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esent invention relates generally to a nethod of m)dl %

gengmmwmmmmmand to synthetic genes for nodifying'endogenous gene

expressign in a cell, tissue or organ of a transgenic organism in

particul ar a transgenl c animal or plant. Mre particularly, the present
| nventi on ut| | i ses reconbi nant DNA technol ogy to post 1o transcriptionally

ate t he expression of a {/arget gene in a cell, tissue, organ

or mmnﬂw (lsm t her eby produci ng novel phenotypes. Novel synthetic

A s d i C coEstructs whi ch are capabl e of repressi ng del aying or
ot erw educi ng t he a target gene in
an organi sm when mtrod%@ﬁpﬁeﬁgﬁﬁg‘gﬂmew 15 CGENERAL
Bi bl i ographic 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 nay be
obt ai med FIELD OFEHEI INMENTIONCI fi ed source or species, albeit not 20
necessarily directly fromthat specified source or species. Throughout this
specification, unless the context requires otherw se, the word "conprise",
or vari atTiepreseah im@ntion mplatesegéneapally’ to apmiethodgdf, madlfym@egemad@(psém to

i | the inpclusion of a stated. ste r el ement or integer roup
LRy o and Pl Hanes Jor moning, BrogRnons dene AT s D Lreibiosie Bt or

el ement  ofrghtST98 traisgeRicO6r@HRisAT, iRl paraadISr @rtrbﬁ‘é@ﬁf animfaloseplikt.! Mefk i n
the art wll appreciate that the invention described herein is susceptible

to vari atpafﬁ%ularﬂw thedpresent iimentian nelflises Frcembinant JaiAt te@awlg)gsaégcpwed | t
i's togpe &mﬂ%naﬁ&mgm@aw &%b&ﬂlﬁ@%@%)&ﬁﬂgsﬁ&iﬁ& a'térgéyggné/ugfe & 'I,lol.”%fu@t d.

nDdlflcatlons 20 2 venti on _
steps, feerganes, wholeposgarisns thereaby dirpducing navekmhedotypesr Noveli syntbeti¢ n

this SpeCégrie%aéAaoﬁ'enéti@CHoY\EgH&L lv)'hia{ aFeol:ép?aCbtlé iz Lé’pressing delaying or otherwise
reducing the expression of an endogenous gene or a target gene in an organism

when introduced thereto are also provided.
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 species, albeit not
20 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 or element or integer or

25 group of elements or integers.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It

is to be understood that the invention includes all such variations and modifications.



and any and all conbinations or any two or nore of said steps or féh@uﬁ@&.ﬂmz
The present invention is not to be [imted in scope by the specific

enbodi ments 5 described herein, which are intended for the purposes of
exenplification only. Functionally-equival ent products, conpositions and

met hods are clearly within the scope of the invention, as described herein.
Sequence identity nunbers (SEQ ID NOS.) containing nucleotide and am no

acid sequence information included in this specification are collected

after the Abstract 10 and have been prepared using the programe Patentln

Version 2rfe fRaehtich CaRE! iftGudds 2l NeF Qﬁéds@?wefé‘a?uﬂe& | SboitiGs | &nd he
sequence listing by the nuneric indicator <210> followed by the sequence
i dent i fi eeompognds<eefersed tacpr meicated dn thigispecifioation. indigiduatly oegokiaativelyDNA,

Cequence nLeny A ARRRgRHIGE: RLARDHObE oo R" 3o ReBR bk iRndfoefai cator 15
fields <211 >, <212> and <213>, respectively. Nucleotide and am no acid
oo ThE RiGR hFalRet pSPRchd TS, Bkt 15 SRbn MubRUEIRS | o
i dent ig | ededcpibed<Hé¥em,, whithOare iféfded T&etﬁi@%iugﬁt%ésoaf eheripfiti@tiondenly.

residues referred to herein are those recommended by the | UPAC- | UB
Bi ocheni chUncliomay-eqtiiveientaraducts ceomppsitiensand megthede are cleariyayéthiméhe C

repr esent t osi.n I epr n | ne, T represents thymne, Y
representgcogep@ﬁhﬁﬁra\ﬁﬁloﬁegg?gg%’ﬁ%ﬁj@gﬂﬁﬁents a purine residue, M
represents Adeni ne or Cytosine, K represents GQuanine or Thym ne, S
representg_@iani n . | ne I n i . Thym,ne,. H _ .
r epr esent §e%ueﬁ%g I @8%%3%{?%%@ ({S}F\g I&%ﬁ?ﬁ&&g@ﬁﬁ& Eg%lgétédeagﬁﬁcq"g%? [ %Céd ot her
t han Adensetiende rieforraationt includedcinethis dpedficativh edret dudlecteldyafterethe DAbstracesent s
a nuc| eotide, ot her than osi ne and N represe an | eot | de residue.
> 5 A5G 2isbhave Sonn BEBREIL A st praptenne Aoy aisiee 2 ERchOekoRes o n,
?S { egomm_?ﬂgﬁob%cid Bequid/RGs liddntieachene sedqudieBEREhGbYtRe GARErRSh@Batofll €
isted in Table 1.

<210> followed by the sequence identifier (e.g. <210>1, <210>2, etc). The length,

type of sequence (DNA, protein (PRT), etc) and source organism for each nucleotide

or amino acid sequence are indicated by information provided in the numeric indicator

15 fields <211>, <212> and <213>, respectively. Nucleotide and amino acid sequences
referred to in the specification are defined by the information provided in numeric

indicator field <400> followed by the sequence identifier (eg. <400>1, <400>2, efc).

The designation of nucleotide residues referred to herein are those recommended by
the IUPAC-IUB Biochemical Nomenclature Commission, wherein A represents

20 Adenine, C represents Cytosine, G represents Guanine, T represents thymine, Y
represents a pyrimidine residue, R represents a purine residue, M 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 nucleotide other than Adenine, V represents a nucleotide

25 other than Thymine, D represents a nucleotide other than Cytosine and N represents
any nucleotide residue.



TABLE 1 5 Amno Acid Three-letter code One-letter code 10 15 20 2523 AUG 2002
Al ani neAl aAAr gi ni neAr gRAspar agi neAsnNAspartic

aci dAspDCyst ei neCysCd ut ami ne@ nQd ut ami ¢

aci dd uEd yci ned yGHi sti di neH sHI sol euci nel | el Leuci neLeulLLysi neLysKMet hi oni
neMet MPhenyl al ani nePheFPr ol i nePr oPSer i neSer SThr eoni neThr TTr ypt ophanTr pWyr o
si neTyr YVal i neVal VAspart at e/ Aspar agi neBaaBd ut amat e/ G ut am neZaaZAny ani no

aci dXaaX 30

met abol i ¢ pat hways in eukaryotic organi

produci ngrm® yekighbfibh of taHingl i@ residue defdritdl ftPWelein,r 86 récomifrended by
or organ of said organism Wil st

t echnol odheHEPASG-IB Biachericat NomenclatwigrCemmissian, anedisted inmbiaklg lof t he

parti cul

mechani sns regul ati ng eukaryoti c gene expression,
been nade in the actual

traits.

may | ead to a nodul ati on of the |evel
approach to repressing,

ar cell,

VOABb¥Eet

tissue 5

2 ~ QU a 2002 4 BACK D TO THE | NVENTI ON Control |ing
ms is desirable for the purposes of

reconbi nant DNA

much | ess progress has
mani pul ati on of gene expression to produce novel
there are only limted neans by which human intervention
of eukaryotic gene 10 expression.
del ayi ng or otherw se reduci ng gene expression

One

utilise a nRNA nol ecule which is transcribed fromthe compl enentary strand

of a nuc
bei ng %r

| ear ng to that whi
aégﬂ"?ﬂgga'di nto a pol yp
involved in this approach is not 15 established,

Hreedeh

ornmally transcri be

ehFe

and, capapl e of

ugh the prec 0g-IeHed] €sm

it has been postul ated

that a double-stranded MRNA may for m by base pairing bet Ween the

conpl emenAlaninenucl eot i de sequendd&, to produce a conplex #hich is

transl at eR at. | ow efficiency an(x gr degraded by intracell ﬂl ar ribonucl ease
rginine rg

10

15

20

25

30

Asparagine
Aspartic acid
Cysteine
Glutamine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine

Lysine
Methionine
Phenylalanine
Proline

Serine
Threonine
Tryptophan
Tyrosine
Valine
Aspartate/Asparagine
Glutamate/Glutamine
Any amino acid

Asn
Asp
Cys
GIn
Glu
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val
Baa
Zaa
Xaa
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enzymes prior to being translated. Alternatively, the expression 9f3 ayy 02
endogenous gene in a plant cell) tissue or organ 20 may be suppressed ﬁkgﬂ
one or nore copies of said gene, or one or nore copies of a substantially
simlar gene are introduced into the cell. Wilst the nechanisminvolved in
t hi s phenonenon has not been established it appears to be involve
mechani sti cal |l y het erogeneous processes. For exanple, this approach has
been postulated to involve transcriptiopal repression, in which case
somatically-heritable 25 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

t ar get i NngBACKGROUND TOTHE INVENTION 2 3 AU G 2002 5 genes is very |ow
and highly variable results are usually obtained. Inconsistent results are
obtai ned using different regions of genes, for exanple 5 - untranslated

regi ons, GontvsllingAetatiotd ;faﬁﬂdl?sﬁn ebREyogC DEgHMSIAS & dégitablifos @ papRSesd O
t ar get gene ex ression. Accor glb%gmt here current |I¥tﬁeXI sts no consensus as

to the naPlRredyging ngeldraite thersin dusies npYehirals itteaa Radipular FelbitiRve neans
for repregsionshn def %\él&%rgﬁm%hewmﬁﬁ réGHHSIhAR DRPE tEcHRoRTS' REs Yrbvided

exi sting technol ogi es. Mreover, such a hi gh degree of variation exists
bet ween geigeifigantoprogeasshint amtunderstandiog 9o gume@harwsrmd@g@latlmm@umwtlcof

Stress et 1l Liods RSB R SOOI A

denonst r agene expressibr e ipnepuske manedjlmitg Mewaeadhgenm'eccmi}" dimited roeans by

Dr osophi |l g ne. an t he.. trans i gnal [ es [se

o osophi | ANAHRGRets Bey SRt Bvaeadie & RodlBbRET shE el B BRRATER: srntr o o
al , 1&97)exd1‘e§mer such silencing of tandenly repeated gene copies is of
little utility in an attenpt to nani pul ate gene expression in an ani mal
cell by reconbi nant neans, 15 wherein the sequences capable of targeting

t he ﬁXpr eQne@ppiach toaeprbssih%degwmg or egcriemr:]nsedumﬁﬂhgag%ﬁ enﬁesadn lutilts#t @ ons
in the t t eCO I nati on o IS a roa Wt geneta etlng
{achnol oo malscils auieh i SPnSoAsdetramthescRb BBIRB AW StaRd “Hoiyclsar

expect ed géneVpd Ifhatwnehwslrmmaw 'tr%h@éh'héd BAG KApHBRNoft Baanvar%iafte&waca of
gene-targeting approaches used 1n isolation and further, would require 20

conpl i cat BelYRRRISr  Yihough . thaderecissniechanisme iNyolMersi Hm aproach is not
L1 ansgg | PedtgOlinei®R 1S el posAlhednafle cRLABARANB AR (AT S) S0fn WML

appear to require sone e of regul atory mechani's
modul at i npaiting hetweess $he eopfplemgntepne oli¢lectidensgeuenpese tarpioduce & complex

ConSCONe G B éhfed b frcfe) TRLAT ke LA G Ry Gk ke

t echnol ogy repressi ng expression 1 n ani mal
cells. 25er'f:tw1qmrordubemttean§latqﬂ of the mechani snms involved in these
phenonena has neant that there have been few i nprovenents in technol ogies
for nodul ating the | evel of gene expression, in particular technol ogies for
del ayi ng) Altenpatiesdy, rtgemxpc&stsmmbfsm eadogenoystdenecinm etagit orll,oissepawi drgan genes
usi 9,4 ec%rat))/'bréasnutpptrel sLs‘eE:Iew%en or?eng more copies of said gene, or one or more copies of

a substantially similar gene are introduced into the cell. Whilst the mechanism

involved in this phenomenon has not been established it appears to be involve

mechanistically heterogeneous processes. For example, this approach has been

postulated to involve transcriptional repression, in which case somatically-heritable

25 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 eliminated.

The efficiency of both of these approaches in targeting the expression of specific



~ AlJ a 2U02 6 Furthernore, as a consequence of the unpredictabili?2y ay§ 2002
t hese approaches, there is currently no comercially-viable neans for

nodul ating the | evel of expression of a specific gene in a eukaryotic or
prokaryotic organism s Thus, there exists a need for inproved nethods of
nodul ati ng gene expression, in particular repressing, delaying or otherw se
reduci ng gene expression in animl cells for the purpose of introducing
novel phenotypic traits thereto. In particular, these nmethods shoul d

provi de general neans for phenotypic nodification, wthout the necessity

for per fg%éﬁe@.gs VeRew dnaigltlg variisie G%UI@Qaré@BOQlﬁﬁdﬂﬁémedloln&M@@(t fsuitdiE
| NVENTI The invention is based in Eart on the surprising discovery by the

i nvent or saferehtaiped I@'%i"gﬁreé‘k fegiPes ghaenes. 1BF exampler @ d untrapsiatedareginns,
roduced t o] cel,l u
p 0ht %ﬁ\ rkeg dd?i?o E&UIRY CFdHishsC &r %nthHTpi | fleRBe? BUGhRJE g&o uct

nol ecul e oper a pronoter, wherein the transcription
of the nmmesslmmcmﬂlagm dhers @Ufﬁ)’ﬁhls@gsta PR ossensis 8edactheenathireciof i s

ubst ant | licticlsdaNLASR o bREJW BESALARMABRABGS Rl BrbSaRg HdRingbr 2"

endogeno o enou arget gene e ex reSS|

i nt ended d>thetmserwtldcatgegenél' bgprtesalnefmngadmsmg teczhnelogmgenldna&oadr mtcb ahol e
tissues, S_Or organisnms._.cap e of exhibiting.n traits

bart i coul o0 Res ob vaREia e ReueeR crrens A BRE b Rt s 20
Accor di ngﬂ)r)édlcﬂlﬂﬁe asebot réfreédion pF esepycificyeny ird thed padged§ of carBidamibn®fin

nodul ating the expressi on of a tar&et 8gene in an animal cell, tissue or

organ, savbicheensgxatespieawasmaedlimgdifigd step of introducing to said
cell, tissue or organ one or nore dispersed nucleic acid nol ecul es or

foreign nucleic acid nolecul e risin pl.e copies of nucl eot i de
sequelibe Hapeiy; SotrssaRTIsaT OBGLReTERR B ihebsiRocRa atderay ScRATRRe o

sai d tar ggdned&dtfleOin the THESSPhIkYRNBRIe 4Hd tﬁ@qmrﬁﬂﬁﬂ%byrépﬁ’éﬁsﬂirpoﬁ d]épe"#séd e

and under conditions sufficient for translation of th _Bro duct of said
tar get geﬁ@%hrﬁeAﬁfecqeﬂeéoby Ealyrewp gepesHie pthevFed §Yﬁi?mi Iﬁ’@' hadeced |on

of said iy p artl i arﬁ%cﬂ%le c‘ﬁﬁ# 3%%?@3}33}/ ﬁ%ﬂ;}eﬁ?@@ﬁeﬁé chFiEY &8 ittle ftitky A

2002 7 In a preferTe e di spersed nuclelx aci d
mol ecul esamattempé lcg mamumllaie genei ekpresdsiaruinean aoinpali @dismarmmbgm meansquence

Fdent 5ol pg eyt oelgpee c8ade of TaBetiy ¥ SRl barEitar e !
O i e A e Tt
brbod rerMOPTERE (VUSSR doattioibdro) SISt oihepichly RRSEIRL. c SHER d
ol ecul e &dmbiRafidhsCwBiilgISd BkSedtéd B Gabat Baly 1blv-dfficiédcy, ®aséd Gé@ﬂbﬂ\@ I
being transcri bed to produce nRNA. 1o The target genqt é be a aene whi ch

s endogeRlieneY, of GEnerATARInG, apProaehey Hesthn ispAtiph ap GrweWidequEd as a
vi ralp0r E8neicafedlfitbi SystERYCAiioRIRN Y ufisaBs® of RaRSaloaBhal ebRRsIoH get

gene 1s a viral genetic sequence. The invention is particularly useful in

t he nodul siahoas be LroraphietPe Gravsterexwewd appaar forreguire Pempdinowirdgenfiat i on
of human pr, BRoAEhe SRS RapSHE Ut ABGLISH tHEPESpression of any specific target

gene and, as a consequence, would be difficult to implement in practice as a general
technology for repressing, delaying or reducing gene expression in animal cells.

25 The poor understanding of the mechanisms involved in these phenomena has meant
that there have been few improvements in technologies for modulating the level of
gene expression, in particular technologies for delaying, repressing or otherwise

reducing the expression of specific genes using recombinant DNA technology.



15 particularly in the nodul ati on of expression of genes derived frpmys 2002
vertebrate and invertebrate aninmals, such as insects, aquatic aninmals (eg.
fish, shellfish, nolluscs, crustaceans such as crabs, |obsters and prawns,
avian ani mal s and mammual s, anongst others). A variety of traits are

sel ectable wth appropriate procedures and sufficient nunbers 20 of
transforned cells. Such traits include, but are not limted to, visible
traits, disease resistance traits, and &athogen-resistance traits. The
nodul atory effect is applicable to a variety of genes expressed in plants
and ani mal s including, for exanple, endogenous genes responsible for
cellular netabolismor cellular transformation, including oncogenes,
transcri prydermareoas asansegHence ehthe WT@HIC@MW@Zﬁefpﬁ)ﬂppl’@épﬁaésthﬁfﬂloI ved

bt oduct | ot STERRLN Smoeteialy SIS e ts 5800 Bing 3nd Tl o Eiblessin,
expr essi off Pépddific Hene M aatRagolie dripeslearpotid biganismyi des a novel phenotype

of albinismin black mce. By targeting genes required for virus .
repl i Gat i DS, theregxists aceeed far impreuedrapthass| of modidating geae gxprassiona ch

. i Dl . - ; . N di viral, .
ep 1 casdyaliohioneathG; dBlayief bf helRuSE RN, SRR e Miotsibh it apima
protein, calg foetherpugebsecdf inltmdueir?gehdvle;Mph:eaotylpic} Israishs<Iﬂm'etnad!r;1 partiumIﬁre{

t t, t the cell. rformance of e prese
| vent | oriheendeineds sbeulcrrEVERSeneral meras foEPisnatimie rapdticatoe, WioRE
mol ecul e el ec@8sitf firIparfoRiitg shcdniitiit @ehbdardetng dippfodchdsNg greater than

about 85% identity to the target gene séquence, however, a higher 10
honol ogy m ght produce a nore effective nodul ati on of expression of the

tar gefy geg?mﬂge/gp.-r@lmmﬁ@”y great er honol ogy, or nore than about

90%is preferred, and even nore preferably about 95%to absolute identity
is desirable. The introduced di spersed nucleic acid nolecule or foreign

Lol L . . ) |
need not - E1E HTRpH S (RRACRC art RACHSulph g BRRIT By s MVERMGGGE o
product ocellsuvihigh mExbidscre onritkecdedired traitsgean herprodécdd ghdrselemted g i n a
hor t than full I th tes f I I I
sequence. TATPHRSFAR. CREIRTE R BB qaEHc B ieade napeianbe Trkedolies
I ntron orp@nitePaWHrin 3hé hﬁﬂ?&rﬂﬂbbnOfprBQGctCQﬁ' e SRGEBRL aci | mokseupdual |y

effective. Normally, a sequence of greater than 20-100 nucl eoti des shoul d
be 2018usechmptigasya nucleatidersegquence maucheis sutatantiadlytidetivad tmtheioueeoiides

woul d be pref errec*, nd a.ste(g’uence of greater than 500- 1030 g%k'd eot | des
woul d be WSI‘?WS@QP%I’% %I%;?QFIBPI?@%‘?@{ RENSHO0sNOPR dagg! deneg e~ A
second asg@@grbsslbnt dfewhichs RNinteRdEdttd e PHOYUIERS. @ THeNtrapsformaangelthiagd | s
capabl e of nodifying target gene expression in a cell, tissue or organ of a

pr okar yot egeperatid dateawhole; isssieganraansypi efganisras sapabler eidexbiting mavs! ned
therew t hrrang?%ﬁé@ﬁﬁgdrr%ﬂé’I&E’i@fdn%e%?{aern%lﬂgﬁrare"?{pé Cﬁu‘c’ﬁeﬁ bFEﬁdc?%éeroigﬁﬁ?fégpl o

nucl ei ¢ aci orergn nuclelrc aci conpri1si ng
copi es of a nucleotide sequence which is

20 Accordingly, one aspect of the present invention provides a method of modulating
the expression of a target gene in an animal cell, tissue or organ, said method at
least comprising the step of introducing to said cell, tissue or organ one or more
dispersed nucleic acid molecules or foreign nucleic acid molecules comprising
multiple copies of a nucleotide sequence which is substantially identical to the

25 nucleotide sequence of said target gene or a region thereof or complementary
thereto for a time and under conditions sufficient for translation of the mRNA
product of said target gene to be modified, subject to the proviso that the
transcription of said mRNA product is not exclusively repressed or reduced.



2 3 AUG 2002 9 Substantially identical to the nucl eotide sequence Df3 #4icd2002
target gene or a derivative thereof or a conplenentary sequence thereto
pl aced operably under the control of a pronoter sequence which is operable

in said cell, tissue or organ. 5 Athird aspect of the present invention
provi des a synthetic gene which is capable of nodifying the expression of a
target gene in a cell, tissue or organ of a prokaryotic or eukaryotic

organi smwhich is transfected or transforned therewith, wherein said
synthetic gene at |east conprises nultiple structural gene sequences,
wherein each of said structural gene sequences conprises a nucl eotide
sequence which is substantially 10 identical to the nucl eotide sequence of
said target gene or a derivative thereof or a conplenentary seguence
thereto aﬁdavﬁm@jlanwr@kemhterabsd.ﬁ{ernvcmér Alspefied ABSERNESE ﬁ‘ib%cme%CSFi
operably under the control of a single pronoter sequence which is operable
in said dereign nusleie asid m@%ﬁvlesanmmrlﬁﬁs & eeleotide tsegupness avhich ensadeson
brovi des ARl dplds oARNI FRIHILARERYE slcidmiap Ydnbbatotihe nbBbfiss) O
of a target gene'In a tissue or or te or eukaryote
whi ch & s seqaepée of dbe mnRNAapmﬂucmﬂthehtargm génaz\,hMcnrerpremrably,yttteharmittplegene

I | wh [ h of id
St ruct ur SO 8 et Byl g iy aPER oS BB R ont v o1 Tof a

pronot er sequence which is operable in said cell, tissue or organ and

v e S e Bk RGBSR S SRS

sai d t ar geteigrenacleic atidiaralecle isen talnaimoéssdh“le foravsutetimanitds ut kagticapable

l

t her et o. At,flftth as EéOf the invention provides a genetic
const ruct® rARSCEiap i grogyc ’51 ng the expression of an endogenous
gene or target gene in a transforrred or 25 transfected cell, t| ssue or

or gan,_whey ei sa d genetic .construct at |east conpris he_ s heti c_gene
ot %5 o' dp Rt oo st engr BeBs ikt Br Shafeous; B e coainal dil B o
mar ker gediRersatives eeforeign ehe dlch QQQIZWM drrfofélgi‘i‘rgeh@tl@bé@ué&erf%ﬁ}bn@;@t/ el
traits in multicellular organi snms such plants and animals, in particular

t hose whi®hewsr £ r?f%%‘llb@ﬂé@!igﬂ gens 'S&‘Q%Q%@& jqasepee.
devel opnent al | y-regul ated, regeneration of a transformed cell carrying the

synthetic_5 genes and genetic constructs described herein into a whole
or gani sm hg NveRtignds particylartyiseul ik the regdulationaf eykarygtic gene expEessiamit t hi s

means gr I t d n
ol 1 o GHasicuid, W oI ST Br SRl JoRe e SNiof A SR e

r egen‘ér atpasticularly iy the megwlationsof expression £f caenes| deriveddiremsyartebrateeanchown
to those jididirste! Shiffafs, Fukh as insects, aquatic animals (eg. fish, shellfish, molluscs,

crustaceans such as crabs, lobsters and prawns, avian animals and mammals,
amongst others).

A variety of traits are selectable with appropriate procedures and sufficient numbers
20 of transformed celis. 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 plants and animals including, for example,
endogenous genes responsible for cellular metabolism or cellular transformation,
including oncogenes, transcription factors and other genes which encode

25 polypeptides involved in cellular metabolism.

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



Accordingly, a sixth aspect of the invention provides a cell, tissZJQ,ABGg@QZ
or organi smconprising the synthetic genes and genetic constructs descri bed
herei n. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a diagrammtic
representation of the plasmd pEGFP-N1 MCS. Figure 2 is a diagrammtic
representation of the plasmd pCW.cass. 15 Figure 3 is a diagrammtic
representation of the plasmd pCW. SV40L.cass. Figure 4 is a diagrammtic
representation of the plasm d pCW. SV40LR cass. Figure 5 is a diagrammtic

representation of the plasm d pCR Bgl-G-P-Bam Figure 6 is a diagrammtic
repr esent @kgedingothet eRpiekssivn of mE’eSItyn(ofélﬁt)seEgaFé thérgii. €THis | BroRidek g mavent i C
representation of the plasmd pCW. EGP. 20 Figure 8 js a diagranmatic

repr esent%nqrmm?rofta{@nﬁﬂh@nh'acﬁomes\ﬂmargeﬂmg @enes reauiged ey viry repligatien 9 i s
a di agr anpaf panf 88 Stsﬁr?raﬁfn‘leﬂ g@ﬁ?tﬁﬂ @&%“tﬂ&%cﬁ%&ﬂpnsﬁhgHuIﬁ&l%?csdp;eé

di agrammati c representation of BEV. 2 ure
di agr anmeefi ouclepmm@nqaemqm eot:odmg @I\aaln replmaaeswmnerﬁsg,u|ceat12>r¢teinaor

diarag“ma@'c .epr n_of 13.is a
di agr anma ¢°€a§'§gr€e§‘ ogtt’ SheHrT E’E@e'& gﬁ& g)ep%dggfé%\%gﬁﬂe%ﬁ? gés

di agr amreé¢xpresseq; tseorifat intmurify dgainsd tesvirud ydhBceI.3. Figure 15 is a

di agrammatic representation of the plasmd pCW. VEB. Figure 16 is a

di agrammatic representation of the plasmd pCWwW.BEV. G-P. 1o Figure 17 is a

di agr anmalni penfmma&menbfatheolpres‘ent hanmitnaerritlmb piEPerdidV nGsiéizl abid folcule dB is a
di agra e représentatloln‘g ﬂ pl %I CIW. 0. SV4OtdBEV' Fic%Uﬁe 19 is a
di agr ammalPf 997 SYFELRTATORCYE WRASHE i‘)"%‘&@ §/gRAuence having
greater than about 85% identity to the target gene sequence, however, a higher
10  homology might produce a more effective modulation of expression of the target gene
sequence. Substantially greater homology, or more than about 90% is preferred, and

even more preferably about 95% to absolute identity is desirable.

The introduced dispersed nucleic acid molecule or foreign nucleic acid molecule
sequence, needing less than absolute homology, also need not be full length, relative

15 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. Furthermore, the introduced sequence need not have
the same intron or exon pattern, and homology of non-coding segments will be
equally effective. Normally, a sequence of greater than 20-100 nucleotides should be

20 used, though a sequence of greater than about 200-300 nucleotides would be
preferred, and a sequence of greater than 500-1000 nucleotides would be especially
preferred depending on the size of the target gene.

A second aspect of the present invention provides a synthetic gene which is capable
of modifying target gene expression in a cell, tissue or organ of a prokaryotic or

25 eukaryotic organism which is transfected or transformed therewith, wherein said
synthetic gene at least comprises a dispersed nucleic acid molecular foreign nucleic
acid molecule comprising multiple copies of a nucleotide sequence which is



Figure 20 is a diagrammatic representation of the plasm d pCW. BEYX2.AUG 2002
Figure 21 is a diagranmatic representation of the plasm d pCw. BEVx3. 15
Figure 22 is a diagrammatic representation of the plasm d pCW. BEVx4.

