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Oligonucleotides Used mn the Study

0 Ut e Benpenct 5 te T _

wEl M L Vekdahe I stad mapnd Ty Buply  TEOCRACAGLACARLADGE SEG 1D MO
et enpdon 5 . i

WHE RO veiadBlisies st Thetudy  CHAGLELAAICACEIATS SEQID DL
G Beion R ~

WhER MY Vedhiz sl ES 0N stand Teip Siady  ANTSCTOTVTIOLORGGIAT SEQLIDNO:LS
AnwnginE i §

walkd B 6 hsliate wiSusiat mume Trep by CESORASTRGLUSCTGOOAD SECIDND:E
devinsiept s 5

AT KO Y Vinale skBTackd s, T Bty TESITISITUASAGORATAGE REQ I NG:LT
VMR it F

whi? 08 3 vVandats Wil asonhg onman, fhee Deady  SCTUITOSEATIEIOAGING SEQY 1D MOETR
i At ) _

WERT HOLD  nindaie W St Tebial e Sy ATTDEIRSCHIIATITIOS RERLID ML 2
st o ¥

MBI HO L relidae wiBRleckd mulact, Terfudy  GTIUTORYATIGIOAIOASIA SEQLID NG:20
SRR e T 5

EEFD Y VSl PTG sl Tas By THTHAOSACOTOANTAGACUTIAY  SEQIDNDIL
psineart giniie

GIEE RIRZ wadale PBREE R s, Thephtedy  ARATTGOAMITIOAYTIRATIOTRG  SSOIL MO
wpnizes il B

SIS NG S sidale SERIHS vl dnitied T Saedy  SOURARUEDATITATRCOCATATAAS.  WQIDROI3
demariiasns ek

WEEGA Vel PRI AG mak, The Sk TIORATGIIORATTYRCOTIITIR  SCQIDNO:Z4
dnniap usdion W

Wrf o tmpdioodo ol eacidepesmid TieBudy  ADDYCTROMIBGIACGTALTRALOID  SEDIDNOIZE
. L

K5 G Aenpily vhabon G RTn MR TR SRRy TOAASATIRLTIIDRGAGES Tl SEQID NO:ZE
Y

CREER F O Wil ecdroden SRHRRNENELS TherSaddy  TOATLTOADDARGYCALALND SEC I R

AT s ¥
PR R il vpbrafion ffpMRIGTINY Thelndy  TOSABAACTOARAGECATLAA BRI KG:2E
W pidmids ¥ _
Bria difial 108 betabroichaiads PO primes . CETREAG TGS 32010 r0:23
% D 5 g ;
Bt iR R DedmprslenhurnE g8 TR R 3 TRATGATH RN AR Tantriasas FAID N30
2, Bee 1EaR
a8y ﬁ;{gﬁm&mm bgmag pibld ThiiSwdy  SOOEINOOGTOCANITARGANG  SEOQIDNOSL
iE
WAL S} SV WO S RRET ORI SUTICRAGCA AT SERID KD
gt
W e Cond RN troeion Sdpbdle TheBhey  TTDOACTHAATROETALAIC L0 1D a3
WERT EEah
$vah G sy SaadepRN el B ook TSy ACACTATGTICRIGURIEAL SENID 034
DR (G g

Figure 19



Patent Applicalion Puldication  Jan, 17,2019 Sheec 25 of 38 TS 2019/0015528 Al

3 abvi

| OPZ5PAS WY OPRE PAD WI

Figure 20

| OP0EPAR WY
£ apis

PR PAR WY
£ ool

{7y} DOWIDIN DOERTISION



Patent Application Pulication  Jan, 17, 2019 Shect 26 of 38 TS 20190015528 Al

" m%
&g
E
& o
i ;‘%
Ay 2
HE L2
—
hg 1
{fg K. =
20
8w -~
%10
g )
MMMMM .
uuuuu - 8
”””””” S o L L o o L L o o L o L o o
g o o o e
¥ g B £
= - - o

{11} QOUSTHDSER JOSUEI 2T DEIBUEOR;



S 2010015528 Al

Jam, 17, 2019 Sheel 27 ol 38

Patent Application Pullication

18

BT

TT 2403y

X3
il

(-

Cekr o

BT Ty T Ty T T Ty T T T T T T T I IR I IR IR I IR IP TP TP T I

X4

B

g
O A5 DOURNDEINOE DRFTRUON



S 2010015528 Al

Jam, 17, 2019 Shect 28 ol 38

Patent Application Pullication

DET Mg SVET amdlg

WY
St

aﬁx&m« iy
38 AR

) N SRR ﬁwﬁ

TR Ey

g

L bl

vttt ks

- st ity

Hemia®
. x«x«mu@n&c&ﬁ%_ bt SRl

T mEGEERIGENE
%ﬁ»ﬁ?&ﬁm@,&@s%

Lo
33?*@; T 5 G
B FR L R

S AR TR it

SRS | e PR

i achibaas MR
3 ey S Golih sy
Feamadsln k- | fandsy

B -
Mw.

Bt R B AP

- abE

\m.

Y )

&

_ﬁ &
ﬁf

T TR
Pt R
W

wrld s e
m%ﬂﬁwur
e




Patent Application PulMication  Jan, 17, 2019 Sheet 29 0 38 TS 20190015528 Al

o e o Tem e e
e

5L e
AT -

i sk s bide

Lo
Shnhndg 3531
it e

fre

Figure 24A

e e e
2 i

ﬁil}aféémei mma L

B i WRED

Wy



S 2010015528 Al

Jam, 17, 2019 Sheet 30 of 38

Patent Application Pullication

AHT oSy -gpg cmidig

e

i

S

20 e O e e O O O O e e e O e

W



Patent Application Pullication  Jan, 17,2019 Sheet 31 of 38 TS 20190015528 Al

e P et

Bhhi L RLnt
SLBGLBURELRELREY

et N
Aoty

e

Dowrmiigslen. . . . .

7

rmT———

SEARMNTFRRSSE

Ty .

Figure 23

R 4T

?:f%éj
-
E
5

&, apiools whiB?

WT



Patent Application Pulication  Jan, 17, 2019 Shect 32 of 38 TS 20190015528 Al

et w@}i‘f&jﬁh@
wmmgwm
m A

Figure 258- Figare 25C




S 2010015528 Al

Jam, 17, 2019 Sheet 33 of 38

Patent Application Pullication

g

Vo7 aIming

y.ﬂ-z. it
rﬁwwﬁ ﬁﬁﬁﬁﬁﬁdwy

ommmm e pesseg

oG SR g

e




Patent Application PulMication  Jan, 17, 2019 Shect 34 of 38 TS 20190015528 Al

i
i
F
i
H
F
i
-
0%
5
H
i
i
i
H
i
i
i
H
i
i
i
H
i

b abadarbord
i

“1gure 26B- Figure 26L&

KSR B



Patent Application Pulication  Jan, 17, 2019 Sheet 35 0o 38 TS 20190015528 Al

DWV replication in bee hemolymph
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vaaodles @ polvpeplide thut mproves the beallh ol s host
LN

(W2 1o one entbodunent. the heterolozos moeleus acicl
encodes a pesticide deprading polypepticde or a eytechreme.
[013]  Tinome embodiment, e hotcrolomuos noeleic aeid
s inhibatiey nocleic add. Inoone corhedinent, e anlaba-
Liry incleic i i selectaed Tnun the g censisting nl’an
antizense 1A, dald™A, 2ildMA, shlgNA, s2ENA and a
o AL

[014]  Tinome embodiment, e haotcrolomuos noeleic acid
i Ancerpurzdaed dnder o Toend st g plusimad.

(W o one embocdiment, the beoacd hoest canpe plasoicl
compries ar least one rezilatony sequence selecred finm the
dTON Coasddling ol un FAF 1010 oo o eplicalion, 8 AL
PIONIOWT deguence, s B3 promolcr scquones, 8 T3 pro-
OCE Sguema, 8 epss promeler sequenee, and @ detestable
ik

(WG| 1o ooe embodient, the composition is a bee-
mpestihle compuosition,

(0117
Tve suspaision, Tnoene cbmdiment, e Tcteny are prosent
ws  Tpeplnlissl possslern T one covhendinwent, e compesa-
tioo s 10 selid form, Inone embodiment, the composition 1
m luquiel form, 1o one embodiment, the eompogiticon com-
prises prolcin, In one covhodiment, the compaosilion com-
prises pellen, In one coobodoosnl, e composilion 15
sticrests sulution. Tooone soheslineny, the cimupnsinen 15
cerrtn sy rup seeloienn, T enlwslimenn, e compositim
cerrnmrises o carbilyslerade or sugar supploment.

[1%] 1o one embodiment, the ovention relates o an
imseel connprsig o microhial composiion eomprizing ome
ur e haeleris menelically eopinocred 1 capross gl Lesast
e Twterndewnns nncleic acid, sdwmsin the ane ar e
Tracteria e vatives 1 The menebieane al o hesl s,
[019)  Tin ome embodiment, e mscel 33 8 bes, @ honey
T, a N, o hive T, o pupoe. ancnduolt e, and o e
ceslunny perusiLe.

[020] I ome cmbodinenl, the mvention mlaes ooy
methnd e prondocine o macnthin] cornpesiien wnprsing
e e onre actens wenetically coginoenad e esprsas ol
Tewst esne Tieterulingones nncleic acid, sweren the e or s
bacterin are oative to the micmbiome of a host insect.
comprizing transfecring saul bacrerial species with an
eaphession cussclle comprisioe al leasl one heterologous
ruelede ikl

[M21] o one embodiment, the invention relates o oa
malhod [or duwnregulylinge eepression ol o el e
poocluet, comprizne sdminiserng sn cloelive smount 2l g
micrubinl composilon comprising one or more baslerid
weneiically cugineerod i cxpross ol eust e Toeternlowns

T crubrdiment, the baclera ure prosenl os o

nchoic aend, slwerein e ane ver mssre Bactena e nalive e
the nmuerobiome of a host inseet 1o the host maect, wherein
saicl bacreria expeess an whibotor of saic tacnet pene proeduoet.
(022 T ane cimbadimwent, the Largel gene prsluct is o
nee fiom an erpanism selacted firom the proup consistion of
o pathozen. a parasite, a vioog, 2 mite, Acure Hee Paralvsns
Wirns (ALY L Kashoie Hee Wims (K13 laraell Acute
Puralvsls Winos (TATR )y, Nesowo coranae, Delomus] Wi
Wirns, and Farroo desterctor mmils,



LS 2019/0015328 Al

[23]  Tooone cinlcdimznn, M dnseel iy selecis] P thie
prony conastion of a bee. a honey bee, a torazer, a hive bes,
a pupae. an achalt bee, and a bee colony parasite.

[024]  Tooune einleslimoent, the et g ik selecwad linan
the wimup cunsisting ol TR, TR 22, IO 40, Tnp 2,
il winslinal Tsp, AT -ADCT trnsperer proteins,
| rataxin. Mereedesin, [UEW1, terrecdoxin, MAIP oxido-
reductaze | FR, pyrovate delmdrosenase o subunit, pam-
vithe delvdmpensse § osobundl, milochondrial elveerol-3-
plhosphale  debydmpeensse meG3RDHD,  manugsnese-
cuntaimimg supenede disrumse CvnSO L TSAT T Tsp e
intercingy, Tron Solhee cluster IR, Casnan desul s
BT, WAt RETT AT Pase solunit A, R A pedy e 1,
BNA polymerase 11 lohibitor of apeptosts (1A, aod 1Ak
apwprotie.

[25] Inoovee eihosliment, e dnveien wolaies oo
rnzthesd for mwdnTating crpressiun ol o tangel wene poluct
i drsecl. cumnasing sliinisien g an ellective amni
of o micrebaal compositien compersiog one of more bacteria
penetieally enzineerad o exprass ar least one heterolopous
nueleie geld Lo sail inseel

[26]  Tooone cimlwcdimiznn, T dnseel iy selecis] P thie
prony conastion of a bee. a honey bee, a torazer, a hive bes,
a pupae. an achalt bee, and a bee colony parasite.

[0027] In we ewcbodliment, tw: iovenbon rolais wos
rnzthesd loe redsing e susceptibility ol y hoee o disense
e disider selocted Tnan the gmop censisting ol Coluny
Unllapse Ingorder (€012 and mfection. comprizing admin-
srering an effective amonnt of a muerobial compositicn
COMprsng one oF more hacteria senstically eopineered to
Sxpresy Wl least oo hetcrologous noeleie scid, whersin the
a0 oF o beeleiy w1 nulive o the micrebiome: ol @ host
insect o said Tee, whiors o said hacteny capross oo nlabiter
e a pat e e penssite spoecilic gens presdoct.

ZE|  ln eoe embodiment, the pathonen or parasite 12
selots] [Tom e group consisting oL Acule Boe Paralaosis
Winus (ABTY), Kushimir Bee Winus (BB, Tsracl Acule
Parmlysie ¥ires (TAPY ), Sasannr reranens, Nageonr e,
e ek, Pelunmad Wing Wiros, aud Farmag decdvionar
Itite.

[0029]  In one coahediment, e baslori cxpross dl least
v pon-conlisuons JsBENAs downmerululine cxprossion of
o paathiwen ar pursiie specilic enes paduct.

[t In one embodiment. the mvention relates o oa
mthod Lor redueiys e suseepibilily ol 8 boe colaoy o
lestation by twe Smull Hive Boctle, comprizinge adminis-
lerine an cllceve amoonl ol 8 michobial compogiton com-
prsing e ar e haclena weneiically cngineensl 0
enpress b lewst ane heterelogimes nocloie acikl 1 hiave
oo ponents, wherem said bacteria express an nbbitor of 4
Small Hive lieatle specific pene produer.

[0031]  In oe coohodimen, e baslorin cxpross dl least
Pt twr-cesniig s LR ™A essenowuliling cxprossion ol
o Sl Thve Teetle speciiic goene poosluc.

(2]
mwcthend lur empressien ul o hefensdugeos nocleic aoend
seguatee iy hee e methed comprsing sdonanistenmg n
the bee at least one mocified Soodprasseli ol bacteram
Comprising an expression plasmid tor expression of the
heleralomaog nuelels acid #ogocmes

33| L ene embodient, the beterolenons mcleic acid
sequence encedes a moelscule selected from the aroup con-
sistimgr ol & protein, o peplide, an mlabilery BIMA, o dsBENA,
g BNA, 8 shRIA, o geRMNA and o miBMNA,

Tr e erhoslimenl, e Ineeniien nelaies oo
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(34| Lhe follmwing drowiogs torm part of the present
specification and are wnelnded to further demonsteate certain
dspaels ol e progenl mvention, The imveenlion mEy be boller
underzlzod by relerones oz one o mone of hese drssines
cerrnhivatin with the demilad descapien o specilic
errhuslimenes presenued hiensn,

(W35 LKA L Ly witke Tluorescent proTei €Xpression in
hee zur micmbime bacteria.

(WG] LKA 2A-200 Pluorescent wmaziog of enzinsere
iz aul bactosa eolonixine the boe ol micrshioms,
[037] EIG. 3 Schemalic of JdsBENA-cuprossine broad-

Twist-rmun WL LS IrcL.

(3% TW 3 Inowanm presdoction ol =R™NA by cnw-
neered & ol

(A% LK 3 lovrve procduetion ot dalR A in the bee zut.
[ LK 6 dsldNA apainst esseotial honey bea pene

dlpha-tubulin bchenses morislity,

[041] EIG. T Quumtilication ol wvmosioe  hvdrolise
™A 1 the hesnd ul Tees.

[42]  THE EA-BE Sohenwuios demicing vindesns plus-
mids  iochodice  pIFUKS2Z0 plFTES?0, plilkSe2,  and
pl¥L ka1

W43 LKA, A0 epicts desion of the bee muicrokbi-
v laalkdl (B TE ) sand sclwnuatis gsscmbly, FIG, $4 doplats
the BTRK desine] [or Golden Gale sgeemnbly aecordine o g
schame wiile suld-pare yrpes compodible sl e el
LoesThie (Y TR ) (s % T8 w0 al, 2005, ACS Senth [l
$UTIURAY Pars of each type penersted in this sty are
shown o the top panel. “lype 1-3 and ‘Lype B parts are
cefined a5 in the ¥ 1< except thar Tvpe 3 open readinn
[y melode e swp codon, Tepe G and 7 purts aoe vither
replaced with o linker part or used o IMeorpomals o meverse
recadin T cncding o transcrpiicnal regnlawr e dne-
hle crpressiun ul e i Tepe 5 oopon-ressling rone ol
Its peomoter, respectively. during Hranpe 1 assembly, a0 thar
costly or toxic penes can be repressed while they are
asgemilled o transcriprional wouts. PG 913 Schematne of
Slane | rBauIy assambly Flusmid pans s showa, by CE
proclucts with appropriale overdwmgs con by 2ubsialoed,
TG, B Selicimatic Sage 23513 assanble Compotible
Stue 2 oennecinrs gresleserhed o1l YU ducoimenion,
44| LKA 10A-TINE: Depaets the bee micooliome wol-
Ei e BTED Tonet o o diverse bec-ggeociated baclerls FIG,
104 deplots veplicuton ol he BTE buckbone amd e
lometinn el Thrse anfilieiic resisianee cosselos sere fexled
i aipht hesney Twoe-osmcinns] bacteral g oy deserihal
i the Methods, A least one agribiotic resistance cosserte
funcrioned i each stram, aod the kapamyein cosserte fine-
tiooed i all exzhe straans. LG 1004 depaets ceplicarion ot the
BTE backbons sl e Nimslion o Uhree: anlibiolie mosistaoee
casslles ware Weshed o lheee bumble bov-associalel bagle-
Ml strmie Again, e plasmil with Bunamyan resisLnes
wetrdnminlanel e all e buctecos FIGL T depacts
conmpation frequency o four bee sur-associated straing.
Blacl bars are the peometric mean aod each poant 1= an
imdependent conmoaticn. Conjupation in B s 1 the most
vllicienl, with conjugation licicioeys spproximalely 1074
(a5 PHE LA Tepics consbnive amd inslucible
conrrel of 1o witen pene expeession t bee o bacteria. 1F16r
LA depicts flow evmmeny results of GFP flunrescence
froum foue binad-host-ranpe prometaes o each of four boney
besz-sssoviuled buslarial sewins amd an B, coli conrel, One
represcnlalive Duoresecnes distribulion Lo el promasicr 15
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shessern, with The mediuns lam Mree Tielogics] noplicotes
plotred as open circles. Spotted prev line wodicares maximum
detecred flunrescence in wildrpe cells. Meadian flncrescent
wilues wore culeulule!] [Tom colls more Quoreseent o
wilihypse, FIG 11B depicls GFF Nuorssccncs bom »
slesignsl CR25 T proinator wn dillorent Tevels al TRTC-
inclnction, mccsared I bone BOY siming amd o B0 endi
cuntral. AT ested specios ane mespensive o TP slocion,
and (5 wpdvade shows the hiphest expression across all
strawng. FICE TIL depers G flncrescence trom a'L 7 (lasty)
promuler al dillerent levels of TPTG-Dwduslion ol T7 BNAT
expreseion i the same loor BOb simins, Schemualics
L A lwunghy VI FIC sl e slesigne ol wesnsl
cunstructs wsing Sy e Biolmgy Opoen Dangoowe (513010
stunilanl whyphs (Oaklacks b ool al, 2004 Mol Thinechnl,
52:345-5330). Virror bars are standard destaticons (n 30
[o0dG] FIGS, 12A-12E; Deplcis JCus% wone sileneinge in
Barronella apiz FIG, 1EA depiels schemalic wsscrably ol
%0 plusinids lie gene soppressinn, FICGC T2 depiors
Mhimreseence lann chresnwesemally  inegraied  GEFP o in
L0150 i the presence and absence of dfas and szlt™a
tarpeting 4310 Mackpronnd  flnogescence ot wild-type
PLHBTS was subtracted. G117 fluecescence decreased o
proscncs ol dCas% et GFT op=0 00, Knoskal-Wallis
rymk som sl Emor bars sre 95%% conlidenee mlcrvals
n 4

[T LGS, 13A-1310 Depicts Last assisted pene dis-
miption in species from the bee ant microbanta, 1 K3 134
depicts sehemuie gssembly of ROk -bused suicide plasmids
Assornbly siratary vl validation primers ane deseribed o
523 TI0L 1313 dlepicis the reo tosis] approachies Tee
weeng isrptione The sucide plasmils wenz introducs] ot
il wikl-type actena or hacbera possessing The csnsi-
utrvely active Las (pl¥L KA1 10 1307 depicts transcon-
Juzation trequeney and pereent of degired mutants in &, agsis,
i the prescnce yml absensee ol Cass, The Cud plagmid did
nul werese e cliciensy ol penoms modillsgion Nom-
bers whevee cocl T Tndicate e ol el clenes evaluansl
L AT lepices rsnscanugation Fregucimsy sl proguirisn
el desinsl oot 1 Sahel A e w32 shians] i ool
etficiency of zennme modificarion i the presence of the
Casy plasoiel (p 00007 WKmskal-Yallis rank s test).
FIG, 13E clepicts immeoniugryion Irogueney sl proporiion
alileired molsols i 7 apdeels Each polnl i EIG 130 gl
FIG, 13E is [tom sn bwdepondenl cojugslion experimsnl
Prars an IO 13CT ool IO DAL mepwssond the gemime g
sl esiinwed frunscnnjugatinn e Hcicises.

