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GENETI C CONTROL OF | NSECT | NFESTATI ONS | N PLANTS AND COWPQOSI Tl

| NCORPORAMN BY REFERENCE OF SEQUENCE LI STI NG SUBM TTED ON \wm% \ﬂf
The Sequence Listing is submtted on one conpact disc (Co

with a duplicate thereof (Copy 2), each created. on ,Sgpt_eﬂbﬂ—ﬁﬁ,éiz—@%J and
each containing one 669 kb file entitled "1NDB002. APP. TXT." The materi al'
cont ai ned orv@¥e¥®sipact disc i s specifically i ncopguusabedsiver ei n by
reference. EMORITY CLAI M Thi s plication clains the priority of U S
Provi si onal AppMETERGFBRFENREC mﬁ‘ﬁl‘ QBWSEWIEEE%@%BY 16, 2005,

whi ch application i s | COITEAND edMPOREITIONDYEEREOTENCE in ItS entirety.
BACKGROUND OF TBE I NVENTION - ‘1. Field of- the Invention Thee present
invention relates generally to genetic control O pest infestations. Mre
specifically,- the reSent | nvent | on reI at es to reconi bi nant. DNA .

t echnol ogl es f orlNCORPORATIC : SEQUENGELIVHNG: | nhibiting
expressi on of farget CodstMEEOWAId'Iﬂ)IS@ | .of a" pest to provide a
pest-protective effect. 2. Description of Related Art The envi ronnment

i n whi ch humange lbqiehck BisfiRh St BJ‘O&Q%%%H’E&%%&%'I?Q@@B%& 4 ncl udi ng.

i nsects, arachnids, crustaceans, f acteria,. .viruses; nenntodes,
f1 at wor s SRS HIGHEH 0Py b PG cFRgted PR)%?E%B‘P%5 2086 a’é‘\/\ﬁ%@mmﬂ‘tﬂ?ﬁ%ﬁnosoms
schi st osorseskb Metditiéde VNIFHOSBAEP MATCK She ritdriaiScontainid oh iteaoapt dide: | | ke are

pervai | ye J&ﬁf:éﬁ?m@%@ﬂeﬁ%ﬂn@%ﬂé A nul ti tude of -nmeans have been

utilized. ng to control infestati-ons by these pests.
Conposi tions for controlling Eﬂ&§§§§3#3§¥é by microscopic pests such as
bacteria, fungi,. and viruses V|ded |n the. formof antibiotic
conposi ti ons, t] | Shiions.

TR %E%hofa@cl P@ﬁg% hdBS of, B szﬂri haaﬁ&ﬁ@& b,

Conposi ti ons for ntrol ations pests such.as

nenat odes S7 B odishS WWHM%WPWB?H@“W%W@ by feletior s,
trypanOSOﬁB&cntﬁrﬁthl stosones, lind the like have typically been in the form
of chem cal conpositions that «<can Il iD=l 11 LI i 111

BACI(GROUND or TIIE INVENTION

-1, Field of tlle Invention '

’ The présent invention telates generally to genetic control of pest infestations. More_'
specifically, the present imvention relates to récombinant DNA technologies for post-
transcriptionally repressing or mhlbltmg expression of target codtng sequences in the cell of a’
pest to provide a pest-protective cﬂ'ect e :

2 Descnptwn of Related Art

"The environment in which humans live is replete with pest mfestatwn. Pests -
inciuding insects, a:rachmds, crustaceans, Fungi, lba\ctena, viruses; nematodes, ﬂatworms, _
roundworms, pinworms, hookworms, tapeWOrm:s, trypanosomes, schistosomes, botflies,
fleas, ticks, mites, and Hee and the like ars pervas:vc in the human eftvironment, A multttude
of means have been utilized for attempting to control infestations by these pests.
Compositions for controlling infestations by microscopic pests such as bacteria, fungi, and
viruses have been provided in the form of antibiotic compositions, antiviral compositions,
and antifimgal cbmposittons. Compositions sz_- controlling infestations by larger pests snch
a3 nematodes, flatworms, roundworms, pitltworms,'heartwormé, tapeworms, trypanosomes,
schistosomes, énd the like have typically beea in the-form of chemical 'composiﬁops that can
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*@00002* WD 20071035650- PC111752000036319 be applied to surfaces on Wich
"pests are present or arbninistered to infested animals-in the form of

pell ets, powders, tablets, pastes, or capselei and the like. There is a
great need in the art for inprovenent of these methods and particularly for
met hods that would benefit the enVironnment relative to the prior

t echni ques. Commeriial anps are often the .targets of insect attack.
Substantial progress has been. nade in the |ast a few decades towards

devel opi ng mesmwesssoci ent met hods and corrposi t i onsP4IAB28FB3EPoni ng i nsect

f est at . 1 cal fecti i
er adi cat | n ELH FRABS T r RERr o W eals IPSE) e¥aiY feaqyant ages ¢ o
usi ng chemnifeabf ey poidealtbiiemtts, Oféavsmsmthqié&stﬁmedaigtagmdlsﬂwe not -
sel ective: ApRlideakhoRss ks %ﬁaascaad PRk ho RS BN H6H] beer @RI T Of

i nvertebrate pests, such as co| eopteran insects |ncludingcorn roClvvonn
speci es th&%"”’&‘i@mﬁ%ﬁt&’ﬁiﬁl etPBm\?%{“F‘B‘EI% crops and other plants, exert their

effects on nonaaﬁaam&o@maomwdemoﬂimmm fsas&aaﬂmwgrsstsaﬁslbédnzl nga field
for a Peri odsl ol L% o vgw%dwgﬂdsd%o?xgg%eggﬁagmmaggagt s JRNGBgen appl i ed.

. Chem dal pes agen I ronmen generally are
slow to be fmr&@bma@% mf?ﬁaﬁ@ﬁ ingitlquts. Chesyjcabpeetivide MF@%VW%B@ chain; -and

pﬁrtl cv: ar |er¥§[hba|ﬂngé15b§i mf@dtﬁ?ﬁr AR f@&%rﬁsdisrdvarﬁ&'gﬁd; fauifsag bmfc?pf thteset ]
chemi cal. pest.i, agent.s, rem, in the el oppent _of- resi stance to the
agent s and PPRE RS S g?ﬁ“b%?“‘ifﬂtﬂfwweﬁf%ﬁﬁ fﬁ??ﬁ%ﬁ ﬁi’&ﬁ&@f of @8t ! as

mut agen. s ybmdaesmmmwmwﬁmwm sucle ssarkofiae, inmetelincledingt comi ous geneti c
: modi fi cat i gy f‘}. 4% ﬁ@ﬁﬁﬁné 38%&@ Q%ppanrdtolm%y}n&rd VxehttiME dieihd omneed for*

envi ronnent a for controlling or eradicating insect
infestati oﬁ"fbfﬁfg?irfa“P"naSﬁ‘f »rﬂﬁén effeﬁ'ﬁ@ﬁé‘&?”?ﬁ&ﬁ"%f"é 2 Perfod Of tigeove ity onnent al | y
inert,: :naR-feichsbRmt have 86 PplRdeCaschaal Pesticidat] apdant pddist WWéld i Nt o pest
resi st ance i Jde Bacillus
emgo&%gt@?&'é%a S Rw 1o bem tabolized {FRER! tﬂl avamltﬂfﬁr

thuringlensit eria have been onnerC| e and used as

envi r onmentkdd st%ﬁ@mﬁbdm*%l@é}ﬁ Bisqator Fl??%sct*i\??}l’é‘é%“"ﬂ*’o?f H5p ehemfcllan thirty

years. The pksisi &@&gaﬁs ﬂﬁallts &ftﬁe&ﬁel@ﬁm@bfxb@mmrm fhe dgbn@&'ﬁ.d Aefeibstightn the
envi ronmanfp '@'B’ sel ectijve as to,,the es. affect ed, exert

Chel r ot 1 ack ER SiJetiyaR HE & pe it P iRl SRIHESLe Bl Shown m be
harm ess t delgriang genetiethagifivdionsi ¥hus thetechegybierd portigdtriysipnesielt merd| fordi ng humans.

Transgeni Ceiiesta Emmaﬁ)asmeonesmﬁm%mﬁﬁﬁg&s&nmt{m ohrasﬁptl ci dal Bt
protein are al sp ava bIe int art ,and e rernakkablg%1I efficient in

control | | ngFnksc o % thay ﬁfee§$?f“f° (fovironm t AR i 2R PP the use
ef . reconbi rbalﬂetgtadqmlcamﬂﬂxatﬂtweum‘empﬁtss&nmgjn&gehﬂs@me&l dal _proteins is a

mar ked deCfeaS%ohBos{hB:% Wuﬂéludeoka&lﬂ?mh%gzeﬁ%ﬁ(h&' Hdleria Hhve RGENLS that are
applied to the etriti.r' onment to control .pest infestation.in crop fields

in areas i rOmmyRlvalAin moEH & GueReEly st spbaRlle Mo Prase i n
appl i cat i omeofsethine thiryC gelarsp e Slhel {nbeghidtidal ef&g;edsﬂBt beastia db emngersmcmlﬂss and cl eaner

vitliters. %s aneg f";h%ly Obdivd em%gltir t {:l\ aﬁe&geexm%rgt&gﬁd& streans;

rivers, pen kes. I'n additi.on ese enviiromte enefits, WO
2007/ 035650“’0%?%9%83@3@3 i.rgihave been shown to be harmless to plants and other non-

targeted orgamsms mcludnng humans, Transgemc plants contammg one or more ‘gemes .
encoding msectlcadal Bt protein are also availabis i m the art and are remarkably efficient in
controllmg msect pest mfestanon A subitangial msult of the use of reoombmant plants
expmsmg Bt msecncldal protems isa marked decrease in ﬂle amount of chermcal pestlcxdal
agents that are apphcd to the envxronment to ‘contiol pest mfestanon in crop fields in areas in-
which such transgemc crops are uséd, The dscrcasg in apphcauon of chcmcal pestxcldal
agents has resulted in cleanet- soxls and cleaner wate.rs mnnmg off ! of ﬂ:le soils into thev
.smroundmg stremns, nvers, ponds and Iakes In addmon to thcse envnonmental benefits,



there. has been. a noticeable increase:hi, the nunberS. atbeneficial insect
Sin crop fields in which.transgenic insect resistant crops are. grown
becatse. O the decrease in the tie of chem cal insecticidal agents.

Ant i sense net hods and conpositi ons-Have beén reported in the art and are
believed to exert their effects. through the synthesis of a

singl e-stranded. RNA nol ecul e that iR theory hybridizes in vivo to a

subst ant i al | YoeWm§gFséhent ary sense stfand RNA nol ecebrpuszmtsisense t echnol ogy
has been difficult to enploy in many systens for three principle reasons.
First, thethanhisdemgenctesarlemerensiiifheommbets ofibedficiat ingels fromeefildsal | i s

unst abl e. Oﬂgsgeﬂl@&sécﬁé&ﬁﬁt l:rbﬁsyaxpﬁrom%ecﬁﬂé bfiﬁl@%@aé&%%@ﬁe %f(pr essed in
the .transtformed cel]' concomtantly Creates difficulty in delivery of the
sequence t% °‘5.‘°ﬁ’1t5‘§ﬁ°u°‘4fbalgfmt ype, orbiological systemrenote fromthe
trantgenic cel Anus&hsrﬁdhodsdneomhpbﬁuommmtemmﬁaumthememhd\a:etbbhewdsd ability and

el I Ver of ol B Bk LloSEEM B BRANSYIabl iR il LhEUd h8%y e D100 0

pr ovi de a d0S€ W reco I-nant exp anti sense

sequence tlybudizenir vp termbsiatially ﬁ%’!ﬂm&'tt@,fy ﬁ%&ﬁ SF@‘@éﬂNAoml%f éB@P%th of the
target sengs@nddepg el lSmERAL ARNE): in many systends! T tRred RN EIpl0 @AY, s MPr ovenent s

R T
t echnol ogi ﬁﬂaefamme@ymcngwmssebnésym@m@ﬂ editchermitagtly sretbadiffivgtytine expr essi on

of specifi&;E8N%he sequited 99 pbLE N& ol RGOS thétnt nmore, as, a
consequence of eschn red| ctab ch%tp o%jﬁ\é}sse aPErOaches nggﬁf:amerm aI |y

vi abl e. meafil fr’fj}’t‘r HiFy CepHat %‘Wp?‘“és@ YR 8% the 5T fi ¢ gene.in a
eukaryoti &e@rencﬁ’rcﬁktardjmdulues o gramptiagnid srovideas K@b lndthin the recdidinbdt @elst r anded RNA
medi ated i Ri % e en. previously

; denonst ra&gl h&%}&ggnw&p@g&é{h%B%r%g%ﬁ%%u%{dgfagg{rﬁe@?c ﬁet;g?t’ % Opﬁave been
test ed in @E@SWFW?IeﬁieseWG&nagast er (Kennerdell and Carthew, 1998;

' Kenner del I anmeﬁaﬁtehﬂmfeﬁ%@vemdﬁ%mwabéesm@ho@a&t]gwte@é;%&)mdescrl be a
nmet hod f or de“\/eréﬁt qmme o] ved neraﬁq tarlarllc%%ig'% sects that
express doUBTE Rt andd §° cfr iTes - of 'inn‘iaé(?‘t S Bt i ons into the
i nsect bodtychmloms quldﬂﬂmereﬂqgngs%f@twserﬁd@@me qanrpﬁswgo@mﬁrﬁy(smet devel opnent .

Resear ch igyg mngﬁtaﬂtrmuaamo@r @wuﬁﬁh%teyasct%ﬂaﬂ&tcé 8t edhuhbRattasingbl e stranded
RNA nedi at&ﬂv ene s e55| on..can. be achi eved |glyqemat odes . ei ther by

f eedi ng or gmpags formedylating ??’Btﬂfﬁffpfffsr‘f’é‘ loubl e
st randed oersps:imlgbnemmmmmgmmnmkmmhmaﬂabid by inj.ection of the dSRNA
mol ecul es. B%tm@édmmedia@%mtm%ecﬁsgmts%t&qt%t ¢in L O. SUPr ess

an. endogenous ene In larvae he I nsect pést tera [itura by
feedi ng orPERPuslE danepstigied, it wediatdpppEoarhys @@mtﬁcetgolhaaﬁtfattﬁttﬂgﬂ dSRNA
specific fo¢ ﬁtrilneﬂytm,gapkﬂagaﬂtmgahm (Kageriell andSQ21he%SI908; Ketnerdsi ppd eSSI on after

| ar vae vver

2007/ 03565 1%@8%%%%5%& nst a Bﬁ%?%%gpggg%mpﬁﬂgﬁgg% cat or

Recent |y, invelighEsnsfiing trausepue) Gysectselye rewaers dadle figaded &y poledhlesl §RNA pr oduced
in a pl antinjeding RSRNAC SlutibsGlito ecitded bhayon withiif € tdpQiae ByorneBRiGEes. Similarly,
u. S. Patent ﬁp@ evagmel\to 2003/ 015401. 7 prophetical 'y described a preferred
| ocus for §M I 9 O or "t he' | epi dopteran | arvae. fielicoverpa anni gera using
dsRNA del i ver eBeseacht ineestizatesy havepyreviovsis Seinenstragsl that plodlrie. sranded SN med t o

pr Ofluce t ?ﬁadﬁi&@%e sﬂﬁQeéﬁQQ%n-%&Q:@@&dﬁxﬁ@ﬁﬂ@c?s E!fh&\Hyt Feligg oﬂb@ls&atasg gi et nf c% n

r oot worm CRvg i.rected to_.essentia enes. e
dsRNA i s Gk Soﬁa{)nﬁ &%° "pﬁlmg’%tﬁld?/ LRETRE gﬂ%ﬁt‘%“&m the result

t hat CRW I lammmomoféhesdsmmlemiesmhjh@phlaf tzleﬁQOQQbéQSmhgi foited tefhemptitet , and this
effect was Hgfgg%oﬁggcﬁﬁﬁ 13?\%5\! @ir B mééétfpgs’?ﬁp%wptegzel%'ﬁ b{ feeding o-m?r ef o e, there

has exi steséil a 'need dentifying. efti-Cadi'ous nucleoti de sequences for use
in i mpr oveBURSIRAS aayee raiiions F‘t’tﬁmﬁ‘éﬁ%@?‘%@ﬁ’fdﬁ‘? ‘b‘ﬁ‘““tl‘a’&"ﬁr%‘%&’f’ﬁg, del ayi ng
or otherw ﬁ&efsﬂumaup@@ssgﬁnﬁawmlmteWHﬂmm ﬂanﬁeltemblmpmmb‘éopter an pest
for the purpose of .controlling pest infestation or to introduce novel
phenotypic traits. - SUWMARY OF THE I"I'NVENTI ON I n one aspect, the

i nventi On provides a nethod of i NHDI t | ng expression of a target gene in a.
col eopteran pest. In curtain enbodi nents, the nmethod conprises nodul ati ng
or inhibiting expression of one or nore target genes in a Col eopteran pest
"that causes cessation of feeding, growth, devel opnent, reproduction and/or
infectivity and eventually result in the death of the insect. The nethod
conprises introduction. of partial or fully, stabilized doubl e-stranded
-RNA (claRNA), including its randi5ed forms such as small interfering RNA
(si RNA) sequences, into the cells or into |ieextracellular environment such
as the riaidgut, Wthi n. a col eopt eran pest body \/\herel n the dsRNA ent ers

o o, . b
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Western Corn Rootwonn (WCR, DiaProtica viidzfera or D abroticavirgifera'
Virgifera), Southern:Corn Rootworm (SCR, Diabrotica undecinpunetata

howar dz), |Vlexican Corn Rootworm (MCR, Diabrotica virgifera xea),

Brazilian Corn Rootvvorm (BZR, Diabrotica balteata, D abrotica viridula,

Di abrotica, speciosa), Northern Coat rootworm (NCR D abrotica barberi),

Di abrotica unclecinpunctata; as well as Colora,do Potato Beetle (CPB,

Lepti notarsa decenlineatc), Red Flour Beetle (RFB, Tribolium castaneun,

and Mexi can RBeaseBest | e. (Ep| | achna varivestis). I|proshersadsbodi nents the
pest is selected from anong.: Lepi dopteran insects including European Corn
Bor er ( ECBinst@sleviertisiag mnﬁbrbwbiiost))r» Bicendly, Culevnerrah QBBWephuipd dbat dost-, si | on), - Com

Barworm(CgéAéuuptm VRfifted R @R @t&c@hmmtﬁémb fodes.
Spodopt er at hi_gi per.da Cgtto Ba‘l!'af15 ) (BW/, . Anth onnoyzrﬁﬂlgo es

grandi s), SipRp P st mf%brﬁ?r%op3/8W901M§mw W?a%ﬁwsﬁpﬁﬁ D pt eran
insects i nfdr Hﬂibiﬁgn @nmtpﬁlbptérm laRAH @GOG b rnighd afiipadsRN A delivired theand Aede, s

aegyptl C t he i nvention
are given ?Eﬁ' éljﬁ'elg%ﬁé r% H&mﬁ%ﬁop 4£Egd&q%§68k@%ﬁ€og§ %%/d]ffgh SEQ DD NGO
906. propidiyg fn thn@ttnépona@p@etm (CRND, ¢R=Wen¢@1ﬁeﬁﬁRp1iAcAmedeisto assentitlhod f or

suppr essi oanf égﬂ@ NN § $loPided iR e cnwl cﬁé@ﬂltlﬂfaaeﬁd nqps,tms WEDmERsd COr N

rootworm o ec esth S p iding in the
diet of th&¥%h Wﬁ”@%ﬁ& P&g@f‘ﬁ&&% ﬁlﬂ% 1°“r é'é‘gfms ?‘F%"‘d‘é’asRNA nol eCul e
transcri bedmianmaneafommdmd!ﬁhdwmuence as descrl bed herein, at |east one
segnent Of Whi GferisSe, qemta?ssﬁmdaaraeeéfar ﬁténﬁmg%mﬁaé&u§ﬁuoﬂum(g&u¥ttctsh' n the cells

of the pest The -net’hod mié%&tl er conpri Se observi ngtlte deat h,
i nhi bi ti onfor 3%t imRigved gpetho %fa@tdanﬁltsfaeweeateff@n&r/ eSS elayingcprs RNA
mol ecul e, bﬁ&biddte&@mgtg&lemtsﬁtbﬁﬁlﬂﬁzoi ﬁerwﬂ@xmmptam =t hepieedibe, fed to. a

R e »hm%e%h@l 55 96, o7 68, 99 of
about 100% i dentical to a | $ i bed froma nucl eotide
sequence ‘sel'ected ‘from't héw{’@%. o— SEQ NO'1 t hrough SEQ I D

NO 906. I n par Hﬁmr§' .
sel ected from Hte grtgﬁg‘ﬂ%glnm st ngd%?%eﬂ%; &ggﬁ&%ﬁ%ﬁﬁé&ém 819, SEQ
| D NOB41, &8 ISEEYRpiegyPest: I cEBRgheipents eﬁ%t%fefnnasgpeetﬂﬂatg #he present

i nvention, inRibitieg explessios of @ik efimas trgpLiehds bedeoRutdrenicitdat seqgsieaai® as set forth

1 SEO | D NG, dial e ey e N0 A5, L AU AGH 1 BLEPR . | VEN T O

prOVIdeS a sta Ion O one or
nuRNAs f or %2R Be iP5k '@F m@k‘ﬂr‘é@&‘?%ﬁ“@f‘“ﬁ“’t%i’@%ﬂl 0@@%5‘%‘“&‘1 dgbleopt er an pest
expressed E&th@smmymﬂﬁgaedantﬁagmt such hereefl .intdfeibaRiNAi zed dsRNA,

ncl uding a0 BNA oF . Sl N6 Rl echl . can GambLise af oleast. Lug, codi ng

sequences aFrang BRLE TRt at i on
relative tmmammmbmmmmﬁhedsmw@m eehrendinbibidsorprgsiosefquence t hat

WO 20071035@% mn@acga@aaa vﬁl@rﬁfﬁ&ﬂeﬁﬂﬁoltﬁn$ﬁt§@d§m{i@e@ﬂ@p@n anti sense

strand are |elo tc n%g%d? A SPAcer sequenee é ém! Least fL' om about
fly to aboul “Bf& faﬁgﬁsana ecﬁtss] d SRREFEP E g LML O and t he
anti sense slmamlgw&yptts@mstmdqmﬁcemtonwmgqthpstmammhen‘etrmvemmtof the two

fodl nggzoe/qwm@ﬁa FeRaE ﬁﬁse&tbﬂpﬁﬁﬁﬁng%ﬁéy@rw&ﬂﬁ&lﬂogﬁ%%g@3dsIRﬁ@ﬁt 90% at
east (0

A 00/ equens t:0 .a e or nore
nucl eoti de™ (?87(!’?& e@tm f‘ho f?’ﬁq"ge dtc‘jcﬁ &'élfﬁuﬁlf‘% % through SEQ
ri3 NO 906protectmg plﬁw ﬁdmemsep'raﬂackdbobnbsmhoment,nmmnmﬁmed ageofnpagpgent or
concat ener GHERGS . consi sting of
SEQ 11.) d@f throu ‘%E‘%q'll 906, °‘%$E§°f"§’?‘§3?aﬁﬁme Oa?)rnaegzr,]{{pg t he
nucl eot i def® §’@Q‘E?é?ﬁf%gtw %#ﬁ‘ﬁ?@é P§7f°r'agnent or concatenmer of. a sequence

sel ected fr om hotldr Qipect, ﬂe@ﬁsmsmvdﬂ@nefowsﬁ@d@akﬂuaaz acidlofpakifoMOs : 813- 819,
SEQ I'D NO dea%ﬁ?%?%a?be%? ggrﬁ £-one’or mo?e nzu{'nfle %unqelé c%ééqtg c dEf i ned as

causing a t unt|n B ecesgaiion Lo, eedlng of a
pest when é@(ﬁﬁt@ﬁ—s@@% exrbefrrEs, Wﬂffrse‘ﬁted@dmt&@mgﬁeﬂbp@@@ sp. ipHlediier agnent  nay,
for exanple, conprise at |east:about 19, 21, 23, 25, 40, .60, 80, 100, 125
or nore contiguous nucl eotides of any.one or nore of the sequences in SEQ
ID -NO I through SEQ I D NO 906, or a conpl ement thereof. One beneficial
DNA segrment for use in the present invention is at |east fromabout 19 to
about 23, or about 23 to about 100 nucleotides up to about 2000 nucl eoti des
or nore in length. Particularly useful WIl be clsRI N A sequences including
about 23 to about 300 nuzl eoti des honol ogous to a pest target sequence.

The invention alio provides a ribonucleic acid expressed fromany of sit*
sequences -including :a &NA. A sequence sel ected for use in expression of
a gene suppre55|on agent can be constructed fronta - S|ngle sequence
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.loci Wthin a pest. " In 'still yet another aspect, the inveition

provi des a reconbi nant host cell having inits :l1:.... genonie at |east one
reconbi nant DNA sequence that is transcribed to produce at | east one dsRNA
mol ecul e that functions when.ingestgd:by-..a col eopteran pest to inhibit the
expression of a target gemiin the pest. The ‘dsl I NA nol ecule may be encoded
by any of the nucleic acids: .descriibed herein and as set forth in the
sequence | i sidBgussde present i nveftt on al so .. proxrivdgwsnssyr ansf or med
plant cell having in its .genome at |east one reconbi nant DNA sequence
descri bed Wesiwt ﬁomﬁoam&t%ERpPa Heiea oWsifird o Righrsirevirgifrd #rddftrak med pl ant

cell are | §outheral Gen Rawmdtedml mwdaangsd&t;@mfhya M@%ﬁ Mekican¥orgener at i on,

seeds, and I ant duc co The
met hods anf d@lbgt %’ﬁé"’%‘tﬂ ki 50@ “ﬁgghgaﬁatg%%ﬁl ed to ' any
nmonocot anéhliehf@o@labbmtmzﬂ'é@peﬁt@mga @peciorsd U@rﬂempfl@n aeotpamt (NRat r ol  desi red.
SIO]?C: ]f I cal bwt,mtéa%@tapbab;@ﬁa u;;a%ﬁﬂgla&ta;ae well & e&t&ado%&tb Pt (EpB, t-at i o,
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banana, bat@%’&?tarsﬂéé‘f?@"’%@e %"&‘c%@rm %Tbﬂé"(’ief"ls @’ B%LMFW‘“‘“ br ussel
sprouts, chéab3estle (Mmbaawzm alndﬂqaxeqmbo:ﬁmmtﬂm peﬁsisﬁlta;:d ﬁ(ﬂﬂ.lhhoﬁag ower, celery,
cherry, ci ie%{%ﬁt& ins écIsrﬂétgmgeﬁH%&&' & BoféP OS%?Mnub Mok cucunber,

Dougl as fir, egg scaro figs, gourd

gr ape, graﬁ@\"?f@l CW%@'PF@WJM F’iFééN?Hn W@P@P“%t}tal!éenywmks | enon,

l'i ne, LOn @Ay Spidsptere pigy@fis), mﬁnﬂlmmnmmbm@a&ndwp&mm@m on, .. WO
2007/ 03565@%‘1}7 US 06{1 q&m%%a%“n f Barrente&s np Drgso ahya parsl ey,
pea, peach; pgan pear, perS| ATTON, pl ant ai n,

pl um pomeyeendgasisr Ap@bﬂesrgamw atdofiedgmm# nSpequﬁr» nr@@plet @fcw@tretclgp ne,

radi cchi 0] xfa@ gofilled HyARPRRAIN ave givki R the: H)eGed sag,agb Wi SEQBNO:PI Ne, .
soybean, %nm ?’? . Strawberry, sugar beet sugar cane,  sunfl ower,
sweet pota 3#639 tanger| ne, tea, tobacco tomato, turf, a vine,
wat er rrel on ‘Whéayst ayghes ,aspam.dﬂxez mmhomproptinant metho‘ﬂtfmswpmqsbranf gdng andor med
Aitl: %ﬁ&@ﬂﬁ@ﬂeop@!ﬁp@s@&%%m@éo@% dr idkda e&eﬁﬁ@cdﬁ%&s &z@r ough SEQ ID

N0906 O coneatemer fragnent ;. or conpl epent. thereof, that _ Is.transcribed
to produce’®of PRxdys g ke ﬂ‘gtFQTQﬂ"’rPﬁﬂt ééd?éuppﬁﬁtveﬁ’ﬂ%t?fdhgﬂ%mﬂ%ested by a
col eopt er amolmettraﬁsmbbmm:bnﬁuctebtme&qm@&s&mbeﬁheﬂ:mt anegabnegmnuon the pest is

al $0_pr ovi g D%kl Y B b8 el Mo\ ALtk B0BQL BRI e, T eCOmDi nant

DNA sequence- may -he selecte e group cons | D NO. 697,
SEQ JD NOsfgteseogpyse obgeryine s degp ippibitign, gimjng) of gsesriionaf feedingof fhp a‘ijﬁ‘rent
conpl enent A dammﬂaeoaeaﬂmarm@ Remeded form such 1@ sIRAMERY!dcAE) fodab. SkstdE OVi des

conbi nat i ons.. err“t,al&t}ﬁ)emvmnodm%o%nggs Eﬂ]%n%“EﬁEQIC%% c§4l ésn%egplgﬁopt eran pest

i nfestati ons e .neans provides a estri erein for
prot ect i ng8pPartls9% PHritti. Pﬁsé’ét”& PR 88 tontebayh L@@ oidentical toha BNA malecilpoi e

I nsect i Ci dgdnscABRAHS atﬂtasotemh&hde sétaewaﬂam%totlt arnaat;gtfmmtm exbi bited by

the ci sRNA_rre 0Si For - or Bt proteins
may be pro@f B%’d%nﬁﬁg)%g% é‘?}‘t’ dﬁ‘é{"&?’ ‘g?ﬁ“@aw%ﬁﬁ%%ﬁ“% th one or nore
clsRilis ekctebbon ilsegoupermisting ﬁﬁ@r@o@@ﬁﬂoﬂ@dﬁﬁiﬂ%@ﬂb&ﬂ% 8FQ fldpi cal
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Cﬁ ©

were' not 'kno Yo &t efﬁpft"fﬁ’éﬂ’ﬁP Sef“d’?“ﬂ??ﬂt"rs(ﬁﬁ A ishgied RS REEF nf est at i on.
One syner gyuclestide bneuenedmbuforﬁam SEQ IWeNQ:¢ thetugiFEQEIN ¥ isgmovideq ke ed f or ei t her
the dsRNAé,aLnt%eﬁ&ae pﬁtmara%%thzeﬁ%zprNM%w&%%stm@Jae by méke | OVET .

effectlv ose each pest contr agent_ coul i's believed

that the BRIRNASdritlitiegof mprpssion8a Btgéta&e%" B ArePyorisrnast fwrcaa‘b fomhi ch t he
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romthe g Q nse st .or _nore - ci ent in cells in the
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desired inhibition or suppression of it targeted bi ol oecal function in:the

target Pest. The present |nvegt|on t herefore provides a conposition

that contains two or nore different pesticidal agents eaclitaic to the sane
Pest or insect species, at |east one of which conprises a dsRNA descri bed
herein. In certain erabodiments, the second agent can be an agent sel ected

fromthe group censisting of a palitin, a B.cicilltes thuringiensis

i nsecticidal protein, a Xenorhabdns insecticidal Protein, a Aot O habdus

i nsecticidal protein, a Bacillus |aterosporous insecticidal protein,' a
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A gene targeted for suppression can encode an essential:protei n,
the predicted function O which is selected fromthe group consisting of
nmuscle. formation, juvenile hornone formation, ju-venile hornone
regulation, - ion regulation and transport, protein synthesis 'and
transport, digestive enzynme synthesis, maintenance of cell nenbrane
potential, am no acid bi Gsynthesis, am no acid degradation, sperm
formati on, pheronone synthesis, pherottion' e senSin,4'.. a:ntetinae
formati on, \A}"H@""'f"’d?‘?f’atl on, leg formation, devel oprrBﬁE’Usa‘??élméﬁﬂf ferentiation,'

: egg: formatlon arval rati.on est |.ve.enzyne m ati on, haenol h
syg? hesi e, “MREFSH 5?%&?“%#?%??3%@ ﬁ’g i%ﬁi}'é’fncééif"&ﬁ%yc%fﬂmeﬂl vi si on, Y
ener gy net apoie sint wagdivir butdins toi st bymvihoukad cedeoiides, anekciafiopessi s. _

Anot her !'Si g 0 md msepgaeﬁeah #%\é%ﬂf&e&%n@dhsaﬁd Rhah P in % | mpr ovi ng

the yield of a crop ?ro uced Troma Ccro %pant Su. ecte to I hsect, pest:

i nf estati osr*i‘l“e%"&‘is&" et S b rptenesimy fiddeasiilepatdeay 5%, at it PR6H9E ng a
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pol ynucl ent i cl Buthir\pyided be fgrimseion i o fragnieet obymtanizadie wdelr mtidbi t s f eedi ng
by insect g s@dafédﬁb:e&% Epydneérﬂg&mqmmmmou RPIAH:908. 1n WO

2007/ D35650 r/ll ‘éﬁ‘ﬁ %1 In certai,n epbodinents, the expression
of the 1 11"‘8’|c alhiss HPFaTdeETSRre BRIACTRRHE aémf%ﬁ’i""%‘iﬂtﬁ‘ﬁ?ré’ ses at | east
a fat tar gzeaeqxgmaeclcctod&mmﬂmsgmlp cpeistingtofl SEQ Md NO: 697 QUMD NOy#IB-81%n of sai d
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viability of tFHef %%”Ptmiyé’ﬁd *l“%\‘ﬁﬁ%)’t‘&%‘@ > ipfiyitiony SOpligs P CBYSRd devel opment
of the pesdfiddinguly pgaesten xplebsed senMAMmﬁaHdmmmstbyhetﬂagn@eﬁiy, nmuscl e

fot mat | O, g UAGHE b CRI0moBI 0 0 CRN BF b 2y 125 LBl udiEr ONC

formati on and tion, Juvenile or none gqx regul ati on and
t ranspor t , wAEItHEeAEIY CB @ﬁnwflmeﬁﬁﬁ%@aﬁeﬁiﬁb@eh@i OUEIaWQ\@ NP, bi osynt hesi s,

am no aci dordegﬁpayﬂaaﬁtm&pf Mbéﬂeﬁ&mmhlség&mt%}%ﬁﬂ%&esoﬁbﬁﬂ&e’&@ﬁhﬁ pher onone,
or il St TS PAR Bl TR0 2, 1 Dl AL The pSfbn @) bk D, L7 10T O

| arval matura 1'VE’enzyIe for e ot t hesi s,
haenol y nphouptedtides empreel lengthy ﬁeqﬁﬁléaris meib Wi be d#@%ﬁﬁﬂ%@du@%&h@tt i on,

pupation, BnMerLERNee fkrMintRailoss upebést fhtod SeinRhoe. emenﬂaénﬂaﬁtaﬁpol ism
respirati on, ‘ﬁ/t oskellet al. strresuct re s?gn me5| s and 1% &5 nucl eoti de
met abol | s b BRI R aP §?ﬁ L P TR SeRPIST TP IEERNE adhd sensory
per cept i onsequence selepted fot isein exnrissioh Qfeamsmprbﬁetommwbpe@wqclsd@omor n rootworm

pest sel ect:fd bR &H@ed%o&%eﬁﬁﬁ@éﬁ%% ts%d Qteﬁ&ﬁ?&rh% BpfesLFpUNCt at a
hawar di (Sollj#e n_Corn Rgot-worm A arotlca virgi.fera virgifera

(Vestern CB fRestar 2 P}mﬁn ° BEPI9% BB Pl MR FEPHEHr n Root wonn
(NCR)), Ditatgetotstscer thwthp@NAewemeaan(lMsmsmndm duﬂmmﬁmamlu(amgzﬁi) Di abrotica
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Rontwortu (BZ Di abroti ca eci osa (PBrazi I 1an Com Rootwormi (BM).

Met hods" for mﬁftm%a?W tha (7857 "tdﬁilté‘i"?ﬁ’%“ HA gonstrygls cpRsigiged from a
crop pl antaﬁﬂpxeecu@doleoolelmacga@Bﬁﬁmommdmbtﬂmere&aﬂﬁe fRNA@dydonpri si ng the

st eps of gjy&;ﬁ G ﬁﬂ"‘*? msr-*;1 1D
NO 1 throﬁl?mﬁrle E%)g M&OQ‘% fﬂ%%knlg&eﬁt "é‘oﬁf ﬁﬁe%g&ggq %Igrop pl ant;
and b) cul Vhigkds #t gt dne %%@/pmhw 108%dlping) t ﬁ@ueeeﬁéeeemhswe% aid

pol ynucl eofdntiee gWQ:Ed‘oﬁMslﬁn@KME@B]NOI%‘O&ghSEQQ]b)NUﬂDBBGMhd@comﬁhdan ts feeding
by i nsect StS nd I yught. t festation, are
al so prowSDdﬁ ot %ﬁ%ﬁ% aspec ﬂ%’? e‘é&lmnm 3 °8ﬁﬁ$5?% &r provi des
agr onomi camnyssnmlf @@Wﬂti@ﬂ %?nimncatmsﬂ moedweiﬂsn-amlcemstr@en@bm ti ons of

mat t er i NClokhhisd @ mcldbiide Berkd mtﬁe&ﬂeﬁneu op%ablgmﬁxeé %ea R BREhdeinge, Products
ended for uge: for_huma onsurrptlon or

and by-progducts, t hat {

for use i ng'&B?ﬁSB’s °?If°8tn°§]?a$1’gh L BRRDE ™Y B’Snsf”ﬁ‘zi?“’éf’é“ YRR E S P human
consunption including but not limted to corn. flour, corn neal, corn
syrup, corn oil, coin "statch, pepeorn, corn cakes, cereals, and the -1ike.
Such .conpositions may be defined- as containing detectable anmounts of a
nucl eoti de- sequence set forth herein., and thus are" also WO

2007/ 035650PCT1US20061036319 di agnostic for any transgenic event Containing
such nit. Centide sequen:ces. These products are useful at |east because
they are likely to be derived omcrops propagated with fewer pesticides and
or ganophosphates as a result of their incorporation of the nucleotides of
the present invention for controlling the . infestation of col eopteran
pests in plants Such commodities and commodity products can be produced




WD 207/ 035650 PCT/ US2006/ 036319 FI G 3: Sel ection of Dv49 and Dv248
fragnments and schematic design of Dv49-0v248 concaterner C38, .. FIG

4: dsRNAs Fl - F13 synt hesi zed based crnconcatener C38. FIG 5:DV49-DVv248
concat ener 38 dose response  (Fragments - F17-:F6). FIG 6: DV49- Dv248

concat enaer 38 dose responsé (Fragnents F7- F10). FIG 7:Dv49-Dv248
concatenmer 38 dose response . (Fr agment s F11- F13). DETAILED DESCRI PTI ON OF
THE | NVENTI OO0 20070355he fol | owi ng i s d detail ed desacipsdbamssad the invention
provided to aid those skilled in . the art. in practieing the present

i nvent i on. SPPFAB% adissug P WM‘S% Soipiect ?fﬂeﬁéﬁaﬁh Iy flyg casgpdac $if&ati ons and
vari at i ons etaiplk e b odiratReniss a tefad bideidingm@seiraferial E:djmbgtondepartl ng fromthe
spirit or scop t [esent i, i on provides
met hods and Co?quagw %ﬁ%ﬁggtﬁ%?&gﬁéﬁgﬁg%%ﬁl? r -(l); %m?m Ala prige ?gﬁ afi ons. For
exanpl e, t nei-rﬁw\e&emcumns/ewlep@ﬁ SpPRee Be s Efcwrlhﬂénﬂo Breagte sehird] ogi es to

post-tr ansmmapaeleak Foymib @ RHERRA Bbledulafi Bid m@x@r@&ﬁﬁﬁbnofsmt dsﬁﬁﬂe;f f CO?I Bg
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feeding to %Hﬂé‘“bé%méﬁ@ B?dcﬁgg %Y%si(&)doﬁé“’sdie? S FaigensE f a“'?lﬂ’f’gFf ering

ri bonucl ei desaeiuminb@tRNA) nol ecul es transcribed fromall or a portion of 'a

target coding’g eﬂ&ﬁ:@gﬁﬂﬁme&ﬁmct%pwn%kemdyﬂeneﬁhs%&al & pgherefore, the

present invention' relates to sequence- speC| icin expr ession
of codi ng SEEHEHERh yeryrEstidr v {0 Hrexidgd mfhﬁéle’i.ﬂfl“ng smal'l

i nt erferi ngoldaptbraf ﬁdstﬁsI&)n; thbexpaaedimeﬂelebdne»oldiﬁe&ﬁdagetlgmethe@éu gest control .

| sol at ed ag&itg hés aéehfﬁ? Ribdafudefnl] WG 8! f 61 ¢ ' GCHLE Fikdd! Udi Ng but

not linmte ura ‘occurring nucleoéti de sequences and reconbi nant

DNA constr é&&%mm@mﬁe@c rmbn*agrmwm e hapleves rstehiliew et | nventi on
are provi deg dsRRAs BUPRHRESE Bin Mﬁlﬁﬁléldoﬁsﬁh&ﬁmﬂiﬂﬁ%@&%ﬂ%nﬂﬁanﬁﬂm@ﬁlﬂogenous

codi ng sequence or..a tar cad 1 uen e |n ol i.nt roduced
t her et o. Htgtj’%ﬁoum ‘f?l%ﬁ gw%’h nl)g_nuc ai nm?ll hlt% @%efa\ieqn&é'noes encodi ng
the isol at e:d:rvasnd usmastsalgﬂt:lpapmovr pumpifiple gromotetseila cae iexbatisients of &9 and t he' '
=6- nat ur al lnbéerﬁ Wik 414 BENAS G0 FRiRE ot BRHEORSILE YEhshohObeohd BRRGHIDI NG t he
dsRNA nol eetj les for controlling plant pest infestations, and (b) display
resi stance °§h"8 ‘Pe¥hanced t ol erance to. the insect-infestations, are also
provi ded. Conpldrsautlwmomoaspnat memgenhmrdslﬁd%mmbinemhqsdell haeqaenbes of the
pr esent g%@%g%ﬁgegommea@zmc@%m%aasmaempwau&qr ek Gel N tOPI Cal

aPplicati onS Ontio or onto animals or into envi ronnment of an

nni mal to Aé?/‘ée@ﬁ@a%ﬁmﬁ?‘ﬁé’i‘?nd’i’ﬁew by é&‘ﬂl‘i?i"P%Peé“fm ’FS‘E’Q‘E the pYPEESIORt | On are al so
descri bed. ofatargetTgm ih fAeQ3R4t 0 The BANA rddiztide infy Hii caexarictyesly btat pucleiont rary to
the teachin i ar i i.ng doubl e
stranded Rﬁ&& de#%%%ﬁ%%ég{]assl sttf%hfﬁ%? &eang%gsgggs)ofﬂo&hg &9 %%yﬁe or nore
expressed BUEPBG Faeomst pRCcEd bé‘fm&am i AeRsISt % rlegft @Bé@P’é@n@bDN{’*he speci es
from whi ch séqﬂﬁcd’ﬁéﬁ:hﬁ&dttbﬁﬂ W]ﬂ&tsvh&hﬁhsm@%ﬁhﬁﬁﬁmfo&ﬁﬂhﬂzﬁt del afehe i nhi bition
of one or ical func n n peci es.

