat cittat aaatt cacca toaaacttgc cccaaattaa 24 O 

tggacctic ct gaatct cott gacatgcatc ttgg.cggcca to cqc cogtic ctdcacatag 3OO 

agttct ct cq t caattgttg ctittagcc cc aaaggcggca gcgcatttitg atgtgtcaac 360 

tactggaatc tdgct attt ggagggc.cga acttgaaggit C cattataat atgtggct cc 42O 

c caaccagca act acagotg catattttac aaaactttgt tittctgaaat tat cqtcaat 48O 

tggtag acat acaggc cata cccaaggatt ggtgggggot ctitt C caaag taagaattgc 54 O 

gatatcactg gtgtattt Ca C9ggactgta gtctt.cgtga actittagctt tat caatgg 6OO 

tatat cittct ggttctgctic cat cattagg attgtttaaa totaagt ct c ctaaacgagc 660 
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gacatataag totttcttgt tdtgtacaca gtgagcagot gtgagaatat gttctittctgt 72 O 

aatgagtgtt cogccacaca accatcttgg ctittgaaggg tocctgctat ttctata acc 78O 

caaattaa.ca atgaatggta cct catgitaa tittggctgga attccacct a caactictaaa 84 O 

gtttgttaca ttactalacac cacatttct c gttatttaaa acggcaccala tdattitttgt 9 OO 

atcggttgct ggttgttgtag gttctggttctggttctggit totgt attgt Ctgttgggca 96.O 

acaaacatat act acagotc caaatttaca tdttgaacgt togcagatatt gg.cgc.gttt c 1 O2O 

citgattattg citt cittgttt taa.gcaaatt gag catgitat ttacatt cqt atatactittg 108 O 

acaaatticca tatt catt co tagctgtgta acagggctica cct tc.ttcaa cagcc.gc.gtg 114 O 

agcaa.cacta aacaaaatcc cc 1162 

<210s, SEQ ID NO 68 
&211s LENGTH: 1186 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 68 

ggggcaaact gtaagttatt at attittgca cattgaaag acatttact a ttagdaaaaa 6 O 

tgtctaaaga ccgggaattig Cagatgggga tigcgatgtgt galagtacatg attitttgttgg 12 O 

cgaattittat gttcatgtta gttggattgt togctgat atc aattggatat accattalagg 18O 

citat ct acac cqattt cqat gctitt cotta gcago catag ctacaaag.ca toccact tag 24 O 

citat agctgt tdgttcgt.c attct agtgg ttgctttgtt tttgttgca ggagcaatta 3OO 

aagaaagtgt totactggitt aatctatacg citt tact act tcttgtaata gttatcc togg 360 

aattgaccgt aagtat catt gcttacaaat coaggagtca cittggaagaa acactittctic 42O 

aggatatgtggattagtatg gag tattaca tagcc.gatac tigatatatt tdggatgcaa. 48O 

Cacaat actic gttgcactgc tigtggagtac atggit coaaa cactgggac agatttalaca 54 O 

gttcagacta caatct caca gtcatttata gttcacaaga cqact caa.ca agttcagact 6OO 

tgccacaaat aaattaccca ggagtttacc aagtaccaga gagctgctgc agaaatacca 660 

aatgccaaag tat cqcttct ctitta catga gaggttgctt accogaaaatc. cactatataa 72 O 

t citcgcaaag togct cittctg. Cttggagttggggctatgtg cataa catt c attcagott c 78O 

tcqgtgctac atttgcc.cat cittctggcca gatct attag aaaacttaaa acacagattg 84 O 

aagtggaaag at Caataaga agacaacaac ttacgagtic gcttgcgaala t ct alacacac 9 OO 

aagagaaagt tagtc.cagtic ctatacgtgg cagagticttic taagcttaa gaatticgt.cg 96.O 

tgttgttatat ataaaaataa tdatttaaat atagatttaa atatagatta aaccattgtc 1 O2O 

cattt catta cact catgta tattgttgtta gtgtttacag ataagttata atatatacct 108 O 

tittctgttitt tdtgtatt ct ttact agg to tatgtatgta gattic tittaa atgttaaata 114 O 

tagaataatt ttaactgaaa aaaaaaaaaa aaaaaaaaaa aaaaaa 1186 

<210s, SEQ ID NO 69 
&211s LENGTH: 1.OO2 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 69 

ttttittttitt tttitttittitt tttitttttitt ctittaataaa tagtatattt totaaattitt 6 O 
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actt catcag aggagacgac ttgttgttaat caatgttatt togggatt ct c aaaaatagot 114 O 

aacaaatgga act cagatag gacaataaag tdtag tittaa ttctacagat aagt cacacc 12 OO 

cgtgct tatgaaattataaa tatttggagt ataaaaataa acaaaaacgt gatgcagoat 126 O 

ttaaat attgttggttittaa aacttaagga gtaaaaaaaa aaaaaaaaaa aaaaaaaaaa 132O 

a.a. 1322 

<210s, SEQ ID NO 71 
&211s LENGTH: 761 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 71 

ggggga cata tdgtgacata act cattcaa aatccataaa aaagtttcaa aatgagttta 6 O 

ggagttcgta aaatatttitc agtaggctica aaattagtaa gaccalagtgt ccagattgtt 12 O 

ggtcaaagat gttgct ctag cigct ctaaa gatggatatt totatgtaala cacaaagaa 18O 

cc.cagtatgg agtttggggc tat cacagat cqtgctg.ccc aaacaatgtt Ctt tactgaa 24 O 

ttatt cagag gatttggtgt tactittggct cacatttitca aagaaccagc aactataaac 3OO 

tatic cctttgaaaagggacc tict cagtic ct agatt cagag gtgagcatgc Cttgaga agg 360 

tacic cct ctg gtgaagaacg ttgcatcgcc ticaagttgt gtgaggc.cat Ctgtc.ctgcc 42O 

Caggcaatca caattgaagc agaagaacgc gcagatggct Ctagaagaac Cactaggitat 48O 

gatattgaca tdacaaaatg tatttact.gt gigtttittgcc aagaggcttg tccagt cqat 54 O 

gctatagtag aaggtoccaa ctittgagttc tict actgaga ct catgaaga acttct citat 6OO 

aataaagaaa agittattaaa caatggcgac aaatgggagt ctgaaat agc cagtaat att 660 

catgct gacc atttatat cq ttgaaaatat atagaaaatt gtaaaaagtt gtagaatata 72 O 

tott attaala Caaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 761 

<210s, SEQ ID NO 72 
&211s LENGTH: 2O41 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 72 

tttitttittitt tttitttitttt tttitttttitt gataacgatt totaaagtgg aaatcgaaat 6 O 

gtcaaaaaaa cittaattt ca aagtaaagtt atggct catt coaaataaaa alacagtaaat 12 O 

tt cattgttgt atataattitt gtaatgttitt td tattolaat caaac caaaa ataaaccact 18O 

aacaaaaaaa atagagt citt ttaccaccitt ct c cattaaa goagattact t cact acaca 24 O 

aatgctgatg gatgtggcga tigattgaaat gct caaacc gct acttgac Caaatacgtg 3OO 

tcqtttggtg gigtaaagctic gtaatcc.cga attacggaat attggaaac caattattaac 360 

aagatgctitt gatacat cac agagctatgc taaatagttg ctaatgttat t cagdaataa 42O 

cattatcgat giggatgactg aggtogatat taccattgct taalacacagt attgaaaaat 48O 

ttgttt cata cattatttaa at agtaataa ttaaattgta taataatata cagtgatgag 54 O 

cacgct cotc ctic cittct co to citcagt cd titt cotcatt totgagtgtc gtgattic cct 6OO 

ataatacgat caactatotic titt cogtcgg cittctgtcct gagct tcc ct catggattica 660 

gagaatgttt titccactggc titcCtgtact titc.cgt.cc atcgagcagg tagdgacct 72 O 
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&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 74 

gggaaagtga attcactaac tatttgagta atttaaatgt caattgacct tagtttacca 6 O 

gagdtgccta tattacaccc aaggattacc gttgtgggag toggtggtgc tiggtggalaat 12 O 

gctgttgaata acatgatcca atccaatttg caaggagtaa attttgttgt agcaaat acc 18O 

gatgct caag cottagagaa gtc attatgc gataaaaaaa ttcaactggg tattaactta 24 O 

acca agggtc. ttggtgctgg togccttgcct gatgttggca aaggtgcagc agaagaatca 3OO 

atcgatgaaa titatggagca tataaaagat agt catatgc titt to at cac agcaggaatg 360 

ggcggtggta Ctggaaccgg to agcaccg gtaattgcaa alagcagc.cag agaa.gcaaga 42O 

gcc.gcagtta aggatagagc gccaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa. 473 

