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CONT mﬂm”mm RESSI ON The present application is a divisio

n
applic apore patent application nunber 20004917-1. F@Mﬂ’m’m’ﬂmmm
| NVENTI ON scodda® present invention relates generally to a nethod
nodi fyi ng gene expression and to synt heti,p genes for nodifyi ng endog&pmes
gene expression in a cell, tissue or organ of a transgenic organism in

particular a transgeni ¢ LONTROLMOFGENE EXPRESSION y. the present

invention utilises reconbinant DNA technol ogy to post-transcriptionally
nodi fy or nodul ate the expression of a target gene in a cell, tissue, organ

genes and - o ateetts BBl A0oARIHall ARPRABR of MSHEARIIIAMEHC, o

ot her wi se r effiticationn hemdepPees4d1V-0f an endogenous gene or a target gene in
an organi smwhen introduced thereto are al so provided. ~5 GENERAL
Bi bl i ographic details of the publications referred to in this specification

are col |l ect (FlERD OFSTBEANVENTIONIescription. As used herein the term
"derived front shall be taken to indicate that a specified integer nay be

obtained froma particular specified source or 20 species) albeit not

necessar il y the §bbont’ ifv@ntiAt retRBS| jefstalPUWoCa MethB§CHEInodifiy/Aeng this
speci fication, unless the context requires otherw se, the word "conprise",
or vari at i orexpsessiomend o sgnthetis ‘geoes farompdifgng gnfdogenouh gend GXpEassS t o

inmply the inclusion.of a stated.s l.e : 1Nt f
steps or el éﬁ\ﬁ]?gmgp%f"ﬁt%g rlggﬁbcﬂté ﬁ@géﬁﬁceﬁg%gﬁ%ﬁhg*a?gﬁ{’a'g%ﬁg%n%égggc 25 or
el ement or idHie@ebr Plardl Mdve ParbdBamy)t theqsrebahe@ehtion uliliddwsecombihbhed i n
the art will_appreciate that the invention described herein is susceptible

to vari ati orldNArachrlpgy tapegirisansciptonibnmeriy er spstilatedae experssian okd. |t
| S 10 Dbeoundeiabpdehah 4 Ben fUeRL Ihhal FAIAS GHopnRHE MnEAIH\bIdIRI

nodi fi cat’i ons Irnvent1 on ’al'so T ncYudes al e steps, atures, s
conposi t i onmoved phenptypeds Nowtesyritietio ganesnahd geadtic rconstractspwhichi amt i on, -
individually or collectively, and any and all copbinations or any two or
or e of aai FAPEEISS Ob FOPIEREIRIT ARG U BUHISE (AN S SHBTSSSIPTD &Y B | e
in scope by kT j EiSCh i i { ded
For T he. put 1R e e e S e B e e ot s

conposi ti onsararalisovprdvidésl. are clearly within the scope of the invention, as
descri bed herein.

15 GENERAL

Bibliographic details of the publications referred to in this specification are

collected at the end of the description.

As used herein the term "derived from” shall be taken to indicate that a
specified integer may be obtained from a particular specified source or

20 species, albeit not necessarily directly from that specified source or species.

Throughout this specification, unless the context requires otherwise, the word
"comprise”, or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated step or element or integer or
group of steps or elements or integers but not the exclusion of any other step

25 or element or integer or group of elements or integers.



- Sequence identity nunbers (SEQ I D NOS.) containing nucl eotide and am no
aci d sequence information included in this specification are collected
after the Abstract and have been prepared using the progranme Patentln
Version 2.0. 15 Each nucl eotide or am no acid sequence is identified in the
sequence listing by the nuneric indicatory, <210> fol |l owed by the sequence
identifier (e.g. <210>1, <210>2) etc). The length, type of sequence (DNA,
prot ei n ( PRThosetskillaahih theuant evib rappnéciatef that dbe invendibecdesteibed heareimoisaci d

sequence are indicated by .ipformatjon provjided in the nuperic indLcator
el ds: <211 susceptie B, Yanalass hd TBeBEBFIOE pha e, fase aseatitalyaci o
sequences I BERISEY.LIPid 13 BEndSBEddd Hhat HRDINBRLIGH ficRbsti slidh Vaiaiomt | on
provided in nuneric indicator field <400> followed by the sequence

identifier (og. modificatione40te2jnventypn dlee inckidgaaall @f e stepsedeatises,
residues_referred.to herein are tho [ eco, nge t he, |. UPAC- |.LUB,.

Bi ochor Ea RBRRLICE.ARS i Sutdhy Feislr BB B Wileqtég  Bettis SPRALRPHR C
represents Qydig8uamy oFcolRRtENNEAd GngHindeall dormBiag68§ bp ah{ Wb t? mdfe of
represents a g{\;rl m'dine residue, R represents a purine residue, M
represents Aashstepsor fegtures.ne, K represents Guanine or Thymine, S
represents CGuani ne or Cytosine, Wrepresents Adenine or Thym ne, H

represents a nucleotide other than Guanine, B represents a 30 nucleotide
ot her than Adenipresent ryandioonts aothdel det ilichitedt lier scopes hythenespecifig

nucl eoti de qther.,. ni. V. repr t nucl eat i.de r

Thym ne, D & Oedé'i]%ﬁgs gde%ﬁef?g%t'?%fgﬁgt ﬁgf&t %&% '&%%%%néaaﬁ@é Rﬁrgéggge%ft s any
hucl eotitde eRehfblificatiore oiEg) gmtdﬁ@ﬁalgi-eqmvammcbrbdw@,duampro@fti@hse@nuo
herein) as recomended s by the | UPAC-1UB Bi ochem cal Nonencl ature

Conmi ssi on, Mgthods aregleany Mthinthe scons ¢f the Apventione ag deaeied Bereit. code
One-| etter code Al ani neAl aAAr gi ni neAr gRAspar agi neAsnN15 Aspartic

aci dAspDCyst ei neCysCd ut am ned nQd ut am ¢ _aci dd ud yci ned y&o )
Hi stidi neH Seiqyeneeddenrtity aunbears (SESUID WNORLsaTabing mmla@ﬂ\(rzt,& BRd amino

eyl ant e BRSO RN,y o e o coloctd e ne

Aspar t at e/ Ag{haitragi asBaab&bebanpieparbd LsingthdprddraynragiPzienttn ¥esioh 2.0.
BACKGROUND TO THE | NVENTI ON Control I i ng net abal 1 ¢ pat hways i n eukaryotic

or gani si@ | £agBsMyceptids af apiro ggid,segtense isrigantHiadynhgeseqyanceslistingr ei n
or introduciQgiHo k | agt finy C i : f said
or gani sm ?I ’g{é X‘gt“oéﬁ[%’??ﬁéﬁ?étmzﬁgg h?é)lqoog;/ja ﬁgsmgr 33%‘%%@%’%’?@3261 t'é)'
progress i n<anOwmhde? =t dito)g Tok lehgthirbplecofi segsieneg (DNA, pgoteirk @R b)Y, ietc)gene
expression, ch | ess Eéé)rgres has peen rrap/g& in the act u.%l manirp])ul ation of
gene expr es&8nSPYSr GERRIESRO W BF i pucle Bo¥ePMPRePE0aPEIYRAISP 13"Ri t ed
means by V\hir?dicéﬂém infdrfiatiB A lpréid 88 Yn if2fuiRrid inieatortiblis €1 thaodhexel of
eukaryotic gene expression. One approach to repressing, delaying or

ot her wi g8& r @ddcidig>ysaspastivelys Nusieatideland agwio agidrreguesces ueteriag tohni s

5 nor mal Ty 115 SHEGTEAEAMRICORAIA, by the WErRgnch BIEHGRLIPRIRTE DU f e.
Al t hough t héielor ef0Cefoieneadrtystine seqakvied identifibr e Na00ad h<480¥Dtetc).

established, it has been postul ated~that a doubl estranded RNA may form by
base pairing between the conplenentary 2s nucl eoti de sequences) to produce

a conpl ex wrheh desigrizaioal afedualectiow eédidgesnmfensd/ @ Hewimdark bihose
intracel lular ribonucl ease en%mss prior to bei ngl t Fansl at ed, oo
Al t er nat i vergcommendgdr g $he JUAGAUBH Binfhesicalgblemanslaurg Lamedssiont i ssue

or 5 gap,HaRy; %& i | or one
or nor e9§:op|n’es of %r@dggégﬁti a q\{@gsr{? %@@gﬁéa@ﬁéﬁg%@@r %Srreg%%%égggi nt o%ﬁie
cell. Wil sT tdgesentsathysiinenYoregdsemst ai syriphidimeneesidudalk nepreberts a
established it, apge, rs }Vlo i nvol ve chani stécal ly P(et ero enF,‘OéIS rEzr ocesses.
For exanpl epurine residue, represents Adenine or Cytosine, K represents Guanine or
Thymine, S represents Guanine or Cytosine, W represents Adenine or
Thymine, H represents a nucleotide other than Guanine, B represents a

30 nucleotide other than Adenine, V represents a nucleotide other than Thymine,



s this approach has been postulated to involve transcriptional repression,
in which case somatically-heritable repressed states of chromatin are
formed or alternatively, a post-transcriptional silencing wherein
transcription occurs normally but the RNA products of the co-suppressed
genes are subsequently elimnated. The efficiency of both of these
approaches in targeting the expression of,specific genes is very | ow and
highly variable results are usually obtaf%ed. i nconsi stent results are

obt ai ned _ ufiidMbtidlel StREEIHan RderiING, Wiegrenents 4 Alclestd®bihed than Thymikd, at ed
regions, 3'-untranslated regions, coding regions or intron sequences to
target gene expression. Accordingly, there currently ~ s exists no
consensus aspt prbSertat Hr Aubleod8a ebiter SRAMCTHASSINGI GRd PROVYEERsERE Byt
efficient neans for repressing, delaying or otherw se reducing gene
expressi on uBldeplideiresidhg. t echnol ogi es. Mreover, such a high degree of
variation exists between generations that it is not possible to predict the
| evel of repression of a specific gene in the progeny of an organismin
whi ch gene Zihecdesigasiiam ohaminaccktrgsidues fefered fe deneiny as Decemmended

Heni kof f _(1994 rated the. silencing. of randeny repeated.geng copies
[ the. DosBhhedC A HcheiBicE] MRBiacht s, CRMraRs Do R e 4T ABlecen
Drosophiia Adh genes- by Polyconb genes (i.e. the Pc-G system Pal -Bhadra
et al, 1997). However, such silencing of tandemy 25 repeated gene copies
is of little utility in an attenpt to mani pul ate gene expression in an

ani mal cell by reconbi nant neans, wherein the sequences capabl e of
targeting the expression of a particular gene are introduced at dispersed

| ocations in the genone, absent the conbination of this approach with
gene-targetthBLFohnology. Whi | st theoretically possible, such 30

conbi nati ons woul d be expected to work at only | owefficiency, based upon

6 of gene-targeting approaches used in isolation and further, would require
conplicated vector systens. Additronally, the utilisation of

transcri pti omal—repressromn, suchas the DrosoptitaPc=Gsystenr—woutd
appear t10 r éXminoeAcidnme know edgelhnéedldtterrcagiel at ory nechar@evetieagaldee of
nodul ating the s expression of any specific target gene and, as a
consequence, T } i }
technol ogy fQgnihePr essi ng, del ayi ng;pr reduci ng gene expression in ani nal
cells. The poor understandi ng of the mechanisns involved in these phenonena
has neant tHaginifere have been fewArgiprovenents in technol odRes for

nodul ating the | evel of gene expregsion , in particular tecq@ologies for

del aying, r égg@ﬂﬁ or otherw se gﬁucing t he expression of "specific genes
usi ng ragontagdpantic 844 Thus, there p¥psts a need for inproved nethods of
nodul ati ng gene expression, in particular repressing, delaying or otherw se
reduci ng gereysi&n@xpression in ani &8 cells for the purpose @f introducing
novel phenokmgkﬁnméaits thereto. | articular, these netho shoul d
provi de general neans for phenotyprc nodification, wthout the necessity
for performGigtatwioaoid t ant gene-t aGyet i ng approaches. 20 SUBVARY OF THE

| NVENTI ON TRg i.nvention is based i8®ﬁart on the surprising discovery by the
i nventors thAYCIBEI I's which exhibit“Yhe or nore desired trait3 can be
produceggangyisgdigst ed from transfogpmed cells conprising a nygleic acid

nol ecul e operably linked to a pronoter, wherein the transcription product

of the nucl és@eacingd nol ecul e 2s colgrises a nucl eoti de—sequdnce which is
substantial |y identical to the nuc| eotide sequence of a tranpscript of an
endogenous - endogenous targeke%ene, t he expression omehich i's
intended tolkeingodul ated. The trang§gprned cells are regeneraed into whol e
ti ssues, organs or organi sns 7 capabl e of exhibiting novel traits, in
particul ar WMethioningi st ance and noMeti ed

25 Phenylalanine Phe F
Proline Pro P
Serine Ser S



expressi on of endogenous genes. Accordingly, one aspect of the present

i nvention provides a nethod of repressing, delaying or otherw se reducing
the expression of a target gene (as s defined) in a cell, tissue or organ
by an endogenous host cell system conprising (a) providing one or nore

di spersed or foreign nucleic acid nolecules which include nultiple copies
(as defined) of a nucleotide sequence mhuph is substantially identical to
or conplenmentary to the target gene or a region thereof, and (b)

i nt roduci ng TtHreosiheper sed or foreighr nucl ei ¢ aci d nol ecul es pperably under
the control _of a pronoter to the cell, tissue or organ. The target gene nmay
be a gene mﬂﬁﬂﬁopga@ndogenous to the& animal cell or alternatWely, a
forei gn gen yﬁﬂﬁﬁeas a viral or fOf Jgn geneti c sequence, anangst ot hers.
Preferably, arget gene is a vifal genetic sequence. ~ he invention

i s particul &rdlimeuseful in the noduVvation of eukaryotic gene \expression, in
particul ar the nodul ati on, of human_or ani mal gene expression and even nore
parti cul &r | YWSPRMEHYASBAAGNG on of BRBressi on of genes derivedd from
vertebrate g érﬁ%(t‘éf(?l’ﬁ%rﬁﬁw% ani mal goosuch as insects, aquati£ animals (eg.
fish, shellflsh, nol Tuscs, crustaceans such as crabs, |obsters and prawns,
20 avi an aniAmy amanodacidnal s, anon¥ad others). A variety of Xraits are

sel ectable with appropriate procedures and sufficient nunbers of
t ransf or ned i i ; m , bl e
traits, disease-resistance traits, and pathogen-resistance traits. The
mudul atory effect is applicable to a variety of genes expressed in animls
2s including, for exanple, endogenous genes responsible for cellular

met abol i;gm ‘EA%RHRH)BNIj TWIQEWWEJ@’I‘!O* ncl udi ng oncogenes, transcription
factors and ot her genes whi ch encode pol ypeptides involved in cellular

nmet abol i sm For exanple, an alteration in the pignment production in mce

Cheroin. T beRpioEAboll Bib\Rgs oSy GRr bferibmy 1€ defirabld R g0

targeting geuesosesqof peativdcing wovelstragpltherain on intnrodugh@movek trhaiterinnaani nal
cell, a genetic construyct which conpr.ises nultiple copies of nuclegtide
sequence onOFHIGHATCRIHSSUP repigaBac Sqid orianistn, VRISt Tepambmang DNA
uncoat i ng o eshnoRiyPHalkeBRSYidIcP SkirficdTRY pRRre& iR Uit Sshddr@ndinkelor Ber e 11
is expressed, to confer Immunity agal nst the virus upon the cel'l. In
per f or mahce nfchanisms eeguiatingreskaiyotic geine ekppssiordmugblless pragrdssniascul e
or foreign nucleic aciqhnnl qale Wi | ene{all coq¥rise a _nu Ieotidq
sequence havehl TGALSR e el BapPsiass |nd%n9?'?%// XBreSFOn Lo prodygs, pove
sequence, hewity eMor@oVird iesrehAE0bAGVIrAitE imdurxd BY avidich A fitehiertion
nmodul ati on of expression of the target gene sequence. Substantially greater
honol ogy, oMaweadiaaimageiation@fdhesleyekeieykadyolimgens expressienpr ef er abl y
about 95%to absolute identity is desirable. 15 The introduced dispersed
nucl ei c acid nol ecul e or foreign nucleic acid nol ecul e sequence, needi ng
| ess than ab¥# aprRroaehdP sgpresainge dalayinghor othenvise redusigorgeneceXRressiono
ei t her e Pk mr LRt . f he
Cargot Sone ISR 4o AL YL hiBh RElGhedbert o b REFIAERRNELY el
conpensat es of arnucléamgete tcee et vehioh dg aoemakhyg transeribetbahd icapablensfebeihge
i ntroduced sequence, need not have the sane intron or exon pattern, and
honol ogy of YRBRAESHIMHG & dgi | NiRualy the IPjeEse dpeFhanism inxel¥Rd Bspect
of the pres I I b O; i : : o] 'ﬁng i g
ot herw se rgﬂ%6ﬂﬂ§6?ﬁ@ gxg§g§§$%ﬁ$g?agu¢g@Seée%Eﬂ%%?QE efﬁﬁggyc?%bglcell
ti ssue or ostjandéy RNAermiaygeiooons byodaseelphirings tbetweds thenmonsplementgry
provi di ng one or .nore dispersed or foreign nucleic.acid nolecules i ch
ncl ude 2l PHEERNIS raliefies 4 &7 i podiCer 2 sCoMBRE MR L dRIRAISHRRLIOY S
subst anti al bjficietRyt hhdlor t etad6@ "B SHRAEAIYart AbdRGCIEASOINAGRR PFioR thegi on
t hereof, at |east one copy being in the sense orientation and at |east one
ot her copy beingdgranslatad. anti sense orientation of the nucleotide 30
sequence, and (b) introducing the dispersed or foreign nucleic acid
nmol ecul es 9

Alternatively, the expression of an endogenous gene in a plant cell, tissue or




to the cell, tissue or organ. Another aspect of the present invention

provi des a nethod of repressing, delaying or otherw se reducing the
expression of a target gene in a cell, tissue or organ of an aninmal or

pl ant by an endogenous host cell system the nmethod s conprising: (i)

sel ecting one or nore dispersed nucleic acid nolecules or foreign nucleic
acid nol ecul es (as defined) which conpri mul tiple copies (as defined) of
a nucl eoti de sequence which is substantiadlly identical (as defined) to the
target gene grgad magibensuppresssd wheWtithol Mot HRpRIEOt 8did ddiry, & @neér (1 1)
produci ng a synthetic gene (as herein_defined) conprising the dispersed
nucl ei ¢ aci dn@rts eepiee of @rsubstantigy similai gengaee ingduced ito the icelli Whilslduci ng

Synt hat i ¢ gde FREradshTieRidd, it 4R5; BntoReidt el pebriHRlpiAGY st o2

sufficient fappeahe toriAvEIvE méchanistivallg Hetemgehedus Procdssek. IFerBxanspleone of
the nmultiple copies. Another aspect of the present invention provides A

met hod o cdhisePPPiR@Chekas beeBePRHUlated AP tipVelye dranscaptipnalhepsessiondning
cell, tissu LR r i n
endogenous. HAaPh Caif Sefta ERIFREREITeleRiia shited of BRICAR IR Riincllor
~~sper sed nudlteenativety,d ampbsttrthescriptiohal ailgncingcivbiieceinctrdnsoriptionl @scws ch
conprise multipl opi. es s defined) of a nucl eotide sequence which is
Cobt anci al 19T RAINERE 16 ROVA PHAMAESO! U S SUBRESSRR Gores TP GuPeRRUGTI,
pat hogen or éinliiﬁﬁfeglj t hereof or a conplenentary sequence thereto; 2s (ii)
produci ng a synthetic gene conprising the dispersed nucleic acid 10
nol ecul es or foreign nucleic acid nolecules; (iii) introducing the

synt hetig g : I [ I gan ARY
subj ect iﬁ’g fﬂge ts?%({' et)}i:g{r gbg;(li Ql?f]thE ﬁeeoécrgﬁ Péa’éeléé‘@ﬁéﬁr r h%@g@%n%)r(&\%ﬁ%@g %f

or gani sm t o specifict gemss imsefolova andnieigblyf Yarialdatresuolts Bhe usualiptobtained.

pronot e expression of at |east sope.of ,the nultiple copies. Another aspect
b “The- pr eadREOTSIRERt ITBAUIT VP de b Rduhes e culfelaic Felne P! SohaRaliie’ o
repressing, &b - ehtrahfiated fRyidred U LuHirdrizeat8d REGDRS OBodingaBgRINdagIenous
host cell systemof a target gene (as defined) in a cell, organ or tissue

whi ch is trdndrcsasienced tohéargehagene expeassit. , Aogerdingly,t thergeaisrengly

construct conprlses. nultipl i s defin f nucl eot | sgguence
Wil oh | 95 B TrarerbUn ef S 1Rt BanhB s el Rl MR BN B e or
a derivativenest sfficR@itoneahs tfbe répmetnggamayia?dow\/omeewiset Redubing igdne

copi es are placed operably under the control of an operable single pronoter
sequence, ateXPERSRION WSING existing dgrkrologigsy MrrepweR raichod high ¢edast &

bei ng pl ace i j ti % 1y o

pr esent invg/r‘?ftﬁ Pgéﬁ‘%'?( ?)é\% gg@%@@%@%@%ﬁﬂ%rltgno IC l&?é t%?g%%heﬁ)‘gflwa
repressi ng, adekbprassipnoof aspecific genedd dbe pyogérey ekan esgarismbin vahick gdogenous

host cell system of a tar%&%pg,ene i&a defined) in a cell, tissue or 20
or gan wflch ¥LresSpivaste HMPd eéeneti c construct, wherein the genetic

construct conprises nultiple copies (as defined) wherein each of the

mul tiple copjes is separatel under the control of a pronoter which
i's oper abl o ReFa rer aaﬁﬁ%%&i%%@&fﬁm?nﬁt%?&é?é&e%ﬂgﬂf% gnly

nucl eoti de %@Bé'@t@eeg&ﬁé C&b;#iész gHbﬁIea’Brbﬁbeild HiMoht| arld® tﬁé‘etlréﬁécﬁi%'iioﬂﬁlne or

a derivative or arégion o the target gene, wherein at |east one of the
copi es i s plrapeessiopeohidispersed: Reosophde Adh genasilynPafydemb benesrfie.otheof a

Ponstr uct wihich neteRt i Bhanitel 8 PR, BYFIbuh 5B eRand. IR, g
t he exprgssirepedtedagene ldbpritd eg st Nathity 68l dn Btehed & n@aﬁiﬁmlaeé ge (as

defined) in a cell, tissue or orlcgan which is transfected with said genetic
construct, KeressiosHl angmeel eelk bisecombinaipnears whgreinpthe segiencesas

defined) of I I : n i (S, S ially id i tgq said
arget gene. 380E BEIRRIST WENSHURYER or°a MAREARE Bop el FfBea & 27
sai d mul ti pldispeppédsocatienpliacies gepenahlabsentiéie combination of this approach

with gene-targeting technology. Whilst theoretically possible, such

30 combinations would be expected to work at only low-efficiency, based upon



the control of a single pronoter sequence which is operable in said cel

ti ssue or organ, wherein at |east one of said copies is placed operably in
the sense orientation under the control of said pronoter sequence and
wherein at |east one other of said copies is placed operably in the
antisense orientation under the control of said pronoter sequence. Another
aspect of the present invention provides genetic construct which is

capable of d Iaé/i ng, repressing,or otherw.se r.educi q%he expr.essi on by an
endogenous RbsIeNseiroeli Anparathes iged dRaatiqn ad TwalsT wouderadiie; ¢s e
or organ whicgghlicatd PR 8¢stdhish Addiloanetthe GamstionCbf tMcriplosal d

genetic ~ s construct conprises nultiple copies (as defined) of a
nucl eoti de gepiesaios, wicbhas she UDosapbianlAoyGi sigateine avould appedrttar rauirgene,

or a region or derivative of id targe t le . ltiple
copi es bei n&ogéepiﬁnngef(igepngé%a}ﬁaﬁ@for?h@egﬁaﬁ%g 8+p%j%r§g\tﬂ%f)§tl@é)'g§a ein
sai d cel b, tdxpratBich ofrfgn spsbific aargettgdrRasihdore af coivleduende,ewouli beaced
operably in the sense orientation under 20 the control of a pronoter
sequence, aftffigurte; implemeshdn Piastiee RS aoepgral tespnelogy sfos| repEesInGr abl y
in the anti I | : anot her pronoter
sequence. Azgem&ggEég:l@'ﬁa?%@eggérgggﬁpqﬁ%bgﬁﬂ%Hrgls'provi des a genetic
construct which is capabl e of delaying, repressing or otherw se reducing

dori nedy i n et et SaBRR B ot Rhierfe In KRR Besf phBROBEP a8 et
construct, whedrttithatthiefle Banetbeendenwsiviptcvementerinteshnolbgieslfer mapuigingas

defined) of a nucleotide sequence which is substantjially identical to said
target d8netherlexel Ofi ganer eyriession velforPastisulat degbnolggigs, foin delddn®i n
said nul tipl i es . ar d b thye Knal e
romter sediReag,EGBnaSE reBREd e (&1SRexih dfosBRic Borks el
wherei n at Ireesnhbimaat DNAai d copies is placed operably in the sense
orientation under the control of said pronbter sequence, wherein at |east
one other of said copies is placed operably in the antisense orientation
under the cdiusplthefe saxistsprmometedr foredmpnoved andthaldsr ef nmicdelatingl eg@se one
copy that isxglaced in the %fnse orientatiPn relatiye to sai ronot er and

the at | eastXBFRSS#Mhel PBHIFUATateAresTiNG.c 881AYING 108 ALRETWISR sEEMCNSh 98N Bon

relati Vq?t O cxPrehsirP TP Lpimal eerﬁg?&%ef Egﬂﬂcfs%CBf ﬁ%thﬁfu.c ﬁoOé'lCFﬁéﬁot?ﬁcd
stuffer tTragnent. |In order to observe y novel traits in nmulticellular
or gani sns i fratarthérstd.ann tpacieilah theseamethadsssloug ecovide genemlgaeanpéari fi c

or devel opnental ] y.regul.ated, regeneration of . ransfornmed cell carrying
Che " synt het pegebid Srtrfeion, ovEig, fie. Peckesd, FSREHRFERR Finer ity o
or gani sm W Igenb&arReimg' fsprodéiesse skilled in the art will be aware that this
means growi ng a whol e organismfroma transforned aninmal cell, a group of

such cells, a tissue or organ. Standard nethods for the regeneration of
certain animals fromisolated ~5 cells and tissues are known to those
skilled in the art. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a

di agrammatic representation of the plasmd pEGFP-N1 MCS. Figure 2 is a

di agr ampt | UMMARE BRTTHEINVERTOR! asm d pCW. cass. Figure 3 is a
di agrammatic representation of the plasm d pCW. SV40L. cass. 20 Figure 4 is

a diagrammtic representation of the plasmd
The invention is based in part on the surprising discovery by the inventors that

cells which exhibit one or more desired traits can be produced and selected
from transformed cells comprising a nucleic acid molecule operably linked to a
promoter, wherein the transcription product of the nucleic acid molecule
25 comprises a nucleotide sequence which is substantially identical to the
nucleotide sequence of a transcript of an endogenous or non-endogenous
target gene, the expression of which is intended to be modulated. The

transformed cells are regenerated into whole tissues, organs or organisms



pCW. SVA0LR. cass. - Figure 5 is a diagranmatic representation of the
plasm d pCR Bgl-G-P-Bam Figure 6 is a diagrammatic representation of the
plasm d pBSI| (SK+). EGFP. Figure 7 is a diagrammatic representation of the
pl asm d pCWwW. EG-P. 13 Figure 8 is a diagrammatic representation of the
plasm d pCR SVA0L. Figure 9 is a diagrammatic representation of the plasmd
pCR. BEV.1. Figure 10 is a diagrammatic representation of the plasmd

pCR. BEV. 2. Hapabke of ekhibitind) agvelnnaits, dn rpapticdamvieds cesistantdeand amdifibd

pCR. BEV. 3. s Figure 1% i(i a diagrammatic representation of the plasmd
pCW. EGFP. @923:35#?@9 eNqa0enous GfiN%§r ammati ¢ representation of the plasmd
pCW. BEV. 2. Figure 14 is a diagrammuatic representation of the plasmd
pCW.BEV. 3. Figure 15 is a diagrammtic representation of the plasmd
pCW. VEB. ~d\gEiogdipgly1 eone %spaﬁcgg:-famatnreserzipmgah@rat Proidss ahangthad neld

pCW. BEV. GFP,, _Fi i ' ' i O i d
Do, Bev. SvABPIHER gl B SBRARETRUL NG 1HE BREREBINE Lot SodIER o
pCW. 0. S¥40lddhin¥d) lib &i grll, etissel ®r aordangbpnamtertogepoas emdsit celh sybkteme
plasm d pCW. 0. SV40L. VEB. Figure 20 is a m rammgti c representation of the
pl asni d pCMEOBRRASIG HRgdurrevising One rafios 'gP‘éTSP pPESeRtIgR | BYCIBiC aRid

plasm d pgm@%g%s RHIEH EingRideS rﬁuﬂ?%gregiiﬁ@s“ s HRAREENIGH 1P Miiiedtide

plasm d p 14 Figure 23 | agrammati c representation of the
pl asm d pCW\éegEenSYAdhiciBEY . substantiallp4dérgical ¢ agrcommglementayrtosthet tergetn  of

th | id pCW. BEV. SV4QL. VEB. Fi 25 | ' i C. .
regr gsga[n at iGieo?" @ ﬁ%g'BPgbﬁ{%I?'pﬁﬂ/(@%&r@ﬁgQéghgIﬁ%}fﬁ?rﬁg‘g&}f@%égrhPﬁﬂ?%t iC

represenpat iz Aolédifed bperarly BRNYr B EoftFolof R ronbigH i tie ckh, tissue or
di agrammatic representation of the plasmd ~o p . BEV. SVA0LR. _

organ.

The target gene may be a gene which is endogenous to the animal cell or
alternatively, a foreign gene such as a viral or foreign genetic sequence,

amongst others. Preferably, the target gene is a viral genetic sequence.

15 The invention is particularly useful in the modulation of eukaryotic gene
expression, in particular the modulation of human or animal gene expression
and even more particularly in the modulation of expression of genes derived
from vertebrate and invertebrate animals, such as insects, aquatic animals
(eg. fish, shellfish, molluscs, crustaceans such as crabs, lobsters and prawns,

20  avian animals and mammals, amongst others).

A variety of traits are selectable with appropriate procedures and sufficient
numbers of transformed cells. Such traits include, but are not limited to, visible
traits, disease-resistance traits, and pathogen-resistance traits.  The
modulatory effect is applicable to a variety of genes expressed in animals
25 including, for example, endogenous genes responsible for cellular metabolism
or cellular transformation, including oncogenes, transcription factors and other

genes which encode polypeptides involved in cellular metabolism.

For example, an alteration in the pigment production in mice can be



Figure 28 is a diagrammatic representation of the plasm d pCDNA3. Gal t.
Figure 29 is a diagranmatic representation of the plasmd pCW. Galt. Figure
30 is a diagranmatic representation of the plasmd pCW. EGFP. Galt. Figure
31 is a diagranmatic representation of the plasmd pCW. Galt. G-P. 15 Figure
32 is a diagranmatic representation of the plasmd pCW. Galt. SV40L. 0.
Figure 33 is a diagranmatic representati on of the plasmd

pCW. Gal t. S¥h C%bmbb@cﬁbgﬁb@;@tmg%e expredsiaprafnimet yrodivase gene ahewin.ofhishe
plasmd 20 p 0. SV40L. Gal t ure 35 is_a diagranmtic representation of

t Ee p: asni d Ppoiitlessal peel Dhef[@tm(bﬁf @lbigism iy bickgMiarat\ 1aTEBHRG &9N&6I on of
t tat f h
7o PG S DR o TR 149, i BRI S0 £

t he pl asm dcengtdt . vidsith cOMfises InmﬂitlpIEI @pies Bﬂnmﬁleatldh agquenvel éncoding a

representation of the plasmd pCW. Galt. GEP. tlaG Figure 40 is a
di agr amm@t i (Y'r?b]ﬁ‘ﬂééf:é‘ﬁ?atﬂodﬂm%ﬁasﬁhé%t aRrietein p@ﬁ\WrE@PW?QSaQ?anF@I PEPIGEEE 41 i s

a di agramy&tefne%% %%EﬁrBBuQ dli ﬁ R hB 5%‘Fé(5§ toF'chfe‘? 42 is

a diagramatic re re 'on 0 asm 305 a

di agrammat i «mnmprtysgainm trenviods umzn measeﬂ d pART? 35S. SCBV. cass. ~s Figure
44 is a diagranmatic representation of the plasm d pBC PVY. Figure 45 is a
di agrammatic representation of the plasm d pSP72. PVY. Figure 46 is a

di agrammat i ¢n pefforaantcetf the pfestelne wpiaﬁuohdttm@ﬂnap&&eﬂ\hﬁolﬁbgam@ ralecde a

di agrammatic r presenta Lon of th asmlg BC. PYYx2. Figure 48 js. .
di agr anmat i € r E}5¢1@8e Q"bna‘afi erilgs M 8@?’?@ P\ABPISE &i @HP(?OHQel s a

di agr amygt | IRVAR O arp! A561td BBBC. RUNHR: to iR FapidtegBRei s a

di agr amt [ %eégﬁﬁ(ﬁent at? é}e%;ert h@a | asm d pg&é PVYX% IO:| gure %gi géae

di agr ammat i seqegncss ehoweven af higher ;tioamiogy pBght\frodMe®. a more effective
modulation of expression of the target gene sequence. Substantially greater
homology, or more than about 90% is preferréd, and even more preferably

about 95% to absolute identity is desirable.

15  The introduced dispersed nucleic acid molecule or foreign nucleic acid
molecule sequence, needing less than absolute homology, also need not be
full length, relative to either the primary transcription product or fully
processed mRNA of the target gene. A higher homology in a shorter than full
length sequence compensates for a longer less homologous sequence.

20  Furthermore, the introduced sequence need not have the same intron or exon

pattern, and homology of non-coding segments will be equally effective.

A second aspect of the present invention provides a method of
repressing, delaying or otherwise reducing the expression of a target gene (as
defined) in a cell, tissue or organ by an endogenous host cell syste?,

25 comprising (a) providing one or more dispersed or foreign nucleic acid
molecules which include multiple copies (as defined) of a nucleotide
sequence which is substantially identical to or complementary to the target
gene or a region thereof, at least one copy being in the sense orientation and
at least one other copy beiny in the antisense orientation of the nucleotide

30 sequence, and (b) introducing the dispersed or foreign nucleic acid molecules



Figure 52 is a diagrammatic representation of the plasm d pBC. PVY. LNYV. PVY.
5 Figure 53 is a diagranmatic representation of the plasmd

pBC. PVY. LNYV. YVPD. Figure 54 is a diagranmatic representation of the

pl asm d pBC. PVY. LNYV. YVP. Figure 55 is a diagrammatic representation of the
plasm d pART27. PVY Figure 56 is a diagragmtic representation of the

pl asm d pART27. 35S. PVY. SCBV. O Figure 57 is a diagranmatic representation
of the pl asidthedBl2igs3&8r org@eBY. PVY. Figure 58 is a diagrammatic
representation of the plasm d ~5 pART27.35S. O SCBV. YVP. Figure 59 is a

di agrammatic representation of the plasm d pART7. PVYx2. Figure 60 is a

di agr ammat i A\riotimsressprictbf e sroséManpdrtion trovRiesa MEMISY offepressifg, is a

di agrammatic representation of the plasm d pART7. PVYx4. Figure 62 is a

di agr ammat i delangeeathervise redueing t5¢ gxpiessmn fateraghgenaning pelv tissigure 63

is a diagra i i i 7 PC.
Frgare o4 | O S ofah BRRRAYr ity e Brdbaaius ok bl eitem. e WEtHod ¥
PART7. PVY. LIdgkhpriding: Fi gure 65 is a diagrammatic representation of

pPART7. 35S. PVY. SCBV. YVP. 5 Figure 66 is a diagrammtic representation of
pART7. 35S. PVYx3. SCBV. YVPx3. Figure 67 is a diagrammuatic representation of
PART7. PVYx3 () NYV.s¥ldeting onedurmofeSdispemedirmgieivaeid molegplessarfordigon of the
pl asm d pART/7. PVYM ULTI. ~o Figure 69 shows m crographs of PK-1 cell |ines
t r ansf or med NKcleic B@MW@@GF’?S\(?‘%\%H”MP'CH&OW”QQ @Hlt'P%GORIﬁ%I@S

fl uorescenc [ Ld i i Sarhin LSSyl (As m

desi gned 1 o CS0ed| O fiScigBg sy yhieh P BuBenfiahy BeAllca (oS aefidedy)
EG-P 2. 11 cdd ke tangetrgdricuonr & segon ¢hereofiot which; is Confplera€ifarg thHeetoel | s under
normal light; D PK EGFP 2.18 cells under fluorescence conditions. Figure
70 shows an exanpl e of Southern blot analysis of transgenic porcine kidney
celI's (RK) i chphedudiega syntrticgenedasiteneintuefinedy tomptisipgNe EGFP.  Genomi ¢
DNA was isolated fromPK-1_.cells and tggn_sforr‘r?d lines, digested with the
restricti on HSREEIRANEESIE asichmolegiies PEIERION RUFielc sgidpplegulesy | apel ed EGFP

DNA fragnment. Lane A is a nol ecul ar wei ght marker where sizes of each

fragment are_indicated in Kilobases (kb); Lane B is the parental cell line
PK-1. Lane @i} s jotroducingihesamtheticgenetothecell issne ar rgan; aithe; Lane D i s
C9, a transgenic non-expressing PK-1 cell line. Figure 71 shows m crographs

of CRIB-1 cells and a CRIB-1 transfornmed |line 25 [CRIB-1 BGl2 # 19(tol)]
prior to andivhig sebjestingthe syathetisgane: i thgesall digpue jor sgapfto conditions

and for a time sufficient for the promoter to promote transcription of at least

15 some of the multiple copies.

Another aspect of the present invention provides A method of conferring
resistance or immunity to a viral pathogen upon a cell, tissue or organ of an
animal or plant, or a whole organism, by an endogenous host cell system,

comprising:

20 (i) selecting one or more dispersed nucleic acid molecules or foreign nucleic  —
acid molecules which comprise multiple copies (as defined) of a nucleotide
sequence which is substantially identical to a nucleotide sequence derived
from the viral pathogen or a region thereof or a complementary sequence

thereto;

25 (i) producing a synthetic gene comprising the dispersed nucleic acid



18 BEV. A: CRIB-1 cells prior to BEV infection; B: CRIB-1 cells 48 hrs
after BEV infection; C. CRIB-1 BGl2 # 19(tol) cells prior to infection with
BEV; D. CRIB-1 BGl2 # 19(tol) 48 hrs after BEV infection. For further
details refer to Exanple 8. s Figure 72 shows |evels of pignmentation in B16
cells and B16 cells transforned with PCM4TYR BGL2. RYT. Cell lines are,
fromleft to right: B16, Bl16 2.1.6, B16 2.1.11, B16 3.1.4, B16 3.1.15, B16
4.12.2 and Bhb6leéulbs.ct.fofeign huclelesacid@icletdesef er to Exanple 9. Figure 73
shows i mmunof | uorescent m crographs of NMDA- MB-468 cells and 90 NDA- VB-468
cells transformed with pCWwW. HER2. BG12. 2REH st ai ned for HER-2. A: MNDA- MB-468
cells; B ibratimpinessyaitifatitegent ththerdell, isktie, osgarPodwhyledsrgahdy,, C.
VDA- VB- 468Wﬁf) cells ngial ne)gﬂfor ER-2; D: MDAMB-468 1.10 cells stained for
HER- 2. For fand her details refer to Exarrpl e 10. Figure 74 shows FACS

anal yses of HER-2 expression in (A) MDA-MB-468 cells; (B) MDA-MB-468 1.4
cells; (C) NDA-MB-468 1.10 cells. For further detalls refer to Exanple 10.
Figure 75 i divd subkjeciing phe ssipvhelic \geﬂel & dbel celbuhs@@fqreorgararwfwboleon

count ed Pn caanpr 1 GBS BaN A0 G Aoder SRR T Bl B orol et B, R Gieh ng

with 20 trypapréddion ofel leEBt S®he T shehriigideopieer age cel | count of two
i ndependent transfection experinents and vertical bars indicate the

standard deviation. (A) - Viable B10.2 cell counts 72 hr after transfection
wi th gene consdthe€hspedtiof tlﬁ@ibfrééént invataM. gretides (d gén&%m&%mﬁ\(
(ii1) pCWw. YBL. p53. BG12. 35 BY. Al materials and procedures used are 2s
described irf let @f(feﬁ@SSlEQadﬁlaé’leO" ptherviseoredusing thiep exprassigpuby @n72 hr

after transf i

sow. v Bt pagdott nsfRRrK R o8 igel bbag 8% Bynel 4 cellyorgel dr
procedures uRedeawkicHeigcramsfacted whe thexgeralic Exmstrice, Wherélﬁl)thb! GéneticB10. 2
cell counts 18 hr after transfection with oligonucl eotides: (i) control:

Li pofectin CODSITUE} GERREFRS TBwitiple £opips (8Rt definedia- audeqt tsie sequence

I I
or oaedur eo WLIg i¢ SURRABSRY ideritt) 1 bBRBHTIEREERY 10! the RIS Gk Lo
212 cel | couerivatide br aafepen of thestaegeti aneManld whemmﬂm autlliple <opids) are

control: L|p fec rade onl con non 5 specific

o T gonus! cotiaeed ppephaHads’ He,Santid i ePeRtiisind Promplr senusare
procedurgs Ugqdagt ﬁv&%ﬁ%bbt%bléé‘ unid@r 48 tcdritiol BfamB M\groHoteF'b@'fH f plfoed?
Nort hern bl ot show ng | evels 'of GFP expression in 6L cells and MvB6L

l i nes transfapeﬁ@tdyvmthemm@@‘r?athm Ng of total RNA fromthe indicated
cell lines were el ectrophoresed on agarose gels and transferred to a ~o
nyl on nenbrane. The filter was probed with a radio-I|abelled fragnment
derived frorAndikeE@ieo)ofithe Pradenmt dyenpibn growdag aegﬂheiiqmrlﬁtm@ ddhictt isi ned

ri bosomal RNAs omthe RNA sgnples prohed in A |ntens ties

| ndi cat ed s CAPRBIE BhihreSe Bp. BRIRY RO Bt fedeit i Bxpdhea baby o
77: Real - Ti igpdBgeR6is abst o8l sytémt éfaé]ﬁrgéf%:né‘%éé defings) inod cbiFtRsue orRNA

| evel s and EGFP RNA transcribed fromthe EG-P transgene in nucl ear run-on
assays. 2A EQrgamiich d§ dransfectelpgith |thedgenplicocensirucs whsrein tPﬁgﬁlﬁftet%) B

EG-P
Fi gurgegg).r%(g,ngp%t;é&ﬁ% yd'zu‘ﬂpt (I)és]gﬁé ewgg)emggeﬁ?%gﬁg)&n&ﬁﬁ Ié Is in
MWBGL | i nes copied iarstphfdtely placéd gnder ﬂ@)cor{t)rd%‘?la ﬁmrmaeevwrwh Broderablecr i pt s

in nuclei of MVB6L |in , .9 and as in Figure 76) e 78. Relative_
mRNA | evel s 'ra#aeﬁﬁlhqmﬁwgér%@@chr%ﬁhér@w PHﬁ%ﬁéd@JQ'?& PEAHENCEN- on
assays, fro ,l;ﬁ%mp

transcri bed rhét;ﬁ!llz P&rtr%NA e'{jlgntgd ag%&gﬁr%&kﬁe%%ﬁvag’gﬂgﬁ?%?hg%&d@f

post - t r @iscithetargehbegenwhsidiead ileast(@w eﬁm@r eqpies s plaedropenably7 the a

di agrammati c re$rese ation of t he tpllaﬁ)zm' E’?ﬂ GaIT BGL2. TlaG Figure 80

is a di agraﬁf‘?ﬂ? O'FR 'BEémd&( Qﬁc%'? ¢ apqrg gr pCW. her 2. Bd 2. 2r eh. 20

Figure 81 is a diagrammatic representation of the plasmd
ngngglp(B:% Bérp%sljde%gfg h?ﬁ%@lr%gg\t gr{vae glgmé\lnges %péeenseeilnctc%r{s?ruc%) WhICh is
capable of delaying, repressing or otherwise reducing the expression by an



Figure 83 is a diagrammuatic representation of the plasmd

pCW. CD4. BGL2. 4DC. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provides a nmethod of nodul ating the expression of a target gene
inacell, tissue or organ, said nethod at |east conprising the step of
introducing to skid cell, tissue or orgampne or nore dispersed nucleic
acid nol ecul es or foreign nucleic acid nolecules conprising nmultiple copies
of a nucl eotérdbgeequemmt vell system stibdarget gehby(as definedpin a cetl hisswecoreot i de

f dt t h f I t t
or o time ABRONUSFN ARSIt S Vel ntit, CRiHel AR PSR ot
product 15 Congfruet E@ﬁﬁ)?%egerﬂﬁltlbfé BepiBBdak! G&kineth)tbes ncfedtidR BeQuare t hat

the transcription of said product is not exclusively repressed or
reduced. By Whights pubstaopalbsrdenscaiﬁarwnd langet gene rormragiciubs derivative of

e sane "or 9 FapBR0oF, ] wFRRT Sl pRuME oBBieh e ST GBaBuE BhdShs '

woul d be 20 tReROAGDRERA sigl® pRorfibiel Iseguéricd Which ik .opdhablb e @h.dia:éleﬁésdeepeat
is used in . contradistinction to the term"inverted repeat” such that a

di rect repedr qrgan, wherein at deast ane-ef gaid cepins i&inlacsd operbly uthecstnsges

bet ween t he d C

sequence (t hc{!%g‘?&g)% %ﬁ‘gﬁg‘ﬁ‘ge&f{ﬁﬁf" §?§é(&0§{0ﬁ%£§8§%q ev%ﬁ%g\’hcegml %tr#gﬁﬂ or
antisense oforteh@thérwsaﬂscqﬂay@ple):ea@@brémmn tHeantisorserorjgntatiorpuadect  of
the inverted repeat (e.q. nRNAe%_rray forma hairpin RNA structure. Further,
the ter 0"t dhBERNtrOLOf AAd PEYMPIGE $8AYRNES-ed in the art to indicate repeats
separated by no or relatively few (relative to the length of the repeated
sequence) intervening nucl eoti des, 21 Repeats may opti ona%% be separ at ed

by a st uff erAngtagnasrecsef the Brregéﬁt '(E‘VE%Q%H"QV@Q‘%QPF%E gonRg

structuref 0 n stuffer
fragnent may 35% En){)er('{)]fs(%’qémgcro @%&'ﬁfgﬁ%@%ﬁggp b'@% t@? egﬁ]fés%ﬁ)grc?%gﬁeSI dues,
car bohydr at &amt»benubsehosirceil s$\gteracf lEtargkt genen(as defined pin cediy tissueabons or a -
honol ogue, anal o or derivative thereof which s cagebl e of, bei ng | i nked

coval ently ty9an @sgr%[@f%ctﬁgw\gm%d gppetic Famstjuct, waetein prigaenelignent
conprisgg a c%%gusg%rﬁﬁnéwmmdnég %.reé f(é’s B@%d)gﬁ% n@d?@éﬁ?:@'&cgfu erfégr i vative

thereof . More preferably, the stu ragnent ‘conpri ses a sequence of
nucl eot i des vdiichis $wedantidilyddenticab o saidltarget gepej or & esgjom or deematma@f

preferably at ast, about - 100 eot s in th and re
D of or abl y apid EE6 G et st e O fre BUPIR cosaid sePHinli placd
di spersed orynider ﬂi@&orﬁtk&'cﬂ'p@orﬁ@téﬂs ORbAMLIE th Séi@'déﬂeﬁstétér%“r@QKO\Whéi@m ce
junction sequences, the stuffer fragnment nmay serve as an intron ~ 5

sequence pl & deasbenaedsaicheopies ippiased 9peéatz£y in the sansgarigniatiogewrdaiear er
the 5'-epd ‘?ﬁe*cBﬁtrQ:ecﬂf‘a %%&Q?s?quer? "aF.S ér@ o4t 1LAS Cﬂ‘ﬁéthgpréél eam uni t

thereof ./ "Al ternati ve esi r or nore acent
nucl eot i de snepmseplanud@p@'bblyha thle aptiseree cbrwr&atjnm ondércthe canirdl obl ecule to
be transl ated, ,the stuffer fra%ment pl aced t here between shoul d not include
an into fraeothel POt SeqUsHCodon, absent intron/exon splice junction
sequences at both ends of the stuffer fragnent or the addition of a

translation start codon at the 5 end of each unit, as . will be obvious to
t hose ski | | éather agpest of thy gresent inveplan ;EoWdRs iBrggnrlic camstachminigh Bncode

detectabl e r&% Kble e@%l%&{?@éf??p@sgin@%rca HetwRE! l‘e\ﬁ%lcg'@?{ ~3_§§re§§ﬁndl§’;f igpati ves

t hereof, for xarrp erase 3-gal acturona |'act osi‘dase,
chl or amhenle@dbganemty hbstaceﬂf sysism afra targehgéhe das defimed)pinat eelh, tisswergyst

ot hers. Additional s are not. excl yded. Accordi to,this

orbod: rrent . or9 AV 1 sRbs DM sath Seglip Gopstict wHersh Saidberete
construct comprises multiple copies (as defined) of a nucleotide sequence
which is substantially identical to said target gene, or a region or derivative of
said target gene, and wherein said multiple copies are placed operably under

30 the control of a single promoter sequence which is operable in said cell, tissue



22 derivative thereof serves to indicate the expression of the synthetic
gene of the invention in a cell, tissue or organ by virtue of its ability
to confer a specific detectable phenotype thereon, preferably a

vi sual | y-det ect abl e phenotype. As used herein, the term "nodul ati ng” shal
be taken to nean that expression s of thegotarget gene is reduced in
anplitude and/or the timng of gene expression is delayed and/or the
devel opnent &r asgan ivéeueinspteleasi oneof sald ce|piesii$ iptaqedt oparablyfintthe ggensgene

expression is. altered are o th ssion of sajid gene in, the
ahbence of (entalpeiids R Bl LA ARG cretueRe  hered oF I9A% ORS¢ he
scope of t h%thé}V@F%él@%oﬂ%%les'rh@é’ed‘ébéﬂa‘bly Irhﬁe%rﬂ&%’h%e'dﬂé‘h‘fétld?ﬂuh&erqhéeﬁ ed
to a nodul ation of gene expression which conprises the repression, delay or

reduct i on i goatrpl ot seid pbmoeyeequansce, engr\@lwﬁunthmahleaptecne icopy dedt is

ronocot yPeadiing b Ra SRR dldsiafhPAaRE Pl Wbk ind i Al lesbley 20
even nore pythércsdpy thint & pacée ﬂieeaﬁtmbns@wﬁrérﬂémm folaiem saig pedbmateran

insect, aquatic animal (eg. fish, shellfish, nollusc, crustacean such as a
crab, | obst @regpagechitam eachoihen bym ugleisracid ﬁﬁlﬁfﬁﬁfragﬁmi}gst others). More
preferably, target gene expression is conpletely inactivated by the

di spersed nucl eic acid nol ecul es or foreign nucleic acid nol ecul es which
has 20 been In rdeniecebiseryetmany giavel {rpis ue noultiegllydar. onganisss opagisulal bound

the target Jine WHRER st is0B:ssieliel Wertoientel: P RV EEBRE ey be
attributied tr@gulefbane@b@ferdﬁd)raysﬁd tiamaferhrid el @érr;mhgtﬂié\lé\yrﬁth@ﬁ@ en@é Al
product of the target gene or alternatively, the prevention o

transl at i on 98Neliaic@NRIACts deseripgt sheratn bdo ¢t wWiwlr Srganigpewills be rﬁ@gf%at i on
of the RNA t‘l*hl%gécglbi%d a4 ﬁw@eah‘;{vg?%]ggﬁ%r%%h&[’ tﬁgdﬂfé%ﬂguéggsﬁﬁg% £SkhoiRystem

It is particularly preferredt or optimumresults ce-specific
degr adat i on oojarism b & rtearstompdd ahindlecdliaraggtoupeok socke cells,ea tissue ri or to

t he X i .
organ. Standard methods for the regeneration of certain animals from isolated

15  cells and tissues are known to those skilled in the art.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic representation of the plasmid pEGFP-N1 MCS.
Figure 2 is a diagrammatic representation of the plasmid pCMV.cass.
Figure 3 is a diagrammatic representation of the plasmid pCMV.SV40L.cass.

