1 CONTROL OF GENE EXPRESSI ON FI ELD OF THE | NVENTION 5 The present
invention relates generally to a nmethod of nodifying gene expression and
to synthetic genes for nodifyi ng endogenous gene expression in a cell,
tissue or organ of a transgenic organism in particular a transgenic
animal or plant. Mre particularly, the present invention utilises
reconbi nant DNA technol ogy to post-trénscriptionally nodi fy or nodul ate

t he expression of 10 e i ; organ or whol e

organi sm thereby pr oggmaﬁoﬂ'o% %ﬁ%%ﬁgEﬁgNsynt hetic genes and
genetic constructs which are capable of repressing delaying or otherw se
reduci ng the expression of an endogenous gene or a target gene in an
organi sm when i ntroduced thereto. are also provided. 15 GENERAL

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 may be

obt ai ned i cul cified source or 20 species, albeit not
necessari!f:{}ﬂ:)&%"gﬁii'@/il Mﬁ'i’ﬁgﬁ speci fied source or species. Throughout this
specification, unless the context requires otherw se, the word

,.conprise", or vari,ations such as "conprises" or, "conprisjng", wll be
under st oolhe oPIESENY 'W@‘tlor'i’clrﬁ@!t‘%ﬁl gsnesallyt 40 ea gﬁ'ﬁ%roﬁm%&‘%tgeﬂﬁt eger or
group of &k5iessih FlCEFritndic SEHEIRS nodityIRPbndGSeriii g Bxabsan Ot her

step 25 or elenent or I'nteger or group o nments or Tntegers. 2 Those
skill ed iim aleliatisswé br caga of eafransdertic Onganiamein iparticdarca ittapggemicei n i s

l//suscept | b.lslﬁin:[taq (yraéliag{.il\ﬂgrse Sé‘%cﬂPa‘?lyf itﬁg tpirggesntol}t\r}grrﬁiénh%ﬁlisfe%orseecors'rﬁ%%r]:ti cally

‘. DNA technology to post-transcriptionally modify or modulate the expression of

10 a target gene in a cell, tissue, organ or whole organism, thereby producing:
novel phenotypes. Novel synthetic genes and genetic constructs which are
capable of repressing 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

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

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

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



described. It is to be understood that the invention includes all such
variations and nodifications. The invention also includes all of the
steps, features, 5 conpositions and conpounds referred to or indicated in
this specification, individually or collectively, and any and al

conbi nations or any two or nore of said steps or features. The present

I nvention is not to be limted in scop& by the specific enbodinents

descr | bedThEsEIsRileWhh Mo e Wil bEPRRIatethat IR RIVERGSR Tecribdd herein is

exenplification only. Functionally-equival ent products, conpositions and
met hods asusasipdibled ytowvaidtionshandc opadibidatians iothasnthiam, thase depaifidalig her ei n.
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Ver si on 2.'8). 15 Each nucl eotide or amno acid sequence 1s'identitied in the
sequerkce tomposiiondyancheompoenils tefefiredttoro<ittlicatéd|ihothizl specifibatieequence

identifier (e.qg., <210>1  <210> etc),. ,The l.ength, type, of sequence (DNA,
brotet n (PRl S CalRgmeli A ang Rl ah qno BaR ot HBY 6P T OG0 aCt 4
sequence g4if stéh¥lbeizadely I nformation provided in the nuneric indicator

fields <211>, <212> 20 and <213>, respectively. Nucleotide and am no acid

sequences referred to in the specification are defined by the information
provi ded 4R.n Vsl o] 1€ Ofmitkq! hPvesh e

I dentifi Jﬁ?eggsiéﬂgoyﬁhﬁ%ogsz,ﬁdété . SéTﬁ@It%gsiugnat |@ t?:??etrt%cl%g%teﬁge

resi dues embedimentsodaseriiad dweeeinhosbichr aporinemded by the plpased WS _

. .Biochem cal Nopencl at ur | SSi 25 wherein epresent s. Adenine, C
“Fepr olthn; ExeBHERTEn. reprLBeielbed ISR TPRghel LT RoRYRNHe Ang

repr esent fhethdtid 4@ Qéﬁ%ﬁvﬁﬁinﬁhé,scepb%frtﬁé Fehtidn, RHHEESB&RPhEH. M
represents Adeni ne or tosine, K represents Guanine or Thymne, S
represents QGuani ne or Cytosine, Wrepresents Adenine or Thym ne, H

represent Sequéticd RIEINLAENGMBETs (HRD BNDIS coRtAifRipeReIEStdE and amino
acid sequence information included in this specification are collected after the
Abstract and have been prepared using the programme Patentin Version 2.0.
15  Each nucleotide or amino acid sequence is identified in the sequence listing
by the numeric indicator <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 fields <211>, <212>
20 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, etc).

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

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



30 nucl eotide other than Adenine, V represents a nucleotide other than
Thym ne, 3 nucleotide other than Adeni ne, V represents a nucl eoti de ot her
than Thymine, D represents a nucleotide other than Cytosine and N
represents any nucleotide residue. The designation of am no acid residues
referred to herein, as recommended 5 by the | UPAC-1UB Bi ochem cal

Nonencl ature Conm ssion, are listed in Table 1. TABLE 1 1o Am no Acid
Three-letter code One-letter code Al adine Ala A Arginine Arg R

Aspar agi ne Asn. arti,c .acid Asp D stein .ne Gn Q
G 01 am o Hhptids er HELANENEE, ¥ ceBlbsans ¥ fedlpe ol togh dhOMiS, "
Leucine Leu L Lysine Lys K Methionine Met M 25 Phenyl al ani ne Phe F
Proli Pro P Seri Ser. S

rorine [rJorepreseergtlsn% n%%leotiée other than Cytosine and N represents any

nucleotide residue.

The designation of amino acid residues referred to herein, as recommended
5 by the IUPAC-IUB Biochemical Nomenclature Commission, are listed in Table

1.
TABLE 1
10  Amino Acid Three-letter code One-letter code
Alanine Ala A
Arginine Arg R
Asparagine 7 Asn N
15  Aspartic acid Asp D
Cysteine Cys C
Glutamine Gin Q
Glutamic acid Gilu E
Glycine Gly G
20 Histidine His H
Isoleucine lle 1
Leucine Leu L
Lysine Lys K
Methionine Met M
25 Phenylalanine Phe F
Proline : Pro P
Serine Ser S



Threonine Thr T Tryptophan Trp W Tyrosine Tyr Y Valine Val V 5

Aspartate/ Asparagi ne Baa B Gdutamate/Jutamne Zaa Z Any amno acid Xaa X
1o BACKGROUND TO THE | NVENTI ON Control l'i ng met abolic pathways in eukaryotic
organisns is desirable for the purposes of producing novel traits therein
or introducing novel traits into a particular cell, tissue or organ of
said organism Whilst reconbinant DNA technol ogy has provided significant
progress in an understanding of the 15 mechani sns regul ati ng eukaryotic
gene expression, nmuch | ess progress has been made in theTactuaI '
mani pul at 1§81 Eene expr essi onLI?'E; produce novel traits. 'Moreover, there
are only T,iygwﬁ%nneans by whi ch-ﬁwman intervention may |lgad to a

nodul ati on the | evel of eukaryotic gene expression. One approach to

r epr essi nfyrodigleayi ng or ot herw 3&7reduci ng gene expressiof 20 utilises an
RNA nol ec\zl e which is transcri bgfj fromthe conplenentary gtrand of a

nucl ear g A& o that which is n |3r1rally transcri bed and capabl e of being
translzat efghdifemRragret i de. Adpough the precise mecha@ sminvolved in
this approach 1s not eStablished, it has been postul ated that a doubl e-

st randed ®utamate/Ghurtantiye base pdiad ng bet ween the conpl enéntary 25

nucl eoti dg_sequences, to produce,a conplex which is transhated at | ow

ef fici enc’sn%ﬁ 18P G&9r aded by i %araacel | ul ar ribonucl ease énzymnmes prior to
being translated. Alternatively, the expression of an endogenous gene in a
pl ant celT, T1SSue or 5

10 BACKGROUND TO THE INVENTION

Controlling metabolic pathways in eukaryotic organisms is desirable for the
purposes of producing novel traits therein or introducing novel traits into a -
particular cell, tissue or organ of said organism. Whilst recombinant DNA
technology has provided significant progress in an understanding of the :
15 mechanisms regulating eukaryotic gene expression, much less progress has -
been made in the actual manipulation of gene expression to produce novel
traits. Moreover, there are only limited means by which human intervention

may lead to a modulation of the level of eukaryotic gene expression.

One approach to repressing, delaying or otherwise reducing gene expression
20 utilises an RNA molecule which is transcribed from the complementary strand
of a nuclear gene to that which is normally franscribed and capable of being
translated into a polypeptide. Although the precise mechanism involved in
this approach is not established, it has been postulated that a double-
stranded RNA may form by base pairing between the complementary
25 nucleotide sequences, to produce a complex which is translated at fow
efficiency andfor degraded by intracellular ribonuclease enzymes prior to

being franslated.

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



organ may be suppressed when one or nore copies of said gene, or one or
nore copies of a substantially simlar gene are introduced into the cell.
Wil st the nmechanisminvolved in this phenomenon has not been established
it appears to involve nechanistically heterogeneous processes. For
exanple, 5 this approach has been postulated to involve transcriptional
repression, in which case somatically-heritable repressed states of
chromatin are formed or alternativel y® a post-transcriptional silencing

wherein transcription occurs ormal | t he . [

co- suppr 3984 @@ﬁé:ge ay%orgﬁgg%dﬂm"ﬁ}e %éﬁﬁérﬁengf%@b%{%a%ﬁggé ‘f‘?'{:?'té%?;c of both
of these RBRAL @aFREDIsUISStERGAINIsiIr G¥AE eF6iittFodicedsSRREiHG celgdViitsti s very
| ow and highly variable results are usually obtained. Inconsistent results

are obt ?ihhegmmhagism fineolwed inethiin Mheppmpaness hasonot beappsablished it
unt r ansl at regi o. 3' - | ' ' ' '
e quancecRiears gaR Vgl R mEthraRTr Al el Tl diys Bl a O Bipid o' ol s s

No consengis apprddth Res NBdal poful@iedcto invekm eraesripttneh repressitm, tine  nost
efficient neans for repressing, -delaying or otherw se reducin ene

expr essi owhichi eapeesomaticrlytheritableospeessearbstatrree! chygmatia Wﬁgfﬁ?‘ﬂgﬁ %e of

vari ation_gexi st.s ,bet ween r.ald J At é’r?sﬂr et dict the
| evel ofal %B?ﬁ%@”or‘? Cﬁosﬁﬁﬁgﬁw@{%e%ﬁ%ﬁq hdgﬁ%'lré%etﬁy 0 ilBgﬁn oga%lgsm in
whi ch gengormRAllyeitBesRIGA prasus@rdifatecomdidressed Benenttey subssqtrendyd
Heni kof f (1994) denonstrated the silencing of tandemy repeated gene
copi es i nelim&at®bsophi | a genone and the transcriptional repression of
_dispersed Drosophila Adh genes by Polyconb genes (i.e. the Pc-G system
{ Pal-Bhadra et al, 1997). However, such silencing of tandemly 25 repeated
‘gene topi Ehejeffigeney taf| kot pf thgsa @paroaghesnist targetingithe aRsessiae of

Cibuere SPotdrg MRy By ind D CABATERRs W glan Bheasgyenccs
Inconsistent results are obtained using different regions of genes, for
example 5'- untranslated regions, 3"-untranslated regions, coding regions or
intron sequences to target gene expression. Accordingly, there currently

15  exists no consensus as to the nature of genétic sequences which provide the
most efficient means for repressing, delaying or otherwise reducing gene
expression using existing technologies. Moreover, such a high degree of
variation exists between generations that it is not possible to predict the level
of repression of a specific gene in the progeny of an organism in which gene

20 expression was markedly modified.

Recently, Dorer and Henikoff (1994) demonstrated the silencing of tandemly
repeated gene copies in the Drosophila genome and the transcriptional
repression of dispersed Drosophila Adh genes by Polycomb genes (i.e. the
Pc-G system; Pal-Bhadra et al, 1997). However, such silencing of tandemly
25 repeated gene copies is of little utility in an attempt to manipulate gene
expression in an animal cell by recombinant means, wherein the sequences
capable of targeting the expression of a particular gene are introduced at
dispersed locations in the genome, absent the combination of this approach
with gene-targeting technology. Whilst theoretically possible, such

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



di spersed |l ocations in the genone, absent the conbination of this approach
Wi th gene-targeting technol ogy. Wil st theoretically possible, such 30
conbi nati ons woul d be expected to work at only | ow efficiency, based upon 6
of gene-targeting approaches used in isolation and further, would require
conplicated vector systens. Additionally, the utilisation of

transcriptional repression, such as the Drosophila Pc-G system woul d
appear to require sone know edge of tfie regul atory nechani sns capabl e of

nmodul at i ngf gbaeﬁa@eﬂingsapmaohesan;sempecii$c’nlatid;raragmit fugthrer, avalild aeqaire
consequence, WO difficult to r.act as a ral
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has neant at there have been few i npr ov ment s
nmodul at i ngame:okndvdedgeeif e gagtéatexypmmmmsmanmia iof uhadulatingrtbeogi es

for delayin S|ng or . ther se redugi ng the expression of ecific
genes Qsi e?%‘@ ﬁﬁ)ﬁts tQ%‘reea@ i 8f A LONSE U?'&?%Wﬂ\"'@vg met hods
of nodul RS It r ' or

ot herw sg&lrm%tljtgﬁgmgene ,ﬁsﬁi p?ﬁeds%s%%nhl ﬁggﬁfarlré%ﬁﬁﬁgpqgf O}t%k)gé/slﬁlt:ﬁrbpose of

i nt r oduci dejayiogedr rpdemng;gane axpaiession ireanimal delisparti cul ar, these net hods
shoul d provi de general neans for phenotypic nodification, wthout the
necessity for perform ng concomtant gene-targeting approaches. 20 SUMVARY
OF THE | NiapbONuniterstanding obthe sielcharidmainpaivedan thdwee pmmmehagadi scovery

by the inventors.that cel I ch exhibit one, or re SI re raits can
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“of the nucleic acid | ec
repressing or othervvlse reducing the expression of specific genes using

recombinant DNA

Thus, there exists a need for improved methods of modulating gene
expression, in particular repressing, delaying or otherwise reducing gene

156 expression in animal cells for the purpose of introducing novel phenotypic
traits thereto. In particular, these methods should provide general means for
phenotypic modification, without the necessity for performing concomitant
gene-targeting approaches.

20 SUMMARY OF THE INVENTION

The invention is based in part on the surprising discovery by the inventors that
celis which exhibit one or more desired traits can be produced and selected
from transformed cells comprising a nucleic acid molecule operably linked to a
promoter, wherein the transcription product of the nucleic acid molecule
25 comprises a nucleotide sequence which is substantially identical to the
nucieotide sequence of a transcript of an endogenous or non-endogenous
target gene, the expression of which is intended fo be modulated. The
transformed cells are regenerated into whole tissues, organs or organisms



25 conprises a nucl eoti de sequence which is substantially identical to the
nucl eoti de sequence of a transcript of an endogenous or non-endogenous
target gene, the expression of which is intended to be nodul ated. The
transforned cells are regenerated into whole tissues, organs or organisns 7
capabl e of exhibiting novel traits, in_particular virus resistance and

nodi fied expression of endogenous genés. Accordingly, one aspect of the

present i b Ut é?(h%{u‘?%?\o@ef%@d n%art&:? %gbg@?l 4 cﬁ@’bﬁ& hbafbher wi se

reduci ng expreSS|on rget gene In a cel ti ssue
or organ éxpressiendd@edogentwsyenes.! system conprising (a) prOV|d|ng one or
nore di spersed or foreign nucleic acid nolecules which include multiple
copies (as defined) of a nucleotide sequence which is substantially

i dent i cal AtgordinghRMBhenasedty of ahéhprdsehgeahveritine provides egi etidierafof , and
(b) introducing the dispersed or foreign nucleic io acid nol ecul es operably

under t herap@m%g delaying o5 pihewise reducing fhe exarestian &f a targptgenedast ar get

gene 2. BendbdiChe oA ih8,ETOUENGNS Y At BRABOLBLS GBIt Al syster

alter atl I'gn gené sSu vira el gn gene c séquence,

amongst Ottdimpﬁsmﬁr ed)epedlidingt baet er gabregalispdrsed i faleigreneidisicsacidence. 15
The invention is particul arI y useful in the nodul ation of eukaryotic gene

expr essi omoleGyigmrwhish) e 'E"F\% ridiinla: copiest (aangafingd)amfngl nysieotidepr essi on
and even OOfgpay bhie R Libdntlls, PRANLAN (28 RbaHhERRTodhedsgn der i ved

fromvert I nver e r e “ani na such a I nsect aquatiT ani mal s
(eg. fishgemsderldf region tl'ldréufscamd ((tt)ulsﬂr@dmamﬂmjdlspesseﬂ abfyreigpbsideis and

rawns, 20 avi an nlmals t ot A v t f trait
A" echalgBoBRuRS R an: P TR RIS BriroRitet 14 the oSGk Stor o

‘transforngggpel I's. Such tralts include, but are not limted to, visible

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

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

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

20 avian animals and mammals, amongst others).

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

genes which encode polypeptides involved in cellular metabolism.

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



traits, disease-resistance traits, and pathogen-resistance traits. The
nodul atory effect is applicable to a variety of genes expressed in animls
25 including, for exanple, endogenous genes responsible for cellular

met abolism or cellular transformation, including oncogenes, transcription
factors and other genes which encode golypeptrdes I nvol ved in cellular
met abol i sm For exanple, an alteration®in the pigment production in mce
can be 8 r [ f t gene

t her ei n. erlﬁqmé&%r%ogfé%eﬁﬁ%g@%l ﬁ%ﬁ?@g t@?%gﬁgllrirﬁsg né gﬁg%{{p?nﬁgsé By
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nol ecul e or forei nycJ ei c m)lec le, will, generally conprisg a
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tar get gqﬂ%gﬁ@rgggﬁsthmru pch thedhtgr. honol ogy m ght produce a nore

ef fective I on of expression of the target gene sequence.
Substantrally greater honol ogy, or nore than about 90%is preferred, and

even nor € % oiafﬂ%g;?re%ér(f H?reﬁf?ér?l ieCdisf thrYudlércd(fC'ﬁ hEb&ule 15 The

I nt roduced |spers nucl acid no e or rergn nucl el ¢ aci
nmol ecul e sedoezige, nodeil racid eswleduda mdlsoge:neralimrmrbmgyse absounkestidaot be

fuII | ength, relative to either, the yt.ran I, pt uct or fully
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Furthernmore, the introduced sequence need not have the sane intron or exon
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.

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

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

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

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

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

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



pattern, and honol ogy of non-coding segnents will be equally effective. A
second aspect of the present invention provides a nethod of repressing,
del ayi ng or otherw se reducing the expression of a target gene (as
defined) in a cell, tissue or organ by an endogenous host cell system 25
conprising (a) providing one or nore déspersed or foreign nucleic acid

nol ecul es which include nultiple copies (as defined) of a nucleotide

sequence %&Qén%@&éﬁéﬁ&bbﬁ! ly identical to or conplenentary to the target
gene or a region thereof, “at | east one copy being in the sense orientation

and at |east one other copy being in the antisense orientation of the

nucl eoti d ce, N | i foreign

nucl ei ¢ d@?@ﬁﬁiﬁgﬁﬁﬂégtgg%ﬂ%&ﬁﬁéhgﬁﬁ@ﬁ%ﬁngﬁéQ@ngﬁggﬁﬁgﬂﬁ%%ﬁgﬁ aspect of

t he presedélayingntotearwisevedlasngitiesmdssibnrof prasgetiyene idel eoll, tigswe

ot herwi se reducing the expression of a target gene in a cell, tissue or
organ of @momEanRiiaNANIMaLRT PNt BY asmenrdrarneysHst cel systels thgmathed net hod

5 conﬁgig&ﬂﬂ'ﬁ&hb.selecting one or nore dispersed nucleic acid nol ecul es or
forei gn Aucrercdaci d nol ecul es (as defined) which conprise nmultiple copies
(as defined) of a nucleotide sequence which is substantially identical (as

defined) ,{ot t A i 1 .60f i ' I t
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the di id AU hilscAGs fasad)aghich cbarpei lectapies (a6 nol ecul es;
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i nvention provides A nethod of conferring

10 (i) producing a synthetic gene (as herein defined) comprising the

dispersed nucleic acid molecules or foreign nucleic acid molecules;
(ili)  introducing the synthetic gene to the cell, tissue or organ; and

(iv) subjecting the synthetic gene in the cell, tissue or organ to conditions
and for a time sufficient for the promoter to promote transcription of at least

15 some of the multiple copies.

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

comprising:

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

thereto;

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



resi stance or inmmunity to a viral pathogen upon a cell, tissue or organ of
an aninmal or plant, or a whole organism by an endogenous host cell

system conprising: 20 (i) selecting one or nore dispersed nucleic acid
nol ecul es or foreign nucleic acid nolecules which conprise nultiple copies
(as defined) of a nucleotide sequence &hich I's substantially identical to
a nucl eoti de sequence derived fronlthé viral pathogen or a region thereof

or a _Con%%fé%ﬂm@_rdrfé?é%aﬁrﬂﬂ%leié BeiahBlecdfesf i i) producing a synthetic gene
conprising the dispersed nucleic acid 10 nolecules or foreign nucleic acid

nol ecul es; (iii) introducing the synthetic gene to the cell, tissue, organ
whol . - : . ‘ ¢ . : n
T ente cr (TR0 Eing AR bt HENS3s ol s shel Ak or e bdins

sufficiensindor the pronoter to pronote expression of at |east sone of the
mul ti pl e copies. Another aspect of the present invention provides a genetic
construct which is capable of repressing, delaying or otherw se reducing

the expremg) elbfexting thendoatirausgbastincéld iisttyuel on drgagedr gende (as
defined) in a cell, organ or 1o tissue which is transfected with the

genet ifc corgenism o cpnditions antt igeadime sulisiant for the prpmpetardonReomdfee copi es
(as defi n%g}r Qéioﬂo?‘éﬂ]eea%rt %S%eS&QHS'}ﬁ&upPM‘é lad S substantially identical to
or conple nfeary to e target gene or'a deritvative or a region of the
target gene, and wherein the nultiple copies are placed operably under the

control o I i , at | t he

- control ohasRefRShaN f eleEel VBN BRUSES omaE ook SRk R 1

-Sense origapatié m-r\?ﬁfmh@, dsipdag oirf othBAvise aeditingnthendipressionviydas a

. genetic construct ich is _ )
endogenous host cell system of a target gene (as defined) in a cell, organ or

10 tissue which is transfected with the genetic construct, wherein the genetic
construct comprises multiple copies (as defined) of a nucleotide sequence
which is substantially identical to or complementary fo the target gene or a
derivative or a region of the target gene, and wherein the multiple copies are
placed operably under the control of an operable single promoter sequence,

15 at least two of the copies under the control of the promoter being placed

operably in the sense orientation.

Another aspect of the present invention provides a genetic construct which is
capable of repressing, delaying or otherwise reducing the expression by an
endogenous host cell system of a target gene (as defined) in a cell, tissue or
20 organ which is transfected with the genetic construct, wherein the genetic
construct comprises muitiple copies (as defined) wherein each of the muitiple
copies is separately placed under the control of a promoter which is operable
in the cell, and wherein each of the copies comprises a nucleotide sequence
which is substantially identical to the target gene or a derivative or a region of
25 the target gene, wherein at least one of the copies is placed operably in the

sense orientation under the control of a promoter.

Another aspect of the present invention provides a genetic construct which is

capable of delaying, repressing or otherwise reducing the expression by an



capabl e of repressing, delaying or otherw se reducing the expression by an
endogenous host cell systemof a target gene (as defined) in a cell, tissue
or 20 organ which is transfected with the genetic construct, wherein the
genetic construct conprises nmultiple copies (as defined) wherein each of
the nultiple copies is separately plag?d under the control of a pronoter
which is operable in the cell, and wherein each of the copies conprises a

nucl eOtidéné(ﬁ?gwﬂﬁ&%o%eﬂhsfysﬁerﬁlb@%\t@?@é@éﬂe (ébeaéﬁﬁeﬂ) ihG ESIE ths88QYr gene or

a derivative or a region o he tar ene, wherein at least one of the
copi es |50@8£bwblqup|§r’fam€§fe@fﬁdtw@h sgangenetm: eanatructn whetein said ganeticol of a
pronot er. Anq r asrgrect of itt r?e resez w%. tg B ProY ?a enetic
construct® geticem g&?bm gte péﬁﬁ @S g § r%nb'f:e(? 8r “C8duci ng
the expr e@ﬁic@ﬂstswb%fanhény m&ﬂ@aﬂwgalaqﬁgewéneswa%gﬁin & daviaRivestne (as
defined) in a cell, tissue or organ whichis fransfected with said genetic

const riuct SaidHargsit gesei angevmrem sajdouitiptet cejap arre @!aqedl qurablydmd@s (as
def i ned) ti.d guence, whi ch ubst i al | tlcal to said
Carger el Gt of & sifdle 38 R andtpotl waiol I BRRHIET Satie®hesithner o n
sai d mul to:pb@ga@\omr@ﬁemrﬁ @bgp@ﬁle @ 8aRPENPILS 48 bladddcossrablydh thE sengbngl e
pronoter sequence which is operable in sald cell tissue "or organ, wherein

at | east eofientatior sindee g @@n rel ¢fl said proweteimsaguancerandswheesin gtileastat i on
e 4ol o Yaid BBl S H Bl SSERAR MELIBHEb orBhed @A inad® 00"

of said coples i's plac ant ' Sense |enta I'on

t he cmnt rible @jntmbﬂsa;dqjmhﬁjte;smm, Anot her aspect of the present
~Lnvention provides a genetic construct which is capable of delaying,

< repressing or otherw se reducing the expression by an endogenous host cell

syst em of Afother @epegiaitahé presiitimashtionpreeides d §esatR Ginstr@cg@hicMisch is
transfected with said genetic construct, wherein said genetic 15 construct

conpr i sesCaRAkle of delayjiice sepressimsronatagrdse seduring §ie gepressignryean

endogenous host cell system of a target gene (as defined) in cell, tissue or
organ which is transfected with said genetic construct, wherein said genetic

15 construct comprises multiple copies (as defined) of a nucleotide sequence
which is substantially identical to said target gene, or a region or derivative of
said target gene, at least two of the multiple copies being separately placed
under the control of promoters operable in said cell, tissue or organ, wherein
at least one of said copies is placed operably in the sense orientation under

20 the control of a promoter sequence, and wherein at least one other of said
copies is placed operably in the antisense orientation under the control of

another promoter sequence.

Another aspect of the present invention provides a genetic construct which is
capable of delaying, repressing 6r otherwise reducing the expression by an
25 endogenous host cell system of a target gene (as defined) in a cell, tissue or
organ which is transfected with said genetic construct, wherein said genetic
construct comprises multiple copies (as defined) of a nuclectide sequence
which is substantially identical to said target gene, or a region or derivative of
_said target gene, and wherein said multiple copies are placed operably under

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



which is substantially identical to said target gene, or a region or
derivative of said target gene, at least two of the nultiple copies being
separately placed wunder the control of pronoters operable in said cell,

ti ssue or organ, wherein at |east one of said copies is placed operably in
t he sense orientation under 20 the control of a pronoter sequence, and
wherein at | east one other of said coB'es is placed operably in the

anti sense i ' t i ; r tigr ce.

Aot her 20 B et b rorie I iR o A e BHEe T o o

i s capabbdenthtidelvagenthe ceprasdisaid prorotezsegsencedubeneg ahieaskpnessi on by

a5 crORIER S e P b iR o el 2,
sai d genegh ol GANShd Bﬁ}mﬁﬁz’?%éq%%@céyéﬁd g{rﬁréﬁpﬂh%sat(léﬁstd@ﬁé '&8@9 194t i8

nucl eoti de sequence Ich i's substanti y tdentical to said target gene,
or a rigi placed iddhe sehse eriehtatioai latveget saje promabel awckihed at kaistional ti pl e

cequence GEERoPY toaids Baced i Biiamisenpe reblaiontieidty® B BiBRlan at
| east oneaf siaidd AR BRNIGIEl BF BhuRaE Beldsilffet figgiBAge  ori entation under

the control of said pronoter seguence, erein at Teast one other of said
copies is placed operably in the antisense orientation under the control

of said pfrfﬁgﬁe?rtosﬁfﬁé?v@%alﬁpﬂo\?@grgﬁé" i} %lﬁéeiﬂu?gérggﬂ%rﬁsow Béﬁﬁhlérs 5

placed in sense orientation relative to sal not er an e at | east
one ot hethosepywitibht ars fisswedpedficheramrgamspecifici ent atevelopmedrigliwe t o
sai d pronot er

.S re spaced fr each ot her a.nucleic acjd stuffer

R agniht TagkiaspefeoRBer o U rasionBiea col s fheaveels BENSE 2Bf gani s
In parti Cg‘éﬁ‘éﬁc EORSFuE IdeR cABEd tHetsiemEd &€ hbfe gl‘g%é?ﬁﬁﬁr\wﬁlﬁ%'rééz&ré& _
devel opnental ly- 1o regul ated, regeneration of a transfornmed cell carrying

t he synt hEhpse gkilles imdhgemrétwill bensware ttballéisr Meansharaving i mtwhelewhol e

organismw || .be requirted. . .
9 organismi flom '8 trahsformed animal cell, a group of such cells, a tissue or

organ. Standard methods for the regeneration of certain animals from isolated

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

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

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

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



Those skilled in the art will be aware that this nmeans grow ng a whol e
organismfroma transfornmed aninmal cell, a group of such cells, a tissue or
organ. Standard nethods for the regeneration of certain animals from
isolated 15 cells and tissues are known to those skilled in the art. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 iﬁ a diagrammatic representation of
the plasmd pEGFP-N1 MCS.  Figure 2 is ﬁ di agrammatic representation of the
pl asmi d p%@@%ad figtathfhaticl 1 presdn o oRhE plASRRIIGSERIY4MN of the
plasm d p SV40L. cass. 20 Flgure 4 is a diagrammatic representation of
the plasmd pCW.SVAOLR cass. Figure 5 is a dlagrannatlc representation of

the plasng ‘;}g@ resentation of
t he pl asm@ E%S@Pﬂg%gtlc P%ﬁeg't ‘dl"ZOfZ‘h i'agranm tlsccBEr\ZEresent ation of
the plasm d pCM/ EGFP. 13 Figure 8 is a diagramatic representation of the

ol aem @ PO BEYS o e frpyiorebroSeRRPR CHhe o EhRIER B2, o1  [he

pl asm d pCR BEV. 2. Fi gure 11 is a diagrammtic representatl on of the

pl asm d pCR. BEV, ure 12 is ramyptic repr i,on of the

bl 2o " Ered s BbsihmaF s et TG Had B RIS HEL ot on' of the

pl asm d pCWwW. BEV. 2. F| gure 14 is a diagrammati c representation of the

plasm d p 5|sad|agrarmat|c repre atlo of. .t he

Dl aomial pYreEs 1310 if: oBr o AR Ratt acteRRREt b Ghehar | DIPSGH: ho

plasm d WM\B.E‘GF@B vXigure 17 is a diagrammatic representation of the

plasmd pCW. BEV. SV40L-0. Figure 18 is a diagrammatic representation of
~the plasmd
. ‘Figure 13 is a diagrammatic representation of the plasmid pCMV.BEV.2.

'Figure 14 is a diagrammatic representation of the plasmid pCMV_BEV.3.
Figure 15 is a diagrammatic representation of the plasmid pCMV.VEB.
10  Figure 16 is a diagrammatic representation of the plasmid pCMV.BEV.GFP.

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.

15 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.

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



pCW. 0. SV40L. BEV. 15 Figure 19 is a diagranmatic representation of the
plasmd pCW.O0.SV40L. VEB. Figure 20 is a diagrammatic representation of
the plasmd pCW. BEVx2. Figure 21 is a diagrammatic representation of the
pl asm d pCW. BEVx3. Figure 22 is a diagranmatic representation of the
plasm d pCW. BEVx4. 14 Figure 23 is a, iagrammatic representation of the
plasm d pCW. BEV. SV40L. BEV. Figure 24°'I's a diagramnmatic representation of

the pl asnFryurdaCMa3BEs SVA0L dianimatigur %E)?ésérﬁaﬁorjj' agy anfBt | glasmid
representation of the plasmd ~ pCW. BEV. G-P. VEB. Figure 26 is a

di agr ammapCHIV.BENV6EVAORIBIOW. of the plasmid pCW. EGFP. BEV2. PFG. Figure 27
is a diagrammatic representation of the plasmd 1o pCW. BEV. SV40LR. Fi gure
28 is a diagrammatic representation of the plasm d pCDNA3. Galt. Figure 29

i s a di agFmuret i @24 epseseant aliagnanuhatihe Epreserdafi®MV. Gat tthe Fiptasneid30 is a

di agrammatjc..r e I of the plasmd pCW. EG-P. Galt. Figure 31 is a
di agram?t&v-gg\géﬂbgt\{%- of the plasmd pCW. Galt.GFP. 15 Figure 32 is a
di agrammatic representation of the plasmd pCW. Glt.SV40L.0. Figure 33 is

a diagrammmtic representation of the plasmd pCMV.Glt. SV40L.tlaG
Fi gur & 34Figurg diZZ’»gr dfma@i c diagraeyealiat | @presentalon| aghi dhe2o plasmid

PCW. 0. SVEEhVREY GFP.VEB.

Figure 26 is a diagrammatic representation of the plasmid
N . pCMV.EGFP.BEV2.PFG.

Figure 27 is a diagrammatic representation of the plasmid
10 pCMV.BEV.SV40LR.

Figure 28 is a diagrammatic representation of the piaémid pCDNA3.Galt.
Figure 29 is a diagrammatic representation of the plasmid pCMV.Galt.
Figure 30 is a diagrammatic representation of the plasmid pCMV.EGFP.Galt.
Figure 31 is a diagrammatic representation of the plasmid pCMV.Galt.GFP.

15 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
20 pCMV.0.SV40L.Galt.

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



Figure 35 is a diagrammatic representation of the plasmd pCW. Gal t x2. 15
Figure 36 is a diagranmatic representation of the plasm d pCWwW. Gal t x4.
Figure 37 is a diagrammatic representation of the plasmd pCwW.
Galt.SV4A0L. Galt. Figure 38 is a diagranmatic representation of the plasmd
5 pCW. Galt.Sv40L.tl1aG Figure 39 is a,{gi agrammati c representati-on of the
plasmd pCW.@&lt.GP.tlaG Figure 40'Ts a diagrammtic representation of

the plas rl'tig_ur@ @BNs BWifgamhinalit fepréSefiativh ®f 4e E@sﬁ]i@ p@ONAIBEX4C
representation of the plasmd pCW. Glt.SVA40LR Figure 42 is a
di agrammatic representation of the plasmd pART7. Figure 43 is a

di agr ATl CPAPSORY al 4 Ol A RlcaSTolostABTBNSSSSCG  S@REmidS Fi gure

44 is a granmati c representation of the plasmd pBC PVY. TFigure 45 is a
di agr ammgpClVi @pltedetitaGatin of the plasm d pSP72. PVY. Figure 46 is a :
di agrammatic representation of the plasmd pClapBC PVY. Figure 47 is a

di agrammatic representation of the plasmd pBC PVYx2. Figure 48 is a

di agr ammefFigure epBasend at 4 ondizigrammenaticas megras8RtioAVY . 2k Fi glasmidld is a
di agrammatic representati on of the plasm d pBC PVYx3. 16 Figure 50 is a
di agr EmeREMVEEalteéilalia@n of the plasnid pBC. PVYx4. Figure 51 is a

di agrammatic representation of the plasm d pBC PVY.LNYV. Figure 52 is a

di agrammatic representation of the plasmd pBC PVY.LNYV. PVY. .
Figure 39 is a diagrammatic representation of the plasmid

- pCMV.Galt.GFP.tlaG.

Figure 40 is a diagrammatic representation of the plasmid
pCMV.EGFP.Galt.PFG.

10 Figure 41 is a diagrammatic representation of the plasmid
pCMV.Galt.SV40LR.

Figure 42 is a diagrammatic representation of the plasmid pART7.

Figure 43 is a diagrammatic representation of the plasmid
pART7.355.SCBV.cass.

15  Figure 44 is a diagrammatic representation of the plasmid pBC.PVY.
Figure 45 is a diagrammatic representation of the plasmid pSP72.PVY.
Figure 46 is a diagrammatic representation of the plasmid pClapBC.PVY.
Figure 47 is a diagrammatic representation of the plasmid pBC.PVYx2.
Figure 48 is a diagrammatic representation of the plasmid pSP72.PVYx2.

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



5 Figure 53 is a diagranmatic representation of the plasmd

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

pl asmi d pBC. PVY.LNYV.YVP. Figure 55 is a diagramatic representation of
the plasm d pART27. PVY 1o Figure 56 is a diagrammatic representation of the
plasmd pART27.35S. PVY. S CB V.O Fi ggre 57 is a diagrammtic
representation of the plasmd pART27.33S. O SCBV. PVY. Figure 58 is a

di agr amMeFiduresl RSP Biagrafmaic rbpregehntfBrtor tll:é PRGBS SVALACBY. YVP.
Figure 59 I's a diagramiatic representation of the plasm d pART7. PVYX2.

Figure 60 is a diagrammatic representation of the plasm d pART7. PVYx3.

Figure 61FI R 51 RY G%rhﬁwdtﬁ% RN of%he ﬁ%’ﬁﬁd}gﬁn‘?-ﬁ’%@wwm'

Fi gure 62| a diagra IC repr sentatlono
PART7. PVY. LNYV. PVY F| gure 63 is a diagranmatic represent ation of the

Pegfeﬁsgntlg[qlﬁ@ ofszt he pI ? &aa/SEﬁ??ﬂ(b\F/IYW Figure QHgm?)Hs‘fnid

di agrarmapB@ peprageviryyon of pART7. 35S. PVY. SCBV. YVP. 5 Figure 66 is a
di agranmatic representation of pART7.35S. PVYx3. SCBV. YVPx3. Figure 67 is a
di agrammatic representation of pART7.PVYx3.LNYV. YVPx3. Figure 68 is a

di agr agmafFjgureeprggsentat kon dhgraffnatias NtdpredditatloVYMLTthe  plasmid
pBC.PVY.LNYV.YVPL.

Figure 54 is a diagrammatic representation of the plasmid
pBC.PVY LNYV.YVP.

Figure 55 is a diagrammatic representation of the plasmid pART27.PVY

10 Figure 56 is a diagrammatie representation of the plasmid
pART27.358.PVY.SCBV.0O.

Figure 57 is a diagrammatic representation of the plasmid
pART27.355.0.SCBV.PVY.

Figure 58 is a diagrammatic representation of the plasmid
15 pART27.355.0.SCBV.YVP.

Figure 59 is a diagrammatic representation of the plasmid pART7.PVYx2.
Figure 60 is a diagrammatic representation of the plasmid pART7.PVYX3.
Figure 61 is a diagrammatic representation of the plasmid pART7.PVYx4.

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

Figure 63 is a diagrammatic representation of the plasmid



lo Figure 69 shows mcrographs of PK-1 cell lines transfornmed with

pCW. EG-P, vi ewed under nornal |ight and under fl uorescence conditions
(excitation %= 488 nm em ssion k = 507 nn) designed to detect GFP. A: PK
EGFP 2. 11 cells under normal light; B: PK EGFP 2. 11 cells under
fluorescence conditions; C PK EGFP 2. 2[2 cells under normal light; D PK
15 EGFP 2. 18 cell s under fluorescence nditions. Figure 70 shows an
exanpl e ohaARTUtENEY N Nohetn\anal ysi s of transgenic porcine kidney cells (PK)
whi ch had been transformed with the construct pCW. EGFP. Genom ¢ DNA was
isolated fromPK-1 cells and transforned I|ines, digested with the

restri ctlpﬁlﬁador&cl qgseaBa rﬁ é}qcpb%tp\oégémgﬂ(g.p 34P- qggP E)Pa%fﬁ&d EG-P

DNA fragne Lane A1s a nol where size each

fragment pARTII RN AN YV | obases (kb) Lane Bis the parental cell line
PK-1. Lane Cis A4, a transgenic EGFP-expressing PK-1 cell line; Lane Dis
C9, a transgenic non-expressing PK-1 cell line. Figure 71 shows m crographs

of CRI B- IFigpire$5i8th diagRirBmbtit reprisentatibnl of AR PE.3ESHBY SEBY2VP.19(t ol ) ]
prior to and 48 hrs after infection with identical titres of 18 BEV. A

CRIB-1 cells prior to BEV infection; B: CRIB-1 cells 48 hrs after BEV

| nf eclg orFigiireCR Bt BGLAs# 196 0l ) @lghamatdior L 0 répeeghizaionii th SEV: D
CRIB-1 BA2 # 19(tol) 48 hrs after BEV infection. For further details

refer to PEABIFIIS.BYYx3IFGEVeYYBXx8hows | evel s of pignentation in B16 cells
and B16 cells transforned with pCW. TYR Bd 2. RYT. Cell lines are, from
left to right: B16, B16 2.1.6, B16 2.1.11, B16 3.1.4, BI6 3.1.15, B16
4.12. 2 arkigere &F isa diagrammatigrepreseatativn of pAR BF. VO HExdlaVeY¥PxEi gure 73
+ shows i mmunof | uorescent m crographs of NMDA-MB-468 cells and 1o NDA- VB-468
cells transformed wi th pCWwW. HER2. BG12. 2REH st ai ned for
Figure 68 is a diagrammatic representation of the plasmid

pART7.PVYMULTL

10 Figure 69 shows micrographs of PK-1 cell lines transformed with-
pCMV.EGFP, viewed under normal light and under fluorescence conditions
(excitation A = 488 nm, emission A = 507 nm) designed to detect GFP. A: PK
EGFP 2.11 cells under nofmal light; B: PK EGFP 2.11 cells under
fluorescence conditions; C: PK EGFP 2.18 cells under normal light; D: PK

15 EGFP 2.18 cells under fluorescence conditions. '

Figure 70 shows an example of Southern blot analysis of transgenic porcine
kidney cells (PK) which had been transformed with the construct
pCMV.EGFP. Genomic DNA was isolated from PK-1 cells and transformed
lines, digested with the restriction endonuclease BamH1 and probed with a

20 ¥P-dCTP labeled EGFP DNA fragment. Lane A is a molecular weight marker
where sizes of each fragment are indicated in kilobases (kb); Lane B is the
parental cell line PK-1. Lane C is A4, a transgenic EGFP-expressing PK-1 cell
line; Lane D is C9, a transgenic non-expressing PK-1 cell line.