<210s, SEQ ID NO 75 
&211s LENGTH: 409 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 75 

gggagaaatg gttactittga acaagattta gtactaccaa atgttagtgt at at attatt 6 O 

ctgcacgcat taacaattta toggattittat agaataacta citactgaagt taagggg.tca 12 O 

gccatatt at t cagtactitt tattggcatgttggcaat at taggggt cac agctggagcc 18O 

catcgt.ctitt gggct catagaacttacaaa goaaaactgc cattacgagt atttittaatg 24 O 

ttgttgcaga cagcggcc ct t cagaatgat Cttitt cattt gggittagaga t cacagaatg 3OO 

caccacaaat atacagacac caatgctgat cot cacaact cqaacagagg attcttctitt 360 

tgtcatgttg gatggctato aaaaaaaaaa aaaaaaaaaa aaaaaaaaa 4O9 

<210s, SEQ ID NO 76 
&211s LENGTH: 1532 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 76 

ggggaagaala C9tcaattga at Caactaga C9gtgatgtg titcagtaatt gaatgtaaaa 6 O 

tittaaaataa tdttgaaatt aat cacct tc atatt cataa tagtgaccgt caatgcagoa 12 O 

gaaagaatca acaataattit aatttataaa aatgtggata gaaccataga tittaacgt.ca 18O 

cagttagtaa aaatcaccag caccataact cittgaaaatg ccgg.cgcaga cccitat caag 24 O 

aattittctac tecggagca accalaattta gttggacaga tag catttala aggtgccaaa 3OO 

gactictgcca agcaagattt aaacgt.ctta acagccCaag tagaaaacca gagcgataag 360 

agattic caca aagttatctt gaggcagaat ttggalaccgg gcc.gtactgc alacagtggtg 42O 

gttgaagaaa tact cattaa aagtttaatt coat atccac at agtatttic ccagaaagag 48O 

aagcagttag tagg tattt togg taatcat tatatttata caccatacac agtggittaaa 54 O 

caaaaaactg atgttacatt aagctictaga agtattgaaa attatt citaa attgaaacca 6OO 

gttact caga cagatagtac aatacattat gigaccatatg gagaaattgc accttittgct 660 

gtggatgaac tdatagttca ttacgaaaac aatgctic cat ttittgacagt tdtccatcta 72 O 

gatagaacaa ttgaaat atc. tcactggggit aac attgcag tigaagagca aattgaaatt 78O 
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aalacacacag gagctacatt aaaggggcca tttitcgagat atgattacca aagagacact 84 O 

agtag tacac at cacagtat taaat catac act actgttt taccago cac togct catagc 9 OO 

attt attaca gagacagdaa toggcaa.catt totactt cag citgitaaaa.ca ccgtaaggat 96.O 

tggatagaac ttgaactgag accalagattic C cacttitttg gaggttggca aagttctitat O2O 

actic toggct acagtgtc.cc cagttaccag tacct titt.ca aggctgaaaa toggagataat O8O 

gtattagcta tdaggct cat tdaccatgtt tttgacgata totatgttga agaagttgtt 14 O 

actaacgtag ttctitcct gt toggagt cact gatat caaaa titcgaccacc ctatatgtg 2OO 

gagagacitat cagatgatgt tacttacaaa tatttggata accttggg.cg taaagttata 26 O 

agactgaaaa agaggg acct gattgaacaa cacattcaag atttggaaat tacctataaa 32O 

tggcaaccac gattgttgtt acatgagcct ttgctgttat cqttggcact ctittattittg 38O 

tttgtagctg taattatctg. gigt cogattg gacttitt cac ttgcagtgcc tdagcacagc 44 O 

aaaagagaat aacttitttgt a catctatat taa catttitt tdttaaataa attatgagat SOO 

tgaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 532 

<210s, SEQ ID NO 77 
&211s LENGTH: 107 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 77 

ggggatgact t caatctttg gct at Cagg gccaacgagg aagaacgaga aagaggtggit 6 O 

aac catggtg acgtaagaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 1. Of 

<210s, SEQ ID NO 78 
&211s LENGTH: 985 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 78 

ggggattgaa aggtgg tacc gggactgggit gagaggctag Ctagata cat acctacctica 6 O 

tgtc.tc.ttitt taactaactic ttcttgtatgtgtacgctat tittaaggctt tatgcgcaca 12 O 

ttgatat citt gtag tigct at tataggattt tdtttattitt to attaaaaa tdggtagaag 18O 

acaaaataaa taccalagatg tat cogagga t ct accggala agaggacctg tdgagagtict 24 O 

gatctactgg C9tgat CC ca agaaatctgg to cagtc.ttt ggaggagtcc ticgtagttct 3OO 

acticgct citc acatatttct citctaatcag tdtggtagog tacgttt cact catcgc cct 360 

cgg.cgt cact ttagcttitta ggatttacaa aag tattgta caa.gctgttcaaaag actgg 42O 

tgatggacat coattcaaag aat atctgga acttagaaga ttatt cittgg togaagattit 48O 

ggtagattico atcaaatticg cagtattgtt atggactictt acctatgtgg gagcgtggitt 54 O 

caacggaatg actictaatta ttct cqcttg ggit cqcc ct c titcactic titc caaaagttta 6OO 

cgaagtgaat aagact caaa ticgatgccaa tittggagatt gttcggacaa aattggctga 660 

aattact tca aagataaagg cagcaatacc gatgggcaag aaa.gc.cgaag aaaagaagga 72 O 

acaatagatt taacaa catc tat cagacita tattactata catat attaa tittattgttg 78O 

tittctittatt coattaaacg ttct tatgta atgtttctaa atataattag td tacatata 84 O 

taagatgtta ttittaatgtt tttittatttgaattittittga tigittattitat ttcttgtaat 9 OO 
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acatagagtic gaagaagaat at agaattta acataataaa ttgttgcag agaaataaaa 96.O 

aaaaaaaaaa aaaaaaaaaa aaaaa. 985 

<210s, SEQ ID NO 79 
&211s LENGTH: 1829 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 79 

gggggtatat at caatgata ttacatat cq accitacgttt cacttaatgt tittgatttga 6 O 

cittgtttgca aataaatcat gacgtttgtg caaagatata atggaacagc tatgaaataa 12 O 

ctaalaccaca ttcaaatago: aaatticccaa ctaaact cott ggacaaaatt aacgcaccac 18O 

tittaattaat ctaaat attt acaatatgaa cacaaaataa alactaagtta cactggaata 24 O 

ataataataa acacct acaa ataagttccaa catgactitta t catgacctt aatttgc citt 3OO 

atgtttctitt aaaaatttgt ttittgc.cgga aatgcgtaaa taagctagoa taactictaaa 360 

ttgcaaaaag aaaaaaatca gtaaagtaac acaataaatt gcatctgggit caacaataat 42O 

accgtgtagg cccacctaca C9gagactgc atttatgcgt caaag catgc titgat at Caa 48O 

atgttcaa.ca aaa.gcttgcg gaatatt citc ccattct tca ataacggcct caatgagttg 54 O 

gttgttgattg acaatagggg gtctacaact tctaatc.ttt ttittgagata gttcgataga 6OO 

tgctictatag attgatgtcc ggactgttag gtggccactic taataataga atat caatat 660 

Catgtaggta accalataaac titcgagc.ca catgaggacg agcgttgtct tccatgaata 72 O 

aaaaattagg to caagaaac ggagcaaaaa goattacatt titcgacaata atgttgtcta 78O 

agtaataatg ggcatt cata gacct cqtac gitatggggac Caact coat a cagcttaaa 84 O 

aacaaatticc ccc caaaa.ca ttittagagcc accaccaaag gtag tittagg agagatattg 9 OO 

cagotggcaa acctitt ct co togcc titcgc cagacitt cqc cagcttt tag gogttgtaca 96.O 

ggactitat at tatacataca cqtaaaattt totttittatt aataatatag togaaatgcat O2O 

aatatatagt tattittggga taaattagga ttaattattt ttaatacaat tagtaaatta O8O 

ggtctagttt titcgtaat at t catttcaag aag catttac ttgacaagtt acttgatatt 14 O 

ttaact actg ttacatttta tttitttittga aaataaatga actittgattit aaatacctag 2OO 

atagaactitt taaaaagtgt ttacgattitt tatttacata ataac tattt ttaact caat 26 O 

gcdagtacat atatacataa atc tatttitt aacttgaacg gatcaaaatgttatat cagg 32O 

cittittatttg gcataaagta tattacattg tdgttacctg accctgaaat tacgagt cag 38O 

aaatacatac at caggaatt togctgaatag agttttacgc attacataag acataaaaaa 44 O 

tgactgaaat tacacactag gaaaggtgaa ttagaattta atgga attac gataatgaag SOO 

aattittgaga atatattgaa ataatatt at tdaaaatata agaaacgaca aacaaat caa 560 

cgttittaaag aagaagaaag gaaaatacaa acatgatgga caagaataag titt cacggaa 62O 

aatatgagtt cogatatt at gigg accqatgaat caagatt tagagaattt tttacaaagg 68O 

acaaga caaa gagaagaatc ctaaaaagga aaataaaaaa aaaaacatga agataacaaa 74 O 

gaaaataaaa ttatt tatgt acaaggatat acaagaattt ttatacaatig attittaagaa 8OO 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaa. 829 
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<210s, SEQ ID NO 8O 
&211s LENGTH: 1307 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 80 

