Office de la Proprieté Canadian

Intellectuell Intellectual P
ntellectuelle ntellectual Property (1) 2 961 733

CA 2961733 A1 2016/03/24

du Canada Office
Jn organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépé6t PCT/PCT Filing Date: 2015/09/11 (51) ClInt./Int.Cl. C72N 15/773(2010.01),
S S . AO01TH 6/00(2006.01), ACOTN 63/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/03/24 AO1P 7/04(2006.01) CO7H 21/00(2006.01)
(85) Entree phase nationale/National Entry: 201/7/03/17 C12N 1/21(2006.01), C12N 15/63(2006.01),
(86) N° demande PCT/PCT Application No.: US 2015/049678 C12N 15/62(20006.01), C12N 5/70(2006.01)

(87) N° publication PCT/PCT Publication No.: 2016/044092 (71) Demandeurs/Applicants:
(30) Priorité/Priority: 2014/09/17 (US62/051,901)

PIONEER HI-BRED INTERNATIONAL, INC., US;
E1DUPONT DE NEMOURS AND COMPANY US

(72) Inventeurs/Inventors:
HU, XU, US;
PRESNAIL, JAMES KEVIN, US

(74) Agent: TORYS LLP

(54) Titre : COMPOSITIONS ET PROCEDES DE LUTTE CONTRE DES INSECTES RAVAGEURS
(54) Title: COMPOSITIONS AND METHODS TO CONTROL INSECT PESTS

DMA Construct

RiMA Construct

o' —ABCDEFCGEIJELMNCPOEITUY

Lonvergent Dasign

27 —ARCLEFCHIJKIMNOPOR STV ICOOOOUOvyuverpponlkjihhfecedn-37 (sense strand)
3 —abodefghiiklmnopar SCUVEXRX KN XXX X XXXVUVERPPCHNLFIJIEHFECCBB-5Y (antisense strand)

l Transcription

RMA Construct

FIG. 1A

(57) Abréegée/Abstract:

NEY
i pper case inltem = sense to (et seguence
Lovwer case feliers = aniisense compiemeni oase
Winderting = WOEW sequences
" Bold+itaiic = TRV sequences
Eold + underline = HCRW seguences
*: Loop segunces reprasented by “® amd “x7

AP P G LB LN QLIRS

Stern mismatch is denoted By 7

5

Methods and compositions are provided which employ a silencing element that, when ingested by a plant insect pest, such as a
Coleopteran plant pest or a Diabrotica plant pest, decrease the expression of a target sequence In the pest. Disclosed are various

target polynucleotides set forth In any one of S

=Q |

D NOS: 1-33 disclosed herein, (but not including the forward and reverse

primers.) or variants and fragments thereof, or complements thereof, wherein a decrease In expression of one or more of the
sequences In the target pest controls the pest (l.e., has Insecticidal activity). Plants, plant parts, bacteria and other host cells
comprising the silencing elements or an active variant or fragment thereof of the invention are also provided.

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

g
ey . RN

S '\'l'.'.

AU

: "..
KT
e
A

OPIC - CIPO 191




WO 2016/044092 A1 [H] 1! BRI 000 A ARTRE R A

(43) International Publication Date

CA 02961733 2017-03-17

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2016/044092 Al

24 March 2016 (24.03.2016) WIPOI|PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO7K 14/435 (2006.01) CI2N 15/82 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: AO, AL AU, AZ, BA, BB, B, BH, BN, BR, BW, B1,
' PCT/US2015/049678 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
11 September 2015 (11.09.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, Z W .
(30) Priority Data: . o
62/051,901 17 September 2014 (17.09.2014) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicants: PIONEER HI BRED INTERNATIONAL GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
INC [US/US]; 7100 N.W. 62nd Avenue, Johnston, Iowa TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
50131-1014 (US). E I DU PONT DE NEMOURS AND TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
COMPANY [US/US]; Chestnut Run Plaza, 974 Centre DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Road, P.O. Box 2915, Wilmington, Delaware 19805 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(1) Lnventors: HU, Xu; 9308 N Newgst Drive, Johuson, SN TR) OAPL (BF' BJ, CF, CG, C1, CM, GA, GN, GQ
Iowa 50131 (US). PRESNAIL, James Kevin; 40 N King- ’ ’ ’ S ’
shighway #6k, Samt Louis, Missour1 63108 (US). Published:
(74) Agent: BECKER, James E.; PIONEER HI BRED IN- —  with international search report (Art. 21(3))

TERNATIONAL INC, 7100 N.W. 62nd Avenue, Johnston,
[owa 50131-1014 (US).

with sequence [isting part of description (Rule 5.2(a))

(54) Title: COMPOSITIONS AND METHODS TO CONTROL INSECT PESTS

Convergent Design

DMNA Construct

3" —ARCZEFGHI SKLMHOPOR STUVEERXMEXX XX Xvyuvsrpponnlkiihhfscebb-3’ {(ss8nse strand]

3 —abcdefgni  Elmopor stu VXX XX XXX X XXXVIVSRPPONNIKIIHREFECCBEB-5’ {antisense strand)

RMNA Construct

Bt —ABCREPGERIGRLBHDEDR &iJD

VURVSEPPOn nlk} ihhfecoblh- 3¢

RNA Lonstruct

FIG. 1A

3" ~HUCLREFGH

LELPINQRT G LY

l Transcription

J

L€ -RoB IUYT (N TudoddIsana

l Formaoticn of RNA secondary structure

KEY
Unper cose ieiters = sense to iarget sequerce
Lorsrar Case ietiars = antisense complemert Gass
Underiige = WIRW segusaces
Bold+itotic = LCRY sequences
Bold + underline = NCEW seguences
Paog segunces regresanted vy "X and

Ssom minmatch io donoted by 77

(57) Abstract: Methods and compositions are provided which employ a silencing element that, when ingested by a plant insect pest,
such as a Coleopteran plant pest or a Diabrotica plant pest, decrease the expression of a target sequence i the pest. Disclosed are
various target polynucleotides set forth in any one of SEQ ID NOS: 1-33 disclosed herem, (but not including the forward and re -
verse primers.) or variants and fragments thereof, or complements thereot, wherem a decrease 1in expression of one or more of the se-
quences 1n the target pest controls the pest (1.e., has insecticidal activity). Plants, plant parts, bacteria and other host cells comprising
the silencing elements or an active variant or fragment thereof of the invention are also provided.