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



HER-2. A: MDA-MB-468 cells; B: NMDA-MB-468 cells stained with only the
secondary antibody; C INDA-MB-468 1.4 cells stained for HER- 2; D:. MDA-
MB-468 1.10 cells stained for HER-2. For further details refer to Exanple
10. Figure 74 shows FACS anal yses of HER-2 expression in (A) NMDA-MB-468 15
cells; (B) MDA-MB-468 1.4 cells; (O -MB-468 1.10 cells. For further
details refer to Exanple 10. Figure 75°'Fs a hi stograph show ng vi abl e cell

counts afgey tA: mlflaewen@ prP ko BES s S, B GRIB1 G848 KRisSafstBEY
ol i gonucl eotides. Viable cells were countéd in quadruplicate sanmples wth

a haenocyinéemion; G: SIRIB B I2t7aT B(toly celis priaota infestionbwitte BESHIDurRR ght

and vor i A2 HOFRq4p 1Y ek By oG e i ineh 08 Fot 35 eBT?  cel |

counts 72ghr after transfection wth gene constructs: (i) control:
pCW. EGFP; (ii) pCW.YBI.BGl2.1BY; (iii) pCW.YBI.p53.BGL2. 35p. 1BY. All
mat eri als and procedures used are 25 described in the text for Exanple 11.

const 1ot SOTE) “Eotouts WRily"alepibimertutai, il BOF] <RS0 Bl B XEhs
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only; (i 'ﬁ:r@;@?ﬁbﬁﬁlls r@fé‘?‘téE‘?@Hﬂlé ool i gonucl eotide; (iii) decoy Y-box

ol i gonucl eoti d material s and procedures used are described in the
text for Exarrple 11 (D) Viable Pam 212 cell counts 18 hr after

,,/i..r-ansfectgc@a.rwdﬁ &ngqmmmfg@ﬁ nt chibrdRBbhe ot MDR%B%ésds;géﬁé agTark)

.only; (ii contro non 5 s |gon otide; (i1l
- ol i gotbucl MMOIA-MB-4BB| cett etramslfcynm(ti with qu@bliv. HEREBGI%ERH-ésmamIeddfdm t he

X ool TERD) B AL Coits! B MDAKB 868" cols Salhed MR Sy the™

expressi o
secondary antibody; C: MDA-MB-468 1.4 cells stained for HER-2; D: MDA-

MB-468 1.10 cells stained for HER-2. For further details refer to Example 10.

Figure 74 shows FACS analyses of HER-2 expression in (A) MDA-MB-468
15 cells; (B) MDA-MB-468 1.4 cells; (C) MDA-MB-468 1.10 cells. For further

details refer to Example 10.

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

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



and MMB6L lines transformed with pCW. EGFP. 10 pg of total RNA fromthe

I ndi cated cell lines were el ectrophoresed on agarose gels and transferred
to a 1o nylon nmenbrane. The filter was probed with a radio-I| abelled
fragnent derived fromthe EGFP gene. B Phot ograph show ng et hi di um

brom de-stained ribosomal RNAs fron1tq§ RNA sanpl es probed in A; the equal
intensities indicated simlar anmounts 8f RNA from each cell line were
probed. Fit@Gidefnark) oneal o.TId@htrBT R&Rsﬁ@é‘lw%tﬁgdﬁhcb@ﬂﬂéf il Eﬁ@@c@?'\" -pbknes for
EGFP 15 nRNA Ievels and’ EGFP RNA transcribed fromthe EG-P transgene in
nucl ear r@irgtmucmasas AllamaErRisaRd wmedsraawumate |deﬁet3b@:i irpthndexts (as

and 19 (S0 e L8] Viebld ©8% 2128 seltivhe 4B G rnret it " cary
MRNA | eV%I&;ddmcM\zﬁi@bs‘ '(Ueéo:%rol9 ’E\i%feéﬁlﬁa&rddén%rﬂ)ﬂcﬁl d)7 6]ii) BokbIb mdh-gene

run-on transcripts in nuclei lines 3, 9 (as in Figure 76).
Fi gur & 783p€%ﬂifa101l§:@nlﬂmmideév(d!l)sd%@w Péhtm oligetucipetide. rbﬁnma@natarand

transgene ear Q dat own in Figure 77. The
EGFP genepﬂoﬁeawc?g‘ légqiartergq%é é'aﬂ[’)% %]&—"F’k@ raelﬂ;el s are extrenely | ow,
si gni fying post transcrlptlonal gene silencing (co-suppression). 25 Figure
79 is a di re I on md CIW. BAd 2. Tl aG
i gur o acFEur T 4 NeHer Difttioudae feoRr Bt Riorselio i Mb6E cofts

pPCW. her2amg6@'ﬂne§@ranﬁfcﬁkﬂé%l With gtmvcﬁegpamg 6f fRARRANGhItRB of the
plasmd pCwW. YBI.BGL2. YBI . gure I's a diagranmatic representation of

t he pl as mndlcatﬁcweivmeqmsr@el@tmsmomd on Egng@ @3s iapddratisieredrmai c
~HLEPT e&entr%élg %é)r%b'?ahnee F')Ilhe frﬂer was probed with a radio-labelled fragment derived
from the EGFP gene. B Photograph showing ethidium bromide-stained

©o

ribosomal RNAs from the RNA samples probed in A; the equal intensities
indicated similar amounts of RNA from each celi line were probed.

Figure 77: Real-Time RT-PCR analysis of transformed cell lines for EGFP
15  mRNA levels and EGFP RNA transcribed from the EGFP transgene in
nuclear run-on assays. A EGFP mRNA levels in MM96L lines 3, 9 and 18 (as
in Figure 76). B EGFP gene run-on transcripts in nuclei of MM96L. lines 3, 9
and 18 (as in Figure 76). C Glyceraldehyde phosphate dehydrogenase
(GAPD) mRNA levels in MM96L lines 3, 9 and 18(as in Figure 76). D GAPD
20  gene run-on transcripts in nuclei of MM96L lines 3, 9 and 18 {as in Figure 76).

Figure 78: Relative mRNA levels and RNA transcribed from the EGFP
transgene in nuclear run-on assays, from the data shown in Figure 77. The
EGFP gene in line 9 is transcribed but EGFP mRNA levels are extremely low,

signifying post-transcriptional gene silencing {co-suppression).

25 Figure 79 is a diagrammatic representation of the plasmid
pCMV.GalT.BGI2.TlaG.

Figure 80 s a diagrammatic representation of the plasmid
pCMV.her2.BGI2.2reh.



pCW. CD4. BA 2. 4DC. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

I nvention provides a nethod of nodul ating the expression of a target gene
in acell, tissue or organ, said nethod at |east conprising the step 10 of
introducing to said cell, tissue or organ one or nore dispersed nucleic
acid nol ecules or foreign nucleic acid | ecul es conprising multiple copies
of a nucleotide sequence which is sub%@gntially I dentical to the

nucl eoti dejguygquence i9f gai didgragPhatieNepresntAINON dtherigdt  plasmid
conplenmentary thereto for a time and under conditions sufficient for

t ransl at i PGV YBABGIEBbr oduct 15 of said target gene to be nodified,
subject to the proviso that the transcription of said nRNA product is not
exclusively repressed or reduced. By "nultiple copies"” is neant that two or
nmor e subsFigreal B2 i dent acaliggrammisdid naepbedemtdticopiafs dfie a plashddt i de
sequence a e | S or different orientation, on the sane
nucl ei c d&éﬁl\ﬁ%ﬁiﬁ@&h’é@%&ﬁé}’é‘abe 20 appreciated by one skilled in the
art, the term"direct repeat” is used in contradistinction to the term
"inverted_repeat” such that a direct repeat is a 5 - 3 .5 -3 repeat (with
or wi tthoufigseBer 83ucli®ot A dedagsameratia hdepEsetalipn sfuetlies) Plasiid nver t ed

repeat is ! PR TR quence (the 3'-5'" sequence nay also be called a.
"reverse %%Mpﬁ’l'g%hgﬁlzsdﬁogtisense of the 5 -3" 25 sequence) such that the

transcription product of the inverted repeat (e.g. nRNA) may forma
hai r pi n % t r - em is used by those skilled
In the ar gmllﬁgl %Igggﬁgggg@sogmyﬁgmﬂag or relatively few (relative
1o the length of the repeated sequence) intervening nucleotides. 21
i Repeats Lonally .b ted ffen.fragnent or int eni c
egi on t ortia SRl Vet AERIIER Rlhedthed Bl il AR Bl el fen ©
W]ger e t higsgetsgdrrRaivid e6l, titBee o B, ddi@andnbd R YeLR EDMiHRIR MhetsPi Nati on
of
10  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 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
15 of said target gene to be modified, subject to the proviso that the transcription

of said mRNA product is not exclusively repressed or reduced.

By "multiple copies"” is meant that two or more substantially identical (as
defined below) copies of a nucleotide sequence are present in the same or
different orientation, on the same nucleic acid molecule. As would be
20 appreciated by one skilled in the art, the term “direct repeat” is used in
contradistinction to the term “inverted repeat” such that a direct repeat is a 5-
3.5-3" repeat (with or without other nucleotides between the repeated
sequences). An inverted repeat is a 5'-3'.3'-5’ sequence (the 3'-5 sequence
may also be called a “reverse complement” or antisense of the 5-3'
25 sequence) such that the franscription product of the inverted repeat (e.g.
mRNA) may form a hairpin RNA structure. Further, the term “tandem” is used
by those skilled in the art to indicate repeats separated by no or relatively few

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



nucl eoti de or am no acid residues, carbohydrate nol ecul es or

ol i gosaccharide 5 nol ecul es or carbon atons or a honol ogue, anal ogue or
derivative thereof which is capable of being linked covalently to a
nucleic acid nolecule. Preferably, the stuffer fragnment conprises a
sequence of nucleotides or a honnlogug anal ogue or derivative thereof.
More preferably, the stuffier fragnment lonprises a sequence of nucl eoti des
of 1o at c i gl , ably at
east abogt RS O e, B Oy R e

| east abowgidro® Gaditateusscondiade stricture tionheeteweehecealilsfapest avr@re f or ei gn

nucl ei c Ld.mol ecul e includes intron/exon splice junctio eguences, the
ser b8 stoieh e

Stuffer 1Yo ; iy SOmRORecAY combiBRRLET ¢ he
3' -spli cengdibstidd of Qﬁlirﬁf éé’iﬁtﬁg%ﬂueg,e@ﬁb@ﬁ?ﬁl%?e Eftﬂeé%le@@? ofijoddrehanaae and the

5 - splice site of the next downstreamunit thereof. Altéernatively, where
it is sdesinolggiutes or cathan atems tonoa dagjrediegie nacdlegue du derbmlivadberanft s of

t he dispersed .foreign cleig acjd lecul e to be _translated, the stuffer

fragment BiEDda Srape e inditotnsl o hiaBR.adt 958 Bare rans! at i on

stop codon, absent intron/exon splice junction sequences at both ends of

the stuffer fr?ﬁﬂent or th? addi tion of. a translation sta[t ﬁodon at the
got

5 end of Peefetelin the SRS fagmentyeormREseD & ReILPNgs Pf &iic g Ard.
Stuffer frae GAdIogle drdRrivaRss thdiesh encode detectabl e marker proteins
or biologically-active anal ogues and derivatives thereof, for exanple 25

| uci ferase, (3-gal acturonase, 0-gal actosi dase, chl oranpheni col

_acetylt in, t - i tional
_acety f%&Tﬁ@?@f@rﬁly,%@%%uﬁérf‘f?%@@%ﬁﬂfg%@?g&éé 3 s & ofq{@?‘égaﬁiﬁé\%' I ona

stuffer fra nts are not- exclu Ing to I's enbo t he
det ectoabl &t leaskavoudr 0a50 analeotides @ le2@th, davenvaoievpreférablyoét lsasivatsouto

' ndi cate é(?—% Oﬁxl%rc?ggt} 28 i?\fleltlgﬁl and tsﬁﬁtni\greggrré?erggly at least about 100-500

nucleotides in length.

Where the dispersed or foreign nucleic acid molecule includes intron/exon
splice junction sequences, the stuffer fragment may serve as an intron

15 sequence placed between the 3 -splice site of the structural gene nearer the
5’-end of the gene and the 5'- splice site of the next downstream unit thereof.
Alternatively, where it is desirable for more than two adjacent nucleotide
sequence .units of the dispersed foreign nucleic acid molecule to be
translated, the stuffer fragment placed there between should not include an in-

20 frame translation stop codon, absent intron/exon splice junction sequences at
both ends of the stuffer fragment or the addition of a translation start codon at
the 5" end of each unit, as will be obvious to those skilled in the art.

Stuffer fragments can include those which encode detectable marker proteins
or biologically-active analogues and derivatives thereof, for example

25 luciferase, p-galacturonase, B-galactosidase, chloramphenicol
acetyltransferase or green fluorescent protein, amongst others.  Additional
stuffer fragments are not excluded.

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



the invention in a cell, tissue or organ by virtue of its ability to confer
a specific detectable phenotype thereon, preferably a visually-detectable
phenot ype. As used herein, the term"nodul ati ng" shall be taken to nean
that expression 5 of the target gene is reduced in anplitude and/or the
timng of gene expression is delayed 2?d/or t he devel opnental or

ti ssue-specific or cell- specific pattéfn of target gene expression is

al tered, genpaivedtHepedfNeorves Nt eadicare e eRpsancol the BgnthBECRRAcf t he
i nventive nmethod described herein. ,-1 10 Wihilst not l1mting the scope of

t he i nventheoivaetien inegeldissue, orargap hysénue of ity @hilitoto cenfer eapestict o a

nodul ati o f | ' ri essi.0 del ay or
reduct i ondpfreifiF PrEHEBE bRl bideBIY g SRR b BRI R Rty e e |

ti ssue or organ of a eukaryotic organism in particular a plant such as a
nonocot yl edono or. dicotyl egonqus . .pl an r hupan or other 15 ani mal and
oven. ot ABAREA TR 1% 7B apaaREhanaha b (Bt T ey el SxassRoNas an

i nsects agpahbCtaAgeilencets rbkiaBed SHEldripiitide MBhA/P CtheC kHTAGCERYHHCH as a
crab, lobster or prawn, an avian aninmal or a manmal, annngsg ot%%rs). Mor e
pr ef er abl gxpressigat isgde@yedpardior dhei dewalopimenta!yoi tiasué-speeitic byr tale

di d i i d_pol ecul forei | i i d_nol ecul es _whi ch
nas 20 beRsEin hiDear 1B dde Sonp) Xl &f “YiesBH RmPLetndt i ng
bound by agmyresBRAr ¥f 85idNGEge Gh tAEtaldNckhsf frRONRRAIPE méelhod dad@ted

expression of the target gene which results fromthe performance of the

i nventi onh@®@nbe attributed to reduced or delayed translation of the RNA
~transcription product of the target gene or alternatively, the prevention
. of 25 translation of said RNA, as a consequence of sequence-specific

degr atiat i Yhilsbmof hienitmn the eopei gft thef inviestion rdascribed dharginarthe rtegentous host

el oY= Eplibn < RBLEH Y PHoGURSEESF §5hd BbrestBh ARIHEIMAESA e
sequence- | 7
repression, delay or 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
15 animal and even more particularly a veriebrate and invertebrate animal, such
as an insect, aquatic animal (eg. fish, shellfish, mollusc, crustacean such as a

crab, lobster or prawn, an avian animal or a mammal, amongst others).

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

20 been introduced to the cell, tissue or organ.

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

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

It is particularly preferred that, for optimum results, sequence-specific
degradation of the RNA franscript of the target gene occurs either prior to the



degradation of the RNA transcript of the target gene occurs either prior to
the 23 time or stage when the RNA transcript of the target gene woul d
normal ly be translated or alternatively, at the sanme tinme as the RNA
transcript of the target gene would normally be translated. Accordingly,
the selection of an appropriate pronnggr sequence to regul ate expression
of the introduced 5 dispersed nucleic id nol ecule or foreign nucleic acid

mol ecul e fiheddt sthf@ W the® RIVA d@hatfifinoft tieORfgeLEBRE WoRidRBARaIRf bEhe
i nvention. For this reason, strong constitutive pronoters or 1nducible

pronot er isgnsisted erajternaipely, dtitye pagtectimedstbe RNA transceguobihertgrgstpr essi on
of the introduced,, di spersed nucl ei.c, acid nmolecul eg, or foreign nucleic acid
nol ecul es9e% ‘i"ﬁé"dpr %’ﬁ?ﬂ@i g}?e#ﬁ"bbﬂa eagf“’ﬁorg”@g‘ﬁpjgge§e&’§§8§e8’?e§5r essi on
wher ei N 58stepAdte bR 08eqliehdte tbafeg‘:{i‘.ﬂat@eﬁﬁpﬂe%s%hf eftipd Mirdduesged

transcription, subject to the proviso that a reduction in transcription is
not t e sdispersedcngnieimanid winblteuichicr dareigns nusleic aacld r mlraulensi an

transcription is at |eas acconpanijed by reduce rans| at.i on_of .t.he
St eady. ot MR EARSETaon nf SPRRLLY ReeskiRBe i el enibEnESr 48 be o
genetic SRAEOAC SHMMGC Bohstitathdo gsramistef or Ndaeble mbntdehalenyelare a

non- endogenous gfnetlc sequence, such as a genetic sequence which is
derived fesnadallyi muefesiedotidieruseoriai roytaling gumiressenanf dhe iwdusedapabl e

of enteri I ' the c ' S. i nery: f ol | 20 infection.
VWher e the&gg%%? Agué:ié]eg f"g Ea&%%er?ygensd‘gg@ﬁ%g5%3@!1625 ?}é'dsrgaltﬁ%mee@ to the cell, it
Is desirable that the target gene encodes a function which is essenti al
~Lor epli.cation or .reproduction of the viral ar other pathogen. l.n such
Cenbodlment’Se pRgeff dniHid Sl ncotpates iedhedt (S BRbeR Yt =
pr |0l0hy| a?ﬁeﬂ@:c@&fs’é@ﬁeééﬂ@ﬁ W aKs iterdatadnme it efécteli 18 Iowdreat itRihsefiptagh,ani nal
cell or for conferrin
subject to the %roviso 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 the steady-state mRNA pool of the

15  target gene.

The target gene may be a genetic sequence which is endogenous to the cell

or alternatively, a non-endogenous genetic sequence, such as a genetic

sequence which is derived from a virus or other foreign pathogenic organism

-and is capable of entering a cell and using the cell's machinery following
20 infection.

Where the target gene is a non-endogenous genetic sequence to the cell, it is
desirable that the target gene encodes a function which is essential for
replication or reproduction of the viral or other pathogen. In such
embodiments, the present invention is particularly useful in the prophylactic
25 and therapeutic treatment of viral infection of an animal cell or for conferring

or stimulating resistance against said pathogen.

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

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



or stimulating resistance agai nst said pathogen. Preferably, the target
gene conprises one or nore nucl eotide sequences of a viral pathogen of a
plant or an animal cell, tissue or organ. 24 For exanple, in the case of
animal s and hunmans, the viral pathogen may be a retrovirus, for exanple a
l'entivirus such as the i nmunodeficiency,viruses, a single-stranded (+) RNA
virus such as bovine enterovirus (BEV)“or Sinbis alphavirus.

Al t er nat i Pt gxarhple, irfthgetasgedieartmals g hufrearnd) eheviraipathoysn gelyitsiea 5
sequences of a viral pathogen of an animal cell, tissue or organ, such as

but not areittfﬁwréa,qu%a@@lmebl%ntmmaewobl\awhewweﬁgleﬂﬁyuwsa&r@es vi rus

0" . ner pegpalBEat U RNA Hits' doci AR08 08" e Rnr8 8B BP! ant s

the virus ogen I's erably a po YVITUS, navi r us,

gem ni vi r giphavie@y iAitenativehp dag itarget gbu@banlddmpnselmé eF e husleotigeui vi rus,
t onbusvi rus, | uteovirus, sobenovirus, bronovirus, cuconobvirus, il avirus,

al f andvi rseguensesi\a vica pathegen of 88, anioeé ¢ollr lissugrer orgrps sHe st such as
but not lﬁ&? ‘lrﬂﬂecti %%"y&]b@c@/anc? I\FVY/ITUQ ch 3@2{& lﬁ%/gewgﬁﬁs %trher S

Wth particular fegar o0 viral o ens, ose he™art are

aware 15hérpet sitpls-virsddeisyV L)namomgstmr@e conpl enented in trans by
pol ypepti des encoded by the host cell. For exanple, the replication of the
bovi ne herpes virus genone in the host cell may be facilitated by host

cel | DNA polinaeicasesof Wiaats, akite caArad| gathbgen " epfefdraby an pdigeitug/at ed
viral DNA pol ynerase ene. 20 Accordingly, where the target gene is a
non- endogeidiroiesset b '”ﬁéﬂf&'énc@emmlwmfe senviats, cehabdoxiras,r tmayawrysr nat i ve

_,errbod f t e a viral
or ol G oo MBI ISHHBULIRR, | RhcoVitl, | S58HaRRIE. bRARRTRSE =
host cel |,clictmmb\nm$,, ;mvirhs,aalfamuvirus setlennbvicus, tobravirus, potexvirus and
' clostrovirus, such as but not limited to CaMV, SCSV, PVX, PVY, PLRV, and

TMV, amongst others.

With particular regard to viral pathogens, those skilled in the art are aware
15  that virus-encoded functions may be complemented in frans by polypeptides
encoded by the host cell. For example, the replication of the bovine herpes
virus genome in the host cell may be facilitated by host cell DNA polymerases
which are capable of complementing an inactivated viral DNA polymerase

gene.

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

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

RNA-dependent RNA polymerases, amongst others.

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



genetic sequence. Exenplary target genes according to this enbodi nent of 25
the invention include, but are not limted to genes which encode virus coat
proteins, uncoating proteins and RNA-dependent DNA pol ynerases and

RNA- dependent RNA pol ynerases, anongst others. In a particularly preferred

enbodi nent of the present invention, tgﬁ target gene is the BEV

RNA- dependent RNA pol ynerase gene or onol ogue, 25 anal ogue or

deri vati vgndibgi&er denvaﬁt(hé tNefedT'R IrBAE Rlis naﬁeaaaeﬁeaan@%ﬁueﬁhes cell in
whi ch expression of the target gene is nodif may bé any cell which is

derived froma multicellular animl, includi ng ceII and tissue cultures

th f. I e | '
o e, THE TR hich WgReeB of e el GEhTd Eam-aToae oty
ani nal ce]vhnch is niﬂrmdd feomhray owilticetitlemanirhak indudingresdt and tisduebcahlrast s,

neuronal cells tic cells, haematoppoietic stemcells, T-cell and
i mort al if@eaeqfeﬂre eratly. thecanigial ceﬁ;s fmaannﬂ gbed pRemaly

hanst ggﬁ}, %P g@g&{g I i nes,
anonge%t ot ggés ﬁ)'cellﬁgd 1'89@% Jgﬁ:’&ﬁﬁ’ H{e%‘srﬁ'g"rég Fe ' aval Cﬁ to those
skilled nnckulde embryoAtcsteth oglsypultthmd sklmﬁbmbdmsterwonal oelisc bommeficessi on
of the tar ene S dlfled n tissuge or or n co I sing such
ani mal pg}aéo%cygﬁc §I’"Fémpq ‘éff"I% %/'%d iSed G5 “}?ﬁng@?h 9Pedonous
or di cot beﬂover@) PHaps, mﬁeeee@? acnﬁbtelhaﬁseerémg (drosiname, 15 As

used here| n, the term "di spersed nu¢leic acid nol ecule be taken to
refer to kabubpgisterakidoeyndBEE)Iar MBIBI6 cebthlipess amangst othersr Sunhlctallpl e

* Gonpr Qrertnd 598 §r8F aie FeRTHAvBrLLlE ash el fke"si ahRgTds ¢ om

the cel |, tidsuessteorgan i®Wdich BRSI@SBIDINCET tﬁéltﬁrgéfﬂ@bﬁe% awodifi e@h%wbe ah§
I nt roduced, wherein said 20 nucleic acid nolecule is non- endogenous in the

sense t hdiSSUE QroOMpAR comRsising such animal cells.

Preferably the plant cell is derived from a monocotyledonous or

dicotyledonous plant species or a cell line derived therefrom.

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

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

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

30 particle.



the cell, tissue or organ of an animal via reconbi nant neans and w ||
generally be present as extrachronosonal nucleic acid or alternatively, as
i ntegrated chronosomal nucleic acid which is genetically-unlinked to said
gene. More particularly, the "dispersed nucleic acid nol ecule” wll
conprise 25 chronosomal or extrachronn?%nal nucl eic acid which is unlinked
to the target gene against which it i§ directed in a physical mp, by

virtue of Byhirtignofucléiel dtgd haneaumky id s afrisalbicRl AaéibioAdld NIMEHRA%I Ng a
di fferent chronosomal position on the sanme chronosone or being | ocalised

on a di f f whight hagheeero¥omorer multide neopies tafeaceudlealidersegpiepcerawhighasni d,

meant an PUGMERs MTERGE 6Sdic, SSavalen bPafiftBankaL S SRt ol o
copi es of the BrgdnshitdewRieHUWRBCRISTghCRuCIGIt! Hid dheieclileo’d hieddeset TRissequence

of an organismwhich is different from the organismto which the foreign
nucl eic adefinifien enaompassest foauelets arid dnalegelei whicho wriginatepdsyesaa

nucl ei ¢ agi I L ' or.i gi es froma .different .individual of the
sane | om‘g[{ffgféﬁoﬁgﬁi(@aé?%ﬁg]enéaﬁgZéwéﬂte{@(gﬁ'?@?xﬂfﬂygwgoﬂ)e';&’et P axononi ¢
gr oupi ng pepuihiich) satit tixenehiic @eoGbiABt8GHieh istid hitieRIAGE oRBuMEE! as a
nucl eic acid nol ecule which originates froma different individual of a

di f f er entintradusedi esgwelipasg@ aRuglais egido meptpeuleowlichu giriginates \irmhasai d

nucl ei ¢ 4 I dl:@ IS _JenLr , X riveqd.from.a viral
pat hogenfa('Cm‘Afg{‘:G'E)ﬁr%d|ﬁ.fr~t1{1:;\f'§l,]'J:“a0%f a%ggﬁ*ég‘g%e téa%@br@? @Lﬁﬁgﬂﬁ% g%r{gégga)ﬁ%qn@ c acid
nol ecidl e gouping to Whictpsaiionuelsiceadl rmbculy Bintedutey, Hecthasuslgene aci d

ol ecul e which has been introduced from one organi smto another organism
. using tra&grf‘{ﬁdr@?mcﬁ‘”@ Rﬂtﬂ?gﬁﬁ-ogr ession technol ogi es. Exenplary target

genes according to this enbodiment of the invention include the green

fl uorescent protein-encoding . ) . . .
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 introduced from one organism to another organism using transformation
15 or introgression technologies. Exemplary target genes according to this
embodiment of the invention include the green fluorescent protein-encoding
gene derived from the jellyfish Aequoria victoria (Prasher ef al,1992;
International Patent Publication No. WO 95/07463), tyrosinase genes and in
particular the murine tyrosinase gene (Kwon et al.,1988), the Escherichia coli
20 lacl gene which is capable of encoding a polypeptide repressor of the facZ
gene, the porcine p-1,3-galactosyltransferase gene {NCBI Accession No.
L36535) exemplified herein, and the PVY and BEV structural genes
exemplified herein or a homologue, analogue or derivative of said genes or a

complementary nucleotide sequence thereto.

25 The present invention is further useful for simultaneously targeting the

'.expression of several target genes which are co-expressed in a particular cell,

for example by using a dispersed nucleic acid molecule or foreign nucleic acid

molecule which comprises nuclecotide sequences which are substantially
identical to each of said co-expressed target genes.



gene derived fromthe jellyfish Aequoria victoria (Prasher et at,1992;

I nternational Patent Publication No. WO 95/07463), tyrosinase genes and in
particular the murine tyrosi nase gene (Kwon et alL,1988), the Escherichia
coli 20 lacl gene which is capable of encoding a pol ypeptide repressor of
the lacZ gene, the porcine (3-1,3-galQgtosyltransferase gene (NCB
Accession No. L36535) exenplified hergein, and the PVY and BEV structural
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identical" is nmeant that the introduced dispersed or foreign nucleic acid
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by the presqushceriewdier of repeated sequences in the dispersed nucleic acid
nol ecul e or the

Notwithstanding that the present invention is not limited by the precise
number of repeated sequences in the dispersed nucleic acid molecule or the
foreign nucleic acid molecule of the invention, it is to be understood that the
15  present invention requires at least two copies of the dispersed foreign nucleic

acid molecule of the target gene sequence to be expressed in the cell.

Preferably, the multiple copies of the target gene sequence are presented in
the dispersed nucleic acid molecule or the foreign nucleic acid molecule as
tandem inverted repeat sequences and/or tandem direct repeat sequences.

20  Such configurations are exemplified by the "test plasmids” described herein
that comprise Galit, BEV or PVY gene regions.

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

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

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

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

Standard methods may be used to introduce the dispersed nucleic acid



foreign nucleic acid nolecule of the invention, it is to be understood that
the 15 present invention requires at | east two copies of the dispersed
foreign nucleic acid nolecule of the target gene sequence to be expressed
in the cell. Preferably, the multiple copies of the target gene sequence
are presented in the dispersed nuclei? acid nolecule or the foreign

nucl eic acid nol ecule as tandemi nver %d repeat sequences and/or tandem

direct repepicufeHIERM nudleiSUiit AUIEEEY IR0 ABSCAll] Bssueapbiddrefbrhie t he
"test plasmds" described herein that conprise Galt, BEV or PVY gene
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target gemponborossdpl e, the nucleic acid nolecule may be introduced as
naked DNA or , optionally encapsulated in a |iposone, in a virus
particle as attenuated virus or s associated with a virus coat or a

transpor t AQFfiSIratidH st inefide! Riectivhlams oasl iﬁge@tﬁorﬁ%e.@. i astitataat viral
vector or acterial vector or as a geneti c construct, anongst ot hers.

Admi ni st risodonatesiahs amonigatiethieng.ect i on and oral ingestion (e.g. in
~redicated food material), anongst others. 1o The subject nucleic acid
. nol ecul es may al so be delivered by a live delivery systemsuch as using a
‘bact erd al Tlee mubgsit owckjs beid omi¢atiles dndo alsohbe delivgiadebyiaolive deliiveri a

whi ch Cansyps erinn%SE:tﬁ) %8¢ tues(ljngi} né Qna%lfttarie];ll 8{(81‘6:8&'0 ersg)gttewedﬁf?mised for their
expression in bacteria which can be incorporated into gut flora. Altemnatively,

a viral expression system can be-employed. In this regard, one form of viral
expression is the administration of a live vector generally by spray, feed or

15  water where an infecting effective amount of the live vector (e.g. virus or
bacterium) is provided to an animal. Another form of viral expression system

is a non-replicating virus vector which is capable of infecting a cell but not

replicating therein. The non-replicating viral vector provides a means of
introducing fo the human or animal subject genetic material for transient

20 expression therein. The mode of administering such a vector is the same as

a live viral vector.

The carriers, excipients andfor diluents utilised in delivering the subject
nucleic acid molecules to a host cell should be acceptable for human or
veterinary applications. Such carriers, excipients and/or diluents are well-
26 known to those skilled in the art. Carriers and/or diluents suitable for
veterinary use include any and all solvents, dispersion media, aqueous
solutions, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. Except insofar as any conventional
media or agent is incompatible with the active ingredient, use thereof in the

30 composition is contemplated. Supplementary active ingredients can also be



a viral expression systemcan be enployed. In this regard, one form of
viral expression is the admnistration of a |live vector generally by
spray, feed or 15 water where an infecting effective anount of the live
vector (e.g. virus or bacterium is provided to an animal. Another form of
viral expression system is a non-repl.%1 ating virus vector which is capable
of infecting a cell but not replicati % therein. The non-replicating viral
vect or priﬂ&bﬁﬁﬁ RdTBR MeWompdliiiuci ng to the human or ani mal subj ect
genetic mate ia?1 for transient 20 expression therein. The node of

adm ni stering such a vector is the same as a live viral vector. The
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sol utions, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the |ike. Except insofar as anP/ )
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al ternative engafligneatwhithds susiantially dleaticalee themuichadidel seipdnkatofng t he

expression of a target gene in a cell, tissue or organ, said method at
| east conpri s$aig laiget geep or g redipn therged @icwhicl is semplemsgptarythgrgiosed
_fucleic acid cules or foreign nucleic acid nol ecul es which conprise

: multiple copies of a nucleotide sequence which is substantially identical
to the nucl eoti de sequence of said target gene or a region thereof or

which g s gompl SERRLARY L{A18"&5Bersed nucleic acid molecules or foreign nucleic

acid molecules to said cell, tissue or organ for a time and under
conditions sufficient for translation of the RNA product of said target
gene to be modified, subject to the proviso that the transcription of said

RNA product is not exclusively repressed or reduced.

15  To select appropriate nucleotide sequences for targeting expression of the
target gene, several approaches may be employed. In one embodiment,
multiple copies of specific regions of characterised genes may be cloned in

. operable connection with a suitable promoter and assayed for efficacy in

reducing target gene expression. Alternatively, shotgun libraries comprising

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

25 genomic fragments may be employed and tested directly for their ability to
confer virus immunity on the animal host cell, without prior knowledge of the

role which any virus genes play in pathogenesis of the host cell.

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



and 10 (ii) introducing said dispersed nucleic acid nolecules or foreign
nucleic acid nolecules to said cell, tissue or organ for a tinme and under
conditions sufficient for translation of the RNA product of said target
gene to be nodified, subject to the proviso that the transcription of said
RNA product is not exclusively repressga or reduced. 15 To sel ect
appropriate nucl eoti de sequences for targeting expression of the target

gene, sevesdlerfPRNANSIBRT cHBY NSMBEPLPYSIE. sdtfis pRsfeRillP dbARIMed witki 4P €
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approaches. A "shotgun library" further includes cells, virus particles and
bacteriophage particles comprising the individual nucleotide sequences of the

15 diverse set.

Preferred shotgun libraries according to this embodiment of the invention are
"representative libraries”, comprising a set of tandem repeated nucleotide

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

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

25 repeated nucleotide sequence in the cell.

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

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



sequences is derived are present in the "set" or alternatively, alimted
library in which there is a | esser degree of diversity between said
sequences. The term "shotgun library" further enconpasses random

nucl eoti de sequences, 1o wherein the nucl eotide sequence conprises viral or
cellular genone fragnments, anongst otgﬁrs obt ai ned for exanple by shearing
or partial digestion of genomic DNA using restriction endonucl eases,

anongst ofThelintrodiicRPsiasic adid RIMENE id pRitarably ki BRbrekEbld R, cel | s,
virus particles and bacteriophage particles conprising the iIndividual

nucl eoti de sequences of the 15 diverse set. Preferred shotgun libraries
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sequence wWhich i.s, capable of directjng the expression of said tandem 25
r epeat ed %Q%‘%Htﬁdﬁeorsoé) 'geirﬁoéﬁﬂleéel | . Accordingly, the nucleotide

sequence of each unit in the tandemrepeated sequence may conprise at

| east aboyt 20 to. 200 nucleotides in length, The wuse of |arger fragnents,
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“molecule’i's preferably in an expressible form By "expressi orm' is

meant 1&¢ haergane of ifpeast, ausyrdhetiagemenot ec geaetis copstraei tehpirisingn said
arr angerreg%tﬁgﬁ@ é@r?é iis.t prrrc?aluc%%, em%?esiﬁegaw styrﬁﬁ'le%%l lg’enEai Sczsn%ep’rises a
| nucleotide sequence as described supra in operable connection with a
promoter sequence which is capable of regulating expression therein. Thus,

the subject nucleic acid molecule will be operably connected to one or more

15 regulatory elements sufficient for eukaryotic transcription to occur.

Reference herein to a "gene" or "genes" is to be taken in its broadest context
and includes:

(i) a classical genhomic gene consisting of transcriptional andfor

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

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

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

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

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

and/or translational regulatory regions capable of conferring expression



organ or whole organism at |least at the transcriptional level (i.e. it is
5 expressed in the animal cell to yield at | east an RNA product which is
optionally translatable or translated to produce a reconbi nant pepti de,

ol i gopepti de or polypeptide nolecule). By way of exenplification, in order
to obtain expression of the dispersed ucleic acid nolecule or foreign
nucl eic acid nolecule in the cell, tis%%e or 10 organ of interest, a

synt heti ¢ genechiradteHSHE@! bif saRIStkidiGHal f&HBRI Si ng said synthetic gene is
produced, wherein said synthetic gene conprises a nucleotide sequence as

described supra in operable connection with a pronoter sequence which is

capabl e Ofmfﬁg‘gieﬂbi' WHciEﬁQéeé%ﬁbét@i%r %bgueﬁé’é’%odirg{"?orsmiﬁ thBHGh&h ¢ acid
mol ecul e wi e operably connected to dne or nor 15 regulatory el ements
suf fici enmnRNX. eukaryotic transcription to occur. Reference herein to a
"gene" or "genes" is to be taken in its broadest context and includes: (i)

a classical genom c gene consisting of transcriptional and/or

transl at'iTwalterragtyereOriy aRgUaBeE Stoaddsaribe sedhaty oedusibnantdleculeon- 20
transl ated sequences (i.e. introns, 5 - and 3'- untranslated sequences, or

DNA afid FeReOdingaker pagref »fungtionahpradust, ipmasticdar aseenaitiAMSensR codi ng
regi ons (fha@. (VT - t : 1 ene;
andl or (1N RSEERES: Bingdtiney Blachepti SORTBEAIS BRAIGERIBNY EBRECTT o
exons) Zirotgij onal Iy further conprising untranslated sequences and/or a
het er ol ogous pronoter sequence which consists of transcriptional and/or
transl ati onal regulatory regions capable of conferring expression 32
~Char act erTisd i fesmorsyafthetics tgered’ ureferg €gi an nommsturallgeoeturringl yére as
. nucl eoti de sequence coding for RNA ot her than,
hereinbefore defined “which preferably comprises at least one or more
10  transcriptional andfor translational regulatory sequences operably linked to a

structural gene sequence.

The term "structural gene" shall be taken to refer to a nucleotide sequence
which is capable of being transcribed to produce RNA and optionally, encodes
a peplide, oligopeptide, polypeptide or biologically active protein molecule.
15 Those skilled in the art will be aware that not all RNA is capable of being
translated into a peptide, oligopeptide, polypeptide or protein, for example if
the RNA lacks a functional translation start signal or alternatively, if the RNA
is antisense RNA. The present invention clearly encompasses synthetic
genes comprising nucleotide sequences which are not capable of encoding
20 peptides, oligopeptides, polypeptides or biologically-active proteins. In
particular, the present inventors have found that such 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
25 comprises a dispersed nucleic acid molecule or foreign nucleic acid molecule
as described herein which is expressed in a celi, tissue or organ under the
control of a promoter sequence to which it is operably connected. A structural

gene region may comprise one or more dispersed nucleic acid molecules



MRNA. The term "gene" is also used to describe synthetic or fusion

nol ecules 5 encoding all or part of a functional product, in particular a
sense or antisense RNA product or a peptide, oligopeptide or polypeptide
or a biologically-active protein. The term"synthetic gene" refers to a
non-naturally occurring gene as hereiﬂgefore defined which preferably
conprises at |east one or nore 1o transcriptional and/or transl ational
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cell which expresses said gene.

Accordingly, in the context of the present invention, a structural gene region -
15 may also comprise a fusion between two or more open reading frames of the
same or different genes. In such embodiments, the invention may be used to
“modulate the expression of one gene, by targeting different non-contiguous
regions thereof or alternatively, to simultaneously modulate the expression of
several different genes, including different genes of a multigene family. In the
20 case of a fusion nucleic acid molecule which is non-endogenous to the animal
cell and in particular comprises fwo or more nuclectide 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
26 in addition, the fusion may provide more effective immunity against any

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

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

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



and/or foreign nucleic 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 nay conprise a nucl eotide
sequence which is capable of encoding an am no acid sequence or is 5
conplenmentary thereto. In this regard, Fy structural gene region which is
used in the perfornmance of the instan? I nvention may al so conprise a
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15  inserted between copies forming the palindrome.

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

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

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

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



t he synt
dependi n
ori ent at
skilled

pal i ndro
with con

hetic gene of the present invention wll vary considerably,
g upon the length of each of said structural gene sequence
ion 30 and degree of identity to each other. For exanple, t
in the art will 34 be aware of the inherent instability of
m ¢ nucl eoti de sequences in végo and the difficulties asso
structing long synthetic genes™ conprising inverted repeate

s, their
hose

ciated
d

nucl eot i dacReOiERNORRIchPakR EBIBsRIntibNE iHEREERNCH O Tors Hidte SREYSNGBReE O
e in vivo. Notw thstanding such difficulties, 5 the optinmm nunber

of st ructaslested dfivems tu disk sompsising DA upRIMMeraseh eRNEy polysierasge s of t he

reconbin

pr esent

art, wt
pr ocedur
using re

bRy e oo RoRr B PHlorc R OBY® fubia b A3 SBufdn fosie!
GRfetioRy, afefliRatiGR NG Feeodasticd. t PRwaRrha! isc pasRaredl withethis
conbi nase-deficient cell lines, reducing the nunber of 1o r

n the

nvention
epeat ed

sequefcesarfangementeihahhe streciurahgees wiitsrarei seleeted rabnthiat dbe dargebvent s

and by k
to an ac

L It ey, R atontl BEpRL B ) eSS

guence
rably no

nor e t hanaphrbkithaasl teeesarm® tiend (&f RtaD iy amcinfauted tceinti€sler o2 ofidh 4§ | engt h.

Al t er nat

ively, as explained above, a stuffier fragnent can be 15 i

nsert ed

bet ween ddpdhednuitiple stréctyealigemeodiethevprdiiect-syiketia gene if axprgsaed r egi on

conpri se
acid nol

U B e IHBMAAEH selHENEL C At InfBInECHif B bRIfOE

ecu be ‘referte ereln as a multiple ruc

nucl ei ¢
ur al

gene egi@htrallingséxpressiohesfnthe Tihaltiple seatturaingems miihushisiy by seidatedls to the

~use of multiple structural gene re

i direct r
sequence
or forei
foreign

15

20

25

30

egi ons which 20 preferaphly compris
dpecanierpEason i i eell tﬁgﬁﬁé{r csgan eneethisen "fﬁﬁ&@ cipecd tha

e a
[ i ndrone

st TR Y, AralC e WeHosOBRY, ofprBRRaT, dreR R for cea or

rofEdclos. aci d nol ecul e contained within the nmultiple

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 to the nucleic acid molecule of the invention, a promoter and
optionally other regulatory sequences designed to facilitate expression of the

dispersed nucleic acid molecule or foreign nucleic acid molecule.

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

upstream or &, of a structural gene region, the expression of which it
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inducibility on the expression of said molecule.

Placing a dispersed or foreign nucleic acid molecule under the regulatory
control of a promoter sequence means positioning the said molecule such that
15 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 distence from the gene transcription start site
that is approximately the same as the distance between that promoter and the
- 20 gene it controls in its naturat setting, i.e., the gene from which the promoter is
derived. As is known in the art, some variation in this distance can be
accommodated without loss of promoter function. Similarly, the preferred
positioning of a regulatory sequence element with respect to a heterologous
gene to be placed under its control is defined by the positioning of the element
25 in its natural setting, i.e., the genes from which it is derived. Again, as is

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

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

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



20 addition to the nucleic acid nolecule of the invention, a pronoter and
optionally other regul atory sequences designed to facilitate expression of
the dispersed nucleic acid nolecule or foreign nucleic acid nol ecul e.
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virus infection or the commencement of target gene expression.

Plant-operable and animal-operable promoters are particularly preferred for

15 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, fac promoter, SV40 late
promoter, SV40 early promoter, RSV-LTR promoter, CMV IE promoter, CaMV
35S promoter, SCSV promoter, SCBV promoter and the like.

20 In consideration of the preferred requirement for high-level expression which
coincides with expression of the target gene or precedes expression of the
target gene, it is highly desirable that the promoter sequence is a constitutive
strong promoter such as the CMV-IE promoter or the SV40 early promoter
sequence, the SV40 late promoter sequence, the CaMV 35S promoter, or the

25  SCBV promoter, amongst others. Those skilled in the art will readily be aware

of additional promoter sequences other than those specifically described.