gggaataaaa aatttattitt atttatattt ttatttattt taaaataata aaatatttitt 6 O 

tagtaaaagt aaagaaaaat tittatttaat gatagittaat tag tattgttg agagaatatt 12 O 

ttatttittat aaaagaaaaa tittatttittt gtaccttgtg tat cagggat tattaattaa 18O 

taattatata titt attattt togaatttaa aagagctaaa aaaattaaaa tttittattgt 24 O 

aaaataaata ttittaaataa ttttitttgta atgaaatgtt attcqtttitt aaatatat ct 3OO 

aattittittaa gaaataaatt aaatttattt attaacaata tatttataat taaat attitt 360 

tatatt atta at attaaata tttittaggga tigagcttaaa aataaaattt tattaaaatt 42O 

taatttittaa ataaaaatta ggattaaaaa ttitt catatt ttaaaatatgttatt attta 48O 

tttittatata t tattattitt tatttittitta taattittitta ttaaaatata aatttalaatt 54 O 

atttaaattit agtaatgatg ataat attag tattaaaaaa ttgtatattt agtaaaaata 6OO 

tataggittta ataaaggaat tcc.gcaa.cat ttttitt cacc tdttt attaa aaa catgtct 660 

ttttgt atta aatataaagt citcgc.ctgcc cactgattaa tittgaatggc cqcgg tattt 72 O 

tgaccgtgct aaggtagcat aat cattagt tttittittatt gaaagctgga atgaagggitt 78O 

ggatgaaaaa aaaactgtct ttatttaatt tataaagaat tittatttitta agittaaaaag 84 O 

cittaaattitt tittaaaagac gagaagaccc tatagagttt tataaaatta ttaataagtt 9 OO 

tttittagt at taaatttatt tatataataa atttatttaa ttggggtgat taaaaaataa 96.O 

atttaactitt tttitat atta titat attaat taataattitt ttgat coaat ttttittgatt 1 O2O 

ataagaataa attacct tag ggata acago gtaattittat toggagagttcaaatcgataa 108 O 

taaagattgc gacct cqatig ttggattaaa gtttataatt ggtgtag cag citat attatt 114 O 

aagttctgttc gacttittaaa attittacatg atctgagttt aaaccoggtgt gagcc aggtt 12 OO 

ggtttctato tittaattitat taatatattt tag tacgaaa gogaccaaata tataaaataa 126 O 

tttittatatt tag acaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 13. Of 

<210s, SEQ ID NO 81 
&211s LENGTH: 73 O 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 81 

ggggattctt ttgttgaatgt ttgctitcgcg ttct c cc.gtt taccgttc.cg togttgacacc 6 O 

gtagaatatt gactgatctg. tagtttgaat tattttittaa aaacaatgat gtgttcatga 12 O 

actattittct ttgttaatgt gtaaatgttg caacaagctg atctaaaata gaga.gcaatg 18O 

gaatctgcga tiggaac agtg cdagaccalag cctittggaala Ctctatcaag tacattaaag 24 O 

atgtttgaca cittittaaatc tacggaagaa gaccatgaat cagacgagga aagctitt cat 3OO 

Cttc.cgtt at taggatgtga tigatgaag.cg gaaaacggca taaat at C talactaaac 360 

gaagaagatg aagatgc.cat act aaataag titcgacacac gogatgaagg aatggacgtg 42O 

gatgaatgca gcaacaaaaa agacagcgat gtttctaaaa acaatgttgt agatgaagtt 48O 

aaact tagtg aagaagaggc aaa.gctagat ggtatagata atttaaataa agataatcgg 54 O 
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atagataatt taaatggaga tigatgaatta ttaggaaata atgagattitt agaagataaa 6OO 

acaacagaaa gtacccct ga tigataccgaa aataaaatcg aaaatgaaat aaatgaaact 660 

gaggctggitt gtgaagaaga Ctcaaaagag accaat atta C caaaaaaaa aaaaaaaaaa 72 O 

aaaaaaaaaa. 73 O 

<210s, SEQ ID NO 82 
&211s LENGTH: 1761 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 82 

ggggagtgaa tagctitt catt.cgtttcgg Cagggatta gattttgtact cqtgaattg 6 O 

ggtcaggitta tittggcgc.ca taatcttct taaaagct Ctcgtttittg tattgatggg 12 O 

talagtacaca ggaaaattgc taaagaaaat tittgagcgtt cq9ttgggag ttgttagact 18O 

gaaaat atta aacagottac at agcaacac ttacacgact ataact atta ttittaagctt 24 O 

tittataaatc cittaaaaacg ttcaaacata aaataaaata ttgg tattga taacggtata 3OO 

titat attittg catttitttgc tittaa.gctaa ttgatggaaa tagtatic cat atgttittagt 360 

cittittaatgc cct attatac ctdttgcata actittatata atttagaaat atctitat cqt 42O 

gat catttitc tdtttaatcc tdtcc aggga ataaaattitt tottggg act ttcaataatg 48O 

caggitatctg acaacttittt tagttatgta ttgtag accq atagaaagaa aacct gcctt 54 O 

gtat cotgtc gag tigttcgg agctgcctitt taatt attac tattaacaat ttagtgcaaa 6OO 

aaacg.cgatt ttttitt cqat tittaa.cacta aattaaaaaa atagattitt c cagaatattg 660 

aaaaagcttcaaaatggaga titttittaaag tdaaaatctt tttittgacag at acttgcat 72 O 

tatttatttg cittgtttic cc tittagtaatc accittaatat gaaatttaaa aaaact tatt 78O 

ttittgacgtt gttittgcaac attitt cattc acctittataa aaatgttgtt tagct ctitta 84 O 

cittittaactg ccdaattittg ttgcatgttt tdttgaattt tdattgttitt gtgtgaaaat 9 OO 

ttgaaacata aacgggcttt taatttgat gactgctggit galagtaggta ttgagacitta 96.O 

gttt cittatt ttacacatag ct attaacaa tattgg tatt gaatgataga taaaagttitt O2O 

t ctittttacc acagt cagat tttittataca agtgtact at tittgacggta tacaccacag O8O 

tgacggtata caccatttta ccacagttag atttitttata caagtgtact attittgacgg 14 O 

tacacatgtt catataggta t catc.tttct tcttagctitt citatagt cca totatgggca 2OO 

tggcct cotc taactgattic catcaatctg tat cota agc aact tactitt caatttgttc 26 O 

tggctattgt cagagataac tagaagaaga atc.cgaataa citt.cggcagc agtatgalaga 32O 

ctgggtgttg togttgaaaaa caaacagata t cagtataaa gaaaatgata ttcaacaact 38O 

agttgt attctgccagttat gatctatoga gcggaaacta coacacttac agagittatca 44 O 

gccalacagat taaaaacacic acgcagggcc ttgaaacgag ctatgtctgt gagagaacat SOO 

aatatatgaa atgaggacgt gaaaa.gcagg gcgaatgtgc aagatgtaat tdgaagaact 560 

gcc catatga actggaactggg taggacac ttggcatggc aaaacaacga aaggtgaacg 62O 

agaaac attg tactittggag accacgcgag titc attcaga gtag tagaag alagaccagaa 68O 

aaat actggc tagacgacat Caaagcaaaa gtgggagaca Ctggcaccala caaaaaaaaa 74 O 

aaaaaaaaaa aaaaaaaaaa, a 761 
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gatcaacctt gttttgtacc ttaatatata ttttittaagt caaaaaaaaa aaaaaaaaaa 48O 

aaaaaaaaaa aa 492 

<210s, SEQ ID NO 86 
&211s LENGTH: 444 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 86 

gggagcactg ataaaaaaga tiggtgtcgt.c actitcgctta acatgaaatt citgtc. tattt 6 O 

taatatagaa gtctatggga agaacctgga caa.gagatta t t cc agcag taattaaaa 12 O 

tgaccatatt aattactgac agtttittitta agaaatgttt ttittagtagt agtgtttata 18O 

atttaaatgt ctittggtgtt toggaaattgg cct acacatt gtcc catgta cctatgtgaa 24 O 

acccacgata aaaaatat co catatgttitt tdtacaaatt acaactgtag ctata attct 3OO 

tctatttgac tdatca catc ctittgacata aagaaaaaac tta accttga t tatgat cita 360 

ttcttaaacg aagcaa.catt atttatttat accitatcgct tcttatagt c ttacaaaaaa 42O 

aaaaaaaaaa aaaaaaaaaa aaaa. 444 

<210s, SEQ ID NO 87 
&211s LENGTH: 34 O 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 87 