10

15

20

25

30

CA 02961733 2017-03-17

WO 2016/044092 PCT/US2015/049678

COMPOSITIONS AND METHODS TO CONTROL INSECT PESTS

KIELD

The present disclosure relates generally to methods of molecular biology and gene

silencing to control pests.

REFERENCE TO A SEQUENCE LISTING SUBMITTED AS

A TEXT FILE VIA EFS-WEB
The Sequence Listing created on August 12, 2015 as a text file named

“6862 Seqlist,” and having a size of 34,733 bytes 1s hereby incorporated by reference
pursuant to 37 C.F.R. § 1.52(¢)(5).

BACKGROUND

Plant msect pests are a serious problem 1n agriculture. They destroy millions of acres
of staple crops such as corn, soybeans, peas, and cotton. Yearly, plant insect pests cause over
$100 billion dollars in crop damage 1n the U.S. alone. In an ongoing scasonal battle, farmers
must apply billions of gallons of synthetic pesticides to combat these pests. Other methods
employed in the past delivered insecticidal activity by microorganisms or genes derived from
microorganisms expressed i1n transgenic plants.  For example, certain species of
microorganisms of the genus Bacillus are known to possess pesticidal activity against a broad
range of insect pests including Lepidoptera, Diptera, Coleoptera, Hemiptera, and others. In
fact, microbial pesticides, particularly those obtained from Bacillus strains, have played an
important role 1n agriculture as alternatives to chemical pest control. Agricultural scientists
have developed crop plants with enhanced insect resistance by genctically engineering crop
plants to produce insecticidal proteins from Bacillus. For example, corn and cotton plants
genetically engineered to produce Cry toxins (see, ¢.g., Aronson (2002) Cell Mol. Life Sci.
59(3):417-425;, Schnept et al. (1998) Microbiol. Mol. Biol. Rev. 62(3):775-806) arc now
widely used 1n American agriculture and have provided the farmer with an alternative to
traditional insect-control methods. However, 1n some instances these Bt insecticidal proteins
may only protect plants from a relatively narrow range of pests. Thus, novel insect control

compositions remain desirable..
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BRIEF SUMMARY

Methods and compositions are provided which employ a silencing element that, when
ingested by a plant insect pest, such as Coleopteran plant pests or Diabrotica plant pests or
other plant insect pests, 1s capable of decreasing the expression of a target sequence in the
pest. In one embodiment, design aspects for engineering silencing elements having improved
activity are provided. In certain embodiments, the methods and compositions employ a
silencing element comprising a first segment, a second segment, and a third segment, wherein
the first segment and third segments are complementary comprising less than or equal to 20%
base pair mismatches. The first and third segments comprise nucleotide sequences targeted to
distinct insect species. In specific embodiments, the first segment comprises domains targeted
to two or more 1nsect species, and the third segment comprises complementary sequences
targeted to two or more 1nsect species.

In specific embodiments, the decrease 1n expression of the target sequence controls the
pest and thereby the methods and compositions are capable of limiting damage to a plant.
Described herein are various target polynucleotides as set forth in SEQ ID NOs.: 1-33, or
variants or fragments thercof, or complements thercof, wherein a decrease 1n expression of
one or more of the sequences 1n the target pest controls the pest (1.¢., has insecticidal activity).
Further provided are silencing elements, which when 1ngested 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 clements or an active variant or
fragment thercof are also provided. Sprayable compositions comprising the silencing agents
for topical applications to pest insects or substrates are also contemplated.

In another embodiment, a method for controlling a plant insect pest, such as a
Coleopteran plant pest or a Diabrotica plant pest, 18 provided. The method comprises feeding
to a plant 1nsect pest a composition comprising a silencing clement, wherein the silencing
clement, when 1ngested 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 plant insect
pest. Such methods comprise introducing into the plant or plant part a disclosed silencing

clement. When the plant expressing the silencing element 1s ingested by the pest, the level of
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the target sequence 18 decreased and the pest 1s controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 (FIG. 1A and FIG. 1B) shows schematic representations of the convergent
type of mismatch construct as disclosed herein. FIG. 1A shows a DNA construct that when
transcribed to RNA comprises a segment 1 1n the sense orientation to the target RNA, wherein
segment 1 18 consists of a hypothetical WCRW sequence; a segment 2 that consists of a
sequence that 1s not self-complementary; and a segment 3 1n the antisense orientation to the
target RNA, wherein segment 3 18 complementary to segment 1 and consists of a hypothetical
NCRW sequence. FIG. 1B shows a DNA construct that when transcribed to RNA comprises
a secgment 1 1n the sense orientation to the target RNA, wherein segment 1 1s a chimera
consists of hypothetical WCRW, SCRW, and NCRW sequences; a segment 2 that consists of
a sequence that 1s not self-complementary; and a segment 3 1n the antisense orientation to the
target RNA, wherein segment 3 1s complementary to segment 1 and consists of hypothetical
WCRW and NCRW sequences.

Figure 2 (FIG. 2A and FIG. 2B) shows schematic representations of the divergent
type of mismatch construct as disclosed herein. FIG. 2A shows a DNA construct that when
transcribed to RNA comprises a segment 1 1n the antisense orientation to the target RNA,
wherein segment 1 1S consists of a hypothetical WCRW sequence; a segment 2 that consists of
a sequence that 1s not self-complementary; and a segment 3 1n the sense orientation to the
target RNA, wherein segment 3 18 complementary to segment 1 and consists of a hypothetical
NCRW sequence. FIG. 2B shows a DNA construct that when transcribed to RNA comprises
a segment 1 1n the antisense orientation to the target RNA, wherein segment 1 1s a chimera
consists of hypothetical WCRW and NCRW sequences; a segment 2 that consists of a
sequence that 18 not sclf-complementary; and a segment 3 1n the sense orientation to the target
RNA, wherein segment 3 1s complementary to segment 1 and consists of hypothetical
WCRW, SCRW, and NCRW sequences.