P LS. 14A-1400 Depicrs visnalization of enzi-
el buctoris 1o e honey bes wol, FIG, 144 depiels laet
huomey b workcr and disscetion ol booey bec aul showine
Fraghihicld mncnescupy ol nndgog leany, and meems, 1905
1413 depicts Muessscent naging ol sdode hee el aml
digsected bee irzht) 5 doys afrer inocalarion with 5 meec-
exvens  MIDAZE  expressinz L2-Lrimson  (plasmicd
PIFTESTUN. Control bee is nunecnlated. Coloer corresponds
o piiel Tusrescenes mlcealy, Engineens] 5 wakcasoons
M10A2E 3 progent o e mideat, leun, sod nectum, FIG
1405 Sinnlar w FICGL 1413, wath & srive whl32 esprossine
F20 M msan s nucolmn, Cootmd bee s idendical 10 10
1415 but different thiorescent mtensity scales are used for
conmpaciinn between bees onculated with & el and 5
marcercens. lozinesrad N advi whI2 is wimbly flncrescent
e mideol s Qe FIG 140 depiels conlxea] mring
ol purtial deom saod meeom o bees mocolawd wilh 5

+d
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snzreeaerre WIAZE eaprossing 122-Crmeen sl As in
e, Iy, & marcesceny can be seen robustly coloniziog
throuzheut the ileum and reetuz. 10z, 141 Sioilar oo FICr
14D, with & afd wkBZ exprossine B3-Crimson (oo,
Snoderaszella ol wkB2 colonises (he i, but oot e
et Seule o in 00 1303wl I 181 are (6D .
I are reprosenttive ol nolople bees nspected in 3-5
por conchivinny e SFTCL T Mgl FIG. 131750 Wliie ad
black arresss eocrespond to the tewm-rectum punerion aciss
imapes (LG 1A theeazh Pt 1414

[48] TR SIS Depice: visihle co-inecolaion il
the hee ol witle species [ro e Taee o micarhina amd e
mile ul siA in columzation, V00 154 depicts The aleon-
rection unction amaped by conforal tuorescence nuceos-
copy 5 divs after co-tooncalating B oo PUIOTS0 and &
vy wkB2, Whoen co-moculated, T, apiz umd 5 afvi wie
co-locule] i the deom, bor ooly B apeiz coloniecs 1he
et FIOL TR, simalar 10 VIO 154, dopicts inewes Taken
S ilys wler coAnuenlation ol C6 aprirods wk137 ad & e
w32, As i VIOL 154, 5 oA ramains resincisl o the
Hewm. while 07, cgdeler 12 present in both ilewm and reetum.
Seale barg are 10 m. Imapes are representative of multple
iz mspesclod M=3 por comdiliony FIG, 18C depicts (e
numbcr ol % afd 165 ribosoma] DNA copivs & davs aller
inesculaning now Ty cinenged worloor Toes wih e 5 abed W
1 Atad o, based e quantitiive PERC T lersnnil buars
represent mwoans per cunsditun o 5 The Asta A Tws oy
siziitieant eolearzation detect compared to W1 (p 2.7=10-
Ao komskall-wallis canl s testy FIGE 151) depicts the
et of bews Imoceulated wilh 5 afy wkBIAsaAd oxpress-
imE BE-Crimson (pBTEST were bowmed & odavs aller
celonieativone, butmts achicved Tswer cnlenisation Tovels
thenn diel & azfve W see TI0L 610 T ocaliand culimmsitim
et el alimoliple dlemns inspeceed (0 30 Scale bur s
[LLARITST]

[050])  EIG, 16 depicts broad-host-rase plasmid seroen in
T et bonsberin.

(W51 LK 17 depiets the bacterial straing nsed io ths
sy,

[M52] PHE T8 lepices 131K plasimds.

(W53 LKA 19 depoers clipommclentides wied in the smdy,
[M)54] EIG. 20 depicls csprossion o nanolue o Bk

sttt e wun imicrabioly sirins wens ounfuagatad wilh
PR EAS (CP25-Monaluch o plA TR S04 TRA 3-MannTne b ad
Inciferase petivity measured per manufaemeer”s INstruetions.
Luciferase 15 pletted on o lop 10 scale. ars are the mean
froum theee hiolopical ceplicaras and error bars are standard
divialivm,

(&5 LKA 21 cepiers expression of H2-Cromson in Bk
slraing, Boo mol microbioly sioains with pBTESG3 (CT25-
E2-Crimson) or pBTEET) MTAI-E2-Crimson) wene mos-
surcsl Jor cxpression ol E2-CHms=on, Bars are e mean Toom
three Tacslugical roplicates il crnor bars e siamdaind devia-

LR emeept vsing excitaticnfenussion wavelenpths of 6117
fdd nm.

[56]) TN 22 depicts validaien ol wldineny] IR ps-
meTEcs I S el Poimoter parts 017126, L1132, and L1
were Used to build G expression plasnuds (pl3 NG
PBTEA20, pBTEAZ ] pand lested i F, codi MEDpin Burs uie
the mecun o e bioloaien] replicates amd viror birs aoe
sbidind devistin.

[05T]  EIGS, 23A-23C Deplciz construstion ol moplace-
moenl cugsctls plasmids FIG, 23A dopiels schemmlic sssen-
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By ul Tanwilingye desnnr plagsinids osang TVPR Cuolden 4w
sasembly, Type 2, 3, ond 4 overlomgs are repurposc:] Tor the
npsLrean Tunmeleswy, anblaenc mesisance, and downsinzam
homolepy respectively. Combaned with pacts Lype 1, 5, and
BYONIKAOGS [ Iype f-8), the conor plasimid s then ready for
further Hdsmlil assembly as shown m FIGn 120147 2303
depicts possible ooleomes Tom homolsgous reeomrhing 1o
SIOSHML-0YET GOl Shple-orosHover mulanld Smc oo
o aned eocur with Inegriun ol e soickle plesnnd
Faclchune, Donble-crissesaer mntants ane e lesired inotani,
whers coly the antibictic resistance cassette 12 retained o the
chromeseme of the tarpet strain, VIt 230 depicts sets of
IR prumers nsed to verify mutants.

[005%] FIGS, 24A-24B- Depicts sehomalic s walidaion
ol sl dismapion b 5 afd, FIG, A depisls schemulie of
st A disreption o S el UG 24D dopacts TN A el with
prducts livnn The POR ol npercuny junclinns s prons
1-2. The double-crossorver nmant (1367 shows a baod ar the
expectad sime of 15353 bp, wild type (W 17 shows ne ampli-
[eation FIG 240 depiels DA mel with prodocis rom the
PR ol downsircam junelions usinge prugers 3-4 D00 shows
a band ol e capecws] siee ol L3ET bp, WT zhows oo
cnnplilicavinn, FIC. 2y doepacts [HA 2ol with prosluocts
lnn T BOCR ol The enfine regimn wstng prmers -3 TR
shemrs an incrense in size of approximarely 580 bp compared
to W 1L Lanes rearranped from orizinal sel tor clarnye 110,
24E depiciz DA mel wilh productz Dom the TCR of
plasmud backbone A sils crossover mulaml 50 showes
expacte] armplileation @t 453 bp, T showes oo amplilica-
. Elack burd indicate dinmaee cropping lur clanve.

[oEs] TN 25A2500 Dhepicts schemanic and validaimoen
of aeleA dismprica in G wedrada, LILE 254 depicts sche-
maaric of planoed ackA discaption in (5 apdeafie 1 K3, 25013
depicts DNA o2l showine producls Irom the TCR of
UpE T juneions usie priamers -2, Fony clones were
st il vwo BstineL single cnwss-neer evenls (500 were
eshrereel: w simaller than eepected hand ar =550 hp and o
secennd, Targeer haned ot -=2800 by fulien oo e sane clone
Meither of these is the expectad size of 1501 bp. This may
reprezent a duplieation or other complex recnmbination
evienl, Mo downsineum junelions wone elloeively woplilcd
usimg prumers 3-4 (et ool shownl, TCR usi priners 1-4
shessers] e clinnge T sioe betsccon wild-tepe (8T und 50
o, dicadie the S0 ceent Thely dil oot disropd acles
bty (et o slwewenys FIGL 280 dopacts 1N A wel
shemrnp prochier from the IR wsioe primers KE_3 and
KAy apectad produet at 433 bp shows reteotion of the
suicide backbome nthe SC mulants,

[odal]  FIGS, 26A-26E- Deplcls sehomalic and walidaon
el marly disropuinn i Mo, TR 264 depicks solenetic ol
plmed vy Bsraprien e 7 g FIOL 2613 depicw: 15043
pel wath preduoets fiom the R of npsteam juocticos using
promers 1-20 'Lhe double-cmsgsover nmant {THD shews a
band at the expected size of 1164 bp, wild tvpe (W 17 showes
o smplificyion FIG, 200 deplots DA mel il prodocts
Irom (e TC'R ol dosensimonmn junslions: using prinsrs 3-4
W7 shees o barsl o the copoctod s ol D309 T, W shimas
o umnlileation. 100 261 demicts [HA wel sl proslocts
from the IR of the entire rezion wsing prmers 1-4 1H:
shemrs an incrense in size of approximarely 737 bp compared
to W 1L Lanes rearranped from orizinal sel tor clarnye 110,
20 depicis DA el wilh productz Dom the TCR of
plasmud backbone A sils crossover mulaml 50 showes
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eapected amplilicatiom ot 4575 b 1007 shosses o conplilica-
tion. [Hack bars indieate imaze croppioe for clarty,

(6] U 27 Tepioks esamplay eapen mential resuls el
139y peplication in bee hemolsmph.

(6] WL 28 Dopicts excmpliny cxpermeni] resolos
denwinstmtne The mslaiee goanificatien ol TTH inldk A,
[063] EIG. 3% Dopiols excmaplany cxporimcnial results
denwinst e The propesrm ol hoes nespetcding 1 ds T e
AR

[Wad| L Ks e Deprets exemplary experimeanral resnlrs
clemonstiatiog the poopoetion of & o CIFL persisting i the
ot of wnculated bees at different times.

PHEEA TR TSR

[Waa] 1o some embodiments, the present dizsclosuee pro-
vides methods and compesitions concerung mierobiome
enpinesrnp, such as un the gur nueeobiome of artheopeds. 1o
carlam crobodimanls, ome or mone spoeies ol buclors thal
e mdlomlly prescol mo e anhropod sl dre menslically
cngineered, These metlods may he s we imprimvae arthine-
prod Tismlthe s wamiety ool woys. FFur cremple, These cnwl-
neeradl bacterial species may then be mteoduced to an insecr
popularion. sueh az a bee popularion. to directly produoce one
or e eomponnds i the insect pat. lo some instances, the
vapinacied bactorial specics s wsol 1 diectly express
double-sirandad BNA sBENAY noun msect, In soms
errhusdimens, e nicrebe-proeloced Qe indnees BR A
inierlirenee (RN A7 awaingt o Tt dosoc! gene prsdoct e
some embodiments, the micmbe-peodnced dsHNA induees
Rha interfersnce (WNALD against a gene pmduct of a
pathopen or parasite of o host insecr.

[0Ga] A bmosd bost moge plasmid 6o, comprising »
FAF 1010 orisin of repliculion, such s2 liom he
pREGTEH plusmul ) muay b vsed 1o nlmodocs geies inlo
e e et arthrepud golmicirhinme sieins il oding, hioe
il Tl tng Seodgeaynado ahd, Fartoreln oo, (fh-
errentler capeivanles, Sewrsttion 5], HMoeeeicecrhane it ber apinm, and
Liveteadrerc il sp.

{67 loone embodiment. the iovention relates oo the nse
ul paired, convenienl iwanscn pliol promeo lers on s plasomid
Lo ey e B A consiruels gmiine dny el aoae prod-
tsl o seric el et i this emhoedinwenc, nes ponlicagim
il Tl e lE™A s nogquired ws e genetically cngiieeral
Tacternn contimally prodoce the desined dsRMA umd the
clelih A s direetly Talien up theonph The 2ut ot the arthoopod.
Becavse these are modified nameal amhrepod ot nuceaki-
ume #pceiss, ey can be maintained over the srthmopod©s
liletimae, In one embodiment, they may e maturally oans-
lorrsl 1o newly emorged athrgusl 2w, newle cinengal
Tocs du s Tiwey Tronn andoles, Thies, The presen mcthods ey
resluce e need e Troguoent sl cesit Ty reanplicanien.
[Wa¥| Lhe present studies showed the prodoetion of
clelih A divectly tn the bes gur by enpineering nameal mem-
bers of their micrebiota, |3y producing dsiih A dicectly inthe
honey besz zal, 1w present macthads con prosvide o contioea]
vl cost=z0ective sopply ol dsBNA o silenoe boe or bee-
post geness Tnoune eocnnple, e ellieaey ol 1w present
methinds wos ddemosisnsl by ndtigg Seeaedgrasnadie abd
pmduce a dslihA thar tarpets an essential honey bee cyto-
sleeletal nene. Application of this enzineered bacterium to
hees resulted o ereased bee mortality eompived to one
vodling an oll-anod sERA conlnal, Further sspocts may
connprize additiona] mecthods o nereass deBEMNA eepression,
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sucTeas koo ot el Tactenyl B ™Nase T or RN 117 o osine
17 RNA polymerise o poduce diRMNA.

PmeY|  Thus o oone embodiment, the present methods
iy be wsed to peoduce and acdmmister dsl8A by zeneri-
cally vnginecrine baslerin [l sre oadve o dwe bee dul
muerobionw: The metwds may be oselu] o peslocine bes
rwirblity Prenn RA wirnmes (o Tircli acnwe purlesay
waris. Ldelirmed wanw virs) uncd L Fereoaa onte ad Simall
Llive leetle conmol as well as other muerobial and msect
patboezens. As bacterial production can be nexpensive, the
present methods be usetil to small and larze seale apiares.
Further canbaodinuels muy conceein Bomble e production,
an dmalesty el is baporlsnl i providins pollngGon lar
menny [ amd ool crops.

[T
heyhees cn he dog e Breeer nile duleciens, Hersne
mites are swspectsd of aetiog sz vectors for a number of
honey bee pathopens, ioclodioz Deformed Wing ¥ios
IOy, Kaslunir Boee Vinos BBV, Acuwe Boe Furalasis
Wirus FTABTY ) und Bluck Queen Cell Vings (BOCW ), gnd
may weaken the bomume systams ol i hosls, leaving
Mz woloerahle we inloctnns, Acourlingly. serlain ambidi-
izl ol e proscnt dlisclosure prooside methmds ol redocinw
the susceptibility of honeybees to Colony Collapse Disorder
(L7120 "Lhms, inosome aspects, the dsl8¥A of the present
mecthods sod composions nwy ol s ens product ol
picumma-like  viruses  fegn, Acule Ber Paralvsis Vioos
rCABIN), Kaslunir Bec 3inus TEBEY, and Tsoucli Acole

Parysie Wirus (TAPY L Moveoer parosine, Delurmed Winw

T surrrne e, Cridery Callapee PRsnndar (00T Yol

Varns, andionr o Faeroer azvirnetoe maite, o Sooa T Hve Bee e,
Lhe mhubivery omclels acd molecules (eo. dild™N A may be
comnplementary o the mENA of the targer sene product. 1 o
example, e ohibiory ooeleie scid molecule o he
complementany 1 eoion ol o mBENA comprisimg yl leas) 10,
15,200 21, 32, 23, 34, or 25 contiruous noelestides, In soms
apozete, e hahieoey nocleic sl molecule can be cemiple-
iy inoreien al oo mBM A cnnprsing ot Tease 50, 1060,
T30 2400, 300 tH) o ST conripuoms e lectices or essen-
tally the eomice mld™ AL In some aspects a dsHNA comprise
al Jewst Iy L5, 20, 21, 22, 23, 24, or 25 complementisy
nucleosiides, For cxample, the JsBENA produss] by the
engincerad bacloris may comprise @ seguense complemen-
ey I b oheafeicnar miwe mBENA ol mmd copable of
incdincing  dewrslatiun ol he Heeeoer aleydeuefor-specilic
MR MNA, The tarpet mle™ A sequences for vse o the present
metheds inchode those deseobed . but are net Limited te,
LLS. Patent Publication Mo, 20030571204 or 20030135532,
ol imeorparate:d] benein by relerenee b el anlinciy
[00T1]  In soens eanbodliments, thers 15 provisled soocxpros-
st st cnoosling o dsRBA nder the cunmal al ane or
rwire bl Tieest gy privnntars, whercin the del@™A iy
cumnplementry ioa oot gens predect ol Acole e
taralvais Wire (AT L Koashmir Bee Wims (K13 ) lsrael
Acnte Varalyvsis Yums [JAPY), Newewo parasite. | kefiormed
Winr Virus, Foreg desmworor mule, o Small Hive Bees:
The cuprossion cassalle may ancode: Tor 2,3, 4, 5,0, 708, &,
10 ar e anlakiteny noclee acils, soch as dsBRM AR Tn
s aspecls, e inlihinmy nocleac acids may tanger the
SO v, ars e o e Tnoaer aspects, the hiahivoey
muelaie acids tarnet mIRMNAs eneoding ditferent gene piod-
uets, such as a dslRhA o o zene product of the Jerse
destrctor ik,

[00T2]  In Dimber embodiments, thene are provided micrs-
[33a] eomposilions comprising o o Do DEesl michabi-

-4
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e bactenn crineens] o expeess ane ne e heenaln-
ooty ouclere acids. such as iohibitory nueleic aeds. The
mhubirery auelele acd may be dslE™NA, sIRNA, shiRk AL
vclior nuBNA - The dsBENAS mwy also b procursor miR-
WA Inosomwe cuges, Gue inhibione mocleie scids may be an
Tewst 15 bose pais in Tengthy, sochoas al [a, 17, TR, 1L 20,
210220 23, 24, 25260 270 28 29, o 3 T panies In longgth,
I Tither aspeets, e ahihisery oneleic acids oy be
complementarny o 3, 100 or more based pairs of a tamer
mld AL Pxemplary nsect oucrobiome species include. bur
e ool liminsl e Swodergsselfe afvd, Dartonelle apfs
Gitfiamelle apicela, Serraria marcercans, Parasgoaliarib
arvte areor umd Laetabacediae s The nicrolial compessa-
i anay cenprise 2, 50 3, ar 5 Twclens] spocies. Tiach
engineered hactenom nay copess 1, 20 3 4 50 or nare
heterolenons mucleic acics. Ve nucleic acicls may be patho-
nen, pesm or parssite-specitic, sueh as parasites which may
inlvet mserts, parlicularls ey Exemplany palwogmsens, posts
vl parasiles cluds, bal e ool londked w, vinEes, micno-
[aial pallogrens, Acuie Boeg Poamalvsis Ve CABRRFL Kaslunir
Thoe Yires (KL, Timeli Acuie Pamlyds Vs (LAPY,
Taslesmmnaed Wing Wi, parasines such as Soovwema cananos,
mires such as the Faeec destrncioe mire and pests soeh as
the Bmall Live Beetle (detfin fide).

(W73 Lhe micreblal eompositicn may be foromlared for
imseel myreslion, pariicalarly @s gn ioeeslible composilion
(e, ol [ormoolations), The compositon miay be solid or
Tiguiad e, o socmase sedntim o com sy solution, The
cerrnmessa o ey snnprse wdilitives e cxanicnis, such ws
o carbohyceate or snpar supplement.

(74| Lhe micreblal eompositicn may be foromlared for
application wo an insect past food source, e example bee
hive cuomponenls

[075]  The cogineenesd baslerid o micrabinl composilions
poowided herein may e used womedoce msect susceptibility
L drlac o, sucl s viral inleciiens ey oy ol e pbad
Lt o =i Taoed cxprossion ol s et wene prodoct, such
we b Inducing B ATD o T inse.

[WTa| o additicn. the same bacterial species wnelnding &
wivi and O opiceder Lve i both heney bees (species in the
nemus Apix ) and bumble bees (species inthe nemus Boembay).
wsl the brosd host smee plusous] replicat:d] oo divorse
ltzloriul lwels, Thus, e prescol nethods muay be applicd w
trther hoees or edher spocies o Tisects, sucl as wo imdoes
sunilur RMAT ellacts, Adibivesally, the prosenr mcthiods
allow for easy treeting of bee-gpecific zenes m silence. and
thus may be wied tor research.

el

[0TT] Unless delined therwase. w11 weelimeal amd scicn-
Tific terms used berein have the same meaning az comtnnly
understend by one of ordicary skill i the arr to which the
mwentien pertaing. Altbouph any mettods and marecals
sImilar o vguivaland o s descrbed herein cum be used
m e practsc [or wshioe ol e pregonl Dyvontion, e
prelirre] maenals wl nelesls ae descahod Terein, n
eserbing wisl clainimg 1he proseot inention, e il
teronineloezy Wil be nied.

(W78 Itz alse to beunderstood that the reroninelopy nael
herein 18 for the parpese of describing parmicular embaodi-
moenls ooy, s s ool mteoded o be loi ling,

[079) A used bheroin the spocilication, “a" or “an™ may
roeHl e 0 more: s usd lerein in e claimi(s ), wdwen used

D ]
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incesngnneiien with e weend “cranprs g, ™ the srls a7 or
Tan” Ay mean e o moce than one.

[o0R0]  The use ol e wan “or™ ol claims 5 osel o
oz Mkl nnless explictly imBcais] toorelae o ol
melives oy ur T altenwnives ae moloalle esclisive,
alilonuhy the disclesnme suppsts o deliminen el relers 10
coly altermatives and “andioe” As used herem ancrher”
Iy riean at leasm a second or moee.

[0E1]
] T Tl thet o waloe Ticliles the Inherem sunaien
of ermor for the dewice. the method beinp emploved to
determine the value, or the wariation that exists among the
study subjects.

[E2]
spoctlic] compesnend, 5 nsad Tierst o e mcan ot e e e
spectiad component bas been pucposefully tormmlated woto
a compesmion ancor s preseat only 08 o commamuhant o io
trace amonars. The total ameount of the specified conmponent
resuliin [Tom soy wmnlendod conlaminaion ol 8 eompo-
sition 1% therelome anel]l belows 0001%, Mosl preliomed 15 5
ot i whiach oot o Pl spect D oompoanesnd
can T dlefecued sl sendard analytical metheads, “Cieet-
cally enpineered bocteria™ refers to bacterial cells that rep-
Lcate a heterclopous oncleis aeid, oF express o polypeptide
encoded by a heterclpeus ncleic acidl.

[Ez]
lnn cr swrce lereiwn we e paricular Tkt coll e 11 o
the same seurce. 1§ modified from its oricmal foem,
(54
o prhlicutien, o recurding, o disgran, o any ather imsliom
of expression which ean be nsed to communicare the nie-
fulness of a componnd. composition, vector, o s¥stem of the
venlion bt kil Opionally, or alnaiely, e insue-
el mstesdal eon desrib one o nwrs methods o modu-
Lty expression ol @ oone prodoct usioe @ compousl,
cunnqstim, vechie or sysiem ol the ineeutian in the kit

Thinadwint 1his apphction, e wen “akat™ s

Ar nwad Terein, Tessentally noe™ anwenns ol o

“Thetereslougius nocleic acid™ is nne thal Agintes

A i Tt an M nstrocissnal s er a1 includes

Thae anstrnctima T rteriala e i ol e Ine e can, ke
example, be atfieed w0 cooramer which conrams the
wlentified componnd, composition, wecmr o deliverny svs-
el e bpvenlion or b shippad weether with o conliicr
which comaing e identilicd compound, coniposilion. vee-
lor, of svslenn Adlemaively, the btroeions] maerisl can
b shippoed sepensiely Trenn The coatwiner with e intenien
e 1T nstructima ] meteria ] aned e ki be usad cooper-
tively by the recipient.