gggcattcac aaaattaggc ataacgtata tdt tact agg totcaaattig cacctaaatt 6 O 

t cctaaaaac attagtgaat tccatacgitt attaa attct gaagaaataa aaactaatag 12 O 

ggggaacgtt ttcttataaa aaatgacgat aataatcaga t catgttctic gtgtgaaagc 18O 

aattittittgg atttaagaca aatat caca ttittatattg acggcactitt tdaatactgt 24 O 

ctaaga cago gattct caat ctdtggtaca totacaactg gtgg tacaat t cattacttg 3OO 

cggtgg taca caaaaaaaaa aaaaaaaaaa aaaaaaaaaa 34 O 

<210s, SEQ ID NO 88 
&211s LENGTH: 1447 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 88 

ttttittttitt tttitttittitt tttitttttitt cittag tacta gataggattt atttatctgc 6 O 

c cagttacaa aatagittata gtaagtaaat ataacaaata ataaataatt ataaggtgtt 12 O 

ataagat citt aaaagt ctdt citggcagtta caaccacggit cqcat attat ttaagaactg 18O 

caaagatgta alacacagtac aaacaacatgaaaaatagot tattaggitat gaattgatta 24 O 

aatagct tag aag cacttgc ggtggacaat tcc tdggc.cg gatt.cgt.cgt attcttgttt 3OO 

ggagat.ccac atctgttgga aggtggagag ggaggccaag atggat.ccac catc.ca.gac 360 

ggagtattt C Ctttctgggg gagcgatgat Cttgatcttg atggtggatg gagcaagggc 42O 

ggtgattt Co. ttittgcattctgtcggcaat acctggg tac atggtgg tac Ctc.cggaga.g 48O 

alacagtgttg gcgtacaagt cct tacggat at Caacgt.cg cactt catga tiggagttgta 54 O 

tacggttt cq tdataccgc aagattic cat acc caagaag galaggttgga agagggctt C 6OO 





US 2011/0054.007 A1 Mar. 3, 2011 
78 

- Continued 

gatctocaaa caagaatacg acgaatc.cgg cccaggaatt gtccaccgca agtgcttcta 12 OO 

agct atttaa totaatt cata cctaataagc tatttitt cat gttgtttgta citgtgtttac 126 O 

atctittgcag ttcttaaata atatgcgacc gtggttgtaa citgccagaca gacttittaag 132O 

atcttataac accittata at tatttatt at ttgttatatt tact tactat aac tattittg 1380 

taactgggca ggtaaataaa toctatotag tacgcaaaaa aaaaaaaaaa aaaaaaaaaa 144 O 

aaaa. 1444 

<210s, SEQ ID NO 90 
&211s LENGTH: 993 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 90 

ggggagttcc ttctagttt tittgctgaa tittatactic gtagaattga ttgaatcgaa 6 O 

aaaaat attt aaaatgaaat ttaaattitt.c cqctgatgat gtaattgct g agaaaagaac 12 O 

aacacaagga aatataaatc ttattaaacg atggctgttt gcago catgaaaaatatgt 18O 

accatctaaa titat cagatgaatt catagt totgtttcta ttgtc.ttgta acaatgacat 24 O 

tgatgtgact aaaaagacta t tact gccta ctataaatta aggaaagacg cacctgaact 3OO 

gtttgatgac agaact tccg agagagaaga tatt cagaaa gocttaalaca cactgagaat 360 

ggtaagcata C caaatcgga Cagacgaaaa citat caagta gtgtatictta gtctaaaaga 42O 

tacagatago agtaactittgaactgaatcc cqttatgaaa gcc to attaa togctaataga 48O 

tatagalacac cacaat agcc caccagatgg agittatgttt Ctagctgata talaagggitt 54 O 

cgggtttitta cacgcgttta aattgaatcc aatct cqtta aagaaatatt totaattatct 6OO 

tggaga agga atacca actic agttcaaagg aatgcattta atgaacggala attatttct 660 

ggat caattgttgagcatt C tta aggtgtt tatggct tca gacct tataa agagggtaat 72 O 

catc catcaa gtaggctgga atc.cggaaga agcattcc.ca aaaaaatgtt taccaaaaga 78O 

acttggagga gacctagaat Cagaagacgt actttgttgaa cigacattac cqctgttcaa 84 O 

ggat.cgggaa tatttittgga aggcggaaga ggalactalagg aaaagtgtac ttaaataaaa 9 OO 

atgcgttaca totaatagta ttaaggaatt acaattattt ttggaataaa tatttatagt 96.O 

gccaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 993 

<210s, SEQ ID NO 91 
&211s LENGTH: 989 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 91 

ttttittttitt tttitttittitt tttitttttitt citcct tcc.gt attaaatcga toagttctitt 6 O 

agct ct cott actttitt citt cocctgacag ttctgcttct gcc tott citt tagtgtctgt 12 O 

agtttcttitt totgttittaa cittcttcaga ttctgitat ct actittaactt ctittatcctic 18O 

cittattitt co toggct accq taactitctitt acctitt.cgta ctittctg.cgt tot cittctitt 24 O 

tgctggttct tcttcttittg ctggttctgt atgcgtttct gacgg acticg gttgctic titc 3OO 

ggggggttta t ctitcggatg atttittcaat ttctgtttcq gagggg.ctica attcttcttic 360 

ggggggact t t ctitcggacg tatt cagagc attattatca Ctttcgactic gtggtgtctic 42O 
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tittaat accq tdtgtt tact tittaaattag atatagatag gaata catcc aatacatggc 42O 

aacactgctt cotcgttt co cacacctgag togcgc.caat tdacticagtic attcgt.cgat 48O 

tctacagtag caatgcaact tatt ct cata aaaaatgttg ccgattittag cqatt cottt 54 O 

agt citccitat coctaatcga aaactaaacg tatgg taaag taataaaaga gqtaatt cqg 6OO 

gacaacattt aaagggttca tittaaagtac catat cataa toatcatcat cagcc tigttt 660 

taaatccagt gcagga cata agcct citcct gtttgttatcc agaggcc.gtg cct ct cotgt 72 O 

acggittttgt gtag tatgga t ccaatttitt cqttatctitt catcatcttic caatcgtgta 78O 

ggtggit ctitc ct citctitt cq gttatctgtt cittggitatico attcagttaa cittgcgtgtt 84 O 

caccitt citat ctitt catcct togc catgtgg ccagt ccatc. tccattt tag totgcaa.gct 9 OO 

citct coacaa aatctgtaac totagttttgttt cqtagat citt catttgt gat cittgtct 96.O 

tittatttitta citccitat cat tdaacgattic atttittcttg togctatt citt agttittaaag 1 O2O 

cattctttitt gcagacagag tittctggat.c at aggtoatt actggcagaa cagacitgat c 108 O 

gaag acttitt act ctittaga ttaatcggta cattgctgcc tittaaatacg tttittaa.ca.g 114 O 

citccatatgc tigcc catcca totgctatt c ttcttgatac atc.ccc 1186 

<210s, SEQ ID NO 94 
&211s LENGTH: 1033 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 94 

tttitttittitt tttitttitttt tttittttittg cqtagt ctda cattgcgacc aggttttgta 6 O 

gacgtc.ttga act attitttgttatttittta attgttgaaa totaaataga gcggattgaa 12 O 

tatt at catt tact accctg togacaataat attattattg tca caaaac a gtaaacaata 18O 

at attct cat tccaatgttc gaacaacaat gaatgttaat atagaccagg actaatctgt 24 O 

aaaaatticgg atggcattaa aatttittgca gataaagtta ggtgacacct ttagtaataa 3OO 

taattgaccc atgctic cct c ticaaacataa ccggaacatt aataaaaaat caaaatattt 360 

aaaaatticag aaaaagat.co atttittitt cit gctitt ctittg cittatagctt taaaacggitt 42O 

cgttctggaa caaatc.cgta cagaaacaaa acagagacaa ttgaat catg tatgatgtac 48O 

gaccggtcaa aaatgtc.tta agg tattacc ttitt citgcaa aatagcaata aacacaaaat 54 O 

aagggggcaa alacacgcgtg ttgtt attca atgtc.tctta acc actittgg togcagttag 6OO 

aacct tagta atcc.gcttag aaaattctta tagct tagtt aaatggit ct a ccaaattitca 660 

ctaaaatcga cctaacagat tctgcataat aaatttgcaa tataaatgtt tittaaaaaag 72 O 

ttcaaattitc aaaatctittctgaacaaaaa gtaga caatt tag tagttgg ctaatttitt c 78O 

cacatacaaa aaggcactico acccatctaa tacac cc cac agcatcaaaa toggaccatc 84 O 

taagggggct cagcaatgtt toaaaaatac taacaactitt ccggct cata aacaaatagc 9 OO 

tttgtttaat aataaaaaaa taataattitt tagcaacgca aataattaat accqqtatag 96.O 

tittgacittaa tottittaaat gctgtcagca gaattgctat tittattttitt aatcaaaagt 1 O2O 

tatic ct cqtt coc 1033 

<210s, SEQ ID NO 95 
&211s LENGTH: 551 
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&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 95 