Figure 23 is a diagrammatic representation of the plasmd

pCW. BEV. SV40L. BEV. 2 3 AU 6 2002 12 Figure 24 is a diagrammtic
representation of the plasmd pCW. BEV. SV40L. VEB. Figure 25 is a

di agrammatic representation of the plasgid pCW. BEV. G-P. VEB. Figure 26 is a
di agrammatic representation of the plasmd pCw. EGFP. BEV2. PFG 5 Fi gure 27
Is a diagranmatic representation of the plasm d pCW. BEV. SV40LR. Fi gure 28
Is a diagrammatic representation of the plasmd pCDNA3. Galt. Figure 29 is a
di agrammatic representation of the plasmd pCW. Galt. Figure 30 is a

di agr am@dabstanitilly edentical tootheohudidutide! sestyved cp GiaidHargétogdne bf gudetivafive s a

di agrammatic _representation of the plasmd pCW. Glt. G-P, 1o Figure 32 is a
di agr annnﬁtefqgfpé& @%@ﬂlﬁaﬁn%w éPqPW%ihééﬁ%P(P'g“@Mﬁﬂﬁé'ym.ﬂﬁﬁ cpfitilf &3 i s
a diagr YSFeRiotér §eﬁﬂéﬁé@ﬂh@h'i98?%bmﬁ sBicPadl, s\ drghh.- SVAOL. t1aG Figure
34 is a diagranmatic representation of the plasmd pCW. 0. SV40L. Gal t.

Figure 35 is a diagrammatic representation of the plasmd pCW. Gal t x2.

Fi gurse 3R thitd 8spbUr IR présent ﬂﬁ/@ﬁﬁ&f‘??&\did& fisyhineti® GBAEWhitH-NMVesptle 4 15
Figure 37 is a diagrammatic representation of ‘the plasmd )

pCW. Gal mogifying theaexpression oé aderget gandiim gregiintissue erepygan of @aprokarystic phe

plasmd é{%o@%' Brg%Ws%-\Mlli@ﬁi is trgns"feélaJdGo?Q%sformed therewith, wherein said

synthetic gene at least comprises multiple structural gene sequences, wherein each of

said structural gene sequences comprises a nucleotide sequence which is substantially
10 identical to the nucleotide sequence of said target gene or a derivative thereof or a
complementary sequence thereto and wherein said multiple structural gene sequences
are placed operably under the control of a single promoter sequence which is operable

in said cell, tissue or organ.

A fourth aspect of the present invention provides a synthetic gene which is capable of
15  modifying the expression of a target gene in a cell, tissue or organ of a prokaryote or
eukaryote which is transfected or transformed therewith wherein said synthetic gene at
least comprises multiple structural gene sequences wherein each of said structural
gene sequences is placed operably under the control of a promoter sequence which is
operable in said cell, tissue or organ and wherein each of said structural gene
20 sequences comprises a nucleotide sequence which is substantially identical to the
nucleotide sequence of said target gene or a derivative thereof or a complementary

sequence thereto.

A fifth aspect of the present invention provides a genetic construct which is capable of
modifying the expression of an endogenous gene or target gene in a transformed or

25 transfected cell, tissue or organ wherein said genetic construct at least comprises the
synthetic gene of the invention and one or more origins of replication and/or selectable
marker gene sequences.



13 Figure 39 is a diagrammtic representation of the plasmd 2 3 AUG 2002
pCW. Galt. GFP.t1aG Figure 40 is a diagrammatic representation of the

pl asm d pCW. EG-P. Galt. PFG. Figure 41 is a diagrammtic representation of
the plasmd pCW. Galt. SVA0OLR. Figure 42 is a diagramuatic representation of
the plasm d pART7. Figure 43 is a diagrammatic representation of the

pl asm d pART7. 35S. SCBV. cass. Figure 44 is a diagrammtic representation of
the plasm d pBC PVY. Figure 45 is a di anmati c representati on of the
plasm d pSP72. PVY. Figure 46 is a diagr tic representation of the

plasm d pCl apBC. PVY. 1o Figure 47 is a diagramnmuatic representation of the
pl asm d pBC PVYx2. Figure 48 is a diagranmatic representation of the

pl asm d pSP72. PVYx2. Figure 49 is a diagranmatic representation of the

pl asm d |RESdEM¥ Bbsdv8 Unanyp Rolél Waifdl MIFRUNIERNGIST DRIINANSS sBEh @8 BihntsNgnd
plasm d pBC. PVYx4. Figure 51 is a diagrammtic representation of the

pl asni d #Wvalyyin Nperticular Fitheree  whichs ateditisgrensnacifie 08pEdaMmsRRGITh OF t he

| 4 . : . i _ AR
Pl aom o SRR blbtsd BHeferaiion s FafGRTER defl G RATE R Sudenc! | Ne
r epr és ergees@andodenteiio cohstsudtsl dpsgitRdhardivivintd\@ whbleganganBh il be decquipednmat i ¢
representation.of .the pbLasm d pART27..PVY Fiqgure 56 is iagrammaii c

o eecnisehig if e Bt ATTbE AWaR o T marbeisfaging 2 whele GRRREH R 2

di agrgmdmrmrmaMtdrMim_él déﬂe?@rmh 'flllsMFH'a?_ ; 1€, gﬁ%@?)&%s Oag.\ég{?ngi\a/gwe 58
IS a | agr tic representatio of .the. as A . . X . .

Fi gure J8eihods far the rqtioned eartalR m'rﬁﬁ'so%mhlgoategsﬁ?' AngkHissyRpyace

known to those skilled in the art.

10  Accordingly, a sixth aspect of the invention provides a cell, tissue, organ or organism

comprising the synthetic genes and genetic constructs described herein.
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.

15  Figure 3 is a diagrammatic representation of the plasmid pCMV.SV40L .cass.
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 pBSII(SK+).EGFP.
Figure 7 is a diagrammatic representation of the plasmid pCMV.EGFP.

20 Figure 8 is a diagrammatic representation of the plasmid pCR.SV40L.



Figure 60 is a diagrammatic representation of the plasnid pART7. P\d/\d3AUG 2002
Figure 61 is a diagranmatic representation of the plasm d pART7. PVYx4. 1o
Figure 62 is a diagrammatic representation of the plasmd
PART7. PVY. LNYV. PVY. Figure 63 is a diagrammatic representation of the

pl asm d pART7. PVY. LNYV. YVP~. Figure 64 is a diagramuatic representation of
the plasm d pART7. PVY. LNYV. YVP. Figure 65 is a diagrammtic representation
of pART7.35S. PVY. SCBV. YVP. Figure 66 is f di agrammati c representation of
pPART7. 35S. PVYx3. SCBV. YVPx3. 15 Figure 6% is a diagrammatic representation
of pART7.PVYx3.LNYV. YVPx3. Figure 68 is a diagrammatic representation of
the plasm d pART7. PVYMULTI . 2 3 AUG 2002 15 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON The present invention provides a nethod of nodulating the

expr essi pigupd 93 h WidRAmERINE répreBeafién bf thel gissifidPCRBEYM . sai d met hod at

| east conprising the step of introducing to said cell, tissue or organ one
or nore dispersed nucleic acid nolecules or foreign nuclelc aci d nol ecul es
conpri siFigufd!1 b iidh Qidgpdnatatie represerthisr bﬂﬁewa@ew\eizvm is substantially
identical to the nucleotide sequence of said target gene or a region

t hereof or conplenentary thereto for a tine and under conditions sufficient
for 10 trigaee a4 iPa dRigrammatiRi¥presstation 6f the plabniid pOR BEY® to be nodifi ed,
subject to the proviso that the transcrlptlon of said nRNA product is not
exclusively repressed or reduced. By "nultiple copies” is neant that two or
nor e sCopFigaref1 218 disyrgaimatie iepraséntatiers 6Mthe Plasmit pOM ESAMBEMRAl

connection or juxtaposed, in the sane or different orientation, on the sane
nucl eic acid nolecule, optionally separated by a stuffer fragment or

i nt er gerFigure 98 ®a diagraniniatit aéresastatisinoftheiplasiid pEMWIBEM.20n bet ween each
repeat where this is required. The stuffer fragnment may conprise any

conbi nati on of nucleotide or am no acid residues, carbohydrate nol ecul es or
ol i gosackigaré d4 istaldeguaramatic regrebentativroobthdPlaymid pOMWIBEIWS, anal ogue or
derivative thereof which is capable of being |linked covalently to a nucleic
acid nolecule. Preferably, the stuffer fragnent conprises a sequence of

nucl eot | Figairen 5 és 4 digyragntatic aepresentation otiheiplasnid pONNMES.. 25

Figure 16 is a diagrammatic representation of the plasmid pCMV.BEV.GFP.

10  Figure 17 is a diagrammatic representation of the plasmid pCMV.BEV.SV40L-0.
Figure 18 is a diagrammatic representation of the plasmid pCMV.0.SV40L.BEV.
Figure 19 is a diagrammatic representation of the plasmid pCMV.0.SV40L.VEB.
Figure 20 is a diagrammatic representation of the plasmid pCMV.BEVx2.
Figure 21 is a diagrammatic representation of the plasmid pCMV.BEVx3.

15  Figure 22 is a diagrammatic representation of the plasmid pCMV.BEVx4.

Figure 23 is a diagrammatic representation of the plasmid pCMV.BEV.SV40L.BEV.



More preferably, the stuffer fragnent conprises a sequence of nugl agbd%ﬁ
of at |east about 10-50 nucleotides in length, even nore prefera Ff 6 2002
| east about 50-100 nucl eotides in length and still nore preferably at | east
about 100-500 nucl eotides in length. 30 Wierein the dispersed or foreign
nucl ei ¢ acid nol ecul e conprises intron/exon splice Z 3 p,U G 2002 16
junction sequences, the stuffer fragnent nmay serve as an intron sequence

pl aced between the 3'-splice site of thﬁ%structural gene nearer the 5 -end
of the gene and the 5 - splice site of e next downstream unit thereof.
Alternatively, wherein it is desirable 5 for nore than two adj acent

nucl eoti de sequence units of the dispersed foreign nucleic acid nolecule to
be translated, the stuffer fragnent placed there between should not include
an i n-f rgigRiré 2aMsh AdgPamAiabB rEsteEntatidts 8Nthel plsniit PO\ BEY.SVA0L WER. | on
sequences at both ends of the stuffer fragment or the addition of a

transl ation start codon at the 5 end of each unit, as wll be obvious to
those skfigupél 261 & lifagrdrhmatie réireé&ithish 6f thefpiisnhitl PONNBECEFPLVEBUdE t hose
whi ch encode detectabl e marker proteins or biologically-active anal ogues
and derivatives thereof, for exanple luciferase, (3 gal acturonase,

~i - gal acFigriré 269 a dilgparmmmiie Résrebemandry bf thapidsphia pC V. EBFERBEMURF@S cent
protein, anmongst others. Additional stuffer fragments are not excluded.
According to this enbodi nent, the detectable marker or an anal ogue or

der i vat | Figuid 27 i eigrammetie résrebastaten 6f thBIasmiit QTNIVBEV. StheLRY Nt het i ¢
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 | yFigrire 28adh digyremniatipeeprésentatich bttheiplasniil pODNAS. Gatdul at i ng” shal |
be taken to nean that expression of the target gene is reduced in anplitude
and/or the timng of gene expression is delayed 20 and/or the devel opnent al
or ti ssupigupe20fis a dimgramhiatie pesrebéntation bethe plsnhidpBMV @Gale expression i s
altered, conpared to the expression of said gene in the absence of the

i nventive nethod described herein. Wiilst not Iimting the scope of the

i nvent i ORigueé QVIiDadidipamdiaticrésrepetaiion of thegdsniid pCMVIBGRR &xaltt 0 a

nodul ati on of gene expression which conprises the repression, delay or

Figure 31 is a diagrammatic representation of the plasmid pCMV.Galt. GFP.

10  Figure 32 is a diagrammatic representation of the plasmid pCMV.Galt.SV40L.0.
Figure 33 is a diagrammatic representation of the plasmid pCMV.Galt.SV40L.tlaG.
Figure 34 is a diagrammatic representation of the plasmid pCMV.0.SV40L.Galt.
Figure 35 is a diagrammatic representation of the plasmid pCMV.Galtx2.

Figure 36 is a diagrammatic representation of the plasmid pCMV.Galtx4.

15  Figure 37 is a diagrammatic representation of the plasmid pCMV.Galt.SV40L.Galt.

Figure 38 is a diagrammatic representation of the plasmid pCMV.Galt.SV40L .tlaG.



25 reduction in anplitude of target gene expression in a specifiez ﬁ%QQE
ti ssue or organ of a eukaryotic organism in particular a plant sfc gmn
nonocot yl edonous or di cotyl edonous plant, or a human or other ani mal and
even nore particularly a 2 3 AUG 2002 17 vertebrate and invertebrate
animal, such as an insect, aquatic animal (eg. fish, shellfish, nollusc,
crustacean such as a crab, |lobster or prawn, an avian animal or a manmal,
anongst others). 5 More preferably, tar gt gene expression is conpletely

i nactivated by the dispersed nucleic acid nolecules or foreign nucleic acid
nmol ecul es which has been introduced to the cell, tissue or organ. Wil st

not bei ng bound by any theory or node of action, the reduced or elimnated
expression of the target gene which results fromthe performance of the

i nvent i OpjgiRY 38%s E%laﬁr&mhm#’bﬁéprbgeﬁ@ﬂbwSﬂth@rplé@hlaw\ﬁ‘vr@dlﬁéﬁpltﬂts of the
MRNA transcription product of the target gene or alternatively, the
prevention of translation of said nRNA, as a consequence of
sequenceng@ﬁeubn@a r@@hﬁfdt@ﬁe@%séﬁl@wﬁmhermﬁﬁlp@vaEGm GaltiRFG. gene by
an endogenous host system It is particularly preferred that, for
optimumresults, sequence specific degradation of 15 the nRNA transcrlpt of
t he tar gpiguse ae i9 & Aidgraminidiie refprebaiitation bhhetplagmidpCNIE@Balvbeqolte MRNA
transcript of the target gene would nornmally be translated or

alternatively, at the same tine as the nmRNA transcript of the target gene
woul d5 NOFigiré ¥2he atdidjtampiatid-representation by thetgigsrmial gRTRN of an appropriate
pronoter sequence to regul ate expression of the introduced dispersed
nucleic acid nolecule or foreign nucleic acid nolecule is an 20 inportant
consi der Rigupe 480s aRfiagramniRicirepreeantation of the plasmeidigART 7.588. SOB\s cagason,
strong constitutive pronoters or inducible pronoter systens are especially
preferred for use in regul ati ng expression of the introduced di spersed

nucl ei ¢ Bijutte 4alisadimFammdtiorepgsentatioe bf theqlasmial pBTIPRY.

Figure 45 is a diagrammatic representation of the plasmid pSP72.PVY.
Figure 46 is a diagrammatic representation of the plasmid pClapBC.PVY.

10  Figure 47 is a diagrammatic representation of the plasmid pBC.PVYx2.
Figure 48 is a diagrammatic representation of the plasmid pSP72.PVYx2.
Figure 49 is a diagrammatic representation of the plasmid pBC.PVYx3.
Figure 50 is a diagrammatic representation of the plasmid pBC.PVYx4.
Figure 51 is a diagrammatic representation of the plasmid pBC.PVY.LNYV.

15 Figure 52 is a diagrammatic representation of the plasmid pBC.PVY.LNYV.PVY.

Figure 53 is a diagrammatic representation of the plasmid pBC.PVY.LNYV.YVPA.



The present invention clearly enconpasses reduced expression whet éi AUG 2002
reduced 25 expression of the target gene is effected by | owered
transcription, subject to the proviso that a reduction in transcription is
not the sole nechani sm by which this occurs and said reduction in
transcription is at |east acconpanied by reduced transl ation of 2 3 AU E;
2002 18 the steady-state nRNA pool. The target gene nmay be a genetic
sequence which is endogenous to the aniigl cell or alternatively, a
non- endogenous geneti c sequence, such as’'a genetic sequence 5 which is
derived froma virus or other foreign pathogenic organismand is capabl e of
entering a cell and using the cell's nmachinery follow ng infection. Were
the target gene is a non-endogenous genetic sequence to the aninmal cell, it
is desir pijupesRas atd@rmwk répreleRAGOA BFthe dlakRidi pBT PRIYCINYY yagsential for
replication or reproduction of the viral or other pathogen. In such
enbodi nents, the present 10 invention is particularly useful in the
pr ophyl apigure ¥8ds hitpigrarmidtie reprRrabARNAGN of thel ladmidriArt2opvef an animal cel |
or for conferring or stinulating resistance agai nst said pathogen.
Preferably, the target gene conprises one or nore nucl eotide sequences of a
viral paFiguees6 ®fa aiagiaarnhaubrre?@sambﬁ@i of@Ré plasinidSFART 2. 358.B9W.SC8Y. Bor
exanple, in the case of aninmals and humans, the viral pathogen may be a
retrovirus, for exanple a lentivirus such as the i munodefici ency viruses,
a si gl eFigur@ 87 &0a Jiagrantiiatic repiesentatiorasf the plasmidopART2ZV35310. SEBYPVET  Si nbi s
al phavirus. Alternatively, the target gene can conprise one or nore
nucl eoti de sequences of a viral pathogen of an aninmal cell, tissue or
or gan, sPBigures8 izu diagtanimaticirepresentatichoofithe plassid paRIE27.B6B. O BCBY . ¥VPh as
bovi ne herpes virus or herpes sinplex virus I (HSV I), anongst others. In
the case of plants, the virus pathogen is preferably a potyvirus,
caul i novFigwe 59ds naiagrammaiienepiesentation oéthel plasmidrgARTLPVYNE, bunyavi rus,
t ospovi rus) tenuivirus, tonbusvirus, |uteovirus, sobenovirus, bronovirus,
cuconovirus, ilavirus, alfanovirus,

Figure 60 is a diagrammatic representation of the plasmid pART7.PVYx3.

Figure 61 is a diagrammatic representation of the plasmid pART7.PVYx4.

10  Figure 62 is a diagrammatic representation of the plasmid pART7.PVY.LNYV.PVY.
Figure 63 is a diagrammatic representation of the plasmid pART7.PVY.LNYV.YVPA.
Figure 64 is a diagrammatic representation of the plasmid pART7.PVY.LNYV.YVP.
Figure 65 is a diagrammatic representation of pART7.35S.PVY.SCBV.YVP.

Figure 66 is a diagrammatic representation of pART7.35S.PVYx3.SCBV.YVPx3.

15  Figure 67 is a diagrammatic representation of pART7.PVYx3.LNYV.YVPx3.

Figure 68 is a diagrammatic representation of the plasmid pART7.PVYMULTI.



25 tobanovirus, tobravirus, potexvirus and clostrovirus, such as BWl ME 2002
limted to CaW, SCSV, PVX, PVY, PLRV, and TMV, anongst ot hers. 2 3 AUG
2002 19 Wth particular regard to viral pathogens, those skilled in the art
are aware that virus encoded functions may be conplenented in traps by

pol ypepti des encoded by the host cell. For exanple, the replication of the
bovi ne herpes virus genone in the host 5 cell nay be facilitated by host
cell DNA pol ynerases which are capabl e ?éhconplenenting an inactivated
viral DNA pol ymerase gene. Accordingly, erein the target gene is a

non- endogenous genetic sequence to the animal cell, a further alternative
enbodi nent of the invention provides for the target gene to encode a viral
or foreign polypeptide which is not capable of being conplenented by a host
cel | funpETANEDWDESCRIRTION OF THEINVENTEINEt i ¢ sequence. Exenplary target
genes according to this enbodi rent of the invention include, but are not
limted to genes which encode virus coat proteins, uncoating proteins and
RNAdependent DNA pol ynerases and RNA- dependent RNA pol ynerases, anpngst
others. In a particularly preferred enmbodi nent of the present invention,
the targéhe QE@?@“F ipvepiiompropdes RNReHod & radulating the eypiession ofafarast agne

homol Pguga EARkSHICONrgHR! aid ristod BEEERIconfprRIG eudl of RRSGIGHE RIS
sequences. e cel expressi on of tar get %ene Is nmodi f1ed may
be any ce¢ll, tishue lor iosgareene @d norerdisparsed nueleicuacid nlectles or fareignl nucleic

i ncludin e f ¢ P i call is
derived g?'gmHgﬁéé]ugesecct%%?gg@ WIﬁEIe E&é'?gn()f bal{ ?'Idﬁ Ii%%g sé@f" n%@ ICh ﬁ%n’mal
Exenpl ar yutsstantizlly adéntical mnlthelemmlﬂmwensem&:Mem co)‘ekdud taogﬂttgsrmd oska meguon

fibrobl agt neur onal, ce 0 tlc cells, h ena 0|e c ste ce

T cel s steq b PHHRBEMAR ((heHeTs 0% Ao e, Uit 17
IC_hi nese hamat&fn af/mey n{Fw&));)rchtw sahattardearmhertokwmmdlﬁ&l*@ubj&t:‘:@B‘fecel I
i nes, anongst ines are rea avai eto

hose’ kPIOVER 1t A Tapscrodon g raig TR Bs Piorck s SUcekhelt epss

expressi ayuebqt he target gene is nodified may be any tissue or organ

conprising such animal cells. Preferably the plant cell is derived froma
nonocot yl edonous or di cotyl edonous pl ant

By "multiple copies" is meant that two or more copies of the target gene are presented

15 in close physical connection or juxtaposed, in the same or different orientation, on the
same nucleic acid molecule, optionally separated by a stuffer fragment or intergenic
region to facilitate secondary structure formation between each repeat where this is
required. The stuffer fragment may comprise any combination of nucleotide or amino
acid residues, carbohydrate molecules or oligosaccharide molecules or carbon atoms

20 or a homologue, analogue or derivative thereof which is capable of being linked
covalently to a nucleic acid molecule.

Preferably, the stuffer fragment comprises a sequence of nucleotides or a homologue,
analogue or derivative thereof.

25
More preferably, the stuffer fragment comprises a sequence of nucleotides of at least
about 10-50 nucleotides in length, even more preferably at least about 50-100
nucleotides in length and still more preferably at least about 100-500 nucleotides in
length.

30

Wherein the dispersed or foreign nucleic acid molecule comprises intron/exon splice



2 3 AU G 2002 20 species or a cell line derived therefrom As used 4ér &UA, 2002
the term"di spersed nucleic acid nol ecule"” shall be taken to refer to a
nucl ei ¢ acid nol ecul e which conprises one or nore multiple copies,
preferably 5 tandem direct repeats, of a nucleotide sequence which is
substantially identical or conplenmentary to the nucl eoti de sequence of a
gene which originates fromthe cell, tissue or organ into which said

nucl eic acid nol ecule is introduced, mh?ﬁein said nucleic acid nolecule is
non- endogenous in the sense that it is ihtroduced to the cell, tissue or
organ of an animal via reconbinant neans and will generally be present as
lo extrachronobsomal nucleic acid or alternatively, as integrated
chronmosomal nucleic acid which is genetically-unlinked to said gene. Mre

parti cul mhttion &B§ue @eﬁpﬁé@ﬁjﬂéﬁqfégm‘erﬂcmdy NSYINRE s €an Whtkdn %@ﬁ@éﬂc%eplaced
chronpbsomal or extrachronosonal nucleic acid which is unlinked t

target geshwespdne di-splfqectite; of the s PP@&'@"Pm%rgﬁp@l%ﬁlndrﬁiﬁhe l?n%@f‘tﬂ d@e of
their nos- QEI|&QS|¥@6ﬂﬁH1n>éde16Wﬁéiréérm ahit frast V/sa{exnat%ryu WA er&nﬁ‘étﬁé‘t 15

chr onosonal PoOSI tion on the sane chronosone or bei ng  oca on a
di f f ér enfor anprertbam o adjagerisrynieqtidetspguenee upigs aﬁtf@pqilsmfeed mrem cleiosni d

Or Vi rus,pgr 6|8{:Lﬂet %e&?ﬁétﬁ& fNACLiGHEr ﬁ&#rﬂeﬁ@;}l‘é&éﬂ ﬂweré%e@(ﬁééﬂ sHUl Srﬁ)k ated

nucl ei ¢ aci ecu as one or € copl es, prefer
t andem dinclde laepamframeoftramslatloh eetapde:oden],ueabsent/\hnt:dm/exorg| spllbes Ju‘rlcbomt he
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OnTeh € nRSTUERERS 2¥ ol aflid BEieaF shiMet dregfat ok ihg tebten &7 it
enconpasssdoncatihé bekrd afeéschonit aglvall bBiobhioas rtcgtrfc@te;%mnéa th% artfferent

i ndi vi dual of the sane | owest taxonom c grouping (i.e. the same popul ation)

as the taxonom c grouping to which said nucleic acid nolecule is

| nt r plucPreferred siffer fragraentsCaniifciade thozelvitiith ensdtieCdetottablenasiker protsihg
different individual of a different 25 taxonom c grouping as the taxononc

gr oupi ngo't G'CWPH caly=-agtive rAnalegues andy q%'l"é‘é‘(ﬂsetheéeqfntf‘Pro&ﬁ%'@B'e Wigiferags. B-gene
derived aI cc t ai pst h a
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be a nucflerescant grateincambagsttuticdrs haAdditiemal stLﬂferrAgJGeﬂtwé}e not excluded.

According to this embodiment, the detectable marker or an analogue or derivative
16  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 visually-detectable phenotype.

As used herein, the term "modulating” shall be taken to mean that expression of the
target gene is reduced in amplitude and/or the timing of gene expression is delayed

20 and/or the developmental or tissue-specific or cell-specific pattern of target gene
expression is altered, compared to the expression of said gene in the absence of the
inventive method described herein.

Whilst not limiting the scope of the invention described herein, the present invention is
directed to a modulation of gene expression which comprises the repression, delay or
25  reduction in amplitude of target gene expression in a specified cell, tissue or organ of a
eukaryotic organism, in particular a plant such as a monocotyledonous or
dicotyledonous plant, or a human or other animal and even more particularly a



21 introduced fromone organismto another organi sm using transfQr3regli®rpoor
I ntrogression technol ogi es. Exenplary target genes according to this

enbodi ment of the invention include the green fluorescent protein-encoding
gene derived fromthe 5 jellyfish Aequoria victoria (Prasher et al., 1992;

I nternational Patent Publication No. WO 95/07463), tyrosinase genes and in
particul ar the murine tyrosinase gene (Kwon et al., 1988), the Escherichia
coli lacl gene which is capable of encogding a pol ypeptide repressor of the
| acZ gene, the porcine a-1, 3-gal actosyltransferase gene (NCBI Accession No.
L36535) exenplified herein, and the PVY and BEV structural genes 10
exenplified herein or a honol ogue, anal ogue or derivative of said genes or
a conpl enentary nucl eoti de sequence thereto. The present invention is

further wsrbrtef aid ShvaHdbrareoHRIMAl! duEetds@nt hﬁe@%pé@mnboamﬁfal s@yefih,

target genes which are co- expressed in a particular c for exanple by
using a weﬂfm Jeellusgc piaistacgan ugblascy p@%ﬂot:%?rewgnramunc |a@| Vit Al | e

whi ch ¢ r{]lénigf%ltﬁé?é de sequences which are substantially identical
to each o sal Xpressed target genes. By "substantially identical" is
meant that t he introduced dlspersed or foreign nucleic acid nolecule of the
I nvent i ; | t he
el cot | U0 L L ER0h T A0k GERE SOMIE 1o Lomplcl Shidhated B dhs Fipersdd

st andar mtmem: acidaoelecules or doritint nusiric apidgheleatiey wmdehambeemmt@dusedqtcence

of each tBSQ:%Et []etopg%i spersed or foreign nucleic acid nolecule of the

I nvention an eS RUEIESt i de sequence of a part of the target gene sequence
are at | east about 80-85% identical at the nucl eotide sequence |evel, nore

prefera t 5-90% | [ ast
o e =" S5t o e BBEHS 25 o B e oPUEl 8 BECEY PRy
95- 99% oaxpte¥ion di-:'lrheltazyet gene IMI!HGIIUI(EISBH’S frde theqeciooaahey ef thehMentlbhsnamdl ng
that th;’beg ﬁ bur}ed to reduced 3el23%d transli |onbd/f tthmRN Cra?nescplgpb on proJuct 012

the target gene or alternatively, the prevention of translation of said mRNA, as a

consequence of sequence-specific degradation of the mRNA transcript of the target

gene by an endogenous host cell system.

