1 CONTROL OF GENE EXPRESSI ON The present application is a divisional
application of Singapore patent application nunber 20004917-1. FIELD OF
THE | NVENTION 5 The present invention relates generally to a nethod of

nodi fyi ng gene expression and to synthetic genes for nodifying endogenous
gene expression in a cell, tissue or grgan of a transgenic organism in
particular a transgenic animal or plant. Mre particularly, the present

invention utilises recotyNTROL WG%&E(%RPR Sgieng-t ranscriptionally
f a '

nodi fy or nodul ate the expression o arget gene in a cell, tissue,
organ or whol e organi sm thereby producing novel phenotypes. Novel
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tar get gegE lidhtdA Mlreiee Zopodagr.i ntroduced thereto. are also provided. 15
GENERAL Bi Pi ographic details of the publications referred to in this

specification are <collected at the end of the description. As used herein

the term 'FﬁbWTHE)NV?N?iéNbe taken to indicate that a specified

i nteger may be obtained froma particular specified source or 20 species,
al beit not necessarily directly fromthat specified source or species.
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/2) animal or plant. More particularly, the present invention utilises recombinant
b 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, unless the context requires otherwise, the word

"comprise", or variations such as "comprises" or "comprising”, will be

understood to imply the inclusion of a stated step or element or integer or

group of steps or elements or integers but not the exclusion of any other step
25 orelementor integér or group of elements or integers.




Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and nodifications other than those
specifically 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 ang conpounds referred to or indicated
in this specification, individually or collectively, and any and al
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(e.g. <2%Qillstep@bPfeaturisc). The length, type of sequence (DNA, protein

(PRT), etc) and source organismfor each nucleotide or am no acid sequence
are indicated by information provided in the nuneric indicator fields

<211>, <2i%r fessrit FRiHtion ILSRACHHVBEY JintNea! 9t basheansl aFenpReifid _
sequences referred to in _the specification are defined by the information
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represents Cytosine, Grepresents Guanine, T represents thymne, Y
represents a pyrimdine residue, R represents a purine residue, M

repr esent Setlentaddantitniuasiars (SEQ €D NSt sornRiAtigNsuéleotide and amino

acid sequence information included in this specification are collected after the

Abstract and have been prepared using the programme Patentln 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 nuclectide 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

o 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 [UPAC-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 nucleotide other than Adenine, V represents a nucleotide other than Thymine,




Thym ne, S represents Guanine or Cytosine, Wrepresents Adenine or

Thym ne, H represents a nucl eotide other than Guani ne, B represents a 30
nucl eoti de other than Adenine, V represents a nucleotide other than

Thym ne, 3 nucleotide other than Adenine, V represents a nucl eotide ot her
than Thym ne, D represents a nucleotide other than Cytosine and N
represents any nucleotide residue. The designation of am no acid residues
referred to herein, as recomended 5 §y t he | UPAC- | UB Bi ochem cal
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nucleotide residue.

The designation of amino acid residues referred to herein, as recommended
5 by the [IUPAC-{UB 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 Asn N
15  Aspartic acid Asp D
Cysteine Cys C
) Glutamine Gln Q
' Glutamic acid Glu E
Glycine Gly G
20 Histidine His H
Isoleucine lle i
Leucine Leu L
Lysine Lys K
Methionine Met M
25  Phenylalanine Phe F
Proline Pro P
Serine Ser S




Proline Pro Serine Ser 4 5 Threoni neThrT Trypt ophanTr pW Tyr osi neTyrY

Val i neVal V Aspart at e/ Aspar agi neBaaB d ut anat e/ @ ut am neZaaZ Any amni no
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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
fraifs. 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 transcribed 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 low
efficiency and/or degraded by intracellular ribonuclease enzymes prior to
being translated.

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




efficiency and/or degraded by intracellular ribonucl ease enzynes prior to
being translated. Alternatively, the expression of an endogenous gene in a
plant cell, tissue or 5 organ nmay be suppressed when one or nore copies of
said gene, or one or nore copies of a substantially simlar gene are

I ntroduced into the cell. Wilst the nmechanisminvolved in this phenonenon
has not been established it appears tq involve nechanistically

het er ogeneous processes. For exanpl e, t hi s approach has been postul at ed
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repressed states 'of chromatin are fornmed or alternativ
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obtai ned. "I'nconsistent results are obtai usi erent regions of
genes, 5f oithisespepropeh Shas beenaprstalatall tednwolge tensariptieral | repesbsiargiions,

‘coding regi.ons or intron.sequences to ta epe, expr.essi opn. Accordi ngly,
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or otherw se reducing gene expression using existing technol ogies.

Mor eover , noiaRly but the prodsicts ohitieato-sHpRIEissed geaeawen sybsequantiyns t hat
It is not oo ﬁétjgbe to predict the level of repression of a specific gene

I n the progeny Of an organismin which gene 20 expression was nmarkedly
,,ﬁjdified. Recently, Dorer and Heni koff (1994) denonstrated the silencing of
1
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genes (i . &petifie genes is very low and highly variable results are usually obtained.
' Inconsistent resuits 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 genetic 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 franscriptional
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




Pc-G system Pal -Bhadra et al, 1997). However, such silencing of tandemy
25 repeated gene copies is of little utility in an attenpt to manipul ate
gene expression in an animal cell by reconbi nant neans, wherein the
sequences capable of targeting the expression of a particular gene are

I ntroduced at dispersed |locations in the genone, absent the conbination of
this approach wth gene-targeting technol ogy. Wil st theoretically
possi bl e, such 30 conbi nati ons woul d hé expected to work at only
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ot herwi se reducing the expression of specific genes using reconbinant DNA
Thus, there exists a need for inproved nmethods of nodul ati ng gene
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recombinant DNA

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

15 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
cells which exhibit one or more desired traits can be produced and selected
from transformed cells comprising a nucleic acid molecule operably linked to a
promoter, wherein the transcription product of the nucleic acid molecule
25 comprises a nucleotide sequence which is substantially identical to the
nucleotide sequence of a transcript of an endogenous or non-endogenous
target gene, the expression of which is intended to be modulated. The

transformed cells are regenerated into whole tissues, organs or organisms




The invention is based in part on the surprising discovery by the inventors
that cells which exhibit one or nore desired traits can be produced and
selected fromtransforned cells conprising a nucleic acid nol ecul e
operably linked to a pronoter, wherein the transcription product of the
nucl ei ¢ acid nol ecul e 25 conprises a ngcleotide sequence which is
substantially identical to the nucleotide sequence of a transcript of an
endogenougapableost exiibiEiag awsvel tiriitgein sanrRuldrnBreXisRiahe afll MBHFBJI S

i ntended to be nodul ated. The transfornmed cells are regenerated into whole
ti ssues, GXGERESIAN olpniagessyspengapabl e of exhibiting novel traits, in
particular virus resistance and nodified expression of endogenous genes.
Accordi ngly, one aspect of the present invention provides a nethod of
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nucleic 1 | 4] e r apl nder..the_control .of .a_pronpter, to the
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forei gn genetic seguence, nongst. others. Preferably, the target gene is a

a - " » » »
viral gen&ene ¥eq fiegier thamsotand fh)dnireducing the disnersed py farsignunugieict he
(mydul gpi onenf 40 bbErebR ind8X SRR of o RAMLE 1 e LOR (ERAMIGH T on of
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The target gene may be a gene which is endogenous to the animal cell or
alternatively, a foreign gene such as a viral or foreign genetic sequence,

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

15 The invention is particularly useful in the modulation of eukaryotic gene
expression, in particular the modulation of human or animal gene expression
and even more particularly in the modulation of expression of genes derived
from vertebrate and invertebrate animals, such as insects, aquatic animals

(eg. fish, shellfish, molluscs, crustaceans such as crabs, lobsters and prawns,

20 avian animals and mammals, amongst others).

- A variety of traits are selectable with appropriate procedures and sufficient
numbers of transformed cells. Such traits include, but are not limited to, visible
traits, disease-resistance traits, and pathogen-resistance traits. The
modulatory effect is applicable to a variety of genes expressed in animals

25 including, for example, endogenous genes responsible for cellular metabolism
or cellular transformation, including oncogenes, transcription factors and other
genes which encode polypeptides involved in cellular metabolism.

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




(eg. fish, shellfish, nolluscs, crustaceans such as crabs, |obsters and
prawns, 20 avian aninmals and mammal s, anongst others). A variety of traits
are selectable with appropriate procedures and sufficient nunbers of
transforned cells. Such traits include, but are not limted to, visible
traits, disease-resistance traits, andgpathogen-resistance traits. The
nmodul atory effect is applicable to a variety of genes expressed in aninals
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or uncoating gene, “or protease prot ntr into a cel
where it mmnaxmyegﬁmuﬂthewmwmﬁpmnthemmﬂnty agai nst the virus upon the cell
310 I n performance of the present invention, the dispersed nucleic acid
nol ecul e or foreign nucleic acid nol ecul e Wil l general ly conprise a

nucl eot i dén pedgreanes bﬁﬁnmgr@@ﬂ&ﬁﬂerﬁlbﬁntf@disbe%% hussici ddid holéde t ar get
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out 95% t o absol ntity 1s desirable I sper sed
nucl ei ¢ aseduentachbwever, f arkigher horhalogy amight produce a more effective
- modulation of expression of the target gene sequence. Substantially greater
homology, or more than about 90% is preferred, and even more preferably

about 95% to absolute identity is desirable.

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

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




nmol ecul e sequence, needing | ess than absol ute honol ogy, al so need not be
full length, relative to either the primary transcription product or fully
processed mRNA of the target gene. A higher honology in a shorter than ful
| engt h sequence conpensates for a |onger |ess honol ogous sequence. 20
Furthernore, the introduced sequence ngpd not have the same intron or exon
pattern, and honol ogy of non-coding seghents will be equally effective. A
second aspedie odll,ttissupesegdn.i nventi on 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

conpr i si nricemdspacdbntheoitesent iIRDERGH SRATERSD Rlcth@ 6f @Rrddigigi ¢ acid
mol ecul es which include multiple copies (as defined) of a nucleotide
sequence Welaying or elheswiset reducingitbe expressianofe tatpetiganesintaesll, tissuee t ar get

and at 1 orctudel 3T bRl pnt e RO cell sk Bt ¢ Bocthod T

nucl eoti deodtprigeigience, and (b) introducing the dispersed or foreign
nucleic acid nolecules 9 to the cell, tissue or organ. Another aspect of
the present invention provides a nethod of repressing, delaying or

ot her wi se (j)edugelittih OrXH MR Gi8peised ﬁtﬁﬂleﬂébcﬂierﬂélécﬂ|e§ Sibleigh | ssue or
organ of an animal or plant by an endogenous host cel systerg t he net hod

5 conpri sint§lei¢ pgidguplestiesdas tefined hwhichdiomiseguultipld edpientasd nol ecul es or

foreign j I . S i.ned) _whi.c onprise multiple copies
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“thereto; 10 (ii) producing a synthetic gene (as herein defined) conprising
the dispersed nucleic acid nolecules or foreign nucleic acid nol ecul es;

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

dispersed nucleic acid molecules or foreign nucleic acid molecules;
(i} 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




(tii) introducing the synthetic gene to the cell, tissue or organ; and (iv)
subj ecting the synthetic gene in the cell, tissue or organ to conditions
and for a tine sufficient for the pronoter to pronote transcription of at

| east 15 sone of the nultiple copies. Another aspect of the present

i nvention provides A method of conferrijpg resistance or imunity to a
viral pathogen upon a cell, tissue or organ of an animal or plant, or a
whol e or gandleaulebyr faremdogdeicuidhnsllecisds; system conprising: 20 (i)

sel ecting one or nore dispersed nucleic acid nolecules or foreign nucleic
acid nol ecul es which conprise multiple copies (as defined) of a nucleotide

sequence \{it) introdaciigiiht ayhitaitic)gandaatthe 2kl | sstieN ]R3 Wisole @igamIsS; der i ved
fromthe viral pathogen or a region thereof or a conplenentary sequence

t her et o; @@d(ii) produci ng a synthetic gene conprising the dispersed
nucleic acid 10 nolecules or foreign nucleic acid nolecules; (iii)

i ntroducing the synthetic gene to the cell, tissue, organ or whole
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is capable of repressing, delaying or otherw se reducing the expression by

an endogenous host cell systemof a target gene (as defined) in a cell,
- organ or Hhdthérsaspashofthd prddent Hveptie piblilles REg&IRAR! ddnstRBEWhithlis Wherein
the genetic construct conprises nultiple copies (as defined) of a '
- /mycl eot | d6apabigepicEepropfieg delayimgsenathenvise redusingctie expressionrpy anent ary
0 the targahy8f88 Rbsteell 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 to the target gene or a
derivative or a region of the target gene, and wherein the multiple copies are
placed operably under the control of an operable single promoter sequence,
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 multiple copies (as defined) wherein each of the multiple
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




derivative or a region of the target gene, and wherein the nultiple copies
are placed operably under the control of an operable single pronoter
sequence, 15 at least two of the copies under the control of the pronoter
being placed operably in the sense orientation. Another aspect of the
present invention provides a genetic copstruct which is capable of
repressing, delaying or otherw se reducing the expression by an endogenous
host cel | endogenous hast eelfsystgemef § dargdefienedas idefinedrinl a ckll stiuseeasr 20

organ which is tr.ansfecte ith the genetic construct, wherein the genetic
const r uct .°"86W'?‘§‘&§5 ﬁﬁﬂ"ls Giﬂw%é %Té?i gald ganelisrsansiyclyydierelh saidrgenetiche

multiple pRiraet Eém%ﬁlﬁﬁé Qgﬁiitjﬁleobéﬁié @ggﬁéfﬁéaﬁ &P&H@ue&i‘deas@dﬁﬁ&er whi ch

is operable in the cell, whereln he copl es conprises a
nucl eot i devkiel issidhstantidlyhidentical tis tsaitt taagidtygerde mriscegidroot derivativgedt gene or

a deriyative or a region pf 25.the tarqge eng, wherein at | east one of the
copi esgi s Sﬁ'%f%ﬂet)%@?%tﬁ hergia sa H@g'pgﬁ %@HleétqrﬁrPl@?ﬁbep?rﬁgﬂ’cBﬁQrol of a
pronot er. tABRbARHI GEPSHgle : | i Y e8icPedleRalC
construct which is caglrgbl gr%r?&gglsgslﬁ%?é @‘eﬁgﬂpéggbr?gélgg "gtgégracvﬁasé rgduci ng

t he expres¥iaigapywharein at égash geeooissdid copis| ib plgsacapefably inathgesengene (as
defined) inp. |1 . tissue or .organ which is transfected with said genetic
construct ,d}{ﬁﬁﬁlgnnu%é&%ﬁﬁe%&ri%& gﬂﬁs‘frpﬂa ercﬁ?ﬁﬂ'l"?rlc@s?rﬂél‘“&‘eﬁ?@ Q:tjﬁ? s (as
defined) @neaothet b shiddepiesliteMaged WpbAbIY in BHEDShNENSB! drient SN sddr to said
target gene, or a region or derivative of’ 5 said target gene, and wherein
sai d 8l t ithe eoptiph ¢fsaid eromnatesgeapenesl y under the control of a single
@om)ter sequence which is operable in said cell tissue or organ, wherein

| east one of said coFi es is {).l aced operably in the sense orientation
under t he Adsbeaspsct ohihe piesant isvesiieupryidesml gehetieonsitudt sdith isone ot her

?Lesgi)ﬁ . (r:o ipgﬁlé.scgfi %‘%ﬁﬁgm%@fészs@ﬁ8‘:15@'.[3%&%%53&%%8 reg(SPets%}oin N der 1o
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 controf 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 nucleotide sequence
which is substantially identical to said target gene, or a region or derivative of

. said target gene, and wherein said multiple. copies are placed operably under

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




Anot her aspect of the present invention provides a genetic construct which
is capable of delaying, repressing or otherw se reducing the expression by
an endogenous host cell systemof a target gene (as defined) in cell,
tissue or organ which is transfected with said genetic construct, wherein
said genetic 15 construct conprises nulti ple copies (as defined) of a

nucl eoti de sequence which is substantially identical to said target gene,
or a regi ar wyadevherain sieleabt onaiof sait gepiegds placdid dbe@ablyt ntthefsenke

mul tiple coPi S‘c bei ng separ aﬁ_eL | aced under the contrqgl of pronoters
operabl e iH eg% l?nc‘é'l"?‘?r tgg&?ﬂ 0 gf g@'ﬂd’rﬁ?”\%@r%ﬁ%‘*”ﬁ?s whgein ghleast osg; d
copies |'s ghécssaidtopRlsyis! flaldtP operipfy R RMAAIIRe Uikiat bilforiplt Mo ©f

a pronoter sequence erein oné other of said coOpies is

pl aced opeoalrol of saidhwomuitsserpente] endavherirutideat ldhet onaicopy tivdt isanot her
pronot er sequence, Another.aspect of .the present invention provides a

genet | ccﬂi%qqq‘{][{‘ttr\ﬁrﬁeﬂ?ei %”ef@gtﬁ%[bréafb\fe Eﬂag%@i W&F"qt%rp?'é@g?%éplﬁasbpﬁér Wi se
reduci ng. dierceemat Rplakedh > SARLARAUS - ar get
gene (as defined) in a %el‘la, Iti ssue or gor garnn r}ﬁéﬂ.“’sesebf%ﬁg}pg‘é?@t W th _
sai d genetdre spaned from eactheiher bysanucigierasid stuffeofragment. conpri ses nultiple
copi es (as defined) of a nucleotide sequence which is substantially
identical to said target gene, or a region or derivative of said target
gene, and lugder to shserveunanplreveb friaits iamaulfitelkdsr op@nkMy inipdeicul t he

control of, a single prompter sequence which is operable in said cell,
tissue 12 (NgSe o\”géﬁ% viEr élﬁ%”ﬁfsﬁ%gg-‘gt ané)raﬁn'sgﬁeﬁl%&opﬂresqu@OfB’I"%ﬁ!E@")bper abl y:

met heos enegulatidd, 28§ édration BE 8 tradnaforhi &4 c@’r%ﬁggl‘e?% Egﬁlﬁefiﬁ peﬁég ‘éﬁﬁge’

rein at Teast one other of said copies I perabFy 1nt
ant i sense gsnediate@nstucisndrscribed hereint indd awhele drgarismt will segeguice]. and

wherei.n t . cQpy t .S 5 aced. in the sense orientation
relative '53’ 'Og’%i laﬁﬁé%,{ﬁ?@ﬁ §ﬁd“ﬁlng’eaﬁwlaé%%a_ﬁ§€'s BiEs SEWNG HEWhdep| aced
in the antdrgamise frofreatidrisfornicl ahinval éall, LAhfbuly 6MBLER 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 is a diagrammatic representation of the ptasmid 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.




are spaced fromeach other by a nucleic acid stuffier fragnent. In order to
observe many novel traits in nulticellular organisns in particular those
whi ch are tissue-specific or organ-specific or developnentally 1o
regul ated, regeneration of a transformed cell carrying the synthetic genes
and genetic constructs described hereiqg into a whole organismw |l be
required. Those skilled in the art will be aware that this neans growing a
whol e  or dHgueerBiis ardiagrammatiorepeesentation ofid plasmiglh pOR.SW4Gluch cells, a
tissue or organ. Standard methods for the regeneration of certain animls
fromisolated 15 cells and tissues are known to those skilled in the art.
BRI EF DESERYy&ie @i ardiddgianipRail MEFeserdation af i plasinRDpGRIBEV Q. r epr esent at i on
of the plasmd peEG-P-N1 MCS. Figure 2 is a diagrammatic representation of
the plasmd pCW.cass. Figure 3 is a diagranmatic representation of the
pl asni d p@iyufd/40lis aatisgranifatid @ipresehtatorfofihRdlasmpt pCRIEPY esent ation of
the plasmd pCWwW. SV40LR cass. Figure 5 is a diagrammatic representation of
the plasmd pCR Bgl -GFP-Bam Figure 6 is a diagrammatic representation of
t he pl asnirigakssh i (SKtiadrafritnatidy i I m mesent ati on of
the plasm dngM/. EGFP. 13 Fi gﬂ%&}@aﬂé&’d%@ﬁﬂnému c (nggr%g'ght ation of the
plasmd pCR SV40L. Figure 9-is a diagrammatic representation of the plasmd
pCR. BEY. 1.Fight&ur €2 10id S hiagFRmatik C :at i oge ofgu .t he i d
pCR. BEV. 2. glﬁziaurgzllls: S eg g‘?’ggi amm%'ei:c E p%géﬁﬁﬁlgéi oﬁf ofth%he pﬁsg@m d
pCR. BEV. 3.pGMVikGFB.BBV2s a di agrammatic representation of the plasmd
pCW. EGFP. BEV2. Figure 13 is a diagranmatic representation of the plasmd
/P .BEV.2. Figure 14 is a diagrammatic representation of the plasmd

. BEV. ¥igure 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.0.8SV40L.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.




Figure 15 is a diagramuatic representation of the plasm d pCw. VEB. 10
Figure 16 is a diagrammatic representation of the plasm d pCWwW. BEV. GFP.
Figure 17 is a diagrammatic representation of the plasmd

pCW. BEV. SV40L-0. Figure 18 is a diagrammatic representation of the plasmd
pCW. 0. SV4A0L. BEV. 15 Figure 19 is a di ggrammtic representation of the
plasmd pCW.O0.SV40L. VEB. Figure 20 is a diagrammatic representation of

t he pl asmFigwew. 2&\Vxig. aFi gliagradimatic a cipagsentation c ofeprtheenphisiid of t he

plasmd p Ei 22 is a diagrammatic representation of the
pl asm d p%gMSVﬁoﬁ%‘%s Is a diagrammatic pCW. BEV. SV40L. BEV. Figure
24 is a diagrammatic pCW. BEV. SV40L. VEB. Figure 25 is a diagramatic

pCW. BEV. GEP. VEB._ Figure 26 |s a diagrammatic pCW. EGFP. BEV2. PFG_ Figure
27 is a d?cé%#'&nﬁ‘r c 810 apod@@@m@ © L Repraseniphiers enefat ite@of plesplidsm d

represent ?tjw_qgg Rl /ERr epr esent at i onof t hepl asmi d
represent ati onoft hepl asm d representati onoftheplasm d

-5 Figure 25 is a diagrammatic representation of the plasmid
pCMV.BEV.GFP.VEB.

Figure 26 is a diagrammatic representation of the plasmid
O . 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 plasmid 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.

f!r ‘ _..‘\
‘.i‘ !

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.0.8V40L.Galt.

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




Figure 28 is a diagrammatic representation of the plasm d pCDNA3. Gal t.
Figure 29 is a diagranmatic representation of the plasmd pCW. Gait.

Figure 30 is a diagrammatic representation of the plasm d pCW. EG-P. Gal t .
Figure 31 is a diagrammatic representation of the plasmd pCW. Gait.G-P. 15

Figure 32 is a diagramatic representatigon of the plasmd - :

pCW. Gait. SV40L. 0. Figure 33 is a diagrammatic representation of the
plasnid [Fipwre 8alis a dagrammatiGepFesantati@vof theplakraig pOMRL Galtxdepr esent at i on
of the plasmd 20 pCW.O0.SV40L.Galt. Figure 35 is a diagrammtic
representation of the plasmd pCW. Galtx2. 15 Figure 36 is a diagrammtic

repr esent digore of 37 heispl a&sm diag@inglit t Xfeprés@itbBord 7 b6 ahe PChldshHalit -
SV40L. Gal t.  Fi qure %/8 is.a 5 pCW. Glt.SV40L.tlaG Figure 39 is a

pCW. Gal t ASMVGaIES Ao FRt40 is a pCW.EGFP. Galt.PFG 1o Figure 41 is a
pCW. Gal t. SVA0LR. di agrammati crepresentati onoftheplasmd

di agrammati crepresent ati onoft hepl asm d

di agr ammatfiig¥er e3%nt it | chofdingigmmatiel representation of the plasmid

di agr a@mtdmg%gﬁg%ﬁ!t%@f t hepl asm d

Figure 39 is a diagrammatic representation of the plasmid
- pCMV.Galt.GFP tlaG.

O 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 pART?.

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 representafion 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.PVYXx2.
Figure 48 is a diagrammatic representation of the plasmid pSP72.PVYx2.

20  Figure 49 is a diagrammatic representation of the plasmid pBC.PVYX3.




di agrammati crepresentati onoftheplasmd Figure 42 is a diagrammtic
representation of the plasmd pART7. Figure 43 is a diagrammtic
representation of the plasmd PpART7.35S. SCBV.cass. 15 Figure 44 is a

di agrammatic representation of the plasmd pBC PVY. Figure 45 is a

di agrammatic representation of the plasggd pSP72. PVY. Figure 46 is a

di agrammati c representation of the plasmd pClapBC. PVY. Figure 47 is a
di agr anmatFigure ppds ardiagraommatic tepeegerdation opBie. iyamidl pBEIRMY6:.48 is a

di agrammatic representation of the plasm d pSP72. PVYx2. 20 Figure 49 is a
di agrammatic representation of the plasmd pBC PVYx3. 16 Figure 50 is a
di agr ammatkigure p és adiagracmatic tdpeesdrastion]opiie. (RNSMKH pBCPRVELNYV. s a

di agrammatic representati on of the plasm d pBC PVY.L . Figure 52 is a
di agrammatic representation of the plasmd pBC PVY.LNYV.PVY. 5 Figure 53

i s a di agrRigupd i c52episesent aiagramiatioe pémesbstatiofC. BIVY. thYVplading Fi gure
54 is a diagrapmatic representation of the plasmd pBC PVY. LRYV. YVP.

Fi gure 55 ﬁ%—g\ﬁﬁ’-hﬁr\'ﬁ/ Fc representation of the plasm d pART27. PVY 10
Figure 56 is a diagrammatic representation of the plasmd pART27. 35S.

PVY. SCBV. Q.. Figure 57 is a diagramatic representation of the plasmd
pART27 535 S IGURER\APVYiS Fiajurdagmmmaticdi seprasemtation r epf estbet aplasmidf t he

pl asm d @WZ V. YVP. Figure 59 is a diagrammtic
on of Nhe‘

repr esent id pART7. PVYX2.

; ,) Figure 54 is a diagrammatic representation of the plasmid
t pBC.PVY.LNYV.YVP.