Figure 3 (FIG. 3A and FIG. 3B) shows greenhouse bioassay obtained in maize plants
transformed with DNA constructs comprising SEQ ID NOs.: 10-14. FIG. 3A shows
representative data obtained 1n maize plants transformed with DNA constructs comprising

SEQ ID NOs.: 11, 13, and 14 and compared to non-transformed control plants. FIG. 3B
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shows... shows representative data obtained 1n maize plants transformed with DNA constructs

comprising SEQ ID NOs.: 10 and 12 and compared to non-transformed control plants.

DETAILED DESCRIPTION

The disclosures herein will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all possible embodiments are shown. Indeed,
disclosures may be embodied 1n many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will satisty applicable legal requirements. Like numbers refer to like clements
throughout.

Many modifications and other embodiments disclosed herein will come to mind to one
skilled 1n the art to which the disclosed compositions and methods pertain having the benefit
of the teachings presented 1n the foregoing descriptions and the associated drawings.
Therefore, 1t 18 to be understood that the disclosures 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 1n a generic and descriptive sense only and not for purposes of limitation.

It 1s also to be understood that the terminology used herein is for the purpose of
describing particular aspects only and 1s not intended to be lIimiting. As used in the
specification and 1n the claims, the term “comprising” can include the aspect of “consisting
of.” Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the disclosed
compositions and methods belong. In this specification and in the claims which follow,

reference will be made to a number of terms which shall be defined herein.

L. Overview

Frequently, RNA1 discovery methods rely on evaluation of known classes of sensitive
genes (transcription factors, housekeeping genes etc.). In contrast, target polynucleotides set
forth herein were 1dentified based solely on high throughput screens of all singletons and
representatives of all gene clusters from a cDNA library of neonate and/or 3™ instar midgut

western corn rootworms. This screen allowed for the discovery of many novel sequences,
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many of which have extremely low or no homology to known sequences. This method
provided the advantage of having no built 1n bias to genes that are frequently highly conserved
across taxa. As a result, many novel targets for RNA1 as well as known genes not previously
shown to be sensitive to RNA1 have been 1identified.

As such, methods and compositions are provided which employ one or more silencing
clements that, when ingested by a plant insect pest, such as a Colecopteran plant pest or a
Diabrotica plant pest, 1s capable of decreasing the expression of a target sequence 1n 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. Dislcosed herein are target polynucleotides as set forth in SEQ ID NOs.: 1-33, or
variants and fragments thereof, and complements thercof. Silencing elements comprising
sequences, complementary sequences, active fragments or variants of these target
polynucleotides are provided which, when ingested by or when contacting the pest, decrease
the expression of one or more of the target sequences and thereby controls the pest (1.¢., has
insecticidal activity).

As used herein, by “controlling a plant insect pest” or “controls a plant insect pest” 1s
intended any affect on a plant insect pest that results in limiting the damage that the pest
causes. Controlling a plant insect pest includes, but 1s not limited to, killing the pest,
inhibiting development of the pest, altering fertility or growth of the pest 1in such a manner that
the pest provides less damage to the plant, or 1n a manner for 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.

Reducing the level of expression of the target polynucleotide or the polypeptide
encoded thereby, 1n the pest results in the suppression, control, and/or killing the invading
pest. Reducing the level of expression of the target sequence of the pest will reduce the pest
damage by at least about 2% to at least about 6%, at least about 5% to about 50%, at lcast
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, methods disclosed herein can be
utilized to control pests, including but not limited to, Coleopteran plant insect pests or a
Diabrotica plant pest.

Assays measuring the control of a plant 1nsect pest are commonly known 1n the art, as
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arc methods to record nodal mjury score. See, for example, Oleson et al. (2005) J. Econ.
Entomol. 98:1-8. See, for example, the examples below.

Disclosed herein are compositions and methods for protecting plants from a plant
insect pest, or inducing resistance in a plant to a plant insect pest, such as Coleopteran plant
pests or Diabrotica plant pests or other plant insect pests. Plant mnsect pests include mnsects
selected from the orders Colecoptera, Diptera, Hymenoptera, Lepidoptera, Mallophaga,
Homoptera, Hemiptera Orthroptera, Thysanoptera, Dermaptera, Isoptera, Anoplura,
Siphonaptera, Trichoptera, etc., particularly Lepidoptera and Coleoptera.

Those skilled 1n the art will recognize that not all compositions are equally effective
against all pests. Disclosed compositions, including the silencing elements disclosed herein,
display activity against plant insect pests, which may include economically important
agronomic, forest, greenhouse, nursery ornamentals, food and fiber, public and animal health,
domestic and commercial structure, household and stored product pests.

As used herein “Coleopteran plant pest” 1s used to refer to any member of the
Coleoptera order. Other plant insect pests that may be targeted by the methods and
compositions disclosed herein, but are not limited to Mexican Bean Beetle (Epilachna
varivestis), and Colorado potato bectle (Leptinotarsa decemlineata).

As used herein, the term “Diabrotica plant pest” 1s used to refer to any member of the
Diabrotica genus. Accordingly, the compositions and methods are also useful in protecting
plants against any Diabrotica plant pest including, for example, Diabrotica adelpha;
Diabrotica amecameca,; Diabrotica balteata; Diabrotica barberi; Diabrotica biannularis;
Diabrotica cristata; Diabrotica decempunctata; Diabrotica dissimilis; Diabrotica lemniscata;
Diabrotica limitata (including, for example, Diabrotica limitata quindecimpuncata);
Diabrotica longicornis; Diabrotica nummularis; Diabrotica porracea,; Diabrotica scutellata;
Diabrotica sexmaculata;, Diabrotica speciosa (including, for example, Diabrotica speciosa
speciosa);, Diabrotica tibialis; Diabrotica undecimpunctata (including, for example, Southern
corn rootworm (Diabrotica undecimpunctata), 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 rootworm)), Diabrotica viridula;, Diabrotica wartensis, Diabrotica sp.
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JJG335; Diabrotica sp. JJG336; Diabrotica sp. JJG341,; Diabrotica sp. JJG356; Diabrotica
sp. JJG362; and, Diabrotica sp. JJG36)5.

In specific embodiments, the Diabrotica plant pest comprises D. virgifera virgifera, D.
barberi, D. virgifera zeae, D. speciosa, or D. undecimpunctata howardi.