Parti cul arI alse prﬂ]deg Odgtig(?rmsgmyﬁla\x/i}es Ogl of%aalmend B‘E E;?Ofw“?%g%doubl e

st randed RWM@@W@QBMBNﬁbed herein to crop pest SpeC| es such as corn

r oot wor s resulmenieﬂao&skedcéeagohm@e or Malﬁ@as&nt Sfverfdibm Qﬂy%%}fﬁ&ﬂ'&o apd

:jlnt/]eﬁ': gptsl ?Ftﬁ{%"gg a&%‘ﬂ‘?f ?‘”gdkfcﬁdzngr?ﬂ g egeétcff'j’gF?iczeg" gg‘g@&hﬁg}ﬁ rt]tﬁer ein as
provi di ng plalaﬂtrepxt@ﬂﬁctmm@de efithest timitaigm islfdfe, oehewplecasert peichokgpeci es. Ami no

ggi d segute@ﬁ g avbosad, me]agpmey soeg.yeda&egadneeﬁe meeesh;dembsed and
npar e

own ami acid, se nces he seguences are

pr edi ct ed B’&‘ssélnst%’ﬂ@ %ﬁ%lcﬁg’h Ff’ggleﬁ’?ﬁv@“%toﬁ”é%ﬁan EHERY e n tion

. asSsSocCi at edianttd, tcfirud, hlaﬁbntﬁé)eoﬁfammt adttb rudunba) Davglao fir, eghphtt, endiye,associ at ed
with a partjc Isr e ] GRugncoded
therefromi saIBaZ %rhg hilggrrlglf s‘ ?ed%c%m?{ﬁqi}p% Lye&eq' ﬁ%ﬂﬂeﬂam ﬁ’o acid
sequences dEegcleds teamopuliee, f-’? mmnenaof)mltﬁheméﬂémam “hbqoBIEEY descri bed
herein as set -forth and am no acid sequences that are Inmovrn in the
artiinpUblicly avail able dat abases,7. I'l. ,. '9W6, - Sequences encodi ng
proteins or parts of proteins essential for survival, such as , amno:
aci di Sequences involved in various netabolic or catabolic :biochem cal

pat hways, cell division, reproduction, energy netabolism digestion,

neur ol ogi cal function and. the Iike were select'e4 fot Use in preparing
doubl e stranded RNA nol ecul es that were provided in the diet of cal eopteran
pests. As described herein, ingestion by a target pest of Conpositions ; 11,
contapring lone or nore dsRNAs, at |east one segnment of which corresponds
to at least a'




substWally identical segnent of R 1\TA produced in the cells of the target
pest, resulted in death; : t-tnattig, or otter inhibition of the target
pest. These results indicated that a nucleotide. sequence, i:t.h.er DNA or
RNA, . derived froma col eopteran pest can be used to cOnstruct plant cells
resistint to infestation by the pest. The pest host, for exanple,. can be
transforned to contain one.or nore of the nucl eotide sequences derived from
t he col eopteran pest. The nucl eoti de sequence transforned into the pest

host or symidoaedroney encode one or nore RNAs that HCBiUBRodsmisarda dsRNA
sequence' in the cells or 'biological fluids Wthin the transfornmed host O
synbiorit, °WE§§“HE‘R‘FW&1?PFE-P3W%EEHBSM%PGWt PPFS RGFRSY PEHIEA® - pest i fthen

t he pest fﬁﬁjﬁmuplﬂd&] plalitein,t o] peeaiaateplar, @btatS Yl Ghince| R&Nth bing)g i N .t he
suppr essi on of . %QJ 2007/ 035650PCT é&\S}ﬁZﬂS?G/ 036:& o gr essi n of, one or nore
genes in { RECAI) [, Fophery, Sk Tves 5% TR, RSy S0P AP sStEFﬁ}flng, or ot her
i nhibiti onsﬁ@flbem:@uymh sugarcane, Smﬂomwfspt@s@mmmntmmemm &beso,. - general |y
to geneti CyppaBtikdh viad, w&@ﬂnﬁ@ﬂwﬁ@u&e&amﬁmﬁﬁw 'ﬂ&gail&tmﬁn&ﬁgam sms. More

parti cul arl%, ‘thé, Present inventi t he nethods_for delivery of

pest contr¥ ﬁ@‘é’fﬂ”é‘“ttg é‘sﬁ%?“é%”ﬁf"é?% 1% Qa}toppe 4061Tagent s” cause,
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mai ntain i fgRhin 01691519&9{@%510@&?@5@ a-:egs';@&eo e&?ﬂeg%mﬂ?t}:l rsBihall ont . The
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host or sy ﬁggg gg%Bbelggl D& tﬁ&}bﬁo 874 L cco Il"lelm t he foregoing,

t he presen nve 10N provi des a’ne nhi ng e Xpresston of a
tar get genen¢eemgr thadofopt er an pest, i ncl uding for -exanpl e, corn rootworns or

.ot her col eopteﬁeamb:ﬂ;&ecaxsosga@s‘de@%ommﬁawstéfnﬁemtm &&ﬁ&%ﬁ@&rof f eedi ng,

grovvth devel t|o i nfectiyvit | Iy may result
in the deal’ “3 ﬁ%dpte phit "f‘ﬁ‘% %im?:aBS ‘?%%Xsflﬁg W@X%’%ﬁa *ent .
i ntroduci n!gmpaﬁstpnztwhmplafnulﬂoyu ngmbfebtatmedlomuﬁloee o ioperivhediciRAgenis d's RNA)

hucl eot i d%ﬂ@k@m&ﬁ&slﬁeﬁn@o&%&ém%byﬁemﬁm&Ma;m béenpeSt relies on
as a food source, and making the nutritional conpgsition avai]able to the

pest for fEEFHTe PRysTPE Bt Frowiy S e Awhh B e o 08 irch BBt ai ni ng t he
doubl e st r comtizetion with oRINA v SRS desedtad hegein. nAtch@ommnaﬂamulafedfdne mol ecul es
by the Cel!o?ca@&ppﬁﬁ@on%?g&vedru%ﬁég&a'nﬁgmd dﬁ#&lﬁm&%ﬂh&hﬁﬁﬁ . tltﬁm{n ssion of at

| east bil vgJ(enemt e cel on of the target
gene exer t PSRy Bihd: may e “éﬁﬂF‘BE?“dﬁﬁﬁ'ﬁ’B‘Fh‘Batﬁ’%P“km“PquJr‘?us&Ye‘thﬁ

enbodi ment s fodektielingiisetinfegiationr O sshaeky s/t feduciian\iethe leoéd of pessione nucl eot i de
sequences cl%gp oFlh %@A(ﬂﬁ Eg%glgﬁm S?S“&%]coin%fngc{1mg§&tegq>ﬁovgr SEQ BD NG 1

through S organi sm results
inthe red quﬁﬂ°SBPfqz‘é‘rPﬁ‘V&?““@1“ et GoRld s diris Prieved St taeBidweptigid e - agent that
i S *essent protkind @eatet gy RS inbugl vk e aMvACeareliepaE e 1 henetdth@bre bi 0l 0gi cal

funotion. FIERYSERLLE SEANARE: SelaRLE B LY L g ggout S0% e it

/ east abou uence 1d to one e nuc sequencei as
set forth Phpe W)ofhao@creetﬁﬁ%’dbwtgm Wesaoiges leyof sither thoBtds i n t he
sequence ImsadRNg,tomtelvuﬁe ﬂrghedﬁﬂaemﬁm&hﬁrﬁeﬂiedésbemeleﬁmon?dd@ﬂpﬂem%hbl tion can be
descri bed eotl de sequence froma portion of the
t ar get geneﬁ?aég%%ﬁgOfoh‘gafl?“g%%aﬁghe%&ﬂ%| nhibitory dsRNA or siRNA is

transcri bed. THee Fresem dryeqtign feeforetrirayides moqmmmntthaﬁgonsm tgx preesi on of at

| east one &ﬁ&@@peswﬁagam@ka&aau&etﬂé&ﬁﬁpks@oﬂlﬁﬁaal@pehesrrmesst%ééf%ﬁﬂt types of
target genes i.n t t vln; artl nbodi ni ents, the

nucl eot i de®® “?%ﬁﬁ%ﬁ%gwngeg e B Wi %mf’rﬁ%mﬁr‘f? 385D 7‘&035650
PCT1US20064568 684583 Gromsthes BupcrosistiGae o it GRalus SEQn D SsciBad- - 819; SEQ | D

NO 841, angegEQ ,w;?arh@dﬁzﬁmmm pm?;hl?a%wm%m&%ﬁo@ga@ ciflgViNg a pest
protective ef f ect be- read |§¥ expresse ecul es through the

creation oﬁ“’e%?é‘t?foéf‘binf?i‘?”éwéﬁ%‘?“’éé e dredicidg grotemy adgiligninsfich sequences
can be expressed as a hairpin and steln and | oop structure. by-taking a

t hat segnent corresponding to a seguence selected from SEQ ID NO 1 through
SEQ I D NO 906 or a fragment thereof, linking this sequence to a second
segnent spacer region that is not honol ogous or conplenentary to the first
segnent, and linking this to a third segnment that transcribes an RNA,
wherein at |east a portion of the third segnment is substantially
conplenentary to the first segnent. Such a construct forns a stem and | oop
structure by hybridization of the first segnent with the third segnent and
a | oop structure fornms conprising the second segnment (W94/01550,

W98/ 05770 US 2002/ 0048814A1 and US 2003/ 0018993A1) A Nucl e| c Aci d

~ = = ~ a
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hybri dS. The words "nucleic acid segnent”, "nucl eotide sequence segrhant”;
or nore generally "segnent” will be understood by those in the art as a
functional termthat includes both genom ¢ sequences, ribosomal RNA
sequences, transfer RNA sequences, -messenger RNA sequences, operon
sequences and sinal I er engineered nucl eot i de sequences that express or may
be adapted to express, proteins, palypeptides or peptides. Provi ded
accordi ng t gghkeedseyention are nucl&ot i de sequencexT/usdmoBxpr essi on of
which results in an RNA sequence .whi.ch.is substantially honol ogous to an
RNA nol ecubasillas ka'{gms@feIF@dm@é‘rr@fﬁlmcaaﬁw jarss e mupthert of diGppgiridad gwteln  RNA sequence
encoded byjnaudigChemt hﬂﬁed&eqms:ecmtmr@mhec%m cQ}zthCBGISECt Thus,

after _in | zed NAse tlon of the
nucl eot | dg%@yc?g'ear?i@"ozfﬁt]%qt%tmg %alprﬁg??gﬁ%é? T‘I‘g&@fﬁ%é T™¥ect may be
obt ai-ned rzsciddalpeptdnCraETie hut GyE1G6 s biniry dsctiaidal prbtein FEI100 ;md FITEQ, vi ability,
proliferat am@ymwcfagwem%l@ﬁ@l alvﬁ ﬁ&kﬁim&t&i atrf@oo &?é?‘rtédgfot As used.

herein, the term "substantially honpl ogous homol ogy”, Wth
ref erence ¥GomEbinRens of e Dierhipidelumoicing Ed29 ?rﬁg?ﬁw&m§°%@&qmsﬁécgé%quence t hat
hybri di zeserumehaz, afid iideAgiBA chiberadhif tiyofihe frecedibineaididfgraaguence as set forth

[ any of SEQ 4GuNG i LAGHD[L SFRLIR {8008 yR5cifls £ B uAck e sequence

listing, or the conplenents uence RYBridrze under

Stringent bowmiiditomset patious tetogt garipmrgs for prinbie asse@cn Behdien06 as set:
forth in the tﬁé?%?ﬂ&ﬁrpblb:ﬁén&eﬂ&uﬂﬂlrpe&H&t@ﬂ!ﬂ@hﬁiﬁﬁmﬁmtmﬁﬁkfhas 8e€ those that

all ow an rallel..:-alignment t ake ween  t Wo sequences,
and the tmf)“"é%do ?gar%{? gpfeﬁ nmeg’lw?ct aBe algnﬁt 8%8{]@“‘% to form
hydr ogen b@nwmmtdw @oﬁqt@@pgrmncmgofbmssm aptttretyo@pmsngemostca‘nﬁet o forma

dup! ex 110! Gl fendd@be th Incle! nfl i bt babkfonitlNcal REGlich iRt condi L ons
to be defectabl e usi %mt ods wel |l known he art. Substantially

honol ogous ’g‘%dfﬁéﬁ]&*‘e‘é’ ted 197 @‘F’E’f%?ﬂpflthf PRSP %5{3}?& °‘7'59/§Q“BS‘EB'691§’P‘1 80% sequence
identity, -gentnoimen pugeften abloye b wore atwd UtanBG8ed oellabguhe ph0mseguénce identity,
or nost praferahl eef 19%5&9/9 tm@&?@ ﬁ’xatafﬂé"défmg H?e@ct@ AL Ly, to about
99% sequence I dentity erent nucl-eoti e sequences as set forth in
any of SEQP"R]E?W“P@W‘H%F@W"SE@"F@“%t@b‘é“’&@n'é‘éfeﬂf‘Efrﬂteﬁ’eﬁtn t he -sequence |i sting,
or the corrpl enRniese ta@fc@(ﬁr suppressmnA&an‘i&ﬁe hﬂl‘e&bﬁhﬂl Hrld@inf &Erpcedﬁequence

| dentity”, %’f%ﬁ Onsﬁ& % {:tQJ LY th 1%1: é%H&’s & 9%’ f 3 1% %ﬁ'ont yagascri be

sequence r seq i8fiCés. The
per cent ageh‘@fmﬂesf@a’a@ﬁcéwﬁdeﬁpw fels'é%%c}?h f‘t&%ﬁ@eﬂﬁe‘m@%llﬁo@et erm ned by

conparing sym@esﬁmdmdpba d@mw@ﬁ@ﬁuﬂma&n@n@e o@c&%ﬁ%ﬁ&iﬂ@nﬂﬂ, ndow, wherein

the portion. e sequence i onpar i s rise additions
or bl et i oftimy i RariutE e e R GRAT Bt Riedor GPEREEY SEiihce. (whi ch
does . notphsmn!ptrel %@mad@temaerﬁ@n@mm@mh@) legdprmsiia; dgvtlorsentpndrent of t he

t wo sequensagéienmuwee gﬁ&@ﬁaﬁ 5 nsruehid) Gekivk eayRY r8IRE HhddoRghph he nunber of
1-412.1. %OQ? PCT/ 1152006/ 036319 positijons- at which the identical
neC ei a acP8 ‘E?%iﬂ rme‘ﬁ?Pi“‘tf % PSR FP L VOB AES BERelTes t o yield

t he nunberremi:atwﬂ.tacﬁﬁdoqusncmmm,apomom di ng the nunber of matched positions

by the total nughet, s?ef ‘B:%TI beﬁﬂﬁveﬁd%nhtbep:&w@&ﬁéﬁmﬂiﬁ?ﬁgﬁ%};#ﬁ%ﬂaa”d
rrultlplylngftther t 0

Otoyieldthe p ercelﬂit SUE)EI(;}luenceldentlty
A sequence®hFee pge '1°ﬁjeﬁ? @aﬂmpalfl"“é\?@i"ﬁte‘bf?sﬁnief’tdfs i‘%ﬁ‘b fo a reference
sequence |&mﬂm&theatelmoﬂammdun@ambnmh@deaﬁ@ﬁénmmnwmedm Vi ce-ver sa.
A that nuckapld 161 Sfsie e ReRo0s 386 fihohidy biauctier binphueatthioifl [ ON |15 sai d

to be a conplenen r caonpl enenta second. or erence

nucl eot i demé’e‘ﬁﬁe%@epl%s@?\}’éﬁ“lp%&]@ grop tPi;n'St" Apy b emrersiont Heaadr st

nucl eot i depo%ﬁmmm&ﬁw@&mdap&ﬁlo@wpety@cﬁmph&ammgwmmwasam second or
reference ﬁe%y q&@l tlpereln nucl ei ¢ ‘aci'd sequence nol ecul es are
said to exfFst e Sﬁﬁﬁg & oﬁ%lenentarlty when every nucl eotide of one of
the sequenceé read 5! to 3' is conplenmentary:to every nucleotld& of the

ot her sequence when read 3'to 5 . A nucl eotide sequence that is
conplementary to a reference nuclegtlde sequence :will exhibit a sequence
identical to the reverse conpl enent sequence of the ref erence nucl eoti de
sequence. These terns and descriptions are well defined in the art and ..
are easily understood by those of ordinary skill in the "ait: As used
herein, a "conparison window' refers to a conceptual segnent of at |east 6
contiguities positions, usually about 50 to about 100, nore usually about
100 to about 150, in ...., which a. sequ. eiece is conpared to a reference
sequence of the same nunber of contiguous positions; after ; the two
sequences are optimally aligned. The conpari son wi ndow may ::t.

conPr* eddltlons or deletlons (|.e. gaps) of about 20% or | ess as conpared
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cl oned between two tissue 'specific pronoters, such as two root specific
Pronpoter's which are operable in a transgenic plant cell and therein
expressed to produce nRNA in the transgenic plant cell that font dsRNA

nol ecul es theretd. The dsRNA Ml ecul es .contained .in pant tissues are

i ngested by an-insect so that the intended suppression of the target gene
expression is achieved, - ‘A nucleiitide sequence provi ded by the present
i nventi on ma conprise. an inverted repeat separated by a "spacer
sequence. ' B20HR¥E sequence itiay be a region c@%ﬂﬁz@f/ﬁg?li‘any sequence of
nucl eotides that faciljtates econdary stru ture ‘Eﬁ |on between each
repeat, where Hegem embodimenis.he eqprssisn ol th fesent

i nvent i on, mél&vele dph appresascut daa ﬂ‘rs’thmr genoin mhesestqmstelwhasaﬁgest&fmse codi ng
Sequence fpg,rmmd RIS 956k B8 MHET 68, B BHD B Bl SOIRL T se any

coni bi naf i ot1des. her-eo capabl e Of
bei ng hhke‘iﬁh@ﬁ/@ﬂe@@myp P@El&lneaéfeedmg@yabq EFSW‘@%‘MIOéth'Ph‘é E?if&‘eiér sequence

may conpt lé@it@m Mﬁuﬁen 2 d&@@ﬁr@ﬁrdf&egesﬂfr aiylpedt BASIeuablaRstuctib@ byl 00
nucleotrd eak a ggé 106- 200

Mot oot i B RH TEAR el i el SEhRE el S hholeat Shou 106200 h, 16
at |eist' afomstiom 460 54i0ction Gheoile tharsonk rreguistignt hon yegulation ahd Irduspari, nel ef ¢ aci d
Mol ecul es Qfinfbid epmr%mwee ﬁ%kéﬁ&a?'m%m@%&'bﬁﬁhﬁ&ld' e@anoormdqfegerauaﬂcl eic acid
iindg,Cdes in the sequence |]sting are cap4lg of spg;crfrcally hybri di zi ng
to other rﬁamf@aﬁ%rnaﬂﬂerﬂéém@e rmgferweereeéngn EREOOR {ORTAIAT. | WBE . As
usaherei n, foﬁna@onnreglf&uﬁu@pb@ fomlatilila68] Miteratin) dgetsﬁ)vcbﬁzmpﬁ&laeonof

specifical nxg | . ] are capabl e
of form ng]l %14?1 ? - l&a%‘%ﬁ#”ﬁlﬁgﬂlou- ?&Lngigﬁlan e nuc elc a?gg&?}f‘%ﬂrct ure. A
nucl ei ¢ aciugstian| eeygeace §omapwatiop Al diyisiono wprRYmERRDYFD.o HEPIHEYY nucl ei ¢ aci d
mol ecul e i dyiobiiRiil Sititndad t symmes! Qidenﬁﬁfmh&[ apBbais t Metabbiidh, Mitnspen!l €s are sai d

to be mnl |l | e e a hybrldlzeto one another with
sufficient g?%'bs%rw%%f ‘gqeﬁﬁ“?{“ﬁ%'e S%F% |n anneal ed to one anot her under
at | east convehpthma!lbodimmﬁbimeﬂgemy%r@mpmpmmﬂedwgﬂﬁpmmmwupt he nol ecul es
are said tQnd@nsd @rrelaerm&t a,rdyczm;umwﬁxmeada BBl de e RoBtwRe (RRGE her wi th

suf ficient abl rena e ne anot her
under . conl\)/s% ’TCSn‘é’?‘}fa”hvﬁ%% r&'?fﬁ ?V“O%(?W&FT R&’%@SS %Wé‘h?’f’r tringency
condi t i onsNartemdest Rotdwdnh (NBAyri¥adokcs aigifat zed BE3BH Camd%bwoﬁayrres et al
(1985). ICR@egﬁJb%z'z%f%afzJaﬂrQB?ﬁﬂﬂl eha ﬁ&%ﬁ BERAN D‘ia‘éroﬂfae viipgk ef ore

perm ssi bIe as su epartures do not_ co preclude, the
capaci ty SRt C%q@ewes&t%nf Bene ot Jracase %lrae oet%a’r)are Thus, in

order for @ZRncleic acid nolecule or a fragment. of the nucleic acid

ol ectl e 0 Se( 8 o duRbiliBhe Blughiiol br 186 S ARG Qb gl ent ! Y

coni plementaty 1 n sequence to to for e doubl e- st randed

st ruct ur e Uhieress % FPé“ba“r”"c fefeqittion, saip mplpd coumesingaine Stﬁtﬂr?ééhlnF%ﬂ“F’éﬁwé enpl oyed.
Appropri atplyﬁidcbﬁligmﬁqucmhmdlﬁomQ\mNoh tRORRBE@ IDNA9OG bd Hgmait | on are, for
exanl e, %eol‘ uﬁ&%& %%PEA%%M%E%%{: Plgﬁt% @%%@ex;ﬁfss@?&%d 45C, fol | oned

by a wash' o are known hose In the art or can
be found |WW°P%¢WW&36E’?§FI%W e RbTutleprds i fudge by imetpeszat  exanpl e, the
sal t concelasrsbﬂﬁwgmolemcédmeto\mﬁfma @anohew&al ected .froma | ow stringency
of about 2.0 x EB u§¥ SSC at 50C.
I n addi ti on, ‘ﬁ§§?ﬂ&t as?aﬁf&hg uﬁﬁﬂ V\#’ ﬁaggé%oﬁcﬂ%&l%or%%%}ed from | ow
Stri ngencylmé'?;?wwdmﬁ?saﬂé(?r qogpAasitions wHoRtiEL E?leimga‘b’emf lipnfted totapinial gl st ri ngency

condi ti onscoainoemupmﬁétsmd baeiobuc&em@ei@h%edam u§edlst b Yorb@mMar i ed, or
either the teme re of, salt concen rat on Wﬁé&‘ﬁ? hel d constant whil e

t he ot her V&Wﬁtﬁl sﬁé‘f‘r@%’ﬁ”“%”%ﬁ@l BrEod ﬁ‘c?fe or tlﬂ’gmbresent
i nvention mmstpecnciurdmab\htwoﬁ;dnﬂm@m ﬁogr,mmmeal quor yrupf comugll eare aci d

ol ecul es JhMmAUEHR o RRITLERR Hand AR 89k colBSBfonsSHE @Rl L ONS.

Preferably, g eic acid-for use,in-the present invention wll exhibit at
| east frod?mﬁﬁﬁﬁg %ﬁ@?mﬁwmﬁﬁfPéﬁ%?m*Fﬁﬁ?ﬁbﬁhP“§@$Fnde&PsFE&E? f rom about
95% or at |least from about 98% or ‘even about 100% sequéence identity with
one or nmore 'nucleic acid nol ecul eg.as set forth in SEQID NO'! through
SEQ I D NO 906 as set forth in the sequence listing. Nucl ei ¢ aci ds of
the present invention may al so be synthe5|zed either conpletely or in
part, .especially where it is desirable 'to provide plant- preferred
sequences, by nethods WD 2607/ 035650PCT/ US2006/ 036319 known in the art:
Thus, all or a portion of the nucleic acids of the present invention mybe
synt hesi zednsi ng codons preferred by a sel ected host. Species-preferred
codons nmay be determined,' for exanple, fromthe codons used Mst
frequently |n t he proterns expressed |n a partrcular host specres Clher

o, Y " o, o o e e
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ASCII .tXt. file, stored in a database application, such as .DB2, Sybase,"
Oracle, of the "like. :. The skilled artisan can readily adapt any nunber
of data processor structuring formats (eg text file '0 :database) in order
to obtain conputér readabl enedi um havi'ng.recorded thereon the nucl eotidé
sequence information of the present invention. CQO nputer software is
publicly avail able which allows a sk4 |1ed artisan to access

sequenCel 4f owWenr@i4see provi ded in a. corrputer r eadabbtwpustediseam Sof t war e t hat
i mpl ement s :4; the BLA31(41tal ohul et. -al., .1990) and BLAZE (Bnitl ag, et
al ., 1993) dlwaahefmravgmsgdrdomntnqntaMgsm@yﬁa@iessmnmampmm&ed 46 identify
open readi pgpf stq%ﬁbeéa@@F&zy mlethtaaﬁtéﬁe%ﬁ%%msasﬂrﬁn}o%ﬂeh% Uk OLT S ancl.

BST' s that are praovid herein and that-contain ES or ..

prot ei ni . P?‘i‘“ﬁ‘i%\“’ﬂ?ﬁé‘?"f’]&‘rs@é*ﬁ? Bfgresuiggriieicagemorafion ?fﬁ*&ft%‘PlfPﬁé?‘iGBﬁF ng fragnents
Wi thi n t hepsenfuieratiinstor Eytrollige thp riefseation bmmemj;temn pesRdinaglais: USgh ul i n

produci ng com I I t e sed in amno

aci d . bi osyn Bﬁlﬁ%aﬁdéo %%%Hd&%c?:?daeﬁscr&@fﬁ on, ansﬁx [ %?1“ FRNA processi ng,
nucl ei ¢ acplent, mmﬁeﬁﬁm@iwlﬂwpmﬁt%rﬁomm%?fénﬁe protiEnpisgaddotides .and DNA

repli C?t I OBfthJﬂ?éiénfi]{I%![ldﬁ%rnﬂ%]é@dfedddfaﬁelogﬂﬁtm & fea&marﬁwlcaz&den{e@@?l r. based The
present in ur vi des sys ens y conput er - base

syst ens, wﬁ’fr&?f %Fﬁ e ?ﬂ%sp?gqcﬁ@ﬂ % {ffe ﬁ Beﬁnq?@gél n: Such
syst ens ar eledpterpmypeetsioftsachi Odmmdlfﬁ'ynmmehv mﬂdcss suphpes fgraxdmpier @gimknt's of t he
nucl ei c aCbi‘hoWa@ﬁfs"b@caﬁ’sfe oft!ﬂ@pr&%&éﬁme coﬂﬁQ):@t?QJ&Qﬁﬁ:ﬁéBP@Ebﬁ?e Qae/ 036319

i nvention. As used herein, " ut er - based-s refers’'to the hardware
means, sof SRAETEPTEEGTNA ‘359’&55&%1@"&‘ B R AR L élb eErEf""éH%ﬁ % the

nucl eot i de Seqﬂeﬁmilolﬂfpﬂﬁmgl soch © foninbvaityppredueindoniprisigndbiaiiing aTishmtm ni mum
hardwar e npans.2f gy&l{i‘&?éd&&cmm,ﬁ% %ﬁh&%wmﬁw&e@g&&g%&s vention

COWDFISGS a:central cessin ( nmean nmeans, . -

and data s®oEHP N@éﬁ%“’“gﬁ\ SER) 1P Gk 9% 1 %%?hcaE?QFF pEpgmeny %f?&PgEFnét e that any
one of t hem&wrr@mbﬂew:aedrmm BEIIR o thelpREES sy Sk@sNid® pidvide@bl € for use

|0 e Pregghl, 4 hNSRb Mo e 7Bk ISERLL afich BUASLBLENS ! oL T o

"target no ers sequence or conb|nat|on

of sequencm#°mséﬁf°@lﬁem§1@cﬂﬂ‘mé@§5“é$°f @d@ﬁ@é’(@u@rSEQmNO@ﬁ@sen based on

a. three- dbﬁ@ﬂ@b@ﬁ%& oG PMEhrict U oRdok QR frbifing] Sod @ ITEERGroRAR pidiorlpa di Ng of the
target not| There are a variety of target notifs knovvn in the art.

Protein ta?‘&&"(flﬁﬁttaflqﬂ?r’fsﬁé g’é B%‘P ‘aré not limted to, enzymatic active.
sites and si gn#ke isegicarrie proyiect mmaccﬂdabtm@lem Imwing fesoriladcharde, but are not

limited tO0gseRE ERE STmeSREMGRE SSnentds 35 St SMBM §2Q MBINGY Burougd swwr es and

i nduci bl e ex ssion_ el ements rotein bindi uences

Recomnbi nani‘EI %é%t"bt"%mpé‘?‘?’ﬁmﬁé}?fe%:g&“?Paﬁgm%&?m bas"d,é‘(“pz’lf"étl'f’ﬂﬁ’rbl nant DNA
-vector naguplucﬁxtgrbuemrtmm tdBNA ifléntitpand gmilsityCieasigay, pioteduidatityphéisni d.  The
vector syst e vectors or
pl asrni ds tﬁgqtn quaﬁggk%lfglryﬁ t%g[a{agéngmoa'sE@pgnsg%b%%?%nﬁ%g{j into the
genone of @“ﬁ‘éﬂgﬂnﬁéﬁmﬁﬂ’é@ml n addition, a bacterial vector nmay be an
expression Vector. Nucleic acid m)l ecules as set forth in SEQ|D NO I'

t hrough. SEQ I D NO 906 ZRLE] g Y bypESent s t hereof can, for
exanpl e, be suitably inserted |nto a .vector under the -control of a suitable
pronoter that Flfheti onBidessayoef &l corn phant everts Tansthinsd wilopM@N38603AFEQ e expressi on

of a | i nkegh G680 thd SRAUGILRAON esRintSi RIMRQIRT. ce Many vectors are
avai l abl e for this purpose, and selection of t B’Eﬁ)p §9§58V6Ct or will

depend mai nly 8W-fhe sPXEssef ot FY 1gem et éYeﬁtsé@PSSmP % into the
vect or andcoidpfisifdabichietir D1 (SEEID X@R11) ind cllergéduney WesteteChrRdobwetdie vect or .

Each vect eév&gnt ains various conponents. iiepending on its function’
(anmplicati f .DNA or expressi on of DNA) "and the particular host cell wth
which it is conpatible. The vector conponents for bacterial -transformation
general Iy incl ude, but are not-limted 'to, one or nore of the follow ng: a
signal sequence, an origin of replication, one or rore sel ectable marker
genes, and an induci bl e pronot er,” alloWng the expression of exogenous DNA.
.;..! Expression and cloning veetors generally contain a.selection gene;
also referred to as

DR B




a selectable marker. This gene encodes a protein necessary.. .for the
survival or gromh of : transforned host Cells grown in a selective culture
medi um Typi cal seleti. on genes encode proteins that (a) confer

resistance '16: antibiotics or other teXins, e.g.; arapitillin, neonycin,
-0 L WD 20071035650PCI 1US20061036319 net hotroxate, or tetracycline,
(b) conpl Orent suxiiiiisphic deficiencies, or (c) supply critical nutrients

not available- fromconplex nedia, e.g., t he gene encodi ng ro7al ani ne
racemi se fokyoBew@hdséso . . Those cells that are succedsrusposp¥sspsi ormed with a
het er ol ogous protein or fragnment.thereof produce a protein conferring drug
resi stance and®%dasur Seetion REDN ad (G34 g%?’l‘f%ﬁ‘d schematipdesigRRfessi on vect or
for produchwy-Ta248ebidatean Cad.so cont ain an induci-bl e pronoter that is

recogni zed by the host bacterial organismand is .operably linked to the

nuclei ¢ aci d epgod] N9, 884X AP kyRtmesiBPoald 64 SnGuadll @1gm0! ecul e coding the D.

v. vilgifera rrRNAor fragment t hereot of |nterest |cI uci bl e pronoters

suitable for u %%J host s d | aot pronoter, E. con
phage PL and PR pr ormt er SBB Gﬁucﬂt(%eﬁ3éa %’s%&f) eIlte[!‘][al?ﬁar abi nose

pronoter, al kaline pho tasSe pronoter tr han (ti romoter, and the
| act ose operoﬁ‘%lﬁormtﬁ’”’gﬁazﬁﬁaﬁﬁﬁtﬂlﬁﬁ%&ﬁf@% ‘I’PF CW%](? ‘pronoters such
as the tac pronoter. However, other known bacterial inducible pronoters are
sui tabl e. The FER-M " op@rVé%W%ﬁ%Wef%@sméFsPWfarg@?‘ésr%lhcﬁﬁ)to a regul atory
sequence and a shuctur aI nucl eaqt’i de sequence . means that the regul atory
sequence causes r égulDRTag) RIPTEY VEINTIONKed st ruct ur al

nucl eoti de sequence: Regul atory. sequences "control elenents!!, refer.
to nucl eotide Jefoiowigds qdé@éﬁﬂéﬁ%%‘ﬂf@ﬁlﬁv‘(nsmﬂmﬂ%@ﬂdﬁ@%%&e‘ﬁces) within,
or downSt r @ak B pradtiGifig the JResdnninedtiGe qTiBfRCE S)dirafy smnsmrmwarum mikdC| eot i de
sequence, |nf ;uence . n @Qg t of

transCri pt %Qgﬁ% dr oce%ngf nge et?ﬁabd-ng?ng d%‘l%he‘?he Jtr%“gns #L@t he

associ at edspérit pireera phihe et @selile sequence. Regul atory sequena es may

i ncl uFIe POr Oi Nathdrdent Inweﬁedla&smflmkmldeﬁ c&%biﬁdiﬁﬂﬁgcn@l:ddoﬁlbb‘?ofﬁghanfer s,
stem oop ctur ressorlinnglin uences enyl ati on
recognitio gél&tf r}f?’e‘asmﬁﬁgﬁleﬁeesﬁnf’ﬁ?nm’fpﬁ%fi Q‘Pﬁ%ﬁ\@m{lﬁgg’% %Pr essi on
const r uct spasireniveaptiondllr irpwssedinhibit expteision b@d@reqt boding sgpwonia theicellrfan- -

;i ntegrat Lﬁ%?%ﬁ@ag&t@?o@eﬂﬁv@%ﬂ%ﬂbyﬂe@ﬁtﬂﬁ& pfeéfotho@Hoﬁé df’m|%| déhcﬂl Ieas: Onte
sequence onpl.0 I OND; all ows the vector to
i nt egr at e: TR = ’E’)tf‘?guc elc aﬁggﬁﬁ ’881"‘"1"%? "F"?‘irqrﬁmr g@ﬁn%?%’?ﬁnl%ﬁs bet ween
honol ogoustafgitoding defyence.chdrady cautrolitg the lbﬁmneu i Bterefoth hOpr@aiGmentiokor exanpl e,

i ntegratingeed %&n&%s;ﬂcq%ﬁ&n Wetxllﬂ'es%oif waig s Lgﬁaceusnéaéamé us gtrains

integrate into the - amB us chrononsone tegrating veetors
may al so p&ar %Bﬁ‘ﬁr@%é d‘fCl“B’ﬁéf”éﬁlll"&}?ﬂ‘?&beeRNﬁ HeBhthe Wiffi¥fices.  Sui ci de
vector's areeslsaifgeetcwabvm inthe art. " Constructl on of suitable vectors

contai ni ng OneIsgatem'&@ubgtfmﬁtalﬂﬁpuﬁgéa\ﬁﬁéléxd eﬁ%&a&m&m&ﬁu&mﬂwﬁo standard

reconbi nant DNA techni ques. “I'sol ated plasm ds or fragnments are

cl eaved, t#PmeFEdy °&%“F'H‘gr’é1°ﬁe?‘§&tsé‘ﬂl"‘i°ﬁ taFPeI?"%W"&bQNAe(f"?SB“%feﬁ‘Er ate the
plasmds r equtribiag dsREMandceiss o the giesdnt inhiton hagtwidbathatengpreess inhiditvect O s

i ncl ude, byt e?ﬂ’r0§51&oc}fa£'eﬁgoéeﬁ§1 s (cQingl 4 ex{&”oﬂfaig@?éo e%é‘équﬁ V\dﬁ% fpeg! ONi NG and

expr ession vectors such luescri Strat ag
2( 307103568@@@@@5%@%36@%%@1%%8) @A‘fmn}lﬂwm SEenceLeitgnpl e, a D. v.
virgifera m&e&mmm@&ub&mmaﬁﬁahmmmmwdae:dlthegﬁheﬁiummtdamﬁﬁ@ vector in

frame with_se uen 0-1 uent 7

resi dues of p- gﬁ? o°§?*" i n?]ngtfe&%i@gﬁdac"}%gf nhaﬁ%gp&lafldﬁ%ced pl N
vectors ( Valfpﬂ'fﬂeek enda(iwdlm ms@ace i@ Qyhancechtgletahds ) itiedusect mfeStaﬁonssA yeast

r econbi Nantes GRAEbHAE! CorRBidoYiioRibiy th BRNACRIGRE. Rh1eR%S 6 88 pddag fOl I owi ng: a
pronot er sequence, fusion partner sequence, |eader sequence, transcription
term nation sequence, a ‘sel ectabl e marker. These el enents can be conbi ned
into an expression cassette, which may Abe mai ntained in a replicon, such as
an extrachronosonmal elenent (e.g., plasmds) capable of stable maintenance
in a host, such as yeast or bacteriija. The replicon may have two replication
systens, allowing it to-be nmintained, for exanple, in. yeast for
expression and in a prokaryotic host for cloning and anplification.

Exanpl es of such yeast-bacteria shuttle vectors include YEp24 (Botstein at
aL, 1979), pCl/1. (Brake et al., 1984), and YRpl7 (Stinchconb at al.,

1982). In addition, a replicon may be either a high or | ow copy nunber

pl asm d. A high copy nunber plasmd will -generally have a copy nunber
ranging froth about 5 to about 200, and typically about 10-tri about 150. A
host cont a| n| ng a h| gh copy nunber pl asm d WI II pr ef er abI y have at Ieast

A~ T T T R T S T o,




WO 2007/ 035650PCT/ 11 S 2006/ 036319 al ., supra. One or nore. expression.
ccitistructs ma..YCfitegrate, possibly affecting | evels of reconbi nant
protein produced (Rine at ar, Inn). The present invention, also

contenpl ates transformation of a:nucl eotide:sequence of the present
invention into a plant to achieve pest inhibitory |levels of expression of
one or .. nore &RNA nol ecules. A transformation vector can be readily
prepared usi WP mephieds available in the art, The trrRskRRELON vect or
conprises one or nore nucleotide sequences that i s/are capabl e of being
transcri bedvergomir wan terisabepplicationfonta Mapts or egtggnimals dy dnteithe Prengqnyfmfhorml ogous
and/ or comamrmatlacraemmt&reemtaﬁuoﬂ”&rraiuamb@e&mﬂaat&e%e@&&&nsemcoded by the

3333”?6-3& ;P?olnrgg?l tﬁ’f)sﬁ]ea‘ée@mgln‘%% EIF‘P?’H °°t%a§"nt§f&bet helﬁ’ég S %ﬁ%fe e nucl eoti de
sequences &edisghecagpenition continingrioutinsherded RNA molefiles consipting aiseuéncmn vect or may
be termed gussHhifn %rb? tofobCxpraddch (HBYotiad &Quel?c%s gle:{ l:d"a%ﬂeﬁ? spfcies tf

ecul e.

reconbi nant . nol ecul e, an |nsect cont r ol %gnetl cC no or a
chineric géﬁ?@?ﬁ@mc‘ﬂlﬁét‘bﬁﬁ‘&‘tlm 9% SEquPTTES R °§%‘F?§’tr?sli“sd% foihition gfong dfe present

i nvention mmmﬂlmémmmamqﬁomoptm&bw i Betichadly) @nceenesesdi Nng one or
nore antis r or nore of
Ranh of t hgl% %érde’ﬁﬂé%’??‘%gggé dou?\ﬁgsfrgllﬁ%d al ‘fm&%%a%? ésE:?o? éﬁ&é’?%nc?ggﬂ%t t herefrom

i s honol ogdRgees Wolaps oq Tooperes whuliafp fhrsesth Peihibision ehfrrlenmsg @4 RNA sequence

encoded bym&‘erﬁﬁﬂiﬁdit@ﬂnd&pmwﬁﬁ@tm*édamﬁbsﬁi&ﬁ genorre of -an i nsect. I n

one enbodi nent he ! @m ée%a Q. n’B.TlI odﬁ vector c |ses an.. sol ated and
€ Inyeniors ve1 ed e nuc eott c ences deséri er lnas thn

purified DNA nolecule ng a eralve & to due or

nmore nucl emtm@t%@qe@?Weswé\‘ Gotehéerﬁlrm%emtleﬂt Mvtac@ﬁequw méﬂdé’tﬁt i de sequence
is selet edlefcbﬁwbet&\%es O HRn Qesel Shd Frehp@td @E@wlnpaﬂ@ doid &g&h’&h SEQ ID

NG 906 as f in the se ce listin e nucl eoti de sequence
i ncl udes aig%ﬁgme THEHY Al ?Igdé‘i’bq 3 oo5f °“1—€2 PEEE ETFe GRPREOR a -t ar get ed
pest RNA t idauggioil pisbcdand Wnalythmuﬁfpﬁr meauom\némms@nrtmpeats@cmtﬁd aith aor- a part of

a target ed pesiy BMbotidNSqlaid B ﬁ&t&hese@etmrengddagﬂteteeoﬂprbgsaélogn vector may
al so cont al n functl onaI i ntrOn seq ence poa‘ﬁtl one e|t her upst ream of the

codi ng seq S“’é‘t?’é‘ﬁb\?ﬁ"f"ﬁltt}‘?alnﬁ@a‘ﬁ TRpesdepset e fso contain a

five prinecddn g)sequmérsatasﬁm eleih wﬁﬁbntsadq HRINE &id ds@.xenccaﬂﬁmbwzﬁn UTR)

posi tionedyl Q?-%Wﬁ%d}r%ﬂ?oﬁe% el - and the .point of translation initiation.
frat

A plant tra on vector namy contain sequences from nore than one

gene, thus aHMﬁ@qmwmrﬁfmsmt®9mﬁwﬁe%ﬁmwﬂ Wbt i ng

Ve

the art w II readl dlycuglg IR b@&ﬁ#@g}gﬁg mto cgﬁmn o oo?rqgﬁ ?{g’ uence

corr esponds v1ts1on, se S Ca into a
singl e conﬁb@ﬁ"@ @IMH@@W@WWM@MWWGF A evided arfhecdi] ant .
Al ternativet yoleopteret gatyl dalestipes E&@S%Eesubﬁl‘%?lattb@& bt @adMpssissai ni ng at

| east one |e WD 2007/ 3 5

T/ TI S2006/ EFEETE. °g%8|‘u‘8?t?§%t“ﬂtn ﬁ“t‘ S°8F ﬂ‘gﬁt“i ETSPTBREA g? 9ﬁts bet ween.
t he enhance&bstmhellypﬂ@m @gm@hefmé"ﬂpmdvaftdon the ee}la @fithe ¢arget yest neﬂtvdrusect control
agent of ttiéthpiuﬁﬁﬁ‘ﬂxﬂoﬁx\éﬁ%ﬂh% o@leétaga%et fﬁttsetéaetsmdtcttbd tlatutaha-ttoﬁe mul tiple

genes, the nés ed _can e obt ai ne i nsect

speci es i n e&'éCre‘tﬁ‘EDgﬁh"é eeg(fff"fléﬁ téﬁ%‘é%°§‘° egt??‘?gsg&‘ttglg‘gnt rol agent.
.I'n cert ai pellerssigtelit mgahonbbethgeﬁesmeawm ﬂemameldcﬂrrmedsﬁtﬁleiftent insects in

order to bteaeﬁleat toheo&%@%ngéleoh&eewe&e@&awesﬁtomvm sdteotx% paENfmei s ef fective.

When multiple genes are targeted for suppression or conbi nati on of

expr essi onn‘&ﬁﬂh@ﬁfﬂﬂtﬂé%gtnéﬁqmeé Ry g @geE B ,‘P’ﬁsbfmwn@l”é%ﬁiﬁ°”6£ﬁmﬁ‘§ fabri cat ed
as il ustraNasl tian@ndi 66| HISWA Fequehtel nathd kells Ap Pidldpitl MidsPuidid @ati on No. U$
2004~ 002928 goerfch QDL Buriclfbund WRhS B bl oA Pk e wRRRG! €S axe al so
wel | known'in ters use or expression o OHypeptl des in
pl ant s i ncifiyden ﬂlhpﬁsfefeetdhmonﬂleefﬂmsmdlpﬁPes,}'mbiplrtatlesulheglm%‘t‘JPRSeSSl@JrOfConst itutive
as described in Odell et al. (1985), and/or pronoters that are tenporally
regul ated, spatially regulated, angl . spatio-tenporally _ regul ated.
Preferred pronoters include the enhanced CaMv/35S pronoters, and the FMW35S
pronmoter. For the ... . purpose of the present invention, e.g., for
optimum control of species that feed on roots, it my be preferable to
achi eve the highest |evels of expression of these genes within the roots
of plants. A nunber of root-enhanced pronoters have been identified and are
known in the art (Lu e al., 2000; U S. Patent No. 5,837,848 and 6, 489, 542).
A reconbi nant DNA vector or ,onstruct of the present invention wll
typically conprise a selectable nmarker that-confers a sel ectable

phenCl ype. on PI ant ceI I S. Sel ect abl e mar kers may aI so be Used to sel ect

o, o 2 1. T ] . - Y




for Wich Various.cliroraogenic substratei.are knowd(iefferson, 1987,
Jefferson et al., 1987); an R-locus 'gene, which encodes a product that
regul ates the production of anthocyanin pigments (red color) in plant
tissues (Dellaporta at alL, 1988); a43-lactanase gene (Sutcliffe et at,
1978), a gene which encodes an enzyne for which various chronogenic
substrates are known (e.g., P.ADAC, a chronogenic cephal osporin); a

| uci ferase g et al,, 1986) -a xyLE gene (Zukowsky et al., 1983) which
encodes a caﬁggwgﬁﬂ%}oxygenase that can convert .-85V8§W§@ﬁ¥% catechol s; an
a- anyl ase_ ggReiok bf mebin®@é gthes in hOSH) éfﬂ@pwaﬁmﬁgt&%ﬁh,@%&t al ., 1983)
whi ch encodFs: ﬁn qﬁﬁ¥ne capabl.e of oxidizing tyrosine to . A and-

dopaqui nonB AT B¥h.con. deases to.nelanin; an a -gal azt osi dase, which
cat al yzes a cl Vienpeenti nvaatioan ghieagtemily sa lpaictiatenirol- of coleopteiaefpestr ed pl ant

transf or Q0. V.Af a j: : - ' id of
Agr obact 2?“%’ 9%"%{5?5 gﬁ %%ﬁl“%és %% %ﬂ“‘éﬁ%ﬂ@g f’%g‘? é’Iﬂ' t&&%%g@ : g‘%@%@fg . 4,693,977,
4, 886, 937, fordedivery ofsmestanpirolpseys Yopcofegniyran prgly GHScRegh OB PSS 6¥EMes pl asmi ds
(or "RI'") @feeriyadr SeivetBe,f ol impoiithedt ROWS abilty toh ehe st to hifteih gl bwroed pl ant

transformatj on vegtors i.nclude those,disclosed.e.g... b rrera-Estrella
(1983); Be(\’/déeﬁw elﬁ%?tﬁ%ﬁ?t&é)%t 0( %%HFaﬁ%%ﬁag uﬁ%mgf Yldes 1X?‘ﬂll—‘“g?]£’°(f|ener al it is
preferred txpliving stgdiizedsBENAmvisciloimthe dieiod o pesbiste TRV foftsupprasdom-ofpeci i ¢

l'ocati on i frg@edloRlin HERA Mas abileviiR AbsireH coftF S5 edt ini¥BNonb R, HSBSubllnet O 1 Nsert
azeconbi nant. DNA_const reltdgt %m te-specific integration...-.

Several : ' sIFE” VPRSP R G hat i on systens exi st whi ch- are known to
function inpl ahtascoinplishinglde formaitg the preseatiisedtios pvide a bleBod dZahibitlng 4, 959, 317 and
FLP- FRt as dj ' 695 - i -enet hods for

t ransf or rra%?%%{og? Pﬁ%{sg%t g(%%ﬁ: gcﬁﬁﬁtﬁ%&w&a m%%gr eéﬁ?prleé ﬁ%é%bﬁ{‘/‘g%!tw?én are .

bel i eved: t ¥he Arlfoptgran et sazpier-yosulge Rdheresertipy of freliah srovtl derRlopeatnt r oduced

i nto a cel feproductivh, iafectivity, Ghd eeitually @lay werltyin e dASEHE pesa STHYmdLE- nedi at ed
transformatiq : RLAast j . : J—
desi ccat i‘rﬁt' n%?séér)?lb@% ?%ﬁr)\ rnecli a%gﬁ_%%%%@g%b%%g?% ﬁésg%g%d %TFA.', 1985), by
el ect r opor @R npelgotle npleeudeyininprutriondepmpasdion e thepgtirelies oves afaoh si | i con

car bi de fi ek aldiaenpine iut@ion bompot@9QvaitkdieTe thPpdsEI0 feditry Medbhop23; and U. S.

Pat ent No. 5)...by Agr cteriu di dransformati,on (U S

Pat ent No.thg?égff}?%%égpaﬁ#@%“&-% é’tdglhbltb %ﬁ%@%@gé@%‘ﬂ?ﬁﬁu%ym%&el eration of
DNA coat edunisp ¢fjtheinecieciles bg the pells ef the ¢, re®ltiB s g hdibitign of expgssionof allp. 5, 538, 877;
and U.S. Ppisesb tahlet gems in 88 cdiS e fR4C TR0 thRErAPRhCAlRRAue! techni ques
such as thgtsglu ttgl}e1 cgl | s of virtually any-species nmay be stably

t ransf or med TR €% ¢ase of nulticellul ar species, the fransgenic cells may
be regener at edh ¢erign ephodgnsatai dsRYAgmeltoyles provivg® DO GE /108688 CPEH/stIS2006/ 036319

Met hods f ofugkdie %ﬁé&%%&nf@ﬁfﬁéﬁ%g% @bt Brf B R SEHIDAR:P.

het er ol ogous | 1C ] in.plants’ jnParticul ar.’are known, and. may be
used with' %ﬁ%ﬁﬁﬁ@ﬁa ?,*B}gblg?“d{;?"gléla’?‘ﬁé’ﬁ?é%m&s& Y ke M geni ¢ pl ant s
t hat exhi bértremare o€ e drowine epdcotielsequynct egefitaletlis Rgertiyl fr hapgwt grpelbt or gani sm
such as dogg gbveetMRE J¥ther Bhoplcal titndibaf PhHRlibR A VRSO Edeclelhay Bibit P €Par ed, for
exanpl e, b¥ nL?)erég.gqu he daRNA rodugénn%; nucl ej ¢c.aci ds di scl.osed herein
into pl ant Fom fooy 5% &3 B0 syauengsjAenti tq Qg PR cleptide 2Rt pl ants. One
known vect srsetdiythtie SEQ'AS NOcéthroughSEQI IND:40¢, 4we iffrihi iin the dyeennalistitg@l gene
transter SYSE R colBlald Bhild Wikd LORRLAGH 80 ol U8 oL a1 O™

conpri ses | arge Ti “(tunor -1 nducl n%wg) asmi ds“containing a large segnment,
known as TEUERPAEe seapemeerromsa portioRf g gt isshasenofrom whigh e fodibitory ot her

segni ent  odsRNA@r FRNAlitafictbed! MEe Method 19 BRIONIn HhiShiti@IROAFESbLof 01 T- DNA

transfer. P Creqi.on s rd d by.termnal irepeats. Ln the nodified
bi nary vec];!"-%rﬁ%nl_.tt %ﬁ%ﬁ%‘rdff-‘h%fu“éﬁ‘%ﬁ‘& mg‘ré’ﬁ’enén?ﬁ%@ ?“glé@"ﬁ °5(%f%t%ﬁﬁ %‘éet he functions
of the vi rpestedh patieilepemhofingnts the maclectiderssduence fuay bé giectBNRor BOrwep ed by t he
T-DNA border' sequences:. The T-region may -al so contain a sel ectable marker
for efficient - recavery of transgenic plants and cells, ‘and' a multiple
cloning site for inserting Sequences for . transfer such as a dsRNA

encodi ng nucleic acid. - A trHnsgenic plant formed using
Agrobacteriurn transformati on nethods typically contains a single sinple
reconbi nant DNA sequence inserted into one chronosone and is referred to as
a transgeni c event. Such transgenic plants can be referred to as being

het er ozygous. for the inserted exogenous 'sequence. A. transgenic plant
honozygous with respect to airansgene can be obtained by selbng an

i ndependent segregant transgenie plant to produce FI seed. One fourth of
the FI seed produced. will be honbzygous with respect to the transgene.
Germnating FI seed results in plants, that ead.be tested for

o, N " . e o I

=]




WO 2007/ 035650PCTI | TS2006/ 036319 reami ng the | evels of gene transcriptiOn
to raRNA -and/or subsequent translation of the noRNA Cene
suppression is also intendedto *nean the reduction of protein expression
froma gene or a coding sequence including posttranicriptional gene
suppression and transcriptional .suppression. Po-sttrauscriptional gene
suppression is nedi ated by the honolgogy between of : all or apart of a nRNA

i 24

transcri bed Wogsrigssgene or codi ng séquence target edchososogpas essi on and t he
correspondi ng doubl e stranded RNA used for suppression, and refers to the
subst ant i abongistidg ot 88Q MR BN@697¢ SBQ{ID MO 3-819 SBQUDNK0:641, asdasiQid e i nRI NI A
avai | abl e {B.gshre cell for binding by ribosomes: The transcribed RNA can be
in the sense orjientation to effect what is called. co-suppression, in the
anti - sense ori &PaSEIUFuSES ifcatiadag bevingq aest prafectisg ofoet mag e readiy gieessedippr essi on, or
in bO]E h or hﬂm&ﬁi_ﬂlﬁlﬁlepﬂ'lfbdglﬂi_}er@eaﬁon&!f&Mﬂe&xﬁé_sﬁi&céom&i FoSexfuild, €d ENQ ]
interferencg 5 . a AN . pressian.i,s i at e y the
presence i Sﬁ‘% %@%@% f“é’? ?‘ﬁ?ﬁl@gg’%‘g%ﬁ%ﬁﬁgg‘%ﬁ&ﬁﬁﬁ? tﬂehﬂ%i biting

subst ant i afesnwerrependng éng jeqyenqeseleste fromBEQ AD BRA throeghSHOHD MO:%0he conpl enent

t her eof t 0gef £@mbnt WeRLS, liskidzQhi® kdg@iflceltd o dcorddl OHRICIpadef RFE: BURPERLSSI ON. Cene
suppressiop nfé be effective ?%nst a n.a{yé,‘%/icclaq %ant t%?ane assocl ated with a
trait, e.gmomPLRmBEREIAgh I S P gevipioL Byd sgemep!dhahi n encoded.
by the nat tanerippe e RINA,wrhdmeire mh deat exdpogtion rof dbc éidid | seldgehis s bstaatintiaf f ect ed