ggggacatta atttcaagcc taggttctgg agaat attaa tta acatttic ctd.cgg tatt 6 O 

gttggatgaa cattagataa gagaagacgt to catggag tactaatct acgtgttaga 12 O 

agtact tcat tatttattitt tatggat.cct acct tattta gaaagt catc aactacagot 18O 

ttacttgaaa gataaacgca tact.cggitta ttagagattic ttgatgaata aataatattt 24 O 

tctggttgga cdagtggtco tagttgcaaa agataatctt gcaattittgc gcc attaatt 3OO 

gaactgaaga tigatggcttgttctitt cact ggtaattittg gagtagtttgttgagatgca 360 

at agtagagt acattagagt gttittgagaa gtgg taggag titt Coattgt tataaagta 42O 

ttatt catca tttaatgtta cittgaacgat ttattataaa catatttagt tagggittata 48O 

atatgtatgt tdtgactggc tigaat cacta atgtg tatgc caaaaaaaaa aaaaaaaaaa 54 O 

aaaaaaaaaa, a 551 

<210s, SEQ ID NO 96 
&211s LENGTH: 1050 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 96 

ggggagaatt tatgaatata ggtaagcc tit aatacactaa tittaa.gagtt taataattgt 6 O 

at attattitt caaaaatgtt ttaagtgtgt gactttgtag agatattgtt citctgatctg 12 O 

agcaggttitt gcacttgact ttittgaga at tdctacaaag gtcgattgca gcaattgtca 18O 

gg.cgattgtg gaagtctgat atgataaatt aggagttcaa ccattacata aatat catct 24 O 

t catcaatga gttittaataa titcgatgtgc acatc.ttctg gtc.cagtaac tittgctatot 3OO 

ttagtgttct tdatgacata gatgacttct tct cqtaata atggtggttg at atcct cita 360 

tggtttctag togacagttitt tot ctitt.cct cattaattaa ttcttgaatg taattgatcc 42O 

agtgacacat t ct ct c caat tatat cagta ataattcatc atataacaat t catcatatt 48O 

t cct tcatca tttittgatgt tatttctatt aaaaatgtcc gtacctacat tat cotcctic 54 O 

citcc tocc ct atc ctittatc ctitcgtaagg atgtggtgac gittatggitat ttgacgaatg 6OO 

gtttct atcc attcttct ct citcttgggcg C9gtgtgctg. cct Cagacag agagtaaccg 660 

gtggcgcatt ttatttgg to tdaccatcgg agtggct atc titcct coagt tottt taccc 72 O 

tctaccttgc cittcaaccac caacct citco atgcc ttct c titcgtctggit aatgtgtc.ca 78O 

aagtacct ca atatattittg gttgatgatg gtggtaa.gcc tagtgttgat gtcgagttct 84 O 

gataat attg agatatttgt gcgatgtgct acattatcca tattacactt aattaaatgc 9 OO 

acttittaaaa catttitttitt tataataatt atgtagg tog tittttittaat titat cattaa 96.O 

gctictaatca agttgagaga agc.cgaac ct cagctatgta t ctaat atta tacagtatgg 1 O2O 

tacaaaaaaa aaaaaaaaaa aaaaaaaaaa. 1 OSO 

<210s, SEQ ID NO 97 
&211s LENGTH: 1391 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OO > SEQUENCE: 97 
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gggggaaaaa atgtttggat acaatgtatg tatacaagtg ggctttgatg atgtgttatt 6 O 

gtgttittaag togctaaaaat atttittitt at attatgttca caaaaaaaag catgtgtgtt 12 O 

ggtgacattgttaatcct co togt cagttaa gtc.ctittatt catcttaaac aataaactitt 18O 

taaaacatga gcttcaaaaa agagcatalaa tdattatt at tittaatgctt ttcaaaatgg 24 O 

ggttittagat gtacacgata tat attatgt tttgcataaa tdatacttitt attatattitt 3OO 

tatt atttgg tott actitta ttgtag titat ttttittgata ttttitttgtt citt actttgt 360 

tatttittittg tagattgtta atttgcaact aaacgatcta cittataatag cottagtaca 42O 

aattaacaaa acgaaaccta at atctacca cdagttactic ggittaagacic atacagaaat 48O 

aaataaattig cittaattgca attaaaacag ccgtcaaaaa tdataagaaa attaagaaaa 54 O 

acaat attitt ttctaataat aaagtaataa aggcagttitt tdtttittatt c tatt cagag 6OO 

ttggaccacc atctocatat agctattt ca gcatcc catg catctittagt gaagctatoc 660 

agt cacaact ctdaag.cgaa tattaacaac cct gaatatt taagggaaac catcgcgata 72 O 

caatgattico accttittgag acgcaatcta gcgacat citc. tcgcaaaacg aggaaaacaa 78O 

cgaaaag.ccc tagatacaaa gtt tact act ttittaaacaa ttagaataat tdaaataaaa 84 O 

atataataaa caatattitta aatccacgaa titt cqttaat aaactgctitt ctogctgcat 9 OO 

cctgtatat c toggctattta tatttagctt aatatttittt citcttittaat atttggttca 96.O 

agatatagag titttagaaa caaaattaca Ctaagggcgc ticgcaaacac agcc acttgt 1 O2O 

ggcc.gc.cacc ggtggcagtg Ctgactgagg tttgtatgta ttittaaatgg attcggcc.ca 108 O 

Cacactatgt titc.cggtgat Ctt.cgagcga caa.gc.cacga caa.gctatgg C9gtggc.cgt. 114 O 

ttctggctac atgaagttcgg toggcgatcac aaaac agcca ttcgt.ccaga gagagaaaga 12 OO 

gttaaaacaa cat cataaga aagagcttgg atacaaaaat aggctaccag aatatatgaa 126 O 

ataaat agtic ggtctgttta gcc atgaaga ggaaatggat gaagaacaac tacggaalaca 132O 

aactgtaact c ctaacttica aaattaaaac accatgitatt gaaaaaaaaa aaaaaaaaaa 1380 

aaaaaaaaaa, a 1391 

<210s, SEQ ID NO 98 
&211s LENGTH: 515 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 98 

ggggct tact tacctgtaaa cqaat cattc ggttt cactg citgatttacg titccaac act 6 O 

ggaggit cagg cct tcc caca at Cagt ctitc gat cactggc aaatctt acc tigtggcc.ca 12 O 

atggaaccca gtaccaaacc ctatggaatt gtgcaggaca cacgtaaaag alaagggit Ctt 18O 

aaagaaggac titccagacct ggcacaatat citggataaat tataaacaac taagaaactt 24 O 

aattitatgta cagattattt aataaaatta tittcaattta citcaacggitt tittatagitta 3OO 

attg tattitt tdatatttitt attctgataa gttitt cagtt ct citcaaatt gatggcaa.ca 360 

ctagaaatga aataaactaa ataatctgac taatattitta totttgctat atatatttitt 42O 

gtta acagtic cagatatttg tatatttatt aatttgacat caaaagtaaa totgatgaaa 48O 

cattgaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa 515 
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<210s, SEQ ID NO 99 
&211s LENGTH: 58O 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 99 

ggggatgtta tacattactgaat attgttt gottaagtaa taataataat acaaaagagt 6 O 

catcatgaag ttcttggttt to agcttggit ctittgctgtt tactatogcaa atgcagotat 12 O 

tact cocqaa caa.gctgaga agatcaaaag titt coacaaa gaatgtc.ttic cagaatc.cgg 18O 

agittaatcCC gaattggttcaaaaggcaag acaaggagat titcgc.caatg acgacaa.gct 24 O 

aaaag.cacat atcttctg.cg tot coaagaa gatcggitttc caaaacgatg ccggtgaaat 3OO 

t caagtggaa gttcticaaag C caaagtggg totgcCtta gaagatc.ca.g. Ctcttgctgc 360 

c caattgatc ggcacctgtg ctaagcaa.ca agcaaatgga ccc.gaaacag cctittgaaac 42O 

cataaaatgc tat cacgaaa agacaccalat t catc.ttagt attatttaaa tattittgatt 48O 

ttgttataat ataaaaaact tctttittgaa gagttgttat aaaataaatt ttittat catt 54 O 

atatgtacag aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 58 O 

<210s, SEQ ID NO 100 
&211s LENGTH: 913 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 1.OO 

ggggagtgtc. aacaatgatt tatagcagat atctgtggat ttgttgttgta gtgttat cac 6 O 

tattittatca gacaaattgt gaatgcc.cta aaatatatac togcaatgaa toggagcgctic 12 O 

gaaaag catt aagtaccaga ccgittaagag aagat cotcc accatatgtg gttgtc.catc 18O 

attcqgccac togct catgt ttitt cagttg aagattgttcaaaacttgta aaaag catcc 24 O 

aagattacca tatagat cac aatggatggg atgat attgg ttaca actitt ttgattggtg 3OO 

gtgatggaac tatatacgala ggtagaggat atggtttaca tigtgcgcat tictatt C cat 360 

acaacgcaag aagcttaggg gtttgccttt taggaagttt taaagatacg aatcct c cta 42O 

atgtacaact gaaagcattg gaagacttitt tdt cittgtgc agcagctgat cacaaaatta 48O 

ttgcagatta t caccittatc gga catcggc aagctgataa alacagaatgt Ciccggggat C 54 O 

gagtgcatgc agittatcqaa aaatggcct c attittgaagc caatccacaa gatgct tcc c 6OO 

caaagaaact gtaaacatag cqaagttacc ttitt citc.tta toggaataaac acct ct citat 660 

cgcaatgttt ttagattaca attattaata catgtaaata tittaaaagac totatat cita 72 O 

ct catactitt aaagatgtgc gaaaatatat cactatottt aaaaaaaaaa aaaaaaaaaa 78O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa. 84 O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa. 9 OO 