20 Figure 4 is a diagrammatic representation of the plasmid
pCMV.SV40LR.cass.

Figure 5 is a diagrammatic representation of the plasmid pCR.Bgl-GFP-Bam.
Figure 6 is a diagrammatic representation of the plasmid pBSI(SK+).EGFP.

Figure 7 is a diagrammatic representation of the plasmid pCMV.EGFP.



23 time or stage when the RNA transcript of the target gene would normally
be translated or alternatively, at the sane tine as the RNA transcript of
the target gene would normally be transl ated. Accordingly, the selection of
an appropriate pronoter sequence to regul ate expression of the introduced s
di spersed nucleic acid nolecule or foreigmnucleic acid nolecule is an

i nportant consideration to optinum performance of the invention. For this
reason) str dfigue®B8d$ atdidgraenmaticrdpresentation dfitheplasmid pCReBV4EPkt ens are
especially preferred for use in regulating expression of the introduced

di spersed nucleic acid nol ecules or foreign nucleic acid nol ecul es. The
present i nveFigupd 90 aaiibyrabnagiv fssresentatios of ttexplassid pCRMBEWEI.n reduced
expression of the target gene is effected by | owered transcription, subject
to the proviso that a reduction in transcription is not the sole nmechani sm
by whi ch t hiFigafé 405s atflagrantmats tspresenthtion bRIRCHIBIMPPCRSBEY .2, east
acconpani ed by reduced translation of the steady-state nRNA pool of the 15
target gene. The target gene may be a genetic sequence which is endogenous
to the cell noatd : i such as a
genetic sequlfe“f'llctzlgé \t/'\gil%% ‘%’és@JS)é’FTétéﬂ%fﬁrgén%gg‘?'?Eﬁ"%f&g%m Efégklr%?g?'pat hogeni c
organismand is capable of entering a cell and using the cell's machinery
fol | owl ng 2qgpltect hon. ;3Mege BerdARRRE 978ses8nauBAN- BRICGRNOYSadiet | C
sequence to the cell, it is desifFable that the target gene encodes a
functi on whipBMVsE@EPEBEVAl for replication or reproduction of the viral or
ot her pathogen. In such enbodi nents, the present invention is particularly
useful in the prophylactic 2s and therapeutic treatnent of viral infection
of an ani nalFigatré 18i1is Aaliagranireatic represertatiom bhthengjasmid pCMMVEBENG2I nst sai d
pat hogen. Preferably, the target gene conprises one or nore nucleotide
sequences of a viral pathogen of a plant or an animal cell, tissue or

or gan. 24 FigureA4ip haliagranirhatic rpresdntatiomaf theapldsimicp8MV.BEY .3 r al
pathogen nay be a retrovirus, for exanple a lentivirus such as the

i mrunodefi ci ency viruses, a single-stranded (+) RNA virus such as bovine
ent er ovi r us Rigake 18lis aididyranthatierdprosentalio® bntid Masmid pORMLYE@St gene can
conpri se one or nore nucleotide s sequences of a viral pathogen of an
animal cell, tissue or organ, such as but not limted to a doubl e-stranded
DNA virug SUigups 169y hREadranifiatio/ idpitsséitatien BEteSpIEBIMRKpEMWBEN.GFBY 1))
anongst others. In the case of plants, the virus pathogen is preferably a
potyvi rus, caulinovirus, badnavirus, gem nivirus, reovirus, rhabdovirus,
bunyavi rus) RigaROVi 1PS. ist endli Vdiagfamin@fBus YépréSentatibROV of UStheS Osa8hdidr us)
bronmovi rus, cuconovirus, ilavirus, alfanovirus, tobanovirus, tobravirus,
pot exvi rus aeMVIBEYSMAME, such as but not linited to CaW, SCSV, PVX,
PVY, PLRV, and TW, anongst others. Wth particular regard to viral

pat hogens, those skilled in the art are aware 15 that virus-encoded

functi ons ndigdee cohPl eisentad dingrarapatioy peprepeptatices ehcolled Wjeami@ host
cell. For ex rerl,i cati on of the bovine herpes virus genone in the
host cel |l négﬂ@¥ﬁ¥§&?§F#§$%d by host cell DNA pol ynmerises which are capabl e
of conpl enenting an inactivated viral DNA pol yneri se gene. 20 Accordingly,

where t tgr.get ge IS a _honyendogenous geneti uenge t ni mal
cel |, aqgur 3{131»"% tﬁnaﬁ vé en%'ggfar{ﬂ'r??%gf ? er%%%ﬁtéﬁgﬁon"gr otblgdersb??sip'dt he
target gene geMeI=8Vgop.wEBal or foreign polypeptide which is not capable
of being conplenented by a host cell function, such as a virus-specific

genetic sequence. Exenplary target genes according to this enbodi ment of 25
the inventi guRcROMea ditrafiRatitofeprédBritaton 6f BrRNNaswid SOMRBBYR2VI rus coat
proteins, uncoating protelns and RNA-dependent DNA pol yneri ses and

RNA- dependent RNA pol ynerises, anongst others. In a particularly preferred
enbodi nent  ¢fighRe291E8 MgraMead Ripreddtatic BFthedBSMIFHEIR. BEVX3,

RNA- dependent " RNA pol ynerise gene or a honol ogue, 25 anal ogue or
derivative thereof or PVY N a protease-encoding sequences. The cell in

uhi ch expresipar oh id Biddhafthaticnbreserdiibl bPtheA¥sAR FOUNCBEV M Ch | S
derived froma nmulticellular animal, 1 ncluding cell and tissue cultures
thereof. Preferably, the animal cell is derived froman anthropod,

nemat ode, 5 reptile, anphibian, bird, human or other nmanmal. Exenplary
animal cells include enbryonic stemcells, cultured skin fibroblasts,
neuronal cells, somatic cells, haematopoietic stemcells, T-cells and

immortalised cell lines such as COS, VERO Hel a, nouse Cl127, Chinese
hanst er ovary (CHO, W-38) baby hanster kidney (BHK) or NMDBK cell Iines,
anongst others. Such cells and cell lines are readily available to those

skilled in the art. Acpordingly, the tissue or organ in which expression of

- g



15 As used herein, the term "di spersed nucl eic acid nol ecul e" shall be
taken to refer to a nucleic acid nol ecul e which conprises one or nore
mul ti pl e copies of a nucl eotide sequence which is substantially identical

or conplenmentary to the nucl eoti de sequence of a gene which originates from
the cell, tissue or organ into which saiducleic acid nolecule is

i ntroduced, wherein said 20 nucleic acid nolecule is non-endogenous in the
sense that iRigugei n23odiscedh t odibhrammbtic t rqsresentation gaof of then Prasraid vi a
reconmbi nant neans and Wi ll generally be present as extrachronosonal nucleic
acid or al té}QMVi%VﬁV@—-B%Vegr ated chronosomal nucleic acid which is
genetically-unlinked to said gene. Mre particularly, the "dispersed

nucl ei c acid nolecule"” will conprise 25 chronosonmal or extrachronosonal

nucl ei ¢ aci FigHrenh 24 uld i rikecdiegrammatiar geaprgeertatigni net vivech plasmig
directed in p%m{}yéé\(;@\/mpv gy virtue of their not being tandem y-1inked or
al ternatively, occupyl ng a Elfferent chronosonmal position on the sane
chronmosone or being localised on a different chronosone or present in the

cell as an j , ol agm o ~~] Vi tigle. 26, By .
"forei gngnu?ﬁéﬁgggc?% egaul e&’la{;garh@gﬁ{: ahé#éﬁ(?@?ggﬁ nu feitpeaci%&a%gpecul e
whi ch has opEMV.BEVGFRIMERI e copies of a nucl eotide sequence which
originates fromthe genetic sequence of an organismwhich is different from
the organismto which the foreign nucleic acid nolecule is introduced. This
s definitioFigaFONP2ESER a NUCdighfanidbfic TOr&Ebentahibgh 6f | ahBat @fadmigm a
different indrvidual of the sanme | owest taxonom c grouping (i.e. the sane
popul at i on) PEMYIRGEBBIRGZHE Gr oupi ng t o which said nucleic acid nol ecul e
is introduced, as well as a nucleic acid nolecule which originates froma
different individual of a different taxonom c grouping as the taxononc
groupi ng t o Rigueeh s&l d Buclaei cdiagiammetiecurepresentatiemduetd, theuciplaamid gene
derived fro Vi@l Sggﬁtoh en. Accordingly, a target gene agai nst which a
for ei‘gnjéuclrye(‘ﬂévaéclfé\é' é‘?gl e acts in the performance of the invention may
be a nucleic acid nol ecul e which has been introduced fromone organismto
anot her organismusing transformation ~s .or introgressi g hno. ogi es.
Serpl ary ¢ IR 2818 S ep et in ohRaTESE RN R o
i nclude the green fluorescent protein-encoding gene derived fromthe
jellyfish Aequoria victoria (Prasher et g!., 2; Inter L onal, Patent
Publ i cat i on%‘.’re\/@ 57 giagsay qtsﬁ,rgg[%éaat&héfzt%gr%a§rﬁlddg$$ﬂi\/g§p r the murine
tyrosi nase gene (Kwon et al., 1988), the Escherichia coii 20 | acl gene which
is capable qof encpding a pol ypeptide repressor, of the | he
porci ne ~-1, : :

he L 1 Ptk S8 oA gl amiReiieebrepenipton s A s Ry EBER:55F
exenplified herein, and the PVY and BEV structural genes exenplified herein
or a honol ogye, apal ogue or derjvative of said genes or conpl enent ary
nucl eot i de &w&@@ﬁgfa&r@m%'%@rﬁe@@w ?fﬁbgrﬁlﬁ%ﬂ'di@b{r%@@ﬁ%eful for
simul taneously targeting the expression of several target genes which are
co-expressed.in a particular cell, for exanple by using a dispersed nucleic

aci d nolfecuFigwe i otei gi ndcl &lirgrapimatip) erapressifalion codfpr itees Rlasmid: i de

sequences v aS gvhst antially identical to each of said co-expressed
t ar get gen\(,avg. 27a€ﬁBy ?substanti ally identical" is neant that the

i ntroduced di spersed or foreign nucleic acid nolecule of the invention and

tf~e target s ence are [WeTy=Y: Iy'g&xfg' at ¢ h uc i.de
sequence level to g%?rriqtg bie-‘ﬁ%@’%hﬁ*&%er?" e \Ar}etgt?lénund%ﬁ gpgndgfa%%g
i ntracel | ul pCMVGEILSB48L . HaG.

Figure 34 is a diagrammatic representation of the plasmid
20 pCMV.0.SV40L.Galt.

Figure 35 is a diagrammatic representation of the plasmid pCMV.Galtx2.



s Preferably, the nucl eotide sequence of each repeat in the dispersed or
foreign nucleic acid nolecule of the invention and the nucl eoti de sequence
of a part of the target gene sequence are at | east about 80-85% i denti cal
at the nucl eotide sequence |l evel, nore preferably at |east about 85-90%
identical, even nore preferably at |east apout 90-95%identical and stil
even nore preferably at |east about 95-99% or 100% i dentical at the

nucl eoti de Jaguem3d6 i$ evdihgranunaiic represefitation hithet plasmisl pEbM.Galtwént i on i s
not limted by the precise nunber of repeated sequences in the dispersed
nucleic acid nolecule or the foreign nucleic acid nolecule of the

i nv?anti on, iRigueet o3be 'mhdes:jstmagrargafftit:he repr‘éspllmﬁent bgveittnrai orpllasmi]gli rﬁs
at | east two i es t he dj sperse oreign nucl eic acid nol ecul e of the
t ar get geneFgﬁﬁﬁgﬁé%%&@oﬁé3@%pressed inthe cell. Preferably, the nultiple
copies of the target gene sequence are presented in the dispersed nucleic
acid nol ecul e or the foreign nucleic acid nolecule as tandeminverted
repeat sequdi@HEe anddor is arfiendigoraramatie pe lePresoitatiers. obo tgch plasmid
confi gur tiqﬁﬁq r ijffJed by the "test plasm ds" described herein that
conprise%GaIt, géga@§ﬂg©¥i%g%e regions. Preferably, the dispersed or
foreign nucleic acid nolecule which is introduced to the cell, tissue or
organ conpri r . Pr . . th j or¢fogeig ei c
acid nol ecul%@ﬂ%%? C(@r\rﬁ\r? se@%@ﬁ%&'gl eg?&ggé)@%gﬁgncéf ortrh:és rb|£§+ﬁ§d
conpl enment amppCMV.GalbtBRRRBYaGAe sequence which is capable of encoding an

am no aci d sequence encoded by the target gene. Standard nethods may be
used to introduce the dispersed nucleic acid 28 nol ecul e or foreign

hucl ei c aci Fignrecule i ¥ 0 4 hediagtdmimiatis s Ueeresantadon f 0of t hiepurpiasmigl of
nodul ating the expression of the target gene. For exanple, the nucleic acid
nol ecul e na}KH@Vi FBefarltFF&s naked DNA or RNA, optionally encapsulated in
a liposone, in a virus particle as attenuated virus or s associated with a
virus coat or a transport protein or inert carrier such as gold or as a
r econbi idnt Righeg 4tt ois ora badipgrdramatiect srpresentstian gefkt i ecomiasiigh |
anongst oth . 1 B ion neans include injection and oral ingestion
(e.g. in ne§¥§g¥§%ﬁ¥§8§b%§§eriaI), anongst others. 1o The subject nucleic
acid nol ecules may al so be delivered by a live delivery system such as

pact or 1 a whifddULAZRES SR B PR RS hBp St RET Ve, T Vi v

expressi on system can be enployed. In this regard, one formof viral

expression is the agdmnistration of a [.ive vector. generally, by spray.. feed
or vator wh&gutl EFCCls ng or PRaBroBalifo PsreRaBSR VB By, TR |7 s
or bacteri uGARTE7.B58\8CBY.dagsan ani mal . Another form of viral expression
systemis a non-replicating virus vector which is capable of infecting a
cell but not replicating therein. The non-replicating viral vector provides
a neans 16f iFiguRIYLig digyrhffndtiteprédetaticrpbf thelpigshidgsmetP\y materi al for
transient 20 expression therein. The node of admnistering such a vector is
the sane as a live viral vector. The carriers) excipients and/or diluents
utilised inpghre/gsidg d‘ié@ﬁaﬁiﬁ%t%p%@férﬂéﬁorﬁ@f HePashid SSPY2PYYhost cel
shoul d be acceptable for human or veterinary applications. Such carriers,
exci pients and/or diluents are well 2s known to those skilled in the art.
Carriers angdiguredi wea dhadgramnidticrepfiseratRin Hrthy prashidstiagscapyyand al |

sol vent s,—di spersi on nedi'a, aqueous solutions, coatings) antibacterial and
antifungal agents, isotonic and absorption del aying agents, and the |ike.
Except 1 nsof IRSAPIY 3 GBS £ E@égn@atg SO8BIASi WW e wth the
active ingrgﬁégnt, us% ?ﬁgr§%# Fﬂhp e so cghposgéion FS cohteﬁ%%ated.

Suppl enentary active ingredients can al so be

Figure 48 is a diagrammatic representation of the plasmid pSP72.PVYx2.

20 Figure 49 is a diagrammatic representation of the plasmid pBC.PVYx3.



29 incorporated into the conpositions. In an alternative enbodi nent) the

i nvention provides a nethod of nodul ating the expression of a target gene
inacell, tissue or organ, said nethod at |east conprising the steps of: s
(i) selecting one or nore dispersed nucleic acid nolecules or foreign
nucl ei c acid nol ecul es which conprise mlygi pl e copies of a nucleotide
sequence which is substantially identical to the nucl eotide sequence of

sai d target Figine 50 issa degjramntdtier repfesemtatiorcof the plasrpidepBOQIPAYx4. her et 0; and
~0 (ii) introducing said dispersed nucleic acid nolecules or foreign
nucleic acid nolecules to said cell, tissue or organ for a time and under
condi tions fighrecs i a UigramansticxieprssemtatidreoRNA piisimidaBOP\SALNYNAT get

gene to be nodified, subject to the proviso that the transcription of said
RNA product is not exclusively repressed or reduced. 15 To sel ect

appropri at e Fjg@reeotszie gequencisglapimhee Jefdpresentatiessi oh ahet hpldsmiiget
gene, several approaches nay be enployed. In one enbodinent, nultiple
copi es of spB&- BﬁﬁkﬂﬁwﬁﬂgYof characteri sed genes may be cloned in operable
connection with a suitable pronoter and assayed for efficacy in reducing
target gene expression. Alternatively, shotgun libraries conprising 20

mul ti pl e5cofigdreof S%neisi c asedliagiasymatiy beepsesentation anal adbaye@lasonidt hei r
efficacy in i r gene expression. The advantage associated with
the latter Qggggggﬂgﬁg%fﬁg%mit is not necessary to have any prior know edge
of the significance of any particular target gene in specifying an
undesi r abl e phenot vy, in the cell. For..exanple hotgun Jlihkrarie .

conpri si ng \lfﬁ)glg,rg SL%FZS'Sgeﬁom' a@@&ﬂﬁ@%‘f S %e%eéﬁ@ﬁ?f?oyggd gha t@iqsgafd
directly fopgdpivy. ladvViyypto confer virus imunity on the animal host

cell, without prior know edge of the role which any virus genes play in

pat hogenesi s of the host cell. As used herein, the term"shotgun |ibrary"

is a set of PRy 58 i elRPAMAtIc @&mmﬂe%&émw%zﬁm of said

set is preférably contained within a suitable plasm d, cosm d,
bact eri ophage or virus vector nolecule which is suitable for maintenance

and/ or ngpl EEgakion .oCcelq ul iThe SEH gugr | itREar Biadmmigl udes
a repreggnt at vlleeoli 6r1a‘?|§,, ialn vﬁ?%%ﬂﬁgtlgé_xtre té%@fntéﬁlﬁ? ve(?fsi tteébe \I/\a/eSIgrﬁ}et he
nucl eot i de pAFIATCEES.P/NBAE\OMs such that all sequences in the genone of
the organi smfrom which said nucl eoti de sequences is derived are present in
the "set" or alternatively, alimted library

Figure 57 is a diagrammatic representation of the plasmid

pART27.355.0.SCBV.PVY.

Figure 58 is a diagrammatic representation of the plasmid
15 pART27.35S.0.SCBV.YVP.

Figure 59 is a diagrammatic representation of the plasmid pART7.PVYx2.
Figure 60 is a diagrammatic representation of the plasmid pART7.PVYx3.
Figure 61 is a diagrammatic representation of the plasmid pART7.PVYx4.

Figure 62 is a diagrammatic representation of the plasmid
20  pART7.PVY.LNYV.PVY.

Figure 63 is a diagrammatic representation of the plasmid



in which there is a | esser degree of diversity between said sequences. The
term"shotgun |ibrary" further enconpasses random nucl eoti de sequences,
wherein the nucl eoti de sequence conprises viral or cellular genone
fragnents, anongst others obtained for exanple by shearing or partial

di gestion of genomi c DNA using restrictiofy endonucl eases, anongst ot her
approaches. A "shotgun library” further includes cells, virus particles and
bact er i ophageARAT AV .EBY3OMWPILSi ng t he indi vi dual nucl eotide sequences of
the 15 diverse set. Preferred shotgun |libraries according to this

enbodi nent of the invention are "representative |libraries", conprising a
set of tanddfiguepea6dd imucl ot didgraramatioc eseplesertationr oof a ther alplasthidogen
of a plant or ni particularly preferred enbodi nent of the

i nvention, ﬂ#ﬁgﬂﬂg%éﬂENNWL?ng 20 conprises cells, virus particles or
bact eri ophage particles conprising a diverse set of tandemrepeated

nucl eoti de sequences which encode a diverse set of am no acid seguences,
wher ei n t he FigHRF? ipa diagrammalis wrgé@ntatlorhet’:péBtWe?e‘i%E’we%GBé/-gVB- pl aced
operably under the control of a pronoter sequence which is capable of
directing the expression of said tandenR5 repeated nucl eoti de sequence in
the cel | 5 AJUBHER ngl y66t he ticl eofi de skRgranvealis eaciepiegantation he of
tanden}repe$%ggrf%ggg9?§xggxx¥9qﬂﬁ%&@ at | east about 20 to 200 nucl eoti des
in | ength. e use of larger tragments, particularly enploying randomy
sheared nucleic acid derived fromviral, plant or animal genones, is not

pr ossi bl e TOPI 84S =ligteRin B Fhfad plonBL RERIR R YRLEMA RV o e

acid nolecule is presented in an arrangenment such that it nay be expressed
in the cell,..tissue,,0rgan or éj/\lnol e _organi s%}{ at Iﬁast ahﬂttrrl]e | .
transcripti OFngr? evg§ ( e 2 ¢dipgram Pesd eﬁﬁnt@ 8N anPhal "fel Ip?%nﬂc/ji eld
at least an gATPPOUULWHI ch is optionally translatable or translated to
produce a reconbi hant peptide, oligopeptide or pol ypeptide nol ecule). By
way of exenplification, in order to obtain expression of the dispersed

nucl ei ¢ 13ci Fighk&ecBbe showsOr MiidbBgriphseicy aakd ngdIeCiHed | tharkdiSrrhdd | withi ssue
or organ of int erest, a synt heti c gene or a genetl C construct co rsing

sai d synt hetR@YdreFPs vigveen coder woesnel Hgktaad dinden diuocesgenee itianss a

nucl eoti de uenc S H?[%S [ supr.a_i . nn i Lt R,

pr onot er segggﬂﬁag'?% ch sﬁ@agﬁﬁ?%gﬁfi Tég@ZIO rﬁﬁ ﬁgg'@%&é@%‘#ﬁt %&e’gnﬁKThus,

the subj ect pgrpeixt pcidismikierd! folhhl IRBLORST #K YEGFRNEE Y ¢d cbfs Offd&H nore

regul atory el enents sufficient for eukaryotic transcription to occur.
fluorescence conditions; C: PK EGFP 2.18 cells under normal light; D: PK

15 EGFP 2.18 cells under fluorescence conditions.

Figure 70 shows an example of Southern blot analysis of transgenic porcine
kidney cells (PK) which had been transformed with the construct
pCMV.EGFP. Genomic DNA was isolated from PK-1 cells and transformed
lines, digested with the restriction endonuclease BamH1 and probed with a
20  *?P-dCTP labeled EGFP DNA fragment. Lane A is a molecular weight marker
where sizes of each fragment are indicated in kilobases (kb); Lane B is the
parental cell line PK-1. Lane C is A4, a transgenic EGFP-expressing PK-1 cell

line; Lane D is C9, a transgenic non-expressing PK-1 cell line.

Figure 71 shows micrographs of CRIB-1 cells and a CRIB-1 transformed line
25 [CRIB-1 BGI2 # 19(tol)] prior to and 48 hrs after infection with identical titres of



Ref erence herein to a "gene" or "genes" is to be taken in its broadest
context and includes: (i) a classical genom c gene consisting of
transcriptional and/or translational regul atory sequences and/or a coding
regi on and/ or non 20 transl ated sequences (i.e. introns, 5 - and 3' -
untransl ated sequences, or DNA and RNA viqguses); and/or (ii) nRNA or cDNA
corresponding to the coding regions (i.e. exons) or 5 - - -and 3'-

unt r ansl at e BE¥gAeGEEB-Toteltshariardn 3 Edinfeotiorn;i B:i CRiB-dt calist48 his afteri BRV

compr 1 o1 ng. dhtecina: BT ARGk STinbicsfs arhet gt B MR CBlience
whi ch consi §#§|20f 19{@NE hi 4EIBE 2NAfRlioh  PESfuMhep tRtails&@erabXEYarhSigl 0ns
capabl e of conferring ‘expression 32 characteristics on said structural

regi on. Thud$. "gene" includes a nucl eotide sequence coding for RNA ot her
than nMRNA. The term "gene" is also used to describe synthetic or fusion

nol ecul es 5 encoding all or part of a functional product, in particular a
sense or 5antRigars e7 RNshowe dlevelsorof a pigepentdtgn olnk ddi@peelide amd @16/ pegllsi de or

a biologically-activ ot ei n. rm..synthetic gene" refers t

mon- nat or ai (5AsEaTed WEh G Y REBQET F8h dees fed femdntt s cker e
conprises atg{@alie, & 2N 1PIB16°9. 114 86 Bi 015 OBes 421302 ahds 8311243 gy
regul atory sequences oper abl linked to a structural gene sequence. The
t er m " st r uctfurtber deiais refartd Examplek®dn to refer to a nucl eoti de sequence
whi ch is capable of being transcribed to produce RNA and optionally,

encodes a peptide, oligopeptide, polypeptide or biologically active protein
mol ecul e. ~Figuoes &3stidws ininonofigorasceti icrographarad MPA-MBo468 icellRAdi s

capabl e of ' r | at,ed, i nt.o a pepti de ' ' | ypept,i de or
pr ot ej n,18f o%@g‘%é&?fceﬁ'ﬁetrﬁ!\ﬁgﬁﬁgﬁs@ﬁhfBﬁ&& g%@ﬁéﬂ?ﬁﬁo%g@fa r?orsi gnal
or al ternatipERy. Af MOW-MBIA6BScaRE IBEMPA-MER463heeiRr Safitd WitheshlyOhe
clearly enconpasses syntheti cdaenes conpri sing nucl eotide sequences which
are not capascendanyeantitady Co MBAMEHES Tof ioglp spaingddor bisips f2: MBA-or
bi ol ogi cal | CdoV. r i i , e ' r ave
pi o 0! o2 | Ya8Gtes P 1RcRIE | Dined PRSI S WoR furthdiu dlao e toRsElthS1 ]
Figure 74 shows FACS analyses of HER-2 expression in (A) MDA-MB-468
15 cells; (B) MDA-MB-468 1.4 cells; (C) MDA-MB-468 1.10 cells. For further

details refer to Example 10.

Figure 75 is a histograph showing viable cell counts after transfection with
YB-1-related gene constructs and oligonucleotides. Viable cells were counted
in quadruplicate samples with a haemocytometer following staining with
20  trypan blue. Column heights show the average cell count of two independent
transfection experiments and vertical bars indicate the standard deviation. (A)
Viable B10.2 cell counts 72 hr after transfection with gene constructs: (i)
control: ~— pCMV.EGFP; (i) pCMV.YB1.BGI2.1BY; iii)
pCMV.YB1.p53.BGI2.35p.1BY. All materials and procedures used are
25 described in the text for Example 11. (B) Viable Pam 212 cell counts 72 hr
after transfection with gene constructs: (i) control: pCMV.EGFP; (ii)
pCMV.YB1.BGI2.1BY; (ii) pCMV.YB1.p53.BGI2.35p.1BY. All materials and
procedures used are described in the text for Example 11. (C) Viable B10.2

cell counts 18 hr after transfection with oligonucleotides: (i) control: Lipofectin



advant ageous in nodifying target gene expression in cells, tissues or
organs of a prokaryotic or eukaryotic organism The term "structural gene
region” refers to that part of a synthetic gene which 25 conprises a

di spersed nucl eic acid nolecule or foreign nucleic acid nol ecul e as
descri bed herein which is expressed in aqgell, tissue or organ under the
control of a pronoter sequence to which it is operably connected. A
structural geademgt)oonlwyn)comirdls aoorspegificnoligorlickmdidee diiih decely cY dwixd

I I 3 f cl ei id I I Ly . t.h
Cont ol of &IGPRUESlie bl oraleBa AL PERsHTeH Hred ve ARERDe ddhedext -
Accor dingl y fof BRaipleiqy U(m) VRIS Pah9i2ap @l o8 UBchi AntachsndREtGPWIN Se a

nucl eoti de sequenc I s capabl e of encoding an am no acid sequence or
is s conpl ercdigbaugleotidesst ) controhi kipotepsind (traderankg t ey (g)enentretglmn-vxhu ch

is used iLn the perfornmance..qf. nst i nventi on [

nucl cot | e SORGERCHRRUERCUAEG HAE CBRoK e ey E ol oAl dfafatER <&
functional tgrasdibs @Bel Fré dabéibeCRAAB tSRGOPExampkned i onal translation
stop codon and, as a consequence, does not conprise a conplete open r eadi ng
frame. In the present context, the term"structural gene region" also
extends to &jgQare e F\gNBHﬁéﬁ%Ibfj%éﬁi‘ﬁBqaﬁéﬁ of BFEP eRPrezsjorHiRTMIMIBN &dlls

3' -downst r eant sequences of a gene whiC uld not nornmally be translated in

a eukar yot i @ndeMMaghi I@t&SeumﬁeEmed Mﬁ@@MNeEGE(PcdlodqugqutaI RNAhEoroihieext of
t he present nvent O a struc ene 0 [\

fusi bn bet ndIERY G inBs Bt BintiaSed B ebRmss sl At hTaRe 15 Bt
genes. lp swybreﬁmﬁbraﬁet‘shetfh@r WaY Probewithya RRlioHiblibd frayhént dorivied

expressi on of one gene by targeti di fferent non-contiguous_ regi ons
thereof or A&farer g BRI ge@es%nﬁiﬂ REEARS Bhawing LtBidive  brgipiEesTiaineds
several diff I d f. ly.

In the 20 cé@% obwgq?ﬁsFJﬁnﬁJ@?338A6§%§$#%?Eg%ﬁgpah?hﬁﬁﬁs éﬂqﬁﬁﬁﬁéﬁﬁgus to
the ani mal deditateddsimilapambunts cffRMAfom eashtoet) line wareeraobed.eot | de
sequences derived froma viral pathogen, the fusion may provide the added
advant age of conferring sinultaneous immunity or protection agai nst several
pat hogens, IRigurs J7t iRenl{TipeeRDRCRI amalpsis gsfniesndforned defi diresafor (RGFRPgens.
Al ternatively or 25 in addltlon the fusion %g provi de nore effectiyve

i muni t y5agdRBA deelsant FLa By RNG Jeansegbed efrenp the £ GR Pofransgene hlan one
aﬁ”e of thaty RALAGYR! nJ&% QPA'EEE'EP'IHW le‘?/BlssuhrlﬂM%IﬁIIne%eé‘% afd4s

ich may be involve n tic gene resent 'inventio \M||
vary consi dém fhgqre IBa)anEGrE@’ gewe rameni temgidmptn‘ lreand:Ieotbf W%Istmeszsueal

gene sequenc h ir .or entat o] it each other.
For exanpl e? nohd8e %skl'PI @uf‘h #@e é& F‘qu"f' 8%%‘%“ %ﬁﬁ?f;ﬁ cf¥ ehy, ﬁéoqqﬂ?éf’ent
instability (GIAFW)' PN R Bveld HE MAPIBLd nse BUONGRS 18(asVinvPigard 769D GAPD
difficulties associated with constructlngélon synt heti C genes conpri sing

i nver t e@0r egeacatNmCiransdripts ngtaeicdIMBEL dinse 309 anege18 éaﬁj@rﬁjgu Fofb)such
sequences to reconbine in vivo. Notw thstanding such difficulties, s the
opti mum nunber of structural gene sequences to be included in the synthetic
genes of thflmlasar& RalaémeumRWhylebelsdenérRN:Pedrmrlbe@aﬂmm H}ﬁt&@é
skilled in % art P undue e§$er|ﬁent R0 and ék hh
standard pr r@é‘&ﬂ?’é@ "%l?é’ﬁez% 'Pﬂé)"cﬁﬂ%ﬁyﬁu |ni')h %Id %5’ QVHt'Het e 'Of the

i nventi on UEGRP iggeernRilinaLisdeidisetipsd bue EIGHP ReRINAMNEIS g whemuyﬂw,
repeat ed sequences to—-a |level which elimnates or mnimses reconblnatlon
events and BiENd¥ing pRpttraascaptional ggpeIsigncing dConsHPPERSEIcgy uct ural gene
sequence to an acceptable limt, preferably no nore than 5-10kb, nDre
preferably no nore than 2-5kb and even more preferably no nore th

0.52. OkBSi nFigrs h. 7N tier nax i vdiagramaticpl eapieseription, of stihef erplasmigrrent
can be ~5 i W\?@al?%(‘é‘ﬁ 4E0Pi es form ng the palindronme. Werein the
structural gene regi on cgﬂprlses nore than one di spersed nucleic acid

nol ecul e or foreign nucleic acid nolecule it shall be referred to herein as

ol early oxt Bl o 80, Bootyr Fademifaid: rirelbrcitofime S BRe HABE™ ' "
pCMV .her2.BGI2.2reh.



20 preferably conprise a direct repeat sequence, inverted repeat sequence
or interrupted palindrone sequence of a particular structural gene,

di spersed nucleic acid nolecule or foreign nucleic acid nolecule, or a
fragnent thereof. Each di spersed or foreign nucleic acid nol ecul e contai ned
within the nultiple structural gene unitogf the subject synthetic gene may
conprise a nucl eotide 2s sequence which I's substantially identical to a
different tFRigrate g8t iis tlae Shagraofrgatic s mepBeseEntatiorar refngehent plagymnitde of
particular u g#ig%gmg n e synthetic gene is intended to provide
protection Bé YidBhl g%%%@ﬁen inacell, tissue or organ, in particular a
viral pathogen, by nodifying the expression of viral target genes. For

exanpl e, the mul tiple structural gene may conprise_so nucl eoti de sequences
(i.e. two o 'Qﬂflee cﬁ%pe‘ﬁseé’ o,dlagﬁamrgath]ucl[e@ir@sqmwpn £t rrdh@cuptaﬁm%l ch

are substan mp B@b \}éﬁb or nore target genes selected fromthe
list conpri | ng 'gm ymerase, pol ynerase, N a protease, and coat

protein or other target gene which is essential for viral infectivity,

replicat] eprgpgucti o i h
arrange Ffi%rre t héeipst uctgur a'?fg‘@%ﬁimafﬁl tsrsegfésegn‘?%tio‘?f \é\é)ftsué t hgfasm]g
t ar get genepol\wﬂ[megmay)(are substantially identical are normally

expressed at approximately the sanme tinme (or later) in an infected cell,
tissue or organ as (than) the nultiple structural gene of the subject

synt heti c gDETAILE®DESCRIPTIONCOFCTHE INVENTIOMN: pronoter sequence. This
means that the pronoter 1o controlling expression of the nultiple

structural gene will usually be selected to confer expression in the cell,

tissue or omgarpre¥ent FnK}@nﬁtSﬁ ipFSvides @ Mt 8f nidulatin ﬂwéf\’éﬁ@retsgi%n%fr al

target genes are expressed at different stages of infection. As with the
i ndi vi dual tasgekaene ima cell disstedirasgancsrid methpdiaj teast cpepfising tersiepcul e,

comnecs &' Rl ERate, 4418 B aieCor™bHE ol s REPE offperay ARl Sac
head- t 0- heagholé®aés top-fomign Mucleid beidomohidules dombptisigcinuitiphd icopiest vfoas ar e
within the scope of the invention. For expression in eukarﬁotlc cells) the

synt hetic gBH%‘eﬁﬁ%r §?‘P‘§3Wh'§€s IS |$Pb23(§a’§!ﬁ#b/t idgntical tipe t ECF‘HP@OHQPd
mol ecul e of sbhged VSPE?ﬂ”talrgetg@Iié’ﬁ@b?ra ﬁagfor?% 2o g'rﬁ;o‘?ﬁpﬁlerseg?é}z'tﬁéfgtbf

sequences de5|gne acl e expression elc acid
nol ecul e or fdra Blr@nammmdeccmxiltﬂommseﬁﬁuieat f(Reti‘mmumn biethei mRINA @rdduabrmt er"

is to be taken i it br ogdest ext nd | udes. t tra scr onal
ogulat &7 v CEaieatast gong 1ome ety sBRklyBrdovsoiel H& R REISATA box
which is rerJéél@%ﬁR!rA @r‘b@l%ﬁ%endtre&eﬁ:%rv'ewié?ﬂ?eéé@a‘d%%b@@edW'th or without a
CCAAT box sequence and additional regulatory elenents (i.e. upstream

activating sequences, enhancers and silencers) which alter gene expression

in responsepg 0"rﬁ@l‘t’6ie098§|'é§@|ls GREANY 1Rt VdF mbidUubstaftially identical (as
ti ssue-specific manner. A pronoter i1s usually, but not necessarily,

posi ti oned @efingdbetoan eopiss of &f nucleotide seguenerace pe@eecm intthe saop? ©5si on

O oronoter e SRS PO GBA o0, 50 RiSLar o Misypoge =i o
transcrppti gppreicidtée Bevme bRillédeanpihesar! thenteaxt Jditdee repest” nsr@sr;@u an" is
al so used to describe a synthetic or fusi on mol ecul e, or derivative_which

confers, actPRtzadistingtioaipdhe darm “inverted repeat” such that a direct repeat is a 5'-
3'.5"-3’ repeat—(with or without other nucleotides between the repeated

sequences). An inverted repeat is a 5’-3'.3'-5’ sequence (the 3'-5’ sequence
may also be called a ‘reverse complement” or antisense of the 5-3
25 sequence) such that the transcription product of the inverted repeat (e.g.
MmRNA) may form a hairpin RNA structure. Further, the term “tandem” is used
by those skilled in the art to indicate repeats separated by no or relatively few

(relative to the length of the repeated sequence) intervening nucleotides.



s expression of a nucleic acid nolecule in a cell. Preferred pronoters may
contain additional copies of one or nore specific regulatory elenents, to
further enhance expression of the sense nolecule and/or to alter the
spatial expression and/or tenporal expression of said sense nolecule. For
exanpl e, regulatory el enents which conferycopper inducibility may be placed
adj acent to a heterol ogous pronoter sequence driving expression of a sense

nol ecul e, t Iﬁ%ﬂrmlays cmay aptionglly dgp eeparated rMud istuffer yfragmehte oexnptesrgelhlon of
sai d nol ecul e. a dis se rel cJeic acid nol | e under
She r ogul ot GgiondR G sqeoidm stk dopaion HRast Saeh eRRA S Teal o
nol ecul e sughist @aFecfiiFr%eSSFHén sh?rféioﬁ'éérﬂbhﬁ‘i'naw chrfbrEanﬁﬁ& SomSiRL oY Of

Pronmoters are generally positioned 57 (upstrean) t e genes that they
control . | nnusleotidearamind @cicdfesidites cadgmydrqiecm@eemlesmmgosaacr@ede

conbi natlons it is ner referred to ositio the pronoter at a

i st ancet r bUBa AR CAPanSIPS: Fon TP oBlS, anfhab i SeRR BEEts | he
same as thewHied %Q%ﬁ)éb% &ﬁ@élnéﬂiﬂkecﬂ’b@@bﬁ V\){/}ﬁf‘g nUBRIZAciBASlethlecont rol s in
its natural setting, 1.e., the gene from the pronoter 1s derived. As
is known in the art, some variation in this distance can be accommodat ed

wi t hout | OSfPereerSIg”ﬂ%é?rstJﬁé?Cﬁ%QﬂﬁntSbBHgﬁééé(1a %Bﬁu@rﬁ@é of ifbidtiRle! ang of
a regul atory sequence el enent th respect to a heterologous gene to be

pl aced undehomalogumtanalogue oredérivativeyheneof.posi ti oni ng of the elenment 25 in
its natural setting, i.e., the genes fromwhich it is derived. Again, as is

known in the art, sonme variation in this distance can al so occur. Exanples
of pronot er Mareiprafdrablyotheustaffenfragmesny cotmprises g:es&;me@betdfmtpienﬁdns of

i nventi n in a ungal ... bacteri ani mal nt derj ved
oromot et c BEiaAeEaBpuf | abiTHrycRs e, cffBre PteBEN BURSH #as: or
bacterial cgblf0 nudéotides M RMBHEBNARYITREM BicferaBR SXIRRSE &bOIR PCBO-EDQ
structural gene conponent constitutively, or differentially with respect to
the cell, tRuclepddesinlengttyan in whi ch expression occurs or, with respect
to the devel opnental stage at which expression occurs, or in response to
external stinmuli such as physiol ogical s stresses, or pathogens, or netal

i ons, or anWihgret thesdisamagtor dotedgrs nulleid @cb:bhy)le@tﬂe ipcludese'ntrbe/ezapabl e
of regulatlnI pressi on of anuc{r‘e?ic i d rmecr in_a eukar OtI{ICEH
tissue or o?ééﬁ? TR SETP Ty b‘@f‘?r fagnepf fiay, 3G VERAR 1 HBTPR get
gene i s18xpee§a&itce pRIcet hetWdehe 3 spiics @hé)bfdhé@tmmmdll @érﬁé vie8fe?aRdi ng

t he commencenent of detectable expression of the ~o tar gene in said

cel |, tissu®-6nd&fdamgeneanddinedt'y splice sifgjothiesnext downs ?rﬁammméit@raefe
parti cul ar mtgf{%%r ﬁé’rfg dh“% BlgéuPéjoﬁ&%me{ﬁbe}hﬂ %8”%ﬁa@¥ﬁmnh8féo%e

pronot ers rus infection comrencenent of
t ar get genesquwem,%|mnts Fifathie oqh‘epaisbd éclsréngmlrraﬁle:opacudblmolpcuueot@rbeare
particularl eferred f ~ s useinth thetic enes of the present
Pavent i on.  ERBRBIGE: 8¢ shifler GaCEPT piAkscineTd eness St Bet BelusBrane 7
pr onot epg b%h%r iraRHagen SHPESHBH, HbseREMtnIBhes Incb%n&ﬂﬁf i Sdlierizoont er
tac pronoter, SV40 late pronoter, SV40 early prom)ter SV-LTR pronot er,

CW | E pr orbothy enotsawr@w&ﬁerofmment Sdbe additien ef a t@nslatpnmtaﬂeqodan@tt he

like. the 5° end of each unit, as will be obvious to those skilled in the art.

Stuffer fragments can include those which encode detectable marker proteins
or biologically-active analogues and derivatives thereof, for example
25 luciferase, B-galacturonase, B-galactosidase, chloramphenicol

acetyltransferase or green fluorescent protein, amongst others.  Additional

stuffer fragments are not excluded.

According to this embodiment, the detectable marker or an analogue or



20 I n consideration of the preferred requirenent for high-level expression
whi ch coincides with expression of the target gene or precedes expression
of the target gene, it is highly desirable that the pronoter sequence is a
constitutive strong pronoter such as the CW-IE pronoter or the SV40 early
pronot er sequence, the SV40 | ate pronotern,sequence, the CaWw 35S pronoter,
or the 2s SCBV pronoter, anongst others. Those skilled in the art wll
readi |y be alesivatived tiastdof sonvab torindichty tinegupresipnodhite syrithetihgene of
specifically described. In the present context, the terns "in operable
connecti on We Kveption iparcedl fssuedrorgRe hyovitue of it abiityia genfenalspesiict aken

Lo i ndi cat e dehaaRRRONS Abrddi profbisy bUALIMIRlAdEB AR AbiHe ! {1 P! @

structural gene regi'on | ronoter seg ce with
which it is spatially connected; in a cell, tissue, organ or whol e

Cegron (1. e NEuSIEREEETRRE EBGliehgt Pal, B Serf Ry o M RS5ERG
ol ecul ey olof Mgt itanget sgenectisr @dugedein eghplitude @dloedthepdndmd Yofl ene

connection with a pronoter orientation relative to the pronoter seguence,
such that weXRressians is delayed pad/osqthendeyrleamental sors ligsursspodfic \Hi edll-i s

capabl e of eReeibn a0 PERLL eREOUiptestlont e AiRBA! @RISR fy [hadTent

t hereof . However, resent ntion I's not e use of
such an arr exgeyssidn afidaidhgene\ierthecabseneer ofythexinvedtve onethedudesanibed

synt hetic genes and genetic constructs wherein the a structural gene region
or nultiple®%0ctural gene region is placed in the "antisense" orientation
relative to the pronoter sequence, such that at |east a part of the RNA

transcription product ~5 thereof is_conplenentary to e RNA encoded by the
target ¢ ne?’WP'PSé rfqta{lj'ﬂ'ﬂﬁg tf‘ﬁéﬁ@@?. ofdﬁ\ggﬁ]@ptl% C_{eﬁér 'B?‘i B’lﬁ’%’é‘d t"r‘@&’%ﬁf’taci d
mol ecul e T giRiion ¥ Bhrboade! £ BRI PoierB bkhRksSionWhieh Udprfieanbeal on
conpri ses tandem 8| rect andlor 1 nverted repeat 'sequences of thpe target

gene, al |l coefmessipnpuielay ot redadtione inmamplitudked of dargeh fgemer axpressioaria a
enconpassed by the invention. In an_alternatjve enbodi nent of the

Chvent; on.  SRECEN el FSUe B orgub bR BIkAIPYS BréAenydt APLICHALR Pl on i s
operably cogpegtfdatoR8EdtyRdbhbSs dPTIEBRAOREAS P, Rt AURRMOBE ofiep DL er
sequence, wherein said pronmoters are |located at the distal and proxi nmal

ends t hdbeoBninalanchavemmareaartianarly ai vertebrate and invertebeataranimgbséchegi on

Cel ati vet o2 PpEE apPBfie b Ifa. TorE AR, Ropltfe, FRUerall SR 4 b2t o1
rel ative toctdig ISRtONSr PaWin bravid Haines .or AC®arRihalg ahngBt stherd)odi ment, it

is also preferred that the first and second pronoters be different, to
prevent conpetition there between for cellular transcription factors 39

More preferably, target gene expression is completely inactivated by the
dispersed nucleic acid molecules or foreign nucleic acid molecules which has

20 been introduced to the cell, tissue or organ.

Whilst not being bound by any theory or mode of action, the reduced or
eliminated expression of the target gene which results from the performance
of the invention may be attributed to reduced or delayed translation of the
RNA transcription product of the target gene or alternatively, the prevention of
25 translation of said RNA, as a consequence of sequence-specific degradation

of the RNA transcript of the target gene by an endogenous host cell system.

It is particularly preferred that, for optimum results, sequence-specific

degradation of the RNA transcript of the target gene occurs either prior to the



whi ch bind thereto. The advantage of this arrangenent is that the effects
of transcription fromthe first and second pronoters in reducing target
gene expression in the cell may be conpared to determ ne the optinmum
orientation for each nucl eotide sequence tested. s The synthetic gene
preferably contains additional regulatory$lements for efficient

transcri ption, for exanple a transcription term nation sequence. The term
"t erm nat or "timefoerstage wheNhesRNetraesaipt idfichetarget generneosid mgtriatipdde uni t
whi ch signals term nation of transcrlsﬁﬁl on. Ter

3' - nont r ans|tEARSIRtEAQr adignatively. ghthen 9"%?‘&“{2 %%V?ﬁﬁ%ﬂmloﬂh%@@%nal
whi ch faci | '% eeSwB{}ra ;ﬁéﬁh{au Npaf ta%ws)gqé@ny@b?d.asguepfeessé@ e & -nd of
ant el

a primary transcrip tors activein are novvn and
descri bed i rap;hephattaepedmoter Q'ém;enmytdoeegelal@tea(ﬂ)résmm brafctlm ||atrodlmnegi :

viruses, aninuals andlor plants or nt hers#ozed de @s Erormt er
sequences’f) tHePerser AYES !ff Iﬁﬁe}llet &f P88 Ny ﬁeﬁ& \Mi"@ﬁ”l s} abl e

in the cellspy gdrt%?&'%n%e%tﬂﬁﬁsﬁd B?H\hhﬁhple ohﬁahéB %F(iﬁé ihPertRNUFRY- this
Exanpl es of t nators particularly sul for use In the synthetic
genes of therepsels,erstrohgvemﬂe‘.tmntnjm@Ir@@etarheorsvmqﬂdeyam%at$y§aﬁemsgaw t he

HSV TK pol yade tion signa the CYCL ter.m nator, er,m nat or A
t er i nat or, 4 PH eggﬁt h%{sé‘sf’NtﬂS)regB 'ngeFﬁPW&SW‘ kber a%%?%‘ﬁ%m
tunefaci ens d|§ﬂ$@'$b§rrmcl'é?é 8€idGholebBleSdi ibidignBiclBREbi¢ molésiies.CaM) 35S

gene, the zein gene termnator fromZea mat's, the Rubisco small subunit
gene (SSU) gene term nator sequences, subclover stunt virus (SCSV) gene
sequence ot erPAdIgiBsent FEntiBA- bl@ﬂﬁ?eéﬁ&iﬁpgssfé@ reded @xpPEssicH wWitdrelnncZ

al pha 2s term nator, anongst others. In a particularly preferred
embodi ment ) redycedexpression of theh&rsvugep@llyﬁ@nsachbvdﬂwgreghahraraﬁcrm@nmv TK

o gans. - oct oI Bhiha B b a8 g il i el ot KoL MBS s o

active in plpsch&fbmsby whichUbss 66curs masSa@lreddtmohaﬁZraaisnhpt.éretsrramtagtr
which is active in prokaryotic cells. Those skilled in the art wl|

be
aware of addacosRaNied by iesused deansiations ofhe Fteady-siates IMRNAI Rooloef thee i n
perform1%g t%@]t \éﬁgtl on. Such sequences may 5 readily be used w t hout any
undue experi I on. Means for introducing (i.e. transfecting or
transformng) cells with the synthetic genes described herein or a genetic

Further al { o Rala 9o QRO M ie S oendROyleRcb ITERJ="hublanpls oW bon, 1 2

two or nore @t alieinatiadlygeneonhegidogenous ngértetial eeqmerwe: uswch @ena gemgtins
wherein each of said structural gene regions js placed ogerably undert he

control of &egugme;vvm%ﬁefiewﬂj RELA VAYS\ @i athek IEeigB RATAPARMNE OraRieM bed
herein, the g FQ%ét% & ﬁ’l%?lﬂgsé rdéﬂtéﬂcf‘lusﬁ@nethéegélpé‘ nﬁ‘?éhul?&x ﬁilb\igl gtg ‘o

maximse its nmo ory ef ect on target gene expression ccor

t hi s enteodi riefectionhe pronoters controlling expression of the structural

gene unit are preferably different pronoter sequences, to reduce

conpetition there between for cellular transcription factors and RNA
Where the target gene is a non-endogenous genetic sequence to the cell, it is

desirable that the target gene encodes a function which is essential for
replication or reproduction of the viral or other pathogen. In such
embodiments, the presenmvention is particularly useful in the prophylactic
25 and therapeutic treatment of viral infection of an animal cell or for conferring

or stimulating resistance against said pathogen.