Met abol i tecon{tééﬁk&ta'?; R £rSSHnC APl SRstRE 60k @ GlednVe8a AgAkRShe HRr 96t genes 1n

pl ant pests fhat may ingest or contact, plantS naterial containing gene
suppr essi ofYPEetion ,‘.hes‘%%éﬁﬁni‘e&ta}”}ﬂy-tb&é@gﬁé‘aﬂ’f 374 AHPw; Frugiire. fI®hpr ess t he
expr essi oncodiprisipaheascofdegrtien CMOI4HYER0SWOLR/MSTTOPUS DENMBY 148 EQHETEES I N t he
cells of tgt?3/§ﬁ§§@Aﬁost-transcri ptional gene suppression by anti 7sense or
sense oriented RNA to regul ate gene expression in plant cells is disclosed
in T4S: Pat. Nas. NudfldA88CemposifioshaB@B8ensbucdB3, 184, and 5, 231, 020. The use
of claRNA'to. nes .n plants is.disclosed in 99/ 53050, - 99/ 49029,
U.S. Patent AS%I 1“‘&"’8{’ “o‘ﬁ" BB .°°‘§6%?§/}é\%5§9‘%§%‘%‘ﬁ?8 sgﬁﬁs/ 0061626,
U. S. Pat entanfiproliicoaf pagivulai¥iost bOsydiBibygt BesQarbets, draneforgeGhosiRatyaiontiess. 6, 506, 559,
and 6, 326, 4Q3s may exreBeniiciiy ARLNOUAS oPFlrell GLARRCEH RLOBBkouiENE

suppression 1n plants enploys both .. sefse-orient4:ans - ‘

ant i - sensefUT fEAteRRLIARY §ﬁ§€¥’i‘55‘€’55"wr P & “i'°g°‘“§‘fsa15iﬁ16@5éﬂf, heret  as a

hai r pi N anekirs bfivw!sailand purified stelentifieiseguencds prebepowddbd Bivh ONAskaet for
effecting ' L Bl CHRNG ! Ll cek Siaf ke ch a first
Segnont oneanegrab By Benfh. BR080LRRkARS Ll B AR I T 0 g
subst ant i afiPEREFRed £]jeopteran pesh Braftes dreras! genfidcytion priputo esrtedifhr essi on,
whi ch i s | iciplete fordbearepativn df SR AeRtsiRINA modioses ofthe pradeattiivamioencodi ng an RNA
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nucl eoti de sequences identical to a portion of the target. gene is
preferred for inhibition: RNA sequeénces with insertions, deletions, and
single point mnations.relative to the-target Sequence have al so been found
to be -effective for inhibition: In performance of the present invention,
it is "preferred that the inhibitory dsRNA and the portion of the target
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sequence identity, . or even about 100% sequence identity. Alternatively,
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Therefore, those skilled in the art need to realize that, as discl osed
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envi ronnentg condi tron ( 9. irn ect stres ngnet[lature chemi cal
i ncl Ue | FOPIeafian ggqxoondmons,tofo hydrogen bon sw1th comespon ascs e opposite - ,
engi neeri rsgautlncaﬁmma flyplex awleatle- thatchevﬁbxapluemlaimdsttmn@mt egditionflve RNA st r ands

may 9. rnaybe% a| e é%@ﬂ@d@%ﬁ %mﬁ*&ﬁla?\'%bﬁs‘iaﬁmgﬁfﬂaé(g[o@ selffiied0t De capabl e

of belngtr |ntoa P ran atlonal

appar at us.have iy Oéfﬂﬁlﬂ“ &ps ﬁ%‘@“*ﬁﬁé%é’@f&ﬂmyff%ntl on may be
pr oduced CﬂhﬁW‘BWaﬂola'gbum’SV&ﬂWtﬂemL br)mobtwr@amlesﬂoml sbafl90%mtotabiet R4 t hr ough
manual or sedam&ﬁ@ bt éﬁ/f'a%%ﬁ%ce By, el rbber 9&;&%&;@&%3@& R(';M may -al so

be produced by parti al ani ¢ synthesi s

ri bonncl eoft’ff}’d%a‘}if&ﬁs%“?ﬂ@ﬁm%%ﬂ NOiopiE poboahinipesequence kstiss gani c
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and/ or stabilization of the duplexgstrands. For transcription froma
transgene in vivo or an expression construct, a regulatory region (e.g.,
pronot er, enhancer, silencer, and pol yadenyl ation) nay be used to
transcribe the RNA strand (or strands). Therefore, in one enbodi nent, the
nucl eoti de sequences for Use in produci ng RNA nol ecul es may be operably
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WO 20071035650PCT/ US2006/ 036319 correspond invariably and not respectively
to a sense and an anti sense sequence with respect to the target RNA
transcribed fromthe target gene in the target insect pest that is
suppressed by the ingestion of the dsRNA 1ol ecul e. The insect control agent
can also be a substantially purified (or isolated) nucleic acid nolecule
and nore specifically nucleic acid. nDIecuIes or nucleic acid fragnent

nol ecul es t hgp @@fosdstoom a genoni ¢ DA™ (gDNA) or cDNécinstuaosssie Al t ernati vely,
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transgeni C afyidl) aiftrsibdiial toawShdhdesiil iaihb at ani rral host, :or synbiont to be
resistant to attack from. est th Wl al | 1$apabl nflicting
damage or io0ss ‘Atsahsl&hewm1 ant asr?lnr\m h%&t ?oarc sc r%%ﬂgogﬁqeﬁgsﬁt resistarice
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r econbi nantWth,l.asg aice fsQBxinﬁ‘an‘a t@@%erén@esdeéie&%?theIﬁxe‘rﬁﬁﬁ&tofbd%ﬁ@sﬁs resi stance
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part of a sgg éﬁ@@' h "dﬁ@ﬁmfc&@ﬂmé aﬁ&h&i@'&t&eﬁ%m)tf& c@tuﬁ&i ﬁé:ﬁ:@tﬁ@%@gvoRNA segnent,
encoded from a uence Wth n i nsect Fr efers 'to feed on
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et al. Qg&uppgaktgg‘%m&% ﬁv%% n’sgl‘é% gstezetl (k:egl I?ﬁdpgg%rll §9%§ f|r(r?1"h| bition of
pest inf estdeiﬁlleéﬁ‘amSWBPf)ﬁt?‘i“ﬁﬁmﬁg‘ﬂ@ﬁ‘éC| fics only about several nucleotide
sequences 't hat - 1ne pRiseaf intaiidnvigovides DNnhbclabxtcempabM\laf being expressed as an
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descri be t e gk dhe BpgURREAS F@rpnsemlwt tnntj u@fewéms éqai@m enwmpm differzaly i ety of

nenat ode p%ﬁate%udel\@@anf o8 Kﬁdrmn eaﬁtuff 1RO RO seglRbds tda@ritts b E@seg ilA DNA
sequences t nsform hopst: cel ess corr n sequences
that are sUB: Et"é‘%t N Y mfdo TERT mcécondt% Q‘g Se ﬁtgcggegsP?‘lftap%ﬂec fic

pat hogens, mgdorpaiﬁma%mbhwﬁpf ﬂlemmtb@e@@hsﬁemqrmuﬁﬂmmmﬁw pl ants

expr essi ng ;e BendlSBNAIERHERE %§m£ a{usanttqzﬁatdume@ﬁém\e Aid B vahAMe pests,
facilitating down- regul atioen of. ene in t-he_genone of the pest and

i nprovi ng tiAEYV} BelpwleRehveen e S‘E”ﬁ"emﬁ FRSCSEUEIRE: EEFSSFDSF prigidspite - The
present i nwet npisensy miviedids sefu@ficeiindubdpintiAdlin fietpealao. i pcketdecmuatke ehe or

mul tiple target genes in a target pest using stabilized risRNA nethods. The
invention is particularly useful |q the nodul ation of eul caryotic gene
expression, in particular the modul "t i on of expression of genes present in
pests that exhibit a digestive systempH level that is fromabout 4.5 to
about. 9,5, nore preferablyfromabout 5.0 to about 8.0, and even

nore. preferably fromabout 6,5 to about 7.5. Pox plant pests with a

di gestive systemthat exhibits. pH levels outside of these. ranges,
delivery nethods may be desired for use- thit do not require ingestion of
dsRNA nol ecul es. The nodul atory effect of dsRNA is applicable to a
vari ety of genes expressed in the pests including, for exanple, endogenous
genes respon5|ble for ceIIuIar netabollsntor ceIIuIar transfornatlon
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dsRNA or siRNA, then fed to the insect to be affected. In one enbodi nent,
for exanple, the dsRNA or si RNA nol ecul es may be incorporated into, or
overlaid on the top of the insect's diet; IIl another enbodi nent, 'the RNA
May. be sprayed onto a plant surface. In still another enbodi nent, the
dsRNA or si RNA may be expressed by m croorgani sns and the m croorgani sns
may be applied onto a plant surface-or introduced into a root, stemby a
physi cal neaps, V@ £S an injection. In still another enbodlnent a plani

t hay be genetlca Vengi neered to express the dsRNACHPS2SBRA i n i n anount
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daRNA' s ofmﬁﬁ@%wgééﬁ?“@ﬁ%ﬁ’clﬂ P00 dr the Wﬂéwgl n the diet of the target
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tract pH from about r fro t o about 8%, or from
about 6 to*abotr e °fthe5]P&‘g agl}l@&omf1 méesgon% Lﬁeatf%fvesé}lppé Sé°l’j‘t°y=7 0. The

di gestive Wﬁe@ne@faefﬂxtaﬂgemorﬁesfanmsemqﬁ rTédd#Ré-lAeﬂit leashepntptiges prgeat i on -wi t hin
the pest thatpd @ashubinalo sedcRORREBLaMbF it SrkcffaDShe REShcek SonUROSEd t0 an

environnent that .is favorable for theu%#)tuake of the-ds nol ecul es of the

present i | &YBROTEMIG sraRce e FLAYiFRgse des B ARERGE BTRECIEHON @ PagsT | hydr ogen
bondi ng betepessa ttahfmibouibbpewigin thebsplefentaneand dstibibe sequeﬂcceamadaséo di ssoci ate
and form Sﬁu@l%tﬁe §eﬁ£&€@&%ﬁ%&ﬁ§é'nﬂémﬂé seh.fmc%'é p@itikify R

dsRNA' s- prd chem cal or "enzymatic sy nt esl s ‘may &gto ormul ated in a
nmannet con’%‘P%‘tﬁéﬁfc%\ﬁ“f%mf:g‘ﬁﬂﬁft 8eFed depivatiys ﬁ‘lﬁeifr &% foaeeacs %ﬂ%‘m&‘ﬁ% as spray.

WO 2007/ 03b&e& PﬁE/ohlsaGﬂﬁé ﬁaaﬁal%eﬂceeqammsnapliced:@aﬁup UfideSthe JdARERE
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i nt erest - arg M Cr &er antsme.” at?easkone ETGRALNE ¢ the.c,qﬁ hgsﬁee?ré) Bacillus

(i ncl udi ngofeaekas:peeoreslman@osm@peen@brleaplmt.u [ ngi enS| S kurstaki RD-1, B.

t huri ngi enSI S A('gHﬁeSJn@iéhceHDﬁZg%lenﬁfor ﬁeJQtLUoinﬂ)l chﬁxﬂﬁg?eo ﬂi@tzﬁinuoBma§' Beri ngi ensi s

berli ner, %p sgésl S. hlfll‘lo AT ot ec‘# 8 ﬁ:sl!?s t ol.wort hi,

B. thurlngl ems PR &l ens;rs) &P Fl?ﬁp a%sg SR galleriae, B.
t huri ngi en@prsbiamamemcalanmlhmdn@rwrgsmpw@mBNAen th¢ targerigi ensi s

ent or noci t fat odd. thds Mﬁnldi“@lh@@:%le&ﬂefs eRRRY Iﬁeldméol&uleé edtidide @ SRS S -San

di ego) ; Pseudormnas Er wi.ni ia KI ebs| ni hont onas,
Strept ont yEEE® TRFSELT, MS&&%@% ?A&fﬁq"i‘? TSR - obact eri um

Acet obact elpachleveﬂact obaci I'l us, Arthrobacter Azot obacter Leuconost oc, and

Al cal | gerces; fURGsnddd@dubdct woﬁaéa»squﬁm Bivlhtion gﬁ%ﬁ&é@&ﬁb&&@ﬂvces

Cyypt ococcus,. Khov egr or{ ces ol.0bol onyces;, torula, and

Aur eobast dfFR5Hh SRRt BY 7 er@%tsp“a‘f EIRTEATBIRG P SETRSPEPTRE t er i al
speci es asanPswcmmﬁa\s:lesgdm fhatafbcilitiesewcbodann stewctie formeidmeerectSexck at | a
mar C€SCenSyy, sﬁi‘%&b%ﬁé R reqidfd, @P&Ie’ enOERRRGE %'ﬂ:‘é&nﬂ %Qxﬁx@@%ﬁk@ er RNOdoObact er

sphaer oi des t hor nonas. canpestr &s, Rhi zobiurn genes

ceutr ophusseq“e%f'ﬁ DAL Bt 1B OF AWHseRs Fﬂdﬁlﬁd?qi‘m%ﬁmw BrSPRSPEcPERSt speci es
such as Rt‘maycmtenamkray caniprice, achongﬁmﬁdnmf SycleBtiden@rtiomelpgubd théreut dHat araica,
Crypt ococcy iabﬁ so*e*bghgshm&x Sy By b e ac{d%&&mtm @&Csh%m%wﬁ es rosel, S.
pretoriensi ., cerevtslae, §por obot on yces roseu rus, Khryveromnyces
ver onae, a??&PWﬁrﬂeﬁiﬁ‘&qud?ft”fﬂﬁc%&slﬁtaéﬂﬁﬂﬂ ﬂwﬂéd%@nm@hﬂ%%tnslmsﬂl °CThe present

nven nprvi ateﬁaﬁs&)ﬁtseamaoupiwrm@ndam&wn RReh, Qtrlcdmz"om@cr@aﬁg&iwoﬁde@v ent

Combi nat i ans st acked" transgem c events.
These staclﬁezﬁglf’?’ré{%a%aﬁnlo‘% gc\)i'ﬁeoﬁtmmIi Zﬁng@ents that are directed-at the same

target pest, Q'Fhetnhw@alnﬂoleb@%drﬁmmaftmnﬂdmﬁﬁ@dﬂemwkwgyébrqgés@s . In one
embodi rrentamd%o&%&a' iR belbnde HG178 B Ldphiid Jf@?eaﬁsyh?ﬁﬁn@mﬁyfslo%ﬁuaa& d provided
herein also has' the ability to express at .1 east” one ot her-iInsecticidal
agent, i ncl udi ng, but not limted- to,~ an RNA nol ecul e the sequence . of
which is derived fromthe sequencelsof an RNA expressed in a target pest and
that forns a' double stranded RNA structure upon expressing in the seed or
cells O a plant grown fromthe seed, wherein the ingestion of one or nore
cells of the plant by the target pest results in the suppression of
expression of the RNAin the cells of the target pest. In certain
enbodi nents, a seed having the ability to express a dsRNA t he sequence of
which is derived froma target pest also has a transgenic event that

provi des hei bicide tol erance. One beneficial exanple of a herbicide

toI erance gene pr OVI des re5| stance to V\D 20071035650PCTI US20061036319

o o,




By ?synergistic" it is neant to include the synergistic effects of the
conbi nation on the pesticidal: activity (or efficacy) of the conbination of
the transgenic event and the pesticide. However, it is not intended that
such synergistic effects be limted to the pesticidal activity, but that

t hey shoul d al so include such unexpected advantages as increased scope f
acty,: adVani ageous activity profilgsas related to type and anount O
damage reducWP@i§7essese . . decreased: cost of peshcwdwszwd/omphcatlon
decreased pesticide distribution.in the emr:nt.:tient, decreased pesticide
exposur e oicidpesiegeesafer pdntein pirayntehifises. Hamﬂherm@mﬂuelm sibmelecsleeds, . and ot her

advant age?aiﬂ@f%%;aﬂaﬁle%h@&%cﬂiﬁ%ﬁﬁnﬁ& Jngfﬂwﬁ&tlfthe twao moP@ﬁés'taﬁ'cﬂﬁﬁ ?Rdt H t hod
i nsecti ci at are u sitions in i.nation e met ho
i and conp%i‘i"ﬂnﬁﬁ%a%‘fm’t“ﬁ dB?‘beessg?ﬁ%ﬂ‘{%ﬁ‘ﬁf"l’ ?t‘“ctﬁ“ﬁcﬁl’j‘{}?ﬂ acldmalestlyy ¢ r eat nent s
and coati nigsads etht caspldfstthafchaotico mudlsi avgl m@lwhleobﬁlppsxbibntcnmspléfan be found,
for exanpl g &mp ]]ergentathS ﬁ%@&me@uﬁz?&d 254 Rtr!&mug Q{»_lﬂ:qlé?ﬁeﬁtm(}f i Gl | S

i ncorporated hereirn by reference belléved that the
seed treathybifizs te are a5ethes prigh F@@Fltlbst@ﬂltwtaw@éﬁhee tg zqanyinj ¥meglad/ oy si ol ogi cal
state; it aﬁ&yerlaﬂaepzrtetsewne@ﬁauaa‘towts&egaaedmbﬁoﬂsnsmw ﬂnbﬁbtedatewe durable state
that it |ncr neam N Ll eat ment |1y, the seed
woul d be a léetgapf'om g ’rgtle{{eleﬁ k‘%rar e%]fe q ° er?)nﬁt frhe ﬁjls‘:1 nt i dﬁ%\%ed fromthe

t ransgeni coepiit fem ﬁnﬁmgeﬁmedtdetﬁ ﬁmom@ﬂymdm%@%ﬂﬂgfb&g@@m@l&oow 036319

ot her non-geghnp! @&tvedt@taﬁ Ediddbncy THRSRGH dRHbA bprs%asaptxyargts%ﬁb, be

bi ol ogi cal I% | e t é]%e extent that the treatnent woul d cause no

bi ol ogi cal®® B?%r"?é(& @ >Seed. In cne enbodi nment, for eXanple, the
treatment can D@aapwlﬁusctommiets@mdlemmtmtytahaheretﬁaspduemﬁﬂd:awlvmsedh cl eaned and
dried to adeM’ﬁn%£ s %ot%%%t@t@tg pPe%ﬁ&léf‘thﬁ H{t] Jof’%el%t l:sgiatfoml R dRfdle- @ ternative

et abodi nent, the seed been and then prinmed with
wat er and/BrOEhTRFRE. TRiSeP PXer farr&fmelﬁ'e Aclq E‘°]8‘i“l"é’6 S‘é&“&ﬁ“b" ‘e WS ng t he
treat-sil eaaii mwlleeide tolverv &ssd privietla. pmbe Aihecds omip MuEmaﬁttyabmlﬂmnﬁ@ﬁmrl bed, it is
bel i eved' Lhghe 16 tbte%ggmtma@@o@@ sRRBl Bk Qb Rihudlopay U1 Te betveen
harvest of ) sow ng of the seed: ner ei n the term
"unsown seﬁéeﬂaltlcgn%@awse@qu ude seed at any period between the harvest of
t he seed and th@r@ﬁm NGingdhcyt b&dﬁaﬁdwhéh blhﬂotgrmmdlyﬁzﬂﬁzaﬁdﬁear@ufopose of 4
germnatlona en. i at _yosown seed is
"treated" ?Maxf“‘:qe’th“ eln’t'lohl"ngg hsswt;atab 4§ éh%ﬁ fsg ?ncl ude those
practices Q(hYWﬁQiﬁO“@h@elp@wtoéhod@kinsdlamsP#@tP%’éﬁfounﬁ@@@I@tl’m@aﬁher than to

the seed. :Emoteeasarm&@gy@sgh be&&hﬁl?'ﬁe%ﬂﬁ&n&eb@aﬁ@:?ﬁ'th&%ﬁ%aﬁbé he Pesticide
i n bands sawed are not

consi der edse]f’%é)dg&gmt “H%‘T’ﬂ“&’@&“c?' {#’ﬂ’ez Bt‘g%éﬁggbc SBWgencW eﬁ%@’bestl cide, or
conbi nat i 038Codt 5p¥s t IcAddis®, the armpetumip tecthsh Etwetan be ifckeased ffrgm low t hout any

di luting O3} Lon@RGAL TQHIQH , BER SLB 1o hi mg% doliBoREShduei d€ 'S
typically a (Fmgh:aed to t?\te seedﬁﬂ ki 519 ygl C|%Ie forur‘rul ation. This

in the form, EF’;
fornul ati o‘?? PollolERaraes A Bt BaY 08 VaiHeft |q‘°a SEERPHHEE i ncl udi ng
but act | idohdestehtibromdyi tetheld cabisthrt ellesthe dihen deeiaisle Is ohangsdy & msleia addbfor | X -f or t he

pest | o1 de:ul il beTiadl b i 561 LOARLRPIAAAS L DGRl 588 ggT T ons: and

plasticizers to imrave esron or_-sp reac ability of
the coati ngolecules from R ‘Eﬁ'ﬂ’j‘%ﬁ‘“‘ﬁ@%‘ﬁfﬁ%ﬁm&fﬁd‘w a%‘ﬁfe’ia@& ayelee seed as a
conponent fd far we inckhe wesait iinventiobeitidexhitiniti lsast froet hod $0% a acbnpfnmt i ons that
are known r S 0 ) [ addi tion of
One of t hegbgurtrttg%l & lé{twtaﬁgu%so%}n%?h&a%g%wg ? e ges o ?fe pr esent

i nvention: se@&@Pﬂ@e‘ﬁfWﬁbomrmmam aaﬁmteathags FQBrfOfthHmSFQaBtNQ tation are

di scl osed thiBughfeBQ IBXM0b &.set FrBin thiPRfulib sshlos. 5, 918 413, 5,891, 246,
. 5,554, 445, b5, 080, 925 45 and 4, 465, 017. Seed

coating corrposﬁ’t“"?% 3?%5?%“&‘?926“%’?3“Wralsgi‘aﬁ‘ﬂﬁh F SRV Rt Nos.

5, 939, 356, in pu8BpeAally, WlﬁxegVﬁ dis&@ble B, 18@33)1%@51)15@'&54@@@?@5 by Melndd84,

6, 661, 103, 5,622,003, 5,580,544, 5,328,942, 5,300,127, 4,735,015,
4,634,587, 4,383,391, 4,372,080, 4, 339 456, 4,272,417 and 4, 245, 432, anong

ot hers. The pesticides that’ are useful in the coati ng are t hese
pesticides that are described herein. The =jaunt O pesticide thatis used
for the treatnment of the iced will vary dependi ng upon the type.of seed and

the type of active ingredients, but the treatnent will conprise contacting
the see& wth an anount of the 'coratination of pesticides that is
pesticidilly effective. V eniiisects are the target pest, that anount wl|
be an anmobunt of the insecticide .40: WO 2007/ 035650KT/ MD06/ 036319 t hat
is insecticidally effective. As used herein, an insecticidally effective
amount means that anmount CI |nsect|0|de that mnll k|II |nsect pests |n the

.. o~ oy - . e



.. active ingredient of the pesticide per 100 kg of the seed, and nore
preferably over about 80 gm per 100 kg of seed. The pesticides that
are used in the treatnent nust not inhibit germnation of the seed and
shoul d be efficacious in protecting the seed and/or the plant during that
time in the target insect's life cycle in which it cau:ses injury to the
seed or plant. In general, the coating will be efficacious for
"approximately 0 to.120 days after sowi ng. The pesticides of the subject
i nvention: cmzhemaﬁspl ied to the seed in the form CICTESHYHAIPAQ. .

Benerni's provi ded t he present |nver2;5| on, . may hiclude; but are not hunted
to the easénoaf“qthﬂ%a?ﬂ& Hpr aRgFem of e gu eweaclfimfy oy present fagentionaayibi y

concentr at b}ﬁﬂlesﬁzfsd akaigNAdonk ety d)ﬁlehtebhb,st tSpemﬁtpa&edrdea todofmakfA, and t he

effecti Ve.n | Z edd}oh%ﬁugp fx:lg tllle%gdohs us%ﬁn eg%(t g"f“ g‘xﬁ{essgcyvmconcent ration

of a stabi \10| severa I-sense
interferene@ﬁmﬂaﬂﬁqéSme%@thtfrqurﬂo@mswﬁfhe#@%?s?ﬂwmcsseb'llmlt.mnuhﬂtsro use or to
speci fic sgaug mlﬁﬂyons ,tO a particular set of target genes, .a

parti cul ar "port.i ne's nucl eotide se or a
particul ar trah‘g’g‘gn ﬂ#ﬁgd‘“ ‘%&‘r f"’&‘t‘ Y POTREFS. @’é‘%’ffl s@ﬁgﬁﬁyﬂé"gze&pposed to the
sOmre of thﬁbcmvmohcahhemayandimemaﬁcakmmthm tife IpBospirate;sugtiokbase @ Ktei sense and
CO- SUppr esg % RERNEhdnfo wmp%g&? Q&axﬁ%&% pasgi bl e in

or gani sms tlhcat are not cI assi cal eneti C practicing the
present i nirgiitipen In 8¢ ewbqdigpsat dipndsENA Eelparley n’é}&thet@déi‘fg dﬁ“‘é“gf‘ &t the
presence -Ofnzihic Procdsetthal SRVAGu0NE I bapenatted. t THRMRNA ke dfskieom t he

reconbi nant nst rLuct ar nf non s el can be

achi eved bye&qea?ge i gﬁiaﬁ I{]&Ecbt Brt Hllgft Qne &SOBS nts?cgsgéé |\%‘mm%dentl ty with
corres pondmgfssgwésaopqmp&sqs@@mﬂhmg %W&%@W@Orﬁlﬁﬁ* enzppeppresebl i t he

degree of tde &M6ILORAGRCHOE PrteBrite bismdl@Sindidaa RRRHOKE FLGLse BP0 Mre

pr ef er abl y the ee of ence. i .eSS prOX| mat ei y
7o st Y e S o 405 BEE e a0 TR RRe P BT han

appr oxi mat eﬂl emmbmmmdrmwﬁwdmm@w@@S@ﬂagargetmseclthomhdl tion to

tr ansgent 2%"‘:”%“&& stﬁ‘ﬁﬂfﬁmﬁﬁgﬁﬁeﬁﬁﬁiﬁﬁ*ﬁ%@? ﬁ"ﬁ&?tﬂ*ﬁ;ﬂ hg a

r econmbi nant’ aedoiafsys W GBI B PSSERT 8¥8t ruct. For
exanpl e; 't exontiatdiNA. Biaiquéso rleaye ezes B Assidp intc amlielipmedetdssed- i nto t hat
plant |i neﬁéﬁbBR@nz?rH&@ﬁaQﬂﬁ?aﬂ?@ut%WA%dﬁﬁlhﬁﬂo L&JAQfe@QU&ﬁoﬁwﬁ&an' genic

pl ant "t hat _can be crossed a-second.plant line'to introgress the

r econbi nants BRA P37 LERsTRAes dp PR whilsnths HNGS"L Foenzupss mgopiia fipave hene The
present i nNdsvNA mecalesinth 8- 15Iqummﬁermmmmmddu@ﬂhﬁmecm&ect cont rol
traits in gepl Akl fvafRheiSedRS Matlbd BldsSrbofanfRBRGadERRERCl OF Tnsect

infestation ining-insect control "tfrait ngqoy I'stinct
nodes- of - adhs FRNA BAle Bée@a@teﬂh%%w&lm?éfﬂermﬁ sg, prodaged it s Wth
superi or dmﬁoam&yufg&nwemm@bwmbﬂvb@mdm@mnémg{aegewmeﬂmgmamﬁyr ol 'trait

b f th
Prorae Ohat Mbebf gl ipioRaNY baluldl o838 ﬂg%%“ﬂ%"ﬂ?ﬁé#@ﬁsi S crystal
prot ei ns haAPHHELH0 %@ﬁft’éﬁfieéﬁ%"éﬁ%qwdwmh?‘ﬁ@“ seopengrs baeted by e 5 peen” shown
that the Craygt gdne.pritds qirdbess aéseitst @>theCeffoctive fiegradationadr ré:ﬁcrvﬁn 6ff thé RAI nsect only
atter mgeg&qh &e%oded ﬂgr &&h&se‘%%m{ﬂefg} g"fﬁ% e(rﬁaigtde e{hﬁqﬂm%% aline pH and

proteol yti enzymes. I nse ubi e proteins, thereby
al | owi ng t e #I@P!em%awﬁm@wdﬁaqﬁﬂdsmﬂwa@e sefuengeoNifhin the sk Dt . These

t oxi c coma&a@m&wﬁcgrwsm&@mmagmm@m§e t'’he insect to cease

feedi ng, and, ve t I, sec t hi eason,
entringi ensi s a °Lség é@mﬁr %@g?fesf’lﬁ {’T a‘%&%‘f"f”@? Tt gab

envi r onnentmsfliby ﬁsaﬁ@ hmébqnmu@ereadabic Mh’I ng:rs/\xot dny\fargibbuaedmmsﬁ'ct pests.

Col eopt er aragﬁéaﬁommah bl REARA aaaésee&%éﬂy@q@odlﬂ&%ﬁlsaﬂma%&mc phi%@us and ot her

pi erci ng an audi ting.: ;I-nsect s, ex Hthat 1s sliightly acidic,
and so t he "RimEp: ﬁ%amﬁéffraﬁr”épd’é’fsf‘@éf ﬂ@éyﬂﬁ’&llﬁ%ltdﬁF’éf?faé’c’inﬁ’E“@% %H‘} | arvae are

i neffective against these pests.. The slightly acidic PH O ‘the gut of these
insects is also believed to be. nnn@ hospi tabl e toconpositions of the
present invention, and Wthout intending to be linmted to a particularit is
|ikely that the al kaline pH of the gut of |epidopteran |arvae is.a
contributing reason "that prior "attenpts to' exhibit dsRNA efficacy has
failed (Fire et al. US. Patent No. 6,506,559; Mesa at al. Patent
Publ i cati on No. US2003/0150017; Rajagopal et al., 2002; Tabara at al,

1998). It is believed therefore that the ctsR NA nethods di sclosed herein
shoU d be preferentiallyused in conpositions and in plants to control
coleopteran dipteran hendlpteran IYgus and pi erci ng and sucki ng

e

-
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I n anot her enbodi nent, a nmethod of the present invention for obtaining a
nudei ¢ acid fragnment conprising a nucl eotide sequence far producing a
substantial portion of a dsRNA or si RNA -conprises:- (a) synthesizing first
and a second agonucl eoticie prirers-corre$ponding to a portion of one of
the nucl eotide sequences froma targeted insect; and (b) anplifying a cDNA
or gDNA tenplate in a cloning vectag; using the f| rst and second

ol i gonuel eotwalmopmssssver s of step . (a) wherein the arpiustegasiiucl ei d acid

nol ecul e transcri bes a substanti aI portion of a &RNA or si RNA of the
present i nwesnclicofpe: optical storpgp madis Sich aty COROM relestsesl stprageamidiaonch & -t ar get gene

may be der pwetmf RO apﬁaarcmdcfadbmnm(fm&dcmﬁ&ﬁa a WERdr 118 SCR, or ' any

in. seC|spec ants d sub sequent yield
| osses. h%ﬁ%%% %g%/ogﬁw?%\%er aiF Cr.l er| a""r?aa‘i‘/” ﬁ?Pp"lcc%yed in the
sel ect | on (ﬂiﬂt Meiffe"h? prgsentlr [ewn (Fempnter repfipblegrogdivmis aw e uwﬁdserem @t ei n product
has ' a rapigidridRoNehriddlBmpRs rialdle obaf el ebtrdel Whrobh b lmydidSdd! t 11 a-

rapi d decrease i r} protein levels. In certaiin enbodinents 1t i s advant ageous

to sel ect &YEHP 5 ProgeRl BV s mal | dr op in expression level results in

del et eri ous ef fAsaked temwin, trbnerded’isre‘mto al frockds forSstoiesinfornbtitioot @mgeé: a br oad
range of i @é@&k%&t&ﬁ' £3RaiRes esif) o @%ptagot Bhredeiiy iAo @Ger ved across
t hese species verse for t ur posé o rr|ng specificity, in
certain, ersedReinRmEatspn anremp\ﬁwﬁm medmtamgeeneatp gedia |cetaprisigs tgat cont ai ns

regi ons t hahcat® s&ﬁ%éﬁfoﬁﬂﬁ&ﬁfﬂﬁ@re&ﬂtmmN%Vﬂydilﬁ{asioﬁgﬁﬁ-ﬁmﬁ@em es, or

bet vieen | NSRS AN UG «RLOBPLAIR, « LI GErLBMG, SIAOILIRDLSadd ey be

desirable to se ene as no aor aol' o er organlsns
As used helistepn amwﬂzeotl@rwe@rerot“ the hrefanb frventiest eTFhs dhoicgofs eé&tef peregenuaeot i de

sequence tGakaulg@neﬁweeaedotth@measm&ﬂ:&wcesmél@te@atnr&ﬂam%ce or
ssari | dlrectl fro t ha ource or

speci es, al ot 'nece S d,

speci es. agfhoﬁﬁ‘&?@%ﬁﬁ%ﬂ?% pmg%f‘m@@rqé TRES Gp psp 8“???3&\”\“ eof pressed in
the insect sguce et dghepesasinenim es seputrreddids gliuma e shguetdee requi rement
for the ds%ﬁ&n%ﬁrﬁ%r&‘kﬁté&'xﬂ athERI ﬂr&@s@iﬁé tcxtTﬂg,Qﬁ{nat%@@@&nInﬂfcmﬂﬁe in the

present invention may i nclude; e, those that share substanti al
honol ogi es a‘(a&}abhtSH@%%F@GW%@“?@EH%%°%W°‘%%WWC§W igthsfaaeta genes that
encode pr otASCi: t@t@ﬂlﬁ,&&@dﬁhﬁ a @htaliaddeipplioion) lsich a8DHE2 ,[SlyBuse) @il dd i like, 1 Ot ON

V- ATPase ( é’\{s ]Tgﬂ%.‘z L%M.[ny ué%?:g%f dat T}J%cgss& sgﬁc ﬁ)ml (g § I's the sole

ener gi zer -0 Fon transp d H'S responsi b
al i cal i ni z&%t @ﬁ"”tﬁm?qﬁ@n? Preler 4 pbtainy qoppIERey feadaﬁ“ﬁ@dl‘émh"?%@msd f&?‘%"d ei pressed in

t he Mal pi gmlnmﬁmmemmtwf%@ﬁnﬁmoﬁ nsect hin¢l gut that functions

in fluid bal andﬁ tgerso aeé%m g,a i ewhlc{.\ ]&%gp uarztldtgalmnsa maitrier;
anal ogous to a ney or an . In ano her émodr nent, the

V- ATPase nﬁw@ee’wmo@?muﬂedaﬂ heompitgrgeadible redivhio | Sofwarh theldmpleestsg.  as f ound
in SEtQ I IDI mag?: (Altastfhu?éﬁgﬁ hego) a@eﬂmﬁme cgeﬂ}%)'s&ro'i%ig@ﬁtﬁrﬁﬁzgtah?t i's f
essentia nvglvedi uction of an

i nsect . PPy e“b‘?ﬁ cﬁtgg{mﬁmregﬂ;@%ﬁﬁs (B}Q?F?t@antea“&“ *gene, a
13-tubul i nt@dﬁmen@mﬂ BSYe et @mmoddeﬂg}eranpnd)wlmnmpmenhlwedom re involved in
transport. E&ﬁmotﬁe?fb‘?gahgbag Q&QWR‘FL %:e@ﬁ&t&ﬁlgﬂ&ﬁ& f&@%ﬁn%epr otein, with

ATP- dependent el i case act i V|CL§ is 1nvolve ehromatin

.assenbl y/ d?qgﬁlg‘?e & PIPSRR PSR APE EE 0 I”hi"i"ﬂcmgé’&‘ﬂ@ HBFEheen found in
di verse or gmmachsmhnzases%aibmdwm aeid hm*yntaﬂa, nﬂammhwdnpuos, el egans, and
sacchar ol MGG RAX pricSh € md B aihia bt IfflRRe bl hoReades
rni cr ot ubul e- associ at ed proteins_that onstl tpuent of the Cellular

cyt oskel et g %{eetcé@nge&we%egm%nﬂww,%fp% verse organi sms as C.
el Sgans _and VEIRE preat Mﬁﬁrﬁd’r@h@iﬂd@éys?fuﬁ@htﬁ&tﬂyb&hﬂﬂﬁrb‘ahﬁdléfkteinslmz Et Be
endosonui 0 t| uire rotr -Eabst et
al., 2002), “%“f' mﬁérEH%{lrcse ou% a8 bﬂp%eeﬂggudgg%énefnéﬁg%%%‘# i ng manmmal s,
yeast, and 1¢ent§E@olsmtgmﬂY iggortant fmgmgtta‘ off e nu\ﬁmmmplpfalhstpfom peshtat ed protein
is the p'-coatonmer protein, abbreviated as p' Cop,..that =COdes a product
invol ved retrograde (Golgi to ER) tpansport. Simlar or predicted sequences
have been identified in C, elegans man. virgifera, e.g. Dv24:8 (SEQ ED NO. .
Qther target genes for use in the present invention nmay include, for
exanple those that play inportant roles in the viability, growh ,
devel opnment, reproduction and infectivity. :Mete target genes. maybe one of
t he house keeping genes, transcription factors and insect specific genes or
| et hal knockout nutations in Drosophila. The target genes for use in the
present invention nay al so be those that are from ot her organisnms, e.g.,
froma nematode (e.g., C. elegans). Additionally, the nucleotide sequences
for use |n the present |nvent|on may aI so be der|ved from pI ant vi ral,
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_ protein and pronoters and fl anki ng Sequences of such nolecules. In

addi tion, such nucleic acid nol ecul es include nucl eic acidpol ecul es that
encode for gene fam |y nenbers. Such nol ecul es cant be readily obtained by
usi ng the above-described nucleic acid nolecules or fragnents thereof to
screen, for inStance,. cDNA or gDNA |ibraries obtained fromD. v. virgOa
O O her coleopterans, or from Lygus hesperus. Methods for formng such

Iibraries are well known in the art. As used herein, the phrase

"codi ng seqwarom/issest struct ural nucl eoti de sequencé’CT@B20W@%6P18ct ural nucleic
acid nol ecul e” refers.to a pucleotide. se tha is translated into a .
pol ypept i d&/*" e a7 Poedi bziminh FNFOOPURERSF 5 %ﬁcf%rt R Brgh  of

appr opri at sftverg e, (amyda;a semgaIBnTased to an;alyﬂéhlm dndwadasreq@ﬁcedn‘formhthn codi ng

sequence ar t nSt t ermi nus and
s transl at |§F\d§%§%%go b%t %Fl1e&§§w?°§er merafﬁss(ﬂhkc § ?%:Ffﬁjerl e can
i ncl ude, b@?PfF@thanFPﬁﬂtpéifs?@fmﬁﬁeﬁ?ﬂ%“m%mwm@gﬁwmﬁ%ﬁsonbl nant

nucl eot i dea[faaﬁwadsm@a&ans Aslaued“&hiemtcafreadﬂy SpRitht Manhy dlo) thdsurediugc onbi nant
nucl eoti de_s ,ﬁ,ﬁ

ence ntalns a.genetically englneered
nodi fi cati Of at%ﬁlg‘gnfé]ﬁr °5%&°§usr?ﬂ°t SR gentl striction 'enzynes,
and the like. Asusedﬁezmn,ﬁah;gmtmctnh:émotnﬁf f‘&rgttrm@hﬁ’amﬁrspommuoadﬂyt argets for

control bygdehgs eﬁeﬁér& canswn%ﬂ&nl&@equenberﬁwﬂiay&aeséqbﬁws%ﬁsaq% ion regarding
t he sequence

phen ul ting omrrutatlon of
particul ar® ?ﬁggﬂc fhgef’éifn?m“t”ﬂembqgi ‘L‘%{ f“%"nc%"nf" 1%6f% t hat
sel ection tnfgetammforﬁhdmaarea gekyof fatgphmbiis kotm pema-toPrommeargen ofolif pr esent
i nvention
- accorrp{ygls%eo['l ttmﬁrngtu teﬁéoee ?urcl orv %ﬁl%clsglhd g “F“a“ﬁrr"%s fl}mglrﬁcsaflﬁdy of the
cor r espondfgt ’ﬁ‘éﬁ%?"‘?‘?f et Lepitgh i mﬁ%ﬁq‘feﬁ“@r%“sﬁﬂﬁwa 8 sone ot her
i nsect speﬂ:maﬁrpsamdmeucfhneexmesaoﬁmm@ﬁtempﬁﬂmgmauas)a fungal . species, in a
plant species, in-which the.geneshave been characterized. In sone cases it
wi || be possibBe td}e@mbm‘febtersga@H@nﬁélTreﬁsf@mefmnr espondi ng gene from a
target |nsect l&.)’re&ﬁﬁihﬁiﬂlm JRl2bRgesr Sl ea& @%ﬁk&a%a%kéagcu@m&her the nane
of the gen 'FT’ ; 2007/b035650PC-8 61036 19 seﬂuence from for
exanpl e, S %% AETRSF Y DR SSTEE YR %1°’f’ﬂ Dipeneid a plant from
whi ch t he g}wedsm tqsetbtn colteim dg. totel(PEA 10 henmem@nm‘e e gobnaiohéd, ' PCRTM may
be used tobaa@pdmw maaew; Qmweﬁmede&oﬁﬁéy%etaﬁ%&emmpfmﬁﬁ fRne in the

insect for .use it he present inven order to obtain -a DNA

segment f r BAPYie 8&6?‘@’%‘})%5?‘9&959& @W“@ns?%s@c]ﬁoé‘%é’f EENPERT m pri ner s
may be deséappigeltabe on, bimasmgbenitdlydseted intth ventolMGRr dite caftabdf i nsect s
from whi ch, LhgudRBRRaR: REGRCHREE- moI@&cR&mrﬁ%géma&ﬁ donkgRgd 0 anplify a

DNA segnent, _of sufficient |ength for use In the-present |nvent| on. 'DNA
(either ge]’l‘&f’qﬁ dingepepse oRQIGAN! §5%?néiaéﬁae&vqcﬁ°emeﬁwélaﬁiﬁf§eew%a es, and the
PCR i m pri sarseleciof tie@ppriptiae Rgdtor frill defiead RINALY osagaiemfthﬁmab hdic@t i on

condi i NSy Akl Athaia b phucibl bliiohd Aol w8 §Y By T 1 e

primers do not comely. reitela.the target. sequence. Al fernate y t he ‘gene
(or a port FGH ‘E"ﬁ‘@”éé! °“Wpﬁ§°t&|d@ﬁ’ejﬂlgfqndmfﬂ1wmﬁwfpﬁﬁr%ry pr epar ed
fromthe i Er@emonpéw&pﬂbﬂnemcumthdeﬂlantﬂ\ﬁﬁolg&ﬁecoﬁfpaﬁmthervedmom [ nsect

gene as a =l§l.l]ifT|{ l‘ln P n r

i braries ar ggﬁ%ﬁ%ﬁﬂa%&g? her : %%Jﬁgﬁh{}%e ugﬁféess %qo V\)/]rll'mmﬁl '%NA segnent s
fromtargeff ﬁl%@%@#ﬂgpeesnakqseemésanmgm B%wvlseﬂomceﬁortmeﬁﬂeefnbh meksequence of
genes pr evgdawsényaﬁzhmﬁpfoﬁﬁmM@In@dbcﬁb:bﬁfonbﬂtﬁ@@;{ouml es are provided in

t he Exanpl es inary: ski | e, art wi'l | recqg A e that a
variety of tec%ﬁ"ﬁ%@s@%&y %Gts%émfmiycg%‘f‘%ﬁfe&t&’ eﬂ%ﬁ?‘%‘ % Bni i nsedpest
speci es t haselesighle F@gyor'ﬁmtg@mwég O Desskayy fosdiemdalfqrmwﬁ:tdfer speci es.

Wen an i nﬁ&%ﬂe&h&s&@ﬁﬁ&v@ﬁﬁ a%ﬁve foRifurd AR 85201 se’le@ﬁ’o%%EﬂeQ&cod%lJCh pests
i ncl ude but are not: - limf¢ gm the ordér Lepidoptera, for exanple,

Acleris spBotmnfig %@ﬁﬁ’}f%‘smésﬁﬁ‘” 3 ﬂ{@’é’@?‘i“&r QAR toxing fi gyt FUBiC iy BEOTAGIH b o

argill aceae, Anylois spp., Antlcar5|a_genrnatalls Archi ps spp,
Argyrotaeni a spp., Autographa app., .-Busseola fitsca, Cadra vtella;

Car posi na m pponensi s, Chilo app. ,-22.Chori stoneura app., Cdysia anbiguella,
Cnaphal ocrocis app., CrteP hasia app., Cochylis.app., Col eophora app.,
Crocidolom a binotalis, Cryptophlebia | eucotreta,. Cydia app., Di'atraea
app., Diparopsis castanea, Earias app., Ephestia app., Eucosna app.,
Eupoeci |l i a anbi guell a, Ezproctis app., Euxoa app., Gapholita app., Hedya
nubi frrana, Heliothis app., Hellu. la undalis, Hyphantria cunea, Keiferia
| ycopersicella, Leucoptera scitella, Lithocollethis app., Lobesia botrana,
Lymantria app., Lyonetia app.; Ml acosoind app., Manestra brassicae,
Manduca sexta, QOperophtera Spp. ; . CStrlnla Nubl|a|ll, Pannene app. , Pandenis




fromthe order Orthoptera, for exanple, Blatta app., Mattel & app.,
Gyllotal pd app., Leucophaea maderae, Locusta app., Periplaneta sap., and
Schi stocerca app.; fromthe order Isoptera, for exanple, Reticulitenes
sap; fromthe order Psocoptera, for"exanapte, Liposcelis app.; fromthe
order Ana/J. litra, for exarrple Haer nat opi nus app. , Li nognat hus app.,
Pedi cul us app., Penphigus app. and_Phylloxera app. fromthe order-

Mal | ophaga, v@@{aowl e, Damalinea™dpp. and Tri chomsms/oa@p . fromthe
order Thysanoptera, for exa Franklinella app., Hercinothr4)a

app. , Tae nimgthpiregric, apfptracycithy ?bg somkmmt awgifaphip deficimixdes) or &) shpﬂa enitfedt hnps
aurantil; Bﬁiﬁéﬁtstnhﬁavmaiﬂ@ RotrRSiIRRARE Bg, B é&[@)&%&hgl)-alamne rafsh@R§% app-

Di stanti el I a obro sdergys_ ap chi stus app Eut ygast er app ,
Lept ocori s Fadly °Scﬁ?@5§‘?§ﬁﬁ58%ﬁﬂr@§ﬁﬁ“$5ﬁha WH‘F@?‘%ﬁaﬂ@éhl bergel | a
singul aris theﬁcﬁtadmpbmemcaqﬁnmgcﬂirgtmtsmmlpzs surhiderth satectibouegitngh. app. such as
Lygus hesperus | I, h.as Bliasus
A%Q%DP%SE’L%!H lg%‘%@&%ﬂ mfdmg a4 ag@ > E)ﬂ%ﬂ Jdu&ﬁ%%mﬁﬁ%

| euCopt er us | tat om he or rnoptera, for

ap

exanpl e, BNGW@tW@RW ha?t%l:?fsaﬂlém mldoléy?%b’s‘mb?dé%#éﬂféﬂ%@ﬁl diella app.,

élphl di daﬁ, leﬁiamh§ f@mampm&w hiclete Wsid Q:Ebl{bcuée b ahe DOerﬁ@ifea& hﬁNAa&pl Y
oysonphal_us s_di.casperni . Coccus rldian,

Enpoasca appe- ﬁre@s%%erf aﬁ?{dau%l Fﬁmil':i Iyf‘%g’i’gne"u“e %é@?ﬁ’%ﬁ) i a app.

Laodel phax quspmasem@am ﬁmO&ibPhﬂgePIL@éﬂ’B@@apm.sﬂnéﬁpwh gMEmrphus app, , I\/yzus

app.  NenOkatih pitats sbckiBRA0Rdbic PRmers AU AL fof BRimorsE O BT 9US aPP.

Pl anococcu Pseudaul acas S ococctis app., Pay/la sap.

Pul vi nar i a?aétéfeh%ﬁ‘fﬁii Frpracter and, varly ns e%% ?60‘?%’6‘@8@%%?‘@5%@8%36319

Quadr ospi dpotogter. $lopever, RRhopadwadhopdnslindsqie proitased sutabpp. , Scaphoi deus app.

Schi zaphi s app.mpe %o@eﬁﬁ " aﬂ;?eh%lfeﬁﬁeﬁ& tUaarggﬁa@tE! EW% 4hl.0za el ytreae
or ‘ex

and UnIISpIS e|tr| fromthe ord Hymenopt er a,
Acr omyr mex $ “&‘iﬁ?u‘h s%"ﬂ?&u@"é‘ﬁpm?" ﬁﬁ)’?ﬁ“ﬁ‘ﬁ‘ys ﬁ?i“e““D“ﬁﬁs"rSoﬁNPéeé G lpinia
pol yt onma, Iekyadsﬁ@awrha lisked sﬁucﬁ;ﬁsnmotﬁ@mmcc mﬂmlswmp@aara‘mam keodi prion
spp, Sol en%&n?s” ?e%? to &@fgon\ég ?se%ﬁ)e%c% RRated upgh%am ESh Eonor rs<:quex19c:s]e gv%jm for exanple,

or downstream (3’ non-translated sequences) of a stmchual nuc}eotlde sequence, and which

mﬂuence the ‘timing and level or amount of transcription, RNA processmg or stablhty, or

translanon of thz associated structural nucleotlde sequence. Regulatory sequences; may

mclude promntcrs translation lcader sequences introns, enhancers, stem-loop suuctures,

repressorlbmdmg sequences, and polyadenylaﬁon recoguition sequences and the-like.

Altemahvely, the expressmn constructs can be infegrated into the bactenal genome
wnth an: mtegraung vector, Integrahng vectots typically contam at least one sequcnce

L ‘the bacterial chromosome that allows the vectm to mtcgratc Integratlons

.appear to rosult from recombinations between homologous DNA in the vector and the

bacterial chromosome Faor example, mtegratmg vectors constructed with DNA ﬂom Vanous .

Bacillus strams integrate into the Bacillus chromosome (EP 0 127,328). Integratmg vectors

" may also be comprised of bacteriophage or transposon sequences. Suicide vectors are also
fmown in the art, | .