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

10 Figure 56 is a diagrammatic representation of the plasmid
pARTZ27.35S.PVY.SCBV.O.

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

Figure 58 is a diagrammatic representaton of the plasmid
“) 15 pART27.35S8.0.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




Figure 60 is a diagrammatic representation of the plasm d pART7. PVYx3.
Figure 61 is a diagranmatic representation of the plasm d pART7. PVYx4.
Figure 62 is a diagrammatic representation of the plasmd 20
PART7. PVY. LNYV. PVY. Figure 63 is a diagrammatic representation of the
plasmd 17 pART7. PVY. L NYV.YV P * . Rigure 64 is a diagrammtic
representation of the plasmd PpART7. PVY.LNYV.YVP. Figure 65 is a

di agr ammatpARTRPVYSIENY®tYYROof pART7. 35S. PVY. SCBV. YVP. 5 Figure 66 is a

di agranmmatic 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 anmaffigureeprédenisat izon dibgitanematies Mdbreetdiion’ VYL the 18idshagre 69
shows mc[@g{_ﬂa hs of PK-1 cell lines transformed with pCwW. EG-P, vi ewed
under nor rBW-HNHVuWBr fluorescence conditions (excitation 2, = 488
nm em ssion A = 507 nm designed to detect GFP. A: PK EGFP 2.11 cells
under normal light; B: PK EGFP 2.11 cells under fluorescence conditions;
C. PK EG-Figuregb? is a diagrammatisyiegresangation of pART7 B5SERWP.SCBY.YA4P! s under
fluorescence conditions. Figure 70 shows an exanpl e of Southern bl ot

anal ysis of transgenic porcine kidney cells (PK) which had been

t r ansf &r midgwie h t 86 consisruct a pCWdiBgFENN@dicom c repieseatatiosol at ed from

PK-1 cell r ' digested with the restriction
endonucl e?ﬁéﬁ'@ﬁ‘#%&i 'W ¥H: a 20 32P-dCTP | abel ed EGFP DNA fragnent.
Lane A is a mol ecular weight marker where sizes of each fragnent are
i'th' cat ed Flié]unke-I é'PPsaas Gia grl??mat}‘carré%re%eln?attlor}aeof pART7.PVYX3.LNYV.YVPx3.
Figure 68 is a diagrammatic representation of the plasmid
pART7.PVYMULTI.

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 normal 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




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 Iine.
Figure 71 shows m crographs of CRIB-1 cells and a CRIB-1 transfornmed |ine
25 [CRIB-1 BGl2 # 19(tol)] prior to and 48 hrs after infection with
identical titres of 18 BEV. A° CRIB-1l4ells prior to BEV infection; B:
CRIB-1 cells 48 hrs after BEV infection; C CRIB-1 BGl2 # 19(tol) cells
prior to iBEcAI GRIBit eellBEvjormo BIEY Bafecti®Gl 2 GRIB(t cdlls 4Bhiw sftaf BEV BEV

of - pi grenieEhian ' R AGI2 415TelioclR prer 1 nfacion witn Bl CRIEE® |V S

PCW. TYR BBR. RYG(toSd his ABS BEY. i | @b , 1.6, B16
2.1.11, B16 3. 1.4,(0 16 3. 1. 15,9%‘?8”%@?;%? BfgQ%Elll‘f.rg?é}lltgrégéhu@?her

details réer to Exanple 9. Figure 73 shows i mmunof! uorescent mi crographs
of MDA- MB-468 cells and 10 MDA-MB-468 cells transforned with

pCW. HER2. BA 2. 2REH stained for HER-2. A’ MDA- MB-468 cells; B MDA- MB-468
cel | s &t aifiguren T2 simws t lewelss edf o pidpmentation bimdyB 16C: caliBA-avid- 458 lcedlscel | s
stained fqQr HER-2: D: - - . cel|s stained for HER-2. For further
details rglfaé‘l’o’%rméig(\ﬂ%%?Mgl\ﬁlﬁ'%'é'%sﬁﬁhi‘n%@?’aﬁ%fwgﬁ@d\ghﬁEﬁiﬂG&

expr essi oBa2 (140, Mo MBt #4816 33 £B163.1( M bl $:rdrC) '
MDA- MB-468 1.10 cells. For further detai F%s refer t'%gég?nﬁ g'elfOiFlrgure 75
i s a hist d¢thgrdeladavaier toi Bxarapled.| counts after transfection with

YB-1-rel ated gene constructs and ol i gonucl eotides. Viable cells were

counted in quadruplicate sanples with a haenocytoneter follow ng staining
\mt h 20 t Fjgure BBshovGoimmunaiiagrhsserthoisrodrapas af ddBAHMB-46% calls ahdt wo

depepde tan cti,Qn,_experinents an ' (s indicate the
s_tandgpd %Q{\émgbﬁge(cﬁﬁg W%@‘S@éﬁo@h&aw&'ﬁﬁ%@iﬁﬁﬁ t%?'“@fda%%ff ection
wi th gene HERS rAICMDAAMB-468 cells; B: MDA-MB-468 cells stained with only the
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 blue. Column heights show the average cell count of two independent
transfection experiments and vertical bars indicate the standard deviation. (A)

Viable B10.2 cell counts 72 hr after transfection with gene constructs: (i}

control: pCMV.EGFP; (i} pCMV.YB1.BGI2.1BY; (i)
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 transfeption with gene constructs: (i) control: pCMV.EGFP; (i)
pCMV.YB1.BGI2.1BY; (ii) pCMV.YB1.p53.BGI2.35p.1BY. All materials and

procedures used are described in the text for Example 11. (C) Viable B10.2

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




control: pCW. EGFP; (ii) pCW. YBI.BGL2. 1BY; (iii)

pCW. YB1. p53. BA 2. 35p. 1BY. All materials and procedures used are 25
described in the text for Exanple 11. (B) Viable Pam 212 cell counts 72 hr
after transfection with gene constructs: (i) control: pCW.EGP; (ii)
pCW. YBI . BG12. 1BY; (iii) pCW. YBI.p53. B@l2. 35p. 1BY. All materials and
procedures used are described in the text for Exanple 11. (C Viable B10.2
cel | count{fademark)aenlyr (ii)r eonitaic noorspscific oligamclexitidet |(m¢$lec(3y)Y4bont rol :
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212 cell counts hr after transfection wt onuc eot 1 des:
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ol i gonycl | y onug | eoti de s and
procedureg tﬁlscgig 9 Hélsegﬁﬁg 8" ﬁgﬁ% Qf( ‘?@PnEﬁlﬁﬂﬂ‘P% QH f ﬁsea'?a: A
Nor t her n tpir@ttecﬂhew@gd bwaé§cdﬁeoﬁﬁﬁhé>t@£t%ﬁEQ§mPré MB6L cells and MWB6L
lines transformed with pCW. EG-P. 10 pg of total RNA fromthe i ndicated

cell Iines were el ectrophoresed on agarose gels and transferred to a lo

nyl on nenipigae 76hA Mbihémh M@@srm\mhg%\%i *bf@ifiﬂ%kﬁrels %! ihadioBR:

derived fromthe EG-P gene. B Phot ograpﬁ show ng' et ﬁl di um brom de- stal ned
ri bosonal aRAAIMIGhnlinasdransioraehwith pEUVeRGFR. AD g of tdaldRNANremsthei es
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__\1;2vel soanmyEﬁ:tﬁﬂeRMahé anse filkdegas § g@@bé&ﬁntﬁ@:%did-ﬁbw&f!@rdg‘hé]ﬂ@e?ﬁédr un-on
says. A_EG-P rrRE?\dl_evel S in M lines 3 (as in Figure 76). B

EGFP gene ioTh-thg R coen-s B PhrfeseaphomshewieL athidium 3branidersiained(as in
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indicated similar amounts of RNA from each cell 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 MMO96L 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 MMO6L 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 is a diagrammatic representation of the plasmid
pCMV.her2.BGI2.2reh.




20 gene run-on transcripts in nuclei of MW6L lines 3, 9 and 18 (as in
Figure 76). Figure 78: Relative nRNA | evels and RNA transcribed fromthe
EGFP transgene in nucl ear run-on assays, fromthe data shown in Figure 77.
The EG-P gene in line 9 is transcribed but EGFP nRNA | evels are extrenely
| ow, signifying post-transcriptional ggne silencing (co-suppression). 25
Figure 79 is a diagrammatic representation of the plasmd

pCW. Gal T.Figupe T| &% i g e diagiasnmatic agrapresaritatioreprefserthat i plasefidt he

pl asm d Fb%‘%g{}f%ﬁ@@ﬁﬁ%@eh 20 Figure 81 is a

di agr ammat oftheplasm d pCW. YBI.BG 2. YBI. Figure 82 is
adi agranmat i crepresent ati onoft hepl asm d pCW. YB1. p53. BGL2. YB1. p53. 5Fi gure

83 is a diagra | crepresent.ati onoff hepl asm d pCW. CD4. BGL2. 4DC. DETAI LED
DESCRI PTI ﬁ%%l NYENHA O\ﬁ;'ﬁﬂf@“ﬂﬁéﬁ%nt rqprﬁ%%fmtgfb?ﬂ preéfvi dBe aPlasiHéd of
modul at i n%GMV.\%ﬂbﬁéScﬂQj@Lﬁ{;&t arget gene in a cell, tissue or organ,
said nethod at |east conprising the step 10 of introducing to said cell,

ti ssue or organ one or nore dispersed nucleic acid nolecules or foreign

nucl ei ¢ agi I leg C rd:isd L0 p ' f | ent.i sequence
whi ch igs g:dglsl{%nte?yal I% [ entq%gljlégrt"ggt'%e }neﬁjcl:"%e%it?tz%'? s@qugﬁge gtasgﬁgid t ar get
gene or apGMVED4BSIBADOr conpl ementary thereto for a tine and under
conditions sufficient for translation of the nRNA product 15 of said target
gene to be nodified, subject to the proviso that the transcription

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method of modulating the expression of a

target gene in a cell, tissue or organ, said method at least comprising the step

10 of introdubing 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 fo 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
T) 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 transcription 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.




of said nmRNA product is not exclusively repressed or. reduced. By "multiple
copies”" is neant that two or nore substantially identical (as defined

bel ow) copi es of a nucleotide sequence are present in the sane or
different orientation, on the sane nucleic acid nolecule. As would be 20
appreci ated by one skilled in the art, 4fhe term"direct repeat” is used in
contradistinction to the term"inverted repeat"” such that a direct repeat
is a5 - Remals maypertionally tive meparatbduby ot séufferufrhgoiehties intirgesio t he

r epeat ed seguetnﬁﬁsﬂ. tAn inverted r peaft is,.a g -3'.3 -5 sequence (the
3.5 seql89ID Whgiitate Sepandapy siyiclure igppatien betwramneash repeaihesgnse of
the 5'-3' ¢ epél\tlgn . STH [Ho\M : lenvert ed
r epeat (e.gg ErrR )ﬁ%)ay forgﬂﬁaﬁéﬁn&hﬁmﬁt@wﬁ %Pg.%\ﬂgﬁrﬂﬁeﬁb?ﬁ@ﬁedfterm
"tandent indICitide anaminossid kedidwes, icartidieydaate rholecolisaatatigosasshiasideepar at ed

b el ¥ § lative to the | ength of the repeated
Phe o ARRMERL: lon B LS Ephfup Pl sRSedslie Bara s

stuffer fragoRi caiabl@bebemgilmked @8VARNHY td aGUCIdiALE ry structure
formati on bet vveenﬁeach repegt wﬁere ttqig égqrdglq%(?%gg%%gg%f uf fer fragnment

may conprise any conbination of nucleotide or am no acid residues,

car bohydr F8fdFabC he SufferCfrh@H éﬁ?%ﬁ@%ﬁgggs% m@?lﬁ;ﬁ&h‘é@%fq{%?&f @%@ Gtgm or a

honol ogue, anal ogue or derivative t I'S” capa et bei ng |i nked
coval ent | yhomplague.ArsleguedddeniadivaltbereBfef er abl y, the stuffer fragment
conprises a sequence of nucleotides or a honol ogue, anal ogue or derivative
thereof. O More preferably, the stuffier fragnment conprises a sequence of
@Cl eot i dddorefpref@ably, tem stuffeb fragriett SOmriske et setpierice dfamgidutidegaf nor e

“pr ef er,abl t | east t 50-100 nuclegtides in length and still nore

pr ef er'8bl ét Irast ghopt i@%@t""‘fg@ Kigs In iﬁ!@%o?‘f%@of‘?\pf ﬁiﬂh%( at least about
50-100 nucleotides in length and still more preferably 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.
Aiternativel_y, 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 anélogue or




Where the dispersed or foreign nucleic acid nol ecul e includes intron/exon
splice junction sequences, the stuffer fragnent may serve as an intron 15
sequence pl aced 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 degirable for nore than two adjacent
nucl eotide sequence units of the dispersed foreign nucleic acid nolecule
to be trd&lesivatieel themef servebedo indigte the pixpresgdidrhef thebsynthetic genalaf not

include an.in 20, frame tranpsl ati on st codon, .absent intron/exon_splice
junction g_ﬁ‘aﬂévr?@é'gné? a Gl HSRURQ ?ﬁgaf‘ﬂ:g’ ‘é'ftHPPéﬂtS@i’ﬁmf’OWﬁr?ﬁé’%@&Pt i on of
a trans! aldectabRlsher e Meredidrotersily gaOGis@é}&tUéiabfableﬁﬁJéémtdﬁ%pée obvi ous

to those skilled in the art. Stuffer ments’can I nc se which
encode detectable marker proteins or biologically-active anal ogues and

derivati vess {864 ﬁ@lfelin,ftﬁét PHR "G u%?igé?&h%ﬁb@%?keﬁ@me%?\ttﬂéf’gﬁﬁll%ssion

R- gal act osi dase, chl oranpheni co ransterase or green dorescent
protei b, &fothgstargehegane Asldidduced! in samplitade f ang/ornthe dndngosf geakuded.

According to this enbpdi mnent he _detect abl e marker, or an anal ogue or 22
deri vat i v&PHEEH '%é%%@ec{]@hphﬁi the: develepmgnialsan HasuR-spaena et sl ¢ gene

of the i RypeBficoPattom cﬁe{dr?e %@%ee‘i ré¥sHEH! -i?yal‘t'éréﬁugcrdglg?%/rhg #Pihbty to

[
confer a specific detectab eitp otype thereon, pref
vi sual | y- @xpeessian ef sahgeppdn the abksahceeokihy invieative methodddéstribed” shal |
be taken ta gEan that expression 5 of the target gene is reduced in
anpl i tude and/or the timng of gene expression is delayed and/or the
i@vel opnental or tissue-specific or cell- specific pattern of target gene

abeendl okt hoVirifing dRRERRER GEtis isitonasorbed ey 446 FGpsetm 1 ng
the scope iferitiof is AireBledod &l ATHUIARRSh BEGENE expRRsRINGRRRh comprises the
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 vertebrate 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 transcript of the target gene occurs either prior to the




invention is directed to a nodul ati on of gene expressi on which conprises
the repression, delay or reduction in anplitude of target gene expression
in a specified cell, tissue or organ of a eukaryotic organism in
particular a plant such as a nonocotyl edonous or dicotyledonous plant, or
a human or other 15 aninael and even norg particularly a vertebrate and

I nvertebrate animal, such as an insect, aquatic animl (eg. fish,

shel | fi shtimbr stage whes tthe WA drartsceipt of ther &hgel gébrss erould nprrasliy ban avi an

I mal I t oth : f bly, target
axpr ossi oA SEREHE! ARETAIV R i SAme Jmeris 1 A LarpRBEPLIG tataey
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of acti onapprepristeluerethaler seiquenoat ied regulates sixpressiort o ther gdtodgead whi ch

results fromthe, perfarmnge f the invention nmgy be attribyted to reduced
or del gyeg?ﬁqﬁéﬁ%q AUGSHC ofC hH’O? et?'éII@'Ler’grbtrI%IP' raeidcmalgculedst 8Rget gene

or al ternghpurht céﬂi@d@*a%ﬁmtb%bt%urﬁpéﬁmrﬁg}BI?HE-:I Eﬁ%IanoﬁNﬁbr His2

consequence of sequence-specific degradation transcript of the
target genieasnn, aplrigl mpastitidivaoproroeters sysingucible promuder isysieand \arer ef er r ed

that, for Lawm resul ts,. sequence-specj.fic degradatiop of .t he RNA
transcri pteggIgI:IgIIIé érgf%fé?dggfgﬁeg%%clﬂr §e@iﬁ?I'|%9 PHHTEPSPR PtJHQSIntEqdﬁ@eﬁr st age
when the QidbdrsahagcieRtackd ndieculds 6?for@%’r\\&1&%b@cﬁﬂh@ﬁiduksbe translated or
alternatively, at the sanme tine as the transcript of the target gene

woul d normally be translated. Accordingly, the selection of an appropriate

(gzonotwr TRRUPRESEr OinvEAKBIAL Qe SRPI&itdhihsabs t I&u};ea r g%%éiondbvﬁ%?éiﬁ ed

cleic acid nolecule or foreign nucleic acid nolecule is an inportant
consi der af¢@iracoespessiom getheotangeicgensd ia pifectaddnt lawereBortranisceptioreason,

strong co RATIARY r ter r.i ci.bl e. pr.onot er..syst ens e specially
preferr edgﬁ éIretCEstIe) ?In&rpgggl%gt ﬁI’?S gxB‘%gjscgggn'rIgftreI'ﬁgr'PIﬂqu/dﬁuE%%e scﬁe
: 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 essentiai for
replication or reproduction of the viral or other pathogen. In such
embodiments, the present invention is particularly usefut in the prophylactic
25  and therapeutic treatment of viral infection of an animal cell or for conferring

or stimulating resistance against said pathogen.

Preferably, the target gene comprises one or more nucleotide sequences of a
viral pathogen of a plant or an animal cell, tissue or organ.




di spersed nucleic acid nolecules or foreign nucleic acid nolecules. 1o The
present invention clearly enconpasses reduced expression wherein reduced
expression of the target gene is effected by | owered transcription,

subject to the proviso that a reduction in transcription is not the sole
mechani sm by which this occurs and sai @4reduction in transcription is at

| east acconpani ed by reduced translation of the steady-state nRNA pool of

the 15 tdijexagwhe.inthe case géeanigwale and\humeans, dee wiralpatbogemoayis ah i s

endogenou 1 he I I ternativel nan- endogenous genetic
sequence, %{H@Y{Ha%’s féFS%%@ﬁ[ecg Ié_ﬁﬁ]ﬂ%’r‘?’c%u% Pﬁﬁh?§"ﬁré'f'?‘??%§ic¥ep8¥1q’ér”§??'u§ or

ot her for eirgjle-Rébhase N+ RNAaVIHETsug Gy BodinBabhBreViru8 BBV er Bigies! and
using the cell's machinery following 20 infection. Where the target gene

i s a non- @RhaydNsudltgmatively. thedaegat gene aamecaraplise one ps matesiuckepbtidet hat t he

target .ge ' l.ch LS. essentjal for replicatiaqn, or
oy aafer ReaBaReEsr 8 vindl Batdgelr T efipBl AT, ifustaf oeBb st bR Bltehe
present i metimiten icsapduublegtrantisd USIRAWIrUNshdIE B! SNE defpds husied
therapeutic treatnent of viral infection of an aninmal cell or for

conf er ri nderees smmlex Wrus b(HRY s emengshgthesst sai d pat hogen. Preferably,
the target gene conprises one or nore nucl eotide sequences of a viral

pat hogen of a plant or an aninal cell, tissue or organ. 24 For exanple, in
the case of HWE ease £idplantendhet Misusi pathogenhisyeprefiergblye aa potgvirusyi r us,

for exanpl L Vi, . e | | cl,ency viruses, a

si ngl e- st rC %Hcﬁ@é@?ﬁ% ﬁ@‘?‘ﬁ% gggﬁ*‘i@“%&%‘g Mt WWQS’( Y nbi s

Ei?";l?‘aphavtbru$c>sp¢2sivlire|sr1atéhuiﬁrlr;ds, ttombuaviggss, 08B6VIAR) SOBHNHLGIEUNNBréthoWRIEL
cleotide 5 sequences .of a viral pathogen of an animal cell, tissue or

organ, su&HCSRIONYS, ﬁ%‘f‘fq% AltageeviRIs, tabamppirds,r ERGrUSNAGIeX\IRISs8RE as

bovi ne herRegroVirisSsth 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 trans 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,




herpes sinplex virus I (HSV I), anpbngst others. In the case of plants, the
virus pathogen is preferably a potyvirus, caulinovirus, badnavirus,

gem nivirus, reovirus, rhabdovirus, bunyavirus, 1o tospovirus, tenuivirus,
t ombusvi rus, |uteovirus, sobenovirus, bronovirus, cuconovirus, ilavirus,
al farmovi rus, tobanovirus, tobravirus, exvirus and clostrovirus, such as
but not limted to CaMv, SCSV, PVX, PVY, PLRV, and TM/, anongst others.
Wt h partiandlegue egderivative thersof paPhigiizsprotdassecrsdodingesequericee. art are
aware 15 that virus-encoded functions may be conplenented in trans by

pol ypepti des encoded by the host cell. For exanple, the replication of the

bovi ne her'lfi'@ceﬁ/urr whide egpressiont detheoirgeteddna iy mdliffeaiCirlaytisd adly malihost
cell ses ich are capabl e of conpl enmenting an i nact i vat ed
viral DI\lAV%{'JfY' sg\éed ﬁgmea mgftisgeliiaganiga)., inaheing celband tigeye gulieress a
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host | t ch,as avir ecific genetic sequence. enpl ary
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are not ||d@||§eﬂaélﬂaﬂﬁib%9ucv‘§‘tbﬁhcﬁ Of@eNd LIS | ﬁﬁ%%%egt&lpmn#gmtabng

proteins and RNA- dependent ynerases a epen
pol yrrer as é€QSantriget I‘dﬂuaarmousa @11:p'é,r Chindsar hgmstef evarqd((élﬁ@c)dwmﬂ of the
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ne is nodified may be any cell which is derived froma nmulti1¢ ul ar
ani mal , i ﬁ@ﬁﬁ%loﬁ@rﬁ@ In whightexpsegsien pf thestarget gene is modified may be any

tissue or organ comprising such animal cells.

Preferably the plant cell is derived from a monocotyledonous or
dicotyledonous plant 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 muitiple copies
of a nucleotide sequence which is substantially identical or complementary to
the nucleotide sequence of a gene which originates from the cell, tissue or

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

25  chromosomal or extrachromosomal nucleic acid which is unlinked to the
target gene against which it is directed in a physical map, by virtue of their not
being tandemiy-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.




thereof. Preferably, the animal cell is derived froman anthropod,

nemat ode, 5 reptile, anphibian, bird, human or ot her mammal . Exenpl ary
animal cells include enbryonic stemcells, cultured skin fibroblasts,
neuronal cells, somatic cells, haenmatopoietic stemcells, T-cells and
imortalised cell lines such as COS, WgRO Hela, nouse C127, Chinese

hanst er ovary (CHO, W-38, baby hanster kidney (BHK) or NMDBK cell Iines,
anongst otBMarfgremuaucI@m agid roolgndlet é8 mdanten isolateccndeleic avidinaletudet o t hose

kill ed di nal .I.h t.i n which e e on
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tandem y-1inked or alternatively, occupying a different chronosonal
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30 parti clirethe 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 fo this
embodiment of the invention include the green fluorescent protein-encoding
gene derived from the jellyfish Aequoria victoria (Prasher et 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 lacZ
_) gene, the porcine B-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 nucleotide sequences which are substantially
identical to each of said co-expressed target genes.




26 By "foreign nucleic acid nolecule"” is nmeant an isolated nucleic acid
nol ecul e which has one or nore nmultiple copies of a nucleotide sequence
which originates fromthe genetic sequence of an organi smwhich is
different from the organismto which the foreign nucleic acid nolecule is
introduced. This 5 definition enconpassggs a nucleic acid nol ecul e which
originates froma different individual of the sane | owest taxonom c

groupi ng BY &substantisflyrddentinall! ist ineant tettthe intiodunsd dispersedi ogfareignhi ch
said nuclejc,acid.mol ecul e i i nt roduced wel |l as a nucleic acid
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mol ecul e is introduced, such as a gene derived froma viral " pat hogen.
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acts 1in the performance of the invention may be a nucleic acid nol ecul e

whi ch has been introduced fromone organismto another organi sm using
t r ansf &r mdtretarably, the nudtlectifeesaquemceard machagpest inEre nlispersed ar fpeeiggenes
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“hdnol ogue, anal ogue or derivative of said genes or a conplenentary

nucl eot i dSCIEBNERIEElheret 0. 25 The present invention is further useful for
sinmul taneously targeting the expression of several target genes which are

co-expressed in a particular cell,
_ LNotWIthstandmg 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 fo be understood that the

15 present invention requires at least fwo 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 Galt, BEV or PVY gene regions.

Preferably, the dispersed or foreign nucleic acid molecule which is introduced
fo the cell, tissue or organ comprises RNA or DNA.

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

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

Standard methods may be used to introduce the dispersed nucleic acid




for exanple by using a dispersed nucleic acid nolecule or foreign nucleic
acid nol ecule which conprises nucl eoti de sequences which are substantially
identical to each of said co-expressed target genes. 27 By "substantially
identical"” is meant that the introduced dispersed or foreign nucleic acid
mol ecul e of the invention and the targeig gene sequence are sufficiently

I dentical at the nucl eotide sequence |level to permt base-pairing there
bet ween unleculeanrdaraign nuckeineacidiroleculedinta thescelk tifsed er abyan forkke
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by the prergizsea resorhbihant vigpeteosBatiensiofedidr dMas 8i ghfitiesbnauaLei ¢ acid
nol ecul e or the foreign nucleic acid nolecule of the Tnvention, it is to

be under s@HRNGshtharfe 15 present invention requires at |east two copies of -
t he: di spersed foreign nucleic acid nolecule of the target gene sequence to
be expressed in the cell. Preferably, the nultiple copies of the target

gene sequéyhainistiatipn deeans indude injectitincpad veal ingestiore (agi ih medicaied or t he

foreign ml’(%cfh‘%t@ﬁélg %ﬁ%{@ﬁb@gﬁg tandem i nverted repeat sequences and/or

t andem di rect repea 20 Such configurations are exenplified by
_itfze "test plasm ds" described herein that conprise Galt, BEV or PVY gene
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system such as using a bacterial expression system optimised for their
expression in bacteria which can be incorporated into gut flora. Alternatively,
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 to the human or animal subject genetic material for transient

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

The carriers, excipients and/or 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-
25 known fo 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




Preferably, the dispersed or foreign nucleic acid nolecule further
conprises a 25 nucleotide sequence or is conplenentary to a nucl eotide
sequence which is capable of encoding an am no acid sequence encoded by the
target gene. Standard nethods nay be used to introduce the dispersed
nucleic acid 28 nolecule or foreign n eic acid nolecule into the cell,
tissue or organ for the purposes of nodul ati ng the expression of the

t ar get geriagorperated intpithe compositionsei ¢ acid nol ecul e may be introduced as
naked DNA or RNA, optionally encapsulated in a |iposonme, in a virus
particle as attenuated virus or 5 associated with a virus coat or a

transport Iprast giiernativé emtiodiraent, ¢he fnventien golides @ mathad osedbiatingt Vi ral
vect or orégacteri al ve as a genetic construct, = anmongst others.
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medi cat ed ¢4 N 4t %Of:armngst others. J 10 The subject nucleic acid
nol ecul es may al so be delivered by a live delivery systemsuch as using a
bacterial expression systemoptimsed for their expression in bacteria
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\g2netic material for transient 20 expression therein. The node of
~adm ni stering such a vector is the sanme as a live viral vector.