Preferably, the target gene comprises one or more nucleotide sequences of a

viral pathogen of a plant or an animal cell, tissue or organ.



pol ymerises. Preferred pronoters are selected fromthose referred to supra.
Those skilled in the art wll know how to nodify the arrangenent or 20
configuration of the individual structural genes as described supra to
regul ate their expression from separate pronoter sequences. The synthetic
genes described supra are capable of beipg nodified further, for exanple by
the inclusion of marker nucl eotide sequences encodi ng a detectable marker
enzynme or aFbusgamplelin thetagpief amintas andthuwearish tieevifal pathdderf maylbe at e
detection of the synthetic gene in.a cell) tissye or organ in which it is
expressed. FRAUEQHYSh rt%xqrﬂplg ﬁ%’@ﬁi"ﬁ'ﬁrﬁucr‘t At %ﬂ%&“ﬂ?@@ﬁ@@f‘%é’"&'@ﬁﬁeﬂces
wll be pre g f f as a
fusi on 41§E‘ fey%g%ﬁ?%ﬂeq-pv\f I?ﬁ'?ﬁ}eﬁltsrgu ?P?@ﬁblﬁéo 5 (gE\?xone orl nor e
of the struamhuaalrugeﬁdwnahveelytthena:tgetgbyea:sna:onmnsreummr porg papledtide Those
skilled in the art tJ VYEEOf how t.0 cethesnthetlcg%éﬁ
descri bed hé?‘é‘n"’rf‘%?ﬁooo‘?"{'ﬂ LP70gaen ofaR SSHEARY YHENeRYCEE

thereof, 5 heelimiaddesa '®Rflible- Qtré‘néé@‘DNAan‘El@'éudhr a§ Yovirley RerpErdeirug e
conditions desired. In particular, it wl known to those skilled in the
art that thbegmeslmlemqumll(értS\bibsammst@tﬂlefs; performthe present

i nvention may require the propagation of a genetic construct described
herein or a derivative thereof in a prokaryotic cell such as an E. coli

cell or a plmanthecaalseowof aplasts,niihe ceibus pathdgen s'ysntprefeirablgeraesmwitme

pr esent |nventll on E}rrﬁ;y B i nt.roduced.t.a a suitable g}b ti ss or .or

wi t hout nodF?HERRY! SRS, RAMIVIYRe  FRAVIEUSs © 8%‘{9% HHL‘?Y'

optionakdy fsepolirded tahiibiris,a témbliglhes, CRitéd\eius, sstsﬂbrﬁ@wmsceb}omw.mss
particle or |iposoneg, am)ngst others. To pr oduce a genetic construct, the

synthetic geweorppvityre Hawit iafamayinias éohasmoyinsy tabEavirugh ipotedusr ad ~ s
epi sone nol t i

pl asmi d) Coglgﬁlﬂé&wﬁsms{hcﬁ sabpﬁﬁ{%f%@gg@%%ec gb&\(c%@ksﬁg%%L{%\/bén%ei ng
mai nt ai ned AMYV,emomgstiotiadred andlor ‘expressed in the host cell, tissue or
organ into whi ch it is subsequently introduced. Accordingly a further
aspect of the invention provides a genetic construct 20 which at |east

conpri ses t{\giks paititaldroregane e el patibgedsathbsenskinid itife @t hRe aware
enbodi ments descri bed herein and one or nore origins of replication and/or

sel ect ah} e that Néusnsedsd fuaetians mayha F@m@lﬁiﬁ@mtﬁét'@ teans by Polypeptdes
sui tabl e foénf:&feh& pg{%@ﬂdﬁ{gg& fB‘F &@Bﬁgﬁgtg&agn&ﬁi& 6PtHe”66\ﬂﬂe ﬁgéée'

genetic tralts e ron rovision of resrs
char act er i sviresgénomerialthe absbcihmay Sectaciitated byrradst cel 8INA palynserasgs be

trod d at t t t | t t th
geneti ¢ con¥hich BraRRBHBIE R PSRRI AP BRct e od Sl 4O BRAMIAERSs o

Those sk|II§ héNn the art will recognise the significant advantages, in
particular Tn ternms of reduced genetic nanipulations and tissue culture
42 requirenents and increased cost-effectiveness, i ncl udi ng genetic

T
the animal cell, a further alternative embodiment of the invention provides for
the target gene to encode a viral or foreign polypeptide which is not capable
of being complemented by a host cell function, such as a virus-specific
genetic sequence. ExemplaryErget genes according to this embodiment of

25 the invention include, but are not limited to genes which encode virus coat
proteins, uncoating proteins and RNA-dependent DNA polymerases and

RNA-dependent RNA polymerases, amongst others.

In a particularly preferred embodiment of the present invention, the target
gene is the BEV RNA-dependent RNA polymerase gene or a homologue,



Usual ly, an origin of replication or a sel ectable marker gene suitable for
use in bacteria is physically-separated fromthose genetic sequences
contained in the genetic construct which are intended to be expressed or
transferred to a eukaryotic cell, or integrated into the genone of a
eukaryotic cell. In a particularly prefepged embodi nent, the origin of
replication is functional in a bacterial cell and conprises the pUC or the
Col E1 ori gi mnalogalet@rdeaiviatied tharbef or PYYNiafprotsalseeatcoding sequescadl e in a
eukaryotic cell, tissue and nore preferably conprises the 2 mcron (2~m
origin of replication or the Sv40 origin of replication. As used herein,

the term " sqhect¢gibirewhihkexpregsien dfrtheudrsetajsnedisnodtiiedhmag e any ell
phenotype on a cell in which it is expressed to facilitate the

i dent i fi cat Ménchiisoderivesbirapy @ gapltiseludan anigial, dRcluding: selhand tissupe gultures
t f L ! : . - OFF
Lhoreor | ou Pt PRGN O BRIAC eIl SORIHER b arMiroBolohbiBIONE |

ated hefern in
gnpi cill Fnklreﬁtilel anyphilgjange birdmbe)man et retbgc Inharanrabs Exemptary gaminal Taehy,
acteria ananyci n-resi.stance gene (Kap ), .the .zeocin resjstance ne
(Zeoci n'| s IARIPTH G SETFel s Ctbiad K TboEE: hewraekooR. SRV Fogen
corpor at 1 ke, acthBlopbidlR el el CREERS and AInTbridlEed! uif Aifes?BhétPlg! ! ©
aur eobasi di n A’ phosphi nothricin-resi stance gene) neonycin
phosphot r an€¥@8 aMER@nddlaptolse , CH3%r Ghinese- hamistaraovary géidO), WI-38,

~i - gl ucur oni das S ne, Lora i cal.acetyl transferas T), .gene,
green fl uor Q@gﬁ'fa(rﬂ%%%é -eye@@ﬂﬁ) %R’Eﬁ@ Ct‘f::ﬂ lies, ﬁé‘q"fﬂ,sit Pé?%(ge%&éﬁé‘?e)nggongst
ot hers. 1pr ebpgaktivindshfresibany akhmatia s Shostesklled it fife BAL Abcar@nyylprthkanr
gene or green fluorescent protein (GFP)-encodi ng gene. 43 Those skilled

in ]E he art fissue beorgar i whichiexpressioreet tisi tergrigene igenedified emay be anyhe
i ted by nenaf oA UL AM (eiRer  dene. The present i nventi on

extends to all genetic constructs essentially as 5 described herein, which
' ncl ude fu”FJ}S{ergﬁ%tthg Spqgr'ﬁengeq gt Sgﬁfedd f?rf)mt h% monocotyledonous or

dicotyledonous plant species or a cell line derived therefrom.

15  As used herein, the term "dispersed nucleic acid molecule" shall be taken to
refer to a nucleic acid molecule which comprises one or more multiple copies
of a nucleotide sequence which is substantially identical or complementary to
the nucleotide sequence of a gene which originates from the cell, tissue or
organ into which said nucleic acid molecule is introduced, wherein said

20 nucleic acid molecule is non-endogenous in the sense that it is introduced to
the cell, tissue or organ of an animal via recombinant means and will
generally be present as extrachromosomal nucleic acid or alternatively, as
integrated chromosomal nucleic acid which is genetically-unlinked to said
gene. More particularly, the "dispersed nucleic acid molecule” will comprise

25 chromosomal or extrachromosomal nucleic acid which is unlinked to the
target gene against which it is directed in a physical map, by virtue of their not
being tandemly-linked or alternatively, occupying a different chromosomal
position on the same chromosome or being localised on a different
chromosome or present in the cell as an episome, plasmid, cosinid or virus

30 particle.



mai nt enance andl or replication of said genetic construct in prokaryotes or

eukaryotes and/or the integration of said genetic construct or a part

t hereof into the genone of a eukaryotic cell or organism As with dispersed
or foreign nucleic acid nol ecules, standard met hods descri bed supra may be

used to introduce synthetic genes and ge?%tic constructs into the cell)

ti ssue or organ for the purposes of nodulating the expression of the target

gene, for eBynpbreidr posieieadie thalbedlet iangiaat tndsolated hucoief avidmidlecule
transformation of cells with attenuated virus particles or bacterial cells,

cel | mati ng WhishhiasoPREt Pomere MUliRle ceanies Gfr aclueieetide seaHenee MhiRose
Killed | _ : i _ VD
For 1 nt rodusldies fonf §Rr beiic BadRe Bl ofjoBanisiyt Wity i Bl dfig 1220

not |i m t edthe ordgardssf or whichotheufireign Gaugi@ic eaid \moleatlieoissintrbduesd. , This

particul ar the nmethod descri bed by Hanaha 983), direct. DNA uptake into
pr ot opl a3t sdPﬁP'@ﬁﬁ gRcoppassgsoa p §'ﬂ€0\ﬁ§l€*{1 rééegyl?e T’g‘&‘tﬂ originates, ffRMM; at ed
uptake to p : i el nt,
ol et ropor At SREYETERUAITEE R oo Fowed RonBfe HRBLIM N AToeeity o
aL, 1986), populatian) as ltike taxdrantiowroupihgtto sshich sajul Auclsicoacid endlecifl€risi st ou

et al, 1988; F%’yﬁmd, 198£ﬁ), vacuum i nfi lmtrati an of tissue. with nucleic

acid, or inmt U&_&Qe %r Wi'aAPs? TERE RE gﬁ?%lamt' Palbichy originates, M cReri um
to 25 the pyfflreht $5dIfidasl GFSAr diRGeRS I8X3rGrhicY ghoupiig is athe( 18&nbmic
Herrera-Estrella et al. (1983a, 1983b, 1985). For mcroparticle bonbardnent
of cell 40 agruning e whith said puelpis aeid maltesule iseintroduced.oslifteas a ganef or med
cell. Any suit. i St transformati on net hodol ogy and appar at us
can be usedulbhé‘%iﬁf)af%ibkéféﬁgsgyé'sent i nvention. 44 Exenpl ary appar at us
and procedures are disclosed by Stonp et al. (U S. Patent No. 5,122, 466)
and Sanford, and Wl f .S, . Patent No .945, 050) . Wien usi,ng bal listic
franst or mat POROBHGREtFarget URS Jorkt whighaiPRIan ALER P SHPBRLEA oo i o
capabl e of fefd safdriithnice dftRe GRldntibA hgy beanfleleiasbid mdksai®MafictPhas

m croparticles suitable for use in such systens include 1 to 5 ~, mgold
spheres. Thbeenintrashised feamang Praanispoie aaathen organismdisinaransiosmptiomny
suitable.te j h ci pl 1.QD. a ' of
the. predent o MBes R, KERoIede T BRI, totdhigblies SitoolIBE TG B .11 e
herein are sfmpditdehioof the rgeationrinclode thegrgendiuoredcent pedteir-envddisd it is

expressed. Those skilled in the arf wll be aware that, [n order tg achieve
i nt egr at i on98Pe adgRYRA iféo@e(??!%nl@ﬁy’ib?h qri@ vcfera u@?raﬁh?'b eh&l.gii¥%e of a
host cell, it hid ﬁp@r{ [ : i £ he
case of pl aﬁtﬁé, 'QP fgldg?\{gn?:%ﬁhg c')r d?a\ﬁ) é@%gﬁ@Z??ﬁg%ﬁ%ﬁﬁe&%@\ﬂ% ?Ibﬂéﬁ

Agr obact er i patticutasftbe insurineTtyrpsingse denel(Kwponetr all, 1 98&)e thee fscherithia soffhe
present _invention further extends .to an.isolated cell, tissue r gan
Corpr 1 sho. Bt 98Pa, el S ebli 3¢ e Blingcs alysmtide gentesior o5 fhe &
conprising gape: tHa'odrEineepil, BlyatittoStrandfersde genbhgucBp ARessphaned

ti ssues, organs and whol e organisns derived fromsaid cells, tissues and
organs and L3653payenpdifiedd hereigergnd hidee VY 2andoBEk astplieurgdl gangs nay be
regenerated fromdtransforned plant cells _pr tissues ar organs on

or mone- conexPApisFagrell Hien Brlitiod ahaliavelstidibaiils & RE°shaoay o
forns, suchcempmemassnidlestidnséquierre thetdts. and nontransf_orrred cells; .
clonal transformants (e.g., all cells transformed to contain the expression
cassette); grafts of transfornmed and untransformed tissues.25 (e.g., a

t r ansf opgredTREOpresAt kin@émicreds t Rirer uiddfan oo rsimditasesusly rtak‘%étfngs the
species). Transforned plants may be propagated by a variety of neans, such
as by cl onaéxpespagsfiseveral taygatgeres Whicheaiermp-expraseti#sa praicwa el e, a

first genergtion T1 t f . i ve.
nomozygous. CL AT REFsichA SBERS o Bledtid niBeafe of Lrelinp doidloriay an s
further  4mooulagahied t;dsmgug@s chiagsotiil degeedeey wisichnagustbstEmtially esent
invention is further descriped with reference to the following nonlimting
Exanpl es. BR8Nt ta egcoh spid.ca-gxpinsgaddarget §838%ie cul t ure mani pul ati ons

(a) Adherent cell lines Adherent cell nonol ayers were grown in nmedi um
consisting of either DVEM (Life Technol ogi es) supplenented with 10% v/v FBS
(TRACE Bi osci ences or Life Technol ogies) or RPM 1640 Medium (Life

Technol ogi es) supplenented with 10% vlv FBS. Cells were grown in incubators
at 37C in an atnosphere containing 5%v/v CO2.



During the course of these experinents it was frequently necessary to
passage the cell nonolayer. To achieve this, the nonol ayers were washed
twice with 1 x PBS (Sigma) and then treated with trypsin-EDTA (Life
Technol ogies) for 5 mn at 37C. The vol unes of trypsin- EDTA used for such
nani pul ations were typically 20 NI, 100 p);, 500 NI, 1 m and 2 m for
96-wel |, 48-well, 6-well, T25 and T75 vessels, respectively. The action of

the trypsi nB?Tkumserﬁraupp@éhtwal"husaneaqumat\mé inteoccear dipbrseedoforeighe el | s
were 20 suspended by trituration. 'S volune of the cell suspension was

t hen transf dluctaic tasich melgcylesakthe d'h‘t&ilt'ﬁﬂngn@ rtBat targridoens SEAsSDee Aret ur e
di | | 9 | Iyt
O at as. 360 Sy HERIER' SUin"Fudeotiit sehienct 1l to eHRI LA b g,

6-wel | ti ssuke@Ubdtweenpingee standatd Mtra‘ceﬂulﬁﬁ&mﬂors?eﬂ 2 mM for T75 tissue

cul ture vessels. 25 Cell suspensions were counted after resuspending in an
appropriate vol une 46 of DMEM 10%vlv FBS. An aliquot, typically 100 pl,

was transf erﬂr@t‘érébl atHa;amm@ottdm@écmen(cblamg@bayép@mdnctﬁé dispendet 6r fopeighed
m croscopi cal | Non- adherent cell s Non-adherent cells were grown in

growth nedi m%quﬁir mplqwl%ahmeeweemm agd|theduicleqlidersagyencasel Hpart
dh I
adner ent 1o Or rg%%‘e ugée}ﬁ%%f%od‘t lte'f:\réts‘é%oﬁt’ doB5uY fhsHiicl \WE dtﬂ{eo 50

necessary. e cell suspensi on was renove
m sterile piu@l:‘datldetsdm&nCEaéwn)nmeobremrablyfatgledsf abobt 859084 idéitical,g and

4C. The super nat ant was then di scarded a cell pellet 0 suspended in
growt h nedi @YENTMEre Arefesaply oslegnt { bout %g#%? Adenticals and, sill Pyens sipre
cul ture Hes%?éferé‘_&%% Py )abéﬁf\@égg%ar@r G008l | ideREss! et e nE;%re%%ld wer e

centrifuged'for 5 he supernatant was then aspirated
away from t Isequehte [evkl.et and the cells suspended in growth nedium The
cells were then transferred to a new tissue culture vessel. ~ 5 Tissue
culture nedia volunmes were typically 200 NN/well for 96-well tissue culture
pl ates, 400 Nutwitbstanding #8atwiid -presenteinvention eiSphat dignitetl Mly/ W |precise6- wel |

1 | t | at T25 and ,40 f T75 t |t
Vesser s " paduiibr P TRbedEr Saauehens My AR HisDelad Rureic;arid RdlRGHE it the

manner :  Cel liSreW ﬁu&@i&témauﬁ&@cul@roﬁh@ mv@ﬁt.o'ip(?t Pé ) @@@nﬂ&m sstrpaded in
5 mM growth 20 nedium Then O. 25) (T75) of the cell

suspensiton \paesetntaama‘réloneraqumeaahmsvmebpeemfdhaud@eg$mmemdnm¢ICFor
cells in 96-we and, 6-wel Iate a 1l5 vol.u ells was

CTanet orr oq 2LE TRistile Bt the 18R GeliE seglpRbE T b exbiestBatihbaf oy 5 &

vol ume of growth nedium Cells were counted as described for adherent
cells. 2s 2, Protqco) for freezin cell s Adherent nonolayers

vere washed THIER ‘9 T“!E'Pif‘eg"a'ﬁg ?afﬂgﬁ 'Fgeeétg%&ev&‘?%encﬁf'% presEnidd

the dlspersed nucleic acid molecule or the foreign nucleic acid molecule as

tandem inverted repeat sequences and/or tandem direct repeat sequences.

20 Such configurations are exemplified by the "test plasmids” described herein

that comprise Galt, BEV or PVY gene regions.

Preferably, the dispersed or foreign nucleic acid molecule which is introduced

to the cell, tissue or organ comprises RNA or DNA.

Preferably, the dispersed or foreign nucleic acid molecule further comprises a
25 nucleotide sequence or is complementary to a nucleotide sequence which is

capable of encoding an amino acid sequence encoded by the target gene.

Standard methods may be used to introduce the dispersed nucleic acid



trypsi n-EDTA for 5 min at 37C. Non-adherent cells were centrifuged for 5
mn at 500 x g and 4C. The cells were suspended by trituration and
transferred to storage nedi um consisting of DVEM or RPM 1640 suppl enent ed
with 20% v/v FBS and 10% v/v dinmet hyl sul foxide (Sigma). The concentration
of cells was determ ned by haenpbcytonetergcounting and diluted to 105 cells
per m. Aliquots were transferred to 1.5 mM cryotubes (Nunc) and the tubes
wer e pl aced moleaulérordfofieigh uekeic agidGnolegulecintd e gelh dissoerrairgamdor the
propan-2-of (B and cooled slowy to -70C. The tubes of cells were then
stored at 708 Pgrﬁlqdb'n'?%‘g heoPniessipn é)?\XB% target 9788 E):W\ﬁéﬁm% t?’Fs?e

tubes to 0OC I; N S I A alii Ng
OVEM and 20312614 PAISBRISCATTIEY bl bBioaFasmaRdDRb of FIVE; SEREIY 05,
3. O oni ng @ncapsllatedhds Adligosmie,aird anoviresdiparticle asnatiénuwated evirus iores
wer e transfected gﬁéh'ﬁl asm d vect orf conot({gi ni nig exgr&ssi on constructs to
target sPeciaSSeCigiatwith@a Wrus cogtaratransfolh proten of {aed CREILT SIHCHA%E0er e
sel ected oveyr & ResbaAbRNLyFalRRIST &Sbé'&eﬁ?l' Vedibo¥f As EEgenelld Erishkict, DVEM
10% vlv FBS or RPM 1640, 10%v/v FBS) supplemented w th geneticin.

| ndi vi dual @ohengstotherse cl oned to establish clonal |ines of transfected
cells. (a) Conditioned nedium 20 Conditioned nedia were prepared by

overl ayi ng 20-30% confl uent nonol ayers of cells grown in a T75 vessel with
40 M of DvVAdMibBUation rAéSns Vededs njeetion and wirak ingestioB{€gi in THéditate@02 f or
24 hr, after V\(/gich téﬂfﬁ%om %di umwas transferred to a sterile 50 nm
tube (Fal cof§OGAERRIAY: ?f&%o €800 x g. The nedi um was passed through a
0.45 Nmfilter and 2s decanted to a fresh sterile tube for use as

condi ti oned diym (b) Adherent cells Indiyidyual, |ines re.cloned from
di scr et d0coil SHDISE! RURIPIG,ACId molepules may e e dlaiveTRc bY dntive. divenh an

i ndi vi dual f 6 inhl §S t I t i | pai-es
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nonol ayéf owater Whereiar infeeling sifective s ooft theodiye oiectaretisg. Virusvs
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housed | - abrBieTRDIS Brffiosh 38 Bpiitnet.' Aol ofin.ofVIaEpRRERIoh R
stabl e cel | id angonvesslichting airusovedtom@hicty i® capabie uiriafecting)a Neh-dhsstent
cells Non-adherent cells were cloned by dilution clonin Cel |
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S were s with 200 NI of the
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Wlls were i sgect d nt1 croscopically and those containing a single colony,

arising fr ofh e SV%°8EI |, were defined as clonal cell lines. The nedi um

was renoved and replaced 20 with 200 NI of fresh conditioned nedi um and

[ 1 i b d at, 37C i 5% v/ 2 f. 48 hr.. f.t t hi ti , ;
Conart] oedTheSpalieras crOpRRtE A ot BN ulfised iy ebibrpey tibsubiet; s

mg/ | genet epiBlefdckeMdiedfas ol ANEAIRA Shodd bé Mce¥pidble T8 huRRAPHres
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cul ture,yves \ ] \ 0 ;- ali g S .eqac b I re
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solutions, coatings, antibacterial and antifungal agents, isotonic and

absorption delaying agents, and the like. Except insofar as any conventional

media or agent is incompatible with the active ingredient, use thereof in the

30 composition is contemplated. Supplementary active ingredients can also be



49 A T75 tissue culture vessel containing 40 M of DVEM or RPM 1640, 10%
v/iv FBS was seeded with 4 x 106 cells and incubated at 37Cin 5%v/v CO2
for 24 hr. (a) Adherent cells s Mediumwas decanted and 5 ml of 1 x PBS was
added to the T75 flask to wash the nonol ayer by gentle rocking then the PBS
was decanted. The wash was repeated and t nmonol ayer overlaid with 2 m of
1 x PBS/1 x TrypsinEDTA, ensuring even coVerage of the nonolayer by gentle

rocki ng. Thenébmpskatedsntortae kahgbsitiond/C in 5% v/v C02 until the nonol ayer
separated fromthe ~o flask, then 2 ml of mediumwth 10% v/v FBS was

added. The suspended cells were transferred into a 10 m capped tube to

whi ch was adgdesh gitéinatiie lemocfdiﬂn@na the MRRntibRgprbvidewas metyed be thodefatrigal
times to nix and the cells were coll ected by centrifugation at 500 x g for

10 mn at 4¢hemr@ﬁm aba dangehgene dt ameddtissue ehergas, paid metpsnatdgasth 5 ni
of ice-cold 1 x ~5 vortexing and a sanple was counted (~2 x
108). The cechngp %Wo%@% d by centrifugation at 500 x g for 10 mn at
4C and the supernatant decanted. (b) Non-adherent cells The cell suspensi on

|stransferr dint Fal con tube, centrifuged, at

Lt aC and 1D msPedingh il ot iR, SRErssEl Rublelg 381, Mol8alnd o ateighny ™
i ce-cold 1 X PBS rhwaeractcﬁmdpéémés m.@ﬂdomtsﬁs@%mﬁ leaddprss 8Flaicleotide
centrifugation at 500 x g f 10 mn at 4C. The supernat ant was decant ed

and the pell et mqugaggw@n@lw wba*samﬁalluﬂderct&a&m thelnyclegiBle gequanaecof
centr 1T ugati on ar b traEEdtNE by g realen ko LRI e ibRniRin TIhERISLy s

(c) DNA extracti gghdand anal ysis Genom ¢ DNA, for both adherent and
non- adherent cell |ines, was extracted 50 using the Q agen Genomi ¢ DNA
extraction kit (Cat No. 10243) according to the supplier's instructions.

The concent r(} | onnt@éd aid [¥peresd rickiiddertl ridlesulalser fursi a@claﬁo nm
usi ng a Beckman nodel 4 phot ospectroneter 5 Genom c DNA (10 was

- digested with apmfbrm@lp@uteéstq isgld GelleHiaswe QreqEgan é@fdabt!'ﬂ”'ﬁe?nﬂnu%ﬁefol ume
of 200 NI at 37Ccfo?|ﬁ|t%l?|§r§lﬁh&8h?'fc}f théhslation of the RNA product of said target

gene to be modified, subject to the proviso that the transcription of said
RNA product is not exclusively repressed or reduced.

15 To select appropriate nucleotide sequences for targeting expression of the
target gene, several approaches may be employed. In one embodiment,
multiple copies of specific regions of characterised genes may be cloned in
operable connection with a suitable promoter and assayed for efficacy in
reducing target gene expression. Alternatively, shotgun libraries comprising

20  multiple copies of genetic sequences may be produced and assayed for their
efficacy in reducing target gene expression. The advantage associated with
the latter approach is that it is not necessary to have any prior knowledge of
the significance of any particular target gene in specifying an undesirable
phenotype in the cell. For example, shotgun libraries comprising virus sub-

25 genomic fragments may be employed and tested directly for their ability to
confer virus immunity on the animal host cell, without prior knowledge of the
role which any virus genes play in pathogenesis of the host cell.

As used herein, the term "shotgun library” is a set of diverse nucleotide



hr. Follow ng digestion, 20 pl of 3Msodium acetate, pH 5.2, and 500 pl of
absol ute ethanol were added to the digest and the solution m xed by
vortexing and chilled at -20C for 2 hr. DNA was recovered by centrifugation
at 10,000 x g for 30 mn at 4C. The supernatant was renoved and the DNA
pellet rinsed with 500 NI of 70% v/v ethagpl, the pellet air-dried and the
DNA di ssolved in 20 NI of water. Gel |oading buffer (0.25% w v bronophenol
bl ue (Si gna)seqoensss whereipleach member dfBajdssenis)prefesably/conkiined iwithjmpa 400

(Pharmaci a))_ (5 N ), was  added. ~5 the digested DNA.,and the m xture.
{rans er r ot S80S, bialRip SO Mtk hacteligh el B Aigey Sutiih P Ag. WhEholg) mi  of
et hi di um br qitelBle fdte nfdftehbaseeaidoreeslicationt in0Bhe&IRASH hobt. OUTRe ttaemoel  at
14 volts for approximately 16 hr. An appropriate DNA size marker was

i ncl uded i n "ahefgpal ikrary”aneludesea gepragentalivek elibrary, 1inswhickattie, egtedit MfNaOH

capi 1 1 ar oSl :betwsl, B dedlide, fhugnies JRenihiprodd SRR, e "e"
cross-|inki rgquBheeRad Be Grimenie dfethe offanisk drsin "wRdharkaidvafucldotided i n

sterile water and stained in 0.4%vlv nethyl ene blue in 300nMM sodi um
acetate, pHSsapen¢esy issderved arapresant ethenset'sor aligraativalyp ioiedilibrasMa. The
menbr ane wa i ] I erd tal: i %

ot hanol t honn i g 161298 & WesEr HBoRe bt el bemel g Rl Bndel’. The i o
bottl e w t htérnmi"sbbtgunr ibrapdr futiheatenmongrasses aand6mx nGaBBtiIdé seqllenbes,dt ' s
reagent, 0.5%w Vv 3 S, 10l(‘)3 Ng/ m 51 denatur.ed, fragnent eﬂ herring sperm
DNA) andOpr &ARFBIN dNSedusteolBie SEAVSRET o%PMRIIEES YiialhOr; §eBUIRY HLESROPSL i on

oven with comghidits! Shinde dtfiefPobtaifib@tisr (Sanisle YASHARRRAY 8 Wi

[ @a32P] -dCTP (specific activity 300 ) using e Megapri nme
| abel | i ng syhgastioasofpgenomic A using sestnistion andonscleagdsreasioagsiCatherNo.

RPN1606) . Labell e rohe, assed thr h.a 0 Sephadex i,.ck Spi
(trademark) aper e%Ro&e%ﬁ@ﬂ{% %%5?”’13985 Sjncth%erseﬁﬁ@se Umsngéft}?ﬁ?sagaa

nucl eot i des pagstdidphbfe pariies ebmprisigt theGhiiRitfial hlSebtdé séqiaidesest thabel | ed
probe was added to 2 m of hybridization buffer (6 x SSPE, 0.5% w' v SDS,

100 Ng/ P déivarse set- fragmented herring sperm DNA) pre-warmed to 60C. The
pre-hybridization buffer was decanted and replaced with 2 m of pre-warned
hybri di zati on buffer containing the |abelled probe. The nenbrane was
hybri di zed &irefeored shotgup pbariessacdoyding thrthisnebodiment of the invention are

"representative libraries”, comprising a set of tandem repeated nucleotide

sequences derived from a viral pathogen of a plant or an animal.

In a particularly preferred embodiment of the invention, the shotgun library
20 comprises cells, virus particles or bacteriophage particles comprising a
diverse set of tandem-repeated nucleotide sequences which encode a diverse
set of amino acid sequences, wherein the members of said diverse set of
nucleotide sequences are placed operably under the control of a promoter
sequence which is capable of directing the expression of said tandem-

25 repeated nucleotide sequence in the cell.

Accordingly, the nucleotide sequence of each unit in the tandem-repeated
sequence may comprise at least about 20 to 200 nucleotides in length. The
use of larger fragments, particularly employing randomly sheared nucleic acid

derived from viral, plant or animal genomes, is not excluded.



hybri di zati on oven with constant rotation (6 rpm. The hybridization buffer
contai ning the probe was decanted and the 15 nenbrane subjected to
sequential washes as follows: 2 x SSC, 0.5%wv SDS for 5 mn at room
tenperature; 2 x SSC, 0.1 %wv SDS for 15 min at roomtenperature; 0.1 X
SSC, 0.5%wv SDS for 30 min at 37Cwithaygentle agitation; 0.1 x SSC, 0.5%
wv SDS for 1 hour at 68C with gentle agitation; and 20 0.1 x SSC for 5 mn
at room t eméresihtrodueed hugeittdcid awleaile mprefé@abiynig atuexiressiblet foG@C vari ed
based on the anobunt of radioactivity detected with a hand-hel d Cei ger
counter. The danp nmenbrane was wapped in plastic wap and exposed to X-ray

film 52 (@y rexpgreusiblCiGint® iss meddtAhat dhe 2dubjécthnudeit tibid mdisculevisl oped
to visualize bands of probe hybridized tg genom ¢ DNA | mmunof | uor escent

5.
| abel 1ing oPresented dnaparranaemany sheh thaldbmaydhs expressed in the ¢alh fisaue.nm)

were flamed Ssubper L J L WO per
well, in si Q%’f”%pg{bgés.é@gﬁlsﬁmg?égg a8k tﬁ%“&%ﬁ%@%ﬁ"%géﬁp (KA

gi veog gggsiMr@‘sFFr gmlﬂihélaarﬂmmdellstmlyidldgaat lwsrt]%n d%NAnpicmﬁllcatveldcl(» 2180, 000
to 500, per, we ependj ng on size and gro rate). Wt hout renpving
the cover sloPHeNaGfansliatagle o f"ﬁ@sﬁﬁ‘-’df df UEeHid JEEaMBINEN e PRRIAR o

washed w th Jn & bSO HdeSEblezuisr e treated for 1 hr with 4% wyv
par af or mal der{gﬁpee'%igegna@?%&ng thenuﬁshed three tines with PBS. Fixed

cells were perneabilized with 0.1 %v/v Triton X-100 (Sigma) in PBS for 5

mn then wa h f émg;cdn I i r ed on
one drop (ab utq, a?ogﬁﬁf‘)%@ﬁ% o’vglﬁ)\?éggﬁ heégtgp’u%qgﬁsﬂdnafir@%t@gﬁér\%@?BSA,
Si gma) for hckeioacicormiealle ps foszign Thictdie acil atdecdlerindbhel aallsttisdud asn 25

pl drops of primary pouse nmonocl gnal anti bod 7ich had been diluted 11100
i 0 Sbei0; v cRaR o inBESSICa RUTBRIG HRSE O Ay gbnele ORBRIGLSHBANEABCEA: s
with 100 pl 5% } ouki ! @ac f b8g4pl aced
for 30 min tsgﬁt{]% Hré g%ﬁ%5%Si%rgg%ég%@ow%\@eaglélldaosyj?}eg@i léajte Eréegbtﬁ]rpgiggﬁa?k) 488
goat anti - nousteolids seqyansst @s2deganibast supra Fnobpslatie ceoneclionnwithoay

Chr ee i mes APPRISBeAUERYe WIUFh s Camaeisr e foblptEl SroBbfl (Peleln B Gee "
three to a sheé dabjechnatigieasitl/ rﬁéB@Qe(@g lgaé/é)gibr:{m%@@ﬂnected to one or more

(1, 4-di azabi cycl o(2. 2. 2) octane (Si gma 22)) in_80%v/v glycerol in PBS)
and exarP nede@ilatory elemosntsisufiiciantfer erkasyptictranscriptiga to ggeur.

Reference herein to a "gene” or "genes" is to be taken in its broadest context

and includes:

(i) a classical genomic gene consisting of transcriptional and/or

translational regulatory sequences and/or a coding region and/or non-

20 translated sequences (i.e. introns, 5'- and 3'- untransiated sequences,
or DNA and RNA viruses); and/or

(i) mMRNA or cDNA corresponding to the coding regions (i.e. exons) or 5'-

and 3'- untranslated sequences of the gene; and/or

(iiiy  a structural region corresponding to the coding regions (i.e. exons)
25 optionally further comprising untranslated sequences and/or a
heterologous promoter sequence which consists of transcriptional

and/or translational regulatory regions capable of conferring expression



2s illum nation at 500-550 nm 53 EXAVPLE 2 Genetic constructs conprising
BEV pol yneri se gene sequences |inked to the CW pronoter sequence andl or

t he SVAOL pronoter sequence 1. Comrercial Plasmds s Plasm d pBl uescript 11
(SK+) Plasm d pBluescript Il (SK+) is conmercially available from
Stratagene and conprises the LacZ pronotgh sequence and | acZ-al pha
transcription termnator, with a nultiple cloning site for the insertion of
structural gene sharaptensticslver sHid striiberallregiond further conprises the Col E1
and fl origins of replication and anpicillin-resistance gene. Plasm d pSVL
Plasm d pSVL is comercial | y-obtai nable from Pharnmacia and serves as a
source of tMeuSVAGehett maudesohenusleatids aequéhee neadiegtfod RNAgothee ethanf pSVL
is also publicly avail abl e as GenBank Accessi on Number U13868. 15 Plasm d
PCR 2.1 Pl a§MMApCR2. 1 is commercially available fromInvitrogen and
conprises the LacZ pronoter sequence and | acZ-a transcription term nator,
with a cloning site for the insertion of structural gene sequences there

bet ween. fF>| déei terprrgene’ ds dit!%(P dieed tclb daseribe nsithetic £Fi Wsiamdgnelecdlepy
irt~~ Q . i 7. T i
\d“uH nget %e tﬁgﬁg’/@\géi%@gﬁéﬁﬁgﬁeﬁg i on.I M‘R; Qgéréer?\'? 'glag%osne e"lpﬁj %’ﬁfi‘?‘”ﬁ §s hi on

are fl anked RNA tpredirst@rla peptide, dligepepiiderod pblypeptide oprpbivkrficdllpeactioeE1l and
f1 origins of replication and kanamyci n-resi stance and

anmpi ci [ | i n- PEE¥: ance genes. 54 Plasm d pEGFP-N1 MCS Pl asmi d pEGFP-N1 MCS
(Figure 1; dontech) contains the CW | E pronoter operably connected to an
open reading franme encoding a red-shifted variant of wld-type green

! 3 ype g
f1 uor escent Theoteim ‘sentbetipr gene’r refery to, ai gwwp-natyeally; ocewrming gengoes .
| nouye and 4 i has tJ-m f j
fl uor escencgépélh%efégezc%?ngaég“@gr'lmlaéﬁ gﬁ@g @ﬁ%&spéggékﬁ%%ag‘ r%en

di scl osed byraGscrigtinatandior ttaixPtjonaPreguiaidrnp EEGRentes\Moerabiyt inkexl ® a

mul tiple cloning site conprising Bglll and BanH sites and nany ot her
restri ctionngeg'ﬁ%,&eé‘e?s%e GP&Fage sites, |ocated between the CW I E
pronoter and the GFP open reading frame. Structural genes cloned into the
multiple cloning site will be expressed at the transcriptional |evel if

they | ack aThanermosiiuciurahgene’ shalkbartaken de refes e\ nusleoide  saUenFal gene
sequences W licHRlcARpR¥Ef ﬁéﬁg@raﬂgcr.til;% e} ﬁr‘gﬁ'#g?ltﬂﬁ 'an@'o&ﬁion‘éﬁﬁ@c%ﬁ@g) -

Structural gene sequences inserted into t l'e cloning Ssite whlch
conpri se a fupeptide abligbpeptide,s palypeptida artbislogically | dctive propeinsmetecate. G-P

f usi I tid if.t ..Cl din-f i t he GFP- di.

sequences BB ks M Ear Wires aredhab b AloRNusgrortie b Rd

gp\mst ream ghnsRtediiito AP BBpHidA I pfe%iﬂ/i‘/@ bSlySbptRfd oP PR8N, REPERaMpRIIfOT t he
-end of nRNA transcribed fromthe -1 gﬁ{)rom)t er sequence. The plasmd

further conthe RNA iaoksz fubetionak irgnglalign sigsl sigaal enalternetivelialfl the mal

cell's; the peomkcl n-r esista 1,51 N 0 SV40 EP
in Figure 1 %%gérgscﬁ ﬂ%hng@t%egﬁ%%n? ﬁgpénrﬁ? %’e@[ I&aﬁﬁ%@ﬁ%ﬁ%’gﬁgﬁg‘ﬁgg gene
derived frogehed cokiprisiep nuolebtige rseqliehces dvHitte aSiot leapablenef khoeding

pol yadenyl ation signal (HSV TK paoly (A in Fi Liure, é)) for se ectior] of
transfo?@/redpeeth’%&oﬁ“@%pfr&&lﬁ’&ﬁycﬁmyp%dwci% b!%@!ﬁ ly-a¢tlye, BFRSINg-i gl of
replication ' i j ' ' lnehBe I 1);
and tho 1 1 BesElar, thel AHBEbAERTEntofs HaGE RAirRl tRF St S pehBe el 1 o
i n Fi gure lajlvantag&ous in modifying target gene expression in cells, tissues or organs

of a prokaryotic or eukaryotic organism.

The term "structural gene region"” refers to that part of a synthetic gene which
25 comprises a dispersed nucleic acid molecule or foreign nucleic acid molecule
as described herein which is expressed in a cell, tissue or organ under the
control of a promoter sequence to which it is operably connected. A structural

gene region may comprise one or more dispersed nucleic acid molecules



2. Expression cassettes Plasm d pCW. cass Plasm d pCW. cass (Figure 2) is
an expression cassette for driving expression of a structural gene seguence
under control of the CW-IE 5 pronoter sequence. Plasnm d pCW. cass was
derived from-EG-P-N1 MCS by del etion of the GFP open reading frame as
follows: Plasm d pEG-P-N1 MCS was digesteg with PinAl and Not I,

bl unt - ended using Pful polynerase and then re-ligated. Structural gene
sequences araadédrofioesigh muelgClddidc amte autes opdrablyulnidgylthe doobohgf ai gieglewhi ch

is identical to the nultiple cloning site of o pEG-P-N1 , except it

| acks the PiPRAINOLGT SEAPERSR arpmmlrgwmorea@ lsﬁﬂg?r'i‘%ﬁspc%gg@%m'}’ca@@
(Figure 3) i e SXRLhet i i t 0 ter
sequence f r%ﬂmﬁgfdééﬁ’gt"%cﬁé%@ﬁoﬁ% (%i %ﬁ'lrt%et@) ,ﬂeggbﬁ%neég?nﬁ}% éafﬂu{éle?frt@go ment ,
into the Salsequente wiichl s capapleVef ceareed(ig qur endibo 23¢id ssedquertat or his

CW- 1 E pronoter and V48%I %e Brﬁrmt er Ecgequences are capabl e 0}9 direcgting
Cranscr | Bti GAMTAISPRBIAN Maeeio.dbitRisTeoArd & S icHGR! Gene TEpRmEbic Busphn)
site at the iﬁ'th@’iférfbfrmfahée Df4heNhorzpt ﬁ{ve?ﬁBHerﬂﬁ? dlso ‘ééﬁﬂ')r%é & riucfedtige! ption
term nator for structural genes expressed fromthe CW IE pronoter in this

pl asmi d, whisequane® whiok i ersodesr an Fanimes acidi saquenasaiyeat dackst aultingtianalgene

via the mul tiple.,cloni.ng sit resent between.the, Sv40,| ate,promt er and
Vhe syt het testnatiafiod chiof aRafEa RREISH taATIandn 20 REodh BBE. & 2

| ocat ed behicafséfgerddy-ddesandt Somtbrisat & BOPPREEISpen Méadidh BarRanth taed
Bglll sites. Plasm d pCW. SVA0LR. cass 25 Pl asm d pCW. SV40LR cass (Fi gure

4) conpriPsedrespnt semdextitbe plesmotsdiuciiglospe ©oion calspr OHepdadai @ non-

pCR. SV40L, - a g Lot gt ite asmd
pCW. cass (Eggﬁ‘gqu%?e@@& St% %{E{F n%%% gﬁ)@t‘ I %5' 856“@?%#8 ?\"/48 ?él‘?’églg?%nrmt er
may drive trsggaences oba geneawhichuwbuldahotgeormatly ke trahslatddeinsa reukanyotic gene
unit) in the ﬁme or antisense orientation, as desired. A multiple cloning
site is posi®® ¢h BERRRSEeS A INSosi ng CW- | E and SV40 | ate pronoter
sequences in this plasmd to facilitate the introduction of a s structural-

gene sequence. In order for expression of a structural gene sequence to
occur from Ascerdinglyningthe contgxt ohithe prassat vEMiPRna tRICHIAI geaR$ediPPt i on

term nagion WHI‘%E%H\&‘F@& S%é\&ntdé?wﬁén g (?'Eﬁ‘?’%;@ﬁei fgédgwp%frﬁn{é% ofdbe | e

transcripti erm nati on sequences [ocate 0si ng
and SV40 | atsam@ ondifferertegpnasc &s such ehbodirheasts, the Pivehtomaibhay, be hused to

structural %F?@r?e sequence or tiEF)I e st ucturegj géa e unit Wnir@h is to be
i ntroduced IMRAG'PEMA ERSICAsY W 19906 yitagiiggrdifessnt figp-contiguous
pol yadeny| atb&gBns tgerabf 8F altetraBvely, {d %ingmfdn%ohé mbflatd i egsteSsipRMBIENCE

or multiple s@r uctural gene unit i's to be exprelgsed in the sense
ori ent at i on sevenal diftereMuenesinsiudicg differestigenes ohadnultigene familvnnitbense

oL et bbb 2B 6B SRRl whRSF peRclrREERY Lo B SR 1
in the senseelrdrehirmphfitulaancbmplises wherembhe nsiclestile rsdquentes sizivedce or
mul tiple structural ?ene unit is 20 to be expressed in the anti sense

ori ent at i on oMb A tWal aaalhegeny Hithifdsiose MavnPEVIGRI/tBe Ardetadvantage of

orientation ; ; lﬂ,mg;t : anq),ll it iopal will
be in the sgééfgﬁéﬁé]gﬂﬁhcér@%ﬁﬁ e S&I%rgfé}glgéna atélt%%%grdg;?‘?gl %‘ﬂs EZ in
t he anti sensargetingthextexpression of genes in said several pathogens. Alternatively or

25 in addition, the fusion may provide more effective immunity against any

pathogen by targeting the expression of more than one gene of that pathogen.

The optimum number of structural gene sequences which may be involved in
the synthetic gene of the present invention will vary considerably, depending
upon the length of each of said structural gene sequences, their orientation

30 and degree of identity to each other. For example, those skilled in the art will



Alternatively or in addition, suitably-oriented term nator sequences may be
25 placed at the 5 -end of the CW and SV40L pronoters, as shown in Figure
4. Alternatively, plasm d pCW. SVA0LR cass is further nodified to produce a
derivative plasm d which conprises two pol yadenyl ati on signals |ocated
between the CW I E and SV40 | ate pronoterysequences) in approriate
orientations to facilitate expression of any structural gene |ocated 57

t her ebet weebei awalee of ¢nes énloereahinstabitity of palindrbnic ructaotidet sequenices GV | E

romoter or the Svy4 I er sequence, The present inventiaon ¢learl
gncorrpasses V’é’l?cﬁné(et?’ﬁegms ﬁﬁg%?'ﬁ'&ldi Wéttf]’ycgfb%ﬂ{?ﬂpgalpﬂgysmtﬁ%?ﬁ &?ne\s/

t ] t o ; h
erm natorscg .nglrgﬁn%ﬂé@qeﬁ@cﬁéﬂmééﬁldé éé&%e%s,%aﬁtgﬁ%ﬂg%% suc

that transcription term nati on occur after rea rou h of
the two pr ot such sequéncesnto smosbine iientiar.i dVotwithstandimgnauihatédfic@dties,r uct s

Pl 1 d pCR, Bgl - P-B Pl 1.d pCR, Bqgl - GFP- B Fi .5 i
el By PR uppbt, 8 tfudheh dies feavaas. 1 e el e e p na
MCS (Fi gur eginthellk 2 sOREHRD brostt ShveiiRnCRRy 86 dleriiifed AGRoREANPLYT . TO

produce this plasm™d, a region of the G-P open reading frane was anplified
f r om pEGFPNihagesskibedhin tiee agpyithout @anyoundue experirBghtaliee greely Ifglavang ) and

GFP 15 Bam (SEQ I D NO: 2) and cloned into pl ) d . he 1 nt ernal
GrPencod, ng SPRGPER PpRETBS o g LesBUERdR o1 308 yhineteCaee B tRe
transl ati onglveptiont using FdcomnisindendeficibasBell WRsY, | (SAGEINGEERE MiAber bf
pBSl i (SK+). EGFP (Figure 6) conprises the EGFP open reading 20 frane derived

from pl 4 ni FERFAtEH-SRUURNEEY 19 guleyeh whigh gliratnatese PEIMNIDINYRES reePBbngHeRol  of

the lacz pr r onpr et B ] G- odj i of
pEcEP- Nt NCEVGAS andPlRefo (He] (el TBhth ot reTLIED Sl FAobRRe

Not 11Xhol ckequernresitd esn cdcceptabie dipiBl pesferaby nd ni&ié+tharPlmd40klsl pavy. EGFP
2~ Plasm d ) P (Figure 7) 1s capable of expressing the EGFP
Strucrural PrgiERbnBOURRE thark 28k Aol SoPn RIS EOY bRUTre TELee. To
produce thi ) he SEQU . ' I S
exci sed as %a(%lﬂqﬁ ggﬁgﬂqf rég%nn%tﬁggdgglce%ﬁie%ﬁ@nte g@?ﬁﬂeéiggﬁﬁr/f@ﬁé%tﬁaggb%’?

pl asm d15 inserted between copies forming the palindrome.

Wherein the structural gene region comprises more than one dispersed
nucleic acid molecule or foreign nucleic acid molecule it shall be referred to
herein as a "multiple structural gene region” or similar term. The present
invention clearly extends to the use of multiple structural gene regions which
20 preferably comprise a direct repeat sequence, inverted repeat sequence or
interrupted palindrome sequence of a particular structural gene, dispersed

nucleic acid molecule or foreign nucleic acid molecule, or a fragment thereof.

Each dispersed or foreign nucleic acid molecule contained within the multiple
structural gene unit of the subject synthetic gene may comprise a nucleotide
25  sequence which is substantially identical to a different target gene in the same
organism. Such an arrangement may be of particular utility when the
synthetic gene is intended to provide protection against a pathogen in a cell,
tissue or organ, in particular a viral pathogen, by modifying the expression of
viral target genes. For example, the multiple structural gene may comprise

30 nucleotide sequences (i.e. two or more dispersed or foreign nucleic acid



pCW. cass (Figure 2). 5 Plasm d pCR SV40L Plasm d pCR SV40L (Fi gure 8)
conprises the SV40 | ate pronoter derived fromplasm d pSVL (GenBank
Accession No. U13868; Pharmacia), cloned into pCR2.1 (Stratagene). To
produce this plasmd, the SV40 | ate pronoter was anplified using the
priners SV40-1 (SEQ ID NO:3) and SV40-2 (8EQ I D o NO:4) which conprise Sal
| cloning sites to facilitate sub-cloning of the anplified DNA fragnent

i nto pCW. casslecUlbe) whickeraral swbstammaiyniﬂmtlsalntdleu/bcopohgre( fargst tgenas t he

5" end, such that the anplicification duc{ S th synt het i c

pol y(A) sit selgctechdrom t@ﬁd"%fCQVHE”WOBH pelvererase, BVA polyneraseniNia
CRBEV.1 T fied
s & 1385 BIODRACT PRdnant Hotbin O bRpt el Henk bR S ot oo ©
using pri nerirsfedh\stygnapbcbttaﬁ\/ot r(eSE@lUdﬂoNO HﬂoweverEﬁ\HQ p{rSﬁQddDw{h Gms under
standard anplificati t o The a f ed ont.ain

20 restr?c':rPa(S:ﬁ"‘ :gﬁﬂf;?gr{g &elﬁt:f:‘r' U@(!Ig“ern@ l[f?l\‘&‘f hi’é%ﬂ‘@ﬁct@

3' BanHl resrdehé&'l@“mﬁﬁ&\\’ﬂ%ﬁ'a?@ su‘B@fdn‘fﬁﬂyflﬂérﬁﬂddl‘earBE%r%\é?Fy' %re%%l&'%ce

Additionally, as the BEV-1 priner sequence contains a translation start

si gnal 5' AB@pBoxnmagelynélee samat times(or ilater) insan fected caliplissueor BEYan as

pol yneri se r ne (of0) ses t frame wt

ol yrer ase2dinnids T ERHTa! G6% oh T sOhieet Sitnefic gbieTs Sxbrissed

pol yneri se %hﬁéﬁtdﬂnfhbl GINHeC BRIMEE SsddientdG Thad tméATo thatmiRdiprébler
upstream (i e. {uxt aposed) to the BEV pol ynerise-encodi ng sequence. There is
no trandPat |C@n reling expaessiom of Hee amliple; Yeuchnal genRe wilhlusuallyl besseleetednt as
Figure 9. I egi on
was anplifi ed E%%%gbfquﬁﬁ ﬁﬁ\r{F%eT C on@ﬁgﬂﬁrmé éﬁﬁrr'reealﬁgscslgg (g%lh[f’rer
BEV-1 and BEWu8.wRehnthe Birgt aatgretrpgem aeBenpﬂessedtat @ffemnﬁrswgm oft e at
positions 5.to 10 inclusive and s the conplenent of a translation stop
signal at pd¥eelihs 11 to 13. As a consequence, an open reading frane
conprising a transiation start signs! and translation stop signal,

cont ai ned between the Bgl Il and BanH _restriction sites. The arrpllfled

f ragnent waé%wahéaeun@lwqy@kﬁequ?@q Hhig Ohed dtS@epsqsidgb@r@g@snv@lem BEV. 2
F 0

gtlrgg[ 5ra%1l )&ﬁ%glagzmae m |%ﬁgéfgﬂguﬁ]{'mp@ngﬁﬁaé%/%plé?){fa’yrreyase C cI one
using the awphhéctedtin anymneniwtanE}élrt?e(tlsEQ_chlbthEr, Tor @mimﬁiE\heﬂadetSEl@ddD g
NO: 8). Pri r -4 coppri se cloning site at tlons an
Noquences oBRAGTPAANPOIIASR 8RR H SChEogURSIoRS 26 & be @dbe do

sequences ofnJdpgoBEY pol ynerase gene. There is no functl onal ATG start
codon in the anplified DNA product of prinmers BEV-3 and BEV-4. The BEV
pol ynerase is expressed as part of a polyprotein and, as a consequence)

e o o P CobleRRAY @A ool B 3yhehc 9088 ol BbNEH A vas

(Fi gure2al pddition to the nucleic acid molecule of the invention, a promoter and

optionally other regulatory sequences designed to facilitate expression of the

dispersed nucleic acid molecule or foreign nucleic acid molecule.