'Cobstrucﬁon of suitable vectors containing one or more of the above-listed
components employs standard recombinant DNA techniques. Isolated plasmids or DNA
fragments are cleaved, tailored, arid re-ligated in the form desited to generate the pl@mn_ids
required, E)iézmpléé of available Bactcrial expréséion vectors include, but are not limited to,
the multifunctional E. coli cloning and expression vectors such as ]'5'.111GScript"‘M (Stratagene,



Aedes spp., Antherigona soccata, Bibio hortulanus, Calliphora
erythrocephala, Ceratitis app., Chrysonyia app., Culex spp., Cuterebra
spp.,, Dacus app.,' Drosophila mnel anogaster, Fannia spp., Gastrophilus
spp., 4 ossina spp., Hypoderm spp., Hyppobosca spp., Lirionysa spp.,
Lucilia spp., Melanagronyza spp., Misca asp., QOestrus app., Oseolia app.,
Gscinella fit, Pegonyia hyoscyam , Phorbia rpp, Rhagoletis pononell a,

Sci ara spp. app., Tabanus spp., Tannia a and I| ul-a spp,
fromthe or dert‘(gl pﬁ%napt era, for exanple, Cerat opﬁ%’?ﬁi@"@?ﬁ’b und

Xenopsyl |. aL@faﬁQ@hT ﬁﬂﬁicl-f, 'fd?'&aSnPﬁ £5.de4m, X AR @ frafrint B G be LEPI STR
sacchari ne béen found tha e preseﬁwt Ihyention is-

parti cul ar1‘%?‘e%f“ft‘é&e| YF@‘“ Vh &Ame PHR sqaHengsst b&tm@’“’m&m@‘ﬁbﬁr@t figa spp.; and
especi al | ysubdagientt7hesiquesds fi- galaEBbsaiasreea thata Mbfid)pbeinds yodugddf pilNavettMeSt er n Cor n

Root wor m k@r{ ek&nﬁgéh%ércl?ﬁﬁam?ﬁg (Northern Corn Rootwom, NCR),

D aProtica X1 can rn Rootwonn, MCR), Di abrotl ca balteata
(Brazilian Cofryesoetombitemt coBRR)canbPighiy il denme Mwamfﬁbqﬁm&enpl ex (BCR)

consi st i NGpfioter efesce} Riitn Eb:&;b:dbéhxﬁm%nﬂad& aéaﬁ&u GAngiReh @e%aﬂmoer Dl abrotica

undeci npunot at a howar.

rn Cor The
i nventors PR ﬂ%ﬁﬂ’ﬂ’ﬁ%’ %fsﬁgmﬁeﬁﬁﬁ n?"(ﬁ?n%‘\&,\fﬁ%ﬁ "lef)QSS‘(%Faé??BT eran pest
i nf est at i owhithy mgy b imdinkaiped il @ rkrilicons suchirvel@d exirdoiypmesbeal celearwitd(egn| ecul es i n

the diet 05%&%@2?65})@%%%%91 Mceﬁ%sﬁ}ﬂ&ﬁ?&&gt‘&ﬂ@t&% He3GAhRg doubl e

stranded ri C -acl ecul es t anct1 on upon | ngestlon by the
pest to i nPAVHIMo taplisitign Eiers|tue aiasing dito bp malsing & ex%me#gfqrn one or nore
of the fol b@msfbgaﬂilﬁhlpﬁlﬂrﬁmchdseﬂuﬂdﬂdgmnd dinplif@iinNBxabigled dfaudhgsdst- reduction in

viability pf S gpial Q)Y 0 erentiation
and devel o athS m?ee@ﬁors mcﬂ?%lzap@ﬁ%gggt%%ol?wep@i Eédmcgpécfgtgé €;ﬂ{%r sexual
reproduct i 15&3@%0%@?’ 1982  Ineadditipnerenlisen may pp eitier ehlﬂb&arri@‘heﬂpy formati on,
j u?llem l e hﬂﬁr;{g&%mﬁﬁg‘?lhlgﬁtcbﬂ}ln%ﬁh bRk Rl g%e:augmﬁtarcaﬁm%& radg@p Nt egance of
ce ' r.a n I aci

degr adat i on %bﬁer r‘f‘ﬁ%o‘r%?rét and’ﬁypm ag" ?rr@rﬁ"eabsutg%%ég" %‘mﬁﬂ’é"%%% "Penisi ng,

ant ennae fmmmawwmmwmmwabp@go Mrnmﬂmfﬁablmlﬁeqt@hgwéﬁt and
]gil ffe{entl ati omeﬁﬂegast fpRIIRE she Q2pced %U@d@n@%%@ﬂe@&codﬁg%kﬁ@m@nzYr ne

ormati on S eS| aeni - i nten

neur ot r ansHft g? WE‘EI ?"%%‘7 %fls B PSP ﬁ%@ﬁﬁ‘%gﬁﬁm? @E%Sr‘ﬁ? Pon,

apopt osi s, 2, aw}ase: elrmmgﬂlq,tglwqﬁseré pmadlbaﬂcysgmeme ghistrhldéhydeysinbosphatd- et al

Structure, s el o@esmbehexa&&asen ﬁ-&cﬁ:&?ﬂ!lsb% hofl¥aiRBiEe OF any
conbi nati on of these. attri es can resu i n_an ef ective.inhibition of

pest. i nfeSH&F 3 PyTRiAY ki"ﬁset@?é{s é%?s%”&?“@pl%ﬁmﬁggps FRNTBIEeAAdof pl ant
i nf est at i ophosplodse, al@prptides usthvl froni@e Gequanses VighnetaraeoAPISAY Mosdiieont ai ni ng a

pest i nhi bgysasnxarmt{efs%faatm%rowg QMo aypgaspsak@am gs aedsee g

ri bonucl ei ¢ acl ecu |ca
treat ment , SgyhYEidREPROtes gl F‘Eﬂelw 5\5"@{? o‘e‘ﬁle?ff’ﬁﬂ?d toghe %‘Fe‘ﬁmfiflﬁﬂﬂ’ﬂced by a
pl ant f ronncﬁvahenmgibn nastpammmeemmem@m&mu) VEstahuples bﬂ”ltﬂnfcﬁiuﬂoﬂ of a plant,

pl ant pest arld ﬂﬂ_n!{g ETI&E?[ he Exanpl es

set forth eggiéﬁ%?l&g%%\?v ar%e %28%%?& w%g&ﬁér?\iéu |on V\goenl-appl ied to a
single ., @é@YWW’NewnﬂWSF@thHW% will recogni-ze that the

met hods, fornul‘\mmuﬁaﬂ;dthbdﬁmemmtsedlBeﬁntéé%dﬁkﬁfﬁﬁb&&g&ioﬁxeﬁtﬁ i ntended to

be limtin co t eran eC|es t hat can
consune. 1 P S gisf R &%Jeﬁm ol P B PR R BBRR ot arount
of a pest IOrqugﬁfthﬁomowgleﬁhat |ﬂ§ﬂt qufgr tot infegrats t and fprefmablyofontaiprtwo doubl e
stranded ho 3ot S3heR6ed |f&§m% r&gﬁﬁcoﬂﬁﬁ&' Iategrmom;sgr %Q&sﬁyﬁ% ess SCODlc
essenti al %%? e ag ut Qr unct thl n %}g pest EWJ

dent 11 calT B eBPo i SR e et d WebeopruBAPE] W of dsRWA
Usef ul for VWeomtat al, 1983y @mmtegxmwmrmybedmted@ompécnﬁammw l-i braries
(L313149, Leleﬁan%%ga plol,ﬁé’té’»ﬁ)o%%xeog&uk dedmack B imbRKiGh in 16 QELRLSHE d:‘?%ewepép whol e

| arvae, pupae rom di sseCted ral dgut sections, -and nucl eotide sequence
i nformati on was obtai ned (see Andersen et al., U S Pat ent Application
Serial No. 10/205,189 filed July 2% - 2002, incorporated herein specifically
by reference in its entirety). In addition, cDNA |ibraries were

constructed fromwhol e | arvae at different devel opnental stages and. at
different tinmes within each devel opnental stage in order to nmaxim ze the
nunber of different EST sequences fromthe Diabrotica species. Libraries
L1B5444 and LI 135462 were cOnstructed respectively from nRNA pool s obt ai ned
from first (1 gram. and third. (2.9 grans) inSiat Western Corn Rootwonn

| arvae. Harvested insects were rapidly frozen by. insertion into |iquid
nitrogen. The . insects Were ground in a nortar and pestle



WO 2007/ 035650PCl ATS2006/ 036319 mmi ntai ned at or bel ow --20C by chilling on
dry ice and/or with the addition of liquid nitrogen to the- nortar until
the iitgue was ground into a fine powder. RNA was extracted using TRl zol (r)
reagent (J.nvitrogen) according to the Manufacturer's instructions. Poly A+
RNA was isolated from the total RNA prep usi ng . DYNABEADS Qi gO dT
(rnvitrogen) follow ng the manufactyger's i nstructl ons. A cDNA. library was
construct ed MUBMPHEPol y A+ RNA using the Super ScrECBUB20@IEEsai (1 System
(havi troge) cDNA was size fractjonated, using chromat Qgraphy. The fourth
and fifth fh&B4 GHe B eFsiah poirusts may-iftgreisdpessbly afiogpePBRT1 vect or
.(Life Tec&&@dhﬁ@ht@&telﬂ}ﬁoduceﬁmﬁehmtsmg VI D) bet ween the Sall and Not1
restriction endonicl eases. I eco ornmed i.nto E. colt
DRI OB el ectro. °prese§ vansuo %s ‘%ﬂlﬂem%&s hi%m%’?m ”t?“cﬁ %ﬁ'ﬁe@u"f’fe %t instar

| arvae |i brhamweyt Jeveaw letb@mlmmmh@wpfe@ﬂemiywﬂmmmgmcﬁmmyf oftre third instar
| arvae | i bpaie asnte hdRclib QUkandoriBtios vaQS cepteq%u;gfeﬁwqmya%es Col oni es

from LI B149, LIBI50 wern. washedfromthe plates, nxed to uniformty by

vort eki ng Biilabie|isthe ath (Ths SransEpmatian Yotey OwPIsITONe BT TR pucleplide feqpmces he wash was

br ought t othitO8/aurg loyreitte of beirgl tiagiaifed th nNRIOA @iolseuld sldhat awveek Sbspbiilyat 406C. The

ot her  hal f | m di - prep
é%%giﬂﬁeagd/& soRbBHLES 1o- one B ﬂ&%ﬁ’cl%&%eég@mflgs éhcédﬁ@%%

puri fication co ,, or Its eduival ent. .Pur asnal d Was | i quoted

to m crocefre gty dwsesd wipf thak wew gtae of BRRNA there (§0¢°&'ﬁ1f°€g§1ﬂ‘¥°pc% t he
Di abroti caexﬁfeesgsnfomhstsﬂawémbie@ecawtaaednh&esﬁﬁ% AR ghndBBAGR % e anplified

individually i Vi SCOSi t r.o teI '
col ony-fram ng%aﬁmﬁ%mt Y Shag . J"égﬁ%a%% ‘@8’35“6%“ da}r%‘}’/g dgirinr?tgng units from
1, 1135462 ermecombinantimolpenls, andnseqt cqgireltagent; e praetiztrusllopulé or asﬂb@em gehdle nedi um

cont ai ni NG cddst3%0 ﬁeﬁﬂeﬁ@genaﬂe&eea(df)heg gk G ehtRE imhy wpéenﬁptxtrtﬂw at 37C and
t hen rapi dl%e poled in a ter/1.6e bath for thour allow ng uniform

Suspensi on™ICH SCRERPL PICATmE: Bieof BYC sy r‘FG’EEﬂpéﬁ 8% 5 B‘r"’ﬁr”te’é"g were then
grown at 36@sdripts, a2 or o rof cach Af theefremantited; iwbersintaher ped dfs tuescdptmi xed for 5

M nut es ' OBeecH s hoRbigios to BI6: SRk u{maotemotntmfaﬁ RiAkeddyck WO 250 1
centrifuge bott]es. The bact eri al l1's were | eted-at 10,000 x g for 10

m nut es. TW%@WG@&'@*@{WWWBWW@ B‘b‘tl"’(eftes and the 'cells.were
resuspended i nIeont ahtkinteht RQani tansfmdtin veeidi daﬂspme.tetm@ﬁteamglpbnﬂmr beneci | lin.
Di met hyl sylfo e 0% rve th e 4.reezing. Both
libraries %ér%eélg%gcv%mg%&[dg Qp%%érnaﬁega;ﬂ?et?}é%%? 94" &% o %w ?/uc"eo%r mng units per
M 1Liliter soqsasephPrede gresahavation r Be inpdeotider sgyense as Q?BPM ﬁ?ﬂblﬂararcee L1115444.

and 1, 18546cas1mg&sEem@om&oﬁgndﬂemuetse&iastsafm% SiegeBith@tmen of about

1.25 micro per_mcr Leri and i zed water and
al i quot ed f%ﬁfg@dfweufnﬁ fncudcsc?rs3?% gs{éeﬁp ?fjo @?A f’&ﬁ“h& about 8.75
M Crogr arms tagbled e, M@@@ns@n@mwwemmlp@mfm df dlor g pat °f atargeted -
?ppl i cgnt ( @Jlgiéﬁgt'%{e%m tudbidb g o&itﬁatmg: éme eIﬁf&ﬁorr Gaalot \E;{a? aQ@Iob@atU% Z n2|( éTC\%
ocated: a ni vei si t ul.evar at sas rginia
2007/ 03565%%?9‘%?5 ﬁ‘é’?%f‘ﬁt?”i“ﬁ'ﬁ“@mgﬁ‘% Ef%té‘gi‘iﬂ RPN R of erred to as
LI 85444162thzﬁﬂ@g/&mcgraod/nndysdsotdwmﬂ\pp‘lve ouK (5 untrnglatelicloaied ©queeei pt _
assigning ghe,. Wo@ﬁ?ﬁi)tpo%tﬁaﬁﬁén%n Mfﬁ) 1P QAP the point ofRdrRatlf Ot WOr m hi gh
nol ecul ar wej ght cDNA |1 braries, i. 3B5496 and L1B5498, were prepared
essenti al | i}’m& ™ descri bed above for the production of corn rootvionn cDNA
l'i braries. LibAalaneisnifbibid@6edn thapBhtiieqvarce foansdrs hiat e genesipect i vel y from

MRNA pool s uewﬂ}gé%h&ﬁ& stﬁafpttatt fasNA ﬂgﬁm P@%@&%&%@&%@g@w (1 gram

i nstar Wester rn Rootworm | arvae. Brie I nsects were I%@Ackly frozen
in liquid Hicelsofetreetmse. Onpkilad infwar mall mﬂéaﬂpméﬂt egneats of B¥A powder

gri ndi ng i Hhdéke s¥QEch@Mc nmsthhtq,mséi{{\ﬁdm&ntegxﬂeﬁ i 1he EbnibSied Bito BRIng | (1) reagent

(invitrogen nuf act urer’.s uc ns At RNA Was

i sol at ed f?gmr’n"iltﬁbﬁwsf%eg% mlﬁ%l 1R Wﬁgth&eﬂgﬁ‘%ﬁ%r g%a%gﬁ%‘fhnyl trOgen. ).
A hi gh nol ewhtanvmmgimadz@bwmgtﬂ@ay maBNnta?dﬂneht@meOnQﬂﬁeliblgﬁhans of Poly A+
RNA usi ng the SuperSeripirm Pl asnui.d System (Invitngen). The c, DNA was size
fracti onatedon a 1% agar ose gel |n2TAE and cDNA between the range of 1 Kb
to 10 Kb was cell ected and |igated |nto the pSPORT1 vector in between the
Sall and Notl restriction sites and tranifOnmed.into E. coil DH1OB

el ectro-conpetent cells by electroPoration. L185496 yielded a ',total titer
of about .3.5 x 106 colony formng units. L[85498 yielded a total titer of
about 1,0 x 106 Colony form ng units. Colonies fromthe corn rootworm high
nol ecul ar wei ght cDNA |ibraries LIB5;496 and LI B5498 were anplified
indivirlilally in a high 'viscosity .medium Approxi mat el y 600, 000
colony-formng wilts fromL1B5496 and LI B5p8 were' m xed on a stir-pl ate
separ ateI y |n 500 nt LB medi um cont a| n| ng 0 3% SeaPr ep -agarosee: and
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WO 2007/ 035650PCT/ US2006/ 036319 bi oi nfon3aatics algorithns that resulted in
the assenbly of contig sequences referred. to herein as U saCGENE.

sequences, and individual EST sequences that could not be conpiled by
overlap identity with other EST sequences, referred to herein as
singletons. The LIB 5444 and LIB 5462 libraries were then sequenced nuch
deeper, 'resulting in additional individual EST sequences. EST sequences
obtained fromlibraries, i.e., LIB149, .13B150, LIB3027. L] B3373, L1B5444,
LI B5462, LI BSvya/03568 L1B5503 were sel ected for quFW@? Q6P tigation in
feeding bi gmasaan%?;dmmm%m@%aa% sBepdkog agauences are

gl ven in-t .sequence listing sequences | sol ated from CRW cLI NA
libraries {GEHRM0p SGWHHT oM ?/\Hé"f’@%@%%l"émpﬁﬁ%t ggndesimed 91 $8d t hese

assenbl ed mmnmﬂ?uw%%wemmeamtmtﬁemﬂaﬂmemﬁtwg A UNI GENE
IS a gene-ori ented

er f venr&g)mét'ge quer %}3 i E]IVI dual EST
sequences W RN Fe I ORSGF se% R ARG ARE Ifﬁq‘m?na ¥F%48: sequence.
Ponti us et e@ﬂmmé@@@sxenmwmﬂémﬁlﬁéﬁeém'emdeabbswedmﬂlelta!ltﬁqfn t he

sequence | igsdds NGBS HRRAhY 286 1sOcthdRn i Wikent BRHK aRNGR RheaPen readi ng
frames. Am no acid sequence inforpation -deduced fromg a@gn readi ng frames

was cOnpar %P’FSE)“’?(WC?V\%‘?’”B‘HWB OLEPTESSIOR ARTTHRIESST 9% & PRERTTEHC ife@te in public
dat abases tda b@rfdﬁtsatddcnsdmdmﬁ andh dis@ostdein tFilift, Appiicaion Poblidative qetige i dentity or
simlarity,f@dhase known am no acid sequences. Biological function, if
anyY, associ ate W|th known aM | ad acid sequences in publij-c:-dat abases was
annot at ed to t Remalies fket Soptign i differm elotreeris e o arplimevcionge #brary

nucl eot i demﬁaaemgt rdawwm&:# STpoly epiites ﬁtﬂlﬁﬁ&cﬂ:ﬂ@’thbsiaﬁht mefumwtg.t :c on that was
suggestlve 0 e:functi.on of -a. r rom a
particul ar '™ ettlcgl ti‘cl’tartc"%s“%gw&ng 0 ’a%f}’glr LIP%S sé’teﬁséﬁ but was not
out conme . démpersly nesgilapd, smslerdmgﬁatm@n@ugagemwellmmwam d?tefﬂwﬂor mat i on,

certain c%&a%aa&aﬁe WRERICEMVASES Sk a@@tht BOwesd Pabo@pdRd a protein
that was | |kelglcg| nvol ved in some _bio]o u%l cal ncttgaatswl thin corn r oot wone

cel |'s t hat PYRPS® ¥itherpsgsent Sweniny: -gp for gotm e°°“t{5’} R dty for
ensuri ng heay Eetpr@mme\m tchievd the Tiighedt Jeged df exppassionenf éhedei glael withimthieoisnvol ved i n

cel lular i pfegr| Mume%tmmmt.e@s@ﬁamﬁaptama@tdﬁwmﬁ%qa& ipuRNd the | ke.
Sequences s ¢Lectg’02 &ﬂ |3r% |50n wer e 'used i-n the canstruction
of doubl e ¥YBHF 28 f rﬁaratl on into CRWdiet. Thernal
anplification ﬁrnewmbmpmlnmmoe odeenstgmedf the peeskno mvéBbAWENGpiEHEY st-arti ng
sequences 5& 9&%%%1%%%%&%#&&9 eﬁkc&ﬁggl 5 @%§ cetls! 'SH&B(B@" rs were

constnicte I'ther as-a.palr - eotld uen eac am ‘ber of a
primer pai PEEEHEAIASP Prjepftip sesct fornims prearkestisthat tctmauft%?gctoas wekiense or to an
anti sense s@dquﬁﬁdiﬁgpo‘B@Eﬁhdarwmbfem@aﬂtheﬁr&ﬂMQﬂ&ﬁﬁnV\Eﬁe&nﬁQﬂﬁﬁidﬁéﬁd so that

each menbe 108&&:&3@511%,%&51&{( bmqk’lfg e {ann&ﬁg y%;ﬁ%{ngc

phageRNAPol yni er ase e’ﬁ?gher fidelity
first anpl Pfhepiside éqﬁw*a@aéqa msﬂ’»éﬁﬁ rlixeraplwtf silnstably markers fngpdeopiter WD

2007/ 03565&9621’&%8&0@&/&8@&1&mmmeslfmd@aagc@reﬂanpémtxﬂﬁ:stlategedaer ate a first

antlicon Le bl or a. MRNA
sequence |s L%se - %ﬁ@o%ﬁpﬁ%c e‘t’@i@ E%S%% Jméﬂ@ﬁol ecnie for
use in thesseﬂlevsetwinﬁh/em%awbeetaweml@amlms@egenbmfeee@fames are

re;:ogm ZRﬁg\td Kimﬁo%lﬁm ﬁbgtaitqc&&&iaﬁlsyhﬂﬁ&%h fﬁﬁmst )Miel’shtoo%@ ﬂ@&zol%ﬁiﬁ@?t Wi t["hn the
mat ur e sa e firs i con_gener at.e r oni e

hi gher fi dét rﬂ W?.’F“t“‘é n%"g‘t‘t‘%ﬁﬁm ’?E@Pﬁ Bﬁé‘é“t h& E& t %% enpl ate in a
second thesmablamtkprﬁlamaﬂlﬁwcd anis. Patenti 565031856343 HraTBI0pakr cont ai ni ng
the Ti progpig;. sequence to produce a second. .aroplicon that contained a Ti
pronoter at or enbedded within the 5 end of . .each, st and of .the second
anpl i con. The &o tné“tr?’tﬁ‘é? Bt Rt of the ritsenh fovPlien B BEHEP Acon was

obt ai ned i gerdemible mﬁtHeECSdI&ﬂﬁleaMkeﬁsCﬁﬁ?&’eeﬁedttﬂxﬁoﬁMQHﬁéSEMIEﬁ&mﬁl&tquence - as
reported fgt{remgalglgm gﬁ%ﬁé‘&@;ﬁ%@m‘m % h}cgsn&:&@an Uences

any, - were noted. ner a sequences u5|ng gennn

tenpl ate were inconsistent wthfurther use as dsRNA nol ecul es for use in
achieving significant 147,els of séppréessi on because of variations wthin

t he genone sequences that Were not present within the naRNA or ori NA
sequence. AT in: vitro transcription reaetion typically contained
fromabout 1. to about .2 micrograins of 'linearized DNA tenplate, T7

pol ymerase reaction buffer froma | ox concentrate; ribonuclentides ATP,
.CTP, GIP, and uTp at a final concentration of from between. 50 and 100 nmM
each, and 1 unit of T7 RNA polynterase enzyne: The RNA -

pol yt nerase' reacti on was i ncubated at about 37C, depending on the optinal
tenperature of the RNA". - poI ynt erase: used accordl ng to the manuf acturers
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Transcription elongation and transcription termnation factors are
essential to netabolismand nmay be advant ageous targets for double stranded
RNA nedi ated inhibition.' E 26S proteasorne subunit p28 honol ogous
sequences _ The 265 yroteasone is a | arge, ATP-dependent,  nulti-subunit
protease that is highly conserved in all eukaryotes. It has a gener al
function in the sel ective renoval ofgvarious short-lived proteins. that are
first coval eWORPPPHEKed to nbiquitin and t hen subs@guEspdAscsegr aded by t he
268 proteasone conplex. The ubiquitin pathway plays an inportant role in

t he cont rofoftf?lclt‘ﬁ’émt?e‘PIPmOgeW‘l@Wﬁsaﬁi@“@ﬁ&@?“ﬁ@c”&édﬁff&ﬁm #eh 187 nunber of

regul at or yarpnq&oes Bie,| WASALUGILIAEE ATblo@ici BatCy@ilateh &emuéﬂaﬂ i hﬁﬂ%’é}?&mﬁf

I d d 7 | | g
Uppr st OREBILLS «DFER aR SRS D Hr S« g Peh S5 BRSO Flesi s of it
conponent sy 38T8), tasgereesyhidhernpriefae razpae foambiek mrrburchrdmu@hm sabbtratendied RNA
medi at ed | k‘PaS s A(ismcﬂrano%gm@éeghalo;@%) a lucl.ferase-ger]te’gfou%%f" lbgﬁ)l Hor mone

Epoxi de Hydr ogous nces I'nsect Juveni’l & hornone

control s af¥ E@@@D&?Vé&y o “1/=a1r9?@t ichenchdss a s¥eehs) diskypeused Ba|caoBEESsSes wit hi n
t he insect chrédhd@erid/d@lecholsita uiitliyiag gRisi(nok anaem&aﬁbsinysel ged¥i(k ffler bR

Concent  at 1L aREREENE e o Bf SRS Sros NS B0R LRI T e

haenol ynphwbith th@‘nEm&v:aqs tf G?mﬁn am@qﬁ@@eﬂ% Whidstcatalizes p ghrempogedicar- | epi dopt er an
and col eopg@dcRi: uBtirmae, - and then nust be degraded in order to termnate the
effects ofEthe h e resp Enz i,.NvVo i n decreasjng the
concentration &fF° t]“g‘gBﬁ’Ttlﬁél” %B%%e%énni'%?éb@fe’ gveﬁmo%  plespnd, ‘lr‘}l mar.y

pat hways ofgwetkiio itmmdiegusad@iz GIS. MKret Net Hiag475nwobes, 14&&659&’“ e hornone
esterase (33diky b9 OlARS LN HIRHN isfth R: -REPYL B Gt

correspond|n%TaC| he sedond |¥Zes juveni ormone epoxi de
hydr ol ase oEHP °&”a&thebﬂf%fe‘FF§d’P6qt§?§ﬁf§mﬁ‘P“ Fﬁ@fsé'ﬁ%%" giase disglesstht i ng i n
formation ag Eﬂ&nﬁn&ﬂh—treuél'@msnaa\tan(lbm, (1985) BkEER 0120 5. degr adati on of 311 is

wel | under st oo a h ny | epi dopt era
and col eopteraqns%}g%zlﬂre&sépr H on o?'m&% airecg%bg?%sﬁl %esgé]c;hgssom at ed

W t h sever &cation mlmggeeane dhmvgé@aﬁ&wémadbengefﬁm nppgta: rbqombm@uDNé | ar val
wander i ng, constekehy Git-specidi Rdbr4lbe. - 3Brall SikRpLBIBEbmBhation SRIchkO R

cont 11 buti SHeb SRERM B %m%ﬁwi%wv%%ﬁf&“% R o and had been

shown to vm%mmbmw&&mﬁsﬂﬁ?ﬂecent st udi es point to evidence
t hat suggests that JHEH may be the primary route, of mstabollsmoc JH
(Brandon J. Fettifgplgmetho ‘Bcfﬁ‘%/tfﬁ‘?sé?’mﬁ°§§@°§‘aﬁe%ofﬁr USRI e CUFBY PYRE8t at e

Uni ver si tya:@ﬁdmwka)ucmm@ﬁamymmmsbjamcm yai is infodidaitintani cslin Based

I nhi bitors of . Tw(g%& d‘é‘hmro?ﬁﬁ? i t ?%(E%GQMédq%ESf&&%lop g&g}asgl chopl usi a

nO. In any event ation using gene

suppr essi ofPmiteh ¢l gl Dby @ﬁ%@“@ﬁn@ﬁ"éﬁeﬁ@@i PHA getpker ?“YHGU%I% stranded RNA
medi at ed Pegds), bpflickbdota06n (UG, vl thd. 5gsipspeydgatioitihaiicadeasidamigl pretein

oMol 0g0US SeQUENPES 1000, vHBkLLG, d3pLOSCDL 8! AIkHR, SRRAR) R ot ef ns have

been postul to pla n osnore atron i uI caryotic

ani mal ' celAgrod V?ﬂ'@ﬁﬁledlame‘?ﬂéﬁ@?ﬂé‘mnﬂﬁa&t@bNPd@%éthJ&q@cTéSeWbN?| ng the
ability tos,emrss;saldasﬁ adtBlbrtin A€ DWAS@EERARIS NAS, Pakhingy, sssmm ®gy to

preV|oust e |de hann may be a
ot ur ¢ ar BRESPbr SRRl 1 P - Beed v 1600l B oSt 5 "o

1- dehydr og@qmeqﬁnmaeﬁmemwwsﬂﬂs wummemay be stablfArapeforned. 6111;511?05 phat e

1- cl ehydr OQEQ%%JMGQIU%& @ it R b &R Smi6: fpé&n%& QR0 Hansgenic

gl ucose-. 6- phgsphat e to - phosphogl uconat-e ‘'whi [ € concom tantly reduci ng the
oxi di zed f 8#%F'YF ni coti nanii de adeni ne” &nucl eoti de phosphate (NADP+) to
NADPH. NADPH is known in the art .as a required cofactor in many eukaryotic
bi osynthetic reactions, and i-s known to naintain glutathione. in.its reduced
form Reduced glutatlalone acts as a scavenger for dangerous oxidative

met abolites in eu6i-yetic cells, and with the assistance of the enzynme

gl ut at hi one peroxiclaie, convert harnful hydrogen peroxide to water (Bender
et aL, 1991). Therefore, GPD may be a preferable target for double
stranded RNA nedi ated inhibition in a col eopteran pest. LAct42A protein
honol ogm s sequences Actin is a ubiquitous and highly conserved
eukaryofic protein required for cell notility and | oconotion-.(Lovato et

at, 2001). A nunber of CRWCcDNA sequences were identifed that were
predicted to likely encode actin or proteins exhibiting am no acid sequence
structure related to actin proteins. Therefon3, genes encoding-actin
honDIogues |n a pest cell may be useful targets for double stranded RNA

- . AFNreS . " 1.l oy




WO 2007/ 03569PC1/ US2006/ 036319 N. d ycer al dehyde- 3- phosphat e dehydr ogenose
honol ogous sequences The glycolytic pathway is an essential pathway in
Most organisnms and is involved in the production of metabolic energy from
the degradation of glucose. One inportant enzyme in the second stage of the
glycolytic pathway is glYceral dehyde-3-phosphate dehydrogenase (03PDH),

whi ch, in the-presence of NAD and i norganic phosphate cat al yzes the

oxi dat i on Of‘?[ré hos ho- gl ycer al dehyde to 3-phospho | - phosphat e al ong
with the fornaf’ 760556 f NA.DH. The irrportant corrponeg‘i BBY reaction is

t he storage- of hr h. the for Genes encodi ng
enzymes associ ¥ °§£g¥h%° é’ggﬁmgsé "tpl ?t‘%a"ﬁfmaf?@%% PPV ARSI 'y, genes
encodi ng exnidy meganisriv phijeidir bn hive @ﬂeqa}sbe wssd frith’ themuéleis mW@mded ener gy
reserves ”iﬁ)émtl@%zﬂaﬁet&aﬁéélﬁé f»%@ﬁa‘?@:&ﬁbﬁ%@ﬁ&@%ﬁc&@&ﬂ?%Uﬁgédﬁ;g%g pd RNA

medi at ed i nhi i'on j-n col eotgt eran pestS&EJo cl es ui t n B honol ogous
sequences Pest orgapigm §ich a3 SORLIIOtA P o Pleptiransiisastion Fsctprsyeen Pe prepardgoRdat i on
pat hway pla;tﬁptamylmg et dsRNA eprodiciig Sucleiandcide | disolbsel hereleihlo wasel'e by the

specific (%%ﬁ{m 9Jlto%an cyg‘PEgnthe emmﬁ%aé QR vR_Lr‘lt‘;_ctme|$ns§ i ncI uding mtotic

cyclins an tors o i nases pi“i of mammal i an
cel | s. Tht@nvegéh@sdléfnsMlm@%mamnﬂhnwmfds%@twemm@nm s may be a

preferred faffag tmtlo;em ok Tt taﬁu;ﬁlducﬂ%maﬂmmmmwetsbmm(SrOI th et

al ., -1997 hor ne, este ndi cat ed above,
i nsectj uve%’f“f"é h%ﬁﬁ a figps PQ‘P%SAQM%F?WA%P‘B Abcessary
bi ol ogi calplzpmmdbsﬁﬁmm mmm‘ﬂtmfmﬁsﬁﬁmnsfer fTee TPNAcegionds boeedgbput not

necessar |t¥rm!tdafﬂe§e§t§j ﬁ.ammmmt&mas 4 ﬁBErqg&ﬁmLé Qeﬂesh@'@%egldgt%&"se
Di sruptio I Rl nt hesi s egr adati on Era},o u5| ngﬁﬁane suppr essi on,

t echnol ogya“gb'tflePcB ﬁhtthVFéE@W YiliEeg e tmg “E%‘LRN% gt RYSBRNA nedi at ed
pest i nhi b-DNrborder s€guenbésp IThe T-bﬁzibhlnﬂy hlmmhtﬁgauaemmu&ﬂt@ﬁﬁr efficient | i ukar yotic
cell s gene | et al ctur gl.enents that are

i mport ant , éb%ul °f%+9éém%§la&¥ ﬁghl g(‘:a ulgssltle éf‘fnbnlgé%fﬁlu]f’semﬁ 5SSt ai ning t he
shape, O tfanﬁfefé‘@w“dﬁéﬁﬂhmct’d@glnw@qc& croMarnents Make cells .me:" bile, help
themto d|V|de|n mto oldn and nverte a

bl vei t ebr. gt e AfTHEFE P Slﬁ‘?é‘)gﬁpespsgﬁﬁﬁ’%zef’ﬁ’? 0(?371‘8? ”5’%‘5‘% ‘t‘ﬁ%n The

rel ativel ycost@mﬁSm@mlﬁbmtmmmuéwnpfchmnpme ards beta tubulin

proteins pk@Yedad o ARRLHEAAL evel el u%ysganngpxtn% S8tk refbealth AbWAY, f OF transport
of vesicles mld o nelles and in the separation of chrol\/bsones s duri ng

mtosis (KIFEEPHSH msmﬁé’mge“?‘tsé%“ﬂt‘“’e AriTRErRPIAE BORSFEHRHE provi de
| east addirespeshiale ﬁamsmembhomed\bseseﬁmnaidbpeﬁdahﬂsegrwntmmmm to The

cyt oskel et RAWR t he bell
cyt opl asmﬁﬁg%?rlt@ﬁ\?\%%zom %‘%S%EOP%B (ﬁg%g‘g‘%’%{%@mﬁese ntc‘tstlﬁ%ns into
account i tgense [Gegiwrg ﬁlafee%ttef'#satvéﬁﬂtiﬁtatsnt&ffcteﬁéoréytea%%w 8h or even
subt| e changeszety, bypisaliynisieg s BXY as@\or ¢ &ksaal @qﬂlhﬁhmgasﬁakhacmaﬁgﬁences to a

cell, R Trmgnﬁg;egrﬁgmmg%my@m(p% |29£, g)gj above, sorting and

transport of various nol ecules withi.na I'ng to appropriate
organel | es, .asc. mmﬁclmddmpfmxﬁﬁﬁﬂeirlgarcehﬁs@ﬁrekslmortant physi ol ogi cal

finmetion. Suc ar ASe: c'oul e th [ n t he
endosomal sor ﬁh% Een ngeB&n W| = fega?npp %’E%“‘t“(‘)? étfﬁt“}fd’m‘gé%?f& exes |-111,
anong ot hefprset orsanﬁmwsrqut n’l@hs-’lislémhtf@éfmnsd trleein gboihtir pogeupi hept i des and
ot her nol aguliesedm: @llSad etnsmidiphas ihgﬂbeteagm@&d toncprsés Eil%t\/aats ated

i nhi biti O&Rh VPL i nsects LFedd: B| . 0as: of doubl e
stranded £TEET gesgé;

BT %gﬁ t t?"1‘1“’%"% $ed nunber of
t ar get pe%@mcmamwwagcw ssmh fnra)pas’seqmmdmeszmdmﬂglm according to
Exanpl e 1 préd&loﬂgyﬁéﬁégﬁfna J:Jtééiebtré dr&nfsiﬂeAQﬁ’sﬁ@ &fin SEQ 1 D Nos:

1-6, or a. clence a Ilf,l,ed f i} mthe assenb%?ed contig using the prinmner
pairs as s‘ﬁet EFPeiSHP W%éﬁ&%‘?&ﬁ"é‘ tp 1ol fhgy of/éheweﬂﬁnmetts#s ER.sa were’
applied as an overlay to corn rootworm artificial diet according to the
foll owi ng procedure. Diabrotica virgifera virgifera (WCR) eggs were

obt ai ned from Crop Characteristics, Inc., Farmngton, Mnnesota. The

non- di apausi ng WCR eggs were incubgted in soil for about 13 days at 24C,
60% relative humdity, in conplete. duleness. On. day 13 the soil

cont ai ni ng WCR eggs was pl aced between #30 and #60 nesh sieves and the eggs
wer e washed out of the soil using a high pressure garden hose. The eggs "
were surface disinfested by soaking in LYSOL for :three m nutes,
rinsed.tbree "tinmes Wth sterile water, washed One tine wwth a 10%
for-inalin solution and then rinsed three additional times in Sterile

wat er. Eggs txeated in.this way were dispensed onto sterile coffee filters
and hatched Over ni ght at 27C 60%re| atlve hum dlty, |n corrpl ete dar kness.
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WD 2007/ 035650PCT1US20061036319 diffuse into the diet and to allow the-

sul face of the diet to dry. One WCR neonate | arva was deposited to
each:well with a fine pai ntbrush Plates' were then sealed with MYLAR and
ventilated using an inséct pin.;12-72"fiseéct Tarvae were tested-per-dose
dependi ng on the design of the assay The bi oassay plates.were incubated at
27C, 60%relative humdity in conplete darkness for 12-14 days:: The nunber
of survivi ng“[oamg er dose was regorded at the 12-14 day time point.
Larval mass was detsfni ned using a suitabl e rnicr oAy #58¥ each

survi vi ng l %le sof tware
(SAS I nsti 'ltmg‘ bk %ggg% ﬁ%ﬂéﬂﬂs#%ﬁgt orr afnm’r 8 %ﬁéﬁggg%lh ?%Jg wth a
Dunnet ' s t'é’?@‘mto I'ook for treatment effects conpared to the unt r eat ed
control (P<0. O%kne sfpplisia@iis MfodDRidedqro banhidGedn@ih om&e@arpieeudmdmtao conpare all

pairs of the tr ggﬂ: ??\N e feeding
assays exhEBi e ﬁ% elmg:ean?I dg?éﬁﬁ%n&ﬁ e%eogﬁ%reﬁﬁonn% T niaa:‘orrpar ed to
controls asupewpioal Prettrmtseripgwal mﬁmﬂs Rediditd by taf hotmbbgClietweeedi ng ‘Bi oassays

Artificial 6l b hiote flnsdi9éa Hoad d gxsoqfngserqeéaw&gaed@{su@&ms prepared by
|.és of d uble.stran megg ue nces |dentrf|ed as descri bed

appl yi ng sa@)

in Exanpl e *f B8iATHE ﬁ%g‘éﬂb iy R EsiPh e et sl e 2. Corn

r oot wor m . Isiéostersiel mdamersuryhmnmca;lctﬁopoathbmmdfwaﬁ@mmambwneme teir twel ve days
and nortal %g%‘g&’s%és”%%ch&ﬁ RINA clrfbe &2 bﬁ&ﬂm&&f{]&fg&wg”ﬁ al | oned

to-feed onFy on t.ive-and positilie control-die . results of the
studi es coff HHeRs- SEI?PQWI% Batye aﬁft’eﬁ‘/‘@‘F srippien poffedipgis\palied gathsteseng and/ or
nortal ity espblegionlSINRDokaRieRitidhsFrodelnd & GERN/S &L UfaC 6Bat hoBaNbDERNS to a -
variety.of, er{em%eﬁm gene classes. The sequences and vectors “yi el di ng
significan untrng.” and/or, nortality and the corresponding SEQ.rp NO for
t he sequence e%‘&m@eeﬁla%PpraSS@?,Rm%%bbgthmeqcﬁmﬁmeésfﬂdSBNAg@n&l ow. Table
1: dsRNA C@dibﬁx‘é{sidﬁfa@n Bﬁéé’uﬁ&dnﬂzﬂ sea@y 1f1dnﬁ@@6 a PlobBd DYA AREL oMortal ity in
Effect in nsect, Feeg gt )é/ &&t Sout hern Cor n. Rootg@rmor Wastern
Corn Root wifF ™ IIPER 19 L QO BRNRST & SPPTRD

RNAI _TI C175§8e@in may be I6§e06@7ﬂgmla-nalm'@lﬂmm0moc§8¢ Wity 3 tralt_teng,th V- ATPase 695
RNA. - p1C15554; 304 vﬁaa&edace@%mm%%‘éa QR ative ghiBlor i E8Qceq =
RNAL- p1C17504: 05 Section. \- ATPase 711 RNAl-pI C19514 001 V\CR naRNA
cappi nj en ngﬁwﬂ&vilggﬁgzeaﬂecﬁ@guetabome Gene suppression can also be effective against

target génes m plant pests that may ingest or contact plant material contmmng gcne

suppression agents,. specifically-designed to inhibit or suppress-the expression of one or more’’
homologous or,complementary sequences in the cells of the pest. Post-transcriptional gene
suppression by, é.r;ﬁ-sensé or sense oriented RNA to regulate gene expression in plent cells is
disclosed in US Pat. Nos. 5,107,065, 5,759,829, 5,283,184, and 5,231,020. The use of,

. diRNA to. suppress genes in plants is disclosed in WO 99/53050, WO 99/49029 U.s. Patent
Apphcatwn Pubhcauon No. 2003/0175965, and 2003/0061626, U.S. Patent Application
No. 107465, 810Q,!and U.S. Patent Nos. 6,506,559, and 6,326, 193.

A beneﬁcml ‘method of post transcriptional gene suppression in plents employs both

, sense-orient:ed,:éﬁfi auti-sense-oriented, transeribed RNA which is stebilized, e.g., a5 a hairpin
and stem and lgop structure. A preferred DNA con.struct for effecting post transcriptional
gene suppression is one in which a first segment encodes an RNA exhibiting an anti-sense
orientation exhib}’ﬁng substantial identity to a segment of a gene targeted for suppressibn,

_ which is linkq_ci to a2 second segment in semse orientation encoding an RNA exhibiting |
substantial complézhéntafity to the first segment. Sich 2 construct forms 2 stem and loop
stracture by hybridization of the first segment with fhie second segment and a Joop structore
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- from the nucleotide sequences ]mlnng the two segments (see W094/01550, W098/05770,
US 2002/0048814 and US 2003/0018993) T _

According to one embodlment of the present invention, there is prov1ded 2 nucleotide
sequence, for which in vitro expressmn resnlts in transcription of a stabilized RNA sequence
‘that is substantially homologous to an RNA moleoule of a targeted'gene'in an inseet that
compnses am RNA sequence encoded by & nucleotide sequence w1thm the genome of the
insect, Thus after-the insect ingests the stabmzed RNA sequence mcorporated in a diet or
sprayed on a plant surface, 2 down-regulation of the nucleotide sequence con’espondmg to the’
target gene in the cells of a target insect is aft'ected ' ’

Tnhibition of a target gene usmg the stabﬂmed dsRNA technology of the present -
invention is sequence-specific in that nucleotide sequences corresponding to the duplex
_region of the RNA are targeted for-genetic inhibition. RNA oontstning ‘2 mucleotide

~ sequences identical to a portion of the target. gene is pi;eferfed for inhibition.. RNA sequences
with insertions, deletions, and single point mutations relative to the -ta:g'et sequence have also
‘beex found to be -effective for inhibition: In performance of the present invention, it is .
preferred that the inhibitory dsRNA and the portion of the target géné share at least from
about 80% sequence identity, or from about 90% sequence identity, or from about 95%
sequence identity, or from about 99% sequence identit&*, or even sbout 100% sequence
1dent1ty Altematlvely, the duplex reglon of the RNA may be deﬁned finctiopally as a’

| pucleotide sequence that is capable of hybndxzmg with a pomon of the' target gene transcript.
A less than full length sequence exlnbltmg a greater homnlo gy compensates for a longer less
homologons sequence The length of the identical nucleonde sequences’ may be at least about
25, 50, 100, 200 300,400, 500 or at least about 1000 bases Normally, a sequence of greater
than 20-100 nucleotldes should be used though a seguence of greater than about 200-300
mucleotides wonld be preferred, and a sequence of greater than about 5 00—1000 nucleotides
would be esPemally preferred depending on the size of the target gene. The invention has the '
advantage of bemg able to tolerate'sequence vananons that might be ex_pected due to genetic

- mutation, strmn polymorphmm, or evolutionary dlvergence The; inﬁotluced nucleic acid :
molecule mny not. need 1o be abeohrbe homology, may nnt need to be fuIl length, relative to
either the pnmary transcnpnon product or fully processed mRNA' of the target gene. -
’Iherefore, those slﬂlled in the art need fo realize that, as disclosed herem, 100% sequence
identity between the RNA and the target gene is not requn'ed to pracnce the present .

mven’aon
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~ Inhibition of target' gene exPrgss_lpn may:be quantified by measuring cither the

. endogenous target RNA or-the protein ﬁroduced by translation of the target RNA and the -
consequences of inhibition can be confirmed by examination of the outward propertiesh of the
cell or organism. Téchniqdes for quantifying RNA and'pro’feirls are well known to ons of
ordinary skill in the art. Mlﬂﬁple selectable merkers are aveilible that confer resistance to
ampiciliin, bleomyein, chloramphenicol, gentamycin, bygromyein, kanamycin, lincomycin,
methotrexate, phosphinothricin, puromycin, speé’_dnomycin_, rifamipicin, and tetracyclin, and
the Like. , ) . .

In certain embodiments gene expression is inhibited by at least 10%, preferably by at
least 33%, more preferably by at least 50%, and yet morc pi‘eferably by at least 80%, In
particularly preferred embodiments of the invention gene expiession is inhibited by at least
80%, more preferably by at least 90%, more preferably by at least 95%, or by at 1east 99%
within cells in the insect so a significant inhibition takes place. Sigmificant fnhibition is

-intended to refer to.sufficient inhibition that results in a detectable phenotype (e. & ceSSanon
of larval growth paralysis or mortality, efc.) or a detectable decrease in RNA andfor pmteln o
con-espondmg to the target gene being inhibited. Although in cértain embodlments of the
invention inkibition ‘oceurs in substantially. all cells of the insect, in other -prefen'ed
embodiménts’ {inhibition oceurs in only & subset of cells exprossing the gene. For; exnmple if
the gens to be inhibited plays an essential role in cells in the insect alimentary h-act mh_1li>1tmn

.of the gene within these cells is sufficient to'exert a deleterions effect on the msect '

dsRNA molecules may be synthesized sither in vivo or in vitro. The dsRNA may be
formed by a single self-cornplementary RNA strand or from two complemmtary RNA

.stand.s Endogenous RNA polymerase of the cell may- mediate transcnptlon-m vivo, or -
cloned RNA polymerase can be used for transcnptmn in vivo ot in vitro. In]nblton mgy be
targeted by specific iranscription in an orgam, tisswe, or cell type; stlmulanon of an
environmental condition (e.g., infection, stress, temperature, chemical mducsrs) and/or
cngmcenng transcription at 2 developmental stage or age. The RNA strands may or may not
be polyadenylated; ‘the RNA strands may or may not be capable of being translated irito a
polypeptide by a cell's franslational apparatus. o -

A RNA, dsRNA, siRNA, or miRNA. of the present invention may be produced
chemically or enzymatically by one skilled in the art through manual or automated reactions
or in vivo in enother orgenism. RNA may also be produced by partial or total organic
synfhesis; any modified ribonucleotide can be introduced by in vitro enzymatic or organic
synthesis. The RNA may be s_ynthcsize& by a cellular RNA polymerase or a bacteriophage
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orthOog . . .30 RNA1-pMON78416:002 131 1276; putative ribosomal protein'
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RNA - pMON7 ﬁﬁﬁ%olgxgéase (¢.g., T3, T7, SP6). The use and production of an expression construct are -
imown in 1he art (see, for example, WO’ 97/32016 U.S, Pat. No’s,. 5,593, 874, 5,698, 425
5,712,135, 5,789,214, and 5,804,693). If synthesized chermcally orf by in vitro enzyma.no
synthests, the RNA may be pun'ﬁéd prior to introduetion into the cell, For example, RNA
can be purified ffom a mucture by extraction with a solve1.1t or resin, ﬁrecip_itation,
electfophoresis, chromatography, ora combi-nation thereof. Altematively, the RNA may be
used with 1o or a minimum of purification o avoid losses due to sample ﬁmceséing. The
RNA may be dried for storage or di,ésolve;d in an aqgueous solution. The solution may contain
'buffezs or salfs to promote annealing, and/or stabilization of the duplex slrands

“For tremscription from a transgene in vivo or an expression construct a regulatory
region (e.g., promoter, enhancer, silencer, and polyadenylatxon) may be used to transcribe the
RNA. strand (or strands). Therefore, in one embodiment, the nucleotide sequences for use in
producing RNA. molecules 'may be operably linked o one or more promoter sequences
functiona) in a microorganism, & fungns or a plant host cell, Ideally, the nucleoﬁde sequences

" are placed under.the control of an endOgenous promoter normally resident in the ‘host
genome. The nucleotide sequence of the present invention, under the control of an operably
linked promoter sequence, may further be flanked by additional sequences that
advantageously affect its transcnptmn and/or the stablhty of a resultng transcnpt_ Such
sequences are generally located upstream | of the operably lmked promote.r and/or downstream
of the 3" end of the expression.construct and may oecur both upsiream of the promotcr and
downstream of the 3' end of ﬂ:e' expression construct, although such an upstream sequence
only is also contemplated. "
" Asused herein, the term “insect control agent”, or “gene suppression agent” refers to
a parﬁcuiar RNA molecule cémi)ﬁéing a first RNA. segment and a second RNA segment,
wherein the complementarity b‘etweén the first and the secbﬁd RNA. segments results in the
ability of the two segments to hybnsze in vivo and in vztro to form 2 double stranded
nmolecule. It may genera]ly be proferable to include a t]nrd RNA.- Segment linking and
stebilizing the ﬁrst and second’ sequcnces such that the e.ntrre Structure forms into a stem and
]oop struchire, o even more nghtly hybndlzmg stractures may form into a stem-loop knotted
structure. AItematlver, a svnnnetncal hairpin could be fonnod without a third segment in
which there is no designed loop, but for steric reasons a haupm would créate its own loop )
-when the stem is long enough to stabilize itself. The first and the second RNA segments wilt .
generally lie within the lengih of the RNA tolecule and be substantxally mverted repeatz of
each other and linked together'by the third RNA segment. The first and the second segments
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patilicase:

4orresp51ﬂl lgvallably anﬁ Jnot {-(elspectﬁely foa sequ)e Jug% an%?eﬁge sequence Wwith resptéclt :

‘to the target RNA transcribed from the target gene in the target insect pest that is suppressed

by the ingestion of the dsRNA molscnle. The insect control agent can also be 2 substantially

-purified (or isblated) nucleic acid molecule and more specifically mucleic acid molecules 'or

nucleic acid fragment rﬁoldqliles thereof from a genomic DNA (gDNA) or cDNA library.'
Altemnatively, the fiagments may comprise smaller oligonucleotides having from sbout 15 to
about 250 nucleotide residues, and more preferably, about 15 to about 30 mcleotide residues.

As used herein, the term “genome” as it applies to cells of an insect or a host

-encorapasses. not only chromosomal DNA found within. the nucleus, B_ut arganelle DNA

found within subceliular components of the cell. The DNA’s of the present invention

introduced ixlto plant cells can therefore be either chromosomally integrated or organelle-

localized, The term “genome™ as it applies to bacteria encompasses both the chromosome
and plasmids within & bacterial host cell. The DNA's of the present iﬁvgnﬁdn introduced into
basteriel host cells can therefore be cither chromosomally integrated o plasmid-localized.