Larvae of the order Lepidoptera include, but are not limited to, armyworms, cutworms,
loopers and heliothines 1n the family Noctuidac Spodoptera frugiperda JE Smith (fall
armyworm); S. exigua Hubner (beet armyworm); S. litura Fabricius (tobacco cutworm, cluster
caterpillar); Mamestra configurata Walker (bertha armyworm); M. brassicac Linnacus
(cabbage moth); Agrotis 1psilon Hufnagel (black cutworm); A. orthogonia Morrison (western
cutworm); A. subterranca Fabricius (granulate cutworm), Alabama argillacea Hubner (cotton
lcat worm); Trichoplusia m1i Hubner (cabbage looper); Pscudoplusia includens Walker
(soybean looper); Anticarsia gemmatalis Hubner (velvetbean caterpillar); Hypena scabra
Fabricius (green cloverworm); Heliothis virescens Fabricius (tobacco budworm); Pseudaletia
unipuncta Haworth (armyworm); Athetis mindara Barnes and Mcdunnough (rough skinned
cutworm); Euxoa messoria Harris (darksided cutworm); Earias insulana Boisduval (spiny
bollworm); E. vittella Fabricius (spotted bollworm); Helicoverpa armigera Hubner (American
bollworm); H. zea Boddie (corn earworm or cotton bollworm); Melanchra picta Harris (zebra
caterpillar); Egira (Xylomyges) curialis Grote (citrus cutworm); borers, cascbearers,
webworms, coneworms, and skeletonizers from the family Pyralidae Ostrinia nubilalis Hiibner
(European corn borer); Amyelois transitella Walker (naval orangeworm); Anagasta kuchniella
Zeller (Mediterrancan flour moth); Cadra cautella Walker (almond moth); Chilo suppressalis
Walker (rice stem borer); C. partellus, (sorghum borer);, Corcyra cephalonica Stainton (rice
moth); Crambus caliginosellus Clemens (corn root webworm);, C. teterrellus Zincken
(bluegrass webworm); Cnaphalocrocis medinalis Guenée (rice leaf roller); Desmia funeralis
Hubner (grape leatfolder); Diaphania hyalinata Linnacus (melon worm); D. nitidalis Stoll
(pickleworm); Diatraca grandiosella Dyar (southwestern corn borer), D. saccharalis Fabricius
(surgarcane borer); Eorcuma loftini Dyar (Mexican rice borer); Ephestia clutella Hubner
(tobacco (cacao) moth); Galleria mellonella Linnacus (greater wax moth); Herpetogramma
licarsisalis Walker (sod webworm), Homocosoma clectellum Hulst (sunflower moth);
Elasmopalpus lignosellus Zeller (lesser cornstalk borer), Achroia grisella Fabricius (lesser

wax moth); Loxostege sticticalis Linnacus (beet webworm), Orthaga thyrisalis Walker (tea
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tree web moth); Maruca testulalis Geyer (bean pod borer); Plodia interpunctella Hubner
(Indian meal moth), Scirpophaga incertulas Walker (yellow stem borer); Udea rubigalis
Guence (celery leaftier); and leafrollers, budworms, seed worms and fruit worms in the family
Tortricidac Acleris gloverana Walsingham (Western blackheaded budworm); A. variana
Fernald (Eastern blackheaded budworm); Archips argyrospila Walker (fruit tree leaf roller);
A. rosana Linnacus (European leaf roller), and other Archips species, Adoxophyes orana
Fischer von Rosslerstamm (summer fruit tortrix moth); Cochylis hospes Walsingham (banded
sunflower moth); Cydia latiferrecana Walsingham (filbertworm), C. pomonella Linnacus
(coding moth), Platynota flavedana Clemens (variegated leafroller); P. stultana Walsingham
(omnivorous leafroller); Lobesia botrana Denis & Schiffermiuller (European grape vine moth);
Spilonota ocellana Denis & Schiffermuller (eyespotted bud moth); Endopiza viteana Clemens
(grape berry moth); Eupoecilia ambiguella Hubner (vine moth); Bonagota salubricola Meyrick
(Brazilian apple lecafroller); Grapholita molesta Busck (oriental fruit moth); Suleima
helianthana Riley (sunflower bud moth); Argyrotaenia spp.; Choristoncura spp..

Selected other agronomic pests 1n the order Lepidoptera include, but are not limaited to,
Alsophila pometaria Harris (fall cankerworm); Anarsia lincatella Zeller (peach twig borer);
Anisota senatoria J.E. Smith (orange striped oakworm);, Antheraca pernylr Guérin-Meneville
(Chinese Oak Tussah Moth); Bombyx mori Linnacus (Silkworm); Bucculatrix thurberiella
Busck (cotton leaf perforator), Colias curytheme Boisduval (alfalfa caterpillar); Datana
integerrima Grote & Robinson (walnut caterpillar); Dendrolimus sibiricus Tschetwerikov
(Siberian silk moth), Ennomos subsignaria Hubner (¢lm spanworm); Erannis tiliaria Harris
(inden looper); Euproctis chrysorrhoea Linnacus (browntail moth), Harrisina americana
Guerin-Meneville (grapeleat skeletonizer); Hemileuca oliviac Cockrell (range caterpillar);
Hyphantria cunca Drury (fall webworm), Keiferia lycopersicella Walsingham (tomato
pinworm);, Lambdina fiscellaria fiscellaria Hulst (Eastern hemlock looper); L. fiscellaria
lugubrosa Hulst (Western hemlock looper);, Leucoma salicis Linnacus (satin moth); Lymantria
dispar Linnacus (gypsy moth); Manduca quinquemaculata Haworth (five spotted hawk moth,
tomato hornworm); M. sexta Haworth (tomato hornworm, tobacco hornworm); Operophtera
brumata Linnacus (winter moth); Palecacrita vernata Peck (spring cankerworm); Papilio
cresphontes Cramer (gilant swallowtall orange dog); Phryganidia californica Packard

(Califormia oakworm); Phyllocnistis citrella Stainton (citrus leatminer); Phyllonorycter
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blancardella Fabricius (spotted tentiform leatminer); Pieris brassicae Linnacus (large white
butterfly); P. rapac Linnacus (small white butterfly); P. napi Linnacus (green veined white
buttertly); Platyptilia carduidactyla Riley (artichoke plume moth); Plutella xylostella Linnacus
(diamondback moth); Pectinophora gossypiella Saunders (pink bollworm); Pontia protodice
Boisduval and Leconte (Southern cabbageworm);, Sabulodes acgrotata Guencée (omnivorous
looper); Schizura concinna J.E. Smith (red humped caterpillar); Sitotroga cercalella Olivier
(Angoumois grain moth); Thaumetopoca pityocampa Schiffermuller (pine processionary
caterpillar); Tineola bisselliclla Hummel (webbing clothesmoth); Tuta absoluta Meyrick
(tomato leafminer); Yponomeuta padella Linnacus (ermine moth); Heliothis subflexa Guence;
Malacosoma spp. and Orgyia spp.