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

15  the mRNA transcript of the target gene occurs either prior to the time or stage when the
MRNA transcript of the target gene would normally be translated or alternatively, at the
same time as the mRNA transcript of the target gene would normally be transiated.
Accordingly, the selection of an appropriate promoter sequence to regulate expression
of the introduced dispersed nucleic acid molecule or foreign nucleic acid molecule is an

20 important consideration to optimum performance of the invention. For this reason,
strong constitutive promoters or inducible promoter systems are especially preferred
for use in regulating expression of the introduced dispersed nucleic acid molecules or
foreign nucleic acid molecules.

The present invention clearly encompasses reduced expression wherein reduced
25 expression of the target gene is effected by lowered transcription, subject to the
proviso that a reduction in transcription is not the sole mechanism by which this occurs

and said reduction in transcription is at least accompanied by reduced translation of



repeated sequences in the dispersed nucleic acid nolecule or the foy&i aut 2002
nucleic acid nolecule of the invention, it is to be understood that the
present invention requires at |east two copies of the target gene seguence
to be expressed in the cell. 5 Preferably, the nultiple copies of the
target gene sequence are presented in the dispersed nucleic acid nolecule
or the foreign nucleic acid nolecule as tandeminverted repeat sequences
and/ or tandem direct repeat sequences. ch configurations are exenplified
by the "test plasm ds" described herein'that conprise Galt, BEV or PVY gene
regions. 10 Preferably, the dispersed or foreign nucleic acid nolecule
which is introduced to the cell, tissue or organ conprises RNA or DNA
Preferably) the dispersed or foreign nucleic acid nolecule further

conpri sehe dteHdyltatei fIRNpGsSBEENCe or is conplenentary to a nucleotide
sequence which is capable of encoding an am no acid sequence encoded by the
target gene. Even nore 15 preferably, the nucleic acid nol ecul e includes

one or NPHetadét §ene’NaytierBdeneti®Rabusricd whichds RhdogémilbatottheBihieds camy be

used to introduce the dispersed nucleic acid nolecule or foreign nucleic
aci d nol ¥caltesnatively, s dopgndogenaus genetico FeRNENCSr Stk a5uR RNeYC FeaHBaes at i ng
t he presist : : g el } ul e
20 oy BT s aaried RolP 3 GFfher BlRR! BaoBens iaBiEhCaly s tapdtR, 6F

| i posomegnteringaa ¢ell apd paingi theecedl's machinenitfellbwing infeationassoci ated with a
virus coat or a transport protein or inert carrier such as gold or as a
reconbi nant viral vector or bacterial vector or as a genetic construct,
anongst \bheee the ftgetngens ist 8 enmendegenods genretimpequeanse taniiecanimal nglhst i on

(e.g. | ' rj er S. . 23

Thesubj e RSireR dal B8 tarobn TiE! eblics A Uthon MM §.ossshtisl b yoniedfien 72,

syst em sarcltepasduddion gofatheavirar orabthex patbegem laysuahreobodimerds, ther ptdsent

expr essi.on i.n _bacter.ia which, can be incorporated,into qut,flora \

AP ar Rledtpn 5 bahidtatyl \RBLE RS R ORRIAE, 4 tieb Sl voartlate of vigl, o

one f or ninfectivh refl a®>dniraak cein or Sfof nkGihg it sthalating fregistahve 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.

15  For example, in the case of animals and humans, the viral pathogen may be a
retrovirus, for example a lentivirus such as the immunodeficiency viruses, a single-
stranded (+) RNA virus such as bovine enterovirus (BEV) or Sinbis alphavirus.
Alternatively, the target gene can comprise one or more nucleotide sequences of a
viral pathogen of an animal cell, tissue or organ, such as but not limited to a double-

20 stranded DNA virus such as bovine herpes virus or herpes simplex virus | (HSV 1),

amongst others.

In the case of plants, the virus pathogen is preferably a potyvirus, caulimovirus,
badnavirus, geminivirus, reovirus, rhabdovirus, bunyavirus, tospovirus, tenuivirus,
tombusvirus, luteovirus, sobemovirus, bromovirus, cucomovirus, ilavirus, alfamovirus,

25 tobamovirus, tobravirus, potexvirus and clostrovirus, such as but not limited to CaMV,
SCSV, PVX, PVY, PLRV, and TMV, amongst others.



5 vector generally by spray, feed or water where an infecting effcliAdd 2002
anount of the live vector (e.g. virus or bacteriun) is provided to the
animal. 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 nmeans of introducing to the
human or ani mal subject genetic material for transient expression 10
therein. The node of adm ni stering such vector is the sane as a live
viral vector. The carriers, excipients g%d/or diluents utilised in
delivering the subject nucleic acid nolecules to a host cell should be
acceptabl e for human or veterinary applications. Such carriers, excipients
andl or diluents are well-known to those skilled in the art. Carriers andl or

di | uent SV\ﬁtH'ﬁaﬂiﬂtﬁarfr@gaMHoe\VlrdP%}hdg%ﬁsl thebe @rilladin waﬂldre N are hat, virlis-
di spersion nmedi a, aqueous sol utions, coatings, antjbacterial and ant i f ungal
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i ngredi ent, use thereo ositron1s ate enentary
acti e |¢ﬁglr @Ry rhes faamtaéﬂ:dscb)bd\qst\c@ﬁlbdm/é\eQOIymaﬁasese vduelp oariet |caneble20f| n an

al t ernat é&ﬁp'gméﬂﬁ%ﬁﬁnagﬁgﬁe?L“'Yfgmc’ﬁ'?ﬂ{ﬂ'%aggieﬁe nmet hod of nodul ating the

expressi on 0 Ssué ®or “organ, said method at
| east conprising the steps of: (i) selecting one or nore dispersed nucleic

id I | ' i ' I
copi s oreeriiaf shheh 3 Pl oBnd & B BRUbEMR, Gohefi RighBhedh E T,
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conpl enent ar

y, there ntro sal d di.sp ed n aci
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for g tigEmplathentsteb ca)rmbst lc@nSfuﬁMfdnl GueRtas a2vibusisfieciit) gerétid @équence
translation of the Ero duct of sald tgc&%gt ene to be &Ifl subj ect
to the pEWT‘E'@MHéﬁettQ‘?@e P&RIEINgli 1Bis grb h&\meﬁi‘\tﬁm‘eﬂ &l ut are
excl usi VetYlinhieddf R)S§€ﬁ’e500vhl’c$|déi%éle viruSOcott | fr6teirRD RIVERAHINY Srofdifd @Ak RIRA-
sequences for ttalggletl ng expression of the target gene, several approaches

may be edgRasdeat DNA relvmerasesiand RNA-sapendand pelymeraseseampngstratbersns of
characteri sed genes may be cloned in operable connection with a suitable
pronoter and assayed for efficacy in reducing target gene expression.

Al t er nat inv@ |p9rtlcyla(5|yguﬂfe|r regregpbedimenhet thei prgsenti inyentioncBisi tasgelfgeqeris the
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targ gene expre I'on
thereof or PVY Nia protease-encoding sequences.

The cell in which expression of the target gene is modified may be any cell which is
derived from a multicellular plant or animal, including cell and tissue cultures thereof.
Preferably, the animal cell is derived from an insect, reptile, amphibian, bird, human

20 or other mammal. Exemplary animal cells include embryonic stem cells, cultured skin
fibroblasts, neuronal cells, somatic cells, haematopoietic stem cells, T-cells and
immortalised cell lines such as COS, VERO, HeLa, mouse C127, Chinese hamster
ovary (CHOQ), WI-38, baby hamster kidney (BHK) or MDBK cell lines, amongst others.
Such cells and cell lines are readily available to those skilled in the art. Accordingly,

25 the tissue or organ in which expression of the target gene is modified may be any
tissue or organ comprising such animal cells.

Preferably the plant cell is derived from a monocotyledonous or dicotyledonous plant



associated with the latter approach is that it is not necessary toZhhvd@ERg0?
prior know edge of the significance of any particular target gene in

speci fyi ng an undesirabl e phenotype in the cell. For exanple, shotgun

| i brari es conprising virus sub-genom c fragnments may be enpl oyed and tested
directly for their ability to confer virus inmmunity 15 on the ani mal host
cell, without prior knowl edge of the role which any virus genes play in

pat hogenesi s of the host cell. As used rein, the term"shotgun |ibrary”
is a set of diverse nucl eotide sequenc wherein each nenber of said set is
preferably contained within a suitable plasm d, cosm d, bacteriophage or
virus vector nol ecule which is suitable for maintenance 20 and/ or
replication in a cellular host. The term"shotgun library" includes a

repr eseng jeseorld &¥IAme daretMihdrbfréme extent of diversity between the

nucl eoti de sequences is nunerous such that all sequences in the genone of

t he organlsnlfronlmhlch sai d nucl eoti de sequences is derived are present in
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By "foreign nucleic acid molecule" is meant an isolated nucleic acid molecule which
has one or more mulitiple copies, preferably tandem direct repeats, of a nucleotide
sequence which originates from the genetic sequence of an organism which is different
20 from the organism to which the foreign nucleic acid molecule is introduced. This
definition encompasses a nucleic acid molecule which originates from a different
individual of the same lowest taxonomic grouping (i.e. the same population) as the
taxonomic grouping to which said nucleic acid molecule is introduced, as well as a
nucleic acid molecule which originates from a different individual of a different
25 taxonomic grouping as the taxonomic grouping to which said nucleic acid molecule is

introduced, such as a gene derived from a viral pathogen.

Accordingly, a target gene against which a foreign nucleic acid molecule acts in the

performance of the invention may be a nucleic acid molecule which has been



The introduced nucleic acid nolecule is preferably in an expressibﬂ%3f6pﬁ1mmz
By "expressible form is neant that the subject nucleic acid nolecule is
presented in an arrangenent such that it may be expressed in the cell,

ti ssue, organ or whole organism at |least at the transcriptional |evel

(i.e. it is expressed in the animal cell to 20 yield at |east an nRNA
product which is optionally translatable or translated to produce a

reconbi nant peptide, oligopeptide or pg#ﬁpeptide nol ecul e). By way of
exenplification, in order to obtain ex ssion of the dispersed nucleic
acid nol ecule or foreign nucleic acid nolecule in the cell, tissue or organ
of interest, a synthetic gene or a genetic construct conprising said
synthetic gene is produced, 25 wherein said synthetic gene conprises a

nucl eot i i odGstde "Feéin ADnee Brgahied %‘p"aﬁo!hér o?ganisrrf\U@sr?\ 03ra21§fdi’rl%ﬂé\b| 8r
connection with a prormter sequence which is capable of regul ating
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region tN@cféé@fonONoV\hB@QBS)%)@ﬂ?ﬂ‘lé@ﬂ@éﬁh)’aﬁdﬂl%@tw (dnd) BEVOSHHSdtiral @enes
synt hetic gene conprising said dispersed nucleic acid mlecul es or foreign

nucl ¥ ¢ exaneplitigf cBerels or13 homplpgpey ABAIEHR GOk sledvatie 198t §aid gaanest or si d
cel |, t'éo?Hﬁeﬁ‘\renf%frﬁﬂUcl aﬂijeéé n@élﬂ'i & Ng said synthetic gene in said

ceII) ti ssue or organ under conditions sufficient for
transl ati on of the nRNA product of sald target gene to be nodified, subject

to the piRyiphehbivehtisn id Riter Efu@%@émﬁ:ﬁéﬁedﬂ%‘iﬁa‘? &iHigCine' Sxpgi@dsion of
excl usively re resseh red uceéﬁ : 4

several target genes whrch are co- expressed in a particular cell, for example by using

a dispersed nucleic acid molecule or foreign nucleic acid molecule which comprises

15 nucleotide sequences which are substantially identical to each of said co-expressed

target genes.

By "substantially identical" is meant that the introduced dispersed or foreign nucleic

acid molecule of the invention and the target gene sequence are sufficiently identical

at the nucleotide sequence level to permit base-pairing there between under standard
20 intracellular conditions.

Preferably, the nucleotide sequence of each repeat in the dispersed or foreign nucleic
acid molecule of the invention and the nucleotide sequence of a part of the target gene
sequence are at least about 80-85% identical at the nucleotide sequence level, more
preferably at least about 85-90% identical, even more preferably at least about 90-95%
25 identical and still even more preferably at least about 95-99% or 100% identical at the

nucleotide sequence level.

Notwithstanding that the present invention is not limited by the precise number of



Ref erence herein to a "gene" or "genes" is to be taken in its brgayegus

. ¢ : . C 2002
context and includes: (i) a classical genom c gene consisting of
transcriptional andlor translational regul atory sequences andl or a coding
regi on andl or non-transl ated sequences (i.e. 25 introns, 5 - and 3' -
untransl at ed sequences); and/or (ii) nMRNA or cDNA corresponding to the
coding regions (i.e. exons) or 5 - and 3' untransl ated sequences of the
gene; andlor (iii) a structural regionéﬁgrresponding to the coding regions
(i.e. exons) optionally further conpri g untransl ated sequences and/or a
het er ol ogous pronoter sequence 30 which consists of transcriptional and/or
transl ational regul atory regi ons capabl e of 2 3 AUG 2002 27 conferring
expression characteristics on said structural region. 5 The term"gene" is
al so usegy b@teaes%gnbh@essmh@%éperﬁd Mb%.e@c@h%eéhesoﬁmsqs%ﬁbéreeradwt of
a functional g uct) in particular sense or antisense roduct or a
pept i de, molecy p@fpthecme@morpolt yeplepbe daderistardnthat Hg eresent- invention rpqures at The
term sy, I ene as
ner of nbaParavacPRAD e leios defeteffln Al bigte et hihdBala"C 0,
transcriptional and/or 1o translatronal regulatory sequences operably
i nk t u r n . tyra y be
taken t o Ly apYy $he TRAGHEC B STINE. taldef, e "sedarve) e rolghiea ' Bhe
transcri dhepbrSed mtm:dhmeacrd?hMolaadeoqm then ddrieign eucleubeacnd pegeduie as tandem

ol i gopept.i po ptide ar bialpgical active protein mlecule..Those
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transl at tﬁlhflgutauoﬁs Re@texdmplified bl ithe st ipteemips! Jestpibed chepsinthat eomprigedr
exanpl e“r3 E@f acks a functional translation start signal or

al t er nat Pkl I5ARNRIIOBSant i sense MRNA. The present invention clearly

enconpasses synthetrc genes conpri sing nucl eoti de sequences which are not
capabl e Sf encodi ng i des, ar

b1 o1 By, 1280, HFCapBiserry. folaiom 2uapie.aa.mERElIB vUUEh S IntpeHEes o e

found t hedy, figkile @{brgymbagbflgeggngsorrmyAbe advant ageous in nodifying target
gene expressron in cell tissues or organs of a prokaryotic or eukaryotic

organism The term' structural gene region"” refers to that part of a

synt het i pre@&ralythe hdispaied s 8p f@re?ﬁnﬂfc%?éi 48i¢| Mofecal duriRdreebhPriés fr ei gn
nucl ei ¢ acid npl ecul e as describ herein which is expressed in a cell,

tissue o'FUQB?Qj@ﬁ SRIYERCe RE IT BRMPleMentary to Rueiaetider sequtenen whighy isparable t i s
oper abl o€ @REGHRG Bin Anfihé Wdid! RhudfE ehBSI BiPYhe target gene. Even more

16  preferably, the nucleic acid molecule includes one or more ATG or AUG translational
start codons.

Standard methods may be used to introduce the dispersed nucleic acid molecule or
foreign nucleic acid molecule into the cell, tissue or organ for the purposes of
modulating the expression of the target gene. For example, the nucleic acid molecule
20 may be introduced as naked DNA or RNA, optionally encapsulated in a liposome, in
a virus particle as attenuated virus or associated with a virus coat or a transport protein
or inert carrier such as gold or as a recombinant viral vector or bacterial vector or as

a genetic construct, amongst others.

Administration means include injection and oral ingestion (e.g. in medicated food
25 material), amongst others.



conprise one or nore dispersed nucleic acid nol ecul es and/or foreigg AUG 2002
nucl ei ¢ acid nol ecul es operably under the control of a single pronoter
sequence or nultiple pronoter sequences. Accordingly, the structural gene
region of a synthetic gene nmay conprise a nucl eoti de sequence which is
capabl e of encoding an am no acid 2 3 AU G 2002 28 sequence or is
conplenentary thereto. In this regard, a structural gene region which is
used in the perfornmance of the instantréﬂgention may al so conprise a

nucl eoti de sequence whi ch encodes an a acid sequence yet | acks a
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20 In an alternative embodiment, the invention provides a method of modulating the
expression of a target gene in a cell, tissue or organ, said method at least comprising
the steps of:

(i) selecting one or more dispersed nucleic acid molecules or foreign nucleic
acid molecules which comprise multiple copies of a nucleotide sequence which is
25 substantially identical to the nucleotide sequence of said target gene or a region

thereof or which is complementary thereto; and

(i) introducing said dispersed nucleic acid molecules or foreign nucleic acid

molecules to said cell, tissue or organ for a time and under conditions sufficient



2 ,i AUG 2002 29 expression of the target gene. \Wilst not being bguadaby 2002
any theory or node of action, the inclusion of at |east one transl atable
open reading frane and/or translational start codon in the subject nucleic
acid nolecule nmay serve to increase stability of the mRNA 5 transcription
product thereof, thereby inproving the efficiency of the invention. The
opti mum nunber of structural gene sequences which may be involved in the
synt heti c gene of the present inventicT?%yl vary consi derably, depending
upon the length of each of said struct gene sequences, their
orientation and degree of identity to each other. For exanple, those
skilled in the art will be aware of the 10 inherent instability of

pal i ndrom ¢ nucl eoti de sequences in vivo and the difficulties associated

Wi th constrysf iragklhitdofiHel MERINA pestiRs of:eaiarﬂa@éiggén@%r&@%dmtsasject
nucl eoti de sequences, because of the t endenc or such sequences to

reconbi ne |r’i° h@cprowé?vﬂ‘ﬁhéh%rﬁfépﬁﬁf'@ﬁﬂh°fd§@'f’|WNA dgodydhds giati exgiHsiMehber of
struct ural @%s§§&3ﬁr‘é@]ﬁ§e&o be included in the synthetic genes of the

present invention nay be 15 determined enpirically by those skilled in the
art, w thout any undue experinentation and by follow ng standard procedures

such 534S n'gés‘gelgw rfsridte HFFIEFME?séd{JHnSGQ fdr tQt%'éﬁn%’E n%r‘é%snbﬁ\b? fHd @ é(}%ie’ﬁ@,

reconbi ent ce I nes uci ng the repeat sequences
to a | evesverdiaphrasiches mayke empidyedincse eotodimentt multiie copies ah dpésfic
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nuct oi ¢ Stasth et ZopfbrRGeT IR EORRE o GRneTn Feiiben man b8 FRRGr er  ed
t o hey eidnchasgayedutdri ther efficasyt i Aldugmigetargéli gévie @xpfdsBiohaTHeeadvantage
present |nvent|on clearly extends to the 25 use of nulti Ie structural gene

regi ons 3WsPERtest withy the &at@érﬂﬂﬂrg%cha iIgithadct s efﬂfgaf‘e%eéaﬁ@/n have,\ W Ot epeat
Sequenc%rﬂiiNIédt}f%FtHéfs f&%hbé‘@fﬁ §r%8M§F‘Fa$ &f geheNAshbEi § Uhd&dittbi
gene, dispers nucl epg" aci d nol lg?éﬂ ogr’elg enucP ergg(’:?d nol e'cu l'e, or
a fragnephemotmee@f the cell. For example, shotgun I|brar|es comprising virus sub-genomic
fragments may be employed and tested directly for their ability to confer virus immunity
15 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 sequences
wherein each member of said set is preferably contained within a suitable plasmid,
cosmid, bacteriophage or virus vector molecule which is suitable for maintenance
20 and/or replication in a cellular host. The term "shotgun library" includes a
representative library, in which the extent of diversity between the nucleotide
sequences is numerous such that all sequences in the genome of the organism from
which said nucleotide sequences is derived are present in the "set" or alternatively, a
limited library in which there is a lesser degree of diversity between said sequences.
25 The term "shotgun library" further encompasses random nucleotide sequences,
wherein the nucleotide sequence comprises viral or cellular genome fragments,
amongst others obtained for example by shearing or partial digestion of genomic DNA
using restriction endonucleases, amongst other approaches. A "shotgun library"

further includes cells, virus particles and bacteriophage particles comprising the



2 3 AUG 2002 30 Each dispersed or foreign nucleic acid nol ecul e c@n8akingdg)?
within the multiple structural gene unit of the subject synthetic gene may
conprise a nucl eoti de sequence which is substantially identical to a
different target gene in the same organism Such an 5 arrangenent 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 nodifying the expreﬁé'on of viral target genes. For
exanple, the nultiple structural gene % conpri se nucl eoti de sequences
(i.e. two or nore dispersed or foreign nucleic acid nolecules) which are
substantially identical to two or nore target genes 1o selected fromthe

| i st conprising DNA pol ynerase, RNA pol ynerase, N a protease, and coat

prot ei n iaxivRuBPAudiedtiRisedBBRced bfthe Wivefstsgitt i al for viral infectivity,
replication or reproduction. However, it is preferred with this arrangenent
that the structural gene units are selected such that the target genes to
whi ch t hepfatey SSetdumnliibfdried iad€atHingalto afhis EHBGiMEne gt &feS Gfvatition are
approximately the sanme time (or later) in an infected cell, 15 tissue or
organ as'r¢pmeaentativeclibraries"premprising @used|of fansenprepaaied nyclestide \seanenees gene
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scope of the invention. For expression in eukar ic cells) the synthetic
genel®enerdarithe sontirliof @asprometersiadquense wbichostaapabligafdlirecting the exriesgien of
the invepdd g i : egul atory sequences

desi gnedsﬁéﬁggi%ﬂ%{agme%?p@g%gﬁg% Sggeétideé Ig}t@%g?lged nucl ei ¢ acid nol ecul e or
foreign nucleic acid nolecule. Reference herein to a "pronoter” is to be

taken | F'A&éo?dih?@?ﬂf‘es uSIBBiRX beqUtbhck Tt &HRSuil'f the2taRdéiH-fepéaied sthuence
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transcriptional "regul atory sequences of a classical genom c gene, including
t he TATAMayxconmprise akleastj@bpeld20de 200 nueleetidesaitsdangth.i oThentise &f ilanger wi t h
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The introduced nucleic acid molecule is preferably in an expressible form.

By "expressible form" is meant that the subject nucleic acid molecule is presented in
an arrangement such that it may be expressed in the cell, tissue, organ or whole
organism, at least at the transcriptional level (i.e. it is expressed in the animal cell to
20 yield at least an mRNA product which is optionally translatable or translated to produce

a recombinant peptide, oligopeptide or polypeptide molecule).

By way of exemplification, in order to obtain expression of the dispersed nucleic acid

molecule or foreign nucleic acid molecule in the cell, tissue or organ of interest, a

synthetic gene or a genetic construct comprising said synthetic gene is produced,
25 wherein said synthetic gene comprises a nucleotide sequence as described supra in



and/or external stimuli, or in a tissue-specific manner. A pronote 2002
usual Iy, but not necessarily, positioned upstreamor 5, of a structuréﬁ
gene region, the expression of which it regulates. Furthernore, the

regul atory el enents conprising a pronoter are usually positioned within 2
kb of the start site of transcription of the gene. 1o In the present
context, the term"pronoter” is also used to describe a synthetic or fusion
nol ecul e, or derivative which confers, ti vates or enhances expression of
a nucleic acid nolecule in a cell. Pref®rred pronoters may contain

addi tional copies of one or nore specific regulatory elenents, to further
enhance expression of the sense nolecule and/or to alter the 15 spati al
expressi on and/ or tenporal expression of said sense nol ecule. For exanple,

regul at ogpergbhie MebhfectiBh Clith 0af promepesrequedwl\bmbht % @Bpatle Bf aegalatisy acent
to a heterol ogous pronoter sequence driving expression of a sense nolecul e,

t her eby @OREIHN Rgreippplis, |ﬂr‘ﬁtl§%lPJBFtl nycleig Acidiiaolegple il bgppsrakiycannaated ul e.
Pl aci ng gul atory
cont 1ol SroHeB3haRIeGlialdy Sleiferty SUienPich SRy Bl gt b I Sl & suen
that expression is controlled by the pronoter sequence. Pronoters are
genergl 'xcd&?&.hgryoae@rtﬁ r éﬂ&%‘éfi\?é‘%btoa}rﬁ&ﬁ Mﬁsn {éiitfont ;5?%}%169"5 hiddthod Bf ¢ he
construction o hetero ogous fprom)ter structura c1;ene conbinations It is
gener al | jpogulating thel expressiont ofoa tatget gepaunean aninzaldied: dssue br orgahesaitne
transcrl roximately the sane as 25 the distance
bet ween t%'}%la a'rit(')‘?réos{t cgllngﬁg}]p%e géﬁg%?t controls in its natural setting,
i.e., the gen@) f rsmhactihg cdmetdrempreommpemsed swdleid asgd mdlscules bnfmalgnmuclmc art,
sone variation.in this distance can he a comupdat out, | oss of
romoter funcagboierdles Wt Comants BRARIE SOBBS, PreosieRl andem BheR: o y
sequance el en@npusiedtitier esaneemcet mmcﬂﬂe”sesabaemmy idenficiUtés theOAudotidme to

be placed under its cantr is defined b posj tiopjng of t eelerrent in
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known in the gefetoSONE variation in this distance can al so occur. 5

Exanpl es of prom)ters suitable for use in the synthetic genes of the
present i nvenfiil orPrpéesinglea veyihetic @egal compeisiagi said gifpeesedarmyicieicracid
derived pr O”DFn‘Sfe% Fq?l?JJr‘éldihthc‘l’é?SEblﬂ%&gcu@ gl ant, animal, insect, fungal,
yeast or bacteri Al ee regul ate the expression of the
strutd ural gefig cntandumgsaJmsymthetlrngermwsmd ceII ftiseueznt oxgahyand t h respect to

the cell, the,tissue ot n i iC SSi o occurs or,.. W th ect
e 16 the doviDorebeineCbad avhfielfliotfle B BABGIO R RRCH ol forh e S3RSS' |
ext ernal sti nuhderseotlditivns Buffivientdgr trahslatiore of dise neRNAgbrodaetnsf, said tarfed

' ons, armngstgé)geh%r gé modified, subject to the proviso that the transcription of said mRNA

product is not exclusively repressed or reduced.