Reference herein to a "promoter” is to be taken in its broadest context and
includes the transcriptional regulatory sequences of a classical genomic gene,
25 including the TATA box which is required for accurate transcription initiation,
with or without a CCAAT box sequence and additional regulatory elements
(i.e. upstream activating sequences, enhancers and silencers) which alter
gene expression in response to developmental and/or external stimuli, or in a
tissue-specific manner. A promoter is usually, but not necessarily, positioned

30 upstream or 5, of a structural gene region, the expression of which it



Plasm d pCW. EGFP. BEV2 Pl asm d pCW. EGFP. BEV2 (Figure 12) was produced by

cl oning the BEV pol ynerase sequence from pCR BEV.2 as a Bgll |/ BanH

fragnent into the BanH site of pCW. EGFP. 60 4. Control Plasmds Plasmd
pCW. BEV. 2 Plasm d pCW. BEV. 2 (Figure 13) is capable of expressing the
entire BEV polynerise open reading frame gghder the control of CW-IE
pronmoter 5 sequence. To produce pCW.BEV. 2, th~~EV pol yneri se sequence from
pCR. BEV. 2 waegslates:| dueitiermorehdhe angelatory eelemientsn campisiBgl & IpromoBamaiie

fragment into BgllllBantHl,-djgested pCW, cas. igure 2). Plasnmd pCwW. BEV. 3
Pl aam d powisely BopEpge aniri 2 kit et S ST B lba of LiER e

pol ynerise structural gene in the sense orientation under the control of
the CW-1E propoter sequence.. To produce pCW. BEVnt, the BEV pol ri se
Sequence. f r JThRRIHET SORIRL e Jor RIGONST 12258 1BE P BsCHbe G pyidrec
8g111-t o- Bargd : 11 o] @?H!Mh i S o Fi )
Plasm d pCI\/I\rsj.T'| V&g@gnﬁﬁfsd#?% B%r{\/@g Fi g&%?@ﬁgggpgggﬁ z(a)?] gﬁﬁrg:ee%)ﬁse BEV
pol yneri $e rexiptessioreof ameicteimacidimalieculedn@\eell. E pronot er sequence. To
produce plasm d pCW. VEB, the BEV pol yneri se sequence from pCR BEV. 2 was

sub-cloned in the antisense orientation as a Bglil-to-BanmH fragnent into
Bgl | I / BanHl -Riefpread: ¢prqrébiérs anay (cBntain eadzijtiorzd depeesnotl opEM. Bbve Gpeciicasni d

pCW. BEV. GFP_( Fi gure 16 s, constructed by cloni.ng t G=P fragnent from
DR Bl - G P By IBTTN'S.ctonfiner IHERCS! pSRSRf Of s SEBSH CRRICEHS. 2.
Thi s plasm Grgéy &5 a’-!t%rathéoﬁﬁég@l &xXprésibn eééﬂ%i ’f@r‘ﬁEéra?@kﬁéfs‘%loﬁsofaQaid

i nternedi ate construct. 6 lasm'd pCW. BEV. SV40L. 0 Pl asm

pCW. BEV. Sv4@nse (reigsuie Fpy examples oegulatorinslements ewBiel sonferecoprer
structural gene .derived from plasm.d . BEV,. 2 inserted in the sense

o1 ont at'Pon HRIGIREY 1Y BRvBREed Alitedl na bae dools rdRglgnarEige
sequences ofdrivirts exprosdidh M QL .seass . mbledul®ddisrebl agonfermighcdpipér Seh0L- O,

t he BEV pol ynmeri se structural gene was sub-c|loned as a 8g111-to-BanHl
fragment i ntiodegibility.qn HesexpepamyobsaidimelesylepNa. Pl asmid pOW. O. SV40L. BEV
Plasm d pCW. O SV40L. BEV (Figure 18) conprises a translatable BEV o

pol ynmeri se structural gene derived fromplasm d pCR BEV.2 c|l oned downstream

of tandem CliRla¢iEgpa slispersedrar fovaignl audeis: apigt molessipiangdes the cegutatony
O, PCVRYAPby &3R5l oBEONSE oot BRrS B Ol R
89! 11- t asBamhipréssignizntontrdliedBantile piapastee dedbemsdVVPMbters s geNarallyl asmi d
PCW. @ SV40Ib'o\s/Ei%ned 5’ (upstream) to the genes that they control. In the construction of
heterologous promoter/structural gene combinations it is generally preferred
to position the promoter at a distance from the gene transcription start site
that is approximately the same as the distance between that promoter and the
20 gene it controls in its natural setting, i.e., the gene from which the promoter is
derived. As is known in the art, some variation in this distance can be
accommodated without loss of promoter function. Similarly, the preferred
positioning of a regulatory sequence element with respect to a heterologous
gene to be placed under its control is defined by the positioning of the element
25 in its natural setting, i.e., the genes from which it is derived. Again, as is

known in the art, some variation in this distance can also occur.

Examples of promoters suitable for use in the synthetic genes of the present
invention include viral, fungal, bacterial, animal and plant derived promoters

capable of functioning in plant, animal, insect, fungal, yeast or bacterial cells.



Plasm d pCW. O SV40L. VEB (Figure 19) conprises an anti sense BEV pol yneri se
structural gene derived fromplasm d pCR BEV.2 cl oned downstream of tandem
CW-1E pronmoter and SV40 | ate pronoter sequences 20 present in plasmd
pCW. SV40L. cass. To produce plasm d pCW. O SV40L. VEB, the BEV pol yneri se
structural gene was sub-cloned in the anlt’,)'zsense orientation as a
8gl11l1-to-BanH fragnment into BanmH -di gested pCW. SV40L. cass DNA 62 5.
Test Pl asm ghefirafittéer payMebidie thd aspicdsih IBE\étﬂJcﬂlﬁIaQPéﬁe%)nWi ses a
direct repeat of a conplete BEV polynerise open reading frame under the
control of €terstinixaly er gifierentially ywith sesnect ito teelcelly Big tissue oatorgaadn | t he

open readin a [ - r i I . To
o oduce paVMEREreRRBhagIRZHG Wi bt il RlEmemal 403 & vAlor

PCR. BEV. 2 wasgpregbionl oc@sts) or imeessuise o erteinadli stimals sacBdsl physioRgidd!
fragnment into BanH -di gested pCW., BEV. 2, i medi atel y downstream of the BEV
o pol yne? i s&lressase Onpathogens. an mséaiyorp%@é@ﬁtlbm%@m@ngﬂtmﬁr&- pCW. BEVX3
Plasm d pCW. BEVx3 (Figure 21 ) conprises a direct repeat of three conplete
BEV pol yneri se open reading franes under the control of the CW-1 E

promot er . TBrefeeahlshpanemBtssis capablesefragyiatingr exsessian of i nudeicrang

pCR. BEV. 2 in ientatj a I I . nt
"t the Baleaigdf o "oky g 58 Yeshl . oRRn" 3t Torll durnBiFé, pefiG g
p(c)::vi//rreri se ﬂmwm&ngidh tlﬁmtbfgetrwig é)dpeeséed.thé’feirs]?h? m@é\@n’aﬁifalély%zlwm d

p . BEVx4 (Figure conprises a direct repeat o our conplete 20 BEV
pol yreri se éb'@%dl"’é%!bﬁ &Cﬁg;g‘ﬁe euﬁ%metrlﬁ’@"l%ﬁtqfo‘%etﬁf’tapf?eemsﬁ'@ gf et er.
To produce ig}(g s adi I hse fragment from pCR BEV. 2 was

cl oned :ﬁ?l t he ste se @r?ééﬁﬁggﬁéégegy?%%?'l |1 BamHl fragnent into the BanH
site of pCW. BEVx3, inmedi ately downstream of the BEV pol yneri se sequences

S%ﬁgﬁvf’gﬁgﬁrgmegﬁong fgfisﬁhﬁ%": ;9091%5% %(éﬁg:{a?ﬁ\c/?%féﬁga Yor the .

i gure conpri'ses a nu ural gene unit

- conpri sing pwpoBEY gfolhenpraéseet snventionr et pgemeterplveliel nmayrbeblindured by

separately under _control, of the CW-I ronoter and SV40 | ate s pronoter
Sennences, VOIS R0 O the OMReARPEEY. SHATIE BRYS SXREBSSOthal at abl ¢ BEV

pol ymeri se str=uctural gene present in pCR BEV.2 was subcloned in the sense
orientation_as a 8glll-to-BapH fragnent behind the SV40 | ate pronoter

sequence pr BAskOPERRNa ANd antealereraeienPiompteimare partisuially greferred for
pPCW. BEY5 SVRAL Y/ Eﬁ%% it SRS fEY, @é@ﬂl—in\%ﬁtiéﬁi QE')Ee?rnﬁl& SOPRFFES @
ura 5 P EV pol yne

mul tiple struct ene unit conprising two rise structural
genes pl aceproopetessh| inchude sthparkactdnopinager Conpramhotef, thectadidphagepr it er

and SV40 | ate pr.ono sequences. To produce asmd pCwW. BEV, OL. VEB,
the transl a?%'ﬁ%teéEggSoW%gppege?%?r ce?ﬁ'i_pé'lpr%f@ﬁterp?%%éﬁ?“%erpc'%?g 'age was
sub ~5 cl onggmdtet, BVANLhAEPEEMBLEr SREILL PR prémetétd EMY 1R pRavibter! Cagnent

behind the SV40 | ate pronoter sequence present in BanH -di gested

pCW. BEV. S\AD$ oromaterhS€SY armeter.t3eB¥mropmotemand the liker uct ural gene is

expressed in the sense orientation under control of the CW-I1E pronoter to

produce a _ ) ]
20 In consideration of the preferred requirement for high-level expression which

coincides with expression of the target gene or precedes expression of the
target gene, it is highly desirable that the promoter sequence is a constitutive
strong promoter such as the CMV-IE promoter or the SV40 early promoter
sequence, the SV40 late promoter sequence, the CaMV 35S promoter, or the
25  SCBV promoter, amongst others. Those skilled in the art will readily be aware

of additional promoter sequences other than those specifically described.

in the present context, the terms "in operable connection with” or "operably

under the control” or similar shall be taken to indicate that expression of the



transl atabl e nmRNA, whil st the BEV polynerise structural gene is also 20
expressed under control of the Sv40 pronoter to produce an anti sense nMRNA
species. Plasm d pCWwW. BEV. GFP. VEB Pl asm d pCW. BEV. GFP. VEB ( Fi gure 25)
conprises a BEV structural gene inverted repeat or palindronme, interrupted
by the insertion of a GFP open 2s readi ng318frarre (stuffer fragment) between
each BEV structural gene sequence in the“nverted repeat. To produce

plasm d pCMéBEMrSFgendRgidher Ftiiplé @trhefurérg&f&mi;i&f BRfeR 178 coMdrbt-dtam was
first sub-cloned in the sense orientation as a 8gIl1l-to-BanH fragnent into
BanH - di gesthel pranotasmeciience widy whichiitde spatinly epneestadeinppeaall dssue,

pCW. BEV. GFP _wher ei h {he BE\@QM ymeri se-encodi ng and GFP-encodi ng sequences
are cont ai n€§93 PH’VHO RG5! Bglll-to-BanH -3 fragnent. The BEV

pol ynerise structural gene from pCW.BEV.2 was then cloned in the antisense
orientation as a Bglll-to,s BanH f{ragnent .into BanH -djgested . .

DOW: BaV. G s Bed, BTpREIGR! of B8 Trentde, Sybshishl ERBS CROIAE (orot er
sequencesi n giysed npERde BEY. rbRcMlBot forerpeRl@eiel adi@imdletiian o atpleat

| east in eukaryotic cells. Plasm d pCW. EG-P. BEV2. PFG Pl asmi d

pCW. EGFP. BEYRchfral gBhguregians)is cRlaped seperaliypim gonneaetione withtee promoter by

in the | nverlEnatBpaaietN S TFE st Bt SR REMber L o ha S s, O
PCR Bgl - G-PagaRN#m predut sl spathesBeld! Whighnisl cdparsrefitenicotingt 8 tidei t e of

pCW. EGFP. BEV2 in the antisense orientation relative to 15 the

pronot er. PIPERIHE of tha/targst gansere fagsiand thrmenf. BEV. SVA0LR (Figure 27)
conprises a structural gene conprising the entire BEV pol yneri se open
readi ng frane placed operably and separately under control of opposing
CW- | E pb ontiicaveveid theypresent dngentipmoifonet te dwpudmited, tor ther 859 gfosush eal | y
produci ng B I i r i I 0 e
full-1engt h%l":a\?)apt)eo yn@?‘?s%’egiﬂ ?%@ﬂt'cﬁi g'le%g};lgnegé?érgldoJ %)rg)n ugéeggl?tasgﬁl&%ﬁccgenteg

pCW. BEV. SV@QURgghél;ﬂc toonstrietsaheréinVihe oy rstnuickgrals igenet pegibn gemenyltisieent i n
pCR BEV. 2 was sub-cloned, as a 8glll-to-BanH fragnent, .into the unjque

Bgl Il site StTUpluslgene segiens @!fbﬁ‘s%,a@lﬁéﬁs% hafle'ﬂﬁ@@OBEV'%'M@rtorfbgdi ng
frame is pr | L i i 2 ter
sequence. | TRESRPIreaEEE AHAAPal fidsPa it 8 NERINA, retfscriMoh pIBARE™, ¢
gener at es5a (fiersof ds véuenglementaryBio/ the| RNér iescodedigneitite ftacgetp@EdEY. 3 i s
inserted in_ the ?5 antisense orientation, relative to the CW I E
promoter self@IMROLIRTAG this cloning strategy. The present invention
further enconpasses such a genetic construct. EXAMPLE 3 5 Genetic

constructs rising the porcine a-1, 3-gal actosyl transf erase | t

structural 8@%‘3@ ﬁc‘gs rsg (ﬁW@W&%?C'gngLPBPEF'z%rﬁr‘ﬂib[‘ﬁgetcoa(f'ﬂg“%'e .

Y gg?rit er ggﬁg\gﬂamp@@lireéturélegé}él%gieh%%sﬁs&em direcEURPHCirdlertBiasm ds
P repeat sequences of the target gene, all combinations of the above-mentioned

20 configurations are encompassed by the invention.

In an alternative embodiment of the invention, the structural gene region or
multiple structural gene region is operably connected to both a first promoter
sequence and a second promoter sequence, wherein said promoters are
located at the distal and proximal ends thereof such that at least one unit of
25  said structural gene region or multiple structural gene region is placed in the
"sense" orientation relative to the first promoter sequence and in the
"antisense" orientation relative to the second promoter sequence. According
to this embodiment, it is also preferred that the first and second promoters be

different, to prevent competition there between for cellular transcription factors



0o Plasmd pcDNA3 is commercially available fromlnvitrogen and conprises
the CW-IE pronoter and BGHpA transcription termnator, with nmultiple
cloning sites for the insertion of structural gene sequences there between.
The plasm d further conprises the Col El and fl origins of replication and
neonyci n-resi stance and anpicillin-resist@ance genes. ~ 5 2. Internediate
plasm ds Plasm d pcDNA3. Galt Plasm d pc 3.Glt (BresaGen Limted, South

Australia, AGEH diridathdrétouMhe28dvdrtage a$ nhid aredigsindntnivithaogrnpffedts of
conprises the cDNA sequence encodi ng porcine gene . .
al pha- 1, 3- g&llensedRtAN franytee Just apdl sgcassk PEINGtais dBr reglycingetaraat geneof t he

Cw- I E Lt } i
Cher ef rom VAP SRILD o S ey, AdRindiPy “BRRtoff (e P Ay ofaAfon
al pha- 1, 3- gébreedcheyidlectiv ssqpemce@ltedas cl oned as an EcoRl fragnment into

the EcoRl cloning site of pcDNA3. The plasm d further conprises the Col E1
and fl origins of replication and the neonycin and anpicillin-resistance

genes. 566 The Spithedt danes praferdiipsconiains\dtidimdial Preaimaten eMméntst forFi gur e
29) is capable of expressing the |t structural gene under the control of
the COW-1E ﬁﬁ&mtéfar%qiamg@r ATPPISA Hanscrintioadeamipelinn sequercesal t
sequence from plasm d pcDNA3. Galt vvas excised as an EcoRl fragnment and
cloned in the sense orientation into the EcoR site of plasm d pCW. cass

(Fi gure 2). Thedsmdtesminatecirefecs te appNAmequsoss attepens of atransgrietiam! | s
bl e of NG , t : , fusi
e e S BRI Sy BlhinhoR LS EhpBERe 38riGitbis B8 hon:

pl asmi d pCMitahslaRABNA sédueerGaistwisiel meange eotairna poiViddeaylatiofrisigimat, wifichwas
exci sed as Bgl ] 1| BanH| _f,ragrrent 8nd cloned into thg BanH s]j te of

pCW. EGHD. [RGliies henadditian otpelyagepylgieseayrnoesdaltbe grendmiya PEMarY) was
produced by i 1g ; Ghe iRl rl@'ﬂﬁﬁrﬂ r KRt 0
EcoRl - di gestt@hegﬂ%\/. E@Bﬁ?{n&% he seﬁ@ orti ent a%riteon. %gap#k{agscﬁl s'ert\bgs as
bot h -a cont litdratanel dbeytmay beiistlatetetioat kactBtiasiuingi, piMseSaaningNslanhd®r2o The
pl asm d pCM\/qCJ%It.SV L.O (F qure 32) conprises a Galt structural gene

cl oned down®AESRAT SYNPREIZBAICIW ot er present in pCW. SVAOL. cass. To
produce the plasmd the Galt cDNA fragnent from pCW. Galt was cl oned as a

BglI'l /BamH ,intg Bglll -di gested .OVAOL. cass jn the sense orientation.
67 Plasnid AEMTOPIYROIE SEQRStRS, NS SATINGETRRY B0 e TBBRaY SAEss)
conpri sgs awicH isSoperabld Ml thaedslisC tigsifss bP ofdhr@in WhIkASt & infdHiddd fbe
downst ream of the SV4AOL pronoter present 1 n pCW. SV40L. cass. To produce

this plasnidsethe Galt cDNA s fragment from pCW. Galt was cloned as a
Bgl Il /BamH into BanH -di gested

Examples of terminators particularly suitable for use in the synthetic genes of
the present invention include the SV40 polyadenylation signal, the HSV TK
polyadenylation signal, the CYC1 terminator, ADH terminator, SPA terminator,
20 nopaline synthase (NOS) gene terminator of Agrobacterium tumefaciens, the
terminator of the Cauliflower mosaic virus (CaMV) 35S gene, the zein gene
terminator from Zea mays, the Rubisco small subunit gene (SSU) gene
terminator sequences, subclover stunt virus (SCSV) gene sequence
terminators, any rho-independent E.coli terminator, or the /acZ alpha

25 terminator, amongst others.

In a particularly preferred embodiment, the terminator is the SV40
polyadenylation signal or the HSV TK polyadenylation signal which are

operable in animal cells, tissues and organs, octopine synthase (OCS) or



pCW. SV40L. cass in the antisense orientation. Plasmd pCW. O SV40L. Galt The
plasmd pCW. O SV40L. Galt (Figure 34) conprises a Galt structural gene

cl oned downstream of the SV40L pronoter present in o pCW. SV40L. cass. To
produce the plasmd the Galt cDNA fragnent frompCW. Galt was cloned as a
Bglll1BamH into BanH -di gested pCW. Sv4gb. cass in the sense orientation.

4) Test Plasmds Plasm d pCW. Gal t x2 15 asmd pCW. Gal tx2 (Fi gure 35)

conpri ses andpaitd syrtRasd (RO témhinatipeittive as bt teRdRiseDds or ohgamirr ol - of
the CW-I1E ﬁ%ormt er sequence. I n eukaryotes cells at |east, the open

readi ng fralie [as€alehp sanirgtor whichvg-ackive inptkeryatis eallans| at abl e, To
produce pCW. Galtx2, the Galt structural gene frompCWwW. Galt was exci sed as
a Bglll/BanH fragmant and cloned in the 20 sense orientation into the

BarH cl oni A§ose seilled ipthaartail bervareiaf asiditienahtarsingtprsequenseswitaht x4
(Figure 36) conpri adr upl irect repeat of a | t n reading
{rame undor MAvRBRoERR B e M efbERph e EPbalin o R seRihessIiplo

cel I's ats!| epsddilytdecusatPwith@athriunddnexperiaémdtiogar er the CW 25 1 E
pronoter is translatable. To produce p .Gl tx4, the Galtx2 sequence 68

frompCW. Gal t x2 was excised as a BglllIBanmH fragnent and cloned in the

sense ori en\dmot MtddubR Qﬁéﬂraﬁéf@@ﬂir%oﬁiréﬁsf@?mih@?’%e@wth3heB Aghatie
pCW. Galt. SV40L. Galt The plfasmd pCW. Galt. SVAOL. Gal't (Figure 37) is
desi gned t ogeres glescribed heseinser ar aenetia perstaict @anaprising same earewealhe W

pronoter, t onoter. To produce the plasmd a Galt
cDNA fragne 60‘%3@%%%@@%? ‘oned as a BgJll/BanH fragnent into
Bgl Il -di gested pCW. O SV40. Galt in the sense orientation. Plasmd
pCW. Gal t. SY40L. 1t 1.aG o The .pnl asm,d pCW, Galt . SVAO. t | i.gure 38). .|

st gned 1 ol LBST, R Tier SRty Bchprets RSt i ol Wbfiot e
and an ant i seRprisks AWSCOHF Phord! stredtury 9&% BHiehs promltiple shaichiradgeset he
plasmd a Galt cDNA fragnent fromp .Glt was cloned as a Bgl!l|/BanmH

fragment i nfegieRs Whemig&ach of seidsiaictye geapcegionsHe piasedorarabliiundesn. 15
S P R e S A B o B SR B S iAo

a Galt palindrome, T nterrupte enn on of ween
each Galt steseaibedahergmahe oriehtationwufreiaet stegaabl gde pegionieeayt bé variédsm d
the BgllllBamH Galt cDNA fragnment from pCW. Galt was, cl oned into the BanH
site of 20 Fowaxuaise itgppodylaiony elfget Qr fAIGST 4PnRR PYRIES8I0Phe CMW pronot er .
Plasm d pCW. EGFP. Gal t. PFG The plasm d pCW. EGFP. Gal t. PFG ( Fi gure 40)

conprises a G-P palindrone, interrupted by the insertion of a Galt sequence
bet weenleachcepding te dhisr ambgdifeents theyPrompierseeotediing exprassions phihef

which i's dri¥8&uRY gene unit are preferably different promoter sequences, to reduce

competition there between for cellular transcription factors and RNA

polymerases. Preferred promoters are selected from those referred to supra.

Those skilled in the art will know how to modify the arrangement or
20 configuration of the individual structural genes as described supra to regulate

their expression from separate promoter sequences.

The synthetic genes described supra are capable of being modified further,
for example by the inclusion of marker nucleotide sequences encoding a
detectable marker enzyme or a functional analogue or derivative thereof, to
25 facilitate detection of the synthetic gene in a cell, tissue or organ in which it is
expressed. According to this embodiment, the marker nucleotide sequences

will be present in a translatable format and expressed, for example as a fusion



25 the CW pronoter. To produce this plasmd the Galt sequences from 69
pCW. Galt were cloned as a Bglll/BanH fragnent into BanH -di gested

pCW. EGFP in the sense orientation to produce the internedi ate

pCW. EGFP. Galt (not shown); following this further GFP sequences from
pCR Bgl - pCW. EGFP. Galt in the antisense gfientation. 5 Plasmd

pCW. Gal t. SVA0OLR The plasm d pCW. Galt. SV4A0LR (Figure 41 ) is designed to
express Gal polypaptidawith ﬁbe&ra@staﬁ@ﬂ sedugits) of ney nec Mgreonkthenstngiual

Bl asi d cal P R0 CAR BRI SRS S PP 2" Bgi 1/ Banit  fr agrent
in Bglll 1o digested pCW. SV40LR cass in the sense orient ati on relative to
t he 35S prOﬂEter XAIVP E 4 Gﬁ@etl c_construct i%co ri Z{'hng B? |a sequences

operably i nReF ?5 bl dndle griowill Re avars & hovy
sequence 15¢dscrieddiereieaidof !ﬂ'eﬁ’éﬁuﬁe%ﬁﬂé?f?)r ﬂbﬁéﬁhﬁ tﬁé@%?eds%rﬁtﬂé‘ré@ff y

vector, specifically designed to be conpatible wt RT7 expression
cassett e |whebﬁpede&r,rebatftespe¢lf©petbpn§eurtyneetmderathe@nnd@pna@bﬁlred bvli and

S0l oot on | PEHEHEE Wi oo YRRRE dboBEE: BER. R 6 o K e, GentiE! o' ¥
Agr obact er i piamipulaticnst réqlitedl a0 coerfdranany Chresentsirilention ARYS fdduire eheper ni t

sel ection of transforned pl ant cells. The kanamycin resjstance cassette is
| ocat ed bet R0@rIAHRN of @N@nSBPGQP‘S’"U‘ﬂM@ﬁQ'?b%‘I’ bereipRf él%‘@“%”&ﬁ[@o

restriction g in 25 vectors
such as pARq"?kE@dg{g cl onggrabe%vgegaq EQIIQ}%&%}'E Hﬁ?"%@ﬁ?wﬂéu on of
PART27 is described in G eave, AP (1992). 70 When cloning Notl inserts

Lo i VRLQUnTolR JoRSTdr 1AE RSN NSRS 19K HoGEeq 8 Al

foll owi ng examte same i ns orien ative I'rection

of the 35S gslhnixsee on dr§ien deithout beddifieRion camﬁneaxctmmvaia theoeni of a s was
done to mnlmse an e {)erlnen al artefacts that aﬁg arjse s from c?nparlng
di fferent ~ cOPRALIQQ Prtiepaly epntainegdawvithipg it ERFIEr 2SUGK A :

pl asm ds Pl ﬁﬁg@ Baﬂﬁfé 6K§pé d?hésghﬁng%ﬁ#é?s) ﬁospm@'g%hleﬁc %&ﬁhﬂré‘&' e from
Stratagene and conpri ses t e LacZ pronoter sequence and |l acZ-al
transcri ptithe sgnthetiatgene wftﬂneammlnltnopl is mSertedgnrmt@ Smtabime/ectweou on of
structural gene se { eI comprise 8 Col E1
and f1 %Hgor@p rﬂg Eeatsiugﬁ agn% bgc erlop age vector, vnra vectoror a p asml

cosmid or artificial chromosome vector which is capable of being maintained

and/or replicated and/or expressed in the host cell, tissue or organ into which

it is subsequently introduced.

Accordingly a further aspect of the invention provides a genetic construct
20  which at least comprises the synthetic gene according to any one or more of
the embodiments described herein and one or more origins of replication

and/or selectable marker gene sequences.

Genetic constructs are particularly suitable for the transformation of a
eukaryotic cell to introduce novel genetic traits thereto, in addition to the
25  provision of resistance characteristics to viral pathogens. Such additional
novel traits may be introduced in a separate genetic construct or, alternatively
on the same genetic construct which comprises the synthetic genes described
herein. Those skilled in the art will recognise the significant advantages, in

particular in terms of reduced genetic manipulations and tissue culture



chl or oanpheni col -resi stance gene. Plasm d pSP72 Plasm d pSP72 is
comercially avail able from Pronega and contains a nultiple cloning site
for the insertion of structural gene sequences therein. The plasmd further
conprises the ColELl origin of replication and an anpicillin-resistance
gene. 3. Expression cassettes Plasm d PARL/ 20 Plasm d pART7 is an
expression cassette designed to drive expression of sequences cloned behind
the 35S promefeirembhtscoahdi racieaedy| dost-effettiveresisst ofl amdlogingndgenetiegi on
of the octipine synthase term pator. The 35S expression cassette is flanked
by two Not IS€0EEPEeS Whishseneadaysush 9@?%9@' belsi #f itheosyitheliy gshssessi on

vectors, su cﬁ@ ue Notl site. 25 Its
constructi o(r‘#ﬁéas gé\(l;ﬁ-rgl?%n% I'n Veﬂbﬂiga?élggg a map is shown in Figure
71 42. Plasm d pART7. 35S. SCBV. cass Pl asm d p358 CW. cass was designed to

xpress Lo SER LR REIEPERENRTT oA SORML R GO Al ALYl peloper o2t e

this plasm ence respondi ng to nos term na ¢ scev
pronot er 5vverbaovéﬁd i$ paylsuballyD%érbm@j frbnnﬂbeengéﬂi@doeémhende@r c@itaipbBTin
bet ween the 35S pronoter and The resulting plasmd has the foll ow ng

arrangenent tae g@lnéﬁﬁMSth@SNBECBrﬁf?éﬂtendﬁglt?l leh REProBSed AT ANSISHIRIDA
SCBV t f
cloned i nt o SPHRARLINGFineqraidh EhoctiRdic B o cakBRRIEIRA. O Peaston o

sequences cloned into polylinker 2 is controlled by the SCBV pronoter. The

NOS term natqr, %g{&ﬁ?ﬁg@gﬁ%&%bb&%tf{h‘é@r@ﬁ o'?'r [BafloR A4 's%ﬁgl in

(Chri stensen an using the two gonuc eot|
(forward pr larbacteBEQ:dH[hrﬁj cmmmmm gicecatentiveahs’ ; and

NCS 3' re er | D 10 GGCCAT GGCCC&EATCTAGTAA TAG 3'
( Y or;’sg?n 8% rem?lcatlon i operabl)e ina %ryotlc celfb\tlssue and more preferably
comprises the 2 micron (20m) origin of replication or the SV40 origin of

replication. -

As used herein, the term "selectable marker gene" includes any gene which
confers a phenotype on a cell in which it is expressed to facilitate the
15 identification and/or selection of cells which are transfected or transformed

with a genetic construct of the invention or a derivative thereof.

Suitable selectable marker genes contemplated herein include the ampicillin-
resistance gene (Amp'), tetracycline-resistance gene (Tc'), bacterial
kanamycin-resistance gene (Kan'), the zeocin resistance gene (Zeocin is a
20  drug of bleomycin family which is trademark of InVitrogen Corporation), the
AURI-C gene which confers resistance to the antibiotic aureobasidin A,
phosphinothricin-resistance gene, neomycin phosphotransferase gene (nptil),
hygromycin-resistance gene, B-glucuronidase (GUS) gene, chloramphenicol
acetyltransferase (CAT) gene, green fluorescent protein- encoding gene or

25 the luciferase gene, amongst others.

Preferably, the selectable marker gene is the nptll gene or Kan' gene or green
fluorescent protein (GFP)-enroding gene.



20 Nucleotide residues 1 to 17 for NOS 5 and 1 to 15 for NOS 3' represent
addi tional nucl eotides designed to assist in construct preparation by
addi ng additional restriction sites. For NOS 5' these are BanH , Smal,
Aatll and the first 4 bases of an Nrul site, for NOS 3' these are Ncol and
Sfil sites. The 72 remai ni ng sequences4gor each oligonucl eotide are
honol ogous to the 5° and 3' ends respectively of NOS sequences in pAHC 27.

The SCBV pr gnptéskilied s tise arivwilleoarBiviard of diHor aalddigble! rasiked geheSvisafll
(Tzafir et al, 1998) using the two ofigonucleotides: 5 SCBV 5':

5' - CCATGGCCInbheT pedomansecchtier present dnverdon amst tlee subject inventiosys ot
5 - AACGTTAAE&;‘RQ&'%%%%{ éeﬁ:@‘:b% In%r?@f é@ﬂe Nucl eotide residues 1 to
C e ol an | | rrctiro

17 of SCBV en res Si'tes designed to assist in
construct preparation, the remai ni ng sequences are honol ogous to upstream

3 Tencods PBRoRERe oMHEEROT CeRBRUET 1, i EES cBRIHTE "o Ty pos 5"
construcs pdepeitid ABreils,@hichnRichideg fuirthae icageUepicel agendet Ofol ke
reverse and conpl enent of sequences near the transcription initiation site

of SCBV. 15NEiRigeanes andwn repligation Afpsrig\genpticscorstick innRrokayetas Pht o

S 1 cur BEEARER S, Y iDL B PN B | HALteRY

PART7 and airb disergdnovntlofa eukdrpdticecell oeovgahispn was chosen and desi gnat ed
pART7. 35S. SCBV. cass, a map of this construct is shown in Figure 43. 20 4.
I nternmedi ate constructs Plasm d pBC. PVY A region of the PVY genone was

anplified basP@Rhudispersed &rs forbigan swtldie dadiNAmbReuiise dsthnheandPYietholiect ed
tobacco as a tenpl ate using standard pr.otocols and cloned into a plasmd
pGEM 3 (%t r desgiies) supe pantke usedctavipigduce synthetichaenes fangy9eAetie r om

o the Py SoparRee,miBdteledl. ke bgdiERl the, SEBERSS 36l 12 ned
i'nto the pl expiedsipBOf(tBertatgeg geee| for.gxanplelipasemeBtedidied Fagsfeetiddpr -
P 4 PSRyt SR RRE o % RAFP3RES.Aba' DRS ARRR o
bacterial cells, cell mating, transformation or transfection procedures known to
15  those skilled in the art or described by Ausubel et al. (1992).

Additional means for introducing recombinant DNA into plant tissue or cells
include, but are not limited to, transformation using CaCl, and variations
thereof, in particular the method described by Hanahan (1983), direct DNA
uptake into protoplasts (Krens et al, 1982; Paszkowski et al, 1984), PEG-

20 mediated uptake to protoplasts (Armstrong et al, 1990) microparticle
bombardment, electroporation (Fromm et al., 1985), microinjection of DNA
(Crossway et al., 1986), microparticle bombardment of tissue explants or cells
(Christou et al, 1988; Sanford, 1988), vacuum-infiltration of tissue with nucleic
acid, or in the case of pléﬁts, T-DNA-mediated transfer from Agrobacterium to o

25 the plant tissue as described essentially by An et al.(1985), Herrera-Estrella et

al. (1983a, 1983b, 1985).

For microparticle bombardment of cells, a microparticle is propelled into a cell
to produce a transformed cell. Any suitable ballistic cell transformation

methodology and apparatus can be used in performing the present invention.



pBC. PVY into EcoRI/Sall cut pSP72 (Pronega). This construct contains
additional restriction sites flanking the PVY insert which were used to
assi st subsequent mani pul ations. A map of this construct is shown in Figure
45. Plasm d Cl apBC. PVY Pl asm d Cl apBC. PVY was prepared by inserting a
Clal/Sall fragnment from pSP72. PVY into Cl %I /Sal | cutpBC (Stratagene). This
construct contains additional restrictiofsites flanki ng the PVY insert

whi ch were LBFé?nélQr}ﬂ%Bbﬁatéé‘%%qEPd&dﬁPéE BH i‘flé éi ‘B%”@{%\r}%( hiys (gagist ruct

is shown in Figure 46 C. PVYx2 ~5 Pl asm cont alns two
di rect head- Raien’aNo rﬁe'b%%lfél%))fanﬂhﬁarﬁfdhd sndudialedJ <$erﬁ’avtedt Noo,p86,080). The

| asni d t.ed Accl/ O al PWY, f tf SP72. PVY
nio Acel - cUbRERcP baliste dPamanatorEprreEiusse! e, BRah SenSThiTaY 2o

Pl asmi d pSPmcd?WeQe%%@hmﬁc 1&lbf Fé“pﬂle‘ﬁij’ﬁtﬁB%@ll'tOW%S%ﬁ%d.he PVY

sequences derived from pBC P The was generated by cloning an
Accl/Cal PVY fragment from ch PVY into Accl cut pSP72 PVY and is shown in

Figure 48. Eyifnfib@ofhflc®Bartides il fird: E}F?sp 1466 dhrect
t Fom pE‘I q’ p

head-to-tail repeats o e PVY sequences erl ve | asm d
was prepar eqydly sphertisnJhenDRec tordtalct fvay beadpposited rmrmSHﬂ&oBHhﬁdléﬂby Accl
cut pBC. PVYx2 and 5@-‘0‘3 shown in F%%Bre 49.. Pl asm d pBC PVYx4 Plasm d

pBC. PVYx4 cAivauHe Fhaiapecsught V@r?‘%\P'Fatioé‘peats of the PVY sequences
derived from pBC. PVY. The plasm d was prepared by cloning the

In a further embodiment of the present invention, the synthetic genes and
genetic constructs described herein are adapted for integration into the
10  genome of a cell in which it is expressed. Those skilled in the art will be aware
that, in order to achieve integration of a genetic sequence or genetic construct
into the genome of a host cell, certain additional genetic sequences may be
required. In the case of plants, left and right border sequences from the T-

DNA of the Agrobacterium tumefaciens Ti plasmid will generally be required.

15 The present invention further extends to an isolated cell, tissue or organ
comprising the synthetic gene described herein or a genetic construct
comprising same. The present invention extends further to regenerated
tissues, organs and whole organisms derived from said cells, tissues and

organs and to propagules and progeny thereof.

20 For example, plants may be regenerated from transformed plant cells or
tissues or organs on hormone-containing media and the regenerated plants
may take a variety of forms, such as chimeras of transformed cells and non-
transformed cells; clonal transformants (e.g., all cells transformed to contain
the expression cassette); grafts of transformed and untransformed tissues

25 (e.g., a transformed root stock grafted to an untransformed scion in citrus
species). Transformed plants may be propagated by a variety of means, such
as by clonal propagation or classical breeding techniques. For example, a
first generation (or T1) transformed plants may be selfed to give homozygous

second generation (or T2) transformed plants, and the T2 plants further



di rect repeat of PVY sequences from pSP72. PVYx2 as an Accl/C al fragnent
into Accl cut pBC PVYx2 and is shown in Figure 50. Plasm d pBC. PVY.LNYV All
attenpts to create direct palindrones of PVY sequences failed, presumably
such sequence arrangenments are unstable in commonly used E. coli cloning
hosts. Interrupted palindrones however pr, ved stable. 15 To create

i nterrupted paI i ndrorres of PVY sequences4 "stuffer" fragnent of

appr oxi nmat el p};@% Hel%ﬁéfcﬁﬂbrie% gqe@h,pigyegw downstream of the PVY
sequences. agrrent was nade as follows: A clone obtained
initially from a cDNA library prepared fromlettuce necrotic yellows virus
(LNYV) geno @gjgé i t:al ; b gene
of the vi rug=|h & S aﬁp%%‘ﬁ%@qgg*/&%%{ %%S%ﬁ@é ?k@ﬂp}rl%?ﬁ}e&ceqﬁm%l%%ﬁg%dﬂ

1: 5" - ATGCGAIRBGTARBORIBAGAAGAAGGA- 3' (SEQ I D NO 13); and LNYV

2:5' - TGTGGATCCCTAACGGACCCGATG 3" (SEQ I D NO: 14) 75 The first 9 nucl eotide
of these priners encode a BanH site, the remaining nucleotides are

honol ogous EXAMBLEntes of the LNYV 4b gene. Follow ng anplification) the
fragment was cloned into the EcoR site of pCR2.1 (Stratagene). This EcoR
fragment was cloned into the EcoRl site of s Ca pBC PVY to create the

i nt er meds at Ge?ie?cﬁ:fﬁe@hhﬁﬁlﬁ/\/ LNYV which is shown in Figure 51. Plasm d
pBC. PVY. LNYV. PVY The plasm d pBC. PVY.LNYV. YVP contains an interrupted

di rect repeat of PVY sequences. To create this plasm d a Hpal/H ncll
fragment frqm pSPissuesuklirernipaRations! - di gest ed pBC. PVY. LNYV and a
plasm d containing the sense orientation isolated, a map of this construct
is shown in Figure 52. Plasm d pBC. PVY. LNYV. YVPo The pl asm d

pBV. PVY. L WYVPAGBERIcES ligepar tial interrupted palindrome of PVY

sequences. e armof the palindrone contains all the PVY sequences from
pBC. PVY, the other arm contains part of the sequences from PVY,
corr espondi A@hb%rﬁ%ﬂ%ﬂ&ﬁ‘& Wl FU%erﬁPRx\édﬁﬂﬁ ddndfstih Séfteﬂﬁ\e‘PfDME\Wz PVY.

To create this plasmd an ECORV/ Hi ncII fragnent from pSP72. PVY was cl oned -
into Smal -d(lg@sTe@qmgleWupmnanwdawﬂM d/\CBBSa(TrRA@EtEBiQSdeBCGP%dr

Pl e 4/ bBCN EGoIopls R £ Jt AL id ToBasR) Sadeflifor™

i nterrupt edwithl 10%VAWEBRY. A WERLGIINSIN iheuSateRd 8t B*G iR ladsatntbsphere
Hpal /Hi ncl | fragnment from pSP72. was cloned into Sma-di gested pBC. PVY.LNYV

and a pl asntantangbit vy GOs

During the course of these experiments it was frequently necessary to
passage the cell monolayer. To achieve this, the monolayers were washed
15 twice with 1 x PBS (Sigma) and then treated with trypsin-EDTA (Life
Technologies) for 5 min at 37°C. The volumes of trypsin-EDTA used for such
manipulations were typically 20 pl, 100 pi, 500 pl, 1 ml and 2 ml for 96-well,
48-well, 6-well, T25 and T75 vessels, respectively. The action of the trypsin-
EDTA was stopped with an equal volume of growth medium. The cells were

20 suspended by trituration. A 1/5 volume of the cell suspension was then —

transferred to a new vessel containing growth medium. Tissue culture medium
volumes were typically 192 pl/well for 96-well tissue culture plates, 360 pl/well
for 48-well tissue culture plates, 3.8 ml/well for 6-well tissue culture plates, 9.6

ml for T25 and 39.2 mi for T75 tissue culture vessels.

25  Cell suspensions were counted after resuspending in an appropriate volume



25 antisense orientation isolated, a map of this construct is shown in
Fi gure 54. 76 5. Control plasm ds Plasm ds pART7. PVY & pART7.PVY Plasm d
PART7. PVY (Figure 55) was designed to express PVY sequences driven by the
35S pronoter. This plasm d serves as a control construct in 5 these
experinments, against which all other conﬁgr ucts was conpared. To generate
this plasmd a Clal/Accl fragnent from pBC. PVY was cloned into
G al - di gest g DMETY A% @vPEBSMAH Wlédbtelwﬁ@élﬁdm@ 1B X Wa8SFafsfefBg GoPYY
sequence wWith respect to the PVY genone, was sel ected. Sequences consi sting
of the 35S paemscytometer(Haykelaykandioell nhmbecscounted micwscapicallexci sed as a
Not| fragnent and cloned into Notl-di gested pART27, a plasmd wth the
desired insert orientation was sel ected and desi gnated pART27. Plasn ds
PART7. 35S. PYH). SCRloncadhgroR@alls35S. PVY. SCBV. O Pl asmi d pART7. 35S. PVY. SCBV. O
(Figure 56) was designed to act as a control for co-expression of multiple
constructs froma single plasmd in 15 transgenic plants. The 35S pronoter
was desi gnetlidneacherenrt sel/Wese igrewaeigugrondis mediuhs tinitaelySOBadperenbicell was
enpty. To anerate this plasm d) the PVY fragnment from C a pBC. PVY was
cloned a3 a''®®l|/EcoR fragment into Xhol /EcoR -di gested
pPART7. 35S. SCBV. cass to create p35S. PVY. SCBV. O. Sequences consisting of the
35S pronoter, dri VI ng sense 20 PVY sequences and the NOS term nator and the
SCBV pronot &6 antheceasq of Aohsrent Mepelayges, Seanugst chapges f digsert culide cl oned

host gnated yafds e haliesBaly Tl 28 8 1150 Udals AE Tl AlisKRTelopab ¢ and
o ored Lo o tﬁﬁ‘aﬁhfﬂuﬁfﬂ%w@“ B ged foe somin e
Comdree L o8Bl 2 amd AT i ahpeltattonag Thed iFeAied 4es 4 <ol wraifet
sequenchs vaLEd\RReh DRKmedlfy! 8o 150 AIDERSEH yal o i,

pronot er drov expressfon of a sense f generate this
pl asmi d, theeWVﬂssmeignmnrefvemseCI Bop BB-WelY, wdswell,oapd Gsveil @ba‘selfsr dgerent

to d al t d ART7/ V |
n 2 sense. YPR 6 reRlogeDfon A 05K §AnA Gabhe Blabp eguences
Sequences) liobShiEd Yy Fof OOTeAE: 308 DRSS! S1R1Beg .mfr

pronoter driving sense sequences ermn or wer €7 exci sed as
a Notl fragmadiurandhel celtsi werEotrmhRTraﬁsfearenl tsra dhew tibstidecultase nedsehsert

orientation_was isq]ated n eS| nat ed pART27 V. PVY. . Pl asm ds
PART7. 355 OTSEHY. S, 'Bﬁ\ 7valya tgﬁvﬁa@ ?rgﬁ] 'Rﬁag%’ Q%N@f ZeniE vvp
(Figure 58) cmﬁedﬁéﬂegnﬁéo H}P/w%‘ﬂtfoﬁ%%lﬁﬁ@ub' Qe LS, 04 nflMeleb‘r%?ﬁ\Dﬁgss' on

of nultiple constructs froma single plasmd in transgenlc pl ants

expr essi bl etissipueuitee plates, t1 ohéer and 401e! fop $7prtissue sultunghvassels he SCBV
pronot er drove expression of a PVY antisense fragnent. To generate this

pl asm d, the PVY fragnment from C a pBC. PVY was cloned as a Cal fragnent
into d al - dPgesagiug 135 SetbeBspeasions avasl achieved inthe folloyimOmarsguetiels in an

anti sense orijentat i.sol at nd desi te 35S. O . YVP,
anquences. BEfEpEMRbF RS ME P B8 8R40 REE PP RIS oty
pronot eg dr iddigms ahed 58 ngo musme@ rﬁnm@)eomﬁet@énmsugﬁéﬁs.wwa@xc' sed
as a Notl fragnent and cloned into pART27, "a g asmd wth the desired

i nsert orietaasfegedviasa inew aeéﬁelmt@lemggm pedivaY.. By alisSoplc-wel, 6.

Test pl asmﬁ-‘é—well and 6-well plates, a 1/5 volume of cells was transferred to the

corresponding wells of a new vessel contalmng 4/5 volume of growth medium.
Cells were counted as described for adherent cells.
25 2 Protocol for freezing and thawing cells

Adherent monolayers were washed twice with 1 x PBS and then treated with



Pl asm ds pART7. PVYx2 & pART27. PVYx2 25 Plasm d pART7. PVYx2 (Figure 59) was
designed to express a direct repeat of PVY sequences driven by the 35S
pronoter in transgenic plants. To generate this plasmd, direct repeats
from pBC. PVYx2 were cloned as a Xhol/BanmH fragnent into Xhol/BanH cut
PART7. Sequences consisting of the 35 S 44,78 pronoter, direct repeats of
PVY and the OCS term nator were excised as a Notl fragnent from pART7. PVYx2
and cl oned itrypsinNBDITAdog 8ahiedaiBYRT2 Noreagherent cellsi wéret dentfeged dor 5 msiar t
orientation was sel ected and desi gnated pART27. PVYx2. s Pl asm ds

PART7. PVYx 3 ak 5@ 2nehdy s TheLals vesasuspendad by mglcﬁt@n@nd {ransferreddaed to

express a direct at of t.hree ven ter
o ams aeniSape iaaln, Sonkiltif o BINSHCHERERR fido SlhdémiRie Win A"
pBC. PVYX3 wehe FEaad ﬁ;v/oa//%fmh{eamtﬁlfdxicm(&gtna)ntmewdeaﬁahibn GftcamdRT7.
Sequences consisting of the 35S pronoter, direct repeats of PVY and OCS

t erm nat br weaSed@tﬁcmm bsshaewvtom%tgrrsﬁunmng)ﬁngmqu\ﬂwm “erlisgpesmall i nt o

Not | - di gest e

sel ected an?iﬂlggy gnat earéﬂkﬁ%&] ‘Wr% H1 rﬂ@?ﬂbégd@ﬁ? %\ﬁ%eegﬁ A&%&BPVYM
15 Pl asm d pheEd Iﬁvm’xen(d:ng@rlére@im)g Centaitsi (Naidehe) eamtairiing @r@lpane-Qtolr epeat
of four PVY sequences driven by the 35S pronoter_in trans ic plants. To

generate t h|(§Db‘|)a%’Tﬁ goolgd, dewly; o /A°6 - fieniybee. h\sells ‘O(E'Peeatel’bﬁ'@ﬂe(b§ ta
Xhol / BarH oag”%% ImR&r Bk OEEHTERNS s RRRTRLod IRANBRARY teNabSE koac! the

35S pronot er i rect repeats t'erm na or were 20 exci sed
as a Notib f oagoetherf transfeARIg/thHe\oal3 taredT 25 ﬂaeldcomiamlm@ﬂMEMgﬂmi 2A%pRT27, a

DART27. P PR O AHREEPY SRV T R P POYP RGP SP s CENV. PYY P

PART7. PVY. LNYV. PVY {Fi gure 62) was desi gned to express the 2s interrupted
direct repeagt of VY se s driven by the 35S pronoter in transgenic

pl ants. Thi $-con&/Paing @?é’ﬁér ed by cloning the interrupted direct
repeat of PVY from pBC PVY LNYV. PVY as a Xhol/ Xbal fragnent into 79 pART7

di gested w th Xhol | Xbal Sequences consi sting of the 35S pronoter, {he
i nt er r upt ed AdheEeAt ARACRPN-@ONetents mamamalian Lell fines orera dransitgted wihe

Mot ] d gest o Addiohs CONatiING BRpspBh oo o BiMeC s0EHE bBRES of

sel ecteds5 arrtdra!;&ssgptﬂe etfapﬁﬂafmédefonim\M@ke( sel@jdﬂdnod'er PARETIOP\Of. 2NYV. YVPS
& pART27. PVY. LNYV. YVPo ART7. P YVPa

Lo oxne wss " WiaEksdising, cel prapin mBARnt teithen IHEM Ty ESSor REMPRedth Lo

the 35S pronRpbeyn FBSY sisigemented ﬁrﬂh@en@ﬂblﬁ rrfanﬁ@mal%ldmﬁés Wefdalnedhy
cloning the partial interrupted palindrome of PVY sequences from

pBC. PVY. LNY¥¢stabtish glonal Jmes pidsansfeetggraes. i nt o pART7 di gested with
Xhol / Xbal . Sequences consisting of the 35S pronoter, the partial
-interrupted palindrome of PVY sequences and the OCS term nator were
exci sed frof@apARCoeifionedyweduPd as a Notl fragment and cloned into
Not | - di gested 15 pART27, a plasmd with the desired insert orientation was
sel ected and

20 Conditioned media were prepared by overlaying 20-30%-confluent

monolayers of cells grown in a T75 vessel with 40 ml of DMEM, 10% v/v FBS.
Vessels were incubated at 37°C in 5% v/v CO, for 24 hr, after which the
growth medium was transferred to a sterile 50 ml tube (Falcon) and
centrifuged at 500 x g. The medium was passed through a 0.45 ym filter and

25 decanted to a fresh sterile tube for use as conditioned medium.
(b)  Adherent cells

Individual lines were cloned from discrete colonies as follows: First, the



desi gnat ed pART27. PVY. LNYV. YVP. Pl asm ds pART7. PVY. LNYV. YVP &
PART27. PVY. LNYV. YVP Pl asm d pART7. PVY. LNYV. YVP (Figure 64) was designed to
express the interrupted palindrone of PVY sequences driven by the 35S
pronmoter in 20 transgenic plants. This construct was prepared by cloning
the interrupted palindrone of PVY sequenc from pBC. PVY. LNYV. YVPo as a
Xhol / Xbal fragnent into pART7 digested w Xhol / Xbal . Sequences consi sti ng

of the 35S pmetRingwast reendvedeirsrapirehdpadiua dvalnef 86-WslYtissuplesiaas vwadel he
CCS term nator were excised from 5ART7. PVY. LNYV. YVP_as a Not| fragnment and

2s cl oned i MRy BEReely colpniasawashediwisetwith 49| pPEd X R8s tindividial g0i0Biesnas

L0 T - on 1 i ot

PART7. 35S. P\ib S6BVmBVE (tbi g 8@6eweh)platescareaingige @00opicof eanditisised enediuand
antisense constructs in transgenjc plants. To generate t?ia%o | asm d }he PVY

fragment % r ctHREIQMBEEdPYIth \ganeticy ddie; ¥egsekwag maiated @ nt? Prq ¥V

xhol / ECoRl - dkge N O, . u i S 1 . 35S
romoter dr | SPRL RO AT T B RRBRRE SxaffE BherBledticde,)
pronot er drifor ngowing selniesPEiidahd mediudiIeplaced neitiorirestr grewthi sediuas. a

b et o o WS a8 ravAb s b gbied bt A0 iy 1 |
orientation [ . : . . .