As uséd ‘herein, the term “pest” refers to insects, arachnids, crustaceans ﬂmgi,
bacterie, viruses, nematodes, ﬂatworms, rouvndworms, pinworms, hookwom:s tapeworms,
trypanosomes, schistosomes, botfhes, fleas, ticks, mites, ‘and lice and the like that are

pervasive if the human enwmnment and that may ingest-or contact’ one or more cells, tlssues,

or fluids produced by a pest host or symblont transformed to express or coated with & doubI::

stranded gene suppression. agent or that may ingest plB.IlI mater1a1 contamng the gene
suppression. agent As used herein, a “pest resistance” trait is a. charactcnshc of a transgemc
plant, transgemc animal, transgemc host or transgenic symbiont that causas the plant a.mmal

~ host, or symblont to be resistant to attack from a pest that typically is capablc of mﬂlctmg

. tissues or fluids of the recombinant plant. The dsRNA molecule is comprlsed m patof a -

damage or Ioss to the plant,. amma] host or symbiont. Such pest res:sta.nce can anse from a

natural mutatmn or more typically from Incorporation of Tecombinant DNA that confers pat B

resistance, To impart insect resistance to a transgenic plant a recombmant DNA can, for
sxample, bc transcribed into a RNA molecule that fonns a dsRNA moleoulc mthm the

segment of RNA that is identical fo 3 corresponding RNA segment encoded from a DNA

.sequence within an insect pest that prefers to feed on the recombinant plhnt. Exp’rwsion of

the gene within the target insect pest is suppressed by the dsRNA, and the suppression of

expression of the gene in the target insect pest results in the plant being'; msect res1stant Fire

et al. (US. Patent No 6,506,599) genencally described mhxbmon of pest mfestatlon, o

providing specifics only abont several nucleotide sequences that were effe_cuve for ifihibition

T334
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of gehe fanction in the nematode sPecies Caenorhabditis elegans. Similarly, Plaetinck et al,
(US 2003/0061626) describe the use of dsRNA for inhibiting gene function in 8 variety of
nematode pests, Mesa et él (US 2003/0150017) describe using dsDNA. sequences to

transform host cells to eXpress con'cspondmg dsRNA sequences that are substantially .

identical to target sequances in spcmﬁc pathogens, and particularly descnbe constructing
recombinant plants expressing such dsRNA sequenoas for ingestion by various plant pests,
facilitating down-regulation of a gene in the genome of the pest and improving the resistance
of the plant to the pest infestation. -

The present invention prowdes for mh1b1tu1° gene expression of one or mulhple target

genes in a target pest vsing stabmzed dsRNA methods. The invention is parncularly usefulin - .

the modulation of eukaryotm gene expressmn in particular the modulation of expression of

genes present in pests that exhibit a digestive syst_ehl pH level that is from abont 4.5 to about’
9.5, more prefei:ably'ﬁom about 5.0 to aﬁom 8.0, and even mors .prefembly from sbout 6.5t0 . - .
~ about 7.5. For plant p&ﬁs with a digestive sysiem that exhibits pH Iéllels outside of these.
. 'rangcs, delivery methods may be desired for use that do not rcqmre mgestxon of dsRNA .

' molecules.

The modulatory effect of dsRNA is applicable to a variety of genes expressed in the
pests including, for example, endogcnous genes responsnble for cellular metabolisim or
cellular transformahon, including heuse keeping genes, tra.uscnphon factors and other genes
which encode polypeptides involved in cellular metabolisma,

.As used herein, the phrase “Inhibition, of gene expression” or “inhibiting expression of
a target gene in the. ceil of an inseet” refers to the absence (or observable decrease) in the

level of protein and/or mRNA product from the target gene. -Specificity refers to the ability -
to inhibit the target gene without mamfest effects on other genes of the cell a.nd without any .

effects on any gene within the cell that is producing the dsRNA molecule. The inhibition of

‘gene expression of the target gens in the inisect pest may result in novel phenotypm traits in

the insect pest.

The present invention prowdes in part 8 dehvery system for the delivery of the insect
conirol agents to insects through their exposure to a diet containing the mSect control agents
of the present invention. In accordance’ with one of the embodiments, the stabilized dsRNA.

or STRNA molecules may be incorporated in the insect diet or may be overlaid on the top of

the diet for consumption by an insect, The prcsent; invention also provides in pait a delivery -

system for the delivery of the insect control agents to insects through their exposure to a
microorganism or host such as a plamt containihg the insect control agents of the presen“t

o34
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RNA]" 3MoN9 73"en90n009/mgcshon of the mlc}:oorgamsm or the host: ceIls or the contents of the cells. In

ortiinlog;

accordance with another embod:ment, the present invention involves generating a transgenic
plant cell or a plant that contains a recombinant DNA construct transcribing the stabilized
dsRNA molecules of the present invention. As used herein the phrase “geuerating a

C3078
e sterile

transgemc plant cell or a plant” refers to the methods of employmg the recombinant DNA .

technologws readlly avmlable in the art (e g by Sambrook, et o/, 1989) to construct z plant
transformation vector transcribing the stablhzed dsRNA molecules of the pxesent mventxon,
to tra.nsform the plant cell or the plant and to genemic the h‘ansgemc plant cell or the

. transgenic plant that contain the transcnbed, stabilized dsRNA. molecules

In still another embodlmenf, non-pathogenic, attenuated strains of microorganisms

may be used as a carrier for fhe insect comtrol agents and, in this perspective, the

- microorganisms carrying such agenis are also referred to as insect contro! agen‘ts.. The

.miczoorganisms may be engineered to express a nucleotide sequence of a target gene fo

" produce RNA molecules comprising RNA sequences homologous or compleinentarj/ to RNA

sequences iypically found within- the cells of an insect. E}éposute of the insects to the
microorgaﬁisms result in ingesﬁon of the microorganisms and'down—regulaﬁon of expression
of target genes mediated directly or mdlrectly by the RNA molecules or fragments or

derivatives- thereof.

) Thq present invention altematix)cly provides exposure of an insect to the insect conirol .

. agents of fﬁe present invention incorporated in & spray mixer and applied to the sutface of &

host, such as e host plant. In an exemplary embodiment, ingestion of the msect control

agents by an insect delivers the insect conirol agents to the gut of the insect and subsequently '
1o the qel{s: within the body of the insect. In another embodiment, infection o§ j;:he, insect by

the insect cdntrol égents through oth:ar means such as by injection or othér-phyéical methods
also pemufs delivery of the insect conttol agents. In yet anothsr embodxment the RNA
molecules themselves are encapsulated in a synthetic matrix such asa polymer and apphed 10
the surface ‘of 2 host such as 3 plant, Ingestion of the host cells by an ms;ect pemuts c_lehvery
of the insect control agents to the insect gnd results in down.;regu]aﬁon of;a ta:gef gen.e in the

host.

It is envisioned that the compositions of the present invention can be incoi‘po'rated

within the seeds of a plant species either as a product of expression from 2 recombinant gene |

incorporated into a genorye of the plant cells or mcorporated into 2 coating or seed treatment .

that is applied to the seed before plantmg The plant cell contammg a recombinant gene is

copsidered herein to be 2 h‘ansgemc event.
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combmed with a transgenid event that provides pro’tecnon fror coleopteran pest infestation
that is within the preferred effectiveness range agamst atarget pest n adrhton, it is believed
that thete are situations that are well known to- those having skill in the art, where it is
advantageous to have such transgemc events mthm the préferred range of effecnveness .
The present invention prowdes n part a delivery system for the delivery of msect

coniro] agents to insects, The stabilized dsRNA or siRNA molecules of the present invention
may be directly introduced into the celis of an inseet, or introduced inio an extracefinlar
cavity, interstitial space, lymph system, dlgestwe system, into the circulation of the insect

" fhrough oral ingestion or other means that one skilled in the art may employ. Methiods for
oral introduction may include direct mixing of RNA with food of the insect, as well as
engineered approaches in which a species that is used as food is engineered to express the ’
dsRNA or siRNA, then fed to the insect to be affected. In one cmbodirﬁent, for example, the
dsRNA or siRNA niolepules may be incorporated into, or overlajd on the top of, the insect’s
diet, In another embodiment, the RNA thay be sprayed onto 8 plant surface. In still another
embodiment, the dsRNA or siRNA may be expressed by microorganisms and the
maoorgamsms may be apphcd onto a plant surface or introduced into a root, stem by a

: physmal means sach 85 an mjechon T still another cmbodament a plant may be genetically '
engireered to express the dsRNA or 51RNA in an amount sufficient to kill the insects known
to infect: the plant. T . '

. Speclﬁca]ly, in practlcmg the present invention in WCR, the stabilized dsRNA or
SIRNA may be introduced in the midgut inside the insect and achieve the desired inhibition-of
the targeted genes. The dsRNA or siRNA mole'c':nles may be incorporated into a diet or be -
.OVcﬂaic_l on the di_ef as discussed above and may be iﬁgested by the insects. In any event, the
dsRNA's of the present invention are provided in the :diet of the target pest. The target pest
of the present invention will exhibit 2 digestivé tﬁa.ct pH from aimut 4.5 to about 9.5, or from
about 5 to abont 8.5, or from about 6 o about 8, or from about 6 5 to about 7. 7, or about 7.0.
The digestive tract of a target pest is defined herem as the Iocauon within the pest that food
that is mgwted by the target pest is exposed to an e.nvuonment that is favoxa'o&e for the uptake
of the dsRNA molecules of the present mvenhon thhout suffermg a pH'so extrerne that the
hydrogen bonding between the doublé-strands o£ the' dsRNA are caused to dissociate and
form single stranded molecules, ' S ' ' o

It is also anticipated that. dsRNA’s-préElﬁcéd'laj chemical or enzymatic synthesis may.
be formulated in a manner consistent with common agricultural practices and used as spray-
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on products for controlling insect infestations. The formilations may include the appropriate

- stickers and wetters required for efficient foliarcoverage as well as UV protectants to protect

dsRNAs from UV damage. Such additives are commonly used in the bioinsecticide industey

‘and ave well known to those skilled in the art. Such applications could be combined with

other spray-on insecticide apphcatxons. biologically based or not, to enhance plant protecuon

ﬁom insect feedmg damage.

The present inventors conteﬁ:blate that bacterial strains pmduciﬁg insecticidal

proteins may be used to produce dsRNAs for insect control purposes. These strains may

exhibit improved insect control properties. A variety of different bactérial hosts may be used
to-produce insect control dsRNAs. Exemplary bacteria may include E. coli, B, thuringiensis, -
Pseudomonas sp., Photorhabdus sp., Xenorhabdus - sp., Serratia entomophila and related_

Serrati sp., B, sphaericus, B. cereus.B later osporuS,.B popzlhae Clostridium bzfennenxan.s

and othet Clastridium species, or other spore-forming gram-posmve bacteria. In certain

~ embodiments, bactena may be engineered fpr control ofpests such as mosquitoes,

. The.present mvenhon also relates o recomBmant DNA constructs for expressmn ina

mlcroorgamsm Exogenous nucle1c acids :ﬁ'om Whmh a0 RNA of interest is transcrxbed can

he mtxoduced mto 2 microbial host cell, such as a bactenal cell or a flmgal cell using

mettiods known i the art. . _ .
The nucleotide sequences of the present mventmn may be mtroduced mto 8 wide

variety of prokaryonc and eukaryouc ricroorganism: hosts to produoe the stablhzed’dsRNA

or siRNA molecules The term “microorganism” includes prokaryonc and euxaryotic

miexobial species such as bacteria, fongi and algae. Fung1 inciude yeasts and; ﬁlamentous
fingj, among others. lllustratwe ptokaryotes both: Gram-negauve and Gram—pos:hVe
include Enterobactermceae, such as Escher lcﬁza, Erw:ma, Shigella, Salmonella and Pratezw,
Baczlladeae, th.zob:ceae, such as Rhtzobium; Spirillaceae, such as- photobactenum,
Zymomonas', Seiratia, Aer omonas, Vibrio, Desu!fbvzbno Spirillum; Lactobaczllaceae
Pseudomonaddceae, such as P.s'eudomauas and Acetobacter, Azazobactemceae
Actinomycetales, and-Nitrobacteraceae. Among eukaryotes are fingi, such as Phycomycete.s'
and Ascomycetes, which includes yeast, such as Saccharomyces and Sch;zosacelmrqmyces,
and .Ba.éidiomycetes, such as Rhodotorula, Aureobasidium, Sporobolomyces, and the tike.

F or the pmpose of plent protection against insects, 2 large number of mier:oorga.nisms

" known to inhabit the phylloplane (the surface of the plant leaves) and/or the rhizdsphere (the
' 50il surrounding plant Toots) of a wide variety of important crops may also be desirable host
. cells for manipulation, propagation, storags, delivery and/or mutagenesis of the disclosed
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recombinant constructs, These ‘microorganisms include bacteria, algae, and fungi, Of

ﬁarﬁcular interest-are microorgeanisms, such as bacteria, e.g., genera Bacillus (including the

species and subspecies B. thuringiensis kurstaki HD-1, B. thuringiensis hurstaki HD-73,

B. thuringiensis. " sotto, B thuringiensis  berliner, + B. thuringiensis thunngienszs,
8. thnr}'ngiemis tolworthi, B, thuri nzgzensls dend: ‘olinus, B thuringiensis alam
B. thuringiensis . gallerige, -B. thuringiensis azzawaz, B. thuringiensis  subtoxicus,
B. thuringiensis entomocidus, B. thuringiensis tenebrionis and B. thuringiensis san diego);

Pseudomonas, Erwinia, Serratia, Klebsiella, Zanthomonas, ' Strepiomyces, RF:izobfum,

.Rhado'pseudomonas, Methylophilius, Agrobacterium, Acetobacter, Lactobacillus,

Arthrobacter, Azotobacier, Leuconostoc, -and Alcalzgenes. fungi, parhcularly yeast eg,

‘genera Saccharomyces, Cnptococms, Khgveromyces, Sparobolomyca, Rhodotorula, and

Aureobasidium. Of particular mterest are such phytospherc bacterial sp ecms as Pseudomonas
syringae, Psevdomonas j?uorescens, Serratic  marcescens, Acetobacter xylmum,
Agrobacterium tumefaciens, Rhodobacter sphaeroides, Xanthomonas campestr:s Rhizobium

melioti, Alcaligenes ‘eutrophus, and Azotobacter vinlandii; and phytosp];erc yeast species

" such as Rhodotorula rubra, R. glutinis, R. marina, R. aurantiaca, Cryptococeus albidus, C.

diffluens, C. laurentii, Saccharomyces rosei, S. pretorz'ensis, §. cerevisiae, Sporobolomyces

roseus, S. odorus, Khuyveromyces veronae, and dureobasidivim pollulans,

D.  Transgenic Plants

" The present invention provxdes seeds and plants Haviug one or mare transgemc event,

Combinations of events are referred to as “stacked” transgenic events, These stacked -
. trapsgenic events can be events that are directed-at the same target pest, or they can be

directed at different target pests: . In ofie embodiment, a seed having the ability to expressa

nucleic acid provided herein also has the ability to express at least one other insecticidal
agent, including, but not limited to, an RNA molecule the sequence.of which is derived from
the sequence of an RNA expressed in a target pest and that forms a’ donble stranded RNA

_ structure upon expressing in the seed or cells of a‘planf grown from the seed, wherein the

ingestion of one ‘or more cells of the plant by the target pest results i the suppression of
expreSSmn of the RNA in the cells of the target pest. '
In certain embodlments a seed having the ability to express a dsRNA the sequence of

put ati ve

which is derived from a target pest also has a transgenic event that provides herbicide '

tolerance, One beneficial exafnple of a hexbicide tolerance gqnq_providés resistance to
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glyphosate, N- (phosphonomathyl) glycine, includifiy the 1sopr0pylamme salt form of such
herbicide.’ T i

In the pres'ent method, '6ombiﬂation of expression of an insecticidal amouat of a
dsRNA within the cells of a transgemc seed or plant grown From the seed coup]ed with
treatment of the seed or plant with certmn chemical or protcm pesticides may be used to
provide unexpected synerglsnc advantages including unexpectedly superior efficacy for
protecuon agamst damage to the resulting transgenic plani by the target pest. In particular
embodiments, treatment of 2 transgemc seed that is capablc of expressing certain consiructs
that form dsRNA molccules, the sequence of which are denVed from one or more sequences

' expressed in a com motworm, w1th ﬁom about 100 gm to about 400 gm of pesticide per 100
kg of seed provides unexpectedly superior protection against com rootwotm. In addition, it is
believed that such combinations are also effective to protéct the emergent plants against
predahon by other pests. The seeds of the present mvent!ou may also be used to decrease the
cost of pestunde use,, because less peshclde cant be used to obtain a requned amounnt of
protechon than when such methods are not used. Moreover, because less pesticide is used
and because it is applied pror to plantmg and W:Lthout a separate field application, it is
bcheved that the subg ect method is therefore safer to the operator and to the envzronmcnt, and -
is potenhany less expensive than conventlonal methods

' By “syncrglstlc it is meant to include the synerglstlc effects of the combination on
the pestmdal actmty {or efficacy) of the combination of the transgenic event and the -
pestlc1de However it is not mtended that such synergistic effects be limited to the pesticidal
actmty, but that they shauld also include such unexpected advantages as increased soope of
achvxty, advantageous activity proﬁ]e as rclatcd to type-and amount of damiage reduchon,
'dccreased. cost of pesticide and apphcanon decreased pesticide distribution in the
.envmnmcnt, decreased pesticide exposure of personnel who produce handle and plant corn -
seeds, and othe.r advantages known fo those skilled in the art,

' Pesnmdes and insecticides that are useful in composmons in oombmauon with the
methods and composmons of the present invention, including as seed treatments and coatings
as well as methods for. using such compositions ¢an be found, for example, in U.S. Patent
6,551,962, the entirety of which is incorporated herein by reférence.

Although it is believed that the seed treatments can be applied to a transgenic seed in
any physiological state, it may be prefemred that the seed be in a sufficiently durable state that
it incurs no damage during the treatment process. Typically, the seed would be a seed that
had been harvested frdm-ﬂ:e field; removed from the transgenic plant; and separated from any '
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other non-seed pIain’: miaterial, The seed would preferably also be biologically stable to the

 extent that the treatment would cause no biological damage to the séed. In one embodiment, .
for example, ﬂle treatment can be apphed to seed com that has been harvesied, cleaned and ‘
dned i6a mmsture content below about 15% by we1ght Inan alternatwe embodiment, the

. seed can be one that has been dried and then primed wnh water and.for another’ matenal and
then re-dried before or during the treatment with the pesticide. . Within the limitations
described, it is believed that the treatment can be applied to the seed at sny time between
harvest of the seed and sowing of the seed. As used hersin, the term “unsown seed” is meant
to include seed at any period between the harvcst of the seed and the sowmg of the seed in
the ground for the purpose of genmnahon and growth of the planf. When it is said that
vnsown seed is “treated” with the pcslmde, such treatment is not meant to include those _
practices in which the pesticide is apphed to-the soil, rather than to the seed. For exampie,
such treatments as the application of the pesticide in bands “T"-bands, -or in-furrow, at the
same time o8 the seed s sowed are not considered to be included in the present invention.

The pesticide, or combination of pesticides, can be applied "nest”, that is, without any -
diluting or additional components présent However, the pesticide is typically applied to the
seeds in the form of a pesticide formulation. Ihis.fonnulaﬁon may confain one or more ofher

S dcsiréf]é componénts iricluding but not limited to liquid diluents binders to serve as a matrix
for the pcstlmde, fillers for protecting the seeds durmg stress conditions, and plastlclzcrs to
. :mprove ﬂex:bmty, adhesjon. and/or spreadabmty of the ooatlng : o

‘The sub]ect pesmndes can be applied to a seed as a component-of a seed coating,
Seed coating méthods and compositions that are known in the art are useful when they are
modified by the! add&tion of one of the embodiments of the combination of pésticides of the
prese'x_n in{rentioﬁ' Such'c:oaﬁhé ﬁethods and apparatus for their application are disclosed in,

- for example, U.S," Paterit’ Nos. 5 918,413, 5,891,246, 5,554,445, 5, 389,399, 5,107,787,
5,080,925, 4, 759 945 and 4 ,A465,017. Seed coating composxtlons are dJsclosed for example,
in U.S. Patent Nos 5,939, 356 5, 882 713, 5,876,730, 5,849,320, 5,834,447, 5,791,084,
5,661,103, 5,622,003, 5, 580, 544, 5 328,942, 5,300,127, 4, 735 015, 4 634, 587 4,383,391,

. 4,372,080, 4,339, 456 4, 272 417 and 4,245,432, among othe:s

The peshades that are useful in the coating are those pesticides that are described - -
herein. The amount of pesncxde tbat 2 used for the treatment of the seed will vary depending
upon the type of seed and the type of active mgrcdmnts but the treatment .will comprise
contacbng the seec[s w:th an amount of the combmatlon of pes’nmdes that is pesticidalty ,
effective. When inieits are'the target p&st, that amount will be an amount of the msecﬁclde :
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 that is insecticidally effective. As used I’iérein, an insécticidally effective amount means that
amount of insecticide that will kill insect pests in the larvae or pupal state of growth, or wilt
consistently reduce or retard the amount of damage produced by insect pests.

In general, the amount of peshc1de that i is applied to the seed in the treatment will
range from about 10 gm to about 2000 gm of the active ingredient of the pesﬁmde per 100 kg
of the weight of the seed. Preferably, the atnount of pesticide will be within the rauge of .
ghout 50 gm to. about 1000 gm active per 100 kg of seed, more prcferably within the range of
about 100 gm to about 600 gm active per 100 kg of seed and even more preferably within the
range of about 200. gm to about 500 gm of active per 100 kg of seed Welght Altemaﬁvely, it
has been found to be preferred that the amount of the pesnclde be over about 60 gm of the

. active ingredient of the pesticide per 100 kg of the seed, and more p1eferab1y over about 80
gm per 100 kg of seed. _

The pesticides that ace used in the treatment must not inhibit germination of thé seed
and $hoiﬂci be efficacious in protecting the seed and/or the plant during that time in the target
inseot's life oycle in which it causes injury to the seed or plant. In general, the coating will be
efficacious fm'@mMatcly 0 to 120 days after sowing. The pesticides of the subject
invention.can be applied to the seed in the form of a coating,

' _Bgﬁe_,ﬁ:t's-pmvided by the present invention may inclnde, but are not Linited 16 the
ease of iﬁtrodudin g dsRNA into the insect cells, the low concentration of cisRNA which can

- be used, the stabﬂrty of dsRNA, and the eﬁ“ectlvencss of the inhibition.. The ab:hty to use a
low concenlrahon of a stabilized dsRNA avoids several d15advantagcs of anti-sense
mtcrferencc The preseut nvention is not limited to in vitro use or to specific sequence .
oomposmons to a particular set of target genes, & parhcular portion- of the target gene's

- nncleot;de sequence or apamcular transgene or to a parncular delivery method, as opposed
10 the some of the available techniques Imown in the art, such as antlsense and co-
suppressibn. Furthermore, genetic manipulation becomes possible in oi‘ganisms that are not
classical ‘genetic models. -

" In practicing the present invention, selections can be carried' out to ensure that the
picsence of the nuclé,ot.ide sequemnces that are transcribed from the recombinant construct are
not.harroful to non-pest cells. This éan be achie‘;cd by. targeting génes that exhibit a low-
degree of sequence identity with corresponding genes in a plant or a vertebrate animal,
Preferably the degrée of the sequence identity is less than approximately 80%. More
preferably the degree of. the sequence idcn.ﬁty.ié Jess than approximately 70%. ‘Most
preferably the degtce.of the sequence identity is leiss than approximately 60%. ’
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' In addition to direct transformation of a plant with a recombinant DNA construct,
transgenic plants can be prepared by crossing a first plant having a recombinant DNA
construct with a second plent lacking thé construct. For example; recombinant DNA for gene
suppression can be introduced: into first plant line that is amenable to transformation to
produce‘& transgenic plant that can be crossed with a second plant line to introgress the
recombinant DNA for gene suppression into the second piant' bne.

The present invention can be, in practice, combined with other insect conirol traits in
a plant o dchieve desired traits for enhanced control of insect infestation. Combining insect
control {raits that employ dmtmct modes-of- acuon can provide insect-protected iransgenic
" plants with superior durablhty over pIants harbormg a single insect control trait because of
the reduced probability that resistance will develop in the field.
~ The mechanism of msecucadal activity of B. t/zurmgzenm crystal proteins has been
" studied extenswely in the past decade. It hag been shown that the crystal proteins are toxic to
the larval form of the insect only after ingestion of the protein. In lepidopteraun laxvae, an
: alkalme pH and proteolyhc enzymes in the insect. miid-gut solubilize the proteins, thorcby '
allowing the release of components that are toxu: to the insect. These toxic components
dxsrupt the mid-gut cells, cause the insect to cease feedmg, and, eventually, bring about msect,
dcath. Foi this reason, B. thzmngzenszs toxins have proven themselves to be effective and
cnwronmentally gafe mseohcxdes in deahng with :various insect pests. Coleopteran and
hemlpterap mseots, .and likely dipteran, lygus and other piercing and suolu.ng insects exhibit a
gut pH that is shghﬂy acidic, and so the Bt toxins that are. effectlve against lepldopteran
larvae are ineffective agamst these pests. “The shghtly acidic pH of the gut of these insects is
also believed to be.more hospitable to the composmo_ns of the present invention, and W‘.Iﬂlo‘!lt-
iniendihg to be lnmtcd toa 'p_articula.r. theory, it is likely_thét the alkaline pH of the gut of
lepidopteran larvae is a oontriouting_ reason that priof."attempt's toy'exhibit dsSRNA efficacy has
failed (Fire et ol. U.S. Patent No. 6,5?06;559;f .Mesa et 'al, Patent Publication No.
US2003/0150017; Ré.jagopﬂ.l et al., 2002; Tabara et al., 1998). It is believed therefore that
the dsRNA methods disclosed herein. shoiﬁﬂ be 'preferenﬁally used in composiﬁons‘ and in'
plants to conirol coleopteran, dipteran, hemspteran, lygus, and piercing and sucking insects.
The methods and compositions set forth herem a:e partxcularly useful for targeting genes for
suppression in insects c’x]ubmng agut pH of from about 4.5t0 about 9 5, or from about 5.0 to
about 9.0, or from about 5.5 to about 8.5, or ﬁrom about 6. 0 to about 8. 0, or from about 6.5t0
ghout 7, 7, or from about 6.8 to about 7. 6 ot about ‘7 0 However, insects and other pest
. spocles that exhibit a gut pH of from abouf 7. 5 t about 11.5, or fiom about 8 0 to about 11.0,

'--42- :



INAI - pIAON97109: 001 . - RNAI - pl i AON97111: 001 Dv. 105_CG1250_1,;
OTPase activator, involved in intracellular protein transport: CGL250

ort hol og 390 RNAI - pMa! ?;97112: 001 Dv. 105 CGl250 .2; CIl'ase activator,
i nvol ved in intacellular prote| n transport CG1250 ort hol og 394

WO 2007/035650 e PCT/US2006/036319
or from about 9.0 to about 10,0, such’l'zis lepidopteysn insect larvae, are also intended to be
~within the scope of the'preseﬁt invention. This is particulaxly true when o dsRNA specific for
jhibiting a gene in 2 lepidopie'réﬁ larvae isj:rovided in the diet of the larvae'along with one
or more Bt protefns, that, with mspect to the Bt protein would ordmanly be toxic to that
lepldoptcran larvae when prov:ded at or abOVe a ﬁneshold level. The presence of ope or
more Bt toxins toxic to the same mscct specles would effect:vcly reduce the gut pH,
providing a stable cnvuonme.nt for the double stranded RNA mnleculgs 'to exert their effects
in suppmsmg a target gene in the insect pest. '
Itis anumpated that the comblmuon of certain stabmzed deRNA constracts with one
- or more insect contoi ptotem genes will result in synergies that enhancg the insect control -
phenotype of a- transgenic plant. Insect bioassays employing arﬁﬁcial_die_t- ot 'whole plant
tissue can be used to define dose-responses for larval rport?li‘ry or growth inhibition using
both dsRNAs and insect control proteins. One skilled in the art can test mixturos of dsRNA-
molecules and insect control proteins in Bioéssay to.identify combinations of actives that are
_synergwtlc and desirable for deployment in msect-protected plants (Tabash.mk 1992)..
Synergy in kﬂlmg insect pests has hcm rcported between dlﬁ'm'ent insect contro! proteins (for
Teview, See Schoepf ef al., 1998) It is axmcxpated that synergies will exxst between certain
dsRNAs andbetween certain dsRNAs and certam msect contcoI protems
The invention also relates to commodlty products con‘tammg one or more ‘of the
sequenoes of the- present mvennon and produccd :&om a recombinant ‘plant or seed
comammg ona or more of the nucleotide sequences of the present invention are specifically
contemplated as emnb odlments of the present invention. A commodity product containing one
o more. of the sequences of the present mvenhon ig intended to include; but not be lmntrad to;.
mcals, olls crushed or whole’ gralns or seeds of a plant, or any food product comprising any
mesl, 0:1, or erushed o5 whole. gram of a recombmant pIant or.seed containing one or more of
the sequences of the present mvenuon The detection of one or more of the sequences of the
present invention in one or more commodlty or comamodity products contemplated herein is
defacto evidence that the commodity or commodity product is composed of & transgenic plant
designed to express one or more of the nucleotides sequences of the present invention for the
purpose of copirolling insect infestation using dsRINA mediated gene suppression methods.

D. QObtaining Nucleic acids
* The present invention provides a method for obtaining a micleic acid comprising a
nucleotide sequence for producing a dsRNA ot siRNA. Th one embodiment, such a method -
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comprises:.(2) probmg a cDNA or gDNA Libraty with a hybridization probe comprising ail or
a portion. of a wicleotide SEQUENCE or'a hol_nolog thereof from a targeted "insect; (b)

- identifying a DNA clone that hybridizes with the hybridization probe; (c) isolating the DNA

clone identified in step tb); and (d) sequeicing the cDNA. or gDNA fragment that comprises

the clone xsdated in step (c) wherein the sequenced nuclcxc acid moleculs transcnhcs allora-

substan’aal pottion of the RNA nuc]oondc acid sequence or a homolog thereof,

In another embodiment, a method of the present invention for obtaining a.' nucleic acid
fragment comprising & nucleotide sequence for producing a substa.nhal portion of a dsRNA or
SiIRNA compnses @) synihesizing first and a second ohgonucleoude primers correspording

‘toa pomon of one of the nucleotide seqiences from a targeted insect; and (b) amplifying a

cDNA or gDNA template in a cloning vector using the first and second oligonucleatide

_pnmers of step .(a) wherein the amplified nuclei¢ acld molecule transcribes 2 substantial

portion of a dsRNA or siRNA of the present invention..

in practicing the present inveniion, & target geme .niay be derived from a com

- . ootwortn-(CRW), such as a WCR or 2.SCR, or ay 'in_séct'species' that causes damage to the

crop plants and subsequent yield losses. It is contemplated that several criteria may be
emiployed in the selection of preferred target genes. The gene is one whose protein product
hasa rapfd_hnnover rate, so that dsRNA inhibition will résult in & rapid decrease in protein
levels. In certain embodiments it is advantageous to select 2 gene for which a small drop in
expression level results in deleterious effects for the insect, If it is-desired to target a broad
range of insect species a gene is selected that is Egﬂy conserved acrogs these species.
Conversely, for the MDse of conferring spcciﬁcity, in certain embodiments of the
invénﬁdn, a gsne is selected that containg fegions thiat aro poorly conserved bctwee.n
mdmdual insect species, or betWecn insects and other orgamsms In certa.m embodlments it
may be desirable 10 select a gene that has no known homologs in other organisms.

Asused here:m, the term “derived from” refers to a speclﬁed nucleotide sequence that
may be obtained from 2 partlcu]ar spec1ﬁed sowIce Or species, aIbelt not necessarily directly
from that specified sonrce or species.

In ope embod:lment, 2 gene is selected that is exptcssed in the insect gut, Targetlng

) genes expressed in the gut avoids the requirement for the dsRINA to spread within the insect.

Target genes for use in the present invention may include, for example, those that share

substantial homolo_g'lesl to. the nucleotide sequences of known gut-sxpressed genes that

' encode protein components of the vacuolar and plasma mémbp;ine proton V-ATPase (Dow-ef

al,, 1997, Dow, 1999). This protein complex is the sole energizer of epithelial ion transpdrt
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and is responsible for alkalinization ofﬂi‘é 'mid'g‘uf lumen. ‘The V-ATPase is also expressed in
the Malpighian tubule, asi outg:owth of the msect hmdgut that functions 1 fluid balance and
detoxification of foreign compounds in a mannpr zmalogous toa hdney organ of a mammal
In another embodiment, the V-ATPase may be Vha68-2 ora homolog or ortholog thereof
(e.g. as found in SEQ ID NO:821). '
In another embodiment, a gene is selected that i is essenually involved in the growth,
development, and reproduction of an insect. Exemplary genes include but are not limited to a
CHD3. gene, a B-tubulin gene, and & gene encoding a protein predicted to be involved in
transport. The CHD3' gene in Drosophila melanogaster encodes a protein. with ATP-
dependent DNA helicase activity that is involved in chromatin assembly/disassembly in the
nucleus.. Similar sequences have been found in diverse orgamisms such as Arabidopsis
thaliana, Caenorhabditis elegans; and Saccharomyces cerevisiae. The beta-tubulin gene
- family encodes microtubule-associated proteins that are a constituent of the -c"ellular
| cytoskeleton, Related sequences are found in such diverse organisms as C. elegans, and
" Manduca sexta. Proteins predicted to be subimits of the endosomsl softing; cbmplei{ required
for transport (ESCRT)-III (Babst et al,, 2002), e.g. Dv49, are found in aiverse organisms
including mammals, yeast, and insects such as D: virgifera. . Another tanspiort—related pxdteiﬁ
is the B"-coatomer protein, abbreviated as B'Cop,, “that encodes a prdduct invoived in
retrograde (Golgi to ER) u-ansport Similar or predicted sequences have been identified in C,
elegans and D. virgifera, e.g. Dv248 (SEQ ID NO:. ' , '
Other target genes for use in the preseat invention may include, for example, those
that play important roles in the viability, growth, development, reproduction and mfgqhw‘gy.
These target genies-may be one of the house keeping genes, transcription factors and insect .
specific genes or lethal knockout mutations in Drosophila. The target genes for usé .-in'the -
present invention may also be those that are from other organisms, g, fiom a nerﬁatode
(e.g., C. elegans). Additionally, the nucleotide sequences for use in the presént inienﬁon'
may also be derived from plant, viral, bacterial or fungal genes whose fuzicﬁoné__];ave been
established froih literature and the ucleotide sequences of which shere substential similerity
with the target genes in the genome of an insect. According to one aspect of the present
invention for WCR cdnu'ol, the target sequences may essantially' be derived from the targeted
WCR insect. Sorne of the exemplary target sequences- from 6D1_\IA library fiom WCR that
ericode D. virgifera proteins or fragments thereof which are homologues of known proteins
may be found in thé Sequ'cnce Listing. Nucleic acid molecitles from D. virgifera encoding
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RNAI - : p1VI ON97169: 001 ... Dv.155; function unknown, WCR. uni que sequence
550 RNAI pMON97173: 001 Dv. 162; function unknown, WCR uni que se tuence 578
RNA1- 13MON97170: 001 Dv. 170; function unknown, WCR uni que se uence. 610
Tabl e 2: dsRNA Constructs Causing Significant Stunting Levels in Feeding
Bi oassays wth Western Corn Rootworm (WCR) Larvae Vector Sequence Extressed
as dsRNA. R3Ai -pl C17553: 001 Apple: ... .-.- RNA -plCl17504: 049 EST Full
Lengt h V- ATP®®cooRdsise pl C17554: 001 Rpl 9. ..- . RMA&pbisdéadd: 001 Rpl 19

RNAI - pl C17504: 050 Section 6.0. V- ATPase-
homologs of known proteins are Imown (Andersen et al, US, Patent: Apphcat(on Serial No,

10/205,189). )

For the purpose of the present mvenhon, the dsRNA. or sxRNA molecules may be
obtained from the CRW by palymerase chain (PCR™) amplification of a target CRW gene
sequences ‘derived from a corn rootworm. gDNA. or cDNA library or pomons fhereof. “The
WCR larvae may be prepared using methods known to the ordinary skilled in the’ art and
DNA/RNA may be exiracted, Larvae with vanous sizes ranging from 1st instars to fully-
grown CRWs may be used for the purpose of the present invention for DNA/RNA extraction.
Genomic DNA or cDNA libraries generatcd from WCR may be used for PCR™
amplification for production of the dsRNA. or SIRNA. ‘

The target genes may be then be PCR™ amplified and sequenced using the methods
readily available in the art. One skilled in the art may be able to modify the PCR™

. conditions to ensuze optimal PCR™ product fdrmaﬁon Tﬂe confirmed PCR™ product may
be used as a template for in vitra transcnpuon to generate sense and antisense RNA with the .
included minimal promoters. T _ '

The prcsent inventors contemplate that nucleic acid sequences identified and isolated

' from. any insect specms in the insect kingdom may be used in the present invention for
control of WCR and anothier targeted fnsects. In one aspect of the present invention, the
‘nucleic acid may be derived from a coleopteran species. Specifically, the nucleic acid may
be deri_ved from leaf beetles belénging tol‘-the genus Digbrotica (Coleoptera, Cﬁzrysomelidaq)
and more speciﬁca:]ly the nucleic acid molecules of the present invenﬁoﬁ may be derived
from species in‘tl'fe virgifera group. Most specifically, the nucleic acid moleciles of the:
present mventlon may’be derived from Diabrotica virgifera vzrg'tﬂzra LeConte that is
normally referred to as- WCR. The lsolatcd nucleic acids may be’ useful, for cxample, in
identifying a target gene and in constructing a recombmant vector that producc stabilized
dsRNAs or s1RNAs of the present invention for protecting plants from WCR insect
infestations, -

Therefore, in one embodiment, the present invention comprises isolated and purified
nucleotide sequmc:es from WCR or Lygus that may be used as the insect control agents. The
isolated and put:iﬂed nucleotide sequancés may cémpﬁse those s set forth in the sequence
listing. '

_ The nucleic acids fram WCR or other insects that may be used in the present
invention may also comprise isolated and substantially punﬁed Unigenes and EST nucleic-
acid molecules or nucleic acid fragment molecules thereof, EST nucicic acid molecules may
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RNAI - pl C16005: 001 V- ATPase D subunit 1.... RN A -plCl19514: 001 WCR nRNA
cappi ng enzyne L1135496-028- A1- ML- A7 . 1NAi - pl C17546: 001 Dv. 1 _CG6217

RN. Ai - p1C17549: 001 Dv. 4_CGl435 RNAi-pICl7551:001 L185462-012- Al - M2-132 Dv. 5
cg1915 2 RNAl - pl C17552: 001-.Dv. 6_CGB355. . 'RNAi - pMON78412: 001 Dv. 7_CG3416 '
RNA1- pMON78412: 002 Dv. 7_CG3416; putatlve Mov34: CO3416 ort hol og

RNAI pNCNQGL%ﬁ %émgv 8. CG&088 pufiati ve vacuol ar 11 +ATPase E subunit:
CGL088 ort!i B8P3y - pMOND6168: 002 Dv. 9 CC32331: PHUPS e A TPas e

activity; QER3kRthp@kas oRYNdNLBE2 4 AR5 AiBid 4L LAL ati ve
ri bosomal protein L9: CG614 ortholo% 78425: 001 1~ Dv.11 CO2746
RNAI - pm7§agglgrntb512y comprise smaller ‘oligomclectides 5’ m about 15 to abou't' 250

mucleotide” residues, 'and more preferably, sbout 15 to about 30 nucleohde residues.’
Alternatively, the nucleic acid molecules for use in the present invention may be from ¢cDNA
libraries from WC’R, or from any other coleopteran pest spemes '

Nuclelc ‘acid molecules and fra.gments thereof from WCR, or other coleopteran pest
spemes mayt be employed to obtam other nuc1e1c acid molecules from other species for vse in

 the present invention to produce desn‘ed dsRNA and siRNA molecules. Such mucleic acid
molecules inglude the nucleic acid molecules that encode the complete co:hng sequence ofa
protein and promoters and ﬂa.nlqng sequences of snch molecules. Tn addmcn, such nucleic
acid molecules Jnclude nucleic acld molecules that encode for gene family members. Such
molecules car be readily obtamed by Qusing the above-descn’bed mcleic acid molecules or
'ﬁagments thereof to screen, for mstance, c¢DNA or gDNA libraries obtained from D, ».
wr,ngera or cther coleopterans, or from Lygus hesperus. Methods for formmg suoh libraties
are Well knOWn m the art, ‘

As used herem, the phrase “coding sequence”, “structural nucleotide sequence” or
“structural nuclem acid molecule” refers to a nucleotide sequence that is translated into 2
polypeptlds, usually via mRNA, when placed under the control of appropriate regulatory ’
sequences The boundaries of the coding sequence are determined by a f:a.nslahon start
codon at the 5'-tcm11nus and a translation stop codon at the 3"-terminus. A codmg sequence .
can mclude, but ia not limited to, genomic DNA, ¢cDNA, EST and recombinant mcleotide
sequenc.es '

" The term “recombinant DNA” or “recombinant nucleotide sequence” refers to DNA -
that contams a genetically engineered modification through manipulation via mutagenesis,
resmcupn enzymes, and the like.

For many of the insects that are potential targets for control by the present invention,
there may:be limited infonnation regarding the sequences of most genes or the 'phenotype
resulting from mutation of particular genes. Therefore, the present inventors contemplate that
selection of appropriate genes' from insect pests for use in the present invention may be
accomplished through use of inforination available from study of the corresponding genes in’ -
a mode] organism such in Drosophila, m some other insect species, or even in a nematode

_ species, in a fungal species, in a plant species, in which the .genes'have been characterized. In
some cases it will be possible to obtain the seqnence_ of a corresponding gene from a target -

insect by searching databases such as GenBank using either the name of the gene or the
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. Dv.12-CGl341; putative proteasone regulatory particle, rptl: CGL341

ort hol og RNA1- pMON78416: 002 Dv. 13 CG11276; putative ribosomal protein $4:
C011276 orthol og ' RNAL- pMON78434: 001 Dv. 14 CGl7927_2; putative myosin
heavy chain:_C017927 orthol og. ... RNAl1-pMON78439: 001 Dv. 16_CGb5394;

pUt ative gl utanyl -prolyl-tRNA synthetase: C©CG394 ortholog. WO

2007/ 035650PCT/ 1782006/ 036319 R1Ai . - pMON78435: 002 Dv. 18 CGl404; putative
RAN smal | mogeRhhsesTPase: CGL404 ortholog .. -.. @F@m#m Ny8449: 002 . -
Dv. 19 CGl8174; putative proteasone regul atory partlc subconpl ex,

rpnl 1 COdedehet i, fﬂﬁleﬁ@pENB}os@h@,\IZn%Mﬁnﬁﬁ,Za Fdma®fe, @ENLED) o2a plit at i ve
D, 21, CoB350% "Bk Bt FIE Rt S A L B0 R0 B 8¢ ve
Ri bosonal mdmems@pna@mwdwm lﬂ@em m W?QMEOTS@@@G }watt MON78422: 001
mvenﬁon
In order to obtaun a DNA sepment 1"rom the corresponding gene in an insect species,
PCR™ primers may be designed based on the sequence a8 found in WCR or other insects
- from which the gene has been cloned. The ;Srimers'aré designed to amplify 2 DNA segment
. of sufficient length for use in the- presenf; invention. DNA (either genomic DNA. or ¢cDNA) is
' prepared from the msect specles, and- thc PCR™ primers are used to amphfy the DNA -

- segment. Amphﬁcauon conditions are selected so that amphﬁcatton will occur even if the

primers do not exactly match the target sequence. Alternately, the gene (or 2 portion thereof)
. may be cloned from 2 gDNA or cDNA hbra.ry prepared from the insect pest species, using

" the WCR gene or another kmown insect gene as aprobe. Techniques for performing PCR™
‘and cloning from libraries are known, Further details of the process by which DNA segments

' fr'om.target insect pest species may be isolated based on fhe sequence of genes previously
cloned from WCR or other insect species are provided in the Examples. One of ordinary skill
in the art will recognize that a variety of techniques may be used to isolate gene segments

'_ fromi insect “pest Specres that correspond to penes prevrously isolated from other spemes

When an mscct is the target pest for the present invention, such pests include but are

not: ]nmted to: from the order Lepidoptera, for example,
Acleris spp., Adoxophyes spp., degeria 5PP., Agratzs SpP.s Alabama argzllaceae,
- Amylois spp., Anticorsia gemmatalis, Archips spp, Argyrotaenia spp., Autographa spp.,

.Busseola fusca, Cadra cautella; Carposina mpponenszs, Chilo spp-y; - Choristoneura spp.,
Clysia ambiguella, Cnaphalocrocu' 5pp., Cnephasia spp., Cochylis spp., Coleophora spp., .

. Crocidolomia binotalis, Cryptophlebia leucotreta, Cydia spp., Diatraea spp., Diparopsis
castanea, Earias .rpp .» Ephestia spp., Eucosma spp., Eupoecilia ambiguella, Euproctis SPP-
EBuxoa spp., G'1ap}zolzta spp., Hedya nubiferana, Heliothis spp., Hellula undalis, Hyphantna
cunea, Keiferia lycopers;cella, ZLeucoptera scitella, Lithocollethis spp., Lobesia botrana,
Lymantria spp., Lyoneha spp., Malacosoma’ spp., Mamestra brasazcae, Manduca sexta,
Operophtera spp., Ostrinia Nubilalis, Pamme,ne spp., Pandemis spp., Panolis flammea,
Pectinophora go.s'.'ijrpi:ella, DPhthorimpea ape;'cu!ella, Pieris raj;ae Pieris spp., Plutella
xylostella, Prays spp .S’crrpophaga SPP-» Se.s'amza Spp., Sparganothts SPp. Spodoptera spp "
Synanthedon spp., I?:aumetopoea 5pp., Tortrzx Spp., Tnchoplusza ni and Yponomeuta spp.y
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Dv. 23 C07269; putative helicase: .CGr269 orthol og RNA - pMON78423: 001 Dv. 25
C®012; putative Cadirin. heavy chain: C3012 ortho | og RNA - pMON78414: 001
Dv. 26- _C@261; putative sodi um pot assi um exchangi ng ATPase: C&261 oit hol og
RNAI - pMON78413: 001 Dv. 27- CG12052; putative RNA pol ynerase || transcription
factor: CGL2052 ortholo .' RNAI-pMON97122:001 C Dv.35; putative Vha68-2:
CG3762 orthol og; concatanmer R _NA -pMON97127: 001 C2 Dv. 35; *native Vha68-2:
CG3762 ort hoTagunseacat amer RNA - pPMIN97125:.001 C3 W“@%?“’“ff&]t"atwe Vha68- 2:

C&E3762 ottliol o NAT-HMON78427: 007 Dv. 35 CG3762; putative
Vha68- 2: 0087629’8?%9{39‘6‘9"%’%%&55 ,

Ri78441: 001 Dv. 39 CE0.78; putative
sphi ngol i pi d déﬂoﬁmw’esdﬂ-’ﬂ?"’a@@ S@’oedf%’?’l’@d}w@wde%ﬁfmﬂﬁ% #b@9078 ort hol og

RNA - pmbas%pémaspp/ ChHalo D DbimeBaNBY. D1ah @tk 8., ESmRbmk s b ip 1 Béghyed in

pr ot ei n- nucl e Dv. 46 CGL0689;
putative RER &H”r“if §"e"‘”@§@ 6‘6‘8&“6‘?%"8’6?‘0’8’.’"%?’? ézﬂiéfp%i’%. 4810G33196:
put ati ve t Péerimehoh seme Phipaiewst op., Joptligi sap-t fﬁxﬂwidﬂe-snva#Ewﬁan.?ol% ort hoI 0g"

RNAi - pMON7 |
R e e

from the order Orthoptera, for example,

Blatta spp., Blartella spp., Gryllotalpa spp ., Lecophaea maderae, Locusta SPP '
- Periploneta ssp., ami Schlstocerca SpD- :

from the order Jsoptera, for example '

Reticulitemes ssp; _

from the order Psccoptera, for 'eScample,

Liposcelis spp.; ' '

from the order Anoplum, for example, .

Haematopinus spp., Linognathus spp., Pediculus 5P Pemphzgus spD. and Phyllaxera

SpP-; - .
* from the order Mailophaga, for _exampie,
. Damalinea spp. and Trichodectes Spp.;
' from the order Thysanoptera, for example,
Franklinella spp., Hercinothrips. spp., Taenicthrips spp., Thrips palmi, ﬂmps tabaci
and Scirtothrips aurantii;

) from the order Heteroptera,-for example, .

' (}"z'n_tex SpD- DLS'tantiqz"la theobroma, bysdwcw spp., Euch_istw spp., Eurygaster spp.,
Leptocorisa spp., - Nezara spp., Piésma spp., Rhodnius spp., Sahibergella singularis,
Scotinophara spp., Triatoma spp., Mirldae family spp. such as Lygus Izaspe;m and Lygus
lineoloris, Lygaeidae fawnily spp. such as Blissus leucopterus, and Pentatomidae family spp.;

from the order Homoptera, for example, . )

- Alewrothrixus floccosus, Aleyrodes brassicae, -Aonidiella spp.; Aﬁhidida.e, Aphis spp.,
Aspidiotus spp., Bemisia tabaci, Ceroplaster spp., Chrysomphalus aonidium, Chrysomphalus
dictyospermi, Coccirs hesperidum, Empoasca spp., Eriosoma larigerum, Erythroneura spp.,
Gasca?‘dza 5pp-, Laodelphax spp., ' Lacanium corm, Lepidosaphes spp., Macrosiphus spp.,
M)m SpP.s Nehotettix spp., Nilaparvata spp., Paratarza spp., Pemphigus spp., Planococcus -
"spp. Pseudaulacaspis spp., Pseudococcus spp., Psylla ssp., Pulvinaria, aethiopica, -
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." Dv.49 C&X055_1; putative binding, carrier activity: CE055 1. orthol og
Free region selected fromDV. 49- RNA - pMON78426: 001 Dv. 50 CGL0110 1;

put ati ve Cl eavage and pol yadenyl ation specificity factor: CGL0110 1

orthol og RNAI - pMON96185: 001 Dv. 55_CGb931; putative splicing factor
activity, RNA helicase activity: C05931 orthol og : RNAL- pMON78442: 001

Dv. 57 _CG2968; putative hydrogen-exporting ATPase: C&968 orthol og .