[Ez]
o wignul soguence neeessary T nitieie mnscnptinn ul oo
RN,

[E6]
sevorn] wangsl Tei g bl osoal Ty stinging insceis ol the
superfanuly Apesden io the order | lymenoptera, mehiding
both soltary and social species and characterized by soelang
and clewing moohpart: Le mdllvrioe nectr snd pollen
Examnplary o specios wcluds, bul arc ool linded 1o sposics
in e wener Al Moo, Feigone, s ol the Tike Tn

“Prvmmter” o nonclee acid segnence (el et as

e cbdimaent, boees anchede, oo ane ool indte] e
bunnhlehees {Samabi terveies, Fombuoe ooperdenz e aloer
Hambis species] and bonevhbess (Apis mediifera or dpis
eIl

s As used herein, the term "eolooy™ is defined oz a
populatien of dozens w tFpically several tens of tThousand
honey bees thar conperate in nest balding. food collection,
smd brood reurine, Accolony nomoally bas @ shoele quecn, the
remiindsr ol the becs beinge ciller “aaoarkers™ Clomales) or

A sed herein, the ieeny “hee™ 6 delined as ooy ol
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Flrmes™ Oinwles)] T sucial stroctore ol the oolony 35
mainamed by the queen and workers and depencls on an
effective svatem of comouucation. vision of labor withio
the worker cusle primanily depends o ths aee ol ths bee oy
varics willh the newds o the colony, Beprodoction amod
cesluye sercndt e depes oan the gusen, the goannirey sl el
sbrcs, a1 sdees ool the wondeor lources | oneyheos cinnalin
T wnlacliviclesd Tnm 1w cotegones ol “Tave oo™, nenally lir
the first parr of a workers literime, ducimg which the “hve
hee™ performs tasks withio the hrve. aod “fhrszer hed™.
durine the Lwer purt ol e bee™s 1dvelime, durine which (e
“laraEer locutes snd collaets pollen aod neetar om outsale
the Tive, wmnd TAngs the nectar ur pellen inte e hive line
L"i!'fl.‘-lll'll]'!ll.'il'lll il ‘i||'lﬁ'lgl_".

[088])  As used heron, the lemm “sosceplibilioe” 1s delined
s Tl ahilivg ool w bes e hee coliiee o boesmes inlesisl or
inleceed by wnlur soppent proliloren ul” o pathimgen,
incTnding, hor et Taninst v degee ol lecien, sevents ol
symprong. infectriny to other indeidoals (eonrapien). and
the like. Suscepribility can be assessed. tor example, by
o lorir lelvily, pregenes ol svoploms, such ss, bul
ol Lmawesd iz, hoogser, vitalite, lighl tawse, ek, presence ol
el arganisnw, mertlivg or dme conrse ol o dissise
i an indivilial e ar bee populasinn ellesang o chaTlengse
w1l the paflwngan.

TE]
cerluye slisewse™ are delimesd ws undesirahle Changes e thies
behavioe, physichpy. morphelops. reprocuctive fitness. eeo-
noe valie, wiability, boney peodoction, pollination eapa-
hility, resistance o infecrion andfor infestation of a hee. a
population of becs andior 3 boes eolony, dinseily or bodines |y
resulling [rom conlact it o parasile oF o parasile-mlseed
Tz ur nther ergunisin.

[df0)  As used herein, the oo “downrceralaling cxpres-
wion' 15 delined g8 eausing, dinsetly or mdiveetly, moduction
i The trmnseApion ol a0 slesired gene, rslician 1 thies
unwinl slahilicy ur teeslasnlity ol nunscaption priadocts
fep RNAY of said gene, reducticn in waoslation of the
polvpepticlers) encoded by the desired 2ene andfor rechetion
1o e oo, #labilivy, or alleralion of biochemisal Toneion
ul e polypoplides coceded by the desinsd sene, 50 85 W
reclaes the arnoonl or [unelion ol he gone prodocts Dosain-
regulating eapressinn nl wogene KM A cun he neeninnod, lise
wonple, hy dlirect detectiun ol gene irscApts e
example. by PURY, by detection of polypepride(s) encoded
by the gene or bee NA (for example, by Western blor or
e precipitation, by detection of baolozical acrivity of
polypeplides eoeode by the oone (lor example, calabaic
wiativity, Jimand bindine, sod the like), or by momlorioge
changaes na cell ar eagamism resoldmg resn rednction in
eprssiin ol slesire] wene or A,

(] “Mewsunng™ ar “mwedsorcimnen,” e gllermivel y
"deteeting™ or “detection.” means assessing The presence.
absence. quantty or ameount (which can be an eftective
st ol cither 3 miven sub@iance within o clineul or
subject-derive] sample, meludime the derivation of gualila-
tve ur e itative concentrainn hevels ol ol solasinces,

Ay ons] Terein, e enns e discase™ e e

i ntherwise cealinaiing e valies o calognnsatin nl g
stlljoct™s climica] parmmei s

[Wu2]  Lhe term operably lioked”, as vsed W orefarence to
aremilatory sequence and o stmctoral oneleotide seqnence.
meains thar the resulanory sequence canses repulated expres-
sion ol e Lokl siouslural nueleotide sogocnes “Romala-
oy sosucness” o “eomtrsl eloments” el o nucleoide
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seguanees Tocannd opsiesnn, s A in, or desenstrean ul’ o
strnemneal nuelecticde sequence. and whieh mtluence the
timing and lewel or ameunt of transcription, RNA processing
ar slbaliby, or rumslaGon ol the de=sociated strustural noclos-
Bale seguense, Bomuilalony sogueness mey bucluds prowl-
i, trnslatnn heudor seguences, Tnmes, enhancers, sten-
Toup strochines, repressnr bsling sequaises, i
SCLULNELE, Pomin segnenoes, prolyaseneTasen nreeginiien
sequences. and the like.

(03] A sl hencing e wnn “RYNA silencing awen™
refers mooan HMNA whieh 1: capable of whibiting or “silene-
e the expressicn of atacnet pene. In certain embodiments,
the 1N A silencing apent 18 capable of preventiog complers
procegsne (2o, the Tl sty ion andfor cxprosson ) ol an
mEMNA molecule thmough o post-wanseriplional silencing
rweelizimisn.

[0094] EBMA silenciny apenls melods mooeoding BNA
molesules, Lor cromple ERA doplesss comprising paimcd
stsinds, wsowell ws precnrsnr RE A Troon whiach sucl simall
rn-crelingg 1 As cun he genamnsl Fremplamy YA silene-
ez azents mehude dsRNA: such ag s5iRNAS, mule™As and
shitN AL 1o ane embodiment. the RMNA silencing azent 12
capable of inducing ENA iorerference. Wn another embodi-
menl, e BA slleneing sucnl 32 capuble ol medising
WransJationa ] reprossion,

[0095]  BMA mwcrlerense commuonly melers o e process
ol seguenec-spoelile post-lransaripliong] meoe Sileneiyr
snimals madialed by shorl nlerlerine BB A (siRR AL, The
curresunding process o plans s cenunendy neleered fe ox
- inscaptiona] gee silencing o NS slencing und 1%
alse reterrad to as quellion in fonzi. The process of post-
trapscriptional zens silencing is thoupht o be ao evoluton-
arily ~zomsereed cellular delense nucehanisn used o prevent
U exprossion of [oreim penes and i2 commonly shared by
diversc cukarvols spedias, melwline plnls and snimals
Such prvtection Trum lurewn gone esprisssion may hovs
avlved e respuonese e the prsdoctiun ol dnohle-snended
™A folslihoAs) decrved trom vual infection o foom the
rdom inrepration of mansposon elements inm oa host
Eenoine vin o ocllular response bl specilically desiroys
homuolarous siple-sirumched BIA or vival genomic BRA,

[0096]  The pregencs ol lone JdsBENAS noeells slimolales
Mz ety ul o mbonoclesse T e nelorsd o as dicer.
[HRoer wanvelead i the prowessang ol the ds18W A dnw sl
pieres al WA e s shar inderlomng BYAL Galk-
MAZY Short wnterferiop RNAs derived from dicer activity
are typically about 21 to abour 23 onelenticles in lenprh and
comprise about 13 bage pulr dupleses, The BYAT mosponss
also Fowlores an endonuslsase comples, sonunonky welormed
s an BYAAmbcs] silencine comples | RIS which
ronzdices cloneawe al simgle-simndsl REA Tavine sogquence
cunnqlemeniy T e antscnse siend ol e =188 A Quples.
{leavagze of the tarpet R A takies place o the nuddle of the
rezion complementary to the ammisense strand of the silt™NA
duplex,

[0097T] The lem “=BNAT relers 1o small inhibitory BNA
dupleses Conerally belasn TE-30 hagepairs, bolween 19
cnied 25 Tsaepenies 3 that draduce the B A dnerlore s (RN A1
pellvwae. Typically. sTRM Ay ane chwenically senthesiood ax
Amers with a central 19 bp duplex recion and symmetele
I-hase Vooverhanps on the termiol, althouph v has been
recently  described that chemically  synthesized 18NA
dupleses ol 2530 buwe el cun have we mouch as 5
1o Jald imercuse o poleosy compans) witdh 2 lmoers a0 the
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s Tocutun. The ubsereed incmosed podcncy abiinad
using leoper LNAS o topperiogz YA E theormed to resulr
from previding | heer with a subsmeate (27mer) instead of o
poocluet (2 1oaerd ad e this noproves e sane or eliciensy
ul anlry ol the SENA duplex Lo RISC,

[E] The term “sTRMAT, ax sl hensin, melers moan
RhA apent having 4 stem-loop strochiee, comprsing a ficst
and second repuon of enmplemeanrary sequence. the depree
ul’ complamentarily sl orientaion of dwe neEions el
sullicicnt sush that buse pairings securs bolbwoen e 1eoions,
thee it sl sezned regions boeing fivines] by o Teep region,
the Toup resuliing s o lack ul hase paidne boeissen
rclenfides Qur nocloestide analews) wiathin Twe Toep region,
Fhe mamber of oncleotides in the loop 15 a mumber betsreen
and welnding 5 to 23 or 3o 13, o0 T 13, or 4 to Woor
e 11, Soms of the noclesides oo e loop gan be ioealead
0 bec-puir mlcraetion: witl oller noclesides ooothe loop,
[ T he s Faukieet,” Findiviloal 7 and the ke are
used iorerchanpeably herein, and eeferto amy anumal, o cells
therenf whether in witke of in gitn, anenable to the methods
deseribaed lwrein Inconsn non-liune crobodicnsals, sub-

Jeel ur dividoal s g b

[ Eample” or Uholosical sanple” as used herein
s 3 Rolomies] malerial solaled [fom o sobject, The
[iloEical sample may comprize cellular andfor non-cellular
ezl vhrgined Frsn the sobjecn Qne cxmuple ol oy
TriesTogicu] sminple 1w w0 Assue samnmle.

[0101]  Accordigr o oo carbodimel of e present <is-
climsnne, the nusleie acid in e caprossion cossede 15 capobles
il casine cleervae andane degrsdaion el o et poly-
ntelentide sequence. As used herein, the phrases “rarpet™ or
"tarzet polvoncleotide sequence” refer to any sequence
prcsenl iood laresl cvl] (e, vivnl or microhial palhogen),
whoethor patumlly ocourtine sequence or & Leterolorous
seguenay prasenl o woan nhsneellulor or eximecllular
pathugemie anlection e oo disense, sdoch polynnclenide
segiences Tes o hinciien hat s desins] e e nslucaed or
mlubirecl. The taroet sequence may be a coding seqience.
that is, it 18 Translated wo express a protein or 4 fonetional
[ramment theneel Adlrmtively, the Lanoe sequenee gy e
non-codineE, butmay have a regulatony Tune o, or 11 may b
wlloul any ko Juneisn

(0103 As used haorcin, e e “irening ncludes glno-
watimgr, substanlially mhibilioe, #lxaine or mversine e
proEnesEia ol o condition, substntially anwliomiigr elini-
cal e asstheiical symplene ol o condicim er suhstnially
proventing the appuearnce ol clindca] or aeslebca ] syinp-
g of o condition.

(03] The tenn wene™ 5 inendad B inclode any fanel
segience intended e T “sleneed™, whoher aromet 1rin-
seribed andfor wanslated, incloding repulatory sequences.
such as  promoters, enhancers and  other  neo-codinp
S UCTIES,

(] Lanpes: threuphear thes disclesure, varions aspects
ntthe invention can be presented o raoze format. It sthonld
[ac: umderalood Ut e deseription o raoee Tormal s menely
[or eonvenicoes an:d brevity snd shooll nol e construad s
un anllesible hovdwdon o e scope ol 1w Invention.
Acennhingly. thoe descaption ala g sl Tas coceilerad
T have specitically diselosed all the possible subraopes as
well as ndivichial onmereal vales wthin that ranpe. or
example. description of a ranee such as teom 1 to & should
[ coamddered 1o lave specilizally diselosed submnmes such
g [mom L owo 3, Iiwn 1w 4, Jrom [ w 5, om 3 ke 4, Tom
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20 By Pram 3o & cres asowll as inchiviloal narhaers wilin
thar ranpe. for example, 1, 20 2.7 3.4, 5, 33, and 6. Jlus
applies repardless of the breadth of the rangze.

TRCRTIPTION

[0105]  In oo conbodimel, e proegenl mvention relates o
a el lor e preesluctien al o encndad molecole anoan
arthirupend in vive, comprsing sdmamstenng o genetically
enzineered hactermm to the arrhropod, wherein the zeneri-
cally enpmesred bacterium comprises a mucleic acid for
expreseion ol e mene coeoded molecule, Thorelon:,
wTions cmbadimenls e venlion wlaes o ooeleie seid
molegules [or expression ol o eosoded molecols, cogi-
necrsl hocterin coinprEsing e noclee skl nelooules,
arthrupends comprsing the eogineered boctera, und mctheds
ofuse of the nueleic acul molecnles and enpineered bacreria
toTreat o prevent a dizease or disorder of the artheoped. To
e varhiodimenl, the bvenlion provides composlions g
mcthods ol usin angincercd bacteria w deliver nusleie acid
molegules o Inscels [or hwespoolic purposcs, [oooone
aintulimaent, Me vventinn prosides cormpegiiens aod meth-
eds al” iy engineered bactera o deliver nocleic acid
ulecules to ingects for purposes of modularioz at least one
of the level vr activity of a gene, the level or activity of a
prolam o o belavior ol the inseel, Examplany bolwviors Ll
om e modilivd seconding e the invenlion bacluds, bul sme
nul Lmiwsl w, [orssing beluvior sod sroession In one
aintulimaent, Me vventinn prosides cormpegiiens aod meth-
eds al” iy engineered bactera o deliver nocleic acid
mulecules to msects for pueposes of Killing or otherwisze
unpaicing the msect. lo one embodiment, the mventicn
provides composilions sod melhods ol oo cogioearcd
Bueteria lo deliver nueleis seid moleeoles o mgeels o harm
ar o kil o opalbogen o parasie of e msect houeh
axpressien ul o uncleic acid meleeole thar 35 harmlil ur the
el eor pansine ol e kel

[ 06]
rnzthestds nl s al e eogineered bacbera e el ar proseesnl
a digease or diaorder of o bee oo colome of bees. In one
enbodinent, the disease or dignrder is associared with a bee
ar hoe colony purssle o pathogen

Tr semme eovhesdinmens, e duvcilfion melaies 0

Crinpusine s

07 Ln one embodiment. the inwention paovides onclele
actd mlecules for expression of a hetemlozons protein o
pulypeplisle, Incerluin sepeels, e helcrologous polypeplids
is @ polypeplide it boproves e el ol o hos! msect, Tn
e canslimenn, e heteneslogoos pelypeptide 5 o pesti-
cile-degrding polvpepuide or o cyloachnome.

108 Ln one embodiment. the inwention paovides onclels
actd mwolecules for expression of o modulater of o sene o
protein of intersst. Lonsequently, i the context of the
proscnl brvanlion, the wan oeeleis aeil maelecule' peders o
a DNA or BNA moleenl: DNA 35 undersioo] s double-
stsnde] devsceriboncleie aad melecules, Thoese gy he
Tans ar circnlar, Fomploy REA inelecnles et can he
encoded by the nueleic acid melecules of the nwention,
mehde. bur are not limited o [NAL dslMNA, ailEM A,
shit™NA, miRNA and shor enide 10NA (B2RNAY 1o one
cmbodinent, e coeoded BRA moelceule [ooslions a5 an
hibitor ol o wred BA Inoone eonbaodimen, e w@noe
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TR A i wn R™A ul o pathewen nr aher ngaisim That ey
hare the host msect. Inone embodinent. the tarzer KA 15
an KA of the host insect.

(0109 T spocilic sepocts, e modulalor s an ol b ke
e ledc seid, Inpanieolar sspoals, e mbabileey oucleic acid
cerrnmrises wn cnlisense T30 Tn sume aspocts, the inlabitery
rcloie acid s s dsRMAL SRMALD shRBALD sulM A o
AR A e nncleic aad nwy he ol Teast 15 hase pairs in
leoath, suchas 1Y to 25 base pais o lenzth. [0 other aspects.
the mcleie acid 18 lonper in lenoth, such as at least 30 base
[l

[0110] An BMAL comstruel s umclersiood a5 & double-
strtncdod WA That wondes Inacenndanee sl i prnciple ol
un inderlenng KA T3 koeoaen e The state al e ar T
M AT comstrmets Tave we he designe] the dewrnde fanel
R Ovporhoeve et al Q20030 “Knockdown stands np”.
Irencls Diotechnol, 21 (1 2-4; lenschel AL Buchhelz 12
Hubermumn B 2004y “DECHE- o wob-basad o] Lot e
dosign ol quality o] ol 2IENALT, Moeleie Acids Bes
32 O%ch Sewver ssuey WLOL3-200, Inchis contexl, 31 nelales
L aties b enoosle e deohle-strundesl BYAC Tnparaculyr,
the BYAT wmstriet mwy cncinde oo sl A Qdoenhle-
strandec] AT apainst an orpaniso that hacms the msect. 1o
certain cases. the inhibitoy moelen: acid can be tarpeted to
dn szl mens, such g b pens, For example, insecl gones
can b lyrmeted o boprovs e healil or slicr e develiap-
menl ol @ sl inscel, For cxsmple, vilellogenin con b
el e ol e g Tehaeiar, aoed s nwslolae pesl-
Tt el Techiveness.

(L The ouelee acd may be (0 plasnud INA, (LD
limear 1INA, () ciecular WA (1] siozle strancled T8 AL
01 BN, ovid oon matural DA Like meleeules o vl s
hbrid Tormed ool of any ol hwse moloeules, These mol-
vales are koown oo e srl (e Sambrook snd Russcl,
2000750 Tt cinbeadient, e nocleie ackl molesole 5 o
hnend-hesst-ramge voectine Tnoe cindwslimenn, the nclee
acid mnlecnle is inteprated woto the bacterial senomic T8 A,

Iimad |lost vector

[0112] In oo eabodliment, @l Jeus! oo oueleie seil wol-
eeule i be expresisd G5 cloned e a0 heod ost-ranges
vocter buclchene, Therehure, 1o e cinfmdimiznn, e dmveen-
tin prveitdes Taruend sl westoars Te nse dn e genedion ol
nenetically medified bacterla for expression of a pene prod-
uet. The broad bost wectors of the Inwention may comprise
dl lengl one of; & broad-host-rnge promoler, sooaatibioie
resislanes casse e, an o T segoenes Tor delivers ilo nespi-
el cells vin conjugation, o ahosene Busling s, an origin
e licaticn, s Tactenyl fermanaior, au leust ene nocleic aaid
seience e enprssiien, and o soguoence ol cosedes e o
cletectable marler.