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

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



positioned 5 (upstream) to the genes that they control. In the
construction of heterologous pronoter/structural gene conbinations it is
generally preferred to position the pronoter at a distance fromthe gene
transcription start site that is approximately the sane as the distance
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I.e., the gene fromwhich the pronoter derived. As is known in the art,
sone varighjral @ehalrég.ah%raﬁmﬂﬂ@aémmraa geRsdsiah a8l unbeh e coriot opf
pronoter function. Simlarly, e preferred poSitioning of a regulatory
sequence thbepmmotw Bﬂqmmmthtwhlahhtel%smttajlmmnr@@t&d tio deefhl desue, under
its control |s d I,ned the positioning of the element 25 in its natural
setting, 998 I‘@é’ﬁ%@}/ Tom which it is derived. Again, as is known in
the art, sone’ var| ation in this distance can al so occur Exanpl es of
prormters suitable for Ig&ﬁ I n the synt hegl C genes resent . invention

t he
i ncl ude Ny 81 PreferRgd em t thehinventigng pﬁté%?tufﬂirg BI9RD & s
capablg 396:5{}%&%'%1&8 dciy mcﬂaéul U 1BRlign IRRAL acld AfouidPastipiact er | al

cells. ronmoter may regu ate expressi on structural gene
conponentstrnnﬂudlgenei \regiy)n s pthdeide opetalidy | in mmlteatlespwlh Boptdmoteel |, the

ti ssue or I’eSSI on occurs or, Wth res h

devel opnﬁ‘?ﬂ%ﬂ ag?%é%aﬁ‘fe (Cfv)h? roé@fﬁ?é%ﬂ‘é?f‘%@b‘@ that whgn r'tg'§3 ”t’%gext er nal
stimuli 'Rﬁﬁoﬂiﬁﬁébtoﬂs rﬁﬁésée&tv&rﬁéﬁ%ca ébl%abheas&ﬁn 4 pBRipRbtitens, or
anti biotics ngst ot rs Preferably, the pronoter |s capabl e of

regul ati rpyoelmpt‘ef@thedargat geneuxlaciragmentithesedfecul e in a eukaryotic cell,
_Lissue or organ, at least during the period of tine over which the target
. gene is expressed therein and nore preferably also inmediately preceding
t he commedoeewet, the piesent ablemtiorpisessti tinbeflimited tddheaugetof gl am sai d
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structural gene region is placed in the "antisense" orientation relative to the
promoter sequence, such that at least a part of the RNA franscription product
15 thereof is complementary to the RNA 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 sequences of the target gene, all combinations of the above-mentioned

20  configurations are encompassed by the invention.

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

different, to prevent competition there between for cellular transcription factors



virus infection or the commencenent of target gene expression.

Pl ant - oper abl e and ani mal - operabl e pronoters are particularly preferred for
15 use in the synthetic genes of the present invention. Exanples of
preferred pronoters include the bacteriophage T7 pronoter, bacteriophage
T3 pronoter, SP6 pronoter, |ac operatg -pronoter, tac pronoter, SV40 | ate
pronoter, SV40 early pronoter, RSV-LTR pronoter, CW | E pronoter, CaWw 35S
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of additional pronoter sequences other than those specifically described.
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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
15 - which is operable in the cells, tissues or organs in which it is intended to be

used.

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

25 {erminator, amongst others.

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

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



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 "antisense" orientation relative to
the pronoter sequence, such that at |east a part of the RNA transcription
product 15 thereof is conplenentary to4bhe RNA encoded by the target gene
or a fragnent thereof. Cearly, as the di spersed nucleic acid nol ecul e,
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relative to the first pronotéer sequence and in the "antisense" orientation
relative to the second pronoter sequence. According to this enbodinent, it
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regions wherein each of said structural gene regions is placed operably under
the control of ifs own promoter 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.

15 According to this embodiment, the promoters controlling expression of the
structural gene unit are preferably different promoter sequences, to reduce
competition there between for cellular transcription factors and RNA

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

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

their expression from separate promoter sequences.

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

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



unit which signals termnation of transcription. Term nators are 3'-non-
transl ated DNA sequences which may contain a pol yadenyl ati on signal, which
lo facilitates the addition of pol yadenyl ate sequences to the 3'-end of a
primary transcript. Term nators active in plant cells are known and
described in the Iliterature. They may Ee I sol ated from bacteria, fungi,
viruses, animals and/or plants or synﬁ esi zed de novo. As with pronoter
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used. Exagpnessondltersativelnasasnprdusionpalypgptides able for use in the
synthetic genes of the present invention include the SV40 pol yadenyl ati on
signal, the HSV TK polyadenylation signal, the CYClL term nator, ADH

t er m nat ofFhosgPskilled nn iz art, witiobe epedre raf r&yumttdﬁepsedwcrme ggmtbetie gensat or  of

(L st TR AT o T eauEPRenG B SHaMacEo RIPEeSS o HRTBoB o s |
subunigt %ﬂén%%%&sur@@“ﬁa%ﬁé&?@%ﬁ r%%%z&gi@g@%?ﬁtgg%oﬂﬂﬁfon%tdﬁéﬁreﬁ' ys (SCSV)

gene sequence termnators coll termnator, or the
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enbodi nment term nator, s the SV. aden fion si naI or t he HSV
TK pol yad"é‘ﬁwpéf?tmss r%"e%ﬁ (ﬂ’?‘fﬂr@ ﬁgﬁeg@ﬁéﬁp "Pl‘yedﬁﬁoﬂam%ye $Quirg it8@ yes and
or gans, %Pﬁgﬂﬁoﬁ ¥k RREHE Somitrét d@;cnﬂ@@%’rélﬁ &W&leémotf fif g1 nat or
active in ant cell tissues or organs, or the lacZ al pha term nator
which is m&kawtlcmeﬂrs@zhraﬁcan E. celi tell oragiantaelliaren amimaheehrt will be
~aware of additional term nator sequences which nay be suitable for use in

. performng the invention. Such sequences may 5 readily be used w thout any
unduettex pené sentheatic genes of the present invention may be introduced to a suitable

cell, 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
15 episome molecule, such as a bacteriophage vector, viral vector or a plasmid,
cosmid or artificial chromosome vector which is capable of being maintained
and/or replicated and/or expressed in the host cell, tissue or organ into which

it is subsequently introduced.

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

and/or selectable marker gene sequences.

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

particular in terms of reduced genetic manipulations and tissue culture



Means for introducing (i.e. transfecting or transformng) cells wth the
synthetic genes described herein or a genetic construct conprising sane
are well- known to those skilled in the art. In a further alternative
enbodi ment, a genetic construct is used which 1o conprises two or nore
structural gene regions or multiple stagctural gene regions wherein each
of said structural gene regions is placéd operably under the control of
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pol yp#pt | adginTfgeplicgtionlis ¢perakiédn araukaryaticeellatissue shd mvetwefarablyce t he

Zig? 22;: gﬁ%ﬁggg%ﬁ;ﬁéci irg%gorlﬂ e(ﬁﬁ'rnrﬁ %Rgin()]:)f trQSIicra%%lﬁi or The t§V~E8 ror%l?rta ac;fni ng the
replication.

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

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

+

Suitable selectable marker genes contemplated herein include the ampicillin-
resistance gene (Amp’), tetracycline-resistance gene (T¢), bacterial
kanamycin-resistance gene (Kan'), the zeocin resistance gene (Zeocin is a

20 drug of bleomycin family which is trademark of InVitrogen Corporation), the
’ AURI-C gene which confers resistance to the antibiotic aureobasidin A,
phosphincthricin-resistance gene, neomycin phosphotransferase gene (nptli),
hygromycin-resistance gene, B-glucuronidase (GUS) gene, chloramphenicol
acetyltransferase (CAT) gene, green fluorescent protein- encoding gene or

25 the luciferase gene, amongst others.

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



5 when so desired, in a specific cell or cell-type under the condit
In particular, it will be known to those skilled in the art that

desi r ed.

the genetic manipulations required to performthe present inventio
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25

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 skiiled in the art or described by Ausubel ef al. (1992).

Additional means for introducing recombinant DNA into plant tissue or cells
include, but are not limited to, transformation using CaCl, and variations
thereof, in particular the method described by Hanahan (1983), direct DNA
uptake into protoplasts (Krens et al, 1982; Paszkowski ef al, 1984), PEG-
mediated uptake fo protoplasts (Armstrong ef al, 1990) microparticle
bombardment, electroporation (Fromm et al., 1985), microinjection of DNA
(Crossway ef al., 1986), microparticle bombardment of tissue explants or cells
(Christou ef al, 1988; Sanford, 1988), vacuum-infiltration of tissue with nucleic
acid, or in the case of plants, T-DNA-mediated transfer from Agrobacterium to
the plant tissue as described essentially by An ef al.(1985), Herrera-Estrella et
al. (1983a, 1983b, 1985).

For microparticle bombardment of celis, 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.
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sequences whi ch encode such additional traits and the synthetic genes
descri bed herein in a single genetic construct. Usually, an origin of
replication or a selectable marker gene suitable for use in 5 bacteria is
physi cal | y-separated fromthose genetic sequences contained in the genetic
construct which are intended to be expy, gssed or transferred to a

eukaryotic cell, or integrated into thé genome of a eukaryotic cell. In a

par ti cul aryympre %rprp%gantagb&m rma&eddrag a%l éi'selﬁfadr%@t@ﬁ{ﬁ @p d/s(gncti onal

in a bacterial rises the origin or .
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const g UCtE)?z;mE@% dfr??{‘ln%gk%dagﬂﬂ% Ritdpfe f}ﬁ?yhé?n Lhek §9§terr§’intcﬁ}8!'e9’l ﬁ&n’gab' €
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(Anp), t@diﬁmkéswweesmwmtrgenma(y% )d,epb@ité@rdrﬁthe kadraputicle bgsi st ance
gene (Kann), the zeocin resistance gene (Zeocin is a 20 drug of bl eonycin

fam |y whaehsyitable taehinigue, such g by B@é’!P'@&'fﬂﬁorat ion), the AUR -C gene

whi ch confers resistance to the antibiotic aureobasidin A
phosphi not hri ci n-resi stance gene, neonycin phosphotransferase gene (nptll),
hygr onycilf- aéyrtbea@mbcybmi@nt @- tgeuar@rsgnt inveationul)e gynthetishgenempndni col

acetyltr € PfQt ene or
B e | R Binl GRRT iR R AR PP e lP OO o1
gene 4os tdenarng lof ageflien Whut‘tan is grpeseed gTeese skillew iretheeadt wilt bé @ware :
(GFP) - encodi ng gene.
that, in order to achieve integration of a genetic sequence or genetic construct
into the genome of a host cell, certain additional genetic sequences may be
required. In the case of plants, left-and right border sequences from the T-

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

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

organs and to propagules and progeny thereof.

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

25 (e.g., a transformed root stock grafted to an untransformed scion in citrus
species). Transformed plants may be propagated by a variety of means, such
as by clonal propagation or classical breeding techniques. For example, a
first generation (or T1) transformed plants may be selfed to give homozygous
second generation (or T2) transformed plants, and the T2 plants further



Those skilled in the art will be aware of other sel ectable marker genes
useful in the performance of the present invention and the subject
invention is not |imted by the nature of the sel ectabl e narker gene. The
present invention extends to all genetic constructs essentially as 5
descri bed herein, which include further_genetic sequences intended for the
mai nt enance and/ or replication of said46enetic construct in prokaryotes or

eukar yot el?rr??gg?%d ﬁ%%&lé%ié&ﬂ%e@ﬁ tAnigABgt i ¢ construct or a part

t her eof e geno a eukaryotic cell or organism As with
di spersed or foreign nucleic acid nol ecul es, standard nethods 1o descri bed

supra MRyTRE oetht i dribhad With e ALLAbES AR FteRRLABNAL oA RIS S | Nt 0
the cell, tissue or organ fTor the purposes of nodulating e Xpr essi on of
t he tar gdimigingeExdnaplegxanpl e | i posone- nmedi ated transfection or
transformation, transformation of cells with attenuated virus particles or
bacterial cells, cell mating, transformation or transfection procedures
known to gxAmMPEY Sskilled in the art or described by Ausubel et at (1992).
Addi ti onal nmeans for introducing reconbinant DNA into plant tissue or cells
i nclude, but are not limted to, transformation-using CaC 2 and vari ati ons
thereqf, LankAideehffudde nethod described by Hanahan (1983), direct DNA
uptake into protoplasts (Krens et al, 1982; Paszkowski et al, 1984), PEG 20
nmedi at ed uptake to protoplasts (Arnstrong et at, 1990) mcroparticle

bombar dmejt , el,-gg&[gqﬂ?’ (?rteit?:%n&ﬁﬁl‘a t at., 1985), mcroinjection of DNA
86), m

(Crossway et at, m croparticle bonbardnent of tissue explants or
cells (Christou et al, 1988; Sanford, 1988), vacuuminfiltration of tissue
- wi th nucl gj,c } ad e case of plants, T-DNA-nediated transfer from
- Agr obact e@?um'tagh ’?”?ﬁ%”g’ﬁ%é]nt ti ssue as described essentially by An et at
(1985), Herrera-Estrella et al. (1983a, 1983b, 1985). For mcroparticle

borbar dmegfyp, ofe ¢ ekl Shofbld) &SRB bftvén it iRl L&itbidtiPoPefifd! DMEM
(Life Technologies) supplemented with 10% v/v FBS (TRACE Biosciences or
10 Life Technologies) or RPMI 1640 Medium (Life Technologies) supplemented

with 10% v/iv FBS. Cells were grown in incubators at 37°C in an atmosphere

containing 5% v/iv CO,.

During the course of these experiments it was frequently necessary to
passage the cell monolayer. To achieve this, the monolayers were washed
15 twice with 1 x PBS (Sigma) and then freated with trypsin-EDTA (Life
Technologies) for 5 min at 37°C. The volumes of trypsin-EDTA used for such
manipulations were typically 20 pi, 100 pl, 500 pl, 1 m! and 2 ml for 96-well,
48-well, 6-well, T25 and T75 vessels, respectively. The action of the trypsin-
EDTA was stopped with an equal volume of growth medium. The cells were
20 suspended by ftrituration. A 1/5 volume of the cell suspension was then
transferred to a new vessel containing growth medium. Tissue culture medium
volumes were typically 192 ul/well for 96-well tissue culture plates, 360 pl/well
for 48-well tissue culture plates, 3.8 mi/well for 6-well tissue culture plates, 9.6

mi for T25 and 39.2 mi for T75 fissue culfure vessels.

25 Cell suspensions were counted after resuspending in an appropriate volume



to produce a transforned cell. Any suitable ballistic cell transformation
nmet hodol ogy and apparatus can be used in performng the present invention.
44 Exenpl ary apparatus and procedures are disclosed by Stonp et aL (U.S.
Pat ent No. 5, 122,466) and Sanford and WIf (U.S. Patent No. 4,945, 050).
When using ballistic transformation prgéedures, the genetic construct may
I ncorporate a plasmd capable of repliCdting in the cell to be transforned.

5 Exanpl ege EfMlﬁMcrﬂi?[Er\i/ AW b tcﬁ,nfé)gﬁ% @310@?1 g%ssﬂéﬁﬁﬁﬁ eliNfel yde 1 to

5 m gold spheres constru eposl on t m croparticle
by any sha¢tmbbgotretbniHpveksiesylcdmdselbpumbers eourded onicrdscopichlly.t her

enbodi nent of the present invention, the synthetic genes and genetic
constructs described herein are adapted for integration into the 1o genone
of a cell §)n WNopradHerést soiler essed. Those skilled in the art will be aware
that, in order to achieve integration of a genetic sequence or genetic
construct into the genone of a host cell, certain additional genetic

sequencesNpRYadtRreftcaslis! %re IfoWRenCerRw R media] %lmlieﬁfyt tcﬁﬁdhéz‘e@\'ﬂfcehor der
sequences fromthe T- DNA of the Agrobacteriumtunmefaciens Ti plasmd wll

gener & | yiimgs.requi red. 15 The present invention further extends to an

I solated cell, tissue or organ conprising the synthetic gene described
herein or a genetic construct conprising sane. The present invention

ext ends fAstihelhet caseegbadhatasd monekswyess, foequeant changeh adfetissugaciilire deri ved

fromsaid cells, tissues and I S o_pr ul e, and progeny thereof.
20 For - exUFTAS WIS TECSRE Y EoF dRnEna 4 VeSirr Dl SpeBRRt WEsl I . or
lissues oferRb@RNto 80 Hﬁ%f@?ﬂ@';ﬁéﬁiicaﬂu'&b@qmné} i cEMEifu RRIZNEA Al ant s
:3 may take a variety of forms, such as chineras of transfornmed cells and non-
t ransf or n2@0 oeldl and A°bnalha rsaneﬂmtmnwgso@eg disgandedegnd the aﬁﬁilf pelladd to
contain the expression ﬁass tte): grafts of transfor{re al nt r ansf or ned
tissully suspen ed in growt wum.” The cell suspension was thén placed into a
new tissue culture vessel. For 96-well, 48-well, and 6-well vessels, the
vessels were centrifuged for 5 min at 500 x g and 4°C. The supernatant was
then aspirated away from the cell pellet and the cells suspended in growth
medium. The cells were then transferred to a new tissue culture vessel.
15 Tissue culture media volumes were typically 200 pliwell for 96-well tissue
-cuiture plates, 400 pl/well for 48-well tissue culture plates, 4 mifwell for 6-well

tissue culture plates, 11 mi for T25 and 40 ml for T75 tissue culture vessels.

Passaging the cell suspensions was achieved in the following manner: Cells
were centrifuged for 5 min at 500 x g and 4°C and suspended in 5 mt growth
20 medium. Then 0.5 ml (T25) or 1.0 ml (175) of the cell suspension was
transferred to a new vessel containing growth medium. For cells in 96-well,
48-well, and 6-well plates, a 1/5 volume of cells was transferred to the

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

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



25 (e.g., a transforned root stock grafted to an untransformed scion in
citrus species). Transforned plants nay be propagated by a variety of
means, such as by clonal propagation or classical breeding techniques. For
exanple, a first generation (or TI) transforned plants nay be selfed to
gi ve honbzygous second generation (or ,T2) transformed plants, and the T2
pl ants further 45 propagated through-. é assi cal breeding techniques. The

Present | GYSAREADTATf §ikileh A3 eCKIohambrbi cAkSHER R Aubb 605 i no non-

limting l'es. EXAMPLEI" 5 Ceneric techniques I. Tisste culture

mani pul at a‘a’pﬁm x(@and\drer The cells welré Baspétthet bytritaedtionnanbtranisfefredabe gr own
i n medi um consi sting of either DMEM (Life Technol ogies) tﬂdppl enented with
10% v/ v FEeragrrerimnoeasistingsolbPMEN ari ReMidddosunplempntad Wit 200640

| noubat8rEBR a4 A% I, SRR RERER bl Ab¥shrAvedh o 5 he”"

cour sg of whBeRReMined iBYERASmbLytoRtetér EOURTHY And el 100celRATSAGE t he
cell nonolayer. To achieve this, the nonol ayers were washed 15 twice with

| x PBS (&IIW \uﬁ@ ttrra@ﬁfetrfeéfhtt@di ﬁn nh qrycgzpbeﬁ (Hones) @nd gherdabgoMeiees) for

Cypl car | P86 SPVETT G Hseb N R §Riene] ogEhing DO o™ "o
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was stopped w th an equal volunme of growmh nmedium The cells were 20
suspended’ &y t?\?@ﬁh‘mﬂtfpt?rpf frozenscells| ‘Mﬁ% aghievad kyewprmingpeadibeas 9 €hen

”ansfoer r&ﬁ’;éé’tr%n"t?éms‘f&?ﬁ@' thE YHIZHO LR DRQUE BoBHIDMERSAR 8% Wie medi um
: FBS and incubating at 37°C in an atmosphere of 5% viv COg

"3.  Cloning of cell lines

Adherent and non-adherent mammalian cell lines were transfected with
plasmid vectors containing expression constructs to target specific genes of
15  interest. Stable, transformed colonies were selected over a period of 2-3
weeks using cell growth medium (either DMEM, 10% v/v FBS or RPMI 1640,
10% v/v FBS) supplemented with geneticin. Individual colonies were cloned to

establish clonal lines of transfected cells.
(a)  Conditioned medium

20 Conditioned media were prepared by overlaying 20-30%-confluent
monolayers of cells grown in a T75 vessel with 40 ml of DMEM, 10% v/v FBS.
Vessels were incubated at 37°C in 5% viv CO» for 24 hr, after which the
growth medium was transferred to a sterile 50 ml tube (Falcon) and
centrifuged at 500 x g. The medium was passed through a 0.45 um filter and

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

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



volumes were typically 192 pl/well for 96-well tissue culture plates, 360
pl/well for 48-well tissue culture plates, 3.8 m/well for 6-well tissue
culture plates, 9.6 m for T25 and 39.2 m for T75 tissue culture vessels.
25 Cel | suspensions were counted after resuspending in an appropriate

vol une 46 of DVEM 10% v/v FBS. An aliguot, typically 100 pl, was
transferred to a haenocytoneter (Fbmké ey) and cell nunbers counted

m cr OSCOWn%aldrb{wa(sbaen:NWécﬁﬁaﬁf %ﬁn&ﬁﬂh?‘ Wen o@%@wtns%ﬁlel 1R %%é?wn in
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cul turse v&lmemeﬁtﬁd aithwgenetichs- Wee Ivesaetlw@smnbhbarledsaﬂ 87°C hie 5%edsel s were
centrlfug for 5 mp at 500 x ? and 4C. The supernatant was then
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medi um t dy se
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for 6-well tISS l.ture pl ates, for T25 and 4 r T75 tissue

cul ture WeEdTans e"F%‘ié%g?WePﬁ'@ec%tPPSngBetE?i ﬂﬁ‘g' TESW"@QFL inenWaf e

foll n f 4C and

suspended SEeha B B pud BRG] M it oy o e b ee S O

__the cell lmwer%frozem long tersi maidénanca new vessel contai ning gr owt h
medium For cells in 96-well, 48-well, and 6-well plates, a 1/5 vol ume of

cells was transferred to the
(¢c)  Non-adherent cells

Non-adherent cells were cloned by dilution cloning. Cell concentration was

- determined microscopically using a haemocytometer slide and cells were
15  diluted to 10 cells per m! in conditioned medium. Single wells of 96-well tissue
culture vessels were seeded with 200 ul of the diluted cells and the plates
were incubated at 37°C in 5% v/iv CO, for 48 hr. Wells were inspected
microscopically and those containing a single colony, arising from a single

cell, were defined as clonal cell lines. The medium was removed and replaced

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

with medium changes every 48 hr, until the stable, transformed lines were

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

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

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

carried out according to the following protocol.



corresponding wells of a new vessel containing 4/5 volune of growth medi um
Cells were counted as described for adherent cells. 25 2. Protocol for
freezing and thaw ng cells Adherent nonol ayers were washed twice with 1 x
PBS and then treated with 47 trypsin-EDTA for 5 mn at 37C. Non-adherent
cells were centrifuged for 5 mn at 50Q x g and 4C. The cells were
suspended by trituration and transferred to storage nedi um consisting of

DVEM or  RAM74 648us bipirerizbercomtainingPd0 n/ of DNBENRBEREMD 1640, 10% viv
di met hyl sul f oxi de (Sigma). The concentration of cells 5 was determ ned by

haenocyt omBS%wasciaedeigvidng Xi100cells mpdiiosubaiedsatpd®Crin 5%Avivduor fomer e
transferr%g to 1.5 m cryotubes (Nunc) and the tubes were placed in a Cryo
1C Freezi nt ai ner (Nal gene) containing propan-2-ol (BDH) and cool ed
slowy to -70C. The tubes of cells were then stored at - 70C. Reani nation
of frozen cells was achieved by warm ng the tubes to OC 10 on ice then
transferri®qg t KENEERMLEIS a T25 flask containing DVEM and 20% v/v FBS and
i ncubating at 37C in an atnosphere of 5% v/v CQ2. 3. Coning of cell lines
Adherent and non-adherent mammalian cell lines were transfected with

pl asni @ vMadivg wasdacante argre&didnl coRBS wessadded tn e TIpeltagk to genes

of 15 in [ €S r I r a,period
of 275 weusithe mbitiafer Oy A8He LRinG A ETPHEIFaS SBENRY. BUEwiiien,
1640, 10%a¢ repeBfd angithe mohsidyat bhedsidavitle 2nml bidi XiRB&H x qlrppdigs were
cloned to_ establish clonal lines of transfected cells. ci%)lggcon itioned

medi um 20 EELHYI QISURBE SHEd GONRERGE BF M manalgyes 3t 9aiT kB ORI uent
Vessel L B ntalba F WPCUD S VL 0167 SRt Perofdalir Seombiod spfifnd b ™5
10 flask, then 2 ml of medium with 10% v/v FBS was added. The suspended
cells were transferred into a 10 ml capped tube to which was added 3 ml of
ice-cold 1 x PBS. The tubewas inverted several times to mix and the cells
were collected by centrifugation at 500 x g for 10 min at 4°C. The supernatant
was decanted and the pellet suspended in 5 mi of ice-cold 1 x PBS by gentle
15 vortexing and a sample was counted (~2 x 10®). The cells were collected by

‘centrifugation at 500 x g for 10 min at 4°C and the supernatant decanted.
(b)  Non-adherent cells

The cell suspension is transferred into a 50 ml Falcon tube, centrifuged at 500
x g for 10 min at 4°C and the supernatant decanted. The pellet was
20 suspended in 5 ml ice-cold 1 x PBS by gentle vortexing and the cells collected
by centrifugation at 500 x g for 10 min at 4°C. The supernatant was decanted
and the pellet was resuspended in 5 mi of ice-cold 1 x PBS by gentle

vortexing and a sample counted (~2 x 10%). The cells were collected by

centrifugation at 500 x g for 10 min at 4°C and the supernatant decanted.

25 (¢)  DNA extraction and analysis

Genomic DNA, for both adherent and non-adherent cell lines, was extracted



growm h mediumwas transferred to a sterile 50 m tube (Fal con) and
centrifuged at 500 x g. The nmedi um was passed through a 0.45 pmfilter and
25 decanted to a fresh sterile tube for use as conditioned nmedium (b)
Adherent cells Individual |ines were cloned fromdiscrete col onies as
follows: First, the 48 nedium was reng(zed froman individual well of a
6-wel |l tissue culture vessel and the col oni es washed twice with 2 m

of 1 x PBingd fﬂﬁ'é \Qidyeh G@%d}ﬁiceaNA\A@maétiaﬁnkmcat:md 1f02%y taeoRli@std C
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%2 hr 1 ptoitane U SRiehtell 2 it pd Hptioms® oL B Co oni e
and the mbtesperimsiedl With fresh growth nmedium Wen the nonol ayer of

each stable |line had reached about 90% confluency it was transferred in
successive steps until the st abl e, transforned line was 1o housed in a T25
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wer e long te nt enance. Non- adherent cells Non-adherent

cells mermdﬁrmm@hsby alhd blnﬁfemnca volunw ot:éﬂ)ﬂ) ut ah 3énT foait approxssateliet®r mi ned

m croscopi cal |l y using a _haemmcytoneter slide and cel 13582\/%;133‘]3 15 d| | ut ed to
9
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m cr oscoparehthilechati- 201’6‘5fearc2dmt :E]N)fk RGsaresovgted to,)obemty:fugarttoelatgmﬂuﬂma single
cell, were defined as clonal cell lines. The nmedi um was. renmved and

{repl d8ed @0n#Q Rineb43e- bhersugsmatantives saawved @ndihglaNAdeliet ripsatat ed at
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repl aced
20 ul of water.

Gel loading buffer (0.25% wfv bromopheno! blue (Sigma), 0.25% w/v xylene
cyanol FF (Sigma), 15% wi/v Ficoll Type 400 (Pharmacia}) (5 ul) was added fo
15 the digested DNA and the mixture transferred {o a well of a 0.7% wiv
agarose/TAE gel containing 0.5 pg/ml of ethidium bromide. The DNA
fragments were electrophoresed through the gel at 14 volts for approximately

16 hr. An appropriate DNA size marker was included in a parallel {ane.

The gel was soaked in 1.5 M NaCl, 0.5 M NaOH then in 1.5 M NaCl, 0.6 M

20  Tris-HCI, pH 7.0. The DNA fragments were then capillary blotted to Hybond
NX (Amersham) membrane and fixed by UV cross-linking (Bio Rad GS Gene
Linker).

The Hybond membrane was rinsed in sterile water and stained in 0.4% viv
methylene blue in 300mM sodium acetate, pH 5.2, for 5 min to visualize the

25 transferred genomic DNA. The membrane was then rinsed twice in sterile
water, destained in 40% v/v ethanol then rinsed in sterile water.

The membrane was placed in a Hybaid bottle with 5 ml of pre-hybridization
solution (6 x SSPE, 5 x Denhardt's reagent, 0.5% w/v SDS, 100 upg/mi



DMEM 10% v/v FBS and 1.5 ng/l genetecin and cells again incubated at 37C
in 5%v/v CQ2. Colonies were allowed to expand in successive steps, wth
medi um changes every 48 hr, until the stable, transformed |lines were 25
housed in T25 tissue culture vessels. At this point, aliquots of each
stable cell 1line were frozen for |onggterm mai ntenance 4. Sout hern bl ot
anal ysi s of manmal i an genom ¢ DNA For g subsequent exanpl es, Southern

bl ot anal yegatuéd gﬁ@@ﬁbﬁtéal\lﬁe spEh 'HIRA) G afé:ﬁwlidiﬂed @ttda)@cf fJrl owi ng
protocol . 49 A 175 sue culture vessel contalning 40 of DVEM or RPM

1640, 10%approxirR8elyas hsaeddrrybmdlzhtldnnvéﬁ@wtl*edxbnstmntd‘ota’(mdﬁtrpm)at 37Cin 5%
viv C2 for 24 hr. (a) Adherent cells 5 Medium was decanted and 5 m of 1
x PBS was added to the T75 flask to wash the nonol ayer by gentle rocking

then the PRsb ¥ aaiscldbelldte with Jo > MedsC TR {epéciflc aatlvih8000 Clinayel)
overlaid with m of | x PBS/1 x Trypsin- EDTA, ensuring even coverage of

t he nonol ugneg the MegaprmedeNArgbeliing syistark asnper thecsuplieds dastartions 5% v/ v

wth Thoo (AR ICHC N2 TN 08, LoBRled Bras iebfasd e ndud 20650 o ' 10

n  cappedsephadée @bickhSpms (trstitatark) néoIQian (Recie®)| dat. KoPBR73078) ttybewas
inverted several tines to mx and the cells were collected by

cent ri f ugEdmeye Hpinsgoratedrayiclagiidasraapeutbe supplistp rshaicians. was decant ed
-and the pellet suspended in 5 mM of ice-cold | x PBS by gentle 15 vortexing

and a sanple was counted (~2 x 108). The cells were collected by
cent ri f ugahe dreatidepaturgd Jabeliediproenwas atidednie 2 i efupdiridizaiion kigteint ed.
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10 DNA) pre-warmed to 60°C. The pre-hybridization buffer was decanted and

replaced with 2 ml of pre-warmed hybridization buffer containing the labelled
probe. The membrane was hybridized at 60°C for approximately 16 hr in a

- hybridization oven with constant rotation (6 rpm).

The hybridization buffer containing the probe was decanted and the
15 membrane subjected to sequential washes as follows:

2 x SSC, 0.5% w/v SDS for 5 min at room temperature;

2 x SSC, 0.1% wiv SDS for 15 min at room temperature;

0.1 x 8SC, 0.5% w/v SDS for 30 min at 37°C with gentle agitation;

0.1 x 8SC, 0.5% w/v SDS for 1 hour at 68°C with gentle agitation; and
20 0.1 x SSC for 5 min at room temperature with gentle agitation.

Washing duration at 68°C varied based on the amount of radioactivity

detected with a hand-held Geiger counter.

The damp membrane was wrapped in plastic wrap and exposed to X-ray film



appr oxi mat el

x g for 10 mn at 4C and the supernatant decanted. The pellet was 20
suspended in 5 mM ice-cold 1 x PBS by gentle vortexing and the cells

coll ected by centrifugation at 500 x g for 10 min at 4C. The supernat ant
was decanted and the pellet was resuspended in5mM of ice-cold 1 x PBS by
gentle vortexing and a sanple counte %52 x 106). The cells were collected
by centrifugation at 500 x g for np at 4C and t he supernat ant

decant ed. ((Ffix @m@l%cestpm@t IR@FMdfoan@Jm SrCan@ihe BN déwlopd hoadher ent
and non-adherent cell lines, was éxtracted 50 using the Q agen Genom c DNA

extracti owsualuze(bamdmfprmbeztafbndtz@drtdugeg\omc ON&. supplier's instructions.
The concentration of genom c DNA was determ ned from absorbance at 260 nm
usi ng a Beckman nodel DU64 photospectroneter. 5 Genomic DNA (10 pg) was
di gested §i t h Approwfitdrescest fabdlling of eudfsrad|cedlses and buffer in a vol unme
of 200 pl at 37C for approximately 16 hr. Follow ng digestion, 20 pi of 3M
sodi um acetate, pH 5.2, and 500 pl of absolute ethanol were added to the

di gest anGlatéserrﬁ@Joumm coiveedlipy (Y2rimexknt2 namdl vedviel flededtwitk @thdéma 2 hr.
DNA was recovered by centrifugation at 10,000 x 10 g for 30 mn at 4C The

super rfat aENRPARIgSHdn 2Rt arelsthonsdpen o pehwel, mlxﬂveéb@abas &tellg09s v/ v
e oot R BB T2 AR Sy e Bnecionty i =
cyanol FFsi @i&t)cell’sSﬁérMm iBolated (ZYPO0BOD HEMA00asarayw!l (c@ndn):lun@ﬁenadded to
15 the di estedDNA xture transferred to a well % W v
agar ose/ THESFHd @ 'fﬂt%e\ﬁfmaowerwowgé ﬁl‘d?"l?ﬁ]sgpﬁrﬂ% th?h‘@gh\l,&'?'
£t B SBRROLE AR YO, LB PSR R ot
‘par al 1cel Wware treated for 1 hr with 4% w/v paraformaldehyde (Sigma) in PBS then
washed three times with PBS. Fixed cells were permeabilized with 0.1% v/v
Triton X-100 (Sigma) in PBS for 5 min then washed three times with PBS.:
Cells on cover slips were blocked on one drop {about 100 pi) of 0.5% wiv
bovine serum albumin Fraction V (BSA, Sigma) for 10 min. Cover slips were
15 then placed for at least 1 h on 25 yl drops. of primary mouse monoclonal
antibody which had been diluted 1/100 in 0.5% v/v BSA in PBS. Cells on
cover slips were then washed three times with 100 yl of 0.5% v/v BSA in PBS
for about 3 min each before being placed for 30 min to 1 hr on 25 pl drops of
Alexa Fluor (registered trademark) 488 goat anti-mouse IgG conjugate
20  (Molecular Probes) secondary antibody diluted 1/100 in 0.5% v/v BSA in PBS.
Cells on cover slips were then washed three times with PBS. Cover slips were
mounted on glass microscope slides, three to a slide, in glycerol/DABCO (25
mg/mt DABCO (1,4-diazabicyclo(2.2.2)octane (Sigma D 2522)) in 80% viv
glycerol in PBS) and éxamined with a 100x oil immersion objective under UV
25 illumination at 500-550.nm.



The gel was soaked in 1.5 MNaC, 0.5 MNaCH then in 1.5 MNaC, 0.5 M 20
Tris-HCl, pH 7.0. The DNA fragnents were then capillary blotted to Hybond
NX (Amershan) nmenbrane and fixed by UV cross-linking (Bio Rad GS CGene

Li nker). The Hybond nenbrane was rinsed in sterile water and stained in
0.4%v/v nethylene blue in 300mM sodi um acetate, pH 5.2, for 5 mn to
visualize the 25 transferred genomc BNA. The menbrane was then rinsed
twice in E?@(be. yater, destained in 40%v/v ethanol then rinsed in
sterile water. Ee menbrane was placed in a Hybaid bottle with 5 m of
pre-hybridization solution (6 x SSPE, 5 x Denhardt's reagent, 0.5% w v

SDS, 100 /[nl. 51 enatured, fra ed.herring sperm DNA) and

oo hybr | fegicroRtiRRls ESmprisi g FiY Bpiersss qeBe Raience R P byen wi th
constant {@tité OMV [rohittbr sefuehBe G#l/68the'BYALRDSIIiStetiddlueniel] - ACTP
(specific activity 3000 C/mol) wusing the Megaprine DNA | abelling system

as per the supplier's instructions 5 (Arersham Cat. No. RPN1606). Labell ed

probe was 1pIESHAthdiiAYsigeC Sephadex Quick Spin (trademark) colum
(Roche, Cat. No. 127/3973) to renove unincorporated nucl eoti des as per the

supplier's instructions. The heat-denatured | abelled probe was added to 2

m  of bepi#rﬁm hgq\é‘%‘e&?@rqg&gm) SSPE, 0.5% w v SDS, 100 pg/m denatured,

fragnent ed herri pre-warned to 60C. The pre-hyhsidization
buffer was decanted and replaced with 2 ml of pre-warnmed hybridi zation

For appr ok B @SeRtf GRY) JB Rrpalci BUSIAE A staRthe ahat' on (o
.pm . Thechiyprisds z &té ohabf peomeotrt aiatjuedick heandr ofagZwishaleeransedbtiond t he

. 15 nmenbrane subjected to sequential washes as follows: 2 x SSC, 0.5% w v
“gDS f or 5tqﬁnm%tpr,rwgh1@éﬂﬁ@pjﬁ gining site for the insertion of structural gene

sequences therein. The plasmid further comprises the ColE1 and fl origins of

10 replication and ampicillin-resistance gene.
Plasmid pSVL

Plasmid pSVL is commercially-obtainable from Pharmacia and serves as a
source of the SV40 late promoter sequence. The nucleotide sequence of

pSVL is also publicly available as GenBank Accession Number U13868.
15 Plasmid pCR 2.1

Plasmid pCR2.1 is commercially available from Invitrogen and comprises the
LacZ promoter sequence and lacZ-« transcription terminator, with a cioning
site for the insertion of structural gene sequences there between. Plasmid
pCR2.1 is designed to clone nucleic acid fragments by virtue of the A-
20 overhang frequently synthesized by Tag polymerase during the polymerase
chain reaction. PCR fragments cloned in this fashion are flanked by two
EcoRI sites. The plasmid further comprises the ColE1 and f1 origins of

replication and kanamycin-resistance and ampicillin-resistance genes.



2 x SSC, 0.1 %wv SDS for 15 min at roomtenperature; 0.1 x SSC, 0.5% w v
SDS for 30 mn at 37Cwith gentle agitation; 0.1 x SSC, 0.5%w v SDS for 1
hour at 68C with gentle agitation; and 20 0.1 x SSC for 5 mn at room
tenperature with gentle agitation. Wshing duration at 68C varied based on
t he ambunt of radioactivity detect edv\g/ith a hand-hel d Geiger counter. The
danmp rrenbrane was w apped in plastic %\p and exposed to X-ray film52
(Curix Bl RPN for 24-48 hr and the fil m devel oped to

visual i ze an s of probe hybridized to genomic DNA. 5. | munofl uorescent

| abel ing of cultured cells dass mcroscope cover slips (12 nmx 12 mm)

were fla I b ' wo per
wel |, i nr@gﬁm\}\&epﬁﬁﬁ{ﬂg‘shﬁ%kpgﬂr rg’?%@ggr&j {"]0 ltg:[elct%‘ﬁ/l?/ @Eﬁ#&ﬁg&}um to
give a de:ﬂmrablyacfdrﬁfec!éd t agrapérresriived fiahed eﬁed)(ﬂlﬁg@f@d-éhiﬂ%dhaér%ﬂlt( 200, 000
to 500, 000 per wel | depending on size andmgrowth rate). Wthout renoving

the coverofswilgriype greamBuqrestant prateinnti ft; Vﬁé"eﬁﬁﬁ&’at']&@%@iﬁ@ e wer e

vvashe 4% W v
par af or %’ ﬁ%gd%é IP%P&W&%@ n Sq?%fl %ﬂlciﬁégs I%r ee ﬂ}"tr]rqgg’sed\}vif hb%@g Fi xed
cel I s werfugpescaraei | Thedsp\émﬂb QSFLI%vdriant'léndoﬁedk)lQiEGEiPNﬁ)MCS RES for 5
mn then washed three tines w cover si M)S were bl ocked on

one drop Redbdisclosed by Cefm@ds% @l \“g%ﬂll HE’S&!@ PRGN MGEP Lontains v (BSA,
§: gglraépfsoéofn]"gipplendow s?gélrr%é\}i@ﬁ%ﬁgl éggitntgﬁgoggﬁfm Lé%agabeen dl\:h Pegnllzioo
in 0.5% vestrdBoni en88Ruci€ase scleavagevsites| Iqmtedarbeﬁdmm whsh&MVhiee ti nes
I 300 BongleP a4 G B, el her s Gl JEL e
trademar khyfipfe S18AIngAstid Wil Bxp@eseqnit Y88t @nscriptional level if they lack a
functional translation start site, however such structural gene sequences will
not be expressed at the protein level (i.e. translated). Structural gene
sequences inserted into the multiple cloning site which comprise a functional
15  translation start site will be expressed as GFP fusion polypeptides if they are
cloned in-frame with the GFP-encoding sequence. The plasmid further
dqmprises an SV40 polyadenylation signal downstream of the GFP open
reading frame to direct proper processing of the 3-end of mRNA transcribed
from the CMV-IE promoter sequence. The plasmid further comprises the
20 SV40 origin of replication functional in animal cells; the neomycin-resistance
gene comprising SV40 early promoter (SV40 EP in Figure 1) operably
conhected 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 ceills on
25 kamanycin, neomycin or G418; the pUC19 origin of replication which is
functional in bacterial cells (pUC Ori in Figure 1); and the fi origin of
replication for single-stranded DNA production (f1 Ori in Figure 1).



20 (Mol ecul ar Probes) secondary antibody diluted 1/100 in 0.5%v/v BSA in
PBS. Cells on cover slips were then washed three tinmes with PBS. Cover
slips were nounted on glass mcroscope slides, three to a slide, in

gl ycerol / DABCO (25 ng/m DABCO (1, 4-di azabi cycl o(2.2.2)octane (Sigma D
2522)) in 80%v/v glycerol in-PBS) an xam ned with a 100x oil imrersion
obj ective under W 25 illum nation at "500-550.nm 53 EXAMPLE 2 Genetic

construct 2. dExpreissiory cBssettes yner ase gene sequences linked to the CW
pronot er sequence and/ or the SV40L pronoter sequence 1. Comrercial Plasm ds

5 Plasm d pBluescript Il (SK+) Plasm d pBluescript 11 (SK+) is comrercially

avai | abl e plagimidpComMv@ass and conprises the LacZ pronoter sequence and
lacZ-al pha transcription termnator, with a multiple cloning site for the
insertion of structural gene sequences therein. The plasmd further

conpri ses piqgnido! Jelmencst! (P{g:ugé ng Ofss\;ﬁ‘Ppé)gﬂleésga S%slé‘ésﬁie for driving

anpicillin-resi stance gene asm
CONMMEr Ci aekp!:aslsm wfi b estfuaunmapkgﬂnm(sm]uendesem@@s caatral of othec €\V/-1ENe  SV40

| at e pronoter uence. nucl e e sequence, of SVL_is _also publicly
avai | : I epgg“ §HH9'A%%e% mﬁwcw% §§ defiyed, iRFGOR-M1 N&asm’ d

PCR2. 1 i ShfBBicH aklwewloﬁaneréacagrﬁ%'f%é rRIRMNoRRd F‘Fé’:{m{(d' ae&ﬁwm LacZ

pronot er sequence and lacZ-a 'trans tiron termnato a cl oni ng Si te'
for the i N twamdiglestad withuPiaAl gmdeNséqwunbendétéuemgePqulyrﬁémm d

pCR2.1 is nedio lc acid fragnents Lrtue _of the A 20
over hang ?ggahgﬂtrﬁ"gé hgg'fufﬁﬂ' agge?ﬁcf%‘leyﬁ% e %QJ{G?(%Q" 9@M&+%r ase
o using the multiple cloning site, which is identical to the multiple cloning site of
10 pEGFP-N1 MCS, except it lacks the PinAl site.