20
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-translated sequences (i.e.
25 introns, 5'- and 3'- untranslated sequences); and/or

(i) mRNA or cDNA corresponding to the coding regions (i.e. exons) or 5- and 3'-

untranslated sequences of the gene; and/or

(i)  a structural region corresponding to the coding regions (i.e. exons) optionally

further comprising untranslated sequences and/or a heterologous promoter sequence
30  which consists of transcriptional and/or translational regulatory regions capable of



Preferably, the pronoter is capable of regulating expression of a 290|ﬁ502mm
acid nolecule in a eukaryotic cell, tissue or organ, at |east durihg # e
period of tinme over which the target gene is expressed therein and nore
preferably al so i medi ately preceding the 15 comencenent of detectable

expression of the target gene in said cell, tissue or organ. Accordingly)
strong constitutive pronoters are particularly preferred for the purposes
of the present invention or pronoters jch may be induced by virus

i nfection or the commencenent of target®gene expression. 20 Pl ant-operable
and ani mal - operabl e pronoters are particularly preferred for use in the
synthetic genes of the present invention. Exanples of preferred pronoters
i ncl ude the bacteriophage T7 pronoter, bacteriophage T3 pronoter) SP6

Pronot ergq, ?r@n&g%%gﬁi%ﬁ%g%érsﬁcé %ﬁ{ R flral t‘%{ﬁ:ﬂ late promoter, SV40

early pronoter? ronoter, ronote CaMWv 35S pronoter, SCSV
pronmoter, SCBV pronoter and the like. 25 In consideration of the preferred

e ooy obte teuC oghe s ARG s S B FERIBE WD & O L Rtlulds GHRLERPAEBL
2002 33 parpbf v fiestioredd proddot] int partipulanat senseequeantisense RN product iovea

strong prommter, such.as th -1 E promoter or the SV40 early pronoter
sequence‘,’epztr'ag' §W33P5$%°W‘§¥R%“@Fesoéaupéﬁgg'f’a'bﬁ%dtﬁl‘ﬂ&o@% promoter, or the
SCBV pronoter, anongst others. Those 5 skilled in the art will readily be
awar e of_addi tignal. pronoter seqyences other than those specificall

descr | beHe 1 R NhlecaRne R 0 § Randiayfaly ORCWHER dne a6 IRseinbefire, ¢
or "operdgdfingdUififh pRefefadly cdmprides Shtildadt 6maldr Bforé alemscriptiondli &ad/er t hat
expression of the structural gene region or nmultiple structural gene region
i s uldertrangdatiopat iegulatary srguencesPeraiy inkadde aigrugtura! ggnecsequence. spatially
connected; in a cell) tissue, organ or whole organism In a preferred
enbodi ment of the invention, a structural gene region (i.e. dispersed

nucl ei c M9 BTl sbigiusalgenss sl bentakesite ratardo fnudepide sedunmceiwieh is
St ruCt Ur @loaBRNGr HfigOfahstribbd s broaBsS PANAafd BASHAINN ohbides aPpastREe

orientation relativé to the pronpoter sequence, suc en it is

t r anscr i ¢figepeptidermalypeptide or ibiplegieallyeaative prainmolecula. f These skiledd) thes
capabl fe At i BRALRErP ! NACRF hENRT i LphbRf of BEinbfrAfdiat88Nhitd* s Feptia@IMENt

t hereo
15  oligopeptide, polypeptide or protein, for example if the mRNA lacks a functional

translation start signal or alternatively, if the mRNA is antisense mRNA. The present
invention clearly encompasses synthetic genes comprising nucleotide sequences
which are not capable of encoding peptides, oligopeptides, polypeptides or
biologically-active proteins. In particular, the present inventors have found that such

20 synthetic genes may be advantageous 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
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
25 promoter sequence to which it is operably connected. A structural gene region may
comprise one or more dispersed nucleic acid molecules and/or foreign nucleic acid
molecules operably under the control of a single promoter sequence or muitiple
promoter sequences. Accordingly, the structural gene region of a synthetic gene may

comprise a nucleotide sequence which is capable of encoding an amino acid



However, the present invention is not to be l[imted to the use of Ju Al 2002
arrangenent and the invention clearly extends to the use of synthetic genes
and genetic constructs wherein the a structural gene region or nmultiple
structural gene region is placed in the 20 "antisense"” orientation relative
to the pronoter sequence, such that at |east a part of the nRNA
transcription product thereof is conplenentary to the nRNA encoded by the
target gene or a fragnent thereof. a&%y, as the dispersed nucleic acid
nol ecul e, foreign nucleic acid nDIecuI mul tiple structural gene region
conprises tandemdirect and/or inverted repeat 25 sequences of the target
gene, all conbinations of the above-nentioned configurations are
enconpassed by the invention. 2 3 AUG 2002 34 In an alternative

enbodi megdquehcé e is BYMPldniéhtaiynBefdts Ut thisite 3@&0% segcbtefal @en8lbgivR!vhich
structural gene region i s operably connecte first pronoter
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at the duéc{u%lnc Rehich RhE%dd®hAn %Ptéllgcf geéltl e ?Eké"% #uﬁ@t?&na?%%nylarlen of
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t he "%enméiatlomuoedoatarworr 8l fanctional dranblation rsimp p:pdmntamd sasqaecm\eeqmj'lqen t he

"anti sen jve to t d uen Accor di ng
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transcription factor§ é/i\:hl ch bind thereto., The advg thag( @f this ar&oag enment
i s that ?R&PSIEAT,Qr Srdown: Eetﬁmﬁ‘ﬁﬂﬂ?l"qersom Argens whych, fyquidspet, porma rs in
reduci notrameIgted i RakaryRti€ 86l WhichexbRRsses khidgnebe conpared to determ ne
the optinmumorientation for each nucl eoti de sequence tested. The synthetic

gene preferably contains additional regulatory elenments for efficient 15

t ranggr i R&d;d?ﬂmg{yoin MeacaNtExt Df thé predenP inventidre raStRaitiaN g8 Rs! HEJIGe malidisé er m
“term nator' ers to a DNA sequence at the end of a transcrlptlonal uni t

wh| ch si EAMAPHESE: B/ fusioR OPBYRESF tWa dhre pPER feadieg frarescafdhe,same or different
- non- t§é\{b°s' . edcrp%b%eﬁh@ﬂge@qu%rﬁ of! fd %epeééea@e%hafawgyeséﬂﬁe&f.ow ch

faC| litales the addition enyl ate equences to the
primary of engsgengtby 1af|q&ngadtﬁeseramnv@n‘tlguw regions thereof orrajtermativelyatel

descri be a r
CF o Snkahfluc) HGL S JHSKTBY dSclénl AR RRICFLEIR ol
seque'hcegenesrm‘ C | multlgaae cﬁamm;ayn thee case aferﬁmsrmatrmclesxeqmdmndeww WhICI'SIS(mDﬂF abl e
mthecelé SSY8ReC rpag ig.\/\hichitisinten ed to be fj
ogenous 0 the anlma cell and in particular comprises two or more nuceotlde
sequences derived from a viral pathogen, the fusion may provide the added advantage
of conferring simultaneous immunity or protection against several pathogens, by
targeting the expression of genes in said several pathogens. Alternatively or in
20 addition, the fusion may provide more effective immunity against any pathogen by

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

Particularly preferred structural gene regions according to this aspect of the invention
are those which include at least one translatable open reading frame, more preferably
further including a translational start codon located at the 5’-end of said open reading
25 frame, albeit not necessarily at the 5'-terminus of said structural gene region. In this
regard, notwithstanding that the structural gene region may comprise at least one
translatable open reading frame and/or AUG or ATG translatinoal start codon, the
inclusion of such sequences in no way suggests that the present invention requires
translation of the introduced nucleic acid molecule to occur in order to modulate the



Exanpl es of terninators particularly suitable for use in the synthéti dUG 2002
genes of the 25 present invention include the Sv40 pol yadenyl ati on si gnal,

t he HSV TK pol yadenyl ati on signal, the CYCl term nator, ADH term nator, SPA
term nator, nopaline synthase (NOS) gene term nator of Agrobacterium

t umef aci ens, the 2 3 AUG 2002 35 term nator of the Cauliflower npsaic
virus (CaW) 35S gene, the zero gene term nator from Zea mays, the Rubisco
smal | subunit gene (SSU) gene terninatog sequences, subcl over stunt virus
(SCSV) gene sequence termnators, any r % i ndependent E.coli 5 term nator,
or the lacZ al pha term nator, anongst others. In a particularly preferred
enbodi nent, the termnator is the Sv40 pol yadenyl ati on signal or the HSV TK
pol yadenyl ati on signal which are operable in animal cells, tissues and

or gans, @@ﬁr@ﬁu@eoﬁmetta@%egéuﬁzi&wrm&t mrb@hngw@olﬁwrﬁmmhéb@%r rhedérbnaéton,
active in plant cells, tissues or gans, or the lacZ alpha term nat or
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perform ng the i nvent1 on. sequences nmay rea | use out any
undueb ex{sanganiptiormpiagivct mm thgfebvrmptmuu ihg qﬁucnwcwqfémsmenilmg or
transformng) cells with the synthetic genes 15 described herein or a
genetic construct conprising sanme are well-known to those skilled in the
art. | n dheueptieumanuraberaof stuciktab Yemensequenges avhich mays be uovolved i de whi ch
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fromthose referred to supra.
vivo. Notwithstanding such difficulties, the optimum number of structural gene
sequences to be included in the synthetic genes of the present invention may be
15 determined empirically by those skilled in the art, without any undue experimentation
and by following standard procedures such as the construction of the synthetic gene
of the invention using recombinase-deficient cell lines, reducing the number of
repeated sequences to a level which eliminates or minimises recombination events
and by keeping the total length of the multiple structural gene sequence to an
20 acceptable limit, preferably no more than 5-10kb, more preferably no more than 2-5kb

and even more preferably no more than 0.5-2.0kb in length.

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
25 use of multiple structural gene regions which 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.



2 3 AUG 2002 36 Those skilled in the art will know how to nodify t@pg AUG 2002
arrangenent or configuration of the individual structural genes

described supra to regul ate their expression from separate pronDter
sequences. 5 The synthetic genes described supra are capabl e of being
nodi fied further, for exanple by the inclusion of marker nucleotide
sequences encodi ng a detectabl e marker enzynme or a functional anal ogue or
derivative thereof, to facilitate detec éon of the synthetic gene in a
cell, tissue or organ in which it is ex% essed. According to this

enbodi nent, the marker nucl eotide sequences will be present in a

transl atable format 1o and expressed, for exanple as a fusion pol ypeptide
with the translation products) of any one or nore of the structural genes

or al t erpgdy (Y§ﬂ>é/rsé§ oﬁfd?@i@nfd&%léiﬁ‘aélehﬁdl@éﬁlé ‘éSnta'H%'aSﬁlttﬁﬂf'tHé ﬁﬂ':ltlpib &thf}ct@frat wi |l
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synt het ilsy gedifgingthd bzprpsaenm viraltarget genesy FbEexaThpdemed\uttmleasmutmabl e
cell, 20 tissue or org haut erdlflcgtloMaS | i near %Q e form of
a genet i ¥ HQY GRPri "’(Vﬁ%ﬂt' § \WACIFFRJ! Pramols (iznesseds of fareian o
as a celpycleit raef i%lécbfé's? viicH hROSGBSRantRINY dsritical Refwo off thd?é A8igee ganéienet i c
construct, the synthetic gene of the invention_is inserted into a suitable

vectth oselegied dram tbe disticempesing RNA palyper@seo RNy polymerase, Niar plioteaset or or
a plasm gy 8&?;&6&% @Jtﬁé#thfqe%geﬁé‘m 8T s %r\)(q‘al fﬁ'?éért].§lt;§¢9@|%ﬁ?%r 25
ed 1 n the ‘host cell,

bei ng mal ntal ned an or rep ed an or express
ti ssue orepoadyation.nthHowehiechit is pretfemd)wwhistaryangetmemubadtheﬁammttdahgel}e a

further e t
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resi stance characteristics to viral pathogens. Such additional novel traits

may be i santredingcaxpressipn of the multiple structural’'gene will usually be selected to confer
expression in the cell, tissue or organ over the entire life cycle of the virus when the

viral target genes are expressed at different stages of infection.

20 As with the individual sequence units of a dispersed or foreign nucleic acid molecule,
the individual units of the multiple structural gene may be spatially connected in any
orientation relative to each other, for example head-to-head, head-to-tail or tail-to-tail
and all such configurations are within the scope of the invention.

For expression in eukaryotic cells, the synthetic gene generally comprises, in addition
25 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



separate genetic construct or, alternatively on the same genetic cpr§staeco0?
whi ch conprises the synthetic genes described herein. Those skilled in the
art will recognise 10 the significant advantages, in particular in ternms of
reduced genetic mani pul ations and tissue culture requirenents and increased
cost-effectiveness, of including genetic sequences which encode such
additional traits and the synthetic genes described herein in a single
genetic construct. Usually, an origin § replication or a sel ectable marker
gene suitable for use in bacteria 15 is bhysically-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
genonme of a eukaryotic cell. In a particularly preferred enbodi ment, the
origin Otfarfs%ﬂ‘alldiﬁl irégulaton ineB&!lof lanclas it igehbidic g@:hé naaddmprtﬁélﬁﬁsathe
pUC or the Col E1 origin or alternatively the origin of 20 replication is

oper abl equwalcéu%éﬁ%ﬁ’cfobémwatﬁté%\?é“atm 'ﬁﬁlla&mibr\wﬂb%mtbowkﬁrﬁﬁpférs ®he 2
Oy
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Vot orSTbOPRRG Stimbf: & b Bosiln: s #BNSE PATrhiBH S UsEEEiut et e
t her eo:c | ?éaesgatug tepdsiﬂlol’mﬂglh%strgﬁg‘f beg;)gg racégtrwcimtae gphatregiohethe expresdiordef t he
Parr ooy AP I BRES . FofRumore, The Teialont SPTET RORPHSPG A Bometer 3the

(Kan~), usuallf pogiesedwithin SkporBe $eitEsile’6Ttedrizctiptioh 6FtHE gehebl eonycin fam |y
which is trademark of InVitrogen Corporation), the AURI -C gene whi ch

confers resistance to the 5 anti biotic aureobasidin A,

phos{ahi nigt thiei Brie8ehtCEorRERN Cife FETE "proATUIICII® AN HBED 6 mﬁﬁb@?aes?ﬂﬁ@tld opt | |
), hygronym n-resi stance gene, gl ucur oni dase (GUS) gene or anpheni col

acet yl t risiopamglesulecar)degivative S"é’é‘nc‘?ﬂfﬁ@r astivates oF ?Hcﬁééﬁfﬁﬁﬁ'ogeﬂeﬂ or

t he Ium,ﬁlﬁgf\égcgefﬁgbc@gqﬁg%"ot hers. Preferably, the sel ectable marker gene
is the nptll gene or Kan™ gene or green lo fluorescent protein

(GFP) - encodi ng gene.
Preferred promoters may contain additional copies of one or more specific regulatory

elements, to further enhance expression of the sense molecule and/or to alter the
15  spatial expression and/or temporal expression of said sense molecule. For example,
regulatory elements which confer copper inducibility may be placed adjacent to a
heterologous promoter sequence driving expression of a sense molecule, thereby

conferring copper inducibility on the expression of said molecule.

Placing a dispersed or foreign nucleic acid molecule under the regulatory control of a
20 promoter sequence means positioning the said molecule such that expression is
controlled by the promoter sequence. Promoters are generally positioned 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
25 the distance between that promoter and the 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



Those skilled in the art will be aware of other sel ectable marker 9e9eRUG 2002
useful in the performance of the present invention and the subject
invention is not limted by the nature of the sel ectable marker gene. The
present invention extends to all genetic constructs essentially as

descri bed herein, 15 which include further genetic sequences intended for

t he mai nt enance and/or replication of said genetic construct in prokaryotes
or eukaryotes andlor the integration Of3iaid genetic construct or a part
thereof into the genone of a eukaryotic“tell or organism As wth dispersed
or foreign nucleic acid nol ecul es, standard nethods descri bed 20 supra may
be used to introduce synthetic genes and genetic constructs into the cell,
tissue or organ for the purposes of nodul ating the expression of the target

gene, fogerRXRBe ?Idc’eﬂ%@ﬁtg%hﬁfbﬁﬁ défﬁl@éftﬁﬁ%b%bsﬁtfonhfgaﬂﬁﬂﬁré@ﬁieﬁf‘|n its

transformatl on of cell attenuated virus particles or bacterial cells,
cel I nmthatyral spHings be-nilta genas fremamiicta i is slerived c Agaie asiin dawndn the a8,

skilled igmd USn%fotn iRnid aRed cléeéjanbeﬁi sippe!l et al. (1992). 25 Additional

means for 1 ntroducing reco |nant Into plant tissue or cells include,
but are not limted to, transformation using CaCd 2 and vari ati ons thereof,

in payti E*Hn%les o? p1'=“bnfi’<5%ersZéTlﬁ’t%bl%9fofr r|]|§ rii?tﬂl?@gyrqﬁ b&RA &ythgbﬂ}%@ﬁ ifvERficH -

di rect ptake 1 nto protoplasts (Krens et gtf‘cr 1982; Paszkowski et al,
1984), F’E@U%M'T%lt fangal peagkerial, @npmitaoﬁl Ipiant derivadrasemetess eapable offgrwpmng in
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vacuum i i ok attl'\é)“tué%het 'oﬁswaaw H“ Wiieh eéﬁprét?éuéh échH“ drhewmfisespéctPhaint s,
T- DNA- ned |ated transfer fromAgrobacteriumto the plant tissue as descrlbed

essett i athpydayglopmeatal stage1aauhich gxpressign pseyrs) p'alrefesapnse( oo gxgrnal stimyli
1985 ticleis
) - Jeﬁxcﬁ%soﬁﬁgaceprzsrgt@ggeéognbahe o%ﬁfr%gigh eqrﬁoﬁgsq ofHRE.

propel | I nt to produce a transfo Any sultable ballistic
cell transformation methodol ogy and apparatus can be used in perform ng the

pr esent I SESH Adsk
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cell to
15 commencement of detectable expression of the target gene in said cell, tissue or

organ.

Accordingly, strong constitutive promoters are particularly preferred for the purposes
of the present invention or promoters which may be induced by virus infection or the

commencement of target gene expression.

20 Plant-operable and animal-operable promoters are particularly preferred for use in the
synthetic genes of the present invention. Examples of preferred promoters include the
bacteriophage T7 promoter, bacteriophage T3 promoter, SP6 promoter, lac operator-
promoter, tac promoter, SV40 late promoter, SV40 early promoter, RSV-LTR promoter,
CMV [E promoter, CaMV 35S promoter, SCSV promoter, SCBV promoter and the like.

25 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



Exanpl es of microparticles suitable for use in such systens include? B A0652002
~m gol d spheres. The DNA construct nmay be deposited on the mcroparticle by
any suitable technique, such as by precipitation. 20 In a further

enbodi nent of the present invention, the synthetic genes and genetic
constructs described herein are adapted for integration into the genone of

a cell inwhich it is expressed. Those skilled in the art will be aware
that, in order to achieve integration o 3@ geneti c sequence or genetic
construct into the genone of a host celY] certain additional genetic

sequences may be required. In the case of plants, left and 25 right border
sequences fromthe T-DNA of the Agrobacteriumtunefaciens Ti plasmd wll
general ly be required. The present invention further extends to an isol ated

cel I, tisgmg desirabl8aRatCBBIErbmolst seqdeRceld & cdRétutivilstidify grmmch@t $ifchagse
descrlbed herein or a genetic_construct conprising sane. esent

i nventi dheé)‘(MyriEsP'qutWe@r the P¥4Q eariysemptes Seauencs: dag S \Vdldlalgh pramoter
organis ns p s and
A o R i L B e L S L T
pl ant5 cedKilledoin thesan ewill ceadilyybe saware hafr additionab preraoien gequencesaather Hikan
regener ate | an a variety of forns) such as chineras of

t ransf o?‘h@ gg?qnicag”?%ﬁ%@_@%r ansformed cells; clonal transformants (e.g.,

all cells transfor rred to contain the expression cassette); gr afts of

or af o angpreself TR, b Fiins 3T 8BRrofe HonneRubh SR 3t BPerplRLyrRbAS

rus speci es)
pl ant s nmntltmdé‘ pr smmtsmillti;e sakenr ioetrydlcmle Mnexpresmdm af thg stiuvchabl gene

propagation or ¢ I ga br edi ng techni que a first

Cenor ot 1 Aty Rultpie Sistital gt tholeiy 8 Grir e SiroL il I PvRartebeReR:s
secofid oRitewhidhatis(spatidik) cdnhasebommeeelp tissties orgdiror kol drgargths f urt her
propagat ed through cl assical breeding techniques. 15 The present invention

is further described with reference to the follow ng non-limting Exanpl es.
2 3 AU (n28Qxefétred embodiment of the invention, a structural gene region (i.e. dispersed

nucleic acid molecule or foreign nucleic acid molecule) or multiple structural gene
region is placed operably in connection with a promoter orientation relative to the
promoter sequence, such that when it is transcribed an mRNA product is synthesized

15  which, if translated, is capable of encoding a polypeptide product of the target gene or
a fragment thereof.

However, the present invention is not to be limited to the use of such an arrangement
and the invention clearly extends to the use of synthetic genes and genetic constructs
wherein the a structural gene region or multiple structural gene region is placed in the

20 "antisense" orientation relative to the promoter sequence, such that at least a part of
the mRNA transcription product thereof is complementary to the mRNA encoded by
the target gene or a fragment thereof.

Clearly, as the dispersed nucleic acid molecule, foreign nucleic acid molecule or
multiple structural gene region comprises tandem direct and/or inverted repeat
25 sequences of the target gene, all combinations of the above-mentioned configurations

are encompassed by the invention.



EXAMPLE 1 Genetic constructs conprising BEV pol ynerise gene sequeldc®sAUG 2007
| inked to the CW pronoter sequence and/or the SV40L 5 pronoter sequence 1.
Commercial Plasmds Plasm d pBluescript Il (SK+) Plasm d pBluescript Il
(SK+) is commercially available from Stratagene and conprises 1o the LacZ
pronoter sequence and |l acZ-al pha transcription termnator, with a multiple
cloning site for the insertion of structural gene sequences therein. The

pl asm d further conprises the Col E1 an | origins of replication and
anpicillin-resistance gene. Plasmd pSVL' Plasmd pSVL is
commerci al | y-obt ai nabl e from Pharmaci a and serves as a source of 15 the
SV40 | ate pronoter sequence. The nucl eoti de sequence of pSVL is al so
publicly avail abl e as GenBank Accessi on Nunber U13868. Plasmd pCR 2.1

Pl asm d |1nGER alternatived Btiodingéntyofamai ihdsttionf eesirdetuial @@AB ragidnCoMmiLitipRs t he
LacZ 20 pronoter sequence and |acZ-a trans%lﬂgtlon termnator, with a

cl oni ng Siuctirabgene egiaisisrerasably coaneeied e arfestrgatRreiequrare apdidween.

Plasm d g¥eB8d IoromotSsEqIRMAcE O whiefilf SHid | Rbmofes Chrb ! iBEARAT &t the MistdlUshPf the
A-overhang frequently synthesized by Taq pol yneri se dUI‘tI na% t he pol yneri se
ugtaraf |
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Pl asm d prafekerNiegVERcdaad rim thep EBfiRe hide" N n(dtiopuetatite tGlthesecdnyd promtatens t he

CW | E praonmoter er abl onnected t n_open_readin a ncodi n
0. shi NeehGs  AftraRa o PR Biiotipet, Rs ARETubERE et kiTrEART SePthd., o
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89111 and BanH sites and ) ) _ ) )

in the cell may be compared to determine the optimum orientation for each nucleotide

sequence tested.

The synthetic gene preferably contains additional regulatory elements for efficient
156 transcription, for example a transcription termination sequence.

The term "terminator" refers to a DNA sequence at the end of a transcriptional unit
which signals termination of transcription. Terminators are 3'-non-translated DNA
sequences containing a polyadenylation signal, which facilitates the addition of
polyadenylate sequences to the 3’-end of a primary transcript. Terminators active in
20 plant cells are known and described in the literature. They may be isolated from

bacteria, fungi, viruses, animals and/or plants or synthesized de novo.

As with promoter sequences, the terminator may be any terminator sequence which

is operable in the cells, tissues or organs in which it is intended to be used.

Examples of terminators particularly suitable for use in the synthetic genes of the

25 present invention include the SV40 polyadenylation signal, the HSV TK
polyadenylation signal, the CYC1 terminator, ADH terminator, SPA terminator,
nopaline synthase (NOS) gene terminator of Agrobacterium tumefaciens, the



many other restriction endonucl ease cl eavage sites, |ocated bet weed AUG 208
| E pronoter and the GFP open reading frame. Structural genes cloned into
the nultiple cloning site will be expressed at the transcriptional level if
they lack a functional translation start site, however such structural gene
sequences wi |l not be expressed at 10 the protein level (i.e. translated).
Structural gene sequences inserted into the multiple cloning site which
conprise a functional translation start,site will be expressed as GFP
fusion polypeptides if they are cloned ? -frame with the G-P-encoding
sequence. The plasmd further conprises an SV40 pol yadenyl ati on si gnal
downstream of the GFP open reading frane to direct proper processing of the
3'-end of nRNA transcribed from 15 the CW-IE pronoter sequence. The

plasm d feRhinAedr of e CatifffowdtanSdH® viRlid GTaMYS 368 RfeheathieOsbif dBAE itarfrhatbn
animal cells; the neonycin-resistance gene conprising SV40 early pronoter
(sv40 EFTM f£egaysithe Bybissn smalbaikieitegene, ($9id) gene terminator sequences,

neomyci né\RRARY Shibk %ﬁhik%s‘?) 9Rne géauée{@éi_té‘rﬁm{atc'f@aﬁfaﬁémphndﬂt@rcsﬁ 1)
and the HSV thym di ne kinase’ pol yadenyl ation signal (HSV TK poly (A) 1n

Fi gurfe lteyminatar, ethedaclalpba terminaiet amangstothers20 on kamanyci n, neonycin or
A418; the pUCl9 origin of replication which is functional in bacteri al

cells (pUC Ori in Figure 1); and the f1 origin of replication for

si ngl e- shnr areasticutally prefeued iespbgdimedt, i the ternigatas is the SV4@pelyadenyation
cassette I ' -ﬂg}{g LIRS, RS i i :
expressi%ﬁ@é’géﬁﬁg% or P’:ég;é%ﬂé@;r lgasli on o %aé%%gh@ﬁﬂggﬁ%lgﬁg&ggaﬂ%snce
under coand olgans, bhiepite\synthaseo(@DC8) os agpalinee syithaseri(NOSTtefntiaater \aative

Fol | ows: MPASh 6 hERseRToNESHsG 01 fectosd aprn SPRRA AT EBRA oo

endefh uspragalybtit ciy. ynerase and then re-ligated. Structural gene sequences
are cloned into pCW. cass using the nultiple cloning site, which is
identical to the multiple cloning site of pEGFP-N1 MCS, except it |acks the
Pi nAl si Titose skilled iAthé&artGAR béhwire vTadditichd. tevdinhtor asquéthaesivisich may be

pCW. SV40L,. cass (Figure conprises the synthetic poly A site and the SV40
Pate o otiieble s pnenBebeOTFIRY Jusyepkan SuRah tasusaRes Ay Basie i ueeths o 5
Sal | frggh@itanyiuntiQe eRger®rénthtiont € of plasm d pCW. cass (Figure 2), such
that the COW | E pronoter and SV40 | ate pronoter sequences are capabl e of

directing transcription in the same direction. Accordingly, the synthetic
pol y(A) Rehfs #r ihfi8diring (1. anbfeRtiRy4P transforming) cells with the synthetic genes

15  described herein or a genetic construct comprising same are well-known to those
skilled in the art.

In a further alternative embodiment, a genetic construct is used which comprises two
or more structural gene regions or multiple structural gene regions wherein each of
said structural gene regions is placed operably under the control of its own promoter
20 sequence. As with other embodiments described herein, the orientation of each
structural gene region may be varied to maximise its modulatory effect on target gene

expression.

According to this embodiment, the promoters controlling expression of the structural
gene unit are preferably different promoter sequences, to reduce competition there

25 between for cellular transcription factors and RNA polymerases. Preferred promoters
are selected from those referred to supra.



pronoter sequence is used as a transcription term nator for struc? Jr AUG 2002
genes expressed fromthe CW | E pronoter in this plasmd, which also
provides for the insertion of said 10 structural gene via the nultiple
cloning site present between the SV40 | ate pronoter and the synthetic
poly(A) site (Figure 5). The nultiple cloning sites are | ocated behind the
CW-I1E and SV40 | ate pronoters, including BanH and Bglll sites. Plasm d
pCW. SV40LR. cass Plasm d pCW. SVA40LR. c (Figure 4) conprises the SV40

| ate pronoter sequence 15 derived from¥pfasm d pCR SV40L, sub-cloned as a
Sall fragnent into the Sall site of the plasm d pCW. cass (Figure 2), such
that the CW-1E or the SV40 | ate pronoter may drive transcription of a
structural gene or a nultiple structural gene unit, in the sense or

ant i sensgnéyel mteatm% aAWilRSOW Bew tO d%dlfy tﬁé%n%'n?@in%ﬁt 8t ddhfigbratiohidf ittened
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order f dﬁﬂﬂ uctural gene sequence to occur fromthis

pl asm doée é B{élr(rgl%(r‘@ecf?g%d wWith its own transcription termnation
sequence Iocated at the 3' end, because there are no transcription
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orientation; and where the structural gene sequence or_ nultiple structural
gene uni 3Ny %"%0&@O%Ofékﬁﬁb’ﬁﬁféléﬁ'lgﬁ“?ﬁer a'rtﬁrf‘é%\f%)éa%?l'@ﬁtfbl?'PBrﬁ’OR’nPSm'Q%e CW | E
pronot er sequence and/or in the sense orientation fromthe Sv40 | ate
pronmoter, the 5 pol Kadenyl ation signal will be in the sense orientation

and the Bhosgoskjliedeinihe artowill begamare afinovpte preduse thensyniesticoenesedasstibesh. 10
Al 't er nat I'\é/rﬁkxyaﬂf of f?\gar@ghfr%rﬂg tsSfo Bﬁt‘é é«%meeaio;ﬁésé.&ﬁ mé?a&fom%ﬁ%emdﬁay be

pl aced at t -en noters, as shown Figure 4.
Al t er natinaespecifisi cedirar gefityne lamﬁm_lm carsd;tucp@ desireHedn padictlasdt wil be kmm a
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enconpaséells such derivatives.