aaaaaaaaaa aaa. 913 

<210s, SEQ ID NO 101 
&211s LENGTH: 569 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 101 

ggggaggcgg togacatgtt ttttittttitt tttitttittitt ttitta cattt atccacattt 6 O 
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&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 103 

titt t t t t t t t t t t t t t t t t t t t t t t t t t t c tita attacaa a tatt tacta attitt cit tatt 6 O 

tatt at cagt caaattacaa aacaa attct atttittgctic atcaatgggc titaaagtgat 12 O 

ttagtaaatt tacggit coaa tot cottcaa ccc ctitttgt aaattct ctd ataaatctat 18O 

agttgcaaat cqaaatttitt togttgatatt caggtag cat tcc catattt aagggaggitt 24 O 

citt cacct ct agatct catt coagctaaac ctittcaaaga atgg taalacc atggittattt 3OO 

cgacgaatcq ttitttgttct ttgcc ttctt citt cqttaaa tataacacca acctgatatg 360 

gaaatgaaaa atatatgtca totacactag ttgct atctg ctic cctittga ct catggaca 42O 

t catagat at tdcttitttgt agact accoa taatgtcatt tdt tactaga ccgt.ctaatg 48O 

atttaatat c acctitcagac aattitatgtg atactacctic cactgcttitt ttagaagicac 54 O 

ttacaaaatc toggaagatta aattcttgat ctaaataggg cctaatgata aaggtagcaa. 6OO 

gaataaaatt tottatagitt ttaaataaag aaggccaaac aaatatggga gag totggca 660 

gtaatggagg taatttgttt gaaggagaac ttggat catc tdaataccat cittctittgat 72 O 

taaggcctga atttaaggat ttgttattta aaaaatatga aggctgctt g g tacaaaaac 78O 

ttgcatgttt acataagaaa tdatttgtta ttgtactatt aaatttacac aaatttaaat 84 O 

tactataatt togcacattt ctdaacaaaa cqttaatatt catttitatica ttittaatata 9 OO 

aatcaacaaa gtcaaaagta ctaaaatatt ctaaaattitt agattittitta ggttctgtc.c 96.O 

tgtcacggitt ctdtcc tdtc acct actic cc c 991 

<210s, SEQ ID NO 104 
&211s LENGTH: 445 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 104 

ggggagtatt cacttgat ct tca aggtaga ttaacgcaag tagaaatcta aaa catgtct 6 O 

ggacgtggta agggaggcaa agitta aggga aaa.gcaaagt ccc.gatcaaa ticgtgctggit 12 O 

ttacaatttic ctd taggit cq tatt catcgt ttattgagaa aaggaaatta togc.cgaaaga 18O 

gttggtgctg gagctic ctgt at acttggca gctgttatgg aat atttagc tigctgaagtt 24 O 

ttggaattgg Caggaaatgc agctagagat aacaaaaaga ccc.gtataat tcc taga cat 3OO 

ttacaattgg ccataagaaa tdacgaggaa ttgaacaaat tactgtcagg agittaccatc 360 

gcc.caaggtg gag tattgcc taatatacaa goagtactitt tacctaaaaa gacccaaaaa 42O 

aaaaaaaaaa aaaaaaaaaa aaaaa. 445 

<210s, SEQ ID NO 105 
&211s LENGTH: 2235 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 105 

ggggcagtgc tittagaggcc acgaa.gcaat ttctaggata gacgaacgac gct cqcgacg 6 O 

acgc.gctg.cg acgcacacga caaaaaaata cacaatacga caccacgc.gc cattttgc.ca 12 O 

ttittctgtgt gtgcagtgaa gtgaagtgct actaaaatct tcaaaattica acc ctitctaa 18O 
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<4 OOs, SEQUENCE: 106 

ggggagagta gat agtaagt aagtgaatgt acgttgttgaa tacggaagc cggtttgtta 6 O 

cagagaggag gatggagt cc aac acgataa C9ttgacgag atttitt Cttg gcggaacaac 12 O 

aaaaatttico agaagccaca ggtgaattga cccagotgct gacttctatt caaacagotg 18O 

ttalaggittat cagtagcgcc gttagaagag Ctggt attac Caaattgttt ggt accgtag 24 O 

gtgaaacaaa ttacaggga gaagaagtta aaaagttgga C9tattggcc aacga attat 3OO 

titat caat at gcttaagt catcttatacag tag cattgct tat atctgaa gaaaatgaaa 360 

Caattittgga ggtagagact galacaccgag gaaagtatat agtag ccttic gatcc attag 42O 

atggttcct c gaatat cqac tdtctggitat cqataggttcaattitt.cgcc atttacagaa 48O 

aatc.cgacaa Cacagttcca gcc ct catg acacactaat gtc.cggalagg aatgtag tag 54 O 

Cagc.cggata togctitt at ggcagtgcaa citatgctggit cat at Cttct ggatctggtg 6OO 

tgcatggttt catgctggat gccaccatag gagaatttgt tttgactgaa cacaiacatgc 660 

ggattic.cgaa aaaaaggaala aatct act ct ataaacgaag gg tactacca caatgggat 72 O 

gatgccataa gagaatacgt catgccaag aaagatcCtt Ctaaggggala agcct atggit 78O 

gcc agg tacg taggttct at ggit cqcagat gttcacagaa ct attaaat a tigaggaatc 84 O 

tttittatacc ctdcaacgaa gttct tcc cct aagggcaa.gc titagactgat gtacgaatgt 9 OO 

gttc.cgatgg cct ttittgct caccalagca ggaggattag Ctact gatgg caagattaat 96.O 

at attagata t caaac ctac taaccaccat cagagaagtic ctatttittct ggggtctata 1 O2O 

gaagatgtag aggaggttca aagttatatc aataalacatt gtgaatgtaa aaaataggitt 108 O 

aagagatttgtttcaataaa gttt attatt agittatacaa aaaaaaaaaa aaaaaaaaaa 114 O 

aaaaaaaa. 1148 

<210s, SEQ ID NO 107 
&211s LENGTH: 574 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 107 

ggggagittat ttittgatt at ttttacgitat attatacagt cittaaagttt ggctt caccc 6 O 

tgtag tagta gttitt.cccta attctgacct gtttitttitta ttgtttctaa attcc caatt 12 O 

ttgttgtcagt gacacttitt c cacaaatctt tttacataaa agacct tatt aacaagaatt 18O 

tat attaact ataaacgaaa ataagattitt tttctgatac aatgtttgtt gttttgttt c 24 O 

tttittgcaac acgttittatt ctittgctata acttaaaaat giggct attca ttagatacca 3OO 

attittitt cat ttaagt ccct tttittattitt toatat caat gatttgttat td.cgaaaata 360 

ttcttagaaa tdaattatat aataaaaaaa acaataaaac taatgttaac cqt cittgatt 42O 

titcgcaaaaa tatgggttca toattittatc titt cqgaagg act aaccogala aaattataca 48O 

tctactittgc attcggagta ttgtaagaaa alacatgcatt cqttacagta gtaccagota 54 O 

tacaagagat t cattatgat t cagotctgc gggg sf4 

<210s, SEQ ID NO 108 
&211s LENGTH: 725 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 
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<4 OOs, SEQUENCE: 108 

gggagtgagg cittattgtta acaaactggc aaaaaaataa ttaaaactaa acaaatttga 6 O 

tgaaaaatgt toataaaagg tatatttcqt tdattgggaa gaatag tatg at atttcaaa 12 O 

aacatcaagt ttacagaaaa gacaattaaa gattgagatg ggittacaaga ttggattact 18O 

taagcaatac aat attaaat atgcttitt catcagaataat taaaacatac agt attaact 24 O 

gacaatatgg gtgttacatc caatt catac accaccc.cca act catattt ttcatc.ccca 3OO 

ttittgagtta taatacttitt citctataaaa attttgtact attt cacaat tataaggitta 360 

ttagggacaa taaaacgaaa cagtttaaat gttitt attag agtttaaata acaatgaatg 42O 

aaaaaaatcg cagittatagt acaataacaa tataaaaaaa attaaaaatt tdggc.ccgc.c 48O 

taaaaaaaaa gottctacaa gttacaac cq ctacatttitt ttittcttitt c aaaaagaga.g 54 O 

agcaggc.cag ctittctttitt tt cact tatt cocactittct tcttgtaagc ttgttittaga 6OO 

gtaacgtcac gtgctgatgg aagtttgctt taagaacgt titatggtgtt aaatticcitgt 660 

totttgtatg acttatatag taggtgacta gggattagat tacat cittitt titc.ccgattit 72 O 

titat c 72 

<210s, SEQ ID NO 109 
&211s LENGTH: 725 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 109 