Plasmid pCMV.SV40L .cass

Plasmid pCMV.SV40L.cass (Figure 3) comprises the synthetic poly A site and
- the SV40 late promoter sequence from plasmid pCR.SV40L (Figure 8), sub-
~ cloned as a Sal | fragment, into the Sal | site of plasmid pCMV.cass (Figure
15 2), such that the CMV-IE promoter and SV40 late promoter sequences are
capable of directing transcription in the same direction. Accordingly, the
synthetic poly(A) site at the 5’ end of the SV40 promoter sequence is used as
a transcription terminator for structural genes expressed from the CMV [E
promoter in this plasmid, which also provides for the insertion of said
20 structural gene via the multiple cloning site present between the SV40 late
promoter and the synthetic poly(A) site (Figure 5). The multiple cloning sites
are located behind the CMV-IE and SV40 late promoters, including BamHI

and Bglll sites.

Plasmid pCMV.SV40LR.cass

25  Plasmid pCMV.SV40LR.cass (Figure 4) comprises the SV40 late promoter
sequence derived from plasmid pCR.SV40L, sub-cloned as a Sall fragment
into the Sall site of the plasmid pCMV.cass (Figure 2), such that the CMV-IE



chain reaction. PCR fragnents cloned in this fashion are flanked by two
EcoRl sites. The plasm d further conprises the Col El and fl origins of
replication and kananyci n-resi stance-and anpicillin-resistance genes. 54
Plasm d pEGFP-N1 MCS Pl asm d pEG-P-N1 MCS (Figure 1; Contech) contains the
CW | E pronoter operably connected to %? open reading franme encodi ng a
red-shifted variant of wld-type greeé | uorescent protein (GFP; Prasher

et at, 1982ih&BV40 mat€lpr ? oreéT%ZA rl\}é‘?r'é}‘ngcﬁﬂﬂ)n-réf"b(ﬁgw eW@' Ghghas been

optim sed for brighter nce. The specific encoded by
pEGFP- N1 mifliplastrubteal gérecunidd thy senseac lantisende oﬂmallon,%adeslcbd) EG-P- N1

oy ot b Ryl Hobirlr St iohonterid Befaie dtosts CMAEEELBVARN Tha
CW I E 10|a@é95f8hﬁfte|a'§€ 8% Th WEpL: ﬁﬁa% farcﬁ e #id ifkddtioReses ¢! oned
"oni | pla 2

into the multiple cloning site w il e expressed at thetranscrlp onal
level §f stiegturalcgeae $emueticendn ordersifat iexpression afi be stritotueaie gesach

t t | | ] t b d t | evel i.e.
St angl ot cesdtiate S G Jiath thiss BiAsBEs | RUE: B9 nPOUSe W BpPEhe] oni g
site whi cﬂaﬁg@fg@%ﬁnmﬂsaIs@aabnéénddaeé@hﬁmeos\ e?habbcéuéeetl"}@ré lardfo.

expressed as GFP fusion polypeptides if they are cloned in-frame with the
GFP- encodiragsqgli@enteemmm@npﬁsmrm:efsdoca@d betwesni thesopposvgCMV- IE

| yad | | t f.t GEP o rane tq direct
D ar oY 3B AU 88 Hra R e e 8h i A Bl R ThraferaPlymhe, SEuRtAl
promoioer Q@%‘%@Qﬁen&é’lér Iﬁhﬂﬁﬂbd‘:tfﬂt’tlﬁlﬁﬁ@eﬁ@rﬂ?ﬁ WwhRhti5 9 H& RYbBueed HitD Of
Lep| ication functional in ani nal he neorry0| n-resi st ance gene

conpri si @M@Vé&i&caﬁ%wﬂ@on@mbﬂh arﬁ Fingua 8’ pplyssienytation signalected to
t he neony&&é@g{%rrym n-resi stance gene derived fromTn5 (Kan/neo in Figure
1) and th ym di ne ki nase pol yadenyl ati on si gnal

(i) where the structural gene sequence or multiple structural gene unit is

to be expressed in the sense orientation from the CMV IE promoter

15 ‘ sequence and/or in the antisense orientation from the SV40 late

promoter, the & polyadenyiation signal will be in the antisense

orientation and the 3’ polyadenylation signal will be in the sense
orientation; and

(i)  where the structural gene sequence or multiple structural gene unit is

20 o be expressed in the antisense orientation from the CMV |E promoter

sequence and/or in the sense orientation from the SV40 fate promoter,

the 5' polyadenylation signal will be in the sense orientation and the 3’
polyadenylation signal will be in the antisense orientation.

Alternatively or in addition, suitably-oriented terminator sequences may be.
25 placed at the 5'-end of the CMV and SV40L promoters, as shown in Figure 4.

Alternatively, plasmid pCMV.SV40LR.cass is further modified to produce a
derivative plasmid which comprises two polyadenylation signals located
between the CMV IE and SV40 late promoter sequences, in approriate

orientations to facilitate expression of any structural gene located



(HSV TK poly (A) in Figure 1), for selection of transfornmed cells on 25
kamanyci n, neomycin or (418; the pUCL9 origin of replication which is
functional in bacterial cells (pUC Oi in Figure 1); and the f1 origin of
replication for single-stranded DNA production (f1 Oi in Figure 1). 55 2.
Expressi on cassettes Plasm d pCW. cass, _Plasm d pCW. cass (Figure 2) is an
expression cassette for driving expreégion of a structural gene sequence

under co - r : P11 was
dor ved 1o orusiueitn Y enoeoP epiBbte SRRHRRER rSeMd MEIEMETE 22

fol | ows: pRioassted grE(HEP-SNMO MtSmoter deqgestea] Whe hprigsent imvahtidnt clearly

bl unt -ended using Pful polynerase and then re-ligated. Structural gene
sequencesemnﬁ@%?éosqqlﬁcge @We%ass using the nultiple cloning site, which
is identical to the nmultiple cloning site of 1o pEG-P-N1 MCS, except it

| acks the PinAl site. Plasm d pCW. SV40L. cass Pl asm d pCW. SV40L. cass

(Fi gure 3Hltepagvelyappraprigight peentedpleryinaters: eowddde plasedvupstreane 9fr onot er

sequence 0 | i X i e , - . Sal |

Fragmant , MenCARy BHRSVART, Siofforers B rdietefot bdieiolducn ¢ ha
t he CW- | goquroafidie readitirdiD dfabacipr sidie rtwlr Qremeess aine the agititefsef
directing transcription in the sane direction. Accordingly, the synthetic

pol y(A) PHeNtglior.ne 5 end of the SV40 pronoter sequence is used as a
transcription termnator for structural genes expressed fromthe CW I|IE
promoter in this plasm d, which also provides for the insertion of said 20
struct ur af- fugemediate{eons#ructi e cloning site present between the SV40 | ate
_pronoter and the synthetic poly(A) site (Figure 5). The nultiple cloning

. Ssites are located behind the CW-I1E and SV40 | ate pronoters, including
"BanH Plasmid pCR.Bgl-GFP-Bam

10 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 the amplification primers Bgl-GFP (SEQ ID NO:1) and GFP-

15 'Barh (SEQ {D NO:2) and cloned into plasmid pCR2.1. The internal GFP-
encoding region in plasmid pCR.Bgl-GFP-Bam lacks functional translational
start and stop codons.

Plasmid pBSIi(SK+).EGFP

Plasmid pBSII(SK+).EGFP (Figure 6) comprises the EGFP open reading
20  frame derived from plasmid pEGFP-N1 MCS (Figure 1) placed operably under
the control of the lacZ promoter. To produce this plasmid, the EGFP
encoding region of pEGFP-N1 MCS was excised as a Not1/Xho1 fragment
and cloned into the Not1/Xho1 cloning sites of plasmid pBluescript Il (SK+).

Plasmid pCMV.EGFP

25 Plasmid pCMV.EGFP (Figure 7) is capable of expressing the EGFP structural



and Bglll sites. Plasm d pCW. SV40LR. cass 25 Plasm d pCW. SV40LR. cass
(Figure 4) conprises the SV40 | ate pronoter sequence derived fromplasmd
pCR. SV40L, sub-cloned as a Sall fragnent into the Sall site of the plasmd
pCW. cass (Figure 2), such that the CW-I1E 56 or the SV40 | ate pronoter
may drive transcription of a structuraé gene or a nmultiple structural gene
unit, in the sense or antisense orient gion, as desired. A nmultiple

cl oni ng s¢ ' i 4 | ' - ol Late
ot oot or “44% UhdBPHE bORAS SPICEINIE BRI Feddiicel TORRE IR 2 5
st ruct ur aplagenie teeEGHR seqlience flem plasnic pBSIKSKR).EGREP wasuetdisal agene

sequence 1o r fromthis plasmd, it nmust be jntroduced with its own
transcri pé?@%ﬁf%'% f{agﬁl?ﬁt s@ eﬁg@efjoé@f’e@"%t QHQ gcl s whchlasBidnere are
no transgeiit E58% LAt i on sequences | ocated between the opposi ng CW-
|E and S'\%%W'ate ﬁ%ﬁrf&r%r sequences in this plasmd. Preferably, the

structural 1o gene sequence or nultiple structural gene unit which is to be

i nt roduc ' 40LR. cass will conprise both a 5° and a 3
pol ya%gnyllglts:&t(')@ l?s(ilegha ﬁﬁés follows: (i) where the structural gene sequence

or multiple structural gene unit is to be expressed in the sense

orientati . ropgRter 15 sequ d/or in the antisense
ori ent at |€I%SH@$¢%§\MO%%9F'E€ ? THPRTSSR ﬁ'ge gﬁ@oﬁ%}ﬁd@rﬁwcg?f &%ngg nal will
be in thefremt pehi@ pSVI §HeABAR ABceddién No.POh 3868 Phaihasiayi eBakdw |1 be
in the sense orientation; and_ (ii) where the structural gene sequence or
nul ti pl e 15ta pERE: hi(Shatrgens)t+ Ta pradycecthise plasprids thed SM40t late arametense
orientati _ i \ :
O ook ol B S RP Sap PSEEI NS o 'SV SERTRD
10 NO:4) which comprise Sal | 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 amplicification product
comprises the synthetic poly(A) site at the 5 end of the SV40 promoter

sequence.
15  Plasmid pCR.BEV.1

The BEV RNA-dependent RNA polymerase coding region was amplified as a
1,385 bp DNA fragment from a full-length cDNA clone encoding same, using
primers designated BEV-1 (SEQ ID NO:5) and BEV-2 (SEQ ID NO:6), under
standard amplification conditions. The amplified DNA contained a 5-Bg/ |l

20 restriction enzyme site, derived from the BEV-1 primer sequence and a
3'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-

25 encoding nucleotide sequences, Thus, the amplified BEV polymerase
structural gene comprises the ATG start codon immediately upstream (ie.
juxtaposed) to the BEV polymerase-encoding sequence. There is no
translation stop codon in the amplified DNA. This plasmid is present as Figure
9.



the 5 polyadenylation signal wll be in the sense orientation and the 3'
pol yadenyl ation signal will be in the antisense orientation. Alternatively
or in addition, suitably-oriented term nator sequences may be 25 placed at
the 5 -end of the CW and SV40L pronoters, as shown in Figure 4.
Alternatively, plasmd pCNV.SV4OLR.cas% is further nodified to produce a
derivative plasmd which conprises twoYpgol yadenyl ati on signals |ocated

bet ween tp%sqmé *,éRa?év 40 | ate pronoter sequences, in approriate
orientations to taciTitate expression of any structural gene |ocated 57

t herebetween in the sense or antisense orientation fromeither the CW | E

encompass 12 caEpete, BEY P BeraE RIET ok ot ARRnLT SRh afude &g Y
t er m nat ogBNPOLIbHe RicBUmgeshriestisiag PrivhersBEVIE! &MY BEV3S\MAfaepBEWBer s such
that transcriptional termnation could occur after readthrough of each of

the two peomprises aj Bamhid restrictiemeazywie sita at pesitions 3 tet 19 incddidYe atlnst r uct s

Plasm d pLR. - - 0 | X - - Ban | gur C i ses an

i nter nf’gl ﬁe%gl%gh}pgrﬁ?ﬁg& é:ﬁ%bggﬁoﬁegﬁgngﬁbﬁgﬁg ‘g%?qd\ﬂéédq? r@mqél ag'%é

PEGFP- N1 dbiSsdddctigecad bpehlreagifigdpanatoynprizitey atizmstiohrsthriefgridhentdacZ

pronoter. To produce this plasmd, a region of the G-FP open reading frane

was anpl i fraeglation miomaigmal \eoneinads betyveer: thenka/tll @adi Bambili restrictigy) - arp
SEQ I D a X cqgﬂQ? i | ' CR2. 1.

gI'he I nt erl\%ﬁs)' @Eﬂegﬁﬁgﬁﬁ%‘ga&%%ﬁ‘gﬁe#%@%@g Bl _-&;@Eﬁ%@ﬁﬁ%&tﬂ P

f unct i onaprddueegliasmidpCR2BEVR2 @Eigluret1)). codons. Pl asni d pBSI | ( SK+) . EGFP

e

10  Plasmid pCR.BEV.3

A non-transiatable BEV polymerase structural gene was amplified from a full-
length 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
15  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 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

20 pCR.BEV.3 (Figure 11).

Plasmid pCMV.EGFP.BEV2

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



Plasm d pBSI| (SK+). EG-P (Figure 6) conprises the EGFP open reading 20
frame derived fromplasm d pEG-FP-N1 MCS (Figure 1) placed operably under
the control of the lacZ pronoter. To produce this plasmd, the EG-P
encodi ng regi on of pEGFP-N1 MCS was excised as a Notll Xhol fragnment and
cloned into the Notl /Xhol cloning sit% of plasm d pBluescript Il (SK+).
Plasm d pCWwW. EGFP 25 Plasm d pCWwW. EGFP gFigure 7) is capabl e of expressing
the EGFP gtr, ene under the control of the CW-1E pronoter
sequence. 5Téﬂ%¢%éﬁﬁéé?%9§ pl asm d the EGFP sequence from plasmd
pBSI | ( SK+) . EGFP was ex0|sed as BanHl /Sacl fragnent and cloned into the

Bgl | | / Sacly,si.t.e Ld pCW.cass (Figure 2). 5 Plasm d pCR SV40L
Plasm d péﬁ%‘\?&g%}&w&ﬁ@@ conprises the Sv40 | ate pronoter derived from
pl asm d pSVL (GenBank Accession No. Ul3868; Pharmacia), cloned into pCR2.1
(Stratage e Ls pla SV40 | ate ter

bl 11 aPrasmig efLREBES JFauio 280 iSiesnibindt s B A68 Sttse BRY 10

NO 4) whi gh éésspéralrehdm Hafifle SURGS. e f&ﬁitn‘dlt?ffs CMVBECIPGBEerof the

anplified rragment into PpCW. cass. rimer 0 contains a
synt het i cspmuqnc(eA)Tmpredme MY BV, tbecﬂEVhaolymmaaermaquehceafmmn

Do b PEEUBENEZ ¥4 ISR SoPPlLbElod b ahndas o B sbii ™
pol yner aSﬁaQﬁ@n’F%tb@jllﬂBan digBSiell FOVEScass (Figtite 3p DNA fragnent from a

full-1ength cDNA cl orie encodi ng sane, using priners designated BEV-1 ( SEQ
ID NO5) and BEV-2 (SEQ ID NO 6), under standard anplification conditions.

_The anpl i pigshmidBchnEEvied a 5 -Bal ||

Plasmid pCMV.BEV.3 (Figure 14) expresses a non-translatable BEV
10  polymerase structural gene in the sense orientation under the controi of the
CMV-IE promoter sequence. To produce pCMV.BEVnt, the BEV polymerase
sequence from pCR.BEV.3 was sub-cloned in-the sense orientation as a
Bglll-to-BamHI fragment into Bglil/BamHl-digested pCMV.cass (Figure 2).

Plasmid pCMV.VEB

15 Plasmid pCMV.VEB (Figure 15) expresses an antisense BEV polymerase
mRNA under the control of the CMV-IE promoter sequence. To produce
plasmid pCMV.VEB, the BEV polymerase sequence from pCR.BEV.2 was
sub-cloned in the antisense orientation as a Bglll-to-BamHI fragment into
Bglll/BamHI-digested pCMV.cass (Figure 2).

20 Plasmid pCMV.BEV.GFP

Plasmid pCMV.BEV.GFP (Figure 16) was constructed by cloning the GFP
fragment from pCR.Bgl-GFP-Bam as a Bglll/BamH| fragment into BamHI-
digested pCMV.BEV.2. This plasmid serves as a control in some experiments

and also as an intermediate construct.



20 restriction enzyne site, derived fromthe BEV-1 prinmer sequence and a
3'BanH restriction enzyne site, derived fromthe BEV-2 priner sequence.
Additionally, as the BEV-1 priner sequence contains a translation start
signal 5 -ATG 3" engineered at positions 15-17, the anplified BEV

pol ymerase structural gene conprises the start site in-frame with BEV
pol ynerase 25 encodi ng nucl eoti de sequ@ﬂces Thus, the anplified BEV

pol ymaras?l é‘hfd*' b“ﬁ\?b@??@[{ﬁ?{?“ ses the ATG start codon inmediately

upstream xt aposed e BEV pol ynerase-encodi ng sequence. There
IS no translatlon stop codon in the anplified DNA. This plasmd is present

gt on waE'asiR; pOORT RSy (FondBh i TRodbfiset 2 hEaiRERES BEYLcT g
priners Bfdyinerase BevdcRiraPgens deRyd 3rorﬁ§j'r@§m§:le§CR Beyti ufs%?ﬁeﬂ' itthen enzyme

site at positions 5 to 10 1nclusive and he conpl enent of a translation
stop si gns@nsa OB@BiaEIDBﬁ@t\&l@eﬂdh&@M)ﬂ(s‘Eapermigéquér{b@ S\éD Iﬁi@rprmmatﬁrng frame

I |-at t
cont ai e BRioaR”: R sl PAIUS P ebhE o cPreBluB a1 e
fragment p@mmsﬁwswomonﬁ%gvg@wmémwudmal gé@éiw‘a% sRJbaélﬁhéd RGR2. BEV. 2
(Figure 10). lo Plasm d pCR BEV.3 A non-transl atabl e BEV ner ase

struct ur af %@Wﬁ%ﬂgmﬁéﬁim@ Selikdiagisted pehM.BVALIL. Q%B ase cDNA cl one
using the anplification prinmers BEV-3 (SEQ ID NGO 7) and BEV-4 (SEQ ID
NGO 8). Prinmer BEV-4 conprises a Bglll cloning site at positions 5-10 and
sequencesPlasmist PENVH.6x.SVADE. %YII site are 15 honol ogous to nucl eoti de
.sequences of the BEV poI ynerase gene. There is no functional ATG start
..codon in the anplified DNA product of primers BEV-3

‘ Plasmid pCMV.0.SV40L.BEV (Figure 18) comprises a translatable BEV

10  polymerase structural gene derived from plasmid pCR.BEV.2 cloned
downstream of tandem CMV-IE promoter and SV40 late promoter sequences
present in  plasmid pCMV.SV40L.cass. To produce plasmid
pCMV.0.SV40L.BEV, the BEV polymerase structural gene was sub-cloned in
the sense orientation as a Bglll-to-BamHi fragment into BamH!-digested

15  pCMV.SV40L .cass DNA.

Plasmid pCMV.0.SV40L.VEB

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-IE promoter and $V40 late promoter sequences

20 present in plasmid pCMV.SV40l.cass. To produce plasmid
pCMV.0.SV40L.VEB, the BEV polymerase structural gene was sub-cloned in
the antisense orientation as a Bglfll-to-BamHI fragment into BamHi-digested
pCMV.SV40i_.cass DNA.



and BEV-4. The BEV pol ynerase is expressed as part of a polyprotein and,

as a consequence, there is no ATGtranslation start site in this gene. The
anplified DNA was cloned into plasmd pCR2.1 (Stratagene) to yield plasmd
20 pCR BEV.3 (Figure 11). Plasm d pCW. EG-P. BEV2 Pl asm d pCW. EG-P. BEV2
(Figure 12) was produced by cloning th% BEV pol ynerase sequence from

pCR. BEV. 2 as a BgIII/BanHI fragnment in 8 the BarmH site of pCW. EGFP. 60
4, Cbntro? i Biss ‘€snid pCW. BEV. 2 Pl asmid pCW. BEV. 2 (Figure 13) is
capable o expreSS|ng he entire BEV polynerase open reading frane under
the control of CW-IE pronoter 5 sequence. To produce pCW. BEV. 2, the BEV

pol yner as . BEV. 2 was sub-cloned in the sense orientation
as a Bgll Fl%gﬂ%gﬁgﬁquydﬁt into Bglll/BanHl -di gested pCW. cass (Figure
2). Plasmd pCw.BEV.3 Plasm d pCM/ BEV. 3 (Fi gure 14) expresses a

- bl t t I
or ent at | B GRCIYBEIXErEIoGe "2 e SSiahter i8R, EPoeb fich S8TPIRepr oduce
POW. BEVNBEV i 1RRraR8! YPBh RS disE WaRES u fqagfntHQRc&EtYol%wame v gEoned in

the sense orientation as a Bglll*-to-BanH r agnment
Bgl | | /Banpionadige ssesiepory . |ma@.§<a(r?®tgmoelle)at Ieasasthwl qpekiV rédeting Sfrdthas i d

Cont 1ol oPeadl oates” SREnoCEV-TE daREB oo o r VARSI P as g BOMEGED, t he
BEV pol ywpcwssmeﬂ%eaia\pab@ﬁ%ﬁ@/s?mwaz §etie oAl Bhshild [JTR By gense

orientation as a B911l1l-to-BanH fragnent into
was sub-cloned in the sense orientation as a Bglfll-to-BamH| fragment into

- BamHl-digested pCMV.BEV.2, immediately downstream of the BEV

P
i

10  polymerase structural gene already present therein.
Plasmid pCMV.BEVx3

Plasmid pCMV.BEVx3 (Figure 21) comprises a direct repeat of three
complete BEV polymerase open reading frames under the control of the
CMV-1E promoter. To produce pCMV.BEVxS, the BEV poiymerase fragment

15 from pCRBEV.2 was cloned in the sense orientation as a Bglli/BamHlI
fragment into the BamHl| site of pCMV.BEVx2, immediately downstream of the
BEV polymerase sequences already present therein.

Plasmid pCMV.BEVx4

Plasmid pCMV.BEVx4 (Figure 22) comprises a direct repeat of four complete
20 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 Bglll/BamH| fragment
into the BamHI site of pCMV.BEVx3, immediately downstream of the BEV

polymerase sequences already present therein.



Bgl I'l / BanH - di gested pCW. cass (Figure 2). 20 Plasm d pCw. BEV. G-P Pl asm d
pCW. BEV. GFP (Figure 16) was constructed by cloning the GFP fragnent from
pCR. Bgl - GFP-Bam as a Bgl Il |1 BanH fragment into BanH - di gested pCW. BEV. 2.
This plasm d serves as a control in sone experinents and also as an

I nternmedi ate construct. 61 Plasmd p . BEV. SV40L.0 Plasm d

pCW. BEV. SV40L. 0 (Figure 17) conprises transl atabl e BEV pol ynerase

structur \ f I d pCR BEV.2 inserted in the sense
BIsSfIR FOUVBEVS R LS

orient atlon pronoter and the Sv40 | ate pronoter 5
sequences of plasm d pCW. SV40L. cass. To produce plasmd pCW. BEV. SV40L- O,
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. Plasmid pCMV.BEV.SV40L.VEB

10 Plasmid pCMV.BEV.SV40L.VEB (Figure 24) comprises a multiple structural
gene unit 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.VEB, the
translatable BEV polymerase structural gene present in pCR.BEV.2 was sub-

15  cloned in the antisense orientation as a Bglll-to-BamH| fragment behind the
SV40 late promoter sequence present in BamH|-digested pCMV.BEV.SV40L-
0. In this plasmid, the BEV polymerase structural gene is expressed in the
sense orientation under control of the CMV-IE promoter to produce a
translatable mRNA, whilst the BEV polymerase structural gene is also

20 expressed under control of the SV40 promoter to produce an antisense

mMRNA species.
Plasmid pCMV.BEV.GFP.VEB

Plasmid pCMV.BEV.GFP.VEB (Figure 25) comprises a BEV structural gene
inverted repeat or palindrome, interrupted by the insertion of a GFP open
25 reading frame (stuffer fragment) between each BEV structural gene sequence
in the inverted repeat. To produce plasmid pCMV.BEV.GFP.VEB, the GFP
stuffer fragment from pCR.Bgl-GFP-Bam was first sub-cloned in the sense

orientation as a Bglll-to-BamHI fragment into BamHi-digested pCMV.BEV.2 to



pCW. O. SV40L. VEB, the BEV pol ynerase structural gene was sub-cloned in the
antisense orientation as a Bglll-to-BanH fragnment into BanmH -di gested
pCW. SV40L. cass DNA. 62 5. Test Plasm ds Plasm d pCW. BEVx2 Pl asmi d

pCW. BEVx2 (Figure 20) conprises a direct repeat of a conplete BEV

pol ynerase open readi ng franme under the control of the CW-I1E 5 pronoter
sequence. In eukaryotic cells at | east 84t he open reading frame | ocated

nearer th Oqtm A r fi t t réjggu t he BEV
pol ymer asg S rucﬁjrfa lterﬁéedl nf)l%legiﬁ g}dl\@%%@o vva%@]esrggw E\%éyn t he
sense orl powmereeemcednag/arld GF—FBentﬂ)dmﬁa;maehceQEce cBataiedivitRist e

pCW. B I medi atelé downstream of the BEV 10 pol ynmerase structural

gene al reaamepﬁeﬁaﬂk—t()r amell’ Epgrasnt BWBFB\’EVRQ!YM%Q% cﬁtma Bexe (Fi gure
21) corrprh.apris WBW GBS therl Ic}n;edeiﬁ hgwls%@? Bﬁgﬂ pﬁgﬂﬁ?oen

r eadi ng frarre under t e contro prorm uce

pCW. BEVXBamHﬂefrﬁﬁ‘denblhwrﬂaaﬂfbl-tﬁtgaSmr@CW BEV@EERTBE\BEV\mﬁymémed in the
sense orlentatlon as a Bglll/BanH _ fragnent into the BanH site of

pCW. BEVx$ m?th'ﬁ%dl%r@ yn stth@arMV-lhePraseeiepoSgRErPas? deqidamraid al r eady
4 P :
(F:)(r)re};(ralntsetsaa di rect repeat (()}%N?%(Sﬁp ﬁ%qr@%@%ﬁﬁéﬁgpggﬁgﬁ readi ng

frames undelts.t he control of the CW-1 E pronoter. To produce pCW. BEVx4,
t he BEV pol ynerase fragment from pCR BEV.2 was cloned in the sense
orientation as a Bglll/BanH fragnment into the BanH site of pCW. BEVXS3,

i mredi at ePyagmithpCVBAEGHP BEVEPFG

e

10 Plasmid pCMV.EGFP.BEV2.PFG (Figure 26) comprise a GFP palindrome,
interrupted by the insertion of a BEV polymerase sequence between each
GFP structural gene in the inverted repeat. To produce this plasmid the GFP
fragment from pCR.Bgl-GFP-Bam was cloned as a Bg/ll/BamHI| fragment into
the BamHI site of pCMV.EGFP.BEV? in the antisense orientation relative to

15 the CMV promoter.

Plasmid pCMV.BEV.SV40LR

Plasmid pCMV.BEV.SV40LR (Figure 27) comprises a structural gene

_ comprising the entire BEV polymerase open reading frame placed operably
and separately under control of opposing CMV-IE promoter and SV40 late
20 promoter sequences, thereby potentially producing BEV polymerase
transcripts at least from both strands of the full-length BEV polymerase

structural gene. To produce plasmid pCMV.BEV.SV40LR, the translatable

BEV polymerase structural gene present in pCR.BEV.2 was sub-cloned, as a
Bglil-to-BamH! fragment, into the unique Bglli site of plasmid

25 pCMV.SV40LR.cass, such that the BEV open reading frame is present in the

sense orientation relative to the CMV-IE promoter sequence.

Those skilled in the art will recognise that it is possible to generate a plasmid
wherein the BEV polymerase fragment from pCR.BEV.2 is inserted in the



pol ynerase sequences already present therein. 63 Plasmd

pCW. BEV. SV40L. BEV Pl asm d pCWw. BEV. SV40L. BEV(Fi gure 23) conprises a

mul tiple structural gene unit conprising two BEV pol ynerase structural
genes placed operably and separately under control of the CW-IE pronoter
and SV40 | ate 5 pronoter sequences. Toq%rroduce pl asm d pCW. BEV. SV40L. BEV,
the translatable BEV pol ynerase structitral gene present in pCR BEV.2 was

sub- ol onefhende BraBEnOFBNG1 Mo Ty RAEkdrnt B BABTknf5 08RG e e

the SV40 | ate pronoter sequence pres

pCW. BEV. Slefiig StrateRjyaJinedpreSkit Birén8yA GurtvEBefcoRpassasdspéiVe. GtieVAOL_VEB
(Figure 242) c%rises a nultiple structural gene unit conprising two BEV
pol ymarasg ¢ tural genes placed operably and separately under control
of the CW-1E pronoter and SV40 | ate pronoter sequences. To produce
plasmd p . BEV. SVA0L. VEB, the translatable BEV pol ynerase structural

gene pres MR F@? BEV. 2 was sub 15 cloned in the antisense orientation as
a Bglll-to-BanH fragnent behind the SV40 |ate pronoter sequence present
in BanH -di gested pCW. BEV. SVA0L- 0. In this plasm d, the BEV pol ynerase

st r uct¥r afSefefic conskpcts camprisirig: the qporeine iceihgakactosyltransfetasel of t he
CwW- 1 E pr&go@ﬁrttot@_ragduce a translatable nRNA, whilst the BEV pol ynerase
st r uct ur al >gehBPCHIAL gepg segyence or §aguenees oherably eopnested tortheoter to

produce agMWipréRtRer sEFNGNER Arid?ST tH SYADE B Plasmid
pCW. BEV. G-P. yEB (Fi gure 25) corrpr'i' ses a BEV st r%@%ﬁg@ggﬁe i nverted

repeat or palindrone, interrupted by the insertion of a GFP open 25
~eadi ng f ya@ommercidiPiabhaggent) between each BEV structural gene sequence

Plasmid pcDNA3

10 Plasmid pcDNA3 is commercially available from Invitrog-en and comprises the
CMV-IE promoter and BGHpA transcription terminator, with multiple cloning

- sites for the insertion of structural gene sequences there between. The
plasmid further comprises the ColE1 and fl origins of replication and

neomycin-resistance and ampicillin-resistance genes.
15 2. Intermediate plasmids
Plasmid pcDNA3.Galt

Plasmid pcDNA3.Galt (BresaGen Limited, South Australia, Australia; Figure
28) is plasmid pcDNA3 (Invitrogen) and comprises the cDNA sequence
encoding porcine gene alpha-1,3-galactosyltransferase (Galt) operably under
20 the control of the CMV-IE promoter sequence such that it is capable of being
expressed therefrom. To produce plasmid pcDNA3.Galt, the porcine gene
alpha-1,3-galactosyltransferase cDNA was cloned as an EcoRI fragment into
the EcoRl cloning site of pcDNA3. The plasmid further comprises the ColE1

and fl origins of replication and the neomycin and ampicillin-resistance genes.



in the inverted repeat. To produce plasm d pCW. BEV. GFP. VEB, the GFP
stuffier fragnent from pCR Bgl - GFP-Bam was first sub-cloned in the sense
orientation as a B9111-to-BanmH fragnent into BanH -di gested pCW. BEV.2 to
64 produce an internediate plasm d pCWwW. BEV. G-FP wherein the BEV

pol ymer ase- encodi ng and GFP-encodi ng sequences are contained within the
sane 5 -Bglll-to-BanH -3" fragnent. Th&0BEV pol ynerase structural gene
from pCWa2B cloned in the antisense orientation as a Bglll-to
5 BanmH f?agzgﬁ¥¥qué aﬁHI-digested pCW. BEV. GFP. The BEV pol ynerase
structural gene nearer the CW-IE pronoter sequence in plasmd

pCW. BEV. | e of being translated, at |east in eukaryotic
Elasnikebh e e

cells. Plasm BEV2. PFG 1o Pl asm d pCW. EG-FP. BEV2. PFG (Fi gure 26)
conprise a GFP pallndrorre interrupted by the insertion of a BEV

Fopeat.  TETBH G Pel T B S carmbie ol doresTa e Gelbgiigh sam was
cloned as én@gir\dérwlcoﬁfrégwrlhe'ﬁw IEhﬁroﬁ%Tgkﬁ%qpﬁneé PV Fog:LE:SBEVZ in

t he antlsense orientation relative to 15 th onoter.
pCW. BEV. pas0litk pCb{BhG@ltpaw m& swesqoeﬁcee Firogonr qaléBTpudcperNﬁé}eGah wtasuct ur al

th ras n reading frame, pl aced
ggg(raabl y %‘Hgé@ a?’it%‘ifhu‘g %@f“ee OB?gnggglsf‘?é'sel\W?qrﬁam'b €and SV40
late 20 pEesRi Site éﬁﬂM@ﬂﬁ@%CMV%@QF?QF@M' al l'y produci ng BEV polyrrer ase

transcripts at |least fromboth strands of "the full-1length BEV pol ynerase
structural gene. To produce plasm d pCW. BEV. SVA0LR, the transl atable BEV

ol ymer aspif&midcpOVA.EGFEGHIESeNt in pCR BEV. 2 was sub-cloned, as a

Plasmid pCMV.EGFP.Galt (Figure 30) is capable of expressing the Gait

10 structural gene as a Galt fusion polypeptide under the control of the CMV-IE
promoter sequence. To produce plasmid pCMV.EGFP.Galt, the Galt
sequence from pCMV.Galt (Figure 29) was excised as a Bgfll/BamHI
fragment and cloned into the BamHi site of pCMV.EGFP.

Plasmid pCMV.Galt.GFP

15 Plasmid pCMV.Gait.GFP (Figure 31) was produced by cloning the Galt cDNA
as an EcORI fragment from pCDNA3 into EcoRlI-digested pCMV.EGFP in the
sense orientation. This plasmid serves as both a control and construct
intermediate.

Plasmid pCMV.Galt.SV40L.0

20 The plasmid pCMV.Gait.SV40L.0 (Figure 32) comprises a Galt structural gene
cloned downstream of the CMV promoter present in pCMV.SV40L.cass. To
produce the plasmid the Galt cDNA fragment from pCMV.Galt was cloned as
a Bglli{BamH]I into Bglli-digested pCMV.SV40L..cass in the sense orientation.



Bglll-to-BanH fragment, into the unique Bglll site of plasmd 25

pCW. SVA0LR cass, such that the BEV open reading frane is present in the
sense orientation relative to the CW-1E pronoter sequence. Those skilled
in the art will recognise that it is possible to generate a plasm d

wherein the BEV pol ynmerase fragnent frompCR BEV.2 is inserted in the 65
antisense orientation, relative to thebéw IE pronoter sequence, using this

cl oni ng spr%%ﬁmgwgo%g tﬂd@vent ion further enconpasses such a genetic

construct |c constructs conprising the porcine
a-1, 3-gal actosyltransferase (Gait) structural gene sequence or sequences

oper ably nn ct ed, t p r se nce and/ or SVA0L rom)ter
cbquence TECHARGI MU SN A 8 e AR A <0 o T, St

commer ci agbye ¥¥Hds &n fanfigbhsy bhéﬁ%@nad&mﬁmm&ﬁ&hbfmml_\%rérﬁof&ro ot er
and BGHpA'transcription termnator, with nultiple cloning sites for the

i nsert i onpissest rincpGIVAY. Sg’éﬁé @6&ueﬁE§Espde§¢@ thist \wramidTHe %Iaswﬁll‘d/\f urt her

I d t
and arfbi cTeoiert o PR Gt Wk o SR Ry d o, BRRRIBeSER o °
PCDNA3. %@W.avmﬂ.m@m%&ahﬁsérﬁjeemﬁﬂauéﬁ.m ted, South Australia,
Australia; Figure 28) is plasmd pcDNA3 (Invitrogen) and conprises the

cDNA sequence encodi ng porcine gene al pha-1, 3-gal actosyltransferase (Glt)

operably ppaghil?ecM\eo-sVloRIGAt the CW-IE pronmoter sequence such that it
I s capabl e of being expressed therefrom To produce plasm d pcDNA3. Galt,

t he porci ne gene
o The plasmid pCMV.0.SV40L.Galt (Figure 34) comprises a Galt structural

gene cloned downstream of the SV40L promoter present in

10 pCMV.SV40L.cass. To produce the plasmid the Galt cDNA fragment from
pCMV.Galt was cloned as a BgliIIBamHI into BamHl-digested
pCMV.SV40L.cass in the sense orientation.

4. Test Plasmids
Plasmid pCMV.Galtx2

15 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 produce pCMV.Galix2, the Galt structural gene
from pCMV.Galt was excised as a Bg/ll/BamH! fragment and cloned in the

20 sense orientation into the BamHl cloning site of pCMV.Galt.

Plasmid pCMV.Galtx4

Piasmid pCMV.Galtx4 (Figure 36) comprises a quadruple direct repeat of a
Galt open reading frame under the control of the CMV-IE promoter sequence.
In eukaryotes cells at least, the open reading frame located nearer the CMV-
25 IE promoter is franslatable. To produce pCMV.Galtx4, the Galtx2 sequence



al pha- 1, 3-gal actosyl transferase cDNA was cloned as an EcoRl fragnment into
the EcoRl cloning site of pcDNA3. The plasm d further conprises the Col El
and fl origins of replication and the neonycin and anpicillin-resistance
genes. 66 3. Control Plasmds Plasmd pCW. Glt Plasm d pCW. Galt (Figure
29) is capable of expressing the Galt ééructural gene under the control of
the CW-I E pronoter sequence. To produ 5 plasmd pCW. Galt, the Galt

. . q
ol aned. | nToRPOMARBab WY U BRd ab % pENFBAAR I gt oA cdrBl T the I1C 1o
(Fi gure 23endd agentdtipCivito Bt Ba@eHilt cléthiagsited (i @OMYE@GERtGI t (Figure 30) is

capabl e of expressing the Galt 1o structural gene as a Galt fusion
pol ypepti de under the control of the CW-IE pronoter sequence. To produce

pl asm d pRIdéniidhCIR. Galt $'¢46B/Galt sequence from pCW. Galt (Figure 29) was
excised as a Bglll/BanH fragnent and cloned into the BanH site of

pCW. EGFP. Plasm d pCW. Galt. G-P 15 Plasm d pCW. Galt. G-P (Figure 31) was
produced e @iasthiROpERRy GRS PANAGARS F?@?u!éc@ﬂ isf aéﬁgﬁ_ﬁg StBréraeySr@&DNeé into

EcoR! - di gested p .EGFP in the sens i entation. p md serves as
bot h & cosenss transcripds of (Galt, onienddvere by dhe  CVaprointbteC\bieGther Byahe. 0 20

o1 onbd donndPFeHiARiteE e [ Exprastisrote Ridmbh & GAD&RSVAReTERE Srom, "
produce theMy.Gsfli tvddeciGidd §PNA J\%@mﬁw rPAgrAEMY. ifR) (BYMSIiGéB8d as a

BgllllBanH into Bg/li-digested p . SVA0L. cass in the senSe orientation.
pCMV.0.SV40.Galt in the sense orientation.

o

Plasmid pCMV.Galt.SV4A0L taG

10 The plasmid pCMV.Galt.8V40.tlaG. (Figure 38) is designed to express a
sense transcript of Gatt 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.

15 . Plasmid pCMV.Galt.GFP.tlaG

Plasmid pCMV.Galt. GFP.taG (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 Bgfli/BamH!l Galt

cDNA fragment from pCMV.Galt was cloned into the BamHl site of
20 pCMV.Galt.GFP in the antisense relative to the CMV 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

25 the CMV promoter. To produce this plasmid the Galt sequences from



67 Plasmd pCW. O SV40L.tl aG The plasm d pCW. O SV40L.tl aG (Fi gure 33)
conprises a Galt structural gene clones in an antisense orientation
downstream of the SV40L pronoter present in pCW. SV40L. cass. To produce
this plasmd the Galt cDNA 5 fragment from pCW. Galt was cl oned as a

Bgl Il /BamH into BanH -di gested pCW. %V4OL. cass in the antisense
orientation. Plasmd pCWw. O SV40L. Gal t Phe plasm d pCW. O SV40L. Gal t

(Figure 3 ' r € t he
SvadL. pr b CMARERI BEto fcibRed B Pl RamEE SedaR G RIRHIEAR Ged. 1° e
Gal t cDNApCMlQEﬂﬁPf omtiMéefiae t orentatiornetd apraiude! | theBaimtdrmietiate

BanmH - di geaﬁ ?CM\/ SV40L.cass in the sense orientation. 4. Test Plasm ds

Plasmid p RE.Celt mofsshewmionpliewing this fughee G sesmencsssframdi r ect

repeat of t tﬁ&ptrol of the CW-I1E
prormter equeé%| p@ n eukargg?giégﬁ S atorf eas t he open reading frane

Iocat ed nearer the CW-IE pronoter is translatable. To produce

| t | gene frompCW. Git was excised as a

Bgl |1 F’ﬂB ﬁ%ﬁ%@qﬁﬁg%g in the 20 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 uadr i at of n, readin me under
t he cont rlgﬁ ?MWVEG%F 5%&&2%@&&%0% 'SGﬁe%'QR y@t ELPESE| éa | east,
the open éIBﬁIW Skhdres daert sstweearfie dppe s CRIY rlfdmt;ﬂbrﬁcﬁers in
transl atable. To produce QCM\/ Gal t x4, the Galtx2 sequence 6

the expressmn cassette pCMV.SV40LR.cass. To produce this plasmld Gait
o sequences from pCMV.Galt were cloned as a Bglli/BamHI fragment in Bgll!-
" 10  digested pCMV.SV40LR.cass in the sense orientation relative fo the 35S

promoter.
EXAMPLE 4

Genetic constructs comprising PVY Nia sequences operably linked to
the35S promoter sequence and/orthe SCBV promoter sequence

15 1. Binary vector
Plasmid pART27

Plasmid pART27 is a binary vector, specifically desighed to be compatible
with the pART7 expression cassette. It contains bacterial origins of replication
for both E. coli and Agrobacterium tumefaciens, a spectinomycin resistance

20  gene for bacterial selection, left and right T-DNA borders for transfer of DNA
from Agrobacterium to plant cells and a kanamycin resistance cassette to
permit selection of fransformed plant cells. The kanamycin resistance
cassette is located between the T-DNA borders, pART27 also contains a
unique Notl restriction site which permits cloning of constructs prepared in

25 vectors such as pART7 to be cloned between the T-DNA borders.
Construction of pART27 is described in Gleave, AP (1992).



frompCW. Gal t x2 was excised as a Bglll/BanmH fragnent and cloned in the
sense orientation into the BanH cloning site of pCW. Galtx2. Plasmd

pCW. Gal t. SV40L. Galt The plasm d pCW. Gait. SV40L. Galt (Figure 37) is
designed to express two 5 sense transcripts of Gait, one driven by the CW
pronoter, the other by the Sv40L prongter. To produce the plasmd a Glt
cDNA fragnent from pCW. Glt was clon 8 as a Bglll/BamH fragnment into

Bgl I'i -di : I ke 0 g n ol J.eAt At . '

. cai ¢ Bso R NRPYicersire; his AioRit MioClhBR Blicchaalt 33 g, |

.desi gned olotagqut. ebsalbthesfoliowing exsmplast thef sdeaé insdri odentation,veldtivig tpr onot er
| pt driven by the SV40L pronoter. roduce the

and an antisense, transcr To
pl asnmi d atth@aﬁtrecm\@?fthgé}%,tprpggﬁqerpM%qscaﬁgd AASRED ceRsSHUBS WesBanti

fragment } . I 5] LG L ept.ation. 15
Plasm d p‘aﬁé E‘?E&%g tH gg%&gﬁg@%e%é&%h&@? ﬁg%c?{'?gagr@ég%?‘ggonpri se
a Gl t5 paromdeamparing differentordtrogtst with diftrent inset brientafiBnsequence bet ween
each Gait structural gene in the inverted repeat. To produce this plasmd
the Bglll/BamH Galt cDNA fragnment from pCW. Galt was cloned into the
BanH sit2 Tomaibrp 4€Mid$sFP in the antisense relative to the CW
pronmoter. Plasmd p .EGFP. Gal t. PFG The plasm d pCW. EGFP. Gai t. PFG (Fi gure
40) conprises a GFP palindrome, interrupted by the insertion of a Galt
sequence PrisyeiRipB §.4FP structural gene of the inverted repeat,

expressi on of whi CEC(;KS driven by 25 the CW pronoter. To produce this
plasmd the Gait sequences from69 pCwW.Glt were cloned as a Bgll |/ BanH

{,,f ragment pRemiBPEE (RE988I@nmercially available from Stratagene and comprises

Ay

the LacZ promoter sequence and lacZ-alpha transcription terminator, with a
10 multiple cloning site for the insertion of structural gene sequences therein.
The plasmid further comprises the ColE1 and fl origins of replication and a

chioroamphenicol-resistance gene.