RNAL- pl\/[]\l784§3263901359\/ 58 C01751; putative signal pg@f,{mq@g@gmml%l ort hol og
RNAI - pMON96177: 001 Dv. 61 CG3725 4 putative Cal ci um ATPase: - CG3725 ort hol og

RNAI - pm@w&sﬁt&&miyp 64]10}@@3:}% B mmﬁd@yes@ab@wmpﬁmmmﬁgm% ort hol og
RNAI - pI\/D\IQg‘%% : I?D\lleu ées fumpﬁ-%o &g the_l CG3612 orthol og
RNAi - pMONO B 52 TR é@fﬁ%’ﬁ B e R R o v ty: CGr033

ort hol og RI\lAlTIﬁD)ﬂ@@@@@*@@&MW%@@%B pt ati vehapexne activity: CGr033

or  hol o RNAL- phEYRAAZS 80D @mm, AR iz GRBRAAY OF t hol 0g.
RNAL- pMONGGLTO: 002§D\/ [opect i %1%“;3 g)t ?g&”mg activity: OGL6916
ort hel og. . HoPIOKYS PRAKIEE GT’”" “’”P ao’“"’ €0 A’B‘O SPP' enopsis spp.

and Vespa ssp.;
from the oxder Diptera, for example,
Aedes spp., Aniherigona ‘soccata, Bibio hoﬂulanus, Calhphora erythracephala
Cei'atm.g spp., Chrysomyia spp., Culex spp., Cuterebra spp.,‘ Dacus spp., ‘Drosophila
. melanogaster, Fannia kpp., Gastrophilus spp., Glossina spp., Hypoderma spp., Hyppobosca
spp-, Liriomysa spp., Lucilia spp., Melanagromyza spp., Musca ssp., Oe:s'tﬁw spp., Orseolia
spp., Oscinella fvit, Pegomyia hyo.s;cyami, Phorbia spp., Rha;gofetfs ppmqnella, Seiara spp.,
Stomoxys spp., Tabanus spp., Tannia spp. and Tipula spp:, - -
" from the order Siphonaptera, for example,
. Cerdtophj:llus Spp. und Xenopsylla cheopis end
from the order Thysanura, for example,
Lepisma saccharina. . , :

" It has been found that the present mventlon is parhcnﬁaﬂy effcchve when thc insect
pest isa Dzabrarzca spp., and e.spec:ally when the pest is Dzabranca virgifera virgifera
{Western Com Roatwerm, WCR), Diabrotica barberi (Northem Corn Rootworm, NCR), .
Diabrotica virgifera zea (Mexicaa Corn Rootwort, MCR), Diabrotica balteata (Brazilian

" Com Rootwonn *(BZR) .or Brazilian Com Rootworm complex (BCR) comsisting of
Diabrotica viridula and Diabrotica speciosa), or Diabrotica undecimpunctata howard;
-_-(Southem CiomRootwq'rm, SCR). I . N

EXAMPLES

The inventors herein have 1dent1ﬁed means for controlling coleopteran pest mfestahon '
'by providing a double stranded ribonucleic acid moleculcs in the diet of pests. Surpnsmgly,
the inventors have discovered double stranded ribonucleic acid moleciles that function upon
ingestion by thz pest to inhibit a biological function in the pest, resulting in one or more of
the following attnbutes reduciion in feedmg by the pest reduction in wablhty of the pcst, o
death of the pest, inhibition of differentiation and deVe.lopmcnt of the pest, absence of or- |
reduced capac1ty for sexual reproduction by the pest muscle fOImﬂthll, juvenile honnone_ g
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Dv. 70 CG5771; putative Rub-protein 11: CG771 ortholog Dv.721C036831,;
putative rhea:.CG831 orthol og RNAL- pMON96179: 001 RNAI - pMON96186: 001
.Dv.73 Cel0119i pinative Larain C. COL0119 orthol og . RNA - pMON961. 60: 002
Dv. 74: CG6375; putative pitchoune: CG6375 ortlicilog RNAL-pMIN96160: 001
Dv. 74 CG6375; putative pitchoune: CGE6375 ortholog WO

2007/ 035650PGHY 5@3@959/ 036319 RNAi - ph#iN97137: 002 I%\/ 77

putativei Shitaxin 5; i nvol ved in intracellular prot & ’r‘fszto?‘sﬂ?‘?%ort C04214

Ot 0l 0g. dorBbh, uMaMIHER: Qs 152::6IHE0id Mpaa,umm@maofs;@m orthol o

©.. RNAI -0N96171: 001. Dv. 83 CO11397: ut at'i-v. 97 ortholo
1NAl - pI\/D\I9§1fm%‘ (Rf% upﬂ?%&&?iﬂeﬂh w1 g ‘iﬁ%‘ﬁ%‘f"n alion o vity:
C4494 ort mhﬂ@gne SYTFRINAIE, - Mmzmlmg BERT®S ; witg fomitionl 133010WB1;

contai ns Chjrhidn bi o&iapmutd&mfm tiafibot %raatm%% AL PAMEINA£109: 001
Dv. 99 CO244b; U?\ rfovvn | et hal |e]r: aDrosg)ép | ow h Inorao ogy wW.th human:
CC2446 ort ﬁ%ﬁ m E’m E%]iesls haemolymp mauﬁenmce neurotranspiission,

cell dmsmn, energy metabolism, respiration, apoptosm, and any component of a eukaryotic
cells’ cytoskeletal structure, such as, for example, acting and tabulins. Any one oI any
combination of these attributes can fesult in an effective inkibition of pest mfestanon, and in
the case of a-plant pest, inhibition of plant mf&stahon. For examplc, when used as a diet
composition containing a pest imhibitory sufficient amount of one or mare double siranded -
ribonucleic ac1d molecules prov1ded topically to a plant, as a seed treatment, as a soil
application around a plant, or When produced by a plant from a recombinaut DNA molecule
present Wlthm the cells of a plant, pIant pest infestation is unexpectedly dramatlcally reduced,
The Examples set forth herein be]ow are 111ush'at1ve of the invention when applied to a single . '
pest. Hocher, the skilled art:san will recognize that the methods formulae, and ideas
presented in the Examples are not mtended to be limiting, and are applicable to all
coleoptc'ran pest species that cau consume food sources that can be formulated to contain a
sufﬁcwnt amount of a pest mh1h1tory agent consmtmg at least of one of more double stranded
RNA moleculcs exemplified herem intended to suppms some. essentml feature about or
fuuchon w1thm the pest. ' : )

EXAMPLE]

‘ Ident:ﬁcatmn of Target Nucleotide Sequences For Preparation of dsRNA Usefu] for

' Controlling Corn Rootworrs. ,
_ Corn rootworm c¢DNA libraries (LIB149, LB 150, LIB3027 LIB3373) were

_constructed from whole larvae, pupse and from dissected midgut sections, and nucleotide
sequence information was obtained (see Andersen et al., U.S. Patent Application Serial No.
10/205,189 filed July 24, 2002, incorporated herein specificelly by reference in its' entirety),
In addition, cDNA. libraries were construsted from whole larvas at different developmental
stagés and at different times within each developmental stage in order to maximize the
numbcr of different EST sequences from the Diabrotica specie.s. Libraries LIB5444 and
LIB5462 were constricted respectively from mRNA pools obtained from- first (1 gram)-and
third (2.9 grams) instar Western Com Rootworm ltarvae. Harvested insécts wete rapidly - |

~frozen by. insertion  into liquid nitrogen. The insects were ground in a mortar and pestle
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RNAI - pMON97107: 001 Dv. 105_CG1250_1; GrIPase activator, involved hi
intracellular protein trans port: CGL250 ortholo: Dv.107_CGl4813; COPI
vesicle coat; involved in Golgito ER intracellular protein tranport:
CGl4813 orthol og- Dv.108 CGL7248; n-synaptobrevin; involved in
intracellular protein transport: CGL7248 orthol og- RNAI - pMON97115: 001
RNAI - pMON97121: 001 Dv. 122 CO3164; putative ATP-binding cassette

transporter wotiowissssdCG3164. orthol o: RNAI -. MONI7171 00, 36319-46; function
unknown, WCR uni que sequence Dv. 147 function tal nti wn, WCR. m. Pile
sequence RiddintaiadBNO7 b6 ONIC bR Ling MONS Ade6aAd00 drithDthe aildl@:;u dfuiqaili on unknown,

WCR uni que sequg W@ﬁg %QE;@{ %ﬁg§ ov;dlépcﬁﬂ,‘@@asl%gfebovm WCRuni p
ue de. uence E%P q%ﬁi io] tig PYhEt iton unknown, WCR uni que
sequence RMS—TW"E@ @oitopyy) Fying to fhe magfacts duirciopERPdnAue sequence .
~ RNA was isolated from the total RNA prep usmg DY\IABBADS Oligo dT (fovitrogen)
following the manufaclu:er s instructions, A cDI\A hbrary was constructed from the Poly .
A+ RNA using the SuparScnptTM Plasmid System (avitrogen). cDNA was size fractionated
using chromatography, The fourth and fifth fractions were collected and ligated into the
- pSPORT] vector .'('Lifé'Technolc')gies Inc., 'Gaithefsburg MD) between the Sall and Notl
. 'rasmchon endonucleases recogmtxon s1tes, and transfomled into E. coli DHI0B electro-
competent cells by electroporation. The first instar larvae hbrary yielded about 420,000
colony-forming umits, The third instar larvae library yielded about 2.78 x 10° colony forming
" umits. Colonies from LIB149, LIB150 wero washed.from the plates, mixed o uniformity by
vorteking briefly, and pooled into Tris-EDTA buffer. Half of the wash was brought to 10%
glycero), aliquoted into czyowals, and stored at ~70°C. The other ha]f was used to produce
plasmid DNA usmg 2 Quiagen ml(h—prep purification column, ot 1ts equivalent, Purified -
plasmid DNA was aliquoted to mlcrocentnﬁlge tubes and stored at —20°C
Colonies from the Dmbrotzca vzrgzﬁara cDNA hbrancs LIB5444 and LIBS462 were
amphﬁed individually in a l'ngh yiscosjty medinm. Approxunately 200 000 colony-forming
-units' from . LIB5444 and 600,000 colony-forming units from LIBS462 were mixed on a Stir-
" plate separately in 500 ml LB mbdium containing 0.3% SeaPrep aparose® and 50 mg/l
carbenecillin at 37°C and then rapidly cooled in a water/ice bath for 1.hour allowing uniform
- suspension of the bacterial colonies. The moculated libraries were then grown at 30°C for 42
 hours.. After incubation, the cells were mlxed for 5 minuteson a stu plate. The medium was -
' then transferred to two 250 mi centrifuge bottles. The bacterial cells were pelleted at 10,000
% g for 10 minutes. The medium was rémoved from the bottles and the cells were
resnspended in a total of 20 ml of LB medmm with 50 mg/l cnrbe.necﬂ]m Dnnethyl
sulfoxide was added to 10% to preserve the cells in freezing. Both hbra.nes were amplified to
a final titer of 10° colony-forming units per milliliter. Samples of ﬂae Digbrotica virgifera
c¢DNA. berancs L]B5444 and LIB5462 were combmed and adjusted to aDNA com:emration
of about 1,25 micrograms per microliter in stcnle distilled and demmzed water and aliquoted
into twenty five cryovials, each crynvlal conbammg about 8 7 5 mlcrograms of DNA. These
samples were deposited, by the apphcant(‘ Yinventors with the Amenca.n Type Culture
Collecuon (ATCC) lccated at 10801 Um'vexsny Boulevard, \/Ianassas. Vll‘gl.ma, USA ZIP
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Tabl e 3: VdsRNAConstnLcLc Causing Significant Mxtality Levels in Feeding
Bi oassays with Western Corn Rootworm (WCR) Larvae Vector Sequence Expressed
as dsRNA . RNAi - pl C17553: 001 Appl e RNALr pl C17504: 049 EST Ful | Length

V- ATPase RNAI - pl C17555: 001 Rpl 19 RNAj - pl C17554: 001 Rpl_9

RNAi - pl C17504: 050V Section 6.6 V-ATPase RNAi - pl C17504: 054 ' V- ATPase
subunit 2 SeQUERERssL0M Di abrotica v i’gl fera virgifera Full EST sequence
serving as kOsitlve control RNAL-pl CI9514: 001 WCR nFRASEIRHg enzyne

LI B5496- 028670-280b- oA TN 0AbeoR | e, G @0k @5414/%&%@&@%549 001:
Dv. 4 CGl435AP{3hcaﬂtW1tf?l %078 melgoajs'ﬂglﬁi]ﬁgﬁﬁﬁé‘cg Bepomg' Accession NO.PTA-6072.

Com rootworm high molecular weight cDNA ILibraries, e, LIB5496 and LIB5498
were prepared essentially as descnbed gbove for the production of corn rootworm cDNA
libraries. Libraries LIB5496 and LIB5498 were Constructed respectwely from mRNA pools _
obtamed fror fivst (1 gram) and second end third (1 gram) instar Western Com Rootworm
larvae, Bneﬂy, insects were quickly frozen in hqmd mtrogen The frozen msects were
reduced to a fine powder by grinding in a ‘mortar and pestle. RNA was exh'acted usmg
TRIzol® reagent (Tnvitrogen) following the manufacturey’s instructions. Pon At RNA was
isolated from the fotal RNA prep using' DYNABEADS Oligo dT (Inv1tmgen) A hlgh
molecular weight cDNA [ibrary was made from 20 micrograms of Poly A+ RNA usmg the
SupcarScnptTM Plasmid System (Invitrogen). The cDNA was size ﬁachonated on & 1%

agarose geI in TAB, and ¢cDNA between the range of 1 Kb o 10 Kb was collected and hga’ced
into the pSPORTl vector in between the Sall and Not1 restriction sites and transfoimed mto
- E. cqli DHI0B electro-competent celis by elecerpora‘aon. LIB5496 y1§1ded a ‘tofal titer of
about 3.5 x 10° colony forming units. LIB3498 yielded 2 total titer of about 1.0 x 10° colony
formmg units. Colonies from the corn rootworm high molecular welghi cDNA libraries )
| LIB3496 ad LIBS498 wére ampiified individuwally in a high viscosity medivm.
Approxunately 600,000 colony-forming units from L]B5496 and LIB5498 Wac mlxed ona
stlrplate separatelym 500 ml LB medivm. containing 0.3% SeaPrep agarose@ and 50 mg/]
carb¢nsc11hn at 37°C and then rapidly cooled in a waterfice bath for 1 hour allowlmg unjform
suspensmn of the bacterial colonies. The libraties were then grown at 30°C for 42 houxs
Aﬁer mcubahon, the cells were mixed for 5 minutes on a stir plate. The medmm was then :
transferred to two 250 mL centrifuge bottles. ’I‘he bacterial cells were pelletcd at 10 000 xg
for 10 minutes. The medium was removed from the bottles and the cells were resuspendcd in
a total of 20 mL of LB medmm with 50 mg/L carbenecillin, Dimethyl sulfox:de was added
to 10% to preserve the cells in freezing. Both libraries were amplified o 2 ﬁna:l tltcr of 108
- colony-forming units per milliliter. Inserted cDNA sequence information was qbt_g;ned from
the corn rootworm species-specific plasmid libraries. . '
The Andersen ef al. rootworm libraries together w1th addmonal sequences -from the
libraries LIB5444 and 1IB5462 initially produced about 18,415 individual EST sequences
consisting of approximately 1.0 x 107 nucleotide residues. The average length of an EST

sequence was about 586 nucleotide residueé. 'I‘heée -EST' se.'quences were subjectged to _'
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Dv.5 cg1915 1 Dv.7 CG3416i putative Mov34:0G3416 orthol og Dv.8 CGL08S;
putative vacuol ar1l-1- ATPase E subunit: CGL088 orthol og RNAI - Pl VON78412: 002
RNAI - pMON96172: 001 RNAI - pMON96168: 001 Dv. 9 CQ&X331; putative ATPase
activity: C&331 ortholog Dv.10 . CG5141; putative ribosonmal protein L9:
C06141 ortholo : RN A -pMON78424: 002 RNA1-pMON78425: 001 Dv. 11 _CX746

1NAl - pI\/D\I78444 001 Dv.12SGl34_1; putati-ve proteasnme regul atory particle,
rptl: %72609&§§OPCN52006/ 036319 (01341 orth%g,gsmsﬁg},ﬁb pMON78416: 002
Dv. 13 CGI 1276; putative ribosomal protein S4: CGL1276 orthol og

RNAI - p MON7@3ei3dm @it alpiithaisthaOehRaViR the Zssgmbpuf ednliy @qy@steftrbitauyeighai n: CGL7927

orthol Oy RNAhwBMeANCEBAaReO0 individual BST sequences that could not be compiled by
overlap identity with ofher EST scquences, referred to herein as singletons. The LIBS5444
- and L]B5462 libraries were then sequenced mucli deeper, Tesulting in additional individual
EST sequences, EST sequences obtamed from libraries, i.e., LIB149, ‘LIB150, LI1B3027,
L1B3373, LIBS444, LIB5462, 1IB5496 and LIB5503 were selected for flu'ther vestigation
in feeding bioassays as set forth below and the con-espondmg Sequences are gwen in"the
sequence listing.. o .
The BST sequences isolated from CRW cDNA libraries were assembled, where
pbssible, into UNIGENE sets and these assembled Unigene sequences-are ,mcluded in the .
sequence listing. A UNIGENB is a gene-oriented cluster formed from the overlap of
individual EST sequences w1thm regions of sei;uencé idenﬁty to form a larger sequence.
Pontius et al. (2003). Rach nucleotide sequesice as set forth in the seqﬁence listing was
analyzed to identify the presence of open reading frames. Amino acid sequence information
‘deduced from open reading frames was compared to known amino acid sequence information
available in public databases in order to deduce the extent of amino acid sequence identity or
similarity to those known aming acid sequences, Biqlbgical function, if any, associated with
‘known amino’ acid sequences in public databases was annotated to the amino acid sequences
deduced from the cDNA library nucleotide sequence information. " Arnotations provided
information that was suggestive of the-function of a-jém:.t.ein that may be expressed from a
particular’ gene that ' gave rise to a particular cDNA-' sequenc{e, but was nét outcorme
.dctennimtive Based on the suggestive annotation information, certain éD\IA sequences
. were characterized ag those thaf encoded a protem that was likely mvolved in some biological
function within corn rootwonn cells that was either, essenual to hfe or that was necessary for
ensuring health and vitality to a’cell, or were likely to bé involved in cellular ntegrity, cell -
maintepance, reproductive capacity, and the like. . - b
" Sequences selected for further investigation were used in the construction of double
stranded RNA molecules for incorporation mfo CRW diet. Thermal amplification .primcr
pairs were designed based on ¢cDNA and EST starting sequences to obtain sequences used in
feeding assays. Primer pairs were constructed either és_ & pair of nucleotide sequences, each
member of a primer pair exhibiting perfect complementarity either to a sense of to an
antisense sequence. Some primer pair sequences were constructed so that each member of
the pair exibited a sequence containing a T7 phage RNA polyadsrase promoter at it’s 5 end.. -
Preferably a higher fidelity first amplification reaction was carried out using a first primer
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Dv. 18_CGl1404; putative RAN small nononeric GIPase: CGl404 . orthol og.
RNAi - pMON78449: 001 Dv. 19 CGLl8174; putative proteasone regul atory partlcl e,
|id subcoraplex, ipnl 1: CGL8174 orthol og RNAi - pMON78440: 001 Dv.20_CG3180;

put ati ve DNA-directed RNA pol ytnerase I1: CG3180 orthol og:

RNAi - pMON78420: 001 Dv. 21_C03320; putative Rabl: CG3320 orthol og

RNAI - pMON78410: 001 Dy. 22 C&3395; pizative Ri boso {B&sﬁia S9! C&3395
ort hol og RNRCPWARP8422: 001 Dv. 23 CG7269; put atlve Fielicak: cGr269

ort hol og R%ﬁd h&w\ﬂ'ﬁﬂﬂi‘@m&%w%&d@ﬁ(ﬁ}st ampHeon el CIOf desolnid DI -9 MON78414: 001
Dv. 26_C3X0 t|ve @8 L1l ot assi.um exchangi ng ATlPase: C3261

Ot hol og RTW ‘ﬂ%?c §q§“°nf?df 35 dhe\pranlate ot thesymhe®d o1 t hol ogi
concat aner oﬂmm@m@%mmmlhe@@s@vmﬁsmpmm leulcmyhﬂmegﬁ&nﬁ seqﬁﬁ? 62ort hol og;

concat amer RN 1235 s Bap are gt BLeb Sin1 2R3 %762 ort hol og;
ccni cat aner OVON/ 8427001 Dhin bl 8 s g st o) et & -0G3762

ort hol og. Rlggule pl\/é\lmfﬂf()é% first amphcon generated from the higher ﬂdehty
amphﬁcaﬁou reaction was then used as template in a second thermal amplification reaction

with a sccond primer pair containing the 17 promoter sequence to produce a second amplicon
that contained a T7 promoter at or embedded within the 57 end of each strand of the second
amplicon, The complete nucleotide sequence of the second amphcon was obtained in both
directions and compared to the nucleotide sequence ° as reported for the cDNA, and-
discrepancies between the two sequences, if any, were noted. Generzlly, sequences prepared
using genome DNA as template were inconsistent with further use as dsRNA molecules for
use in achieving sigpificant levels of suppression because of variations within the genome
sequences thai were not present within the mRNA or cDNA sequence, - .

Ah in'vitro transcription reaction typically contained fom about 1 to about 2’ _
micrtograms of_ Tivearized DNA. template, T7 polymerase reaction buffer from a 10X .
concentrate, ribonucleotides ATP, CTP, GTP, and UTP at a final concentration of from
between. 50 aﬁd 100 mM each, and 1 unit of T7 RNA polymerase ei:zyme" The RNA
polymerase reaction was incubated at about 37°C, dependmg on the optimal temperatu:e of
the RNA polvmerasc used accordmg to the manufacturers’ instructions, for 2 period of time
mngmg from several minutes to several hours. Generally, reactions were ca.med out for from
about 2to a.bout 6 hours for transcription of template sequences up to about 400 nucleoudes
in length and for up to 20 hours for h'auscnptwn of template sequences greater thari ebout
400 nuclcottdes in length. Heating the reachon to 65°C for fifteen minutes tcrm.mates RNA
transtription. RNA transcription products were precipitated in ethanol, waghcd, ai dried and
remlsi)énded in RNAse free wa-,tcr to a concentration of about 1 microgram per microliter.
Mosf transc'ri'ptsf which took advantage of the opposing T7 promotér strategy outlined above

- produced do:ﬁ:blfe stranded RNA in the in vitro transctiption reaction, however, @ higher yield
of double stranded RNA was obtained by beating the purified RNA to 65°C and then slowly .
cooling to room temperature fo ensure proper ainealing of semse and antisense RNA
segnents. Double stranded RNA products were then incubated with DNAse I and RNAse at
37°C for one hour to remove any DNA ér single stranded: RNA 'piesent_in the mixture.
Double stranded RNA products were pun'ﬁed.over 4 column accordin-g to the manufacturers’
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Dv.41 C&X637; Female -sterile Ketel; involved in protein-nucleus iniport:

C&637 Othol og RNA - pMON97140: 001 Dv. 44 CGlL244; Putative nucleic acid

bi ndi ng activity: C01244 ortholog . RNAI - pMON78429: 001 Dv. 46 CG10689;

putative . RNA helicase: CGL0689 ortliolog. 1NA - pMON78428: 001

Dv.49 CG8055_1; putative.binding, carrier activity: CG055_1 orthol og

RNAI - pMON78428: 003. -- Dv. 49 CEB055 _1; putative binding, carrier activity:

CGB0. 55L. , 1 weorlhekteg Free 'region sel ected from DY A 92506 ngt}w PMON78426: 001

Dv. 50 CGlOl/O 1; putative C-eavage and pol yadenyl atlon speC|t citY factor:
- CG10110 ﬁsmbﬁohotMIBNME@Aﬂiﬂ‘BR&m @O M:&&gﬁ&ﬁ%ho vt Bilsilee spl i Zl ng

factor act I MON78431: 001

Dv. 58CGL751, pli taﬁ%sgﬂglégf%a ﬁ%rgé;%%“lé’%%?m%%%" i 3["%"@%@?‘"’8mm77 001

Dv6l_ CGB72§1°1.’P Thut ati ve Cal ci um ATPase: CG3725 orthol og RNAL- pMON96182i 001

g gé CCCBG$£23232Thd$]!ﬁﬂg%@cl£ﬁde¢sbc}ﬁéﬁcé%’iﬁme@%t7ﬁ?%NAE@QQ&?@ idRi¥Hed PMONO6180: 001
ti1v C I. 1 VI Qr (0]
RNA - pVONOB 78T Bt m@@“@%@ﬁ e @é & PH‘F’V&E%%PI% fl?fr“?"rfﬁl og

Dv. 67 _CGl6&h8rctpg ﬁafol,e\ﬁéanémml?eppw&s &r astin testing the GELES 106 nhibithpk 0g'
biological function in a pest by feeding double stranded RNA molecules in the diet of the

pest.

A, Cha3 Homologous Seguences
CHD genes have been identified in numerous eukaryotes and the corresponding
proteins are proposed to function as chromatin-remodeling factors. The term CHD is derived
from the three domains of sequence homology found in CHD proteins: a chromo (chromatin '
- organization modifier) domain, a SNF2-zelated helicase/ATPasé domein, and « DNA-binding
domain, each of which is believed to confer & distinct chromatin-related activity. CHD
'prote{ns are separated into two categories based cn the presence or absence of amother
domain of sequence homology, a PHD zine finger domain, typically -associated with
chromatin related activity. CHDS3 related proteins possess a PHD zmc finger domain, but
CHD1 related protcin's do not. Experimental observations have suggested a role fofICI-D)B
proteins in repression of transcription, and in some species have been shown to be a
component of ‘a complex that containg’ bistone deacefyla'so as a s'ubunit Deaée'tylaﬁon of
histones is correlated w1tb. transcnphonal inactivation, and so CHD3 proteins have been
1mphcated to fimetion as repressors “of transcription by virtue of being a component of a
kListone deacetylase complex (Ogas et al.; 1999). Thus, suppression of CHD3 protein
synthesis may be a useful target for double stranded RNA mediated inhibition of coledpteran

pests.

B. Beta-tnbulin hemologous sequences

Tubulin proteios ariie. important structural components of many ce:.lln]zr structures in all
eukaryote cells and principally in the formation of microtubules. Inhibition of microtubule
formation in cells results m catastrophic effects including interference with the formation of
mitotic spindles, Blockage; of cell division, and the like. Therefore, suppression of tybulin
protein formation may be a usefu] target for double stranded RNA mediated inhibition,
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RNAI - pMON96170: 001 RN. Ai - pMON96166: 001 Dv. 70 CG5771; putative Rab-pro in
11: COb771 orthol og RNAL- pMON96160: 001 Dv. 74 CG6315; putative pitChQune:
C36375 orthol og RNAIi - pMON97137: 001 Dv, 77S(4214; putative Synt*in 5;
involved it intracellular protein traniport: CX214' orthols

RNAi - pMON96167: 001 Dv. 82_CG8264; putative Bx42: CG8264 orthol og

RNAI - pI\/D\I961§Z, 002 Dv. 85 C04494: putisti ve proteitbinding_activitY: CG4494
ort hol og RNAI- m 26: 001 Dv.88 C08756; functi onZAFEMEA3HbNt ai ns chitin

bi ndi ng domai N, CG¢ R ¢ _Aqir;;ggj,,g oussggméicedol\/u\B?lBO 001 Dv. 93C&3515;
putative structural constituent ofg cuticle;, contains :

2007/ 035650" : 4B5reyprcipbotisn F@%@?@f&@#lfslqumup Flrsmﬂs pY gssential
RNAL- p1110Maiad 1 VORI ATR kynities\ etk trivolosipin mizinGitisd lshtfiowkit hediolf ATP Dv. 105_001250

1; GIPase ¢ ved d N t rt:-CGL250
ort hol og R%IW%%'MB% g) %v&%&k/‘?&% ﬁ%\ﬁo{;/sg%ﬁo gfé‘g&abﬁggl nvol ved in
Golgi to EFFMG Wé@@ﬁ'ﬂﬁﬂlambm@tel ntrans *,it C014813 orthol o:,
RNAI - p1VI 0N9711).5 o%%‘la homologous sequences

Transcription elongation and transcription temmination factors are essential to

metzbolism and may be advantageons targets for double stranded RNA mediated inhibition.

E. 268 proteasome subunit p28 komologous sequences
The 268 proteasome is a large, ATP-dependent, muli-subunit protease that is hlghly
conserved in all eukaryotes. It has a general function in the selective removal of various
shori-lived protéins that are first covalently liﬁked to ubiquitin m'ld theri subsequently
© degraded by thé 268 proteasome complex. The ubiquitin .pathway plays an impc;rtant ole in
_ the control of the cell cycle by the specific dégradatién of & mumber of régﬂa‘ror_;; proteins
' including mitotic cyclins and inhibitors of cyclin-dependcnf kinases such as p27 of
mammalian cells. Thus, the suppressior of 265 proteasome synthesis and suppression of
synthesis of its compone.nt subunits may be prcferred targets for double stranded RNA
mediated inhibition. (Smlth et al., 1997).

T. Juvenile Hormone Epoxide Hydrolase Hoinologuu 5 Sequencos .

Tnsect juvenile hormone controls and regulates a variety of necessary bxolog:rcal
processes within the mscct tife cycle including but not necessarily limited to metamorphosis,
reproduction, and dxapause Juvenile hormone (JH) concentrations are required to peak at

' appropriate times within ﬂxe'hae.mo@mph of the larval form of an insect pest, in particular
. lepidopteran and coleopteran larvae, and then must be degraded in order to terminate ihe
effects of the hormone response. Enzymes involved in decrensing the concentration of
juvenile hormone are effective through two pnma.ry pathways of metabolic degcadauon COne
pathway invelves Juyenile hormone esterase (JHE), which hydrolyzes the methyl ester
providing the corresponding acid. The second pathway utifizes juvenile hormone epoxide
- hydrolasé (JHEH) to achieve hydrolysis of thé epoxide, resulting in formation of the diol.
The contribution of JHE in the degradation of TH is well understood and has been found to be
invariate between the lepidoptera and coleoptera species, Inhibition of JH esterase has been
associated Wlth severe morphological ohanges including but not limited to larval wandering, -
- deferred pupation, ‘and development of malformed ’ ‘intermediates. ‘T contrast, the
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Th.f.108 CGl7248; n-synaptobreVin; involved- in intracellular trotein trans
. art: CGL7248 ortholo: RNAi - MON97133: 001 Dv.113; function unknown; WCR
uni . ue seiuence RNA i-pYLON97121: 001 Dv. 122 CG3164; putative ATP-bi nding
cassette transporter activityr033164 orthol og RNAI -. MON97134: 001 Dv. 127;
functi.on unknown; no hoznolo:i wth human Table 4: dsRNA Constructs
Causing Significant Stunting Levels in Feeding Bi oassays with Southern Corn

Root vvorm (S ae Vect or Sequence Expressed as 3?%i-pNDN96172:001
Dv8_(C01088; vg@ma’%b%ge{) vanud ar HATPase E subunit: (f‘ﬁgg@b%o? Kol og

RNAJ - p MONO Garfarfbu i bf i in 119 R3&ksm ﬁuafsmnwﬁ%aﬁgcgg% 2}@@‘3&% blodon o 31 orthol og.
Fi bosomal  SREFRLR TG EBETR MBS RN £ ORRAE SIgEBR R A b, b oG 746
RNAI - pMONO g6 8y @GR §hmetabolis@CE /A5 (Bramdidnal. i Reiterdd, BottomhBlssefiston,eNerthl, 19! CG2746
orthol og.. BhGjim sdOWS4HE PR 100083 sthaledic 461 BN PYRURARE 904
' Inhibitors of Tuvenile Hormone Bpoxide Hydr'olase from Insect Tvichoplusia ni). T any
event, distuption of citﬁe.r TH degradation pathway using gene suppression technology couid
be an effective target for double sfranded RNA mediated ﬁeéf inhibition.

G. Swelling dependent chloride channel prﬁtein homologeus sequencés
Swelling dependent chloride channel proteins have been poétul_ated to play a critical
role in osmoregulation in eukaryatic animal ‘cell syetems, - Thereforé, a nucleotide scquehce
exhibiting the ebility to express an amino acid sequence that exhibits homology to previously '
identified swelling dependent éhlori_de channel proteins may be 'a-"use.ful target for RNA
inhibition in a pest. : o - _ o
' - H. ' Glncose-6-phosphate 1-dehydrogenase protein homoloéuus sequences
Glucose-6-phosphate 1-dehydrogenase protein (G6PD) catalyzes the oxidation of
glucose-6-phosphate to é-phosphogluoonate while concomitantly reducing the oxidized form
- of nicotingniide adenine dimucleotide phosphats (NADP+) to NADPH. NADPH is knowa in
the art as a required cofactor- in many eukaryotic biosﬁ&eﬁc reactions, and js known'to
mzintain glutathione i its .réduced form." Reduced glutathione acts as a scavcm'gez" for
: -déﬁgefous oxidative metabolites in eukdiyoﬁc cells, and with the assistance of .tﬁe enzyme
glutathione peroxidase, convert harmfu} hydrogen peroxide fo water-(Béutlcr et al., 1991).
Therefore, G6PD may be a preferable target for double stranded RNA mediated inJ_iibiﬁon in

a coleopterat pest.

L Actd2A protein homologois seque;lces
Actin is a ubiquitous and highly conserved eukaryotic protein required for cell
motility and locomotion-(Lovato et af., 2001). A numober of CRW cDNA sequences were
identified that were ‘predicted to lkely encode actim or proteins - exhibiting ‘amino acid
sequence structure related to actin proteins. ‘Iﬁm‘efore, géxies enco&ing-acﬁn homologues ina
. pest cell may be useful targets for double stranded RNA mediated inhibition,

I ADP-ribosylation factor 1 hdmologous sequences

ADP ribosylation factors have been demonstrated to be essential in cell fanction ‘in
that they play integral rales in the processes of DNA damiage repair, carcinogenesis, cell !
death, and genowic stability. Thus, it would be useful to be. able o sclectively distupt -
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Dv. 14_CG17927 2; putative niyosih heavy chain:
RNA1- pMON78435: 001 Dv. 18SG1404; putative RAN snai l
RNAI pPMON78449: 001 Dv. 19 CGl8174; putative proteathorne
regul atory"- partlcl e, 1id:- subr,enpi'ecx, Tpnl 1: CGI8174 orthol og RNAi -

CG1404 bi t hol o.

CGL7927 orthol og
rnonor neti c GIPase:

. MON78419: 001 Dv. 20_CG3180 RNAI - pMON78420: 001 Dv. 21 CG3320;--putative Rabl:
CCB320 orthol og RNAi - pMON78414: 001 Dv. 26 CG9261; putative

Sodi i i m pbt assi xcbangi ng ATPag#: C@261 orth MON97122: 001
Cl _ Dv35; pdfoazlg@@%“@ha% 2: C&3762 orthol og: coneg‘% anmer. ﬁeNAné MO, N97125: 001
C3 Dv35; . lwnahpm o AaBBimosHation Gk, ib Loletblela@bat spec NGRS RNBE szhh%hiNO\l?MZ? 008

Dv. 35_CG37

C380551;

RNAI - pI\/D\I784421(;.001-IQ(§I %f%z%ﬁ%@?mg%éﬁ héﬁgnh@/\ﬂr Qﬂgﬂﬁexport i ng ATPase:

tati ve Cal ci um ATPase:

\V
pu atgatﬂ'lﬁ?ﬂ??g carrier activity: CG055.1 orthol og

Vha8-.2CG&E3762 ort'hol og. RNA - pMON78428: 001 Dv. 49

C&x2968

. orth.ol og
COB725 ort hoFNélﬁ“%W Fireenp Bk/ti’ﬂnm‘fﬂ““ priEditafed dhorBepr ot ei n 11

CGE771 ort &edntegto metabohsm and may be advantageous targets for double stranded RNA mediated

inhibition to control or eliminate coleopteran pest infestation,

L. Chitinase homologous sequences
Chitin is a §(1-> . 4)homopolymer of N—acetylglucosamne and is found in insect

exoskeletons.. Chitin is formed from UDP-N-aceﬂglucosa.mme i a reaction catalyzed by

chitin synthase; Chitin is a structural hdmomlyn-ier polysacchaﬁde, and there are many
enzymatic steps involved in the construction of this highly branched and cross-linked
structure. Chitin gives shape, rigidity and: suppaort-to insects and pi'ovides a scaffolding to

which ioternal organs such as muscles-arejattached. Chitin must also be degraded to some

extent to mediate the steps fnvolved in thé insect molting process. Therefors, it is believed
that double stranded RNA mediated inhibition of proteins in these pathways would be useful

as a means for controlling coleopteran pest infgstaﬁon.

M.  Ubiquitin conjugating enzyme lmmologuus seqnencey

_ _ The ubiquitin pathway plays an unportant role in the control of the cell cycle by the
‘ spemﬁc degradation .of a number of reth!atory. proteins -including mitotic cyclins and

inhibitors of cyclin-dependent kinases such as p27 of mammalian cells. Thus, genes
encoding ubiquitin and associated components may be a preferred target for double stranded

- - RNA mediated inhibition. (Smith et aZ,, 1957). The ubiquitin-dependent proteolytic pathway
is one of the major routes by which intracellular proteins are selectively destroyed in . )
eukaryotes. Conjugation of ubiquitin to substrate proteins is mediated by a remarkably

diverse array of enzymes. Proteolytic fargeting may also be regulated at steps between
ubiquitination ‘of the substrate and ifs degradation to peptides by the roulti-subupit 268
protease. The complexity of the ubiguitin system suggests a central role for protein turnover
mn eukaryotic ceil regulation, and unphcatcs other proteins in the. pathway mcludmg
ubiquitin-activating enzyme, ubithn-conjugaung enzyme, ubiguitin-protein ligase, and 268

" protessome subunit components, Therefore, it is believed that double stranded RNA
mediated inthibition of proteins in this pathway would be useful as a means for comrollmg

' coleopteran pest infestation.

-50-



RNAI - pMON97126: 001 Dv88_CG8756; function unknown; contains chitin binding
domai n: CG8756 ortholog Dv105SGL250 1; GIPase activator, involved
inintracellular rp_2tein trans ort: CGL250 ortl. Dv105SG1250 -2; GIPase
activator, involved in intracellular, RNA -pMON97111:001 -.
INAAMON97112: 001 WO 2007/ 035650. pCT/1TS2006/ 036319 . protein transport:
CG1250 orthol og . Dv107 .CGl4813; COPlI vesicle Coat; involved in Golgi
to BRintracellular protein transport 0014813 orthol o: RNAI - pMON97107: 001
RNAI - pMONOBOABSV01 Dv122_COB 164; putative ATPRBIHEHIHE Fassette

fransponter actjvit Tabl e 5: dsRNA Constructs Causing
Si gni fi Cant Mortal |(%f *’% ?3?f\“sg¥&dﬂwgr‘§?@é%@&??gwsfﬂ“%ﬁt hern Corn

. Root wor m ( SCR2d ghycolads ditheiots aﬁemw“ﬁxpxrmmghnmd@ﬂ%volvedm ‘

RNAl p' Cl?;%gzo%ﬁonldfﬁéé&% o Gy frbun b abgriailon S Fhculo6! Bh LK ent S

| C1
P in the second stage of the glycoly'hc pathway is glyceraldehyde-B-phosphate dehydrogenase

(G3PDH), which, in the presence of NAD+ and inorganic phosphate, catalyzes the oxidation
.of 3-phospho-§lyceialdehyde to 3-phosphoglycgmyl—phosphatg along with the formation of
NADH. The important component of this reaction is the storage ,of' energy through the

' formé.ﬁon of NADH. Genes encoding enzymes associated with the glycolytic pathway, and
particularly- genes encoding enzymes involved in the steps usefil in formation of energy
réserves may be particularly useful targets for double stranded RNA mediated mlubmon in
coleopteran pest species.

0.. Ubiguitin B homelegous sequences ‘
 As described above, the ubiquitin protein degradation pathway plays an important role
in ﬂ:;c control of the cell cycle by the specific degradation of a mumber of regilatory proteing . )
including mitotic cyclins and inhibitors of cyclin-dependent - kinases such as p27 of
marmalian cells. Thus, genes encoding ubiguitin and associated componentﬁ may be 2
preferred target for double stranded RNA. memaied mlubmon (Smxth et al 1997).

P 7 uvemle hormone esterase homelogs
' _-As indicated above, insect.juvenile hormone controls and regulates'_a' var_iety. of
nec'essa'ry biological processcsgwit.hin the insect. life cycfe including but not necessarily
limited to metamorphosis, reproduction, and diapause. ' Disruption of JH syntliesis or
degradaﬁon pathways usmg gene supprossion. technology could be an effective targct for
* double strandedRNAmcdiated pest inhibition. " :

Q. Alpha tubulin homologous sequences

Eukaryouc cells generaﬂy utjlize cytoskeletal structural elenncnts that are important,
notonlyasa mcchamcal scaffold, but also in sustaining the shape of the cell. Semifiexible ~ -
microfilaments malce cells mob:le, help them to divide in n:utosxs {cytokinesis) and, in
vertebrate and mvertebrate ammals, are responsible for muscnlar contmchon The relatively

' Stiff microtubutes’ Whlch ate made up of alpha and beta tbulin protems play an important

role in acting as a ‘sott’ of hlghway for tramsport of vesicles and organelles and in the
separation of chromosomes dm'mg mitosfs (karyokinesis). Thc flexible intermediate
filaments prcmde at least additional strength to the -overall ceuular structure.  The -
cytoskeleton is also known to be involved i in signaling across the cell cytoplasm. Talding
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.-. V-ATPase subunit 2 sequence from Di abrotica virgifera virgifera Fun
ESTl once serving as positive control RNAl - MON96155001 Dt_p_  rad 41,

t _ibosomal rutGoein 1,9: CG6141 orthol o RNA - pMON96158: 001 Dv. 11 CRXR746;
putative Ri bosorrialprotein L19: C&746 orthol og RNAI TMON78416: 001 Dv. 13
CGL1276 RNAi - pMON961 54; 003 - Dv. 14 CGL7927; putative nmyosin heavy chain:
C017927 ortholog; cells grown in S~f60rrpl ete rredl um RNA - pMON78438: 001 i
Dv. 17_CGL0O14% 2005035680 ve prot easome p44.5 subunit, ¥FAB0068835149 ort hol og. .

. - RNA-p 78449: 0 tative rote e re ul atory
particle; Mmlﬁ%wmf) EEnPFe m g?sﬁl?ﬁd%éﬁg%wug)?f’ 8¢ 5> %i? 1 80;

put ati ve Deehtlehpmzesofids mantspmyw\a@méglegm conER1Bo erdlhol og.

RNAI - pMD147844Q: 001 RNA Mm 615c6 001 . Dv.20_CG3180; putative RNA
pol ymerase U 140k 1)Traaspyrhiye $8%§80 orthol og RNAi - . MON7S420: 001 Dv.32 |
CG3320. . ut at|v&enmmaabm&ﬁ&zmdtrmouofvamié\molcclﬂ@wm#ﬁenﬂﬂﬁldag 35 C&E3762;

utative VNaS8ediiddathifethd 9l & moRNAHAMON Bt Mbsiologionl fimetion,
Such' sorting pathways could include those relying on the endosomal sorting .complex
required for transport (ESCRT), complexes I-ITT, among othets. "Thus, functions related to
transport of polypeptides and other molecules may also be a prefencd target for’ dsRNA—
tediated inhibition.

EXAMPLE2
Insect Feeding Bioassays
Samples of double stranded RNA (dsRNA) were subjected to bioassay with  selested.
" pumber of target pests. The dsRNA was prepared from sequences identified according to
Bxample 1 usiné'c'rﬂner 2 full contig sequence in the case of SEQ ID Nos:1-6, or a sequence
amplified from the assembled conng using the primer palrs as set-forth in the sequence -
listing. Varymg does of dsRI\A were applied as an overlay to com rootworm artificial diet
according to the following procedure. Diabrotica virgifera virgifera (WCR) eggs wete
. obtained from Crap Chmcteﬁstics, Iné.', Fa.lmingtbn,' :Nh;nnesota. The non-diapausing WCR
' eggs were incubated in sc;il for about 13 days at 24C, 60% relative ‘humidity, in complete )
darkness. On dajf 13 the soil containing WCR egge was placed betweeﬁ #30 and #60 mesh
. sieves and the eggs were washed out of the soil using a high pressure garden hose. The eggs
‘were surface dlsmfested by soaking in LUYSOL for three minutes, vinsed. three times with
’ stenle water, washed one tlme with a 10% f‘ormahn squtmn and then rinsed three additiopal
. times in sterile water. Eggs treated in.this way were dispensed onto sterile coffee filters and |
hatched ovemlght at 27°C, 60% relative humidity, in complete darkness.
To' prepare dsRNA, amplicons of selected sequences were cloned into & plasmid
vector capable of replication in E. cofi and sufficient amounts of plasmid DNA was recovered
“to-allow for in vitro T7 RNA polymerase trauscription from the embedded convergent T7
promoters at-either end of the cloned fragment. Double stranded RNA was produced aud .
subjected to bioassay; one RNA segment comprising the sequence as set forth in the sequence
listing, the othier RNA segment being substantially the reverse complement of the nucleotide -
sequence, uridines appropriately positioned in place of thymidines.- A-.sample of double .
stranded RNA (dsRNA) was treated with DICER or with RNAse III to produce sufficient.
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Dv. 49 C08055_1; putative binding, carrier activity: CG055 1 orthol og .

RNAI - - pi vI ON96177: 001 Dv61l CG3725 |; putative Cal cium ATPase: CG3725

ort hol og RNAI - p/ vl ON96166: 001 Dv70-, CG771; putative Rab-protein 11: CG771
orthol og- Dv86_CGb055; putative- bazooka: CG055 ort hol og.

RNAi - pl | ON96174: 001 RNAI - pMON97111: 001 Dv105_CGl250_1; GTPase actlvat or,
involved in intracellular protein tratiport: C01.25.0 Orthol og

RNAI - pMON97107: 001 Dv107_CGl4813; COP' vesicle mat ‘JQ in Golgi to ER
intracel | ul YOPEPEFA trans .ort: OGL4813 ort hol o Pi&k%ﬁ 65{ Transgeni ¢

Plait Tr anaiaaﬁamwsﬁmﬁnﬁerﬁbm SAMENA). Sampé s'c@rﬁthﬁingm@AsﬁﬁHﬁﬂ%reencom ng a

consi st 1 ng ebiont SeCSR Bvbe Saphan iy e vae doprp 88870 | niron and

at the 3 ﬁ:mﬁibélma Nos3' transcription term nation and pol yadenyl ati on

sequence. Thi S sSBIESALON.: BIARPRIE ohPublaied (OIS LA Olefingg! YRR Coat €

sel ection. cassett aassettes are l'ace an

Agr obact er st dielypninfiggiede hovap | oR s Tofifipds présy fatbeian afl‘ifﬁé? i ippged | diet\\D

2|007|18356t5%ﬁﬂaﬂ;6n5&01@5d193§3&@m@6&md {46 Bkroont 1t RSTAGE gl (mmeN’lt I s;t[J)e It 0 t

gl ypl bse and.e ransf eqr.ed .t [ ' pl an

toots are gggﬁm}%t‘g i ?&%Pﬁ%@@g?ﬁﬁ?@%@ﬁﬂ?@&é Ve "RB??"%& virgifera).