[0113] Tromulers ane spergbly Dokl waialh ose cocodinge
seisnces o s dacly thoes Dt trnse aptime e cocmding
seiencess iy oneesle lur REA condtncs, peptides e
protelns. xemplary promoters are plototers that are active
i abeoacl ranze of cells ineludion. bt oot lnted o, R
promoter. VI prometae, PAL, PAZ. and PA3 foom bacterio-
phage: TV, eplZh, epld, opdl, cpa, awd ep2s promotcrs, aod
SR40, Tn one embodiment, the pronwer @ mdocible, An
exainplary indocible promoter iaclodes wondilisl P25
proamier s dth Lol stes fop25  TacOr ) RO 11 W 12
(13 tienspalle o promoter of the mventon s under-
sl o cable the rascripion o DNA segoenccs
senelcally cnoincered bacteria, The paniculsr promoler
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seguaniee will dopoend an e hacteria inowlneh e wene
product is to be expressed. ln this cootext, a mumber of
M A oF veemars conld be cloned thar present a combinaticn
ol dilvrenl promatcrs having 1he gone seguense coeading
Tor e dlesins] wene produs! or @ reporler such sg GFTY
[EE] T eaemplary cmbimdinents, e broesd st g
wiclor cinnprscs The WS T nain al eplication aml
lirther comprses ol Tewst e hewenalnguns nocleic aeid
sequence uoder the contmnl of one or meee (ep., 2 or 3)
beoacl host ranze prometes, such as PALL A2, PAT, epl2h,
epl &, op32, opd, ep25 and cp2 3 JaeCy, In owe crobodioenl,
e uelede waied muoleeule ol the Imvention compeises pail,
cunrerge il nnscapdiona] prenneters ey hreod e vies-
e Vaanplary poirs ool Lenserinniens] pronwiees That coan he
inclsls] s nocleic sl mmlecn e (e, loer the genemiien
of dald™A molecules) inelude. bt are not limited to at least
e ot PATL LAZ, A3, epl2h, cpli, epd2, epii cp23 and
ep2 s (laeCd), Exemplany, puircd converzenl rsoscrpliomsl
promolers buclude, bul ane ol Lmiled e, paired convorzent
SP2S prowmolcrs, paired converEenl cpd promolers, paiecd
cunvergail opld prvmmlers amd peined convergent cp2 s
1] provimnlae s,

g 1o one embodiment, the copn of replication =2
selected based oo the bacterial species to be enzineerad to
expresy the brosd ryoee voelan Origing ol meplicalion Lt
aom b meloded oo e brosd-ranse-veetor ol e invenlion
wwrhehe, but src oot i lad e, dw: BSE10LO plusmid oriin
el replicutien, e plABRT plasnid erigin nl meplication, the
Rk 2 plasiid nAgin al replication, the RBP4 plasinilanginel’
replication and the pAMIS] plasnud ecipm of replication.
[0117] Funbermors, the mucleic scid molecules ol the
inecitiun gy wlsn conpase cobancers, libance ey
auhcnnee the iramscrpioen itiaen oy pronter, while Ty
anz nesk hireetly ctachied wo the segoence o e prenewer or
the enecding sequence. nbancers may ke Iocated far away
or even oo another |INAL Preferably, they wre lecated on the
samne DA e e promoler snd the coeading seguense

Toalkil
Plasmicls

INLIE| 1o one embodiment, the iventicn provides one o
mure plasmueds comprisihz penetic parts for the modolar
constrnetion ot vectors of the nvention. 1o one embodioment,
e oor mwore plusmids comprises al oSl one ol 8 brosd-
hust-ranee promsicy, 9o soibiolic resislanes chssells, @0
e 1 segnenee e delivery in recipien cells vin congusg-
e, w1 Alwsunwe Bsling sibe, anourigin ol rephication, o
bacterial Ternunarer, at least one oneleie acid sequence for
expression, and a sequence that encodes for a detecrable
Imarker.
[t i)
it crnisining o prnnneler seguence e s in e nermiing o
veetor of the wvention. In one embodioment. the plasmicl
further comprizes a nbosome binding site (R135) rometar
sequences that may ke inelnded o a reclkit plasmic of the
venlion melode, bul are ool Bmins e, 3EC I MOy 12,
SEC) ID Mk 37, SEQ I MO8, SEC ID M35, 3EQ D
P40 S TEY MOE 41, S0 TTY MORS2, 510 110 N4,
SECUE N, ] SEQ 1T W05 Heamiplary plasnnids
CONUPISING & premoter sequence thr vse o penerating a
veetor of the nvention include, bt are net liomired to, S0
3 MLRSL, BNy I MORS2, 510 113 MOUEE, 510 1 MO0,
SEC) ID Mk S5, SEQ I NO-sG, SECY ID NO-27, SEQ D
MOk 58 aoad B ID NO-aG

lor Modular  Assciobly o Brosd-Hos-Foangse

T e crubradinment. he ekt canpases o plas-
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(20 T e cmvhendinweny, the wielkie comprises o plas-
i commaining a reverse prometer sequence for wse o
nenerating a veror of the invention. 1o one embodiment. the
plasnid [urther comprises o ribozonw: biodins ik (BB,
An excmaplany revensc promoler sogquenes el oy e
incTndisT am w wendkat plasimal ool Tw ineention 15 se loeth i
ST NOAR A ememplary plusmul conpesimg o rievoerses
proamuier seguence lie wse o generating o vocts ol the
mwentien is S1H0) 1LE MOk

[0121] Tin oawe embodiment, the wolkil compriscs o plas-
mid conlamine g codine sequance [or use oo inge ¥
vocter ol the invemtion, Ciding segnences thal ey e
incTnds i ool ki plasid el the invention include, but are
oot linted o, o coding sequence encoding o splhaA,
el A sIMNA, shlEM A, mild™ A, proteio. or pepride, lnone
emilodiment. the codimp sequence encodes o ast An exem-
plane dC'ys9 codinr sogocnes thal may be beloded oy
oalkit plasmid ol the bwvention s @el [orth o SEQ 1D
M4 Au o wmomploy plasinil comprsing ow o cdine
s it Sucndimg Q0 T e T genasiing g vecter ol
the wvention 1z B10 U BOGS, Dxempluy plasmids com-
prisinz ooding sequences tor 17 RMNA Polvmerase. acl
represant, P optim-1. Manclne. 122-Urioson and Kanany-
cin Besistanes sre provided as SBEQ 1D Wognal, SEG ID
N2, SEQIDMCEG, SEC D WO G4, SEQ IDMORG T and
S0 1 NOAR respuctivel v,

[M22] o cne embocdiment. the molkr comprises o plas-
ol eontainmp a ternunator sequence tor 1se in peneratiog

imelucde] s wolkil plasmid ol the ivecnlion melode, bal g
v TananesT e paC T3 _THKR S sl TF ermimaturs, TVsen-
plary weranmaiur cosling sequances et gy e inchisled in
- Le ki plasnad ol the invantion are sel unh i 510 71
MR, SHCY Y NOkd and B16) 11 NS Hxemplary
plasmids eomprizioz a ternunator sequence fior use in 2en-
vralings 4 vestor of the bevenlion imelude, but sre nol i
g, SECY IO M08, SECH ID W7o and SECQ ID KERTLL
[F123] Do cmvhendinweny, the wielkie comprises o plas-
ol eonTamioe o represant sequence for Wie W peneration a
wector of the Unventinn. An exemplary plasnud comprismg a
represant sequence for wse i senerating a vector of the
imvention s SEC) T MOk ad,

(124
il condaining anergin ul replicuiien segnonee ke use in
neneratiogz a veemr of the wvention, {rizin of replicarion
seuences that may be ncladed inoa toolkit plasond of the
imventionn melode, bul see not mdted e, BSF 1010 and Bok,
Exvmplory plusmids comprising sn oriein ol replication
seience e s b generding o cactor ol The inventim
inclnde, boL are oo Tiiwad we SECY 1T MO40T, SHO T
MNOANZ, RN T WO anel 510 11 N0 1.

Tnene eihesdimeny, the el kit comprises o plos-

Il System

[M25] 1o one embodiment, the invention provides an
imcluoeible svstem Jor bducible caprossion ol s mene: prodoc
in bacleriy, In vne crobodioenl, e mducible syvatom ol e
et cumpases el daven Ty the CP25 preseser mud
w2 et prenetor | 310 T WO 120 npambly Tinked m
aomcleic acd sequence to be expressed. Lnone embodiment.
the mdueihle svatem comprises lacl deven by the 1235
promoter 17 BNAP under eontrol of the inducikble lac
pronaler, sud o T7 promoler with Lo sites oporably linksed
o nocleie seld segquenee W be expreEse] Inoooe embodi-
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sl The indlenahle svstom 15 0w single plasnd or vt
Alternarively, the inducible plasmid system may be on two
or e plasmids oF vectors.

Woelors [or Inlemalion inlo lwe Buslerial Genome

[ 26]
capable el integmiine in T geeine al” o el hactenal
species. L one embodiment. the veemor may compeise
homolepy arms Banking at least cne of a beoad-host-ranze
promioler, dmnantibisie retisEne coasselie, 8 ribosome binl-
ez site, @ baclerial lemminalae o noeleic seid sequanee lar
axpressien, and o seguence Tha cocmdes e o detectle

T v cinlawsliment, e vector ol the inventian s

o Tnone eivheslimeny, o Tesnwlimgye urm cnimprses al
Tecrst 100 by, o Tesst 200 hps ) Towst 3000 b, aw Tease 400 hp,
at least S0k by, at least A0 bp, at least 7O bp, ar least SO0
bp. at least YIKF bp, at least 100K bp. at least TTOKK bp, at least
1200 bp, at lows) 1300 bp, At Jewst L300 by, or al Least 1300
[ bwwingr sl Jows) 90%2, al lengt 91%, a0 least 9224, a1 least
DR o Teersl D%, b Tt 050, al Tosesl D602, ol Toast 979,
ol et AR o Tenst 0 o IO0%) sogquaence danite oo
targel wernnnic DA seguence. Aluiemaiieely e voctor Thal
15 capable of ntezpating wnte the pencme of a tarzer bacterial
species may be imeprared neing agy method that 12 known
e arl, meluding, bt oot hmihed o, lioabdaded reeom-
malion. s oy el comprlses o o mon: slenenls
allerweiig e tha dntegratian ol the vector o selection or
cunnter seleciien el hoctera comprsing The inewsined viss-
.

IMZ7 ln vne embodiment, the vector for antepeaticn
Somprises dn oo ol eplcalion ol g sulelle plasmid Lt
prevenls plasmid replication mothe wessl bacleorial specios
An cxaiplaoy soicile plasmil ergin thar can e nbed an o
sl o innerion ucTusdes, o s oo Tinded v, T REK
plasnnid angin ol meplication.

Bl Acid Soquences lur Tsprsision

[012%]  Inouncembodiment, R bl -los | -romge vector ol
U invenlion comprizes sl least one nocleie aeid seguense o
b cxpressed. oo sirhosliment, The noclee aad seguence
expresse o BNA protein o peptide. T cimbodimen the
muelae aeid sequence encndes a therapenric molecule. | or
example, I varicus embodiments, the ouelen acid sequence
encodes o pesticide desrading polypeptide or a cymchrome,
ar oeudias an vy s bissynlhelc pallaay produsing
wenrv-slive: molesulss that slleel bolwviors such g thase
shitermining uparessiinn e pollinaior el Teclivisn sk,

2% Lnone embodiment. the nuelan acid sequence o be
expreseel] 13 modolalor of fe, sn inhibilor or selivato)
ol d s wene or gene product, In various cmbodiments,
e prosent invenbien ncTdes compesations o mdolarinw
oz T oo uctivity il gl goene o gene prsdoct oo
subgect, o cell. a tissue. or an orzan in need thereof o
virions embodiments, the compositions of the mvention
rndulare the amonnt or aetivity of a tarpet pelvpeptide. the
smuuml of sctivily ol lunml prolkem, e smoonl or aclivly
ol lamme, mBNA In one coabodinenl, e eomposilions ol
oz Areeentien imdulane e amwonnt e achivity ol o e
polvpeplile. the ampenn ur sctivity nl o e pronsn, te
amomnt or activity of a tarpet mIANA 0 an msect. 1o one
enbodiment, the eompositicns of the invention moechilate the
amomnt or actiwity of a tarpet polypepticde, the ameunt o
activily ol o wree] protein, L smounl o geivily ol a @noe
mEMNA 4 putwesen, or parasite of so bl

1
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Aivalins

(120
crgineered haciena ol the inventien can b usesl o acivales
or incrense the levels of exprassion or activiny of o tamer
nee o protein o a subject. Lherefore, inone embodiment.
the mvention welales F nuelaie seil moleeulos eoeodings, o
prolein, & meeombinanl polvpeplide, soosacidve polypepide
[Fammoenl, or coambinalions lweeol, which Gmelion w
e e, o activaies, e cxpressaun or aclivily ol o fangel
wone or poofein. sl e wimlerstied by nne slalled 1t
art, based npon the disclosure peovided bersin, that an
merense i the level of o tarzet pene or protein encompasses
the Imermc=c b1 dgene cxprossion, weloding lranscrplion,
Innzlalion, or hoth, The skilled srlisun will also approcials,
vy s with the leachings ol the prosanl myvention, gt
un iz in e level ol o prartein nchndss an ine neuse in

Tt covbrehiment, the noclete acid nsslecles il

proein auivity foa ceyinglic activity, reooplir hindinw
acrivity, erc.). Vs, mereasing the level or activity of a
Tarpet nene of proteln inchides, bt s oot lirnmed to, nerens-
inE the smount ol polvpeplide, Memmsin lrEnscrplon,
iIpnzlalion, or bbb, of & oucleic seid cocodinge @ lanoe
polypeplide; and 10 also nceludes ereasing aoy delivily ol o
Lirwet el ypeplide as el

(137 Peonnples ool Tist prosteing e which 1 wonkl be
Treneficia] e have Ine newsed eeprsssimn using the methimds ol
the yrventicn inelude, but are oot lirirec o, oo svstem
pmiteins {eaz, Locsal, aroonaut (apo2], celish, and protams
m e wll g imd patheesys) conloming wrealer discase
Pesislanes oF cluednss W pallvays prodocing neoro-aelive
meslecules e it beloviors such s Qese debenin inm
i ur pollinainre elleciivencss.

Inhihitors

[0132] In wvarooz cmbodioonls, e modalalor ol the
T s ases A0 ilntior ol o megel o e paisin,
I e ervheslimeny, tha indalaner ol e ineenien slecnsses
the anmeend ol peslypepide, e wimoon al mR™NA the
artor of activity, vr a eombimation thepeof, of the tamer
nene oF proteun. laemplary tarpet senas that can be inhubired
geordi oty melhods of tae mventian ioclude, Dol dne
ol Lmiled w, TOKTO, TIMZ2, TOMD, Imp2, milochon-
dral TFp@, AT AR punsporter pooicins, | rlasing
Ferredesin, BRY . lernodusin, NATR oxiln-roduciise
[N poervemie slebeadrogenase o sobumit. pyrncane debiy-
cropenase [ subunit. ourechoncrial slveerol-3-phosphate
celdrenenase (WIS, manpansse-contaiung super-
v dlismulnEye (=00, DAT «Hep?0 inleractioe ), Toon
Sullur eluster TSI, Cyvatein desollurase Ms11, MAERL, RLIL,
AT Puse suhurat A, RMA polyimerese RN A pelyinerse 11
Inlilinr el apoqnasis (LARL, amd FAS cpopiotic.

[F33] Mo i1 e unslors o] b ane sleilled in the o, Tasal
upen the discloswe provided bereio, that a decrease in the
lewel ot a tarpet pene or protein encompasses the decrense in
the exprassion. including transeriprion. translation, or both.
Thoe skilled arlism wall also sappreciaie, onoe ammed w73l e
edlimgrs of e prosanl mvention, that o desrcsss oo
Tewel al™ o et preseein sy o sleorese 1 The acieity ol
the et pretetie s, decresise i the Tevel ar activity ol
ataezer protenn wnelndes. but 1z ot Juoired to, decreasing the
artor of polypeptide, and decreasinp transcription, Ta0s-
lation. or both, of o nueleie aeid encoding 4 tarzer protein.
gl U dlso includes deercising soy acivily ol we lanoc
prolein ds aell,
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[M34] In oo cmhoedinenn he Invenden previles o
peneric concept toe inhubiting an essential pene of o vims o
parasite of o bes. lh one embodimnent. the whibitor s
seloets] [rvm e wroup comsisting ol » suwll nlerloring
BMA (sIRMAY o muemBNA, i soiscn=e nuslae acid, god
o Alwery e,

[ 35]
slimclusure prveciaded herein, hat nne way o decronse the
RN A andfor protein levels of o tarzer proveim o a cell is by
reducion or whititmp expression of the nueleie acid eneod-
e the toeger protean. CThns. the protein level can be
derreseed] v @ moleculs or eompoond thal inhibits or
reduecs mens expresdion soch ss, o example, dsBENA,
s A, wnantisense nwlecule nr g dheeeeme, Thvsever, the

Cine skl i T ar w1 appeociate, Tesad on die

ineaitiun shouhd ne he Tinisl o hese cxannploes.

[ 36]  Tooene conbradimient, s  wsed nolecmesose e
level of a tarpet pene or protein. KA oterterence (KAD
5 o phenomencn mowhieh the wteoduetion of donkle-
strandea] BMA GsBENAY o & diverse ronge ol onsanisns
aod ecll lepes causcs demadalion ol e complementbry
mEBEMNA In twe oell, hong dsBEMAs anes clesved oo short
21-25 pclentide sl ineerloring B Ay, or sIRMAG Ty o
rihenoclese omswn s 1Acer The <IRBMAG sobssguently
agsenhle with protein components inte an Rk A-induced
sulencing complex (RIEC), urwindiog in the prosess. Aeri-
vithed BISC lhen hinds w complementary wanseripl by base
puinge mlerdctions between the siBMA gniscn=e slinmd god
U moBNA The boumd mBNA s clesved and sogocnes
spocilic degrdatinn nl N A nean s in gene silencing, See,
v example. TLS Patlo Mo 508550 e of al., 199%,
Matuee 3TCT9EAR-ATT Limmons et al., W, MNatre
34554 Montaomery et al, VW, T 14 (7)253-255;
Dwvid B Emmelke, Ed, BNA Inlerforenes TEXNADD houls &
Buolls ol BMAL Technolomy, DNA Trooss, Eagloville, T A
rZ00d s wnd Grororny T Hamnon, Ed,, BEANATA Guollds 1o Gens
Silernang, Cekl Speing Tlarkor Faheranory Pross, 0l
Sprng [arhes BUYC Q20030 Snschich ool (2004, Nanre
A32:173-1758] clescribe a chemical modification to silkh Az
thar aids i intraveoons systentic delivery, Optimizing sild-
MAs nvolves considemtion ol overall GAC conten, OFT
contenl dl e wermind, Tm and the oueleoicde conteal of the
3 ovethune Sce, Lor inslanee, Selwestle o al, 2003, Cell,
TER 2008 aod K Tivesmvea o ol 2000, OCell THE200-2 06

Therclivne, the present eentien glsn inclindes nwe s ol

decreasmp protein levels usinp KA rechnolony

N3] Ln ether related aspects. the wwention mehicdes a
muelewe acidl enending an mhibinor wherein an whibitor soch
g dsBRAL sIRMNA or snlscose mmoleculs, bahibils o @noe
o, operably luked woa nueleie aeid comprizig o pro-
e e ilatiny sogquence soch hat the cleic acul 1x
prelembly copable al directing ceprossim ol The dl™A,
s A nr amisense nulecole cosnded by the nocleic acil.
Lhus, the mvenrion encompasses expression vectors and
merheds e the ntreduerion of exozennus 134A oo cells
willh coneonmuitanl expression ol e ciopensus DA i the
colls sush as those deseribel, Tor exampls, i Sambmook o
ol 2002 Milesular Clemng: A& 1aheratnry Yanual, Onld
Speng TGt Dahermmme, Moew Yoode) wil as deseluoed
eliomalwre hoerein.

INL38] L another aspect. the imeenmion nelades o vector
comprising an siRkA or antizense polynuclentide. Lhe
deld™A, stk A or antisense polvomeleoticdes can be cloned
o g mamber ol bepes ol voslas oy degeribod olsewchere
herein For expreszion of the deBMAL 2IBENA or anlisenss
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polynncleotide, wn Teast une mndole i esach proomnwes Dune-
Tioos to position the st site for WA sthess.

(0139 T onler wodssess e exprossion ol e dsBIA,
wIBMA or soiscnse polyoucloolide, e exprisson veolor
T incnslonsed inm o el e alser condain citler o seleclble
ke wene ar o reperler geng or hed b el adenti-
licatim anel selection ol esprnessing cells Tean thepopoTacim
ot cells somzhr to be transfecred or wnfected threuph viral
vectors. loother embodimenrs. the selectable marker may be
cartiod on oW separale pleee of DMA and osel moa co-
Inanzlielion procedure, Both scleelable murkers and neporler
wones iy be Tanlos] sl apmupnane regulabir seygucices
L enahle esprossion in the hest colls Dselul selecebles
marrkars are kovwen in the e and drchisle, e sennple,
antibantic-resisrance enas, such 48 neomyein lesisance and
the like.

[0140] T ons cmbodingnl of the nyvention, sooaol@cnse:
rcloie acid seguence which s cxpressed by oo plasmd
vocter 15 waod fe dnbihie o woget wene ar protene The
HISCNES CEPRCas g weihnr 15 usesl T tens et o hocteriad
cell T penerate a senetically enpineered bacteria of the
Invention.

[0141] Aatisense molecolss aod eir use Lo inhibiige
wone st ane wol T lonessen in e ur see, e, Onden,
[958, Tne CR il y dhunucleesudes, Auisense Tolalaes
i nprissien, R Prows b Andscmse nnclee seuls ares
A o YA molecules thar are complementary. o8 thar
teron s clefined elsewhera herein, moat least 4 portion of a
speilic mBENA molocule MWcimiraoh, 19390, Scicnilic
Armerican 2020400 In dwe eoll, snlisense ouclole scids
Tiyhrichiae o the comesprnding inlE™ A, urming o denhle-
strincdod meslecile Teesky duhihiving the frenslaen ol
MATIL,

{142 Lhe nse of antizense methods oo inhibit the trans-
Tationn ol wopwes i@ koosnn o e ael, aod i descabad, Tor
vrample, im0 Murcus-Sakans (1988 Anusl Biochom, 172
289°% Suclh minisense imnlecnles iy he priveidesd 1o e cell
Vi wenelic cxpinssding watgg M A cncrding e anlisenses
meslecule s ngght by Towe, TG TLSD Pat, N, 51900051

[0143]  Adlermmatively, snlisensc moloeules of the myvention
ey b meade synletically and then proided fe e sl
Antisense aligemmers ul betssn alwnt T oo ahent 30, mud
e prelizmbly abimn 15 nocloetdes, e pretemsl, st
they are ensily synrhesized and wntrodneed inoo o tarpet cell.
Svothetic antisense mnlecules contemplated by the ioven-
o iomelude olimsoocleotide derivaives koown o we s
which Leve Improved  biological scivily compared o
tnrneli il eliwnnncleoniides Gree TS Pur M 5023.2437.
(44| Compositions and methods for the sinthesis anocl
eapression of anlisense ousleic seils s s deseribe] else-
whiere herein,

(45 Wibersmes and thewr use for inkibming pense
expression are also well khewn in the a (see, ez, Ceclhoer
al, 1992, I Biol, Chem 267-1747%-17483; Humpel <l ul ,
195%, Biochemislny 28;,4929-4533; Eckslcin <l al, Inlema-
LT Pubhication Mo, W Q2N Alunan cLal, TLS Par.
i S TRROETL Wilneevines are KA mleculos postcs st
the abiuliry to specitfical ly eleave other sinple-stranded RhA
m a manner agalozeus w8 A restrietion enchoneleases.
Fheonezh the moditfieation of nuelectide sequences encodion
thase BMAs, molecules con be enginecns] o peoomioe
speilie nocleolide sequonee: nosn BMA nwoleeule and
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Closrer e Cechy TURE, 1 Aamier Wl s, 20230300 3
e achvantaze of this appmach s the fact thar ciborymes
are sequence-specitic.

[0146]  There ane tao basic vpes ol pibovmes, namaly,
letralwmens-type (Hasselhofl, 1988, Bawne 3345850 yud
hernnerhand-tepe, Tetrliy mwenan-Lype Aoy ines i s
seguatees wdicl m oo hases o Teneth, while Tunmmue-
huesid-type Alwsymes meougnie Tase segquences 1T-15 Tases
wn lenzth, The lonper the sequence. the zreater the Lkelibogd
thar the sequence will crenr exclugively nthe tTarpet mlaNA
spacics,  Comsequendly, hsmmerhesd-lvpe Abommus s
prolerable W wewrshymens- o ribogmnes [or muclivaling
spocilic mEMNA species. aned TR-Tese oo nition seguoenoes
an: pralerable wer shirler g nition seguences sdach ey
escour rslonly within variuns oorelated mMA nelocules.