Plasmid pSP72

Plasmid pSP72 is commercially available from Promega and contains a

15  muiltiple cloning site for the insertion of structural gene sequences therein.
The plasmid further comprises the ColE1 origin of replication and an
ampicillin-resistance gene.

- 3. Expression casseftes

Plasmid pART7

20 Plasmid pART7 is an expression cassette designed to drive expression of
sequences cloned behind the 35S promoter. It contains a polylinker to assist
cloning and a region of the octipine synthase terminator. The 35S expression
cassette is flanked by two Not | restriction sites which permits cloning into
binary expression vectors, such as pART27 which contains a unique Notl site.

25 lis construction as described in Gleave, AP (1992), a map is shown in Figure



pCW. EGFP in the sense orientation to produce the internediate

pCW. EGFP. Gait (not shown); follow ng this further G-P sequences from

pCR. Bgl - pCW. EG-P. Gait in the antisense orientation. 5 Plasm d
pCW. Gal t. SVA0LR The plasm d pCWwW. Gal t. SV40LR (Figure 41) is designed to
express Galt cDNA sequences cl oned between the opposi ng CW and SV40L
pronoters in the expression cassette POW. SV40LR cass. To produce this

pl asm d t sequences from pCW. Galt were cloned as a Bgll|/BanmH
fragment T9r Bgll|l 10 digested pCW. SV40LR cass in the sense orientation
relative to the 35S pronoter. EXAMPLE 4 Cenetic constructs conprising PVY

Ni a sequences ope Y. 1.1 to the35S pronpter sequence and/ orthe SCBV
pr onot er @@,@&9’2@@?7134%&& C@88tor Plasnid pART27 Plasnid pART27 is a
bi nary vector, specifically designed to be conpatible wth the pART7

expression cassette. It contains bacterial origins of replication for both
E. soli anésmidopdedMymassmuvascidasigned stee @SRy dVe SePREAGNEENE0 gene

for_bact ecalerebeqthgiiobel LB ol TIOMA BRI Bk Satlig s DA

e
from Agro eriuni a  kananycrn re ace tasselte to

perm t5 set@edspundiig td dns hos terhiplaént ane lthe SOBY pronitgrcivers esplifistdce
cassette is | ocated between the T-DNA borders, pART27 also contains a

uni que NoRY ReBithepisienedin dheunobdinker of RART 6 helyeen thents MeBolrepar ed

in 25 vectos g)(_?gch as pART7 to be cloned between the T-DNA borders.
Construction of pART27 is described in deave, AP (1992). 70 Wen cloning
Not[ inserts into this vector, two insert orientations can be

, The resulting plasmid has the following arrangement of elements:

.

358 promoter - polylinker 1 - NOS terminator - SCBV promoter - polylinker 2 -
10 OCS terminator.

Expression of sequences cloned into polylinker 1 is controlled by the 35S
promoter, expression of sequences cloned into polylinker 2 is controlled by
the SCBV promoter. '

The NOS terminator sequences were amplified from the plasmid pAHC27
15 (Christensen and Quail, 1996) using the two oligonucleotides;

NOS &’ (forward primer; SEQ ID 9)
5-GGATTCCCGGGACGTCGCGAATTTCCCCCGATCGTTC-3’; and
NQOS 3’ (reverse primer; SEQ ID 10)
5-CCATGGCCATATAGGCCCGATCTAGTAACATAG-3

20  Nucleotide residues 1 to 17 for NOS 5’ and 1 to 15 for NOS 3’ represent
additional nucleotides designed to assist in construct preparation by adding
additional restriction sites. For NOS %' these are BamHlI, Smal, Aatll and the
first 4 bases of an Nrul site, for NOS 3’ these are Ncol and Sfil sites. The



obtained. In all the follow ng exanples the sane insert orientation,
“relative to the direction of the 35S pronoter in the described pART7
constructs was chosen; this was done to mninise any experi nent al
artefacts that may arise 5 from conparing different constructs with
different insert orientations. 2. Comercial plasmds Plasm d pBC (KS-)
Plasm d pBC (KS-) is comercially avai dble from Stratagene and conpri ses

10 mut 1 plina iy sSRRERSAoP ich UiRoRl PRBHUE 2PE Hankibdthe SN Beffidnces °
therein. Fhendd repedivaly bhROS sopuernsss ihfpAKBIZA. and fl origins of _
replication and a chl oroanpheni col -resi stance gene. Plasm d pSP72 Plasm d

pSP72 is commercially available from Pronega and contains a 15 nultiple

cloni ng sThe $OBV! HOMAEEEEHAEN@s Werd! HnifledIRe® FRIPRBARS #&i&%\ﬁbo- The

plasmd further conprises the ColEl origin of replication and an

anpi ci | | i OFzadis egakiO88using tRe e pligesudactidesettes Pl asmid pART7 20
Plasm d pART7 is an expression cassette designed to drive expression of
sequences cl oned behind the 35S pronoter. It contains a polylinker to

assi sts cBORVIP aniCLABEGACTATARGRCEATTIGCCGEANAERCAAGE NESEBAQ. IThe 35S
expressio& % ssette is flanked by two Not | restriction sites which
permts c Qni?a\)gapﬂto bi nary expression vectors, such as pART27 which
‘contains a unique Notl site. 25 Its construction as described in deave, AP

(1992). s8R, 5% 5° ARG HAACH A dc i THCRRBACS eSO NO13) ©2°°
Nucleotide residues 1 to 17 of SCBV 5’ encode Ncol and Sfil restriction sites
designed to assist in construct preparation, the remaining sequences are

10 homologous to upstream sequences of the SCMV promoter region.
Nucleotide residues 1 to 9 of SCBV 3’ encode Psp10461 and Hpa! restriction
sites designed to assist in construct preparation, the remaining sequences are
homologous to the reverse and complement of sequences near the

transcription initiation site of SCBV.

15 Sequences amplified from pScBV-20 using PCR and cloned into pCR2.1
(Invitrogen) to produce pCR.NOS and pCR.SCBV respectively. Smal ¥/Sfil
cut pCR.NOS and Sfil/Hpal cut pCR.SCBV were ligated into Sma | cut pART7
and a plasmid with a suitable otientation was chosen and designated
pART7.355.5CBV.cass, a map of this construct is shown in Figure 43.

20 4. Intermediate constructs
Plasmid pBC.PVY

A region of the PVY genome was amplified by PCR using reverse-transcribed
RNA isolated from PVY-infected tobacco as a template using standard
protocols and cloned into a plasmid pGEM 3 (Stratagene), to create
25 pGEM.PVY. A Sall/Hindlll fragment from pGEM.PVY, corresponding to a



Plasm d p35S. COW. cass was designed to express two separate gene sequences
cloned into a single plasmd. To create this plasm d, sequences 5
corresponding to the nos term nator and the SCBV pronoter were anplified by
PCR then cloned in the polylinker of pART7 between the 35S pronoter and
OCS. The resulting plasmd has the follow ng arrangenent of el ements: 35S
pronmoter - polylinker 1 - NOS term nat 48 - SCBV pronmoter - polylinker 2 -
10 OCS t egnj i ! AN is

cont ol | el TPl adPEAERLfoft 1586149765 the P shah R @alihB Pt

pol yl i nkeNoD1253%rGentdrdd, Wis thdre sP6BYnad avtotties plaBreid WBE (Stratagaher
sequences, were anplified fromthe plasm d pAHC27 15 (Christensen and

Quai |, 195®)) loGragta PRCENY Oriogendd)-coti des; NOS 5° (forward prinmer; SEQ ID
9) 5' - GGATTCCCGCGGACGTCGCGAATTTCCCCCGATCGITC-3'; and NOS 3' (reverse
primer; SEQ ID 10% 5' - CCATGGCCATATAGCCCCGATCTAGTAACATAG 3' 20 Nucl eoti de
resi dues RlasmidipBB72¥Y' 5 and 1 to 15 for NOS 3' represent additional
nucl eoti des designed to assist in construct preparation by adding
additional restriction sites. For NOS 5 these are BanH , Smal, Aatll and
the f4 r sPlasnid pSP62.PYY Waelprepamd by indd@ing 'ant BeskRI/Sak fidgmhertricbrsf i |

ites. Th i ni h ol i cl eot i d honol
fo the 5 BaPVY T UL A aS 0f REamedalontts Sansiiee oontaihe. Sy
pronot er seGEASISSsIRRIBN RS Adfidhd HRENEE iﬁe’g\ﬁWh@brP%?é/u%Qd to it et al,

1998) using the two oli | eotides: 5 SCBV
5' - CCATGCERETWESLIENTEERTSCAT TG this comdrudgbis shown in Figure 45.

Plasmid ClapBC.PVY

10 Plasmid ClapBC.PVY was prepared by inserting a Clal/Sall fragment from
pSP72.PVY into Clal/Sal | cutpBC (Stratagene). This construct contains
additional restriction sites flanking the PVY insert which were used to assist
subsequent manipulations. A map of this construct is shown in Figure 46.

Plasmid pBC.PVYx2

16 Plasmid pBC.PVYX2 contains two direct head-to-tail repeats of the PVY
sequences derived from pBC.PVY. The plasmid was generated by cloning an
Accl/Clal PVY fragment from pSP72.PVY into Accl cut pBC.PVY and is
shown in Figure 47.

Plasmid pSP72.PVYx2

20 Plasmid pSP72.PVYx2 contains two direct head-to-tail repeats of the PVY
sequences derived from pBC.PVY. The plasmid was generated by cloning an
Accl/Clal PVY fragment from pBc.PVY into Accl cut pSP72.PVY and is shown
in Figure 48.



NO 11); and SCBV 3': 5' - AACGTTAACTTCTACCCAGITCCAGAG 3' (SEQ I D NO 12)

Nucl eotide residues I to 17 of SCBV 5 encode Ncol and Sfil restriction
sites designed to assist in construct preparation, the renaining sequences
are 1o honol ogous to upstream sequences of the SCW pronoter region.

Nucl eotide residues 1 to 9 of SCBV 3 Hcode Pspl10461 and Hpal restriction
sites designed to assist in.construct eparation, the remaining sequences

are honopRggH B pgygverse and conpl enent of sequences near the
transcription ?’n{jti at i ongsi te of SCBV. 15 Sequences anplified from pScBV-20

using PCR and cloned into pCR2.1 (Ilnvitrogen) to produce pCR NOS and

re ligatée int. = u B gy NeAd gt Sa ull apf '
here 11 gat EanE BERYYREDorbiRy Arre et Reag Tl  pbbels B apF VP T 5
ori ent at i sgquertcesiisRRdRsndsBC PaY e T hePpIBREMid MasHrBYarREBy chrifpadl this

construct is shown in Figure 43. 20 4. Internediate constructs Plasmd
pBC. PVY AAcddlah RYY tfrrament ferbpsREEsPYpints iAae! wpt pBT.HRME and is

rever se-t ki i sol ated from PVY-infected tobacco as a tenplate
usi ng%gt aén@ak?'?i in E%ﬁ%?yﬁs and cloned into a plasmd pGEM 3 (Stratagene), to
create 25 pCEM PVY. A Sall/H ndlll fragnment from pGEM PVY, corresponding to

a 73 Sal L{H ndll nt positions 1536-2270 of the PVY strain O
. sequence H&S&lld Rgc{fﬁggg Genbank), was ‘then subcloned into the plasmd
pBC (Stratagene 1Inc.) to create pBC. PVY (Figure 44). Plasm d pSP72. PVY 5
Plasm d pSP72..RPVY, repared. by_inserting an EcaoR /Sal |l f t from
pBC. PVY ih "EQOE’?&ZEYPX‘%LRO 3B fqus, 'ﬁ%ﬁaﬁ.eaq'lji?‘ I (5?\@‘??t§c?{ glg‘?]tiaﬂ{s
o sequences derived from pBC.PVY. The plasmid was prepared by cloning the
‘ direct repeat of PVY sequences from pSP72.PVYx2 as an Accl/Clal fragment
10 into Accl cut pBC.PVYx2 and is shown in Figure 50.

Plasmid pBC.PVY.LNYV

All attempts to create direct palindromes of PVY sequences failed,
presumably such sequence arrangements are unstable in commonly used E.

coli cloning hosts. Interrupted palindromes however proved stable.

15 To create interrupted palindromes of PVY sequences a "stuffer” fragment of
approximately 360 bp was inserted into Cla pBV.PVY downstream of the PVY

sequences. The stuffer fragment was made as follows:

A clone obtained initially from a cDNA library prepared from lettuce necrotic
yellows virus (LNYV) genomic RNA (Deitzgen et al, 1989), known to contain
20 the 4b gene of the virus, was amplified by PCR using the primers:

LNYV 1:5-ATGGGATCCGTTATGCCAAGAAGAAGGA-3' (SEQ ID NO:13);

and

LNYV 2:5-TGTGGATCCCTAACGGACCCGATG-3' (SEQ ID NO:14)



additional restriction sites flanking the PVY insert which were used to
assi st subsequent manipulations. A map of this construct is shown in
Figure 45. Plasm d ClapBC PVY 1o Plasm d Cl apBC. PVY was prepared by
inserting a Gal/Sall fragnment from pSP72.PVY into Cal/Sal | cutpBC
(Stratagene). This construct contains _additional restriction sites

fl anking the PVY insert which vvere usedot o assi st subsequent

| at ki 6
ol 2t RGO SRS EE RN el e RO
the PVY aeciaemtmachelnmmetd)gbuerm }sB@ué%(es dhthefllNBYi4h yase.gener at ed by

cloning an Acci/dal PVY fragment from pSP72. PVY into Accl cut pBC. PVY and
is shown in Figure 47. Plasm d pSP72. PVYx2 20 Plasm d pSP72. PVYx2 cont ai ns

two di r ecFoliewidgt aniplifitatictneties fRignidit WEY cRPRMERBS tHE Hurd éﬂt@reprC PVY.
The plasm d _was generat ed bK cl oni nfq an Accl/dal PVY fragnent from
ra

pBc. PVY i RER2at Ebtratagepep7ThiskeelRbfragmentwas ¢loned infodha&coRd sitelafsni d

PEC DY HET AR, RIS, G Bl o Py b ©

cl oni ng aghovain Figuaé 5RVY fragnment from pSP72. PVY into Accl cut pBC PVYx2
and is 5 shown in Figure 49. Plasmd pBC. PVYx4 Plasm d pBC. PVYx4 contains
four direct head-to-tail repeats of the PVY sequences derived from

pBC. PVY. Ph&smicgBCPWINY¢Fyed by cloning the direct repeat of PVY
sequences from pSP72. PVYx2 as an Accl/C al fragnment

o - The plasmid pBC.PVY.LNYV.YVP contains an interrupted direct repeat of
PVY sequences. To create this plasmid a Hpal/Hincll fragment from pSP72
10 was cloned into Smal-digested pBC.PVY.LNYV and a plasmid containing the

sense orientation isolated, a map of this construct is shown in Figure 52.
Plasmid pBC.PVY.LNYV.YVP»

The plasmid pBV.PVY.LNYV.YVPa contains a partial interrupted palindrome

of PVY sequences. One arm of the palindrome contains all the PVY
15 sequences from pBC.PVY, the other arm contains part of the sequences from

PVY, corresponding to sequences between the EcoRV and Hincll sites of

pSP72.PVY. To create this plasmid an EcoRV/Hincll fragment from

pSP72.PVY was cloned into Smal-digested pBC.PVY.LNYV and a plasmid

containing the desired orientation isolated, a map of this construct is shown in
20 Figure 53.

Plasmid pBC.PVY.LNYV.YVP

The plasmid pBC.PVY.LNYV.YVP contains an interrupted palindrome of PVY
sequences. To create this plasmid a Hpal/Hincll fragment from pSP72. was
cloned into Sma-digested pBC.PVY.LNYV and a plasmid containing the

25 antisense orientation isolated, a map of this construct is shown in Figure 54.



1o into Accl cut pBC PVYx2 and is shown in Figure 50. Plasm d pBC. PVY. LNYV
Al attenpts to create direct palindrones of PVY sequences failed,
presunmably such sequence arrangenents are unstable in comonly used E.

coli cloning hosts. Interrupted palindromes however proved stable. 15 To
create interrupted palindronmes of PVY sequences a "stuffier"” fragnent of
approxi-mately 360 bp was inserted into’® a pBV. PVY downstream of the PVY

sequencesg %ﬁ&%wi%agnent was nade as follows: A clone obtained

initially froma rary prepared fromlettuce necrotic yellows virus
(LNYV) genom c RNA (Deitzgen et al, 1989), known to contain 20 the 4b gene

f the vi i ' th i s: LNYV

15 | vl B2 e RAEETRW 520 1B R0 15) ¢ and Ly

2: 5" - TGTGGATCCCTAACGGACCCGATG 3" (SEQ ID NO 14) 75 The first 9 nucl eotide
f th ' mH  sit t he. | ni | eotides are

horl ogoublasE A B (PIee e va SSIRCk Fotiess EMS! Pe9uacEan, ¢ he
fragment w@vers lhgnee 359 %r&%t@?ogrifrﬁa%nﬂ s&@a&p@%@%ﬁ@ﬁﬁ&}ucﬁh' s EcoR

fragment was cloned into the Eco te of 5 Ca to create the
i nt er riedi tesepexparinenBCapdinst Nvhichhalt lothar cehstructs iwas gompaiaed. PTasni d

firect +cBungra thipoieodt ffudl et igrant soim IR Gy Wes Jafeditter |
fragment Elmigsitéd pplwrm&éqﬂ@gnidﬂmh%mﬂed&geéfe&sﬁ%% Réhskyand a

plasm d containing the sense orientation isolated, a map of this construct
i s shown $equanfer avith respricista the BeYPvgenome, waa selected.  Sequences

o consisting of the 355 promoter, PVY sequences and the OCS terminator were
\ 10  excised as a Notl fragment and cloned into Notl-digested pART27, a plasmid
with the desired insert orientation was selected and designated pART27.

Plasmids pART7.35S.PVY.SCBV.0O & pART27.355.PVY.SCBV.O

Plasmid pART7.358.PVY.SCBV.0 (Figure 56) was designed to act as a
control for co-expression of multiple constructs from a single plasmid in

15  transgenic plants. The 35S promoter was designed to express PVY sense
sequences, whilst the SCBV promoter was empty. To generate this plasmid,
the PVY fragment from Cla pBC.PVY was cloned as a Xhol/EcoRI fragment
into Xhol/EcoRI-digested pART7.35S.SCBV.cass to create
p355.PVY.SCBV.O. Sequences consisting of the 358 promoter driving sense

20 PVY sequences and the NOS terminator and the SCBV promoter and OCS
terminator were excised as a Notl fragment and cloned into pART27, a
plasmid with the desired insert orientation was isolated and designated
pART27.355.PVY.SCBV.O.

Plasmids pART7.355.0.SCBV.PVY & pART27.35S.0.SCBV.PVY

25 Plasmid pART27.358.0.SCBV.PVY (Figure 57) was designed to act as an
additional control for co-expression of multiple constructs from a single

plasmid in transgenic plants. No expressible sequences were cloned behind



The plasm d pBV. PVY. LNYV. YVPa contains a partial interrupted palindrome of
PVY sequences. One armof the palindronme contains all the PVY 15 sequences
from pBC. PVY, the other armcontains part of the sequences from PVY,
correspondi ng to sequences between the EcoRV and Hincl| sites of

pSP72. PVY. To create this plasmd an E /H ncll fragment from pSP72. PVY
was cloned into Snal -di gested pBC. PVY. L and a plasmd containing the
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Plasmid pART7.358.0.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 SCBV promoter drove expression of a PVY
15  antisense fragment. To generate this plasmid, the PVY fragment from Cla
pBC.PVY was cloned as a Clal fragment into Clal-digested p35S.SCBV .cass,
a plasmid containing PCY sequences in an antisense orientation was isolated
and designated p35S.0.SCBV.YVP. Sequences, consisting of the 358
promoter and NOS terminator, the SCBV promoter driving sense PVY
20 sequences and the OCS terminator were excised as a Notl fragment and
cloned into pART27, a plasmid with the desired insert orientation was isolated

and designated pART27.35S.0.SCBV.YVP.

6. Test plasmids
Plasmids pART7.PVYx2 & pART27.PVYx2

25 Plasmid pART7.PVYx2 (Figure 59) was designed to express a direct repeat of
PVY sequences driven by the 35S promoter in transgenic plants. To generate
this plasmid, direct repeats from pBC.PVYx2 were cloned as a Xhol/BamH|
fragment into Xhol/BamHI cut pART7. Sequences consisting of the 35 S



control for co-expression of nultiple constructs froma single plasmd in
15 transgenic plants. The 35S pronpbter was designed to express PVY sense
sequences, whilst the SCBV pronoter was enpty. To generate this plasmd,
the PVY fragnment from C a pBC PVY was cloned as a Xhol/EcoR fragment into
Xhol / EcoRl - di gest ed pART7. 35S. SCBV. casz to create p35S. PVY. SCBV. O
Sequences consisting of the 35S pronot B dri vi ng sense 20 PVY sequences and

Lhe NCS t pfeaobiraéSHRSISEPIY aRQURE 004 BFindhS Weha ot 4, g oed

as a Notl fragnent and cloned Into plasmd w red
i nsert or Nett tagmentviron paRERBVYXE @t&ﬁlc@}n@ﬂegtc:oB VWPVYW @g%@gi pm§$,cav. O
Pl asm ds RT7.,355 O,SCBV. PVY & pART27. 35S. O . asm

pART27. 35 %"@@Bwﬁﬁ\ﬁpe(cgieﬁﬁgg '@?;ﬂmﬁﬂe@@w@n‘ﬁast%ﬁ‘ﬁ%t?daémﬁndeﬁgmtﬁﬁonal

control fgarag@7epggssion of nultiple constructs froma single plasmd in
transgenig plants. No expressible sequences were cloned behind 77 the 35S
pronoter, whilst the SCBV pronoter drove expression of a PVY sense

frag t. PT&éﬁngLefﬁm’Tt. ' xgl@ﬁg'fgzj B%eYls?‘th fragnent fromCla pBC PVY was

cloned as a ragment into dig ed pART7.35S. SCBV. cass, a
pl asm d contai ning PVY sequences in a sense 5 orientation was isolated and

' ' I sti f the 35S d
NG Ler m i AARFERY S CRITETY as prgoted o Shpss el febemtoh e ocs
term nat othreerRVesddgedices divdaty tid 3g8eplonitar & %ﬁggéﬁb%tﬁﬁgg 2o @

plasmid with the desired insert ‘orientation was isolafed and si gnat ed
PART27. 358eterate\hisyplasmid pdifest depeatxTiToms sBBC.BEEY3 Yweres cloned as a

Fo act asaproaN gl REPUEs R ARIL Seblehier cprstBa T Lt e
from® sitigl 8S promoter, direct repeats of PVY and OCS terminator were excised as
a Notl fragment from pART.PVYx3 and cloned into Notl-digested pART27, a
- plasmid with the desired insert orientation was selected and designated
pART27.PVYX3. '

Plasmids pART7.PVYx4 & pART27.PVYx4

15 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 plasmid, direct repeats from pBC.PVYx4 were cloned as a
Xhol/BamH! fragment into xhol/BamHI cut pART7. Sequences consisting of
the 35S promoter, direct repeats of PVY and the OCS terminator were

20 excised aé a Notl fragment from pART7.PVYx3 and cloned into Noti-digested
PART27, a plasmid with the desired insert orientation was selected and
designated pART27.PVYX3.

Plasmids pART7.PVY.LNYV.PVY & pART27.PVY.LNYV.PVY

Plasmid pART7.PVY.LNYV.PVY (Figure 62) was designed to express the
25 interrupted direct repeat of PVY sequences driven by the 35S promoter in
transgenic plants. This construct was prepared by cloning the interrupted
direct repeat of PVY from pBC.PVY.LNYV.PVY as a Xhol/Xbal fragment into



plasmd in transgenic plants. No expressible sequences were cl oned behind
the 35S pronoter, whilst the SCBV pronoter drove expression of a PVY 15
anti sense fragnent. To generate this plasm d, the PVY fragnent fromd a
pBC. PVY was cloned as a Clal fragnent into Cal-digested p35S. SCBV. cass, a
pl asm d contai ning PCY sequences in an ant i sense orientation was isol at ed
and desi gnated p35S. O SCBV. YVP. Sequen , consisting of the 35S pronoter

and NGB { gL k80l SR RS AT Sl AL B SRISE oo 38coalteggee and

t he OCS t I~ Were excl se girén 0 pART27,

a pl asm dihg mmrtdmedeﬁq‘ebﬁﬁb_PMﬁIPW isequentenama shé srctatt@mnm wistei gnat ed
pART27. 35S. Q. SCBV. YV pl asm ds Pl asnmi ds pART7. PVYx2 & pART27. PVYx2

25 Pl asni %%&@WOP\MBT(YFH’WM%‘@S)P%@S@@DQrfagmwt@m#@g@e@ﬂﬁpﬂ\g& repeat
f  PVY
O iofat - AEHSRREBARTRYCR fiiohF WAASHPL AU isPrdUHIS0H el e,

XhoI/@%ndHea@mmd PART2KIRVY By P00, pART7. Sequences consi sting of t he
35 S 78 pronoter, direct repeats of PVY and the OCS term nator were

excised as a Not[ fragment from pART7. PVYx2 and cl oned into Notl -di gested

PART27, apiddrriy mvrpwﬁ_wwjv\maiaagwmﬂpwemwwg sel ected and
desi gnated pART27.PVYx2. 5 Plasm ds pART7. PVYx3 & pART27. PVYx3 Plasm d

PART7. PVYx3 (Figure 60) was designed to express a direct repeat of three
PVY sequepeenidrpART7 I LRSI 0 gpfg%'fe '@)tW%%%@r@dp{@@kﬁresﬁgﬁh}age”er ate

this plasmd, direct repeats from pBC'PVYx3 'were cl oned as a BanH|

f ragnment partial mw@amﬁhalmdrorpamfPV‘Seﬁgmwees cloivein 1yi the 35S prombter3ss

{,_Qrom)t er’in ir%\%géerqlgpp ants. ThIS cons(zrucxfjswas pre[r:}g:te%r b@ecr:lgnﬁ'lxgcthee dpa?‘tsal

{ 10 interrupted palindrome of PVY sequences from pBC.PVY.LNYV.YVPa as a

- XholfXbal fragment into pART7 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

15  pART27, a plasmid with the desired insert orientation was selected and

designated pART27.PVY.LNYV.YVP.
Plasmids pART7.PVY.LNYV.YVP & pART27.PVY.LNYV.YVP

Plasmid pART7.PVY.LNYV.YVP (Figure 64) was designed to express the
interrupted palindrome of PVY sequences driven by the 35S promoter in

20 transgenic pfants. This construct was prepared by cloning the interrupted
palindrome of PVY sequences from pBC.PVY.LNYV.YVPa as a Xhol/Xbal
fragment into pART7 digested with Xhol/Xbal. Sequences consisting of the
35S promoter, the interrupted palindrome of PVY sequences and the OCS
terminator were excised from pART7.PVY.LNYV.YVP as a Notl fragment and

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



a Not[ fragnment from pART. PVYx3 and cloned into Not[-digested pART27, a
plasmid with the desired insert orientation was sel ected and desi gnat ed
PART27. PVYx3. Pl asm ds. pART7. PVYx4 & pART27. PVYx4 15 Plasm d pART7. PVYx4
(Figure 61) was designed to express a direct repeat of four PVY sequences
driven by the 35S pronoter in transgenic plants. To generate this plasmd,
direct repeats from pBC PVYx4 were cl oB@d as a Xhol / BanH fragnment into

xhol / Ba . L/l 4 qﬁgﬁg di rect
repeats %Ia&%d%ﬁ?%ﬁgﬁ‘%ﬁmﬁaif gr" ﬁv\%% @Eﬂe?? ?é@hésgg f ragnment
from pART7. PVYx3 and cloned into Notl-digested pART27, a plasmd with the
O s BB S VR RS Bl el RO Rl TEL SR

Pl asni ds . LN Y . . / }
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di rect repeat of PVY sequences driven ronoter in transgenic
pl ants. Tplasmidtise R fregsnentdpeme@iabpBE.BYYnyas raloned @srapthed/EcoRlect

i Dectteq TrRAHeRhITPREI eI EEY B SPRY SR BN AL Dbshllbieds (P~
interr Upt%ﬁgtfr%_éf fgﬁﬁsﬁmbn{%‘{é’r aﬁﬁﬁaomeapw Bequdrecseand fiad NOSEr e

exci sed from pART7. PVY as a tl fragnent and cloned into Notl -

di gest ed teARiIrEtor angl thariSCBVt prarheted cdiiving antisense oPV¥neati the &sSsel ect ed
5 and desj gnat ed pART27. PVY, LNYV. 15 1,.d 0, &
pPART27. PW?TWW@@JGP?QQW% %&%’5‘%@@%&@%@@@‘%%&% 'd8si gned

t 0 expresslabimid Wit tthel desir&d ringée donantation owas ofsolN&d saadi edesignatetiven by
t he 35S prompter in trans%e\r(l\lng pl ants. This construct was prepared by

Ccl oni iy tPRARPAYE58.PVY.SCB

. Plasmids pART7.355.PVYx3.SCBV.YVPx3 &
pART27.355.PVYx3.SCBV.YVPx3

Plasmid pART7.355.PVYx3.SCBV.YVPx3 (Figure 66) was designed to co-
express sense and antisense repeats of PVY in transgenic plants. to

15 generate this plasmid, the intermediate pART7.358.0.SCBV.YVPx3 was
constructed by cloning the triple direct PVY repeat from ClapBC.PVYx3 as a
Clal/Accl fragment into Cla-digested p35S.SCBV.cass and isolating a plasmid
with an antisense orientation. for p35S.PVYx3.SCBV.YVPx3 the triple direct
PVY repeat from Cla pBC.PVYx3 was cloned as a Kpnl/Smal fragment into

20  Kpnl/Smal-digested p35S.0.5CBV.YVPx3 to create
p35S.PVYx3.SCBV.YVPx3. Sequences including both  promoters,
terminators and direct PVY repeats were isolated as a Notl fragment and
cloned into pART27. A plasmid with an appropriate orientation was chosen
and designated pART27.353.PVYx3.SCBV.

25 Plasmids pART7.PVYx3.LNYV.YVPx3 & pART27.PVYx3.LNYV.YVPx3

Plasmid pART7.PVYx3.LNYV.YVPx3 (Figure 67) was designed to express
triple repeats of PVY sequences as an interrupted palindrome. To generate
this plasmid an intermediate, pART7x3.PVY.LNYV.YV was consiructed by



lo interrupted palindrone of PVY sequences from pBC. PVY.LNYV. YVPa as a

Xhol / Xbal fragnent into pART7 digested wth Xhol/Xbal. Sequences

consisting of the 35S pronoter, the partial interrupted palindrome of PVY
sequences and the OCS term nator were excised from pART7.PVY.LNYV. YVPe as
a Notl fragment and cloned into Notl-di ?ested 15 pART27, a plasmd with the
desired insert orientation was sel ecte8land designated

Pl asm d pARRNOeyRy, PAWLIVY-PRrg dRcrmbt i oG P ERO TR A ™

i nt er r upt Agclp@lal ndr offeghientVY s@ftienceshdri veplddmidhe 35ARTPINGR.I N
transgenic gl ants. Thi s construct was prepared by cloning the i nterrupt ed

pal i ndr onPABT 7I3H8. B SN VY Ik Beapvmadsviy Yalening sam adeitionabdfVY f r agment

or onot er, AT FEREEF 5 RFEEMYRR e AU EARERE 10 Llat e

t er m rgat OpAWQSGPWEBW\fWP PART7. PVY. LNYV. YViBcfuehchlot [ fragmapimand 25
cloned into q_ART 7, a plasmd with the desired insert orientation was

sel ect ed BARTAeSRNYS.LINRYIVRXB,. linghydingp.theo 358 apiempler, all PVY

PART7. 35S 7 P

PARTY. 35 %@%\ﬁ%ﬁhéﬁéﬁé S?QOP\% gglgyd:ﬁ%v % %gﬁgﬁgﬁ mentsgﬂge and
ant i sensecloned tintachetlidigédted JPRITZ7 A @MsmudTmtlgm\eappmphbteson@ht@ﬁﬁhd t he
PVY fragment fromd a BC PVY was cloned as, a Xhol/EcoR 5 fragnment into
xhol / EcoRvagicheserang B2/ - 3&mPVRRNE¥s,  consisting of the 35S
pronoter driving sense PVY sequences and the NOS term nator and the SCBV
_promoter driving antisense PVY and the OCS termnator were excised as a
{Not| 1& aghtasm ARTARNVY moultth&oART2Z.PY aawitid with the desired insert

‘orientation was isolated and desi gnated

Plasmid pART7.35S.PVY multi (Figure 68) was designed to express higher
order direct repeats of regions of PVY sequences in transgenic plants. Higher
order direct repeats of a 72 bp of the PVY Nia region from PVY were prepared

* by annealing two partially complementary oligonucieotides as follows:

15  PVY1:
5.
TAATGAGGATGATGTCCCTACCTTTAATTGGCAGAAATTTCTGTGGAAAGAC
AG
GGAAATCTTTCGGCATTT-3' (SEQ |D NO:15); and

20 PVY2:
5-
TTCTGCCAATTAAAGGTAGGGACATCATCCTCATTAAAATGCCGAAAGAT

T

TCCCTGTCTTTCCACAGAAAT-3’ (SEQ ID NO:16)



1o pART27.35S. PVY. SCBV. YVP. Pl asm ds pART7. 35S. PVYx3. SCBV. YVPx3 &

pART27. 35S. PVYx3. SCBV. YVPx3 Pl asm d pART7. 35S. PVYx3. SCBV. YVPx3 (Fi gure 66)
was designed to co- express sense and antisense repeats of PVY in
transgenic plants. to 15 generate this plasmd, the internediate

PART7. 35S. O. SCBV. YVPx3 was constructed by cloning the triple direct PVY
repeat from Cl apBC. PVYx3 as a Clal/Ac8 fragnent into C a-digested

3os Prvaalighlelestit Wi popRudlatt bl I oTFRIReR K vs was
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designed to express triple repeats of PVY sequences as _an interrupted

pal i ndr onte. cre@t@éln@matteanediai@ pAREAPY Yamuliv dorerente pARIRZTINE. v, LNYV. YV

pic. v LR arBReShr PYEERe ety Pl R 06 R e BB erk tieieastes Bvvica,

PARTY7. 35346 Y% rhéPﬁ/aWPeqsneMaﬁth| 8igestcNpARTRT. adnllptlasmml witiYan di r ect
repeat from pBC. PVYx2 as an Accl al fragnment into d al % ested 5

PART7xX3. FQDPYDNWGYIVPBftS@GUEﬁ@QQNw lﬁwatpgkﬁmﬂ desigrajest PARNR/-RVExulti ncl udi ng
the 35S pronoter, all PVY sequences and the OCS term nator wer e excised as

a Notl fragnment and
£ 10 EXAMPLE 5

Inactivation of virus gene expression in mammals

Viral immune lines are created by expressing viral sequences in stably

transformed cell lines.

in particular, fytic viruses are used for this approach since cell lysis provides
15  very simple screens and also offer the ability to directly select for potentially
rare transformation events which might create viral immunity. Sub-genomic
fragments derived from a simple single stranded RNA virus (Bovine
enterovirus - BEV) or a complex double stranded DNA virus, Herpes Simplex
Virus | (HSV 1) are cloned into a suitable vector and expressed in transformed
20 cells. Mammalian cell lines are transformed with genetic constructs designed
fo express viral sequences driven by the strong cytomegalovirus (CMV-IE)
promoter. Sequences utilised include specific viral replicase genes. Random
"shotgun” libraries comprising representative viral gene sequences, may also
be used and the introduced dispersed nucleic acid molecule, to target the

25 expression of virus sequences.

Exemplary genetic constructs for use in this procedure, comprising nucleotide
sequences derived from the BEV RNA-dependent RNA polymerase gene, are

presented herein.



cloned into Noti-digested pART27, a plasmd with an appropriate orientation
was chosen and desi gnated pART27. 35S. PVYx3. LNYV. 1o Pl asm ds pART7. PVY
multi & pART27.PVY multi Plasm d pART7.35S. PVY nmulti (Figure 68) was
designed to express higher order direct repeats of regions of PVY
sequences in transgenic plants. ngher order direct repeats of a 72 bp of
the PVY Nia region fromPVY were prepa 2d by annealing two partially

o ST Yyl AL R A b Yy 100) o

GGAAAT CT A dronvidd <8l I{r}‘éﬁ%ﬂ%éﬁé@éd anadinféRe®Wilh 115 reSPCTICGEGARET AAAG
GTAGGGACATCATCCTCATTAAAAT TCCCTGTCTTTCCACAGP@@ QID

NO 16) sZormealisdransgionmeed withadwtgrn biatiesorasy Jargedyirapers nﬁEﬁC@u | eoti de
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(Invitgr OEEI-'GiﬂDowm%’I ViR dhallongei regigiant!l ddliplives ereaselentede andolaaalgeledmd
sequences were cloned as EcoR fragnents in a sense orientation into
EcoR! - di Jugtheatpdeterming thesasences CONFArERGEBIBEY SReEPPNPVY nulti. to
create pART27.PVY multi, the 35S pronoter, PVY sequences and the OCS
term nator were excised as a Notl fraﬂment and cloned into Notl-digested
PART27. MResistant ¢ellilinesaare syppatve afdherability dfrthedttiodusedmyciestidat ed and

desi gnat esd uAeﬁ-{E%s to lnacmda{e viral gene expression in a mammalian system.

- Additionally, resistant lines obtained from such experiments are used to more
| 10 precisely define molecular and biochemical characteristics of the modulation

which is observed.
EXAMPLE 6
Induction of virus resistance in transgenic plants

Agrobacterium tumefaciens, strain LBA4404, was transformed independently

15  with the constructs

pART27.PVY
pART27.PVYx2
pPART27.PVYX3
pART27.PVYx4

20 pART27.PVY.LNYV.PVY
pART27.PVY.LNYV.YVPa
PART27.PVY.LNYV.YVP
pART27.35S.PVY.SCBV.O
pART27.35S.0.SCBV.PVY

25 PpART27.358.0.SCBV.YVP
pART27.35S.PVY.SCBV.YVP
pART27.358.PVYx3.SCBV.YPVx3



lo EXAMPLE 5 | nactivation of virus gene expression in manmmals Viral imune
| ines are created by expressing viral sequences in stably transfornmed cel
lines. In particular, lytic viruses are used for this approach since cel

| ysis provides 15 very sinple screens and also offer the ability to
directly select for potentially rare transformation events which m ght
create viral immunity. Sub-genom c frﬁﬁnents derived froma sinple single

st randed I I ' erovirus - BEV) or a conplex double stranded
DNA vi ru&%ét&%ﬁg#dw' vl ?{313 | (HSV 1) are cloned into a suitable
vector arnghR¥pyYgssegign transformed 20 cells. Mammalian cell lines are

transfornmed with genetic constructs designed to express viral sequences
driven by the strong cytonegal ovirus (CW-1E) pronoter. Sequences utilised

i ncl ude Sp&&d fiipardridl n'faﬁﬁgs.CWAgﬁﬂﬁEred?ﬂQWhe"sé R Wweld Preiydred
conprising representative Viral gene Sequences, may also be used and the

i nt r oduceahdi sxamined rhyc| restrictiond with eatl e fo t ensuregdhey heontamedx dhessi on of
Vi rus sequences. E$<errpyl ar enetic constructs for use in this procedure,
conpr i%si rRPRIGENas Piaa ‘é%é nces derived fromthe BEV RNA-dependent RNA
pol ymerase gene, are presented herein. 83 For viral polynerase

constructs, |large nunbers ( I OXI y 100) of transfornmed cell |ines
are generMicetiagdd iaheee¥dd eﬁtﬁ%vacfhm pe®&Ge V’T”Fﬁgfme‘%orw@%ll ese

transfor rﬁ@qﬂa&%rﬁ}?ﬁtmnéi BEiRGT SBInYaRY prdcEBuRisTDePattiDENHaREIMEH
nme ul k

transf or Ines are generated and screened I n bl for viral imunity. 5
Fol | owi ngshootsiswetealekeisgd, ama goeteahonc piddia i onedaining kKanamyein. atdndeanal ysed

further tp determ.ne the sequences, conferring,i ni.ty. thereon I st ant
ol | T neBelp ST Wod T EREsaisnty: ghisre I Sh iRt pagiR e
10 will root on kanamycin plates. Rooted shoots were fransferred 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.

Viral inoculum was prepared from W38 tobacco previously infected with the
virus, approximately 2 g of leaf material, showing obviocus viral symptoms
15  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 m! of inoculum was applied to each leaf and leaves rubbed fairly
vigorously with fingers. Using this procedure 100% of non-transgenic control

20 plants were infected with PVY.

To assay for viral resistance and immunity transgenic plants are monitored for
symptom development. The PVY strain (PVY-D, an Australian PVY isolate)
gives obvious symptoms on W38 tobacco, a vein clearing symptom is readily
observed on the two leaves above the inoculated leaves, subsequent leaves
25  show uniform chlorotic lesions. Symptom development was monitored over a

six week period.

Transgenic lines were described as resistant if they showed reduced viral

symptoms, which manifests as a reduction in the leaf are showing chiorotic



sequences to inactivate viral gene expression in a mammalian system
Additionally, resistant |ines obtained fromsuch experinents are used to
nore 1o precisely define nolecular and biochem cal characteristics of the
nmodul ati on which is observed. EXAMPLE 6 | nduction of virus resistance in
transgeni ¢ plants Agrobacteriumtunmefaciens, strain LBA4404, was
transforned i ndependently 15 with the8®onstructs pART27. PVY PpART27.PVYx2

pART27. P p 2 4 20 7. ; P N YV.YV P
o pART2TOPOPSL AR RS fpay et slbha g Monty S ke gl puy
25 PART27|edkhsOaiRbs¥MRd RARE2PIaIE S0 RESKSRIdktaide RvhicARTRhifdbtsSas PVYx3. S
CBV. Y PVx3 84 pART27. PVYx3. LNYV.YVPx3 pART27.PVYxlI 0O using tri-parental
mat i ngs. MEANCA syMtems o ieaves Bt develaplatesy Rlapt @igdiBd  and exani ned by
restriction with Notl to ensure they contained the 5 appropriate binary

vectors. Nicotiana tabaccum (cultivar WB8) were transformed with these
Transgenic plants which showed absolutely no evidence of viral symptoms

5 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-classified as resistant.

For plant lines generated Southern blois are performed, resistance in

£ subsequent generations is monitored to determine that resistance/immunity is

10 transmissable. Additionally, the breadth of viral resistance is monitored by
challenging lines with other PVY strains, to determine whether host range
susceptibility is modified.