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

~acid molecules to said cell, tissue or organ for a time and under
conditions sufficient 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 bharacterised 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  muttiple copies of genetic sequences may be produced and assayed for their
efficacy in reducing target gene expression. The advantage associated with
the latter approach is that it is not necessary to have any prior knowledge of
the significance of any particular target gene in specifying an undesirable
phenotype in the cell. For example, shotgun libraries comprising virus sub-
25 genomic fragments may be employed and tested directly for their ability to
confer virus immunity on the animal host cell, without prior knowledge of the

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

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




The carriers, excipients and/or diluents utilised in delivering the subject
nucl eic acid nolecules to a host cell should be acceptable for human or
veterinary applications. Such carriers, excipients and/or diluents are well
25 known to those skilled in the art. Carriers and/or diluents suitable for
veterinary use include any and all sol vgnts, dispersion nedia, aqueous
solutions, coatings, antibacterial and antifungal agents, isotonic and
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char act er idigastiganek ggagmin ONA esing rfestrlctlon endonucleases, amongst other
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.




operabl e connection with a suitable pronoter and assayed for efficacy in
reduci ng target gene expression. Alternatively, shotgun libraries
conprising 20 nultiple copies of genetic sequences nmay be produced and
assayed for their efficacy in reducing target gene expression. The

advant age associated with the latter agproach is that it is not necessary
to have any prior know edge of the significance of any particular target
gene i n spgé&& iplrpdigcechnugleisacidmalecyld énpreferablynintarcexprbsibiedorraxanypl e,
shotgun libraries conprising virus sub 25 genom c fragnents nay be enpl oyed
and tested directly for their ability to confer virus inmmunity on the
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library in which there is a | esser degree of diversity between said
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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 genomic gene consisting of transcriptional and/or

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

20 translated sequences (i.e. introns, 5- and 3'- 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

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

and/or translational regulatory regions capable of conferring expression




15 diverse set. Preferred shotgun libraries according to this enbodi nent of
the invention are "representative |libraries", conprising a set of tandem
repeat ed nucl eotide sequences derived froma viral pathogen of a plant or
an animal. In a particularly preferred enbodi nent of the invention, the
shotgun library 20 conprises cells, vigpus particles or bacteriophage
particles conprising a diverse set of tandemrepeated nucl eoti de sequences
whi ch encode acharasterstics on ssid strieloralaediofequences, wherein the menbers of
said diverse set of nucleotide sequences are placed operably under the
control of a pronpter sequence which is capable of directing the

expr essi orf hus, sgérke’t inolletes aSnudpetide dequehest datling dauddR othet thagel | .
Accor di ngl N he nucl eoti de sequence of each unit in the tandemrepeated
sequence onprise at | east about 20 to 200 nucl eotides in length. The
use of larger fragnents, particularly enploying randomy sheared nucleic
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which is PE¥EIMonal I'y translatable or translated to produce a reconbi nant
peptide, oligopeptide or polypeptide nolecule). By way of exenplification,
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produced, wherein said synthetic gene conprises a
10 transcriptional and/or 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 peptide, oligopeptide, polypeptide or biclogically 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 cell, tissue or organ under the
control of a promoter sequence to which it is operably connected. A structural

gene region may comprise one or more dispersed nucleic acid molecules




nucl eoti de sequence as described supra in operable connection with a
pronoter sequence which is capable of regulating expression therein. Thus,

t he subject nucleic acid nolecule will be operably connected to one or nore
15 regul atory elenments sufficient for eukaryotic transcription to occur.
Ref erence herein to a "gene" or "genes"3gs to be taken in its broadest
context and i ncl udes: ?i) a cl assical genom c gene consisting of
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éequences of a gene which would not normally be translated in a eukaryotic
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
régions 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 fo the animal
/:) cell and in particular comprises two or more nucleotide 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
25 in addition, the fusion may provide more effective immunity against any
pathogen by targeting the expression of more than one gene of that pathogen.

The optimum number of structural gene sequences which may be involved in
the synthetic gene of the present invention will vary considerably, depending
upon the length of each of said structural gene sequences, their orientation
30 ‘and degree of identity fo each other. For example, those skilled in the art will




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 peptide, oligopeptide, polypeptide
or biologically active protein nolecule. 15 Those skilled in the art wll
be aware that not all RNA is capable ofggbeing translated into a peptide,
ol i gopeptide, polypeptide or protein, for exanple if the RNA lacks a
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2.0kb in length. Alternatively, as explained above, a stuffer fragment can be

15 inserted between copies forming the palindrome.

Wherein the structural gene region comprises moré 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

7) 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 fo 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




consequence, does not conprise a conplete open reading frane. In the 10
present context, the term"structural gene region" also extends to a non-
codi ng nucl eoti de sequences, such as 5" - upstream or 3'-downstream
sequences of a gene which would not normally be translated in a eukaryotic
cel | which expresses said gene. Accordigagly, in the context of the present
i nvention, a structural gene region 15 may al so conprise a fusion between
two or nomeolepdas) sdiichdgrer suhstianfialiyhidesdinal to toof bemeoie tgrges genassuch
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i nverted rrﬁgaﬁg ed nucl eoti de sequences, because of the tendency for such

sequencesI Ztonbine in vivo. Notw thstandi ng such difficulties,

As with the individual sequence units of a dispersed or foreign nucleic acid

15 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
_} 20 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,
25 including the TATA box which is required for accurate transcription initiation,
with or without a CCAAT box sequence and additional regulatory elements
(i.e. upstream activating sequences, enhancers and silencers) which alter
gene expression in response to developmental and/or external stimuli, or in a
tissue-specific manner. A promoter is usually, but not necessarily, positioned
30 upstream or &, of a structural gene region, the expression of which it




5 the optimum nunber of structural gene sequences to be included in the
synthetic genes of the present invention nmay be determ ned enpirically by
those skilled in the art, wi thout any undue experinentation and by

foll ow ng standard procedures such as the construction of the synthetic
gene of the invention using reconbinagg deficient cell lines, reducing the
nunber of 1o repeated sequences to a |level which elimnates or mnimses
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gene may copprise 30 nucl eotide sequences (i.e. two or spersed or
foreign n ibility anfhgmexpression of said molecule.

Placing a dispersed or foreign nucléic 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 genéraily
positioned 5’ {(upstream) to the genes that they control. In the construction of
heterologous promoter/structural gene combinations it is generally preferred

to position the promoter at a distance from the gene transcription start site

w) that is approximately the same as the distance between that promoter and the
' 20 gene it controls in its natural setting, i.e., the gene from which the promoter is
derived. As is known in the art, some variation in this distance can be
accommodated without loss of promoter function. Similarly, the preferred

positioning of a regulatory sequence element with respect to a heterologous

gene to be placed under its control is defined by the positioning of the element

25 in its natural setting, i.e., the genes from which it is derived. Again, as is

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

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

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




nol ecul es) which are substantially identical to two or nore target genes
selected fromthe list conprising DNA pol ynerase, RNA pol ynerase, N a
prot ease, and coat protein or other target gene which is essential for
viral infectivity, replication or reproduction. However, it is preferred
Wth this 5 arrangenent that the structgyral gene units are selected such
that the target enes to which they are substantially identical are
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egul at ory sequences of a classical genom c gene, 25 including the TATA box
which is required for accurate transcription initiation, wth or without a
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urposes of the present invention or promoters which may be induced by

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, tac promoter, SV40 late
promoter, SV40 early promoter, RSV-LTR promoter, CMV |E promoter, CaMV
: J 358 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 SCBYV 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




gene expression in response to devel opnental and/or external stimuli, or in
a tissue-specific manner. A pronoter is usually, but not necessarily,
positioned 30 upstreamor 5, of a structural gene region, the expression
of which it 36 regulates. Furthernore, the regulatory el enents conprising
a pronoter are wusually positioned withygn 2 kb of the start site of
transcription of the gene. In the present context, the term"pronoter" is
al so used Stychrgkgenseregiony ar matinle stuciunaligemenslgiaruisainder thiecontadliofe whi ch
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speci fic orggubahiole efgimyms, to further enhance expression of the sense

nol ecule and/or to alter the spatial expression and/or tenporal expression
of said sense nolecule. For exanple, regulatory elenments which confer
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/bat ween that pronoter and the 20 gene it controls in its natural setting,

i’e., ;the fr | t. rompter, s, derived. is known in the art,
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sequence el enent with respect to a heterol ogous
and genetic constructs wherein the a structural gene region or multiple
structural gene region is placed in the "antisense" orientation relative to the
promoter sequence, such that at least a part of the RNA transcription 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
e 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




gene to be placed under its control is defined by the positioning of the
element 25 in its natural setting, i.e., the genes fromwhich it is
derived. Again, as is known in the art, sone variation in this distance
can al so occur. Exanples of pronpters suitable for use in the synthetic
genes of the present invention includeasiral, fungal, bacterial, aninal

and pl ant derjved, pronpters capable of functioning in plant, animal,
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acid m)leﬁluqle In g eukaryotic cell, tissue or organ, at |east during the
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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 particularly suitable for use in the synthetic genes of
| the present invention include the SV40 polyadenylation signal, the HSV TK
o polyadenylation signal, the CYC1 terminator, ADH terminator, SPA terminator,
20 nopaline synthase (NOS) gene terminator of Agrobacterium tumefaciens, the
terminator of the Cauliflower mosaic virus (CaMV) 35S gene, the zein gene

terminator from Zea mays, the Rubisco small subunit gene (SSU) gene

terminator sequences, subclover stunt virus (SCSV) gene sequence

terminators, any rho-independent E.coli terminator, or the lacZ alpha
25 terminator, amongst others.

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

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




coincides with expression of the target gene or precedes expression of the
target gene, it is highly desirable that the pronoter sequence is a
constitutive strong pronoter such as the CW-1E pronoter or the SV40 early
pronoter sequence, the SV40 |ate pronoter sequence, the CaMv 35S pronoter,
or the 25 SCBV pronoter, anongst othersgg Those skilled in the art w il

re of additional pronoter sequences other than those
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connecti orfe@fiihba usedwitheut apy usduarexparimentatione to the promoter sequence,
such that when it is transcribed an RNA product is synthesized which is
capabl e of encoding a pol ypeptide product of the target gene or a fragnent
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orientation relative to the pronpter sequence, such that at least a part
fofy the RNA transcription product 15 thereof is conplenentary to the RNA
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di spersed nucleic acid nolecule, foreign nucleic acid nolecule

: 10 comprises two or more structural gene regions or multiple structural gene

regions wherein each of said structural gene regions is placed operably under

the control of its own promoter 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 translatable format and expressed, for example as a fusion




or multiple structural gene region conprises tandemdirect and/or inverted
repeat sequences of the target gene, all conbinations of the
above-nentioned 20 configurations are enconpassed by the invention. In an
alternative enbodi nent of the invention, the structural gene region or
mul tiple structural gene region is opeyably connected to both a first
pronoter sequence and a second pronoter sequence, wherein said pronpters
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genetit 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 fo 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




15 which is operable in the cells, tissues or organs in which it is

i ntended to be wused. Exanples of termnators particularly suitable for use
in the synthetic genes of -the present invention include the SV40

pol yadenyl ati on signal, the HSV TK pol yadenyl ati on signal, the CYC
termnator, ADH termi nator, SPA term nagor, 20 nopaline synthase (NOS) gene
term nat or__of .  Agr obacter i umtumefam ens, the termnator of the Caulifl ower
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pol yadenyl ati on signal or the HSV TK pol yadenyl ati on signal which are

oper abl e |lﬂ|sLm1lwn’ah ofigir tSf,rebla@étkb@ﬁorad\ge@b%l@mé?ﬁér%éﬁlﬁsﬁiﬁﬁﬂé‘ﬁﬁ%s@%s) or 40
nopal i ne %la (NOS) termnator active in plant“cells, tissues or

or gans?® ‘Pféa F%@Ey%lpﬂl)’as@ﬁﬂfﬁiﬂﬁ’aﬁ@m Wﬂsehgergetunsqawnqesmarﬁamgdtmc cells.

Those sk| I dditional ,termn tor uences
ahich "‘%?és"%"'t&gﬁ’f”%ﬁ#’d%h'ge s R Rsf 1o s PR RRo o st g uences
may 5 rea&uldayydme astiedr intédrateid latwthergbmlﬁe(bﬁélemah@hb%u Means for
introducing (i.e. transfecting or transformng) cells with the synthetic

genes descri bed herein or a genetic construct conprising sane are wel| -

known to tlh caspambuIlaH?qbrefI&rrtharﬁb@dmidht ahbWridhe of PSIREAGH iy RiIrkfiBR4liiAent . a
jlenetic construct used which 10 conprises two or nore structural gene

gi ons or® RAFENa| %e s@%ﬁ@@Pﬁ#Se%ﬂ}%PU@ginoﬁh@ Wik eoriginac ltemadisely ther uct ur al
\gene 1891 Gy Bf @pﬁ&ﬁﬁb@@%@?ﬁ@fleqﬁ'%eéukatryhé?nccc?é?lt 6850 Sindt {ord pre%rgbqo

sequence. AS wth ot
comprises the 2 micron (20m) origin of replication or the SV40 origin of

replication.

As used herein, the term "selectable marker gene" includes any gene which
confers a phenotype on a cell in which it is expressed to facilitate the

15 identification and/or selection of cells which are transfected or transformed
with a genetic construct of the invention or a derivative thereof.

L4

Suitable selectable marker genes contemplated herein include the ampicillin-
resistance gene (Amp'), tetracycline-resistance gene (Td"), bacterial
kanamycin-resistance gene (Kan"), the zeocin resistance gene (Zeocin is a
20 drug of bleomycin family which is trademark of InVitrogen Corporation), the
AURI-C gene which confers resistance to the antibiotic aureobasidin A,
phosphinothricin-resistance gene, neomycin phosphotransferase gene (nptih),
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.




descri bed herein, the orientation of each structural gene region may be
varied to nmaximse its nodul atory effect on target gene expression. 15
According to this enbodi ment, the pronoters controlling expression of the
structural gene unit are preferably different pronoter sequences, to reduce
conpetition there between for cellul ar 4% anscription factors and RNA

pol yner as Pr et e ropoters are selected fromthose referred to supra.
Those ski ﬁsflé’& I%ﬁ’e‘ ghg Will ke Sane Wt edheralestablecmarkenagere msefil 20

conf i gur atjh eRe HerfohtahBdiof %
regul ate thei (rﬁeexpr gsm c?x tﬁg?reééeﬁtgﬁg tiddnr gﬁr@ﬁ@?%?g %ﬁ@}e&%gwgmnt hetic
genes desdlmll@@cb)sihqerlwtamaoﬁ:thpeﬁela:tatbiebnankgr genéfied further, for exanple
by the inclusion of nmarker nucleotide sequences encoding a detectable

mar ker enzyne or a functional analogue or derivative thereof, to 25

facili tat dheetpresendnimfentior exfendst te gIngenelica cofblructsi 858ty 0pgan in
to this enbodi nent, the nar ker nucl eoti de

whi ch |ds é) ssed. Ac¢cordin

sequentes e\ﬁPI'ﬁ’( ({)g‘ IBSW% include fiwdher: aenatior seqrancesdnisndedsioedhe f or

exanpl e a h odu of any

ona o m?‘é@'a“é*"?ﬂggs"t‘"?"d%fﬁéé RERbh e SabiNabiiic EBRGRS' BopBiGRAtL B on

pol ypept i @ekarfoteseandiorithe integratioraot said gersticavsrstruet dﬂ(EWFhﬂ tﬁéﬁé@)‘ﬂce t he
S

synthetic, descri ed her ej. n d of the requirenent or obtaining the
expr essi oH%?R'ﬁ@SPO”? e@%P&Earor%nmpec. fic cell or cell-type
under the conditions desi red In particular, it will be known to those
skilled in the a[qt t hat , the_gepetic  mani pul atlons required to performthe

‘present i hFedfinoFISPRISEE R fareiane "U&f%‘ba%ﬁ@l@ﬁ'@ﬂ’% adag pdsict
escr hped dassd Yupa ARAY VISL | r o h as an
E. coli cell or a Fant c% l?éol)rléaegn@gnlﬁﬁé %ynﬂ‘ﬁegfé_rh}éﬂéél Weldegagénes of
t he pr eseﬁ@%%ﬁtm@nthea?emetlswerudomh far meSpuu‘pabéQ of apbdulatihg the or
organ wi t out. Japdi & tﬁatt'axogrét%]sene for ¢ eanNAfe h%otsgr%ef t%[ag}a?éd fransfection or
transformation, transformation of cells with attenuated virus particles or
bacterial cells, cell mating, transformation or transfection procedures known to

15 those skilled in the art or described by Ausubel et al. (1992).

Additional means for introducing recombinant DNA into plant tissue or cells
include, but are not limited to, transformation using CaCl, and variations
thereof, in particular the method described by Hanahan (1983), direct DNA
_) uptake into protoplasts (Krens et al, 1982; Paszkowski ef al, 1984), PEG-
20 mediated uptake to protoplasts (Armstrong et al, 1990) microparticle
bombardment, electroporation (Fromm ef af., 1 985), microinjection of DNA
(Crossway et al., 1986), microparticle bombardment of tissue explants or cells
(Christou et al, 1988; Sanford, 1988), vacuum-infiltration of tissue with nucleic
acid, or in the case of plants, T-DNA-mediated transfer from Agrobacterium to

25  the plant tissue as described essentially by An et al.(1985), Herrera-Estrella et
al. (1983a, 1983b, 1985).

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

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




genetic construct, optionally contained wwthin a suitable carrier, such as
a cell, wvirus particle or liposone, anongst others. To produce a genetic
construct, the synthetic gene of the invention is inserted into a suitable
vector or 15 episone nol ecule, such as a bacteriophage vector, viral vector
or a plasmd, cosmd or artificial chygnmosone vector which is capable of
bei ng mai ntai ned and/or replicated ané]or expressed in the host cell,

ti ssue or Exegmaiynappaaiich andt picsedutese greedlidcjosent bpdSioeth efego(disngl y a
further aspect, of the inyenti rovides enetic_construct 20 which at

| east conﬁﬁ%@sﬁphg”%?% PESS%%OEL@@%% flgsar{:yatéﬂte'\& 4942080)-t he
embodi menyghew SR SARAE YO ARS BrodBifedr 8! BEndlc LERLIGA MEY  and/ or
sel ect abl e marker ‘gene sequences. net1c constructs are particularly

sui t abl e fngorporate agiasroidneapabte of replicatinginytbeicelidelble ttansformeatiuce novel
genetic traits thereto, in addition to the 25 provision of resistance
characteristics to viral pathogens. Such additional novel traits may be

i nt r odéicedExamples epmiabpadiehest suitabiifidruset in@uch aysRimatincirley] 1®8 e sane
genetic cona‘jr uct which conprises the synthetic genes described herein.
Those ski 9P&SPherese ThetDNA constiaisy mae berdenasiati fore the micropattisleby in

~particul aran'grggﬁltﬁﬁlgsteeﬁniégg’ g ggwg}gﬁ@g@ ul ations and tissue culture 42

requi r enment I ncrea ost-e $, of including genetic
sequences whi ch encode such additional traits and the synthetic genes

descri bed L0 | ti ruct . ual | an origin,of
replicati (I)ﬁea{)?ﬁrghésrg? @gég@ﬁ%ﬁn%? ﬁ%r bgees%glpzﬁ‘fetrﬁ'ﬁpeI’[E%rsyﬂﬁ-@t'f:nge%eé%%?eri ais
<physi cal | gesefiaradratruttsomicsbiised geaeln iré eAIRREASIdTOMeyaten | Mtd hRegenetic
~eonstruct which afre i EI ended to be expressed or transferred to a
eukar Y8t i §988Me Olg} celhinayhighddsiexpeeasd. dbaserskied i thacart ydi be avere. 1n a
par ticul aghat, ff St (4ciBP G Rtion 1S QEAdticscduchtB'cr GRhEAE chitsthitict | onal
" into the genome of a host cell, certain additional genetic sequences may be
required. In the case of plants, left and right border sequences from the T-

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

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

- ) organs and to propagules and progeny thereof.

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

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




a bacterial cell and conprises the pUC or the Col E1 origin or alternatively
the 10 origin of replication is operable in a eukaryotic cell, tissue and
nore preferably conprises the 2 micron (2Dm origin of replication or the
SV40 origin of replication. As used herein, the term"sel ectabl e marker
gene" includes any gene which confers & phenotype on a cell in which it is
expressed to facilitate the 15 identification and/or selection of cells

whi ch ar e propagsted tlwodugh classicsl bressting téchnicuiegenet i ¢ construct of the
invention or a derivative thereof. Suitable sel ectable nmarker genes
contenpl ated herein include the anpicillin- resistance gene (Anp ),

t et racycl iTine presest ianestiaeiscfufther Hestritdowit refekatamectha-folswingaiie gene
(Kan'), the .zeogcin resistance gene (Zeocin is a 20 drug of bleonycin famly
which is ﬂ'@@r&?‘ﬁmﬁeﬁ- nVi trogen Corporation), the AURI-C gene which
confers resistance to the antibiotic aureobasidin A

phosphi nothricin-resi stance gene, neonycin phosphotransferase gene (nptll),
hygr onyci EXAMPLE e gene, (3-glucuronidase (GJUS) gene, chloranpheni col
acetyltransferase (CAT) gene, green fluorescent protein- encoding gene or
25 the luciferase gene, anongst others. Preferably, the sel ectable narker
gene i 8 ti@ef?ﬁj‘w fe gues Kan gene or green fluorescent protein
(GFP) - encodi ng gene. 43 Those skilled in the art will be aware of other
sel ect abl e marker genes useful in the performance of the present invention
and the sbj ectTissnenulture manipulations t ed by the nature of the selectable
mar ker gene. C) The present invention extends to all genetic constructs
i_;’eisenti ally as 5 described herein, which include further genetic sequences
Ni-ntended @ t Welhesénftaefdines and/ or replication of said genetic construct
in prokaryotes or

Adherent cell monolayers were grown in medium consisting of either DMEM
| (Life Technol_ogies) supplemented with 10% viv FBS (TRACE Biosciences or
10 Life Technologies) or RPMI 1640 Medium (Life Technologies) supplemented
with 10% v/v FBS. Cells were grown in incubators at 3?°C in an atmosphere

containing 5% v/v COs.

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

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

25  Cell suspensions were counted after resuspending in an appropriate volume




eukaryotes and/or the integration of said genetic construct or a part
thereof into the genone of a eukaryotic cell or organism As with

di spersed or foreign nucleic acid nol ecul es, standard nethods 10 descri bed
supra may be used to introduce synthetic genes and genetic constructs into
the cell, tissue or organ for the purpgges of mpdulating the expression of
the target gene, for exanple |iposonme-nedi ated transfection or

t ransf or meafi BMEM,r 0% winmEBSorArfaliqedd, Sypically 200eply stz trahsfesredatot Acl es or
bacterial cells cel&iqﬁting, Sransfﬁrnation or transfection procedures
known to lEemeytameler(Rawksley) aad gell ngmbess spunted migroseopisally.ct al .
(1992). Additional neans for introducing reconbinant DNA into plant tissue
or cells S{j51cl e, but are pot limted to, transformation using Cad 2 and
vari ati ond® t hdYIbRONeeNb&eHS cul ar the met hod described by Hanahan (1983),
direct DNA uptake into protoplasts (Krens et al, 1982; Paszkowski et a!,
1984), PEG 20 nedi ated uptake to protoplasts (Arnstrong et al, 1990)

ni cr opar t iNe-adhenenhicglie wereegrerty imparawthomedmno simiaratg adbesnt cell
nicroigjeq?%gn of DNA (Crossway at at, 1986), mcroparticle bonbardnment of
ti ssue explants or cells (Christou et al, 1988; Sanford, 1988),
vacuumrinfiltration of tissue with nucleic acid, or in the case of plants,

T- DNA- nedi bact eri t 5 th lant ti

deser bed a5 S 1d ERFG G, AdFrea inbiaers. Faieitztataed Mtse §itrgssaa,
1983b, 198&kselbonerd GEcHbREl, Fdt 'P%T'@ﬁﬂdmVe@ée@,eiﬂescelﬁs@ﬁerrl%ilﬁ‘ﬁvb%' eis
propelled into a cell to produce a transforned cell. Any 'suitable

{\t;gl listic regoved tgmd o¥ iderilerplagtis fhes Gpjcemanth pantifugedcfor Seninsedd in
‘performn LeSemps i ' enpl ary appar at and .pr dure
are discl %sdgggb@ a‘étﬁ o%bo'g?ﬁgg %P@téﬁhﬁ%n%%d%ga ,ﬁ%‘%)sthﬁn‘i?"&% rg a?\d

VOl (10. S.suBpbrtdd WP gréwiid nclfnthh. ThYNGAI Ysépuhdisi Mkt iHent pRRSE GRigRLI ON
procedures, the genetic construct my .
new tissle culiure 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 pl/well for 96-weli tissue
culture plates, 400 pi/well for 48-well tissue culture plates, 4 mlfwell for 6-well

tissue culture plates, 11 ml 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 ml growth
20 medium. Then 0.5 ml (T25) or 1.0 ml (T75) 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 celis.
25 2. Protocol for freezing and thawing cells

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




I ncorporate a plasm d capable of replicating in the cell to be transforned.
5 Exanples of mcroparticles suitable for use in such systens include |I to
5 m gold spheres. The DNA construct may be deposited on the mcroparticle
by any suitable technique, such as by precipitation. In a further

enbodi nent of the present invention, t synthetic genes and genetic
constructs described herein are adapted for integration into the 1o genone

of a cell triypsiWhEDTA foriSsmirxalr 3% € tNorFadiserenk céllsewerdcértafugets foi 5imike awar e
that, in or der to achi eve integration of a ‘genetlc sequence or genetic
const ruct ati90x gi?é'dgﬂs"ﬁbﬂﬁlecﬁe”ﬁ wrystsuseended by ttdfunaticrdand transfegeddoi c

sequences S oeRmelEM RASsNng ot BRUERES: REM A d suplementior i tashi w1
general | y we FBSSIlalnﬂeﬁb%lﬁlv'rdﬂméﬂﬁy%lﬂfﬁmdé‘YS@‘%T'IE@” Thigr é&ﬂfen%h@ﬁ ééﬂsa”

I solated cell, tissue or organ ‘conprisin synthetic %ene escri bed
her ei nSor Viagdarminasbhy heesocytosmeter §ougtn@mad dﬂlutect)tceia cellsngemiml.on

rom sai o Uigipls Werb HENIEARE g, |0 B SHyo R85 B S 4 WHEE R her ot
20 For exgipderi ipbaChp Mg ProrREelonains: tmagbhéﬁaéﬁ@wﬁgi ppb -2C<ﬂ| I's or

tissues 03 8) ans, on hornone-cont ai ni ng medi a t he regener at ed pI ants

may take i 374, capledosiawly t,cfP ks Blﬂ H@&QSOfo@ellSrwaEﬁ mereatoc@d la -and non-
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tissudg 25)r(|eeghen transmmg)thmmbllsdota 'SB@@ISSFQ cehta@ting ©ONBMUEE ag%[)mrred
ionin s) ransforned plants ey be propagate y a

gl‘l ety OE%QHQ |n ing ¢ 3% 86“ BRAMGEBRaIFRT Dt WY Claassi cal breeding

“techni ques. For exarrpl e, a f| rst generation (or T1) transforned plants may

be selfed gi ye honozy second generation (or. T2) transforned plants,
and the T pI ar#?"f’lﬁprégg?j‘?e

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. |

(@)  Conditioned medium

3y ;.

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 sterle 50 ml fube (Falcon) and
centrifuged at 500 x g. The medium was passed through a 0.45 pm filter and

25 decanted to a fresh sterile tube for use as conditioned medium.