Of interest are larvae and adults of the order Coleoptera including weevils from the
familiecs Anthribidae, Bruchidac and Curculionidac (including, but not Iimited to:
Anthonomus grandis Boheman (boll weevil); Lissorhoptrus oryzophilus Kuschel (rice water
weevil); Sitophilus granarius Linnacus (granary weevil); S. oryzae Linnacus (rice weevil);
Hypera punctata Fabricius (clover leat weevil); Cylindrocopturus adspersus LeConte
(sunflower stem weevil); Smicronyx fulvus LeConte (red sunflower seed weevil); S. sordidus
LeConte (gray sunflower seed weevil); Sphenophorus maidis Chittenden (maize billbug)); flea
beetles, cucumber beetles, rootworms, leaf beetles, potato beetles and leatminers in the family
Chrysomelidae (including, but not limited to: Leptinotarsa decemlineata Say (Colorado potato
beetle), Diabrotica virgifera virgifera LeConte (western corn rootworm); D. barbert Smith and
Lawrence (northern corn rootworm), D. undecimpunctata howardi Barber (southern corn
rootworm); Chactocnema pulicaria Melsheimer (corn flea bectle); Phyllotreta cruciferac
Goeze (Crucifer flea beetle); Phyllotreta striolata (stripped flea bectle); Colaspis brunnea
Fabricius (grape colaspis); Oulema melanopus Linnacus (cereal leaf beetle);, Zygogramma
exclamationis Fabricius (sunflower beetle)); beetles from the family Coccinellidae (including,
but not limited to: Epilachna varivestis Mulsant (Mexican bean beetle)); chafers and other
beetles from the family Scarabacidae (including, but not limited to: Popillia japonica Newman
(Japanese becetle); Cyclocephala borealis Arrow (northern masked chafer, white grub), C.
immaculata Olivier (southern masked chafer, white grub); Rhizotrogus majalis Razoumowsky
(European chafer); Phyllophaga crinita Burmeister (white grub); Ligyrus gibbosus De Geer

(carrot beetle)); carpet beetles from the family Dermestidae; wireworms from the family
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Elateridac, Elecodes spp., Melanotus spp.; Conoderus spp.; Limonius spp.; Agriotes spp.;
Ctenicera spp.; Acolus spp.; bark bectles from the family Scolytidac and beetles from the
family Tenebrionidae.

Adults and mmmatures of the order Diptera arc of interest, including leatminers
Agromyza parvicornis Loew (corn blotch leafminer); midges (including, but not limited to:
Contarinia sorghicola Coquillett (sorghum midge); Mayetiola destructor Say (Hessian fly);
Sitodiplosis mosellana Géhin (wheat midge); Neolasioptera murtfeldtiana Felt, (sunflower
seed midge)); fruit flies (Tephritidae), Oscinella frit Linnaeus (fruit flies); maggots (including,
but not limited to: Delia platura Meigen (seedcorn maggot); D. coarctata Fallen (wheat bulb
fly) and other Delia spp., Meromyza americana Fitch (wheat stem maggot); Musca domestica
Linnacus (house flies); Fannia canicularis Linnacus, F. femoralis Stein (lesser house flies);
Stomoxys calcitrans Linnacus (stable flies)); face flies, horn flies, blow flies, Chrysomya spp.;
Phormia spp. and other muscoid fly pests, horse flies Tabanus spp.; bot flies Gastrophilus
spp.; Oestrus spp.; cattle grubs Hypoderma spp.; deer tlies Chrysops spp.; Mclophagus ovinus
Linnacus (keds) and other Brachycera, mosquitoes Aedes spp.; Anopheles spp.; Culex spp.;
black flies Prosimulium spp.; Stmulium spp.; biting midges, sand flics, sciarids, and other
Nematocera.

Included as insects of interest are adults and nymphs of the orders Hemiptera and
Homoptera such as, but not limited to, adelgids from the family Adelgidae, plant bugs from
the family Miridae, cicadas from the family Cicadidae, leathoppers, Empoasca spp.; from the
family Cicadellidae, planthoppers from the families Cixinidae, Flatidae, Fulgoroidea, Issidac
and Declphacidae, trechoppers from the family Membracidae, psyllids from the family
Psyllidae, whiteflies from the family Aleyrodidae, aphids from the family Aphididae,
phylloxera from the family Phylloxeridae, mealybugs from the family Pseudococcidae, scales
from the families Asterolecanidac, Coccidae, Dactylopiidae, Diaspididae, Eriococcidac
Orthezuidae, Phoenicococcidac and Margarodidae, lace bugs from the family Tingidae, stink
bugs from the family Pentatomidae, cinch bugs, Blissus spp.; and other seed bugs from the
family Lygacidae, spittlebugs from the family Cercopidac squash bugs from the family
Coreidae and red bugs and cotton stainers from the family Pyrrhocoridac.