Transgeni ¢ b @emrybttaren RAAseliatstion 67 doyblepganded RiAs preducafitvintyBOBdIedi um

font ai ning Jnhit 2EkdHe mh&%&mﬁmat&ﬁépﬁﬁrﬂm Hislah O3 39861 en@ﬂnmtT\go V\ﬁ 1t2h
arvae are es root i eao a _no rus e

di shes are 5‘@&5\68 %ququ}ﬂ'ggfﬂﬂ r?rr?so aﬁrpé’f/g’ﬂféx"td\t%"“i ﬁ?"grﬁ‘)’%\i‘@apl ng. The

assays ar e fipinaate produadddbyaheith eyme B%belehkaBeticyiatharhy 1ﬂmﬁﬂd(hvmmﬂtm aonpl et e

dar kness. . gﬁ@@%'ﬁﬂnﬂhﬂ@t W@%dl%r YU ot o Yoot i [ ffhexefNilcer Six-days

of feeding root tissue; | arvae-are trans erre to. WCR diet in a 96

wel | pl at e fereepurifedy spd & samply chpatarized by dolyariamite 2ol dactoopberesisi Bht day's

maki ng t he détetinine &6 Smagrifyond tifemed af/dpl-ofognation. Tha pudty a:mmmymitm:urw vor ship
axe record n é%lgg tt's test is
per f or med ggnpze%as a?é%{t @sﬁ%ﬁﬁﬁ%ﬁ% ﬁ%?%rgﬁ@a?lzs I cgﬁm%glq%% ficance
conpar ed tmlawsmnlqram@cfprr@ﬂmwe@a'ﬁiow%ﬁ?ﬁffﬁ ol. WCR larvae stunting is
measur e;j after h%&eqiengvapli}mpm Q¥Rllp 288 ding QI PRLEE: kD (@bﬁ)vwﬁh %ﬁs | arvae Ieg
on negative . .cont.ro rans c corn gener at e
are pl ante WW@)mﬂ%ﬁ‘g’H@ﬁ % t%amétﬁ’ﬁ?%ﬁ' %/MSBFHS?? 1’%t(‘.’)l @5'1(" f)eachl ng an
appr opr i at uified weter\iivbagitptdamtilisheraga whs mdnmlghmmgnmﬁthmWagaammwm mat el y 1000
:"ﬁzt reggtcgrasf.e%a YWOsofiide Qy\gﬁ(ﬁﬁ&%mé i a ragc?‘fhﬁz[ e GELS aamamg g::gg ;{‘tg
simlar gr '\ﬁﬁ %“‘? WAL ) é’t‘fﬁ‘{?"g‘g G%Grﬁ‘ %Y‘Eg%‘%‘?

pre-i ncubammd(Fsumaﬂi:bramsb'qghmzvd dofmi ront, mmwoogmnrmmmgmd Larvae are
al | oved toOg%ﬁﬁ&n@@oﬁa&ahpﬁss amttoeﬂ@hot wm&rﬁu{t&mved from

t he soil ‘he roots can e eval uated for larval feedi ng.
Root ' damadRP 30 yihRepdgilipyrfe éﬂﬁm%wlmdww stack poditiony B agpepxietsPe t he | evel
of damage \memhhar vﬁumm@ﬂlqauestmcolﬂmm;gﬁ;xecaathghmghutatdemdmﬁatone node of

roots is Plho g d&&baeéo&ﬁinpg i dm&dEﬁ% dergagmg;m&mdes ar e

pr uned, wh cates €s, are ecause the plants
bei ng used ﬂ[ﬂé‘?eh%ﬁ\'}‘mﬂ&h‘tt plals vailebeie digrensedin gliguote pf ZLOP ictpditers ite epelewell t er
transforrratommcmwgdaeau&u@ﬁbs&nmtﬂﬁt&@me@nm\mmwmmmmnl y a single
plant is evﬁhd}f%?:ﬁd er e eg}bl fiﬁ)& bottl me. The plants in. the assay that
present sign PSRETEP PRI PAPPABEFRES ndi cate that a successf ul
infestation is Tbbwafiohgdcrolit@gdmw@ftmmmmds cpitanitg eitbetesntl sagmmslerately to
severely d%&ﬁ&%@m@é&%hﬂ&yﬂ?&ﬁaﬁ@ﬁ%&%@aﬁﬁ oﬂt@%e]sﬁ&%&%':&ed?hﬁm s -provide

substantial control of l|arval feedin h about 0. | ess on 't he Node
Injury Se a|uécach 'well using a micro-pipeitor repeater. . iusect diet was a]lowed to sfand ina stcnl

bJ.OhOOd for up to one half hour after application of test sa.mples ta allow the reagents to
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WD 2007/ 035650PCT/ US2006/ 036319 EXAMPLE 5. | npl enenting I nsect Pest Gene

Suppression Using A ta-si RNA Mediated Sil encing Method'. An
alternative nethod to silence genes' in a plant pest uses the recently
di scovered class of trans-acting small interfering RNA (ta-si RNA) (Dal may

et al, 2000; Mourrain et al., 2000; Peragine et al, 2004;. Vazquez. et al,
20. 04) ta-si RNA are derived from sizngle strand RNAtranscrlpts that are
targeted by woabwwadshy occurring ni RNA within the @SHUS20MBHHds for using

rai cr oRNA tri Si cing | ants are described in
US Provi si %‘ﬁ'éff’“‘ﬁ en?t-a%df)iﬂﬁg’gﬁs%“ eat'l'“{ﬁgky @7@‘%%“’ T4 ngton et al .
2004) , i nctppivb edh vell wiith a finy paidirehe Bles WﬂellieSs@hﬂlwi‘tEWI.ARtand gast one pest
speci fic %@Ma ﬁs@rﬁﬁé&%ﬁ“ 1894 im0l bR e i oo acfl: Bo@E vor m | ar vae

is identifie S pest specific -mRNA IS ntify at |east
one tar get dqﬂmﬁtqleaﬁ‘@br TM‘)@@M%@W@@P&%&@ WO%GEIN’YENWNMN hat is

expr essed t-dmptetaeaﬂaebslf%r ﬂhg %@@rmﬁmﬂbfﬂ@w'ﬁniﬁéﬁ% eﬂudemeecbﬁedaat short o
sequence o o, ,more t a cont i nuc eot ] when part a
RNA transc‘ﬁlf@tmadﬁ’tf““ %8 &8’{"&‘&“‘*5%"1“9?‘1?*’“8‘8? PR ﬁé"‘?ﬁ% *fRe cel | type
with a funerisddievRNta wa tahwigayd using J/B° 4tsah8!bﬂ§@mrefiahammmllﬁvage of said
transcri Pt ang QRAendt V25 BB EANARG Diinedl st LG ofiflon Bk €3St ONE

m RNA t ar get sequenoe, 15 used second guence that chrresponds.to
Part of a fE®Rred &éWE‘eF?%fPu‘t%(Pf?f’%eAm%ﬁ%’EHﬁ DPfet WesPeriEpside. For
exanpl6, t tvepar BNAit o thpctteatmentsIPRE.5).S Theirulfsws thel CRIOlamatdestig SEG: 113. NOL

Cor - oot vtk HEAP wrl AP FH erkl LBl 3 bR o a8 1T 01 L

can be pl até¥¥-at the 5 end, the 3' end, or enbedded in the. mddl'e of the
target sequence. 1t may -be preferable to use rrultlple m RNA t ar get
sequences ' corresponding to nul ii RNA genes', or use the sane

rai RNA target sequence multiple MI&]’ES the I. . chinmera of the m RNA
target sequence and the t Jegts offoseet FoudipgdinassaysThe t ar get gene ,. sequence

;:an bte of any hﬁiﬁghr&e& WshdbnBfofleinB Yot Rotwdin maewagtbee yﬂ% |the lm RL\IA
arget sequenc n en uence. | ssed in plan
celI's usi nﬁma st%”‘g ﬁ‘ﬁﬁ%gré% gébeﬁg’ﬁbcﬁt‘“}f‘g”pfl%??ﬁfde’rn %‘rﬁgBﬁH@Pgt ranscri ption
regul at or ybledssematnsd ogtsis | doraghed $n- BrraplerZanSem iqptvoon lave uess typicaiel | t ypes

Subl ect. 1 0uiaQkg REOY! B8k o iésoBl B roheP Bl s mufidhd 3 00LS 1o

Control of. corn rootwonn. Thi s met hod have the additi onal

advant age TFPYET 9 &0RTRgY BAKE: o BRpomh etz and PPSEPVP rattldidetpest

TYpi eal | y, reskRbiAie spriechonioied signffican feselsap<. %ﬁﬁned&ayshmnﬁgm&/&eﬂbr@yy Dicer into

Short RNA' g EQEN APYmiRlg Doi&Hs &fu dc&%%ﬁ%hui &a %89 % dle SOE pests.
a Fanscrip

In this meth single stran roduc | e pl ant cell;

t aken up bﬂ”f"ﬁe Protequeagst andotseiers viskding sigpifiqnt. stun'm and/or. mortality and e ™

2007103565&3@6&5@@9@@&@3&%0 Riive leiprdafRe adLERNA Gt givbh @ Ribled 1-5 S t hen

procdsed 'Qeﬁo ta- si RNA capabl e of post. transcriptionally silencing one or

nore genes I n.one or noretarget pests. EXAMPLE 6-. Method For Providing A

DNA Sequence For dsRNA- Medi ated Gene Sil encing Thi s exanpl e

i |1 ust rat egable NRERIOS ChiRtru@s Dathddbtr@in@SiPBeaSEMRRE Sud/dr MorfiRRiNANEdi at ed gene

si | enci ng. E%flﬁIﬂﬁlﬁﬂeeﬁinﬁﬂiohsjayshﬁhSolﬂie&imdrﬂRdaﬁr&rmtb‘GNesﬁeﬁ{eﬁ'hl on of .

ann2pr ovedréttormsef i d i n dsRNA- medi at ed gene silencing by (a) selecting

from 4 target gene_—an r ipitial . DNA_sequenee |{ncludid an 21
A0 o o

cont i guousY$HRE aot i dos- SEﬂ“‘F"'f'fe""‘"m-@"'’°f‘J‘i\1.3,*‘1L*‘gt‘v‘—l—east 4 5EQAR \ sequence
derived fH S Sw(;f— Seguence—gonst ;%%697‘”4*{ egi ons
predi ct ed 1 _L’Ie’” ;Fg% at-e Lﬂgu _t}.{'e S8l-ypept-i-des—and— exhH-Bi ti ng
identity i 0 Lqur 68 —Steh—as—+-t-efet-egstoenthelo A aM' c)sel ecting
a DNA sequgice & aEoithsh AR e e stenetng-tHat— mt,mmea the at | east
one short ¢ N mec WORH Tl RSgIbddes |m,|dgg|t: —but| are not
limted t porypeptTdes honofrogous—t0 at rergentc:—potrypeptides” and

pol ypepti des honol ogous to known pol yp-eptide toxins. WCR V- ATPase has

been denonstrated to functionin caen.roetwonn feeding assays to test dsRNA
medi ated silencing as a neans of controlling larval growh. A cDNA sequence
froma target gene, such as vacu. ol ar ATPase gene (V-ATPase) from Western
corn rootworm (WCR) (Diabrotica virgtfera virgifera. LeConte); is selected
for use as an initial DNA sequence. 'This initial DNA sequence can be
screened to identify regions within which every contiguous fragnment
including at |east 21. nucl eotides matches fewer than 21 out of 21
contiguous nucl eoti des of known. vertebrate sequence& Sequence segnents
that are greater than about 100 contiguous nucl eotides free of such 21/21
hItS are |dent|f|ed Thus crlterla |nclud|ng segnent Iength, GC content,
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EXAMPLE 7 Additiona

Resul ts -of

| nsect Feeding. Ei o assays with Sequences sel ected from EST Dat abase

This exam Tie-illustrates additional
causing larval stunting and/or

as ..doubl e.

| ar vae,

Met hods for r

sequences found to be effective in

nortality when ingested by "rootworm | arvae
stranded RNA sequences:
application of dsRNA, and insect bioassays are as described in
Exanpl es 1- 3yolhsnsk&sul ts of the studies confirned

earing corn rootworn

cant | evels

36319

S

(p<0.05) of larval stunting and/or nortality using cont ai ni ng
Porti ons .sequences honulsQusA¥o a vari ety of different gene|cl asses.
The sequences and vect or $LpBsed2dung1-mMi1gnof t cant. .stunting woad/ or nortality
and the C(rgg%eﬁgﬂgg SE(;DTE_)CG!BSf OPUBKE sequence {expressed as g. dsRNA are
given in ] % P CONSERUENY @Fy bilnary vector used boom
transf or mation contalns €HEICLE] | owing el-ement's bat right ~and left
T- DNA bor j}gﬁ@_ﬂ&@ﬁs‘;é@g\sf SEBSH2G9BABMARE e3SS HSP?CI (anti®&nse. drientation)
- universal spacer - §Dy.& 5662170 KNIFRRQPEAINK . han17: ACT (pronoter and
intron)- (RNAHEEOL7546:08hsi { Dud.GIRERL7 CP4 - NOS. : pMONI8504, dnot her lexenpl ary
"binary veRNAKpIOEE4D:00n coPmd taGst or mat i on, contaijns thedf ol | ow|ng el enents
bet ween thﬁ§3; ?ﬁ 2y | ef LIBSHHD67-41-MaIBS FI SP70.- |O (antdi sense |:
orientati niversal |Bpacell (sense orientatlion) - hspl7; |ACT
(promot er | aRg:-ioi7%EaR0 CT Pémﬁ‘i‘i%r%? -Al-4REal - CP4 ~NgS.. 703 "Tablle 6:
Addi ti onal__dsRNA _Constri Dy. %anf rating Sigaflicant -Stunting and/ or
NbrtalityLﬁﬁééﬁgﬂﬁﬁﬂﬁhsef V. : ébuLheﬁg—cgpneRootmornlor
Viest ern CHRNARDEONIB612002 YEEI S RIS ‘é%é dlas dsREA ... .. SEQ ID .
NO pM)1498356—130464: et l'big t '1't’a‘f1vdvacdb‘l“ tH v ] SeGgt 26— pMON98354
DV172; funBNAaﬂMMﬁ%hbmmZ asoH WhlAE ARG Soe 127 valCN§7191 Dv189;
function Jl]KTIUV\III éz Jbg,glcazgﬁ H" T@ﬁgm ON98358 1y 2007 fjuncti on
ungnomp,_ éﬁ%=gsg57&§rg 8880 Dv2 F391|11 5; putatlve pbsz),
endopel si 1. | Dv.00 TGe140Gutative ribosomal protem 22
kﬂ}}f 15"101‘":7%22]4]0%% 19: CG6141 ortholog
RNA1-pMON78425 001 Dv.ll CG2746 26
. Dv.12_CG1341; putative proteasome 30
.RNAI pMON78444 002 regulatory partiélc,- ptl: ,CG1341 ortholog. .
! ] Dv.13_CGI11276; putative ribosomal  : 34
RNAG 'PMQN78416'902 protein'S4: CG11276 ortholog - .
N AL NN . Dv.14_CG17927.2; putative myosmhcavy ) - 38
RNA#-pMON78434:001 chain: CG17927 ortholog
- Ang | DV.16_CG5394; putative glutamyl—prolyl— : 46
RNAi-pMON78439 {001 | iRNAs synthetase: C35394 ortholog 1.
NTAS A - Dv.17_CG10149; putative proteasome . 50
RNAl‘P‘.M?mM%'O:Ol | p44.5 subunit, ppnéi.CG10149 ortholgg
Az fao | Dv-18_CG1404; putative RAN small { 54
| RNALpMON78435:002 | monomeric GTPasé: CG1404 ortholog
. | Dv.19_CG18174; putative proteasomie, | 38
RNAi-pMON78449:002 | regulatory particle, lid subcomplex, rpnl I:
e CG18174 ortholog 5
. Dv.20_CG3180_1; putative DNA-duccted 62
RNALpMON78419:001 | RNA polymierase Ii: CG3180 oztholog
P . Dv20_CG3180_2; putative DNA—dlrcctcd 706
RNA1-pM®N7844O 002 RNApolymerasaII CG3180 orthologiii I ~
Dv.21 CG3320 putauve Rabl: CG3320 ' 70
RNAl-pI\fomwo 001 | DRl
R Dv.22 CG3395 putative R1bosoma1 74
RNAJ P i EN784 10:002 protein §9: CG3395 ortholog
| Dv.23_CG7269; putatwe hehcase 78
RNAl—pMGN78422 go1 | C67285 o rmog
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730 pMON101054 Dv208 F58F12 1; putative Mtochondria' F1170-ATP synths;
subunit .doltaJATP16: FT81?"2 1 ortbsslog 731 pMON98437 Dv210_1Cl1H12 2;
putative rpl-15, structural constituent of ribosone: KIIHL2 2 ortlaol og 732
pi vl ON98435 Dv211 R12/32 3; putative rpn-8, translation initiation factor,
26S proteasone regul atory conpl ex, subunit RPNS: R12E23 orthol og 733

WD2007/ 035650PCT/ US2006/ 036319 Vectpr . %uence Expressed as
dSRNA . ' - SEQUESS  NO pl vl ON98447. D/212 d 7EREAOK# at i ve vha- 83
nydrogen- export i ng A Fase s bs EEb015 ptinve Claltan Bebvy 6
RNAIpMON7B423:001 | ot oin: CG9012 oxtholog )
RNAI-pMON78414:006 | DV.26 secl ~ 5' half of BST - 710
' Dv.26_C(G9261; putative : 90
RNAI-pMON78414:001 so&um/pomsmum—exchangmg A’I‘Pase: N
- CG9261 ortholog . , .
: : Dv.27_CG12052; putative RNA T 94
RNAi-pMON78413:001 | polymerase I transcription factor:
' CG12052 ortholog.
. . Dv.35_CG3762; putative Vha68-2} ' 126
RNAFEMONTR4Z7:001 | (iomey 5 o F ’ o
- _ C1_Dv.35; putative Vha68-2: CG3762 713
RNAI-pMONS7122:001 ortholog; concatamer ‘
RNAi-pMON97127:001 | C2_Dv.35; putative Vha68-2: CG3762 T714
ortholeg; concatamer
RNAi-pMON97125:001 | C3_Dwv.35; putative Vha68-2; CG3762 715
' ortho olog; concatamer '
Dv.35_CGY078; putetive sphingolipid 142

RNAi-pMON78441:001 | delta-4 desaturase; stearoyl-CoA 9- ' i
) : desaturase: CG9078 ortholog
.. : | Dv.41_CG2637; Female sterile Ketel; - 150
RNAI-pMON97114:001 | involved in protein-nucleus import:
| CG2637 ortholog
N A .ani | Pv-44:CG1244; Putative nuclefc acid © 182
RNAIpMONS7140:001 | inding activity: CG1244 ortholog
| Dv.46_CG10689; putative, RNA helicase: | ~ 170~ -
CG10689 vithoidg, ~ |
- - 7} Dv.43_CG33196; putatwe {ransmembrane 178
RNAi-pMON78432:001 | receptor protem tyrosine kinase: CG33196 o
ortholog .
Dv.49_CGB055_1; putative binding, 182
cartier activity: CG80S5_1 ortholog
Dv.49_CGBO55_1; putative binding, . 704
RNAi-pMON78428:003 | carrier activity: CG8055_1 ortholog Free | -
. region selected from DV .49 :
Dv.50_CG10110 _1; putative Cleavage and . 186 .
RNAI-pMON78426:001 | polyadenylation specificity factor: '
CG10110 1 ortholog,

RNAi-pMON78429:001

'] RNAI-pMON78428:001

: Dv.55_CG5931; putative splicing factor | 202
RNAi—pMON%lSS:QOl activity, RNA helicase setivity: CG5931 .
- ortholog :
‘. . ‘Dv.57_CG2968; putative hyd:ogen- l 206
RNALpMON7B42:001 | o g ATPase: CG2968 ortholog.
. . Dv.58_CG1751; putative signal pep’udase 210
RNALPMONTSA31001 | o i7ey o
. . Dv.61_CG3725_1; putative Calcium 222
RNALpMONIGLTT001 | o 1pace: CG3725 oxtholog, .
o rONOE183:001 | DV-02_CG3612; putative bellwether: | 230
| RNALpMONSG183:001 | o361 ortiolog -

-65.



734 pMON98448' Dv213 B0464_1; putative clmi, tRNA |igase: 0464) orthol og.
735 pMON101059 . Dv214 F53012 10; put atlve rpl-7, structural
constituent -of ribosome: F53012_10 ortholog 736 *01498442 Dv216 C52.134
4; putative apt-1, ATPase subunit of the 195 regul atory conpl ex of the
prot easonme: C52F4 4 intholog 737 plVION98441 Dv218 K0105_4; putative

ran-1, small nononeric. GIPase:

WO 2007/035650

KDI G5 _4 ortholog 738

PCT/US2006/036319

RNAI-pMON96180:002

Dv.65_CG7033; putative chaperone
activity: CG7033 ortholog

242 -

“RNAi-pMONS6176:001

Dv.66_CG32019; putative bent: CG32019
ottholog

246

RNAIpMON96170:002.

Dv.67_CG16516; putative e.ndopephdase
activity: CG16916 ortholog

250

RNAi-pMONS6166:001

Dv.70_CG5771; putative Rab-protein 11:"
Ca5771 ortholog

238

RNAL-pMOND6179:001

Dv.72_CQ6831; putative rhea. CG6831
ortholog__

266

RNAi-pMOND6186:001

Dv.73_CG10119; putative Lamin C:
CG10119 ortholog

270

RNAIpMON9I6160:002

Dy.74_CG6375; putative pltchou:w

"CG6375 ortholog ™ -

274

RNAi-pMON97137:001

Dv.77_CG4214; putative Syntaxin 5;
involved i in intracellular pmtem transport:
C@4214 ortliolog

286

RNAi-pMON96167:001

Dv.82 CG8264 putative Bx42: CG8264

ortholo; A

302

RNAi-pMON96171:001

Dv.83_CG11397; putative gluon:
CG11397 ortholog

- 306

RNAi-pMOND6187:003

Dv.85 CGA494; putafive proteia binding
aciivity: CG4494 ortholog

314

RNAi-pMON96174:001

Dv.86_CG5055; putative bazooka
CG5055 ortholog :

318

| RNA-pMONB7126:00%

Dv.88 CGR756; fimction wnknown;

contains chitin bmdmg domain: CGS756 :

ortholog

326

RNA{-HMON97130:001

Dv.93. C(G8515; putative structural
constituent of cuticle; contains, chitin
binding domain: CG8515 ortholog

342

RN Ai-pMON97109:001

Dv.95_CG2446; Unknown; lethal in

Drosophila & 10w homolo gy' with human:
| CG2446 ortholog

366

J—

RNAi-pMON97111:001 .

Dv.105_CG1250_1; GTPase acnvator,
involved in intracellular protcm transport:
CG1250 ortholog

390

RNAi-pMON97112:001

Dv.105_CG1250 2; GTPase activator,
involved in intraceitular protem t:anspott.
CG1250 ortholog -

394

RNAi-pMON97107:001

- | Dv.107_C(14813; COPI vesmle coat;

invelved in  Golgito ER intracellutar
protein transport: CG14813 ortholog .

- 398

RNAi-pMON97115:001

Dv.108_CG17248; n-synaptobrevin;
involved in intracellular protem transport:
CGl7248ortholog - |

402

LENAi-pMONb?_DZi:O_Ol ,

Dv.113; ﬁmouonunlmown WCR umque
sequence :

422

- .66~




pMONO98440 Dv219 C5H 1 7; putative pas-1, endopepticlue: O 5H11 7
ortholog 739 pMON101081 1)V223 R101311.1; putative cbp-1, honol og of
transcriptional cofactors CBP and p300: R10B11.1 ortholog 740 pM)14101050
Dv224 FI.1C3 3; .putative um 54, ATP. bi'ndi'ng; notor activity: F11C3 3 |-11g
741 pl VI ON101051 Dv225 C37E5_8; putative hsp-6, heat shock protein 6:

C37115_8 . ortholog 742 . pMON38&8S8.
WO 2007/035650 PCT/US2006/036319
. ) Dv.122.. CG3164 putative ATP-binding | 454
RNAI-pMONS7121:001 . | casseite transporter activity: CG3164. ., -
ortholog .l
. any | D¥.127; fumiction uaknown; 1o homology 470
RNAI-pMON97134:001 with buman N
| RNAI-pMON97171:001 | Dv.146; fiunction unlcnown, WCR unique 514
o sequence
RNAI-pMON97166:001 | Dv.147; function unknown, WCR umque 518
sequence ' .
RNAi-pMON97167:001 | Dv.149; function unknown, WCR wnique 526
' sequence -
RNAI-pMONS7169:001 | Dv.155; fanction unknown, WCR unigne 550
L. sequence
RNAI-pMONG7173:001 | Dv.162; function unknown, WCR unique 578
. sequence
RNAi-pMON97170:001 | Dv.170; function unknown, WCR umque 610
. sequence

Table 2: dsRNA Constructs Causing Significant Stunting Levels in Feeding Bioassays
with Western Corn Rootworm (WCR) Larvae

Vector Sequence Expressed as dsRNA

RNAI-pIC17553:001 Apple. K

RNAI-pIC17504:049 EST Full Lg’rh V-ATPase

RNAI-pIC17554:001 ‘Rpl 9 .

RNAI~pIC17555:001 Rpl 19 - )

RNAI-pIC17504:050. Section 6 0 V-ATPase

RNAI-pIC16005:001 V-ATPase Dsubunitl . .

RNAI-pIC19514:001 WCR mRNA capping enzyme L]B5496-028’A1-M1-A7

RNAI-pIC17546:001 Dv.1_CG6217

RNAI-pIC17549:001 Dv.4 .CG1435

RNAL-pIC17551:001 LIB5462-012-A1-M2-B2
: . | Dv.5 cglo15 2

RNAi-pIC17552:001 | Dv.6_CGS%355

RNA{-pMON78412:001 | Dv.7_CG3416

RNAI-pMON78412:002 | Dv.7_CG3416; putative Mov34:CG3416 ortholog

RNAi:pMONS6172:002 | Dv.8_CG1088; putative vacuolar H--ATPase E subunit: CG1088
o ' ortholog

| RNAI-pMON96168:002" | Dv.9_CG2331; putative ATPase activity: CG2331 ortholo

RNAi-pMON78424:002 ; Dv.10- CG6141; putative ribosomal Qrotem 1.9: CG6141 ortholog

RNAi-pMON78425:001 | Dv.11 CG2746

RNAi-pMON?78444:002 | Dv.12_CG1341; putative proteasome regulatory particle, rptl:

CG1341 ortholog

RNALGMON73416:002

Dv.13 CG11276; putative ribosomal protein S4: CG11276 ortholog

RNAi-pMON78434:001

Dv.14_CG17927_2; putatwe myosin heavy chain: CG1 1927
ortholog :

RNAi—pMON78439:001

Dv.16_CG5394; putative gluta.myl-prolyl-tRNA synthetase: -

CG5394 ortholog

.67




Dv226 CA712.5; putative uba-1,

ort hol og'

conponent ,
D1081. 8; putati ve Myb-hl re DNA bi ndi ng:
putative syn-3, protein:transporter;

746 pivlI ON101107 Dv231 C30C11. 1quiturve mtochondri a]

Pr QloBbohsd®: C30CL1L or t hol og

Dv230 F55A11 2 ;
55A1] 2: ort hol og:

ri bosonmal

synt axi m

© PCT/US2006/036319

RNAI-pMON78435:002

| ortholog

Dv.18 CG1404 putatwe RAN small monomeric GTPase: CG1404

RNAi-pMON78449:002
' | subcomplex, tpull: CG18174 ortholog

Dv.19_ CG18174 putauve proteasome rcgulatory parucle hd

RNAL-pMON78440:002

Dv.20_CG3180_2; putative DNA-directed RNA polymerase I
CG3180 ortholog

RNALpMON78420:002

Dv.21 CG3320; putative Rabl: CG3320 ortholag

RNAi-pMON78410:001.

Dv.22 C(33395; putative Ribosomal protein §9: CG3395 orthalog_J

RNAi-pMON78422:001

Dv.23 CG7269; putative helicase: CG7269 ortholog

RNAI-pMON78423:001

Dv.25_C(39012; putative Clathrin heavy chain; CG9012 ortholog

RNAi-pMON78414:001

Dv.26_CG9261; putative sodivm/potassium-exchanging ATPase:
G261 ortholog

RNAi-pMON78413:001

Dv.27_CG12052; putatwe RNA polymerase 1 transcnptmn factor:
CG12052 artholog, :

[RNALpMON97122:001

C1_Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAi-pMON97127:001

C2_Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAI-pMON97125:001

C3_Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAI-pMON78427:007

Dv.35_CG3762; putative Vha68-2:-CG3762 ortholog.

RNAIi-pMON78441:001

Dv.39_CG3078; putative sphingolipid delta-4 desaturase; stearoyl-
CoA 9-desaturase: CG9)78 ortholog :

RNAi-pMON97114:001

Dv.43_CG2637; Female sterile Ketel; involved in protem-nucleus
import: CG2637 ortholog

RNAi-pMON78429:001

Dv.46_CG10689; putative RNA helicase: CG10689 ortholog. .

RNAi-pMON78432:001

Dv.48_CG33196; putative transmembranc receptor prote:n tyrosine
kinase: CG33196 ortholog :

RNAi-pMON78428:001

Dv.49_CG8055_1; putatwe binding, cartier actmty CG8055 1
ortholog

RNAL-pMON7B428:003

Dv.49_CGR055_1, putatwe bmdmg, carrier acuwty CG8055 i
ortholog Free' region selected romDV.49 - -

RNAi—pMON78f126:001

Dv.50_CG10110_1; putative Cleavage and polyadenylation
specificity factor; CG10110 -1 ortholog .

RNAi-pMONS6185:001

Dv.55_CG5931; putative splicing factor activity, RINA helicase
activity: CG5931 ortholog - -

RNAI-pMON78442:001

Dv.57_CG2968; putative hydrogen—exportmg ATPRase: CG2968
ortholog

RINAi-pMON78431:001

Dv.58 CG1751; putative 31gnal Lpudase CG@1751 ortholog

RNAi-pMON96177:001

Dv.61 CG3725 1; putative Calcium ATPase: CG3725 ortholog

RNAi-pMON96182:001

Dv.61_CG3725_2; putative Caloium ATPase: CG3725 ortholog -

RNAI-pMON9I6183:001

Dv.62_CG3612; putative bellwether: CG3612 ortholog

RNAi-pMON96180:002

Dv.65 _CG7033; putative chaperone activity: CG7033 ortholog

RNAI-pMON96180:001

Dv.65_CG7033; putative chaperone activity: CG7033 ortholog

RNAi-pMON96176:001

Dv.66_CG32019; putative bent: CG32019 orfholog

RNAI-pMON96170:002

Dv.67_CG16916; putaﬁve endopepndase activity: CG16916
ortholog

RNA-pMONS6166:001

Dv.70_CG5771 lutahve Rab-protem 11: CG5771 ortholog

RNAIpMON96179:001

Dv.72_C(G6831; putative rhea:.CG6831 orfholog

RNAi-pMON96186:001

.Dv.73_CG10119; pirtative Lamin C: CG10119 oxtholog

RNAi-pMONS6160:002

Dv.74 CG6375; putative pitchoune: CG6375 ortholog

RNAI-pMONI6160:001

Dv.74 CG6375; putative pitchoune; CG6375 ortholog

‘--63-

ubiquitin activating enzyne: C4712.5

" 743 pMON38887 Dv227 F54A3. 3; put ative Chaperonin conpl ex
TCP-1 - ganmm submit F54A3.3 ortholog 744 pMON101110 Dv229
1) 1081.8 ortbolog 745 pMON101052



747 pl vLON101055 '
ri bosone: 0250_1 orthol og
rpl-5, 5S 1RNA binding,
749 pMON101138
L14 protein:

WO 2007/035650

Dv232 130250 _1; putative rpl-2,

r structural
- Dv235 Q04F1214 rpu:tative 4.-14,
CD412.4 Othoiog. f

structural constituent
' 748 pMON98446 . Dv233 F54C9 5; putative
constitnentof nbtisome: F54C9 5 orthol og
| arge ri bosomal subunit
750 pMON98449

wr
ot PCTfUS2006/036319

RNAI-pMONS7137:002

Dv.77_ CG4214 putativé; Syntaxm S; involved in intraceltular
protein transport; C(G4214 ortholog :

RNALpMONS6167:001

Dv.82 CG8264; putative Bx42: CG8264 ortholo&

RNAI-pMON96171:001

Dv.83_CG11397; putative gluon: CG11397 ortholog

RNAI-pMON96187:003 !

Dv.85_CG4494; pufative protein binding activity: CG4494 ortholog: |

 RNAi-pMON97126:001

Dv.88_CG8756; function unknown; contains chitin binding domain; |
| CG8756 ortholog

RNALpMON97109:001 |

Dv.99 CG2446; Unknown; lethal in Drosophila & low homology |
with human: CG2446 ortholog. ' i

RNAF-pMON97111:001

Dv.105_CGH250. 1; GTPase activator, ivolved in intracellalar |
protein transport: CG1250 ortholog

RNAI-pMONS7107:001

| intracelinlar protein transport; CG14813 ortholog

Dv.107_CG14813; COPI vesicle coat; involved in Golgito BR

RNAi-pMON97115:001

Dv.108_C(G17248; n-synaptobrevin; involved in intracellular -
protein transport: CG17248 ortholog J

RNA-pMON97121:001

Dv.122_CG3164; putative ATP—bindiug casgette transporter [
activity: CG3164 ortholog

RNAIpMONS7171:001

Dv.146; fimction unknown, WCR umque sequence

" RNAi-pMON97166:001

Dv.147; function unkndwn, WCR unique secuence

RNAi-pMON97167:001

Dv.149; fimction unknown, WCR uwnique sequence

RNAi-pMON97169:001

Dv.155; function unknown, WCR unique sequence ©

RNAi-pMON97173:001

Dv.162; fimction unkiown, WCR unique sequence -

| RNAI-pMONY97170:601

Dv.170; function unknown, WCR vmique sequence .

Table 3: dsRNA Constructs Causmg Sngﬁcant Mortahty Levels in Feedmg Bloassays
Wlﬂl Western Corn Rootworm (WCR) Larvae

1 Vector . Sequence Expressed as dsRNA

[ RNAi-pIC17553:001 Apple

[RNAi-pIC17504:049 | EST Full Length V-ATPase

[ RNAi-pIC17555:001 Rpl 19
RNAi-pIC17554:001 Rpl 9
RNAi-pIC17504:050 Section 6.0 V-ATPase
RNAz-pICI7504 054 V-ATPase subunit 2 sequence from Diabrotica virgifera virgifera
. Full BST sequence serving as positive control
RNAl—pIC19514 001 | WCR mRNA capping enzyme LIB5496-028-A1-M1-A7

.| RNAI-pI€17546:001 Dv.1 CG6217
RNAI-pIC17549:001 Dv.4 CG1435
RNAi-pIC17550:001 LIB5444-065-A1-M1-DS .
Dv.5 ¢cgl1915 1
RNAi-pMON78412:002 | Dv.7 CG3416; putative Mov34:CG3416 ortholog -
RNAi-pMON96172:001 | Dv.8_CG1088; putative vacuolar H+ATPase E subunit: CG1088
. ortholog

RNA-pMON96168:001 | Dv.9 CG2331, putative ATPase activity: CG233] ortholog

| RNAi-pMON78424:002 | Dv.10.CG6141,; putative nbosomal protem L9 CG6141 ortholog
RNAi-pMON78425:001 | Dv.J1_CG2746 '
RNAi-pMON78444:001 | Dv.12 CG134_1, putanve ]Lteasome regulatory pafﬂcle mptl:

.69



i .eletal

or t hol og .
consti tuent of

ri bosone:

WO 2007/035650

Dv236 C01085; putative arm 1, Ezriu/Radixin/Mesin(BRM famly 751
linicerk CO1G_5 orthol og
pul ative rion-6, proteasti ne Regul atory Particle,
.1 752 pMON98436 Dv240 F53A3 3;:putittive rps-22,

F.53A3. 3 oitholog 753 pMON101078 1'.

PCT/US2006/036319

C(1341 ortholog

RNAi-pMON78416:002

Dv.13 CG11276; putative iibosomal protein S4: CG1 1276 ortholog

RNAI-pMON78434:001

pMON98439 Dv237 F57B9 10;
Non- ATPai e-flie::F57139 10

structural

Dv.14_CG17927 2, putatwe myosin heavy:chain: CG17927
ortholog

“RNAT-pMON78435:001

Dv.18_CG1404; putatWe RAN small mionomeric GTPase: CG1404 .
ortholog

[ RNAL pMON78449:001

Dv.19_CG18174; pufa'ave proteasome regulatOry particle, lid
subcomplex, rpni1: CG18174 ortholog

RNALpMON78440:001

Dv.20_CG3130; putahve DNA-dJ.rected RNA polymerase II;
CG3180 ortholog .

RNAI-pMON78420:001

Dv.21_0G3320; putauve Rabl: CG3320 ortholog .

RNAi-pMON78410:001

Dv.22 C(33395; putative Ribosomal protein 89: CG3395 ortholog

RNA{-pMON78422:001

Dv.23_CG7269; putative helicase: CG7269 ortholog

RNAi-pMON78414:006

DV.26 secl ~ 5' half of BST -

RNAIi-pMON78414:001 ;

Dv.26_CG9261; putative somum/potassmm-exchangmg A'I'Pase
CG9261 ortholog

RNAI-pMONS7122:001

C1 Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAi-pMON97127:001

C2 _Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAI-pMON97125:001.

C3_Dv.35; putative Vha68-2: CG3762 ortholog; concatamer

RNAi-pMON78427:001

Dv.35 CG3762; putative Vha68-2: CG3762 ortholog.

RNAi-pMON97114:001

Dv.41_CG2637; Female sterile Ketcl involved in protein-nucleus
import: CG2637 ortholog

RNAL-pMON97140:001

Dv.44_CG1244; Putative nucleic acid binding actmty CGIZ44
ortholog -

RNAi-pMON78429:001

Dv.46_CG10689; putative RNA helicase: CG10689 ortholog.

RNAi-pMON78428:001

Dv.49 CGB8055_1; putanve bmdmv carrier actmty' CGR055_1
ortholog

RNAi-pMON78428:003:

Dv.48_CGR055_1; putatwe bmdmg, carrier actmty' CG8055..1

|- rtholog Free region selected from DV.49 -

RNAi-pMON78426:001

Dv.50_CG10110_1; putative Cleayage and polyadenylat:on
spemﬁclty factor: CG10110 1 ortholog :

RNAI-pMONSG185:001

Dv.55_CG5931; putative splicing factor acuvﬂ:y, RNA hchcase
activity: CG5931 ortholog |

RNAI-pMON78431:001

Dv.58_CG1751; putative signal ospidase COT75 L orfhoiog

RNAi-pMON96177:001

Dv.61_CG3725_1; putative Calciura ATPase: CG3725 ortholog

RNAi-pMON96182:001

Dv.61_CG3725_2; putative Calcium ATPase: CG3725 ortholog

RNAi-pMON96180:001

Dv.65 CG7033; putative chapetone activity: CG7033 ortholog -

RNAi-pMON96176:001

Dv.66_CG32019; putative bent: CG32019 ortholog_

RNAi-pMON96170:001

Dv.67: CG16916 putatxve endopephdase activity: CG16916
ortholog - .. ¢

RNAI-pMON96166:001

Dv.70 CG577 1; putatwe Rab- protem 11: CG5771 ortholog

RNAi-pMON96160:001

Dv.74_CG6375; putative pitchoune: CG637$ orthalog

RNAi-pMON97137:001

Dv.77_CGA214; putative Syntakin 5; involved in intraceliular
protein transport: CG4214 ortholog

RNAi-pMON96167:001

Dv.82_CG8264; putative Bx42; CG8264 ortholog

RNAi-pMON96187:002

Dv.85 CG4494; putative proteit'binding activity: CG4494 ortholog

RNAI-pMONS7126:001

Dv.88_CG8756; function. uuknown contams chitin binding domain:-
CG8756 ortholog

T RNAIpMONY7130:001

Dv.93 CG8515; putatwe su'ucmral constituent of cutxcle, contains

o =70




Dv241 F3213.2.5; putative al cohol clehydrogenase; zinc-dependent F32112.5
ortholog 754 pMOLt101058 Dv242 B0336 2; putative arf-1, small nononeric
OTlPase: B0336_2 ortholog 755 plvIiON101057 Dv244 C4B9 7;.putative
rpl-21, structural constituent -of ri‘bosone:” Cl4/39 7 ortholog. 756
pMONO8444 Dv245 C26F1 4; putative zps-30, Ri bosonal Protein, Small subunit
C26F1 4 orthol Og 757 - pI vl ON98434. ‘»,L@‘/247 Cl3B9 3; putative deI ta subunit
of the coat oYY ROOTRTHA PCY/US2006/036319

(e

chitin bmdmg ‘domain; CG&S 15 ortholog -

RNAI-pMON97111:001

Dy.105_CG1250_1; GTPase activator, mvolvedmmt:acellular
| protein transM ' CG1250 ortholog

RNALPMON97107:001

Dv.107_CG14813; COPI vesicle coat; involved in Golgi to BR '
intracellular protein transport: CG14813 orthalog

RNAS-pMONGT115:001

{ Dv.108_CG17248; n-synaptobrevin; involved in mtracellular
protein &ansport CG17248 orthc;logL

RNA-pMONI97133:001

Dv.113; function unkuown; WCR. unique sequence

RNApMONY7121:001

Dv.122_CG3164; putative ATP-bmd.mg cassetie fransporter
activity: CC-}3164 ortholog :

RNAi-pMON97 134:001

Dv.127, function unknown; no homology with human

Tabled: dsRNA Constriets Causing Slgmf cant Stunting Levels in Feedmg Bioassays _
" with Seuthern Corn Rootworm (SCR) Larvae

Yector

' Sequence Expressed as dsRNA

RNAI-pMON96172:001

Dv8_CG1088; putative vacuolarH+A'1?aseBsubumt CG1088
ortholoi

RNApMON96168:001

DvS CG2331, putative ATPase activity: CG2331 ortiolon

RNAI-pMON78424:001

Dv.10_CG6141

RNAi-pMON96155:002

Dy,10_CG6141; ptative ribosomal protein L9: CG6141 ortholog.

RNAi-pMON78425:001 .

Dv.11_CG2746

RNAi-pMON96158:002

Dv.1} GG2746; putative Ribosomal protein L19 CGZ746 ortholog.

RNAI-pMON78416:001

Dv.13_CG11276

RNAI-pMON78434:001

Dv.l4 CG17927 2 putauvemyosm heavy chain: CGI'7927
ortholog

RNAI-pMON78435:001

Dv.18 CG1404 putative RAN small monocmeric GTPase: CG1404
ortholog -

RN ALpMONTE449:001

Dv.19_CG18174; putative proteasome regnlatory pamcle, Hd
subcomplex, pn1l: CG18174. oitholog

RN ALpMONTE419:001

Dv.20 CG3180

RNAL-pMON78420:001

Dv.21_CG3320; putative Ra‘nl CGSSZO ortholog

- [ RINALpMONT8414:001

Dv.26_CG9261, putative sodmm/potassmm—exchangmg ATPase -
CG9261 orﬂlolog :

RNALPMONG7122:001

C1_Dv35; putative Vha68-2 CG3762 ortholog; concatamer

RNAi-pMON97125:001

C3_Dv35; putative Vha68-2: CG3762 ortholog; concatamer

| RNAi-pMON78427:008

Dv.35_CG3762; putative Vhab8-2:!CG3762 ortholog,

RNAL-pMON/73428:001

Dv.49_CGB8055_1; putative binding, carrier activity: CG8055_1
oxtholog

RNAI-pMON78442:001

Dv.57_CG2968; pufative hydrogen-exporting ATPase: CG2968
ortholog

RNAI-pMON96177:001

Dv61 CG3725_1; putative Calcium ATPase: CG3725 ortholo

RNAi-pMON96166:001

. Dv70_CG5771; putative Rab-protein 11: CG5771 ortholog

RNAi-pMON97126:001

; Dv88_CG8756; function unknown; contains chitin binding domain:

CG8756 ortholog

RNAI-pMONS7111:001

Dv105_CG1250_1; GTPase activator, involved in‘intracellular
protein transport: CG1250 ortholog

Dv105 CG1250 -2; GTPase activator, mvolvedmmh-accllular

RNALpMONOS7112:001

T.T71-



conpl ex: C13B9. 3 Otholog 758 WO 2007/ 035650PCT1US20061036319 Vect or

.. ..Sequence Expresged as dsRNA: , .- NO SEQID pMON101053 Dv248
17381311 5; putative vesicle coat conplex COPlI, beta' subunit: 138Ell 5
orthoTog 759 2MONOE1445 Dv249 F37Cl2_9; putative rps-14, structural
constituent of ribosone: P 37C12 9 orthol og-

WO 20074035650 ' . PCT/US2006/036319

: protein transport: CG1250 artholog
RNAl-pMON971 07: 001 Dv107_CG14813; COPI vesicle coat; involved in Golgi to ER
intracellular protein transport: GG14813 orthalog R
RNAI—pMON97 121 :001 | Dv122_CG3164, putative ATP-binding cassette transporter activity:
CG31 64 orthol_g

Table 5 ; dsRNA Constructs Causmg Slgniﬁeant Mortality Levels in Feeding onassays
with Sonthern Corn Rootworm (SCR) Larvae h

Vector Sequence Expressed as dsRNA
RNAi-pIC17546: 003 1IB5462-091-A1-M1-G3  Dvl CG6217 KNICKKOPF -UNK
RNApIC17504:055 © | V-ATPase subunit 2 sequence from Diabrotica virgifera virgifera
' i Full BST sequence serving as positive control

k}L3_I\TAi~pM01\196155:()01 Dv.10_CG6141; putative ribosomal protein 1.9: CG6141 ortholog

RNAi-pMON96158:001 | Dv.11_CG2746; putative Ribosomal protein 1.19: CG2746 ortholog
RNAI-pMON78416:001 | Dv.13 CG11276 .
RNAi-pMON96154:003 | Dv.14_CG17927; putative myosin heavy chain: CG17927 ortholog;

. - | cells grown in S-Compiete medium.
RNA{-pMON78438:001 | Dv.17_CG10149; putative proteasomc pd4.5 subumt, 1pn6:
CG10149 ortholog .
RNAi-pMON78449:001 | Dv.19_CG18174; putative proteasome regulatory particle, lid - -
subcomplex, rpnii: CG18174 ortholog
RNAi-pMON78440:001 | Dv.20_CG3180; putative DNA-directed RNA polymerase I
: ;| ©G3180 ortholog . :
RNAI-pMON96156:001 | Dv.20_CG3180; putative RNA polymerase 1T 140kD subanit;
- CG3180 ortholog

RNAi-pMON78420:001 | Dv.21_CG3320; putative Rabl: CG3320 orthol%
RNAi-pMON78427:006" | Dv.35 CG3762; putative Vha68-2: CG3762 ortholog.
RNAi-pMON78428:001 | Dv.49_CG8055_; putative binding, carrier activity: CGB035_ 1
. ) ortholog .
RNAI-pMOND6177:001 | Dv6l_CG3725_1; putative Calcium ATPase: CG3723 ortholog
| RNAI-pMONS6166:001 | Dv70_CG5771; puiative Rab-protein‘11: CG5771 ortholog
| RNAS-pMON96174.001 | Dv86_CG5055; putative bazooka: CG5055 ortholog .
RNAi-pMON97111:001 | Dv105_CG1250_1; GTPase activator, involved in mtracel[ular
| , rotein trasisport: CG1250 drtholog -

RNAi-pMON97107:001 | Dv107_CG14813; COPI vesicle soat; involved in Golgi to BR

: | intracellular p&em transport: CG14313 ortholog

EXAMPLE 4
Transgenic Plant Trunsfm mation and Bloassays
Briefly, the sequence encoding a dsRNA construct as described above is linked at the
5’ end to a sequenice consisting of a SSS'promoter‘.operably linked to a maize hsp70 infron
and at the 3° end to a Nos3” trapscription termination and polyédmylaﬁon sequence. This
expréssion cassette is piaced downstream of a- glyphosate selection cassette. These linked
cassettes are then placed into an Agrobacrermm mmefaciens p]ant transformation functional
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760 pMON101056. Dv250 CD4 6; putative pas-6, 'erul opeptidase: CD4 6
ortholog 761 pMON101104 Dv251 D1007.12 ;putative rp/-24.1, structural
constituent of ribosone: D1007.12 orthol og 762 pMON101088 Dv252
C49H3. 11; putative rps-2, structural cwastituen t of ribosonme: C49H3. 11

ortholog 763 pND/4101079 . ." Dv253 C26D10. 2; putative hel -
ATP- dependent RNA. hel i con: C26D10¢2 ortholog 764
wo 2007/035650 _ PCT/U 82006/036319

vector, nsed to trensform maize tisgis to glypﬁpéﬁi:'é‘ tolerance, and events- selested and
transferred to soil. Roplent toots are fed to western cot rootworm larvae (WCR, Diabrotica
virgifers). Transgenic com roots are handed-off in Petri dishes with MSOD medium
containing antibiotics and glyphosate for in vitro selection Two WCR larvae are infcsted.pcr
‘toot in each dish with 2 fine tip paintbrush. The dishes are sealed w1th Perafilm to prevent
the larvae from escaping. The assays are placed into 4 27° C, 60% RH Percival incubator in
complete darkness.. Contamination and larvel quality are monitored, -After six days_ of
feeding on root tissue; the Jarvae é-zre transferred to WCR diet in a 96 well plate. The larvae
are alIowed to feed on the diet for eight days making the fu]l assay fourtcen days long.
Larval mass and survivorship are recorded for analysis. A one-way ANOVA analysxs anda -
Dunnett’s test is performed on the larval mass data to look for statistical 51gmﬁcance
compared to an untransformed negative confrol. WCR larvee stunting is measured after
feeding on two eveats and co'mpair@d to growth of larvae fed on niegative copirol i)lants.
Transgenic corn plants (l:lo) geperated are planted into 10-inch pots containing

Metromix $oil after reaching an appropriate size. When plants reach the V4 growth stage,
approximately 1000 Western com rootworm (WCR, szé:brotica virgifera) eggs are infested
into the root zdﬁe. Non—lransg-an.i;:\ c::m.'n of the same genotype is infested at a similar growth
stage to serve as a negative control, Bggs are ﬁrc-inqubatgd so-hatch occuts ;:vithin; 24 hours
of infestation. Larvae are Qﬂl_owéd to feed on the root systems for 3 weeks. Plants are
removed from tile sofl and, washied-so that the roots can be evaluated for larval feeding. Root :
damage is rﬁted using 3, Node Injury Scale (MIS) to score the level of damage where & 0 '
indicates no damage al 'mdicates that one node of roots is pruned.to within 1.5 inches, 2 2

" indicates that 2 nodes are pruned, while a 3 indicates that 3 nodes are pruned Because the
plants bemg used for evaluatlon are dJrectly out of tissue culture after transformation and
because transformation events are umque, only a single plant i5 evaluated per event at this
time, The plants in the assay that present signs ox symptomé of larval feeding indicate that a
successfil infestation is cbtained. Negative control plent roots are moderately to severely
damaged averaging whereas roots of the transgenic plants prowde substantial control of
larval feeding, with about 0.2 or Iess on the Node InJury Scale.
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pMON101085 Dv254 130336.10; putative 7,1-23, structural constituent of

ri bosone: 130336. 10 ortholog 765 pMON38879 Dv255 C36A4.2; putative nenber
of Cytochrorne P450 famly: C36A4.2 ortholog- 766 - LA11%4101087 Dv256
KCbC4. 1; putative pbs-5, proteasone beta subunit:. KOBCA.1 orlholog 767
pMD14101082 . Dv257 F29(®, 5; putatlve rpt-2, 26S proteasone regul atory
conpl ex: P29(3.5 ortholog 768.

WO 2007/035650 _ _ PCT/US2006/036319
EXAMPLE § ) .
Implementmg Insect Pest Gene Suppressmn Using A tn~isNA Mediated Sllencmg
Metb.od ’

An alternatxve method to silence genes'in a plant pest uses the recenﬂy discovered
class of trans-acting small mterfenng RNA (ta-siRNA) (Dalmay et al 2000; Movurrain ef al.,
2000; Peragine et af, 2004; Vazquez et al, 2004). ta-5iRNA are denved from. single strand

. RNA transcripts that are targeted by naturally occurring miRNA within the cell. Metheds for
using microRNA to trigger ta-siRNA for gene sﬂencmg in plants are descnbed in US
Provisional Patent Apphcnnon Serial No. 60/643 136 (Carrington et al 2004) mcorporated
herein by reference in its entirety.” At least one pest specific miRNA expressed in gut
epithelial cells of com rootworm larvae is identified. This pest speciﬁc miRNA. js then used

. .to identify at least one target RNA transcript sequence complementery to the miRNA that is

. expressed in the cell. The corresponding target sequence 1;- a short seciﬁénce of no more than '
21 cortiguous nucleotides that, when part of a RNA tréns'cript'_ and ‘contacted by its’
corresponding miRNA in a cell type with a fanctional RNAi pathway, leads to slicer-
mediated cleavage of said trénscﬁpt. Once miRNA target sequences are identified, at least
one miRNA target'sequené'e is fused to a second sequence that cbneéponds'fb p'aﬂ ofa pEst -
gene that i is to be silericed using this method. For example, the miRNA. target sequence(s) is

) fuscd to any of SEQ ID-NO:1 through SEQ ID NO:906, or a frngment thereof, such as a” -
sequence of the cotd rootworm vacuoler ATPase (V-ATPase) gene The miRNA' target
sequence can be iJla"ced at the 5 end, the 3* end, or smbedded in the. middle of the target
sequence. It may b:e breferable to use multiple miRNA. target zsequehces"conesponﬂjng to
multii:le miRNA. genes, or use the same miRNA target sequence multip_le times in the .
chimera of the mJRNA target sequence and the target gene sequcnce “The target gene
sequefice can be of any length, with a minimum of 21 bp.