(b)  Adherent cells

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




propagat ed t hrough cl assi cal breeding techni ques. The present invention is

further described with reference to the following non- Iimting Exanples.
EXAMPLE | 5 Ceneric techniques 1. Tissue culture manipulations (a)
Adherent cell |ines Adherent cell nonol ayers were grown in nedium

consisting of either DVMEM (Life Techngjgogi es) supplenented with 10% v/v
FBS ( TRACE Bi osci ences or 10 Life Technol ogies) or RPM 1640 Medium (Life
Technol ogireediusuyps eemmaved fromtah tﬂ]d%dda# wWelBSf L8l tesue clione vessel

I ncubat or %)Pg’t 37C.in.an atno i nj n 5% v/v CO2 During the course

of these el o '?'P'eMaﬁ ﬁ? thnéd@'s%a?y( E’@S hdivdgal ‘ﬁCPi@f"'@’él I
monol ayer wefe tAeh ekl fom e Pl?éﬂe'cﬁuﬁféﬁ%ﬁfgﬂtﬁ%“&gﬁl S;NEx\q.&g. wibh 1 x

PBS (Sigma) and then treated for 5
mn at 37dp ane movaris abBGtW@lbqala‘ﬁe lﬂbTv@a:ns@dZ@@rulaﬁcdrondiltwnethwdlmﬁs wer e

Eyﬁfe? ?g ' ngga%aﬁ%f%ggo@bz 8P§et'$ iBs Jb@t Y%‘ﬁeg wap, E‘C&E@K‘E‘@nabBTt%" t59§¢p‘é/}’ n- EDTA

was st oppeshyfdrapiof ﬁ'lé?élyvfﬁ  HEAng: lcﬂfa?%eblgrw&]eu rﬁi}ﬁ%dcrﬁlcrésc\%gllﬁ

suspended by trituration. he™Ce suspenst on
t ransf er r dor gmvangewlomsseand:dm anediom geplacéd with fiesh Tgreste medilit, e rredi um
tissue culture plates, 360

vol unes vvslgﬁe é_PI cal I 192 vvemf 6- wel |
ol 1 vel | B ERnolaneE 6 Bk Slatie Bha e Toackedaboial §0%onguBBeY it | souo
cul ture phaiseganSfebrednin fs@éc&%ﬁleﬁ‘@%p%guﬁh!”{hef 8fa Hstréﬁs%ér‘?ﬁe&q Eu gvessels.

25 Cel | suspensions were counted after resuspen te
vol umd0 46 hogseivEy| T2b0ssup\cUitBE: vasseahl Althis poitiy [allqad)ﬂswfm@:hmtabimmll

an anst err ge L8 frozen for long term maintenance.
(¢)  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 mi in conditioned medium. Single wells of 96-well tissue

culture vessels were seeded with 200 yl of the diluted cells and the plates

were incubated at 37°C in 5% viv 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
CQ, for 48 hr. After this time, conditioned medium was replaced with 200 pl of |

Al

DMEM, 10% viv FBS and 1.5 mg/l genetecin and cells again incubated at
37°C in 5% viv 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.




haenocyt onet er (Hawksl ey) and cell nunbers counted m croscopically. (b)
Non- adherent cells Non-adherent cells were grown in growh nediumsimlarly
to adherent cell 5 lines. As in the case of adherent nonol ayers, frequent
changes of tissue culture vessels were necessary. For T25 and T75 vessels,
the cell suspension was renpved to 504y sterile plastic tubes (Falcon)
and centrifuged for 5 mn at 500 x g and 4C. The supernatant was then

di scar ded Ald5tiissue eliltureetdssel ddntaiminpre40 el ofrDMEM\thMI‘IBWhO 10 ¢l |
suspensi o s t hen new tissue culture vessel. For 96-well,
a6 nelt S avdsnegedpel i 4 X Teyt el nCubried Rt D ligat WSCB: farn at 500
X g and 4(’% e supernatant was then aspirated away fromthe cell pellet
and the ce4is suspended in growh nedium The cells were then transferred
to a new tissue culture vessel. 15 Tissue culture nedia volunes were

typi caIIy 0 QM é}n‘é ors 96-wel |l tissue culture plates, 400 pl/well for
48- wel | t| ue cu tare prsates, 4 m/well for 6-well tissue culture plates,
11 m for T25 and 40 m for T75 tissue culture vessels. Passaging the cell

For s i n WptEE, RE8 feEhod bt ol haoHBRANES AadRLla ther 67 efashrie Thon
0.5 m (T2kastothelmBndtayér Bﬁgeﬁfle ki {HerﬁﬂéﬂﬁBS'\%‘s qtéﬂaﬁﬁé Wz{sﬁd to a

new vessel containing rovvt medi um or cells 1n 96-we 48- we and
6-wel | pl dv%%re%ai%an | theemenoleyer gvemadtwn&ngfml oéd xd?BSdé xa"qrpse's-pondl ng

wel | s of rowt wer e
counted a?%@c%ﬁ%ﬁﬂgf or a%\%rgg?%g’? go "P?cmcﬁf@ﬁh ng and
11jaW| ng cevasinddbateendt mmoinamr\ﬂv\@o;unﬁls‘sth@clnbm@?emséﬂmrétéa fi5s @ed then
\t~ eated with 47 trypsin-EDTA for 5 mn at 37C. Non-adherent cells were

cent ritPugd@skothen Ziml of medium with 10% v/iv FBS was added. The suspended
cells were transferred into a 10 ml capped tube to which was added 3 mi 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 ml 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 mi Falcon tube, centrifuged at 500

x g for 10 min at 4°C and the supernatant decanted. The pellet was

i

20 suspended in 5 mi ice-cold 1 x PBS by gentle vortexing and the cells collected
by centrifugation at-500 x g for 10 min at 4°C. The supernatant was decanted
and the pellet was resuspended in 5 ml of ice-cold 1 x PBS by gentle
vortexing and a sample counted (~2 x 10°). The celils were collected by

centrifugation at 500 x g for 10 min at 4°C and the supernatant decanted.
25 (c)  DNA extraction and analysis

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




at 500 x g and 4C. The cells were suspended by trituration and transferred
to storage nedium consisting of DMEM or RPM 1640 suppl enmented with 20%
v/iv FBS and 10% v/v di et hyl sul foxide (Sigma). The concentration of cells 5
was determ ned by haenocytoneter counting and diluted to 105 cells per nl.
Aliquots were transferred to 1.5 m cr ubes (Nunc) and the tubes were
placed in a Ctyo 1 C Freezing Container (Nal gene) containing propan-2-ol

(BDH) and usig the Sliaydry Gemomi® ONAhexttactios kitf (CatlNs. 16243)tdwenrdhgred at -
70C. Reaniﬁation of , frozen cells s achi eved by warm ng the tubes to 0C 10
on ice thdfi®t SURRKRYS i INgIUFtioNse | ITHE; Lonceptiation s el c gAPAMNIG NGNAVENEENd 20%

viv FBS bl Wely) | t 0 % I ng of
cell lines Admﬁg%?ﬁ%rﬂdaﬁ%%r-%éﬁﬁ%%ﬁ?ﬁﬂamﬂgg{ﬁegeheé%]nesn@esaréie @gﬂsf ect ed
with pl aphiotbspectrometernnt ai ni ng expression constructs to target specific
genes of 15 interest. Stable, transfornmed col onies were selected over a
period of 2-3 weeks using cell growh nmedium (either DVEM 10% v/v FBS or

RPM 1640 Gerificv/ DNABSY 16 upyg) enmas ediigésted gewith i cipproprizde virdegictien! oni es
were cloned to establish %onal | ines of transfected cells. (a)
Condi t i onwd%H?'Gﬁ?%a@ﬁrwi e $ha YOiBE £ woPaul a7 dar pppwxénately h9

ovem 1054 by boRuenB BRI, 2P OF kSRR dcBude bR 53750 BN 24 e,
af ter whi ebsohée etiramol tvereddded Yathd digest and &k sluorsiriXdd By §8rteking ube

Fal con) an centrif at 500 x g. The nedi um was passed throu a 0.45
' E)m filt Zar aé‘ﬂcph'@:ﬁ’ %@ﬁ%&g@ QBF-@NP@%@:S secavered bm@nﬁri&?gai@@ ais'locQﬁigKt i oned

(medi ungy, ( ?S fofgperﬁﬁnét @%.l'lghel %\ﬂ:&ee\fhgfé% wes YefndVelCarkd SRSENN Séﬂe‘%‘r%%ég te

~eo0l oni es l'ows? FiTst,
with 500 ul of 70% v/v ethanol, the pellet air-dried and the DNA dissolved in

20 pl of water. -

Gel loading buffer (0.25% w/v bromophenol blue (Sigma), 0.25% w/v xylene
cyanol FF (Sigma), 15% w/v Ficoll Type 400 (Pharmacia)) (5 pyl) was added to
15 the digested DNA and the mixture transferred to a well of a 0.7% w/v
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 lane.

) The gel was soaked in 1.5 M NaCl, 0.5 M NaOH then in 1.5 M NaCl, 0.5 M
20 Tris-HCI, pH 7.0. The DNA fragments were then capillary blotted to Hybond
NX (Amersham) membrane and fixed by UV cross-linking (Bio Rad GS Gene

Linker).

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

water, destained in 40% v/v ethanol then rinsed in sterile water.

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




48 nmedium was renoved froman individual well of a 6-well tissue culture
vessel and the cell colonies washed twice wwth 2 m of 1 x PBS. |ndividual
colonies were then detached fromthe plastic culture vessel with a sterile
pl astic pipette tip and noved to a 96-wel| plate containing 200 pl of
condi ti oned nmedi um 5 suppl enented withgeneticin. The vessel was incubated
at 37Cin 5%v/iv CO2 for approximately 72 hr. Individual wells were

exam ned rd&flaﬂyedpifr@gmqnted (b'lentjﬂg)\spegncleMiaafBj prethyiwidipedliat r60°Epfarced with
fresh grow h nedi nmonol ayer of each stable |ine had reached
about 90%%@’90’@"‘:@ 1i4th“u/§sh3f idiratioprqyen; withs cersdart retatione®spmmt i | t he
stable, transfornmed line was 1o housed in a T25 tissue culture vessel. At
this point allguots of each stable &eﬁll line were frozen for long term

mai nt enanddObed¥5 Nish verm iabelled vdith for dG#Rc(spacific elctigityndpe0 (thsmmdl)by
di lution n t wa deter ned m croscopi cal | sin
aI hgelrmcyfdgﬁﬁ g% M%%&Briﬁ}?dﬁ% az’ew@ esyfge'& 39,Pe4 f}eosq[gph@gppgs 'OH\Syl ﬁ "9

condi t songAnisrshaim CH. NS RPRH b6 RIL 1148 | drobé $aiepasstd S@5 were
seeded w Sh 200 pl of the dil ut edpce l's arlljd t he pl gaes mé?%dlfﬁicﬁ gt ed at

37C i n-5%SgRhader RwickiSpin (tredemearieeelumis fBockse CﬂtcN@sc‘tﬁﬂS@ZBb yioand
th t f I, def d
b et onal TetvBlrhBiafed BLARMIAL &S bRt AT BRESHSS w th 500 pl o

fresh conditioned nmedi um and cells incubated at 37C in 5%v/iv CO2 for 48

0% i v St G b AREbrOPE WAS Afte BE2 7o itpssiaiontbuterc i 5v

(v;lzv C2. @@8SPE VRS MV STl 10D %jﬁﬁlnﬁleﬂlé’[ufééccﬂ%?ﬁﬁéﬁeétrﬁ#ﬁn sgbﬁh medi um
e anges ever%)48 hr, until the sta transforned |ines were 2 oused in

T25 ti18sudN) Plie-wareeselos 60%¢. T hespredivhridizationefierovas atscastetbbedcel |
line were r&ﬁl%ga Wil 2|rﬁ[n(9f [IJ%I:-VT&PI%EI%(? tI'|yBr|c?|zatlon 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 88C, 0.5% w/v SDS for 5 min at room temperature;
_) . 2 x 35C, 0.1% w/iv SDS for 15 min at room temperature;
0.1 x SSC, 0.5% wiv SDS for 30 min at 37°C with gentle agitation;
0.1 x 88C, 0.5% w/v SDS for 1 hour at 68°C with gentie agitation; and
20 0.1 x 8SC 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




4. Sout hern blot analysis of mammalian genom ¢ DNA For all subsequent
exanpl es, Sout hern bl ot anal yses of genom c DNA were carried out according
to the following protocol. 49 A T75 tissue culture vessel containing 40 m
of DMEM or RPM 1640, 10%v/v FBS was seeded with 4 x 106 cells and
i ncubated at 37C in 5%v/v CO2 for 244w. (a) Adherent cells 5 Medium was
decanted and 5 ml of 1 x PBS was added to the T75 flask to wash the
nonol ayer (ByrigeBluee HGSiRlgs.t AGFAhEorPRS—48 shrd andnthed filriT hdewesed was

repeat ed apd t.he nonol ayer, overlaid with 2 m 1 x PBS/1 x Trypsin- EDTA,
ensuring S’Wt['ég\%?‘aaé’?ﬁfc’t%%@y %Epege'w“'gé?l'%e rocking. The flask was

I ncubated at 37C in 5%v/v CQ2 until the nonol ayer separated fromthe 10

fl ask, thgl 2 g1 of r’rﬁdi umvvitg 0% v/ v_ FBS was added. The suspended cells
ver e transter r dgripgliyoreseant dagefrultreskfells was added 3 i of
ice-cold | x PBS. The tubewas inverted several tines to mx and the cells
wer e collggted by centrifugation at 500 x 2 for 10 mn at 4C. The

- super nat af?'aSHdBICIRSCIRE ePVER BliPE(18emnex $2gpaniovers flamedi wigh etkandol d 1 x

wore 250 T Ahet SBERISA DBl RAEILR HAS pEP W Sichvel) s, GFIE ' '
super nat amerdeaddedeth welly ilNor-2adiheneditmct) ive Thelepsity aftesAenst growth

transferred jnto, a @g m Fal c tua centrifuged at 500 x g for 10 min at
4C and théugh%%&? fegath iosied 50&90%&5% 08opeyuwek fieeNdmos o —
I ce-cold L; i e | S;

centrif ugz]astlziéo Eﬁgté}éwgéﬂg ?'f Y)\E{h&%{( %%0%64%% ﬁgﬁ?rsﬂlgg'%%@%tg q«g@ c} Q%ant ed
‘;f\igd the pénediumwasraspirstethand cellsSwete efashed-with APRS xF&BSxatjorgasdlis e

"texbN0 A FeRBAGE £RYUES 40 WA FBrdmalishyde [Sighs) Sn SRS Fhesd BY
washed three times with PBS. Fixed cells were permeabilized with 0.1% v/iv
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 pl} 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 pl 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 pl of 0.5% v/v BSA in PBS
for about 3 min each before being placed for 30 min to 1 hr on 25 yl drops of
Alexa Fluor (registered trademark) 488 goat anti-mouse IgG conjugate
} 20  (Molecutar 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/mi DABCO (1,4-diazabicyclo(2.2.2)octane (Sigma D 2522)) in 80% viv
glycerol in PBS) and examined with a 100x oil immersion objective under UV
25  illumination at 500-550 nm.




centrifugation at 500 x g for 10 mn at 4C and the supernatant decanted. 25
(c) DNA extraction and anal ysis Genom c DNA, for both adherent and

non- adherent cell lines, was extracted 50 wusing the Q agen Genoni c DNA
extraction kit (Cat No. 10243) according to the supplier's instructions.
The concentration of genom c DNA was term ned from absorbance at 260 nm

usi ng a Beckman nodel DU64 photospectroneter. 5 Genom c DNA (10 pg) was
di gest ed EXAMBE Dpriate restriction endonucl eases and buffer in a vol une
of 200 pl at 37C for approximately 16 hr. Follow ng digestion, 20 pl of 3M
sodi um acetate, pH 5.2, and 500 pl of absolute ethanol were added to the

di gest an@dﬁi@@bﬂ%imatﬂdﬂ%rmnygﬁ\?b?g&gggé% %ﬁ% bgauehceg@iﬁk&er 2 fr.

DNA was recovered by centrifugation at or 30 mn at 4C. The
super nat at® tha MY romptenseavencriansior the SVABbpromater sequehcef 70% v/ v
ethanol, the pellet air-dried and the DNA dissolved in 20 pl of water. GCel
| oadi ng buffer (0.25% w v bronophenol blue (Sigma), 0.25%w v xyl ene

cyanol FF T¢ SSommyercigoBlasmidiscol | Type 400 (Pharmacia)) (5 pl) was added to
15 the digested DNA and the nmixture transferred to a well of a 0.7% w v
agarose/ TAE gel containing 0.5 pg/m of ethidiumbromde. The DNA

f r agnent s Plasmid pBluesqrit I&68K+) hr ough the gel at 14 volts for

- approximately 16 hr. An appropriate DNA size narker was included in a
-parallel lane. The gel was soaked in 1.5 MNaCl, 0.5 MNaOH then in 1.5 M

NaCl , 0.5Fidsrdid pBiuestiGht, || {BK#) Gs chhemBidfalfyr agdiRblS froRt Stidiederraphd! ary
blotted to [I;'\yb.ond N§< (ﬁrrgisha menbrane and fixed by WV cross-|linking (Bio
Rad GS Gef@MAISRReMye A aisfe ASOHRBCRRENE; Haetralnhast BansasipligRer and

“stained i Bofhifidfoy/ With a multiple cloning 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 facZ-a transcription terminator, with a cioning
site for the insertion of structural gene sequences there between. Plasmid
pPCR2.1 is designed to clone nucleic acid fragments by virtue of the A-
20 overhang frequently synthesized by Taq polymerase during the polymerase
chain reaction. PCR fragments cloned in this fashion are flanked by two
EcoRI sites. The plasmid further comprises the ColE1 and f1 origins of

replication and kanamycin-resistance and ampicillin-resistance genes.




met hyl ene bl ue in 300mMM sodi um acetate, pH 5.2, for 5 mn to visualize the
25 transferred genomic DNA. The nenbrane was then rinsed twice in sterile
wat er, destained in 40%v/v ethanol then rinsed in sterile water. The
menbrane was placed in a Hybaid bottle with 5 m of pre-hybridization
solution (6 x SSPE, 5 x Denhardt's reaggnt, 0.5% w v SDS, 100 pg/m 51
denatured, fragnented herring sperm and pre-hybridi zed at 60C for

appr oxi maPdagmidi pEGER-NA @8 i di zati on oven with constant rotation (6 rpn).
O Probe (25 ng) was labelled with [a32P]-dCTP (specific activity 3000

G /nmmol) using the Megaprime DNA | abelling systemas per the supplier's

i nstruct i Glesrhid( FEEFPHIMMBS. (Figure RENGIBARCH) kahlinscthePCRE IEVRRofeRs ed
t hrough a G50 Sephadex gél(:k Spin (trademark) columm (Roche, Cat. No.

1273973) ogerahlyrsoBnesied ré}jbpa@rédleﬂ@agé‘ama@slcaalngea redrshifiggpvariant s

yor | di 2] SHIdS Be HfBbn dRBAEEN RoES (GEPRERRSIRS ACTR Tl o'
f r agnest ed/. hé@@ﬁn@W amdoT$WiX) 19949, wehiche thasob&SHCoplififsay %mbhgh’@rzat i on

buf f er vvaﬁ decant ed aPh rep jacgd with 2 m of pre-warned hybridization
buffer coMtai&§CRECE hel MRusRECHES GBP ob@”aﬁfhﬁnm‘i’ﬁr Eﬁ@ﬁ@gpﬂybrmgﬁzéasat 60C

for appr%bgﬁt&édoééﬁ Bg %d‘rgr?ack*’éf%' QI m?] ‘P"?]s‘?ﬁﬂ PP ecaﬁ“{é‘g‘“@ hon (6

rpm). The hybridizatio er cont e was and the
15 nmenbr aﬂenmlﬂnleoalemingoslaqomﬂriskig \mlhwdaﬁahd-llll sites andx nfaBg, otheb% W v

SDS f 5 ow v SDS f 5 m
room '? (rarrpé'lg'%ﬁﬁ&%] r%%p ge” ol %HJVS‘Q/PV ?gq:a(%gé é?wé:ﬁ” §;@ \%{M% égn'? I Zt
i t atih O prémédter aﬁtheoeﬁ%dYééh %%%ﬁg?fra%éms{ru%reﬁ%%ﬁ@sta &A1 1A' tation;

d 20 0. 1 x SSC for mn at roomtenperature wt gent e agitation.
multiple cloning svte will be expressed at the transcriptional level if they lack a
functional translation start site, however such structural gene sequences will
not be expressed at the protein level (i.e.r translated). Structural gene
sequences inserted into the multiple cloning site which comprise a functional

15  franslation start site will be expressed as GFP fusion polypeptides if they are
‘c_Eoned in-frame with the GFP-encoding sequence. The plasmid further
comprises an SV40 polyadenylation signal downstream of the GFP open
reading frame to direct proper processing of the 3'-end of mRNA transcribed
from the CMV-IE promoter sequence. The plasmid further comprises the

- 20 8V40 origin of replication functional in animal cells; the neomycin-resistance
gene comprising SV40 early promoter (SV40 EP in Figure 1) operably
connected to the neomycin/kanamycin-resistance gene derived from Tnb
(Kan/neo in Figure 1) and the HSV thymidine kinase polyadenylation signal
(H8V TK poly (A) in Figure 1), for selection of transformed cells on

25 kamanycin, neomycin or G418; the pUC19 origin of replication which is
functional in bacterial cells (pUC Ori in Figure 1); and the f1 origin of
replication for single-stranded DNA production (f1 Ori in Figure 1).

P
o




Washi ng duration at 68C varied based on the anmpbunt of radioactivity
detected with a hand-held Geiger counter. The danp nenbrane was w apped in
plastic wap and exposed to X-ray film52 (Curix Blue HC-S Plus, AG-A) for
24-48 hr and the filmdevel oped to visualize bands of probe hybridized to
genom ¢ DNA. 5. |nmunofl uorescent |abeldgng of cultured cells d ass

m croscope cover slips (12 mmx 12 mm) were flamed with ethanol 5 then
subner ged 4.nEgpréssjopwialssettdsum two per well, in six-well plates. Cells
were added to wells in 1-2 m nmediumto give a density after 16 hr growth
such that cells remain isolated (200,000 to 500,000 per well depending on
si ze and dPlasmidpe@MY.cadst hout renoving the cover slips fromthe wells, the
| medium was aspirated and cells were washed with PBS. For fixation, cells
J 1o were treated for 1 hr with 4% w v paraf ormal dehyde (Sigma) in PBS then

washed t hrRigstidresCIAM. ba@BS(F.garéedz)ced |§n B (5reBSIbAE 2B5bAtEE dfopi Hhviﬁgl% viv
Triton X-100 (Signma) in PBS mn then washed three tines wth” PBS.

CelI's on cBPEPSIPN pfof ﬂes@u@tufﬂikgan@rfsem@meopnq@b@ontrmb@fpth)e @‘M‘GHE% w v

15"t ned pittoRRtetoldlicroa; i BERA: o3OS ddthe Ofré”wgq@gﬁéﬁgﬁh%ﬂicfﬁﬁz
anti body vy deletien dfetae GFPubpsh téddiAgiffarfle B9 fd[lbv@sﬁaémﬂ '
cover sli ﬁc\#ﬁere th égshed three ti rres with 100 pl A)v/v BSA | n PBS

for about Wag Jfith B sl Aleéd blypt-goded HStﬂQ Eﬂﬂrquyme@sgl dr ops
of Al exa r ugate 20
(Nl ecul a1 Sk i a@%ﬁdiﬁﬁéﬁ%?%? SR arauon e Y RE Y ERR P P
@I | s on disieg the mﬂtpi@cbnirtgeatawslhehl i fepticali toethe whiiltiplBESonifg\wite ofl | ps

unt r&gk&%mcr OE?II é hree to a slide, in _
gl ycer 1 7 FCeB g&ﬁ\ﬁﬂ g FUnALSI.cycl o( 2. 2. 2) oct ane (Sigma D
2522)) |n 80% vl/v

Plasmid pCMV.SV40L..cass

Plasmid pCMV.8V40L.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, thé
synthetic poly(A) site at the & end of the SV40 promoter sequence is used as
a franscription terminator for structural genes expressed from the CMV IE
promoter in this plasmid, which also provides for the insertion of said

20 structural gene via the multiple cloning site present between the SV40 late
promoter and the synthetic poly(A) site (Figure 5). The multiple cloning sites
are located behind the CMV-IE and SV40 late promoters, including BamH]
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




gl ycerol in PBS) and exam ned with a 100x oil inmmersion objective under W
25 il lumnation at 500-550.nm 53 EXAMPLE 2 Cenetic constructs conprising
BEV pol ynerase gene sequences linked to the CW pronoter sequence and/ or
t he SV40L pronoter sequence 1. Commercial Plasmds Plasm d pBluescript |1
(SK+) Plasnmid pBluescript 11 (SK+) is cggmrercially available from
Stratagene and conprises the LacZ pronpter sequence and /acZ-al pha
transcri ptarghe $¥4ilatet promatiet may oivile itrdrasception of assirectlical géme onaerti on
of structurq e uences therein. The plasm d further conprjses the
Col E1 and "P¥ f'B% %W@U gens unitp|n the sestseTRissnss oriertatien; as dasieediene.

Plasm d pSQV | | and
cerves. ab 5SS e IS pESPRR bRl ua ML it LM IS BIRTAB, 20
sequence ddte p&!ﬂoﬁes saecnmnpeslmcﬂh;s plasrhidbtce faddlitelen tiRamhtrémwtien @[ﬂaNurrber
u13868, 15 Pl 1 Pl as CR2, 1 is commercjally available from
I nvi t r 8gerrt é'r‘fﬁ"rgl)lﬁﬁ?'\ s@?ql"ﬁ'éce LEEZ"’B%nfo ePXREsRien cel ahstugtural, gene
transcri ptgem n , Oi 0 N

St 1 Uot ur o oneSe Tolaoa, il i Ra gt (RLSE peouaifoad At i@1ofh,
cl one nucltensceptien terergrmﬁmrssequemetlmted at thee A aﬁ:l becabsathdreaneiant | y

h d h h PCR
7Y agnent & EABHEAC, RORIEERET Refiiear laSrhéiedtie Boaepng ORY- T8
pl asmi d f wridSV400a® pmsotbh gegﬂé@bsa.ﬂdthislpra%hm MSrcfdrapl f Phé SBLERRgI2N

kanamyci n-resi stance and anpicillin-resistance genes.
10 gene sequence or multiple structural gene unit which is to be introduced into
: ) | pCMV.SV40LR.cass will comprise both a 5’ and a 3’ polyadenylation signal
as follows:

(i) where the structural gene sequence or 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 to be expressed in the antisense orientation from the CMV IE promoter
sequence and/or in the sense orientation from the SV40 late promoter,
the 5’ polyadenylation signal will be in the sense orientation and the 3’
polyadenylation signal will be in the antisense orientation.