Beloadiiiod Cusd Svslem

[T Tooesne crnbedinment. he invention presides o imadi-
liee] CRISPR syvseen Tor exproessim el s sgRMNA G bocieria,
whersin ene or more components of the CRISPR syitem s
encoded oo o hread-hos-ranpe vector of the vention To
g embodiment, twe CEISPE syatam ol dw: iovenlion
QOIS Hi andonuclcase creoans e, CasS adldel hinds
1w Ll neesheie aeid segnence vin g seRMA o nwslulawe
Tz Targe? segusnce. Tnene erhoslinweny, te CRISPR sy stem
el the anventien con ha vsasl woomoadnaoe o fargel soguence
o an msect L one embocliment, the CRISEPR system ot the
wvention can be wsed to modolate a tarpet sequence n a
purasile or pathoden of an s,

[ 48] Toseere einlslimenis, thie Cast s cnnpnses
il y ol ly leend € 10000 or o Tenwslug, s erthnnlow
or hunue thereot, {hthelops of Cag may be foom a penis
wiueh thelndes bt is not limited to Carvwebocien Sulerelio,
Leaionefla, Trepongma. Filifoctor Evbacresian. Srrepiococ

awr. Lacrobaciffis. Mpcopfasie, Sacteroides, Flavivola,
flmwabaereciem, Spplnenaednaerg, drozeindivn Clacenae-
afafigedey, Melwerr, Nocaboehe, Pancibocados, Shaginido-
eaecii, Nifvetifhaetan Aeeaplocma aod Cooedohoetae.
Catalvtically dead tash mimics elude but are net Limived
o preteins o peptides which are capakle of intersction with
am sERNA W lunl the CRISTER [usion constuct s s ol
lerest, Catalyeully dewd or Imactive Cas%, and homolos,
errthierlugs veommics therend e relarnad fo Teren colloe-
Ieely a0 st

4% L one embodiment, Ao lacks cleavape or niek-
g aclivity Inoone embodiment d2ass, or an orlholog
UL, bos o dinunished nuclease sauivity ol st Least G2s,
T B0, 0% 91, W20 9T, O DML 08, 0T,
UEE R o KRG s cumpansl with s wikl-type Chst
airyinear urbwlig, Tioane erhediment, the CRISPR losion
constenets cortprismp dUasd serve as 13N A-hindios proteins
with wery hitle or o catabmic activiny. 1o one embodioent,
a dCasd comprisesd 008 Or MO mulalion: mois calalvie
dumuin which disrupl or belivae the ouelsse aclivity of
e Clastl ey,

[0150]  Cimide RhAs

[0151] The prosent svshem muy be uzed with soy short
sl RAA GawRMA T srhesliments: ol e drventiun the
terns wuisle seguciee sl wride B A are psed Tofeclenge-
ably, In geoeral, oosmcde sequence 15 any polyoucleotids
sequence taving sufficient complemenranty with a tarpet
polvmclecticde sequence to hybrdize with the tarnet
soqusaacye and direct sogocnes-gpeeilic binding ol a CRISTR
comples o e el seguence, o symns crobodimanls, the
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emrse nl compleneniny Tetwocn g ginde seguence ail ik
correspondin el segocnee, when oplimally alianed
ving o snilahle aligrunem aluondin, 3 aboot or o than
bt SO, AL, T30, B, B30 WM, DS, W7 5%, L,
e rnnz Eptimal alignment ma e datennined with M nees
of any suitable alzeethm tor alipomp sedquences, noo-
Tumitingr exymple of which melode e Smid-Wacrman
alporithim, the Meedleman-Wunsch aloorithm. aloorithos
lzsed on the Bumrows-Wheeler Trunslonn (e (e Burowes
Wheeler Alinner). Clustaiyy, Clustal X0 TH.AT, NMovoalipo.
EL AT eIl himing, San Dieas, Calil ), SCOAT, uel 23ay In
s cnhodiments, q guide seguence 1. gbout o e then
ghoul & 10,1012, 12034, 15, 16, 17, 18, 15, 200 21, 22, 23,
2475 Zh TTOXROTDOO. O35 A0, 45 S0, T5 ur nwne
meclentides o lenzth. o some embodiments. o pude
segiuena 1s loss n abhoot 75, 20, 45, 30, 35, 340, 35, 20, 15,
12, or [wer oueleotdes 1o length, Toosome canbodiment,
thee ginacde segquence i 1030 nocleetades Tong. The amlig ol
womincde segqueenoe e slireot sequence-spociflic hinding ol g
CRISPR complox wo o langel seguence may be assekis] Ty
any suitable assay. For example, cleavape of a tarpet poly-
nelentide sequence may be evaluated W a Test tube by
prowidines the waoel sequeneye, componcils of o CRISTE
complex, inelucding the woide soguenes w b ested sl o
centres]l wnide seguence adillomene e he dest woles
seiences. il connpan g hinding ar e ol cleoviee ot the
et soguienee Tetwocn e wesland coodm] sl seguacmes
reacticns. {Hher assave are poasible, and will ocoar oo those
slertlecl inthe art. A puide sequence may be selected to tamer
gy larEel sagquenes, [n oo crobodingnl, the spBER AR Tor
e i lhe svslem of g iovenlion wbridia: w58 8o
segienae 10oan Ecel sdmimslered e wenelically cngi-
roered bactera Toene eibeslinmeny, the spli™As ke ke in
the syvstem ol e dceniiun Tybridiec foon mrged segnence in
apathenen o a pest of an insect adminstersd the penetically
enpinesred bacreria.

Cunsirnets Fsoding Mltiple Oone Praducts

(52 o one embodinent the compositions of the oven-
Loy o | Laast Loal Joust 2, a0 lows) 3, a0 lenst <, al Lesst
S oor muore Uwm & wene prxloct: Iooone cabodiments,
i MapTe were presducts ey e cosedsl on o siegle el
weil el el Tnan alisrnaiive cimlaslimoent, moliple wenes
prslicts ey e cocudaed an nodople necleic sl nwsl-
ecules, finr example, at least 10 ar least 2, at least 3, at least
4. at least 3 or more than 5 zene prodocts may be encoded
v al ksl 1, ul losel 20 a0 heast 3, a0 lewst <, ulloss) 5o mone
than & nocleic aeid nwolesules, Inoone coobodimsnl, o sigls
Tacternl cell cumprses mnMiple necleie aend melocnles
cnosling mnltiple wene producs al the invention,

(53] loone embodinent. the compositions of the oven-
Tion comprise wunple penetically moditied bacteria or
populariong therenf wherein each zenerically medified bac-
s or populalions compriscs dl least one ousleie sacid
roadeeule: cncodigr At Jewst one inhibilor ol the mventiso,
Thuerelure, invannus erhosdiments, The invenbion prosides o
cesrnmessation cennprising of Tewst Lo Teast 2000 lamst 5.aL
least 4, ar least 3 or more thao 3 penetically medified
bacteria or populations comprizing mclews acid meolecnles
encoding for at least 1, ar least 2. ar least 3, at least 4, at least
S or morc hin & pene produsts ol e nvention, In ons
vanhod iment, multipls seostically modilicd baclerial popo-
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Tariess are o P e sanwe baceero] spocics, home cimlaadimaen,
mltiple penerically modified bacterial populations are of
different bacterial species.

IN154] Ln one embodiment, nltiple oncleic acid mol-
ecules encode multiple pene pmducts of the same tarnet
pene or protein. Lnoan alternative embodiment, muliple
nucleic seid molecules eocode: wene products of e moullipls
el menss or proteins, Molliple sl soncs o proleins
ey Toe i laple Goeests 1o siogle pachewen o parasiie, or
rnlaple et i Maple pathewens ar parsite Theneline,
e embodiment. the irveenrion provides o compositicn
comprising analtiple penetically enended bacteria compris-
ez ltiple onelese acid construets for inkhikbotimg at least 1,
al Lenst 2, a0 Least 3, a0 Jeust 4, ol Jouzl & or mone sn S @noe
Eenss or prokems, Inoone crobodimenl, the nvention pro-
vides o campesition cmupasing omhiple genctically
cicided hacienn comprsng molople ol skl can-
strncts e anhahidmg e mesdulaning o Tewsn 1o Tese 2w
least 3. at least 4, at least 3 or more than 5 tarpet pathozens
©r Parisines.

Gonctically hModilicd Bacleria

[0155] In vne crobodioenl, e invenlion provides senecti-
cally melilied bagleriy comprising o noclele acid molseals
[ enprossien al o Twewemdewous mocleic aoid seguence. Tn
e entheslinent the proscent disclesnms poosvides inicmhial
CumsLmE cemprising e e nwre hacleny genctically
enzineered o express a heterclopous onclere acid. o one
embodinent, the one or meee bacteria are native o the
muerabion: ol s anbhvopod  Iooone cmbodient, e oo or
s baeleTiy s mative o the microbicoms ol s bee, In soms
sEpocels, e one or mon: bacleris ane Spedmassala ol
fRavhareer oo, Colfhamedfe neaha, Sermario mans wiees or
rarvasaechardneenee geoor T eihesliment, e o e
v bacteria are bacterial species that can live in bes luve
riarerials. [ oone embodiment, Morososcforibaeter aesa o
Lacrobacifing sp. Do some sspocls, e compoziltion com-
prizes 2,3, 4, or 3 menctically comineered bacerial specios
[0136] In one smbodunent. one oF moee ucleic acid
molegule [or expression of @ helcrolsgous oueleie acid
sogquaacye 15 contaid o the baewerial cell, Inoone ambaodi-
sl e e ne rclois sckl meslecule T erprosson ol
o hetenalgesus uncleic acid seguence s integrnst ine the
sesnen e el said e ar mesre acteny, e corlain aspucws, e
cne or nwre bacteria express ot lesst b heterolopous
mcleie aeids.

Hosl Olnmanisins:

[MET] e moalesls ol e posent ventinn sn e
aqplicd b all arlrepods, " The coanpusitenes and methds ol
Tz dnvvatiun can be el e o]l porpises sdwns the pee-
dueticn of o pene encoded molecule W oan wtbiopod s
sitable andfor desirable. Lhis inchudes the use ot the
msthod ol the bvention o renorae o host st pod, whems
al lesgl o menetically modilivd baciens [or produslion ol
e encusded imelocne hos hoen sidnmisiencd we T Tt
artlumend.

=8 oo eoheslinent o ie present ionventime, tha
arbieapocd moy ke, bamois oot lioirec. tooan insect, an
arachnid, o crostacenn and a myciapedum. Ln one emboid-
ment, the artheoped 18 an iosect. Insects that can serve as
huata seeorling o the methods ol e inventon nelode, but
g ) Bt w, s holometbalie bseey, g hemimstabaolis
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et amd wn insect Tnnn tie nnder lymennpier, Coloep-
Tera or Cthoptern. Ixemplary thgects include, but are net
limired to, a honey bee (dpis aredifera) and a small buve
beszlle: Cderfivg siida)l, In wnother conbodimenl o the
prcsenl imventon, the arthropod 1s sn arachnid, lor exampla,
ik,

[0159) T osome aobodioenls, lwe msect 32 8 bee As used
herein, the e ~bee" refors o bolly an sdull b and popal
calls Merea 2 acennlimg e ene crnbidinent. T hee isin g
Tive, An wdull bee 6 delis] as uny ol sever] wingod,
hauy-bodied, vsoally sinzing insects of the superfamily
Apoiclea in the nrder Lsmeoonpters inelnding both solitacy
and soclal species and characterized Iy suelunp and chewion
ot hparts Tor sahering neer aod pollen, Excmplany bo
speies meluds, bul owre ool loodked o Apls Bowbis,
Trogowa, Chisrer aned the Wlee Tooune enhodinweny hees
inclnde, boe are nar Hinmiead v homblebess (Soonbae fee
rerwree ). Tenowhoos | Seds snadfifec) Gnchinding lhegers il
hive ke and Apds cerana.

(6] Accesnding wone coubodimaent, e he 16 part ol y
colony. The term “eolony™ cefers to a population of bees
comprizing dozens o typieally several tens ot thonsand bees
that cooperate i oest blding. food colleetion. and oo
rearing, A colony nommually e g sinele quecn, the remainder
ul” e bewes beingg cither “workars™ (lomales) or “dnomes™
Dl ) The sucial sernctore ul thae colnne 35 neintingd Ty
the guacn minsl serkars aml deponds on an ellecive sesiem
ot cemmmtieation. Dhvision of labor within the worker caste
primarily depends oo the aze of the bee but waries with the
needs of the colony, Repreduetion and eclony strenzth
dopen:] on e guecny, the guantily ol [od swomes, aod e sise
ul the worker [ovee Homew bees cam dlso b subdivided oo
the calegenies il hive hoos™, sy less the Diest part al
weinrhars Tletime, slorne which the “Tive hee™ padlonns
tasks withun the hive, and "foraper bee™. durnp the latter
part of the beas lifetime, during which the “forazer™ locates
and collects pollen and nectar fiom vutaide the huve. and
[arigrs the szl or pollen s e hive lor eonsumplion aod
sloTag:

IRERLMRLIE

[r161]
ingestihle composition, Incortin aspoct:, the acleny anes
prosent ax 0 lve suspendion ar o Tyaphiliasl posador The
compesttion may ke i saolid foro o luquid form. such as a
suckese solution or a corn sy seluticn. W some aspeets.
the compuosilion comprises procin andfor pollen, In addi-
Loal wspects, the eomposilion [urther comprizcs @ curbo-
Tayedrates e sengens sipplenent neotloer addicive ur crcpicnl ws
eserbe] elaewliene Tweren.

Tn wrine crvhediments, e conpusidm 15 0 Tase-

Methonds

(a2 Lhe present invention alse relates to the use of o
senelcally coringensd bacleriy comprising @ ouclsis acid
viodling o mwlesuls for usge ioow nwcethael Lor proleciiongs an
arihresprd duains] pes! inTences, TSI or B s ss
e lur s inonel ] ke eresing anarilwoped discase nan
arihrespred, whiors o the geneiical Ty cugineercd hacienn s 1ed
T the arthrepod or is administered arally. ALl embociments
clescribed aberee with respect o the method of the invention
dlso apply 1o sakl wee o e Iovention

[0163] Inonos cmbodimenl, thars 33 provided s metw:] Tor
pooclucig & wenelcally crsmincered baclerial spoesios soeond-
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g, o The connpesisies ol e sntsdimens Do, cogineensd
baeteria) comprising transtecting saicl hacteral species with
an exprassion cassette compeising at least one heterelopous
nueleie edd,

IN164|  Ln one embodimenr. there 15 provided a method for
derenrennlating expression of o tarzet pene procuet wooan
el pathouen or parssile comprisioe adminisicrine @n
ellactive smomt ol one or o genctsally cnaioeercd
Fructora wa bt dnscot, wloersn seid hacleny expross an
inhiltar ol e et gene posluc Tne smne aspects, the
tarpet 2ene product 5 oa pathonen or parasite-spacific pene
product, sich as a wiks- or nute-specitic pene product.
tarasites and pathooens thar can be tarpeted usinp the
mwthods ol e imvention chele, bal ape ool miwsd s,
Acule Boe Paralvsis Wirus (ABRY ) Kaslunir Bee Vinos
IR ), Tiraeh Acnwe Paralesis Vine (TAPY L Novesne roe
ereeate, daelurmed wang virtes, ur Faeong shesfrnioiar nie and
esther parmsites ar pailwgens which inlisct nsocts.

[ 5]
shvwnrenlaiing cepssieon nl o wrgel gene prasloct oo
tarpet inzect. 1o one embodioment, the method comprises
adminstering an effective amount of one of more sensri-
cally enpineered hacteria o a tood source of a tarzer msect,
weherein #uid bustoris cipress o dsEMNA complementiny o s
Eens prodoct ol the wooet inscel Inoone smbodicneat, the
targed Timoct 15w pest inscc Tooene cinbidimaent, the e
insect 15w Small e Becte. and o foosd seonce o Dl e
wFect 15 a bee hive.

[ A6]  Toosonnes aspects, e e e meee geneiical Ty g -
necrsl hacienyn ane cemprissl anoa cnpositen ol the
enbodiments deserlbed herain. In partieular aspects, the one
or more penetically ennineersd bacteria are selected from
U ssop considing ol Stodeeaszalla ol Smrorella apis,
Filfamalla apicela. Seeratla makcescens. Poakasaochiath
acra apivam, anl Lactobaciiing sp,

[0167T]  Inocuwe eachocliment, dawere s provided @ melhod Tar
expreseion of o helerolosoos nucleis acid soquones o oan
arliupend. T ene ervhesliment, the metend cmnpases
achiministenny w the arthrepusl o compusiting comprising
e ur rre weneical Ty el sl bactemo, sdwren the e
oo mre penetically medified bacreria comprise o vector for
expression of a beterolopons mmcleic acid sequence. o one
cmbodivnenl, ome o more bagleriy i@ malve W the host
arlhropod mismobionw: snd as soch s sble w persiz ioothe
ul ol the artheopod Lor @l least one day, st Least Pao days,
ol Tesst thrce derys, ol Tesist 3w, ol Towst 5 oy, ol Tesisn G

oz erohoslinen e, e is prosvided o methiod e

by, il Tocest 7 ke, ol Towst S5 dies, o lenst 2 daes, af Teasi
10 clags, ot least 11 daye. at least 12 davs, at Jenst 13 dass,
at least 14 dava, at least 15 davs. or for more than 15 clays.
I o emibodliment, the one or more bacleriy persists o the
eul ol lhe arlbropod [or the dualion ol e arlbropod's
L fizapan,

[016%] In » lurtdwr embodiment, e 35 provisded s
msthod [or redocine e susceplibalily ol o boe oo discnse
e isurler aesecinted with o patluggen or parssices e
aintuilimaent, the discse o diserdor 35 Codeny Collupag
[Fsrder (COTYL T hare one, 1o ane enrhosliment, the inven-
tlien prowides o method of treatiog o preventiogz ({212
comprising administerinz an effective amount of one o
more renslically eoEinecred baclerin w & boew, or bes hive
componenl, wherein siid bacleris sxpreds o JsBENA comple-
sy hoa pethesaen or puresile-spac e wene pracduct.
[016%]  In wooher embodiosol, lwre s provided nucthod
Tor nedoeing e @uscepibility ol 5 e woan inleclion
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cernprising Teeding e e an cllzeive amoont nl ang e
more penetically enpineered bacteria to said bee. whearein
saicl bacreria express o dsRNA complemenrary m a pathozen
ur parsile-spacilic mens produst,

[T o seme aspects of the above embodiments. the
pathopen or parasite is Acure [3ee Paralysis Yims (A3
Kushmiv Bee ¥irus (BB, Dsmscl Acute Poamalvsis Vi
(TATST, Nosewa cevgne, delome] wing vinus, Tarrog
desierecator e, ur Sl R Becile, Ticermin aspocws, thies
Mo caranme i A eevmmz ar A apes Tnospeific aspuects,
the pathwpen or parasive-gpecific pene produer 18 an mRkA
encoding o Mosema mitosomal piotein. In some agpects, the
e mtesomal protein 15 selected from the aroup con-
slaliner ol TOAITY, TIMZ2, TOMIO, Imp2, mitochon:lial
Hup?d, ATMI-ABC wansponar prolcins, Froaxin, Feme-
dusing HRY 1, lemslnsin, MATTT esuln-roducime [N,
py v debrdrowenuse o suhunit, pemeeate deleslnoge s
& suhoear, iminchmd il glypoened-3-phosphate deleadnoge-
nasze (Al manpanese-conraminz iperoxide dis-
mrarase (MASCEER, TINAL (LLp?0 anteractiog), lroo Solfir
clugtor TATTL, Cyvatein desullursse Ma01, NARL and BLI1 In
ulher dspeocts, U parasile-spocilic pens produs) iz ATTse
st AL RMA pesly e TORM A pelymwerase [T1 Tonhiaba-
el upoplisds | LAPL o AR upeplotic, by corin aspucts,
the hosteria cxpross ol Towst Twer nun-centisens Qs Ay
rarpeting o gene product of at least cne of Aome lee
Paralwsis Viens (AL Eashinie 13ee Viens (K13, Larael
Acute Puarabvsis Vings (TATY ), Nozawa coraroe, delovmad
WO virod, Foaeroos Jesteector mile, sandfor Smwll Hive
Thoethe, Tocerean wspects, e aclenys expross ol Toosl e
rn-contgos a1 AR Langaetim o gee predoet ol Teosl
L il Acnwe Bee Purolvaays Vi (AP Koshanar Thee
Wirs (K1Y, [sraell Acute Pacalyvsis YUms (LAY ), Newenr
reveoe, detormed wInp ViR Mo destrcler mite.
nilsor Froall Hive Beatle,

M7l 1o one embodiment, the apents of the present
mwentien are Maedl o prevent the fueees destmeter NUtE
[romny Livigr as a1 pargsite o e b, or aoese toenesl Inoome
vanhodiment, the sgents o e prosenl bvenlion sme usad W
provienl The Boall Thve [Becle Fean 1ieing us o parasine i
the b colony. Thenclivne, inonie siheslinmeny, T apens ol
the present imvention are capable of dowro-reanlating expres-
s ot oo pene paoduct of a Vieroa desivectar mite or Small
Hrve Diectle.

72 1o one embodiment, the apents of the present
mwention are weed to prevent a vual infection of the bee or
larvae thereof. | herefore, in one embodiment. the azents of
the prosanl bevention s eapable eldosn-remilying sxpres-
sion ol @ e produc) of & viral mooc

(0173
un REA inlecnle o o prvtzing Acenndhing e une cimlwdi-
e, The rrgeted gene prndoct 35 ane which 15 essenial lie
parngite viability, parsaite reprocuetion. viral replication or
wiral patbopeniciry. Down-resnlation ot such a pene prochier
seould tepically rewull i Eilling ol & parasdle, exlcnnin:Eion
ul e parysile population or neloesd viral pallioscnisily,
[0174] Iv will be appreeidned that whilsl the seents ol e
present inention wre capable ol desemeolating espressim
il s waene proosliet ol pareste or poctheen, 1 4s pre el e
that they domrorennlate to a lesser exment expression of the
nene prodnct th other animals, such as the bee, Acoordinnle
the azents of the present invention must ke able to distio-
vuish botween the wnel sone gnd the boe mens, doain-
reEalatine e lomier woa @mealer exlenl han the Lalher,

A s Tienzing e plirese “wene prodnet™ nelies e
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Acuerhing v anmther ciohedinment tae sgems al the presenn
wrvention do not down-rezilare the bee pene whatsoever
‘Lhis may be eftected b tarpeting o pene that 15 present o
expregee] m e arEel pathogon or pardsice snd ool o the
e Allemmalively, U apents o e proseal invenlion mas be
frgeted e porsse-spoc lic segquaeices ol o wene et s
axpresss] ot in the wrged parasine mil o tie hee.
75 Accordmp to one embocdiment the azents of the
prvscnl invenion Lanl sommenls ol sencs thal sl least
1o hases longe andd dio nol cumy soy soguenes loneer o 1%
buiee it s cooely Tesneslogens te uny Tee-weneme
SeLjUCi sl o ]'II”I'IHTI-SL"I'II.IITIU RO TISLE.