Agronomically important members from the order Homoptera further include, but are

not limited to: Acyrthisiphon pisum Harris (pea aphid); Aphis craccivora Koch (cowpea
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aphid); A. fabac Scopol1 (black bean aphid);, A. gossypiu Glover (cotton aphid, melon aphid);
A. maidiradicis Forbes (corn root aphid); A. pomi1 De Geer (apple aphid); A. spiraccola Patch
(spirca aphid); Aulacorthum solani Kaltenbach (foxglove aphid); Chaetosiphon fragaefoln
Cockerell (strawberry aphid); Diuraphis noxia Kurdjumov/Mordvilko (Russian wheat aphid);
Dysaphis plantaginea Paaserini (rosy apple aphid); Eriosoma lanigerum Hausmann (woolly
apple aphid);, Brevicoryne brassicac Linnacus (cabbage aphid); Hyalopterus pruni Geoffroy
(mealy plum aphid); Lipaphis erysimi Kaltenbach (turnip aphid); Metopolophium dirrhodum
Walker (cereal aphid); Macrosiphum cuphorbiac Thomas (potato aphid); Myzus persicac
Sulzer (peach-potato aphid, green peach aphid); Nasonovia ribisnigri Mosley (lettuce aphid);
Pemphigus spp. (root aphids and gall aphids); Rhopalosiphum maidis Fitch (corn leaf aphid);
R. padi Linnacus (bird cherry-oat aphid);, Schizaphis graminum Rondani (greenbug); Sipha
flava Forbes (yellow sugarcane aphid); Sitobion avenae Fabricius (English grain aphid);
Therioaphis maculata Buckton (spotted alfalta aphid); Toxoptera aurantii Boyer de
Fonscolombe (black citrus aphid) and T. citricida Kirkaldy (brown citrus aphid); Adelges spp.
(adelgids); Phylloxera devastatrix Pergande (pecan phylloxera); Bemisia tabaci Gennadius
(tobacco whitefly, sweetpotato whitefly); B. argentifolit Bellows & Perring (silverleaf
whitefly); Dialeurodes citr1  Ashmead (citrus whitefly); Trialeurodes abutiloncus
(bandedwinged whitefly) and T. vaporariorum Westwood (greenhouse whitefly); Empoasca
fabae Harris (potato leathopper); Laodelphax striatellus Fallen (smaller brown planthopper);
Macrolestes quadrilineatus Forbes (aster leathopper), Nephotettix cinticeps Uhler (green
leathopper); N. nigropictus Stdl (rice Ileathopper); Nilaparvata lugens Stdl (brown
planthopper), Peregrinus maidis Ashmead (corn planthopper), Sogatella furcifera Horvath
(white-backed planthopper); Sogatodes orizicola Muir (rice delphacid); Typhlocyba pomaria
McAtee (white apple leathopper); Erythronecoura spp. (grape leathoppers); Magicicada
septendecim Linnacus (periodical cicada); Icerya purchast Maskell (cottony cushion scale);
Quadraspidiotus perniciosus Comstock (San Jose scale); Planococcus citri Risso (citrus
mealybug); Pscudococcus spp. (other mealybug complex), Cacopsylla pyricola Foerster (pear
psylla); Trioza diospyri Ashmead (persimmon psylla).

Agronomically important species of interest from the order Hemiptera include, but are
not limited to: Acrosternum hilare Say (green stink bug);, Anasa tristis De Geer (squash bug);

Blissus leucopterus leucopterus Say (chinch bug); Corythuca gossypu Fabricius (cotton lace
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bug); Cyrtopeltis modesta Distant (tomato bug);, Dysdercus suturcllus Herrich-Schaftfer
(cotton stainer); Euschistus servus Say (brown stink bug); E. variolarius Palisot de Beauvois
(one-spotted stink bug); Graptostethus spp. (complex of seed bugs);, Leptoglossus corculus
Say (leaf-footed pine seed bug); Lygus lineolaris Palisot de Beauvois (tarnished plant bug); L.
Hesperus Knight (Western tarnished plant bug);, L. pratensis Linnacus (common meadow
bug); L. rugulipennis Poppius (European tarnished plant bug); Lygocoris pabulinus Linnacus
(common green capsid); Nezara viridula Linnaeus (southern green stink bug); Oebalus pugnax
Fabricius (rice stink bug); Oncopeltus fasciatus Dallas (large milkweed bug);
Pscudatomoscelis seriatus Reuter (cotton fleahopper).

Furthermore, embodiments may be effective against Hemiptera such, Calocoris
norvegicus Gmelin (strawberry bug); Orthops campestris Linnacus; Plesiocoris rugicollis
Fallen (apple capsid); Cyrtopeltis modestus Distant (tomato bug); Cyrtopeltis notatus Distant
(suckfly); Spanagonicus albofasciatus Reuter (whitemarked {fleahopper); Diaphnocoris
chlorionis Say (honeylocust plant bug); Labopidicola alli Knight (onion plant bug);
Pscudatomoscelis seriatus Reuter (cotton fleahopper); Adelphocoris rapidus Say (rapid plant
bug); Poecilocapsus lincatus Fabricius (four-lined plant bug); Nysius ericac Schilling (false
chinch bug); Nysius raphanus Howard (false chinch bug); Nezara viridula Linnacus (Southern
oreen stink bug); Eurygaster spp.; Coreidac spp.; Pyrrhocoridac spp.; Tinidae spp.;
Blostomatidae spp.; Reduviidae spp. and Cimicidae spp.

Also included are adults and larvae of the order Acar1 (mites) such as Aceria tosichella
Keifer (wheat curl mite); Petrobia latens Miller (brown wheat mite); spider mites and red
mites 1n the family Tetranychidae, Panonychus ulmi Koch (European red mite); Tetranychus
urticac Koch (two spotted spider mite); (T. mcdanicli McGregor (McDaniel mite); T.
cinnabarinus Boisduval (carmine spider mite); T. turkestanm1 Ugarov & Nikolski (strawberry
spider mite); flat mites in the family Tenuipalpidae, Brevipalpus lewist McGregor (citrus flat
mite); rust and bud mites 1n the family Eriophyidae and other foliar feeding mites and maites
important in human and animal health, 1.e., dust mites in the family Epidermoptidae, follicle
mites 1n the family Demodicidae, grain mites in the family Glycyphagidae, ticks in the order
Ixodidae. Ixodes scapularis Say (deer tick); 1. holocyclus Neumann (Australian paralysis tick);
Dermacentor variabilis Say (American dog tick); Amblyomma americanum Linnacus (lone

star tick) and scab and 1tch mites in the families Psoroptidae, Pyemotidac and Sarcoptidac.
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Insect pests of the order Thysanura are of interest, such as Lepisma saccharina
Linnacus (silverfish); Thermobia domestica Packard (firebrat).