The chnnera of the miRNA target sequenoe(s) and the target gene sequence is
_expressed in plant cells using any of a nurnber of appropnatc promoter and other transcription
regulatory elements, as long as the transcnphon occurs in cell types subject to being provided .
in the diet of the pest e.g. corn roots for sonirol of corn rootworm. '

This method may have the additional advantage of dehvcnng longer RNA molecules -
1o the target pest. Typmally, dsRNAs produced in plants are rapidly processed by Dicer mto
short RNA’s that may not be effective when fed exogenously to some pests. In this mzthod a
smgle strand transcnpt is produced in the plant cel], takent up By the pest, and converted into a -
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pMON101084 Dv258 F40F8. 10; putative rps-9, siruetural constituent of
ri bosorne: F40F8.10 artholog 769 . pMON101033 ; Dv259 KO/D4. 3; putative
zpn-11, 26S proteasone regul at cuy conopl cx, subunit RPN11l: KO7D43 ortbol og
770 pMON101080 . ' Dv260 F49Cl2. 8;putative rpn-7, proteasone Regul atory
Particle, Non- ATPase-like: P49Cl12.8 ortholog 771 ' pMON101115 Dv261
D1054. 2; put ati ve pas-2, endopeptidasg: D1054.2 ortbolog 772 plVION101141
% WO 2007/035650 PCT/US2006/036319

dsRNA in the pest cell where it~ is  then processed into ta-siRNA capable of post-

' transcnptxonally mlencmg one or more genes in one or more target pests.

EXAMPLE 6
Method For Prmndmg A DNA Sequence For dsRNA-Medjated Gene Silencing

This example illustrates a method for providing a DNA sequence- for dsRNA-
mediated gene silencing. More specificaily; this axainple describes seiection of an;impmved
DNA usefil in dsSRNA-mediated gene silencing by (a) selecting from a target gene an initial
DNA sequencé inchuding more than 21 contiguous nucleotides; (b) identifying at least one
shorter DNA ssquence derived from regions of-the itial DNA sequence consisting of
reglons predicted to not generate undesirable polypeptides and not exhibifing identity with
¥nown sequences such as homologs/orthologs, and (c) selecting a DNA sequence for dsRNA-
mediated gene silencing that incindes the af least one shorter DNA seqdence Undcsiraf)le
polypepudes include, but are not hmted to, polypeptides - homologous to allergenic
polypeptides and polypeptides homologous to kmown polyp ep‘ude toxins, ,

WCR V-ATPase has been ‘demonstrated to funcuon in com rootworm feeding assays

1o test dsSRNA mediated silencing as a Means of contm]lmg larval growth. A cDNA sequence
- from a target gene, such as vaceolar ATPase gene (V-A’I'Pase) from Western com roofworm
(WCR) (Diabrotica virgifera virgifera. LeConte); is selected for use as an initial DNA '
sequence. I‘l;is—iniﬁal DNA sequence can be screened to identify regions within which every
contiguous fragment including at least 21 nucleotides matches fewer than 21 out of 21 .
contiguous micleotides of known vertebrate sequences. Sequence segments that are greatei' .
than about 100 contignous mucleotides free of such 21/21 hits are identified, Thus criferia
including segment length, GC conI.e'nt, sequence, predicted function based on sequence or
function of a corresponding gene in a model organism, and predicted secondary structure
(e.g. Elbashir, e'f al., 2001b) may be used to select and design sequence(s) for use. Different
combinations of these sequence segments are combined to construet chimeric DNA-

sequences for expression as dSRNA and use in insect feeding Bioassays as described above..

-75- -



Dv63 755A33; putative netal | ooxopepti dase: P55A33 ortholog 773 pMON101126
" Dv264 F56F3.5; putative spa-1, structural constituent of nlnsorne: :
F56F3.5 ortholog. 774 pMONI.01133 ' . Dv266. 039D4.5; putative tpl-19,
structural constituent ofribosonme: CO9D4.5 ortholog. 775 pMON38881 Dv268
RO6A4. 9; put ati ve Pol yadenyl ati on Motor 1 conplex, subunit P1782: R06A4.9
ortholog 776 pMON101135 'Dv271 P37Cl2.4;putative rpl-36, structural
constituent of :nlosoneR37Cl2.4 orthol og

WO 2007/035650 . PCT/US2006/036319
.EXAMPLE 7 _
Additional Results of Insect Fegding'Bio'assnyé with Sequences selected i'rpni EST
" Datghase . '

This example illustrates additional sequences found to be eﬁ‘ebﬁve in causing larval
stuntmg and/or mortallw when mgested by ‘rootworm larvae as double stranded RINA
sequences. Methods for rearing corn raotworm latvae, application of dsRNA, and insect
bioassays are as described in Examples 1-3. The results of the studles confirmed sipnificant
levels (p<0.05) of larval stuntmg and/or mortality using dsRNAs containing portions of
sequences homologous to & variety.of different gene classes. The sequences. aud vectors
yielding significant stunting andfor mortality sud the cosesponding SEQ ID NO for the
sequence expressed 28 a dSRNA are given in Table 6 below. pMONS8503, an exemplary
binary vector used in corn transformation, contains the folloﬁng elements between the right -
and left T-DNA borders for taﬁsfcr into 2 plant cell: 358 ~ HSP70 = DV49 (';jmtisensc
orientation) - umiversal spacer — DVA4J (sense orientation) — hspl7; ACT (promoter and: -
intron) - CTP2 transit signal — CP4 — NOS.: pMOND8504, anofher éxemplary binaty vector _
used in com transformation, contains the following elements between the nght and left
borders: 358 ~ HSP70 — C1 (antisense orieptation) - umversal spacer - Cl (sensa
orientation} —hsp17; ACT (promoter and intron) —~ CTP2 transit signal — CP4 — NOS,

Table 6: Additional dsRI\A Constmcts Demonstrating Significant Stunting
and/or Mortality Effect in Insect Feeding Bioassays with Southern Corn Rootworm or

Western Corn Rooiworm
Vecter ' Sequence Expressed as dsRNA - | SEQID |

sMON98356 Dv164; fanction unknown, WCR unigue sequence 726

pMOND8354 Dv173; funofion unknown, WCR unique sequence 17127

pMONS7191 Dv1R9; function unknown, WCR imique sequence 728

pMON98359 "Dv200; funstion unknowa, WCR unique sequence . 729

pMON38880 Dv207_F3SH11,5;pitetive phs-), endopcpndase F39H11 5 ortholog 730

pMON101054 Dv208 F38F12 1; putative Mltochondnal FIF0-ATP syn.thase subunit 731
delta/ATP16: F58F12 1 ortholog

pMONS8437 Dv210_X11H12_2; putative tpl 135, strictural constituent of ribosome: 732
X1 mu 2 o!tholog

PMONS8435 - Dv211_R12EZ_3; putative rpn~8 translauan initiation factor, 268 733
proteasome regulatozy complex, subunit RPNR: R12E2_3 ortholog
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777 pMON101132

779 pMONL01130 .
nbosome:

: Dv273 F54E7.23ntative rps-12,
ri bosone: F54E7.2 orEbolog 778 pMON101139
Xpn-2, prot essome Regul atory Particl e,
"Pv275S03D6. 8 pitati vé Xpl'-24,72,
'r,03D6.8 ortholog 780 pNCN101119

. Non- ATPase hl e:

structural

‘structural
le276 C26E®6. 4; Ptltatlve

DNA- di rect ed -RNA pol ynerase: C26B6.4 "orttw ogW. 731
W0 2007/035650 PCT/US2006/036319
Veetor - ‘Sequence Exprééééﬂ'{is dsRNA l SEQ m
TMON93447 Dv212 CI7H12 14; pumﬂvc vhe-8, hydrogen—expomng ATPa.se. T34
) Cl7H12 14 ortholog
pMONI8448 Dv213_B0464_1; putat\e dre-1, tRNA hgasa B0464_1 orfholog 735
pMON101059 Dv214 F53G12_10; putative rp1-7 stractural constituent of ribosome: 736
F53GI2_10 artholog )
PMON98442 Dv216_C52B4_4; putative xpt-l ATPase subumt ofthe 198 regulatory 737
complex of the proteasome: C5284._4 ortholog ’
pMON98441 Dv218_X01GS_4; putative rarn-1, small monomeric, G’I‘Pase.' KDIGS 4 738
. oﬂbobg ,
PMONIB440 -1 Dv219_Ci5H11 7; putatve;m -1, cndopcpudnse Cl1 51-111 7 ortholog 739
PMONI01081 Dv223_RIOBILL; putahvc cbp-1, homping of transcriptional cofactars 740
CBP and p300; R10B11.1 oréholog
PMON101050 Dv224_F11C3_3; putative unc-54, ATP binding; motor activity: 741 |
‘ ' FI1C3 3 orfholog
pMON101051 . Dv225_C37H5_8; putative hsp-6, hcatshockptotcmﬁ C37H5_8 742
. ortholog . )
PMON3B888 - Dv226_CATEL2.5;putative uba-1, wbiquitin acuvatng epzyme: 743
A CATE12.5 ortholog .
pMON38887 Dv227_F54A3.3;putative Chaperonin complex- component TC.P— - 744
. gamme 2 subunit: F54A33 ortholog
pMONIQ11L0 Dv229_D1081.3;puirtive Myb-like DNA b_ind,ipg: D1081.28 ortholog 745
pMOI;\UO]OSZ Dv230_E55A11_2 ; putative syn-3, protemtmmponer syntaxin: 746
- F55A17 Zonholog e
pMON101107 Dv231_C30C11.1;putative mtoohondna] n‘bosomal protein L32; 747
o) C30C11.1 artholog ' .
PMON101055° Dv232_B0250_1: putative 1pl-2, structural constituent of nbosome © 743 .
e B0250 1 orlholog
pMON98446 Dv233_F54C9_5; putative 1pl-5, 58 1RNA binding, structral 749
i . constituent'of n'.bosome E54Co_5 ortholog’ .
| pMON101138 Dv235_CU4F12:4 'putauve k14, large n‘boscmal subumt L14 protem. 750
) i .CD4F13.4 ortholog *
PMON98449 Dv236_C01G85; putauvc emm-1, anlRademMoesm{ERM) family 751
L of cytoskeletal lmh:rs CO1GB_5 ortholog &
pMON98439 Dy237_F57B9_10; pubmve on-6, proteasqms Regulatary Particle, 752
S Non-ATPase-like; F57B9_10 axtholog -
pMON93436 Dv240_F53A3_3;putative rps-22, struchural constituent of ribosome: 753
i F53A3_3 ortholog
pMON101078 Dv241_F32H2.5; putative aicohol dehydmgmse, mnc—dcpandent: 754
: P - F32H2.S ortholog
pMON101058 Dv242_B0336_2; putative arf-1, small monomeric G‘I‘Pase B0336 2 755
v oriholog .
PMON101057 Dv244_C14B9_T; putative 1pl-21, structural constituent of ribosome: 756
C14B2 7 ortholog
pMON98444 Dv245_C26F1_4; putetive 1ps-30, Ribosomal Protein, Small sabunif: 757
C26F1_4 ortholog
PMON93434 Dv247_CI3BY- 3; putative delta subunit of the coatomer (COPT) 758
i cemplex' ClSB9 3 ortholog

3 _—

constituent of

; Dv274S23010. 4 ; putative
C23610A _ortholog '
‘constituent of




pMON101134 o0y277 R13A5.8 ;putative rpl-9, structural constituent
of nl osorae: 'Al 3A5.8 ortholog 782 pMON101127 Dv279 F42C5. 8; putstive

rps4, structural cdrn4tituent of n'bosonat: S2C5.8 ortholog.. 73 . - WO
2007/ 035650. PCTI US2006/ 036319 Vector . ., '8equeCce Expre.seC 'as. dsRNA
SEQID NOi i ' plvliONLO1122
WO 2007/035650 . PCT[US2006l036319
D Vector T Sequence Expressed as dsRNA( ' SEQID
. . . . I . . . NO
pMON101053 Dv248 ¥38E11_5; putatxve vesxcle coat complex COPIL, beta' subunit: 759
. ) P38E11 5 ortho]og
pMON98445 Dv249 F37C12_9; putative rps-14 structural conshtuent of ribosome! 760
. ] | mrc12 8 urthnlog S
pMON101056. Dv250_CD4_6; putative pas-6, endopeptidase: CD4_6 ortholog 761
pMON101104 | Dv251_D10607.12 ;putative 1pl-24.1, slructuml constituent of ribosame: 762 -
D1007.12 ortholog -
pMON101088 Dv252_CASH3.11; putative rpx-2, structural consntuentof nbosoma 763
C49H3,11 ortholog
pMON161079 . - ‘| Dv253_C26D10.2; putative hel-1, ATP- depc\ndent RNAhehnase 764 .
.| C26D10.2. ortholog .
pPMON101085 '| Dv254_B0336.10; putative 1p-23, structural constltuent of xibosome: 765
B0336.10 ortholog
PMON3BR79 Dv255_C36A4.2;putative member of Qy'tochrome P450 fumly 766
C36A42 ortholog : :
pMON101087 -1 Dv256_KO05C4.1; putative pbs-5, proteasome bcla subumt K05C4.1 767
) i orﬂm]og ’ T
pMON101082 Dv257_F29G9,5; putative 1pt-2, 268 pmteasome regulatory complex: 768,
. . | F20G95 ortholog
pMON101084 ! | Dv258_F40F8.10; putative rps-9, structural cansumcnt ofnbosome 769 -
. .| rdopeio ortholog
pMON101083 i | Dv259_RKO7D4.3; putative rpa-11, 26S proteasome mgulato:y conplex, 770
» | subuait RPN11: K07D4.3 ortholeg . ot
| pMONI0I080 . | Dv260_R45C128; putative 1pn-7, protnasomr,ReguJatoryPamaIc Nan- 71
. . ) ATPase-like: F49C12.8 orfholog
pMON101115 Dv261 D1054. z,putahvcpas—z endopeptidase: D1054.2 orthoiog ‘ iy
pMON101144 *| Dv263 F55A3.3;putanve metalloexopeptidase: 55433 ortholog o0 713
pMONI101126 "I Dv264_F56F3.5;putative l‘ps—l structumal conshment of ribosomz 74
| BS6¥3.5 ortholog - !
pMON101133 "1 Dv266. C09D4.5;pwtative 1pl-19, structural constituent of bosome: 775
‘. T | COSDA4,S ortholog -
PMON383881 | Dv268_R0O6A4.9;putative Polyadenylation Tactor 1 complex subumt 776
_ ./ PES2: R06A4.9 ortholog : ’
PMON101135 | Dv271_¥37C12.4;putative xpl-36, structural constituent of 777 "
- | ;1Tbosome;F37C12.4 ortholog
pMON101132 1:Dv273_F54B7.2;putetive rps-12, stroctural constm:ent of ribosome: 778
1'F54R7.2 ortbolog
pMON10113% {iDv274. C23G104 ;putative rpr-2, proteesomr. Regulatory Particle, 778
) . Non-ATPase-like: C23G10.4 ortholog :
pMON10113¢ | Dv275_C03D6.8;pirtative 1pl-24.2, siraciural constituent of ribosome: 780
COSDG 8 ortholog .
pMON101119 Dv276 C26E6.4; putatrve DNA-directed RNA polyme:ase C26B64 781
ortholog
pMON101134 Py277_R13A5.8 ,putahve 1pl-9, structursal consntuent o!‘n’bosomc 782
R13A5.8 ortholog
pMON101127 Dv279_F42C5, 8;putative rps-B smlcmml conshtue.nt of n’boaome 783
‘ 4[ F42C5.8 ortholog . .. , ,
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. Dv2.80 F131i10. 2; putative rpl-3,
ortholog 784 phl ON101116 '
coMpl ex conponent,
phl ON101125.

PMON101124 WO 2007/035650

. TCP-1 al pha subunit’:
. Dv282 FO' 7D10. 1; putative rpl-11... 2,
ri bosome: FO'7010,1 ortholog .786 pls, 10N38883

| arge ri bosomnal

structural

subunit L3: P133310. 2
Dy281 TOsCl2. 7; putative cot-1, Chaperonitt
TO5C12, 7 orthol og 785

- consti tuent

Dv283 TO6H4. 6; put ati ve

Peptide chain release faotor 1.(eREd).: Dv283 TOBH4. 6 ort hol og' 787 788
- PCTIU52006/036319
Vector Sequence Expressed as dsRNA ! SEQID |
' . NO |
PMON101122 Dv280 F13B10 2; pmatwc xp1-3 large Iibosuma.l subunit 1.3 F13B10 2 784
: oﬂholog
pMONI101116 Dv281_T05C12.7;putative cot-l Cheperonin complex component, 785
. TCP-1 aIpha subunit; TOSC12.7 ortholog - ’
1 pPMON101125 Dv282_F07D10.1;putative ipl-11.2, slruntural constituent of ribosame: 786
ROTD10,1 artholog
PMON38883 Dv283_T05B4.6;putative Peptide clmm relsaso ﬂotor 1 (eRF 1) 787
Dv283_TOSHA.6 ortholog : oo
PMON101124 Dv284_C4TEB.5;putative daF-21, Heat shock 90 protein, chaperone 788
. activity: C47E8.5 ortholog Co
pMON101120- ‘Dv285 MO:F4 Z,putauve act-4, acb.n. M03F4 2 ortho]og - 789 ¢
pMONIdIB’J Dv286 ] F?-SHS 4'putatwe eft-2, translaﬁon elonga'don factor: F25HS5 .4 750
ortholog
PMON101140 Dv287_F26D10. S‘putatwe hsp-l Heat shock protem F26D10.3 791
orthclog
pMON101117. Dv288. F28D1.7;putative rps-23 aizuc’cural consutuent of ribosomme: 792
. . F28D1.7 ortholag .
-pMON38886 Dv200, CG1 1979,putahve H—mq:o:tmg A’I’Pase CG11979 urtholog 793
[ pMON38EE3 DvZ91_CGI3628putative H-expomngArpase- CG13628 orfhiolog 794
pMON101103 | DV253_CG31237;putsive DNA- duectcd A polyme.rascll Ca31337 795
. ortholog .
pMON101096 Dv294_CG8669;putative myptocaphal mmscnpt:on fwctor involved in - 796
. ‘Tholting cycle, puparistion and metemorphosis: CG8669 ortholog
pMON101095 Dv295 _CGB048;putative Vacuolar it A’I’Pase- 44kD C subumnit: 797
. CG8048 ortholog o )
PMON101100 Dv298 _CG9032;putative H—exportmg A'I’Pase 009032 ortholog 798 -
PpMONI101111 | Dv299_CG17369;putative H-exporting A'I?asc:'CG17369 ortholog 799
PMON101129 Dv303 C‘G4157.,putatwc ATP-dcpendentRNA hzhcnsc CG4152 . B0O
. - ortholog . .
PMON101136 Dv305_CG4916 putsuvo A'IP-dependcnt RNAhehcasc CG4919 801
. ortholog . '
pMON101131 Dv315 CG9160'putahvo NADH dehydrogmase CGQIGO artholog 802 -
pMON101123 l Dv316_CG3764; putatwe ublqmnol-cytonhrome-c seductase; CG8764 803
| ortholog
PMONS8364 | Ca_Dv49_CGRU5S5 concatemer; putative bmdmg, came: activxty 304
: CGROSS5 ortholog o
pMONBSE365 _ C5_Dv49_C(G8055 conratemer; putative bmdmg, catrier actmty 805
CG8055 ortholog,. )
pMONG8368 Cé concatemer of highly effective WCR targets, +50% GC criterion, 306
consisting of segments in order 543" from Dv26, Dv49 Dv23, Dv20,
Dv13, Dv22, DviB
PMON9B369 C7 concatemer of insect-specifio targets, --50% GC criterion, consisting 807
‘ of segments in order §'-3' from Dv6, Dvl, Dv88 Dv93 Dv4, Dv113,
- Dv127, Dv39
pMON9E372- - 'C8 copcatemer; putative sodnnn/potassnun—axchangmg ATPase: 808
. CG9261 ortholog ’
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Dv284_CATES8. 5; putative daf-21, Heat shock 90 protein, chaperone activity:
CA7TE8.5 orthol og. . 2NCN101120. Dv285 MXBF4. 2; putative act4, actim
MO3P4. 2 ort hol og 789 pMON101137 Dv286 F25H5. 4; putative eft-2,

transl ation elongation factor: P25115.4 ortholog 790 pMON101140 Dv287
F26D10. 3; putoti ve hsp 1, Heat shock protein: F26D10.3 ortholog 791
pMON101117 :

WO 2007/035650 PCT/US2006/036319
Vector ' Sequence Expressed as dsRNA SEQID’
: 1 NO
pMOND8373 co concatemer, putahve sodmm/potassmn—exchangmg ATPass 809
CG9261 ortholog
-pMON98366 C10 concatener of genes wﬂhputauve smc/dlffment mode of achon, 810
' ) ~50% GC criteriop 1.
PMONSE367 C12 concatemer of lnghly effective WCR targets, ~50% GC cntenon, 811.
consisting of segments in order 5.3 from DVZE-DVIS-DVZG-DVIS—
. Dv49-Dv22-Dv20.. ' .
PMONOE371 C14 conctemer of geno targels active in s¢veral difforent organisms, . 812 T
~50% GC criterion
pMON98503 Comprising DV49 putative BSCRT-IX (cndosomal sorting complex : 820
. required for transport II) complex subumnit from Digbrotica virgifera .

_ pMON98594 Compnmng putauve Vha68~2 CG3762 ortholog; 250bp concatamer C1; 21
PMON102862 Dv3is CG14750'pniauve BSCRTH, Vpu25: CGl4750 oﬂholog 335
pMON102862 Dv320_CG9712;putative BSCR'I‘I, Vps23: CG9712 ortholog 836

"PMONI02861 - | Dva2l_CQ12770;putative BSCRII, Vps28: CG12770 ortholog 1 &7
pMON102865 .  [Dv322_ CG14542;putai_:'vc BSCRTIII, Vps2: CG14542 ortholog 838
PMON102866 Dv323_CG407 L;pufative ESCRT 10, Vsp20: CGAOT1 oribotog 830
pMON102871 Dv326_CG3564;putative protein carrier, component of the COPI ves1c1c . 840

. . coat;: CG3564 ortholog . :
| pPMON102873 Dv327_CG6223;putative coatomer, component of the COPI vesiols 841
: voat; CG6223 ortholog Co

| pMON102877 Dv328_CG6948;putative C]aﬂmn light chain, coat of canted pxt' 842
R -+ - | €£G6948.ortholog - - -
pMON102872 V330 CG9$43-pntat1ve COPI ves:cle coat: CG9543 ortholog . 843
pMONI102879 « | bv33 1_CGSIS3;puta_twp KDEL sequence binding:CG5183 ortholog B44
pMON102367 . Dv335_FIICH6;putative nhr-25, DNA binding: F11CL6 qrﬁxélog 845

| pMON102870 . - | Dv337_CG1 87341:uta11ve furin 2, serine-type endopoptidsse: CG18'734 846

oriholog -
pMON102875 Dv328%_CG7961;putative coatomner, component of the COPI vcswle 874
coat: CG7961 ortholog - :

Efficacy tests were conducted as follows, utilizing progeny of corn’ plants transformed
with selected insect control constructs:
.1. Seven days post planting: incubate 10,000 WCR. eggs per event (10 plants per
event) at 25° C, 60%RH in complets datknws for seven days.
2, Foarteer days .pos_t infestation: plants are fransplanted from 4°peat pots o 87
'pots; v4 root tip samples may be taken for gene expression studies, L '
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D88. F28D1. 7; putotive rps-23, structural constituent of ribosome: P28D1.7
ortholog.'.. 792 ' -pMON38886 ' .. Dv2.90. CGL1979; putative 11-exporting
ATPase: 0311979 ortholog 793 pMON38885 Dv' 291_CGl3628;
put ati veH-exporti ng ATPase: 0313628 ortholog 794 pMON101103
Dv293SG31237; put ati ve DNA-directed RNA pol ymexase 11: CG31i 37 orthol og. .
.. 795 pMONLO1096 Dv294 CGB669; putative cryptocpplial: IrnBsCription
factor, invoMPRY kol ting cycle, ptipariaticat arREIMASBHKAPHCS.is: CGB669
ort hol og 3.  Fourteen days post-plannng:_wash the WCR ‘eggs out of the soil, Place the .
eggs and soil into a 60-mesh screen and place 2 30-mesh screen on top of the 60 —mesh
screen to protect the eggs from the water stream. Rinse thoroughlly with warm water using a
spray nozzle until the soil is removed.
4. Suspend the eggs in a 2% (w/v) leco dgar sohution,-25 mL of solution per 1
ml of eggs. The eggs ave infested into the soil in about 3 or 4 aliquots usmg, for example, an,
Eppendorf repeater pipette, about 1000 eggs per plant. Holes are made into the soﬂ usmg a
spatula prior to infestation and covered after infestation. -
5. 'I'wenty—el,,ht days post planting v8 oot tip samples may be taken for gene
expression studies,
6. Thirty-five days post planting; the assay is evaluated. Planis are cut down
using pruning sheers, leaving about 6™ of stalk. Plant stakes containing the event information
-gre hole-punched and zip tied to the stalk. As much soil as possible is removed from the root
system. The remainder of the soil is washed off using a spray hose.
‘7. 'The 1oots are examined and given a root demege rating by using the Olsen (0-
3) NIS scale for WCR larvae damawe'

FIG. 1 and FIG. 2-illustrate i ingect control results obtained fol]owmg challenge of Pl _
com plants (derived from plants trensformed with either pMON98503 or pMON98504) Wlth ,
WCR, In growth chamber eﬂ"icacy tests performed essentally as descrﬂ:ed above, NIS

" scores at or below the economic mjury threshold were seen in progeny of events derived by

transformation with pMON98503 or pMONS8504.

Full length EST DNA sequ:i:uces were assembled for selected genes described in
Ethples Jand 7 dig;playing signi.ﬁcéﬂt activity versus Western Corn Rootworm. These EST
sequences are listed in Table 7: h ' : '

" Table 7: Assembled EST Sequences for WCR Targets

Assembled Sequence | ' SEQ ID NO
Dv9 full length (aka Apple); putative ortholog of CG2331 813
Dv10 full length (Rpl9); putative ortholog of CG6141 : 814
Dv11 full length (Rpl19); putative ortholog of CG2746 815
Dv13 full length (Rps4); putative ortholog of CG11276 . 816
Dv35 full length v-ATPase A; ortholog of CG3762 817
Dv49 full length ortholog of CGRO5S 818

Dv248 full length putative ortholog of CG6699 : . 819
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796 pMON101095 Dv295 CG8048;putative'VacuoIer H+ ATPase 44. la) C
subunit: C&E048 ortholog 797 plvi ON101100 - Dv298 C09032; put ati Ve

H exparting ATPase:.0:39032 ortholog 798 -9MON101111 . Dv299 CGL7369;

put ati ve 1f-exporting ATPase: yCGlL7369 ortholog 799 pMON101129
Dv303,  CHA152; put ati ve ATP-dependent RNA helicase: 034152 orthol og.

WO 2007/035650 PCT/US2006/036319

EXAMPLE 8
Creation and Efficacy Results fox Dv4% and ])v248 sequences

Portlons of the assembled EST end adincent sequences of Dy43 (SEQ ID NO 818)
and Dv248 (SEQ ID NO:819) were selected for further bioactivity assays based on criteria
including pre&ictsd' fonction, phenotype of knockout mutants of comespouding coding
regions in other organisms, segment length, GC content; similarity to known sequences; and

 predicted secondary structure (e.g. Blbashir, ef al.,, 2001b). .The respective Dv49 and Dv248
sequences were synthesized in vitro based on their predicted activity against WCR
individually, as well as grouped a5 shown in FIGs. 3:4, and Table 8, and applied fo WCR -

Jarvae.
Table 8: Dv49 and Dv248 Fragments Assessed for Efficacy Against WCR
- | Fragment -, S SEQ]]) NO
Fl . 322
F2 - . L 823
F3 ) o T R24
| F4 : 825
|Fs - : ' 826 [
F7° , . - i 328
F8 . 829
F9 ' . . : - - 830
F10 - . L. ) ' ) L 831
| F11 : 1l . . 832
F12 833
F13 ) ) ' . 834

Fragments F1- F3 correspond to portions of the full length Dv49 tramscript.
Fragments F4- F6 comrespond to portions of the Dv248 transcript or flanking reﬁon.
Fragments F7- Fi3 ace couca.tcmcrs of two or more of fragments F'1- FG, as shown in FIG. 4.
Fragment F13 (SEQ ID NQ:834) repreécnts the C38 (Dv49-Dv248) concatemer.

Dose Response data for F1- F13 is shown in FIGs. 5-7. As shown in FIG. 5, activity
(larval % mortality) of fragments PA-F6, comprising Dv248-derived sequences (FIG. 4), was
significantly better than the control when fed t0 WCR larvae at Oi ppm. Fragment F6
displayed significant activity when fed at 0.02 ppm as well Actmty of fragment F5 at the
lowest dose is !Jkely an artifact, since surviving larvas dlspla} ed no stunting, T
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pMON101136 . , Dv305 C4916; putati ve ATP-dependent RNA helicon: Cx919
ordiolog.. . 801 pMON101131 Dv315 C39160; pubti ve NADH dehydr ogenase:’
C160 ort holog ..... 1..1. 802 " pMONLO/123 1 DV316 CEB764;piitative
ubi pi nol :'cyt ochrone- O reduct ase: CG3764 .1 ol th0108 803 pMON98364 | C4
Dv49 CGBOSS concaterrer put ati ve b| nd| ng,- carrier activity: , CG3055

o-rthol og 8
wo 2007/035650 - PCT/US2006/036319

As shown in FIG: 6, each S:t'fﬁagments F7-'F10 displays statistically significant
activity when' fed to WCR larvee at 0.1 ppm. Frzigme.nt_s _FQ and F10 also displayed
statistically sx'gniﬁcsz activity when fed fo WCR larvae at 0.02 ppm, and fragment F10

_ dlsplayed statistically s1gmﬁcant actmty when fed to WCR IaJ'Vae at 0. 01 ppm as well |
Activity of F8 at 0.01 ppm may be an artifact.

As shown in FIG. 7, fragments F11- F13 display Stﬂ.tlstlcally significant activity when
fed to WCR larvae at 0.02 ppm or h1gher Additionally, the largest fragments (F12 and F13)
show achwty at Q. 005 ppm and higher.

EXAMPLE 9

Additional Active Concatemer Sequences Derived from Concatemer C6

" As.shown in Table 9, portions of active concatemer C6 (SEQ 1D NO:806),. derived -
_ from pMONO8368, were identified in diet overlay bioassays (performed s described ¢.g. in
Example 2) as inhibiting the growth and/or survival of com rootworm (WCR). The C6 full
length concatemer contains 7 farget subfragments of 70bp each, 45 noted in Table 6 and Teble
S.

Table 9 Efficacy of full length C6 concatemer and selected sub-portions in
rootworm diet bioassay (SEQ ID NOs:806, 847-873) :

:atemer . Segments % Mortnnty atlppm ' J%%QID ‘

A et gﬁg-Dv@ DV23DVODVIEDR (100 | S8
DV26DV4S ETE : 847
Dv26-Dv49-Dv23 . ST . (48
Dv26-Dv49-DV23-Dv20 847 N £
Dv26-Dv49-Dv23-Dv20Dvi3 51 . |50
Dv26.Dv49-Dv23-Dv20-Dv13-Dvz2 |43 851
Dv49-Dv23 1946 . 852
Dv49Dv23-Dv20 5.6 853
Dv49-Dv23-Dv20-Dv13 |50 . 854
Dv49-Dv23-Dv20-Dv13-Dv22 - |564 . lsss

0 . |Pvd9-Dv23-Dv20DVI3DVZ2DYIS (525 .. - |8s6
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pMON98365 C5 Dv49_038055 concatener; putative binding airier activity:

, CE8055 ortholog..,- 805 pMON98368 06 cowatne of highly effective WCR
targets, !-: .50% GC criterion, conS|st|ng O segments in order 51-3' from
Dv26; Dv49, Dv23 Dv20, Dv13, Dv22, Dvl 8 806 - pMON98369 - ' . O

concat ener of insect-specific targets, -50% GC criterion, consisting of
segnents in order 5r-3 frcrmOv6, Ovl, 13v811,tiv93, Dv4, 0v113, Dv127, Dv99
807 ' pMON98Rb2srnsssso  CS concatemer; putative sodi | ym exchangi ng
ATPase: C0G9261 orthol og 803, ! YRR ™ ©

catemer Segments ' ' N '%’Mprta]i:ty'étl ppm ;%QDJ_
1 Dv23-Dv20 746 (a7
2  |Dv23-Dv20-Dvi3 - |eas | B PP
3 DV3-Dva0DvisDv2 . - |85 859
Dv23-Dv20-Dv13-Dv22-Dv18 608 . 860
Dv20-Dv13 o 57.5 ' 861
6 Dv20-Dv13-Dv22 S T ' 862
7 Dv20-Dv13-Dv22-Dv18 a8 |863
8 . |Dviz-Dv22 | 7y . lsea
9 DvI3Dv22Dv8 . - |s25 0 1865 -
9 . |Dv22-DvI8 - 4.6 866 -
s pwe T s89 867
> Dv4s : 73 868
) - |Dv23 S e - |869
1 Dv20 _ 62.6 S 870
)0 - -|Dvis. O £+ R 241
b D ' 567 872
- Dvi§ S “6 . |sm3

- Full length concatemer C7 contains 8§ target Sub-fraéments of 70 bp each, as noted in
Table 6. Similarly, full length concatemer C12 contains 7 target sub-fmgments from Dv23-
Dv13-Dv26-Dv18-Dv49-Dv22—Dv20 ranging in length between 53 80 bp, as noted in Tablc
6 and Table 10.

Table 10 Composition of full Iengl:h C12 concatemer and selected sub-portions -
(SEQ 1D NOs:811, 887-892).

f EIncluded‘sequence
Concatemer Segments .o ) 1 1(SEQID NO) in
. : i | 52-3° direction

|C12_fulltength | Dv23-Dvi3-Dv26.Dyis-Dvd9-Dv22-Dv20 1 811"

C g4l



WO 2007/ 035650PCT1US20061036319 Vector . Sequence Envessed as dsRNA. . SEQ
I D - NO pl viON98373 C9 concatener; putative sodi um potassi um exchangi ng
ATPase: (09261 orthol og 809 810 pMON98366 C10 concaterner of genes with
put ati ve sane/different node of action, -50% GC criterion pMONO8367 . Cl12
concatenmer of highly effective WCR targets, -50% GCenon, consisting of
segnents in order 5,..3 from Dv23<Pv13-Dv26-121v18- Dv49-Dv22- Dv20.

811. . , pl WIONWg8B® Cl4 concntemer of gene tar getECTASIMPEPn sever al
di fferent grganstes—7-—56%-Coerterter—812 ~Taciuded sequence
Concatemer Segm,gnts o L ) (SEQID NO) in
: - : ~ 5’-3° direction

ci2.1 . IDvspv3. 1887

Cl22 . - (Dv23-De13Dws I

c12s | DvaDVI3Dv6DVIS 889

C12.4 'Dv23-DvI3-Dv26DVISDVAY {890

cizs \DV3-DVI3-DV26DVISDuAI D22 |89)

C126 |DvisDv2e R

c127 " |Dv13-Dv26-Dvi8 : 893

C128 . {Dv13Dv26-DvI8-Dvd9 394

c129 . - |DvisDV26DVIRDVSDV2 - 895-

ci210 | Dv13-Dv26 Dvis-Dv49-Dv22-Dv20 896

c1211 Dv26-Dv18 {897

Cl2.12 | Dv26-Dv18-Dv4g 898

213" |Dv26DvisDwoDvz 899
(31214 ' | DV26-DvI3-DVA9-DV22DV20 oo

Ciats - |DvieDvay 501

C1216 " |Dvis-DvasDv22 - |s02

1217 . '|DvISDv49Dv22DV20 . - ‘003

G218 |DvasDv2 {904

C12.19 Dv49-Dv22-Dv20 " 1905

C1220 . |Dv2Dw0 506

Table 11 lists additional sequences for use in targefing other coleoptaran pests
including Dzabrottca sp. and other Coccinellidae and Chiysomelidae.
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pMON98503 Conpri si ng DV49 putative ESCRT-DI (endosonmal sorting conpl ex
required for transport I11) conplex subunit froinD abrotica.virgifera 820
PMON98504 Conpri sing putative Vha68-2: CG3762 orthol og; 250bp concat aner
Cl; 821. PMON102862 Dv319 CGl4750; putative ESCRTII, Vps25: CGL4750

ort hol og 835 pMON102863 Dv320_039712; putative ESCRTI, Vps23: CE712
ortholog 836 pMON102861 Dv321. S012770; putative ESCRTI, Vps28: CGL2770
orthol og. 837 pMON102865 . ... Dv322 CGl4542; putatlve ESCRTI ', Vps2:
0014542 ort FAIBYOBEE = pMONL02866 Dv323 CGA071; pRfT@SIWESBACRT 111, Vsp20:
04071 orthol og 839 pNCN102871 Dv326 CG3564; putative proteln carrler
conponent of the COPI vesicle coat .CG3564 ortholog 840.

Table 11: ‘Additlonal Coleopteran Target Sequences

Sequence and soutrce SEQ ID NO

| Dbar248 CG6699 (D. barberi) C . 873
Dbgl248 .CG6699 (D. balteata) . . g76. -
Du248 CG6699 (D. undecimpunctata howardl) - : T BT b
Dz248_CG6699 (D. virgifera zea) 878 ',
Dv248 CG6699 (D. virgifera virgifera) . 879 ]
Ev248 CG6699 (Epilachna varivestis) ] U 880 '
14248 CG6699 (Leptinotarsa decemlineata) ' ': 881
Dbal49 CGB055 2 (D. balteatd) . . . 882

-1 Db49 _CGR055 2 (D. barberd) - I S 883
Dud9 CGB055 2 (D. undecimpunciata howardi) - 384

| D249 CGB8055 2 (D. virgifera zea) 885

"Dv49 CGBO55 2 (D. virgifera virgifera) 886 - |

EE I T

_Alt of the compositions and methods disclosed and claimed herein can be made and
executed without wndue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of the foregoing
illustrative embodiments, it will be apparent to, th.ose, of skill in. the art that varations, -
chauges, modifications, and alterations may be applied to the composition, metheds, and in
the steps or in the sequence of steps of the methods &&scﬁﬁed berein, without departing from

. .the. true concept spirit, and scope of the invention. More speclﬁcally, 1t will be apparent that
certain agents that are both chemically amd phymologlcally related may be substinted for the
agents described herein while the same or similar results would be achieved. All such similar
substitutés and modifications apparent to thoss skilled iri the art are deemed to be withix the
spﬁit, scope, and concept of the invention as defined by the appended claims. ' ‘
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pMON102873 Dv327 036223; put ati ve coatoner, conponent of the COPlI vesicle
coat 006223 en-dialog ' 841 pMON102877 Dv328 CG6948; putative Cafhtin

| ight chain, coat of coated pit . CG6948, ortholog- .... 842 pMON102872
Dv330 CX543; pntative COPI vesicle coat CE®543 orthol og. 843 pMONI C2879
Dv331_0Gbh18. 3; putati ve KDEL sequence bi ndi ng: CG5183 ort hol og - pMON102867 .
Dv335 Fl " 1Cl. 6; pui nti venhe25; DNA binding: F11Cl.6 orthol og. 845 pMON102870

- Dv337_, CGl tive furin 2, %&rine- type ead 0018734
ort hol og 846%)!\%(1%%@75 Dv329SG7961; put at j ve easte%ﬁg’rgglboglgj%rrg%nent of the

COPT vesicle . coat CGr961 ort hol ﬁgmncegm

The followmg references, to the extent they prowdc exemplary'procedural'or other details
supplementat to those set forth herem, are speclﬁcally mcorporated herein by reference:

U.S. Patent: 4,245 ,432; U.S. Patent 4,272, 417 U. S Patent 4, 339 456; U S. Patent 4 372 080;
U.S. Patent 4,383,391 3 U.S. Patent 4,465,017 ; U.S. Patent 4,536,475; U.S. Patent
4,634,587; U.S, Patent 4,693,977; U.S. Patent 4,735,015; U.S. Pafent 4,759,945; U.S.
Patent 4,876,197; U.S. Patent 4,880,734; U.S. Patent 4,886,937; U.S. Patent
4,959,317; U.S. Patent 5,080,925; U.S. Patent 5,107,065; U.S. Patent 5,107,787; U,S,
Patent 5,231,020; U.S. Patent' 5,283,184; U.S. Patent 5,300,127; U.S. Patent-
5,302,523; U.S. Patent 5,328,942; U.S. Patent 5,384,253; U.S. Patent 5,389,399; U.S.
Patent 5,464,765; U.S. Patent 5,501,967; U.S. Patent 5,527,695; U.S. Patent
5,538,877; U.S. Patent 5,538,880; U.S. Patent 5,550,318; ; U.S. Patent 5,554,445,
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Efficacy tests were conducted as follows, utilizing progeny of Com pl ants
transfornmed with selected insect central constructs: .1.Seven days post

pl anting: incubate 10000 WCR eggs per event (10 plants per event) at 25 C,
609%d21-1 in conpl ete darkness for seven days. 2.Fourteen days Post
infestation: plants are transplanted from 4"peat pots to V pots; v4 root
tip sanples may be taken for gene expression studies.

2007/ 035650P%ly§29g15§91036319 _ 3. Fourteen da nting:. wash
the -WCR ' eggs out of the soil. Place the eggs and@orpﬁa%lﬂsggol@a 60- rre h

screen andBpkexd.; 803 Wartedd 8¢ USE81(6):454Pp4644, 198he 60 --nitesh screen to
protect t hﬁmﬁﬂﬂ?alf Fz@%m)’&%%z?ﬁim@% fgggse t.hor oughl y W th warm wat er

usi ng a spray nozz . Suspend the eggs
ina 2% (V\IF‘FFn@“Tt@BIS md\ﬁ‘é"r“‘ﬂéf(ﬁlﬂﬁﬁyohusumz%“’r@d@f G@ﬁi"@t‘@’éﬁ”%féﬂwﬂeﬁt of eggs.
The eggs are |nﬁm{e@qmungi he soil in about 3 or 4 aliquots. using, fur

exanpl e, e i pette, about -1000 eggs Per plant. Hol es
are made |n?1m‘9fan‘%dggl ﬂd’l %?Oés)patul a prior to infestation and Covered

af t er i nf eBellapirtgmt al., In: Chiorrw@me Stripedang Feicgant IGWSOfﬁWCOMMtIBmg v8 not tip

sanpl es may besg@mngugsrsyggdgﬁmeﬁ%g‘@@ RBs studies. - - 6.0 Thirty-five days
post plantin uated. Plants are cut down usi ng pruni ng

sheers, . | B3 ffﬂbja%%lﬁzof\/y"(?@t@@a? “¥51M7ant stakes containing the event

i nf or mat i onow,armoehﬂge?wpum@herﬁ)m:s 2pg9.tied to the stalk. AS much soil as
possi bl e |§1b;s§ipg\équ%gg| tsgizlggt}?&;wit em The remai nder of the .soil is

washed off_using a O[Jy he roots are exam ned and given a root
damage r at Fhighy e’&blﬁ‘\% - BTEER(203) NI'S scale for WCR | arvae danage:
BIG. -1 aElﬂasEl‘@al. el izt 0b 8, 2005ect control results obtained foll ow ng

chal | enge ﬁ ﬁn%ghg&t s (deri-ved fromplants transforned with either
pl Vi O\|9850 with WM .In growth chanber efficacY tests.

per f or med ng@mmmnagmdescn bed above, NLS scores.at or below the
econom ¢ i Birbfelh AdplaCEI9bE VT e 'seen in progeny of ‘events dexived by

t ransf or NE@E% 04 Full length EST DNA
sequence%ﬁ ”ﬁg‘igﬁ"l‘gi’ ‘?”5?“’323?@%{}%83%% “described in Exanples 3 and 7
di spl ayi ngHsingmet &, ¢ M. Newbscisil8§-2u k23 189020ést er n Corn Rootworra. These EST

sequences e Jdlei Frctinah ca I EST ces for WCR
Targets Asggéy?i%ijé%; %qﬁelnggm%bsfz aphﬁ’oa&mlgﬁl?ﬁllm LIﬁgﬁgt hw(ag\%g@@ Appl e) ;
g

put ative ortho * C&x331 813 Dvl O fall length (Rpl9); putative orthol og
of CG5141 BénkraRstrelly effall] Narlrg 8031209-¢RpWEY) ; putative orthol og of CO2746
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815 Dv13 full length (Rp.s4); putative ortholdg of CGL1276. 816 Dv35 full

| ength v- ATPase A; orthol og of CG3762- 817 0v49 full length orthol og of
CGEB055 818 Dv248 full length putative ortholog of C06699 . 819 WO

2007/ 035650PC110' 52006/ 036319 EXAMPLE 8 - Creation and Efficacy Results
for Dv49 and Dy248 sequences Portions of the assenbled BST and

adj acent sequences of D.v49 (SEQ I D-NO 818) and Dv248 (SEQ JD NO 819) were
sel ect ed fomwddmeastser bi oactivity assays based on RATUSH#PGE3%ncl udi ng

predi cted* fu i on, , f ut nutants of correspondi ng codi ng
regions in® .‘”6( f{i{f‘(sé’ s@ﬁﬁéﬁ%ﬁ&l%e ‘h, GC content, sinmlarity to bl own

sequences Oaw‘dsam emH FredNaiedad Fair Y545 801444174421 £1983. -El basbir, et a/.,

2001b) ; j @49 and Dv248 sequences were synthesized in 'vitro
based an t e| r pre icted activity. against- V\CR individually, as well as
grouped. aBCEARMWOMEBER. 3-4, and Table 8, and applied .to WCR | arvae.
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828 F8.

829 FO .. . .. 830 - F10. ... . 831 P11

WHATIS CLAI S:

L. A method for controlling coleopteran pest infestation comprising:

providing in a2 diet of a coleopteran pest an agent comprising a first
polynucleotide sequence and a second polynucleotide sequence wherein said first
polynucleotide sequence exhibits from about 95 to about 100% nucleotide sequence
identity along from about 19 to about 25 contiguous nucleotides to a coding sequence
according to SEQ ID NO:818 and is hybridized to said second polynucleotide
sequence, said second polynucleotide sequence hybridizing over the length of the

about 19 to about 25 contiguous nucleotides of the first polynucleotide sequence, and;

wherein said agent functions upon ingestion by the pest to inhibit a biological
function within said pest thereby controlling pest infestation; and wherein said

coleopteran pest is 2 species of Diabrotica spp.

2. The method of claim I, wherein the first and second polynucleotide sequences
are expressed in a plant cell to produce a double strapded ribonucleic acid that
functions upon ingestion by the pest to inhibit the expression of a target sequence

within said pest.

3. The method of claim 1, wherein the pest exhibits reduced growth following

said ingestion.

4, The method of claim 2, wherein the plant cell further comprises a
polynucleotide sequence encoding a pesticidal agent selected from the group
consisting of a patatin, a Bacillus thuringiensis insecticidal protein, a Xenorhabdus
insecticidal protein, a Photerhabdus insecticidal protein, a Bacillus laterosporus

insecticidal protein, and a Bacillus sphaericus insecticidal protein.
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832 F12 833 F13 . 834 - Fragnents Fl- F3 correspond to
partions of the full length Dr.v49 transcript. Fragnents F4- F6 correspond
to portions of the Dv248 transcript or flanking region. Fragments F7- F13
are concateners of two or nore of fragnents Fl- F6, as shown in FIG 4.
Fragment P13 (SEQ I D NO 834) represents the C38 (Dv49-Dv248) concatener.
Dose Response data for El- P13 is shown in FIGs. 5-7. As shown in FIG 5,
activitY. (larval %nOtality) of fragnents F4-F6, conprising Dv248-derived
sequences (FlI G 4)., was significant better than the control when fed to
WCR | arvae at B“bﬁ‘f‘h%f’ H‘bﬁ‘t"‘e‘lﬁﬂ“d%lgé’fj‘i"’é&f’@ﬂ’g’é'i"’gHPCFtICJE%{ﬂ'P‘e‘&cti vity when fed
at 0.02 ppm asnswmlcthd frofcthe grbupycoreiting pglrgint CHB, aTiCtshe dritesh dose is |ikely
an artifact, sgH®es oy, Yitieol, aries,di ﬁ@JlayaeﬁnaQqns%&.um lp.@&n WO

2007/ 035650PCTI 20 of "fragments
F7- F10 di spl aé éé ? ey ?%galjbf"a'y’"m'c‘d? Prgte'“?ry P Y fyﬁ?%ﬁ’r’l’a’?’ed to WCR | arvae

at 0.1 ppm Fr 'aij??’é‘ﬁﬁt‘ §f°‘e|“9”%iﬁ‘dB"dlﬂ‘ifgohlaﬁﬂtma@pIoéye'dsccus't’aépllmsm| cally
significant ackmwio ETWhein &redsetmicd\pRein ACYI@cor aticsiz, 24 ppiwy and fragnent F10
di spl ayed st at ficant activity when fed to WCR | arvae at 0.01
ppin as wel | A;gtél&f\c/@a%rl}% §§'Iégﬁ:]at 0.01 ppm maybe an artifact. As shown in
P10. 7, fragnents F1l1- 113 display statistically significant activity when
fed to WCR | arg/ae at 02 ppm or higher. Additional lﬁ t he | ar gest
fragments (F12%a dTh?’f‘B‘)L‘Ms"ﬁ(")'G\F’act”Wﬁ‘“t‘?‘d steoperosst SRt domtgher . EXAMPLE 9 -
Addi tional Act gwe c@gsiogbicliwroiSedreitra Biabrider vingtkaa tirgifra, Omredt emer C6 As

shown in Tabl e,QierdQéd imébson&f ba@zu& vg,ammaérmesrgrpf@@on_éasﬁwzp NG 806), derived
from plti ON983g8, were diet overlay bioassays (perforned as

8 SR blabb®
descri bed e.g. 2 mac‘fi"femmf e Sa 'g{gaimnﬁmﬂunf'fnr’lg the grow h and/or survival of

corn rootworra (VCR). The .C6 full length concatemer containA 7 target
subfragrnents of 70bp each, as noted in Table 6 and Tabl e9. Table 9

Ef fi cacy of full *Théﬁ'&{“ﬁ ofHai drithgieia fie Pestrbibiis Bt e s QIS8 t i ons i n

said ingestion.
g The method of claim 2, wherein the plant cell is a corn plant cell.

9. The method of claim 2, wherein the [irst and second polynucleotide sequences

are expressed from a construct integrated in the genome of the plant cell.

10.  The mcthod of claim 2, wherein the first and second polynucleotide sequences

are expressed as a single polynucleotide molecule.

11, The methed of claim 10, wherein the first and second polynucleotide
scquences are expressed as a single polynucleotide molecule that forms & stem-loop

structure upon expression.
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