1176 Downeepnlatio: expression of a pene product can
e moniored, lor cxmmple, by dinel delcetion ol mens
wanseripls (o exsmple, by BCRY by dewselion of polypep-
le ) eocuded by il ene o bee pacthneen RMA e
expiuple, Ty Wostern hlind o immmwprecipictinn . by
st al Maligical activity o polvpopties cicede by
the pene (for example. catalytie aetivity, Upand bunding, and
the likke), oF by meatorion chanzes i the porasite o
pilhosen (lor erumpls, nedoeed prolilemion, neloesd vimu-
lenee, redueed motlity <7 md by wsine b aloeliviies
Pl iy,

[017T]  Dovennepulation ol g sl oo prodoct cun he
ellacted] on the menomice sndfor the Imnsenipl level using »
wurcty nl agents which iinerlene with nunscaption andior
sl (e BYNA silencing awents, Rihosynw, 1393
Fvnte ind antizense).

[M78] Accending weoane cinbedinment. e agaent which
shvw-regulanes exprossien ol o el wene paadoct 35 o
polvmclecticde azent, such s an RNA silencmp azent.
Aceording to tlug embociment, the pelymclectide azent 12
erealer lpn 15 buge paird i leoeth,

179 As used herein. the phrase "HNA sileocing” refers
toa pronp of rezilatory mechanisms ez, RNA oterterence
MEIAL, tmnseriplionsl pens sileneinge (TGS post-Lan-
saripliong] mene silencing MTOST, quelling, co-suppras=ion,
cnd psnsTatinal epressinnd medicted e RW A nolecules
which resull in Twe inhabition nr “@lencine™ ol e expres-
st s cesrrespneding pretcin-cudi g e ur hee pacthingen
BNA sequence. RhA silencing hos been ohserved tn many
types of croamsms, mehiding plants, annvals. and faozi.
RN Tooesne crvbendinent al 1w prosent disclosone, syn-
thesiz of WNA silencing azents suitable for use with the
present wvention can be etfecrad as tollows. Iust, the
pullomen palvpeplides mBENA or olhar Lanmel seguenae is
st dovensirum oL e ATIG slarl eodon Lot A4 dinuele-
ek senpnonees, Cocurrenee nl eacl A3 sl the 3 adjocen
19 nucloetides 5 mocunls] as poieniin] STR™NA el siies.
Profombly, sIRMA farget sites are solecisd B The npen
reacling feame, ag uotranslated renions (11118s] are richer in
rectlarory protean bioding sives. LUR-hindios pioteins and!
ar Imnskion st conapleses may nlerlers ik biel-
e ol the siRN A endoouelesse complex, T will be appome-
cicned thogh, ot sIR™N A direcns] ot incransloted rewicons
ey alin he cllizctive, as denwnsimied loe GAPIH T shorein
ARM A Drechesl un the 3 LT imesliaced sk D004 deerense
o celhalae LA kA and completely abolished peotein
level jsee Ambionl: rechmeal library 9154712 at the
AmbionE woebsilk,

INLEN]  Becond, potential tarpet sites are compared to an
approprinte pencmic database (e, buman, mouse, rat,
eszl, ele, )y ey sy scquenes dlinmenl solisure, such as
L BLAST zollwiure availible [Tom the MCBT server ol the
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NI Puraiive mrwet siles which oxlabil signilicann Tiswsl-
o2y o ether coding sequences are filterad out. L or example.
bogt (2.0, ke taezer sites can be tiltersd ot m this manoer.
(2] Cualitving tarper sequences are selected as tem-
plate for stRNA synthesis, Preferred sequences are those
mehachng Lo 4407 content as these have proven to be more
ellvative 1o medialingg pens ilenceigr as compancd 12 hose
el GO condenl higher thun 55%%, Sewvera] Ll siles dne
prelirahly seloctoed alenw e Tenwth ol e sowel g or
se it lur cvaluatinn, T laenter evalstiom o e selecial
SIRM A a negarive conteol s preferably nsed in conjne-
Tion, hepative contrel siBNA preferably inclode the same
nuelentide comprzition as the silANAs bar lack sipoificant
homuology 1w the renomse Thus, o sorombled ooeleods
seguenae ol the siERA s prelerably used, provided 1 dioes
il displry any signilcant heneelugy o hinsl wene
sl isncLss. e o= nelevanl pothimgen Targil seuais.
[0183] Iu will bo wpprocialed tw the ENA sequences
L WA trmscapls complenoeniry foe DA soguanoes ol
the Lnwehs] wene wlich ane caprosse] o the pamsine (Lein-
seribed o RNAY, and that the acmal complemenrarion
taking place in the KM AT pathways coeurs following redne-
tion of the dslMNA o smaller frapments by the 1RNA
CILEYITIS,

[#d]  Irowll ke appreciatec thar sioee Fereas DUTes 158
their mouths 1o puietors the b exoskelelon g Tecd onhs
lwiz"a oo lemph, the prosanl bovvanlion conlenaplales diliv-
vringz the polvaueleatisle soonls o e presenl mycation W
the hews vl the wenetically cogi el baciera, whensy
they s presonted i the bee™s Tomelymph thensly
hecniming available wo the mite, Thws, aceordiog to ancther
erilodiment. the nueleic acid apents are delivered indicectly
o the mikes dey, wig the boed Do s ambodiosol, e
pronwaler ol twe mueleie seil comstruel 15 epleally opera-
Lowal b b ol baglerial eells

[0185] I ome embodiment suid oueleds deid cncodos an
wIBMA or an soiscnse BEAL Ioothis cuse, the 2IBNA or
unisense WM A rwolocule 35 predoce] e artiregud Ty
loechi e arthmepud w31l The geneticully eogineers] Tac-
Lerien T thas canwext. e noclee acid s prelirhly o vecinr
encoding the sIRNA and  fiuther conmmaming  promoter
sequences enabling the predoction of the sild™A.

[FLB&] T e cibdiment, ol e present invendim, thies
nenetically enzineersd bacteria 15 fed to the acthroped. 1o
principle. every feed cin be vsed that 1z acceprad by the
grthropod 1 b fed, Thos melodes aoy kind mawcaal bt 15
consurnsd anlly by e oo pods, bdependent oo whether
M sl Toad awacolural leed or Taboriwore Toed mud
islependent o whether 1 consunus]l marally or 35
wilrnidstered by mwcwis ol iechnical devices or s Taban up
castally. Ln one embocliment, the feed that is used o ncdoce
the production of the zene encoded mclecules i the archeo-
pods 1s either o Lguid [ocd comprising e zenslically
vapinacred bacleriy, o doe [ood mixed with o @olution
cerrnprising the genetically congineened haciena nra dee lisal
cernprising e weneiically cogineeral hacienn i any ol
theses rmuolations.

[FEAT] A detoils] horein, T leeding 15 cormmeen prsictices
unwigsl bec-keepens, lir poocidiogg o deifunal il
other, for example, supplemental needs. ees tepleally feed
on koney and pollen, but have been koown wo inpest noo-
natiral feeds as well. ees can be ted varons foodsmfts
ineludimg, but ot Jomied e Wheast G duiny vossl gmown on
collam: cleesal, sovhbosn our yvoasl foa bresaer™s wesl,
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rnla yiast) and wesisl presducts presdocs-1ed sinedy oroin
conmhination and sevbenn foue fed ag o dey ok or moist
cake msice the bive oras a dev mix in open feaders outside
U v, Adso uselul 1s susar, or g sy syrup, The addition
al 1w 12 perccnt pollen woa supplement [od 1o boees
inprees palatahilice. e addicim ol 25 we M pensenn
pollen iinpnoves the goality and guantity ol csscitial nin-
il et ane reguiresd Ty bocs Toe wital seiviny,

INLBE]  Cane or beet supar, somerized corn sy, and
type-540 szar svrap are satisfactors substines Tor honsy io
e matural dlict ol ey bees, The Jast taro can be supplicd
andy s g Lguid w hoes,

[ ES] 1 aguad load can he supplicd o bees dnside te have
b, tur cxnuple any al T lellvedng mcthendss TRcien-top
el cembe weithin e k] clenvhar dvision heand heeder,
boarcnan feeder, ete. [y supar may ke fed by placing a
prond o teen oa the mverted mmner cover, A supply of warer
musl be weaiable w bees gt all tmes, Inoone cmbodiooenl,
pum or wavs 0 wluch Doatigs supporis-soch ss wood chips,
ork, or plasie spoweye dre prodenl dane envisdeed, Defuiled
sleszAnien s nl supplamenial leesls e hoes can e loomd ing,
[ cxaple, LIS1A publicanien by Stmslilor o al 177,
entitled "Eupplemental | eacdmp of Honey Hee Colones”
(LIS, Aarenltre Intormation Talletin Mo, 4130

[0190]  AdD tae bees inos hive ane poleoially susaeplibls o
U pathorenic diseo=es deladed henein, Thos, secordige o
s crabodinsaals, the bees con be lonevhecs, [ommer
bz, Tive boees amd the ke,

2] Al proovided isou meethend lur nslocing e sus-
cepribility ot a bee 1o a disease cauged by pathenens, the
miethed effected by feeding the bee oo an etfeetive amount
ol o ouelele el or nocleie seid consiruel comprisinge »
nucleic geil aEenl downrarulyine cipression ol g polypep-
Ble of e bee pulhosan sndéor coosine cloavime andior
slegracdatin ul o hoe patTogen REAL Methods Toe redocine
Tz sisceplbility s bee culivee o boe-Tive oo Twee madie-
pens by feeding olipooncleotides andor polyonclentides are
envigaped. Lhns, inoseme embociments. the present inven-
o cdm b e G boelil any nombers ol becs, [Tomn g L
e v, W lhe eolice boe pepulition silkhin o hive and i
surroumling s I will be apprceidled, that i addition o
leading ol eligumcleeowles amdor polenoslentides ke
reciction ol the e pulwgen lecton sl anlesinion,
entoecement of proper sanitation (for exanple. refeaining
from rense of infested hives) can avzmenr the effectiveness
ol msiment and prevenion of odselions

K114
RS
cunnqsitim el e inventen, T esample, o kL comprising
cne o more plasmid eompeisioz o oeenstic part for the
modular constenerion of o vector Tor vse m generating a
eenslically mifed bacterom ol e myvention o o senci-
ally modilive baclerium conprisne o noeleie aeil wwol-
conle s exprossaun ul s hetenhmgenes oo prodoct, Tooone
aintwlimaent, thae ki ey alser cumprses instroctiomal mbe-

Tl dnventing alse inclodes o ki comprising o

ria ] which deserboes, Tur instance, metheds ol genamson of
a wecror of the iovenmion, mettods of penerating a seneri-
cally enpineered bactermm of the mvention, or methods of
admimizlering o smonctically engineerad bacleriom ol the
venlion w & sl grdoo pod,

LR ARPLS

[0193] The [ollswine cxpmples soc neloded o denon-
strate predemed vanbodiments of e bevenlion, Tt should he
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uppreciated Ty these ol 1311 a0 the are ot the wechinignes
clisclosed m the examples which tollow represent tec luugues
clisconverad b the imvenmor to function well in the peactice of
the mvenion, sml tws csn be considerad Lo constioh:
prclered mwodhes [or 1ls practies Howesor, thosc ol skill in
thee are slwnld. in Tl ol he prosent sisclisore, appercciaes
thert mwny Shanges can b nsle in the spocific srohedinwens
el ane diselosad il =010 vhimin g Wloe ne stnlar resold
without departing from the spieit and seope of the invention.

Exumple 1 Microbionwe Enginverine m Honey
Bue: Gul

[0124]  Sevoral baclerial specics inchilineg Stodesoessaelfo
alvd. Barvoralfa apis, Gillfamella aricoala, snd Parasacoha
Fibaterar apdea om e bes ool wars coringcns] o exphess
Twterndewins wenes. A hresd Tt mnee plasand
phAMIBATINT wors ] 1 eepiss the Tetemlowons gene, 1L
wis Then confirmed thar these moditied bacteria can cees-
rablish and be maintaioed in bees.

(5] A wvaricly o Draad Tkt mnge prvmnlens weere
tested tor their ability to express GrF17 in vt in the worions
bacterial species. The prometers that were tested iocluded
FAl, A2, BAS, sl op2f (EIG, 1 Fur 5 @fwi, all ol the
pronwalers halod resulicd nsimilar expression ol GET, A,
BATS, arud ep2® resuluad in Tagher GFP expressinn s ounn-
parea] fe B dn O ageieeda. Finally, PAT was ohsoreod m
T e Trighwest cxpressionn sl R o L erees,

e

v 1 Tonetioe e the Twee wol, e enginoensd snmans

Torsleternvine 11 the mgsdiflicd haciens ool san-

Sweafeasnatio aiv el Seceatie snereecease pooslucing -
FESCEIT [eTens Were woncilated wote nerm-free bees and the
outs were flunrescently imaned 3 doys later (11K 2] The
contra] uimoeyated s shovesd no Quarcsoent sipnal, Cin
the otlier hand, bees inoculatcd will idwer e & acscacsans
e s Tl ewproision el the iesescenl proteins. n
wlklifn,  co-inpcnaton with hah
el i cxpressiun ol el i rescent prsdeins.
(197
L] spoecies b predoce dsRMA T Toaney e, the Tinend
bogt racee backbone plasmid and the knewledze of pro-
moter strensth i bee put species were wsed to pooduce a
el A-producing constooer (1165 30 Lhe constooet has
Nunkine browd monge promotars daving BRA runsariplion
ul'thse tubuolin alpha-1 chuin-liks pens CAdpds selfifese (honey
o)) The Seodganasnafo ahd wh132 siein was sl m
proslice 8™ A pdtng The censtrmen il s hen wnowen in
cultuees in witro for 48 heurs, BNA was extracted, tran-
seribed to ol N A, and g1 was performed, normaliziog to
bacterial 165 copaes (117, 40, The bacteria was touod to
prodlucs dsFMA o vitmo Tor alphy whulin

4% Mext, it was determinac] whether the bacteria would
prodlues dsERA o vive i bees Bees were bocolaled with
5 ol capressine Terosine Hwdroxyluse ¢ TH) dsBMA o1 o
GFF dsBIMA comwral, Adicr 0 davs, guls waere honwosenised
uril B A won extmcisl Quantitiiee BT-PUCR wis eed m
wareds The relafive unwnt al T RM A present in the gl
comparad tooan acmio eonteol (191G 3.

Minescent shsnng

Treeder no pest e alnility ol the cngineered Tae-

Ixample 2

[y Lhe bad-host-range backbone was waed o kil
mn dsldMNA-producimp constrnets o te@st an vive. Inoone
construel, 3 deBENA cassellc oot alpha-tubolion, an
wienlinl bewe ene, wuE used, Dosvnmegrulylion of this csscn-

Lnduction of BNAL W Loney Jdees
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1l wene Ty wslociien ulan RNA respuonse shooll resalnin
wnereazed mortality, Newly emerped workers were colonized
with 5 o wh132 containing dsldNA constricts Tarneting
alplw-tubulin or GFP-contr], Survival s mwonilore] daily
(FIG 63 The baocs with deRIA comstruels lunmotinge slphs
whutin seere rhsereed e b Increwsed nnaealite, Thins, the
ricresbe-prvlnced dsRMNA cun induces N3 0 e i
by hewss.

[z The second construct that was tested had dsld™a
lrEelioe ol rogine vdmoxylase TTHY Boees aers mocu-
Latexl weith bacteria conlyinig the construst anoctinge TH god
Moz alviliny b dmdce o sysienne RNAD response anl disson
risg i e wene transcrption i ot Tl siles ses doete-
rinele 100 T shivwes ot Thes ds ™A consimet was ahle n
wduce RMAL and deworepulated expression of 111 in the
bea hend. Vheretiore, the present methods con be nzed to
engineer bagleriy which s mirsloced w0 bees s midues
expression ol u oo or buduse BANAT dralns @ L] oo
Tl el anwy Toe hrewdly osclol Tor s nregolanne
by T wenes loe research as owell as dncdusiRal ses 10
innprees Toe Tl aend T the iinpact ul hee pacthngens.

lisample 3—Materals and Wetlwds

201 The plasmids nsedl for the above experiments were
all derivecl from the rt1010 vrinin from the pRARIIETI
rvad hiost e E - cofi plasnu:d] The pB TR0 plasiid was

myein resistanee [P BAL T e pIVTRETO T 13 plas-
il crprossing 2-Camen Huesrscen prodain wis sl 10
wulice gene exprzisiin i viva, The pl3TKS42 plasnnd
(It L7 expressing dslhA apaiost P was used as
contil i dsl i A experiments. The pl3 RS plasmic (1910,
B0 cxprossing JsBNA auaine] beg alphs lubulin wag uzed
Lo show i vive killinge ol boes sl caprossion ol deBMNA in
wilimn, VFanadly, the pl3F RSN plasinil JFI0. BI exprossing
Sl vt Temsine Thedraslyise wors sl o cenlinn
i ok dowen e Toewd Tn e

lisample d—Oencae Higineenmg ol Thee £
Ylhicmrhimne Factena widh o Tollan Toe Mndolar
Aszembly of Jimad-Llest-Ranze lasmods

[0202] A preliininay scroen with o vanety ool bresl-lwst-
rangs plisnnids was perlurmad wich dillizent replicanon
criping (1M, pl3HRL. WKL 101N and antibiotie resistance
muarliers (kanantein. ampietling chloeampheneol, spacting-
irvcin) for their ability to ke transferred by conmpation and
slably mainluiues] o two baclegal spocics, 5 @l aml 43
apicoda, which aec boll abundsal oo he honey b gl 1FIG
I6). Pleannd pW RTIIRTTTL o synthetic plusimil contaimine
an REFIOHY nagan (Furste TR ceal. 1986, Gene, 38:110-
1317, was the most wersatile: it replicated in both species.
Plasinids contamingz an REFTD oreio are knewn o be
extremely  oad-hoseanze (13108 beeonse they encode
multiplz QOFFa2 hut make tham less depondenl on the pras-
ey ol speeilic protcins mos losl aell [or eplicaion (Tam A
el ul, 20050 FTURS Yhicnobiol e, 348:87-00: Mover |
al A0, Pl 62:57-700. Additinally, they wondain o
pronusenons orzin of tansfer (or 1 thar enables one-way
trapsfer of the plasmid to o recipient cell from a donoe cell
encoding o conjupation apparams in trans oo the chroomo-
siomnu, such s E cofi RIEDpir (Feriores Lo o al, 20010, T
Busteriol,, 192:nd] 8-a4277,
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(2053 Becunse ul hese chamctersties ol k37T L
wis clecided to create a el of penetic parts tor hierar-
chueal and combinareral assembly o its S0 T0-cerrved
kb [ wesline b sddivions] speeies (FIG 240 Those
ETE parls are compalible ity the Golden Gule eloming
schinmie ] by e Yoost ToesThin O¥7TRS (oo M1, 2015,
A0S Senth Baul, 0075030570, undl conmosar pars ren the
¥R ure reguiared lie 13T asscinble, IVTR parts wre clus-
sified inm ewht types defined by the specific flanking
overhanps penerated by type LS restrietion enzyme cleas-
gz, Enly werlors conlainine oy comploie el ol pans
labwles] 1-% cam be combine:] via ooe Bsal Golden Gale
wsrenthly rewctinn e o cenplote plasoad (T 830 Thas
waienthly crowles o Stuge | oplasond comprsing pars 2-4
Mankis] Toy cmcanbly conmectin pads | oamd 5 with vecinr
hackbone components o parts G-Bo ranscrptional unis
from maltiple Srtane 1 plasmids that have matehing sets of
coes e purls cdn be Dnther somposed mo oo voelor by
Slane 3 oasscmbly usinge BamBI (FIG, 90,

[0204]  To creaw: BTE veclor backbone parls, e Liglh-
copy oumhar bacterial ColBEL ongin ol YTE parl & plasmids
Camp®, Kan®, Spoc® pwas noplaced s il e REV O erigin
livmn phAMWTIAFHIL These Tuclchenes i e an'l™ lisr
clelivery mto recipient cells via conjusation. which is vseful
for penetieal by modifying bacteral species and steaios lacl-
e catablizhed chemicul or clecirical vunslonoalion el
s, Ioo e oreingl T TR, Tepe & awd 7 pants eooods »
vosel murker and @ vessl origin, respectively, Tvpe 0 part
teerdvines s opumessced e lambiogg a0 PHA soguaies
el an optivnal mddicieea TOTES (ioch as g eprressary in
the reverse arlemation relative to the Iype 2 part C1FS, and
Ispe 7 part overhangs thr incorporatio: an optonal reverse
promwler lor doiving cxprossion ol the pan o D2 A
conrhined Tepe: -7 [nker (BTRE301 ) can b used m lieo of
thase pans o croale oomstruels ekdne s exim movorse:
wone, TTwse wechom wores wsad fe constrnet o vanety ol
plesnnads contaimng o single Tinnescent prootein iven Ty o
broacl-hest-ranze prometer, 1o baild moee complex assem-
blies, such as those with 17 BNA polymerase driviop
imcloeible expression of GFT nwlipls svealans om Beal
Slane 1 gssornbly o8 Sage 3 BemBI sssembly woere
conrhined, Mulable componcnts of e BTE that cxpand on
the set nl wenetie ports weailable in e ¥7TR e compotihle
wsrenthly inclnde: 3 B plasiids with izt andlietic
resisTance cazsettes and cel'l as Ivpe ¥ orinin parts for Stape
1 assemblyy 2 BILR plasmids ceady for Stape 2 assembly
(Spec®. Kan®) 11 bacterial promerec/12]$% combinarions as
Tope: 2 pans: O mewy D% melodine E2-Crimson ¢ Suuck B
L oot al, 200% Bicchemisiry, $8-8279-8281 und Nunolus
(Hall B P oo al, 20020 3075 Chemn Thnl. 72184818577 liir
W vien wistmlieaien g Tepe 3 parts: 3 hacteria ] wernanaines
as lype 4 parts. 1 transcriptional cepressor (acl) as a lype
i parrs 2 0K -oeipin plasmic backbones to assemble suicide
plasmids for gene dismprion or cheomosomal modificarion
wnil pro-dssenthled plasmids wilh BHE pronwolers Lo inumnae-
digle hling o new baclersl s,

[0205] I summuary, BTE, dw sl Qolden Gale woalkil
designad specilically ur the cembinaweria] assemblye ol
hnend-hesst-rage plasmids wews buille wih the wim ol
expanding synthetle hiolooy wote diverse bacteria native to
oon-laboramry envimonments. I this sk, 191K was
applied to modity bacteria tound an the hooey bee zur
rmicrubiomms, These specios are vpieul o meny other bac-
Leris matural micrebinl commonitivs ol inerssl ey e
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ey heen culiored resem e, ane phvlegencticlly diverse,
and have tew or ne established generic tools, Mundamental
118 compenents neaded for nenetie moclificarion was vali-
duled, bcluding antibioie seleolion mutkers, oonjusslion
procedunes, dnd promoelers 12 express proleine under eonsti-
wlive e ambnahle ciodml O simins cowineens] sath thie
IV coslumize the gows el nes Dy eimengad boes, and Tunres-
conl in v imaeing v lod o charmciensbe spanal disin-
bution of each species in the g,

[0206]  The speeics voeineered v wilhin e Poolvobuc-
lerda, o diverse Grom-nogative phyvlum thal 2 9 coownon
curnquanenl ol animal- and plun-assecinte] cmmmmniines.
Althggh A has oot et hoing Tested mese headly, 151K
conponents shonld alao be usetnl tor senstically modifying
other bactera native o other natiral contometies. he coee
of the 151K 15 the REL 100 plasmicl crzio, whieh is Lo
o meplicats 10 diverse baclerial Tesgres ncluding Cvuno-
Buctcris, Aderofacteriom, wnil others (Tain A ol ol 3013,
FERS Blicrbae] T, 3348:A7-90; boyor R owoal. 20600,
Plasinisl, &2:572-F 1 Tan A cal, 2004, Mucleic acids Kes.,
42:plo TS -2 130 Ulewall 13 13 et al, 1974, 1 Macterol,
TT7.283-200) The IFTK alao inelndes promoters that have
previmsly been stuvsn to funetion an beth Cnam-nepatiee
and ram-poive busleria CJenson TR ool all, 1998, Appl
Envimon Microbiol , 04-82-87) The BI-Crimson reporicr
sesne Muesrsces ol lar-roed esciiien wavelonuths, sdach i

el e an vivo dnegging ul” hacieaa Minonwd fissines in
hosr-associated svatems (Bteack 121, et al., 2008, Biochem-
BT, dER2TU-E2ET L While beoachost-ranpe plasmids have
alreacly bean extensively used to stuch newly molated bac-
lerid o the past Mlewell T B et wl, 1974, T Bacleniol ,
117-283-285%), the combiylorial mature ol this oes ookl
rrerloss G0 prssihles o st mnMaple amihiotic resissnce inerk-
e and promoters, wIach ane moee dilicol! we replace in
plasmics that rely oo elassical cleamp appmaches.