Pl asm ds pAl i 4 f sm d
PARTT. 355, PV (RS LS e T Gy 18 e i e e el A

ant i sens® r dpmses infa TRArtissud culhsgeesselpAhtitis poind, difjugtnef each sthbke gdllasmi d,

the internedi ate 7. 35S, O SCBV. YVPx3 was constructed by cloning the
triple dire t"epwper% Of I ErJBRINERARISEas a O al / Accl fragment into

Cl a- di gest ed p35S. SCBV. cass and isolating a plasmd with an antisense
orientation. SorﬁSSS. PVY%@. S;r‘BV. YVPx3 the triple direct PVY repeat from

d a pBC. PVYx® wasV@i-gHba"ed 8 pn| / smal fragnent into 20 Kpnl/ Snal - di gest ed
p35S. O SCBV. YVPx3 to create p35S. PVYx3: SCBV. YVPx3. Sequences includi ng both

pronoters) termnators and direct PVY repeats re igolated as a Not |
fragment an %’I"@Hgﬁ"qr\ﬁt@"EWﬁP'Oﬂegr%ﬁ’ﬁ'd“% "&'P\g-aéﬁb soncanriEation ¥@sat i on

was chosen gfideffinkd"HiGosEsSialll: dsmgPy MaembBometer slide and cells were

15 diluted to 10 celis per ml in conditioned medium. Single wells of 96-well tissue
culture vessels were seeded with 200 pl of the diluted cells and the plates
were incubated at 37°C in 5% v/v CO, for 48 hr. Wells were inspected
microscopically and those containing a single colony, arising from a single
cell, were defined as clonal cell lines. The medium was removed and replaced

20  with 200 pl of fresh conditioned medium and cells incubated at 37°C in 5% v/v
CO,, for 48 hr. After this time, conditioned medium was replaced with 200 pl of
DMEM, 10% v/v FBS and 1.5 mg/l genetecin and cells again incubated at
37°C in 5% v/v CO,. Colonies were allowed to expand in successive steps,
with medium changes every 48 hr, until the stable, transformed lines were

25 housed in T25 tissue culture vessels. At this point, aliquots of each stable cell

line were frozen for long term maintenance
4. Southern blot analysis of mammalian genomic DNA

For all subsequent examples, Southern blot analyses of genomic DNA were

carried out according to the following protocol.



2s Pl asnmi ds pART7. PVYx3. LNYV. YVPx3 & pART27. PVYx3. LNYV. YVPx3 Pl asm d

PART7. PVYx3. LNYV. YVPx3 (Figure 67) was designed to express triple repeats
of PVY sequences as an interrupted palindrone. To generate this plasmd an
i nternedi ate, pART7x3.PVY.LNYV. YV was constructed by 81 cloning a

PVY. LNYV. YVP fragnent from pBC PVY.LNYV. Y4P as an Accl/C al fragnment into
the plasm d pART7. PVYx2. pART7. 35S. PVYx3. LNYV. YVPx3, was made by cl oning an
addi ti onal RA/Y78itissue cukyreatessebcorp&Ging\ac nlas DIMERCaon REVHI1640ad6¥nt/vi nt o

C al digest ART7x3. PVY. LNYV. ¥VP Sequences fr o

DARTT. 356, PYBS WANAPORA I At 108 RlS 2R BB RPS AL C 1mi5%eiy Gy fRinces
and t he OCSQt eﬁlm' nat or were excised as a Notl fragnent and cloned into

Not | - di gest eé PART27) a plasmd with an appropriate orientation was chosen
and desi gnat ed pART27. 35S. PVYx3. LNYV. Pl asm ds pART7.PVY nmulti & pART27. PVY
mul ti Pl asm'g pAgCZh. 3%? PI mul ti (Figure 68) was designed to express

hi gher order( ir STeDeRE- of regi ons of PVY sequences in transgenic

pl ants. Hi gher order direct repeats of a 72 by of the PVY Nia region from

PVY were_prepat.ed by anneal i { artj al compl epentary oli ucl.eoti des
e o1 one, MliS, s BRERGd Bpl IRl L RS R SRR A T MR Baaninc
AG GGAAATCT WdsHIhaTmdndlayé RIS king thamcthePBY Was decanted. The wash

5' TTCTGCCAATTAAAGGTAGCGACATCATCCTCATT. TGCCGAAAGA

T T
TCCCTGTCTTTOGECRRSAled and(thganpnolrger eyerlaig witthe | phdnu BB ixdEepast-e

hosphor yl i ' ' | t
o e § AL A B o O SRR TR 0
pol ynmeri se avub inkabatedi att3y°PGRS% WV 004 neigene mbhalayedseparateal fivmghe

mul tiple repeats were isol ated and sequences were s cl oned as EcoRl
fragment!g i Magksthese2on| ehtagdivm with ol BSoory -kBgexee@dgdpsTThet suspesded t he

i nt er nedi at . P [ ' _P (P r Qnot er,
PVY sequencgzéaﬁé(:\rivaer‘fa'ﬁ}eg%Jr %}ngl&%ag gﬁﬁlmfgar exﬁjl%seet \gisﬂi: <l'§' \kl%‘? lal?lﬁre ggﬁe"ﬁtoqand

cl oned i nt o idéstdlddl gePBS] THERIubewas pivesteddseverdl tmeapprmafx aad eéhe rstist
orientation was i?ol at.ed and desi gnat pPART27. PVY mul gé. Exg\IVPL

d
| nact i \éa';)i ovese collected funeentritygat 'i‘@ﬁgpg Xl G mip aht UP‘?rﬁégarﬁr e
) . ! . °
created by Gy gaslfiy 4hi3ho BEJUELRERABITh A0k of IANGR TR REEE doffies: 1"

particul ar ic viruses are use roach since c

provi dessvenpriekimgl #nds arszemsleansls abaotedf (2rx 1D¥). divel ¢l Wweredtolkztéd bgel ect
for potentially rare transformation events which mght create viral

i nuni ty. S@bnééu@aﬁm at-&fhe gtfer d@ min &l 4 e@ndathei sypeenatpniydiecantedinded RNA
virus (Bovine enterovirus - BEV) or a conpl ex double stranded DNA virus,
Herpes Sinplex Virus | (HSV 1) are cloned into a suitable vector and
expressed i ifbt r adkdmadiesrent cells

The cell suspension is transferred into a 50 ml Falcon tube, centrifuged at 500

x g for 10 min at 4°C and the supernatant decanted. The pellet was
20 suspended in 5 ml ice-cold 1 x PBS by gentle vortexing and the cells collected
by centrifugation at 500 x g for 10 min at 4°C. The supernatant was decanted
and the pellet was resuspended in 5 ml of ice-cold 1 x PBS by gentle
vortexing and a sample counted (~2 x 10°). The cells were collected by

centrifugation at 500 x g for 10 min at 4°C and the supernatant decanted.

25 (c) DNA extraction and analysis

Genomic DNA, for both adherent and non-adherent cell lines, was extracted



20 cells. Mammalian cell lines are transformed with genetic constructs
designed to express viral sequences driven by the strong cytonegal ovirus
(CW-1E) pronoter. Sequences utilised include specific viral replicase
genes. Random "shotgun" libraries conprising representative viral gene
sequences, may al so be used and the intrgguced dispersed nucleic acid

mol ecul e, to target the 25 expression of virus sequences. Exenplary genetic
constructs usingube Qiagem ceppoiediNA extraaten Kitri§abiNe.eti4de avsquding de

derived frogmthe BEV RNA- ndent -RNA pol [j.se n are ent ed
nor el e SUEoSIBMELS JBrORERTSe LBRe PR aTAialf o8 nisn@Pl (BRAY okfiar el y
100) of tragefepmimst GRirh Absibance fep60 atwdusing hnBeckmenWiriddel TBU64
respective virus. For cells transformed with shotgun libraries very |arge

nunbers (huRbptOg§ppCHOMEtelnsf or med |ines are generated and screened in bul k
for viral immunity. 5 Followi ng virus challenge, resistant cell lines are
sel ected and anal ysed further to determ ne the sequences conferrin

i mruni t y5t h&esomic RISNSL alit0 celg) Iwares digestedippwith | appedpriate apsirictignof t he

el | an s SUERRICSRRRS RS AT SupLPSs of 2DA oY o o€ TBFeFBiTRRLR 16" °
exper | Ment s nar FolkAfa dig8Rioh, IOCI SF BK dBARE RBIASUDA! 5 2nénb! SEBGTIcHal

characteristics of t%e nodul ati on which i s observed. 6 In i on of

vi rus resi sahs@lutd ethanahwgemadded tinthe digestians thei solutianmixesi ansortexingi n
LBA4404, f o h d ly ~ 5 with th truct 7. PVY
o e RRAOH TR RPRRIOA os oVl BB ORGSO/ 5I7
PART27. IRyY. ENV3( Vi RARE2 ThR\SgetMarlvaBABIwled 2nd MY DIRABEIR: rinsed
pART27. 35S. O SCBV. PVY 25 pART27.35S. O SCBV. YVP pART27.35S. PVY. SCBV. YVP

pART27. 35S. Rithp&I0SIBM Y0¥ @/v etBanpl AR peldtYaiBdLidt\And\iRe3D NARTi2ZoIRet >l 0
using tri -pgbent fl tings. DNA mni-preps fromthese strains were prepared
and exam nedOBOFWate% ction with Notl to ensure they contained the s
appropriate binary vectors. N cotiana tabaccum (cultivar WB8) were

t f dwith fh teri trai i ng. st .
st or e |1 heSCaper 638 I Im SLIALES EL TG e Mo ce
kanamyci n. I ﬁﬁ‘ﬁ?m%z,”ﬁ%'v%%:k‘ﬂl @%?@@Phéﬁ%ﬁié)é 59 aL4§ddkibato only

transgeni ¢ shoots ot on kananyci'n plates. Root oofs were
t r ansf etd edtheo digesteciidNAl bodethet migtsrebrarsdferrad t tor at wellt of tehi0e&onwadk s,

vigorous plants w at |l east .thre ets, qf Leayes were chpsen, and . ipnfected
i th v, P\ARaRSPHAL el ERblainBa Bl bt abasthiuBe s rPER: odbPy DN ect ed
with the vifrigmearPweid BrRicBophdrededfthtdirih thatgslizl14 m&%ﬁ@ﬁgmﬁi&umlyl ral
synptonms ~s were ground with carbarundumin 10 mi of 100nM phosphat e

buf fer (pH 76 5y. Aq peprapsiale iNAizednaikees wasdndodedin airarellitang.onal Na
phosphat e buffer.

The gel was soaked in 1.5 M NaCl, 0.5 M NaOH then in 1.5 M NaCl, 0.5 M

20 Tris-HCI, pH 7.0. The DNA fragments were then capillary blotted to Hybond
NX (Amersham) membrane and fixed by UV cross-linking (Bio Rad GS Gene
Linker).

The Hybond membrane was rinsed in sterile water and stained in 0.4% viv
methylene blue in 300mM sodium acetate, pH 5.2, for 5 min to visualize the
25 transferred genomic DNA. The membrane was then rinsed twice in sterile

water, destained in 40% v/v ethanol then rinsed in sterile water.

The membrane was placed in a Hybaid bottle with 5 ml of nre-hybridization
solution (6 x SSPE, 5 x Denhardt's reagent, 0.5% w/v SDS, 100 pg/mi



Two | eaves from each transgenic plant were sprinkled with carbarundum then
0.4 m of inoculumwas applied to each | eaf and | eaves rubbed fairly
vigorously with fingers. Using this procedure 100% of non-transgenic
control 20 plants were infected with PVY. To assay for viral resistance and
i mmunity transgenic plants are nonitoredgor synptom devel opment. The PVY
strain (PVY-D, an Australian PVY isolate) gives obvious synptons on-W38
tobacco, a \denatukdafragmesyertheming speardi DNAJkser pesthybridired tabd°Catss
above the inocul ated | eaves, subsequent |eaves 25 show uniformchlorotic

| esi ons. Sy@pPsRsiaataly dgrrin adrigivatiopavensvith censiant peationg&rpa.
Transgenic |ines were described as resistant if they showed reduced viral
synpt onms, which manifests as a reductggn in the | eaf are showi ng chlorotic

85 | esi ons. Prebe{2amgd wamipbelled avithvlsr’ PdC TRy spesifie tstivty 3860 Ciomnpla f ew
iral |esi . d l ant t k i st whi ch j fect

Feduced” sy et o veoavame A bl elie 25,55 His SGRIRE A Mo PUHOREN ¢

plants whi cARReUREABSOING. ERENAB0SY LR Protié Wals BASTRLIROUEH @ G50

classified as imune. To ensure these plants were innune theélzwere

re-i nocul at &ephiadexvQuiek, Spiss t(trademark)r eslumme (Roehain€at.t No. fEW3ORH3) tehowed
synpt ons were roe-clnassifir%g%jiﬁ res{gtant. Fﬁie | ant .l i nes generat ed

Sout hern bl &YTC¥P& chrof%? X Wé?? EhtePPhiNg @Hﬁre?‘lfnsgé’ﬁ P ons is
nonitored to determ ne that resistance/immnity is transm ssible.

Addi ti onal | the breadth of viral resistan IS i taored. by chal [ engi ng
hes. wi th ShReheaheryadebids Bt Wan el es THodEdKaton bufdr
suscepti bi | i SSPEM.6%cd/v SDIRERVD Li§/MAIr GERStHRIE fRGARSHIEE Hetring SpeAACT | bed
in Table 2. These data indicate that constructs conprising tandemrepeats

of targd® gé¥A)kemraacmedeio ABTC. mhe Hredwhridizatiani fesfwas desantadeend

cont er 1 ng TPREFSY BTG Ace BROPOTM SR ORTa g PRORG GeRPEIRY i belled
Accor di ngl y prets MThé viesrmBFarRNWasr hybirideed AEBESS -focappri@hataidYbaiein a
expression of the virus target gene in the transgenic plant.” 20 Constructs
conbi ni ng t hybddizatién diver withaghstanteotadidn (e ppa). sequences, nanely - .
PART27. 35S. PVYx3. SCBV. YVPx3 and pART27. PVYx3. LNYV. YVPx3, are al so useful in
nodul ati ng gene expression. EXAMPLE 7 Inactivation of Galt in animal cells
25 _Ggl act Ssgﬂhet8 gwbsilﬂ':zlaﬁenf bGHem )c?m_aiair;gs_e}thet meob@l]gwgs%;irz?éntgdl ;mtio?hé
residues _to cell sur e proteins. To as or i nactivati on,
por ci ne@KZ”?:%T'P'?r\ﬁe?L@J?(ftﬁ&g‘? 55%%9 'IAI?SPH%%S?P it constructs. PK2 cells
constitutively express Glt enzyne, the activity of which results in the
addition of a varjery of a-1,3 tosyl. groups to a range of proteins
expressed on the%%#%%@r%éd@’%?ﬁ%’séﬁ%%ﬁé‘? RAEPPEEANYE ty can be nost
conveniently assayed using a plant lectin (1B4), which binds specifically
I I [ I f ins. T | B4 bi ndi
1 uor eacence. asegyeouen O 6oty S5 & T i o vakin temeRaidned i th | B4
conjugated with biotin (Sigm) followed by streptavidin conjugated FITC.
Gal T inactivation was nonitored using either ~o fluorescence_ m croscopy or
FACS. EXAMPLE 8 PreyaSiti ba%ow/\PRSHor 36 snigtat i/t Contisgentia agiationse i n
achieving co suppression 1. Generic RNA isolation, cDNA synthesis and PCR
protocol 15 Total RNA was purified fromthe indicated cell |ines using an
RNeasy M ni Kit BckwSEGd.0% wheSB&dpr il drous ap 68t0 avith dedittegagitatiompapd epar e
cDNA, this RNA was reverse-transcribed using Omiscript Reverse
Transcri ptase (Q agen). Two m crograns of total RNA was reverse-transcribed
usi ng 120NM ol i goOdiTx SSI@)far)5 mén at mommesmparatur2Qvith gestiecagitaticmccor di ng t o
the supplier's protocol (Q agen).

Washing duration at 68°C varied based on the amount of radioactivity

detected with a hand-held Geiger counter.

The damp membrane was wrapped in plastic wrap and exposed to X-ray film



20 To anplify specific products, 2 NI of this mxture was used as a
substrate for PCR anplification, which was perforned using Hot Star Taqg DNA
pol ynmeri se according to the supplier's protocol (Q agen). PCR anplification
conditions involved an initial activation step at 95C nor 15 mn, followed
by 35 anplification cycles of 94C for 30g5ec, 60C for 30 sec and 72C for 60
sec, 2s with a final elongation step at 9Cfor 4 mn. PCR products to be
cl oned wer e (Qetial BlyephG-8i PLusysAGEAg fr Apdi4k HeRaRdrthiei Gt | devdlogped @pagen) ;
in instances, where nultiple fragnments were 8 nerated by PCR) the
fragment of VisHeliZePpgads otpmd rigizecrpaenondmYar ose gel s  using a

Q Aqui ck Gel Purification Kit (Q agen) according to the supplier's p
rotocol . Agplification products were then cloned into pCR (registered
trademark) 2:1s Topeynofiyoressgatjahelting af cyltuedicelisypplier' s protocol . 2.
Generic cloning techniques To prepare the constructs descri bed bel ow,
insert fragnents were excised frominternedi ate vectors using restriction

enzynmes acc&lassgicoscare Qoupr isips {13rmonbxold MMpovere fanded rwighimsithanol

Pecor ding t S SRR Y Rl My, B pREWh Bt Hpibas: Sty
restricti onwdirgegridedntoawells iredt-2dmiviriddidimrtongivél kdensigy Bhies pbairagewth

according to the supplier's, protocol (Amersham . Vector and inserts were
li gat ed usi S4cirdhaineells mvainasestes @Q,QOPHQ é%epﬂeﬂerswgﬂ' sepeping e che)

and transfo d, ,W : el oY) | A IR i

st andard pr%%d%’lr“g??? a rEEW'tE?WE%h&@{‘ aatﬁg éfﬁg}ﬁbgf@%ﬁﬁ%‘? éq?%)
Comer ci al pladiunndea®l sspirated BOEFRaNS Wbies wiadhedGFth RBS. Gramfieation, oefls ai ns
the CW | E pronoter er gb 2 nnected 1o a n readi f encodi ng
 red- o Berg drcated 1ot T ht wifh 4% i RarelcRRRLITRES (el iPES dhSH or
brighter flygiRedansse tirhd8 wiRePHS. OFilEd cefs vidte ﬁ?ﬁ%ﬂizﬁd iR by pas
been di sclosed by (Cornmack, Valdivia et al. 1996). Plasm d pEG-P-N1

cont ai ns a fotan PgHEOQ (Signmay isi PBSciond imin thesgrasheshthréatithes widsPBSd nany
ot her restriction 25 endonucl ea | eavage siites, lo d het t he CW
E o onot er Call ThEOWRREGy eTe Saike o 4 Wi ahend oR pBRT R WY,
express thepb@EhB serfh Sbahfh FractiouMBSAsigald) Jor 10 nild Coven slisé wegé ur al
genes cloned into the nulti gl e cloning site will be expressed as EGFP

fusion polypas paeed; fortatdgast & by 2anil diaps eherimepp-repkssimnosian@nce
a0 sk 3, HAESAP UMicH hARShELA By BLORERARN 0 SHA%PIBERIf PHS! fegscapr | ses
an SV40 pol yadenyl ation signal s downst ream of> The open feading franme
to direct propaErslipsawaesheg vla‘shbbﬁthﬁée[t&ndsg\ii’%mmﬂ\hpt o584 VNGBSALimﬁBSIe cw
| E pronoter sequence (SV40 pA). The pl asm rther conprises the SV40
origin of r&¥3 %d'ﬁ' &R B@ ¢ belaplacgs feefy Mmindad ag‘éﬂy?@i W-4eRs &f ance
gene conpri gi t : I r aklk

neomyci n/ kaﬁgéna%ciﬁrﬁ'g\s(l '%ﬁéegﬁétér@g ergmae%gf om '%rﬁ{éxgng tﬁgéeHg:Gh m di ne

ki nase pol y@delegllariRrabes)gresiondany antibogytdilited fi/100dn X oYorvdd BSA irsPB6.
kananycin, pe cin or _geneticjn. th 19 ariain.o i cati.on which is
Funot Lonal CRTBYBGMREREDRPLE it brighdth Miee Bmedufiur BRI R EE slipg e

si ngl e- st r apfirmtddNOn YIQsEIATicrBBeopd 8lidas] tEB o #81idé,aheflyderaBABCO (25 1- TOPO
15 Plasm d pCR ﬁre istered trademar ké 2. 1-TOPO (| nvi tr%qu%hl_ s a T-tailed
vector conpMEMhPABEO fb2-diashiexdloReqdistanatdigng 2 #8050 i vén

term nator, .\ 3 el AR n : IO S Lt | ted
there bet vegliooR T PES i SRAbinel, o & 1086 Ffiesioh bkt dimer W7 °LL
coval engs y taocatiorpat 300 5583em] enzyne for fast cloning. The plasmd

further 20 conprises the ColEl and fl origins of replication and the
kanamycin and anpicillin-resistance genes.



(b) I'nternmedi ate cassettes Plasm d TOPO BGl2 Plasm d TOPO BGL2 conpri ses
the human ~3-gl obin intron nunber 2 (BGL2) 2s placed in the multiple
cloning region of plasmd pCR (registered tradenmark) 2.1-TOPO To produce
this plasm d, the human ~3-globin intron nunber 2 (BGl2) was anplified from
human genom ¢ DNA using the anplificati odn-) rimers: 89 CGD1 GAG CTC TTC AGG
GIG AGT CTA TGG GAC CC [SEQ I D NO:17] an 1 CTG CAG GAG CTG TGG GAG GAA
GAT AAG AG [EKAMBPLE2N0: 18) and cloned into plasmd pCR (registered
trademark) 2.1-TOPO BGL2 is a functional intron sequence that is capable
of being post-transcriptionally cleaved fromRNA transcripts containing it
in mamel i angeRetie coh%inﬁ'téi%ﬁh%ﬁﬁﬁﬁEvgsa%@r%@b@nﬁ%ﬁﬁ%sﬁirﬂéﬁﬂ d
pCW. cass is an expression cassette for driVving expression of a structural
gene sequende thede chmmgtercﬁeqmc@wndlerﬁhgﬁ&m peiuetarsequense d
pCW. cass was derived from peEG-P-N1 by del etion of the EG-P open readi ng
frame as follows: Plasmd pEGFP-N1 was digested with PinAl ~s and Notl,
bl unt - ended UsCogupentiaDRlasmidsner ase and then religated. Structural gene
sequences are cloned into pCW. cass using the nultiple cloning site, which
is identical to the nultiple cloning site of pEGFP-N 1, except it |acks the
Pi nAl si tse. MasaridpBiGeecHEt B.(8K3¥) 20 To create pCW. BA 2. cass, the human
[i-globin intron 2 sequence was isolated as a Sacl/Pstl fragment from
TOPO. BG12 and cl oned between the Sacl and Pstl sites of pCW.cass. In
ECM/. B4 2|. cg_%las(rMpBIRWkEZ ript an(sa}(i)bieok;]dmnmctihlw %Iam@rrmmrStyﬁtlhgeuh@dnUdgl t he
uman ~-globin intron equences; .these intron sequepces, w resumabl y
be excised fGURRHSESNIBRI iag%aspfsmqt%fswenﬁ?@ tdve C?T?ﬁ?% Heseetiony
machi nery, SAffatde with 20 uitisie S5 iRg! §ifd Yotethe HhePAA dfGnidtliraf Gemienor
and splice acceptor sequences necessalry for normal 1 ntron processing.
EXAMPLE 9 Ceeasjugpces thesainof Ti@ pasnid dutlsrcconnprigast tberColk 1Rard fl msigisdofey

Type 1 51oce|rlef>lic|;aqio\r/1l é[r{do ampicillin-resistance gene.

Plasmid pSVL

Plasmid pSVL is commercially-obtainable from Pharmacia and serves as a
source of the SV40 late promoter sequence. The nucleotide sequence of

pSVL is also publicly available as GenBank Accession Number U13868.
15  Plasmid pCR 2.1

Plasmid pCR2.1 is commercially available from Invitrogen and comprises the
LacZ promoter sequence and lacZ-a transcription terminator, with a cloning
site for the insertion of structural gene sequences there between. Plasmid
pCR2.1 is designed to clone nucleic acid fragments by virtue of the A-
20 overhang frequently synthesized by Taq polymerase during the polymerase
chain reaction. PCR fragments cloned in this fashion are flanked by two
EcoRI sites. The plasmid further comprises the ColE1 and f1 origins of

replication and kanamycin-resistance and ampicillin-resistance genes.



1. Culturing of cell lines PK-1 cells (derived from porci ne kidney
epithelial cells) were grown as adherent nonol ayers usi ng DVEM suppl enent ed
with 10%v/v FBS. 2. Preparation of genetic constructs (a) Interimplasmds
Plasm d pBl uescript. EGP Pl asm d pBl uescri pt. EGFP conprises the EGFP open
reading frame derived fromplasm d pEG-PzNI placed in the nultiple cloning
region of plasmd pBluescript Il SK+ (Stratagene). To produce this plasmd,
t he EGFP op@tasrhid pEGFRNTMOS was exci sed from pEGFP-NI by restriction
endonucl ease di gestion using the enzynes Notl and Xhol and ligated into
Not I I Xhol di gested pBluescript Il SK+. (b) Test plasm ds Plasm d pCWwW. EGFP

20 Plasmd P@dﬁ\iECEEGFP-Nam@Se(Fgur@xmrcaéﬁie@g) tostafiy theeCHY-E pRsifofeadi ng
frame under the control of CW-I1E pronoter sequence. To produce pCW. EG-P,

the EGFP se§Rerably ceaneged dest ppen restingdeanse ienepdingda ired-shifted; yariadns e

[ tati : -10- ' . - dj t . .
orent a1 R R T LA TERRLecHRERRl, (GEP: PRkl ek hapeiorpely. oass
transgeng i al.p 18847 lieslyes and TTsujis F1O0M} wdich e ebgear optimised o6 bvighlert | ssue

culture vessels (Nunc)._lndividual wells were seeded with 4 x 1 PK- 1
cells in 2 MHOWSCERER| HercSPee 'FB@,FEnuaﬁ'amu@éﬁ%daPy?FcéFﬁ-%%M @82 unti |

t he I ol M I t I t ;

Sinal o pl at 2278 GeITERY SRt ol HO0BE Prasid HESERAY! S FHBENS "o

(nggrsogfsgag T:gerra(re%zmﬁ? L?nc?tﬂr':p?e?ﬁnggdi) Qeﬁi,g tﬁsﬁ(t)%stn:{eﬁ a Mﬂh—%:\ﬁ'\ﬂml

of 6 n and"§FREHILR dﬁ””rcl?&*hetg PYBySECT o OGRICH REWRRD (INEs r owt h

Ta(rjﬂl um y@s prIMERY dndomeeaFP o reditthd fremE0 nStraxeraltdesiedl dloNsd imethed with
of 1 x PBS (Sigma). The nonol ayers were overlayed with 1 nml of the

pl asm d DNATGHiReORIERY site will bawxpyessed; atdhe dranseriptital Vevel ifdhay ilagkudat ed
2 1C i n SHithbnSDRahGhich aidH stSTRNRY Sud SRILE Fhob' TGS it ™)
not be expressed at the protein level (i.e. translated). - Structural gene
sequences inserted into the multiple cloning site which comprise a functional
15 translation start site will be expressed as GFP fusion polypeptides if they are
cloned in-frame with the GFP-encoding sequence. The plasmid further
comprises an SV40 polyadenylation signal downstream of the GFP open
reading frame to direct proper processing of the 3’-end of mRNA transcribed
from the CMV-IE promoter sequence. The plasmid further comprises the
20  SV40 origin of replication functional in animal cells; the neomycin-resistance
gene comprising SV40 early promoter (SV40 EP in Figure 1) operably
connected to the neomycin/kanamycin-resistance gene derived from Tnb
(Kan/neo in Figure 1) and the HSV thymidine kinase polyadenylation signal
(HSV TK poly (A) in Figure 1), for selection of transformed cells on
25 kamanycin, neomycin or G418; the pUC19 origin of replication which is
functional in bacterial cells (pUC Ori in Figure 1); and the f1 origin of
replication for single-stranded DNA production (f1 Ori in Figure 1).



was added to each well and the vessel incubated for a further 24 hr, at

whi ch time the nonol ayers were washed with 1 x PBS and nedi um was repl aced
20 with 2 mM of fresh DVEMincluding 10% v/v FBS. Cells transforned with
pCW. EGFP were exam ned after 24-48 hr for transient EG-P expression -

usi ng fluorescence mcroscopy at a wavel ength of 500-550 nm Forty-eight hr
after transfection the nediumwas renoysgd) the cell nonol ayer washed with 1
x PBS and 4 ml of fresh DMEM containing 10% v/v FBS 2s suppl enented with
1.5 ny/ nl 2.g6xpressian(aasisettschnol ogi es) was added to each well. Genetecin
was included in the nediumto select for stably 92 transfornmed cell
lines. The DVEM 10%v/v FBS, 1.5 ng/m genetecin nmedi umwas changed every
48-72 hr .Piasmid QM¥agassof sel ection, . stable, EGFP-expressing PK-1

col oni es were apparent. Individual colonies of stably transfected PK-1
cells were cloned, naintained s and stored as described in Exanple 5,

above. A Plasinia pCM)acasﬂ a(FlgtﬁieI 4)i nesameegptesaionf aassdttai fdr pﬂvngGFP

Fol | owi ng conti.nuou i n many of thes I|ne r
e ther cERRA 2o Prighiale 0BG SRaiEancer aDier otk latie GUNIE 3 and
shown 5 n Groétér & ue%% Lﬁa%m:d deﬁV%%@'we@)ebétWéd erﬁr;BkGFP N1 MCS
Nuririf~ber~=o0~" ~~ |1 nes "~~~ nbepc~f ce~~ ~~es ;~a ~ ~'
exam-ned by, deletion® othle GEPr epemeeymngd@me~¢$follwus Plasmid PEGFR-NA="" ~
- undeME%t \%/glsedlgested with PinAl and Not I, blunt-ended using Pful polymerase
and then re-ligated. Structural gene sequences are cloned into pCMV.cass
using the multiple cloning site, which is identical to the multiple cloning site of

10 pEGFP-N1 MCS, except it lacks the PinAl site.
Plasmid pCMV.SV40L.cass

Plasmid pCMV.SV40L.cass (Figure 3) comprises the synthetic poly A site and
the SV40 late promoter sequence from plasmid pCR.SV40L (Figure 8), sub-
cloned as a Sal | fragment, into the Sal | site of plasmid pCMV.cass (Figure

15 2), such that the CMV-IE promoter and SV40 late promoter sequences are
capable of directing tranécription in the same direction. Accordingly, the
synthetic poly(A) site at the &' end of the SV40 promoter sequence is used as
a transcription terminator for structural genes expressed from the CMV IE
promoter in this plasmid, which also provides for the insertion of said

20 structural gene via the multiple cloning site present between the SV40 late
promoter and the synthetic poly(A) site (Figure 5). The multiple cloning sites
are located behind the CMV-IE and SV40 late promoters, including BamHl|
and Bglll sites.

Plasmid pCMV.SV40LR.cass

25 Plasmid pCMV.SV40LR.cass (Figure 4) comprises the SV40 late promoter
sequence derived from plasmid pCR.SV40L, sub-cloned as a Sall fragment
into the Sall site of the plasmid pCMV.cass (Figure 2), such that the CMV-IE



GFP- ~. ., ~=3~~Xx: :~<n~ . K~~.~"~". n<.5~"s _ . ., _

~~ ., # ~t " K> 3., ~YPY?~=E~.",~a3sE<' T~~~ ~~s..i~~>

:<';.PK-1 (pig) 59 2Mw6L (human) 124B16 (nouse) 1210MDAMB468 (hunman) 111
These data denonstrate that silencing of GFP expression occurred frequently
in different types of cell lines, established fromthree different species.
4. Southern analysis 15 Individual tragggenic PK-1 cell lines (transfected
and co-transfected) are anal yzed by Southern blot analysis to confirm

i nt egr at | @hthen8Vdet letsrbremetesymay thive tsansaniption Hisy stiesturahgene ecetlure i s

car e O SR RrD i RESbathy SRS B b adie- A
A multiple cloning site is positioned between the opposing CMV- IE and SV40
late promoter sequences in this plasmid to facilitate the introduction of a
5 structural gene sequence. In order for expression of a structural gene
sequence to occur from this plasmid, it must be introduced with its own
transcription termination sequence located at the 3’ end, because there are no
transcription termination sequences located between the opposing CMV- IE
and SV40 late promoter sequences in this plasmid. Preferably, the structural
10 gene sequence or multiple structural gene unit which is to be introduced into
pCMV.SV40LR.cass will comprise both a 5’ and a 3’ polyadenylation signal

as follows:

(i) where the structural gene sequence or multipie structural gene unit is

to be expressed in the sense orientation from the CMV |E promoter

15 sequence and/or in the antisense orientation from the SV40 late
promoter, the 5 polyadenylation signal will be in the antisense
orientation and the 3’ polyadenylation signal will be in the sense

orientation; and .

(ii) where the structural gene sequence or multiple structural gene unit is

20 to be expressed in the antisense orientation from the CMV |E promoter

sequence and/or in the sense orientation from the SV40 late promoter,

the 5’ polyadenylation signal will be in the sense orientation and the 3’
polyadenylation signal will be in the antisense orientation.

Alternatively or in addition, suitably-oriented terminator sequences may be
25 placed at the 5'-end of the CMV and SV40L promoters, as shown in Figure 4.

Alternatively, plasmid pCMV.SV40LR.cass is further modified to produce a
derivative plasmid which comprises two polyadenylation signals located
between the CMV IE and SV40 late promoter sequences, in approriate

orientations to facilitate expression of any structural gene located



Co- suppressi on of Bovine Enterovirus (BEV) in Mdin Darby Bovine Kidney
Type CRIB-1 cells in vitro CRIB-1 cells (derived from bovi ne ki dney
epithelial cells) were grown as s adherent nonol ayers usi ng DVEM

suppl enented with 10% v/v Donor Calf Serum (DCS; Life Technol ogies). The

pl asm d pCR BEV2 was constructed as per page 53, lines 18-26 of the
specification, and used to generate thgztwo genetic constructs used in this
experiment, pCW.BEV2. GFP. 2VEB and pCW. BEV2. BG12. 2VEB. Bot h were

const r uctberetativean inrthersenser epantisenseparienationmdram aither B/ LY Krer ase

cequonce AP’ Bk B, SY40r PSR et Bgelofle (et BVoHEn S o,

fragment, ensomgagseishedn detigntivéed) the art and as taught in the origi naI
specification. The human ~i-globin intron 2 sequences were isolated using

PCR anplification of human genomic DNA to generate the ~s stuffer fragnent

using et Resihativahrgiob el Srieritdd ABrhHE dobid Be Giabed pkusafeaf | cat i on.

To detect a co-suppression phenotype) B-1 cells were transfornmed wit

t he Bdvi nbBeeGMM @ndr BY4RNADger@iers sudmsthawtaesmnamwlcwuwwd

Pl tur e Wt 2t Read R R A s HEC B8 DGR T S ehylpdse 1S |
2 m of Dbﬁﬂﬁtaﬂ&%v/v DCS and incubated at 37C in 5% v/v C02 until the

nonol ayer was 60-90% confluent, typically 16-24 hr. The foll ow ng sol utions
were prepared in 10 m sterile tubes: Solution A For each transfection, 1

~g of DNA3.( pitdMnBHiate @dhs¥va&tsor 25 pCW. BEV2. BG1l2. 2VEB) was diluted into
100 pl of Opti-MEM 1 (registered trademark) and; Solution B: For each

transfection, 10 pl of Lipofect AM NE (trademark) Reagent (Life

Technol ogpﬁg}mqucﬂ BglteFPL@am 100 pl Opti-MEM | (registered 94
trademark). The two sol utions were conbi ned and m xed gently, and incubated

at roomtenperature for 45 mn to allow DNA-1i posone conpl exes to form

Wi | emcormbgm pOR. %ﬂbﬁﬂ%aﬁ?'(ﬁrg%réeir_)' SoMBfised aRSREerRBF fedibh %thHé' of
Opti-MEM | 5 (registered trade or each transfection, 0.8 of
Qpt i - MEM GFPrepgrs readidg tframarfbﬁrrwpdmfa@maulaemld @EtCHéP{NJbé/I@Sr(tFagmen@ t he

onto. ¢ ho MpbeE Srarl TR i@ o1, Broiboar aoup PRUER R Bompl exes
:;d?)t?ﬁel rqpqé%ﬁﬂd \a 1Sgibrf 6f th6EGRP dpen rEaditsf R&ineORagaliphfied esn pEGFP-enoved
1 MCS using the amplification primers Bgl-GFP (SEQ ID NO:1) and GFP-
15 Bam (SEQ ID NO:2) and cloned into plasmid pCR2.1. The internal GFP-
encoding region in plasmid pCR.Bgl-GFP-Bam lacks functional translational

start and stop codons.
Plasmid pBSII(SK+).EGFP

Plasmid pBSI(SK+).EGFP (Figure 6) comprises the EGFP open reading
20 frame derived from plasmid pEGFP-N1 MCS (Figure 1) placed operably under
the control of the facZ promoter. To produce this plasmid, the EGFP
encoding region of pEGFP-N1 MCS was excised as a Not1/Xho1 fragment
and cloned into the Not1/Xho1 cloning sites of plasmid pBluescript I (SK+).

Plasmid pCMV.EGFP

25 Plasmid pCMV.EGFP (Figure 7) is capable of expressing the EGFP structural



nmonol ayers overlaid wwth 2 m of DMEM 10%v/v DCS. Cells were incubated at
37Cin 5%v/v C02 for approximately 48 hr. To select for stable
transformants, the nediumwas replaced every 72 hr with 4 m of DVMEM 10%
v/v DCS, 0.6 ng/m geneticin. After 21 days of selection, stably
transfornmed CRIB-1 col onies were apparent. Individual colonies of stably
transfected ~5 CRIB-1 cells were clonegg maintained and stored as descri bed
in the previous exanple. The bovine enterovirus stock used in these

exper i merggnewsndedtha oerfrolrefnthe CMihtd prayppierseaueses. Tio peagslaef thisBEV vi r us

vira ot B R Rk S R Dbt BRSSP WPl o
Cul ture nBgintIMSaes fragivent eghdit clbhed iritoetrandBgnipdediesited b plasmiew capped
tube. Dead cells and debris were renmoved by centrifugation at 3,500 rpmfor

15 nin atP@MVieass GigHa 20K18 centrifuge. The supernatant was decanted into
a fresh tube and centrifuged at 20,000 rpmfor 30 min at 4C in a Beckman
J2-ML centrifuge to renmove remnai ning debris. 2s The supernatant was
decantded %'ﬁémigin,cﬂ@vm stock titred as described bel ow and stored at 4C.
To titre virus, a 24-well tissue culture plate-was seeded with 4 x 104
CRIB-1 cells in 800 NI DMEM 10% v/v DCS. The cells were incubated at 37C
i n 5% v/ WPlasmidimGR.SHEOL0 (FRigeren B) wemprisesotivec SNdEntatentpsomBtey dénived st ock,

Vi rus was, dil ut in~sepum-f ree DVE t Qi i.ogs of 10-1,to 10-9. The
medi um EO'HS‘EJPFE@CP%R%E?FH a&%@%s,;@@%yeﬂé@?d%%r I’%ﬂﬂ overlaid
wi th 800 jplo pERD. K (BB&tagede)aJivegrdeiice anis! Mas@ikithe S0 lateprenioiét ur e

vessel . PBS was aspirated fromthe nonol ayers and the wash regeat ed. 200 N

of the s Wa$ amplifiod usinasihrewrripas Y404 (IFQADI) Onsangigdd0r dbel y
o | : . _ ; andte o
Gupt 1003 907 WAL CBREfSETSEL T EBhing, Shed ol it bubRigtG '8 tng 0 g

viv Q02 ardplfiech DAl frageeatt etb npCYscags calhy pomecedlsol gemtainsAaf urt her
600 pl of s rL{mfree M was thg,n added t egfh wel |, . fgier a further 24
hr, each S¥& e\ﬁagoﬁyngogg/g'lt%@tnﬂ‘gr sEBPi SYFh 3“? hecé‘l"l‘p”':iﬂé%la onm{edieh ki ng
dilutiond U ki C rAat iHan st £ moigr CRI B- 1
cells af tdeO?n ‘Sz%%ﬁpuggngy gﬁ\é'tl%@?lgfl(a)f fg g‘% eEf}8th%r.5 'Ité?l’g ékltﬂéélggﬁlﬁgf)t ransf or ned
wi t h pCMsegEepc&S-P. 2VEB or pCW. BEV2. BG12. 2VEB were chal | enged wi th bovi ne
enterovirus as follows. 15 In a 24-well tissue culture plate) 4 x 104

CRIB-1 cells per well were seeded in
15  Plasmid pCR.BEV.1

The BEV RNA—dependent RNA polymerase coding region was amplified as a
1,385 bp DNA fragment from a full-length cDNA clone encoding same, using
primers designated BEV-1 (SEQ ID NO:5) and BEV-2 (SEQ ID NO:6), under
standard amplification conditions. The amplified DNA contained a 5-Bg/ |l

20 restriction enzyme site, derived from the BEV-1 primer sequence and a
3’BamHl restriction enzyme site, derived from the BEV-2 primer sequence.
Additionally, as the BEV-1 primer sequence contains a translation start signal
5-ATG-3' engineered at positions 15-17, the amplified BEV polymerase
structural gene comprises the start site in-frame with BEV polymerase-

25 encoding nucleotide sequences, Thus, the amplified BEV polymerase
structural gene comprises the ATG start codon immediately upstream (ie.
juxtaposed) to the BEV polymerase-encoding sequence. There is no
translation stop codon in the amplified DNA. This plasmid is present as Figure
9.



triplicate, in 800 NI DVMEM 10% v/v DCS. The cells were incubated at 37C in
5% v/v CO02 until 90-100% confluent. From concentrated BEV viral stock) BEV
virus was diluted in serumfree DVEM at an appropriate dilution. In
addition, the BEV viral stock was tested at 1 Ox and 0.1 x the working
dilution 20 (typically 10-4 to 10-6 fold dilutions). Medium was aspirated
fromthe CRIB-1 nonol ayers and the cel4s overlaid with 800 pl of 1 x PBS
and washed gently by rocking the tissue culture vessel. PBS was aspirated
from t he PasorighRCB.BERM.2 he wash repeated. 200 NI of the diluted virus
solutions (one dilution per replicate) was added i medi ately, directly onto
the rinsed CRIB-1 cells. The 25 cells were incubated wth BEV for 24 hr at
37C i n 5% ke coplietc BV patymaevalse daulmgerﬁgmh wiasraraplifjfgdctadbmya fudkleagth | ysi s.

A f h Af a f h
o br e fNE o BoCSEEE ety pUReEs PRV o BEl Y P BE ot or m ne
whet her rhgr.gésaaséémmgeémém%maecaf%o%ﬁscs (S REUNSFE G PCL2. 2VEB

becane tolerant to BEV i nfection denonstrate | enci ng of the BEV
pol ynér astbescomplement @feaeyranslah@rsfmmmgrtailat powt&en&éﬁet@rﬂéﬁl | kged with

var i at oredrephfte Al Rindifa B sPiEe (2o SRl id Mae™
consi st ertransigtionvstegp Sifghél dovitginad dsetwees theoBat B carid BagnHilurdgtedtion
exam natigon. Results of these experinents are shown belogw in the two tables

in Annexdfiesmadhe amplifigsd dragments wias| cleagd: ik sPeRReY (WretAgane) gidnet i c
const ruct 8&@%?|d§mglp§¢g BER. r(Figﬁf%é} uffer fragments respectively. These

data sho vira eran I'mes could be generated in this
fashi on using ei ther construct, although the degree of silencing varied
betwq nbhﬁﬁﬁ?%ﬂ5V%6t“een replicate viral challenges. Some cell Iines
showe conS|s survival in repeated challenges, ie strong silencing. In

addition, cells which survived this viral challenge could be grown up for

bow B A RehhsiateBle BEV i bR Sl gbh8NES SRl ibm 3 il | cnge

3Cha| | endengthOBEWOp 5I§lﬁ7eré§)e &INA blbrﬁalﬂsanOtheCBhi@hﬁmmr rimer$BEY-8 EG-P #
Ioen-- R B-1 EGEP # - - ndndCR EGFP # 4------ ++CRI B- 1 EGFP #
5- - ++++- (SRR R %017)@§¢B§V644(SEQ JD(H@@)lpﬂmﬁ %Vﬁcwpﬁaﬁ%e@wh EGFP #

Earp # 1101000 ST 3t hoSiiRs'S; 1 sl SpRpBHEes, Bodniham ofli BLstiAIRCR & 4

13- - #5- - riibmGIBhBud td-BhElebtidd sequerncestoftth€HBBY Ipdiheraselgenet + TheretisdndCRI B- 1
EGFP # 16- IBl GFP#17-- - -

18++++++4nﬁt +++++ ﬁ 6'" h&amﬂﬁﬁ%é%l@piocg@iﬁ?ﬂﬂmers BEV-3

21- +++++ B- E i R CRIB-1
EGFp # zﬁ*‘.ﬁ’f‘*i&mﬂ’e@ Zﬁ’ otase I ACN 4o BEFrD Plypronh e, 0,

2Chal | engis aGinaiseaugecelGREB® is BOANT G tpansiation: stert: site- in-this gene. The
amplified DNA was cloned into plasmid pCR2.1 (Stratagene) to yield plasmid
20 pCR.BEV.3 (Figure 11).

Plasmid pCMV.EGFP.BEV2

Plasmid pCMV.EGFP.BEV2 (Figure 12) was produced by cloning the BEV
polymerase sequence from pCR.BEV.2 as a Bglli/BamHI| fragment into the
BamHlI site of pCMV.EGFP.



- no cells surviving + 1-10% of cells surviving. ++ 10-90% of cells
surviving. 5 +++ g0% of cells surviving nd not done. 99 TABLE 5 CRIB-1

cells transfected with pCWw. BEV2. BG12. 2VE8 (CRIB-1 BA 2) Cell IineChallenge
1Chal | enge 2Chal | enge 3Chal | enge
41010' 1010' 10~10' 10" 10~CRI B- 1ndnd=-- - - - CRIB-1 BGl2 # 1------ ndndCRI B-1 BG12

# 2---+----CRIB-1 BGL2 # 3--+++++++ndngiCRI B-1 BGlL2 # 4---+--ndndCRI B-1 BGl2
# 5---++--ndndCRIB-1 BGlL2 # 6+ ~++++++++ndndCRI B-1 BGl2 #

7++- +++- - hd GOty -Alagoyigds # 8- i ++++++- +ndndCRIB-1 BGL2 # 9- +- +++++- ++CRI B- 1
BGL2 # 10+++++++++++--CRI B-1 BGL2 # 11+++++-+ndndCRI B-1 BGL2 # 12++- +
.+++--- ndndCRIB-1 BGl2 # 13--++++++--ndndCRI B-1 BGl12 #

14+++++++RlaemIdPGIV.BEVZ # 15++++++++--CRIB-1 BGL2 # 16------ ndndCRI B- 1
BGl2 # 17-+-++--ndndCRIB-1 BGl2 # 18---+++--ndndCRI B-1 BGl2 #
19- - - ++++++++++CRI B- 1 BGl2 # 20++++++++ndndCRIB-1 BGl2 # 21-------- CRI B-1

BGL2 # 22Plasmid pCEMVEBEVEG([FZg#reZ33)kis+€apab4endhdm§tlelssmgBtB92e#tire BEV

24- ++++++- - ndn ++
10- 90% ofp(?:lgmﬁéa%ﬂﬂe\? %adlgng ré'@s%l:ru\élfjglﬁgﬂﬁscgwa \9?n8ﬁ§) ‘ﬁsd F?fggnvoiﬁ%rlngg These
dat a %ho"‘géhde'h% Viof é?oddébebémv BeM.2 ]| tHREBEL WolyrRsradef éé't?.fbdc@ trBirs

fashion. In addition, cells which survived this Vviral. e coul d be
grown up PGR. B%Vt%waSaﬁuwmd o thersanse deentation hes de falié-toBamhilal

t ol eranc , i BGL2 #19, and
viral -t Oﬁré@n% cfébu{%%?;?ﬁ dcé#?e ﬁ?M\hé??ssf?é&rveéz ‘“the initial challenge
(line CRIB-1 BGlZ #19(to| )), were further analyzed using finer scale
(3-fold) r' l, g i of BEVin triplicate. -The results of these
experi msn't§|§ kﬁg ‘g‘%@\%ﬁéeyﬁrabl e 6. 101 TABLE 6 Cell lineDilution of viral
stock3. 3x10" 41.1 x10'" 43.7x10" 51.2x10" 54.1 x10'

Plasmid pCMV.BEV.3 (Figure 14) expresses a non-translatable BEV

10  polymerase structural gene in the sense orientation under the control of the
CMV-IE promoter sequence. To produce pCMV.BEVnt, the BEV polymerase
sequence from pCR.BEV.3 was sub-cloned in the sense orientation as a

Bglll-to-BamHI fragment into Bg/ll/BamHI-digested pCMV.cass (Figure 2).
Plasmid pCMV.VEB

15 Plasmid pCMV.VEB (Figure 15) expresses an antisense BEV polymerase
mRNA under the control of the CMV-IE promoter sequence. To produce
plasmid pCMV.VEB, the BEV polymerase sequence from pCR.BEV.2 was
sub-cloned in the antisense orientation as a Bglli-to-BamHI fragment into
Bglli/BamH|-digested pCMV.cass (Figure 2).