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

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

orientations to facilitate expression of any structural gene located




Plasm d pEGFP-N1 MCS Pl asm d pEGFP-N1 MCS (Figure 1; Contech) contains the
CW | E pronoter operably connected to an open reading frane encoding a
red-shifted variant of wld-type green fluorescent protein (G-P; Prasher
et al., 1992; Chalfie et 5 a/., 1994; Inouye and Tsuji, 1994), which has
been optim sed for brighter fluor escem%f(;. The specific GFP variant encoded
by pEGFP-N1 MCS has been discl osed by rmack et al. (1996). Plasm d
pEGFP- N1 Mugebeiwaegmin the sehsé mireantisensa erizntationofroni eitigr Bel CMamg BanmHl

i ction endonucl ease cl eavage sites, |ocated

sites and many, other, r
bet ween t IREOTEREET & fpe pﬁ%t%ﬁonﬁﬁr t§98VEeRES.o fBR P’@&GPEQ"YG"&W@. cleaflyict ur al

genes cl opedompa8sédSuciHbiivaivesC! oning site will be expressed at the
transcriptional level 1If they lack a functional translation start site,

however such structural gene sequences will not be expressed at the

protein | ; ] : | e i,nserted into
the multi p\{%lr%ﬁ‘tg,r?ﬁfnSbéﬁ@%ﬁ?gﬁmg?&{pW@ﬁﬁgoﬁ’dg@ﬁlpoﬁ%w@%ﬁﬁ%ﬂﬁa&io n start
site wbl| the CGMprasd BV4GL @FGMbters osudho thepetpansteiptibhalt feemiretion edna@ed
in-frame with the G-P- ncodhn sequence. The plasm d further conprises an
SV40 pol yRGEH aler ofeadiyaugh g (Nﬁ@gheﬁf'ntt}? e popmotgrenin thedantisensane to
direct prepehtdticacessi ng of the 3'-end of nRNA transcribed fromthe CW-I1E
" pronot er sequence. The plasm d further conprises the 20 SvV40 origin of
replication functional in aninmal cells; the neonycin-resistance gene

conpri si N@ J¥entédiaYe PoP Rl ftlts (SV40 EP in Figure 1) operably connected to
~the neonyci n/ kanamyci n-resi stance gene derived fromTn5 (Kan/neo in Figure

/9 and the HSV thym di ne ki nase pol yadenyl ation signal (HSV TK poly (A) in
“FH gure 1) Plﬁﬁéégbﬁbh%%ﬁi-é{rﬁnsmr med cells on 25 kamanycin, neomnycin or
0

418; the p rigl replication which is functional in bacterial
cells (pUC Oi in Figure 1); and the f1 origin of replication for

singl gpst FRAGRH AR BYCEEELBAR (Fidu? b) ' BniirddsCatinternal 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-

liN1 NICS_ using the amplification primers Bgl-GFP (SEQ ID NO:1) and GFP-

15 Bam (SEQ ID NO:2) and cloned into plasmid pCR2.1. The internal GFP-

encoding region in pla'smid pCR.Bgi-GFP-Bam lacks functional transtational
start and stop codons.

J 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 II (SK+).

- Plasmid pCMV.EGFP

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




55 2. Expression cassettes Plasm d pCW. cass Plasm d pCW. cass (Figure 2)
1S an expression cassette for driving expression of a structural gene
sequence under control of the CW-IE 5 pronoter sequence. Plasm d pCW. cass
was derived from pEGFP-N1 MCS by del etion of the G-P open reading frane as
follows: Plasmd pEGFP-N1 MCS was digegted with PinAl and Not 1,

bl unt -ended using Pful polynerase and then re-ligated. Structural gene
sequences gene widerdtiei sanirop 6fkhe &MV-1Esprogndtbe seylidriqal. e Tol modoge shise, whi ch
is identical t. h tiple claning, sit. f. 1 EGEP- N1 MCS,, except it

| acks t he BisiP ‘b?f‘%‘% Neacs o u.ﬁdik%“(ﬁ%a‘gfﬁ(%r“%m exviend 8ass

(Fi gure 3)BHAHVSI y etd I; Lt \% {Qronot er
sequence 1zBrom nggﬁqaé%@S%Ltdz&F?%ﬁr'étdg)tﬁbsW%agkgﬁt%s%g E%%ﬁ.&
fragnment , PGMY.case (Sgure 25ite of plasm d pOW. cass (Figure 15 2), such that
the CW-IE pronoter and SV40 | ate pronoter sequences are capable of
directing transcription in the sane direction. Accordingly, the synthetic
pol y( Ay siRlasmid pltR.SV40hd of the SV40 pronoter sequence is used as a

transcription term nator for structural genes expressed fromthe CW I|IE
pronoter in this plasmd, which also provides for the insertion of said 20

struct ur alPlgemie pCR SW40m(Fidupbes cbompfigesithe SVAT et PRIMGED defifedV40 | ate
poly(A) site (Figure 5 The nmul tiple cloning

S tes ar 3&%%%3%&2%&?’%@?@%&@%63é\lﬁoW&BéSpP&n@ﬂmea@), Elageddi ng
g?:l\m/k-/" SVZS?I%E%%@Z?H%U&?%E%) (r:n oﬁ%%%%vﬁggw iﬁa'ﬁe ? r\%?glag‘? pros'@ﬂi‘la’énce
idjrl ved f wm@a pinpiifieciupioR tiy4oimers B/40-0(BECD NCE3) antirSeaeat(SEQ ID
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'BamHl restriction enzyme site, derived from the BEV-2 primer sequence.
Additionally, as the BEV-1 primer sequence contains a translation start signal

9-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 ampliified 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.




into the Sall site of the plasm d pCW. cass (Figure 2), such that the
CW-I1E 56 or the Sv40 | ate pronoter may drive transcription of a
structural gene or a multiple structural gene unit, in the sense or
antisense orientation, as desired. A nmultiple cloning site is positioned
between the opposing CW- |E and SV40 dgte pronoter sequences in this
plasmid to facilitate the introduction of a 5 structural gene sequence. In
order for RlapmidGRBHEV.2 structural gene sequence to occur fromthis
plasmd, it nmust be introduced with its own transcription termnation
sequence | ocated at the 3' end, because there are no transcription

ternminati drmesemmpMQﬁE\bpathrbeé wedin tr’@g{d?pW%IamplﬁiW*frdrEa RandeyROo | ate

pr onot er s es mt(ﬂ pl asm d. Preferabvy the structural 1o gene
sequence qr!ﬁ gney 'ﬂ&ﬁﬁm’ ugigePrimers BEVchand BRVSe PrmebBiRded i nt o
pCW. SV40 a i gnal
as follows: \/\heréean?ﬂlgwesh&ﬁlgp %ﬂ%egﬁ%gs%g&g’gﬁggg?r% ?‘?Wéé‘?%"é;?@ct ur al

gene u#it the cctmplbmammfeastmi’lslatldrhstcﬁfrsmahratqmaﬁmm 1firemBhe MY | E
pronoter 15 sequence and/ orﬁqramg anti sense orientatjon fromthe SV40 | at e

pronot er, ONECAUEHLS. PRSARA & PRLOMPISINg 8 transiationssiat signab and
orientati thr%ﬂﬁlo‘hh&o% \Aﬁﬁély%ﬁf}:}{ﬁé& IfAwes SRS %ﬁ!' W M BAniHIEr e%ﬁ}fi‘ap

orientation ere the structural gene” sequence or
st ruct ur alsitgene he tamplifieg0 fragnsmt ewps eslordd i imtd heCRAM :{Stra‘eagene)artbat i on

fromthe .and/ in the sense orientation fromthe
SV40 | at e%g&awjé g{asmlcﬁ H?@eﬁgg’%ﬁﬂ%&ﬂ ‘g(h'on signal will be in the sense
o i ent atl on and the 3" polyadenylation signal will be in the antisense
i ent ?ﬂﬁ ercg? by or in addition, suitably-oriented term nator

sequer? es ‘é Hﬁ‘é ed at the 5 -end of the CW and SV40L pronoters,
as 'shown in F| gure 4.

A non-translatable 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
7 " 20 pCR.BEV.3 (Figure 11).

Plasmid pCMV.EGFP.BEV2

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




Alternatively, plasmd pCW. SV40LR cass is further nodified to produce a
derivative plasm d which conprises two pol yadenyl ati on signals | ocated
between the CW I E and SV40 | ate pronoter sequences, in approriate
orientations to facilitate expression of any structural gene |ocated 57
therebetween in the sense or antisenseggientation fromeither the GW IE
pronoter or the SV40 pronoter sequence. The present invention clearly
enconpasseb €oolrod&asmids/es. Al ternatively appropriately oriented

term nators could be placed upstreamof 5 the CW and SV40L pronoters such
that transcriptional term nation could occur after readthrough of each of
the two prRIashddpCMVIBEV2ti sense orientation. 3. Intermediate Constructs
Plasm d pCR. Bgl - G-FP-Bam 10 Pl asm d pCR Bgl - GFP- Bam (Fi gure 5) conprises an
internal region of the GFP open reading frame derived fromplasmd

PEGFP- N1 NESsifd pOMY BEV 2| @iqieOPSY RbENpatid asf éfiﬁe%g@éa}rtﬁé &itiré 'BEV acZ
pronoter. To produce this plasmd, a region of the open readi ng frane
was anpl i fRAMerasH peerpreadingydmmei uaderh dheingontral coft iGVMVPE msosoByl - GP

(SEQ | P ) cloned into plasmd pCR2. 1.
The  nber ntUelf. T cRRER MEMTBER 4,48 pEV, ellviliFoes Meluinpe e
functi onalpGCRBEV.At wasasub-sloaet N thes tseAse oshidtiatidil asmiad BeBSI0-B&HisHI - EGFP
Plasm d pI?SII SK+) . GFE{é Fi gure 6) conprises the EG-P open reading 20
franme deri (P&!i'é?'?td'ﬁﬁoﬁ gl EH"%EQQES V- FasuUFigure 231 aced operably under
the control of the /acZ pronoter. To produce this plasmd, the EGP

encodi ng regi on of pEGFP-N1 MCS was exci sed as a Notl/ Xhol fragnent
O Plasmid pCMV.BEV.3

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

Plasmid pCMV.VEB

16 Plasmid pCMV.VEB (Figure 15) expresses én antisense BEV polymeraée
mRNA under the control of the CMV-IE promoter sequence. To produce
J plasmid pCMV.VEB, the BEV polymerase sequence from pCR.BEV.2 was

sub-cloned in the antisense orientation as a Bglll-to-BamH| fragment into
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 Bgfll/BamH| fragment into BamHI-
digested pCMV.BEV.2. This plasmid serves as a control in some experiments
and also as an intermediate construct.




and cloned into the Notl /Xhol cloning sites of plasmd pBluescript II
(SK+). Plasm d pCW. EGFP 25 Plasm d pCW. EGFP (Figure 7) is capabl e of
expressing the EGFP structural 58 gene under the control of the CW-IE
pronot er sequence. To produce this plasmd the EG-P sequence from plasmd
pBSI | (SK+) . EGFP was excised as BanH /Sacl fragment and cloned into the
Bglll/Sacl sites of plasmd pCwW.cass (Figure 2). 5 Plasm d pCR Sv40L

Pl asm d pERasiviidlpCMVPBEY.SY401q0pri ses the SV40 | ate pronoter derived from
pl asm d pSVL (GenBank Accession No. Ul3868; Pharmacia), cloned into pCR2.1
(Stratagene). To produce this plasmd, the SV40 |ate pronoter was

anpl i fi ed Rlasmi (FEMWBEVISVAN40- @Fu{;@%Qm B@n%}{sé@da SNéHslatab%E@E\P 1o

NO 4) which conprise Sal | cloning sites to facilitate sub-cloning of the
anpl i fi ed POtvNerasgnERCtinal @epel\dﬁrw@ﬁsfromrmagmidprRaBEH 2 insegliedsinghe

h h th i f
oY oduct  Seig bl bBludelting CERIE BHiTole? 3ha g SVRL e arSithlsaya0
pronot 6r sequeaces. 46 Rblasmid pﬁ@\/ﬁES’VZLOE%sBEVﬁNA prRIEBE e NpldIMid

pol ynerase codin re ion was anplified as a 1,385 bp DNA fragnent froma

full-1engthtM leRe g By smlﬁmec&a@ruqﬁwahgeeem YiveclonedEy- 1 ( SEQ

The ampl ﬁ“@%‘ﬁ%ﬁc@ﬁfﬁahaﬁp b B ess3d PERN SR SR TTA" Cor der i ves

fromthe BEV-l pr| mer sequence and a 3'BanH restri ctl on enzyne site,

derived fr !J%FMY r uence. Additionally, as the BEV-1 priner
sequence co aln r?%lr%vlv at %Evgt art signal 5 -ATG 3" engineered at

/p33| tions 15-17, the anplified BEV pol ynerase
Plasmid pCMV.0.SV40L.BEV (Figure 18) comprises a franslatable 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 prbduce plasmid
pCMV.0.8V40L.BEV, the BEV polymerase structural gene was sub-cloned in
the sense orientation as a Bglll-to-BamHi fragment into BamHl-digested
15  pCMV.SV40L.cass DNA.

Plasmid pCMV.0.SV40L.VEB

' Plasmid pCMV.O.SV40L.VEB (Figure 19) comprises an antisense BEV

—) polymerase structural gene derived from plasmid pCR.BEV.2 cloned

downstream of tandem CMV-IE promoter and SV40 late promoter sequences

20 present in plasmid pCMV.8V40L.cass. To produce plasmid

pCMV.0.8V40L.VEB, the BEV polymerase structural gene was sub-cloned in

the antisense orientation as a Bglil-to-BamH! fragment into BamHI-digested
pCMV.SV40L.cass DNA.




structural gene conprises the start site in-frame with BEV pol ynerase 25
encodi ng nucl eoti de sequences, Thus, the anplified BEV pol ynerase
structural gene conprises the ATG start codon inmediately upstream (ie.

j uxt aposed) to the BEV pol ynerase-encodi ng sequence. There is no
translation stop codon in the anplifie@gsDNA. This plasmd is present as
Figure 9. 59 Plasm d pCR BEV.2 The conp?ete BEV pol ynerase codi ng regi on
was anpl i fa. etestrRasmitisl | - | ength cDNA cl one encodi ng sane, using priners
BEV-1 and BEV-3. Prinmer BEV-3 conprises a BanmH restriction enzyne site at
positions 5 to 10 inclusive and 5 the conplenent of a translation stop

si gnal at Riasinid pCMV.BEWx23. As a consequence, an open reading franme
conprising a translation start signal and translation stop signal,
contai ned between the Bgl Il and BanmH restriction sites. The anplified

fragment \mgsmidopemV.BEVxRCRIgure( ' RYESE of! ' . BEV. 2
(Figure 10 10 gl asmd pcg?qB%\/%g% g%ﬁ@ﬁrggig g;(rgﬁtlr e BE\?/OE&E‘??JEP?’?S?%RZ

structur alg%ériéowwﬁﬁﬁplqpﬁ"ie!ﬁﬂdib@] tiamgl lundeertgehcatvwlpof yther E88V-HDNA cl one

in he i L i ni, Ner -3 S | D,NQ 7) and BEV-4 (SEQ ID
o 8. Spr PRRblgie S dier bCBUBarNG el B et el BB, BEANG JEE 10 and
sequences |otatest meameof tHehi SMBAIE!  Siohsoter €igl S tRABRIAKIBUS ThO préeluget i de
sequences of tgﬁBE\/ Eolﬁl@n}arase gene. There is no functional ATG start
codon in tp%é\’l\é Y3, dbe pPbMmerase sticiuel gemeom plasmisPCR.BEFh2 BEV

I ' f. I j ' :
Phere 1o Wiy RIAEERh, % 8ce Bricfidln Bt &t BolLREBam B ndudB P 0NA vas

ﬂ_oned i ntHBamitibdigedieguCRACM(.BENVAZ agiemapdiatelyi edalvistasim d of 2Qhe CRBIBEV. 3
N
' UL 1%3)olyme;rase 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.BEVx3, the BEV poiymerase fragment

15 from pCR.BEV.2 was cloned in the sense orientation as a Bglfli/BamH]
fragment into the BamH! site of pPCMV .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.lBEV.2 was cloned in the sense orientation as a Bgfil/BamHI fragment
into the BamHI site of pPCMV.BEVx3, immediately downstream of the BEV
polymerase sequences already present therein.




Plasm d pCW. EGFP. BEV2 Pl asm d pCW. EGFP. BEV2 (Figure 12) was produced by
cloning the BEV polynerase sequence frompCR BEV.2 as a Bgll|/BanH
fragnent into the BanH site of pCW.EG-P. 60 4. Control Plasm ds Plasmd
pCW.BEV.2 0 Plasm d pCW. BEV. 2 (Figure 13) is capable of expressing the
entire BEV pol ynerase open reading frége under the control of CW-IE
pronmoter 5 sequence. To produce pCW. BEV. 2, the BEV pol ynerase sequence
from pCRPiasMid pEM.BEV.SMAGL.BEVt he sense orientation as a Bg/l!l-to-BanHl
fragnment into Bg/I1/BanH -di gested pCW. cass (Figure 2). Plasm d pCW. BEV. 3
Plasm d pCW. BEV. 3 (Figure 14) expresses a non-translatable BEV 10

pol ymer as ®lsdrmidc bpGMY .BENSVUOLIBRVFRFE 23) edinphised 4 mildfiplehstré@iiali ol  of
the CW-IE pronmgter sequence. To produce pCW. BEvVnt, the BEV pol ynerase

sequence 9G8R YPURBMPrisingaivo BRY. ppbimarapa sivetusalngenas plesedopsrably a

P as o pa, VeR RN nddf B’ oL GRVARS afbuion e68s SN cnse sev
pol ynesaseromeiéh sedeenddse Tontprodued plaemidWpCE\LBEWNSYA0EBRENGRe TO

roduce | asm . VEB, the BEV pol ymerase sequence from pCR BEV. 2 was
gub- cl one ai"ﬁ{gﬁ%ég% 98 Wréﬁﬁéﬁrpﬁglr@ e prasgnt in PoREARMI2 Magdbnt i nto

- Bgl 'l /.Banmd i . (= 20 I ' : Pl asm d
oo oo SRt SongMEReRol T e A TR B PR SO
' late promoter sequence present in BamHI-digested pCMV.BEV.SV40L-O.

,) Plasmid pCMV.BEV.SV40L.VEB
h
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 $V40 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-BamHI fragment behind the
SV40 late promoter sequence present in BamHI-digested pCMV.BEV.SV40L-
O. In this plasmid, the BEV polymerase structural gene is expressed in the
sense orientation under control of the CMV-IE promoter fo produce a
) translatable mRNA, whilst the BEV polymerase structural gene is also
20 expressed under control of the SV40 promoter to produce an antisense
mRNA 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-BamH| fragment into BamHi-digested pCMV.BEV.2 to




fragnment from pCR Bgl-GFP-Bam as a Bglll/BanH fragnment into BanH -

di gested pCW. BEV. 2. This plasm d serves as a control in sone experinents
and also as an internediate construct. 61 Plasm d pCWwW. BEV. SV40L.0 Pl asm d
pCW. BEV. SV40L. 0 (Figure 17) conprises a translatable BEV pol ynerase
structural gene derived fromplasmd pCR BEV.2 inserted in the sense
orientation between the CW-IE pronoter’"and the SvV40 | ate pronoter 5

sequences ppbdudersgh d ieMe@HOL phrpfid PTMVBEN GFb asfidieinP QY. Bifty SV40L- O

the BEV p%a/mar ase structural gene was sub-cloned as a Bglll-to-BanH
fragment iPRSNEgSEengoging aen esvading cessemdes ar agniiatheoiCNhimtsw40L. BEV

Plasmd p O. = .gu C rdSES transl atable BEV 10

pol ynmerasé"s ¢ ﬁtﬁ?ﬁ%@%ﬁ’gﬁa@rf@%@a‘ioﬁﬁ%@ﬁ Bg‘wﬁ%"&. UE*%ﬂIegeaﬁw_nst ream
of t andemffddy plOMY BEWRe waatHeSWthddaihahB piBERSe dRBHIRNEATs PBBARRL | N

pl asm d pCW. SV40L. cass. To produce E)/CM\/ O Sv40L. BEV, "t he BEV

| asm d
pol ynePasSatk| fragment @j@‘h@%@"@@l@stﬁ%op@w\ﬂ-ﬁfi tGEPs dhe BRY ipoiegrese as a

Bg/ll-to- t | ~ Ot t p 40L.ca DNA.
Plgasrri d p%wgré(/iggﬁ Q/Egbaféa}s %ﬂ?p@k\ﬂ%sssﬁ{ﬂ&%ﬁB%Pgﬁ?% irb) %@éﬂﬂ?. ses an
anti sense piENV .BEV BRP.¥EB slsr aapablalof dssing deinskred f 0 Bast s Budaiebic BEV. 2

cl oned downstream of tandem CW-1E pronoter and SV40 | ate pronoter _

sequences “®8Spresent in plasm d pCW. SV40L. cass. To produce pl asmid
pCW. O. SV40L. VEB, the BEV pol ynerase structural gene was sub-cloned in the

antisense orientation as a Bglll-to-BanH fragnment into BanH -di gested
pCW. SvaoPlasmid pGMV.EGFP.BEV2.PFG .

O

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

15 the CMV promoter.

Plasmid pCMV.BEV.SV40LR

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

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

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

BEV polymerase structural gene present in pCR.BEV.2 was sub-cloned, as a
Bgfil-to-BamH|l  fragment, into the unique Bgll site of plasmid

26 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




62 5. Test Plasmds Plasm d pCW. BEVx2 Pl asm d pCW. BEVx2 (Fi gure 20)
conprises a direct repeat of a conplete BEV polynerase open reading frane
under the control of the CW-IE pronoter sequence. In eukaryotic cells at
| east, the open reading frame |ocated nearer the CW-1E pronoter is
transl atable. To produce pCW. BEVX2, %ﬁ@ BEV pol ynerase structural gene
fromplasmd pCR BEV.2 was sub-cloned Th the sense orientation as a

B9111-t o- Bawibbnée agenttionrelativBtarithe QY siEegravtdidr BBYudncd, st atie! v
downstream of. the BEV 10 pol ynerase structural gene already present
therei n. BIQNAG $tratedy. Bheprasest ivenioubess sneamprssesauchcaganelies a
direct repgakiQée three conplete BEV pol ynerase open reading frames under
t he control o% tthe CW-1 E pronoter. To produce pCW. BEVx3, the BEV

pol ynmerase fragnment 15 from pCR BEV.2 was cloned in the sense orientation

as a Bgll IéwLEgragmnt into the BanH site of pCW. BEVXx2, imediately
downstream o he” "BEV pol ynerase sequences al ready present therein.

Plasm d pCW. BEVx4 Pl asmi d pCW. BEVx4 (Figure 22) conprises a direct repeat
of four. ¢ lete 20 B ol yner ase en readi ng fr er the control-
of t heSoVPRIets GeBRtTicts FomBiatio seRNPaenS ol o ARcoRIABSIRIaSS | agront
f CR. ) ' j ' )/ |
fragment (oar) SHRHuFRLLR sduigifec brSEalohes: Bl hdhriod WHE ¢ |1\

BEV pol yaMiquoseofes sessienlce satl/opthes SNMOL pmomoter §8qBeneei d
pCW. BEV. SV40L. BEV

' ) 1. Commercial Plasmids
.
Plasmid pcDNA3

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

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

neomycin-resistance and ampicillin-resistance genes.

15 2. Intermediate plasmids

v )
P

Plasmid pcDNA3.Galt

Plasmid pcDNA3.Galt (BresaGen Limited, South Australia, Austratia; Figure
28) is plasmid pcDNA3 (Invitrogen) and comprises the ¢DNA 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 EcoR| fragment into
the EcoRlI cloning site of pcDNA3. The plasmid further comprises the ColE1

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




Plasm d pCW. BEV. SV40L. BEV(Fi gure 23) conprises a multiple structural gene
unit conprising two BEV pol ynerase structural genes placed operably and
separately under control of the CW-I1E pronoter and SV40 | ate 5 pronoter
sequences. To produce plasm d pCWwW. BEV. SV40L. BEV, the transl atable BEV
pol ymerase structural gene present in %%R BEV. 2 was sub- cloned in the
sense orientation as a Bglll-to-BanH fTagnment behind the SvV40 |ate
pronot er skqlentrel Piassahis i n BanH - di gested pCW. BEV. SV40L-O. Plasm d
pCW. BEV. SV40L. VE13 10 Pl asm d pCW. BEV. SV40L. VEB (Fi gure 24) conprises a
mul tiple structural gene unit conprising two BEV pol ynerase structural
genes pl aidsming pOMY.Galnd separately under control of the CW-1E pronoter
and SV40 | ate pronoter sequences. To produce plasm d pCW. BEV. SV40L. VEB,
the translatable BEV polynerase structural gene present in pCR BEV.2 was

sub 18- eagnidioChey Gak (498 20) RILASINS A opréShid e EEh g™

behi nd the SV40 | at e pro er sequence presen
pCW. BEV. SemneLunder the taohiroplofisthied CMWE aﬁﬁnprﬁéyrmqaaacest r ot proglucgene i s

o oducs o PAYIHCPEMTRBIHGR Gl FealBRE® oM, sfsmarapebnAteal RrSgenc i s

al so 20 expcrRedess undEéoF@pﬂhgﬁien@fanhhaoﬁ»é/é% Hh@f&&ﬁé ér%rﬁéﬂg'}‘ﬁﬁoatﬁe
anti sense _nRNA species. Plasmd EV. G-P. VEB Pl asm d pCW. BEV. GFP. VEB

(Figure Zfﬁco&lﬁﬂﬁ|0§§?SQIBIP@MWQ@6NF@UF@8M inverted repeat or palindrone,
interrupted by the insertion of a GFP open 25 reading frame (stuffier
fragnent) between each BEV structural gene sequence in the inverted
sepeat. TEIpsmid pEMV &GFR.GalbV. BEV. GFP. VEB, the GFP stuffer fragment from
. Bgl - GFP-Bam was first sub-cloned in the sense orientation as a
Byl II-to BanH fragment into BanH -di gested pCW.BEV. 2 to

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

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

Plasmid pCMV.Galt.GFP

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

. as an EcORI fragment from pCDNA3 into EcoRI-digested pCMV.EGFP in the

J sense orientation. This plasmid serves as both a control and construct
intermediate.