The synthetic genes of the present invention may be introduced to a suitable cell,
20 tissue or organ without modification as linear DNA in the form of a genetic construct,
optionally contained within a suitable carrier, such as a cell, virus particle or liposome,
amongst others. To produce a genetic construct, the synthetic gene of the invention is
inserted into a suitable vector or episome molecule, such as a bacteriophage vector,
viral vector or a plasmid, cosmid or artificial chromosome vector which is capable of
25 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 which at



20 Alternatively appropriately oriented termnators coul d be placed 3 AUG 2002
upstream of the CW and SV40L pronoters such that transcriptional

term nation could occur after readthrough of each of the two pronoters in
the antisense orientation. 3. Internediate Constructs 25 Plasm d

pCR. Bgl - GFP- Bam Pl asm d pCR. Bgl - GFP- Bam (Fi gure 5) conprises an internal
regi on of the GFP open reading frame derived fromplasm d pEG-P- N1 MCS
(Figure 1) placed operably under the coptrol of the lacZ pronoter. To
produce this plasmd, a region of the open reading franme was anplified
frompEGFP-N1 MCS using 30 the anplification priners Bgl-GFP (SEQ ID NGO 1)
and GFP-Bam (SEQ ID NO 2) and cloned into plasmd pCR2.1. The internal
GFP-encoding region in plasm d pCR Bgl - GFP-Bam | acks functi onal

transl at jpg8@doniprives tﬁ@@yﬁt‘h@ﬁc @BHE AR cording 1B My She?BPfaft® of 't@@inﬁo@iﬁ%n‘ts
(SK+). EG-P Pl asm d pBSIT'(SK+) "EGFP_(Figure 6) conprises the EG-P open

readi ng ¢¢Sé}ﬂbe‘éléﬁl’3ﬂé@nd rQﬂﬁnq:fI ragie erigivsceirepiicalios qnd/efusalectablpragrker aere abl v
under thg faRELO! of the lacZ 5 pronoter. To produce this plasmd, the EGFP
encodi ng regi on of pEGFP-N1 MCS was excised as a Not 11Xhol fragrrent and
cloned into the Not 1l Xhol cloning sites of plasmd pBluescript Il (SK+)
Plasm d S BB r si ng
t he G:P@%b%ﬁrﬁgimt e%llg gérg g con? gfé(;r: g%fﬁ?r@fo%ﬁﬁ?bér %Hg% ?@Ee:ﬁlﬁence.
To pr odutoelmnwducqﬂrmei denétic m thergtm nineaddition d6 dbei moplsslnl oBkesistade® was

i sed B | £ I N t 1111%acl, Si of
bl 2o d JEUPRELe eS8 viral BBRbe s S C AT eyt han bR puddicip o
E Eieglé r ekﬁéka@aﬁpgemﬁobbﬁt?gggbrl giterrmtioelgt en tder sarad @érmmpbmﬁ(%t hith )
Nnban CCessSl on . , ar 1 a)., one t r at,agene).
To pr oQuEIRES BF SYRNElC RRk et g Mt bhere Slet RuRFrrLHieEgN S
primeys hedignifidantadiantbigds, I paﬂréuﬁvwt&néiﬁ%a&éacger@ucwﬁambula%ﬁy ase Sal
| 20 cl oning S|testofaC|I|tate sub- cl Omngﬁﬁ%‘ﬁt e anplified DNA fragment

i nto pCMiESY§sSulturpreguireraentsl 3ad ciprieased cos B’?P%S%O‘Pfy"(cﬁx)d"& tQ@"SE'Ct he

5 end, &@@twﬁ.a? 3%?& ISuERLddiigHaP HaRs SHIBd 3§itn ﬁ%v.a& NRischb@®! ¥
(A site the 5 of the SVA0 pronpter sequenc 25 asmd pCR BEV. 1

The BEV WAMBWO@Q@GRRW poispmst.ase codi ng region was anplified as a 1,385
by DNA fragnment froma full-length cDNA cl one encodi ng same, using priners
designated BEV-1 (SEQ ID NO 5) and BEV-2 (SEQ I D NO 6?, under standard
anpl i fi cHsually, an0Hgin ofreplication anpl seléctablerrarkerrgenensiitahlesfor Bge in bacteria

rest{é' thsoghﬂ]@ﬂ}?se%iar‘aqed d\%ﬂ.nv%se genetic sequences contained in the genetic
construct which are intended to be expressed or transferred to a eukaryotic cell, or

integrated into the genome of a eukaryotic cell.

In a particularly preferred embodiment, the origin of replication is functional in a
bacterial cell and comprises the pUC or the ColE1 origin or alternatively the origin of

20 replication is operable in a eukaryotic cell, tissue and more preferably comprises the
2 micron (2um) 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 identification and/or
selection of cells which are transfected or transformed with a genetic construct of the

25 invention or a derivative thereof.

Suitable selectable marker genes contemplated herein include the ampicillin-resistance



30 fromthe BEV-1 prinmer sequence and a 3'BanH restriction enzynme Z3tAUG 2002
derived fromthe BEV-2 priner sequence. Additionally, as the BEV-1 priner
sequence contains a translation start signal 5 -ATG 3' engi neered at
positions 15-17, the anplified BEV pol ynmerase structural gene conprises the
start site in-frame with BEV pol ynerase 2 3 AUG 2002 46 encodi ng

nucl eoti de sequences, Thus, the anplified BEV pol ynerase structural gene
conprises the ATG start codon i mmedi at t?/ upstream (i e. juxtaposed) to the
BEV pol ynmer ase- encodi ng sequence. There”1s no translation stop codon in the
anplified 5 DNA. This plasmd is present as Figure 9. Plasm d pCR BEV.2 The
conpl ete BEV pol ynerase coding region was anplified froma full-length cDNA
10 cl one encodi ng sane, using priners BEV-1 and BEV-3. Prinmer BEV-3

conpri segere Pﬁﬂb‘ fefrabydifbiresistanéy Hensi (re") abadtesalt kamamyrin-Rskardacherd ve
and thee%eo erre?lt of %|tra{nssat|orir§%gt o(|tor ) g%al at p05|ytlé|I ons? 11 toé13 As a

conseque(rlﬁa@ ), nthepesecin: fsistance gaee déeqain 3 Rgdrag: ofbleprayeipfamtily rwhieh al
and trangl ah 4R ﬁiﬂ@“@é&ﬂékrpoﬁ:ﬁw tﬂ@‘i\tﬁ%@ﬁ Hemc@%@éfsnﬁgéba@%gf% the

restriction sites ragnent | oned
( St r & agamigjotico pawegbeswbmasnAd p@gsmmrlclnrrgas@nme) genes mi ohq@moBEv. 3 A

Ful -1 BB sfinssP HeBTnBR S i Fea SEREe WBReCRRNchidfiodts B s
BEV- 3 ( Se@e, Doiiiamhenivd! Bidétyltraisif€las® (CATB)genk; i green Bﬁuéréscempprcﬂaa a

89111 cl oni 5| te at sitions 10 and ,sequences downstream of this 8glill
site ar 5 thﬁrl?&fF@éﬁlgtﬁ’@es%'aaeﬂ%@%ﬁ t he BEV pol ynerase gene.
There is no funct [ onal ATG start codon | n the anplified DNA product of

prirrers BEV-4. The BEV pol se ig, 25 ex sed as part of

ol ypr ot SIEPTaRG, tag sg'e&%@%cmaﬁé Ganba Re 11 npd! ReS, PG Ge0n B greet; ¢ e
in t4y s fRREescehbprotein(GF nEdHfinyigens oned into plasmd pCR2.1 (Stratagene)
to yield plasm d pCR BEV. 3 (Fi gure 11). Plasm d pCW. EGFP. BEV2 30 Plasm d

pCW. EGFP. BEV2 (Figure 12) was produced by cloning the BEV pol ynerase
sequenceThdsenkifed BEMelartwilhbBAHWAré Bifrttherf selgt@ble matker igeaeSasbful in the

performance of the present invention and the subject invention is not limited by the
nature of the selectable marker gene.

The present invention extends to all genetic constructs essentially as described herein,
15 which include further genetic sequences intended for the maintenance and/or
replication of said genetic construct in prokaryotes or eukaryotes and/or the integration
of said genetic construct or a part thereof into the genome of a eukaryotic cell or

organism.

As with dispersed or foreign nucleic acid molecules, standard methods described
20 supra may be used to introduce synthetic genes and genetic constructs into the cell,
tissue or organ for the purposes of modulating the expression of the target gene, for
example liposome-mediated transfection or transformation, transformation of cells with
attenuated virus particles or bacterial cells, cell mating, transformation or transfection
procedures known to those skilled in the art or described by Ausubel et al. (1992).

25 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



site of pCW. EGFP. 2 3 au ~ 700z 47 4. Confrol Plasmids Plasm & 3 AUG 2002
pCW. BEV.2 5 Plasm d pCW. BEV. 2 (Figure 13) is capable of expressing the
entire BEV pol yneri se open reading franme under the control of CW-I1E
pronot er sequence. To produce pCW. BEV. 2, the BEV pol yneri se sequence from
pCR BEV.2 was sub-cloned in the sense orientation as a Bglll-to-BanH
fragment into Bglll/BanmH -di gested pCW. cass (Figure 2). 10 Plasm d

pCW. BEV. 3 Pl asm d pCW. BEV. 3 (Figure % expresses a non-transl at abl e BEV
pol ynmerise structural gene in the sense”0rientation under the control of
the CW-IE pronoter sequence. To produce pCW. BEVnt, the BEV pol ynerise
sequence from pCR BEV.3 15 was sub-cloned in the sense orientation as a
Bgl Il -to-BanH fragment into BgllllBanH di gested pCW. cass (Figure 2).

Plasm d peeitod d@saﬁusedi bp Edvhaveh (f §833u eﬁedtSDNAxlmtaﬁé #fio PhotaplabBeksensEV

pol ynmeri se nRNA 20 under the control ronoter sequence. To

produce ?ﬂ 3ls HPRE: Faspkeomski ettﬁ’é %),p%ﬂ}n@?ﬂ'@t@ds\éﬁfébﬂé% ProtepiApteRABRSroNG\a s

b- cl |
20 ) 01580, gt ho b, ScygBalnt A el T,

pCW. BBEvn(grmn(eptlgupé BN)A «grggssi\matee gzzte &gﬂiyzngcprgngﬁsh&et bmwnmerr&gwﬁélﬁsue rom
bCR B! - Gl et BSAcifieldy/ BH ode 4RI, {9e9. Rt HReRbe e REL BRY- 2

Thi s pl as serve s contto sone ‘expe SO as
I nt er mednwdieic @oitls or urcthe &Se%faﬂamtd, PDNA-Bradiated Qranster Fros mgdobactenum to

R&Wzg(%hgvélgn{' tigs guJe%c%ggd ess tia?’lssbyaAtnrgP 3} abgg) q—lerrera@st?é arétsael 23
(1983a, 1983b, 1985).

10  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. Exemplary apparatus and
procedures are disclosed by Stomp ef al. (U.S. Patent No. 5,122,466) and Sanford and
Wolf (U.S. Patent No. 4,945,050). When using ballistic transformation procedures, the

15  genetic construct may incorporate a plasmid capable of replicating in the cell to be

transformed.

Examples of microparticles suitable for use in such systems include 1 to 5 um gold
spheres. The DNA construct may be deposited on the microparticle by any suitable
technigue, such as by precipitation.

20 In a further embodiment of the present invention, the synthetic genes and genetic
constructs described herein are adapted for integration into the 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

25 right border sequences from the T-DNA of the Agrobacterium tumefaciens Ti plasmid

will generally be required.

The present invention further extends to an isolated cell, tissue or organ comprising



48 structural gene derived fromplasnmd pCR BEV.2 inserted in the s23s@aUG 2002
orientation between the CW-I1E pronoter and the SV40 | ate pronoter
sequences of plasm d pCW. SV40L. cass. To produce plasm d pCW. BEV. SV40L- O,

t he BEV pol ynerase 5 structural gene was sub-cloned as a Bglll-to-BanH
fragnent into Bglll-digested pCW. SV40L. cass DNA. Plasm d pCWwW. O Sv40L. BEV
Plasm d pCW. O SV40L. BEV (Figure 18) conprises a transl atable BEV

pol ynmerase structural gene derived fron%iq)l asm d pCR BEV. 2 cl oned downstream
of tandem CW 10 | E pronoter and Sv40 | ate pronoter sequences present in

pl asm d pCW. SV40L. cass. To produce plasm d pCW. O SV40L. BEV, the BEV

pol ynerase structural gene was sub-cloned in the sense orientation as a
8gl1l1l1-to-BanmH fragnment into BanmH -di gested pCW. SV40L. cass DNA. Plasm d

PCW. O. SKéMynifidticlgertd desdribedOhdfeld SV40GenstB EonisBuice cdpricigPEdarses Bk
anti sense BEV pol ynmerase structural gene derived fromplasmd pCR BEV. 2
cl oned dJURRRAt r'g\éﬁﬁ{'ef’ axignsisfuethes te fSBg'Pﬁf?tﬁd %%H%\ﬂfea!‘%l?@dm PEQanés@EﬁJences

present ddyvalam dail Sils, %‘é@@és §A¢ 8rgah8 al?nﬂqg 'be(ﬂ)d’g'uié%rHrﬂi Feddmhekedil . VEB,

the BEV pol ymerase structural gene was sub-clonéd I n the antlsense
orientation as a Bglll-to-BanH 20 fragnent into BanH -di gested

POW.5SVARy. exiplENBlants mESShe Pé@é{érﬂt%dqr&ﬁ ni'reﬂ*nswﬂéd He cﬁl@%l’"ﬂgs@s@'\/& BEVX2

(Figure 20) conprises a direct repeat of a conplete BEV pol ynerase open
readi ng 9rgans onMAsMonRCoptAining Imedia and tcwegg?fatﬁebplent%muéat%a vaietyy

eukar yot I e | E
ot oot er o ofe, Suf, ek Bineras s IRARATAL, e AR Rop R mBATLAk, clthal
st r uct urtsdnsfemants (g plad oellsl tqaﬁ:ﬁfoBE!sd 20 wastaguthecéxpnessiomcasdsettep rggafts of
orlentatl B a nt in | : di gest ed BEV. 2,
i medi at & é)@?f%%‘vﬁs?'?%é'm%ﬁsp nyd t' "\'seasg\%% foﬁ%nsiﬁr%r%og@@ g@aﬁt\a/gttpu%r} ur al
genelml restchnsforaedndcidrmiy €itros sBéasﬁl)i. dT peobféredxdants 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
propagated through classical breeding techniques.

15 The present invention is further described with reference to the following non-limiting
Examples.



Pl asmid pCW. BEVx3 (Figure 21 ) conprises a direct repeat of thred@ toMl €082
BEV 5 pol ynerase open reading franes under the control of the CwW-1 E
pronoter. To produce pCW. BEVx3, the BEV pol ynerase fragnent from pCR BEV. 2
was cloned in the sense orientation as a BgllllBanH fragment into the
BanH site of pCW. BEVx2, imedi ately downstream of the BEV pol ynerase
sequences al ready present therein. 1o Plasm d pCW. BEVx4 Pl asm d pCW. BEVx4
(Figure 22) conprises a direct repeat cg1four conpl ete BEV pol ynerase open
readi ng frames under the control of the CW-1 E pronoter. To produce

pCW. BEVx4, the BEV pol ynerase fragnent from pCR BEV.2 was cloned in the
sense orientation as a Bgll!lIBanH gkjﬂﬂggt into the BanH site of 15

pCW. BEVx3, i mmedi ately downst r eant BEV pol ymer ase sequences al ready

present ther ei Gen&li@ebhstrocidciriSiPBER Ifih%ﬁéﬁéj ene sequences
pCW. BEV. SV40L. BEV( Fi gure 23) conpri ses aﬁsréu tiple %truct%r al gene unit 20

conpri si ng two BEVINKeAtedhe LMY promolensequaince andieethesP¥4dls| y and
separately under control of the - %ﬂiﬁi{c&r and SV40 | ate pronoter
sequgﬁces. To produce plasm d pmg . BEV, the transl atable BEV
pol ymerase structural gene present in pCR BEV.2 was sub-cloned in the sense
orientat} a Bolll-toBanmH fragnent behind the SV40 | ate pronoter

h o sk

OR_as
seqguence p?gg'éﬂ?rcl' i gested 25 pCW. BEV. SV40L-O. Plasm d
pCW. BEPIaSH{d pEtitestiristil (B)W. BEV. SVA0L. VEB (Fi gure 24) conprises a

mul tiple.structural e i.t, conpri Si t o) rase structural
Mnes” bR Ese AN bs ROTBTarS aRga v RnR T OB S aRo S atd ERRPHESE of
the {@W-thE RcZ oténsedriéhie | dtide/apZ AIFHE frafSEtipEOR @6rminatoP! With! Germltipty | ~i d
pCW. BEV. SV40L, VEB, the trans| atabl e BEV pol ynerase structural gene present

i n pCR BHYNING wife farithe insatien phstrysiurahgenessequiences teseino il hesplasmid furthes s

BamH fr@cﬂﬂ&ib&? cofEt 4 insf ¢ i Shd ARTHIAIRG- '
; s sHf Feplic d fe &d'gend)
BanHl - di gest e p@%&/. g:Et/ @%ﬁéﬁag I'n rﬁugs plasm d, the s&{—_t%ﬁpo yner ase
structural gene is expressed in the sense orientation under control of the
CW- 1 E pp@gmigrpst\n_ produce
Plasmid pSVL is commercially-obtainable from Pharmacia and serves as a source of
15  the SV40 late promoter sequence. The nucleotide sequence of pSVL is also publicly

available as GenBank Accession Number U13868.

Plasmid pCR 2.1

Plasmid pCR2.1 is commercially available from Invitrogen and comprises the LacZ
20 promoter sequence and /acZ-o 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-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

25  f1 origins of replication and kanamycin-resistance and ampicillin-resistance genes.

Plasmid pEGFP-N1 MCS
Plasmid pEGFP-N1 MCS (Figure 1; Clontech) contains the CMV IE promoter operably
connected to an open reading frame encoding a red-shifted variant of wild-type green
fluorescent protein (GFP; Prasher et al., 1992; Chalfie et al., 1994; Inouye and Tsuji,

30



a transl atabl e mRNA, whilst the BEV pol ynerase structural gene is & 30AUG 200?
expressed under control of the Sv40 pronoter to produce an anti sense
species. 10 Plasm d pCW. BEV. GFP. VEB Pl asm d pCW. BEV. G-P. VEB (Fi gure 25)
conprises a BEV structural gene inverted repeat or palindronme, interrupted
by the insertion of a GFP open reading frane (stuffer fragnent) between
each BEV structural gene sequence in the inverted repeat. To produce

pl asm d pCW. BEV. GFP. VEB, the GFP stuff fragnent from pCR Bgl-G-P 15 Bam
was first sub-cloned in the sense orient@tion as a 8glll-to-BanmH fragnent
into BanH -di gested pCW. BEV. 2 to produce an internedi ate plasmd

pCW. BEV. GFP wherei n the BEV pol ynerase-encodi ng and G-FP-encodi ng sequences
are contained within the sane 5 -Bglll-to-BanH -3" fragnment. The BEV

| t | - : ¥ i
D Ut o di lutich e e Gnrliag RS fighter fuotBsechBE) MHePRLiTGER RNt SCnoe
pCW. BE\er@ered HyepEBERPH MRS dse beenudisclosdd by Gormeack ©f al. {4998)- PEsmichrot er
' | j . VEB_j _of being .t ted, at
o rpeGrBN S B Ui Reind BRRBMsEsBlocA0 Mg ARl S and
FEW_. EGFrRtaBE_ \&hfiF@séBdliEB\t/i@uriaw&ﬁnhcmsardle@a@eCﬁt%tspabmdd cbmh e%)mttltees rcugn/erliI 25 by
e Itnsertiron o a (0] nerase sequence e en eac Struc ene
I he ThPEIt AL e TP roRas 154009 A, SO GansscHoned M eie T
PCR. Byl - GhiRg 3t vilc banexbrassed B thd tRmetliptionapmevel if meoyt lhdgﬁ d%f/\‘ﬁhﬂ:tioﬂal e of

pCW. EGFP. BEV2 1 n the antisense orientation relative to pronot er.

2 3 AU Gramsigtionistart 58 hpwsyer seely styatorakapne sanvensemwibmot besapressed glir e
27) ' =tu IS t | pen
Fendihg Tragen BV oo feRr SRTR due sefuERed bl Bt WP RAARIOC
CW- | E peloning site avhicheseroptise: a funationaldransiaiion stast site will bd gxpressed aslGHP
produci rapsgli at | r D t

PUP | englrioBaPtsrIRes Hanéd AR EbhPlinBhms SR vl BEPRGACRld fRfente. ThE
pCW. BEhIasHhid- RirtHeh ecomiprises adr iSMVa 0Bidlyadeny fation ssigrsdl rdovinstr@mg eh ¢hep GFRent i n
pCR BEV. 2 was sub-cloned,. as a 8glll-to:BanH f{ra t NLo th I que
Bol I 151 CReToReaRIMITATEE o peShpTanml frecassitg of e A-eRe! PRSP SsBRT TRt ng
framg i sthar GMROIE proridter SGFehcR! | TRé Plasid MfBHRéN ¥empRsdstheCBVAD BorigirP &Pt er
sequence.

a 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 Tn5 (Kan/neo in Figure 1) and the HSV thymidine kinase
polyadenylation signal (HSV TK poly (A) in Figure 1), for selection of transformed cells

20 on 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).

2. Expression cassettes
25 Plasmid pCMV.cass
Plasmid pCMV.cass (Figure 2) is an expression cassette for driving expression of a
structural gene sequence under contro! of the CMV-IE promoter sequence. Plasmid
pCMV.cass was derived from pEGFP-N1 MCS by deletion of the GFP open reading
frame as follows: Plasmid pEGFP-N1 MCS was digested with PinAl and Not |, blunt-
30 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 pEGFP-N1 MCS, except it lacks the PinAl site.



Those skilled in the art will recognise that it is possible to gen@ratilG& 2002
pl asm d wherein the BEV pol ynerase fragnent frompCR BEV.2 is inserted in
the anti sense orientation, relative to the CW | E pronoter sequence, using
this cloning strategy. The present 15 invention further enconpasses such a
genetic construct. EXAMPLE 2 Cenetic constructs conprising the porcine
a-1, 3-gal actosyltransferase (Galt) structural gene sequence or sequences
operably connected to the CW pronoter %fquence andl or the SV40L pronoter
sequence 20 1. Commrercial Plasm ds Plasiid pcDNA3 Plasm d pcDNA3 is
commercially available fromlInvitrogen and conprises the CW-IE pronoter
and BGHpA transcrlptlon termnator, with nultiple cloning sites for the 25
i nserti onlagmidpCMY SVAOLass sequences there between. The plasnid further

conpri SeISIaFll?n?d eVRE sHABL IcasO T(FRuRS @fcgnﬁﬁlsgﬁatgsoéyggﬂglc”ﬁ&% : ITESI i e%@nce

and anpicillin’resistance gene
pl asmi dsSW&éamcprpmmssmencwr@mrpmspu@mQﬁ ENHOL ((Bigusen 8pnsubi-elonedi as Sout h

Aust r§I ' Sal I%"ﬁﬁ& ifito llr:1eg§§/? sﬁg )of sﬁué’ b?W.gaﬁcgi\ﬁ??e %,@ﬂcﬁﬁﬂ&%é (f’]\W-

conprisesS the=C sequence encod I'né-gen
al pha- 1, I& pahatéroand Sva0dater mmo(téieséo).xenpes ald yapable of dhectingntrardcripfiort he

L RS SSUERS USRS L A S, SR Eao

al pha- 1, grofritétCdepihée RNIFedraase trahdNptios t&hﬂﬁlﬁdrm‘*sﬁrﬂctﬁf&'@bnéé agpfreBsed Nt 0
t he EcoRI cIom ’\&mte of pcDNA3. The plasm d 1o further conprises the

Col E1 anf®omn|the GMY I p&met@mn this p@ﬁm%dvm%ahemw@ﬁ fafdhe insertion of said
anpi g | 1 étﬂrc‘h?rﬁl §éﬁé‘9% &%ﬂ%ltlfl% cl6hiRg ré?tb ;?rleeém BEwBbA IHe @w@wf@a dmdte

Plasm d pCW (t gure 2 I S cag)a e of expressin Gl t structur al
gene undamd the synthetic poly(A) site (Figure 5). The multiple cloning sites are located behind

the CMV-IE and SV40 late promoters, including BamH| and Bglll sites.

Plasmid pCMV.SV40LR.cass
Plasmid pCMV.SV40LR.cass (Figure 4) comprises the SV40 late promoter sequence
15 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 or the SV40 late promoter
may drive transcription of a structural gene or a multiple structural gene unit, in the
sense or antisense orientation, as desired. A multiple cloning site is positioned
between the opposing CMV- IE and SV40 late promoter sequences in this plasmid to
20 facilitate the introduction of a 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 gene sequence or
25 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 multiple structural gene unit is
to be expressed in the sense orientation from the CMV IE promoter sequence
and/or in the antisense orientation from the SV40 late promoter, the 5

30 polyadenylation signal will be in the antisense orientation and the 3’



the control of the CW-IE pronoter sequence. To produce plasmd pZigvAGsl ?BZ
the Galt sequence from plasm d pcDNA3. Galt was excised as an EcoRl fragmen
and cloned in the sense orientation into the EcoRl site of plasmd

pCW. cass (Figure 2). 20 Plasm d pCW. EGFP. Galt Pl asm d pCW. EG-P. Gal t
(Figure 30) is capable of expressing the Galt structural gene as a Galt
fusion pol ypeptide under the control of the CW-IE pronoter sequence. To
produce plasm d pCW. EGFP. Galt, the Gal sequence frompCW. Galt (Figure
29) was excised as a BgllllBanH fragnme and cloned into the BanH site of
25 pCW. EGFP. Pl asm d pCM/ Galt. G-P PI asmd pCW. Galt. GFP (Figure 31 ) was
produced by cl oning the |t cDNA as an ECORl fragnment from pCDNA3 into
EcoRl - di gesté&PmﬂWE@P’slgﬁ‘alW@ hedp e 5?”%‘?%3’]@#9“ ®Afs plasnid serves as
both a control and construct internediate. oo~~~ s" 0 _~(:, Ifll I~ 53
Plasm d pCW. Galt. SV4A0L. 0 The plasm d pCWwW. Galt. SV40L.0 (Fi re 32)
conprises a Gt swherethesstrugtiral germsaqdevesor muliple stretuahgeneouwit is

P omepOW, Gart aasclsrat in e bARREAEs  Sertafthe ME TG 15 dbPorent

| geste
pCW. SVA0OL. casegjuence iaed&ensehmlseasﬁ atlenmatlorﬁ’lfmmrﬂté BUND. |ateSHtbioten, 462 Bhe
plasm d pCW. Q,SV40L, t.| aG 3 ses a l.t s uctural
clones in an %Hl!{?dseéw?@%r. 3'1 E%) msB'Pset hgr@vﬁ pPB%ttgg Br esent

in 10 pCW. S\H&*adzaa@enofr@gwaoﬂmcﬁe hhh@amumctr‘ehetuealt CDNA fragnent from
pCW. Galt was oned as a Bglll/BamH into BanH -di gested pCW. SV40L. cass

in the antisense orientation. Plasmd pCW. O SV40L. Galt 15 The plasmd
PCWO. SMfdthatisdly 6F 1 GUT Sdditlan, C WliRAbHSYientdd! ferﬁﬁrfa't&t L%e%ﬂueﬁ@é‘s? ﬁ{a@ ek

downstream of the SV40L rormt er reSent in pCw. cass. To produce the
pl asni d Rlaeedzal the Sprpd f W%ﬂtﬁfsvv% SBP‘GH&D%@ 43 Bgl ||/ BanH
I nto BanH - di gested pCW. SV40L. cass In the sense orientation. 20 4. Test
Plasm ds Plasm d pCW. Gal t x2

Alternatively, plasmid pCMV.SV40LR.cass is further modified to produce a

derivative plasmid which comprises two polyadenylation signals located between
15 the CMV IE and SV40 late promoter sequences, in appropriate orientations
to facilitate expression of any structural gene located therebetween in the sense or
antisense orientation from either the CMV IE promoter or the SV40 promoter

sequence. The present invention clearly encompasses such derivatives.