Insect pest of interest include the supertamily of stink bugs and other related insects
including but not limited to species belonging to the family Pentatomidae (Nezara viridula,
Halyomorpha halys, Piezodorus guildini, Euschistus servus, Acrosternum hilare, Euschistus
heros, Euschistus tristigmus, Acrosternum hilare, Dichelops furcatus, Dichelops melacanthus,
and Bagrada hilaris (Bagrada Bug)), the family Plataspidac (Megacopta cribraria - Bean
plataspid) and the family Cydnidae (Scaptocoris castanca - Root stink bug) and Lepidoptera
species including but not limited to: diamond-back moth, e¢.g., Helicoverpa zea Boddie;
soybean looper, ¢.g., Psecudoplusia includens Walker and velvet bean caterpillar e¢.g.,

Anticarsia gemmatalis Hubner.

Il. Target Sequences

As used herein, a “target sequence” or “target polynucleotide” comprises any sequence
in the pest that one desires to reduce the level of expression thercof. In specific embodiments,
decreasing the level of the target sequence 1n the pest controls the pest. For instance, the
target sequence may be essential for growth and development. While the target sequence can
be expressed 1n any tissue of the pest, in specific embodiments, the sequences targeted for
suppression 1n the pest are expressed 1n cells of the gut tissue of the pest, cells 1n 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 include a polynucleotide set forth in SEQ ID NOs.: 1-33, or variants and
fragments thereof, and complements thercof. As exemplified elsewhere herein, decreasing the
level of expression of one or more of these target sequences 1n a Coleopteran plant pest or a

Diabrotica plant pest controls the pest.

III. Silencing Elements

By “silencing clement” 1s intended a polynucleotide which when contacted by or
ingested by a plant insect pest, 1s capable of reducing or eliminating the level or expression of
a target polynucleotide or the polypeptide encoded thereby, and a silencing clement may

include a polynucleotide that encodes the polynucleotide which when contacted by or ingested
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by a pest, 1s capable of reducing or ecliminating the level or expression of a target
polynucleotide or the polypeptide encoded thereby. Accordingly, 1t 1s to be understood that
"silencing element,” as used herein, comprises polynucleotides such as RNA constructs, DNA
constructs that encode the RNA constructs, expression constructs comprising the DNA
constructs. In onec embodiment, 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 thereby affecting the level of the encoded
polypeptide. Methods to assay for functional silencing clements that are capable of reducing
or climinating the level of a sequence of interest are disclosed elsewhere herein. A single
polynucleotide employed 1n the disclosed methods can comprise one or more silencing
clements to the same or different target polynucleotides. The silencing element can be
produced in vivo (1.¢., in a host cell such as a plant or microorganism) or in vitro. It 1s to be
understood that "silencing element,” as used herein, 1s intended to comprise polynucleotides
such as RNA constructs, DNA constructs that encode the RNA constructs, and/or expression
constructs comprising the DNA constructs.

In specific embodiments, a silencing element may comprise a chimeric construction
molecule comprising two or more disclosed sequences. For example, the chimeric
construction may be a hairpin or dsSRNA as disclosed herein. A chimera may comprise two or
more disclosed sequences. In one embodiment, a chimera contemplates two complementary
sequences set forth herein having some degree of mismatch between the complementary
sequences such that the two sequences are not perfect complements of one another. Providing
at least two different sequences 1n a single silencing element may allow for targeting multiple
genes using one silencing element and/or for example, one expression cassette. Targeting
multiple genes may allow for slowing or reducing the possibility of resistance by the pest, and
providing the multiple targeting ability 1n one expressed molecule may reduce the expression
burden of the transformed plant or plant product, or provide topical treatments that are capable
of targeting multiple hosts with one application.

In specific embodiments, the target sequence 1s not endogenous to the plant. In other
embodiments, while the silencing element controls pests, preferably the silencing clement has
no cffect on the normal plant or plant part.

As discussed 1n further detail below, silencing elements can include, but are not
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[imited to, a sense suppression clement, an antisense suppression element, a double stranded
RNA, a siRNA, an amiRNA, a miRNA, or a hairpin suppression element. In an embodiment,
silencing clements may comprise a chimera where two or more disclosed sequences or active
fragments or variants, or complements thercof, are found in the same RNA molecule. In
various embodiments, a disclosed sequence or active fragment or variant, or complement
thercof, may be present as more than one copy 1n a DNA construct, silencing element, DNA
molecule or RNA molecule. In a hairpin or dSRNA molecule, the location of a sense or
antisense sequence 1n the molecule, for example, 1n which sequence 1s transcribed first or 1s
located on a particular terminus of the¢ RNA molecule, 1s not limiting to the disclosed
sequences, and the dsSRNA 1s not to be limited by disclosures herein of a particular location for
such a sequence. Non-limiting examples of silencing clements that can be employed to
decrease expression of these target sequences comprise fragments or variants of the sense or
antisense sequence or consists of the sense or antisense sequence of a sequence set forth 1n
SEQ ID NOs.: 1-33, or variants and fragments thercof, and complements thercof. The
silencing clement 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 1n further detail below, enhancer suppressor elements can also be
employed 1n conjunction with the silencing elements disclosed herein.

By “reduces” or “reducing” the expression level of a polynucleotide or a polypeptide
encoded thereby 1s intended to mean, the polynucleotide or polypeptide level of the target
sequence 18 statistically lower than the polynucleotide level or polypeptide level of the same
target sequence 1n an appropriate control pest which 1s not exposed to (1.¢., has not ingested or
come 1nto contact with) the silencing clement. In particular embodiments, reducing the
polynucleotide level and/or the polypeptide level of the target sequence 1n a plant insect pest
according to the disclosed methods 1n less than 95%, less than 90%, less than 80%, less than
70%, less than 60%, less than 50%, less than 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 1n an appropriate control pest. Methods to assay for the

level of the RNA transcript, the level of the encoded polypeptide, or the activity of the
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polynucleotide or polypeptide are discussed elsewhere herein.

i. Sense Suppression Elements

As used herein, a “sense suppression clement” comprises a polynucleotide designed to
express an RNA molecule corresponding to at least a part of a target messenger RNA 1n the
"sense" orientation. Expression of the RNA molecule comprising the sense suppression
clement reduces or climinates the level of the target polynucleotide or the polypeptide
encoded thereby. The polynucleotide comprising the sense suppression clement 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.