Plasmid pCMV.Galt.SV40L.0

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




64 produce an internediate plasm d pCWwW. BEV. GFP wherein the BEV

pol yner ase- encodi ng and GFP-encodi ng sequences are contained within the
same 5 -Bglll-to-BanH -3' fragnent. The BEV pol ynerase structural gene
from pCW.BEV.2 was then cloned in the antisense orientation as a Bglll-to
5 BanH fragnent into BanmH -digested p . BEV. GFP. The BEV pol yner ase
structural gene nearer the CW-IE pro er sequence in plasmd

pCMW. BEV. (HRsivi pCMVaDBV40Loflaiei ng transl ated, at |east in eukaryotic
cell's. Plasm d pCOW. EGFP. BEV2. PFG 10 Pl asmi d pCW. EGFP. BEV2. PFG (Fi gure 26)

conprise a GFP palindrorre interrupted by the insertion of a BEV
pol yImer as erHe i @W@SVQGDHa@z Ui BdmPREEs |
repeat. To produce tﬁ | asmi d (@:F% fra rrenrpgfromag TrméﬁtéEBam was

cl oned as %@g@pﬂﬁ%&’m&lﬂ am@@meatorlamtatlort dewBaMmsmﬂt@e@V@Mrﬁ@t@rBEvz in

the antis rie | ative 15 the, CW rorm er. . Pla

pCMW. BEV. g@gg?_'ﬁ lﬂ E’WMW -BER?- SVt%LWO%EFGUW n%)'i'? Saalt ng[']}lg‘uct ur al
gene GONrdghargt frdta FOMM GaBRAab}ER @SS Bym%amdmfw gaf ng

operably and separately under control of opposing CW-IE pronbter and SVv40
late 20 priddVerV4lgoastiatheantisense pﬂe@tﬂtlbm |y produci ng BEV pol yner ase
transcripts. at | east fromboth strands of the full-1ength BEV pol ynerase
struct ural gene roduce plasm d pCW. BEV. SV40LR, the translatable BEV
pol yrrer asél gsmdtnﬁ {)/@&W%rﬁgﬁnt in pCR BEV.2 was sub-cloned, as a

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

pCW. SV40LR. cass, such that the BEV open reading frane is present in the
@nse or i dteaplasmidepEMVLO. $Y40hSaliviFigErerdtoteampeEsepien 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 Bgll/BamHl into BamHIl-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
4 J eukaryotes cells at least, the open reading frame located nearer the CMV-IE
promoter is transiatable. To produce pCMV.Galtx2, the Galt structural gene
from pCMV.Galt was excised as a Bgl/ll/BamHI fragment and cloned in the

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

Plasmid pCMV.Galtx4

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




Those skilled in the art will recognise that it is possible to generate a
plasmd wherein the BEV polynerase fragnent frompCR BEV.2 is inserted in
the 65 antisense orientation, relative to the CW | E pronoter sequence,
using this cloning strategy. The present invention further enconpasses
such a genetic construct. EXAMPLE 3 5 netic constructs conprising the
porcine a-1, 3-gal actosyltransferase (&it) structural gene sequence or

sequences fiope baMY.Gixaasssdxticed 48 a B /BapiFit RigrieMUaRS elonsd/iRthdé he SVAOL
pronoter sequence 1. Commrercial Plasm ds Plasm d pcDNA3 10 Pl asm d pcDNA3

i s comer EPEFE Prigutaticante the Gamidl cloningesitepin@INpalbes the COW-IE
pronoter and BGHpA transcription termnator, with nmultiple cloning .sites
for the insertion of structural gene sequences there between. The plasmd

further c&ipsmidpCMM.Galt.8V48hd5alt ori gins of replication and

neonyci n-resi stance and anpicillin-resistance genes. 15 2. Internedi ate
pl asm ds Plasm d pcDNA3. Galt Plasm d pcDNA3. Galt (BresaGen Limted, South
Austral i a,Thauplasaiid CNY diaieSV28) Galt (ffigard 87piDNASighbd iotexpyesy heomd

K suplBeal 3 . |
2 pha- 5. 35GFa SEGRR P alaSe BouPT P QN Piieeier AberBee Bhth®I of the
CW- | E pr &pfoer prembgice wqﬁgo%lictfa m&'%é Cglétsﬁx?cpaap'@alecm@Anﬂa%rﬁéHf Gt d

therefrom To produce plasm ) , the porcine gen

al pha- | , 3P§AN¥&Galt \Wwes aplonedass aDNBylBansHbrfsagmentarintec oBylifdigestetit i nt o

t he EcoRl [ It .. The plasm d further conprises the CoVEl

and fl or Pg“ﬁ‘zdﬁ"?@pﬁ%@&tﬁ%%%& qu?é’t%&fhyci n and anpicillin-resistance

/g8nes. ,

™ Plasmid pCMV.Galt.SV40L.t1aG

10 The plasmid pCMV.Galt.SV40.tlaG (Figure 38) is designed to express a
sense transcript of Galt driven by the CMV promoter and an antisense
transcript driven by the SVA0L promoter. To produce the plasmid a Gait
cDNA iragment from pCMV.Galt was cloned as a Bglll/BamHI fragment into

Bglll-digested pCMV.0.8V40.talG in the sense orientation.

15 . Plasmid pCMV.Galt.GFP.tlaG

Plasmid pCMV.Galt.GFP.HlaG (Figure 39) comprise a Galt palindrome,
/J interrupted by the insertion of a GFP sequence between each Galt structural
gene in the inverted repeat. To produce this plasmid the Bglll/BamH| Galt
cDNA fragment from pCMV.Galt was cloned‘ into the BamHIl 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




66 3. Control Plasmds Plasmd pCW. Glt Plasmd pCW. Galt (Figure 29) is
capabl e of expressing the Galt structural gene under the control of the
CW- 1 E pronoter sequence. To produce 5 plasmd pCW. Galt, the Galt sequence
fromplasm d pcDNA3. Galt was excised as an EcoR fragnent and cloned in
the sense orientation into the EcoR G%gte of plasm d pCW. cass (Figure 2).
Plasm d pCW. EGFP. Galt Plasm d pCW. E Galt (Figure 30) is capable of

expr essi npCONI¥.Galt twerkOclnedchyr &l BGH/RBarabll Ardgthént Hﬁb%aﬁﬂl)ﬂ?@éﬁted’e under
t he control _ of the CW-1 E pronoter sequence, produce plasm d

pCow. EGFPPENY.EGRR da tthese&ﬁméﬁcé)rfar@aﬂqmm cerqdu@s. gtbee ipnrmediatexci sed

as a Bglll t EG-P.
Plasm d pW?F%@ﬁHﬁ asm'g W@ &Qﬁﬂﬁ% %u%hg S(;B%S@Iuced by
cl oni ng tip@R;Bu-pemAEefav.ealtﬁn% ahtiggm dridrtgidrR CONA3 i nt o EcoRl - di gest ed
pCW. EGFP in the sense orientation. This plasmd serves as both a control
and construct internediate. Plasmd pCW. Gait.SV40L.0 20 The plasmd

PCW. Gal t PI&sthid pCMViGuIt.8VaBLRconpri ses a Galt structural gene cloned
downstream of the CW pronoter present in pCW. SV40L.cass. To produce the
plasmd the Galt cDNA fragnment from pCWwW. Galt was cloned as a Bgll|/BanH
into BgllThei prshad HCMV. ens tiat L 7 asm d
pCW. O. SV40L. FlaG The pl a%%ﬁ@vm%g:g/z%%ﬂ ’ 8?§Pg§@el%3% grgrpgfgges a
Galt st r u€DiNABequences cloned between the opposing CIVIV and SV40L promoters in

the expression cassette pCMV.SV40LR.cass. To produce this plasmid Galt

\C ‘) sequences from pCMV.Galt were cioned as a Bglll/BamHI fragment in Bglll-
' 10  digested pCMV.SV40LR.cass in the sense orientation relative to the 35S
promoter.
EXAMPLE 4

Genetic constructs comprising PVY Nia sequences operably linked to

the358 promoter sequence and/or:the SCBV promoter sequence
15 1. Binary vector

Plasmid pART27

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

20 gene for bacterial selection, left and right T-DNA borders for transfer of DNA
from Agrobacterium to plant cells and a kanamycin' resistance cassette to
permit selection of transformed plant cells. The kanamycin resistance
cassefte 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 (1 992').




gene clones in an antisense orientation downstream of the SV40L pronoter
present in pCW. SV40L. cass. To produce this plasmd the Galt cDNA 5
fragnment frompCW. Gait was cloned as a Bglll/BanmH into BanH -di gested
pCW. SV40L. cass in the antisense orientation. Plasm d pCWwW. O SV40L. Galt The
pl asm d pCW. O SV40L. Galt (Fi gure 34) nprises a Galt structural gene

cl oned downstream of the SV40L pronoter “present in 1o pCW. SV40L. cass. To

produce t Mgherh asaonidgtiNetl Gabérts GG tHigorsdr, ftvennseEMYriémtatioNf Tafl Beed as a
Bgl I'l /BanmHl i nto BantHl -d| ested pCW.SV40L..cass in the sense orientation.

4. Test PloRigined Hn gl thef @W@;&xaml%ﬂﬁ same ingsowrieniption refatiyate 35)

conpri ses r t ontrol
of The cily BrsESb APRE 385 Frofittbr HEiRe dr5RHL0R AR Aielies Fag "Cpen
r eadi ng flcacreeth ;ohi wds ra:!fmeetb niremigdvamEexpemehel argfdotafisdtahapbtise TO
produce p Galtx2 t Galt structural frompCW. Galt was exci sed
as a By/| IWB&WP?F'HQWERre%@PT@thﬁh dﬂ‘%ﬁenizmsgré@gl@ntﬁﬂpém ation into the
BanH cloning site of pCW. Gait. Plasmd pCW. Galtx4 Plasm d pCW. Gal t x4
(Figure 36) conprises a quadruple direct repeat of a Galt open reading
frame unde Gemerpiailasmidse CW- | E pronoter sequence. |n eukaryotes
-cells at least, the open reading frame | ocated nearer the CW 25 | E
pronoter is transl atabl e. To produce pCW. Galtx4, the Galtx2 sequence 68
f rom pCwPtasmic pRés (KStdi sed as a Bgl |1/ BanH fragnent and cloned in the
sense orientation into the BamH cloning site of pCW. Galtx2. Plasmd
pCW. Gal t . SV40L. Gal t
3 Plasmid pBC (KS-) is commercnally available from Stratagene and comprises

) 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

chloroamphenicol-resistance gene.
Plasmid pSP72

Plasmid pSP72 is commercially available from Promega and contains a

15 multiple 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 cassettes

Plasmid pART7

20 Plasmid pART7 is an expression cassette designed to drive expression of
sequences cloned behind the 35S promoter. It contains a polylinker to assist
cloning and a region of the octipine synthase terminator. The 35S expression
cassetie 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




The plasmd pCW. Gait. SV40L. Galt (Figure 37) is designed to express two 5
sense transcripts of Galt, one driven by the CW pronoter, the other by the
SV40L pronoter. To produce the plasmd a Galt cDNA fragnment from pCW. Galt
was cloned as a Bglll/BanH fragnment into Bglll-digested pCW.OQO SV40. Glt
in the sense orientation. Plasmd pCM\/7 it.SvV40L.tl1aG 10 The plasm d

pCW. Gait.SV40.tlaG (Figure 38) is designed to express a sense transcript
of Galt deigyen by the CW pronoter and an antisense transcript driven by
the SVAOL pronoter. To produce the plasmd a Galt cDNA fragment from

pCW. Galt was cloned as a Bglll/BanH fragnment into Bglll-digested

pCW. O SVﬁaéﬁ't@PNRTf‘SSS‘S@BV‘Hds%m ation. 15 Plasmd pCOW. Gatt. GFP. ti aG
Plasm d pCW. Galt. G-P.tlaG (Figure 39) conprise a Galt palindrone,

interrupted by the insertion of a GFP sequence between each Galt structural
gene in thgadie r hj h / | Galt
cDNA fragnent frcﬁﬁmsts V\-“/e;asyc gﬁe& o %ﬁ’ a?%ﬂ" ?gl'é(;[{a Bgﬂg

pCW. Gai t s@ﬁehcest blenedtmtmeassm@elpﬂﬂsmﬂ tﬁotdneat@l\ﬂvhaoplaemm,rsed%lmebd

pCW. EGFP. Gai t . PF | asmi EGFP. Gai t ure 40) rises a
GFP  pali caRgRRONg! ﬂggPrfﬁﬁt@& %y#'t%w 04 6% SCBY Rromater W@&‘%l@ﬁﬁg'?g@t ween
each GFP tPeR e cBRBE iR thk SolVIMKRr IdFhA El:fﬁtw rCh is
driven by the CW pronoter. t.lfooj/producgjthl S agﬁlﬁéﬁt he ﬁmts%eaquences
from 69 M@G&It were cloned as a Bglll/BanH fragnent into

BanH - di gested pCW.EGFP in the sense orientation to produce the

internmediate pCW.EG-P.Galt (not shown); following this further G-P
{Sﬁquences TheowsulhioR phagmid Giae. therdlideing arranigeenant tof emsentsr i ent at i on.
O

. 35S promoter - polylinker 1 - NOS terminator - SCBV promoter - polylinker 2 -
10 OCS terminator.

Expression of sequences cloned into polylinker 1 is controlied by the 35S
promoter, expression of sequences cloned into polylinker 2 is controlied 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
NOS 3’ (reverse primer; SEQ ID 10)
5-CCATGGCCATATAGGCCCGATCTAGTAACATAG-3’

20 Nucleotide residues 1 to 17 for NOS 5" and 1 to 15 for NOS 3’ represent
additional nucleotides designed to assist in construct preparation by adding
additional restriction sites. For NOS 5’ these are BamHI, Smal, Aatll and the
first 4 bases of an Nrul site, for NOS 3’ these are Ncol and Sfil sites. The




-5 Plasm d pCW. Galt. SV40LR The plasm d pCW. Gal t. SV40LR (Figure 41) is
designed to express Galt cDNA sequences cl oned between the opposi ng CW
and SVA40L pronoters in the expression cassette pCW. SV40LR cass. To
produce this plasmd Galt sequences frompCW. Galt were cloned as a

Bgl I'l/BanH fragment in Bglll 10 digestgd pCOW. SVAOLR cass in the sense
orientation relative to the 35S pronoter. EXAMPLE 4 Genetic constructs

cog})r i si Egeminimg‘; sequeneascis ezobrallgonutieakidd dre hdrﬂitﬂ@@@ils)tcﬂﬂ’gi er aﬁgquence
and/ or the,SCBV pronnter nce 15 1. Binary _vector Plasm d pART27
Pl asni d pER?(E:SS f%p?%g}’?l!é{r@Rﬁgﬁ@ﬂye%‘&%‘mﬁ%@ly-desi gned to be conpatibl e
with the pART7 expression cassette. It contains bacterial origins of

replicati g&rgé})ot h E. co/i and Agrobacterium tunefaciens, a
spect i nom%\en | BfQIReter spayenees viere arrlified fram et pleamid SCBM20 i ght

T- DNA borcé?ﬁé:ﬁrfé?ra,’t{ hgfqgﬂéetr@é Opl)ib?"% @gﬁ(ﬁé@ct eriumto plant cells and a

kananycin ‘resi stance casse €ction of transfornmed plant
cells. The kananycin resistance cassette is |ocated between the T-DNA

clon ng o Cotet: (AT ERCRTATATE ANTCCRAR A Giers BEE Wonea
bet ween t NOT4RNthcbor ders.  Construction of pART27 is described in d eave,

AP (1992). 70 When cloning Notl inserts into this vector, two insert
orientations can be obtained. In all the foll ow ng exanpl es the sane

i nsert or iSEBVG GLAACGCITANC TICTABECAGTTLCAGAG-3 hSERPD RipApj er in the
described pART7 constructs was chosen; this was done to mnimse any

=(é}peri mental artefacts that may arise
- 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 Hpal 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.SCBYV respectively. Smal I/Sfil
cut pCR.NGS and Sfil/Hpal cut pCR.SCBV were ligated into Sma | cut pART?

-) and a plasmid with a suitable orientation was chosen and designated

PART7.355.8SCBV.cass, a map of this construct is shown in Figure 43.

20 4. Infermediate 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 fo a




5 fromconparing different constructs with different insert orientations.
2. Comrercial plasmds Plasmd pBC (KS-) Plasmd pBC (KS-) is commercially
avai l abl e from Stratagene and conprises the LacZ pronoter sequence and

| acZ- al pha transcription termnator, with a 10 nultiple cloning site for
the insertion of structural gene sequenges therein. The plasm d further
conprises the ColE1l and fl origins of réeplication and a

chl or oanpt8ail/duidlil éagstent pesijons 1586 22TOLMRE FA/VPhaiN O se8HéRce BAce.
conmer ci alhll% a&gééagl e frcsm Promega and contains a 15 nultiple cloning
site for D t PEAbARK)s Wasdhen subglened dntg ibe plasmiHaRG (Stratagene asm d

further CQH&Z&@@I%&&@EB@%W (g[du%gm f replication and an

anpicillin-réesistance gene. preéssi on cassettes Plasm d pART7 20
Plasm d pART7 is an expression cassette designed to drive expression of

sequences !?g?y'mﬁ(he 35S pronoter. It contains a polylinker to
assi st cﬂ%?ﬁﬁ‘q nd a'region of the octipine synthase term nator. The 35S

expression cassette is flanked by two Not | restriction sites which

ermtg clgni ' ' expression vectors, as pART27 which

(F:)ont ai %s ?ﬁ%ﬁ@uégﬁ?wsm@é Qr)éB?f%sdsbxdg%/‘? g¢ i%‘nEgéjﬁQ%@rf%Q&?mﬁm&‘eave, AP
(1992), apBhPVY ditowHcoRI/Sa0WR gaP72. (Fromeghyl PARE/ covstruetRéntaas Pl asm d
p35S. CW. cass, was desi gned to express two separate gene sequences cloned -
into a si ﬁgﬂéloﬁ'ﬁhﬁﬁﬁtmtf%fil&%ﬁ@@m%itae $1\Q% rimsirt whighewees used dorassisbndi ng to
the nos t ey BLERISH: AApLAGomSBX MR TPHAS BREGLATPLEALWE T 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

15 Plasmid pBC.PVYx2 contains two direct head-to-tail repeats of the PVY
sequences derived from pBC.PVY. The plasmid was generated by cloning an
':\j) 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.




by PCR then cloned in the polylinker of pART7 between the 35S pronoter and
OCS. The resulting plasm d has the follow ng arrangenent of elenents: 35S
pronoter - polylinker 1 - NOS term nator - SCBV pronoter - polylinker 2 -
10 OCS term nator. Expression of sequences cloned into polylinker 1 is
controlled by the 35S pronoter, expr esiﬁi on of sequences cloned into
polylinker 2 is controlled by the SCBV pronoter. The NOS term nator
sequences PlesmidupBC.PV&tk3 rom t he pl asmi d pAHC27 15 (Chri stensen and
Quail, 1996) using the two oligonucleotides; NOS 5 (forward primer; SEQ ID
9) 5'-GGATTCCCGCGGACGTCGCGAATTTCCCCCGATCGITC-3'; and NOS 3' (reverse

primer; SEQdrhidl PBCPVERATESAtEINE TINFES ik NEabABANGRpASts3of 45k Nugy eot i de
residues 1 to 17 for NOS 5 and 1 to 15 for NOS 3' represent additional

nucl eot i d8§IHEREMdearived Hery BBCiMV ¥ onkhe plesmid s@srrreparecbly sttinggan
ddi ti | i Bl i = \ h Aat | | d
fhe iy AR B ORGP ol ins 2 PYRTE A G HEG AT and e "

si t es. 5Thehd@n indiigurei4®y sequences for each ol igonucl eotide are honol ogous
to the 5° and 3' ends respectively of NOS sequences in pAHC 27. The SCBV
pronoter sequences were anplified fromthe plasmd pScBV-20 (Tzafir et al,

1998) usi MJasmid pBT.PMYS@nucl eotides: 5 SCBV 5':
5' - CCATGGCCTATATGGCCATTCCCCACATTCAAG 3' (SEQ ID NG 11); and SCBV 3':

S5' - AACGTTAACTTCTACCCAGTTCCAGAG- 3" (SEQ I D NO 12) Nucleotide residues | to
17 of SCBPlasmRh petPiyl aoftaifls fouliealrbet hbad-81dif tepeats of the PVY

/«-) : 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

Al 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
L) sequences. The stuffer fragment was made as follows:

A clone obtained initially from a cDNA library prepared from leftuce 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)




designed to assist in construct preparation, the remai ning sequences are 10
honol ogous to upstream sequences of the SCW pronoter region. Nucleotide
residues 1 to 9 of SCBV 3' encode Pspl0461 and Hpal restriction sites
designed to assist in construct preparation, the remai ning sequences are
honol ogous to the reverse and conpleneg% of sequences near the
transcription initiation site of SCBV. I5 Sequences anplified from pScBV-20

usi ng PCR Tdedfirstt (Qnadc[émme pt:lﬂ?es;le pfiteyrs tohedd)a BanfHIiosius, ethe GBndiSngnd
pCR. SCBV res&io%‘gl vel I/Sfil cut pCR NOS and Sfil/Hpal cut pCR SCBV

were |igat®§ g8 P”’@Lﬁ?g%ﬁﬂ‘i"ﬁe%ﬁﬂc% pf theriNY Vi4thgenesui t abl e
orientation was chosen and desi gnated pART7.35S. SCBV.cass, a map of this

construct is shown in Figure 43. 20 4. |nternedi ate constructs Pl asm d
pBC. PVY A rctﬂewmg Gmplificabury, Heendrmoment aras iCFdr@d ifoPttR ko) site of

1S, R S| SR OB 4 60 R R e LS o

cr eat €525 GIEPBEPKY AoSablafé-lltﬁw||htbrmédﬁzﬁ@gﬂa§mi@”pBW\ﬂQWOWIﬁléﬁ pgnding to
a 73 Sal I/H| ndi || fr%rrent positions 1536-2270 of the PVY strain O

sequence GROWN INNdoyse39  Genbank), was then subcloned into the plasnid
pBC (Stratagene Inc.) to create pBC PVY (Figure 44). Plasm d pSP72. PVY 5
Plasm d pSP72 PVY was ared b inserting an EcoRI/Sall fragnment from
pBC. PVY i lgsmid RBGEM ﬁ 2 (Pronmega). This construct contains
additi.onal -restriction S|tes flanki ng the PVY insert which were used to
assi st subsequent mani pul ations. A map of this construct is shown in
/FDgure 45.They plasmid @BEEY RUNMYV.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.YVPA

The plasmid pBV.PVY.LNYV.YVPa contains a partial interrupted palindrome

of PVY sequences. One arm of the palindrome contains all the PVY

15 sequences from pBC.PVY, the other arm contains part of the sequences from

PVY, corresponding to sequences between the EcoRV and Hincll sites of

. pPSP72.PVY. To create this plasmid an EcoRV/Hincil fragment from
v) 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.




10 Plasm d Cl apBC. PVY was prepared by inserting a Clal/Sall fragnent from
pSP72. PVY into Cal/Sal | cutpBC (Stratagene). This construct contains
additional restriction sites flanking the PVY insert which were used to
assi st subsequent mani pulations. A map of this construct is shown in
Figure 46. Plasmd pBC PVYx2 15 Plasm d,0BC. PVYx2 contains two direct
head-to-tail repeats of the PVY sequences derived from pBC PVY. The

pl asm d was Genérdipdaisimids| oni ng an Accl/Cd al PVY fragnent from pSP72. PVY
into Accl cut pBC.PVY and is shown in Figure 47. Plasm d pSP72. PVYx2 20
Pl asm d pSP72. PVYx2 contains two direct head-to-tail repeats of the PVY

sequences Rlasmids JARTT PRY 8\PARTPWY asnm d was generated by cloning an
Accl/d al PVY fragnment from pBc. PVY into Accl cut pSP72. PVY and is shown
in Figure 48. 74 Plasm d pBC. PVYx3 Pl asm d pBC PVYx3 contains three direct

head- L o-t Rlasinkb PARTIOPVYFIGIE SSPAUS oAl ty SpRdRPRRCElencElie

pl asm d was, prepared bé cloning an  Accl/ ragnent p
into Accl diyenpBciim/ 322 piganoter. SMhisphasmid $éryes @s49. cabitrab todspBE. iRVYx 4

Pl ' ' . i d-to-tail t f the PVY
cequendes e veftshi Rty i B lRRG chBshBite AR P Eeani B 1 he

di rect repgmieratt tREplasmiea Clal/Ats Traypidm R GlapscanvPesdd Soakd ifBament
10.into ﬁ%filgl_ggt‘aé BC. PVYx2 and is shown in Figure 50. Plasm d pBC PVY.LNYV

Al atte PARJ/rard applepiint avibsextedtad te @xpeenses SeaispdyY
sequence with respect to the PVY genome, was selected. Sequences
C) consisting of the 3568 promoter, PVY sequences and the OCS terminator were
10 excised as a Notl fragment and cloned into Noti-digested pART27, a plasmid

with the desired insert orientation was selected and designated pART27.

Plasmids pART7.358.PVY.SCBV.O & pART27.35S.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/EcoRlI fragment

into - Xhol/EcoRI-digested pART7.358.8CBV.cass to create

P35S.PVY.SCBV.O. Sequences consisting of the 35S promoter driving sense

20 PVY sequences and the NOS terminator and the SCBV promoter and OCS

terminator were excised as a Notl fragment and cloned into pART27, a

plasmid with the desired insert orientation was isolated and designated
pART27.355.PVY.SCBV.O. |

Plasmids pART7.355.0.SCBV.PVY & pART27.355.0.SCBV.PVY

25 Plasmid pART27.35S.0.8CBV.PVY (Figure 57) was designed to act as an
additional control for co-expression of muitiple constructs from a single

plasmid in transgenic plants. No expressible sequences were cloned behind




presumably such sequence arrangenents are unstable in comonly used E.

coli cloning hosts. Interrupted palindrones however proved stable. 15 To
create interrupted palindrones of PVY sequences a "stuffier"” fragnent of
approximately 360 bp was inserted into Ca pBV. PVY downstream of the PVY
sequences. The stuffier fragnment was as follows: A clone obtained
initially froma cDNA |library prepared fromlettuce necrotic yellows virus

(LNYV) gertbei 35Rprofmbtar, aghilst eéhe 2B CBYOBRMIMoieh aibvé Cexppedsiom of 29 pye 4b gene
of the virus, sagllfled by PCR using the ﬁ{glrrers: LNYV

1: 5' - ATGGEET AAERBURERiR Ahis(Rigemid Mo PYY fragiaeninfrom Cla

2:5" -TGT I@ﬁ;ﬁAAqg‘@(IQg@g 3.« (SEQ NO. figSt | eoti de
of these priners encode a agn;;—ll agi tg, tkf?ael reﬂ]r?;a"r]ﬁ]'ﬁg Hr.ltﬁcl g‘) iddg(%ag(?\e

honol ogoupARTE8G88CRY. calss] lze plasifid 4doraeining FUY asiqogneslin fa aehsen, the

fragment was cloned info the EcoR site of pCR2. 1 (Stratagene). This EcoR
f r agment \feé@nffrt&%wsntse'qfﬁfi %Fgﬁesgntaée%fp?’@@-%\/w{o FHENEeS, he

I nt er medi i ) | i ' [ smd

PBC. PVY. | RopsBlS %fgﬂ%:gggﬁygrdp' DR RS tehiior, e %‘%B?’n?%‘?mﬁ*pe?ed

di rect repghingsense\RV¥ egqaesness aiid the O S tdrmisatph aene dxcisétpak/aHNott ! |
fragment from pSP72 .10, was, ¢l.oned .i Smal - di gest.ed pBC. PVY. LNYV and a

pl asmid camgg?%%né’nghélo@gné@oo%%i &n H‘%F'gt &t éﬁﬁaﬁeﬁ’f'eq hingedonst r uct
:oSBVSE@Qﬂwag\nqggﬁsgﬁggéghgﬁﬁa@ﬁ%berrﬁzpt' eg ‘?;31 ?Eﬁ%d of PVY
seqﬁencés. | d1e armof the palindrone contains all the PVY 15 sequences from

(PEC. PVY.  Plashiide pART?.358/0SBVIVP & pART7HH00$6BVIY OB

Plasmid pART7.355.0.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 358 promoter, whilst the SCBV promoter drove expression of a PVY
15 antisense fragment. To generate this plasmid, the PVY fragment from Cla
pBC.PVY was cloned as a Clal fragment into Clal-digested p35S.SCBV.cass,
a plasmid containing PCY sequences in an antisense orientation was isolated
and designated p35S.0.SCBV.YVP. Sequences, consisting of the 35S
promoter and NOS terminator, the SCBV promoter driving sense PVY
T) 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/BamHI
fragment into Xhol/BamH| cut pART7. Sequences consisting of the 35 S




PVY, correspondi ng to sequences between the EcoRV and Hincll sites of
pSP72. PVY. To create this plasmd an EcoRV/ H ncll fragnment from pSP72. PVY
was cloned into Snal -di gested pBC. PVY. LNYV and a plasmd containing the
desired orientation isolated, a map of this construct is shown in 20
Figure 53. Plasm d pBC. PVY.LNYV. YVP Thegpl asm d pBC. PVY. LNYV. YVP cont ai ns
an interrupted palindrone of PVY sequerices. To create this plasmd a

Hpal / Hi nclgrofoterreitect rapeapSeT PVnasd theaDes lchinthatvwdrd extiedd RBCa PVY. LNYV
and a pl aﬂ%g{cont aining the 25 antisense orientation isolated, a map of

this constYitirapmest s inAHT GEVY 8sand gloneddbtn Neti-gioestedBARTaénads
ART7. PVY . | : ~ = _
DN e A i RS0 RO oGBS Szl ddiBbg Sopt oo

construct pARBRZ.RYYx2experi nents, against which all other constructs was
conpared. To generate this plasmd a Cal/Acct fragnent from Cl apBC. PVY
was cloned into Cal-digested pART7 and a plasmd with expected to express

a sensg P\Plasmidis! pIdRT 7VPVY x3e% T22PMY3PVY genone, was sel ect ed.
Sequences consisting of the 35S pronoter, PVY sequences and the OCS

term nator were 10 excised as a Notl fragnent and cloned into Notl-digested

PART27, a masraidl gIARW PV YXE (Klgst \ igR&¢ ' and
desi gnat ed pARTZp;L.\ Pl asm ds( pg%@@g%é%%élgg%?/?%bgbﬁ%%%@%%géi@%\}%%CBV o]

Pl.asni d pAntee. BYY. saauescey. doiveri byitee 565 peainetes i irasisgeniacgplaats. aTocont r ol
for co-ex | 4 pl ts fro ngle plasmd, in 15
t r ansgeni @reﬁﬁgé%?gh?ér#@%@g’ pcﬁgeﬁgﬁgbé%sﬁag‘s ipgﬁg@mgeWﬁee Orﬁ\%{%eﬂse.
(Sgauences XhutBestHE fragiSERYims ol BarEs c@MPART7 TS afireiceb contistinglatsm d,
10 the 35S 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/BamHI fragment into xhol/BamHI cut pART7. Sequences consisting of
the 358 promoter, direct repeats of PVY and the OCS terminator were

20  excised as a Notl fragment from pART7.PVYx3 and cloned into Noti-digested

pART27, a plasmid with the desired insert orientation was selected and
designated pART27.PVYXx3.