20 Plasmid pCMV.BEV.GFP

Plasmid pCMV.BEV.GFP (Figure 16) was constructed by cloning the GFP
fragment from pCR.Bgl-GFP-Bam as a Bglll/BamHI| fragment into BamHI-
digested pCMV.BEV.2. This plasmid serves as a control in some experiments

and also as an intermediate construct.



61.3x10' 6CRIB-1 Replicate 1----- +++CRIB-1 Replicate 1----- +CRI B- 1
Replicate 1----- +++CRI B-1 BGl2 #19 Replicate 1--+++++++CRI B-1 BGl2 #19
Replicate 2----+++++CRIB-1 BGlL2 #19 Replicate 3---+++++++CRI B-1 BGlL2
#19(tol) Replicate 1--++++++++CRIB-1 BGL2 #19(tol) Replicate

2--+++++++CRI B-1 BGl2 #19(tol) Replicate 3--++++++++ - no cells surviving
48 hr post-infection + 1-10% of cells gurviving 48 hr post-infection. s ++
10-90% of cells surviving 48 hr post-infection. +++ g0% of cells surviving
48 hr podtlasnidqaGCMN.BENSW4@aa showed that the cell lines CRIB-1 BGL2 #19
and CRIB-1 BGl2 #19(tol) were tolerant to higher titres of BEV than the
parental CRIB-1 line. Figure 71 shows m crographs conparing CRIB-1 and

CRI B- 1 B@®lasmi® (p@M)V.BBVcEV4GL. Be’([ﬁgerean‘d?m%ompriaés ea BBNsliddet BEN, in

whi ch: 102 CRI B-1 [ [ BEV | B-1
ce: fs 48 Wgﬁmgf%sérgtﬁﬁwr%ggg‘glﬁ H:t)? | %@E@Ei&@%ﬂ% “"cgql s prior
to inf eCtdéNéeV&rFéhtﬁFe\ﬁ béfednStheRbBrL| B 3te1%60t|hb §’@4d)”laﬁe%frbﬁfot§5v

i nfection. Is therefore apparent that each of th | asm ds
pCW. lEVZSGGHBnQQEB ahd ;pJamncBEv:zCBMSVQfOEBam a '@@nepr ueens tplagrid( whi ch

B2V pol y STV TGS 1Y, pOVRRIR pfhotral GG sleBeBoblad”  har
represses Bgm-t@ssammaghﬁwt uﬁtar%n dife¥ted b tmmBEWml oaxerDNA. of the viral
genone, when it is expressed in the animal cell.

Plasmid pCMV.0.SV40L.BEV

Plasmid pCMV.0.SV40L.BEV (Figure 18) comprises a translatable BEV
10 polymerase structural gene derived from plasmid pCR.BEV.2 cloned

downstream of tandem CMV-IE promoter and SV40 late promoter sequences

present in plasmid pCMV.SV40L.cass. To produce plasmid

pCMV.0.SV40L.BEV, the BEV polymerase structural gene was sub-cloned in

the sense orientation as a Bglll-to-BamH| fragment into BamHI-digested
15 pCMV.SV40L.cass DNA.

Plasmid pCMV.0.SV40L..VEB

Plasmid pCMV.O.SV40L.VEB (Figure 19) comprises an antisense BEV
polymerase structural gene derived from plasmid pCR.BEV.2 cloned
downstream of tandem CMV-IE promoter and SV40 late promoter sequences

20 present in plasmid pCMV.SV40L.cass. To produce plasmid
pCMV.0.SV40L.VEB, the BEV polymerase structural gene was sub-cloned in
the antisense orientation as a Bglll-to-BamHI fragment into BamHI-digested
pCMV.SV40L..cass DNA.



EXAMPLE 11 Co- suppression of Tyrosinase in Mirine Type B16 cells in vitro
B16 cells were derived fromnurine nel anoma (ATCC CRL-6322) and grown ~5 as
adherent nonol ayers in RPM 1640 supplenmented with 10% v/v FBS. Since these
cells are derived from nel anocytes, they normally express tyrosinase and
contain nelanin pignent. First, plasmd TOPO TYR was generated, by
purifying total RNA fromcultured nurige B16 nel anoma cells, cDNA was
prepared fromthis and a region of the 20 nurine tyrosinase gene anplified
by PCR usbndeshPlasmigly s: TYR-F: GIT TCC AGA TCT CTG ATG GC And 103
TYR-R AGI CCA CTC TGG ATC CTA GG The resultant fragnment was cloned into
PCR (regi stered trademark) 2.1-TOPO according to the supplier's

i nstruct i BlasniidpCMMVGBENX2t 0 nake plasmid TOPO TYR Plasmd

pCW. TYR BGL2. RYT was constructed with an inverted 5 repeat, or palindrone,
of a region of the nurine tyrosinase gene that is interrupted by the
inserti orPkaBnﬁd]@@\AVEBE]\AxmmFig&r@mﬁ)t)iommpﬁsesna difesGrépeateofuancenpleter i bed

b CW. TYR. BG12. t d [
e hunar B POBGIRIERE cbsie: eoE e et 14t ol SRkt 1 é%oﬁ/%ﬁss (ste
Figurg 2 éroh?bt@ne%%h%ﬁcé’qw e%@a%dtb*‘l:eﬂéq%t TXEstsetaeeassn fregfﬂn ﬁ%ﬂ%éﬂ

TOPO TYR was sub-cloned in the sense orientation as a - BanH
fragnment lonatedBghéaredi gbete@Mb/GlW B@raotay maketrmﬁatﬂbua pd’W 'DYthtB!EI 2, and

ant | Lens @ INAAE T Pofe 0 PR At SRt os RERCR B I oo
PCW. TYR. B8 Zubciomee i 1tAe Bethse(DhientaiibrB@b2a MBJIi-tdBdrhAs MagmddMntoYR TYR

was constructed with a direct repeat of the nouse tyrosinase cDNA sequence,

expr essi odamH|wigasted s PEMVYEEYY. ¢ H@"@%ﬁ@h’onﬁ?‘é’ﬂsn’@@s nPld thewBEYR TYR was
t t d TOPO. TYR
%gnmi| {O'Itjg @ﬂy#ﬁ% aﬁr gég}mlt"lail ﬁ?ggggﬁgpgﬁge%nfe&%éiyR (itself coﬁzt ?uct ed by

cl oni ng the TYR sequence from 20 plasmd TOPO TYR as a BanHl -t o-Bgl | |

f ragnment p%gwgmvdéggg ed pCW. cass and sel ecting plasm ds containing
the TYR se a e orientation relative to the CW pronoter) and
sel ecting plasm ds containing the second TYR sequence in a sense

orientati ter, rosi nas ncing
phenot ype'glx%a@?(ii Q&ﬁ/eégyg‘a 89\/9/{‘?39 f%& g’n %%éc?refeé)r?a ation
fol | ow ngcomgletd IBEV qcfolyrher@en@beﬁ .@@a&tg" tﬂr@mesoﬁlﬁh{efﬂfﬁe Eiﬁﬁrﬂro‘Rﬁ e

pCW. TYR TYR | nto nmurine_nel anoma B1l6 cel Tyrosi nase i s the major enzyne

cont r ol | i @MVpi §rRsameteronlo ﬁrQﬁi*ﬁ@BFP@MVI $EVP§% HerBEV Palymaetasedragmentel ani n
Wil o lg eE}CFﬁ%EwL{ﬁgg (Qé’néch":iﬂa{h%mg‘.ehgéj Sicht ledasmaal %9!%&7%“ s. This

i's essent| sane process t OCCUTrS Tn a |no ani

Tr ansf or rfedgroest intey the@Barhbil sitel of pCMVvBIEVﬂZ framediatelyudovnstiemen of thendi vi dual
wel I's wer see ed with 1 x 105 cells in 2 m%of RPM 1640, 10% v/v FBS and
5 i ncubatR@VfOlvinerasg sequenceaeathy PreseRbiesRBt ayer was 60- 90% conf | uent
typically 16 24 hr. Subsequent procedures were as described above, except
that B16 cells were incubated with the DNA-Ii posone conplexes at 37C in 5%
viv co2 tRiasmid REMYBEVXAndi vi dual col onies of stably transfected B16
cells were cloned and 36 clones stably transformed with pCM/ TYR. BGL2. RYT

and 37 cl ones tabl transformed with pCW. TYR TYR were ect ed for
subsequerft!agmi B EIPHEsZE ) FPTORIISETA Qﬂﬂﬁb'@ﬁ’ﬁﬁsof?ﬂ% ompigtegene i s

reducgd, i n d ells
t hat Crz\%()ul no?ar)rg y apg}edeﬂ {%%éﬁﬁﬁéﬁgg %H ro%n?ﬁgf)g?r)ghmg CM%lﬁg\?v appear
i ghtly prgmatéred Tar pooghicgnpOiM.BEVx4, the BEV polymerase fragment from
pCR.BEV.2 was cloned in the sense orientation as a Bglll/BamHI fragment
into the BamHlI site of pCMV.BEVx3, immediately downstream of the BEV

polymerase sequences already present therein.



15 To nonitor visually nmelanin content of transformed B16 cell fines, cells
were trypsinized and transferred to nedia containing FBS to inhibit trypsin
activity. Cells were then counted with a haenocytoneter and 2 x 106 cells
transferred to a mcrofuge tube. Cells were collected by centrifugation at
2,500 rpmfor 3 mns at roomtenperature and pellets exam ned visually. As
can be seen from 20 the results photogegaphed in Annexure MAGS, five of the
cloned cell lines transformed with pCW. TYR BGl2. RYT, nanely B16 2 1.11 )
B16 3. 1. 4PlasneidpGMMVBENIVAOLBEVand B16 4.12.3, were considerably pal er
than the B16 controls. Five clones transforned with pCW. TYR TYR
(Bl6+Terér 1.1, B 16+TyrTyr 2.9, B 16+TyrTyr 3.7, B 16+TyrTyr 3.13 and B
16+Tyr Tyr Plasmid veCMV2BE |.%\es4@u.§ﬁ\/f(me|£/l3)p@n>r@pns¢mra rutime estounttinad| s.

Fol | one. _aot upitc ARG vt BV ha R Eate MiOBh A I g JPARET PR b
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Cytology. Ed. J.P. Lippincott). Using this nmethod, the presence of nelanin
in 105 PISNQIEr | Sequenaesct &d Byoducepalasmid spGMY-BEVIS\WQdBEY ¢ the

converts i I-Shs bhas [ n . T I f ,pi ng wt-h
Schnor | s{}g%%?{na%(l:éorgr,ig/l g{)&ﬁ{%\nﬁ% t gtlﬁgéli € F\B/ﬁeguﬁjlemcfg(? %élﬂ%s\?’égt% lé'g'i n
Annexur e dIdGEd irotheasénseediieritatias as WaglIRéBareH| fragareat bthinddte\8\(40 t he
above procedure, nelanin was obvjous 5 in nost, c contrast, fewer
colls ot iR BT terseauRIES BresAbt B areHitirsied ReMBRE\bsYABE G5 57170,
B16 3.1.15, B16 4.12.2, B16 4.12.3, B16 TyrTyr 1.1, B 16 TyrTyr 2.9 and B
16 TyrTyr_3.7,. consistent with the reduced gross pignmentation observed in
these cel PlasmigspCMM.BEVREVAOLMER ssion in transformed cell 1ines was al so
assessed utilising tyrosi nase enzyne assays where the DOPA oxi dase activity
of cell extracts was determ ned. This assay uses Besthorn's hydrazone

( 3- methy| Plasend RGN BEY softhy MERz Griguney at beamprisae a meitiple tsructupl
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Plasmid pCMV.BEV.GFP.VEB

Plasmid pCMV.BEV.GFP.VEB (Figure 25) comprises a BEV structural gene
inverted repeat or palindrome, interrupted by the insertion of a GFP open
25 reading frame (stuffer fragment) between each BEV structural gene sequence
in the inverted repeat. To produce plasmid pCMV.BEV.GFP.VEB, the GFP
stuffer fragment from pCR.Bgl-GFP-Bam was first sub-cloned in the sense
orientation as a Bglll-to-BamHI fragment into BamHI-digested pCMV.BEV.2 to



106 Software. Readings were taken at constant tinme intervals and reactions
nonitored at roomtenperature, typically 22C. Data were anal ysed and

tyrosi nase activity estimted at early tine-points when product formation
was linear, typically between 2 and 12 min. Results were calculated as the
5 average of enzyne activities as neasured for the triplicate sanples.
Results fromthese experinments are shogp bel ow i n Annexure MAGG. These data
showed that tyrosinase enzine activity was reduced in lines transforned

with the emtiiceucans permmeaditesRlasmid akd\HB8AY PR TwWReraiRedbeaddays
therefore h 0 ) T : - TYR TYR
o a genoPP N éaSRenERiioning CRrRe ARl S8 TR Coltihel i e 0 12

st ruct ur abainar GeBgliletoeBainy 33| fraraentofTran BHV npdlytetdse etracklbalygeh@ked with
a pronoter) represses, expression of that target gene, the endogenous nouse

. g .
t yr osi nasBogEReMVGBEY -2 1 Was thsrpelessddn ithe antisenseaprientation as aBglli-os from
t hese experi ; | ' I b BJ%QZ Cel |
Li ne § ) Qa’hﬂ]ﬁ’ @éﬁn‘ggg@g@?idjg\%é}g?mgﬂ%\ékri in tr}? n Eg@?ﬁsgecel | sy .
., ~. r.structaral~\gene; vnearer Reheat ICMViEr guionaster Ysagliende yircopiasmadl with ' ~
~ B1l'fi~cells~(% ; C~~l =~~~ ; ~B, 160..0123100B16 2. 1.6
(Tyr. BG zppbir\{-&%/l@é’&\?%&les £apablg of beisig Ean?ﬁ%f (80753t Bn BuUKayOlC
(Tyr. BA 2¢46T) 0. 003326. 8B16 3. 1. 15( Tyr.Bd 2.ryT)0.00118. 9B16
4.12.2(Tyr.BAE 2.ryT)0.001310. 6B16 4.12.3(Tyr.Bd 2.ryT)0.00118. 9B16 Tyr Tyr
1.10. 004334B 16 Tyr Tyr 2.90.004234.1B16 Tyr Tyr 3.70.008770.7

Plasmid pCMV.EGFP.BEV2.PFG

10 Plasmid pCMV.EGFP.BEV2.PFG (Figure 26) comprise a GFP palindrome,
interrupted by the insertion of a BEV polymerase sequence between each
GFP structural gene in the inverted repeat. To produce this plasmid the GFP
fragment from pCR.Bgl-GFP-Bam was cloned as a Bglll/BamHI fragment into
the BamH)! site of pCMV.EGFP.BEV2 in the antisense orientation relative to

15  the CMV promoter.

Plasmid pCMV.BEV.SV40LR

Plasmid pCMV.BEV.SV40LR (Figure 27) comprises a structural gene
comprising the entire BEV polymerase open reading frame placed operably
and separately under control of opposing CMV-IE promoter and SV40 late
20 promoter sequences, thereby potentially producing BEV polymerase
transcripts at least from both strands of the full-length BEV polymerase
structural gene. To produce plasmid pCMV.BEV.SV40LR, the translatable
BEV polymerase structural gene present in pCR.BEV.2 was sub-cloned, as a
Bgli-to-BamH! fragment, into the wunique Bglll site of plasmid
25 pCMV.SV40LR.cass, such that the BEV open reading frame is present in the

sense orientation relative to the CMV-IE promoter sequence.

Those skilled in the art will recognise that it is possible to generate a plasmid

wherein the BEV polymerase fragment from pCR.BEV.2 is inserted in the



108 TABLE 8 Cel | LineTyrosinase activity v.Relative tyrosinase(D OD 505

nm m nl ~activity~~=conpared w th25,000 cells)s ~. . B 16 cells (% .,~ y~
f, a~~ x~ ~, , . B 160.0200100B 16 Tyr 2.30.003618.2B16 Tyr

2.90.00178. 7B16 Tyr 4.100.003417.2 These .data showed that tyrosinase
enzynme activity was reduced in lines transformed with the constructs

pCW. TYR BGl2. RYT, pCW. TYR and 5 pCM§STYR TYR 4. Sout hern anal ysi s

| ndi vi dual transgenic B16 cell |ines were analyzed by Southern bl ot

anal ysi s ardisense iarientatioag reletive tethe KeMVr Emsaneter fegueacegusivgtthis prot ocol

el 15”1 n Upind R e BrepEl venn HRERRRETDRS X aefacoditls o

t r ansnmemyomaauciecept or tyrosine kinase that is constitutively activated at
| ow | evel s and di spl ays potent oncogenic activity when over-expressed.
HER-2 protein over ~s expression occurs in about 30% of invasive human
breast ceExAMPLEBe biol ogical function of HER-2 is not well understood. It
shares a common structural organisation with other nenbers of the epidermal
growt h factor 109 receptor famly and nay participate in simlar signal

t r ansguctGenetid idbitYfudts 2EbmPristhg HREgSSrdife -1 TlalREOSy ItRMIsIsrasaat i on,
cell notility, protease expression and cell adhesron. Over-expression of
HER- 2 i n (Gadt) strucducalrgens sequencks ot sefjnences @perablyr ¢ommected\to the

i nvasi ve and tastatic potenti.al | anon,, Clark et al. 1987). 1.

Gl tur | nd BV SBmSTar Reatisnce FIAL ki SY4OE R atar SeleRtPod i n ROV 1640
suppl enented with 10% v/v FBS. Cells were passaged twice a week by treating
with trypsin to rele ce]]Js and transferring a proportion of the culture
to fresh ﬁegf’mﬂ'e%’aﬁééﬁ"?’déd in Exanple 1. 2. - Preparation of genetic
constructs (a) InterimPlasmd Plasm d TOPO HER-2 A region of the human
HER- 2 gene was ,anplifjled by PCR using human cDNA ~ 5 as a tenplate. The
cDNA ms%?ﬁﬁ‘dﬁ’é’?ﬁ”é% total RNA isolated froma human breast tunour |ine,
SK-BR-3. Total RNA was purified as described in Exanple

10  Plasmid pcDNA3 is commercially available from Invitrogen and comprises the
CMV-IE promoter and BGHPpA transcription terminator, with muitiple cloning
sites for the insertion of structural gene sequences there between. The
plasmid further comprises the ColE1 and fl origins of replication and

neomycin-resistance and ampicillin-resistance genes.
15 2. Intermediate plasmids
Plasmid pcDNA3.Galt

Plasmid pcDNA3.Galt (BresaGen Limited, South Australia, Australia; Figure
28) is plasmid pcDNA3 (Invitrogen) and comprises the cDNA sequence
encoding porcine gene alpha-1,3-galactosyltransferase (Galt) operably under
20 the control of the CMV-IE promoter sequence such that it is capable of being
expressed therefrom. To produce plasmid pcDNA3.Galt, the porcine gene
alpha-1,3-galactosyltransferase cDNA was cloned as an EcoRI fragment into
the EcoRlI cloning site of pcDNA3. The plasmid further comprises the ColE1

and fl origins of replication and the neomycin and ampicillin-resistance genes.



8. Human HER-2 sequences were anplified using the primers: Hl: CTC GAG AAG
TGT GCA CCG GCA CAG ACA TG [ SEQ I D NO: 23] 20 and H3: GIC GAC TGI GIT CCA
TCC TCT GCT GIC AC [SEQ I D NO: 24]. The anplification product was cloned
into pCR (registered trademark) 2.1 110 TOPO to create the internediate
cl one TOPO HER-2. (b) Test Plasm d Plasm d pCW. HER2. BGL2. 2REH Pl asm d
pCW. HER2. BG12. 2REH contains an invertgg repeat or palindrone s of the
HER-2 coding region that is interrupted by the insertion of the human (i
gl obi n i n8r &iertre/dasinidequence therein. Plasnmi d pCW. HER2. BGL2. 2REH was
constructed in successive steps: (i) the HER-2 sequence fromplasmd
TOPO. HER2 was sub-cloned in the sense orientation as a Salll Xhol fragnment
i nto Sal | Piisgeick p@MMISRItBE 2. cass (Exanple 6) to nake plasmd

pCW. HER2. Bd 2, and (ii) the HER2 sequence from plasm d TOPO HER2 was
sub-cloned in the antisense orientation as a Salll X hol fragnment into Xhol
di gest ed BlESMIHERIVBE At {(Bigoned 29p lis wapdbieCVekfiieasiBGlthe2GRHI. stRictural

Det erm nati on of, onset of co- ressj a) Transfection_of HER-2

const r uct 49T undeh ey sarding i Y- Bopadol: BHEce; | SO R e
vessels. badinid BEWEHIS tNET Gafke88&skite! frofn XplASRid AT EicGlds in 2 m
of RPM 1640 nmedium 10% v/ v FBS and.i ncubated at 37C in 5%v/v C02 until

t he nonol excisedvas @&0-E30RI dragnenrinand tojgrieshain theleense krientatipe dgteetie

el s ver EoTR L B Pl B B S " compl exes at 37C o
Plasmid pCMV.EGFP.Galt

Plasmid pCMV.EGFP.Galt (Figure 30) is capable of expressing the Galt

10  structural gene as a Galt fusion polypeptide under the control of the CMV-IE
promoter sequence. To produce plasmid pCMV.EGFP.Galt, the Galt
sequence from pCMV.Galt (Figure 29) was excised as a Bglll/BamHI
fragment and cloned into the BamHI site of pPCMV.EGFP.

Plasmid pCMV.Galt.GFP

15 Plasmid pCMV.Galt.GFP (Figure 31) was produced by cloning the Galt cONA
as an EcORI fragment from pCDNA3 into EcoRI-digested pCMV.EGFP in the
sense orientation. This plasmid serves as both a control and construct

intermediate.
Plasmid pCMV.Galt.SV40L.0

20 The plasmid pCMV.Galt.SV40L.0 (Figure 32) comprises a Galt structural gene
cloned downstream of the CMV promoter present in pCMV.SV40L.cass. To
produce the plasmid the Galt cDNA fragment from pCMV.Galt was cloned as
a Bglll/BamHI into Bglll-digested pCMV.SV40L.cass in the sense orientation.



in 5%vlv CO2 for 3-4. hr only. Thirty-six transforned cell |ines were

i sol ated for subsequent analysis. (b) Post-transcriptional silencing of
HER-2 in NMDA- MB-468 cells NMDA- MB-468 cells over-express HER-2 and PTGS of
the gene in geneticin 111 selected clones derived fromthis cell line
were tested by imunofl uorescence | abelling of clones (see Exanple 1 ) with
a primary nurine nonocl onal antibody dgrected against the extracellul ar
dormain of HER-2 protein. The primary anti body was a nouse Anti-erbB2

monocl ona?laémlﬂmﬁlMV(ﬁ’r%\ﬁ%Qiuﬂﬁﬁon 5 Laboratories, Cat. No. E19420, an |g&b
i sotype) used at 11400 dilution; the secondary anti body was Al exa Fl uor 488
goat anti-nouse 1gG (H+L) conjugate %I\/bl ecul ar Probes, Cat. No. A-11001 )
used at 1Thqaﬁaﬁhldu1pﬁcMV ASVAOhdted i (Figusentdloromprises/R Aot sducirgbar ent al

(L) corgdlsaeensniy dsAliferenpinaion ot ftepir 8L e R apE mi@idigth = ' 9°
PCW. HERZ2prBGaRt ARpEMETSVAOURESsS.0 W@Vprdmcﬂﬂs&lsplﬁmﬁf lthor 8akeDRA exanpl es
of which are illustrated in Figure 73 c) nal ysis to define cell

| i nes SshovagigeniciorepCMipBedswan cweﬂ@éal@/&@%lﬁbm ianikdigestad of
expr essi &@Q/ %%E o505 r{ﬁﬁsgrﬂrsgﬁg%%?\%hténoﬂes appr oxi mat el y--500, 000 cells

grown infa e were was ce with 1 x PBS then dissociated
with 500 pl cell d| ssoci ation solution (Sigma C 5789) according to the

supplier’g, instr g Cells were transferred to nediumin a

m cr ocent'? QR%QOQS%\?@OIT @t[ ed by centifugation at 2,500 rpm 20 for 3
mn. The supernat ant was renoved and cells resuspended in1lmM 1 x PBS. For
fixation,cells were A t nded in
50 NI PRATE RISwHE PeMY S SVEBL Lot TEldird 54) %’%?‘8@%?? P XSayt B R Lo
azi de) f addredidned hedowétidzon 0bf 2%Aepl s&Mo& "/(pMMotlaﬁtr appsgumt defpyde in 1
x 25 PBS. and incubated at 4C for 10 mn. rmeabilize cells, cells were

col | et ecPGWMVeRYARE £agst i b pa@dqqga ttmpiq@mlﬂ dhesféa%é?@NA H@%ﬁ%rﬁﬁ@mant
d NI, O. 21
oA ond RCUACED SRRC PEReby 38, Maro BRI, PERET RArETBeRE Lo, L' by

cent ri fpOiM. SV40L .cabs (ther sunskbariedfatidc, the supernat ant renoved and
cells 112 suspended in 50 ~I PBA 1 %v/v FBS and i ncubated at 4C for 10
mn. To quantify HER-2 protein, fixed, perneabilized cells were probed with
Ant i er bB4, mresrPlagalident i body at 11100 dilution foll owed by Al exa Fluor 488
goat anti-nouse 1gG conjugate at 1 /100 dilution. Cells were then anal ysed
by s FACS using a Becton Di cki nson FACSCal i bur and Cel | quest software
(Becton [PpRkhidPOMVIGHRxRackground fluorescence val ues were established
wi th unstained MDA- MB-468 cells and cells probed with an irrelevant.primary
anti body (MART-1 ( an |1 g&b anti body (NeoMarkers)) and the Al exa Fluor 488

seconggar YPIQQiEn'ld)@@)MV@élb(Za(F@urbO@S)dbd)mthéﬁia &iraipopeatobf BACHIt & are
shown in Fi gure 74. Results of analyses of all cell lines are conplled in
Tabl e 10.reading frame under the control of the CMV-IE promoter sequence. In
eukaryotes cells at least, the open reading frame located nearer the CMV-IE
promoter is translatable. To produce pCMV.Galtx2, the Galt structural gene
from pCMV.Galt was excised as a Bglll/BamHI| fragment and cloned in the

20 sense orientation into the BamHI cloning site of pCMV.Galt.
Plasmid pCMV.Galtx4

Plasmid pCMV.Galtx4 (Figure 36) comprises a quadruple direct repeat of a
Galt open reading frame under the control of the CMV-IE promoter sequence.
In eukaryotes cells at least, the open reading frame located nearer the CMV-
25 |E promoter is translatable. To produce pCMV.Galtx4, the Galtx2 sequence
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from pCMV.Galtx2 was excised as a Bgl/ll/BamH| fragment and cloned in the

sense orientation into the BamHI| cloning site of pCMV.Galtx2.
Plasmid pCMV.Galt.SV40L.Galt

The plasmid pCMV.Galt.SV40L.Galt (Figure 37) is designed to express two
sense transcripts of Galt, one driven by the CMV promoter, the 6tner by the
SV40L promoter. To proddce the plasmid a Galt cDNA fragment from
pCMV.Galt was cloned as a Bglll/BamHl fragment into Bglll-digested
pCMV.0.SV40.Galt in the sense orientation.

Plasmid pCMV.Galt.SV40L.tlaG

The plasmid pCMV.Galt.SV40.tlaG (Figure 38) is designed to express a
sense transcript of Galt driven by the CMV promoter and an antisense
transcript driven by the SV40L promoter. To produce the plasmid a Galt
cDNA fragment from pCMV.Galt was cloned as a Bglll/BamHI fragment into
Bglli-digested pCMV.0.SV40.talG in the sense orientation.

Plasmid pCMV.Galt.GFP.tlaG

Plasmid pCMV.Galt.GFP.tlaG (Figure 39) comprise a Galt palindrome,
interrupted by the insertion of a GFP sequence between each Galt structural
gene in the inverted repeat. To produce this plasmid the Bglll/BamHI Galt
cDNA fragment from pCMV.Galt was cloned into the BamHl site of
pCMV.Galt.GFP in the antisense relative to the CMV promoter.

Plasmid pCMV.EGFP.Galt.PFG

The plasmid pCMV.EGFP.GaltPFG (Figure 40) comprises a GFP
palindrome, interrupted by the insertion of a Galt sequence between each
GFP structural gene of the inverted repeat, expression of which is driven by

the CMV promoter. To produce this plasmid the Galt sequences from
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t hat MDA- MB-468 cells transformed with pCWwW. HER2. BG12. 2REH have
significantly reduced expression of HER-2 115 protein. 4. Southern

anal ysi s EXAMPLE 4
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Genetic constructs comprising PVY Nia sequences operably linked to

the35S promoter sequence and/or the SCBV promoter sequence

15 1. Binary vector

Plasmid pART27

Plasmid pART27 is a binary vector, specifically designed to be compatible
with the pART7 expression cassette. It contains bacterial origins of replication
for both E. coli and Agrobacterium tumefaciens, a spectinomycin resistance

20 gene for bacterial selection, left and right T-DNA borders for transfer of DNA
from Agrobacterium to plant cells and a kanamycin resistance cassette to
permit selection of transformed plant cells. The kanamycin resistance
cassette is located between the T-DNA borders, pART27 also contains a
unique Notl restriction site which permits cloning of constructs prepared in

25 vectors such as pART7 to be cloned between the T-DNA borders.
Construction of pART27 is described in Gleave, AP (1992).



I ndi vi dual transgenic NIH 3T3 cell |lines were anal yzed by Southern blot to
confirmintegration of the transgene, according to the protocol set forth
in5 Exanple 1. 5. Western bl ot analysis Selected cl ones and control

VDA- MB- 468 cel |l s were grown overni ght to nearconfluence on 100 mm TC pl at es
(10" cells). Cells in plates were first %shed wi th buffer containing
phosphat ase inhibitors (50mM Tris-HC) pH"6.8, 1 nM Na4P20~, 10mM NaF, 20NM
Na2Mb04) 1 mihdva¥iiing NRol ihdaes sabafmsl VaciP the msaktColightBiénd!caff bbysi s
buffer (50nM Tris-HCI, pH 6.8, 1 nM Na4P207, 10nmM NaF, 20pM Na2Mb04, 1 nM
Na3V04, 2% ablairssk) Irvail the fqllovsmaxamateesdthecsmmsea@rmmlms'elxaéwe to

i ncubated i sctewcap s at 100C f cells
were cent ri M EieHiSE B0e Yo Bnote” i i dedelibly, sARET ASlub¥CERs ter o
renmoved and cﬁb%rﬁdh%twag%nefiaﬁiniﬁﬁﬁéem% gkperirapatah brtethotd that %nay ariséacki ng
gels (0.75 were prepared in a Protean apparatus (BioRad) using 29:1
acryl ani @e: W%@QWPQW@IQ'&%@WT%WW idéfP@:@Pt ipsent eFigntatiopst 8. 8 and 6. 8,
respectively. Volunes of 60 NI fromextracts were conbined with 20 pl of 4x
20 | oading buffer (50nM Tris-HClI, pH 6.8, 2% wv SDS, 40%v/v glycerol,

br onophenol 2b| Geymarercial plasmidsi othreitol added before use), heated to 100C
for 5 mn, cooled then | coaded into wells before the gel was -run in the
cold roomat 120V until protein sanples entered the separating gel, then at
240V. Separ Rlasmist pB€ (KS4)ere transferred to Hybond-ECL nitrocel |l ul ose 25
menbr anes (Amershan) using an el ectroblotter (Bio-Rad), according to the
supplier's instructions. Menbranes were rinsed in TBST buffer (10nmM
Tris-HCl, pRla&nid plBS(Dr(NB ) Bldoriercially QE%aM@frmSNramgertehamd lsbopkisdsi n a

dish in TBST 5% w y sk | k | ho bi t. 1 mm
NaaP20-) 10 ks PAORRlAE SR ol R PR 38 Bt g e n
a smal | qyol Himtiple J&ﬁ?ﬁgvmtéﬂf& Y Wstértﬁ:lﬁ Bt rs"trhlsmmv@@:ﬁe BledfeREEs Iﬂh’@rbﬁlﬁe

i nhi bitors containin a nouse nonocl onal anti body agai nst the ECD of
HER- 2 ( Tr andbedRlaemid Antheseomprisesngwgollet anddil oniging af mication @ndades

wer e washed TBST with 2.5% w v skimm | k powder

pl us phosphgblggcgﬁpéh%?'?l rggls}%e%%és were incubated in a small volune in

TBST with 2. 5% w v skimm |k powder plus phosphatase inhibitors containing

t he hor ser\z:\lg:l ’ﬂﬁg L ase-conj ugat ed secondary anti body diluted 1:1000.
Rk

Menbr anes hree times for 10 mn in TBST with 2. 5% w v skim
m |k powder plus phosphatase inhibitors. The presence of HER-2 protein

i n~as det d ECL | b A h di t

mnut act ur oSS PERZET oo comIeRy dun Aol T ReErENR 1 etk & o | °

% EE@isBﬁh&l@@%rﬁhQ% firehbl MserIBACEH sRlctipaldge s safLienddRtersirot ei n.
The plasmid further comprises the ColE1 origin of replication and an

ampicillin-resistance gene.
3. Expression cassettes
Plasmid pART7

20 Plasmid pART7 is an expression cassette designed to drive expression of
sequences cloned behind the 35S promoter. It contains a polylinker to assist
cloning and a region of the octipine synthase terminator. The 35S expression
cassette is flanked by two Not | restriction sites which permits cloning into
binary expression vectors, such as pART27 which contains a unique Notl site.

25 Its construction as described in Gleave, AP (1992), a map is shown in Figure



Co- suppression of YB-1 and p53 in Mirine Type B70.2 and Pam 212 cells in
vitro 20 1. Culturing of cell lines B10.2 cells (I munex) derived from
nmurine fibrosarcoma and Pam 212 cells (Auckland Medi cal School) derived
from sponst aneously transforned rrrurine epidermal keratinocytes were grown
as adherent nonol ayers in cDVEM (DMVEM wi tAy 0. 77nM aspar agi ne, 160pM
penicillin G 70NM 25 di hydrostreptomycin sul fate) supplenented with 5% vlv
FBS (B10.2) 4 5% v/v equine serum (Pam 212), as described in Exanple 1,
above. 117 2. Preparation of genetic constructs (a) interimplasmds
Plasmd TOPO. YB-1 To anplify a region of the nouse YB-1 gene, 25 ng of a

pl asm d cl oraénii@ PARTT.88SBOBVscas¥B- 1 cDNA (obt ai ned from CGenesi s
Research & Devel opnent Corporation, Auckland NZ) was used as a substrate

for PCR anplification using the prinmers: Y1: AGA TCT GCA GCA GAC CGT AAC

CAT TAT AGGHISGHRId [pAYE. ey .aass Yas Cobsighéd A" dxpledsl twd \eepdratéGgehéG CAG
[ SEQ I D NO: 26]. The PCR anplification was perforned using Hot Star Taqg DNA

pol ymer ase &egveaces) clopedhptosaminglerplasipidet dedireats tifeplasnpdRsegyencescat i on

Fol | oved by CHEeRRANIRS s his B St e S GBvahroiiel Rprd 2oPified .
72C for 60 Q?CPC\F@ tiverf cfoned ineﬂh@npkﬁ?/iirﬂ@rsdfq_mlm'?méeh ther858 pFbwoter
PCR-anplified region of YB-1 was colum-purified (PCR purification colum,

Q agen) and @WLACS: oned into pCR (registered tradenmark) 2.1-TOp 20
(I'nvitrogen) according to the supplier's instructions, to nake plasmd

TOPO. YB-1. Plasmd TOPO. p53 To anplify a region of the nmouse p53 gene, 25
ng of a pl adiieresuiing plasmid has the following arrangement of elements:

35S promoter - polylinker 1 - NOS terminator - SCBV promoter - polylinker 2 -
10  OCS terminator.

Expression of sequences cloned into polylinker 1 is controlled by the 35S
promoter, expression of sequences cloned into polylinker 2 is controlled by
the SCBV promoter.

The NOS terminator sequences were amplified from the plasmid pAHC27
15  (Christensen and Quail, 1996) using the two oligonucleotides;

NOS 5’ (forward primer; SEQ ID 9)
5-GGATTCCCGGGACGTCGCGAATTTCCCCCGATCGTTC-3'; and
NOS 3’ (reverse primer; SEQ ID 10)
5-CCATGGCCATATAGGCCCGATCTAGTAACATAG-3’

20 Nucleotide residues 1 to 17 for NOS 5 and 1 to 15 for NOS 3' represent
additional nucleotides designed to assist in construct preparation by adding
additional restriction sites. For NOS 5 these are BamH|, Smal, Aatll and the

first 4 bases of an Nrul site, for NOS 3’ these are Ncol and Sfil sites. The



118 contai ning a nmouse p53 cDNA (obtained from CGenesis Research &

Devel opnment Cor poration, Auckland, NZ) was used as a substrate for PCR
anplification using the prinmers: P2: AGA TCT AGA TAT CCT GCC ATC ACC TCA
CTG[SEQ ID 5 NO:27] and P4: GGA TCC CAG GCC CCA CIT TCT TGA CCA TTG [ SEQ

| D NO: 28]. The PCR anplification was perfgynmed using Hot St ar Taqg DNA

pol ynerase according to the supplier's protocol (Q agen). PCR anplification
condi ti ons irewwdiniag sequences fr eadh ghigorutladtide ae BEMologoud 3orthe,5 favid owed
by 35 anplifjcatjon cyc]es of C for 30 sec 5C for 30 sec and 72C for 60
sec, with a ¥ iER4P rePRAGNENRT %‘Bépseaueﬁges ferAbﬂEn?C%. The PCR-anplified :
regi on of p53 was colum-purified (PCR purification ~s colum, Q agen) and
then cloned into pCR (registered trademark) 2.1-TOPO (Invitraogen) according
to the manufdt& &CE,BV Promoter gaqusRses tWﬁrﬁaQ’@pbﬁ'% from 1*@3@!3@573@ HER Y29

TOPO. YB1. p5%}ggﬁﬁéﬁﬂﬁﬁ%@%)ﬁgﬁﬁ@%@@ﬁ%@“&ﬁnd p53 cDNA sequences, the

murine YB-1 was 1solated as a 8g! 11-to-BanH
fragnent and cloned into the BanH site of TOPO p53. A clone in which the

T o o SEBYBLBLE L TRYRGERG PR ERE A TERRSe (88 58] ected
pCW. YBL. BGINOH 1§Yam asm d pCW. YB1. BGL2. 1 BY is capable of transcribing a

region of the marine YB-1 gene as an inverted repeat or palindrone that is
interrupted by s the human (3-globin intron 2 (BGL2) sequence therein.

Plasm d pCMEOBY. FHAAGB TTFACPTSTACTCAGTTCOAGASSSVSED $DNO(2) the YB-1
sequence fromplasmd TOPO YB-1 was sub-cloned in the sense orientation as

a Bglll-to-BamH fragnent into Bglil-digested pCW.B4d 2 to make pl asm d

pPCW. YB1. BANucléstitid fdsididse1 Y81¥ seSioBUCE dricodeMi@sirard 3fPfasYittibnvétes
sub-cloned in the antisense orientation as a 8glll-to-BanH fragnment into

BanH - di gestdesigiedviorRssistin ¢nsiaiet nyepaiatianp g/ remainieg 2Semqences gafee 81

!5 capanfo qEnIiRoddd; R7 o Feiga - RelyBlocd 5 " RO AT AR o oo

as an i nver tNutlestitRatesiduasal todrsfriBCBYE3’ dneotie tRep10@6¢ inelyHphkErdstriction
~3-globin intron (BGL2) sequence therein. Plasmd pCWw. YBl. p53. BG12. 35p. 1

2
BY was con_stsr'tﬁétd@éigr\@dstecﬁﬁéﬁiﬂléoﬁﬁt% prq;_pgrati% thrqmaBéﬂg GEHYPNEERENce
Fr O Pl asT! ahBiGholR- &5 482 %eidile C bR CobibMEn °8F SRfbRELE! heBr Hhe?
transcription initiation site of SCBV.

15  Sequences amplified from pScBV-20 using PCR and cloned into pCR2.1
(Invitrogen) to produce pCR.NOS and pCR.SCBYV respectively. Smal I/Sfil
cut pCR.NOS and Sfil/Hpal cut pCR.SCBV were ligated into Sma | cut pART7
and a plasmid with a suitable orientation was chosen and designated
pART7.356S.SCBV.cass, a map of this construct is shown in Figure 43.

20 4. Intermediate constructs
Plasmid pBC.PVY

A region of the PVY genome was amplified by PCR using reverse-transcribed
RNA isolated from PVY-infected tobacco as a template using standard
protocols and cloned into a plasmid pGEM 3 (Stratagene), to create
25 pGEM.PVY. A Sall/Hindlll fragment from pGEM.PVY, corresponding to a



20 fragnent into Bglll-digested pCW.B4d 2 to nmake plasm d

pCW. YBL1. p53. BGLl2, and (ii) the YB-1.p53 fusion sequence from plasmd

TOPO. YB1. p53 was sub-cloned in the antisense orientation as a Bgll|-toBanH
fragnent into BanH -di gested pCW. YBl. p53. BGLl2 to nake plasm d

pCW. YBL. p53. BG12. 35p. 1 BY (Figure 82). 27'53 3. Detection of co-suppression
phenotypes (a) Post-transcriptional gene silencing of YB-7 by insertion of

a region of Sdﬂﬁmﬁéﬂﬁf@gﬁﬁantrﬁfo@nmel1r536t22m)§faﬂheq?w&Yr@urﬁm@du%n@échaarl ne
120 epidermal keratinocyte Pam 272 cells YB-1 (Y-box DNA/ RNA-bi nding factor

1) is a trd¥e&HiZBRotrenkank) wasdhepiswhslonedriato theiplasmigd piBe (Siratasese
regi on of tt]ﬁcl[ﬁg»c%ed?gﬁ%@jpyg %?%‘ﬂg represses its expression. In cancer

cell s that eXpress nof in“at nornmal levels s (sone 50% of all
human cancers), the expression of p53 is under the control of YB-1, such
that di m nutgon of \Bs ession results in increased | evels of p53
protein and '%'%ﬁgﬁﬂd’ew%ﬁagﬂ osis. The murine cell lines B10.2 and Pam 212
are two such tunorigenic cell |ines vvith normal p53 expressi on The
expect ed _ph ression YB-1.in_t es is ~o0
apoptos: 5 TRNEREPRA7RIRLT WA me 'gaﬁéme  ERERYSHD Pt B, vl
tissue cul t;ﬁ&:weh@ EbaRlllsladuaJt deqhid chn@tr@ctxcdlﬁéln%e| I's
am

(B10. 2 or 212) in 3 mM of cDVE 5%v/vFS B10. 2) or equi ne serum
(Pam 212) arﬁﬂdltmae%tacmn sites flankingvthe Y insert Zthﬁh waredisedoto assist

M A 15 pubgpaloapiReRldtRRsoa0heptyAhERRNE AN M4,

OPTi - MEM | (regl stered tradenmark), incubated at roomtenperature for 5 mn;
Mx B: 1 NI |:(|400 ﬂﬁ' Eﬁgwg YB1.BGl2.1 BY DNA in 100 NI O OPTI 20 MEM |
(registered’t t PR E? After prelimnary incubation, Mx A was
added to Mx B and the mxture W i ncubated at roomtenperature for a

furth | h t | d th 800
o of f rBoh THRMI IR, et SroBiarchy infPing & sdisabRRE R b
i ncubat ed atpSFR PYYSHty/ @Ia?;@aq:@zcil@Bd 4Skiatagenbdl This construct contains

additional restriction sites flanking the PVY insert which were used to assist

subsequent manipulations. A map of this construct is shown in Figure 46.

Plasmid pBC.PVYx2

15  Plasmid pBC.PVYx2 contains two direct head-to-tail repeats of the PVY
sequences derived from pBC.PVY. The plasmid was generated by cloning an
Accl/Clal PVY fragment from pSP72.PVY into Accl cut pBC.PVY and is

shown in Figure 47.

Plasmid pSP72.PVYx2

20 Plasmid pSP72.PVYx2 contains two direct head-to-tail repeats of the PVY
sequences derived from pBC.PVY. The plasmid was generated by cloning an
Accl/Clal PVY fragment from pBc.PVY into Accl cut pSP72.PVY and is shown
in Figure 48.



Duplicate cultures of both cell types (B10.2 and Pam 212) were transfected.
Cells were suspended with trypsin, centrifuged and resuspended in PBS
according to the protocol described in Exanple 1. Live and dead cell
nunbers were determ ned by trypan blue staining (0.2% and counting in
gquadruplicate on a haenocytoneter slide. sResults are presented in Figure
75. (b) Post-transcriptional gene silencing of YB-7 and p53 by co-insertion
of regi ons Ptasrhid PBCOPY¥Nt3p53 genes into nurine fibrosarcoma B90.2 cells
and nurine epidermal keratinocyte Pam 272 cells The data presented in
Figure 75 show that cell death is increased in B10.2 and Pam 212 cells

foll owi ng i PiIMbidopBCiPVYXB-containstthisd ditest tead-tbail nepestsCof shpP\essi on
of YB-1, consistent with induction of co-suppression. Sinultaneous

co- suppr essFeauICcassEeriveE; fEomi RBE &8H6ndinel Rlasmid wastRrapaiey Pheloaighent i c

response in I t |A .15
Gearn by apASERERLTNY TradBEh ot BT TG DA £t BECPERRE Ko
per f or nesl i shéwnah Figureei@e cul ture vessels. Individual wells were seeded
with 3.5 x 104 cells (B10.2 or Pam 212) in 3 ml of cDMEM 5% v/v FBS
(B10.2) or equine serum (Pam 212) and incubated at 37Cin 5%viv C02 for 24
hr prior toPtasmidi pBO.PVYx30 The two m xes used to prepare transfection
mediumwere: Mx A: 1.5 pl of L~POFEC r AM NE 2000 (trademrmark) Reagent in
100 pl of OPTi-MEM 1 (registered trademark) nedium incubated at room

t enper at ur ePlawmid pBC.PW x4 Ecortaips fotPOdingot Péad@A4ilYFdpadts . &iGIns Fdpy 1 BY
DNA in 100 NI of 122 OPTi - VEM | &{rfgi stered trademark) nmedium_ After
prel i mi nar ySeaeenngs datives from Riks P0G e dhe plagmidpvas arepasediby: ciering tkebat ed

at room t engpLAtLEaf 8f POV Wduihtes frofh BSP72.PVYX2 as an Accl/Clal fragment
10 into Accl cut pBC.PVYx2 and is shown in Figure 50.

Plasmid pBC.PVY.LNYV

All attempts to create direct palindromes of PVY sequences failed,
presumably such sequence arrangements are unstable in commonly used E.
coli cloning hosts. Interrupted palindromes however proved stable.

15  To create interrupted palindromes of PVY sequences a "stuffer" fragment of
approximately 360 bp was inserted into Cla pBV.PVY downstream of the PVY

sequences. The stuffer fragment was made as follows:

A clone obtained initially from a cDNA library prepared from lettuce necrotic
yellows virus (LNYV) genomic RNA (Deitzgen et al, 1989), known to contain
—— 20 the 4b gene of the virus, was amplified by PCR using the primers:

LNYV 1:5-ATGGGATCCGTTATGCCAAGAAGAAGGA-3' (SEQ ID NO:13),

and

LNYV 2:5-TGTGGATCCCTAACGGACCCGATG-3’' (SEQ ID NO:14)



Medi um overl ayi ng each cell culture was replaced with 800 NI of fresh

medi um s and 200 pl of transfection m x added. Cells were incubated at 37C
in 5%v/v Q2 for 72 hr. Cells were suspended with trypsin, centrifuged and
resuspended in PBS according to the protocol described in Exanple 1. Live
and dead cell nunbers were determ ned by Zsf ypan bl ue staining (0.2% and
counting in quadruplicate on a haenocytoneter slide. Results are presented

in Figure 75he fidst Qoniiciebtidd B etiéseo pripfer&enBodatp Bamitiinsitd,i theosamaioing B10. 2
cells and marine epidermal kerafinocyte Pam 212 cells Transformations with
pCW. EGFP wdtuslgatides are fomelegans to seaysnees of therlldN V¥ dhgane.| ndi vi dual wel | s
were seeded with 3.5 x 104 cells (B10.2 or Pam212) in 3 nmMl of cDMEM 5%
v/iv FBS (B10.2) or equine serum (Pam 212) and incubated at 37C in 5%v/v
02 for 24 Holipwing areplificatien.cthe drromert was sloned inedthep Broklasite of

transfectio L : . L r r k)
Reagent in %ﬁ%h%@?ﬁg&ogeeag% XW%\/F’EO(&# gjapg{eglrrg? gt:&é%ég%a'*r}l )tﬁ‘r%e |ouﬁr%18ﬁgﬁd§ﬁbat ed
at room sem@lagtBCLVYrtoScrebte thé intBrmédiate (pdXnidgpBCtPYEMNBEERIBhAsi N 100
pl of OPTi-MEM 1 (registered trademark) nedium 123 After prelimnary

i ncubat i on, SRPWNANEQUIERfed to M x B and the mixture incubated at room
tenperature for a further 20 mn. Medium overl aying each cell culture was
replaced with 800 N_ of fresh nedium and 200 NI of transfection m x added.
CelI's were iRlasmid pBGPVYZNYNY.BYYv/v 5 C02 for 72 hr. Cells were suspended
with trypsin) centrifuged and resuspended in PBS according to the protocol
described in Exanple 1. Live and dead cell nunbers were determ ned by

trypan bl ue Theaplasmyd (RBEHVEANYMOUNA sgniaing @ad nigiruplededisectarepeat of

haenocyt one L esyl t =0 DI t i Fi rol:
Att enuat i ontFﬁgY %thg%%%’hoyépcze%eﬁhhssgﬁf ﬁﬁ)%%o BS"QEECH?H %&Béﬁ(t gfgﬁ?gggﬁz?eofi de
i nf o munbne wasbelosad ¢ratoeSBaPdigestdd pBEIRVYILNY aafi al plashhid konhtdiningdiiée Pam

212 cells
- sense orientation isolated, a map of this construct is shown in Figure 52.