20 Alternatively appropriately oriented terminators could be placed upstream of the
CMV and SV40L promoters such that transcriptional termination could occur after
readthrough of each of the two promoters in the antisense orientation.

3. Intermediate Constructs
25 Plasmid pCR.Bgl-GFP-Bam
Plasmid pCR.Bgl-GFP-Bam (Figure 5) comprises an internal region of the GFP
open reading frame derived from plasmid pEGFP-N1 MCS (Figure 1) placed
operably under the control of the lacZ promoter. To produce this plasmid, a
region of the GFP open reading frame was amplified from pEGFP-N1 MCS using
30 the amplification primers Bgl-GFP (SEQ ID NO: 1) and GFP-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.



Plasm d pCW. Gal t x2 (Figure 35) conprises a direct repeat of a Galtd Apén2002
reading frame under the control of the CW-IE pronoter sequence. In
eukaryotes cells at |east, the open reading frane | ocated nearer the CW-IE
pronoter is translatable. To 25 produce pCW. Galtx2, the Glt structural
gene from pCW. Galt was excised as a Bglll/BanmH fragnment and cloned in the
sense orientation into the BanH cloning site of pCW. @Glt. Plasmd

pCW. Gal t x4 Plasm d pCW. Gal t x4 (Figure, 36} conprises a quadruple direct
repeat of a Galt open 2 3 AU G 2002 readi ng franme under the control of
the CW-IE pronoter sequence. In eukaryotes cells at |east, the open
reading frame | ocated nearer the CW-IE pronoter is translatable. To
produce FjesmiERBSIUSKNERRRt x2 sequence from pOW. Gal t x2 was excised as a

5 Bglll/ , i i ' i mH

ol oni ng ‘Sre i pBSHRH ERFY e &) camicpes Bt ERD Gitnieplig, firk W
pCW. GalfrorswesmidpEGRR-NGUME S3(Figure 10 plicgdewperably upderstbe togotrekofdbe 1acZ
transcri I ri byt t Sv40L
pr ot erbtoigty, TRptoo BRI Aty el E5E P MGIRITEGRn of BRGRF RIS % o

cl oned aexcizeBgas 1d BrottiXhbt fgagmménti avich cRuled! intb dke tNel1 PEBY. EokgOsitesl bf | n
the sense orjentation P%gsm’ d pCW. Galt. SV40L.tlaG The plasmd

pCW. GalRl2SUEPEINERETPE| (3KE)-38) i s designed to express a sense 15
transcript of Galt driven by the CW pronoter and an anti sense transcri pt

drivenck% the SVA0L pronoter. To produce the plasmd a Galt cDNA fragnent
f r om pC\RIasmid pEMV.EGRRRD as a BglI1/BanH fragnent into Bglll-digested

pCM%,0. ' [ i€ ' asm : aG
R, PARELOWIEERS, F3078 Rkt cER S0 R i f i
i nt er r uptnsigr Bhe taemtrioh o ithe SHIVIGIE aprepmterc gequansebdovneieduea dhis@lrsmist thect ur al

i i T i I ' h I
IDNA 1 1 A Er RHEERGE bl id, B BIEKITE AN YR AL s BBl spbifagiHen!
pCW. Gal andGHénechintdtheaBg/ll/Sacisites ef plasmid pGMVheasS\FFigkise R).onot er .

15  Plasmid pCR.SV40L
Plasmid pCR.SV40L (Figure 8) comprises the SV40 late promoter derived from
plasmid pSVL (GenBank Accession No. U13868; Pharmacia), cloned into pCR2.1
(Stratagene). To produce this plasmid, the SV40 late promoter was amplified using the
primers SV40-1 (SEQ ID NO: 3) and SV40-2 (SEQ ID NO: 4) which comprise Sal |

20 cloning sites to facilitate sub-cloning of the amplified DNA fragment into pCMV.cass.
The primer also contains a synthetic poly (A) site at the 5' end, such that the
amplification product comprises the synthetic poly (A) site at the 5' end of the SV40
promoter sequence.

25 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 restriction enzyme site, derived

30 from the BEV-1 primer sequence and a 3'BamH| 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-



Plasm d pCW. EGFP. Gal t. PFG The pl asmi d pCW. EGFP. Gal t. PFG ( Fi gur e24D)AUG 2002
conprises a GFP palindrone, interrupted by the insertion of a Galt sequence
bet ween each GFP structural gene of the inverted repeat, expression of
which is driven by the CW pronoter. To produce 30 2 3 AUG 2002 55 this
plasm d the Galt sequences from pCW. Galt were cloned as a Bglll/BanmH
fragment into BanH -di gested pCW. EGFP in the sense orientation to produce
the internediate pCW. EGFP. Galt (not sh ); following this further G-P
sequences from5 pCR Bgl-pCW. EGFP. Galt "1 n the antisense orientation.

Plasm d pCW. Galt. SVA0LR The plasm d pCW. Galt. SVA0LR (Figure 41 ) is

designed to express Galt cDNA sequences cl gned bet ween the opposi hg CW and
SV40L preieed@gsny qtﬁg SEIYFBSS:! “§o”l%§'§'€ﬁ‘?eé* BEMP Bﬁﬁecﬁig@?ur H¥oduce

this pl agmglisedl theSavaestarscddoiMniiiated LpsREANCli@NRdtapeséd)Be tHd BayH
fragment in Bglll-digested pCW. SVA0LR cass in the sense ori‘entation
rel at i vepalynerasesmsoging ragquence:XEngve Hs Nnaciaeslation: stept eedans inc thepamplifig PVY

Ni a seq e ' : 5S 15 pronoter sequence andl or the
SCBV%pr Bﬁ@?‘ﬁ“@@ﬁ%ﬁﬁéﬁs &%eggﬁﬁ%ﬁ'g&%g or Plasnid pART27 Plasnid pART27 is a

bi nary vector, specifically designed to be conpatible with the 20 pART7

expressi,pln ca s%g é)# contains bacterial origins of replication for both
E. coli afd Aélp F rfum tunef aci ens, a spectinomycin resistance gene for

bacterial selection, left and right T-DNA borders for transfer of DNA from
Agr obacterium t I cells and kanamyci n resi.stance c tte t erm-t
sel ectio %P°'¥‘P§r‘§ﬁ€\}r@8‘yme&?ﬁe geging regiq mamyeﬁ%f ?’8& §ﬁ§lﬁ§’é‘gﬁh§g’ eis
| ocafged é}&ﬁé/veﬁeodigg_ssn@l&.shﬁy gamers BERARRA7BEVSD PAERBEY-8 dompiides Mot |

restriction site ich permts cloning of constructs prepared in vectors

such as Baphiresyidionanzyee site: ackositions TiOAA inelvsive and the somplament ofra
PART27 i i Ii i . e gé’% F%?e dnto
this vect?%'%?a?@&ogﬁ ssl'eI taqgoaﬁfﬁe/o%%tg[ﬁ ?oﬁ%%zi? ) b\e&ygogt%bﬁe : c%'?éahét eF%aa"}d;Wi ng
exanpl esfrarhe camprising e trapsiation sstadnsignall and vteanstatiphestapr signalorcopfaingte 30
2 3 AG @eltj\%eé Qhe Bgl Il and BamHI restriction sites. The amplified fragment was cloned

15 into pCR2.1 (Stratagene) to produce plasmid pCR2.BEV.2 (Figure 10).

Plasmid pCR.BEV.3

A non-translatable BEV polymerase structural gene was amplified from a full-length

20 BEV polymerase cDNA clone using the amplification primers BEV-3 (SEQ ID NO: 7)
and BEV-4 (SEQ ID NO. 8). Primer BEV-4 comprises a Bglll cloning site at positions
5-10 and sequences downstream of this Bglll site are homologous to nucleotide
sequences of the BEV polymerase gene. There is no functional ATG start codon in
the amplified DNA product of primers BEV-3 and BEV-4. The BEV polymerase is

25 expressed as part of a polyprotein and, as a consequence, there is no ATG
translation start site in this gene. The amplified DNA was cloned into plasmid
pCR2.1 (Stratagene) to yield plasmid pCR.BEV.3 (Figure 11).

Plasmid pCMV.EGFP.BEV2

30
Plasmid pCMV.EGFP.BEV2 (Figure 12) was produced by cloning the BEV
polymerase sequence from pCR.BEV.2 as a Bgll/BamHI fragment into the BamHI
site of pPCMV.EGFP.



35S pronoter in the described pART7 constructs was chosen; this wds3 ddHe 2082
m nimse any experinental artefacts that may arise from conparing different
constructs with different insert orientations. 5 2. Conmercial plasn ds
Plasm d pBC (KS-) Plasmd pBC (KS-) is commercially available from
Stratagene and conprises the LacZ pronoter sequence and | acZ-al pha
transcription termnator, with a nultiple cloning site for the insertion of
structural gene sequences therein. Thecf{)} asm d further conprises 1o the

Col E1 and fl origins of replication and‘a chl oroanpheni col -resi stance gene.
Plasm d pSP72 Plasm d pSP72 is commercially available from Promega and
contains a nultiple cloning site for the insertion of structural gene
sequenceh t her@ptiol Rigsmidssni d further conprises the Col EL origin of
replication and an anpicillin-resistance gene. 15 3. Expression cassettes
Plasm d pART7 Plasm d pART7 is an expression cassette designed to drive
expr essiRiasmid pEMN 2cl oned behind the 35S promoter. It contains a

| ylgi i l,OpRH: : § O : oCt.i pi
e nenatigesni EVBEGDEIde A3 Lol B B Sxhrdesid OB e BYORBEE ¢ on
sites whopeh pading franleonhder thet ootitral aofy CRRAIEE psornotev eseigoence. sTie lpradugeART27
whi ch co I upi Notl site. Its copstr i s described,in, d eave,
ap ( 19oRCY Biap2) BV Pavmeragt seaksncap i R v S wases i aigned o thes
Pl asm d 2388 driMtation Sas\a Bdlieto-8aaMH| tRagPidht %t By BRI dIdstEE PEMPREAYICES
cloned into a_single plasmd. To create this plasm d, sequences

correspdfil@u®2)-0 the nos terminator and the SCBV promoter were anplified by
PCR {ghen cloned in the polylinker of pART7 between the 35S pronoter and
OCs. 2 3 AUG 2002 57 The resulting plasm d has the follow ng arrangenent
of el endfiasmidpSMY.BFM.-3r - polylinker 1 - NOS ternminator - SCBV pronoter -

polylin : R Nt i S n i
Dol v nagieric SSRVERVR e yFARGRSSLET, GoniRERASE BLO"Bdnbise
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

15  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

Plasmid pCMV.VEB (Figure 15) expresses an antisense BEV polymerase mRNA
20 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 Bglll-to-BamH| fragment into Bg/ll/BamHI-digested pCMV.cass (Figure

2).

25 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.

30
Plasmid pCMV.BEV.SV40-L..0
Plasmid pCMV.BEV.SV40-L.0 (Figure 17) comprises a translatable BEV polymerase



expressi on of sequences cloned into polylinker 2 is controlled by 2re ASGBYN0?
pronmoter. The NOS term nator sequences were anplified fromthe plasmd
pAHC27 (Christensen and Quail, 1996) using the two oligonucl eotides; NOS 5'
(forward priner; SEQID NGO 9) 10

5' - GGATTCCCGGGACGTCGCGAATTTCCCCCGATCGITC- 3" ; and NOS 3' (reverse priner;
SEQ ID NO 10) 5'- CCATGGCCATATAGGCCCGATCTAGTAACATAG 3' Nucl eoti de residues
1to 17 for NOS 5 and 1 to 15 for NOS 3, represent additional 15

nucl eoti des designed to assist in constfuct preparation by adding
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 remai ni ng sequences for each oligonucl eotide are honol ogous to

the 5 afiflicRiraegese rdé'fll@é@"ffdfﬁ'Ma%ldN@RSEEVQ”ﬁﬂértéa iRAHE gehse2BridittiosBY
pronot er sequences were anplified fromthe plasmd pScBV-20 (Tzafir et al,

1998) ushatweemdhe eM¥HEgBiametebandcbe SEHY late: promoter sequences of plasmid

CCAT Al
o - AACGT DT IR BRGNS 1 PR ByHoL-G e BEY, piinerase
Nucl éot ia:lwcttersi gese was ssubrclohedSEBY a5'BgdhtooBemNt dragmentSinte  Bg/digestécn
sites d @assi'lfﬁ I n construct preparation, the remaini ng sequences

are ho ogous ‘io upstream sequences of the SCW pronoter region.
Nucl eotide residues 1 to 9 of 5 SCBV 3' encode Pspl0461 and Hpal

restri Ct#l%@nﬁéli: \91@592 assi st in construct preparation, the
remai ni ng sequences’ are onn ogous to the reverse and conpl enent of

sequencel%lasmaf pCMWY. Ors\mu BBV (Migurai 18) adonaprises ta trahsiatbie B‘Eem)elymase

anplifie ScBY- in PCR a kspfdi ro

produce E‘iﬁ "Ngg%ﬂ?d ‘T:TCYR Qcpﬁck/@ pp@pCRFre@utofB@éqm% d 10

Sfi l{oHPAE Cponiétsr SQRY vverg/m gérét@d p:@hﬂbt&frﬂséqﬁ‘éﬂceQA réséritd i PpRSHIH W th

a suitable orientation_was chosen and desi gnated pART7.35S. SCBV. cass, a map

of this PCMV.SV40L.cass. To produce plasmid pCMV.0.SV40L.BEV, the BEV poiymerase
structural gene was sub-cloned in the sense orientation as a Bglll-to-BamH| fragment

into BamHI-digested pCMV.SV40L.cass DNA.

Plasmid pCMV.0.SV40L.VEB
15  Plasmid pCMV.0.SV40L.VEB (Figure 19) comprises an antisense BEV polymerase
structural gene derived from plasmid pCR.BEV.2 cloned downstream of tandem CMV-
I[E promoter and SV40 late promoter sequences 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-BamHl
20 fragment into BamHI-digested pCMV.SV40L..cass DNA.

5. Test Plasmids

Plasmid pCMV.BEVx2

Plasmid pCMV.BEVx2 (Figure 20) comprises a direct repeat of a complete BEV

polymerase open reading frame under the control of the CMV-IE promoter sequence.
25 In eukaryotic cells at least, the open reading frame located nearer the CMV-IE

promoter is translatable. To produce pCMV.BEVx2, the BEV polymerase structural

gene from plasmid pCR.BEV.2 was sub-cloned in the sense orientation as a Bglll-to-

BamHI fragment into BamHI-digested pCMV.BEV.2, immediately downstream of the



construct is shown in Figure 43. 4. Internediate construcfs Plasm d 335&1163\28[]2
15 A region of the PVY genone was anplified by PCR using
reverse-transcribed RNA isolated from PVY-infected tobacco as a tenplate
usi ng standard protocols and cloned into a plasmd pGEM 3 (Stratagene), to
create pCGEM PVY. A Sall/Hindlll fragnment from pGEM PVY, corresponding to a
Sall/H ndl Il fragnment positions 1536-2270 of the PVY strain O sequence
(Acc. No D12539, Cenbank), was then subgloned into the 20 plasm d pBC
(Stratagene Inc.) to create pBC PVY (Figure 44). Plasm d pSP72. PVY Plasm d
pSP72. PVY was prepared by inserting an EcoR /Sall fragment from pBC. PVY
into EcoRI/Sall cut pSP72 (Promega). This construct contains additional
restriction sites flanking the PVY insert which were used to assi st

SubsequeBEvmgnthé sPOGuraf\gélhe BRGady preberst theesi.r uct is shown in Figure 45.
Plasm d Cl apBC. PVY Plasm d Cl apBC. PVY was prepared by inserting a Oal/Sall

fragnment from pSP72. PVY z 3 AUG 2002 59 into Clal/Sal | cutpBC
(Strat amagh.dﬁmwm uct contains additional restriction sites flanking
the PVY insert used to assist subsequent mani pul ati ons. A map of

this cordpmd pPM\éﬁEMﬁih(ﬁlqurgaﬂb caBPriSePRadRT "BeratrafvRieePramplets BB PYYx2
cont g nspdr)rl}ﬁel‘ﬂsée%em‘?é’éﬁ’ﬁgj)ﬂa%és LRgeAire %nﬁ&]eofPh% w&&ce@ﬂ&éi vegh from

pBC. PVY lasm d nerated by cloning an fragnment from
pSP72 PWOde) PAMY .BEMX3p B BEY anlymesaseh fragmient Iﬁ’PQUP§R455VF3 Wasi ¢oned

pSP72. S 24 S rect a t peat s
of the V{\;Y sequéeﬂr?%esrslr 'cglgfr&lﬁgéd grom ﬁ@@%@’w ?h%pﬁ%s‘ﬁ‘ﬁ’d t\ags%éﬂ-grgpédggy

cl oni ng MDM)O(CB:EVXZ damniradiatelyadownstréano rof e . BEA polyroerdsel sequengsPazedlyy and
is shown in RS 48. Plasm d pBC. PVYx3 Plasm d pBC. PVYx3 contains three
di rect h%rﬁae'fc; ¢&n: repeats of the PVY sequences 15 derived from pBC. PVY.
The plasm d was prepared by cloning an Accl/d al PVY

10 Plasmid pCMV.BEVx4
Plasmid pCMV.BEVx4 (Figure 22) comprises a direct repeat of four complete BEV
polymerase open reading frames under the control of the CMV-1E promoter. To
produce pCMV.BEVx4, the BEV polymerase fragment from pCR.BEV.2 was cloned
in the sense orientation as a Bgl/li/BamH| fragment into the BamHl site of
15 pCMV.BEVx3, immediately downstream of the BEV polymerase sequences already
present therein.

Plasmid pCMV.BEV.SV40L.BEV

Plasmid pCMV.BEV.SV40L.BEV(Figure 23) comprises a multiple structural gene unit
20 comprising two BEV polymerase structural genes placed operably and separately

under control of the CMV-IE promoter and SV40 late promoter sequences. To

produce plasmid pCMV.BEV.SV40L.BEV, the translatable BEV polymerase structural

gene present in pCR.BEV.2 was sub-cloned in the sense orientation as a Bglll-to-

BamHI fragment behind the SV40 late promoter sequence present in BamHI-digested
25 pCMV.BEV.SV40L-O.

Plasmid pCMV.BEV.SV40L.VEB
Plasmid pCMV.BEV.SV40L.VEB (Figure 24) comprises a multiple structural gene unit
comprising two BEV polymerase structural genes placed operably and separately



fragment from pSP72. PVY into Accl cut pBC PVYx2 and is shown in Fi guj AU 2002
Plasm d pBC. PVYx4 Plasm d pBC. PVYx4 contains four direct head-to-tai
repeats of the PVY sequences 20 derived from pBC PVY. The plasm d was
prepared by cloning the direct repeat of PVY sequences from pSP72. PVYx2 as
an Accl/d al fragnment into Accl cut pBC PVYx2 and is shown in Figure 50.
Plasm d pBC. PVY.LNYV 25 All attenpts to create direct palindronmes of PVY
sequences failed, presunably such sequ e arrangenments are unstable in
commonly used E. coli cloning hosts. Interrupted palindromes however proved
st abl e. 2 3 AU G 2002 60 To create interrupted palindrones of PVY
sequences a "stuffer" fragnent of approximtely 360 by was inserted into

Cl a pBV. PVY downstream of the PVY sequences. The stuffer fragnment was nade

?s f ol | aumsler Toftrol @ﬂleth@btcai/lvaﬁ pruntdter landf r Svaa@ latlaNérDednhthtéarsxquémlb@r ?g)gg ; om
ettuce necrotic ye L.ru enom c It en et al, ,
novn_ ¢ (ToRRP ISR PABTG BRY SyAhY R HiR Tanslatonie, BEY) A Baraserscta) 1 he
primer Sggeh@ (?F&%ﬁtlih %’Cﬁﬁ@@@%@%ﬁ%%@%%&briérﬁ&@d B MBgiii3y- and
LNYV 2: 5 - TGTGGAT AACGGACCCGATG- 3" (SEQ ID NO. 14) The first 9

nucl &ot | Brmidt fragraest behing the SY48dateprameter ssauence peeseskin Ramiyli-digastast i des
15 areg;qmcggyj n {.HgY\é | | Qi :
anplifica |gh, t%ﬁ?lr';g?rgﬁt ﬁﬁélas&%?rh%d I nt oé?hgag@gﬁ:&sisg@co alp@lSB?l's

( St r at agexpegssed@Hn th&seme priemtation uneder contrad df ithe CMYWIE Eromotesi tbeprofiucd a

pBC. PVY } [ W Nt er |a pl asm BG. PYY._ LNYV which | ho in
Ergur e & TabaRitT HISNACKAITE e PR dTkioss Sulatila BEne 0 R e st
cont ai nsuraler contes!iofl fiec8V4D pesthoteefiepiodote RVEntissnsemaRBA shecigseat e thi s
plasm d a Hpal /Hi ncll fragment from pSP72 was cloned into Smal -di gested

pBC. PVY. LNYV and a plasm d containing the sense orientation 25 isolated, a
map 1of tPlasmidpCMVIBEV.GFPIMEB i n Figure 52. Plasm d pBC PVY.LNYV. YVPO The

DL O e e BRREIR s 2B bbb Y BB e ROl o
repeat or palindrome, interrupted by the insertion of a GFP open 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-

15 Bam was first sub-cloned in the sense orientation as a Bglll-to-BamHI fragment into
BamHI-digested pCMV.BEV.2 to produce an intermediate plasmid pCMV.BEV.GFP
wherein the BEV polymerase-encoding and GFP-encoding sequences are contained
within the same 5'-Bglll-to-BamHI-3’ fragment. The BEV polymerase structural gene
from pCMV.BEV.2 was then cloned in the antisense orientation as a Bgill-to-BamHI

20 fragment into BamHI-digested pCMV.BEV.GFP. The BEV polymerase structural gene
nearer the CMV-IE promoter sequence in plasmid pCMV.BEV.GFP.VEB is capable
of being translated, at least in eukaryotic cells.

Plasmid pCMV.EGFP.BEV2.PFG

Plasmid pCMV.EGFP.BEV2.PFG (Figure 26) comprise a GFP palindrome, interrupted
25 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 Bg/ll/BamH| fragment into the BamHI site of pPCMV.EGFP.BEV2

in the antisense orientation relative to the CMV promoter.



30 pBC. PVY, the other armcontains part of the sequences from PVY,23 AUG 2002
correspondi ng to sequences between the EcoRV and Hincl| sites of pSP72. PVY.
To create this plasm d 2 3 AU G 2002 61 an EcoRV/H ncl| fragment from
pSP72. PVY was cl oned into Snal -di gested pBC. PVY.LNYV and a plasmd
containing the desired orientation isolated, a map of this construct is
shown in Figure 53. 5 Plasm d pBC. PVY.LNYV. YVP The plasm d pBC. PVY. LNYV. YVP
contains an interrupted palindrone of BMY sequences. To create this plasmd
a Hpal/H ncll fragment from pSP72. was 1 oned into Sna-digested

pBC. PVY. LNYV and a plasm d containing the antisense orientation 10

isolated, a map of this construct is shown in Figure 54. 5. Control

pl asnmi dsP! P PGMVLBEV.SBILR nART7. PVY Pl asni d pART7. PVY (Figure 55) was
desi gne AT d$4\V, smd
serves g@ég@gﬁgp@fa%t r u('i:"\‘taﬂfiﬁﬁre épe(%g&perershnig%éupﬂ%%eé\osmaﬁn E{egl I

ot her candire (BE\E polynerasg aonen. repdlr‘@efremt placed opsiraldyi anda separaieh: einder

i ¢ h oo Bof SRR LMYAE ottt At 05l ot B, BeildnsBbr o™ ¢

genone, paentiatly produtingBEVeutyenease Slamtscnims at |dasefrdmSogth atands of Piévfull-

t t No | d
Tt NotFainde Saleses SrURuE gPREnTS Plrdre s R Y SELSUAOLR e at T on
was sel agdrthtabsle m:—:\slp@wads@émemralFémnprQSemARTﬁcaFﬁ\Pmmao&ed

pART27. 35S. PVY. S ART7. 35S. PVY. SCBV. O e 56) was designed
to act &S adofdf btog F&Q"&%’é‘t ointgr thei tPB\qucoéglﬂrué'ﬂ% fHonPlasmidgi e
pl asqgi d pcmvr@mma“ssplsaeﬁ $hat the @é@dﬁéﬁ%&& ngﬁa‘iné% 'pGéE.%t Pt BéRseS PVY
sense sequences, Wwhil SCBV pronot er s enpt To generate this

pl asmi d ortelméatwvehtmgmsthe GMMﬂEcpranp&nsewem cl oned as a Xhol/ EcoRl
fragment into Xhol/EcoR -digested pART7.35S. SCBV. cass to create

p35S. PVY. SCBV>0O. Sequences consisting of the 35S pronoter driving sense PVY
sequencebhasgckilled inds agrwill iegagnisenihat Hds Bomiblgrte igenerate adplamBid whereinat or

vere exchseABofmidblde F1RHERT oA REREBEYSL s i HIRNRTAS anfisdlsdtRefitatiohh 30

relative to the CMV |IE promoter sequence, using this cloning strategy. The present
15  invention further encompasses such a genetic construct.

EXAMPLE 2

Genetic constructs comprising the porcine o-1,3-galactosyltransferase
(Galt) structural gene sequence or sequences operably connected
to the CMV promoter sequence and/or the SV40L promoter sequence
20
1. Commercial Plasmids
Plasmid pcDNA3
Plasmid pcDNA3 is commercially available from Invitrogen and comprises the CMV-IE
promoter and BGHpA transcription terminator, with multiple cloning sites for the
25 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.



2 3 AU G 2002 62 the desired insert orientation was isolated and d2<j Qg og)?
pPART27. 35S. PVY. SCBV. O. Pl asm ds pART7. 35S. O SCBV. PVY &

pPART27. 35S. O. SCBV. PVY 5 Pl asm d pART27. 35S. O SCBV. PVY (Figure 57) was
designed to act as an additional control for co-expression of nultiple
constructs froma single plasmd in transgenic plants. No expressible
sequences were cloned behind the 35S pronoter, whilst the SCBV pronoter
drove expression of a PVY sense fragmarg To generate this plasmd, the PVY
fragment from C a pBC PVY was cl oned as Za Clal fragnent into C al-digested
1o pART7.35S. SCBV. cass, a plasm d containing PVY sequences in a sense
orientation was isol ated gnd desi gnated p35S. O SCBV. PVY. Sequences,

consi st i hg'ntermediatep/aspids er and NOS terminator, the SCBV pronot er

drivi ng prReafid pYPNIEsigaiRces and the OCS terminator were excised as a Not|
fragment and cloned Iinto pART27, a plasmd with the desired insert

or i ent atPlaamich pcDhlA3Baltl (Brasateni Gimitasd Sty ARISEAlI35 AusiraEa\Figwe. 28) isni ds

pPARTTZ. 35 )3 P ' 7 : YVP
(Fi g8 o BayiLEcRN’ (fRiEs 3, oiFeeriife EDRPsaPish st BRILLT
of mul t igene alphati;3+galactospliransferasgl git) apetrably nndercthegmmtrol pf thet SMVWE
expressi bl e sequences were, cloned behi ng . the 35S promter. whilst the 20
SCBY pr ST RAg0EEs SrE tiat A 15 coRaRerp St SH SRR A o T ORIRENG o
]Ehi s pl aslagmid %bPRg)Gélf,agge:s%rgfgbgg%@ alphCi B&g\éllarmssygtka:maae@_cmmﬁ ?:A\/(as
ragnent int al di geste : .cass, a plasm Qnt ai ni ng )
sequencedoned g4 aéhF_P@'th'ég'@P Emt.%tth.%rﬁ‘iﬁ ‘i'%'l"gtsgﬂ cﬁrﬂfm-gﬁéleeﬂlasm'd
P355,00. SfGﬁNeWBmgﬁ%é'QHée@blquﬁﬁbsﬂ'%irﬁ o‘fh‘é{}@&%oﬁr ahPLiRE ﬁé&n?&ﬁ and
termnator, the SCBV pronoter driving sense PVY 25 sequences and the OCS
t er m natynpigiiineresistanseenssa Not| fragment and cloned into pART27, a
plasmid with the desired insert orientation was isolated and desi gnat ed
pPART27. 35S. O SCBV. YVP. 6, Tesf plasm ds 30 Plasm ds pART7. PVYx2 8~
pPART27. Ry/Y&onhioh Hasinio&RT7. PVYx2 (Figure 59) was designed to express a

direct rgpegtaYoN Galt
15  Plasmid pCMV.Galt (Figure 29) is capable of expressing the Galt structural gene under
the control of the CMV-IE promoter sequence. To produce plasmid pCMV.Galt, the
Galt sequence from plasmid pcDNA3.Galt was excised as an EcoRIl fragment and

cloned in the sense orientation into the EcoRI site of plasmid pCMV.cass (Figure 2).