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




the PVY fragnment from d a pBC PVY was cloned as a Xhol/EcoR fragment into
Xhol / EcoRl - di gest ed pART7. 35S. SCBV. cass to create p35S. PVY. SCBV. O
Sequences consi sting of the 35S pronoter driving sense 20 PVY sequences and
the NOS term nator and the SCBV pronoter and OCS term nator were excised
as a Notl fragment and cloned into pAREg/, a plasmd with the desired

I nsert orientation was isolated and designated pART27.355. PVY.SCBV. Q

Pl asni ds pRRT7 ﬂfg&s@&@ﬁm RO/ 603 ARS@TUEHEBs ROBERYNG\OF tRE 3BSaprvinibter,

PART27. 35 d"g F@s ? ure 57 s designed to act_as an additional
contr ol eEVptadd SPe‘?ﬁfPt |We‘59&§'ﬁ§9@%@f‘§ the OF-3 teimigalor Watesnid in
{ransgen eIt Fom MARKPPRSOL RIS PORURE ROIMTSGnEhARF BRI flg fon.t e 35S

pronoter, whils ronot er drove expressi
fragnment . digesieth@ RE2E, 4 plaslnad with thehdeslved fnszpnendéntbtiomwasaselpBEdPVY was

cloned _as a (C al. | - sted PpART7.35S. SCBV. cass, a
plasni 8 cAREASH Wt%ﬁfﬁggiﬁx\/}&ﬂse 5 orientation was isolated and
desi gnat ed p35S. O SCBV. PVY. Sequences, consisting of the 35S pronoter and

NCS term tor th ronpter  _driving sense PVY sequences and the OCS
term nato ﬁéF\éd%Pa %Bxﬁ{ BNNY: YVP & ZBR%LUWGNHFO PpART27, a

plasmid with the desired insert orientation was isolated and desi gnat ed
pPART27. 35%@3 SCBV. PVY. 10 Pl asm ds pART7.35S. O SCBV. YVP &
PART7. 35S %@@«P&W THPYY NY Y AP I6ure GBWwayrlgsignag to s8presastheesi gned

to act as tructs
onr 2 AR bR o PO eSS DRy T A4S L o
Doned behm rt(hnsrgea:csmms onthizr condtrictt whb epi@pBréd tymeloaingd tiey @zgtigir essi on
of a PVYY 15 ant s nsieér PEDVJ enerat? thlsdol asm d, the PVY fragnent
o e indro sequ fom pBC.PUY.LNYV.YVP» as a
- Xhol/Xbal 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.YVPs as a Notl fragment and cloned into Notl-digested
15 pART27, a plasmid with the desired insert orientation was selected and

designated pART27.PVY.LNYV.YVP.

lnterrup ences

Plasmids pART7.PVY.LNYV.YVP & pART27.PVY.LNYV.YVP

Plasmid pART7.PVY.LNYV.YVP (Figure 64) was designed to express the
interrupted palindrome of PVY sequences driven by the 35S promoter in

20  transgenic plants. This construct was prepared by cloning the interrupted
palindrome of PVY sequences from pBC.PVY.LNYV.YVPs 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.




pBC. PVY was cloned as a Clal fragnment into d al -di gested p35S. SCBV. cass, a
pl asm d contai ni ng PCY sequences in an antisense orientation was isolated
and desi gnated p35S. O SCBV. YVP. Sequences, consisting of the 35S pronoter
and NOS term nator, the SCBV pronoter driving sense PVY 20 sequences and
the OCS term nator were excised as a Ngil fragment and cloned into pART27,
a plasmd with the desired insert orientation was isolated and designated

PART27. 35P a0/ pART7.85S PASY. SUBM.YIVIE 8HARTRE 35SPVY. SOUBVYVPPART27. PVYX2
25 Plasm d pART7. PVYx2 (Figure 59) was designed to express a direct repeat
of PVY sequences driven by the 35S pronoter in transgenic plants. To

gener at e Rlakmido;bmwmssdemCvaqufgw@aggwa%\ﬁés?gm@» &0-BREdsas a - |
Xhol / BamrH  fragment jnto Xhol/BanH cut pART/. Sequences consisting of the
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desi gnat edragpARE2intd Ko REcORRUigestats p3sSTISCBV®O BEBVARIZY. Béan&dasm d

PART7. PVYx3 (Fi.gure 60) s designed to express a direct repeat of three
PVY sequeﬁ@@é'sagg \Fgﬁh%ﬁq\%EBr%@eﬁrddWﬁ&ﬁem% PhVansgawenrcas and dhe NDOSgenerat e

thi s pl asgh@nindidr-e neRe I ' 4 1 o] a BanmH
f ragnent F?l?‘gng(%l%éja#ﬁiﬁ %E:tﬁg %R&%B%egﬁﬁgeﬁ%ﬁgks{aﬁﬂ’g%gfi W’?&é%s
pronot er, teliminatorrepentexcisbdPay ardotDdEagmment aatiocloned einex AR Asa a Not |

fragnent from . pART, PVYx3, and ,cl oned i.nto Notl-digeste ART27, a | asm d
ul th the GBS WHHE GsEr; SRt BaTBR e ey aRISH e an desianatel
@RTZ 40PVHART27.358.PVY.SCBV.YVP.

. Plasmids pART7.35S.PVYx3.SCBV.YVPx3 &
- pART27.358.PVYx3.SCBV.YVPx3

Plasmid pART7.35S5.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 pART7.35S8.0.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

J PVY repeat from Cla pBC.PVYx3 was cloned as a Kpnl/Smal fragment into
- 20  Kpnl/Smal-digested p355.0.SCBV.YVPx3 to create
p35S.PVYx3.SCBV.YVPx3. Sequences including  both  promoters,

terminators and direct PVY repeats were isolated as a Notl fragment and
cloned into pART27. A plasmid with an appropriate orientation was chosen
and designated pART27.35S.PVYx3.SCBV.

25 Plasmids pART7.PVYx3.LNYV.YVPx3 & pART27.PVYx3.LNYV.YVPx3

Plasmid pART7.PVYx3.LNYV.YVPx3 (Figure 67) was designed to express
triple repeats of PVY sequences as an interrupted palindrome. To generate
this plasmid an intermediate, pART7x3.PVY.LNYV.YV was constructed by




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 cloned as a Xhol/BanmH fragnment into

xhol /BamH cut pART7. Sequences consistdng of the 35S pronoter, direct
repeats of PVY and the OCS term nator were 20 excised as a Notl fragnent

f-r om pART Tldtifvy 3 aarRV ¢ ILONEE YR ofrblgtiientli frest esBCIAARTRRIV\aYNPas#d dai t h t he
desired i sertéri entation was se| ected and designated pART27. PVYX3.
Pl asni ds 25&&?‘ Iy, LNRRIRRRE & pAR27. PVMEL NYV. R8BI as i RARTZ.PVYxX2.
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pl ants. Tidirect oepatucomweBCIPVEY 2 et by AcadiGialfragmenttistor GRil eilgested ect
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di gest &d Hﬁ%i@gﬁﬁﬁw Sflrences consi sting o?eqUERCESS pronot dFOM ¢ he
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5 and desi gnat ed . PVY. L . Plasm ds, pART7. PVY. LNYV. YVPo &
oART27. PSRN SUAIGERE BARTZ! porPIEsi00, WP ROGISPEaERPTOBERRS] gned
to expr eswddi¢hosenrdricededighsiet R L858 HpEL RiNFPVY sequences driven by
the 35S pronmoter in transgenic plants. This construct was prepared by

cloning the partial 10 interrupted palindrone of PVY sequences from

;p;ﬁc PYY. LIPsiRe pARTFY. Pt & pf\RET%"fﬁf\lein%ﬁi PART7 digested with

ol / Xbal . Sequences consisting of the 35S pronoter, the parti al
i nterrupted palindrone of PVY

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 oligonucleotides as follows:

15  PVY1:

‘5!_
TAATGAGGATGATGTCCCTACCTTTAATTGGCAGAAATTICTCTGGAAAGALS
AG
GGAAATCTTTCGGCATTT-3 (SEQ ID NO:15); and

20 PVYZ:
5-

TTCTGCCAATTAAAGGTAGGGACATCATCCTCATTAAAATGCCGAAAGAT
T

TCCCTGTCTTTCCACAGAAAT-3 (SEQ ID NO:16)




sequences and the OCS term nator were excised from PpART7.PVY.LNYV. YVPo as
a Notl fragnent and cloned into Notl-digested 15 pART27, a plasmd with the
desired insert orientation was selected and designated

PART27. PVY. LNYV. YVP. Pl asm ds pART7. PVY. LNYV. YVP & pART27. PVY. LNYV. YVP
Plasm d pART7. PVY. LNYV. YVP (Fi gure 64) gwas designed to express the

I nterrupted palindronme of PVY sequences driven by the 35S pronoter in 20

t ransgeni dhel aligenudidvtidesomere ushospherylatedandtth T pblgnucigotide Kimdser, r upt ed
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antisense constructs in transgenic plants. generate this plasm'd the
PVY fragmihe 36Bdoaiaien BY YPsaquenses landdtie 3CS ttminateroréreSxcisegnana i nt o
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Not| fragnent and cloned into pART27, a plasmd with the desired Insert
orientation was isolated and designated 1o pART27.35S. PVY. SCBV. YVP.

(Phasmicds EAGAMPRESS PVYX3. SCBV. YVPX3 &

Inactivation of virus gene expression in mammals

Viral immune lines are created by expressing viral sequences in stably
transformed cell lines.

In particular, lytic viruses are used for this approach since cell lysis provides
15 very simple screens and also offer the ability to directly select for potentially
rare transformation events which might create viral immunity. Sub-genomic
fragments derived from a simple single stranded RNA virus (Bovine
enterovirus - BEV) or a complex double stranded DNA virus, Herpes Simplex
- Virus | (HSV 1) are cloned into a suitable vector and expressed in transformed
20 cells. Mammalian cell lines are transformed with genetic constructs designed
to express viral sequences driven by the strong cytomegalovirus (CMV-IE)
promoter. Sequences utilised include specific viral replicase genes. Random
"shotgun” libraries comprising representative viral gene sequences, may also
be used and the introduced dispersed nucleic acid molecule, to target the

25  expression of virus sequences.

Exemplary genetic constructs for use in this procedure, comprising nucleotide
sequences derived from the BEV RNA-dependent RNA polymerase gene, are
presented herein.




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 ClapBC. PVYx3 as a O al/Acgg fragnent into O a-digested

p35S. SCBV. cass and isolating a plasmd wth an antisense orientation. for
p35S. PVYxFapCRvalyyeidneraset copsteuatsr dage Ruhberpetpptoomatdip pEID. BFYX3 was

cloned as a Kpnl/Smal, fragnent into 20 Kpnl/Smal - dj gested p35S. Q. SCBV. YVPx3
to create 998 fﬂﬁ@vﬁ%‘*@ .%ﬂ@er%@éu@@é%{ep%a Wih AGS BB ReEVE B o,
term nat olFpraRfls %'ah@ﬁirn@\deﬂlg Bﬁé@n"?ﬁﬁﬁrié@ Q%St ISFARufbERd {hufnﬁ?é\ﬁ;aﬁg Y and

cloned into pART27. A plasmd w an appropriat®e orientation chosen
and desi giERNSEOIPEAETliMeS e PYaeFaEAnd2 Scidleasdi ids bplRRGT . kY xitnrhddiy. YVPX3 &

ART27 _P . LNYV. YVP Pl asm d pART7. PVYx3. LNYV. YV Fi re 67) ,was
st gnia 1SRRI vUS] PhaleBte JeBeli: el inesquen seectad @nd: Rhabitst od
pal i ndr ongurtfér oeReEMbiAe thds8qReRES chrdrinBlifnihRHyah8redpART7X3. PVY. LNYV. YV
was constructed by 81 cloning a PVY.LNYV. YVP fragnent from

pBC. PVY. LNYV. YVP as an Accl/C al fragnment into the plasm d pART7. PVYx2.
ART7. 35S. - ' Hii di t
p FRRQRAE DAV SRe SBBORRACOPINGCLOT G 8 ABLLESN licRug i T ec

repeat from pBC. PVYx2 as an Accl/ ragme into geste

PART7x3. Pyequantesieinadivaie virabgéneaxpneasion.id aSnavividianieysterivPx 3, i ncl udi ng
the 35S pronmoter, all PVY sequences and the OCS term nator were excised as
a Notl fragnent and cloned into Not]-digested pART27, a plasmd with an
@pr opr i atrelditidratiy ateisetanivivesodtitaimeddramn dash gnpedathamRARY uS&BtdPidrd. LNYV.

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
PART27 PVYx3
PART27.PVYxd
20 pART27.PVY.LNYV.PVY
PART27.PVY.LNYV.YVPa
PART27.PVY.LNYV.YVP
PART27.355.PVY.SCBV.O
PART27.35S.0.SCBV.PVY
25 pART27.358.0.SCBV.YVP
PART27.358.PVY.SCBV.YVP
PART27.358.PVYx3.SCBV.YPVx3




10 Plasm ds pART7.PVY multi & pART27.PVY multi Plasm d pART7.35S. PVY nul ti
(Figure 68) was designed to express higher order direct repeats of regions
of PVY sequences in transgenic plants. Hi gher order direct repeats of a 72
bp of the PVY Nia region fromPVY were prepared - by annealing two partially
conpl ementary ol igonucl eotides as foll : 15 PVYL1l: 5' -
TAATGAGGATGATGTCCCTACCTTTAATTGCCAGAAATTTCTGTGGAAAGAC  AG

GGAAATCT T PARVTRYYI3.LNPQYIMPARO. 15) ; and 20 PVY2: 5'-

TTCT GCCAAWCATCATCCT CATTAAAATGCCGAAAGAT T

TCCCTGICT “3" (SEQ I D NO 16) 82 The oligonucl eotides were
phosphoryl ated with T4 pol ynucl eoti de ki nase, - heated and cooled slowy to

permt sel f:anpeal ing, ligated with T4 DNA |igase, end-filled with Kl enow
pol yner as &SHKHIT PSR! MrENGScrONA minkireps oR) these) sistng wess Mrepaiedg
mul tiple rgpe hso ; q o 5 n
fragnents a?ﬁ Zéx?m%&opﬁekﬁﬁﬁbﬁp%tﬁfg c@Hqédi@'@égﬁeec}ﬁlﬁgﬂvéﬁ}e?gﬁéat e the
i nt er mBdi atppropiiAtd binary wettors. t o create pART27.PVY multi, the 35S
pronoter, PVY sequences and the OCS term nator were excised as a Notl
fragment and cloned into Notl-digested pART27. A plasmd with an
appropri atMicofieres t tabacounat i(ooltivass WBBRt egbrandtrdasfosnat e dwiRhRThésEVY
mul ti. 10A10 EXAfM?LE 5 I pactiyvation of virus gene expression in manmal s
grobacterium strains using standard procedures. Putative fransformed
shoots were excised and rooted on media containing kanamycin. Under
O these conditions we have consistently observed that only transgenic shoots
10 will root on kanamycin plates. Rooted shoots were transferred to soil and
allowed to establish. After two to three weeks, vigorous plants with at least

three sets of leaves were chosen and infected with PVY.

Viral inoculum was prepared from W38 tobacco previously infected with the
virus, approximately 2 g of leaf material, showing obvious viral symptoms
15 were ground with carbarundum in 10 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 sprinkied with carbarundum, then
04 ml of inoculum was applied to each leaf and leaves rubbed fairly

) J vigor’ously with fingers. Using this procedure 100% of non-transgenic control
20  plants were infected with PVY.

To assay for viral resistance and immunity transgenic plants are monitored for
symptom development. The PVY strain (PVY-D, an Australian PVY isolate)
gives obvious symptoms on W38 tobacco, a vein clearing symptom is readily
observed on the two leaves above the inoculated leaves, subsequent leaves

25  show uniform chlorotic lesions. Symptom development was monitored over a
six week period.

Transgenic lines were described as resistant if they showed reduced viral

symptoms, which manifests as a reduction in the leaf are showing chlorotic




Viral imune lines are created by expressing viral sequences in stably
transforned cell lines. In particular, lytic viruses are used for this
approach since cell lysis provides 15 very sinple screens and al so offer
the ability to directly select for potentially rare transformati on events
which mght create viral inmmunity. Sub-ggenomic fragnments derived froma
sinple single stranded RNA virus (Bovine enterovirus - BEV) or a conpl ex
doubl e st fegiges BRaisianassranges fiosn Senpsteong Msisiande whiske onlyar fevcticaled i nt o

a suitabl of,.an xpressed i,n transfgorned 20 cel|s, M | jan cell
lines ar eq?érllgﬁésf%? m%gs'%lvgﬂ @@naetﬁl%ntché’f‘?%ﬁtrgs'ﬁé@f"ﬁnﬁ{b’d‘t maém%%Ft?s?Svi ral
sequences réditenNsviptonss 6h IeH@sEHEOABEAb P Hts F plaMyrovizh, Pronoter.
Sequences utilised 1 nclude specific viral replicasé genes. Random

"shotgun" |ibraries conprising representative viral gene sequences, may

al o be uvarsgatiic dntsIWhieH SRAVH 3BERRTY MCbAHENSE (ol VIR Sitfifombo  ar g8t
the 25 expression of virus sequences. enplary genetic con ucts for use
in thi § pmryeduassifiesdapimsiung. nliclersurel thesseplaatscwsranimuad thepmwdrbe BEV
RNA- depen ol yoer ase gene re presented herein. 83 or viral

pol yner asiga'ﬁ)?@%@t‘@h P’EPﬁ’emﬁﬁﬂB@ngs (%{BEWS i IFEPETS, t[i'ﬁdjgwo at spgweor ned

cel | |inesyaiogenvasratrediadifiddherdpslamt.t h the respective virus. For cells
transfornmed with shotgun libraries very |arge nunbers (hundreds) of
transforned lines are generated and screened in bulk for viral inmmnity. 5

Fol | owi ng Foit piark id<Mitherstedl Sotterheblotd | 8RS A friecleibiand apal ysed

further to determ ne the sequences conferring i nity fhereon. Resistant

€3l | | i neSUBPRAURIPERNErationst is trenittved ito yletdrmine thattresidtaned/imnelirdtytisde

guenges ' i yat I al. gene expression. in a manalian,sysiem
Add 1 Ematigis SRRy’ SR TS pRERIr ol el hsBiaeR e meDialed Bed ¢ o
mor e chalienging 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 andfor 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




10 precisely define nol ecul ar and bi ochem cal characteristics of the _
nodul ati on which is observed. EXAMPLE 6 | nduction of virus resistance in
transgeni c plants Agrobacterium tunefaci ens, strain LBA4404, was
transforned i ndependently 15 with the constructs pART27. PVY pART27. PVYx2
PART27. PVYX3 pART27.PVYx4 20 pART27. RgY. LNYV. PVY pART27. PVY. LNYV. YVPo
PART27. PVY. LNYV, YVP pART27.35S. PVY. SCBV.O pART27.35S. O SCBV. PVY 25
pART27. 35%eth strfageivpteipnRiR Assp. fOP(BﬁItSBthlv\aﬂBn PARTIaE PSS cely/vese

Cri - par endia SIAIEE Gt QR Feieaf cdniites P TRE el Sonsehilbl BRessped and

exam ned lyalt eﬁzymétmracmvttp oNiHicH Pest8UA Shé %ﬁatféﬂrﬁfaa D8t ghﬁ o-9,3-
appropriate binary vectors. N cotiana tabaccum (cultivar wer e

transfor rrm!aat@wltgfegps togae obage efi protains expsesssdn gn sthendelr duﬂao&:mﬂur es.
Putati ¥e G{hals fc% &al’i’ activity can be most conveniently assayed using a plant
lectin (IB4), which binds specifically to galactosyl residues on cell surface
proteins. To detect IB4 binding, fluorescence assays were used. Cells were
fixed, then probed with I1B4 conjugated with biotin (Sigma) followed by
streptavidin conjugated FITC. GalT inactivation was monitored using either
10 fluorescence microscopy or FACS.

EXAMPLE 8

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 fotal RNA was reverse-transcribed using 1uM oligo dT (Sigma)

as a primer in a 20 p! 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
amplification cycles of 94°C for 30 sec, 60°C for 30 sec and 72°C for 60 sec,

25  with a final elongation step at 72°C for 4 min.

PCR products to be cloned were usually purified using a QlAquick PCR
Purification Kit (Qiagen), in instances where multiple fragments were




shoots were excised and rooted on nedia containing kanamycin. Under these
condi tions we have consistently observed that only transgenic shoots 10
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%Tand i nfected with PVY. Viral

I nocul um was prepared from WB8 tobacco previously infected wwth the virus,

appr oxi naigengrated byf PCRathenfragmiat of theasrrett el vaas puiificd fropags1o8e 15 were
ground with carbarundumin 10 m of 100nM Na phosphate buffer (pH 7.5).
the i nocul9&H YRIBI @ RIAYHck Gep Furificatign Kit{@iagend secomding trothshsunblists f er .

Two |eavei)r$tb ~each transgenic plant were sprinkled with carbarundum then
0.4 m of "I noculumwas applied to each | eaf and | eaves rubbed fairly
vigorously with fingers. Using this procedure 100% of non-transgenic

control : ' ] PVY, T say, for ,.viral resi,stance
and i mmm?ﬂ?nyﬁ i@%é%@ﬁé@dﬁ%}gﬁﬁ%?@?wcmdt 'BF%BB@&GQ%W‘B‘P 5rﬁd8@\?é‘;)()gﬂént. The
PVY st sai TARY\irhitreger)ugtorlingto Mésupitibas plotoblves obvi ous synptons on
WB8 tobacco, a vein clearing synptomis readily observed on the two | eaves

above the i.nocul ated | eaves, subsequent |eaves 25 show uniformchlorotic

| esi ons. Qynpt mm?@bmgtfemidm tored over a six week period.
Transgenic |lines were described as resistant if they showed reduced viral

synptonms, which nmanifests as a reduction in the |leaf are showng chlorotic

85 |esioMmy pl&ﬁiréttﬁé%ﬁsﬁﬂﬁfbsdéé&iﬁéﬁ?b&[o’ﬂ,riﬁggnr@ﬁéﬁ@%aﬁ"%&&s@@! y afew

viral lesions are observed on a plant to weak resistance mani f ect s
gﬁanreducg@%ymfﬁﬂﬂjlaﬁﬁ? |vegtars usmg deswictipn| eneyas placerdgrgpvioh the

Teen e, SuBb ol UGS, B8 St M RS Bl B LTS °
, 10 QlAquick Gel Purification Kits (Qiagen) according to the supplier's protocol.
' Vectors were usually prepared by restriction digestion and freated with Shrimp
- Alkaline Phosphatase according to the supplier’s protocol (Amersham). Vector
and inserts were ligated using T4 DNA ligase according to the suppliers
protocols (Roche) and transformed into competent Escherichia coli strain
15 DH5a using standard procedures {Sambrook, Fritsch et al. 1989).