Plasmid pBC.PVY.LNYV.YVPa

The plasmid pBV.PVY.LNYV.YVPa contains a partial interrupted palindrome
of PVY sequences. One arm of the palindrome contains all the PVY
15 sequences from pBC.PVY, the other arm contains part of the sequences from
PVY, corresponding to sequences between the EcoRV and Hincll sites of
pSP72.PVY. To create this plasmid an EcoRV/Hincll fragment from
pSP72.PVY was cloned into Smal-digested pBC.PVY.LNYV and a plasmid
containing the desired orientation isolated, a map of this construct is shown in

20 Figure 53.
— Plasmid pBC.PVY.LNYV.YVP

The plasmid pBC.PVY.LNYV.YVP contains an interrupted palindrome of PVY
sequences. To create this plasmid a Hpal/Hincll fragment from pSP72. was
cloned into Sma-digested pBC.PVY.LNYV and a plasmid containing the

25 antisense orientation isolated, a map of this construct is shown in Figure 54.



The role of YB-1 in repressing p53-initiated apoptosis in B10.2 and Pam 212
~ s cells has been denonstrated by relieving the repression in two ways:

(i) transfection with YB-1 antisense oligonucl eotides; (ii) transfection

wi th a decoy oligonucleotide that corresponds to the YB-1 cis el enent

derived fromthe fas silencer region (-1635 to -1008 of the 5'-flanking

sequence of the human fas gene). The latter was used as a positive control

i n the pres&ntCantrekpmsmidsThe doubl e-stranded ol i gonucl eoti des used were:

YB1 decoy: GAA CCT GAA TTT GGA TGC AGI TCC AGA C [SEQ I D NO:29] CIT GGA CIT

AAA CCT ACG TCA AGG TCT G 124 YB1 control: GCG GAT AAC AAT TTC ACA CAG G

[ SEQ | D NO: $)asiaids PARTTIRVYT& pXRY 1. 8VYGTC C Tr ansformati ons with YB1 decoy

and a control (non-specific) oligonucleotide 5 were perforned in 24 well
tissue culture vessels. Individual wells were seeded with 3.5 x 104 cells

(B10-2 or PRBGAR) pARTY. F’“l/YO(i; bEA8) e WosidiRY (PRApRssOPVTaskqIRries UM

(Pam 212) and incu ated at % v/v Q02 for hr prior to transfection.
The two ni xdsiverdyy the ﬁﬁ%p@mmqteran&h&plasmldmﬁwm Wera coptrel songtr&tgh of

(1 0gi ot eb oo S0 ERBPEPehEa st bl 8 e Boftustp SR PrreBlpdSoThin,

Mx B 0.4 genéffle piie!plasthidod mmmtstilm@h@ut(fﬁéﬁﬂma@& FVY oY clohed irnolOO pl
of OPTi-MEM | (registered_ tradema medium 15 After prelimnary

i ncubat i on, Qlakdigested pAGE4 and mmam%mthr@nﬂ%%i% eXReassad s@nge F¥Hm
tenper at ”restaﬁ{:el)?cef Wi H‘er ségct”} thé" ﬁWbng&g:ﬁQ& QéieétEHpOf%%dé?\ces

(trademar k) con S al so prepare Wer € wash
serum free wodsigting &Dfﬁewﬂi/bromoteg; BV¥rsedjuenade and kh¢ OOE temainafoe stéren i X

added. Cells were inc d at 37C.in 5% er vvh| ch
medi um Was PEBISEESAT il f%ag,mea? aB@)lQEM Hf%’\/ﬁﬂrfg}%ﬁ@alﬂf‘%ﬂnrﬁ Rragmid
i ncubati on GaiithBYRAir8Y §hdtBbliedtaBol Was selected and designated pART27.

Plasmids pART7.35S.PVY.SCBV.O & pART27.35S.PVY.SCBV.O

Plasmid pART7.35S.PVY.SCBV.0 (Figure 56) was designed to act as a
control for co-expression of multiple constructs from a single plasmid in

15 transgenic plants. The 35S promoter was designed to express PVY sense
sequences, whilst the SCBV promoter was empty. To generate this plasmid,
the PVY fragment from Cla pBC.PVY was cloned as a Xhol/EcoRI fragment
into Xhol/EcoRI-digested pART7.35S.SCBV.cass to create
p35S.PVY.SCBV.O. Sequences consisting of the 35S promoter driving sense

20 PVY sequences and the NOS terminator and the SCBV promoter and OCS
terminator were excised as a Notl fragment and cloned into pART27, a
plasmid with the desired insert orientation was isolated and designated
pART27.35S.PVY.SCBV.O.

Plasmids pART7.35S.0.SCBV.PVY & pART27.355.0.SCBV.PVY

25 Plasmid pART27.35S.0.SCBV.PVY (Figure 57) was designed to act as an
additional control for co-expression of multiple constructs from a single

plasmid in transgenic plants. No expressible sequences were cloned behind



Cells were suspended with trypsin, centrifuged and resuspended in PBS
according to the protocol described in Exanple 1. 125 To nonitor
apoptosis, live and dead cell nunbers were determ ned by trypan bl ue
staining (0.2% and counting in quadruplicate on a haenocytoneter slide.
Results are presented in Figure 75. TABLE+2 Plasm d construct No of

pl ant sPer cent age of plants show ng specified

phenot ypet eshe E5S pepnotdre iwhilsh ¢e SSSBYN boARGt2Y .drove expression of a PVY

PVY191612pART27. PVYx213544pART27. PVYx321 S514pAl 27. P 42157
PSNARTS T Boathek IRBoh Aot ARTSrot Hue RS, Doy FAN0 THEMman: froms PRscay. v
VPLE1304DARTA, B PVl SCE a1 380D ART e PV o BHPV G S ARATIEARY. LY

V. YVP206104pART27. PVY. LNYV. YVP0187110 5 , ".PLE 14 Sim
experi ment s pARTH3SSRCRB¥ vasshad plismid cantainpgy PNhstqoances amge sehsear get

' the, t t I ' d t t i.n _the Tabl
el ow. T RESRtRpRPReRPBIed A ety BaBS RSB oy SHabATERE same
Tanner as tlghsHARGTADARL 888YBrobIRn AR NDSUBMIRAYY the SCB\S Brdmetbri n the

art, using the pronoter in a plasmd, with the sane BGL2 stuffer 12
fragment betdriwing sensetY sequadeesrand the RCDiermipator were excised asyiniNbtit i ¢

gene which iis substantially identi % the,target .gene. PRlasm d. maps of

t hese const tfrl?@f%e r@nghé}(ﬁﬁ'\épn'etﬁ_ep% -[J#fe)sai r%qscf% edv'&hqﬁﬁedFﬁ'B? 'Bgf’ﬁw. The
constructs \wieatdtidrwadisoRAe afdiddsiyridied ﬁARﬂQV.SB%.b.&BCBWS.PVY. identified in
the s table bel ow and transcri bed by the host cell's natural nechanisnms. In

each case, repression of the target structural gene was found, using assays

descri bad byiaémeds pART % 358/0.8CBV.YVP 8PARTT.355.008CBVL YVReneCel |
Li neAssayPl asm d MapAnnexur eHer - 2VDA- MB- 468Ant i bodyFi gur e

80bi ndi ngYB-1B10. 2 and PanCel | deat hFi gure 81212-p53B10.2 and PantCel |
den 1 AR FRRIT 998 OBL ARSIt ) ki gnippons sl Bt

for the | atiadditionel iconget foutcasekp@ssical ©f multiple constructs from a single

plasmid in transgenic plants. No expressible sequences were cloned behind

the 35S promoter, whilst the SCBV promoter drove expression of a PVY

15 antisense fragment. To generate this plasmid, the PVY fragment from Cla

pBC.PVY was cloned as a Clal fragment into Clal-digested p35S.SCBV.cass,

a plasmid containing PCY sequences in an antisense orientation was isolated

and designated p35S.0.SCBV.YVP. Sequences, consisting of the 35S

promoter and NOS terminator, the SCBV promoter driving sense PVY

20 sequences and the OCS terminator were excised as a Notl fragment and

cloned into pART27, a plasmid with the desired insert orientation was isolated

and designated pART27.355.0.SCBV.YVP.

6. Test plasmids

Plasmids pART7.PVYx2 & pART27.PVYx2

25  Plasmid pART7.PVYx2 (Figure 59) was designed to express a direct repeat of
PVY sequences driven by the 35S promoter in transgenic plants. To generate
this plasmid, direct repeats from pBC.PVYx2 were cloned as a Xhol/BamHlI
fragment into Xhol/BamHI cut pART7. Sequences consisting of the 35 S



Gal actosyl transferase (GalT) catal yses the addition of gal actosyl residues
to cell surface proteins. GalT activity can be nost conveniently assayed
using a plant lectin (1B4), which binds specifically to gal actosyl residues
on cell ~s surface proteins. To detect |B4 binding, fluorescence assays
were used. Cells were fixed, then probed-w th | B4 conjugated with biotin
(Sigma) followed by streptavidin conjugated FITC. Gl T inactivation was
nmoni H)r ed ]lchiromom'rt deect lfelp@a%oéﬁ’wha‘hd rtbfe((()©$ t](celrmiﬁ%ﬁﬁc }Néoe edised Jzﬁ?aCD4 is
a ce surface antigen present_on surface of sope classes T s. Its
| evel s wer e NRShfregment fpm PAR TSP U&‘é‘gr@nq Cﬁmeﬁg'”ﬁ? &%’c‘gi%s@ﬁnﬁ"?‘grgrg?oat hose
descri bed f - Qrithl ot b QN; heg; r r 0, HN wor k
publ | shed | B000 &y Deafprellnseh BipAERER HE| SIbAKE hd J0scigittel
constructs @ARERNPNYxA. pronoter whi ch drives expression of structural gene
sequence palindrones) repress target gene expression in vitro in aninal
cells (Yang et al) 2001, . Mol ecular and Cellul ar Biology, 21: 7807-7816)
and i n vevo Rlasmids) pARTERVYiXGR pARTRT.P¥YaBnaki s et al, 2000, Nature
Genetics, 24: 180-183). ~o In addition, a simlar construct with the GalT
synt hetic gene was generated, but which conprised a direct tandemrepeat of

the Gal T symi&sthidopARTE. A B (Figive6() wad designse to Bxprless sadirectaspedt ¢fo t he
pCW. TYR TYR construct descri bed above using techni ques known to ong

skilled i n threeaPVY seguencss divenr bt the39s Praspeiss iy tiansgenis Rlaniss {ae
struct ural h@raﬂ& id Bid d?%cﬁ‘?&hﬂe%t’s”ﬁho?%ngrWgﬁé‘tc'?or?éd as. a
e e app of the

consi stent | enonstrated to us t cati on repressi on
t echni ques &dwdt/Bapadl fragmkeat Bye {Hol/BamidhcutePARIPLE Séquenees qomsistingtofwas

i ed t.t trate.th ffect tt i i 2 at | t,
b s 100046 BSTIBMaR: Giraet reRents of B P an oG eIt RPLS PoiSPbAR o
Northern bl &l Ngg R TRS SARTEVIREE Bh'd bt NBIE BigdBieBspARTE7 alove .

This bl ot shows that 18 may be regarded as a- "positive control”, in
t hat there \wasmid withntife clesiredi insadi agentaiorvwas sgliected aad adesigated show

silencing a n fromthe 25 absence of a band in their respective
| anes in thz’mﬂgy%@ ot of Figure 76. Figure 77 graphs the results of

Real - Ti me RT-PCR anal ysis of these cell lines, as explained in the
description Qf FLgur ile it would be apparent to one
skilled in [Fﬁgsrgf P%?%&atEQ?WQBWthe these 128 graphs, the
method is set out in nore detail in US Provisional Patent application

serial no:6Q/{316, 30 resyl.ts of,.t hes raphs are tabul.ated for

ot erends. pUIGROPARTIAY Vb o dere Yes fedBie b S5rerd Aot dopehtalqur e
78, it can b&,Spoy to@lerdda8 ARH b§ therass Jrerptdrlih fRAY¥gdMatpiahs. MRHIA

|l evel for EGFP is set as the standard (1.000) relative to which other nRNA
| evel s are geaswatedhis plasanidbgliresknepeats fromy eBGPYY34 wemhidonash@sn&®NA

P anscri pt MRVRaHichadpdRE Bie Xl uraR R eeilehoes HaREeAS diRn” ™
transcripti e f38S EebMoterd dirdotwepeatst of VY and the OCS terminator were
20 excised as a Notl fragment from pART7.PVYx3 and cloned into Notl-digested
pART27, a plasmid with the desired insert orientation was selected and
designated pART27.PVYx3.

Plasmids pART7.PVY.LNYV.PVY & pART27.PVY.LNYV.PVY

Plasmid pART7.PVY.LNYV.PVY (Figure 62) was designed to express the
25 interrupted direct repeat of PVY sequences driven by the 35S promoter in
transgenic plants. This construct was prepared by cloning the interrupted
direct repeat of PVY from pBC.PVY.LNYV.PVY as a Xhol/Xbal fragment into



transcription measurable for GAPD. The results for clone #3 are shown on
the second line. Consistent wwth the results of Figure 76, there is no nRNA
for EGFP although there is still nmRNA for GAPD. Further, the rate
transcription for EGFP is negligible but significant for GAPD. This
denonstrates that EG-P is silenced at thegdranscription point, wth GAPD
expressi on showi ng that ~5 other genes are not silenced. Finally, the fast

| i ne) suﬁmhtWTEMéﬁed mthc)l(basi@(tﬁ%ﬂh $%memceshﬁmsisitmgmf ttletaffs ﬂtdﬁoﬂeRNAhf or
EG-P ich s aln consi stent w t he EGFP havi.n n silenced as shown
in Figure 76D eT'h'ngRF@Q fligeed repgat ft)fI eV‘é@ﬁﬁuﬁgﬁﬁaEH&aB qg%tteﬁmnatorgw@s are

bei ng 't 1 ansGl/cegh et hATNAPVYOPRYEIPYY I SN faGABREaR] chBaTtbIaat - S | s

that there is a si gnl ficant level ran cri pt| on neasured
cour se t her aigested pARFZY ,as plessiniiyl . willth theg desired arserttOriertighéh wasbselagted

transcri bed b the |la P, shows that the silencing nust be
occurring ?%%Pgmq%ﬁ\;f”‘i‘gg%mmc& 1. An et al. (1985) EMBO
J 4:.277- 284 2 Armstrong, ef aLPlant Cell Reports 9: 335-339, 1990. 3.
Ausubel , Zéé]?et al. (1987 rent Pr oto ecul ar Bi ol ogy) s

o] nt or ashids RARKT By LTI Vo RART T B LIV VPR 0 Csot e

263. 802-805. 5. Chr| stensen A H and Quail, P.H (1996) Transgenic
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o 1 or o Bat dielpled, PR gITE oF BYY Soauenies ToanoBC IYY LV INPEASR o o
2l /EVBO 3. 2ol SRqrkRHEIpto LEARNT (R GEH! Riha olgival 1 SBhdelcenet

Engl neering, Canbri dge University Press .
consisting of the 35S promoter, the partial mterrupted pallndrome of PVY

sequences and the OCS terminator were excised from
PART7.PVY.LNYV.YVPs as a Notl fragment and cloned into Notl-digested

15 pART27, a plasmid with the desired insert orientation was selected and
designated pART27.PVY.LNYV.YVP.

Plasmids pART7.PVY.LNYV.YVP & pART27.PVY.LNYV.YVP

Plasmid pART7.PVY.LNYV.YVP (Figure 64) was designed to express the
interrupted palindrome of PVY sequences driven by the 35S promoter in

20 transgenic plants. This construct was prepared by cloning the interrupted
palindrome of PVY sequences from pBC.PVY.LNYV.YVPa as a Xhol/Xbal
fragment into pART7 digested with Xhol/Xbal. Sequences consisting of the
35S promoter, the interrupted palindrome of PVY sequences and the OCS
terminator were excised from pART7.PVY.LNYV.YVP as a Notl fragment and

25 cloned into pART27, a plasmid with the desired insert orientation was
selected and designated pART27.PVY.LNYV.YVP.
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Laboratory By RGP Fragrh e P o BOY. e o B VBRI
235: 1775 1stagacermantwwndu5cém digiestend pB5SISEBVO SGEN. Y)VFEUr Spqaendasyr nal

of Biochemstry .. 19 3,~.T326. 131 132 CL 1. A nethod

repr essi ng, Cee%/'avn (StPe FOSePlRrater SHYPGN3ENSTe ygp?%%‘é‘?r&?so?“%?heam gene
(as defined h I stem
conpri si ng ? rﬁ'rﬂ?)r85[%&{%5!3%?%@%?/0?0&58%’1‘5%@%1&2 ?gggﬁi\z\n( ﬁﬁé fehl%cbi'aé%m d
nol ecul es wheratinatoc| were eutiseg| @ coNaths flagsnetdf ane djlonéd antwq:)IAfEﬁIfZ?dea

sequence which sypstantj al | Jdetlca oor co LaS n y, t t ar get
Gone or a1 RieoN: W kR debtred nSefh phsteh W CHBLET i Sequaliy

nucl ei ci@ci Alp:gig&ﬁgﬁgp\ppg(}@g}yvpnder the control of a pronoter to the
cell, tlssue or organ.

Plasmids pART7.35S.PVYx3.SCBV.YVPx3 &
pART27.35S.PVYx3.SCBV.YVPx3

Plasmid pART7.35S.PVYx3.SCBV.YVPx3 (Figure 66) was designed to co-
express sense and antisense repeats of PVY in transgenic plants. to

15 generate this plasmid, the intermediate pART7.35S.0.SCBV.YVPx3 was
constructed by cloning the triple direct PVY repeat from ClapBC.PVYx3 as a
Clal/Accl fragment into Cla-digested p35S.SCBV.cass and isolating a plasmid
with an antisense orientation. for p35S.PVYx3.SCBV.YVPx3 the triple direct
PVY repeat from Cla pBC.PVYx3 was cloned as a Kpnl/Smal fragment into

20  Kpnl/Smal-digested p35S.0.SCBV.YVPx3 to create
p35S.PVYx3.SCBV.YVPx3. Sequences including both  promoters,
terminators and direct PVY repeats were isolated as a Notl fragment and
cloned into pART27. A plasmid with an appropriate orientation was chosen
and designated pART27.35S.PVYx3.SCBV.

25 Plasmids pART7.PVYx3.LNYV.YVPx3 & pART27.PVYx3.LNYV.YVPx3

Plasmid pART7.PVYx3.LNYV.YVPx3 (Figure 67) was designed to express
triple repeats of PVY sequences as an interrupted palindrome. To generate
this plasmid an intermediate, pART7x3.PVY.LNYV.YV was constructed by



2. A nethod according to claim1l wherein the repressing, delaying or

ot herwi se reduci ng of expression of the target gene is at |east partly post
transcriptional. 3. The nethod according to claiml1l or 2 wherein at | east
one of the copies is in the sense orientation and one is in the antisense
orientation. 15 4. A nethod according togy aim3 wherein one of the copies
in the sense orientation is |located relative to one of the copies in the
ant i sense ordlenib@t iaorP¥YANYVAVR hragmeapt f fom apBELPWILNN . Y3dt oaslaan RNA

structure when nscriped. 5 The pethod,according tp any lainms 1
to 4 wherei r‘{'\“é‘t'}d' ast t‘%‘g@@nbf th'Q{giopi ethear e _s@ﬁgﬁn&fed bQRQ?Z%Yféf
fragment, WHQRTESBRIPYER3 ENSRAYERSE, Wad el ggdaégiln%atﬁoéhéir@%uﬁvy

anal ogue or ‘derivative thereof. 6. The netho cor one o
clains 1 to direcheepéat tiom pBELPYYe2 ifs aheAcd{llak frageeant intonCGéah digdstede sane

orientation. .7 rding to any one of clains 1 to 6 wherein
each of fhe %R%%E?Weﬂggxmﬁof a nucl eoti de se EAMEEESs about _160'?10 50
nucl eoti des JARD7 35SIP3YR3.LINYS . WoPRad mer@ind Nthel 0358)Y piifiotel, @IRiPYYL to 7
wherein each of the nmultiple copies of a nucleotide sequence i s about 30

nucl eot i des SegHgnNces andnien QD iteraipptorswary edeisadiagy aoNobt fiagmest andduci ng
th i . i .in. | i . ! b
an endogenolional it WEififloeSEREpART2? M AERhiq lyth S abprdpy R Sriheaigh” ™

di spersed orwd¢civogpnh mutesignaidpARTZZ.868PWkEhNYIW:| ude nmul tipl e copies
(as defined) of a nucleotide sequence which is substantially identical to
or conplenentary to the target gene or a region thereof, at |east one copy

bei ng i not hePlaghi@s PARTZ.PVYOMA1i & PARTRTSPVYAulti her copy being in the
antisense orientation of the nucleotide ~o sequence, and (b) introducing

t he di spersed or foreign nucleic acid nolecules to the cell, tissue or

organ. 10.- PlasmidpARITCISS PRy hfihlﬁ'(ﬁigm\ré’ pE)arsd debiyPetapr &957esd higiedrayi ng
or otherw se reducing of expression of the target ?ene is at least partly
post transcrargen direat repeats of regiensef RYY seauengea dn transgenienptands. High@ter ei n

at | east On%r&ér 3ipeect repeats of a 72 bp of the PVY Nia region from PVY were prepared

by annealing two partially complementary oligonucleotides as follows:

15  PVY1:
5'-
TAATGAGGATGATGTCCCTACCTTTAATTGGCAGAAATTTCTGTGGAAAGAC
AG
GGAAATCTTTCGGCATTT-3' (SEQ ID NO:15); and

20 PVY2:
5-
TTCTGCCAATTAAAGGTAGGGACATCATCCTCATTAAAATGCCGAAAGAT

T

TCCCTGTCTTTCCACAGAAAT-3' (SEQ ID NO:16)



multiple copies in the sense orientation is |located relative to at |east
one of the nultiple copies in the antisense orientation such that they may
forma palindrom c secondary RNA structure when transcribed. 12. The et hod
according to claim9 or 10 wherein at | east one of the 20 nultiple copies
in the sense orientation is | ocated rela?%ve to at |east one of the
multiple copies in the antisense orientatfon such that they nmay forma

pal i ndrom c ThecengbuclddNfest weed Whosphdryldtbe Wihh4l pelgaticlestid Kimaye, one of
clains 9 to 12 wherein at |east two of the copies are separated by a

stuf fer fradgeted and eeoled siawly de parmit sgtf@rmégn@fhgamd wihi IfeBNAoligase,

honol ogue, I e | vat | reqf . . Th cRor:dl 0 any
one.of ol ai SRNEY“yh, KEHR olfinbbier Boo Honel BIC e £70RYEbERY Ge
sequence i s Pydhids 1oritainkty nhgltiplet irglssats ongre isdldtedl and Thequeridesdwaee or di ng
to any one of clains 9 to 14 wherein each_of the at |east one copies is
about ~ 305 nglanedtasdecoRIfrRgMests inResepserieniation e feoRl-gigested PORT ai ns 1
to 15 wherei P . ani ccqgl.l ordi ng
to ol ai m 16 SErde e nleTmRRE IR TEEV, Al S crode pART 2T g miE " e
met hod accothk 85S prombternPVY sdtpiencas bhd thé DESiterminbtavavare gxicised.asl®. The

nmet hod according to any one of clai fo 18 jn the target,gene is a
gene whi ch MO BADTERL AT Elonedt v Satbigestedt pARIAT | AT TAENTEA hod
according t %gﬁ@rmel%s\efﬂedr%n&bﬂdiﬁwﬁ%%%tea%ﬁ désighated pART27.PVY multi.

gal act osyl trahsferase. 21. The nmethod according to any one of clains 1 to
18 wherein the target gene is derived fromthe genone of a pathogen of the

cell or,an gl)@ﬁmpﬁgszonpri sing the cell. 15 22. The nmethod according to any
one of clains to 18 wherein the target gene is derived froma predator of

an organi smwhi ch includes the cell. 23. The method according to claim22
wher ei n thelrffn{tha‘ti%naomﬁﬁé .grgﬁlelex&%ssi'g?ﬁmﬁ]tamma%:cordl ng to claim 23
wherei n the pathogen I's a Virus.

Viral immune lines are created by expressing viral sequences in stably

transformed cell lines.

In particular, lytic viruses are used for this approach since cell lysis provides
15  very simple screens and also offer the ability to directly select for potentially
rare transformation events which might create viral immunity. Sub-genomic
fragments derived from a simple single stranded RNA virus (Bovine
enterovirus - BEV) or a complex double stranded DNA virus, Herpes Simplex
Virus | (HSV 1) are cloned into a suitable vector and expressed in transformed
20 cells. Mammalian cell lines are transformed with genetic constructs designed
to express viral sequences driven by the strong cytomegalovirus (CMV-IE)
promoter. Sequences utilised include specific viral replicase genes. Random
"shotgun" libraries comprising representative viral gene sequences, may also
be used and the introduced dispersed nucleic acid molecule, to target the

25  expression of virus sequences.

Exemplary genetic constructs for use in this procedure, comprising nucleotide
sequences derived from the BEV RNA-dependent RNA polymerase gene, are

presented herein.



25. The nethod according to claim 24 wherein the virus is BEV. 20 26. The
nmet hod according to claim?24 wherein the virus is a plant pathogen. 27. The
nmet hod according to claim24 wherein the virus is PVY. 135 28. A nethod
of repressing, delaying or otherw se reducing the expression of a target
gene in a cell, tissue or organ of an anigml or plant by an endogenous host
cell system the nethod conprising: (i) selecting one or nore dispersed
nucl ei ¢ aci dForoiverallpedyroerdser eogstrsctaudargec rumnoerso(apprbemetely dO0) nefd)

whi ch conpri se | tiple copies (as defined tide se uence whi ch
O Cubetant Ao col iNs e nataler a0 dnecles i Benesapoive B
th f i

ereot or ﬂr@él%%r%‘iﬁ%ﬁ@ﬂ&ﬁh}? d(}ﬁ]; Wraries wbme.rrg@ lg{b%r%l ech&é)‘&f gene

(as herein i ne conpri sing persed n es or
f orei gn nucltmn:sfmme;d inkes careegenerabted iand) screeneduin bglkt fmr sryait temuoitgene to

t he cell i e.or organ; nd (iv . subj ectin the s Fene in the
col 1 11 Ssud I AE; Chafitiaet oRbist 50 14! At SEcH) ind iBhishe

promoter to fgﬂﬁapfoajétéﬁﬁm@rthétsbqne@éesaéodf@ﬁrﬁg |ﬁﬁﬁ@mﬁftthébrﬁU| tiple copies.
29. The nethod of claim 28 wherein the synthetic gene further conprises a

15 pronoter sequence operable in the cell, tissue or organ operably
connected t (Résﬂﬁaﬁt %Bl?'hﬁ@g d?é‘%lﬁ)p%rt%' of fﬁé 8Bitye8f He [ritfoRlugBd Hifiitideaci d
nol ecul es. 30. The neth claim28 or 29 wherein at |east one of the

copies is i rsemlensemkmmctl‘@teamabgemaxraltesrs@alsn aomamingaliam syséerant i sense
orientation. 31. A nethod according to any one of clains 28 to 30 wherein
one of the 20 copies in the sense orientation is |ocated relative to ~nP of
t he copi es iAdditienadly; resistapt Iu'neisemtatriedrfrcsmdudhrmtpetrﬂmgnts{aye sednta more

palindromc RNA s A accq e

Po 31wl oifreasehdidine, Mol bieentia ahiaraergsiay pfeafoshladh” one
of the copi eghitRid Heserabdsense orientation are separated by a stuffer
fragnent which conprises a sequence 25 of nucl eotides, or a honol ogue,
anal ogue or derivative thereof. - 136

EXAMPLE 6
Induction of virus resistance in transgenic plants

Agrobacterium tumefaciens, strain LBA4404, was transformed independently

15  with the constructs

PART27.PVY
PART27.PVYx2
PART27.PVYx3
pART27.PVYx4

20  pART27.PVY.LNYV.PVY
PART27.PVY.LNYV.YVPa—
PART27.PVY.LNYV.YVP
pART27.35S.PVY.SCBV.O
pART27.35S.0.SCBV.PVY

25 pART27.355.0.SCBV.YVP
pART27.35S.PVY.SCBV.YVP
PART27.35S.PVYx3.SCBV.YPVx3



33. A nethod of conferring resistance or imunity to a viral pathogen upon
a cell, tissue or organ of an aninmal or plant, or a whole organism by an
endogenous host cell system conprising: (i) selecting one or nore

di spersed nucleic acid nolecules or foreign nucleic s acid nol ecul es which
conprise multiple copies (as defined) of g nucleotide sequence which is
substantially identical to a nucl eotide sequence derived fromthe viral

pat hogen or PARERDT GV YXBNYY.YOVP23 conpl enent ary sequence thereto; (ii)

producing a s i ne conprising the dispersed nucleic acid nol ecul es
or foreign Wﬁ?g&éﬁﬁ%m ecules; (iii) introducing the synthetic gene to

the cell, tissue, organ or whole organism and (iv) subjecting the
synthetic gene in the cell, tissue or organ or whole organismto condjtions

and for a tiYsng ti-patanial matings. nBNA BHRIrRNEPS drosp dirstcestiaing weredyeparesk  at

| east some qf{ h&xaﬁi‘nbbp'b ¢88%iEfon Sith NotMbNWhshfe Cih ymcfsﬁté‘u‘%c{ ejfs the
synthetic gene further conprises a pronoter sequence operable 1n the cell)
ti ssue o orapproppatediiharyometarst ed to the di spersed nucl eic acid nol ecul es
or foreign nucleic acid nolecules. 35. The nethod of claim33 or 34 wherein
at | east one of the copies is in 20 the sense orientation and at |east one
is in the anVicetimse dabecdwahi ofcultivar ANGSB) hoslergc ctradsfogmied amjthonthesle
clainms 33 to, 35 wherein one of the cogies in the sensguorientati i

| ocat ed rel AFRBACEIYAE AN s dandad; REocsdurens @tl@nt"é’f‘ﬁg’rr;”@ch
h h s ' -~ '
that they ”?hg{oﬁés %%efgk%%@d UHE rd8ey Séﬁ H‘ﬁé&iéeco@érngfg {iﬁgaﬁ'@gﬁ‘ﬁcqﬂﬁaé}g to

any one of wherei n at least one les I n the
sense ori entthesercoadiionsevethaveecansistestlyi obsérwedhak enlyetransgzhiosheatsat i on

are separated, b stuf fer fragnent ich c ri ses seguence of,

el cot | es WHrrogt ABEATNN RS guBoaleiShPR Vot FRBREIed BsSotARdvet hod
accordi ng t QRedoREeStabRSIAI Nte?f’twbcbaﬁreé’%'éﬂé,nvipbﬁﬂé! plefts WitAatashswl
pat hogen. 5 39. The nethod according to any one of clains 33 to 37, wherein

t he virus i dheesetaof legyesiaresinosen ang intestes with&M6 33 to 37, wherein the
virus is a plant pathogen. 41. The nethod any one of clains 33 to 37,

wherein the virus is PVY.
Viral inoculum was prepared from W38 tobacco previously infected with the

virus, approximately 2 g of leaf material, showing obvious viral symptoms
15  were ground with carbarundum in 10 mi of 100mM Na phosphate buffer (pH
7.5). the inoculum was diluted to 200 ml with additional Na phosphate buffer.
Two leaves from each transgenic plant were sprinkled with carbarundum, then
0.4 ml of inoculum was applied to each leaf and leaves rubbed fairly
vigorously with fingers. Using this procedure 100% of non-transgenic control

20 plants were infected with PVY.

To assay for viral resistance and immunity transgenic plants are monitored for
symptom development. The PVY strain (PVY-D, an Australian PVY isolate)
gives obvious symptoms on W38 tobacco, a vein clearing symptom is readily
observed on the two leaves above the inoculated leaves, subsequent leaves
25  show uniform chlorotic lesions. Symptom development was monitored over a

six week period.

Transgenic lines were described as resistant if they showed reduced viral

symptoms, which manifests as a reduction in the leaf are showing chlorotic



42. The nethod according to any one of clains 33 to 37, wherein the

di spersed nucleic acid nolecules or foreign nucleic acid nol ecul es conprise
nmul ti pl e copi es of nucl eoti de sequence encoding a viral replicase,

pol ynerise, coat protein or uncoating gene. 43. The nmethod according to
claim42 wherein the dispersed nucleic agid ~ 5 nol ecules or foreign
nucl ei ¢ acid nol ecul es conprise nmultiple Copies of nucl eotide sequence
encodi ng a Vegdiems. pr};m}iri@eraﬁgeyiﬁfo&h vegadtrangotesistancbdwhéregenmi@ta fewe oirsit r uct
whi ch i s capahl e of greSS|ng, del ayi ng or ot herw se reducing the

expr essi on HESIaMs @f@o@ $RIYed ek ta d?ifl"l‘t td weak (5‘?3'§tat"8?g‘é‘f"cﬁeﬁ@mf§§t3d@1sl ned)
inacell, Q83% 20 genetic
construct, ereloﬁé){rh% genemﬁ%gr@ﬁ%%{géﬁ%?ﬂjsgghﬂgwgl e copies (as
defined) of a nucleotide sequence which is substantially identical to or
conpl enent ar e [ ar get
gene, and V\h%?'é?%ér{lﬁ@tlﬁtgs& ?)' ﬁrbgtgg\?eggaggélhpﬁg\édegagﬁ% ?’3 @%&%&"ﬁggm%ont r ol

of an opsr alleredlagdiffiedd b iMhUnes eloansare #iedecplahts weredfminbeecdthpy egergnder
the 25 control of the pronpter bei n%gi)l aced operably in the sense

ori ent at i onre-inacidated with (}fEH%t mest B mamﬂdmm%n%atbaﬁpw het sBpwedsi ng,
del ayi ng or i on by an endogenous host cell
system of a ?%@%3@%@ % éld.'ng% htsgﬁcel |') tissue or organ which is
transfected with the genetic construct wherein the genetic construct
conpri ses [ c é’%ﬁ fi n e opi es
i s separat gllltlftrp %?(tadﬁ)rtjrénsgzq 2 ?or‘?’t?)(rao erﬁ?%!a(ﬁér%%gter V\ﬂlte?h [:gék%%@éegb ein
the cell, asdbasbguerntyereciticfs nshaomtmedsocdetmmnseﬂtat resistanceficens@tyuisnce

Fegi on épstjﬁétn?%%tﬁ% Al i breadtc el gRsisindto i BioHeresy bled”

operably in chaﬁeﬁ'gﬁﬁ '\ﬁ‘fﬂhaéthéln F’W%’Eram&e t6 O tERhing! wﬁeﬂfé?nf%é%rrané
genetic construct™ a ing to claimd45, wherein further at |east ofe ot her
of the copi essnsceptttjtldywnmdefmoly in the anti sense orientation under the
control of a pronoter. - 47. A genetic construct which is capable of

del ayi ng, repressing or otherw se reducing the expression by an endogenous
host cel | sR&setitsofrom tttaesgaetexgerimeh&s atef desatibednira Table ,2.t | $hase odatar gan
which is tran fect vvitt} enetlccnstructtv\hreig saidaenetic
const r uct cH?Fﬁ??tE ahﬁ?'ﬁfﬂ 388 PLSINGlangem FRRPAIYPT IargGkaent S§EUERfuence
whi ch | §5Sulsghapin téohﬂgumaheﬁloft;smmarcstné@r &?érrt@kﬁé&)péﬁhdﬂ)rhégla%nd@éct
derivative of said target gene, and wherein 20 said nultiple copies are

pl aced oper a@ﬂ)@ettﬂﬂmenca%, arentansible bf osfenina visaloiesistanceeqd/ot dMIinl i s
operable in, I_Z? g §§ue or organ, wherein at |east one of said copies
is placed 0[5 g ?@ e sense orientation under the control of said
pronoter sequence and mhereln at | east one other of said coples is placed

operably in the ntisense orie tion under the con tral 2 [ onot er
cbquence.  adelh ity Gy naVEHRR RSl sk oS RauBhg PR M RLRE S ng
or otherw S%xbﬁéfbsﬁjrnﬁfthb@l@énémg@ﬁewtmrw iapt.host cell systemof a
target gene (as defined) in cell, tissue or organ WhICh is transfected with
said genetic construct, wherein said genetic construct conprises nultiple
cop; ~S 3@ (@for@ﬁhb&e@bnﬂfmﬁgnﬂ@ eRbI df FRIYEANE iMrtd irepeabseaibheéd,y

identical to said 139 targetﬁngne or _a region or derivative of said
target genepagmely east two of R T%Bﬁﬁﬁ\é\/&)&c&v ¥MRX@ separately phdced

under the c WF('@? P(/YQ??.WW%%?@%%OI dEe? lif n?c?dLL?tlntq @éﬁlﬁe%re‘%&ﬂ)ﬂn

wherei n at east one Of "sald copies is plac opera e sense
orientation under the control of a pronoter s sequence, and wherein at

| east one o%ﬁ-ﬁi d copies is placed operably in the antisense
orientation e control of another pronoter sequence.
Inactivation of Galt in animal cells

25 Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to



49. A genetic construct which is capabl e of del aying, repressing or

ot herwi se reduci ng the expression by an endogenous host cell systemof a
target gene (as defined) in a cell, tissue or organ which is transfected
with said genetic construct, wherein said genetic construct conprises

mul tiple copies (as deflned) of a nucl eoggde sequence which is
substantially identical to said target gene, or a region or derivative of
sai d target c@EBBrfaeelcﬂ)rMﬂW‘rsele aasaiynfmﬂ@ahlleauomnea pomlrm &4t celpe wabd y

d th trol of t bl d
ol I 11 55 EaBHOBPGH IR e rﬁ'é@%?%q%éagsﬂgﬁ%@ Gl GordpBicNsofrateg
oper abl y ' nelie.B8RRE A6 ERNUR) bR RS BRIAIANOR b ity oTeL o5,

sequence, ereln’at |l east o er o said copies is placed operably in
the anti sengalaotdsghgmtnpmtmraieatngdqunoteirm exprezsied (pmdhetcmﬂ sedaenoé, and
wherein the at | east one c&% t hat | aced 1 n the sense orientat %‘n

rel ati ved t otheseqclsofaaldr agthiityt ¢aN 5{9 I'&%tCOGH@n'@P ¥%rassgyed tY$ing ias PERt o) aced
in the antipense i) Soheh! G éeép%tcme%n%qos%ga%gﬂpéﬁu&r EnS8ardibeam each

ot her by a nuc stu fra genetic construct of
cl ai m 49, wprateins. ThedateantB bipding) ﬂlmelsmstnoefas&aybeaelte osed.cOpls Weae is in

t he sense ofLi ent 1on re e t he, ter stuffe and at
| east one ¢ ﬁﬁ '?‘?1‘? lgh ':% A OB eVH'E%tt?'8ﬁ"2 grgp;tffp{} g& $¥I
pr onot er ”%’tré;%\md% r&ahju@@téaﬂmBN@aw.HﬁéﬁVa%onS\kasThemﬂﬂeetugngmbfuct of
claim49, wherein at | east one c is in the sense orientation

rel ati v@toﬂmwesp%mmrpS@W@EEXC& fragment and at |east one copy that
is in the antisense orientation relative to the pronoter may form a

pal i ndrom ¢ RNA structure. 140 52. Use of the genetic construct according
to any one BXAMRBLE® 44 to 51 to confer imunity or resistance agai nst BEV
upon an animal cell, tissue, organ or whole animal. 53. Use according to

claimb52, wherein the aninmal is a nouse. 5 54. Use of the genetic construct
accor di ng t Breparation of plasmid ¢anstrutt dassedtds| for usieeirexqohigeingn cof

~-1, 3-gal actosyltransferase in an animal cell, tissue or organ, or a whole
or gani sm t hAVPRERTMOBt her wi se express same. 55. An aninal cell, tissue or
organ, or a whol e organi sm which incI udes a genetic construct according to

any one of cl ai 44 t o t he geneti tru ccording to
any one of -Ial eﬂﬁ"l"cﬁ&% 'FB?"’F &ﬁmtgﬁsﬁraQ%?ﬁaﬁ‘& CQai nst PVY

upon a plant cell, tissue, organ or V\/nol e plant. 57. Use according to claim
56, wherein theﬁ%l ant is tobacco. plant cell, tissue or or a, or a
whol e ofyanf %waslmrtf@ésfrwfbeg@qheﬂe@ cIinesyising @adRieasy one

of claims 4 céd?d%toﬁﬁe sgﬁﬁn dé}f s Pofoc é@?gﬁ.z c%’gFe}%ﬁ’?%bl\f@rtﬁlsQﬂNNWé@ c

aci d nol ecu ich1n 't pl i ned) of a nucleotide
sequence whiesersestranseriaad baingy OnescriptaReverser Traospliptasat (&iggen). dwar get

gene (as defi ned in i Ssue or .or .a . n,the
Tanuf act ur SMSTORrasih B RNADKEE ivePhes et BRigEa fePGiis oS iiisart

reduci ng thgs §>ﬁ?fn¢éﬁh@2@FJI feiRtibA@ebrding e supphier's rotocdl (Ridgerdr  or gan
by an endogenous host cell system upon introducing the conposition having

the dispersed or foreign nucleic acid nol ecul es operably under the control
of a preyytes dnpliQpesiit prédS@EE2 Qi of this mixture was used as a substrate for

PCR amplification, which was performed using HotStarTaqg DNA polymerase
according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35

amplification cycles of 94°C for 30 sec, 60°C for 30 sec and 72°C for 60 sec,

25  with a final elongation step at 72°C for 4 min.

PCR products to be cloned were usually purified using a QIAquick PCR

Purification Kit (Qiagen); in instances where multiple fragments were



organ. 25 60. A use according to claim58 wherein the repressing, delaying
or 141 otherw se reducing of expression of the target gene is at |east
partly post transcriptional. 61. The use according to claim58 or 59
wherein at | east one of the copies is in the sense orientation and one is
in the antisense orientation. 5 62. A us%7according to claim60 wherein one
of the copies in the sense orientation is |ocated relative to one of the

copies in t%n@ﬁitbawm tiknfragiment sEthe ddrrict isheywaRpufifedrfranpagarmdeoni ¢
secondary RNA structure when transcribed. 63. The use according to any one
of clains 58elHUsNgehiAavick Gel Eakificatipn Kit (RirgemAcesrding ta Higmpuprliersy a
stuffer fra OlV\/nich conpri ses a sequence of nucleotides, or a

honol ogue, anal ogue or derivative thereof. 64. The use according to any one
of clainms 58 to 62 wherein at |east two of the copies are in tandem and the

i ent g1 on. . Th di t o f.clai
S et e oSGt P EB8 Rheb B R Bl bR R 2 B
10 to 505nuq1c@|o©i(mtrd,@érg.ac_@6rdiﬂ'@myﬁesmi@f'gipmobg__ any one of claims 58 to
64 wherein each of the multiple copies of a nucleotide sequence is about 30

nucl eoti des long. 67. Use of one or nore dispersed or foreign nucleic acid

nol ecul es wg ch iG%WcMih?ﬁbéhﬁm&s (as defined) of a nucleotide
sequence which is 20 substantially identical to or conplenentary to a

target gene (as defined) ina _ . cell, tissue or organ or a region

thereof, at TeBRIpaPEEhEORINIBRICEI deBerit’i PERAE MEERairheRtsaherélexkidagt one
ot her copy being in the antisense orientation, in the manufacture of a

conposi ti onfioon  indgnmesdiatey, vegtdrayiusingorrestricdioni eazymesaciasgorging hie the
expression qf the,targe e in the cell i SS rgan_ b 25
endogenous RuBPs PraGtas IRGeh pHF Elimemy AREEe HpBAtiPor? o8 fiSnger |
tissue qp or@AGuick G4 PRBficAioss Kitd(CRagkn)dadcordingi to the sdiiers prblcol.
repressi ng, delaying or otherw se reducyn? of ex?resm on of the target gene
is at |east Vsgtarswergdisually prepared by restriction digestion and treated with Shrimp

Alkaline Phosphatase according to the supplier's protocol (Amersham). Vector

and inserts were ligated using T4 DNA ligase according to the supplier's

protocols (Roche) and transformed into competent Escherichia coli strain

15  DHba using standard procedures (Sambrook, Fritsch et al. 1989).
3. Constructs
(a) Commercial plasmids
Plasmid pEGFP-N1

Plasmid pEGFP-N1 (Clontech) contains the CMV IE promoter operably
20 connected to an open reading frame encoding a red-shifted variant of the
wild-type GFP which has been optimized for brighter fluorescence. The
specific GFP variant encoded by pEGFP-N1 has been disclosed by
(Cormack, Valdivia et al. 1996). Plasmid pEGFP-N1 contains a multiple
cloning site comprising Bgl/ll and BamHI sites and many other restriction
25 endonuclease cleavage sites, located between the CMV IE promoter and the
EGFP open reading frame. The plasmid pEGFP-N1 will express the EGFP



transcriptional. 69. The use according to claim®66 or 67 wherein at | east
one of the nultiple copies in the sense orientation is |ocated relative to
at | east one of the multiple copies in the antisense orientation such that
they may forma palindrom c secondary RNA structure when transcribed. 70.
The use according to claim®66 or 67 whergikpn at | east one of the nultiple
copies in the sense orientation is located relative to at | east one of the

nul tipl e copr&ein in tri@mamdliahe 68ks. OIn @dtitiono nstAlttiral Reineshelpnadyinte@rthea
pal i ndrom ¢ secondary RNA structure. 71. The use accordi g to any one of

clains 66 t BEPIGITHENG sie Wilkhe expigssefl asneGEpusONRAyReSidestiEideyra
stuffer fragpnp,q tﬁhm Cﬁ@#bse‘?ﬁfg @Qé%ﬁuoén&'%keg%ﬁ&%naﬂraﬂsmaﬁ' ogue,

anal ogue or derivative 't hef eof se according to any one of
claims 66 t etof0cothen.eThe qem:hmdf further onprisies awS\e4) pblyadenylation isignal

sequence i s abo 10 t eotides long. 73. The, use according t
ona o op o HeveBlream o INGEGE BRch TerdinAdTAme to Atbcs ReShal roees gl 2o
nucl eoti desmé)pgepa bf rﬁﬁﬂAUﬁEn?cfr%Bdﬂr@B the @lOD(/ Fﬁ;gr&ﬁo Fzﬁﬁeﬁ@e (Sv46

wherein the ce s an 20 animal or plant cell one or nore
di spersed npdl)eThe pEasthiddiirtioen @amprisdsothei @wawgm of replication ﬁmntlelsal(las

defi ned} which co [ mul tipl.e capjes (as defined

Sequence whABHNSISCals3he ieomYS rasRiance: ane cartriskg e S ENIea) gene

or a region F&ﬁb@?fo;%raw %Bnhécté@”%' ?rﬂé?We’é)rrﬂydir’ﬂﬁé@érﬂymﬁlregﬁdrﬂésbehéﬂ of

t he nultlple copi es bei ng opera I%vunder the control of a pronoter, in the

manuf act@r e defived S5om H'étﬁ an@éh@ HYY thymidiseikingsedpplypriagylation sigral.ofofier wi se

reduci ng of S dt et h t Nelffel-ly of
o ani nat o EIERIER 00 WaflbiohiEd. AEAE ot &aRaeh dihyeing o Hielbneide”, e
synthetic gpnmﬁgoohbm cfeképhctan@rswmouﬁ iorfgacticrad is Wajcteridl ngells hands ying et i c

gene in the cell, tissue or organ to conditions and for a tinme sufficient

for the proﬁﬂg@rOfHePUJGBlO@rfoé'nglea#é%'?q%’cphw BiOdBEtioRast some of the
nmul tiple copies. 76. A use of claim75 wherein the synthetic gene further
conprises a_pronpoter sequence og_er able in the cell, tissue or organ

operabl y coRiremidipCR (registergshiradamark) 2itcTOPQ nol ecul es or forei gn

nucl ei ¢ aci d nol ecul es.
15  Plasmid pCR (registered trademark) 2.1-TOPO (Invitrogen) is a T-tailed vector
comprising the lacZ promoter sequence and lacZ-o transcription terminator,

with muiltiple restriction endonuclease cloning sites located there between.
Plasmid pCR (registered trademark) 2.1-TOPO is provided with covalently
bound topoisomerase | enzyme for fast cloning. The plasmid further
20 comprises the ColEl and fl origins of replication and the kanamycin and

ampicillin-resistance genes.
(b)  Intermediate casseltes
Plasmid TOPO.BGI2

Plasmid TOPO.BGI2 comprises the human B-globin intron number 2 (BGI2)
25 placed in the multiple cloning region of plasmid pCR (registered trademark)
2.1-TOPO. To produce this plasmid, the human B-globin intron number 2
(BGI2) was amplified from human genomic DNA using the ampilification

primers:



77. A use of claim75 or 76 wherein at | east one of the copies is in the
sense orientation and at |least one is in the antisense orientation. 78. A
use according to any one of clainms 75 to 77 wherein one of the copies in
the sense orientation is |located relative to one of the copies in the
antisense orientation such that they may g0orma palindromc RNA structure.
79. A use according to any one of clains 75 to 78 wherein at | east one of
15 the copi €Din the GRESETY TIW AGGNGTE ABE GIA tTTBGCEPCETC ITSEE ID
antisense orientation are separated by a stuffer fragment which conprises a
sequence of Nddl7éoti des, or a honol ogue, anal ogue or derivative thereof.
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*0} xsnhc”YSj dU] ca] ca] ca] caV] ca] ca] ca] cal] ca] cal] ca
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2w99cvB} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] cghca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
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20 Plasmid pCMV.EGFP is capable of expressing the entire EGFP open reading

frame under the control of CMV-IE promoter sequence. To produce
pCMV.EGFP, the EGFP sequence from pBluescript. EGFP was sub-cloned in
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3. Detection of co-suppression phenotype
(a) Insertion of EGFP-expressing transgene into PK-1 cells

5 Transformations were performed in 6-well tissue culture vessels (Nunc).
Individual wells were seeded with 4 x 10* PK-1 cells in 2 mi of DMEM, 10%
v/iv FBS and incubated at 37°C in 5% v/v CO; until the monolayer was 60—
90% confluent, typically 16 to 24 hr.

To transform a single plate (six wells), 12 pg of pCMV.EGFP plasmid DNA
.10 and 108 pl of GenePORTER2 (trademark) (Gene Therapy Systems) were
diluted into OPTI-MEM | (registered trademark) medium (Life Technologies) to

obtain a final volume of 6 ml and incubated at room temperature for 45 min.

The tissue growth medium was removed from each well and the monolayer
therein was washed with 1 ml of 1 x PBS (Sigma). The monolayers were
15 overlayed with 1 ml of the plasmid DNA/GenePORTER2 (trademark)

conjugate for each well and incubated at 37°C in 5% v/v CO; for 4.5 hr.

OPTI-MEM-I (registered trademark) (1 ml) supplemented with 20% v/v FBS
was added to each well and the vessel incubated for a further 24 hr, at which
time the monolayers were washed with 1 x PBS and medium was replaced
20 with 2 ml of fresh DMEM including 10% v/v FBS. Cells transformed with
pCMV.EGFP were examined after 24—48 hr for transient EGFP expression

using fluorescence microscopy at a wavelength of 500-550 nm.

Forty-eight hr after transfection the medium was removed, the cell monolayer
washed with 1 x PBS and 4 ml of fresh DMEM containing 10% v/v FBS
25 supplemented with 1.5 mg/ml genetecin (Life Technologies) was added to

each well. Genetecin was included in the medium to select for stably
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in different types of cell lines, established from three different species.