Results from these experiments are described in Table 2. These data
indicate that constructs comprising tandem repeats of target gene sequence,
15  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 virus target gene in the transgenic plant.

20 Constructs combining the use of direct and inverted repeat sequences,
namely pART27.358.PVYx3.SCBV.YVPx3 and
pART27.PVYx3.LNYV.YVPx3, are also useful in modulating gene expression.

EXAMPLE 7

Inactivation of Galt in animal cells

25 Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to



Agrobacterium strains using standard procedures. Putative transforned
shoots were excised and rooted on nedia containing kananyci n. Under these
conditions we have consistently observed that only transgenic shoots 1lo
will root on kananycin plates. Rooted shoots were transferred to soil and
allowed to establish. After two to three weeks, vigorous plants with at

| east three sets of |eaves were chose®fand infected with PVY. Viral

: | f , : , ’
appr oxi el SUEGE BOPGT Tonesv DAl GHSITRGAHGNY ORI ERY ST w2l
ground Wi frfnSFarhad Ut the Tellaft cohstiOEM MKzl vohstitutilblyr expridss. 5) . the
I noculumwas diluted to 200 M with additional Na phosphate buffer. Two

| eaves f rGaitenzyme; s getivity of whichwesults iy thecaddition ©oh acvansly @heui3-t hen
0.4 m of i | liedt h.| eaf d | d.fairl

Vi gor ousl ARk B B e B SRR RrpBRRsH Bt ARt Paradhiar s
contrgl @lspl s dﬁ*.reaétpgtgcéﬁ bl Fr{a)s!f’\&snvaﬁifeﬁﬁ? asshQBd Viding o pRirkt ance

and i nmunity transgenic p ts are nonitored for” synptom devel opnent. The
PVY st r aileciP\(iB4), whichusinds | spesifieatly ite ogalaetpsylyresidues winogell Spngeens on

WB8.t obacco, .a vein, ¢l earjng. s tomis readi] obser v o | eaves
above t hePTOlBS i?eclfﬁ?%t:@e‘ts8'@%4&@&?\?@"&5@?@@ gﬁ%&/vug%ﬁ"f §?h§§\?ﬁtr§?ot iC

| esions. GyPt HEPYEHEP IMaS cHRfigate® dwity ebiotin  Bigmagefoliogiedoty
Transgenic |ines were described as resistant if they showed reduced viral
synpt ons, stiéptakidinaspnisgateda §1ECr &AITtinaativationhwap eRpNieeds e ngfthesl or ot i ¢

85 lesiops. Resistance range m very strong resistance where only a few
viral 10 e@li'cgﬁgc?ﬂ%e %%8??@9'9%?11:%6 "ant to weak resistance which nanifects

{ds reduced synptoms on |eaves that develop late in plant growh.
'Transgenigxalnﬁ]gté 8\/\,hi ch showed absolutely no evidence of viral synptons

Preparation of plasmid construct cassettes for use in achieving co-

suppression
1. Generic RNA isolation, cDNA synthesis and PCR protocol

15  Total RNA was purified from the indicated cell lines using an RNeasy Mini Kit
according to the supplier's protocol (Qiagen). To prepare cDNA, this RNA was
reverse-transcribed using Omniscript Reverse Transcriptase (Qiagen). Two

micrograms of total RNA was reverse-transcribed using 1uM oligo dT (Sigma)

as a primer in a 20 yl reaction according to the supplier's protocol (Qiagen).

20 To amplify specific products, 2 pl of this mixture was used as a substrate for
PCR amplification, which was performed using HotStarTaq DNA polymerase
according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35
ampilification cycles of 94°C for 30 sec, 60°C for 30 sec and 72°C for 60 sec,

25  with a final elongation step at 72°C for 4 min.

PCR products to be cloned were usually purified using a QlAquick PCR

Purification Kit (Qiagen); in instances where multiple fragments were



5 were classified as i mune. To ensure these plants were i nmune they were
re-inoculated wth virus, nost plants remained i nmune, the few that showed
synptons were re-classified as resistant. For plant |ines generated
Southern blots are perfornmed, resistance in subsequent generations is
nonitored to determine that resistance/immunity is 1o transm ssable.
Additionally, the breadth of viral resBétance is nonitored by chall enging

lines with o e

suscept i b‘??'?‘%‘"?@d @%ﬁ t@é?%gg@(ﬁ?tfv@?ttﬁé?%%ﬁﬁggé%e“ nerﬁg&g'raegac{gscrl bed in
Tabl e 2. ddigsgirtpd QIAGOIOGEEPURIatOANKIt (@zatgenyeammmgwua lieepeat s of

t ar get gene sequence 15 either in the configuration of palindrones,

mterruptl@'@?ﬁﬂ indrones as direct repeat sequences, are capable of
conferring viral resistance and/or inmunity in transgenic plants.
Accordingly, such inverted and/or direct repeat sequences nodul ate

expr essi ohmgplification progsictsawgea trgenelonadtinie pCRrisewslecedtatemazt) Zdnst r uct s

parT2, 30K 18FieBaon) 85 Rio (RRNBR IR IR, Whxa. are al so usef ul

I n nodul ating gene expression. EXAMPLE 7 Inactivation of Gait in aninal
cell s 25 Gl actosyl, transferase é’GaI T) catal yses the addition of gal actosyl
resi dues %0 86 eeer'F daping teclyiuPss. To assay for Galt inactivation,
porcine PK2 cells were transformed with the relevant constructs. PK2 cells
constitutively express Galt enzynme, the activity of which results in the

addi tion b RAeparq 81§ C@f‘St&U@SSdeﬁ‘dﬂb%[t BepW, drerrbdradnents wgEe 6KCISEEt ei ns
—géﬁ\r/gﬁlsggft é@f;egﬁgglaﬁé:‘ge%?s Olf.ISI?gt hESFICHEH | 8nzfiibd 8BEbrdidg annbe nost
supplter’s protocols (Roche) and fragments purified from agarose gels using
10 QlAquick Gel Purification Kits (Qiagen) according to the supplier's protocol.
) Vectors were usually prepared by restriction digestion and treated with Shrimp
Alkaline Phosphatase according to the supplier's protocol (Amersham). Vector
and inserts were ligated using T4 DNA ligase according to the supplier's
protocols (Roche) and transformed into competent Escherichia coli strain

15  DH5a using standard procedures {(Sambrook, Fritsch et al. 1989).
3. - Constructs
(a) Commercfal plasmids
Plasmid pEGFP-N1

Plasmid pEGFP-N1 (Clontech) contains the CMV IE promoter operably
20 connected to an open reading frame encoding a red-shifted variant of the
wild-type GFP which has been optimized for brighter fluorescence. The
specific GFP variant encoded by pEGFP-N1 has been disclosed by
(Cormack, Valdivia et al. 1996). Plasmid pEGFP-N1 contains a multiple
cloning site comprising Bg/ll and BamHI| sites and many other restriction
25 endonuclease cleavage sites, located between the CMV |E promoter and the
EGFP open reading frame. The plasmid pEGFP-N1 will express the EGFP



l ectin (1B4), which binds specifically to gal actosyl residues on cell
surface proteins. To detect 1B4 binding, fluorescence assays were used.
Cells were fixed, then probed with 1B4 conjugated with biotin (Sigm)

foll owed by streptavidin conjugated FITC. GalT inactivation was nonitored
using either 1o fluorescence mcroscopy or FACS. C EXAMPLE 8 Preparation
of plasm d construct cassettes for use®°n achieving co- suppression 1.

Generi ¢ téi%.o r?‘trhé?ﬂ?amaci URe SRl KRtiapipeds nEBt to e Vas
ed C %] glée%

purified I 'ndi ca nes using an accordlng
to the sumnimpae cB)r'ﬁMig)Em@whli bé?eagcﬂrs)sedTas BGERfuSicE TRl pem@mm

reverse-transcri bed usi rlg%Oml scri pt Reverse Tr anscrl pt ase ((§ en). Two
ni cr ogr ant féﬁmleo‘ﬂlﬁm thek GRRE-ancpdingsequgice ?%‘édﬁ‘i!‘sﬁrf@nqt'%' 1ang t'@‘F (Si gma)

as a pr I‘ t [ (o)
(fg aggnl) 0 arrg[ﬁ)%f {Sg‘g@. ?@%ﬁ%&ﬂﬁﬁs gn #7’4(?%&5& p%t@beé used as
a subsr aﬁewﬁsfrearlﬁcﬁ th@pEGFIR:ape@ rreamngcﬂnamestopﬁrécm rm‘eplempromsblngfdfar Taq

DNA pol ynerase according to the supplier Wrot ocol
anpl i f i catheod-emaf MBNA transasibeddram ihgi ¢ l%@mmatqro‘se%@@seé@végc for 15

mn, foll fr305ec
and 72C f )ﬂ?dl'dj@/ gl%§m@gﬁ)rlt H% | naﬁc%gl %ﬁggt |'§ {FEE "égtl%@r}c‘ﬁgﬁﬂl 'ﬁ1 n.
products aninted cdlisndie vmmycsmmda@ytamm fermal oom'tpr@mg w\csww PCearly)
Purification Kité%{ag |n| sta ces vvhere/Tu | efra nments were 87
gener at edPIM@IeR OR&rabky, 5 tedtto; e Nsanayginkppamygie- rﬁﬁﬁ ANCEH FENEm '

agar off  g&fived! Hofd T%S%arﬁﬂ‘ﬂhé 166! thfHiidihk 98hAD pBlyadeRyREBA)siGRACKSH Ng tO

the supplier's proto
:.;\.‘ selection of transformed cells on kanamycin, neomycin or geneticin; the

pUC19 origin of replication which is functional in bacterial cells and the f1
origin of replication for single-stranded DNA production.

Plasmid pCR (registered trademark) 2.1-TOPO

15 Plasmid pCR (registered trademark) 2.1-TOPOQ (Invitrogen) is a T-tailed vector
comprising the lacZ promoter sequence and lacZ-o transcription terminator,
with multiple restriction endonuclease cloning sites located there between.
Plasmid pCR (registered trademark) 2.1-TOPO is provided with covalently
bound topoisomerase | enzyme for fast cloning. The plasmid further

20 comprises the ColEl and fl origins of replication and the kanamycin and

ampicillin-resistance genes.
(b) Intermediate cassettes
Plasmid TOPQO.BGI2

Plasmid TOPO.BGI2 comprises the human B-globin intron number 2 (BGI2)
25 placed in the multiple cloning region of plasmid pCR (registered trademark)
2.1-TOPO. To produce this plasmid, the human p-giobin intron number 2
(BGI2) was amplified from human genomic DNA using the amplification

primers:



Amplification products were then cloned into pCR (registered trademnark)
2.1- 5 TOPO (Invitrogen) according to the suppliers protocol. 2. Ceneric
cloning techniques To prepare the constructs described bel ow, insert
fragnents were excised frominternmediate vectors using restriction enzynes
according to the suppliers protocols (Bgoche) and fragnents purified from
agarose gels using lo Q Aquick Gel Puriication Kits (Q agen) according to

th | 8% etV
i gost | 0O tr e BOuC TR SRET ARG TG A TR B B G TR TP, e

suppl i er sN@:a¥pcol (Amersham . Vect or and inserts were |igated using T4
DNA |igase according to the supplier's protocols (Roche) and transforned
into conpetent Escherichia coli strain 15 DH5ct using standard procedures
(Sanbr ookgpffritsch et al. 1989). 3. Constructs (a) Conmercial plasmds
Plasm d pEGFP-N1 Pl asm d pEGFP-N1 (C ontech) contains the CW | E pronoter
operably 20 connected to an open reading franme encoding a red- shifted

~variant ogAfe Wi lohd WpscERAWI TS Tes kpan QAR BRTEAAS A8 i

fluorescence. The specific GFP variant encoded by pEG-P-NL een

di scl osedN6}%18] Cor mack, Valdivia et al. 1996). Plasnmid pEGFP-NL contains a
multiple cloning site conprising Bglll and BanH sites and nany ot her
restriction 25 endonucl ease cl eavage sites, |ocated between the CW I E
pronot er and c¢loped BE@BPplayaid rpGHi (mggrbtea'eé frademati sl 6F (DEG:FBGSIIIZ \m' lal

t G-P, 88 tein i I I t t I
Gence ol oEIFTPREL WA SRAUENGP oER of, RAPaPIBGOl Haing cbestasepntagalbrp
Ausion potwpostindis RNA%raﬁgcﬁgste cohtaihihgTEin b fnhdlRanédie:; encodi ng Sequence

rand |l ack a functional translation

(¢)  Plasmid cassettes
10 Plasmid pCMV.cass

Plasmid pCMV.cass is an expression cassette for driving expression of a
structural gene sequence under control of the CMV-IE promoter sequence.
Plasmid pCMV.cass was derived from pEGFP-N1 by deletion of the EGFP
open reading frame as follows: Plasmid pEGFP-N1 was digested with PinAl

15 and Nofl, blunt-ended using Pful DNA polymerase and then religated.
Structural gene sequences are cloned into pCMV.cass using the multiple
cloning site, which is identical to the multiple cloning site of pEGFP-N1,
except it lacks the PinAl site.

Plasmid pCMV.BGI2.cass

20 To create pCMV.BGI2.cass, the human B-globin intron 2 sequence was
isolated as a Sacl/Psfl fragment from TOPO.BGI2 and cloned between the
Sacl and Pstl sites of pCMV.cass. In pCMV.BGI2.cass, any RNAs transcribed
from the CMV promoter will include the human B-globin intron 2 sequences;
these intron sequences will presumably be exciséd from transcripts as part of

25 the normal intron processing machinery, since the intron sequences include



stop codon. The plasm d further conprises an SV40 pol yadenyl ation signal 5
downstream of the EGFP open reading frame to direct proper processing of
the 3'-end of MRNA transcribed fromthe CW | E pronoter sequence (SV40
pA). The plasm d further conprises the SV40 origin of replication
functional in animal cells; the neorryél n-resi stance gene conprising the
SV40 E (early) pronoter operably conn Bt ed to t he

neonyci n/ KARA ﬁcfeeagﬁéua?ﬁ@sgﬁ% & ‘Fér‘¥ %@Jé&s@Q i

t hym di ne ki nase pol yadenylati on si gnal, Fection o rans orrred

cel | s on ishoamrocessingonycin or geneti cin; the pUC19 origin of replication
which is functional in bacterial cells and the f1 origin of replication
for single-stranded DNA production. Plasmd pCR (registered tradenarKk)

2. 1- TOPO EXAMBREEBIgl pCR (registered trademark) 2.1-TOPO (Invitrogen) is a
T-tailed vector conprising the |acZ pronoter sequence and | acZ-a
transcription termnator, wth nultiple restriction endonucl ease cl oning

sites | Océb%bﬁ@s%@ﬁfdmfben P)ﬁﬁ@kéeﬁ?ﬁrbfﬁﬂ':ﬁt%ﬁ‘ﬁné Wﬁgﬁg? 1&)921 1-TOPO

is provided with covalently bound topol sonerase enzyme f t cloning.
The plaasncells imvifee 20 conprises the Col El and fl origins of replication
and the kananycin and anpicillin-resistance genes. (b) Internediate
cassettes Plasmid TOPO BA 2 Plasmd TOPO BA 2 conprises the human p-gl obin
i ntron nufiber - el of @éll finesed in the nultiple cloning region of plasmd
PCR (registered trademark) 2.1-TOPO. To produce this plasm d, the human
(3-globin intron nunber 2 (BA2) was anplified from human genom c DNA

usi ng t hePHEnpl edlisc éderived frormgpcacingO kideely Gpth€lC ddils) AulréSTeodBT aSTA TGG

feac ce [ SErRuerent monolayers using DMEM supplemented with 10% v/v FBS.
2. Preparation of genetic éonstructs
10 (a) Interim plasmids
Plasmid pBluescript. EGFP

Plasmid pBluescript. EGFP comprises the EGFP open reading frame derived
from plasmid pEGFP-NI placed in the muitiple cloning region of plasmid
pBluescript 1l SK* (Stratagene). To produce this plasmid, the EGFP open

15 reading frame was excised from pEGFP-Ni by restriction endonuclease
digestion using the enzymes Nofl and Xhol and ligated into Notl/Xhol-
digested pBluescript Il SK*.

(b} Test plasmids

Plasmid pCMV.EGFP

20 Plasmid pCMV.EGFP is capable of expressing the entire EGFP open reading
frame under the control of CMV-IE promoter sequence. To produce
pCMV.EGFP, the EGFP sequence from pBluescript. EGFP was sub-cloned in



NO: 17] and GAl CTG CAG GAG CTG TGG GAG GAA GAT AAG AG [SEQ ID 5 NO 18]
and cloned into plasm d pCR (registered trademark) 2.1-TOPO. BGl2 is a
functional intron sequence that is capable of being post-transcriptionally
cl eaved from RNA transcripts containing it in mammlian cells. (c) Plasmd
cassettes 1o Plasm d pCW. cass Plasm d pCW.cass IS an expressi on cassette
for driving expression of a structuraPigene sequence under control of the

dol et o O pRasEEAEREEN b of HAHPaCE R BglERs 80 BBlusra BaT Rl os
di gest ed pCMV.Bagdd 15 and Notl, blunt-ended using Pful DNA pol ymerase and

then religated. Structural gene sequences are cloned into pCW. cass using
the nultiple cloning site, which is identical to the nultiple cloning site

of pEGFP-31, Pes&i¥ion bfb@cﬁ?ﬁgrl‘é%s%ﬁ heﬁbh?pe Pl asm d pCW. BA 2. cass 20 To
create pCW. Bd 2. cass, the h n G3-globini'ntron 2 sequence was i sol ated

as a Sacl/Pstl fragnment from TOPO BG 2 and cl oned between the Sacl and
Pstl siteg,of ; _ %ﬁ{ A anscribed fromthe
CW pr om)fagr w |l |C§r{€§ﬁ%(e3y:?,hg uﬁ‘g’ﬁ&?ﬁ- gpogﬁzﬁl}snt roncéyssequences; t hese
I ntron sequences will presumably be excised fromtranscripts as part of 25
the n | rQc | | y | NG e.l on..sequ es, I ncl ude
00" bt h TRSRLotEngC RaRe @i dh il SFsacrlfhe VoSl 386 o
nor mal i jmdividuginesies fiehg seeded with 4 x 10* PK-1 cells in 2 ml of DMEM, 10%

viv FBS and incubated at 37°C in 5% v/v CO; until the monolayer was 60—

o~ 90% confluent, typically 16 to 24 hr.

To transform a single plate (six wells), 12 yg of pCMV.EGFP plasmid DNA
16 and 108 pl of GenePORTER2 (trademark) (Gene Therapy Systems) were
diluted into OPTI-MEM | (registered trademark) medium (Life Technologies) to

obtain a final volume of 6 ml and incubated at room temperature for 45 min.

The tissue growth medium was removed from each well and the monolayer

therein was washed with 1 ml of 1 x PBS (Sigma). The monolayers were
15 overlayed with 1 mi of the plasmid DNA/GenePORTER2 (trademark)

conjugate for each well and incubated at 37°C in 5% v/iv CO; for 4.5 hr.

OPTI-MEM-! (registered trademark) (1 ml) supplemented with 20% v/v FBS
was added to each well and the vessel incubated for a further 24 hr, at which
time the monolayers were washed with 1 x PBS and medium was replaced

20 with 2 ml of fresh DMEM including 10% v/v FBS. Cells transformed with
pCMV.EGFP were examined after 24-48 hr for transient EGFP expression
using fluorescence microscopy at a wavelength of 500-550 nm.

Forty-eight hr after transfection the medium was removed, the cell monolayer
washed with 1 x PBS and 4 ml of fresh DMEM containing 10% viv FBS
25 supplemented with 1.5 mg/ml genetecin (Life Technologies) was added to

each well. Genetecin was included in the medium to select for stably



EXAMPLE 9 Co-suppression of Geen Fluorescent Protein in Porcine Kidney
Type 1 5 cells in vitro 1. Culturing of cell lines PK-1 cells (derived
from porcine kidney epithelial cells) were grown as adherent nonol ayers
usi ng DVEM suppl emrented with 10% v/v FBS. 2. Preparation of genetic
constructs 10 (a) Interimplasmds Plasm d pBluescript. EGFP Plasm d

pBl uescri pt. EGFP conpri ses the EGFP op88 reading frame derived from

pl asm d I . in the WPl € A6, in egj pn_of, plasm.d .

pBl uescr ngﬁphlhﬁ& ?%FS'&PEQJ&E% ng‘@r ggu/l?:g’[)\’h‘iggéplgiagnp@lm{?%ew%en 15
readi ng fmediuriosas shahged! @iy PESER? Mr, Witer €31 Idayh! ON sEREAM CSRBRE

di gestion_usi ng the _enzgmes Not| and Xhol and ligated into Notl/Xhol -

di gest ed BBIFlfegxpiessingI P colppips eere gipasemtds Pl asni d pOW. EGFP 20

Plasm d pCW. EGFP i s capabl e of expressing the entire EG-P open reading
frame under the control of CW-IE pronoter sequence. To produce pCwW. EGFP,
t he EGFP kdividural ecdlonias Bl aieklyrtransfeGEl Ris! sells stavaedomned, Yhairtdiaedense

orientation.,as a BanH -t.o-Sacl fra nt._into Bg/ll/Sacl -di gested

pCWV. (f’assa"%sts%‘[j @Eﬂﬁa@ﬁr'g‘?g%gﬂmﬂ?gs?mlvephenotype (a) Insertion of

EGFP- expressing transgene into PK-1 cells 5 Transformati ons were perforned
in 6-well tissue culture ve@ﬁel S (Nunc)._ Individual wells were seeded with

4 x 104 Primbgnaf patentalcelhfinggpire tremsformed with pCMV.EGFP. Following
continuous culture, in many of these lines GFP expression was either

extremely low or completely undetectable as listed in Table 3 and shown in
o Figure 69.

10 TABLE3

PK-1 (pig) 59 | 2
MMO6L (human) 12 4
B16 {mouse) 12 10
MDAMB468 (human) (X 1

These data demonstrate that silencing of GFP expression occurred frequently
in different types of cell lines, established from three different species.

4. Southern analysis

15 Individual transgenic PK-1 cell lines (transfected and co-transfected) are
analyzed by Southern blot analysis to confirm integration and determine copy
number of the transgenes. The procedure is carried out according to the

protocol set forth in Example 1, above. An example is illustrated in Figure 70.



v/v FBS and incubated at 37Cin 5%v/v CO2 until the nonol ayer was 60- 90%
confluent, typically 16 to 24 hr. To transforma single plate (six wells),
12 pg of pCW. EGFP plasmid DNA 10 and 108 pi of GenePORTER2 (trademark)

(Gene Therapy Systens) were diluted into OPT]-MEM | (registered tradenark)
medi um (Li fe Technologies) to obtain a final volunme of 6 mM and incubated
at roomtenperature for 45 mn. The t P3sue grow h nmedi um was renoved from

each wel lﬁﬁﬂ nol ayer therein was washed with I nm of | x PBS
(Sigm). e%rrlggglfgers were 15 overlayed with 1 m of the plasmd
DNA/ GenePORTER2 (trademark) conjugate for each well and incubated at 37C

cuppl erer ESEWRIES3I i, Beie ity SPSRAL IR, Mo oty Endg,

i ncubat edKidiiey?T{pé ORIB-?¢ells.indfitrghi ch  tinme the nonol ayers were washed
with I x PBS and nediumwas replaced 20 with 2 ml of fresh DMEM i ncl udi ng

10% v/v FBS. Cells transforned with pCW. EGFP were exam ned after 24-48 hr
for transg = S [ i ; I LEH0 a
CRIB- Bl QUBHFSF i H&hﬂﬁtEIEHQy EStRAS BbE) MDY Bnlas.

wavel engt h of 500-550 nm Forty-elg r after transfeéction
renoveéd, adirerest Imonmiayeny eassingvddMEM sivphlementBe8Swvitm dl 0% mt/v dDorhare€half DVEM

i ni 10%, )/ E 2 | t it m t i Lif
ot hao! oaSelimES; ks T ddnaltiesiorne Radn e RBEY2 as CORINGSd B nodi um
to sel ectpéiopagd &) Ié’l_m@@ 18f-26“bzftﬁé cfiRbatioh| Hﬁ&-us&e‘%\o%%f 2 ra%é’ Ad kNoFBS, 1.5

mg/ M genetecin nediumwas changed every 48-72 hr. 2 ays of
sel ect i ongengatighicenstrggts Pugedgrigs $iiagerperimeot, opChE .BEM2.GPP52¢EB. ahddi vi dual
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ver e for ansdiridremievof theBIW2Esdtinekdd evling region that is interrupted by the

insertion of either the GFP sequence or the Sequénce of the human B globin

intron 2, as a stuffer fragment, using methods known in the art and as taught

in the original specification. The human B-globin intron 2 sequences were

isolated using PCR amplification of human genomic DNA to generate the

15  stuffer fragment using methods known in the art and as taught in the original
specification.

To detect a co-suppression phenotype, CRIB-1 cells were transformed with
the Bovine enterovirus RNA genetic constructs pCMV.BEV2.GFP.2VEB and
pCMV.BEV2.BGI2.2VEB. Transformations were performed in 6-well tissue

20  culture vessels. Individual wells were seeded with 2 x 105 CRIB-1 cells in 2 m!
of DMEM, 10% v/v DCS and incubated at 37°C in 5% v/v CO2 untit the
monolayer was 60-90% confluent, typically 16—24 hr. The following solutions
were prepared in 10 ml sterile tubes:

Solution A:  For each transfection, 1 pg of DNA (pCMV.BEV2.GFP.2VEB or
25 pCMV.BEV2.BGI2.2VEB) was diluted into 100 ul of Opti-MEM-I (registered
trademark) and;

Solution B: For each transfection, 10 pl of LipofectAMINE (trademark)
Reagent (Life Technologies) was diluted into 100 ul Opti-MEM-I (registered



continuous culture, in many of these |ines GFP expression was either
extrenely | ow or conpletely undetectable as listed in Table 3 and shown in
Figure 69. 1o TABLE 3 PK-1 (pig) 59 2 MW6L (human) 12 4 B16 (nouse) 12
10 MDAMB468 (human) 11 1 These data denonstrate that silencing of G-P
expression occurred frequently in different types of cell I|ines,
established fromthree different speci@é. 4. Sout hern analysis 15

I ndi vi du Béﬁ@? enic PK-1 cell lines (transfected and co-transfected) are
anal yzed 9 outhern bl ot analysis to confirmintegration and determ ne
copy nunber of the transgenes. The procedure is carried out according to

e 2 O SRRNEEIo e e PR R o I b TbeR,

Madi n Dar B fdﬁiWQﬁinTle’éﬁ&@F@JS BNA%BbsSmeN cdinblexeSRBdmt elWhiie( der i ved

from bovi ne kidney epithelia ) were grown as 5 adherent nonol ayers

usi ng DVESOEWfEXesfermed, thietCRIBbYc0ells ware sinsedidnceSedtiuthniiDEDpti-MEM |
Technl o9t B PR Fer g, SO 480 o GuhBiET e
construct ﬁe%&@éi‘ebrtrédérﬁam} Redd BBéd t@%-tﬁ%’%oﬁﬁ?niﬁyﬁﬁeadtﬂndplexes, the
pCW. BEV2. Bd 2. 2VEB. Both were constructed with an rnverted repeat or 1lo
pal i ndr ontsthes mixes genmly, pnd) the ditdedetimplexsspligion puerlaid ontodhe ujntsed by t he
' nsertionceligef LR i wiie REHYSAIS wilh R SiTEReSht 52 I BBIVAS 9 obin
CO2 for 16—24 hr. Transfection mixture was then removed and the CRiB-1
f‘ 10  monolayers overlaid with 2 ml of DMEM, 10% v/v DCS. Cells were incubated
at 37°C in 5% v/iv CO2 for approximately 48 hr. To select for stable
transformants, the medium was replaced every 72 hr with 4 ml of DMEM, 10%
viv DCS, 0.6 mg/ml geneticin. After 21 days of selection, stably transformed
CRIB-1 colonies were apparent. Individual colonies of stably transfected
15  CRIB-1 cells were cloned, maintained and stored as described in the previous

example.

The bovine enterovirus stock used in these experiments were derived from a
cloned isolate, K2577. To amplify BEV virus from this stock, cells were
infected in 6-well culture vessels with 5 ul of viral stock per well and the virus
20 allowed to replicate for 48 hrs. Culture medium was harvested at this time and
transferred to a screw-capped tube. Dead cells and debris were removed by
centrifugation at 3,500 rpm for 15 min at 4°C in a Sigma 3K18 centrifuge. The
supernatant was decanted into a fresh tube and centrifuged at 20,000 rpm for
30 min at 4°C in a Beckman J2-M1 centrifuge fo remove remaining debris.
25 The supernatant was decanted and this new BEV stock titred as described

below and stored at 4°C.

To titre virus, a 24-well tissue culture plate was seeded with 4 x 104 CRIB-1
cells in 800 yl DMEM, 10% v/v DCS. The cells were incubated at 37°C in 5%
viv CO2 until 90—-100% confluent. From concenirated BEV viral stock, virus



intron 2, as a stuffer fragnment, using nethods known in the art and as
taught in the original specification. The human p-globin intron 2
sequences were isolated using PCR anplification of human genom c DNA to
generate the 15 stuffier fragnent using nethods known in the art and as
taught in the original specification. To detect a co-suppression
phenotype CRIB-1 cells were transforn@ @ with the Bovine enterovirus RNA

genetic cgpst h .
T anst or naer st elinie A dutEne oL Y1 S5 Y TRy pes
| ndi vi duabspiedtes fromehs €RIEE1 wm@rliblayarsléiﬁi &t Biohotsldrs overldidnwvith 8O0DVEM

10% v/ v DCS d inhcubated at 37C in 5%v/v CO2 until the nonolayer was
60- 90% coHf Pﬁgn’ﬁ PBS gndavaghag by gently mekingotheolissie sulture; vessel.idBs

DA’ ( paw B\ Vi Ak GEnolayB, 0B s waste EpeRicd G270 10 e, 180°
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transfecti.on Li pof ect AM NE (tradenark eagent
Technol ogliesgd e B p@useasqudéutmn B WelEMAURlFEg gher Gl colls

t 1 ademar klord o dios Gl 28 ORPA7S ANGTUAPR P B eaddincubat ed

room tenperature for osone conplexes to form
V\hl le comsbentw féuroseh 1&51@/ fGRchH lygis) Asfumné.eemm s od senan-fidg DMEMT  of
Opti - MEM | gregl stered trademark). For each transfection, 0.8 ml of
Opt i - MEM Was(thepiadidadcle eachyuielly ﬁﬁeﬁ@sfuakﬂ'@é@‘&br @ashy wel wasningpacted t he
conpl gxes Yanan d d I t
ayer | gq(d Ql%ﬁ@gﬁllﬂ%ﬁfﬂ?ﬂéﬁé%&ﬁ%ﬁ Th?l Qroﬁgﬁg‘; Himv{vfg?'e '{ﬁgﬁ ngﬁ@rﬁeg?@m th the
: conpl exescatceBit@Etion thét killy m&Xibffihe QR4 dulls aftearBf Bendralintellsugifeerwas t hen
renoved ang the CRIB-1

The CRIB-1 cells transformed with pCMV.BEV2.GFP.2VEB or
pCMV.BEV2.BGI2.2VEB were challenged with bovine enterovirus as follows.

15  In a 24-well tissue culture plate, 4 x 104 CRIB-1 cells per well were seeded in
triplicate, in 800 pt DMEM, 10% v/v DCS. The cells were incubated at 37°C in

5% viv CO2 until 90-100% confluent. From concentrated BEV viral stock,

* BEV virus was diluted in serum-free DMEM at an appropriate dilution. In
addition, the BEV viral stock was tested at 10x and 0.1x the working dilution

20 (typically 10-4 to 10-6 fold dilutions). Medium was aspirated from the CRIB-1
monolayers and the cells overlaid with 800 pl of 1 x PBS and washed gently

by rocking the tissue culture vessel. PBS was aspirated from the monolayers

and the wash repeated. 200 pl of the diluted virus solutions (one dilution per
replicate) was added immediately, directly onto the rinsed CRIB-1 cells. The

25 cells were incubated with BEV for 24 hr at 37°C in 5% v/v C0O2, and each weli
inspected microscopically for cell lysis. A further 600 pi of serum-free DMEM

was added to each well. After a further 24 hr, each well was inspected

microscopically for cell lysis.

To determine whether cells transformed with pCMV.BEV2.GFP.2VEB or
30 pCMV.BEV2.BGI2.2VEB became tolerant to BEV infection (ie demonstrate



1o nonol ayers overlaid with 2 mMl of DVEM 10%v/v DCS. Cells were incubated
at 37Cin 5%v/v CO2 for approximately 48 hr. To select for stable
transformants, the nediumwas replaced every 72 hr with 4 m of DVEM 10%
viv DCS, 0.6 ng/m geneticin. After 21 days of selection, stably
transfornmed CRIB-1 col onies were apparent. [|ndividual coI oni es of stably
transfected 15 CRIB-1 cells were clone88 maintai ned and stored as descri bed

exper: monplfaieofRBES poifensee PEuERHRe) FardiiBitiod S50 hes W25y
virus frophilltingedt oath duatibss Ve @iral 66k eshd rtefl- wahlival uhiomiteredes¥el s vvnth
5 pl of viral stock per well and the virus 20 allowed to replicate for 48

hrs. Cul t avercea dnherest nearationedn atheski aspayim andtipler ghallengesd WQj'ea
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decantgd fyrheraxhhfadtidn Fesuitd ofehésd éugeﬂneﬁtswemwmbelbw:n tB@ twon at 4C
in a Beckman J2-ML centrifuge to renpove renaining debris. 25 The

super nat at@blegdn d%maawée MWG2hpseniahlereach: e dinast Fragsteemadswith dbg  bel ow

and store S seeded
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i ncubat edThaEsS Hata rshioWedy thvat Gagal4oleranto0elil 6086 cwuid benyendnated (tmnltnent rat ed
BEV viral stock, virus 95 was diluted in serumfree DVEM at dil utions of

10-1 to 1fpshionrHising deitharnaonstaust ralthaughr die (deorers Bf 1siigncinty@riedand t he
monol Ry ©T Befiid A 2bf megh?,?é’g)gg%eﬂfr ggéateaﬁragwﬁag%apﬁe @SnQ.f%thrfe%Ck' ng

the tissue cu ture vesse irate e nonol ayers and the
vvash r epesheded 28hsitent stihdévad idi rep@ﬂedlohmleegemt ieosfro(d Osincigldn9) was

Sg?e\?\e: Wmad@tga %/%lgl[\&ﬁi%%t}%l il rtliggrg,a[ gheﬁl%nge coulciL bg%re\?vnuusﬁ f%g fu nhe difution

analyses.



were incubated with BEV for 24 hr at 37Cin 5% v/v G2 and each wel |

I nspected mcroscopically for cell lysis. A further 600 pl of serumfree
DMEM was then added to each well. After a further 24 hr, each well was
i nspected 1o microscopically for cell lysis. The working dilution is the

m nimumviral concentration that kills rmst of the CRIB-1 cells after 24
hr and all cells after 48 hr. The CRIBY1 cells transformed with

pCW. BEV2TGaid].2¥EB or pCW. BEV2. BGL2. 2VEB were chal | enged with bovine
enterovirus as follows. 15 1In a 24-well tissue culture plate, 4 x 104
CRIB-1 cells per well were seeded in triplicate, in 800 pl DVEM 10%v/v

cont | uent CTEPoh R AT BEIMED IV AP i VEEERIEI LG 61 it eq i n

serumfree DVEM at an appropriate d||ut|on In addition, the BEV viral

stock was -4 to
10-6 fol and
t he cell t he
tissue c sh
r epeat ed. o & - S0l m orie griu —
replicate) was added i medi atel y, gi rectlylonto the rijnsed CRIB-1 cells.
The 25 cel CRIBArEGFPCEhat gd w th BEV for. 24 hr af 37C{i n_5% v/iyv 2, ahd
each wel ||_inspected mcrgscopigally for cell |ysis. A further 600 pl pf
serum f r eCBABN EGEP #8ded te each—we | + Aflt er+ af f urt Her—24| hnd daatd wel |
was i nspeeke m-er-oscopteatyr—toer—eefd| \ui s—Ip—determnelwhether cells
transfor me‘f&%ﬂhEGEﬁ#E“ . GFIyD PVEB of 30 [pCW. BEV2. BA 2. 2\VEB*becarre
- tol erant tESBEY o ((Te dgnonstrate 3)0 enci g of —thg B
pol yrn::rasee's?{‘:gt:1 %%FEIC# gene), tr 1nsforrreJ cel I+T>'| hes were chaﬁger geQﬁj W th
di | uti ons| oRIBUTrBGEStPek gnd_cell surjvival {monitpred. {To_ _ _
CRIB-1 EGFP#7 + + - + + + nd nd
CRIB-1 EGFP # 8 + o + + + +++ - et
CRIB-1 EGFP#9 - - - + + + nd nd
CRIB-1 EGFP # 10 - + — + + ++ nd nd
CRIB-1 EGFP # 11 +. ++ - — + o+t nd nd
CRIB-1 EGFP # 12 - + + ++ + + nd nd
CRIB-1 EGFP # 13 — — + + — - nd nd
CRIB-1 EGFP # 14 ++ ++ + ++ +4+ + + +
CRIB-1EGFP#15 | - + | ++ [+ | + | ++ { nd | nd
CRIB-1 EGFP # 16 - + — ++ + ++ nd nd
CRIB-1 EGFP # 17 - - + + — - nd nd
CRIB-1 EGFP # 18 + + ++ + ++ ++ nd nd
CRIB-1 EGFP # 20 — — - - + +t+ nd nd
CRIB-1 EGFP # 21 - ++ + ++ + + nd nd
CRIB-1 EGFP # 22 - + + + + + nd nd
CRIB-1 EGFP # 23 - - — +++ - ++ - _
CRIB-1 EGFP # 24 — - + ++ — +
CRIB-1 EGFP # 25 - + — +++ - - nd nd




P

overcone inherent variation in these assays, nultiple chall enges were
performed and lines consistently showing viral tol erance were isolated for
5 further exam nation. Results of these experinments are shown below in the
two tables in Annexure MAG2, one table each for lines transformed with the
genetic constructs containing the GFP or BA 2 stuffer fragnents
respectlvely These data showed t hat 9ral-tolerant cell lines could be
gener at eg of
sil encing varled 10 betme

chal | engés c 7
chal | engd inchng, Th [addit) " del™'s uichsurvi bed tifis

viral cha 0 0 anal ySe€s. CRI B- 1
cells transfected with pCw. BEV. EGFP. VEB (CRIB-1 EGFP) CRIB-1 nd nd - - - -
- - CRRB4 EGR gellssunviving - - + - CRIB-1 EGFP # 3 - - + ++ - nd nd

CRI B-1 EGFP # 4 ++ CRIB-1 EGFP # 5 - - + +++ - - nd nd

CRIB-1 EGp # 5 10% of cells suvivVing.cri g 1 EGFP # 7 + + - + + + nd nd CRIB-1
EGFP # 8 gy ++H0 gb%oftéugsdm AB-1 EGFP # 9 - - - + + + nd nd CRIB-I
EG-P # 10 - + - + + ++ nd B-1 EGFP #1 | + ++ - - + +++ nd nd CRIB-1
EGFP # 12+++ + Q0%+ ofceliﬁéunﬂNlng:RI B-1 EGFP # 13 - - + + - - nd nd

nd not done.



CRIB-1 EGFP # 14 ++ ++ + ++ ++ + + + CRIB-1 EGFP # 15 - + ++ ++ + ++ nd nd
CRIB-1 EGFP # 16 - + - ++ + ++ nd nd CRIB-1 EGF-P # 17 - - + + - - nd nd
CRIB-1 EGFP # 18 + + ++ + ++ ++ nd nd CRIB-1 EG-P # 20 - - - - + +++ nd nd
CRIB-1 EGFP # 21 - ++ + ++ + + nd nd CRIB-1 EGFP # 22 - + + + + + nd nd
CRIB-1 EGFP # 23 - - - +++ - ++ - - CRIB-1 EGFP # 24 - - + ++ - + CRIB-1
EGFP # 25 - + - +++ - - nd nd 98 CRI B9 EGFP # 26 + ++ ++ +++ ++ +++ - - -
no cells TA; Il_til ng + 1-10% of cells surviving. ++ 10-90% of cells
surviving. S §+ 90% of cells surviving nd not done. C 99 TABLE 5
CRIB-1 cells transfected with pCwW. BEV2. 8Gl2. 2VEB (CRIB-1 Bd 2) ski= are.

¥ o . GpiE-Cols frepglacipdydh PGV PEV2 iR 2VEA (Geieg 8610 1 P97

CRIB-1 nd [ nd | — | — | - -
CRBABGRET | = | = | = | = 1 = [ = [ nd | nd
CRIBABGRZEZ | = | = | = | + | — 1 = [ =T <
CRIB-1BG2#3 | = | = | ++ | ++ | + | ++ | nd | nd

e CRB-1BGR#4 | = | = | = | + [ = | = [ nd | nd
CRB1BGRES | = | = | = [ + | = | = | nd | nd
CRB-1BGI2#6 | + | + |+ | ++ | + | + [ nd | nd
CRIB1BGI2ZET7 | + | + | = [++ | = [ = [ nd | nd
CRIB-1BGI2#8 - + +++ ++ - + nd nd
CRIB-1BGI2#9 R - | ++ | + | #+ | — | ++
CRIB-TBGI2#F 10 | ++ | ++ | ++ | +++ | + | + - -
CRIB-1 BGI2 # 11 + ++ + + - + nd nd
CRB-1BGR2E12 | + | + | + [ ++ | = | = [ nd | nd
CRIB-1 BGI2 # 13 - - +++ | A+t - - nd nd

CRIB-1 BGI2 # 14 + ++ + ++ + + nd nd
CRIB-1BGI2 # 15 + + + ++ + ++ — _

CRIB-1 BGI2Z # 16 - - - - — - nd nd
CRIB-1 BGIZ # 17 - + - ++ — - nd nd
CRIB-1 BGi2 # 18 - - — +++ - - nd nd
CRIB-1BGIZ # 19 - — - ++ + +++ + +++

CRIB-1 BGI2 # 20 + + + +++ + + nd nd
CRIB-1 BGI2 # 21 - - — - - - - —
CRIB-1 BGI2 # 22 - - - — - - - -
CRIB-1 BGI2 # 23 - + +++ |+t + + nd nd
CRIB-1BGi2# 24 - ++ +++ + - - nd nd




CRIB-1BAd2 #4- - +- - ndnd CRBIlI Bd2 #5 - - - ++ - - nd nd CR B-1
BA2 #6 + + +++ ++ + + nd nd CRIB-1BGl2 # 7 + + - +++ - - nd nd CRIB-I
BAd2 #8 - + +++ ++ - + nd nd CRIB-1 BGl2 #9 - + - ++ + ++ - ++ CRIB-1
B@2 # 10 ++ ++ ++ +++ + + - - CRIB-1 BGl2 # 11 + ++ + + - + nd nd CRI B-1
B2 # 12 + + + +++ - - nd nd CRIB-1Bd2 # 13 - - +++ +++ - - nd nd
CRIB-1 BA2 # 14 + ++ + ++ + + nd nd B 1 BA2 # 15 + + + ++ + ++ - -
CRIB-1 B2 # s i - Nd Nnd CRIB-1 BGL2 # 17 - + - ++ - - nd nd
CRIB- 1 Bélz#r}‘gc?"sis‘fr"ﬂ’l’lg- - ndnd CRIB-1BGA2# 19 - - - ++ + +++ + +++

CRI B-1 BGL2 # POI10Rsbftelts sumvivingd nd CRIB-1 BG12 # 21 - - - - - - - -
CRIB—lBGZ#ZZ-O------“- CRIB-1 BGl2 # 23 - + +++ +++ + + nd nd
CRI B-1 BGr> # ¥020%of cells survivingd nd 100 no cell's surviving + 1-10% of

cell's suryjyi %++03c1eﬂé%9%i\%gcel |'s surviving. +++ 90% of cells
surviving 5 nd not done.