ggggagtgtg C cacgggatc ggattgaggg tattgtact gtttgttgtag aac attagtt 6 O 

taataaaatg gcago.cgtag taaacttgta caattattitt tataact tag cagat cocag 12 O 

agtgaaaaac toggtttatga tiggaaaatcc ct tcc caact ttaggaataa ttggagtata 18O 

cctatt atta gtc.ctgcaaa toc toccaaa citt tatgaaa aataggaaac cct tcgaact 24 O 

aacgaagata attagattat ataatatatt toaagtag td gcc td tattg gtataatgta 3OO 

Cagitat cotg acgtcaggct ggattcaagg agaatataat attggttgtt Ct c caattga 360 

ttactic caac aaaccalaatc cc.gtcaaact c ct gggtgca ttctactggc tictatttgtt 42O 

aaaaggtgta gaactgat cq agactatatt citt cqcticta cqaaagaaaa acaaccagat 48O 

aacaggcctic cacatctaccaccatggat.c tacgttctitt ttggcatgga ttgggtgcaa. 54 O 

att cattgga gotgg tatgg cittctatt co tocct tcgtt aact cattca tacatgtact 6OO 

aatgtacaca tattac tact tdt cittctitt ggg acctgaa toggcaaaaga agctgcaacc 660 

atggaaacca aggct tacta togttgcaaat gatacaattic accct cotca taatt cactic 72 O 

tctga 72 

<210s, SEQ ID NO 110 
&211s LENGTH: 508 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
&222s. LOCATION: 439 

<223> OTHER INFORMATION: n = A, T, C or G 

<4 OOs, SEQUENCE: 110 

ggggagtgtt acgacgcgala C9gtgccalag cqctgctgta aagttgcgtg Cttittctgaa 6 O 
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aaaactitt cq atttgcgtgc cgcgaaaaag cagttgtca Cagacaattt tdttttgttgg 12 O 

tgaatatt.cg gcggattgcg taatttgtcg attggtttitt ggtgtttittt ttgttgttgcg 18O 

acagagtaac tattittattg gattgttgttt tdaagattac toagctittat cqgaacct ct 24 O 

gagaggaaag tictagt attic gag caggt cq aatggagttc ttctacaccg aaaaaaacca 3OO 

gtgaattgtg ttittaaagtg togcgttitttgtcgattt coa atttic ct ctd cqgcgtataa 360 

tittctattgg ctacattatc tatacagttt gtgtttgtgc tittgtaccag atttic caatc 42O 

acttagc.cat gtttggaging gaataattaa aaggtgagtt tdaattittitt ttacattatc 48O 

tottctacaa aaggaacaat agaagctic 508 

<210s, SEQ ID NO 111 
&211s LENGTH: 623 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 111 

ggggatatica aacgc.caaaa gacgtttata aac at attta atgcatalaat a catcc tact 6 O 

aaactatatt titc cataaaa totacaataa ataagttata taaactttac acgcc catct 12 O 

gcttct tcca agatgacgt.c accatcttitt to act cacaa aaatat caca atctacaaat 18O 

caccaaacat citccaaaata t cqgttittat coaaactatt totgatattt catat cqtat 24 O 

attt cagtta t cqcaagtgt tdagalacctic aatagoaaaa tagatttgcg ggcct tattt 3OO 

ttcactitcaa aatgtctgct aaccagtata ct attagaga gattgttggac tat cagticta 360 

cc cataatgc aagtagt cc gatgacgaaa atgacaccgc atcggacgala gaacaagtac 42O 

c cattatgta C caatacgaa atggtgggcc cattggaaag gacagtaaag cacgaggcc 48O 

atct tcctaa agaag.cggitt aaaattictaa aaaattggitt atacgaacac agattcaatg 54 O 

catat cotac ggaaattgaa aaacagattt tdt cacaaga aacga acct g acggttcttic 6OO 

aaat cagdaa ttggtttata aac 623 

<210s, SEQ ID NO 112 
&211s LENGTH: 625 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 112 

gggtttgttt gaatttitt co gaaacaatgc atgttitt cq t t ctaattgca citc.ccctaca 6 O 

tagttacagg ttattgaagc gct attatag ticgaggcaat aaa.gcagtaa aaagatcaaa 12 O 

accc.gc.caaa tttittgcagt toggatgaatc. tcaatgaaat attittgcatt cqatt cqtaa 18O 

gagacittagg aaactt.cgta aacaaaaatg atgatgaccg aatgtaaatt gcataattga 24 O 

tittgcaaaaa totaaacata atgtgtataa gtcgt attitt ataatgaata acgt.cataat 3OO 

tgggaggaca aaaactgaaa cqatttacaa tat accocto caagttgtaa atcct catag 360 

ttaa cattgt atttgttgttt gactagat.ca ttaacgaata cqgaaataat caaataaaca 42O 

acttgttt cq alacatggtaa atgttatgtg taaaattatc attitt actta aattitttitta 48O 

aacctaatgt gcatcagogg tatttittaaa tittataacgt cataattgga gtaaaaaaaa 54 O 

tgcaa.catgt taaatataca gcaccagg ta gtacaaattt tdt citagacic titatagacict 6OO 

tat attatag accittagcat agitta 625 
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<210s, SEQ ID NO 113 
&211s LENGTH: 664 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 113 

gaggagttca ctittgggatt gtatt Cotga at attaa.ccg gtagtgc.cag gtgacagtgt 6 O 

ttaattaaat atccagaaaa aatgc.caggc cct tcaagac citctgtggca agtagcc.gga 12 O 

aagcgtgat C Cagaacaaga acgcgaagct Caagcatgga t caa.gctgt cacaggaatg 18O 

aggttt cotc caggagttcc attacgaagat tdt cittaggg acgg tatt ct cotttgcaca 24 O 

ttgatgaacc gtttggcacc toggaatcatc caaaaaatca acacatctgg toggagacitat 3OO 

aaaatgatgg ataacttgaa cca attccaa aaa.gcttgtg togaaatacgg togttc.ccgat 360 

gtagat ctitt to caaacaac tdacctgtgg gacaggaaaa gcatcgttitt agt cacaact 42O 

accatttittg ctic taggit cq cacctgttac aaa.caccct gaatggcgcgg toctittcttg 48O 

ggacccagac Catctgaaga aaa.caggaga gactt cagcg acgaacaatt aagagctggit 54 O 

gaagct atta ttggacticca agctggccaa alacagaggtg C cact caagc tigggcagaac 6OO 

tittggtgctt citagaaaaat cattttggga aaataaacaa acatt cqaag agacatattg 660 

aatc. 664 

<210s, SEQ ID NO 114 
&211s LENGTH: 656 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 114 

gggtaagaat gcagcagota gcaataaggg Caagtagt c tec agaa.gca tttitt ctitt C 6 O 

tagagctic ct taaaac at cattcacgattic attaatacca gttitt cattt ttttittaaat 12 O 

atgtag tott tittattgaaa catttitcaaa toaaaatttic tagaaaacgg tdtgttttac 18O 

tgacittaatc aagagtacct tctaatacta gaataccgca caatttaata atc.ca.gtgtt 24 O 

agaaatgttt aaaaattaaa gacaaaaaaa ttatc.cgata aaattacagt tat cotacca 3OO 

aaaacggacg cctacgat.cg gtact aggaa ttcacagtag ggcttitt cat t cacagaagc 360 

tcqaaacaaa tdacaatcga tigaaaag.cct tattaatgga at caattitat citc.cgggaga 42O 

taaacaggca taccagttitt coatttitt ca aaatagaagc gttctggagg tattaaagat 48O 

aact agittat aagacgc.caa cqtccaagag ctic tagttcc cittaggaagic aattt cqaac 54 O 

tacttgaatt aggttaaaaa Caggagagtt t ctggacacc Ctgtataaga aagacaccag 6OO 

gaat atttitc acgaatacga caaccagtgg agctaagagt tdaatcttitt gttcacg 656 

<210s, SEQ ID NO 115 
&211s LENGTH: 185 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 115 

gggatgtcaa at cataaaaa totatic ctitat catttagtag at attagacc atgacctitta 6 O 

ttaggagctt ttagagcaat attaacaata ttaggaataa ttaaatgatt to atttatat 12 O 

aataataatt tactaataat toggattatta attacaagat taattatata t caatgatga 18O 
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cgaga 185 