[0207]  Slaoadurl purt delidions eoable mesearchers W cos-
lomiss # laelkil by wdiline mew cupubilites [or their own
applicatienss, as A0 wos dune with ro-psing parts Fren thae
sl fesn Tkl TR T B Hoeall 20050 075 Syl [3inl,
AATSARRL Repuriting antibinbic resdslonce cossedas and
replication oripms wte different subpacts and adding to the
Lbrary of choices available for each tunction alloss nore
combiuions ol satibisies und omgins W be wsied wdwn
[rst workigg with @ wew spocies, Ormam-posilive orising,
such s pAMIAL1 (Clewell DB o al, 1374, T Bacleiol ,
TEF2RR-2000, vkl b wspecially wselul s e manipnta-
el arher cunnmn Teest=asaeciats] phyla soch us -
cutes and Actinnbacteria (Mobinson O 0 et al. 2004, Micee-
bal 3ol el Rev, T4:4534768]. | wcher valication of some
BTE parls. sush as e JCWs% and oy wvalams, s needod
o concluds thal ey will [onetion melishly semss diverse
spacics, Ciher cstablished browd-hos-romee wals such as
ToF-trmspuesen anewrting T KOTT @ gl 2006, M
floth., 204454440, Cinmp 11 Anrun-lesaed wene isrupien
(lnweart 11 et al, 20130 Mol Byt 1ol WeRS-G83) and
emerzinz CRISMR methods for tarseted  mutazenesis
(Bam 5 ol al, 2018, Mal hdicrabiol, 333819y could wlso
e dmcorporatc] waky e BTE-compatible Golden Gale
Drmuereork o 1w Tulure,

nz0g]  Application of the IFVK e enpineering bee ant
bacteria enables new approaches to micmbiome research in
these insect species that are impomant pollinatees and mccel
swilenm [or stelyving social bohavior and lesrnings, Eor
example, wene disroplion combine] with uorcsaenl viso-
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uleniiun ol Tmctenal cells an Tiving boeos can be ussl m
mpreve understandioz of the molecular basiz of host-
microbe and micmbe-microbe interacticos and ther rel-
wamae o lwosl el The BTE can also e used 1o imple-
menl g st biolechoolosical dpprosches [or il
threses 1 b Ticalthe For cemnple, 11 ceukl he used m
engineer cennonsal ol ot o dewrnds pesticides e
stpprcts palhogen pepuladions (e paRArESgeness|
(Raogherz A et al, 22, Intepr Comp 3ok, 32080549,
Ihese etfoms could one doy peotbundly affect the health of
the b colomivs twl suslaim modomn agziculiune,

(020 Lhe materals and methods emploved i these
eXperiments are now described.

{210 lacrerial €oulmee

(2] A complee s ol Tactenal strains nsad o this wede
uril thetr sevnees 16 avadlahle as VG T Tlnless ntherwise
specified. bacterial strang & alfv? WhIB2 0 wpiead whkiiT,
Paeaveaceforihocter apivm Wk, 5 apn PRS0 5
avcofg PEBOLES, I, apiz PEBO149, and & ofvi PEBOITIL,
S marcarcens WIOAZE wore groven on C'olumbia gear
supplenwented wilh 5% slerile shovp®s blood (B-COLy and
incuhated o 357 070 an o a B 02 aunusphene ae sl
cultnres. £ enafdwoere colired an 372 07 wath ol shokine
at 225 epm oveer 2 1-ineh diameter &0 ced? ML IDple was
arwl n L3 supplemenrad with 3 mM dianunepimelic
wikl (DAL B oeodf BEC OO0 el B, cofi DH 30 wieme mown
in LB,

212 e anribietic selection, the follewing concenorra-
Lo weone used; soapieilin (L0 el E, coff, 30 waziml 5
afvd, A prml ¢ oapicefe. 20 prml Boapwz 300 el 5
snrererr e, hanvenin (50 pand . fL eady 200 peiml . S
ahel, 20 i EL aedesder, 20 a3 e, spectinmmnyein
(a0 il P vt M pemll Toe &S ahed, M gl
pdeente MY wafml . B e, 30 padml M ogiam, TR0 pedmil.
Nowmarcescens.

213 hoparenal Coojunaricn

[20d] BT par with inehalisallde plasimid CSlnor siein®™)
s wrimen ceermghl, shalang in 1 s appreprate selec-
tive antibionics ancd 122401 (003 mM) supplementation, ecipi-
et strams (k320 wk3T, PEIMNS, 0183, P87,
MIAZE, wkilh, wki2 Snod 2-15, Pens 2-2-53) were
srovenl Szl om #olid mslia, Besipiont and donor swains
et washed o | mL TES, spon down ¢ 1000w [or 5
minnies ). ad resvspoemded s At 1ol ol PIES. These s
suspns wors raxed s el Q0 minn ol recipizntzdenine
and spotrec Cwitheut filter) oote a 18000, plate supple-
mented weith (03 s DAL Donjuzations procesdsd over-
nipht [~12-14 houes) and were scraped from the plate mto
PES U nexl moming, Conjurdlion Dk WOl duaHin
vently @pun doven (100G and waslisd Peiee o FBS W
e residual AR Appresinwncly R ool dis nixiones
Carnd 1200, ToHO0 B Teties) s plais] anw selechive anti-
hictic plates and oeubarec) 2-3 days to obtalo Tsosecojupane
colonies, lransconmpants were pasisaped apain on selective
media and ecofimed by PUR ampliicaton of o plasoid
segiuens and vizible Juorescense, when sppropriste, For e
imitial  brosd-host-ranee plasmid  seroen,  mmscon)ogan s
st Lther wenlisd Ty plasid retseTatien i clocinepn-
e ant S0 e 19115 cells T detenning cimgugatim
efficiency. mating mixtees were serally dilored anc plarved
o0 seleetive and non-selective plates, Conmaation frequency
wis calenlated as the oumber of flnerescent Transecnjupanr
CFL% on seleclive plates per wilal CFUs oo on-selocive
plales
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[OZ15] 131K Crnsermetion

[0216]  Commtruelion ol he BTE backbone s caricd oul
willh Gibson sesembly (Gibeon DG el al, 2008, M hdalh,
R34 5T [l lowing cxtablishs] prvtecels. Noew pan plas-
riitds oo constrncied csing o prosdonsly puhlisliced Beanlil
camesnhly prodescul e e st Towledn (37K ) TR T
al., HN 5 ALK Banth 1ol 419739567 with inserts synthe-
sized as counblestranded 1A alilocks (11317 New ports
wegms clomed o the pT TEODL colry vestor, The BTK ki
wsas e anlry weetor plasmud, conneelor parls MType 1 gnd
Type 5% wnl pun segoence everhanes ol the YUK Tn
cuntresl for The YR Tepe 3 parts el e TPRC T neTusles o swop
cudestn a e Type 4 1enminators e net inclinde o swep cidun.
A st of I3TE plasmuds s available in 1F16n 18

[0217]  Wieusuring BObd GFTY Io Voo

0218 1o measure fluorescence. 30wl of ~0.2 Q1 bae-
terial culmres were pooled on 13-00H. apar plates and
wcnbared fior 3% hours. Cells were seraped inve 13 and
Uy loscled oo anells ol o 30 el plate o messome
Muorcsecnl cxeilation sy § Tecun Spark 10% mollimods

micreplae rowsder ol esciliencamission seavelonute ol

ARAE35 Flonreseont resslings wores civrnected s hland
vilues, and then nocmalized b Gl {Gain was set maoally
and eonsigrent threvzhout experiments.

[021%]  Flow Cvlomedny Aaalysis ol GFT Exprossion
[O220]  As el plae meader messorcroenls, 20 pl ol -0.3
O baglerial cullore vas polled ontg BCOL gear placs god
wubaed Tor 48 lwurs, Bacleria wone sompad o PBE,
oot ol arnd then weni e spon esson {0060 e 5 ininnwesy.
Cells weere messpeisled vidoneosy 1 disropl any Taesliling
and then diluted to -0 €10 n LPLE -zrade water, Cells
were conimersained with 557100 17 red onelee aeid stain
(Thermo-Fishery dnd thon ren ssmples on o BD LSE-
Fortcsss SO0ORT Flow Cylomeler Dl wore aequincd ik
EACEDen w01 3, and 1hen salveas] willh Flowlo v10.4.2
AT sarples wore run under ddentical wedicims, GFP-3
i wits curnsisent threnelent cxpernwents, Moen Tuores-
cent contrnls were nzed o determine foward- seatmer, side-
seatrer, and APC-A [counterstain) pates that were then set
divisloally lor cach specics

221 “To¥-leanspositon m S oo

02221 Far the chinunesomal inseraen e gl inm Moo,
o tA-parental it was perlurmed wirh Foaees, £ el
PAL Ldpar wathy p VNS 2, and A ot MLl with p INT-PAT-
pfp-kan in an B.1:1 ramio. Ceompation procesded for 12
howrs, and wansloomed § apds was scloelad wich kanamyein
gm0 hipurenlsl comurainon

223 Broad-bost-ranpe ofas9 plasmics are erearacl by
BamBl gezembly of 3 parls plusmicls comlaiamg; 10 the
SR mmecrpiansl ol (pBTRGLE ), 1301 the dCash wan-
scrplinnal il el TRET, and ) the Tioend-Tieest-renngge
Fuclchune w3 Cool 10 amd CrolR1E connecess seguences
(pI¥IKS27a) Lo repress =fp expression i &, apis, the ofp
nontenmplate seand was tarpeted by using the N20 sequence:
FOLFLOTAATUCALEIALILIALT (5150 117 N0 Lhe
SN plamid cun be metansciend] vsine MECGAWHODP clon-
e vk Kool al, 2011, Meth B, 4398;,29%-400)
[aetly. in REGAWTIOP cluming o euhle-stmmbs] PR
it contriming the seguence change e e anndocsd,
bt etherwise identical to a portien ot the plasmid, i@ wsed
a8 a “mezaprime)” to re-amplife the whele plasmid io a
second PO reaction.  Decause the spRNA - tarpeting
soquaeye 15 shorl, 31 1 poszible e melele & ness @noe
sogquaacy [anked by 200 bp ol homolsay w g plasmid oo
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vither side inoune ol he primas wsad oo e anama] PR
reaction o penerate the mezaprimer Lhe fully assembled
LIRISENE plasmid (pld TEATEY was conuzated into &, sl
wll chronwosomally mleomated A -ulp, und GFTY NDuores-
e way measunsl ws abov,

[0224]  Chovrwsomal Dismption wsioz Casd and | ogwolo-
vous Beeombinglion

(0225 Masmid pl¥lK&0] eontaing Llasy deeen by the
kanamyem resstinee pene promoter o the booad-hest-
rine hackbone, This plasuud wus conjuzuls] nls 5 ofvd
whB2 on apicofe wkBY, und B, apfs PEBOSO and muin-
tined with spectinenvecing The CP25-dnven sulRbA 15 m
plsnnd plFTRETE ad con e meangeted osing RO A-
WLHN cleomp (Mivazali K et al, 2011, Meth Linz., 495,
g, A full description of homoelopy doner plasenid
asgemibly 15 available w L K 23, rietly, a peoonue homeol-
iy sl upstrzany ol e pens o micnes! @ distupl or
replace s smplilled with Tepe 2 purt ovethoes, and o
orwnstrcenm gaenesroic Twrmology sewnwnt 5 amplified ws o
Tepe 3 pare. Dipsiconn Twnow gy, anibaulic nesisbnce cus-
sefre [Lype 3, and dewmostream homnoloey are combined o
o sinple Msal reaction with Conl. s and CoolRlE te form a
srane 1 aszembly of the replacement casserte. "Lhe tinal
BanBI sssembly melodos; (13 due soBNA plasoul, ¢2 e
replacernenl cassele plasmid, and ¢3) pBTES% (ROE. sui-
cide plasimil bocldwine ). This Tinad assembly noest be rns-
livrmis] int pIrt strsins, sochows O TO0TY ar BT Ipir.

[022a] Elcioney of Chismosomal Disroplion with amd
el (st
[0227 EBucipicnl Bbf simains (wkB2, wkB2;,pBTE GO,

el 37wk opl VKA, PUIWIS0. PRI 300l TR A
et wvw i P-COH L plates e 38 hoeuns pocer 1o conju-
waliestn Thnar el sbrins wore gressen 10 ligqud culuiares
overniaht pror to conmpation. Deaor and cecipaents were
washed io 1185 and nsed ooa 1.9 eatio (b O1200 and 100
wL weas plates] on B-COL+0 3 mbd DA media [or ovemisl
eonjuEilion Aller 14 hoors, e colive conjusslion muixiunes
wersr seraqod inn PI3S o] weaslusd paioe woreimee kil
AP il dilutans seere plunsl o selecive awar plaies
(-0 4k mamycin. 200 pgiul ) ml nonselective agar
plates {13-£2001.0 Iffieieney of pene dismaption was caleu-
laredl asz (7 of transconyunzant cellsyr of toral eells) o
wenlily sinEle-crossover and doohle-crossover mulanls, o
seTivs of TR reactions wore consducte:d g deseribed in FIC,
33, Brivlly, runsconjusanls wone seravied [or e sppropri-
wie upstrean amd ivwstreenn juoctions wath coloany PO
Powemtial  denble-cmssnver amlants waene then Dothaer
sereened for the size of the disnapted cepion, and ogs of the
stucide plasmid backbone.

(0225
[0229)
vy et lusls descrabed presionsly | hosong, W kool ul,
2004, Pmc MNarl Acad Bel LEA, 1111150811514 1irefly.
pupae wers pulled uocer steole conditions foom brood
combs cbtained foom outdnor hives. Lhese pupae emerzed
im 4 slerile mevbalor  beromine nevely arnepsed adull work-
vrsd wmil wore then soried oo individoal cup caucs lor
lorlwer develnqment in the Taknare, Proe e inncnTation,
rewly cmenged workers woere allmaeed e leed an sieriles
ireadiated pollen (Betterbeed and 30% soecose solution ad
libotame Yo aee indivdual experiment, all pupoe were
obtained theo the same huves Wheo raised i this manoer.
Apds welfifere workars remain uneolonissd by core BOM
lazloriy spocics and show vory Jow Jovels of ooy ronmental

Fahomry Corme ol Tonwee Thoes
Micrivhinl-lree hees were oblaned aml risald
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Fucterc i thair gty (Posell ] eeull, 20040 Appd nvinen
Pucroliol., BURTATH-TINTL U is critical to pull the pupae
feom thames at an sarly stape. before the meuthparts have
hurleoed, a5 laler pupdl stzes @Al boyrin W neesl hive
malerial aod may be culomasd

02307 Ronn- amd Co-lmmculation el Vngineens] 130
e | loney [lees

[0231]  Adler cbisinine newly cowcrzed] workcrs, bees were
clnThed s 42 Rnn 30 i es sl Twen coansl in s sy g
cuntaimmg meispeile] hacienal dueculoin, rrnslorsl 0
cup eapes, and allowed oo zroom each other, The moecnlum
penerally comramed 200 pl . of 013 001 bacterial suspension
conthined wth B0 uwl. of 1.1 sucroserwater solution.
Approximately 30 0L ol hiz sulution par bee was used lor
wwsuldlions (eormesponadine o 107 bucleas per baw s s
ridurst inrwznTavinng. Plae conmmes el the ineculnn wane usoeld
v cnnlirm comeenl mums.

232 ln %reo bmapinp of Bacterial ueden Lang
E2-Crinzon
[O233] o eisualiee in viva cxprossien ol 120 mmsen in

Lwinp hees. a Synpene (rliox hami XX pel doe syatem
was used. 1lees were chilled on e for 30 mun to minimize
rusenent. then wnazed wiing mannfachwers recommenced
s lroeaons Tor Far-nesd Quarcsoent probe visoal e tion; ~Fed
LED™ lighl sourae and “Filler TOEM™ cmiszion ey All
e were ool onder wlenical condivins: 5 onvinotes
axpessire e lur whnle hee ol 30 socunds lir boos with
digsected urs. Lmapes were saved as 111 files for further
analvsis o P (Schundelin 1 et al, 2002, kar Merh,
LaTh-6E2) 1o L fonrescence intensity was mapped to
e “maiplmsema™ seule, A represenlalive bae ot cach con-
dilon 38 shown oo lorller imuee msmpalatiion was par-
lrmnsd. Pnllemenn soales are oss] ler coanparing Toereseen
Koorceerceny ol Nuerescenn B0 specics doe i the
wereazed  fluorescent peotein produerion and Titer ot M
SRR R

[h234]
[h235]

Pelicrisiomy core oo Aeise T L aser Scanming Conlucal

Camlucal Flnnrescenee Micnosenpe
FFlmrnzsient ineeges weens ohiminesl ol e 107 TR

ricreescune. Deses woere clillesl amd lwen dissccns] G cspose
recriut. ilenm, and nudpmr, Yithear punctoring the ant, the
entire put conmpartitent wis Transtacied tooan [hdi p-12ish 535
mm (CAT SR115 snd hen placed oo the misroscops
Trnsgres wone Labcnowlll s 200 objceive and Hled vz Zoids
salivarne, Z-staek 2-chammel Noorcseon! ma@ees ware Lakon
cn] connbinesliesang Tinens solvware, Tnersity nonandiviluoal
clinels wos Flse colored v ciernesponsd wo sposics-specilic
coloring, Ingplay intensity of individual channels was scaled
Lneacls to awl m visoalization of difterent species, but no
Torller i lonmstions or backaoond reducion wias used,
236 qUCR to Assess Colomration of Stas Mutant

[023T]  Ahselole guandlicaton ol Tas rl™NA gene copics
spectic mo N ol was performed as described previomshy
[Pomrel] 110 et al, 20006, Poe batl Acad Sei UsAL 113
13EET-13002). Cobouts of newly emerzed bees were hand-
Lo il equal smuounls (=16 CFU bee) ol cillwr wild-vps
Sealel or e st mutsnl, Control bees wone mainliioed
idertically i renenne] neaneculansl, Aler Do doys, Nve
bres o cach grup waene dissecis] and TN A was fseTiwed
feom mdivichnal bee purs nging the cetyltrimethylammoninm
beonude (L21AIN exteaction methed outhoed previonsby
(Permrel] 1 1vet al. 2014, Apl Fivion Mieeobiol., SR737TH-
TR Aller eximaclion, 5 afid-specilic primers wore ugcd
Tor quandilalive BCR sl absolule quanlilicalion ha@edl oo
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[0 feaTed cliTonaeen nl the o segquence in o po VAT plasanid
wvector, Weactions were 1o i trplieate.