5 nd not done.

These data showed that viral-tolerant celf fines could be defined in this
fashion. In addition, cells which survived this viral challenge could be grown

up for further analyses.

e To further define the degree of viral tolerance in such cell lines, the cell line
) 10  CRIB-1 BGI2 #19, and viral-tolerant cells grown from celis that survived the
initial challenge (line CRIB-1 BGI2 #19(1ol)), were further analyzed using finer
scale (3-fold) serial dilutions of BEV in triplicate. The results of these

experiments are shown in Table 6.



These data showed that viral-tolerant cell lines could be defined in this
fashion. In addition, cells which survived this viral challenge could be
grown up for further analyses. To further define the degree of viral

tol erance in such cell lines, the cell line 1o CRIB-1 B2 #19, and
viral-tolerant cells grown fromcells that survived the initial challenge
(line CRIB-1 Bd 2#19(tol)), were furthd@lanal yzed using finer scale
(3-fold) @ g gdilutions of BEVin triplicate. The results of these
experinments are shown in Table 6: 101 TABLE 6 CRIB-1 Replicate 1 - - - - -
+++ CRIB-1 Replicatel - - - - - + CRIB-1 Replicate 1 - - - - - +++
CRIB-1 B O ' G B

Repl i cat e

#19(tol) ++

Repl i cate

survi vi ng

post - i.nf &€ER 3-1 Replicate 1 - - - - - .
CRIB-1 Replicate 1 - - - - - -+
CRIB-1 Replicate 1 — - - - = +++
CRIB-1 BGI2 #19 - — + + ++ +4++
Replicate 1

h CRIB-1 BGI2 #19 - = - = P R
Replicate 2
CRIB-1 BGIZ #19 - - - |+t | +r
Replicate 3
CRIB-1 BGI2 #19(tol) - — + + +++ e
Replicate 1
CRIB-1 BGI2 #19(tol) - - + + ++ +++
Replicate 2
CRIB-1 BGIZ #19(tol) - - + + +++ o+
Replicate 3

- no cells surviving 48 hr post-infection
+ 1-10% of cells surviving 48 hr post-infection.

5 ++  10-90% of cells surviving 48 hr post-infection.

+++ Q0%+ of cells surviving 48 hr post-infection.

These data showed that the cell lines CRIB-1 BGI2 #19 and CRIB-1 BGI2

#19(tol) were tolerant to higher titres of BEV than the parental CRIB-1 line.

Figure 71 shows micrographs comparing CRIB-1 and CRIB-1 BGI2 #19(tol)
10  cells before and 48 hr after BEV infection, in which:



5 ++ 10-90% of cells surviving 48 hr post-infection. +++ 90% of cells
surviving 48 hr post-infection. These data showed that the cell |ines
CRIB-1 BAd2 #19 and CRIB-1 BAd2 #19(tol) were tolerant to higher titres of
BEV than the parental CRIB-1 line. Figure 71 shows m crographs conparing
CRIB-1 and CRIB-1 BGl2 #19(tol) 10 cells before and 48 hr after BEV
infection, in which: 102 (a) is CR B—ﬂo’éel s prior to BEV infection; (b)
is CRIB-1 3 : o ion; (c) is CRIB-1 BA2 # 19(tol)
cells pri g@q%lﬁlﬁfggté?sogﬁémﬁ?h%@E?%’ is CRRB-1 B@2 # 19(tol) 48 hrs
after BEV infection. 51t is therefore apparent that each of the plasm ds

pCW. BEV2 E \VEB is a genetic construct (which
has a nuc‘bgggi%:}e@?ﬂsggﬁseﬁgeﬁ?@/@@,élzgﬁégéﬁﬁ ally identical to a target gene,
BEV polynerase, in an animal cell, operably linked-with a pronoter) that

r epr esses, X i t & et gene, t.he | ymerase of the viral
genone, m@ﬁgﬁﬁéépgiﬁﬁgxﬁg&%‘%r%gﬂ‘qr% Btechian wib BEY S e & 13

Co- suppression of Tyrosinase in Mirine Type B16 cells in vitro B16 cells
were deriyed f ri | AICC -6322) and grown 15 as adherent
monol ayer @l'?\d’@&%g%ﬁ&ﬁgm{éégﬂ B&@%@W- FBS. Since these cells
are derived from nel anocytes, they normally express tyrosinase and contain

mel anin pjgnent. First, plasmd TOPO TYR was generated, by purifying total
RUA f 1oom K48 Ierafere apparent 81 eRshanidhe RasmEls REMN BEY24PEBENEE PEm 1 hi s

and o r CChORPRERCRANE 6 4 GATAZEAE0E WM e B GRS (ne

—~ sequence, BEVZ, substantially identical to a target gene, BEV polymerase, in

T
A%

an animal celi, operably linked with a promoter) that represses expression of
that target gene, the BEV polymerase of the viral genome, when it is

10  expressed in the animal cell.

EXAMPLE 11
Co-suppression of Tyrosinase in Murine Type B16 celis in vitro

B16 cells were derived from murine melanoma (ATCC CRL-6322) and grown
15 as adherent monolayers in RPM!I 1640 supplemented with 10% v/v FBS.
Since these cells are derived from melanocytes, they normally express

tyrosinase and contain melanin pigment.

First, plasmid TOPO.TYR was generated, by purifying total RNA from cultured
murine B16 melanoma cells, cDNA was prepared from this and a region of the

20  murine tyrosinase gene amplified by PCR using the primers:
TYR-F: GTTTCCAGATCT CTG ATG GC

And



And 103 TYR-R AGI CCA CTC TGG ATC CTA GG The resultant fragnment was
cloned into pCR (registered trademark) 2.1-TOPO according to the .
supplier's instructions (lnvitrogen) to nake plasmd TOPO TYR Plasnmd
PCW. TYR BA 2. RYT was constructed with an inverted 5 repeat, or palindrone,
of a region of the nmurine tyrosinase g%ﬁg that is interrupted by, the

I nsertion of the same human (3-globin i‘Rtron 2 (BGL2) sequence descri bed

above. Pl aym-g: PCWABTRCBA eTFam® T@C"'?‘Wﬁg;t.ed i n successive steps: (i)

t he human BAd 2 sequences were cloned into t pol yl'i nker of pCW.cass (see
Figure 2 ) to generate pCW.BGE 2 (ii) the TYR 1o sequence fromplasmd

R R T T T
111) resSatgncost somtce bariaag msgon gl i,
POW. TVR, ERES 1o nilas i8RV 0 BBIARIET svavaonstciac A IVBIPIR. TYR

was capst d, LLe S i DINA
Sequonce, FeehookidshndedthE 6r 4 20G8h, 8 b HBHE oA GBR8 BRldy o

pCW. TYR. ifitdRrugted cby sthe uinsertidpy of [thei sambhRurh¥R BsgebinnReron’ ommpdéagm d
TOPO. TYR as a BanH -to-Bgl || fragment into BanmH - digested pCW. TYR (itself
const r uct ERAUSHCE desaipedhabaver Ragmich §EMY I RBGIRRYT dvaoronstricted a

| -t o-;BglL i ' e .cass apd sel ecting
ol o ds. Honyoessha BRps, B el BEAa GeaBTs 8% A" iR UhPYe 1o
the CW ppaipiiniar)ofpCMyalasst(sag Aig@aem qaocgmfeaat@gv?/mwaelz ¢GNRE TR
~sequence in a sense orientation relative to the pronoter. 25 The

Ltyr ostonasRERMENSRATY Rigamid J P Qds Riavas sebrdgnags butfiengenss orieat@gonon of
as a Bglil-to-BamHI fragment into Bglil-digested pCMV.BGI2 to make plasmid

pCMV.TYR.BGI2, and (jii) the TYR sequence from plasmid TOPO.TYR was
sub-cloned in the antisense orientation as a Bglll-to-BamHI fragment into
BamHI-digested pCMV.TYR.BGI2 to make plasmid pCMV.TYR.BGI2.RYT.

15 Plasmid pCMV.TYR.TYR was constructed with a direct repeat of the mouse
tyrosinase ¢cDNA sequence, expression of which is driven by the CMV
promoter. Plasmid pCMV.TYR.TYR was constructed by cloning the TYR
sequence from plasmid TOPO.TYR as a BamHlI-to-Bglll fragment into BamHI-
digested pCMV.TYR (itself constructed by cloning the TYR sequence from

20 plasmid TOPO.TYR as a BamHI-to-Bglll fragment into BamHI-digested
pPCMV.cass and selecting plasmids containing the TYR sequence in a sense
orientation relative to the CMV promoter) and selecting plasmids containing
the second TYR sequence in a sense orientation relative to the CMV
promoter.

25  The tyrosinase silencing phenotype was detected by assaying for reduction of
melanin  pigmentation following insertion of the genetic constructs
pCMV.TYR.BGI2.RYT or pCMV.TYR.TYR into murine melanoma B16 cells.
Tyrosinase is the major enzyme controlling pigmentation in mammals. If the
gene is inactivated, melanin will no longer be produced by the pigmented B16



mel anin pignmentation follow ng insertion of the genetic constructs

pCW. TYR BGA 2. RYT or pCW. TYR TYR into murine nel anonma B16 cells.
Tyrosinase is the major enzyne controlling pigmentation in manmals. |f the
gene is inactivated, nelanin will no |onger be produced by the pignmented
B16 104 nel anona ceI |s. This is essent Qiﬂ |y the sane process that occurs
in albino ani mal s. Transformations wer performed in 6-well tissue culture
vessel s I | f RPM
1640, 10%%/ FB 9éaerlllg""?gl§||n§(’:"§ at e%ﬂgemg;gé ]pgémés%s 26%#{%[@ e’nﬁnnol ayer
was 60- 90amiowi$.| uent, typically 16-24 hr. Subsequent procedures were as
descri bed above, except that B16 cells were incubated with the

DNA- | i posonme conpl exes at 37Cin 5%v/v C02 for 3-4 hr only. Individual

col oni es Pfarsfaationsawefe peefdriRad inedvwell m@ clitwedvessblS6ingivimest st ably
transfornmed with pCW. TYR BG 2, RYT and 10 37 cl ones stably transfornmed with
pCW. TYR. Wells were S@@ﬂ@eww 1@&10%%!&@%@ of RTVIL 4640V HER Wy Stz 8ndn of the

eNdOGENOUR | KOS 8o Sy COIUEAH tnd FIA) R ALEE1 8] Bhriien P16 cel I
e el 2 Vi A SRt

i s al so reduce nor ma appear to ¢ dar k

brown pi g itiall\IN1|6—2|40IW méhuémgﬂ'dcﬁdu%m% ad d¥scHPed mvéeéxcép'i To
noni tor vi sual nel anin content of transforned B16 cell lines, cells were

trypsi ni Zhet i eelisywese ireubatedwdiratheo NA-ipesprrasomplexes Bt B7P€yipsi n

activity. g, I t un hae torret e 06 cells

transferra@ Vv /f’oéqéﬁ? ?#E‘&Qn Hﬁv'éﬂ?\tg’l%’r@@ Cg%lg l&ltr@&siﬁp?%‘gﬁﬁpl Jation at
2,500 rprbRs cBneldidhd 348 clopasst %ﬁfsﬂfrﬁ\e@lﬂﬂltrﬁ)ﬁb'w TYRBAIPF Vipyal ly. As
~&an be seen from 20 the result ograg hed i n Annexure MAG, five of the

" cl oneth ceBT Flones statdyastranafémﬂdt i MVRTER DYRYwersaselacted for 1. 11,
B16 3.1.4 l{@e%ueﬁt éné@se?%h@n]e%(p?e&n&l g\lﬁ'le e%g?é'nowgrtﬁo%%%iedgeénae%y pal er

t han t he %{L
reduced, melanin production in the B16 cells is also reduced. B16 cells that

would normally appear to contain a dark brown pigment will now appear lightly

" pigmented or unpigmented.

15 °  To monitor visually melanin content of transformed B16 cell lines, cells were
trypsinized and transferred to media containing FBS to inhibit trypsin activity.
Cells were then counted with a haemocytometer and 2 x 106 cells transferred
to a microfuge tube. Cells were collected by centrifugation at 2,500 rpm for 3
mins at room temperature and pellets examined visually. As can be seen from

A 20 the resuits photographed in Annexure MWGS5, five of the cloned cell lines
transformed with pCMV.TYR.BGI2.RYT, namely B16 2 1.11, B16 3.1.4, B16
3.1.15, B16 4.12.2 and B16 4.12.3, were considerably paler than the B16
controls. Five clones transformed with pCMV.TYR.TYR (B16+TyrTyr 1.1,
B16+TyrTyr 2.9, B16+TyrTyr 3.7, B16+TyrTyr 3.13 and B16+TyrTyr 4.4) were
25 also significantly paler than the B16 controls.

Another assay for measuring target gene (tyrosinase) repression was as
follows. Specific diagnosis for the presence of cellular melanin can be
achieved using a modified Schmorl’'s melanin staining (Koss 1979 Diagnostic
Cytology. Ed. J.P. Lippincott). Using this method, the presence of melanin in |



controls. Five clones transformed with pCW. TYR TYR (B16+Tyr Tyr 1.1,
B16+Tyr Tyr 2.9, B1l6+TyrTyr 3.7, Bl6+TyrTyr 3.13 and B1l6+TyrTyr 4.4) were
25 also significantly paler than the B16 controls. Another assay for
measuring target gene (tyrosinase) repression was as follows. Specific
di agnosis for the presence of cellular anin can be achieved using a
nodi fi ed Schnorl's nel anin staining (Ko 1979 Di agnostic Cytol ogy. Ed.

Celi s hUREEA ls dLRLRS bPLaERIR el oRicBABRC Gp hoffferddtibiadin 1 he

cell is detected by a specific stalnin rocedure that conver nmel'anin to
a greeni ghedstigicblaukgpigment. THee ressiths tof stdinisgavith Sghmiotlls Salmoarrélatest ai n

lated.,w,th th i.mple,visyal data illustrated in Annexure MAGH for
;FIr r ge?l eW'tﬂe € SWFgﬁS‘Iﬁﬁn@alc‘%@tﬁsM%ﬁr%tegt L\ ﬁ@ﬂewrﬁhmgsa&ﬁl gelbdivasy e,

mel ani n | | / .ned for
ol ani 1 | nRREEELR e A eBSME e AbgRebrdtgure HelankElaS SRS ;)
4.12. 25 BircmhstZells. Bi6ofyasty fewdr tellBistifgd Tor m2ldhimiv ctllﬁﬁﬁraﬁﬁfoneGSi I7
consi steng._ w t ro i tation observed in_these ce
Tnes.  Tyleds G o LT B LBl e hutey el dR 2B TR Tas )
utilisin ' ' P ANS LR 191 ity o
cel | ext ?;éﬁ’?i%”?gg?g?mgﬂgég%mi s as%gg%gggfgt%gst ho;lﬁé(sr ﬁ@%(g%dns\é

(3- et hy| pigmeniation ohseveldiindhess delblimee hydrochl ori de, MBTH) to trap
dopaqui none fornmed by the oxidation of L-dopa and rate of production of

t he pink pignent can be used as a quantitative nmeasure of enzyne |evels
(W nder aryradimases reffre$8ien, inBrangfermed aelinihesnivadi alsbeasssissgd 1itHiSing317- 326;

“cel 's MnabloShefs shesen gsear wherediadiabh aidess coafinal opliaxate 1 s of a
Cranet or Fog 1 O, TRS] Srar s st Ao (PR e
1640 :benzothiazolinonehydrazone hydrochioride, MBTH) to trap dopaquinone
-formed by the oxidation of L-dopa and rate of production of the pink pigment
can be used as a quantitative measure of enzyme levels (Winder and Harris
15 1991, European Journal of Biochemistry, 198: 317-326; Dutkiewicz, et al.,

2000, Experimental Eye Research, 70: 563-569).

B16 cells and transformed B16 cell lines were plated into individual wells of a
96-well plate in triplicate. Constant numbers of cells (25,000) were transferred
info individual wells and were incubated ovemight in RPMI 1640

20 supplemented with 10% v/v FBS at 370C in 5% v/v CO.. Tyrosinase assays
were performed (as described below) after either 24 or 48 hr incubation.
Individual wells were washed with 200 pil PBS and 20 pl of 0.5% v/v Triton X-
100 in 50mM sodium phosphate buffer (pH 6.9) was added to each well. Cell
lysis and solubilisation was achieved by freeze-thawing plates at -70°C for 30

25 min, followed by incubating at room temperature for 25 min and 37°C for 5
min.

Tyrosinase activity was assayed by adding 190 ul freshly-prepared assay
buffer (6.3mM MBTH, 1.1mM L-dopa, 4% v/v N,N’-dimethylformamide in
48mM sodium phosphate buffer (pH 7.1)) to each well. Colour formation was
30 monitored at 505 nm in a Tecan piate reader and data collected using X/Scan



20 supplenented with 10% v/v FBS at 370C in 5% v/v CO2. Tyrosinase assays
were performed (as described below) after either 24 or 48 hr incubation.
I ndi vi dual wells were washed with 200 pl PBS and 20 pl of 0.5%v/v Triton
X- 100 in 50nmM sodi um phosphate buffer (pH 6.9) was added to each well.
Cell 1lysis and solubilisation was achi BVEd by freeze-thawi ng pl ates at
-70C for 30 25 mn, foll owed by i ncubatl ﬁg at roomtenperature for 25 mn

and 37C f i S| i wit y 4N I
frashly. podltiard Readiicty Wetd PiaRh) 4 Ikt S fife I Sl feddtond
N, N' - di metriayitbogdraat dem rtemp@nrdiuseditypicailyo28Pat Odtaf vere (artdlykel) antio each
well. Colour formation was 30 nonitored at 505 nmin a Tecan pl ate reader

and dat a epsiaaseactighnestindedratiemly Baetprints. whea daredict ieraaticik wiasat

Cypi cal | IR PERN eRta SSHA TR iy BeRHEE Pl RABABECREAES o
early g i nBvéragetst algid betNfiés bermahs@edwWes the itfsiate RRplad. | Redutisween 2
and 12 min. Results were calculated as the 5 average of enzynme activities

as measur Bant Bresenexpermentsatie shoyncbelowekufngexyicoMWids dhesgedataent s are
hown _bel gy . i i
St ity By QAR Bhey e BB R, s TN lRtos KT RASE WRAZY T

PCW. TYR. @ éorStlicespCRhIVIYRYBGTX RY TThAad CMY AR MR ef ore show t hat each
of the plasm ds pCW. TYR G-P. RYT 1o and pCW.TYR TYR is a genetic

construct (which has a nucl eotide sequence identical to a structural

target geTReséd MESSMmeefofd sRdwaRanBacitef the PIRSHIIE FCMV TNEIGEPLRYX
Jronoter) represses e%ressmn of that ta&gv ene, the endogenous nouse

t
{ tyr osihasang ekdVvindR TiYR jssa gepetie seastime ‘high hias acaudleotits SEHIANCS 11 om
these. expabiIBNS a3fHIAMalfRt Yedd! ilitise! #%h Snimtd cell, operably

linked with a promoter) represses expression of that target gene, the

endogenous mouse tyrosinase gene, when it is expressed in an animal cell.

15 Results from these experiments are shown below in Tables 7 and 8.



TABLE 7 B16 0.0123 100 B162.1.6 (Tyr.BGl2.ryT) 0.0108 87.8

B162. 1. 11( Tyr. BGL2.ryT) 0.0007 5.7 B163.1.4 (Tyr.BGl2.ryT) 0.0033 26.8
B.16 3. 1.15(Tyr.BGl2.ryT) 0.0011 8.9 B16 4.12.2(Tyr.BGl2.ryT) 0.0013 10.6
B16 4.12. 3(Tyr.BGl2.ryT) QAO011 8.9 B 16 Tyr Tyr 1.1 0.0043 34 B16 Tyr Tyr
2.9 0.0042 34.1 B16 Tyr Tyr 3.7 0.008% %0.7 108 TABLE 8 B16 0. 0200 100
B16 Tyr 2.3 0.0036 18.2 B16 Tyr 2.9 018617 8.7 B16 Tyr 4.10 0.0034 17.2
These datpagp@ved that tyrosinase enzyne activity was reduced in lines
transforned wth the constructs pCW. TYR Bd 2. RYT, pCW.TYR and 5
pCW. TYR TYR 4. Sout hern anal ysis Individual transgenic B16 cell |ines were

anal yzsg
transgs LE 12
Co- supp nat ed
neu anda

-

B16 0.0123 100
B162.1.6 (Tyr.BGi2.ryT) - 0.0108 87.8
B16 2.1.11(Tyr.BGI2.ryT) 0.0007 5.7
B16 3.1.4 (Tyr.BGI2.ryT) 0.0033 26.8
| B16 3.1.15(Tyr.BGI2.ryT) 0.0011 8.9

B16 4.12.2(Tyr.BGI2.ryT) 0.0013 10.6
B16 4.12.3(Tyr.BGI2.ryT) 0.0011 8.9
B16 Tyr Tyr 1.1 0.0043 34

B16 Tyr Tyr 2.9 0.0042 34.1
B16 Tyr Tyr 3.7 0.0087 70.7




receptor tyrosine kinase that is constitutively activated at |ow |l evels and
di spl ays potent oncogenic activity when over-expressed. HER- 2 protein over
15 expression occurs in about 30% of invasive hunan breast cancers. The

bi ol ogi cal function of HER-2 is not well understood. It shares a common
structural organisation wth other nen?&gs of the epidermal growth factor
109 receptor famly and may participat'®?in simlar signal transduction

pat hways Th@3¢ g9 to changes in cytoskel eton reorganisation, cell motility,
prot ease expression and cell adhesion. Over-expression of HER-2 in breast
cancer cells leads to increased tunorigenicity, invasiveness and

nmet ast = 8 el l

l i nes W th
10% v/ to
rel eas di um
as 1lo a)

I nteri S
anplif ared
fromto RNA | sol ated Trom a humaig gdggast tunpur Tine, 4p : t al

RNA was u?ified as describegd in Exanple 8. Hunmpn HER-2 sequences re
anplifi %gqug_g; he prinmers] H: CTg &afdg AAG TGI| GCA CCG ¢gA CAG ACA|TG
1 23

[SEQ I NO 23] 20 and H3: GTC GAC TGI GIT CCA TC TCT GCI GTC AC [ SEQ I D
| B16 Tyr2.9 - 0.0017 8.7
o~ B16 Tyr 4.10 0.0034 17.2

These data showed that tyrosinase enzyme activity was reduced in lines
transformed with the constructs pCMV.TYRBGI2.RYT, pCMV.TYR and
5 pCMV.TYRTYR

4. Southern analysis

Individual transgenic B16 cell lines were analyzed by Southern blot analysis to
confirm integration of the transgene, according to the protocol set forth in

Example 1.
10 EXAMPLE 12
Co-suppression of HER-2 in MDA-MB-468 cells in vitro

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmembrane
receptor tyrosine kinase that is cdnstitutivety acfivated at low levels and
displays potent oncogenic activity when over-expressed. HER-2 protein over-
15  expression occurs in about 30% of invasive human breast cancers. The
biological function of HER-2 is not well understood. It shares a common

structural organisation with other members of the epidermal growth factor



NG 24]. The anplification product was cloned into pCR (registered
trademark) 2.1 110 TOPO to create the internediate clone TOPO HER-2. (b)
Test Plasmd Pl'asmd pCWwW. HER2. BA 2. 2REH Pl asm d pCwW. HER2. BG12. 2REH
contains an inverted repeat or palindrone 5 of the HER-2 coding region
that is interrupted by the insertion of the human fi- globin intron 2

(Bd 2) sequence therein. Plasm d pCWw. 2. BG12. 2REH  was constructed in

ub- of onelr TR raily ahd InaE R aBECRF Skl ighaTFafsaul Rl S5iERY8°
Sal | - di gelgldthgo @McHEL2sC irs Tytdskatgtbe Bordanisadion, pteals mdtilitg, prdiéakER2. BGL2,

and (ii) the HER2 sequence from plasm d TOPO HER2 was_ sub-cloned in the
ant i sense©¥EEHPAt Arth &Y %ﬂ'ﬁﬁ@')-)@b’ﬁr‘ﬁ?‘a@%ﬁm PhitERioin b(ﬂ?@@s‘t?%ﬂﬁef

roer of seall GeRsas RiontRMeliin K eneihd SnotdStRb Bt ©f

Tr ansfsor ngBiamos, Glark apel.f®878d in 6-wel |l tissue culture vessels. |ndividual
wells were seeded with 4 x 105 MDA-MB-468 cells in 2 m of RPM 1640

medi um 10% v/v FBS and incubated at 37C in 5%v/v CO2 until the nonolayer
was 60- 909y conCutering bFSeR fines 16-24 hr. Subsequent procedures were as
descri bed above in Exanple 10, except that 20 NMDA- MB-468 cells were

i ncubated with the DNA-1i posone conplexes at 37C in 5%v/v CO2 for 3-4 hr

conly. Thi i MOAMBSUes B Rete lduftBfed i RPNPHBEEGupplEmereeaig Nt
~analysis. (b) Post-transcriptional silencing of HER-2 in NMDA- MB-468 cells
~ MDA- MB- 4680%evivsFBS e Celis prerespassrgeddndceacseek yntregting: with gwpsititei n

S release cells and transferring a proportion of the culture to fresh medium, as

10  described in Example 1.
2. Preparation of genetic constructs
(@) Interim Plasmid
Plasmid TOPO.HER-2

A region of the human HER-2 gene was amplified by PCR using human cDNA

15 as a template. The cDNA was prepared from total RNA isolated from a human
breast tumour line, SK-BR-3. Total RNA was purified as described in Example
8. Human HER-2 sequences were amplified using the primers:-

H1: CTC GAG AAG TGT GCA CCG GCA CAG ACA TG [SEQ ID
NO:23j}

20 and
H3: GTC GAC TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID
NO:24].

The amplification product was cloned into pCR (registered trademark) 2.1-



111 selected clones derived fromthis cell line were tested by

i munof | uorescence |abelling of clones (see Exanple 1) with a primary
muri ne nonocl onal antibody directed agai nst the extracel |l ul ar domai n of
HER-2 protein. The primary antibody was a nouse Anti-erbB2 nonocl onal
anti body (Transduction 5 Laboratories, Cat. No. E19420, an |IgQ&b isotype)
used at 1/400 dilution; the secondary1éﬁtibody was Al exa Fl uor 488 goat

anti - nous O'FQ?I ' q—lq};s es, Cat. No. A-11001) used
at 1/100 gl l'u |c§)§k eﬂgé)mﬁlega cﬁ%@@%ﬁ%ro Oﬁ'ﬁ?% 468 cells (parental and

transforned lines) were probed with Al exa Fluor 488 goat anti-nouse |1gG

(H+L) conjugat . Several MDA-MB-468 cell lines transformed with
pCW. HERZ{%QZ?Q%EBF‘%SG% e found to have reduced i nmunofl uorescence,
exanples of which are illustrated in Figure 73. (c) FACS analysis to

define ceLl |lines 1 xpression of Her- 2 15 To determ ne the
| evel of éi@;ﬁ'@gﬁi’%ww&?#ﬁkﬁnsf ormed cell |ines, approximtely
500,000 cells grown in a 6-well plate were washed twice with 1 x PBS then

di ssoci atlgegévm_t h 500 pl _cell dissociation solution (Sigm C 5789)

accor di ngPtesmif PN TR BG| 23 REfL epRtadns an drvgriecosenpeatyrralindstmeerred to
di . . ) _ . . t 2. 500

o 20 oo GEER ROAGH86ichAG: RIS G ET ER i Saion of SR A )

1 x PBS. glbbin tritrat R20(BGIY! dequiice tharbiac tRagsrald ?@MWHE&Q@BGIQ.Z@EH*DOVG and
suspended in 50 pl PBA (1 x PBS, 0.1 %w v BSA fraction V (Trace) and 0.1
% w v sodivamconstiasted: ip sunaasshyp stepsadidithe dHERB2 ssauencefrom glagmid

e al or ey deky e ube X BoBRSH ik LaRUD i§ﬁ’taﬂ5n 5,4 B bbhdTithopldhy o | om

¢ permeabi | 1 ze C S wereé  collected centrifugation
for 30 semfot [Balsdigesiedt apCM\eBGBI2dtass (Example 6) to make plasmid

10 pCMV.HER2.BGI2, and (ii) the HER2 sequence from plasmid TOPO.HER2
was sub-cloned in the antisense orientation as a Safl/Xhol fragment into Xhol-
digested pCMV.HER2.BGI2 to make plasmid pCMV.HER2.BGI2.2REH.

3. Determination of onset of co-suppression
(a)  Transfection of HER-2 constructs

15 Transformations were performed in 6-well tissue culture vessels. Individual
wells were seeded with 4 x 10° MDA-MB-468 celis in 2 ml of RPM! 1640
medium, 10% v/iv FBS and incubated at 37°C in 5% viv CO, until the

monolayer was 60-90% confluent, typically 16—24 hr.

Subsequent procedures were as described above in Example 10, except that
20 MDA-MB-468 cells were incubated with the DNA-liposome complexes at 37°C
in 5% viv CO; for 3—4 hr only. Thirty-six transformed cell lines were isolated

for subsequent analysis.
(b)  Post-transcriptional silencing of HER-2 in MDA-MB-468 cells

MDA-MB-468 cells over-express HER-2 and PTGS of the gene in geneticin-



and cells suspended in 50 pl 0.25 %w v saponin (Sigma S 4521) in PBA and

I ncubated at 4C for 10 mn. To block cells, cells were collected by
centrifugation at 10,000 rpmfor 30 sec, the supernatant renoved and cells
112 suspended in 50 pl PBA, 1 %v/v FBS and incubated at 4C for 10 min. To
quantify HER-2 protein, fixed, perneabilized cells were probed with Anti -
er bB2 nonocl onal anti body at 1/100 dil dditon fol | oned by Al exa Fl uor 488

t tia Al Joh L nal ysed
by'5 FACS ISPIERIOfes SO QPRbM Ml culith Werptodtad L9t HBred el s
(Bect on Iaibeuingsoﬁ)cioﬂ'e&e(sbacligamplml; ) :srdﬂesacglgnﬁawah}]lﬁmg\@n@ndimcbﬂml i shed

ith tal NDA- VB- 468, cel e an irrel evant
\[I)Mr}[ mar ;nsﬁﬂl t?%g’dﬁ'r?ﬁﬁﬁwaﬁag?mgﬁ tkéé&fﬁpﬁiﬁé@ﬁ%ﬁmﬁ%w yPrafeint fBeal exa
Fl 488y ' i | ,m?) ﬁﬁgﬁ igh FACS
da;J gr are ?L%ﬁgﬁ%gmﬁﬁ?dnd@ég%gﬂyﬂsggfedgtﬁbg%%ggﬁgwgre% 6 d I ce%cﬁiit'lghes are
conpi Ised Labdrabdrees, Uat. N3 E194ABOFah(gGRA-ibByH63 usedtat dl/400 dilGfiort. the 4. 78

MDA- MB- 468 confrol . 2.137.24 121 68 117.57 _NDA- VB- 468 1224.90 1086. 47
1175. 74 {eRNddMeantibody; Mas ohlexgsEluor A58, qoatl ppkmersesslas a(H4d) 72

807,00 550 B NON AR deE Flote Tre b [ 1390 Tbeqt ot \PRO i g™ °
1173. 92 9ssyatvel cantradd MDNAAVIBBIGH &ells (pardtal 4nd Otargsfobidd IDes) were
: fprobed with Alexa Fluor 488 goat anti-mouse igG (H+L) conjugate only.

f’\ 10 Several MDA-MB-468 cell fines transformed with pCMV.HER2.BGI2.2REH
were found to have reduced immunofiuorescence, examples of which are

illustrated in Figure 73.

(¢)  FACS analysis to define cell lines showing reduced expression of Her-
2

15 To determine the level of expression of HER-2 in transformed cell lines,
approximately 500,000 cells grown in a 6-well plate were washed twice with 1
x PBS then dissociated with 500 pi cell dissociation solution (Sigma C 5789)
according to the supplier’s instructions (Sigma). Cells were transferred to
RN medium in a microcentrifuge tube and collected by centifugation at 2,500 rpm

20 for 3 min. The supernatant was removed and cells resuspended in 1 mi 1 x
PBS.

For fixation, cells were collected by centrifugation as above and suspended in
50 pi PBA (1 x PBS, 0.1 % w/v BSA fraction V (Trace) and 0.1 % w/v sodium
azide) followed by the addition of 250 ul of 4 % w/v paraformaldehyde in 1 x
25 PBS. and incubated at 4°C for 10 min. To permeabilize cells, cells were
collected by centrifugation at 10,000 rpm for 30 sec, the supernatant removed
and cells suspended in 50 pl 0.25 % w/v saponin (Sigma S 4521) in PBA and
incubated at 4°C for 10 min. To block cells, cells were collected by

centrifugation at 10,000 rpm for 30 sec, the supernatant removed and cells



M DA-M B-468 1.11 1103.18 980.10 1064.99 M DA-M B-468 1.12 817.39 666.61
710.50 MDA-MB-468 2.5 966.72 862. 76 905.80 MDA-MB468 2.6 752.70 633. 49
649.38 MDA-MB-468 2.7 842.00 677.15 716.92 MDA-MB-468 2.8 986. 05 792. 13
881.68 MDA-MB-468 2.9 802. 36 686.06 716.92 MDA-MB-468 2.10 1061. 79 944. 49
1009. 04 NMDA-MB-468 2.12 931.63 790.81 820.47 NDA-MB-468 2.13 894. 47

792. 46 827.88 NDA-MB-468 2.15 1052.871346. 79 1009.04 NMDA- MB-468 3.1

3. 4 051, a9 o P W BACRY ARS8 ateringided aldicr 43y \oa v 40
3.7 1098. 95 993 26 1036.63 MDA-MB-468 3.8 1133.86 1026. 31 1074 61
VDA V- 4650 SIURSIROHERr2 Bpleing DiasbepastieamiRe esalbavarespioRsconta oy 697 83
B b S B PR A el 3
MDA- MB- 46anti-niuse8igG@hTgate at13/a® dilution. Cells were then analysed by
5 FACS using a Becton Dickinson FACSCalibur and Cellquest software (Becton
Dickinson). True background fluorescence values were established with
unstained MDA-MB-468 cells and cells probed with an irrelevant primary
-~ antibody (MART-1, an IgG2b antibody (NeoMarkers}) and the Alexa Fluor 488
secondary antibody, both at 1/100 dilutions. Examples of FACS data are
10 shown in Figure 74. Results of analyses of all cell lines are compiled in Table
10.



MDA- MB- 468 4. 13 790.41 712.25 743.18 NDA-MB-468 4.14 942.36 842.34 873.79
MDA- MB- 468 4.16 771.81 677.69 697.83 "NMDA-MB-468 control .1" is NMDA-MB-468
ceI | s without staining - neither primary nor secondary anti body.

"MDA- MB- 468 control . 2" is MDA-MB-468 cells stained with irrelevant primary
5 anti body MART-1 and the Al exa Fl uor 4%% secondary anti body. Al other
cells, as described, were stained wt hT1Ati - er bB2 primary anti body and
Al exa Flup % fl_% §econdary anti body. These data show t hat NMDA- MB-468 cells
transf or ne pCW. HER2. BG12. 2REH have significantly reduced expression
of HER-2 115 prot e| n 4 Sout her n anal y5| s | nd| Vi dual transgenl c NI H/ 3T3
cell |inegs v P 1 »

t ransgeng tern
bl ot anal}
over ni ghtg n
pl ates ir s
(50mMM Tri '
Na3vdd), | 550N
Tris-HC ,| M VI8 / | 2%
w v SDS) |which had been heat ed to 100C. _Su e_lncubated i
screw cagdDAMBe46& ool flor 15134.24 Tubes W|12ﬁ GBysed cel N4 vief e
centrifuged_at 13 000 rpmfod 15 10 mn apnd supernatantt extracts werfe
removed aMdiDAMBA6%:t - 20C 122490 1086.47 1175.74
— MDA-MB-468 1.1 1167.94 1056.17 1124.04
"‘* MDA-MB-468 1.4 781.72 664.67 673.17
MDA-MB-468 1.5 828.34 673.82 710.50
{ MDA-MB-468 1.6 925.16 807.09 850.53
MDA-MB-468 1.7 870.81 749.27 70148
MDA-MB-468 1.8 1173.92 938.72 1124.04
MDA-MB-468 1.10 701.24 601.84 . 604.30
MDA-MB-468 1.11 1103.18 980.10 1064.99
MDA-MB-468 1.12 817.39 666.61 710.50
MDA-MB-468 2.5 i 966.72 862.76 905.80
A MDA-MB-468 2.6 752.70 633.49 649.38
MDA-MB-468 2.7 842.00 677.15 716.92
MDA-MB-468 2.8 086.05 792.13 881.68
MDA-MB-468 2.9 802.36 686.06 716.92
MDA-MB-468 2.10 1061.79 944 .49 1009.04
MDA-MB-468 2.12 931.63 790.81 820.47
MDA-MB-468 2.13 89447 792.46 827.88
MDA-MB-468 2.15 1052.87 946.79 1009.04
MDA-MB-468 3.1 1049.88 931.96 991.05




SDS- PAGE 10% v/ v separating and 5% v/v stacking gels (0.75 mm) were
prepared in a Protean apparatus (Bi oRad) using 29:1

acryl am de: bi sacryl am de (Bi o-Rad) and Tri s- HCl

buffers at pH 8.8 and 6. 8,

respectively. Volunes of 60 pl fromextracts were conbined with 20 pi of 4x
20 | oadi ng buffer (50mMM Tris-HCl, pH 6. 2% w v SDS, 40%v/v glycerol,
br omophenol bl ue and 400n1\/| d|th| othreli added before use), heated to
100C for W then—froaded ahg e s UB ) theget gy un in the
cold room 12 prot ¢i n sanpl'es en|t ered P%e sepdratl ng gel then at
240V. Sej AaM SI4[Ib wer g trar %-5: mtT e 25
menbr anes CN('IQ sha u5| ng an eI ec!?sr og?otter (B| o-Rad), [accor |ng to t he
supplier'm A d Qns. ' B TERG 1 nsed T huf fegghl
Tris-HC ,| pH 8.« vaggnHZE%) t hen bloc dlna
di sh i n {RASAWBMGIEW v SKI T M j¢o@0der | pl US goBaepnal ase fomead Torjs (1
nv Na4P2Qr7, 10mM NaF, 20pM Naz2MoX4, 1nmM Na3VO4). Menbr anes were i ncubat ed
in a smalllypalMeesad3.8TBST with 21888 86V ski m Aigbk. owdé¢r pli@g4m@iosphat ase
i nhibitorls containing 5 a nouse nonocl onal | anti body agaifnst the ECD df
HER- 2 ( T{anbBAJdB-468 3leabor at ¢ri es,8NepBhar kers) debiBxed 1: 400063MENDLr dnes
were washed three tinmes for {10 mn in TBST with 2.5% wiv skim m |k powder
pl us phogpbAdEB-465BI1A t ors.| Menbt2h88 wefe i n@@B&7ed ifn a 1€¥6dl99 voljune in
TBST with 2.5% w v skimmlk powder plus phosphatase inhibitors contiai ning
t he hor s¢MAQASMBI46H8ridxi dase¢- conjdhféd second&ﬁﬁ int i hody @3Bfied 1 1000.
Menbr aned were washed threeftines for 10 Wwin in TBST wiith 2 5% w v skim
i1 k powddiDAHUB-4Gfhddphat ase i nhi 6G-88s. [The pf8idike of HERY -$} ot din was
- detected usihg the ECL | um nrl_hasﬁwrchan‘}1 accordingt
manuf act UMNPASMBAAES At i ons. |Severdd-48i | 2.74
MDA-MB-468 4.8 860.76 769.51 813.12
MDA-MB-468 4.10 1016.21 904.69 947.46
MDA-MB-468 4.11 "870.10 776.73 813.12
MDA-MB-468 4.12 986.93 857.20 913.98
MDA-MB-468 4.13 790.41 712.25 743.18
MDA-MB-468 4.14 942.36 842.34 873.79
MDA-MB-468 4.16 771.81 677.69 697.83

“MDA-MB-468 control.1” is MDA-MB-468 cells without staining — neither

primary nor secondary anti

body.

“MDA-MB-468 control.2” is MDA-MB-468 cells stained with irrelevant primary
antibody MART-1 and the Alexa Fluor 488 secondary antibody.

All other cells, as described, were stained with Anti-erbB2 primary antibody

- and Alexa Fluor 488 secondary antibody.

These data show

that

- MDA-MB-468

cells

transformed

with

pCMV.HER2.BGI2.2REH have significantly reduced expression of HER-2



15 lines transformed wth pCW. HER2. BGL2. 2REH showed greatly reduced or no

detectabl e HER-2 protein. EXAMPLE 13 Co-suppression of YB-1 and p53 in

Murine Type B10.2 and Pam 212 cells in vitro 20 1. Culturing of cell

i nes

B10.2 cells (I nmunex) derived fromnurine fibrosarcoma and Pam 212 cells
(Auckl and Medi cal School) derived from Eﬁonstaneousl y transfornmed mnurine

epi dermal keratinocytes were grown as erent nonol ayers in cDVEM (DVEM
with 0.77 gﬁpar agi ne, 160M penicillin G 70pM 25 di hydrostreptomnycin
sul fate) ppl emented with 5% v/v FBS (810.2) or 5% v/v equine serum (Pam
212), as descri bed in Exanple 1, above. 117 2. Preparation of genetic

const ruct ds Plasmd TOPO YB-1 To anplify a region of
3.\ gl AR BRI | am

t he mouse™YB- 1
CDNA (obtained from Genesis Research & Devel oprrent Cor por at i on,

AGA TCT

a plasmd clone 5 containing a nouse YB-1
Auckl and

5 BN N S R el P 2 B SO 5 o

ACC TTT AddnfiiCirfisralibly JfTRChianbgEle, Bocdidingflo tﬂé'q)rB%oﬁ%k ithig ahi on was

per formed usi ng Hot St ar Tag DNA pol yner ase accord| ng to the supplier's

prot odol Expmgn].. PCR anplification conditions

N

10

15

20

25

5. Western blot analysis

Selected clones and control MDA-MB-468 cells were grown ovemnight to near-
confluence on 100 mm TC plates (107 cells). Cells in plates were first washed
with buffer containing phosphatase inhibitors (50mM Tris-HCI, pH 6.8, 1mM
NasP207, 10mM NaF, 20uM NaMoO4, 1mM NazVOy,), and then scraped from
the plate in 600 pl of lysis buffer (50mM Tris-HCI, pH 6.8, 1mM NayP;0-,
10mM NaF, 20uM NaMoO4, 1mM NazVO4, 2% w/iv SDS) which had been
heated to 100°C. Suspensions were incubated in screw-capped tubes at
100°C for 15 min. Tubes with lysed cells were centrifuged at 13,000 rpm for
10 min and supernatant extracts were removed and stored at -20°C.

SDS-PAGE 10% v/v separating and 5% v/v stacking gels (0.75 mm) were
prepared in a Protean apparatus (BioRad)  using  29:1
acrylamide:bisacrylamide (Bio-Rad) and Tris-HCI buffers at pH 8.8 and 6.8,
respectively. Volumes of 60 pl from extracts were combined with 20 il of 4x
loading buffer (50mM Tris-HCI, pH 6.8, 2% w/v SDS, 40% v/v glycerol,
bromophenol blue and 400mM dithiothreitol added before use), heated to
100°C for 5 min, cooled then loaded into wells before the gel was run in the
cold room at 120V until protein samples entered the separating gel, then at
240V. Separated proteins were fransferred to Hybond-ECL nitroceilulose
membranes (Amersham) using an electroblotter (Bio-Rad), according to the

supplier's instructions.