<210s, SEQ ID NO 116 
&211s LENGTH: 661 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 116 

ggggaattgt Caacctggala aacgacttgt Caagttctgca tagtttittat aagtttalaat 6 O 

aaactaaatt aaatataaat actitcgagaa tdcaataatt attatt ctitt aac tagaccc 12 O 

acagct tatt aattagcaga agtag tagca gacittatact aactagdata aggagaaaca 18O 

tattaa cata gcatggcaga Ctt catagat tctgaag cag aagaaagtag taggaggag 24 O 

gaattagatc at agggat.cg taaaaaagcc caaaaagcca aagttgtaga tagttcagat 3OO 

gaagatgatg aagatgatga caaagactg agagaggaat taaaggattt gattgatgat 360 

aatcct attg aagaaagtga tigctgagt ct gatgctt cag gaagggaaaa acgtaagaaa 42O 

tctgacgacg aggatttgga tigatcgactg. galagatgaag attatgattit gcttgaagaa 48O 

aatttgggtg ttaaagttga aagaaggaaa ttcaa.gcgac toggcgttt talagatgaa 54 O 

gaaagtgaag gagaagaaga acatgatcct gaacaagata gggaacaaat tictatggat 6OO 

at attitt cag atgatgacga tigaaagacga t cagaacgala gtcac aggcc teccgt.cgaa 660 

c 661 

<210s, SEQ ID NO 117 
&211s LENGTH: 488 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 117 

ggggcc actt gatttitttgt tittagaaaaa ggcacgaaaa tigctggaga ct cagttgat 6 O 

gcttcaaagt taaccggit at gagcaaaatt ttcaatggct Ctaccatgag aggaagggca 12 O 

aatgttgcct tagccacata togc.ca.gtgtt ggact cotaa togcc tattt citcactgaaa 18O 

c catcaaaac cca aggcacc aaaaaattag totagtag to tatto cqtaa tdt tacticta 24 O 

taactatota catgtttaat aaaacttaaa atctgaatgc titaataagtt tttittagata 3OO 

caatgtttitt togtaga cata totaatgact caataaaatt gatgttgtat acaagggcaa. 360 

gatgaaaagt totttgcc td gtag tdaaaa gtgagtttitt tatt caaaac atgcc tittat 42O 

ttacagtgca atctoactitt attgtaat at tatttgatat atttitt.ccag taaagagatt 48O 

CCaC catc. 488 

<210s, SEQ ID NO 118 
&211s LENGTH: 616 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 118 

ggggattgtc. aaatagttgt cagcgttaca cagcgaatat titt cotcatc agttcaatat 6 O 

taacaataaa ttgttttgtt gaaattgaaa toacaaatta ctittataaaa tdgtaactict 12 O 

agaagacgtt gaaatgaaaa atgcagacag ticcitcCagga ttagaagct g g tdatacaaa 18O 

gaaagatacc gacctacaaa gtgtaataga gatt.cgtgaa catgcaagac aaatagaaaa 24 O 
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<4 OOs, SEQUENCE: 121 

ggggacagcg taaatctgt gcgcggacaa aaaaaacttig titatcgc.cga titt attataa 6 O 

tittatattta tdaagtgact gtgtcgg tac ttaatagctt tatgtatatt gtgtttgttt 12 O 

t catttaaat tittaaatttic tataccaaag atatgagc.cg gttgaacata titcagtttitt 18O 

tgaaaatgct tcaagcattgtttgttgtac tsagittac at Cagcatct t cagacic cag 24 O 

ttatagt ct c cagagaagaa tigggggc cc gcgct cotaa aaa catagala aatatggcga 3OO 

acccagtacc ttacgt.cgtt atccaccaca gttat ct acc accagcttgt tacaatttaa 360 

ccgattgttt Caaagc catg cgttggatgc aagacct tca cca agacacic alacggttggg 42O 

cggatattgg ctacaactitt ggtgttggcg gagatggtag agcctacgala ggaaggggat 48O 

ggtc.ca.gagt ttgct cat gct Coctatt acaac agcag aagtattgga atatgtataa 54 O 

ttggagattg gacagttgaa citt coaccag aaaat cagot agcgacagtt catgagctaa 6OO 

tacaaaa. 6O7 

<210s, SEQ ID NO 122 
&211s LENGTH: 590 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 122 

gggggttgcc caatttgttt caatattgtt ctdattittat ttaaaag.cgg cacttaalaca 6 O 

tagtatataa ccatggttga gaacagtaca ttalactatag atgaaaaatt to acctaata 12 O 

tccagaalacc to aggaaat attaggtgaa gatagaatta aag cagtatt gaaagaacgt. 18O 

gatttgaagt tt attgggg cacagctaca acggg taaac Ctcacattgc Ctact tcgtt 24 O 

c caatgtc.ca agg tag caga ctittct caga gctggtgtag aagttact at t citttittgct 3OO 

gatctt catg cgt atttgga taatatgaag gCaccctggg alacttctago gottagagtt 360 

cagt attacg aac attgcat taaagctato Cttcaatcta ttggagttcc tittggacaaa 42O 

cittaaatttgttgaagggaac agattatgaa ttgtctaaag aatacacact agatgtttac 48O 

aaaatgactt Cagttgttac talacatgat gcaaagaagg Ctggagctga agttgttaaa 54 O 

caagtagaaa atcctt tact aagtggtott citat atccta gtttgcaa.gc 590 

<210s, SEQ ID NO 123 
&211s LENGTH: 103 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 123 

gact Cttacg aact cagata citt CC agatt gacagt caag alagacgatga tigaagaagat 6 O 

aatgaataat ttatt cagtt atttitttitta ttaaatagat tat 103 

<210s, SEQ ID NO 124 
&211s LENGTH: 381 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 124 

gggalactata aaatgcggitt acaacgttgt to cagct tag cattctagta tagattt coa 6 O 

titt cagcata t caagaacga t cacaattta gtgaaagtgt acatgggaat aacaacaact 12 O 
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citt cat caca tdaaaacatt gaaggacgtt caaat attct ataacatgcc cqtagataca 42O 

agaacgc.cac taaagaat gaaatcCatg gaCttgc.cgg aaaatttaca tottcagtac 48O 

gaatataaac gatttaatgc tigatactgat acgatgtttg gaggaaaaac agcatt.ccct 54 O 

aagagttcta caattgttac aggattaaaa tacaaagata agtacaaagg acaaaagcaa. 6OO 

c cattacctg atttctagtg ttitttittcta gaaaataaa 639 

<210s, SEQ ID NO 130 
&211s LENGTH: 651 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 130 

ggggatgttt taaaaggcgc tittaagttta agatt cacac attgcataaa ataattittat 6 O 

alactaalacta aat catgggg aagaataaga aagacaagaa aaagggaaaa ggggcc.gaga 12 O 

aaacaa.ca.gc aaaaacagaa aagaaactgt caaacaaaat gaagaaagala Ctgcaa.gcta 18O 

agggagagga tigatatagaa tictattitt at tacaa attga gaaggaagag aagaaaaggt 24 O 

tgactgttac tdaagctata at cagtccac cittcaagaag attaaattitc acctittatgg 3OO 

cc catccaga aaaagaacag Ctt attttgt atgggggaga atttittcaat gga caaaaga 360 

Cttttgttgta tdgtgacitta tttittctaca atataccaaa taacaaatgg acagtagtta 42O 

aggctic ctaa tdgcccaccc cctagatgtg gacatcaaat gigttgtc.t.ct t cagoaaata 48O 

aagg to aatt atgggtgttt ggaggaga.gt ttact acacic cacacaatca caattittatc 54 O 

actacagaga t ctittggg to titc catttag c tact aaa.ca gtgggaaaaa attactgctic 6OO 

cgaatggacc at Cagcgaga agcgggcaca gaatgg tatt aataaagaag C 651 

<210s, SEQ ID NO 131 
&211s LENGTH: 652 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 

<4 OOs, SEQUENCE: 131 

gggggaccta aat atccaga tattittaaat cottgct gag caaga caatic ttcaact tca 6 O 

taac attgaa tatttcttaa ttagttatct ggata actgc tigattcaata t cct c cagga 12 O 

gttt catagg acaacacttg tcc to atgaa gtgtaaatca aaagtgatcg at atttaata 18O 

caccattcta catt catgaa ccattctaca aaaatttgtc. caaattgctic ttctitt citta 24 O 

gatat citt ca tacattttgt tot cittaatgttttgttgaaa gttcatat ct cittagacitta 3OO 

cittctatoat t ct atttggc ticciccacgtt ggg.cgc.caaa tot tact citt cqc catgtt 360 

accagtttitt ctataaggta togcgalaggta attaact act tittattittct aacaaacgaa 42O 

agagaataat aataagaaat caaaaaaatc ggagaat cat acact attta ttctt attaa 48O 

c caaaattat aaaatttata ttaat cittaa ttgaagatat aaaaaaacca aaagaaaaag 54 O 

gtaaaaagct taaataaagt titatgcttgc ct ctaagaat attcttitt.ca gcgtacacac 6OO 

at attaaaat t cittaaaact atgtaatatt at atttaggit act atttaca ag 652 

<210s, SEQ ID NO 132 
&211s LENGTH: 658 
&212s. TYPE: DNA 

<213> ORGANISM: Diabrotica virgifera virgifera 






















































































































