[0238] COuunlilicyion snd Slalisical Anslvsis

(0234 ALl clata processing and statistical analvies were
chone 11 K. Ko kal-Wallis canle suom tests were used to assess
siziitieanee o the dasy pene repression experunent and
the Caus-assised menom: moadliealian crperimelE,
(240 The resolts el e expenimens are s desenhoed.
(0241 K Plasmuds Function o verse acrerial Spe-
chvs Fourd n 1w Bee Gl

0242 It was souphr w0 explore the hest raoge of the
FAF 100 orizin used as & basis lor the BTK 1o the conest
ul  Janger wel ol bec-ussociated basterial Simims Soaulla-
sl 11w mewled To kool snibiolic nesislanes @ones
able o Tunction i cash Tactenal st T do ol e 137K
plesnnads wens constrncisl coch wid u alilerent andlietic
resistance mirker aod eneoding CAF1 doven by the 1740
promoater: plELRSOT (Amp®)L plIIKE Y (kac™)l plKEz2n
(Spee, Bipsrental malings were perloomed betwcen B, cofi
MEDp donors containuy sach plasmid and b mol-suso-
cldled simains (e Bdelhods1, Sable mnsconjusanls wone
it live all i e Oirmm-neganive stroins wwesbed winly ol
Tewst noe nl” hese noe plasonids ws venlisd Ty Dother
passaning o antibwotic-eootaining media, PUR amplifica-
tion of plasmid sequences, and L3117 expression (KT TIA).
Soggcss[ully mnslommed buclonal speeies inelude Adpha-,
Borta-, sund CGymmuy proleobacieris and simins zoldled [mom
dillerent bee spocics L4, mellieps, Bowldns toresnis. Sow
Ay aeyaentzns, amd Jombie penaveraiens). Soeveral ul the
Tacternl spocios LY e, U apdraoder, 3 aeeie, sl Sarasae-
vhvre e ber apiumy are phvlosenetically distant from agy
established mwodel omansms and  have o0 prevousty
reparlad monctic leols, Tonzler of the BTE plasmids s
eliient, with =107% rmseonjupums por CEU for Lour
diverse baclerivl spociv (EIG, 0B

[0243] Idewilying Funetonsl Fromotcrs m BGR Spocics
(0244 While some sequence feamres of transcriprional
prototers are coserved acress bactarial species, there is oo
sianmieye that promwoters desizned 1o [unelion o modi:]
ungarmsms will [inelion clloelively nooew bacleaal iZolbles
T s vataral connmnmary ol innerest & Tioer W 1R el
200 70, Ptk SAR-S5E T 31K nchisles THTR pronwes-
eri wrnd RI1ES convhimams s Type 2 pares ot can T gsad
o bl plasnuds to identity funeticoal sequences for ditse-
mp protein expression wn new bacterial hosts, The funerion
ul the BHE. provooicrs AL cpBTES0LT, TAZ (pBTR 0w,
FAZ (pBTRES IO, and CI25 pBTE S0 woere compared o 5,
ahel wldd¥2 (R apeheda WK1 M ande PHBEOT S il 5
ey BINAZE all asnlied Trenn Tiesney bowe winl cunn-
mmnlies. Promoters PAT PA20 PAT are sirengg curly pin-
meters from bacternphape 17 (Biebenlisr Lo 14974, Nucleic
Arids Res., G 1HIS19007) The syathetic £2°25 promoter
s orimimally desioed W lonelion o Lectococoys Sains
(Tensen PR el oal, 1998, Appl Bovinon Microbiol | 64583
BT unel e 13 TR inclodes othier promaoiees oo ik senes.
[0245])  Tlsingr Dowr oy loms iy, uomeseonl prolein Sxpres-
wion [rom lhese promwters (FIG 1040 was charselorisd,
Thuese prenueters display siwnilicant varability n ucdvity
woruss sLeins when ey e oll feseed with Te sone 2135,
As expected, the promorer-12135 pairs tanction most stronzly
& weaereseens, which 1z most elosely related to 2L redi 1o
the erher I3Crh stiains, expression wos wealier, but there wos
g osiomal dbove backermmd Tor mosl promolers thal soene
ested il this RBS, Flooeseencye s penerally Jower n 5
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erfve, O arpdeade, and Bl e ie s o fL endi Do £ eali
the dagrri bticns of tuorescent per cell tor the 17242, PA3 ad
L1025 promoters are noticeably bamodal. Lhis may be an
nlrnsie praperty of e provmoeter o duc o the seeunmilalisn
ol “broken™ plagmids with mutations thal insedvals burdon-
serrne Gl P empressinn (Rleighe 50 el 20040, 0 el How.,
AL 20 T OB s, with e exceplion ol OP25 a0 (7
arpfeathia, hose st huniens e oodmeslal, indicabimg cunsis-
tenr flucrescent exprassion acress sinzle cells. A3 axpres-
slon weas strenz in b wfvl and this ebeervation wag nsed to
dhgirn s conslitodve E2-Crimson-expressions  plasmid
MPBTRSM W wsl vxpression mvivo, g3 deseribed m Jaer
seciiens, Walilation ol wlilitona] paets (E2-Cnmesonn, Nune-
Tenz, ansl oo CP-senes premestorsy s availahle an 05 20,
W52 1G. 22

[0246]  Trslucihle Cicne Vaprossinn in B0 Species
[0247]  Imloction svaioms arc regquincd [or e wmporl
conlmol of wene cipression, sud arc oselul lor leslios the
[t moles el nvierelues inognL cocinemons (Fam 13 @
ol 20070l TREFAZ-558 ). T Tacl indnction sysieng
wele tested! one sinple system compesed of a mnditied
L1225 prontoter with lact) sives and o mere compleax syatem
thar uses L7 RNA pelymerase (17 BRAL DTIG-mduction
ol theae gvslems wig lested i F, cofi MEFDpi, & ol wkB2,
& aeicola wkBY. B apis PEBO1S0, and 5 wakcascons
MIIAZS The siinple sysiem |pl3TREE2T sluwed nahusi
incdiction ol GUP 2 all sirmins wested (TG THAL Tnwemssi-
vzl O/ agdcnda 311 expression with this sysrem surpassed
thar of A redt and N marnescens.

[0Z48]  For e 17 RMAR sediem, Twe trmnscaptionagl mal
plasmics (plINK330d, plyI K341 were buit, one bearg
lacl drven by the OU23 promoter and 17 ENAP aoder
control ol the Indocible e promoter snd the other with GFT
xpresee] [Toom o T7 provnster willy e sies, and conabined
U 1ol o covaposile plasidd ¢ pBTESSOd, (FICG, 116
[t ek slrenng 10 5 meaccevcesey S TOAZH ol £ enald
AT with sl GFP exprossion aller islucien
surpassion the simpler system i which lacl direetly resu-
lates 431 1Y empressinn. |lowever i OO apdeado WhIET. & ol
wkB2, und B, gpiz PEBOLE0, »weaker mdoction olDGER was
siovn compared e siapler systeny The caose ol 1this weak
SAPIEEIon i onknowan, I may be dus o opoor mn=seriplien
ln e Toe proomaier davine T7F RMNAP or weoan inwnnsi
ik lite heseeen 17 RMAP and e aunsmcecInTar
envimnment in the 130 species tested. In all straios. the
wducible 17 RMNAL construct stonwed appreciable back-
preonnd expression when oot mduced.

[0249] CRISPEL Eoprossion ol Chromosomal  Gens
Expression i Soarroralfa apis

[0250] BTK was wped 12 suppress gens aelivily nou BOM
bFuctermn, Cotalviic sl Casf (s Tuve hoen
s o nslose snscaplion ol e genes, an appnesash
termed CLEISER nterference (GRS o diverss mam-
raalion oand bacteral systems (Barsozen 2 et al.. 2017, Mat
Mucroliol., 2:1-00 To expand this appreach to osw non-
mlel baclerial spoeies, s modilicd] dCusd svslem was
atablished o which anreiigr 15 achicvel by o BTE punt
aicrimg o osrall woide BRA seli™A ) JFI0L 1247 (hleind
I¥ e ol 20035 Mocloic Ackls Kok, 41742074377 T o)
the system, the soNA was tarzered to a 1A -deiven 7l
pene n Boapd PEINSY, which was insermad o the
chremeseme vz Ln7 -based ireneation (Ched K1 et al,
205, Bal hdelly, Z-343-3487, GFT expression was siynili-
contly reduscn m e prosence ol & 2eBNA wrseled o the
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GUFPF seguence (FTGL 12130 Oooplesl wath the inductim
syslord, (his wbility o repress o lareel gene coablos [une-
tinal shislics il esientin] wenes hat ol e disrpad
entirely.

251

[0253]  Gene distuplion 33 8n imporidol 1] [or stallish-
ing wene unctin and - e stindying amterctions boeissen
nenes. After identfinp funcrional aotibiotie cassertes inothe
eanrhicr plasmid-noplication sermsen, A0 s atzmpled T nwes
bl oeois recombination to dismpt choomosomal penes io
the BGR simains, To improve the cliesey of wrmsled mens
clismprion, a two-step approach wag implemented based on
e Cas® eleaviee [or chronwsoms] modilications Barm-
i 1w ol 2007, Mo Wicmind, 200200 peee Motheds),
In s#lep ome, Caed is lvoduec] oo @ ecll oo lhe BT
Tk e (I3 T KA witlont any targeting suli™oA, T s
™, a second round of conjuearion 1i wsed modeliver o
stichile pleesnind wAth e replucenent cossetie =00 T
bonoloey flantang a funcrional anribietic resistance pene)
dnil e sEBRA arzeline e degived chromosoral lasation,
Ihe swicide plasmid s made with Cmolden Crare assembly
e repurposed] Tepe 2-4 overhanes and ao BAk onpin of
rephicacin [P 1340 VIGL 13130 1T suRMA can be
retrizehed usir MBGAWHEODR el OWbaaeaki K, 2011,
Mol T, 9539030607 (e Wil A detailod deseap-
tion ot swicide plasmid assembly and walidation of outanrs
i sheswen o TICL 23 1 was capected o Oasd clenenyus
miaht facilitate recombinaticn mto the chremosome and thar
il alaes soelor! aunins] i le-Cresssevisr 0L RLiens, 1
which the swcide plasmid backbone g incorporated ote the
clromosomie,  beduse lwey proserve e clesvage sils,
whereas donble-crossoner inteprations ceslr i replacenant
ul e lrmatod oo saquanee with just e aotibioue mesis-
s sl ad delete e clenvages siee.

[0253]  To hegl tue utlily of his scheme, 1 asus atlemplad
L gt he gana slisrnplies inleee B3OR spocies. Tn s ade
B2 s (SADWERBZ BS114707 wie lnzelsl, an aodhe-
s wene presinasly implicaislan o gemome-wade sereen ws
prtant tor ot colonization (F14F 240 (Poweell 114 et al..
200 B, Prne Mol Acul Sa [ISA TR IARET-13R892%0 In o
apdeedte WY acetate kionse acled was targeted (AT
FA125357 (FIGr, 257, wndl in B, apis PEBOLS0 nicale wedue-
tase narty (L S0_LLS00735) was tarpeted (L I0n0 200,
Homoless repions were desipoed o ke nternal o each
coding sequence. o that even single-crossover events womnld
disTupt mene [unelion For & afei wkBZ2, the mulli-siep
wyslod howaed hivher ellicicney comparad 1 buzie lonwlo-
wuins reeesrhi st vsing st To e prossorse nl Cost),
wlel32 nmnts wens abtained o Tregoently wisl weere
meee ofren donble-crossever mutanes (FLEr 10 1o con-
st B oapis LIS shomred relatively biph aene dismp-
tion efficiency even in the absence of Clask, and the ¢ asy
syslord ladl Lle eliel on boproving e nuunabar ol doulbls-
crossover mlbnl: (FIC, 1300, In 65, greicoda wkBT e Caus
et dlio nod Twlplind, aned e desuble-cnassnea mutanis wers
et TG0 B30 T O areeenader w37 nbints isnlawad
shiowad) grregnlar U amplification at the expected june-
tioos (M3 251 indication that ot could oot etfectively
clismpr ackA, perbaps becanse it 15 an essential oene 1 this
speiet These cxporimcnls validated (s seneral spproseh
o wene disruplion momulople BOM spocies,

Cst-Againiod Cone [hsmpien i the 3058
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[0254]  lingincensd Simins Columiee Peses and can he
I Hrectly Visoalized in the Llenm

[0255]  Dosl e abilily ol cosineeed BOM @omins (o
columia: new by emereed worker bocs romaeyvend rom e hive
betiss oy noguirne aouena] nicrelio seas Tested, Proev-
esly, Soahd aned §F ez hoavs beon vismliaad 1o hees
s tlueeescent in sitn oy briclization (Martioson v G et al,
2012, Apl Pavieon Moerobiol, TH2E30-2540). |lowever,
this techogue can ooly be wsed at ane time oot becaize it
Teguincs gagriliciys the bec o conlras) Duonescent reponicr
slraims can booused 12 non-dezlmoeively celimale baclerial
ahundance amd nhseree Tues actera] coanmmminy struciore
Clinges uver tme in Tive bees, Provieos stiddies hawe
examinec] b & ofid colonizes the boney bee gur (Kwong
WO et al, 2074 Proe Marl Acad Bel LSAL 111011 500
11374; Lnpel 1 et al. 2003, 1 of Ap Wes, 32:1-247, bt
columigation by 3 geicafa, B, apis, and & marcercens has
nul been mveslisated (Ravmaon Koo al, 2017, PLe% Biol ,
1522000841, Turad ™ 1ot ol 20040 Plasl (e,
T AT TE2) Mowly emwonged warkers witl =100 CUL per
bea of either & morceveens NIDAZE or 8 ol whil2 was
wmcnlated,  esch  carrvme a  constioroeely  expressed
[2-Lrimson fuecescent protein (pliNKIT0) After 5 dayvs,
s Irom each gmoup wers dissected sod el guls weme
examined (FIG 140 Fluorescenl bacleris wone suceessIully
it dimsdy In wuts witllwil proparation o lixuaioen,
T!IIU‘iI_"I".-"iI'IE nulunl L'I'IITII'IIIII'I'“}' shclure. & maeeeeny
MI0AZE shews robust colonization in all sur eompartiments,
whule nther spacies show spatially cestrcred colonzation.
A previcusly ceported, S af w32 mobustly colomzes the
eum, @Al Bude colonieslion i the nudaul sod reelom
Avldigonully, cu-oculalions @il g e wkB2 unl cillher 5,
e PEROTED v (0 agadomdis wk 13T cogineerod woene o
lrmns] wr eepress GFP (pIFTRS200 The wols ol cndimiaond
beas were apawn dissected and funrescently imaned o wivo
cn-colonizarion of these defined communities (FIGr 154,
LA 1518 Y hile both B apds ancl O areieedla are found in
U dlevmy eolocaled with 5 afe, duy dlso coladse the
el W conls b Soadi

[0256]  Soadrraccedhs A Cootrthowes fo O Calinie-
tien L Yive

[025T]  Finully, 1 was sowhl o valilale the oselulness of
Uw: BTE. lar disrupluys spocilic sencs i BGA spocies in
ernder e investigane thair Tmeiun. Stad helonws o knndly
el Wala-Tlee aedlicsion proteiie Tinportant e colimsarion
and pathozenicity in mmltiple bost-asaociaredd species (1.nke
[ ¥etal., 206k, Irends Mieeobiol., 14.204-2700.°1 hese trim-
eric AteTEANS porTer proTens Lowalize to the bacterial mem-
rune soad oo “lollipop™ struetoms il alliaae bacterda (o
adbere ke cpillwlial colls (Rikbel T o ol , 2015, Microbes
Tnboet, 172175183 Tulne T1% o a1, 24000, hin 1 Rad
felicrnhinl, 29020002155 Orthiedows ol Tese genes ure
fomand o multiple 5 o pencmes, mehiding those from
honesy bee- and lumble bee-associated strains (Kwonn W K
et 2014, Peoe katl Acad Sci 8AL 111.11308-113141. In
U provioos works scrneeminy o Tansposon motanl librry
idenliliv] sluA MSATWEKEB2 BS114700 s nocossany [or the
i ol Sahe domme ot ceslunition | Pl 110l
2004, Proc Manl Acud Sor LSA L TTRTIRET-138027 T -
ever, It was oot able to iaolate a oaracr froo the Loy w0tk
a thansposon disoapting st and thos it eonld oot fally
characterize and valulare the role of this pene. Lsing the
BTE. o Aziad mulyml was penemated b 5 afid wkBZ as
dheseribiad abowve, The As o mounant and @ aeald-epe ool
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wetrd Tabelsl sl o IVPK plasinmd esproessang R2-Crimsimn
(pI¥ LM b assess The etfects of dismprioz this pene i the
comrext of the bee pur. Lhe wkli2 Astad mutant sboss
reclueed eolonienlion clicacy compared 1o s wilid-oeme con-
1r], a2 mssore] by glMCE ol 8 el 105 rRIA mene copivs
(G CIEC L e colmdaztion padtem al Ui st aneenns
il s Toealveaien witlin e ot (P100TST i disinet Trom
thert ool s A kL-Tepis S (G 110 AlTer £ idays. e motant
choes net form the eontipuows. cobust colonization of the
Hewm wall seen for the wild wrpe steain. lostead, coloniza-
L 32 spparanlly neseielad o small patches, sadale e
majenly ol the deum rensains yneslonised.
Pmample 3. lnzioserioz [lee Gts with

Svrnbionl -Produce] deBIA
[0258])  These ciparimets provide duly o demonsioats e
v ul cngineered wur acteny (Swadgeacedhe abal
nmenipulale hoe gene cepression, haleer amd mmuong

IU‘iT!':!'I'IHLﬁ.

(0254 inpineered Byvmbionts Weduce Yiral Repheaton io
13ees.

[0260) Emermod bocs were engpinecred will gul baslernia

harbwring one of sis plismids: O NE™ bl 5 an cmply
plesnnd commal, expressing o deble-strmsled Bh A 12
P s 15w s RN A ot exprossing GFP ds ™A
C3) TIPS TPl N A with TP wet 10 (4% 5IHYY
F27 0 dsBRA it WY tacpet 20 050 "I 15T dslRiA
wth WY tarpet 3000 UIIWY LS dslNA with 1RV
lanoed o,

[0261]  Adier & dues, becs Tom el condition saers Land
Il 5570 vim] pariicles ol Y

(262 Aldier 43 Tesos, 1w B bidies and Twenwdyinpde ol
the boes wis dissccisl, and RMA wias dsolawed i thias
Tisae. ol INA was peneratec] and then absolure "R quan-
tificarion was performed o deternune viral zennmes (10T
7.

[0263] Engineered Svibions Redoce Bxprossion of Thr-
wol Ciones Acness Doy Tissoes,

[26d]  Pinerged boos wens engineers] with wil Tacteny
Twrlwmng wme nl three plaesimads: {17 “BREP—uan cioqiy
plasmid ennteal, expressing no deuble-stranded R A (2]
Uil 1ea dsh A control, expressiop (L1 dald™NAL (3
~lsTH™  deBMA tanectnyg Tyrosiows Hydroxylase (THL
[0265] Al two lioe pods, Day 3 s Day 8, BNA s
Toli e [moma the ol sl hewd, DA was soncriled, aod
relativ e guaniitien s perlinned Inodetenn ne eepressinm
R LA R

[02646]  inpineered {dur aeteoa Alter [ost Bebav e,
[0267] Bebhoviomal sssays wore perlomed on emersed
Toes cogineenond wicth g haceerin Tarhesring une ol o
plesnnads: § 17 W R —an einply plasonid concmesl, esproessin
tut ible-smaded RN AL 127 “dst P -0 R A coninesl,
expression L0177 dsRMNAL 30 LI dsRNA tarzerion
Isrosine Llydoeylase CLIL.

[26%]  This beluneimm] assay mcwsured seerdve Tenming,
thee alvility el e o Tearn b gssnciaie o soent watle slocle,
Thoes cnlenirsl with Tactenn caprossing Q81T learned siw-
nificanctly mere slowly than bees colonized with conrrel
bacterin (dstrlf*) (171 290

(269 Snppression ol Faesse with Biggineenod O Hac-
Lol
(2T Fiervosr nUtes are the major bee pest and suppress-

e them b5 8 promizing applicalion of JdsBENA wschnolomy,
Euucnzed bees s eogiveerad weitly gl b [Tl cxpress g @1
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Teerst ung LR A e i seguaence specilic b essential Mo
penes.larpets are pregent individnally o az a composime of
mltiple tarpering sequences. This dsld™NA moves e the
e hommolanph and when Faoreg muies Leed, they will
e 5 letha] sell=lanmein BRAL response This is dillar-
ail T the proviuns descalasl BNAT work hecinse the
R™A7 respunse is a0 e verenag nnibe, il the e,

[0271]  lxpaernwent] Desien: Coloniee ees with ol bac-
teria expressing Formar tarzetios constricts (devarmea), cap-
fure love Firvosr mites from bives, expose defined mumber of
vanterd Ml [o bess, aond mchsure morlalibs ol var v miles
T oo ds¥nrod bews, Compare: o gonbol ME aud deisFT
culnmacd hees.

[0272]  Supprcssinn ol daeoer with Tongineens] G -
ILsria.

IN273]  Neesenra 18 another pathopen of bees. Suppressicn
of Newewa i bess 1ioapproached o teo ways. (11 nse
svinbionl-ousliated BENAT w o aller wnd slenehen the bee
o response, od 31 I0eeer lethal BEXAL o mesana
[0274] EBxpormcnial Desien; Colonioe s witl sul buc-
teri expressian Totla] pocsene WM AT or tinmmne-stieneth-
g RMAL eapose hoees 1na delimsd ooimber ol gosesne
spores, after 4B-72 bours, cownt the munber of wese
spores. Compare to conmel bees with ne RNAL o0 contiol
uGET RMAG

[0275]  Suppression ol Sowll Hive Bovtle wilh Brogioeercd
Gl Bucleria

[0276]  1he small have becde as amnlwer inggir puesst in
beclooeping,. Thlilee 79 Farvoer, aind Soseoner, Tesecwar 11
does net artacl bees divectly, but instead 1t feeds on huve
oo ponents. Tharetore, o tarmer this insect with hacterially
wcdueed BRAL the yppmosch 15 dileronl For this o dilerent
Bucterial spocivs [l can live o bive malerials, soch as
Parasacckmihacter apivin v Lactobaciffvg sp T8 sl
Tl Tactenn are i turnoed o proosloce Qa8 A wlenieal
e erseniia] Tave beetle gene. When these haclens are
conswmed by the bive beetle, they wonld kil the beetles o
wnpair their reproduction.

Fxample 6 Persistence of Hnpineered acteria in
Lot

(0277
slitTercnnt Tives amdallosseed nr e o Lol Witlvin 24 Twsons
atter emerpence, bees were woenlated with ~Teldd 101 of b
alvd whk$2 enpineered o constitutively express Lili)® (plas-
muid pBTES200 uml separaie] oo imlividual cops wity 5-110
s Boos wore Lodl susrose sololion sopplencted wdll (0
Sl spectinmmreein, Feery Tee diys, ee we el ooy

T sepenmie cubiats nl boos weere eohined liaon

lmn et ceshnrt weaere disscsted ansl Thoie conire gl conneniy
plated e seleciive medin wilh spectinumypcin T esimatae the
LI of enzineered M e remainiog o their gur,

[02TH]  Across all o Gouwe poinls, oo sioilesnl dilloe-
aoe exsted etwesn e points e o this espoenmen.
Cheer 9903 nl cnlenies wore Tirescent in cuch sinple,
wndicating the nenetie device rematoecd tunctnal (10 30K,
‘Lhis shorsrs that enzineered & afd wki12 persistently colo-
nzes and funetions o the bee por despire Jdifferent bee
Eenlic buckarounds, Beos were led spoclinomyein 1 main-
tim e plazmidd, but ulher sirieeics could b v=ed o o
renienanes e Tunction ol e device in eneaneens] string
1w, chimansnimal incomrtin ).

279 Pzioeered & i persists aod fanetions over the
mcdaurzd Jiletme: of the bec m lihorlone eovionments
Willwut beyz bound by theory, 310 1s cspecsd] wl the
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cngineered gur hocierdn soonld porsist eser e Tilsmne in
hees in their oameal envionment, as well.

Eximple 7 Scquonces

(250
SRy LD M) il
S IZ ) phDCELE
SL I il PaTES
SL I i 2 PaTES:
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