20 Plasmid pCMV.EGFP.Galt
Plasmid pCMV.EGFP.Galt (Figure 30) is capable of expressing the Galt 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 Bg/ll/BamHl fragment and cloned into the BamH| site of
25 pCMV.EGFP.

Plasmid pCMV.Galt.GFP
Plasmid pCMV.Galt.GFP (Figure 31) was produced by cloning the Galt cDNA 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.



2 3 AU G 2002 63 sequences driven by the 35S pronoter in transgenig plignig;
To generate this plasmd, direct repeats from pBC. PVYx2 were cloned as a
Xhol / BanH fragnment into Xhol/BanH cut pART7. Sequences consisting of the
35 S pronoter, direct repeats 5 of PVY and the OCS term nator were excised
as a Notl fragment from pART7.PVYx2 and cloned into Notl-digested pART27, a
plasmid with the desired insert orientation was sel ected and desi gnat ed
PART27. PVYx2. Plasm ds pART7. PVYx3 & p 27. PVYx3 1o Plasm d pART7. PVYx3
(Figure 60) was designed to express a ditect repeat of three PVY sequences
driven by the 35S pronoter in transgenic plants. To generate this plasmd,
direct repeats from pBC PVYx3 were cloned as a Xhol/BamH fragnent into
Xhol / BanmH cut pART7. Sequences consisting of the 35S pronoter, direct
repeat s plhsfyd poMv.Sait.$ 400 bat or were excised as a Notl fragnent from
PART. PVYx3 and 15 cloned into Notl-di gested pART27, a plasmd wth the

desi red Thesplesmig pEM\AERES A& BrigenectR) Aomriiser ¢h el dtiyaliral gepesiened

Pl asm dsyRART i i S
designed to e%gﬁﬁﬁﬁ@&@gﬁ%&edgerapfbgg h?ﬁ’mp @Mggggg'\e%ééé's(g? ?d\fgﬁu%;}qeﬂg 35S
pr ondt erplasmidr thesGatiicONA fagment froge peMM.Gailthwas elonptl sasnd BgltMBasdil intpeat s

from pB 4 . L . nt into xhol/BanH cut
pPART7. %@ﬁﬁ%%sigigﬁﬁ@?%%@g??i ﬁgﬂég pt orr'r%{tgﬁmdi rect repeats of PVY and
the OCS term nator were excised as a Notl fragment from pART7.PVYx3 and
cl oned i [peal 27, a plasmd with the desired insert
orient atl?%gnﬁgi’cw‘ggggela'géggesi gnat ed pART27. PVYx3. 25 Pl asm ds
PART7. PVihd plASmitl/ fCRVIQESA0LENAG [(Rig\reP3d) ¢dmpsnised 9 SR stRAGraNBneRdnés-i gur e
62) was designed to express.the interrupte ir repeat of PVY sequences
dr ven ) e SSESHR DRSRaian (INSIERTE o1 Ao Sufl RigmelruAoRY
pr epgy echtMVS\PIOLNERSsNETd PiouES i pladinii@ e GARSTINA fragivi¥ént fremm pCMV.Galt

was cloned as a Bglll/BamHI into BamHI|-digested pCMV.SV40L.cass in the antisense

orientation.

Plasmid pCMV.0.SV40L.Galt

15  The plasmid pCMV.0.SV40L.Galt (Figure 34) comprises a Galt structural gene cloned
downstream of the SV40L promoter present in pCMV.SV40L.cass. To produce the
plasmid the Galt cDNA fragment from pCMV.Galt was cloned as a Bglll/BamH]I into
BamHI-digested pCMV.SV40L.cass in the sense orientation.

20 4. Test Plasmids
Plasmid pCMV.Galtx2
Plasmid pCMV.Galtx2 (Figure 35) comprises a 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-IE promoter is translatable. To
25 produce pCMV.Galtx2, the Galt structural gene from pCMV.Galt was excised as a
Bglll/BamHI fragment and cloned in the 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



2 3 AU G 2002 64 pBC. PVY. LNYV. PVWY as a Xhol/ Xbal fragment into pARTY AUG 2002
di gested with Xhol/ Xbal. Sequences consisting of the 35S pronoter, the
interrupted direct repeat of PVY sequences and the OCS term nator were
exci sed from pART7. PVY. LNYV. PVY as a 5 Notl fragnent and cloned into

Not | - di gested pART27, a plasmd wth the desired insert orientation was
sel ected and desi gnated pART27. PVY. LNYV. PVY. Pl asm ds pART7. PVY. LNYV. YVP~
8~ PART27. PVY. LNYV. YVPO Pl asm d pART7. RVyY. LNYV. YVP~ (Figure 63) was
designed to express the partial interru‘1ed pal i ndronme of PVY sequences
driven by the 35S pronoter in transgenic 1 o plants. This construct was
prepared by cloning the partial interrupted palindrone of PVY sequences
from pBC. PVY. LNYV. YVP~ as a Xhol | Xbal fragment into pART7 digested with

Xhol | Xbakading dtaene esderahs icdhiroidf tie CWY/-B5propistepsejuentée Ipaukdrpdtes cells
i nterrupted I|ndrorre of P

uences and t rm nat or re exci sed
from pAF@I‘?'e thengren (gading; ramqo'gpatﬁﬁmwt thﬁnﬁMﬁn@@m%?b'shﬁﬁ%?B'@st ed
PART27, Pod%é?i@l\ﬁv"@élﬁﬂ B dafikd %Qquéh%%rﬁorﬁrﬂcﬂml%él% 00@§e§é!§é‘d3fa§ch and
desi gnat ed pART2 LNYV. YVP. Pl asm ds PART/. PVY. L

PARTZ7. FEg/lliBemtMyrgmealsandicionsd n theysense\orientation igte ti\esﬂymwwlqmw gited to
express 6% DicifgPt ed pal i ndrone of PVY sequences driven by the 35S

pr onot er I\{lransgenl c plants. This 20 construct was prepared by cloning
the int errupt ed palindronme of PVY sequences from pBC. PVY. LNYV. YVP~ as a

Xhol / Xbal, fra [ j gested wth Xhol/ Xbal. Sequences consistin
of the %‘ésﬂvgﬁihwﬁt'ﬁ%g@é%gt ed pa}N: ndrome of PVY segﬂences and !thel )
OCS t er nThatptasmi rEC MY G ale 8 VACLIBaitAFTgure\37)LislYdesigfiedato @xpiess Mcﬁgansﬁ and
ool o PahaP R el aodies ik Y orope” A v the S Smer™
PARTY. 35fp @Wd&@BMeWBsﬁqld)mTt GﬁﬂAPft’é’grﬁgﬁtVerh‘P E'Wtﬂaﬁ was cloned as a

PARTY. 35S. P (Fi gure 65) was em%/ CO- express sense and
ant i sens@dl H(ﬁﬁthfé@wnemi Iﬂma%ﬁé#lsets 9l pGMY.O ﬁbﬁém thersense grigatationt he PvY

2 ~ au ~ zooz 65 fragnment from C a pBC. PVY was cl oned as a Xhol/ EcoRl
fragment into xhol/ECOR dﬁ&_sted p35S. SCBV. O SCBV. YVP. Sequences,
consi st i Rigsaid M. Galtgy

The plasmid pCMV.Galt.SV40.tlaG (Figure 38) is designed to express a sense
15  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 Bglll-digested pCMV.0.SV40.talG in the sense

orientation.

20 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

25  promoter.

Plasmid pCMV.EGFP.Galt.PFG
The plasmid pCMV.EGFP.Galt.PFG (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

30



driving sense PVY sequences and the NOS term nator and the SCBV prgn%t/‘euﬁ 2002
driving 5 antisense PVY and the OCS term nator were excised as a Notl
fragnent and cloned into pART27, a plasmd with the desired insert
orientation was isolated and desi gnated pART27. 35S. PVY. SCBV. YVP. Pl asm ds
PART7. 35S. PVYx3. SCBV. YVPx3 & pART27. 35S. PVYx3. SCBV. YVPx3 Pl asm d

pPART7. 35S. PVYx3. SCBV. YVPx3 (Figure 66) was designed to co-express 10 sense
and antisense repeats of PVY in transgenic plants. To generate this

plasm d, the internediate pART7.35S. O V. YVPx3 was constructed by cloning
the triple direct PVY repeat from ClapBC. PVYx3 as a Clall Accl fragnent into

Cl a-di gest ed p35S. SCBV. cass and isol ati nlﬂ a plasmd with an antjsense
or i ent atthisn plasgyd Jhe Gpirsesusters opx PGMY.Galt prese flered asve Bg&amb} om

Cl a pBC. PRk | I s ¢h gest ed
p35S. O S B g"ﬂ'eﬂaiééegtﬁgﬁg@v?%. 23, e 3805 t°é'§2‘€§ﬁ*§§§ ﬁ"ﬁ@%%?‘?% bot h

pr onot erigtermediate:nCYNSEGHEP. Qalt faat shown), dplisaniag this furthes IGRR: gequengesifiom

f ragnent | i - . ). i an appropriate orientation
B e e i L S R g

PART7. PVYx3. LNYV. YVPx3 8~ pART27. PVYx3. LNYV. YVPx3 Pl asm d

PART7. P\VYx3. L P i e 67) was designed to express triple repeats
of PVY g@ﬁ%%&%ﬁtéﬁf@ﬁ?upt ed palindrome. To generate this plasmd an
i nt er rediigd elaghABT pRMVERXItIS\MGLRV (PigareC @ny tis ugdsighedy t6 | xpress BARVEDNAYV. YVP

fragnment from pBC. PVY, LNYV. YVP as an Accl/C al fragnent into the plasmd 25
PART7. P\E@HZ’?"B%#?P%%Q?W@EWW IV gad SHANL- Bromoteysiim Hhe-pxPieRRIeN onal

PVY {§ re@ésséﬁ@egew.swm@c&éé\(ﬁ TS OAUE Ithis! Plashiid IRt skRlidhdesalkirom

di gested pART7x3. PVY. LNYV. YVP. Sequences from pART7. 35S. PVYx3. LNYV. YVPx3,

i ncl udi r@gMNeGQISS werenocianedal espvE s BgliéBamtll antlagmentocd t Bl lsigestedwer e
exci sed g ] / | ﬂ@ﬁlZ?, a plasmd
with an gé'ﬁﬁm’;%%%r@gﬁ%gg'gsoegé@ﬁ%'dﬁgﬁbgﬂ’ g% gvgéébﬁ%seh and desi gnat ed
PART27. 35S. PVYx3. LNYV. Plasm ds pART7.PVY nulti & pART27.PVY multi Plasm d
PART7.35S. PVY mul ti (Figure 68) wagydqgbopgd to express higher order 5

direct repeats of regions of PVY sequences in transgenic plants. Higher
order di r @anetigpeonsdrugts gonprising PVOhNizPsequéncescopearablyr linkehto thed&S

Prepgy ed by anneabwfﬂowﬂequence and/or the SCBV promoter sequence

1. Binary vector

Plasmid pART27

Plasmid pART27 is a binary vector, specifically designed to be compatible with the
20 pART7 expression cassette. It contains bacterial origins of replication for both E. coli

and Agrobacterium tumefaciens, a spectinomycin resistance 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,
25 pART27 also contains a unique Notl restriction site which permits cloning of constructs

prepared in vectors such as pART7 to be cloned between the T-DNA borders.

Construction of pART27 is described in Gleave, AP (1992).

When cloning Notl inserts into this vector, two insert orientations can be obtained. In

all the following examples the same insert orientation, relative to the direction of the
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partially conplenentary oligonucleotides as follows: PVY1: 2 3 AUG 2002
5' - TAATGAGGATGATGTCCCTACCTTTAATTGGCAGAAATTTCTGTGGAAAGACAG 1o
GGAAATCTTTCGGCATTT-3' (SEQ I D NO: 15); and PVY2:

5' - TTCTGCCAATTAAAGGTAGGGACATCATCCTCATTAAAATGCCGAAAGATT
TCCCTGTCTTTCCACAGAAAT-3" (SEQ I D NO: 16) 15 The ol i gonucl eoti des were
phosphorylated with T4 pol ynucl eoti de ki nase, heated and cooled slowy to
permt self-annealing, ligated with T4 | i gase, end-filled with Kl enow
pol ymerase and cloned into pCR2.1 (Invitfogen). Plasm ds contai ning

mul tiple repeats were isolated and sequences were cloned as EcoR fragnents
in a sense orientation into EcoRl -digested pART7, to create the

i nternedi ate pART7.PVY multi. 20 to create pART27.PVY multi, the 35S

pronot er3sP\PromeRiEiRCHR dBstrided FARTYCEdHSHALR" wakr €hodeni 368 was aldNet to
fragment and cloned into Notl-d gested pPART27. A Iasmd w th an

appr opr i BNMisALRYEXEpimRNIRA ABAARRNALBRY AEEe JioM BUBPYINg Wieipakeonstpts
mul ti %g}ﬁé"r%n@]r%gﬂ?or@?ltd%ﬁymlz 4 |Inactivation of virus gene expression
Ira

in nann&f immune l1nes are created by expressing viral sequences in
stably transfornmed cell 5 lines. In particular, lytic viruses are used for

this @appso sis provides very sinple screens and al so offer
sAPP8, gﬁtihorﬁgfb‘ié’l Jﬂ?ﬁ)m&%/

the abilTt y select for potentially rare transformati on events
whi ch i Blasmid &G (K$4al i munity. Sub-genomic fragnents lo deri ved froma

sinple s € ex
doubl e s?lrggﬁgjeéégaﬁgﬁﬁrsl??ﬁ] 'J;c%&%g&yaqr%;{g@\lt %5%\*&'?{@?/1 B’@%’r"gé% oned 1nto a
sui t abl epmemtmseamdnese(pndzm{dalpha tmas:srfmpnﬂdrrmaaﬂos, witvbamauliigle clowling sitenes
are tran rred W th i constructs d t 0_express, viral sequences
o Dven: oor e geiohbraFEhid JgH tdutiehess fsesthe  tip BIERR S SBmPTSe oo
i nclyde mémlEi andl firgtiginkSofrreéplidation and anstdoro&mptienicolsiesisginté denbr ar i es
conprising representative viral gene sequences, may al so be used and the

i ntroduced di spersed nucleic acid nolecule, to target the expression of
Vi rus semaenﬂa:psn;’merrpl ary genetic constructs for use in this procedure
conpri si ng nucl eoti de sequences derived fromthe BEV RNA-de endent

s

pol yer BB@sgich @SSP 2e IS Sopyaareialy Avaliakle nfrom Promega and contain multlple
cloning site for the insertion of structural gene sequences therein. The plasmid further

comprises the ColE1 origin of replication and an ampicillin-resistance gene.
15
3. Expression cassettes
Plasmid pART7
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
20 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. Its construction as described in Gleave,
AP (1992), a map is shown in Figure 42.

Plasmid pART7.358S.SCBV.cass

25 Plasmid p35S.CMV.cass was designed to express two separate gene sequences
cloned into a single plasmid. To create this plasmid, sequences corresponding to the
nos terminator and the SCBV promoter were amplified by PCR then cloned in the
polylinker of pART7 between the 35S promoter and OCS.



For viral polynerase constructs) |arge nunbers (approxi mately 100)2aF AUG 2002
transforned cell lines are generated and infected with the respective
virus. For cells transformed with shotgun libraries very |arge nunbers
(hundreds) of transformed |lines are generated and screened in bulk for

viral imunity. Follow ng virus challenge, resistant cell lines 25 are
sel ected and anal ysed further to determ ne the sequences conferring
immunity thereon. Resistant cell |ines e supportive of the ability of the

i ntroduced nucl eoti de sequences to inactivate viral gene expression in a
mammal i an system 2 3 AU G 2002 68 Additionally, resistant |ines obtained
fromsuch experinents are used to nore precisely define nolecular and

bi ochem cal characteristics of the nodul ati on which is observed. EXAMPLE 5
5 | nductTreresliting plsnii@ hias titd fflowihgl drangeaitng oPeleMehtsAgr obact eri um
tunmef aci ens, strain LBA4404, was transforned i ndependently with the
constructs pART27. PVY, pART27.PVYx2, pART27.PVYx3, pART27.PVYx4,

PART27. F366 phonvotBlVY polfiiet /1 P\ROE Neivhitidide- SEBY DfoimdterL-Ndolyliker 2 - OCS
pART27. 35S. PVY. SCBV. O, pART27. 35S. O. SCBV. PVY, pART27.35S. O. SCBV. YVP, 10
PART27. 3SENIPYPPISCBY. YVP, pART27. 35S. PVYX3. SCBV. YPVx3,
PART27. PVYx3. LNYV. YVPx3 and pART27. PVYx10, using tri-parental matings. DNA
mni-preps frogmthese strains were ﬁhgﬁared and exam ned by restriction

wi t h SNot FXRresiefs OF seqyripes grienadhiie PRIIBKAS b Farteolisdry he, ded argmoter,
Nicoti ar&g@&%@&?%&%héésvéléné@ﬁo BEIYKer 211§ EORtFBIRd Wy the ISTREAL pRMRGBACT er i um

strains 15 using standard procedures. Putative transforned shoots were
exci sed and rooted on medi a contai ni ng kananycin. Under these conditions we

have conpiesNOY leymPREsTseqlehdtdiwere! amplfRBTERM tife SIBSMPSPAHEDRT (ORfisteRsen
kananyci nJoI ates. Rooted shoots were transferred to soil and allowed to

est abi i s3nd @gaib199@busing the o qligeryclelidas; ous plants with at |east three
sets of | eaves were chosen and infected with PVY. 20 Viral inocul um was
prepared from WB8 tobacco _previously infected with the virus, approximtely
2 g of IN@P %fpé’fl@@m“n%ﬂbﬁﬁﬂgl%ﬂﬂ Qi:s viral synptons were ground with

car U Neel Lias | f WWIQ%{RE& GRif ). The inocul um
vvasb@irl lrﬁjett?j@{AgT%ggérﬁiéﬁ% addi t1 onal ghosp %H&éﬁﬁf{neo? Two | eaves from
each transgenic plant were sprinkled with carbarundum then 0.4 m of

i nocul U”N@)@%’?@Hs%dprﬁﬁert gE@@Nbeq%and | eaves rubbed fairly vigorously
this’ :

with fingers. I ng S procedure 0% of non-transgenic control plants
wer e i nfBECATGRACATATAGGL CCBATCTARTAARDATAG-3’

Nucleotide residues 1 to 17 for NOS 5’ and 1 to 15 for NOS 3’ represent additional

15  nucleotides designed to assist in construct preparation by adding additional restriction
sites. For NOS 5’ these are BamHI, Smal, Aatll and the first 4 bases of an Nrul site,
for NOS 3’ these are Ncol and Sfil sites. The remaining sequences for each
oligonucleotide are homologous to the 5 and 3’ ends respectively of NOS sequences
in pAHC 27.

20 The SCBV promoter sequences were amplified from the plasmid pScBV-20 (Tzafir et
al, 1998) using the two oligonucleotides:

SCBV 5': 5-CCATGGCCTATATGGCCATTCCCCACATTCAAG-3' (SEQ ID NO: 11);
and

SCBV 3": 5-AACGTTAACTTCTACCCAGTTCCAGAG-3' (SEQ ID NO: 12)



To assay for viral resistance and immunity transgenic plants are yﬂmp?mm
for synptom devel opnent. The PVY strain (PVY-D, an Australian PVY |solate
gi ves obvi ous synptons on WB8 tobacco, a vein clearing synptomis readily
observed on 5 the two | eaves above the inocul ated | eaves, subsequent | eaves
show uni form chlorotic | esions. Synptom devel opnent was nonitored over a
six week period. Transgenic lines were described as resistant if they
showed reduced viral synptons, which jfests as a reduction in the | eaf
are showi ng chlorotic |esions. Resistan ranges fromvery strong

resi stance where only a few viral |esions are observed on a plant to weak
resi stance which manifects as reduced synptons on | eaves that develop |ate
in plant growth. Transgenic plants which showed absol utely no evi dence of

viral syNdiestRievesues 336117 STECBV snenttRle N'ébl%'ﬁSUSﬁl (eB8RAoM SAEY SeNGhed
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f ew t hattosASHRld ins yaepstiue Eaparations the akamainiag seqayensest aiet homelogausnto | i nes
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descri besf sequdiddsanear thenteamsaiiption initifitiontsite i 8CBMNSt ruct s conpri si ng tandem
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pal i ndronmes, interrupted palindronmes as direct repeat sequences, are

capabl e Séquannésnrripilged'ifnoai pSeBVs2(ausing ACR @ndi cloned info ipCR2. huflngitrogen)

pl ants. ,Accordin h |n éféj% nd/ or _direct, rep sequ nodul at e
bor evsi BroRUE SCRNHY hou HER IR Tespretink T Soalgla S BER NG o a0) &
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sequences, namel ART27. 35S. PVYx3. SCBV. YVPx3 _and 2ART27 PVYx3. LNYV. YVPx3,

are al sosw.tee\emﬂqnﬁﬁtwadu@%ﬂwﬁfng@?edwa&%pé\RT TBIS@NBVECass| 44020 obthion of

Gl t in yNsfraét ,gghbﬁn}]ﬂ:@ﬁ@mf or Galt inactivation, porcine PK2 cells were
transformed wth the rel evant

4. Intermediate constructs
Plasmid pBC.PVY
15 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 pGEM.PVY. A Sall/Hindlll fragment
from pGEM.PVY, corresponding to a Sall/Hindlll fragment positions 1536-2270 of the
PVY strain O sequence (Acc. No D12539, Genbank), was then subcloned into the
20 plasmid pBC (Stratagene Inc.) to create pBC.PVY (Figure 44).

Plasmid pSP72.PVY

Plasmid pSP72.PVY was prepared by inserting an EcoRI/Sall fragment from pBC.PVY
into EcoRI/Sall cut pSP72 (Promega). This construct contains additional restriction
sites flanking the PVY insert which were used to assist subsequent manipulations. A

25 map of this construct is shown in Figure 45.

Plasmid ClapBC.PVY
Plasmid ClapBC.PVY was prepared by inserting a Clal/Sall fragment from pSP72.PVY



constructs. PK2 cells constitutively express Galt enzyne, the acththugﬁzmm
which results in the addition of a variety of a-1 (3-galactosyl groups to
range of proteins expressed 10 on the cell surface of these cells. Cells
were transforned using lipofectin and stably transfornmed |ines were

sel ected using genetecin. As an initial assay cell lines were probed for
the presence of the Galt-encoded epitope, i.e. a-1,3-galactosyl noieties
decorating cell surface proteins, usin he lectin 1B4. 1B4 binding was
assayed either in situ or by FACS sortifig. 15 For in situ binding, cells
were fixed to solid supports with cold nethanol for 5 mns, cells were
rinsed in PBS (phosphate buffered saline) and non-specific |IB4 binding was
bl ocked with 1 % BSA in PBS for 10 mns. Fixed cells were probed using 20

Ng/m | Bﬁtobﬂ:I@I/SEI K&:th@)(Sltrataige%ﬁsiﬁms%‘ﬁsfr@ét cdhtdThe additioh a1 a8 friefidesitdslr e,
cells were washed in PBS then probed with a 1:200 dilution of

Ext r Avi dlankingithe (R insert wh 'PBSV‘?’BrUSSQ t%%'stéuP%ﬁqUGﬁbﬂ‘alﬂiPuMWﬁerA Matses in

PBS. CeldfsnivebRsthrit8s SKoWH inad ?@4@9 fl uorescence mcroscopy, under these
conditions the outer surface % PK2 control cells uniformy stained green.

For FACS analysis, cells were suspended after treatnment with trypsin,
washed ip] ?H?D gyiank' s buffered saline solution with 20mM Hepes
pH7. 4) an probed 25 wth 10 Ng/m 1B4-biotin (Sigm) in HBSS/ Hepes for 45
m ns at RlgsmidepBE.R¥YX2 wantaing two BBt/ hegskto-tajl repeats wiftthe PVY Z@oudntast i on

of Extr IPQWa) Fg Q,sed in
cold HB%/&%% @%ﬁ?éocj to FA-[i(}Erbé BE?W% %3@181% qr\?ﬁrﬁg%&g%ﬂgﬂgh S

appr oac Heaynerd fimhop8Ed2 &MY into Aed cait pBERVY addfioshdval in Figaet4Zati on and
guantitative assessnent of construct effectiveness is determ ned. Moreover

cell lines showwng Galt inactivation are isolated and subject to further
nol ecul dPlasmid pSPT2tRV¥x2let er mi ne the nmechani sm of gene inactivation.

Pl as onst sPe of ants sho cified
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7386pARTEEMARA} fioRRBe elﬂm/émllﬁvtzl? B{&-PMYandrigrshewngn siaere #8pvy. LNYV. YVP-1
87110

Plasmid pBC.PVYx3

Plasmid pBC.PVYx3 contains three direct head-to-tail repeats of the PVY sequences
15 derived from pBC.PVY. The plasmid was prepared by cloning an Accl/Clal PVY

fragment from pSP72.PVY into Accl cut pBC.PVYx2 and is shown in Figure 49.

Plasmid pBC.PVYx4

Plasmid pBC.PVYx4 contains four direct head-to-tail repeats of the PVY sequences
20 derived from pBC.PVY. The plasmid was prepared by cloning the direct repeat of PVY

sequences from pSP72.PVYx2 as an Accl/Clal fragment into Accl cut pBC.PVYx2 and

is shown in Figure 50.

Plasmid pBC.PVY.LNYV

25 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.
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virus (LNYV) genomic RNA (Deitzgen ef al, 1989), known to contain the 4b gene of the
virus, was amplified by PCR using the primers:

10  LNYV 1:5-ATGGGATCCGTTATGCCAAGAAGAAGGA-3’ (SEQ ID NO: 13); and
LNYV 2:5-TGTGGATCCCTAACGGACCCGATG-3' (SEQ ID NO: 14)

The first 9 nucleotide of these primers encode a BamHI site, the remaining nucleotides
15  are homologous to sequences of the LNYV 4b gene.