Membranes were rinsed in TBST buffer (10mM Tris-HCl, pH 8.0, 150mM



15 involved an initial activation step at 95C for 15 mn, followed by 35
anplification cycles of 94C for 30 sec, 55C for 30 sec and 72C for 60 sec,
with a final elongation step at 72C for 4 mn. The PCR-anplified region of
YB-1 was colum-purified (PCR purification colum, Q agen) and then cl oned
into pCR (registered trademark) 2.1-TOPQO, 20 (Invitrogen) according to the
supplier's instructions, to nake pl asmil @® TOPO. YB-1. Plasm d TOPO p53 To
anplify I f _iTesAth &g 8

cont ai ni ﬁﬁégg’r%g?’e?" %@ﬁ%é?%g% ﬁggﬁ?? ﬁ?naggsr,]!glrlx gBResegbg)hﬁgwo%ek\%l opnent
Cor por at i milk pavadergpids plidsphatasesiatiibiiors ( $ond tNaaPeOf.of OIBR Natnp20iEMcat i on

using the prinmers: P2: A AGA TAT CCT GCC ATC ACC TCA,CTG [SEQ ID 5
NO. 27] ankd22i¥@04 '\ié@a%y%?&@”éﬁ"ﬁf@rm@a nrasmna dq?LtB{"eNﬁz 28] .
The PCR i) i r ' ; I . 10
accordi ngﬁ?gvt‘ﬂgﬁ&%gl%%k@ﬁpélﬁ ggg’ldgfgn%gg%s.%%@%hp'l 0?%8(%5 P?rﬁ@gndi tions
i nvol weed anmonséi monacionahtantibody epgainsD it fECDL 6f ritBR-2 ofTrengilidipn35

[ifi ti | f 94C for, 30 5C, f 30 d 72 60, ,
SR T N I Dl S I N AT
P53 was c@hi P?‘O'rﬁi‘n‘%ﬂ TEER Witk QfS%%ﬁ\g&inﬂrﬁHR%d&ﬁbn Sl gL pRaGsEhen

cloned into p regi stered trademark) 2.1-TOPO" (Invitrogen) according to

t he manufiabthitoss.' Memisanes wiese dncubmtedlie spsvsih wiumero, P33T with 2.5%
w/v skim milk powder plus phosphatase inhibitors containing the horseradish

10 peroxidase-conjugated secondary antibody diluted 1:1000. Membranes were

washed thrée times for 10 min in TBST with 2.5% w/v skim milk powder plus

phosphatase inhibitors.

The presence of HER-2 protein Waé detected using the ECL luminol-based

system (Amersham), according to manufacturer's instructions. Several cell
15  lines transformed with pCMV.HER2.BGI2.2REH showed greatly reduced or

no detectable HER-2 protein. '

EXAMPLE 13

Co-suppression of YB-1 and p53 in Murine Type B10.2 and Pam 212

TN cells in vitro
20 1. Culturing of cell lines

B10.2 celis (Immunex) derived from murine fibrosarcoma and Pam 212 celis
(Auckland Medical School} derived from sponstaneously transformed murine
epidermal keratinocytes were grown as adherent monolayers in cDMEM
(DMEM  with 0.77mM asparagine, 160uM penicillin G, 70uM

25 dihydrostreptomycin sulfate) supplemented with 5% v/v FBS (B10.2) or 5%
v/v equine serum {Pam 212), as described in Example 1, above.



Plasm d TOPQO YBI.p53 To create a construct fusing YB-1 and p53 cDNA
sequences, the nmurine YB-1 20 sequence from TOPO. YB-1 was isolated as a
Bglll-to-BanH fragment and cloned into the BanmH site of TOPO p53. A
clone in which the YB-1 insert was oriented in the sane sense as the p53
sequence was sel ected and desi gnat e%ﬂé@ YB1. p53. 119 (b) Test plasmds
Plasm d pCWw. YBI.BGl2.1 BY Plasmd p Bl . BGl2. 1BY i s capabl e of
transcribbng appSod Afionf ,Itﬁ?, } gene as an inverted repeat or
pal i ndr orr% t hat ‘%%’?%toer? e%&bngtrtxﬁgslhurmn (3-globin intron 2 (BA?2)
sequence therein. Plasm d pCW. YBI . BGl2. 1BY was constructed in successive
steps: (i),,the - nce fromplasmd TOPO YB-1 was sub-cloned in the
sense -ori@r’nt atllng‘%"r;’é)slga ’é§| |1 -to-BanmH fragnment into Bg/ll-digested

pCW. Bd 2 to make plasmd pCW.YB1l.BGl2, and (ii) the YB-1 sequence from
plasm d TOPO. YR 0, Sub-cloned in the antisense orientation as a

Bgl || to%ﬁ[ﬁ'i%ffggﬁX#'? nto BanHl -di gested pCW. YBI.BGl2 to make plasmd
pCW. YBI . BGL2. 1BY (Figure 81). Plasm d pCW. YBI. p53. B3 2. 35p.1 BY Plasmd
pCW. YB1. p53. B f§ 35p. 1BY is, capabl e Xpr essj fused ., 15 .r,egi ons of the
' ne vE[a A58 GG LG MPHYE: T8l KBPeacib 0 BhR RFSHHE SREE i o

I nt er rupt &ehikihidd1ea NHBRRe( YELH OBDNA NidRaingd ( BSh?) GRRELIEN ResehR&l €& -
Plasmd pSCC:*'liN. YBlsj.jpSS. B4 %. 35p. | BY vvas&{:onst ructed gn successive steps: (i)
t he YB- 1 _[P&elbpricot Cargoration, fAunkigridadlai) dvad @red Yad apsabsteate Sob RTRNned in
t he sense oriiﬁnt!ati on aﬁ apﬁt%l |1 -to-BamH 20 fragnment into Bglll-digested

pCOW. BGL 2B HERIENHUY ers:-
\ Y1: AGA TCT GCA GCA GAC CGT AAC CAT TAT AGG [SEQ ID
NO:25] '
10 and
v4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [SEQ ID
NQ:26]. ’

The PCR amplification was performed using HotStarTaq DNA polymerase
according to the supplier's protocol (Qiagen). PCR amplification conditions
15 involved an initial activation step at 95°C for 15 min, followed by 35
amplification cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec,

with a final elongation step at 72°C for 4 min.

The PCR-amplified region of YB-1 was column-purified (PCR purification
column, Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO

20 (Invitrogen) according to the supplier's instructions, to make plasmid
TOPO.YB-1.

Plasmid TOPOQ.p53

To amplify a region of the mouse p53 gene, 25 ng of a plasmid clone



pCW. Yl 31. p53.Bd 2, and (ii) the YB-1.p53 fusion sequence from plasmd
TOPQO. YB1. p53 was sub-cloned in the antisense orientation as a Bglll-to-
BanH fragnment into BanHl -di gested pCW. YBL. p53. B@ 2 to make pl asm d

pCW. YBL. p53. BA 2. 35p. 1 BY (Figure 82). 25 3. Detection of co-suppression
phenot ypes (a) Post-transcriptional genf silencing of YB-1 by insertion of
a region of the YB-I gene into nuri ne'f®brosarcoma B10.2 cells and murine

120  epi d&srﬂ&# riigfr At byt s%an&@ﬂiz\ qBbiane®- frofY-E8MeARRNAZ RIN G, Ng

factor I's a anscrlptl factor that binds, inter alia, to the
pr onot er If)egaelopmﬁ":t ﬂmppfﬁlogetﬁmcklmhd rNE)owdmusgdra:;naesuiMrates‘or &GR essi on.

I n cancer ceU.s t hat .express normal p53 protein at normal levels 5 (sone
50% of al #MRIFRAToRAIRIRG 1ie PEMErEx pr essi on of p53 is under the control  of
YB-1, such that dimnution of YB-1 expression results in increased |evels

of p53 protein and cons%g_uent arp_gt osis. The nmurine_cell lines 810.2 and
Pam 212 Be two subFA di ALHGT GGEeARC ACkolTfrdt GIS3 (8RR Hasi on.

The pe|q phenot ype for co-suppression of YB-1 in these two cell |ines
is 1o apopt os]| Transformations with pCWw. YBI.BAd 2. 1BY were perforned in
6-wel | tissue culture vessels. Individual wells were seeded with 3.5 x 104
cells (8 %q% Pam 212) in 3 mM of cDVEM 5% v/v FBS (810.2) or equine
serum ( Pa 12) and incubated at 37Cin 5%v/v CO2 for 24 hr prior to

- transfection. 15 The two m xes used to prepare transfection nedi um were:

Cl\génAl\/Eﬁ/l II§4( r eg:c s'lt_l gﬁ%ﬁgﬂéﬁ? @89‘\[ ﬁ%fﬁnﬁﬁ@ Eg%%&%rﬁéggﬁge [?or 5

AN, Mx §o:dgpl (400 ng) of pCW.YBI.BGL2. 1BY DNA in 100 pl of OPTI-

The PCR amplification was performed using HoiStarTag DNA polymerase
10 according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35
amplification cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec,

with a final elongation step at 72°C for 4 min.

The PCR-amplified region of p53 was column-purified (PCR purification
15  column, Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO
(Invitrogen) according to the manufacturer's instructions, to make plasmid

PR TOPQ.p53.

Plasmid TOPO.YB1.p53

To create a construct fusing YB-1 and p53 cDNA sequences, the murine YB-1

20 sequence from TOPO.YB-1 was isolated as a Bglll-to-BamHI fragment and
cloned into the BamHlI site of TOPO.p53. A clone in which the YB-1 insert was
oriented in the same sense as the p53 sequence was selected and
designated TOPO,YB1.p53.



20 MEM | (registered trademark) nedium After prelimnary incubation, Mx A
was added to Mx B and the m xture incubated at roomtenperature for a
further 20 m n. Medium overl ayi ng each cell culture was replaced with 800
pl of fresh medium and 200 pl of transfection m x added. Cells were

I ncubated at 37Cin 5%v/v 25 CO2 for 72 hr. 121 Duplicate cultures of
both cell types (610.2 and Pam 212) wel9transfected. Cells were suspended

with trypgin, t 1) d and resuspended in PBS according to the protocol
descri beoﬁ)#n Eﬁ%%’éegﬁf%Li ve and dead cell nunbers were determ ned by

trypan blue staining (0.29% 5 and counting in quadruplicate on a
haenocyt aget er. sl i presented in Figure 75. (b)
Post-traﬁ@#%@i%%@'ggﬁ%ﬁﬁlﬁfng of YB-1 and p53 by co-insertion of
regions of the YB-1 and p53 genes into nurine fibrosarcoma 810.2 <cells and
muri ne epider nal L e m 212 ceglls. 10 The, data present i n Figure
75 show thigentd pCRRAY BT 1ol sapAble: 51 2Panatibsi 2, 10681 PE 051 | owt ng
| nserti Ofmfing Vi loGRNSEIAE InvAASUGREEa Br InafiEomE Tt UB MiRATDRY By YE- 1.

consi stent wth 1 nduction of co-suppressio Si mul t aneous co- Suppressi on of
p53, whi cthei shumsaponidibkinf ointiam t 2at (BG!2)he seqpenseot ithencys pollasmid t hese

Ce ot v SaT G ' Ses bondBio e Sotiin SeSsr B PR 021
(Blo. 2 o oS By s R TP Rt s R e S oot erum
(Pam 2123s argiiltoBaawldHfragm@nCirita Bgl-digestap pCaiV B RBrtopnake ptasmid
Avanstect [an 481 B2, Whd Tl Hhe Yi5Y SSaRiRHSm pARHIE TOP8 VBY Wik er &
10  sub-cloned in the antisense orientation as a Bglll-to-BamH| fragment into
BamHl-digested pCMV.YB1.BGI2 to make plasmid pCMV.YB1.BGI2.1BY
(Figure 81).

Plasmid pCMV.YB1.p53.BGI2.35p.1BY

Plasmid pCMV.YB1.p53.BGi2.35p.1BY is capable of expressing fused
15 regions of the murine YB-1 and p53 genes as an inverted repeat or
palindrome that is inferrupted by the human B-globin intron 2 (BGI2) sequence
therein. Plasmid pCMV.YB1.p53.BGI2.35p.1BY was constructed in
successive steps: (i) the YB-1.p53 fusion sequence from plasmid
TOPO.YB1.p53 was sub-cloned in the sense orientation as a Bglll-to-BamHl
20 fragment into  Bglll-digested pCMV.BGIi2 to make piasmid
pCMV.YB1.p53.BGI2, and (ii) the YB-1.p53 fusion sequence from plasmid
TOPQO.YB1.p53 was sub-cloned in the antisense orientation as a Bglll-to-
BamHI fragment into BamHI-digested pCMV.YB1.p53.BGi2 to make plasmid
pCMV.YB1.p53.BGI2.35p.1BY (Figure 82).

25 3 Detection of co-suppression phenotypes

(a)  Post-transcriptional gene silencing of YB-1 by insertion of a region of

the YB-1 gene into murine fibrosarcoma B10.2 cells and murine



Mx A 1.5 pl of LIPOFECTAM NE 2000 (trademark) Reagent in 100 pl of
OPTi-MEM | (registered trademark) nedium incubated at room tenperature
for 5 mn;, Mx B: 1 pl (400 ng) of pCW. YBI.p53. BGL2. 35p. 1BY DNA in 100 pl
of 122 OPTI-MEM | (registered trademark) medium After prelimnary

I ncubation, Mx A was added to Mx B and the m xture incubated at room
tenperature for a further 20 mn. Medi 469 over | ayi ng each cell culture was

I d with ' : ' d 200 pl of t fecti '
rdded. Cell s vepaePhalorsl e 22 2etl 200D o Yo, el s were
suspended with trypsin, centrifuged and resuspended in PBS according to
th t I ' j lecl, Li I .
dot er i netBey Ty GRAPEha vl shys 2 BaBRAbIE T ackl PR B Cpt 1 cate
on a haenpeardRetetheSproffoteRRE b éfﬁfeepS(_PE@ﬁ@'Hn@dnis@ dding reépréssed i3 _
Control: Insertion of EGFP into nmurine fibrosarcoma 810.2 cells and nurine

epi der mal exqyeasipRoby canceimelisZhgt exprepsaneTesd AR pretein attnyod le@te wer e

Cecdod wi s B0% Spl BAlfRC ). 47 skRRSRI of B3 iy B\editie )
FBS (B10.@)YB!1,804eh MRats@mimltidresl YRB2) erpéssionaiebaks i iatrebbedilavelyoof/ v CO2
for 24 hr %‘I}’IOI’ to transfection. The two m xes used to ﬁ‘riepare transfection

medi um weP@3 preiginsand cgnpequsnt apeotesisAMiemuritocel lingreBdPld ard At in 100

emer at f 2 157 Syt Welrtpefte bEfaRRE fn il ot P Ro  TH")) o

OPTI - MEM éxpected .phenotype for co-suppression of YB-1 in these two cell lines is

> 10 apoptosis.

Transformations with pCMV.YB1.BGi2.1BY were perforrhed in 6-well tissue
culture vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2 or
Pam 212) in 3 mi of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam 212)
and incubated at 37°C in 5% v/v CO, for 24 hr prior to transfection.

15 The two mixes used to prepare transfection medium were:

‘Mix A: 1.5 pl of LIPOFECTAMINE 2000 (frademark) Reagent in 100 pl of
OpT-MEM | (registered trademark), incubated at room

temperature for 5 min;

Mix B: 1 upl (400 ng) of pCMV.YB1.BGI2.1BY DNA in 100 4 of OPTI-
20 MEM | (registered trademark) medium.

After preliminary incubation, Mix A was added to Mix B and the mixture

incubated at room temperature for a further 20 min.

Medium overlaying each cell culture was replaced with 800 pl of fresh medium
and 200 pl of transfection mix added. Cells were incubated at 37°C in 5% viv
25 COgfor72hr.



(registered trademark) nmedium 123 After prelimnary incubation, Mx A was
added to Mx B and the m xture incubated at roomtenperature for a further
20 m n. Medium overlaying each cell culture was replaced with 800 N of
fresh medium and 200 pi of transfection m x added. Cells were incubated at
37Cin 5%v/v 5 CO2 for 72 hr. Cells w§re suspended with trypsin,
centrifuged and resuspended in PBS accdi di ng to the protocol described in

Exanpl e Ub@%ﬁe%gﬁa%%"’é* gep R ite Bl Pith P12F P tBHERRID! e

st ai ni ng count n I'cate on a’ haenocytoneter slide.
Results are 10 presented in Figure 75. (d) Control: Attenuation of YB-I

phenot ype by insertion o dec Y- bo l.gqn | |t o hae
fibrosar CG%S Brieor_ezsggpefrﬁeéﬁav "ﬁh%/ﬁgm‘ e%%n(ﬁ@'lt!"ﬁ'gﬁ %@I’ gg%ﬁ%i%%%é@%%Z cells
The rol e §écofBiml tbthé PRHBES! dibcPiBadiiniExdapid 1apopt osis in B10.2 and Pam 212
15 cells has been denonstrated by relieving the repression in tw ways: (i)

transfection with YB-1 anti sense oligonucleotides; (ii) transfection with a

decoy ol i ' Malm r | i gZyved from
the Tas orForr LAl R limEas PR e By ¢ -ﬁf‘%‘ﬁﬁf’é‘%ﬁ"“ﬁs%ﬁ’éﬁé’ of the
au

human & asamdne)untifige in agquashruplicatesed as haepweytametet aslideol Resultsharpr esent
20 exanpl e. ‘é’&&%l e-stranded ol igonucl eotides used were: YBl1 decoy: GAA
CCT GAA TRFES I AGA C [SEQ ID NO 29] CTT GGA CTT AAA CCT ACG
TCA AGG TCT G 124

(b)  Post-transcriptional gene silencing of YB-1 and p53 by co-insertion of
N regions of the YB-1 and p53 genes into murine fibrosarcoma B10.2
| cells and murine epidermal keratinocyte Pam 212 cells

10 The data presented in Figure 75 show that cell death is increased in B10.2
and Pam 212 cells following insertion of a YB-1 construct designed to induce

co-suppression of YB-1, consistent with induction of co-suppression.

Simultaneous co-suppression of p53, which is responsible for initiating the
apoptotic response in these cells, would be expected to eliminate excess cell

15 death by apoplosis.

Transformations with pCMV.YB1.p53.BGI2.35p.1BY were performed in 6-well
tissue culture vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2
or Pam 212) in 3 ml of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam
212) and incubated at 37°C in 5% vi/v CO, for 24 hr prior to transfection.

20 The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pl of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pi of
OPTI-MEM | (registered trademark) medium, incubated at room

temperature for 5 min;

Mix B: 1 pl (400 ng) of pCMV.YB1.p53.BGI2.35p.1BY DNA in 100 pl of




"YB1 control: GCG GAT AAC AAT TTC ACA CAG G [SEQ I D NO 30] CGC CTA TTG TTA
AAG TGT GIC C Transformations with YBl1 decoy and a control (non-specific)
ol i gonucl eotide 5 were perfornmed in 24 well tissue culture vessels.

I ndi vi dual wells were seeded wth 3.5 x 104 cells (B10.2 or Pam 212) in 3
m of cDMEM 5% v/v FBS (810.2) or equine serum (Pam 212) and incubated at
37C, 5% v/v CO2 for 24 hr prior to tri#&fection. The two nixes used to

prepare transfectio Yol y : | ~of Lipofectin
(trademark) Reagentafwgﬂ@epﬁﬁgt%%ﬁé&%&%nﬁmkiﬁ%%mbf OPT] - MEM | _
(registered trademark) nedium incubated at roomtenperature for 30 mn;
Mx B: 0.4,pl 0 pnol ) _of ol igqnuclheotide, (Y r.cantr in 100
ot cpiRrarpiRagy dndinaiony R Ar hs addeto J50H Bhdrftl e

i ncubat i qncu%téd%t\q\@@nﬁ@ﬁ%@@ré/t@f@f@ﬂ{értzlmqnm_xt ure incubated at room

tenperature fora further m n. A no-oligonucleotide (Lipofectin
(trademark) only) control was al so prepared. Cells were washed in

serum f i BRAH BILAER g-éé{'élydaetn@gg‘rﬁ%é?/g%labé?qﬁmdﬁ Mt SFYedH aRsifRgt i on i X

added. Cell's were I ncubate 0O viv C®2 for 4 hr, after which
medi urs waeand 2p0ad ed treinsfection] misf addeidEIGelisomers incugateth at/ 37 °Ceinudfoavid

i ncubati o cgntjiﬁg]ed overnight (18 hr). Cells were suspended with trypsin,
centri fug@@Z A Suspended in PBS according to the protocol described in
Exanple 1. 125 To nonitor apoptosis, live and dead cell nunbers were

determ ned by trypan bl ue, staining (0.2%_and counting in adr i cate on
2 hacrocykelsoure” sispandeds ailh SVEF, entifiged s degtiskertied ThiEs

N according to the protocol described in Example 1.

Live and dead cell numbers were determined by trypan blue staining (0.2%)
10 and counting in quadruplicate on .a haemocytometer slide. Results are

presented in Figure 75.

(c) Control: Insertion of EGFP into murine fibrosarcoma B10.2 cells and

murine epidermal keratinocyte Pam 212 cells

Transformations with pCMV.EGFP were performed in 6-well tissue culture

15  vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2 or Pam 212)
in 3 m! of cDMEM, 5% v/iv FBS (B10.2) or equine serum (Pam 212) and
incubated at 37°C in 5% v/v CO; for 24 hr prior to transtection.

The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pl of LiPOFECTAMINE 2000 (trademark) Reagent in 100 ul of
20 OPTI-MEM | (registered frademark) medium, incubated at room

temperature for 5 min;

Mix B: 1 yl (400 ng) of pCMV.EGFP DNA in 100 yi of OPTI-MEM |

(registered trademark) medium.



Plasm d construct No of Percentage of plants showing plants specified
phenotype tested Susceptible |Inmune Resistant pART27.PVY 19 16 1 2
pPART27. PVYx2 13 5 4 4 pART27.PVYx3 21 2 5 14 PpART27.PVYx4 21 57 9
pART27. 35S. PVY. SCBC. 0 25 8 0 17 pART27.35S. O SCBV.PVY 22 8 0 14
pART27. 35S. O. SCBV. YVP 18 14 0 4 pART27.35S. PVY.SCBV. YVP 17 3 8 6
PART27. PVY. LNYV. PVY 26 18 2 6 pART27. 3. LNYV. YVP 20 6 10 4

Goscr 1 bed iBopPUbEnplelbrfe i 2 AR M, BoERE Rl e oot

genes, Cﬁhéuﬂata@%tmnaéﬁ@éﬁataﬁéfd?lﬁfulrﬂheir e niiabl e bel ow. In these
experl nent s, genet I c constructs were gener ated in the sane 10 nanner as

that described above usi ng techni ques known to one skilled in the art,

using t hmé}wrrpb@@ﬂpéﬁﬁ%acﬁ cBll %ﬁmm% w&é!; Tréplhb@d RRANBOGofStashf mediukr 6

fragnent between the t alindromc forns of a portion of the synthetlc
gene whiard 280 @hbﬁtransﬂeatld)iy nideaaidedalCealls were inaubgied gi g CondSmivéy maps of
t hese tru are shown in the figures indicated in the table bel ow
The (§ons¢I i\EFe then introduced into the aninal cell |ines as

I dentified |n the 5 table bel ow and transcri bed by the host cell's natural
mechan SrrCBellsI r\}ve(?"gcguspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Example 1.

P Live and dead cell numbers were determined by trypan blue staining (0.2%)
and counting in quadruplicate on a haemocytometer slide. Results are

10 -presented in Figure 75.

(d)  Control: Attenuation of YB-1 phenotype by insertion of a decoy Y-box
oligonucleotide into murine fibrosarcoma B10.2 cells and murine

- epidermal keratinocyte Pam 212 cells

The role of YB-1in repressing p53-initiated apoptosis in B10.2 and Pam 212
15 cells has been demonstrated by relieving the repression in two ways: (i)
transfection with YB-1 antisense oligonucleotides; (i) transfection with a
decoy oligonucleotide that corresponds to the YB-1 cis element derived from
the fas silencer region (-1035 to -1008 of the 5'-flanking sequence of the
human fas gene). The latter was used as a positive control in the present

20 example.
The double-stranded oligonucleotides used were:

YB1 decoy: GAA CCT GAA TTT GGA TGC AGT TCC AGA C [SEQ ID
NO:29]

CTT GGA CTT AAACCTACG TCAAGG TCT G



case, repression of the target structural gene was found, using assays
descri bed by others and known by those skilled in the art. Gene Cell Line
Assay Plasm d Map Annexure Her-2 NMDA-MB-468 Anti body Figure 80 binding
YB-1 810.2 and Pam Cel| death Figure 81 212 p53 B10.2 and Pam Cel| death
Figure 82 212 CD4 Jurkatt Antibody Fkﬁgre 83 binding Galactosyl PK-1

| B-4 binding Figure 79 Transferase ( 4) 1o A brief summary of each
assay protocol for the latter two is set out below. Gl T Gal act osyl
transferase (Gl T) catalyses the addition of gal actosyl residues to cel
surface proteins. GalT activity can be nost conveniently assayed using a

plant lectin (1PB4), | ' LA I afeSi dues on cel |
15 surfa%éﬁpgﬂggﬁsG%&g@?wméﬁ%dﬁ(%g%%%@gpg@éla% ays were used.
Cells were fixed, then probed with 1B4 conjugated with biotin (Sigm)

foll owed by streptavidin, conj T I nactivation was nonitored
using either fl uoré@&ﬁ@éﬂf@?&@%%hﬁcﬁ@go CD4 127 CD4 is a cell
surface antigen present on the surface of sonme classes T cells.

Transformations with YB1 decoy and a control (non-specific) oligonucleotide
5 were performed in 24 well tissue culture vessels. Individual wells were seeded
with 3.5 x 10* cells (B10.2 or Pam 212) in 3 mi of cDMEM, 5% viv FBS
(B10.2) or equine serum (Pam 212) and incubated at 37°C, 5% v/v CO; for 24

' hr prior to transfection.
The two mixes used to prepare transfection medium were:-

10  Mix A 1.5 ul of Lipofectin (trademark) Reagent (Life Technologies) in

100 wl of OPTI-MEM | (registered trademark) medium, incubated

at room temperature for 30 min; -

Mkix B: 0.4 pl (40 pmol) of oligonucleotide (YB1 decoy or contral) in 100

ul of OPTI-MEM | (registered trademark) medium.,

15  After preliminary incubation, Mix A was added to Mix B and the mixture
incubated at room temperature for a further 15 min.

A no-oligonucleotide (Lipofectin (trademark) only) control was also prepared.

Cells were washed in serum-free medium (OpTI-MEM | (registered
trademark)) and transfection mix added. Cells were incubated at 37°C in 5%
20 viv CO; for 4 hr, after which medium was replaced with 1 ml of cDMEM

containing 5% v/v serum and incubation continued overnight (18 hr).

Cells were suspended with trypsin, centrifuged and resuspended in PBS

according to the protocol described in Example 1.



Its levels were nonitored by flow cytonetry , using protocols simlar to
those described for HER-2. In addition, other researchers have al so shown
in work published in 2000 and 5 2001, that simlar constructs (ie plasmd
constructs containing a pronoter which drives expression of structural
gene sequence palindronmes) repress target gene expression in vitro in
animal cells (Yang et al, 2001, . Mol e¢dPar  and Cel | ul ar Bi ol ogy, 21:

7807- 781 N ' I; I ( i , 2000,
Nt ur o GolEhitcR ABoBRS. s BEE Gelf RARRCHS ore{ dURRREL By Fiplh ., 1" e
Gal T syntgéi sta (0% P&l abatting 't quddiraplicatanun sethaemtioyesrheterndem
repeat of the GalT synthetic gene rather than a palindrome in the sane
manner t cSlidee Reswmils frarpresR it Figere 78escri bed above using techni-ques
known to one skilled in the art. This 15 construct al so repressed
expression of the structural GalT gene in the sane cell line. These

experi mentAB&E 2consi stently denonstrated to us the wide application of
the repression techni ques described in the specification. EXAMPLE 15 The
experinment was carried out to denonstrate the effect that the silencing 20

was at |east, Plasphdiconstaiett r angcNopéfi ondPercBatage ofiplardsishpwing/6| there
is shown fa Northern blot as explained im the desctxi ti_‘on of Figure| 76 set
out above. This bl ot shows that ¢IRABS:18 nay SHECI f"ég& 8BOYERE o " poki tive
control",l in that there was no siigRkfd$aTaE S T Hoywe Lt ohes #3
and #9 do show sil encing as can gggieéecﬁ ﬁuﬁeﬂ@ﬁéliﬁg&ﬁc Eﬂg?lsathgqu I n
their respective lanes in the Nofqthern Bl ot of Figure 76. |[Figure 7¢ graphs
_Lhe resul - Ti = Ig—of these gell—hes—as—ekpl ai ned
T the defRMRBRTENV0f Figure 77 get 18ut |abovd® while i  whul d @e apparent
to one SkiﬂAﬁﬂ*Z?.’F’\H’S& art—the nmethoyzusgdto Pemner gt e [hesg 4
pART27.PVYx3 21 2 5 14
pARTZ27.PVYx4 21 5 7 9
pART27.358.PVY.SCBC.0 25 0 17
pART27.358.0.SCBV.PVY 22 8 0 14
pART27.35S.0.5CBV.YVP 18 14 0
pART27.35S.PVY.SCBV.YVP 17 3 8
‘ PART27.PVY.LNYV.PVY 26 18 2 6
pART27.PVY.LNYV.YVP 20 6 10
pART27 PVY.LNYV.YVPa 18 7 11 0
; _
EXAMPLE 14

Similar experiments to the two described above were performed on a range of
target genes using the target genes, cell lines and assays set out in the Table
below. In these experiments, genetic constructs were generated in the same
10 manner as that described above using techniques known to one skilled in the
art, using the CMV promoter in a plasmid, with the same BGI2 stuffer



128 graphs, the nethod is set out in nore detail in US Provisional Patent
application serial no:60/316,308. The results of these graphs are tabul ated
for reference purposes in the table set out in Figure 78. Referring to
Figure 78, it can be seen that the results for 5 clone #18 show that the
nMRNA | evel for EGFP is set as the standard (1.000) relative to which other
MRNA | evel s are neasured. It can be seéﬁsthat there is also significant

nMRNA pres P I.td. ) € : er the
headi ng ﬁ?éﬁ%@‘? Pg@f%énn('%H%MOC%% eérgte%ﬂr?ﬁ‘rtntﬁgﬁ fiﬁergﬁicfsmge S@?ﬂ?&%ﬁg rate of
MRNA t r angifdhpid snbétantidiGFRienidah td dhertargdtegeie.i Blasnddsmapptofotheseasur abl e
for GAPD. The results for clone #3 are shgwn on_th% ?econg?l?iwne

Consi st enEORFHUEES harer sbons infthe; dgreesy andicatede in stheo taiiRADelow. Eaep

al t hough | LI r ; Cihispki on for
2arp 1o negiHE e el Red G e Aplgiaenll Mib 22 aoiieR &' Bore

i s silgenceblatbeldwe dndatransdridedoby phe Host wellls G#BRalaxpckasisons. dheasichg t hat
15 other genes are not silenced. Finally, the |ast Jg_;une shqws the results
for cloneCas®. repygssion: aktae; rgrf slivshiralOENGRNAST IUNECFISINGHARIAYSs agai n
consi sten : h ' [ hown in Figure 76. The
MRNA | evefies%‘lﬁ()t%éﬂ%&&%%ﬁgg})‘l? S %&/@ﬁsﬁzﬁkﬁ%?ﬁgrtﬁ%gﬁés are being transcri bed
into mMRNA. However, the significance of these results is that there is a

significa vel of 20 JB&EY nscri ptfi asur ed Hiasnfiél n’ﬂ_g‘gr sefthere is
for GAPD gége\}/\‘gl ). Thus, m%‘f%ne #9, Ms bei Ny Jidsa’ | ped but the
| ack of for EGFP shows that the dilencing migf _be occurring
~post -trangsiei-pti onal |y. (IMDA-RBE-ERENCES Antibdadyet at| Hige@550 EMBO J
74¥277-284. 2. Armstrong,| et al.Plant Cqldindiagorts 9: 335-339, 1990.
- | YB-1 B10.2 and Pam Cell death Figure 81
212
p53 B10.2 and Pam | Cell death Figure 82
212
CD4 Jurkatt Antibody = [ Figure 83
binding
Galactosyl PK-1 IB-4 binding | Figure 79
Transferase :
(GalT)

10 A brief summary of each assay protocol for the latter two is set out below.
N - GalT

Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to
cell surface proteins. GalT activity can be most conveniently assayed using a
ptant lectin (IB4), which binds specifically to galactosyl residues on cell
15  surface proteins. To detect B4 binding, fluorescence assays were used. Cells
were fixed, then probed with 1B4 conjugated with biotin (Sigma) followed by
streptavidin conjugated FITC. GalT inactivation was monitored using either

fluorescence microscopy or FACS.

20 CBb4



3. Ausubel, F.M et at(1987) In: Current Protocols in Ml ecul ar Biol ogy,
Wley Interscience (I SBN 047140338).. 4. Chalfie,M et al (1994) Science
263: 802-805. 5. Christensen, A H and Quail, P.H (1996) Transgenic
Research 5: 213- 218. 6. Christou, P., et al. Plant Physiol 87: 671-674,
1988. 10 7. Cormack, B. et a/ (1996) Cene 173: 33-38. 8. Crossway et al.,
Mol . Gen. Genet. 202:179-185, 1986. 9126orer, D.R, and Henikoff, S

I

(1994) 7. 9 . ty Pr e ISA

82: 5824?%%,'3 fggéf Slifdoe %;Qte':%‘%’{e%}egt © fBgz':)Q’?fﬁlcan %nfggfésg%g 9 'ggy)

20: 1203- i ibvelbwire nidtiiahed byDlovt £9tbmetdy , MBingi prlotodtls sindifaf-t6GRosd 3.
Herrera-Estella et at, Nature 303: 209-213, 1983a. 14. Herrera-Estella et
at, EMBO HesgribedfondER-2083b. 15. Herrera-Estella et at In: Plant Genetic
Engi neering, Canmbridge University Press, N Y., pp 63-93, 1985. 130 16.

| nouye, S. and Tsuji, F.I. (1994) FEBS Letts. 341: 277-280. 17. Jackson,
1. J. (199B)addtition, Réher @searchezg haveals ghows in miosk published ina20() and Nat ur e

296: 72-7, 1932, 19. Kwon,, B..S .et at 988), Bi.ochem. Bi ophys. . Comm
I53: 1801200355t SIparBRis(6 gl Eon S AET G B e des 5T
Paszkowskihieh @fives EMH@sdion3of GlrGohifdl gdA8 seqdéncE palimdiombs Crepbsél -
(1992) Gene 111: 229-233. 23. Sanford, J.C., et al., Particulate Science
and Techrergajygee expressionlip vigg7dn animal celis (Yang et al, 2001, . Molecular

and Cellular Biology, 21: 7807-7816) and in vivo in transformed Drosophila
(Tavernakis et al, 2000, Nature Genetics, 24: 180-183).

In addition, a similar construct with the GalT synthetic gene was generated,
but which comprised a direct tandem repeat of the GalT synthetic gene rather
than a palindrome in the same manner to the pCMV.TYR.TYR construct
described above using techniques known to one skilled in the art. This
15  construct also repressed expression of the structural GalT gene in the same
cell line. These experiments all consistently demonstrated to us the wide
épplication of the repression technigues described in the specification.

EXAMPLE 15

N The experiment was carried out to demonstrate the effect that the silencing

20 was at least, in part, post-transcriptional.

Referring to Figure 76, there is shown a Northern blot as explained in the
description of Figure 76 set out above. This blot shows that clone #18 may be
regarded as a “positive control”, in that there was no significant silencing.
However, clones #3 and #9 do show silencing as can be seen from the
25 absence of a band in their respective lanes in the Northern blot of Figure 76.

Figure 77 graphs the results of Real-Time RT-PCR analysis of these cell
lines, as explained in the description of Figure 77 set out above. While it

would be apparent fo one skilled in the art the method used to generate these

5
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25. Dutkiewicz, R, D. M Albert, et al. (2000) Experinental Eye Research
70: 563-569. 26. Koss, L. G (1979). "D agnostic Cytol ogy”. Phil adel phi a,
J.B. Lippincott. 15 27. Patrone, G, F. Puppo, et al. (2000) BioTechni ques
29: 1012-1017. 28. Sanbrook, J., E F. gé:i)tsch, et al. (1989). "Ml ecul ar
Cl oning. A Laboratory Manual, 2nd ed" | d Spring Harbor, Cold Spring
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Sei ence BRS¢ HeRER 18 Se bATH" mbre “detall i\ okisidiigl Warent 100
Jour nal ddpghicatitvesbraimo:66/B16]3B. 317-326. 132 CLAIMS 1. A synthetic gene

whi ch is capable of repressing, delaying or otherw se reducing the
expression of a target gene in an animal cell, 5 wherein said synthetic

gene conprie esstsivfchess graplts AR esbuligtedap kéferdribenplliipopbs i tig &sble of a
nucl eoti de sequence of greater than 20 nuc| eotides which is substantially

i dent i calsatou in FiguredS. Refewingelackigore £8i d cerrpeseee iat the rapdisdon t he

multiple | j t. lendr : d
the ndel Sranadg S EiE e SR Foel BratarPUR Sf 85 BF imfgisnes. "
sequence. refativele veioh beHdrinBaiRcleve R0 measured| Ricanlbebesetiat tineretiar get
gene i s endogenous to the genone of the cell. 15 3. The synthetic gene

accor di nglse sigaifigant mRNA; prespet dar feAPRediltle 4indsh-halltie mmeuntifort he
genome OfEép%).Cﬂnld'er the heading “Transcription”, it can be seen that there is a
measurable rate of mRNA transcription for EGFP and a lower rate of
£ 10 transcription measurable for GAPD. The results for clone #3 are shown on the
second line. Consistent with the results of Figure 76, there is no mRNA for
EGFP although there is still mRNA for GAPD. Further, the rate transcription
‘for EGFPis negligible but significant for GAPD. This demonstrates that EGFP
is- silenced at the transcription point, with GAPD expression showing that
15  other genes are not silenced. Finally, the last line shows the results for clone
#9. Again, there is no deteciable mRNA for EGFP, which is again consistent
with the EGFP having been silenced as shown in Figure 76. The mRNA level
for the GAPD again shows that other genes are being transcribed into mRNA.
However, the significance of these results is that there is a significant level of
20 EGFP transcription measured (as of course there is for GAPD as well). Thus,
A in clone #9, EGFP is being transcribed but the lack of mRNA for EGFP shows

that the silencing must be occurring post-transcriptionally.



4. The synthetic gene according to claim3 wherein the target gene is a
viral gene. 20 5. The synthetic gene according to any one of clains 1 to 4
wherein the nucl eoti de sequence of greater than 20 nucl eotides is
identical to a sequence of said target gene. 6. A conposition conprising
the synthetic gene according to any one of claims I to 5 25 in
association with a carrier, excipient W9diluent. 7. An isolated aninal

cell co Y nt hetic gene accordingly to any one of clains 1 to 5.
8. A noﬁ%ﬁ%ﬁﬁ%ﬁ%geni c animal conprising a synthetic gene according to

any one 30 of clains 1 to 5. 133 9. Use of a synthetic gene according to

opr ossi nly, o B b\ ERBAY ST AR "The exprossi on of a target  gene

in an animal cell. 10. Use of a synthetic gene according to any one of

claims 1 to 5 for repressjng, el ayi h i se reducing the

expr essi 0 l%mastfo@.@@?aéé’%%fi%?’a{ﬁe%’gﬁ Q’%@'gaénﬁ%fel |. 11. A nethod of
repressing, delaying or otherw se reducing the expression of a target gene
in an isolated ani mal cel

|, said nmethod conBrisir] . In'%ﬂ‘ el ecting a nucleic
aci d nol edul Avsrbeh Edbpef S6E1981)thnp I CIreypi e@t%?og in Qﬁ‘"‘éFH gr 'nguence of
great r t han meﬂmgﬁﬁér&%ﬁp?\ﬁw{ﬂﬁﬂﬁggzt antially 10 identical to the
0 arget

nucl edti de sequénce sal gene 0r a region thereof, wherein the
mul tiple copies are presented as an interrupted palindrome sequence, ii)

pr oduci nglha Sﬁ’fﬂ%lﬁ§5‘%§?{?&?{§f9%@'@5fgﬁw?65%612%95& gn nucleic acid nol ecul e

oper ably Unde a single pronoter sequence, 15 iii)
_introducing said synthetic gene into said cell, and 1iv) expressing said

. syntheti CS.gen(.e,h}isnteﬁgcier% &.‘Ia’-l.land Quail, P.H. (1996) Transgenic Research 5: 213-
218
6. Chr.is.tou, P., et al. Plant Physiol 87: 671-674, 1988.
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14. Herrera-Estella ef al.,EMBO J. 2: 987-995, 1983b.

15. Herrera-Estella et al. In: Plant Genetic Engineering, Cambridge
University Press, N.Y., pp 63-93, 1985.



subject to the proviso that the transcription of the nRNA product of said
target gene is not exclusively repressed or reduced. 12. The net hod
according to claim11l, wherein the target gene is endogenous to the 20
cell. 13. The nethod according to claim1ll, wherein the target gene is
non- endogenous to the cell. 14. The n$éhod according to claim13, wherein
the target gene is a viral gene. 0
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CLAIMS

1. A synthetic gene which is capable of repressing, delaying or otherwise reducing the

expression of a target gene in an animal celi,

wherein said synthetic gene comprises a nucleic acid molecule comprising multiple copies
of a nucleotide sequence of greater than 20 nucleotides which is substantially identical to a

nucleotide sequence of said target gene,

wherein the multiple copies are presented as an interrupted palindrome sequence,
and the nucleic acid is operably under the control of a single promoter sequence.

2. The synthetic gene according to claim 1 wherein the target gene is endogenous to

the genome of the cell.

3. The syathetic gene according to claim 1 wherein the target gene is non-endogenous

to the genome of the cell.
4, The synthetic gene according to claim 3 wherein the target gene is a viral gene.

5. The synthetic gene according to any one of claims 1 to 4 wherein the nucleotide
sequence of greater than 20 nucleotides is identical to a sequence of said target gene.

6. A composition comprising the synthetic gene according to any one of claims 1 to 5,
in association with a carrier, excipient or diluent.

7. An isolated animal cell comprising a synthetic gene accordingly to any one of claims
1to5.
8. A non-human transgenic animal comprising a synthetic gene according to any one

of claims 1 to 5.
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9. Use of a synthetic gene according to any one of claims 1 to 5 for the preparation of
a medicament for repressing, delaying or otherwise reducing the expression of a target

gene in an animal cell.

10. Use of a synthetic gene according to any one of claims 1 to 5 for repressing,
delaying or otherwise reducing the expression o f a target gene in an isolated animal cell.

il. - A method of repressing, delaying or otherwise reducing the expression of a target
gene in an isolated animal cell, said method comprising:

i) selecting a nucleic acid molecule which comprises multiple copies of a
nucleotide sequence of greater than 20 nucleotides which is substantially
identical to the nucleotide sequence of said target gene or a region thereof,
wherein the multiple copies are presented as an interrupted palindrome
sequence,

1) producing a synthetic gene comprising said foreign nucleic acid molecule
operably under the contro! of a single promoter sequence,

iii) introducing said synthetic gene into said cell, and

iv) expressing said synthetic gene in said cell,

subject to the proviso that the transcription of the mRNA product of said target
gene is not exclusively repressed or reduced.

12. The method according to claim 11, wherein the target gene is endogenous to the
cell.

13. The method according to claim 11, wherein the target gene is norn-endogenous o
the cell.

14, The method according to claim 13, wherein the target gene is a viral gene.