Typically, a sense suppression clement has substantial sequence 1dentity to the target
polynucleotide, typically greater than about 65% sequence i1dentity, greater than about 85%
sequence 1dentity, about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence
identity. See, U.S. Patent Nos. 5,283,184 and 5,034,323; herein incorporated by reference.
The sense suppression element can be any length so long as 1t 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 polynucleotides set forth in any of SEQ ID
NOs.: 1-33, or variants and fragments thercof, and complements thercof. In other
embodiments, 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 1n any of SEQ ID NOs.: 1-
33, or variants and fragments thereof, and complements thereof.

it. Antisense Suppression Elements

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 messenger
RNA. Expression of the antisense RNA suppression element reduces or eliminates the level

of the target polynucleotide. The polynucleotide for use in antisense suppression may
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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
untranslated regions of the target polynucleotide. In addition, the antisense suppression
clement may be fully complementary (1.e., 100% 1dentical to the complement of the target
sequence) or partially complementary (1.¢., less than 100% 1dentical 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 suppression
may be used to mhibit the expression of multiple proteins in the same plant. See, for example,
U.S. Patent No. 5,942,657. Furthermore, the antisense suppression clement can be
complementary to a portion of the target polynucleotide. 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 1n any of SEQ ID NOs.: 1-33, or variants and fragments thercof, and complements
thercof may be used. Methods for using antisense suppression to inhibit the expression of
endogenous genes 1n plants are described, for example, in Liu et al (2002) Plant Physiol.
129:1732-1743 and U.S. Patent No. 5,942,657, which 1s herein incorporated by reference.

iti. Double Stranded RNA Suppression Element

A “double stranded RNA silencing element” or “dSRNA”, which may also be referred
to as "dsRNA construct”, comprises at least one transcript that 1s capable of forming a dSRNA
cither before or after ingestion by a plant insect pest. Thus, a “dsRNA silencing element”
includes a dsSRNA, 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 polyribonucleotide structure formed by the expression of
at least two distinct RNA strands. The dsRNA molecule(s) employed 1n the disclosed
mecthods and compositions mediate the reduction of expression of a target sequence, for
example, by mediating RNA 1nterference “RNA1” or gene silencing 1n a sequence-specific
manner. In various embodiments, the dsSRNA 1s capable of reducing or eliminating the level

or expression of a target polynucleotide or the polypeptide encoded thereby 1n a plant insect
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pest.

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 influencing expression at the pre-
transcriptional level (1.e., via the modulation of chromatin structure, methylation pattern, etc.,
to alter gene expression). See, for example, Verdel ef al. (2004) Science 303:672-676; Pal-
Bhadra et al. (2004) Science 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 297:2232-22377. Methods to assay for functional dsSRNA that are capable of
reducing or e¢liminating the level of a sequence of interest are disclosed elsewhere herein.
Accordingly, as used herein, the term “dsRNA” 1s 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
(dsSRNA), micro-RNA (miRNA), hairpin RNA, short hairpin RNA (shRNA), post-
transcriptional gene silencing RNA (ptgsRNA), and others.

In specific embodiments, at least one strand of the duplex or double-stranded region of
the dSRNA shares sufficient sequence identity or sequence complementarity to the target
polynucleotide to allow the dsRNA to reduce the level of expression of the target sequence.
As used herein, the strand that 1s complementary to the target polynucleotide 1s the “antisense
strand” and the strand homologous to the target polynucleotide 1s the “sense strand.”

In another embodiment, the dsSRNA comprises a hairpin RNA. A hairpin RNA
comprises an RNA molecule that 1s capable of folding back onto 1itself to form a double
stranded structure. Multiple structures can be employed as hairpin clements. In specific
embodiments, the dSRNA suppression element comprises a hairpin element which comprises
in the following order, a first segment, a second segment, and a third segment, where the first
and the third segment share sufficient complementarity to allow the transcribed RNA to form
a double-stranded stem-loop structure.

The “second segment” of the hairpin comprises a "loop" or a "loop region.” These
terms are used synonymously 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
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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 comprise 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 antisense RNA sequence or fragment
therecof that shares i1dentity 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 1s 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.

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
onc¢ 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 basc-paired stem region. The amount of complementarity 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.

The first and the third segment are at least about 1000, 500, 475, 450, 425, 400, 373,
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 1n length. In specific embodiments, the length of the first and/or the third
segment 18 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 nucleotides, 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
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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, 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 700-900nucleotides; 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.

The disclosed hairpin molecules or double-stranded RNA molecules may have more
than one¢ disclosed sequence or active fragments or variants, or complements thereof, found 1n
the same portion of the RNA molecule. For example, in a chimeric hairpin structure, the first
segment of a hairpin molecule comprises two polynucleotide sections, each with a different
disclosed sequence. For example, reading from one terminus of the hairpin, the first segment
1s composed of sequences from two separate genes (A followed by B). This first segment 18
followed by the second segment, the loop portion of the hairpin. The loop segment 1S
followed by the third segment, where the complementary strands of the sequences 1n the first
segment are found (B* followed by A*) in forming the stem-loop, hairpin structure, the stem
contains SeqA-A* at the distal end of the stem and SeqB-B* proximal to the loop region.

In specific embodiments, 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 nucleotide residues.

In specific embodiments, the sequences used 1n the first, the second, and/or the third
segments comprise domains that are designed to have sufficient sequence 1dentity to a target
polynucleotide of interest and thereby have the ability to decrease the level of expression of
the target polynucleotide. The specificity of the imhibitory RNA transcripts 1s thercfore
ogenerally conferred by these domains of the silencing element. Thus, 1n some embodiments,
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
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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
target polynucleotide to allow for a decrease 1n expression levels of the target polynucleotide
when expressed 1n an appropriate cell. In other embodiments, the domain 1s between about 15
to 50 nucleotides, about 19-35 nucleotides, about 20-35 nucleotides, about 25-50 nucleotides,
about 19 to 75 nucleotides, about 20 to 75 nucleotides, about 40-90 nucleotides about 15-100
nucleotides10-100 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 nucleotides, about 50 nucleotides to about 100 nucleotides, about 100
nucleotides to about 150 nucleotides, about 150 nucleotides t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>