4. Southern analysis

Individual transgenic PK-1 cell lines (transfected and co-transfected) are

analyzed by Southern blot analysis to confirm integration and determine copy

number of the transgenes. The procedure is carried out according to the

protocol set forth in Example 1, above. An example is illustrated in Figure 70.
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The bovine enterovirus stock used in these experiments were derived from a
cloned isolate, K2577. To amplify BEV virus from this stock, cells were
infected in 6-well culture vessels with 5 pl of viral stock per well and the virus
20 allowed to replicate for 48 hrs. Culture medium was harvested at this time and
transferred to a screw-capped tube. Dead cells and debris were removed by
centrifugation at 3,500 rpm for 15 min at 4°C in a Sigma 3K18 centrifuge. The
supernatant was decanted into a fresh tube and centrifuged at 20,000 rpm for
30 min at 4°C in a Beckman J2-M1 centrifuge to remove remaining debris.
25 The supernatant was decanted and this new BEV stock titred as described

below and stored at 4°C.

To titre virus, a 24-well tissue culture plate was seeded with 4 x 104 CRIB-1
cells in 800 yl DMEM, 10% v/v DCS. The cells were incubated at 37°C in 5%

viv CO2 until 90-100% confluent. From concentrated BEV viral stock, virus
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pCMV.BEV2.BGI2.2VEB were challenged with bovine enterovirus as follows.

15 In a 24-well tissue culture plate, 4 x 104 CRIB-1 cells per well were seeded in
triplicate, in 800 ul DMEM, 10% v/v DCS. The cells were incubated at 37°C in

5% v/iv CO2 until 90-100% confluent. From concentrated BEV viral stock,
BEV virus was diluted in serum-free DMEM at an appropriate dilution. In
addition, the BEV viral stock was tested at 10x and 0.1x the working dilution

20 (typically 10-4 to 10-6 fold dilutions). Medium was aspirated from the CRIB-1
monolayers and the cells overlaid with 800 pl of 1 x PBS and washed gently

by rocking the tissue culture vessel. PBS was aspirated from the monolayers

and the wash repeated. 200 pl of the diluted virus solutions (one dilution per
replicate) was added immediately, directly onto the rinsed CRIB-1 cells. The

25 cells were incubated with BEV for 24 hr at 37°C in 5% v/v CO2, and each well
inspected microscopically for cell lysis. A further 600 ul of serum-free DMEM

was added to each well. After a further 24 hr, each well was inspected

microscopically for cell lysis.

To determine whether cells transformed with pCMV.BEV2.GFP.2VEB or
30 pCMV.BEV2.BGI2.2VEB became tolerant to BEV infection (ie demonstrate
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CRIB-1 EGFP #9 — - - + + + nd | nd

CRIB-1 EGFP # 10 —~ + - + + ++ | nd | nd

CRIB-1 EGFP # 11 + ++ - —~ + | +++ | nd | nd

CRIB-1 EGFP # 12 — + + | ++ + + nd | nd -
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scale (3-fold) serial dilutions of BEV in ftriplicate. .The resuilts of these

experiments are shown in Table 6.
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These data showed that the cell lines CRIB-1 BGI2 #19 and CRIB-1 BGI2
#19(tol) were tolerant to higher titres of BEV than the parental CRIB-1 line.
Figure 71 shows micrographs comparing CRIB-1 and CRIB-1 BGI2 #19(tol)

10 cells before and 48 hr after BEV infection, in which:
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that target gene, the BEV polymerase of the viral genome, when it is

.10 expressed in the animal cell.

EXAMPLE 11
Co-suppression of Tyrosinase in Murine Type B16 cells in vitro

B16 cells were derived from murine melanoma (ATCC CRL-6322) and grown
15 as adherent monolayers in RPMI 1640 supplemented with 10% v/v FBS.
Since these cells are derived from melanocytes, they normally express

tyrosinase and contain melanin pigment.

First, plasmid TOPO.TYR was generated, by purifying total RNA from cultured
murine B16 melanoma cells, cDNA was prepared from this and a region of the

20 murine tyrosinase gene amplified by PCR using the primers:
TYR-F: GTTTCC AGATCT CTG ATG GC

And
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imals.

Transformations were performed in 6-well tissue culture vessels. Individual
wells were seeded with 1 x 105 cells in 2 ml of RPMI 1640, 10% v/v FBS and
5 incubated at 37°C in 5% v/v CO2 until the monolayer was 60-90% confluent,
typically 16—24 hr. Subsequent procedures were as described above, except
that B16 cells were incubated with the DNA-liposome complexes at 37°C in
5% v/v CO2 for 3—4 hr only. Individual colonies of stably transfected B16 cells
were cloned and 36 clones stably transformed with pPCMV.TYR.BGI2.RYT and
10 37 clones stably transformed with pCMV.TYR.TYR were selected for
subsequent analyses. When expression of the endogenous tyrosinase gene is
reduced, melanin production in the B16 cells is also reduced. B16 cells that
would normally appear to contain a dark brown pigment will now appear lightly

pigmented or unpigmented.

15 To monitor visually melanin content of transformed B16 cell lines, cells were
trypsinized and transferred to media containing FBS to inhibit trypsin activity.
Cells were then counted with a haemocytometer and 2 x 106 cells transferred
to a microfuge tube. Cells were collected by centrifugation at 2,500 rpm for 3
mins at room temperature and pellets examined visually. As can be seen from

20 the results photographed in Annexure MWGS5, five of the cloned cell lines
transformed with pCMV.TYR.BGI2.RYT, namely B16 2 1.11, B16 3.1.4, B16
3.1.15, B16 4.12.2 and B16 4.12.3, were considerably paler than the B16
controls. Five clones transformed with pCMV.TYR.TYR (B16+TyrTyr 1.1,
B16+TyrTyr 2.9, B16+TyrTyr 3.7, B16+TyrTyr 3.13 and B16+TyrTyr 4.4) were

25 also significantly paler than the B16 controls.

Another assay for measuring target gene (tyrosinase) repression was as
follows. Specific diagnosis for the presence of cellular melanin can be
achieved using a modified Schmorl's melanin staining (Koss 1979 Diagnostic

Cytology. Ed. J.P. Lippincott). Using this method, tne presence of melanin in
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greenish-black pigment. The results of staining with Schmorl’'s stain correlated
with the simple visual data illustrated in Annexure MWGS5 for all cell lines.
When B16 cells were stained with the above procedure, melanin was obvious
5 in most cells. In contrast, fewer cells stained for melanin in the transformed
lines B16 2.1.11, B16 3.1.4, B16 3.1.15, B16 4.12.2, B16 4.12.3, B16 TyrTyr
1.1, B16 TyrTyr 2.9 and B16 TyrTyr 3.7, consistent with the reduced gross

pigmentation observed in these cell lines.

Tyrosinase repression in transformed cell lines was also assessed utilising

10  tyrosinase enzyme assays where the DOPA oxidase activity of cell extracts
was determined. This assay uses Besthorn’s hydrazone (3-methyl-2-
benzothiazolinonehydrazone hydrochloride, MBTH) to trap dopaquinone
formed by the oxidation of L-dopa and rate of production of the pink pigment
can be used as a quantitative measure of enzyme levels (Winder and Harris

15 1991, European Journal of Biochemistry, 198: 317-326; Dutkiewicz, et al.,
2000, Experimental Eye Research, 70: 563-569).

B16 cells and transformed B16 cell lines were plated into individual wells of a
96-well plate in triplicate. Constant numbers of cells (25,000) were transferred
into individual wells and were incubated overnight in RPMI 1640
20 supplemented with 10% v/v FBS at 370C in 5% v/v CO,. Tyrosinase assays
were performed (as described below) after either 24 or 48 hr incubation.
Individual wells were washed with 200 pl PBS and 20 pl of 0.5% v/v Triton X-
100 in 50mM sodium phosphate buffer (pH 6.9) was added to each well. Cell
lysis and solubilisation was achieved by freeze-thawing plates at -70°C for 30
25 min, followed by incubating at room temperaﬁ;re for 25 min and 37°C for 5

min.

Tyrosinase activity was assayed by adding 190 pl freshly-prepared assay
buffer (6.3mM MBTH, 1.1mM L-dopa, 4% v/v N,N’-dimethylformamide in
48mM sodium phosphate buffer (pH 7.1)) to each weii. Colour formation was

30 monitored at 505 nm in a Tecan plate reader and data collected using X/Scan
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] (rgonitored at room temperature, typically 22°C. Data were analysed and

tyrosinase activity estimated at early time-points when product formation was
linear, typically between 2 and 12 min. Results were calculated as the

5 average of enzyme activities as measured for the triplicate samples. Results
from these experiments are shown below in Annexure MWGG6. These data
showed that tyrosinase enzyme activity was reduced in lines transformed with
the constructs pPCMV.TYR.BGI2.RYT and pCMV.TYR.TYR.

These assays therefore show that each of the plasmids pPCMV.TYR.GFP.RYT
10 and pCMV.TYR.TYR is a genetic construct (which has a nucleotide sequence
identical to a structural target gene, tyrosinase, of an animal cell, operably
linked with a promoter) represses expression of that target gene, the
endogenous mouse tyrosinase gene, when it is expressed in an animal cell.

15  Results from these experiments are shown below in Tables 7 and 8.
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B16 T 00123 T

B16 2.1.6 (Tyr.BGI2.ryT) 0.0108 87.8

B16 2.1.11(Tyr.BGI2.ryT) 0.0007 5.7

B16 3.1.4 (Tyr.BGI2.ryT) 0.0033 26.8

B16 3.1.15(Tyr.BGI2.ryT) 0.0011 8.9

B16 4.12.2(Tyr.BGI2.ryT) 0.0013 10.6

B16 4.12.3(Tyr.BGI2.ryT) 0.0011 8.9

B16 Tyr Tyr 1.1 0.0043 34

B16 Tyr Tyr 2.9 0.0042 34.1

B16 Tyr Tyr 3.7 0.0087 70.7
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Cell Line Tyrosinase activity -. Relative tyrosinase
(A OD 505 nm/min/- activity-compared with
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?B1 6 00200 - | 100
B16 Tyr2.3 0.0036 18.2
B16 Tyr 2.9 0.0017 8.7
B16 Tyr 4.10 0.0034 17.2

These data showed that tyrosinase enzyme activity was reduced in lines
transformed with the constructs pCMV.TYR.BGI2.RYT, pCMV.TYR and
5 pCMV.TYR.TYR

4. Southern analysis

Individual transgenic B16 cell lines were analyzed by Southern blot analysis to
confirm integration of the transgene, according to the protocol set forth in

Example 1.

10 EXAMPLE 12

Co-suppression of HER-2 in MDA-MB-468 cells in vitro

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmembrane
receptor tyrosine kinase that is constitutively activated at low levels and
displays potent oncogenic activity when over-expressed. HER-2 protein over-
15 expression occurs in about 30% of invasive human breast cancers. The
biological function of HER-2 is not well understood. It shares a common

structural organisation with other members of the epidermal growth factor
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leading to changes in cytoskeleton reorganisation, cell motility, protease

expression and cell adhesion. Over-expression of HER-2 in breast cancer

cells leads to increased tumorigenicity, invasiveness and metastatic potential
5 (Slamon, Clark et al. 1987).

1. Culturing of cell lines

Human MDA-MB-468 cells were cultured in RPMI 1640 supplemented with
10% v/v FBS. Cells were passaged twice a week by treating with trypsin to
release cells and transferring a proportion of the culture to fresh medium, as

10  described in Example 1.

2.-  Preparation of genetic constructs

(a) Interim Plasmid

Plasmid TOPO.HER-2

A region of the human HER-2 gene was amplified by PCR using human cDNA
15 as a template. The cDNA was prepared from total RNA isolated from a human
breast tumour line, SK-BR-3. Total RNA was purified as described in Example

8. Human HER-2 sequences were amplified using the primers:-

H1: CTC GAG AAG TGT GCA CCG GCA CAG ACA TG [SEQ ID
NO:23]

20 and
H3: GTC GAC TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID
NO:24].

The amplification product was cloned into pCR (registered trademark) 2.1-
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(b)  Test Plasmid
Plasmid pCMV.HER2.BGI2.2REH

Plasmid pCMV.HER2.BGI2.2REH contains an inverted repeat or palindrome
5 of the HER-2 coding region that is interrupted by the insertion of the human p-
globin intron 2 (BGI2) sequence therein. Plasmid pCMV.HER2.BGI2.2REH
was constructed in successive steps: (i) the HER-2 sequence from plasmid
TOPO.HER2 was sub-cloned in the sense orientation as a Sall/Xhol fragment
into Sall-digested pCMV.BGI2.cass (Example 6) to make plasmid
10 pCMV.HER2.BGI2, and (ii) the HER2 sequence from plasmid TOPO.HER2
was sub-cloned in the antisense orientation as a Safl/Xhol fragment into Xhol-
digested pCMV.HER2.BGI2 to make plasmid pCMV.HER2.BGI2.2REH.

3. Determination of onset of co-suppression
(a)  Transfection of HER-2 constructs

15  Transformations were performed in 6-well tissue culture vessels. Individual
wells were seeded with 4 x 10° MDA-MB-468 cells in 2 ml of RPMI 1640
medium, 10% v/v FBS and incubated at 37°C in 5% v/iv CO2 until the
monolayer was 60—90% confluent, typically 16—24 hr.

Subsequent procedures were as described above in Example 10, except that
20 MDA-MB-468 cells were incubated with the CNA-liposome complexes at 37°C
in 5% v/v CO; for 3—4 hr only. Thirty-six transformed cell lines were isolated

for subsequent analysis.
(b)  Post-transcriptional silencing of HER-2 in MDA-MB-468 cells

MDA-MB-468 cells over-express HER-2 and PTGS of the gene in geneticin-
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labelling of clones (see Example 1) with a primary murine monoclonal
antibody directed against the extracellular domain of HER-2 protein. The
primary antibody was a mouse Anti-erbB2 monoclonal antibody (Transduction
Laboratories, Cat. No. E19420, an I1gG2b isotype) used at 1/400 dilution; the
secondary antibody was Alexa Fluor 488 goat anti-mouse IgG (H+L)
conjugate (Molecular Probes, Cat. No. A-11001) used at 1/100 dilution. As a
negative control, MDA-MB-468 cells (parental and transformed lines) were

probed with Alexa Fluor 488 goat anti-mouse IgG (H+L) conjugate only.

Several MDA-MB-468 cell lines transformed with pCMV.HER2.BGI2.2REH
were found to have reduced immunofluorescence, examples of which are

illustrated in Figure 73.

(c)  FACS analysis to define cell lines showing reduced expression of Her-
2

To determine the level of expression of HER-2 in transformed cell lines,
approximately 500,000 cells grown in a 6-well plate were washed twice with 1
x PBS then dissociated with 500 pl cell dissociation solution (Sigma C 5789)
according to the supplier's instructions (Sigma). Cells were transferred to
medium in a microcentrifuge tube and collected by centifugation at 2,500 rpm
for 3 min. The supernatant was removed and cells resuspended in 1 ml 1 x
PBS.

For fixation, cells were collected by centrifugation as above and suspended in
50 ul PBA (1 x PBS, 0.1 % w/v BSA fraction V (Trace) and 0.1 % w/v sodium
azide) followed by the addition of 250 pl of 4 % w/v paraformaldehyde in 1 x
PBS. and incubated at 4°C for 10 min. To permeabilize cells, cells were
collected by centrifugation at 10,000 rpm for 30 sec, the supernatant removed
and cells suspended in 50 pl 0.25 % w/v saponin (Sigma S 4521) in PBA and
incubated at 4°C for 10 min. To block cells, cells were collected by

centrifugation at 10,000 rpm for 30 sec, the supernatant removed and cells
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To quantify HER-2 protein, fixed, permeabilized cells were probed with Anti-
erbB2 monoclonal antibody at 1/100 dilution followed by Alexa Fluor 488 goat
anti-mouse IgG conjugate at 1/100 dilution. Cells were then analysed by

5 FACS using a Becton Dickinson FACSCalibur and Cellquest software (Becton
Dickinson). True background fluorescence values were established with
unstained MDA-MB-468 cells and cells probed with an irrelevant primary
antibody (MART-1, an IgG2b antibody (NeoMarkers)) and the Alexa Fluor 488
secondary antibody, both at 1/100 dilutions. Examples of FACS data are

10  shown in Figure 74. Results of analyses of all cell lines are compiled in Table
10.
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MDA-MB-468 control.1 5.07 4.72 4.78
MDA-MB-468 control.2 137.24 121.68 117.67
MDA-MB-468 1224.90 1086.47 1175.74
MDA-MB-468 1.1 1167.94 1056.17 1124.04
MDA-MB-468 1.4 781.72 664.67 673.17
MDA-MB-468 1.5 828.34 673.82 710.50
MDA-MB-468 1.6 925.16 807.09 850.53
MDA-MB-468 1.7 870.81 749.27 791.48
MDA-MB-468 1.8 1173.92 938.72 1124.04
MDA-MB-468 1.10 701.24 601.84 604.30
MDA-MB-468 1.11 1103.18 980.10 1064.99
MDA-MB-468 1.12 817.39 666.61 710.50
MDA-MB-468 2.5 966.72 862.76 905.80
MDA-MB-468 2.6 752.70 633.49 649.38
MDA-MB-468 2.7 842.00 677.15 716.92
MDA-MB-468 2.8 986.05 792.13 881.68
MDA-MB-468 2.9 802.36 686.06 716.92
MDA-MB-468 2.10 1061.79 944.49 1009.04
MDA-MB-468 2.12 931.63 790.81 820.47
MDA-MB-468 2.13 894.47 792.46 827.88
MDA-MB-468 2.15 1052.87 946.79 1009.04
MDA-MB-468 3.1 1049.88 931.96 991.05
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MDA-MB-468 3.7 1008.95 993.26 1036.63
MDA-MB-468 3.8 1133.86 1026.31 1074.61
MDA-MB-468 3.9 831.73 729.32 763.51
MDA-MB-468 3.12 1120.82 998.67 1064.99
MDA-MB-468 3.13 1039.41 963.71 1036.63
MDA-MB-468 4.5 770.93 681.01 697.83
MDA-MB-468 4.7 838.16 752.74 784 .39
MDA-MB-468 4.8 860.76 769.51 813.12
MDA-MB-468 4.10 - 1016.21 904.69 947.46
MDA-MB-468 4.11 870.10 776.73 81312
MDA-MB-468 4.12 986.93 857.20 913.98
MDA-MB-468 4.13 790.41 712.25 74318
MDA-MB-468 4.14 942.36 84234 873.79
MDA-MB-468 4.16 771.81 677.69 697.83
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“MDA-MB-468 control.1” is MDA-MB-468 cells without staining — neither
primary nor secondary antibody.

“MDA-MB-468 control.2” is MDA-MB-468 cells stained with irrelevant primary
antibody MART-1 and the Alexa Fluor 488 secondary antibody.

All other cells, as described, were stained with Anti-erbB2 primary antibody

and Alexa Fluor 488 secondary antibody.

These data show that MDA-MB-468 cells transformed  with
pCMV.HER2.BGI2.2REH have significantly reduced expression of HER-2
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4. Southern analysis

Individual transgenic NIH/3T3 cell lines were analyzed by Southern blot to
confirm integration of the transgene, according to the protocol set forth in

5 Example 1.
5. Western blot analysis

Selected clones and control MDA-MB-468 cells were grown overnight to near-
confluence on 100 mm TC plates (107 cells). Cells in plates were first washed
with buffer containing phosphatase inhibitors (50mM Tris-HCI, pH 6.8, 1mM
10 NasP;07, 10mM NaF, 20uM NaMoO,, 1mM NasVO,), and then scraped from
the plate in 600 pl of lysis buffer (50mM Tris-HCI, pH 6.8, 1mM NasP.0-,
10mM NaF, 20uM Na:MoO,, 1mM NaszVO,, 2% w/v SDS) which had been
heated to 100°C. Suspensions were incubated in screw-capped tubes at
100°C for 15 min. Tubes with lysed cells were centrifuged at 13,000 rpm for
15 10 min and supernatant extracts were removed and stored at -20°C.

SDS-PAGE 10% v/v separating and 5% v/v stacking gels (0.75 mm) were
prepared in a Protean apparatus (BioRad) using 29:1
acrylamide:bisacrylamide (Bio-Rad) and Tris-HCI buffers at pH 8.8 and 6.8,
respectively. Volumes of 60 pl from extracts were combined with 20 pl of 4x
20 loading buffer (50mM Tris-HCI, pH 6.8, 2% w/v SDS, 40% v/v glycerol,
bromophenol blue and 400mM dithiothreitol added before use), heated to
100°C for 5 min, cooled then loaded into wells before the gel was run in the
cold room at 120V until protein samples entered the separating gel, then at
240V. Separated proteins were transferred to Hybond-ECL nitrocellulose
25 membranes (Amersham) using an electroblotter (Bio-Rad), according to the

supplier’s instructions.

Membranes were rinsed in TBST buffer (10mM Tris-HCI, pH 8.0, 150mM
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NaCl, 0.05% v/v Tween 20) then blocked in a dish in TBST with 5% w/v skim
milk powder plus phosphatase inhibitors (1mM NasP,0;, 10mM NaF, 20uM
Na,MoO,, 1mM NazVO,). Membranes were incubated in a small volume in
TBST with 2.5% w/v skim milk powder plus phosphatase inhibitors containing

5 a mouse monoclonal antibody against the ECD of HER-2 (Transduction
Laboratories, NeoMarkers) diluted 1:4000. Membranes were washed three
times for 10 min in TBST with 2.5% w/v skim milk powder plus phosphatase
inhibitors. Membranes were incubated in a small volume in TBST with 2.5%
w/v skim milk powder plus phosphatase inhibitors containing the horseradish

10  peroxidase-conjugated secondary antibody diluted 1:1000. Membranes were
washed three times for 10 min in TBST with 2.5% w/v skim milk powder plus

phosphatase inhibitors.

The presence of HER-2 protein was detected using the ECL Juminol-based
system (Amersham), according to manufacturer’'s instructions. Several cell

15  lines transformed with pCMV.HER2.BGI2.2REH showed greatly reduced or
no detectable HER-2 protein.

EXAMPLE 13

Co-suppression of YB-1 and p53 in Murine Type B10.2 and Pam 212

cells in vitro
20 1. Culturing of cell lines

B10.2 cells (Immunex) derived from murine fibrosarcoma and Pam 212 cells
(Auckland Medical School) derived from sponstaneously transformed mwrine
epidermal keratinocytes were grown as adherent monolayers in cDMEM
(DMEM  with 0.77mM asparagine, 160uM penicillin G, 70uM
25  dihydrostreptomycin sulfate) supplemented with 5% v/v FBS (B10.2) or 5%

v/v equine serum (Pam 212), as described in Example 1, above.
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2. Preparation of genetic constructs
(a)  Interim plasmids
Plasmid TOPO.YB-1

To amplify a region of the mouse YB-1 gene, 25 ng of a plasmid clone
containing a mouse YB-1 cDNA (obtained from Genesis Research &
Development Corporation, Auckland NZ) was used as a substrate for PCR

amplification using the primers:-

Y1: AGA TCT GCA GCA GAC CGT AAC CAT TAT AGG [SEQ ID
NO:25]

and

Y4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [SEQ ID
NO:26].

The PCR amplification was performed using HotStarTag DNA polymerase
according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35
amplification cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec,

with a final elongation step at 72°C for 4 min.

The PCR-amplified region of YB-1 was column-purified (PCR purification
column, Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPQ.
(Invitrogen) according to the supplier's instructions, to make plasmid
TOPO.YB-1.

Plasmid TOPO.p53

To amplify a region of the mouse p53 gene, 25 ng of a plasmid clone

&I
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Development Corporation, Auckland, NZ) was used as a substrate for PCR

amplification using the primers:-

P2: AGA TCT AGA TAT CCT GCC ATC ACC TCA CTG [SEQ ID
5 NO:27]

and

P4: GGA TCC CAG GCC CCA CTT TCT TGA CCA TTG [SEQ ID

NO:28].

The PCR amplification was performed using HotStarTag DNA polymerase
10 according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35

amplification cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec,

with a final elongation step at 72°C for 4 min.

The PCR-amplified region of p53 was column-purified (PCR purification

15  column, Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO
(Invitrogen) according to the manufacturer's instructions, to make plasmid
TOPO.p53.

Plasmid TOPO.YB1.p53

To create a construct fusing YB-1 and p53 cDNA sequences, the murine YB-1
20 sequence from TOPO.YB-1 was isolated as a Bglli-to-BamHI fragment and
cloned into the BamHI site of TOPO.p53. A clone in which the YB-1 insert was
oriented in the same sense as the p53 sequence was selected and

designated TOPO.YB1.p53.
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(b)  Test plasmids

Plasmid pCMV.YB1.BGI2.1BY

Plasmid pCMV.YB1.BGIi2.1BY is capable of transcribing a region of the
murine YB-1 gene as an inverted repeat or palindrome that is interrupted by

5 the human f-globin intron 2 (BGI2) sequence therein. Plasmid
pCMV.YB1.BGI2.1BY was constructed in successive steps: (i) the YB-1
sequence from plasmid TOPO.YB-1 was sub-cloned in the sense orientation
as a Bglli-to-BamHI fragment into Bgfll-digested pCMV.BGIZ2 to make plasmid
pCMV.YB1.BGI2, and (ii) the YB-1 sequence from plasmid TOPO.YB-1 was

10  sub-cloned in the antisense orientation as a Bglll-to-BamHI fragment into
BamHI-digested pCMV.YB1.BGI2 to make plasmld pCMV.YB1.BGI2.1BY
(Figure 81).

Plasmid pCMV.YB1.p53.BGI2.35p.1BY

Plasmid pCMV.YB1.p53.BGI2.35p.1BY is capable of expressing fused

15 regions of the murine YB-1 and p53 genes as an inverted repeat or
palindrome that is interrupted by the human B-globin intron 2 (BGI2) sequence
therein. Plasmid pCMV.YB1.p53.BGl2.35p.1BY was constructed in
successive steps: (i) the YB-1.p53 fusion sequence from plasmid
TOPO.YB1.p53 was sub-cloned in the sense orientation as a Bglli-to-BamH|

20 fragment into  Bglll-digested pCMV.BGI2 to make plasmid
pCMV.YB1.p53.BGI2, and (ii) the YB-1.p53 fusion sequence from plasmid
TOPO.YB1.p53 was sub-cloned in the antisense orientation as a Bglll-to-
BamHI fragment into BamHI-digested pCMV.YB1.p53.BGI2 to make plasmid
pCMV.YB1.p53.BGI2.35p.1BY (Figure 82).

25 3 Detection of co-suppression phenotypes

(a) Post-transcriptional gene silencing of YB-1 by insertion of a region of

the YB-1 gene into murine fibrosarcoma B10.2 cells and murine
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YB-1 (Y-box DNA/RNA-binding factor 1) is a transcription factor that binds,
inter alia, to the promoter region of the p53 gene and in so doing represses its
expression. In cancer cells that express normal p53 protein at normal levels
(some 50% of all human cancers), the expression of p53 is under the control
of YB-1, such that diminution of YB-1 expression results in increased levels of
p53 protein and consequent apoptosis. The murine cell lines B10.2 and Pam
212 are two such tumorigenic cell lines with normal p53 expression. The
expected phenotype for co-suppression of YB-1 in these two cell lines is

apoptosis.

Transformations with pCMV.YB1.BGI2.1BY were performed in 6-well tissue

& ()-, P'10%! & ()-, P"10%! & ()-, P'10%! & ()-,

P"10%

- culture vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2 or -

15

20

25

Pam 212) in 3 ml of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam 212)

and incubated at 37°C in 5% v/v CO; for 24 hr prior to transfection.

The two mixes used to prepare transfection medium were:

Mix A: 1.5 ul of LirPOFECTAMINE 2000 (trademark) Reagent in 100 pl of
OpPTI-MEM | (registered trademark), incubated at room

temperature for 5 min;

Mix B: 1 pl (400 ng) of pCMV.YB1.BGI2.1BY DNA in 100 pl of OPTI-
MEM | (registered trademark) medium.

After preliminary incubation, Mix A was added to Mix B and the mixture

incubated at room temperature for a further 20 min.

Medium overlaying each cell culture was replaced with 800 pl of fresh medium
and 200 pl of transfection mix added. Cells were incubated at 37°C in 5% v/v
C02 for 72 hr.
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Cells were suspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Example 1.

Live and dead cell numbers were determined by trypan blue staining (0.2%)
5 and counting in quadruplicate on a haemocytometer slide. Results are

presented in Figure 75.

(b)  Post-transcriptional gene silencing of YB-1 and p53 by co-insertion of
regions of the YB-1 and p53 genes into murine fibrosarcoma B10.2

cells and murine epidermal keratinocyte Pam 212 cells

10  The data presented in Figure 75 show that cell death is increased in B10.2
and Pam 212 cells following insertion of a YB-1 construct designed to induce

co-suppression of YB-1, consistent with induction of co-suppression.

Simultaneous co-suppression of p53, which is responsible for initiating the
apoptotic response in these cells, would be expected to eliminate excess cell

15  death by apoptosis.

Transformations with pCMV.YB1.p53.BGI12.35p.1BY were performed in 6-well
tissue culture vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2
or Pam 212) in 3 ml of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam
212) and incubated at 37°C in 5% v/v CO, for 24 hr prior to transfection.

20 The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pl of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pl of
OPTI-MEM 1 (registered trademark) medium, incubated at room

temperature for 5 min;

Mix B: 1 ul (400 ng) of pCMV.YB1.p53.BGI2.35p.1BY DNA in 100 pi of




P'10%! & P"10%! & ()-, P'"10%! & ()-, P"10%! & ()-, P'10%!

& ()-,AoB{M _?vU P"10%! & P"10%! & () P'10%! & ()-, P"10%! & ()-,

P'10%! & ()-, P"10%! & ()-, P'"10%! & ()-,bB?vU P"10%! & P"'10%! & ()-,

P'10%! & ()-, P"10%! & ()-, P'"10%! & ()-,AoB{M _2vU P"10%! & P"10%!

& () P'10%! & ()-, P'10%! & ()-, P"10%4b0& ()-, P'10%! & ()-, P"10%!

& ()-,bB?vU P"10%! & P"10%! & ()-, P'"10%! & ()-, P'10%! & ()-,
OPTI-MEM | (registered trademark) medium.

After preliminary incubation, Mix A was added to Mix B and the mixture

incubated at room temperature for a further 20 min.

Medium overlaying each cell culture was replaced with 800 pl of fresh medium
5 and 200 pl of transfection mix added. Cells were incubated at 37°C in 5% v/v
COz for 72 hr.

Cells were suspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Example 1.

Live and dead cell numbers were determined by trypan blue staining (0.2%)
10 and counting in quadruplicate on a haemocytometer slide. Results are

presented in Figure 75.

(c) Control: Insertion of EGFP into murine fibrosarcoma B10.2 cells and

murine epidermal keratinocyte Pam 212 cells

Transformations with pCMV.EGFP were performed in 6-well tissue culture

15  vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2 or Pam 212)
in 3 ml of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam 212) and
incubated at 37°C in 5% v/v CO; for 24 hr prior to transfection.

The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pl of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pl of
20 OPTI-MEM 1 (registered trademark) medium, incubated at room

temperature for 5 min;

Mix B: 1 ul (400 ng) of pCMV.EGFP DNA in 100 pl of OPTI-MEM |

(registered trademark) medium.
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After preliminary incubation, Mix A was added to Mix B and the mixture

incubated at room temperature for a further 20 min.

Medium overlaying each cell culture was replaced with 800 pl of fresh medium
and 200 pl of transfection mix added. Cells were incubated at 37°C in 5% v/v
CO, for 72 hr.

Cells were suspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Example 1.

Live and dead cell numbers were determined by trypan blue staining (0.2%)
and counting in quadruplicate on a haemocytometer slide. Results are

presented in Figure 75.

(d)  Control: Attenuation of YB-1 phenotype by insertion of a decoy Y-box
oligonucleotide into murine fibrosarcoma B10.2 cells and murine

epidermal keratinocyte Pam 212 cells

The role of YB-1in repressing p53-initiated apoptosis in B10.2 and Pam 212
cells has been demonstrated by relieving the repression in two ways: (i)
transfection with YB-1 antisense oligonucleotides; (ii) transfection with a
decoy oligonucleotide that corresponds to the YB-1 cis element derived from
the fas silencer region (-1035 to -1008 of the 5'-flanking sequence of the
human fas gene). The latter was used as a positive control in the present

example.
The double-stranded oligonucleotides used were:

YB1 decoy: GAA CCT GAA TTT GGA TGC AGT TCC AGA C [SEQ ID
NO:29]

CTT GGA CTT AAACCT ACGTCAAGG TCT G

"10% !
10% !
& ()' )
10% !
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YB1 control: GCG GAT AAC AAT TTC ACA CAG G [SEQ ID NO:30]
CGCCTATTGTTAAAG TGT GTCC

Transformations with YB1 decoy and a control (non-specific) oligonucleotide
5 were performed in 24 well tissue culture vessels. Individual wells were seeded
with 3.5 x 10* cells (B10.2 or Pam 212) in 3 ml of cDMEM, 5% v/v FBS
(B10.2) or equine serum (Pam 212) and incubated at 37°C, 5% v/v CO; for 24

hr prior to transfection.
The two mixes used to prepare transfection medium were:-

10  Mix A: 1.5 pl of Lipofectin (trademark) Reagent (Life Technologies) in

100 pl of OPTI-MEM | (registered trademark) medium, incubated

at room temperature for 30 min;

Mix B: 0.4 pi (40 pmol) of oligonucleotide (YB1 decoy or control) in 100

ul of OPTI-MEM | (registered trademark) medium.

15  After preliminary incubation, Mix A was added to Mix B and the mixture

incubated at room temperature for a further 15 min.
A no-oligonucleotide (Lipofectin (trademark) only) control was also prepared.

Cells were washed in serum-free medium (OPTI-MEM | (registered
trademark)) and transfection mix added. Cells were incubated at 37°C in 5%
20 v/v CO, for 4 hr, after which medium was replaced with 1 ml of cDMEM

containing 5% v/v serum and incubation continued overnight (18 hr).

Cells were suspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Exampie 1.



P'10%! & P"10%! & ()-, P"10%! & ()-, P'10%! & ()-, P"10%!
& ()-,A0B{M _2vU P"10%! & P'10%! & () P"10%! & ()-, P'10%! & ()-,
P'10%! & ()-, P'10%! & ()-, P"10%! & ()-,bB?vU P'10%! & P"'10%! & ()-,
P'10%! & ()-, P'10%! & ()-, P'10%! & ()-,AoB{M _?vU P'10%! & P"10%!
& () P'10%! & ()-, P'10%! & ()-, P"10%4ps% ()-, P'10%! & ()-, P"'10%'!
& ()-,bB?vU P"10% ! & P'10%! & ()-, P'10%! & ()-, P"10%! & ()-,

To monitor apoptosis, live and dead cell numbers were determined by trypan

blue staining (0.2%) and counting in quadruplicate on a haemocytometer

slide. Results are presented in Figure 75.

TABLE 2
Plasmid construct No of Percentage of plants showing
plants specified phenotype
tested | Susceptible | Inmune | Resistant
pART27.PVY 19 16 1
pART27.PVYx2 13 4
pART27.PVYx3 21 5 14
pART27.PVYx4 [ 21 7 9
pART27.35S.PVY.SCBC.0 25 8 0 17
pART27.35S5.0.SCBV.PVY 22 8 0 14
pART27.35S.0.SCBV.YVP 18 14 0 4
pART27.35S.PVY.SCBV.YVP 17 3 8
pART27.PVY.LNYV.PVY 26 18 2
pART27.PVY.LNYV.YVP 20 6 10
pART27.PVY.LNYV.YVPa 18 7 11

EXAMPLE 14 —

Similar experiments to the two described above were performed on a range of
target genes using the target genes, cell lines and assays set out in the Table
below. In these experiments, genetic constructs were generated in the same
10  manner as that described above using techniques known to one skilled in the

art, using the CMV promoter in a plasmid, with the same BGI2 stuffer
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o 10%, 43, & (\zﬁicrlf'iéosoﬁbﬁér%a“g/_identical to the target gene. Plasmid maps of these
constructs are shown in the figures indicated in the table below. The
constructs were then introduced into the animal cell lines as identified in the

5 table below and transcribed by the host cell’'s natural mechanisms. In each
case, repression of the target structural gene was found, using assays

described by others and known by those skilled in the art.

Gene Cell Line Assay Plasmid Map
Annexure
Her-2 MDA-MB-468 Antibody Figure 80
binding
YB-1 B10.2 and Pam Cell death Figure 81
212
-p53 B10.2 and Pam Cell death Figure 82-
212
CD4 Jurkatt Antibody Figure 83
binding
Galactosyl PK-1 IB-4 binding | Figure 79
Transferase
(GalT)

10 A brief summary of each assay protocol for the latter two is set out below.
GalT

Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to
cell surface proteins. GalT activity can be most conveniently assayed using a
plant lectin (1B4), which binds specifically to galactosyl residues on cell
15  surface brbteins. To detect IB4 binding, fluorescence assays were used. Cells
were fixed, then probed with 1B4 conjugated with biotin (Sigma) followed by
streptavidin conjugated FITC. GalT inactivation was monitored using either

fluorescence microscopy or FACS.

20 CD4
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Its levels were monitored by flow cytometry , using protocols similar to those
described for HER-2.

In addition, other researchers have also shown in work published in 2000 and
2001, that similar constructs (ie plasmid constructs containing a promoter
which drives expression of structural gene sequence palindromes) repress
target gene expression in vitro in animal cells (Yang et al, 2001, . Molecular
and Cellular Biology, 21: 7807-7816) and in vivo in transformed Drosophila
(Tavernakis et al, 2000, Nature Genetics, 24: 180-183).

In addition, a similar construct with the GalT synthetic gene was generated,
but which comprised a direct tandem repeat of the GalT synthetic gene rather
than-a palindrome in the same manner to the pCMV.TYR.TYR construct
described above using techniques known to one skilled in the art. This
construct also repressed expression of the structural GalT gene in the same
cell line. These experiments all consistently demonstrated to us the wide

application of the repression techniques described in the specification.
EXAMPLE 15

The experiment was carried out to demonstrate the effect that the silencing

was at least, in part, post-transcriptional.

Referring to Figure 76, there is shown a Northern blot as explained in the
description of Figure 76 set out above. This blot shows that clone #18 may be
regarded as a “positive control”, in that there was no significant silencing.
However, clones #3 and #9 do show silencing as can be seen from the

absence of a band in their respective lanes in the Northern blot of Figure 76.

Figure 77 graphs the results of Real-Time RT-PCR analysis of these cell
lines, as explained in the description of Figure 77 set out above. While it

would be apparent to one skilled in the art the method used to generate these
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graphs, the method is set out in more detail in US Provisional Patent

application serial no:60/316,308.

The results of these graphs are tabulated for reference purposes in the table
set out in Figure 78. Referring to Figure 78, it can be seen that the results for
clone #18 show that the mRNA level for EGFP is set as the standard (1.000)
relative to which other mRNA levels are measured. It can be seen that there is
also significant mRNA present for GAPD (little under half the amount for
EGFP). Under the heading “Transcription®, it can be seen that there is a
measurable rate of mRNA transcription for EGFP and a lower rate of
transcription measurable for GAPD. The results for clone #3 are shown on the
second line. Consistent with the results of Figure 76, there is no mRNA for
EGFP although there is still mRNA for GAPD. Further, the rate transcription
for EGFP is negligible but significant for GAPD. This demonstrates that EGFP
is silenced at the transcription point, with GAPD expression showing that
other genes are not silenced. Finally, the last line shows the results for clone
#9. Again, there is no detectable mRNA for EGFP, which is again consistent
with the EGFP having been silenced as shown in Figure 76. The mRNA level
for the GAPD again shows that other genes are being transcribed into mRNA.
However, the significance of these results is that there is a significant level of
EGFP transcription measured (as of course there is for GAPD as well). Thus,
in clone #9, EGFP is being transcribed but the lack of mMRNA for EGFP shows

that the silencing must be occurring post-transcriptionally.

) -
5
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1. A method of repressing, delaying or otherwise reducing the expression

of a target gene (as defined) in a cell, tissue or organ by an endogenous host

cell system, comprising (a) providing one or more dispersed or foreign nucleic

5 acid molecules which include multiple copies (as defined) of a nucleotide

sequence which is substantially identical to or complementary to the target

gene or a region thereof, and (b) introducing the dispersed or foreign nucleic

acid molecules operably under the control of a promoter to the cell, tissue or

organ.

10 2. A method according to claim 1 wherein the repressing, delaying or
otherwise reducing of expression of the target gene is at least partly post-

- transcriptional.

3. The method according to claim 1 or 2 wherein at least one of the

copies is in the sense orientation and one is in the antisense orientation.

15 4. A method according to claim 3 wherein one of the copies in the sense
orientation is located relative to one of the copies in the antisense orientation
such that they may form a palindromic secondary RNA structure when

transcribed.

5. The method according to any one of claims 1 to 4 wherein at least two
20 of the copies are separated by a stuffer fragment, which comprises a
sequence of nucleotides, or a homologue, analogue or derivative thereof.

6. The method according to any one of claims 1 to 5 wherein at least two

of the copies are in tandem and the same orientation.

7. The method according to any one of claims 1 to 6 wherein each of the

25 multiple copies of a nucleotide sequence is about 10 to 50 nucleotides long.
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9. A method of repressing, delaying or otherwise reducing the expression
of a target gene (as defined) in a cell, tissue or organ by an endogenous host
5  cell system, comprising (a) providing one or more dispersed or foreign nucleic
acid molecules which include multiple copies (as defined) of a nucleotide
sequence which is substantially identical to or complementary to the target
gene or a region thereof, at least one copy being in the sense orientation and
at least one other copy being in the antisense orientation of the nucleotide
10  sequence, and (b) introducing the dispersed or foreign nucleic acid molecules

to the cell, tissue or organ.

10.- A method according to claim 9 wherein the repressing, delaying or
otherwise reducing of expression of the target gene is at least partly post-

transcriptional.

15 11.  The method according to claim 9 or 10 wherein at least one of the
multiple copies in the sense orientation is located relative to at least one of the
multiple copies in the antisense orientation such that they may form a

palindromic secondary RNA structure when transcribed.

12. The method according to claim 9 or 10 wherein at least one of the
20  multiple copies in the sense orientation is located relative to at least one of the
multiple copies in the antisense orientation such that they may form a

palindromic secondary RNA structure.

13.  The method according to any one of claims 9 to 12 wherein at least two
of the copies are separated by a stuffer fragment which comprises a

25  sequence of nucleotides, or a homologue, analogue or derivative thereof.

14. The method according to any one of claims 9 to 13 wherein each of the

multiple copies of a nucleotide sequence is about 10 to 50 nucleotides long.
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(iv)  subjecting the synthetic gene in the cell, tissue or organ to conditions
and for a time sufficient for the promoter to promote transcription of at least

some of the multiple copies.

29. The method of claim 28 wherein the synthetic gene further comprises a
15 promoter sequence operable in the cell, tissue or organ operably connected to

the dispersed nucleic acid molecules or foreign nucleic acid molecules.

30. The method of claim 28 or 29 wherein at least one of the copies is in

the sense orientation and at least one is in the antisense orientation.

31. A method according to any one of claims 28 to 30 wherein one of the
20 copies in the sense orientation is located relative to nne of the copies in the

antisense orientation such that they may form a palindromic RNA structure.

32. A method according to any one of claims 28 to 31 wherein at least one
of the copies in the sense orientation and one of the copies in the antisense
orientation are separated by a stuffer fragment which comprises a sequence

25  of nucleotides, or a homologue, analogue or derivative thereof.
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35. The method of claim 33 or 34 wherein at least one of the copies is in

20 the sense orientation and at least one is in the antisense orientation.

36. A method according to any one of claims 33 to 35 wherein one of the
copies in the sense orientation is located relative to one of the copies in the

antisense orientation such that they may form a palindromic RNA structure.

37. A method according to any one of claims 33 to 36 wherein at least one

25  of the copies in the sense orientation and one of the copies in the antisense
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target gene (as defined) in a cell, organ or tissue which is transfected with the

20 genetic construct, wherein the genetic construct comprises multiple copies (as
defined) of a nucleotide sequence which is substantially identical to or
complementary to the target gene or a derivative or a region of the target
gene, and wherein the multiple copies are placed operably under the control
of an operable single promoter sequence, at least two of the copies under the

25  control of the promoter being placed operably in the sense orientation.
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said target gene, or a region or derivative of sald target gene, and wherein
20 said multiple copies are placed operably under the control of a single
promoter sequence which is operable in said cell tissue or organ, wherein at
least one of said copies is placed operably in the sense orientation under the
control of said promoter sequence and wherein at least one other of said
copies is placed operably in the antisense orientation under the control of said

25  promoter sequence.

48. A genetic construct which is capable of delaying, repressing or
otherwise reducing the expression by an endogenous host cell system of a
target gene (as defined) in cell, tissue or organ which is transfected with said
genetic construct, wherein said genetic construct comprises multiple copizss

30 (as defined) of a nucleotide sequence which is substantially identical to said
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placed operably in the sense orientation under the control of a promoter
5 sequence, and wherein at least one other of said copies is placed operably in

the antisense orientation under the control of another promoter sequence.

49. A genetic construct which is capable of delaying, repressing or
otherwise reducing the expression by an endogenous host cell system of a
target gene (as defined) in a cell, tissue or organ which is transfected with

10  said genetic construct, wherein said genetic construct comprises multiple
copies (as defined) of a nucleotide sequence which is substantially identical to
said target gene, or a region or derivative of said target gene, and wherein
said multiple copies are placed operably under the control of a single
promoter sequence which is operable in said cell, tissue or organ wherein at

15  least one of said copies is placed operably in the sense orientation under the
control of said promoter sequence, wherein at least one other of said copies is
placed operably in the antisense orientation under the control of said promoter
sequence, and wherein the at least one copy that is placed in the sense
orientation relative to said promoter and the at least one other copy that is

20 placed in the antisense orientation relative to said promoter are spaced from

each other by a nucleic acid stuffer fragment.

50. The genetic construct of claim 49, wherein the transcription product of
at least one copy that is in the sense orientation relative to the promoter, the
stuffer fragment and at least one copy that is in the antisense orientation

25 relative to the promoter may form a palindromic RNA structure.

51.  The genetic construct of claim 49, wherein at least one copy that is in
the sense orientation relative to the promoter, the stuffer fragment and at least
one copy that is in the antisense orientation relative to the promoter may form

a palindromic RNA structure.
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52. Use of the genetic construct according to any one of claims 44 to 51 to
confer immunity or resistance against BEV upon an animal cell, tissue, organ

or whole animal.
53. Use according to claim 52, wherein the animal is a mouse.

54,  Use of the genetic construct according to any one of claims 44 to 51 to
modulate the expression of 0-1,3-galactosyltransferase in an animal cell,

tissue or organ, or a whole organism that would otherwise express same.

55.  An animal cell, tissue or organ, or a whole organism which includes a

genetic construct according to any one of claims 44 to 51.

56.  Use of the genetic construct according to any one of claims 44 to 51 to
confer immunity or resistance against PVY upon a plant cell, tissue, organ or

whole plant.
57. Use according to claim 56, wherein the plant is tobacco.

58. A plant cell, tissue or organ, or a whole organism which includes a
genetic construct according to any one of claims 44 to 51.

59. Use of one or more dispersed or foreign nucleic acid molecules, which
include multiple copies (as defined) of a nucleotide sequence which is
substantially identical to or complementary to a target gene (as defined) in a
cell, tissue or organ or a region thereof, in the manufacture of a composition
for repressing, delaying or otherwise reducing the expression of the target .
gene in the cell, tissue or organ by an endogenous host cell system upon
introducing the composition having the dispersed or foreign nucleic acid
molecules operably under the control of a promoter to the cell, tissue or

organ.

60. A use according to claim 58 wherein the repressing, delaying or



10

15

20

25

141
otherwise reducing of expression of the target gene is at least partly post-

transcriptional.

61.  The use according to claim 58 or 59 wherein at least one of the copies

is in the sense orientation and one is in the antisense orientation.

62. A use according to claim 60 wherein one of the copies in the sense
orientation is located relative to one of the copies in the antisense orientation
such that they may form a palindromic secondary RNA structure when

transcribed.

63. The use according to any one of claims 58 to 61 wherein at least two of
the copies are separated by a stuffer fragment, which comprises a sequence

of nucleotides, or a homologue, analogue or derivative thereof.

64. The use according to any one of claims 58 to 62 wherein at least two of

the copies are in tandem and the same orientation.

65. The use according to any one of claims 58 to 63 wherein each of the

multiple copies of a nucleotide sequence is about 10 to 50 nucleotides long.

66. The use according to any one of claims 58 to 64 wherein each of the

multiple copies of a nucleotide sequence is about 30 nucleotides long.

67. Use of one or more dispersed or foreign nucleic acid molecules which
include multiple copies (as defined) of a nucleotide sequence which is
substantially identical to or complementary to a target gene (as defined) in a
cell, tissue or organ or a region thereof, at least one copy being in the sense
orientation and at least one other copy being in the antisense orientation, in
the manufacture of a composition for repressing, delaying or otherwise
reducing of the expression of the target gene in the cell, tissue or organ by an
endogenous host cell system upon introducing the composition to the cell,

tissue or organ.
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68. A use according to claim 66 wherein the repressing, delaying or
otherwise reducing of expression of the target gene is at least partly post-

transcriptional.

69. The use according to claim 66 or 67 wherein at least one of the
multiple copies in the sense orientation is located relative to at least one of the
multiple copies in the antisense orientation such that they may form a

palindromic secondary RNA structure when transcribed.

70.  The use according to claim 66 or 67 wherein at least one of the
multiple copies in the sense orientation is located relative to at least one of the
multiple copies in the antisense orientation such that they may form a

palindromic secondary RNA structure.

71.  The use according to any one of claims 66 to 69 wherein at least two of
the copies are separated by a stuffer fragment which comprises a sequence

of nucleotides, or a homologue, analogue or derivative thereof.

72.  The use according to any one of claims 66 to 70 wherein each of the

multiple copies of a nucleotide sequence is about 10 to 50 nucleotides long.

73. The use according to any one of claims 66 to 71 wherein each of the at

least one copies is about 30 nucleotides long.

74.  The use according to any one of claims 66 to 72 wherein the cell is an

animal or plant cell.

75.  Use of a one or more dispersed nucleic acid molecules or foreign
nucleic acid molecules (as defined) which comprise multiple copies (as
defined) of a nucleotide sequence which is substantially identical (as defined)
to the target gene or a region thereof or which is complementary thereto, at
least two of the multiple copies being operably under the control of a

promoter, in the manufacture of a synthetic gene for repressing, delaying or
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otherwise reducing of expression of the target gene in the cell, tissue or organ
of an animal or plant by an endogenous host cell system upon introducing the
synthetic gene to the cell, tissue or organ and subjecting the synthetic gene in
the cell, tissue or organ to conditions and for a time sufficient for the promoter

to promote transcription of at least some of the multiple copies.

76. A use of claim 75 wherein the synthetic gene further comprises a
promoter sequence operable in the cell, tissue or organ operably connected to

the dispersed nucleic acid molecules or foreign nucleic acid molecules.

77. Auseofclaim 75 or 76 wherein at least one of the copies is in the

sense orientation and at least one is in the antisense orientation.

. 78. A use according to any one of claims 75 to 77 wherein one of the

copies in the sense orientation is located relative to one of the copies in the

antisense orientation such that they may form a palindromic RNA structure.

79. A use according to any one of claims 75 to 78 wherein at least one of
the copies in the sense orientation and one of the copies in the antisense
orientation are separated by a stuffer fragment which comprises a sequence

of nucleotides, or a homologue, analogue or derivative thereof.