Following amplification, the fragment was cloned into the EcoRl site of pCR2.1
(Stratagene). This EcoRI fragment was cloned into the EcoRlI site of Cla pBC.PVY to
create the intermediate plasmid pBC.PVY.LNYV which is shown in Figure 51.
20
Plasmid pBC.PVY.LNYV.PVY
The plasmid pBC.PVY.LNYV.YVP contains an interrupted direct repeat of PVY
sequences. To create this plasmid a Hpal/Hincll fragment from pSP72 was cloned into
Smal-digested pBC.PVY.LNYV and a plasmid containing the sense orientation
25 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 sequences from
30 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
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74 CLAIMS 1. A nethod of repressing, delaying or otherw se reducing the
expression of a target gene in an ani cell, tissue or organ, said nethod
conprising introducing to said aninmal c 1I, ti ssue or organ one or nore

di spersed nucl eic acid nolecules or 5 foreign nucleic acid nol ecul es

conpri si ng tanden1coFies of a nucl eatide sequence which is substantially

i dent i ca@n t 6CRR¥/HINR!| ebiagment ieen ASFH2.RMY d wasr gelengbnitteyr Smalligested

t her eof ERAP t . ' S RAtidORY akd kci ent
for tranﬁsEf Ca't i ohtlg?v{%@ ﬁfé\lﬁ&%@o%@?ﬁg@ gshlgin%estwaégget' g‘%r‘etlr?g1 Fglagéecﬂn@bgﬁq éf:l

subj ect this conetrpetdy sBown inaEiguree53.r anscri ption of said nRNA product is not
excl qo.si vely repressed or 1o reduced. 2. A nethod according to claim1l
wher€in the di spersed nucleic acid nolecules or foreign nucleic acid

nmol ecul eBlasmiyg pBRPVWMENY¥YVRepeat s of the target gene sequence or a region

t hereof gr c | e r 3. The nethod accordin 0 _clai,m

wher et n T BRSBET SHE RIS OVETaRir “romtaBal 8o THeRisiar oPOirame difc PI&Y o
nol ecul esequen®ed. S Todtreart thisSpRightid af HpaleHinaN JRignEt drone PSPTRE wak dohédi on
t her eof or conpl enent arﬁ%étt hereto. 4. The nethod accordi nr&igto claiml

wher ei n iPiReSEnasfigesied PR ¥Y LN and:d Rlasmidscetainiigethg Atisenss erieptation

ol el GgolaRAPLInidD BthiL christiét i8SHoWR P gk sgpeat s of the target gene
sequence or a region thereof or conplenmefntary thereto. 20 5. A nethod

according to any one of clains 1 to 4, wherein the nunber of copies of the
target gNEonRdYPRsin region thereof or conplenentary thereto in the

di spersed nuclei ¢ acid nolecule or foreign nucleic acid molecule is two.
Plasmids pART7.PVY & pART7.PVY

Plasmid pART7.PVY (Figure 55) was designed to express PVY sequences driven by

the 35S promoter. This plasmid serves as a control construct in these experiments,
15  against which all other constructs was compared. To generate this plasmid a Clal/Accl

fragment from ClapBC.PVY was cloned into Clal-digested pART7 and a plasmid with

expected to express a sense PVY sequence with respect to the PVY genome, was

selected. Sequences consisting of the 35S promoter, PVY sequences and the OCS

terminator were excised as a Notl fragment and cloned into Notl-digested pART27, a
20 plasmid with the desired insert orientation 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 transgenic plants. The 35S
promoter was designed to express PVY sense sequences, whilst the SCBYV promoter
25 was empty. To generate this plasmid, the PVY fragment from Cla pBC.PVY was
cloned as a Xhol/EcoRIl fragment into Xhol/EcoRI-digested pART7.35S.SCBV.cass
to create p35S.PVY.SCBV>0. Sequences consisting of the 35S promoter driving
sense 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
30



6. The nmethod according to any one of claims 1 to 4 wherein the n2ieycopyo?
copi es of the target gene sequence or region thereof or conplenentary
thereto in the 25 dispersed nucleic acid nolecule or foreign nucleic acid
nol ecul e is three. 2 3 AUG 2002 75 7. The nethod according to any one of
claims 1 to 4, wherein the nunber of copies of the target gene sequence or
regi on thereof or conplenentary thereto in the dispersed nucleic acid

nol ecul e or foreign nucleic acid nol ec is four. 5 8. The nethod
according to any one of clainms 1 to 4, erein the nunber of copies of the
target gene sequence or region thereof or conplenentary thereto in the

di spersed nucl eic acid nol ecule or foreign nucleic acid nolecule is six. 9.
The net HBA dgeest tisaE arigntation wes isglatedansdesignated PAREZ EBASIMEY SHEP. of
copies of the target gene sequence or region thereof or conplenentary
thereto in the 10 di spersed nucleic acid nolecule or foreign nucleic acid
mol ecul Plasmids pARY7. morﬁﬁBUd"é\f&PﬂRﬂ'@h%Sam-ﬁQﬁl\éPMY claims 1 to 9
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the OCS terminator were excised as a Notl fragment and cloned into pART27, a
plasmid with the desired insert orientation was isolated and designated
15 pART27.355.0.SCBV.PVY.

Plasmids pART7.355.0.SCBV.YVP & pART7.35S.0.SCBV.YVP
Plasmid pART7.35S.0.SCBV.YVP (Figure 58) 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 the 35S promoter, whilst the
20 SCBV promoter drove expression of a PVY 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
25 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
30 Plasmids pART7.PVYx2 & pART27.PVYx2
Plasmid pART7.PVYx2 (Figure 59) was designed to express a direct repeat of PVY



2 3 AUG 2002 76 16. The nmethod according to claim 15 wherein the virus is

BEV. 17. The nethod according to any one of clains 1 to 16 further 23 AUG 2002
conprising selecting the dispersed nucleic acid nol ecules) or foreign

nucl eic acid nol ecul es) according to their ability to effectively nodul ate
expression of the target gene. 5 18. A nethod of repressing, delaying or

ot herwi se reducing the expression of a target gene in an animal cell,

ti ssue or organ, said nmethod conpri si ngqj (i) selecting one or nore

di spersed nucleic acid nol ecules or foe 3gn nucl ei ¢ acid nol ecul es which
conprise tandemrepeats of a nucl eotide sequence which is substantially

i dentical to the nucl eotide sequence of 1o said target gene or. a region
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Xhol/BamHI cut pART7. Sequences consisting of the 35S promoter, direct repeats of
PVY and OCS terminator were excised as a Notl fragment from pART.PVYx3 and
15 cloned into Notl-digested pART27, a plasmid with the desired insert orientation was
selected and designated pART27.PVYXx3.

Plasmids pART7.PVYx4 & pART27.PVYx4
Plasmid pART7.PVYx4 (Figure 61) was designed to express a direct repeat of four
PVY sequences driven by the 35S promoter in transgenic plants. To generate this
20 plasmid, direct repeats from pBC.PVYx4 were cloned as a Xhol/BamHI fragment into
xhol/BamHI cut pART7. Sequences consisting of the 35S promoter, direct repeats of
PVY and the OCS terminator were 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.

25 Plasmids pART7.PVY.LNYV.PVY & pART27.PVY.LNYV.PVY
Plasmid pART7.PVY.LNYV.PVY (Figure 62) was designed to express the 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



77 20. The nmethod according to claim 19 wherein the virus is an angniljy gggg
pat hogen. 21. The nmethod according to claim20 wherein the virus is BEV

22. The nmethod according to any one of clainms 19 to 21 further conprising
selecting the dispersed nucleic acid nolecules) or foreign nucleic acid
nol ecul es) according to their ability to confer resistance or imunity on
the animal cell, tissue, organ or organism 10 23. A nethod of conferring
resi stance or imunity to a viral path n upon an aninal cell, tissue,
organ or whol e organism conprising: (i) selecting one or nore dispersed
nucl eic acid nolecules or foreign 15 nucleic acid nol ecul es which conprise
tandem repeats of a nucl eoti de sequence derived fromthe viral pathogen or
a conpl enentary sequence thereto; (ii) producing a synthetic gene

conpri sigBRC PAVALNYVIFRre el Ut atiXxbahGiagnidt TROESARED dijedted SVithnXAoEXIsdIc acid
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tissue, PMYEACE? GANSISENGfalies 3pS( Promoteh ngaiNarHipted diresy feprati ef faife to
sai d Ce!éequEhé‘ééJSnd%Q@C?rtemﬁ!aﬁ)r%r@@é&'e%rﬁorﬁ%é'rﬂb NPP VY agd d
synt hetic ?ene In said cell, tissue or or%lan or ‘a tinme and under

condit i oNetl Fagmeot and closed intaMNnthdigested iPARER TaRNMagmisowith thsf desingdriesest t he
virus to I.f 1 ] ' ranscri ption of 30
sai d quﬁg’F%g’uc‘&éﬁege'ﬁ?;‘PHgﬁgfdﬁgé’@\?éfé? %ﬁ%@g\e’ﬁﬁ\(\?e uced. 2 3 AU G 2002
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t andem copres of nucleotl sequence’ encoding a viral replicase,
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digested with Xhol/Xbal. Sequences consisting of the 35S promoter, the partial
interrupted palindrome of PVY sequences and the OCS terminator were excised from
pART7.PVY.LNYV.YVPA as a Notl fragment and cloned into Notl-digested pART27,

15 a plasmid with the desired insert orientation was selected and designated

pPART27.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 transgenic plants. This
20 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 cloned into pART27, a plasmid with the desired insert orientation
25 was selected and designated pART27.PVY.LNYV.YVP.

Plasmids pART7.35S.PVY.SCBV.YVP & pART27.355.PVY.SCBV.YVP
Plasmid pART7.35S.PVY.SCBV.YVP (Figure 65) was designed to co-express sense

and antisense constructs in transgenic plants. To generate this plasmid the PVY



27. A synthetic gene when used in accordance with the nethod of cl aig)i‘} L@% 2002

15 repress, delay or otherw se reduce the expression of a target gen

animal cell, tissue, organ or whol e organi sm wherein said synthetic gene
conprises a dispersed nucleic acid nolecule or a foreign nucleic acid

nol ecul e conprising tandem copi es of a nucl eoti de sequence which is
substantially identical to the nucel oti de sequence of said target gene or a
derivative thereof or a conplenentary s€§uence thereto placed 20 operably
under the control of a pronoter sequence which is operable in said ani ma
cell, tissue, organ or whole organism 28. The synthetic gene according to
claim 27, wherein the dispersed nucleic acid nolecule or a foreign nucleic
acid nol ecul e conprises tandeminverted and/or direct 25 repeats of a

geneti c BRftHEMCRorh hela psc PAogRBsISNdd ab e XBBMRESR IOfragrienttitd RholEEddRI-
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gene achlETng%S.FN\aS@B&OY\Aﬁer ei n the non-endogenous gene is deri ved from
the BEV pol yneri se gene. 33. The synthetic gene according to claim 32

wherein the pronoter is the CW-1E 1o pronoter or SV40 pronoter sequence.
34. The Blasniids iprWSxE’MYmGiSQBVD/\(R)eﬁ & pARTR7.28S \nwmscave(w:@er sed

nucl eic acid c ac nmol e ri ses tandem
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spatially separate pronoter sequ
15 cloned as a Kpnl/Smal fragment into 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 intoc pART27. A
plasmid with an appropriate orientation was chosen and designated

pART27.35S.PVYx3.SCBV.

20 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 cloning a PVY.LNYV.YVP
fragment from pBC.PVY.LNYV.YVP as an Accl/Clal fragment into the plasmid

25 pART7.PVYx2. pART7.35S.PVYx3.LNYV.YVPx3, was made by cloning an additional
PVY direct repeat from pBC.PVYx2 as an Accl/Clal fragment into Clal digested
pART7x3.PVY.LNYV.YVP. Sequences from pART7.35S.PVYx3.LNYV.YVPx3,
including the 35S promoter, all PVY sequences and the OCS terminator were excised
as a Notl fragment and cloned into Notl-digested pART27, a plasmid with an



38. A genetic construct conprising the synthetic gene according to?@n)ysnen?
of clains 27 to 37. 30 39. The genetic construct according to claim 38
selected fromthe list conprising plasm d pCW. BEVx2; plasmd
pCW. BEV. GFP. VEB; pl asm d pCW. BEV. SV40L. BEV; and plasnid

pCW. BEV. SV40L. VEB. 2 3 AU G 2002 80 40. The genetic construct according
to claim 38 selected fromplasmd pCW. Gal t x2; and pCW. Gal t x4. 41. Use of
the genetic construct according to claign 39 to confer immnity or 5

resi stance agai nst BEV upon an animal cell, tissue or organ or a whole
animal. 42. Use of the genetic construct according to claim40 to del ay,
repress or otherw se reduce expression of a-1,3-gal actosyltransferase in an
animal cell, tissue, organ or whol e organi smthat woul d otherw se express

same. 4% p&sbrm BRENtaHON was chE4kh ad Qéélglﬁte%ﬁmwr%‘PVW@QWV sing the
synthetlc gene 1o according to any one of clains 27 to 37 or the genetic

construct according to any one of clains 38 to 40. 2 3 au ~ z~ 1 SEQUENCE

LI STI NG magﬁﬁdﬁgnmqqnwmmﬁla PARTE7. Y ANk St at e of Queensland through its
Departrrent of Pri rra@_lg/ | ndustries <120> Contr ol %gene expressi on <130>
gn

CAM 001lasmid4 pARPEFSAEYY 0wl (Ripure>68p gaaspdesi d0-expressphigher order-

1998503- eg;p 8 2

ver SI on %@8 3 Stﬁgfz <212%??3%%peﬁnlztg?n%gﬂ<c4%gnéllli E?Eah‘aemdlir@ct

acggccadepeaistof @72 bp of the PVY Nia region from PVY were prepared by anneallng two
partially complementary oligonucleotides as follows:

PVY1:
5-TAATGAGGATGATGTCCCTACCTTTAATTGGCAGAAATTTCTGTGGAAAGACAG
10 GGAAATCTTTCGGCATTT-3' (SEQ ID NO:15); and

PVY2:
5-TTCTGCCAATTAAAGGTAGGGACATCATCCTCATTAAAATGCCGAAAGATT
TCCCTGTCTTTCCACAGAAAT-3' (SEQ ID NO:16)

15  The oligonucleotides were phosphorylated with T4 polynucleotide kinase, heated and
cooled slowly to permit self-annealing, ligated with T4 DNA ligase, end-filled with
Klenow polymerase and cloned into pCR2.1 (Invitrogen). Plasmids containing multiple
repeats were isolated and sequences were cloned as EcoRI| fragments in a sense
orientation into EcoRl-digested pART7, to create the intermediate pART7.PVY multi.

20 to create pART27.PVY multi, the 35S promoter, PVY sequences and the OCS
terminator were excised as a Notl fragment and cloned into Notl-digested pART27. A
plasmid with an appropriate insert orientation was isolated and designated
pART27.PVY multi.



26z 3 AUG 2002 2 <210>2<211>26<212>DNA<213>j el | yfi sh <400> 2 ggat 3chdlyt2002
acagctcgtc catgcc 26 <210> 3 <21l > 74 <212> DNA <213> virus <400> 3
gtcgacaata aaatatcttt attttcatta catctgtgtg ttggtttttt gtgtgatttt 60

t gcaaaagcc tagg 74 <210> 4 <211> 31 <212> DNA <213> virus <400> 4

gt cgacgttt agagcagaag taacacttcc g 31 2 3 AU G 2002 3 <210> 5 <21l > 38
<212> DNA <213> virus <400> 5 cggcagatct aacaat ggca ggacaaatcg agtacatc 38
<2l 0>6<2| 1>31<212>DNA<213> . Vi rus <4OO>676 cccgggat cc tcgaaagaat cgtaccactt

c 31 <210>7<211>29<212>DNA<213>vi r us

EXAMPLE 4
Inactivation of virus gene expression in mammals
Viral immune lines are created by expressing viral sequences in stably transformed cell
5 lines.

In particular, lytic viruses are used for this approach since cell lysis provides very
simple screens and also offer the ability to directly select for potentially rare
transformation events which might create viral immunity. Sub-genomic fragments

10 derived from a simple single stranded RNA virus (Bovine enterovirus - BEV) or a
complex double stranded DNA virus, Herpes Simplex Virus | (HSV I) are cloned into a
suitable vector and expressed in transformed 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

15 replicase genes. Random "shotgun" libraries comprising representative viral gene
sequences, may also be used and the introduced dispersed nucleic acid molecule, to
target the 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
20 presented herein.

For viral polymerase constructs, large numbers (approximately 100) of transformed cell
lines are generated and infected with the respective virus. For cells transformed with
shotgun libraries very large numbers (hundreds) of transformed lines are generated
and screened in bulk for viral immunity. Following virus challenge, resistant cell lines

25 are selected and analysed further to determine the sequences conferring immunity
thereon.

Resistant cell lines are supportive of the ability of the introduced nucleotide sequences
to inactivate viral gene expression in a mammalian system.



<400> 7 gggsggatcc ttagaaagaa tcgtaccac 29 <2| 0>8<21l >28<2| 2>DNA 23 AUBuU200?2
~uu~ 4 <213> virus <400> 8 cggcagat ct ggacaaatcg agtacatc

<210>9<21l >37<2| 2>DNA<213>agr obact eri um <400> 9 ggattcccgg gacgtcgcga
atttcccccg atcgttc <210>10<211>33<2| 2>DNA<213>agr obact eri um <400> 10
ccatggccat ataggcccga tctagtaaca tag <210> 11 <211> 33 <212> DNA <213>

virus 28 37 33 2 3 AU G 2002 5 <400> 11 ccatggccta tatggccatt ccccacattc
aag 33 <210> 12 <211> 27 <212> DNA <213§8Vi rus <400> 12

Additionally, resistant lines obtained from such experiments are used to more precisely

define molecular and biochemical characteristics of the modulation which is observed.

EXAMPLE 5
5 Induction of virus resistance in transgenic plants
Agrobacterium tumefaciens, strain LBA4404, was transformed independently with the
constructs pART27.PVY, PpART27.PVYx2, PpART27.PVYx3, PpART27.PVYx4,
pART27.PVY.LNYV.PVY, PpART27.PVY.LNYV.YVPA, pART27.PVY.LNYV.YVP,
pART27.35S.PVY.SCBV.O, pART27.35S.0.SCBV.PVY, pART27.35S.0.SCBV.YVP,
10 pART27.35S.PVY.SCBV.YVP, pART27.35S.PVYx3.SCBV.YPVx3,
pPART27.PVYx3.LNYV.YVPx3 and pART27.PVYx10, using tri-parental matings. DNA
mini-preps from these strains were prepared and examined by restriction with Notl to

ensure they contained the appropriate binary vectors.

Nicotiana tabaccum (cultivar W38) were transformed with these Agrobacterium strains

15  using standard procedures. Putative transformed shoots were excised and rooted on
media containing kanamycin. Under these conditions we have consistently observed
that only transgenic shoots will root on kanamycin plates. Rooted shoots were
transferred to soil and allowed to establish. After two to three weeks, vigorous plants
with at least three sets of leaves were chosen and infected with PVY.

20 Viral inoculum was prepared from W38 tobacco previously infected with the virus,
approximately 2 g of leaf material, showing obvious viral symptoms were ground with
carbarundum in 10 ml 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

25 to each leaf and leaves rubbed fairly vigorously with fingers. Using this procedure
100% of non-transgenic control plants were infected with PVY.



aacgttaact tctacccagt tccagag 27 <210>13<211>27<212>DNA<213>virus Z4A0QRHG613002
at gggatccg ttatgccaag aagaagga ~ ~ 27 <210> 14 <211> ~4 <212> DNA <213>
virus <400> 14 tgtggatccc taacggaccc gatg 24 2 3 AU G 2002 6 <2l 0> 15
<211> 72 <212> DNA <2l 3> virus <400> 15 taatgaggat gatgtcccta cctttaattg
gcagaaattt ctgtggaaag acagggaaat 60 ctttcggcat tt 72 <21 0> 16 <211> 72

<2| 2> DNA <213> virus <400> 16 ttctgccaat taaaggtagg gacatcatcc tcattaaaat
gccgaaagat ttccctgtct O ttccacagaa at 72, . AF. A9. Al% AU . A ,.AU3. Ae. A, . A . A
. Ae. Ae. Ahe. A(y. Ah
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. A AF2. Ao _asBay f0r - Viral A8Sistafite - And Anfdnvhity- Wahdgenic 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

5 the two leaves above the inoculated leaves, subsequent leaves 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 lesions. Resistance
ranges from very strong resistance where only a few viral lesions are observed on a

10  plant to weak resistance which manifects as reduced symptoms on leaves that develop
late in plant growth.

Transgenic plants which showed absolutely no evidence of viral symptoms were

classified as immune. To ensure these plants were immune they were re-inoculated

with virus, most plants remained immune, the few that showed symptoms were re-
15  classified as resistant.

For plant lines generated Southern blots are performed, resistance in subsequent
generations is monitored to determine that resistance/immunity is transmissable.
Additionally, the breadth of viral resistance is monitored by challenging lines with other
PVY strains, to determine whether host range susceptibility is modified.

20 Results from these experiments are described in Table 2. These data indicate that
constructs comprising tandem repeats of target gene sequence, either in the
configuration of palindromes, interrupted palindromes as direct repeat sequences, are

capable of conferring viral resistance and/or immunity in transgenic plants.

Accordingly, such inverted and/or direct repeat sequences modulate expression of the
25  virus target gene in the transgenic plant.
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20 5. A method according to any one of claims 1 to 4, wherein the number of copies

of the target gene sequence or region thereof or complementary thereto in the

dispersed nucleic acid molecule or foreign nucleic acid molecule is two.

6. The method according to any one of claims 1 to 4 wherein the number of copies
of the target gene sequence or region thereof or complementary thereto in the

25 dispersed nucleic acid molecule or foreign nucleic acid molecule is three.
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11.  The method according to claim 1 wherein the animal is a mouse.

12.  The method according to any one of claims 1 to 11 wherein the target gene is a

gene which is contained within the genome of the animal cell, tissue or organ.

13. The method according to claim 12 wherein the target gene is a a-1,3-

20 galactosyltransferase.

14.  The method according to any one of claims 1 to 13 wherein the target gene is
derived from the genome of a pathogen of the animal cell, tissue or organ or an

organism comprising said cell, tissue or organ.

15.  The method according to claim 14 wherein the pathogen is a virus.
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(i) producing a synthetic gene comprising said dispersed nucleic acid
molecules or foreign nucleic acid molecules operably connected to a

promoter sequence operable in said animal cell, tissue or organ;
(i)  introducing said synthetic gene to said cell, tissue or organ; and

15 (iv)  expressing said synthetic gene in said cell, tissue or organ for a time and
under conditions sufficient for translation of the mRNA product of said
target gene to be modified, subject to the proviso that the transcription of
said mRNA product is not exclusively repressed or reduced.

19. A method of conferring resistance or immunity to a viral pathogen upon an

20 animal cell, tissue, organ or whole organism, comprising introducing one or more
dispersed nucleic acid molecules or foreign nucleic acid molecules which comprise
tandem repeats of a nucleotide sequence derived from the viral pathogen or a
complementary sequence thereto for a time and under conditions sufficient for
translation of the mRNA product of a virus gene to be delayed or otherwise reduced,

25 subject to the proviso that the transcription of said mRNA product is not exclusively
repressed or reduced.



10UK( & 10UK( & *f A% +h+u+, bU410 N$109K( & f 9, 10%( &
(& ()- 10%K(& ()- ut, | [: (& () (& (3 AUS 202

O@OYK( & ()- 9" 10%K(& ()- $109K(& ()- 9" 10UK(& ()-

/" 104K(& ()- 9)"109K(& ()- ($109%K(& ()- Ly&' 109%K( & () 9$10%K(& () -

9l 109K(& ()-../////1/vUA10 10%K(& ()- L' 10%K(& ()- 10K(10K(10K( 910%K(& ()-
OF4" 10%K( & ()- L2Z 10%K(& ()-/nD011022| [ <vU410 " $109%& ()- 1$109%K(& () -

9" 109K(& ()-z 9"10%K(& ()- Ys$L0UK(& ()- sYs$10%K(z& ()-

23k33N4] 5! 6| [ : vUAL0 ~&SI0UK(& ()-y 9 ""JDUK(& ()- SLOUK(& () -2

9y" 10K( & ()- L"109%(& ()- 9f "10%(& ()“16G6_6t6677|[:vU410 L3"10%K(& ()-y
L1"109K( & ()- ~0"109K(& ()- |. 109K(& ()- L, 109K(& ()-

L) 109K( & () -7 88888888vU410 9 z109K(& ()- 109K(& ()-
& 109K( & () - 10K( 10K( 10K( L99 10%K(& ()- &6$10%K(& ()-2z8h990: ; v; <| [: vU410

9" 109( 8d.) - yTheSh@WEdadchrding o1 § Wherdln IRAtuE lé)anfanlrjrwﬁiéi%ﬁe?q ()-
il $10%K(p& ()-<-<<=y>> ?2|[:vWA10 9 +"10UK(& ()- 9)"10UK(& ()-
s&$10%<(& ()-g 9!'"109%K(& ()- @L0%K(& ()-y L@OUK(& ()-

e e R
Lo 109K( & 109K g

10K( }OK( o P4 BTN k- op, ARG &4 o {fodnsing

T $109K( (ecording ¢ 9P Hv P16 &G

hot%?]‘ f( §L ‘(]%ell(eléiﬂ&g;we(aﬂsmerséd)lﬁ(utgk( ﬂlaﬂ(molf%(;(ﬂ)}?{/ﬂﬁ(& (@relgg O/r;\t&?;ﬁ%ﬂc&d (‘rz)og?utlg?(s)) ]
- ¥ sroaepreing Ko Wik 3oy Tl St siataned banirioibi 26 g cimaliglh {57
8&$109' ( &rgan oBorgh@\%M& ()- 9y "10% (& ()- 10% (& (

910%\( & () - M\/NNNIOQ[ vU410 ~ 6$10% (& ()- 94" 10%(& ()- 93"109%(& ()- Y.
V0% & ()- Y. %A0% & ()- 9F+10% (& () - OODPPPPPPPVU410 | 10%K( & () -

&10%K
Sé7 10%§\528§%) C%gn%% (éfocc(nf&ﬂhéorégﬁst%n% o@%&ﬁﬁéﬁg& )él‘ra(l)patho%e a(rs

$10%K( & qNimgl gedh; lissue &rqqnor&vhom%qa&w(m QBTN [ 1 vU410 9)" 10%((& ()-f
y&$10%K( &' () -2z &$"10%K(& ()- 9! gl0WK(& ()- MIOUK(& () -

& "109K( & ()- UWWWW [ : vU410 97" 109K(& ()-f 610UK(& ()- 9l 4109%K( &' () -
OF1s109%K( & ()¢) °, Eeledting One ) Blodekdisp¢rsedWwmitrutywuidarmholegules or foreign

15 nucleic acid molecules which comprise tandem repeats of a nucleotide
sequence derived from the viral pathogen or a complementary sequence
thereto;

(i) producing a synthetic gene comprising said dispersed nucleic acid
20 molecules or foreign nucleic acid molecules operably connected to a
promoter sequence operable in said cell, tissue, organ or whole

organism;

(iii) introducing said synthetic gene to said cell, tissue, organ or whole

25 organism; and

(iv)  expressing said synthetic gene in said cell, tissue or organ for a time and
under conditions sufficient for translation of the mRNA product of a gene
of the virus to be modified, subject to the proviso that the transcription of

30 said mRNA product is not exclusively repressed or reduced.
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repress delay or otherwise reduce the expression of a target gene in an animal cell,

tissue, organ or whole organism, wherein said synthetic gene comprises a dispersed
nucleic acid molecule or a foreign nucleic acid molecule comprising tandem copies of
a nucleotide sequence which is substantially identical to the nucelotide sequence of
said target gene or a derivative thereof or a complementary sequence thereto placed

20 operably under the control of a promoter sequence which is operable in said animal
cell, tissue, organ or whole organism.

28.  The synthetic gene according to claim 27, wherein the dispersed nucleic acid
molecule or a foreign nucleic acid molecule comprises tandem inverted and/or direct
25 repeats of a genetic sequence that is endogenous to the genome of the animal cell,
tissue, organ or organism or which Is derived from a non-endogenous gene of the

animal cell, tissue, organ or organism.

29.  The synthetic gene according to claim 28 wherein the non-endogenous gene is

30 derived from a viral pathogen of the animal cell, tissue, organ or organism.

30.  The synthetic gene according to claim 29 wherein the non-endogenous gene
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34. The synthetic gene according to claim 27 or 28 wherein the dispersed nucleic
acid molecule or a foreign nucleic acid molecule comprises tandem inverted and/or
direct repeats of the porcine a-1,3-galactosyltransferase gene.

15
35. The synthetic gene according to claim 34 wherein the porcine o-1,3-
galactosyltransferase gene is placed operably in connection with the CMV promoter
sequence.

20 36. The synthetic gene according to any one of claims 27 or 35 wherein the tandem
copies of the nucleotide sequence of the target gene are operably connected to two or

more promoter sequences.

37.  The synthetic gene according to claim 36 wherein each of the tandem copies of
25 the nucleotide sequence of the target gene are operably connected to spatially

separate promoter sequences.

38. A genetic construct comprising the synthetic gene according to any one of
claims 27 to 37.

30
39. The genetic construct according to claim 38 selected from the list comprising
plasmid pCMV.BEVx2; plasmid pCMV.BEV.GFP.VEB; plasmid
pCMV.BEV.SV40L.BEV; and plasmid pCMV.BEV.SV40L.VEB.
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