3. - Constructs
(a)  Commercial plasmids

Plasmid pEGFP-N1

Plasmid pEGFP-N1 (Clontech) contains the CMV IE promoter operably
20 connected to an open reading frame encoding a red-shifted variant of the
wild-type GFP which has been optimized for brighter fluorescence. The
specific GFP variant encoded by pEGFP-N1 has been disclosed by
(Cormack, Vaidivia et al. 1996). Plasmid pEGFP-N1 contains a multiple
cloning site comprising Bgll and BamHI| sites and many other restriction
25 endonuclease cleavage sites, located between the CMV IE promoter and the
EGFP open reading frame. The plasmid pEGFP-N1 will express the EGFP




re-inoculated with virus, nost plants remained i nmune, the few that showed
synptons were re-classified as resistant. For plant |ines generated

Sout hern blots are perforned, resistance in subsequent generations is
nonitored to determ ne that resistance/immunity is 10 transm ssabl e.
Additionally, the breadth of viral resi 3t ance I's nmonitored by challenging
lines with other PVY strains, to deterr% ne whet her host range

suscept i bipratein iirs matinhalzeh. cBiS Ul idditn, tdRREURK RRINeBEBbARcd! Biteldier i bed in
Tabl e 2. These data indicate that constructs conprising tandemrepeats of
target gefUItRIgRoniag site will bp@xpresselascbirrFgiusian relyreplsesiitigey A,

I nterrupt ed. | di S , :

cont err | ng iRl AREIREECER AEing bERTHIo S FCH Tufdfinet BARBuSH

Accor di nglsfop sudon.i Tive rgiasmignflirvier donemriseseme BVAR poBacenyiation | sigreal
expression of the virus %angbet gene in the transgenic plant. 20 Constructs
conbi nP ng doM@siream,et the EGFR RREN HeadNgTarae dgdiEash PENRISProcassiag i

PART2. 355 £¥1XAd SHRRNYP3n Ao PARTR b NP - MR SIP B Bhe g el v

i n nodul ati ng gene expression. on o I'n ani mal
cells 25 @d)athepldsmiddugher corap(ised e Sddaloyigesof Ieplieatibr fumctiofaldal act osyl
residues to,86 cell surface protejns. To assay for It ..Inactivation,
bor o1 ne. PROER) pEISNE NediaNERPREENE Ho1h ComrsTicn he HAT B (SATBID cel | s
CONst i t ut iYGhistedXgp&rEbly eBhhe&BAYRE thd NMedidiNAbdaPlciftesiRtdeugbfie! N the.
addition of a variety of a-1,3- galactosyl groups t0 a range of “proteins
expr ed8ed derivethdrarel TnS and dbe WBVSthyhidiseddhase pGlyatienylation tsjgrednfde nost

cqnveni ent | ssa usin lant  lectin (1B4 whi ch bi nds s ificall
e e BB i P o, KRl e b BehdRcAP ALY 1Y
' 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-TOPQ (Invitrogen) is a T-tailed -vector
comprising the lacZ promoter sequence and lacZ-o. tfranscription terminator,
with muiltiple restriction endonuclease cloning sites located there between.
Plasmid pCR (registered trademark) 2.1-TOPO is provided with covalently
bound topoisomerase | enzyme for fast cloning. The plasmid further

c) 20 compﬂses the ColEl and fI origins of replication and the kanamycin and

ampicillin-resistance genes.
(b)  Intermediate cassettes
Plasmid TOPO.BGI2

Plasmid TOPO.BGI2 comprises the human $-globin intron number 2 (BGI2)
25 placed in the multiple cloning region of plasmid pCR (registered trademark)
2.1-TOPO. To produce this plasmid, the human B-globin intron number 2

(BGI2) was amplified from human genomic DNA using the amplification
primers:




proteins. To detect 1B4 binding, fluorescence assays were used. Cells were
fixed, then probed with 1B4 conjugated with biotin (Sigma) foll owed by
streptavidin conjugated FITC. Gl T inactivation was nonitored using either
10 fluorescence m croscopy or FACS. 0 EXAMPLE 8 Preparation of plasmd
construct cassettes for use in achievi co- suppression 1. Generic RNA

i sol ation, cDNA synthesis and PCR protoCol 15 Total RNA was purified from

the indi c@Bt cel | GABeSTCSTIE AGERNETSY ABTICTA TGECCATICT [SEQ I
supplier’ roﬁocol (Qagen). To prepare cDNA, this RNA was
reverse-tm&? i bed using Omiscript Reverse Transcriptase (Q agen). Two

m crograns of total RNA was reverse-transcribed using 1 pMoligo dT (Signa)
as a priner in a 20 pl reaction according to the supplier's protocol

(Q agen). @d To anplify specific products, 2 pl of this mixture was used as
a substrate for PCR anplification, which was perfornmed using Hot StarTaq
DNA pol ynerase according to the supplier's protocol (Q agen). PCR

anpl i fi catGAh condiGTOCAG G TG ARGENGAGIGAAL GATt AMG AR@ISEQ BC for 15
mn, fall g E)y 35 anplification cycles of 94C for 30 sec, 60C for 30 sec
and 72%“1\1,6 g sec, 25 with a final elongation step at 72C for 4 mn. PCR
products to be cloned were usually purified using a Q Aquick PCR

qener at od Y Pened T BRsitRCR (ealstees Neweraie Zag GO Had rom
agarose = g@hdtiondl Netrdn Sehfilenel. et BUELpAGR! bPbdfd SddRfbafdRig! N9 ¢ 0

the supplier's protocol. Anplification products re then c nto pCR
@egi st er teaveddeara FYA Irapscripts containing it in mammalian cells.

(c)  Plasmid cassettes

10  Plasmid pCMV.cass

Plasmi_d pCMV.cass is an expression cassette for driving expression of a

strubtural 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 Notl, 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.BGl2.cass

20 To create pCMV.BGI2.cass, the human p-globin intron 2 sequence was
isolated as a Sacl/Pstl 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_-gtobin intron 2 sequences;
these intron sequences will presumably be excised from transcripts as part of

25 the normal intron processing machinery, since the intron sequences include




5 TOPO (I nvitrogen) according to the supplier's protocol. Generic cloning
techni ques To prepare the constructs described bel ow, insert fragments were
excised frominternediate vectors using restriction enzymes according to
the supplier's protocols (Roche) and fragnents purified from agarose gels
using 1o Q Aquick Gel Purification Kit 0(Q’ agen) according to the
supplier's protocol. Vectors were usudally prepared by restriction

di gesti on baitdl the eplies danbh 29ar spilke AbdaptbnSeflistidelatasedsaft firdidtend 0 the

supplier's protocol (Amersham. Vector and inserts were l'igated using T4
DNA | i gasdtEtBragess§ingo the supplier's protocols (Roche) and transforned
into conpetent Escherichia coli strain 15 DH5a using standard procedures
(Sanbrook, Fritsch et al. 1989). 3. Constructs (a) Conmercial plasnm ds

Pl asnmid pEXAMRLE® asni d pEGFP-N1 (O ontech) contains the CW | E pronoter
operably 20 connected to an open reading frane encoding a red-shifted
variant of the wild-type GFP which has been optim zed for brighter

f | uor escerGa-suppeessipacefl Greddr Fluandsaent droteiadnBomiite Kidhep Fypeetn

di scl osed %‘fl ?_'CQ£ mack, Valdivia et al. 1996). Plasnm d pEGFP-NL contains a
mul ti pPe '8 "Cite comprising Bgl Il and BarH sites and many ot her
restriction 25 endonucl ease cl eavage sites, |ocated between the CW IE

pr onot er dt EGFP qpen reading frame. The plasm d pEGFP-NL wil |
express tHe EGE”M’"%P%P@BH’WW mammal i an cells. In addition, structural
genes cloned into the nultiple cloning site will be expressed as EG-P
fusion po!ﬁ{)ﬁpti ?e's if they are in-frame wth the EG-P-encodi ng sequence
and | ack &dn€EeioiderivedEamt Persines thigneso @pithelial ecellsdswete faipwReps

'eenpri ses e nARIAAIE VY DRIER ¥PBlemented with 10% viv FBS.

2. Preparation of genetic constructs
10 (a) Interim plasmids
Plasmid pBluescript.EGFP

Plasmid pBluescript. EGFP comprises the EGFP open reading frame derived
from plasmid pEGFP-NI placed in the multiple cloning region of plasmid
pBluescript Il 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




5 downstream of the EGFP open reading frane to direct proper processing of
the 3'-end of nRNA transcribed fromthe CW | E pronoter sequence (SV40
pA). The plasm d further conprises the SV40 origin of replication
functional in animal cells; the neomycin-resistance gene conprising the
SV40 E (early) pronoter operably connggted to the

neonyci n/ kananyci n-resi stance gene 10 derived from Tn5 and the HSV

thym di ne thé reeeparioriaiiory last & BaraHEERSacl fagniat a6fo B@/msa&ltcﬂgé&t@ﬂ med
cells on kananycin, neonmycin or geneticin; the pUCL9 origin of replication
which is f t‘®¥&8 in bacterial cells and the f1 origin of replication
for single-stranded DNA production. Plasmd pCR (registered tradenark)
2.1-TOPO 15 Plasm d pCR (registered trademark) 2.1-TOPO (Invitrogen) is a
T-tai | ed ect oDeteetipniafiaaysuppression phenatype sequence and | acz- a
transcription termnator, wth nultiple restriction endonucl ease cl oning
'sites located there between. Plasnmd pCR (registered tradenmark) 2.1-TOPO

i s provi dé€@) wi t/hsertionloé RGFRP-elsprassingoipar sgemeriatoePK-fecelisme for fast cl oni ng.
The plasm d further D 20 conprises the Col El and fl origins of replication
and the kananycin and anpicillin-resistance genes. (b) Internediate

casset fes Transfidal@ROVBE:2 pBifasned HOBAEIGtZsae npuliusesvédseldiyNancy, 3- gl obin

' . I d. i i pl | oni ' T pl i d
pCR (1 egi 0GViElal HaE herd)eces reiind xdOPRIbCBIEHR & T SRMEM RO hutran

-globin i S | ke ; ] gnDNA usi n
Phe anpli Feae ool tulibted BEST CRSOAMEOT ot B8 MR 088 802 o o
@EQ | D Q6% wpnfluent, typically 16 to 24 hr. : ,

To transform a single plate (six wells), 12 pg of pCMV.EGFP plasmid DNA
10 and 108 pi of GenePORTER2 (trademark) (Gene Therapy Systems) were
diluted into OPTI-MEM 1 (registered trademark) medium (Life Technologies) to

obtain a final volume of 6 ml and incubated at room temperature for 45 min.

The tissue growth medium was removed from each well and the monolayer

therein was washed with 1 ml of 1 x PBS (Sigma). The monolayers were
15 overlayed with 1 ml of the plasmid DNA/GenePORTER2 (trademark)

conjugate for each well and incubated at 37°C in 5% viv CO, for 4.5 hr.

) OPTI-MEM-1 (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




and GA1 CTG CAG GAG CTG TGG GAG GAA GAT A AGAG [SEQID 5 NO 18] and cl oned
into plasmd pCR (registered trademark) 2.1-TOPO. BA 2 is a functional

i ntron sequence that is capable of being post-transcriptionally cleaved
fromRNA transcripts containing it in mammualian cells. (c) Plasmd
cassettes 10 Plasm d pCW. cass Plasm d oCW. cass i S an expression cassette
for driving expression of a structural”gene sequence under control of the
CW- 1 E pr draviséormseel) weflcknes. PTias nDMENEW.098 Sg/vWEB S e1 5V aiehy/fnl aridesdii- N1 by
del eti on of qs{,he EGFP _open reading frane as follows: Plasm d pEG-P-NL was
di gest ed ReHUM WAS @Balggﬁﬂ RYETY, 4%1—6%threrﬂsféei 2%idaysreliselriioposiahls ase and

then reli R é'ﬁ a e cloned into pCW. cass usi ng
the nul ti ﬁpﬁcﬁxgﬁt%éng F!(ZJ' C\Nﬁ’lﬂ&é\lﬁg%?gﬁﬁifﬁggl to the multiple cloning site
of pEGFP-N1, except it lacks the PinAl site. Plasm d pCW. BG 2. cass 20 To
create p . t - ql obipn kntron 2 sequence S. i.sol ated
as a Sacl s'ﬁg%% Ir %@@h S &8%%5‘%@??@%@ ﬂ%d"%&’ﬁg%“w W@Y\'ﬁgﬂ‘éfj and
Pst| sbt esndfstpfedasdescritod inEMantsd %, aBsge. any RNAs transcribed fromthe

CW pronoter will include the human R-globin intron 2 sequences; these
I ntron sequences will presumably be excised fromtranscripts as part of 25

t he nor malA hiinbeR oPpaReEAl el RS Wl anstbrit& Wi JOMIV EGEPIEENSERg! ncl ude
90 both the splice donor and splice acceptor seguences necessary for

normal i SORBRAUNS cediyreigin FrampLef these lines GFP expression was either
extremely low or completely undetectable as listed in Table 3 and shown in

Q Figure 69.

10  TABLE 3

MMO6L (human) 12 4
B16 (mouse) 12 10
p ) MDAMB468 (human) 11 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.




Co- suppression of Geen Fluorescent Protein in Porcine Kidney Type 1 5
cells invitro 1. Culturing of cell lines PK-1 cells (derived from porcine
ki dney epithelial cells) were grown as adherent nonol ayers usi ng DVEM
suppl emented with 10% v/v FBS. 2. Preparation of genetic constructs 10 (a)
Interimplasm ds Plasm d pBl uescript. EGgP Pl asm d pBl uescri pt. EGFP

conpri ses the EGFP open reading frane derived fromplasm d pEG-P-N pl aced
in the nmuIEXAMPLE tdi ng regi on of plasmid pBluescript Il SK+ (Stratagene).
To produce this plasmd, the EG-P open 15 reading franme was excised from
PEGFP- NI by restriction endonucl ease digestion using the enzynes Not[ and
Xhol and IC@suppréssionNof IBoVink- EAtaevied PBEVESA’ Maldin | DAy HdVindest

pl asm ds %asm d pCW. EGEP 20 Plasm d pCW. EGFP i s capabl e of expressing
the entird&igeep IReCRIBA; 6rlls M viko under the control of CW-IE pronoter
sequence. To produce pCW.EG-P, the EG-P sequence from pBl uescri pt. EGFP
was sub-cloned in 91 the sense orientation as a BanH -to-Sacl fragnment

i nto Bg/ | IQRIB:1 -eligetdasived pippm. basine Bidnbgt enittictial cklis)owere pgreasi as

phenot ype S | f P- ressing trans e into PK-1 cel]|ls 5

Tr ansf %r n&%%ﬁésﬂv@bé&%g?%ovﬁgé Pﬁfﬁ@f‘v%lﬂp' 2@%@ \g’ﬁﬁtm%l ‘(/ésé(%'i'%r @ﬁhnc) .

| ndi vi dualSesei (©OBT sfeFedatblogies). e FIB4MRIKPERBEVD wias domtrRieP¥EM . 10%

v/V FBS and incubated at 37Cin 5%v/v CO2 until the nonolayer was 60-
: - per page 53, lines 18-26 of the specification, and used to generate the two

genetic constructs used in this experiment, pCMV.BEV2.GFP.2VEB and

;") pCMV.BEV2.BGI2.2VEB. Both were constructed with an inverted repeat or
10 palindrome of the BEV2 polymerase coding region that is interrupted by the
insertion of either the GFP sequence or the Sequénce of the human p 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 mi
of DMEM, 10% v/v DCS and incubated at 37°C in 5% viv CO2 until the
monolayer was 60-90% confluent, typically 16—24 hr. The following solutions
were prepared in 10 mi sterile tubes:

Solution A:  For each transfection, 1 pg of DNA (pCMV.BEV2.GFP.2VEB or

25 pCMV.BEVZ.BGIZ.ZVEB) was diluted into 100 i of Opti-MEM-| (registered
trademark) and;

Solution B:  For each transfection, 10 ul of LipofectAMINE (trademark)
Reagent (Life Technologies) was diluted into 100 pl Opti-MEM-| (registered




90% confluent, typically 16 to 24 hr. To transforma single plate (six
wells), 12 pg of pCW. EGFP plasmd DNA 10 and 108 pl of GenePORTER2
(trademark) (Gene Therapy Systens) were diluted into OPTI-MEM | (registered
trademar k) nmedium (Life Technologies) to obtain a final volune of 6 m and
I ncubated at room tenperature for 45 m'gq. The tissue growt h nmedi um was
renmoved from each well and the nonol ayér therein was washed with 1 m of |
x PBS (Si grmlemakke nonol ayers were 15 overlayed with 1 m of the plasmd
DNA/ GenePORTER2 (trademark) conjugate for each well and incubated at 37C
in 5%v/v CO2 for 4.5 hr. OPTi-MEMI| (registered trademark) (1 m)

suppl enent@d wid BolkBdnY MerEBomMRed asifte thiked géfdrl]y,VMd irlﬁnu@aiélﬁat/ﬁﬁa‘iﬁ'

i ncubated for a further 24 hr, at which tinme the nonol ayers were washed
with 1 x Mepparatuiee dudbwarn te pillave DNA-liposome adomplexks etoh fabvENMVhile! udi ng

10% v/v F | 1.s shar i t CW. EGEP wer e exam a L .24-48 hr
for tr anoomPrergsTolpBltd GRibB-idaly Wik dnsants Wit 7 s dypMedh 1

vwavel esgt [fredfisteRY Seatamarkorkor eight thinsiddtioh, t 0B Shechf Api-MENTEGI UM was
removed, the cell nonolayer washed with | X PBS and 4 ml of fresh DVEM

cont ai ni ndregisiered, tragemank)wigp ddedtte dhaitube Toptainingi thgammmpexes, (thef e

“Technol ogi ‘ | et e i.nc i e nmedi um
o seleot 't MRS HOMED S 1AEELUE! ComPRR IO Mgl Thoo Drblizes, 1S
mg/ M gend@RiB-h ceidleln wes tHearipesbated withdihe Gonplexdd BEB7XY il8Ysv/of
.sel ection, stable, EG-P-expressing PK-1 colonies were apparent. |ndividual

col oni es 8103 tfabIlg—24 dis Teansdection mixere wagethenciepmed aed ibaiGRIB-15 and
00 o2 TIPS R ZaPor RS, AP U AR e e
these |ined & dnpbssi/onCaEs fer tdppiroximately 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 l of viral stock per well and the virus
) 20 allowed to replicate for 48 hrs. Culture medium was harvested at this time and
transferred to a screw-capped tube. Dead cells and debris were removed by
centrifugation at 3,500 rpm for 15 min at 4°C in a Sigma 3K18 centrifuge. The
supernatant was decanted into a fresh tube and centrifuged at 20,000 rpm for
30 min at 4°C in a Beckman J2-M1 centrifuge to remove remaining debris.
25 The supernatant was decanted and this new BEV stock titred as described
below and stored at 4°C.

To titre virus, a 24-well tissue culture plate was seeded with 4 x 104 CRIB-1
cells in 800 yl DMEM, 10% v/v DCS. The cells were incubated at 37°C in 5%
viv CO2 until 90-100% confluent. From concentrated BEV viral stock, virus




extrenely |l ow or conpletely undetectable as listed in Table 3 and shown in
J Figure 69. 1o TABLE 3 These data denonstrate that silencing of G-P

expression occurred frequently in different types of cell Iines,
established fromthree different species. 4. Southern analysis 15
I ndi vi dual transgenic PK-1 cell I|ines Qﬁgansfected and co-transfected) are

anal yzed by Southern blot analysis to confirmintegration and determ ne

copy numrwas dilutetén seam@ewmm@t giletizedafel 0-$ t6 4049, theombdid@eaadi ng to
the protocol % forth in Exanple 1, above. An exanple is illustrated in

Fi gure 70.85942 foCBbBﬁufaen@bypEﬁqam ﬂmmcrr@lmrérqy@rla@swlﬁsﬁw in

Madi n Dar I (derived
from bovi ﬁM CE dangpl%ﬁ%sgﬁa%f&@%e tﬁ@tﬁéﬁé gu@ﬁg\{éesns%?n%%%l ayers
usi ng DI\/EMammstaBﬂt ﬁfdm/\/theh miditdlayers [ambltheCa\lfa‘shSﬁpﬁﬁtémo il ff the
Technol ogi CR BEV2 was constructed as per page 53 i nes

18- 26 &f tcﬁ@ %dpzé'&'% ge%lf P%( Tordgo ) wasgaasi@ﬂazfr&n@wétqwfre@féh@mo
construct §iadcRIBUells ﬁ}%bﬁérﬁllum@% @%P%:LPH%XEB g(aR[B 1cells

pCW. BEV2. BGL2. 2VEB.  Bot e constr nrnvert repea _
pal i ndr omrevere inceb&Ed2wiib| Bit¥ rfas €4c hdiab $7r€gin0 6% at CQ2 |a|nﬂee§aicttptmdll by the
I nsertion . of either, the GFP sequence or the seguence of the human_R gl obin

intron 2, B3gpepted m'?roépoP‘PQWtce"dﬁ'ﬁgAnfé'ftFI@El ORAd W seriumifeesaPMEMd as
taught - i [ HH% r%m i
seq&nces%%%@‘éﬁ bgﬁ’%?g%%ggﬁrﬁ élgﬁglé?”a T4 on “fb}ﬁwgﬁ) théeﬁtgh\&gte@\m to
gener de trhm:rds&optaallffl far Celhg}nsmt T¢|Q| mgpriiat hdilstiden dgnthien mihmla'ntvie&id as
it: 9ught 'n éorﬁ%eﬁ{ré I %hat kslf%er%lofs{ ofa {hleoeRlB—'l cells after 24 hr and all celis after

48 hr. '

The CRIB-1 cells fransformed with pCMV.BEV2.GFP.2VEB or

pCMV.BEV2.BGI2.2VEB were challenged with bovine enterovirus as follows.

15 In a 24-well tissue cuiture plate, 4 x 104 CRIB-1 cells per well were seeded in

triplicate, in 800 i 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 celis. The

25 cells were incubated with BEV for 24 hr at 37°C in 5% v/v CO2, and each well

inspected microscopically for cell lysis. A further 600 pl 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




To detect a co-suppression phenotype, CRIB-1 cells were transfornmed with

t he Bovi ne enterovirus RNA genetic constructs pCw. BEV2. G-P. 2VEB and

pCW. BEV2. BGL2. 2VEB. Transfornmations were performed in 6-well tissue 20

cul ture vessels. Individual wells were seeded with 2 x 105 CRIB-1 cells in
2 mM of DVEM 10% v/v DCS and i ncubat at 37Cin 5%v/v CO2 until the
nonol ayer was 60-90% confl uent, typically 16-24 hr. The foll ow ng sol utions
wer e prep@n@ﬁcmgomhér‘eaax eblghﬁérhs@%&uc@éigEv t?ané‘_f@fm@@@:bll liheewepstion, |
g of DNA (pCW. BEV2. GFP. 2 2. BGL2 was diluted into
100 pl of Odqallenmvvltf( rditgtionsr et vira} aﬁt@ﬁlﬁr d el swu&h Benidoredor Teach

transfecti i N Kk

Technol oglc’g']sé vvasp’('jﬁllhgp%rh 98;'?‘%@% ﬁl&&fﬁ%%% }"%Iﬁggggﬁéll%@e&“ﬁr%denar K) .
The two s@edformed sed anéémmemsﬁbmﬂb gfal koleramee Waed igigiddaforr oom
terrperature for 45 mn to_allow osonme conplexes to form Wile

conpl eRes Tedherpexanipation Resuliseof these easpenrﬁga@ FREHoWN belownn the twpt i | -MEM 1

5 (regist a t

(regist erg tgFQ'aI ﬂﬁﬁ%m\)ﬁal\sﬂﬁggaég’%g {%%ée]s%a%@ fognl e% ﬁ?ﬂjﬁfoﬂhgwlﬁpl exes

t ube mi xe@a@&htlcmnsmstdmetaimhgttbd GRppRr BGl2dtufféroffagmentsaiedpectivelt. he
rinsed ells. Cells were then incubated with the conpl exes at 37C

L eoey/ v Thess date Showad hat vralokeant ool inss ekl de ?%erammasand the
CRIB-11 @/E(I}% e?%
i ncubat eg gg»tﬂg.g%ghﬁ Egﬁ‘\%ﬂl ?o@h{;ﬂgr%gﬁgﬁ tmatt e %/'%% (b?: s gelqc‘?a’!:[té f\glrere

st abl @0 t rehséen metit knest hed rﬂwtimeenv\mhcaqel wc@dclmllengeé’zsbmamelh lihesl of

M 10%_ v/v DCS t 21 days of selecti t abl
(CPansf or mlWER BOASIBRbEAVaIc o repAiPd AN BaFe o Sio0s) SREETo st ably

transf ect efidition, cells which survived this viral challenge could be grown up for further

analyses.




15 CRIB-1 cells were cloned, maintained and stored as described in the
previ ous exanple. The bovine enterovirus stock used in these experinents
were derived froma cloned isolate, K2577. To anplify BEV virus fromthis
stock, cells were infected in 6-well culture vessels with 5 pl of viral
stock per well and the virus 20 allowegto replicate for 48 hrs: Culture
medi um was harvested at this time and transferred to a screw capped tube.
Dead cel | JABIEdebri s were renoved by centrifugation at 3,500 rpmfor 15
mn at 4Cin a Sigma 3K18 centrifuge. The supernatant was decanted into a
fresh tube and centrifuged at 20,000 rpmfor 30 mn at 4C in a Beckman
J2- ML centCRIBigeeliotransfected withipOMY. BRYEGFP.YER [CRBIPEE@EPANt Was
decanted and this new BEV stock titred as described below and stored at
A4C. To titre virus, a 24-well tissue culture plate was seeded with 4 x 104

CRIB-1 ¢ 37C
in 5% v/ ck,
virus 95 The

medi um wa ; :
overl aid WCRIBSDO pl of 1] xndB$ amid entd y ¢ t+ssjue
culture vessel—PBS was—aspiratied frp e nonol ayerg and the wash
r epeat ed. 5@@5ﬁ155¥4%#é 5 di Fut ¢d virus-solluttons (1043 to [10*9) |was added
I medi at e IRrEEH o the—insedr ERHBrt—_—cetHs—ustmg—onre—diHutianrper
well in djglélr%afg.@éphg 3LCRI B-1 cells V\/eurle il ndtbat ed wilt h-BEV For |28%:| at
37C in 5% griBPRGFHzgach] wel T | 1nspected|ifi CroscQopi ¢al Ly [ of.CelT_Tysis.
ANfurther {600 pl of serumfree DVMEM Mwas then added tg each| well | After a
rther 240ORIB-EBGFRWIG was - ngpeeted ko miefesgcopi cal ly forngelll ndysfi s.
The wor Ki W mnilmimviral  lconcehtratilon thiat killls nost of
the CRIB- 1UeBrsEGRe? ©24 hr —and afl ket s |after| - - - - :
CRIB-1 EGFP#7 + + - + + + nd nd
CRIB-1 EGFP #8 + +++ + + + +++ — ++
CRIB-1 EGFP#9 - - - + + + nd nd
CRIB-1 EGFP # 10 — + — + + e nd nd
CRIB-1 EGFP # 11 + ++ - - + +++ | nd nd
CRIB-1 EGFP # 12 - + + ++ + + nd nd
CRIB-1 EGFP #13 - - + + - — nd nd
CRIB-1 EGFP # 14 ++ ++ + ++ ++ + + +
) CRIB-TEGFP#15 | — | + | ++ | ++ | + | + | nd | nd
CRIB-1 EGFP # 16 - + - ++ + ++ nd nd
CRIB-1EGFP#17 | = - ¥ + =T = [ nd | nd
CRIB-1 EGFP # 18 + + ]+ + ++ ++ | nd nd
CRIB-1 EGFP # 20 - - - - + +++ | nd nd
CRIB-1 EGFP # 21 - +t+ + ++ + + nd nd
CRIB-1 EGFP # 22 - + + + + + nd nd
CRIB-1 EGFP # 23 - - - +++ - ++ - -
CRiB-1 EGFP # 24 - - + ++ - +
CRIB-1 EGFP # 25 - + - +++ — - nd nd




48 hr. The CRIB-1 cells transfornmed wi th pCw. BEV2. GFP. 2VEB or

pCW. BEV2. Bd 2. 2VEB were chal | enged 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 pi DVEM 10%v/v DCS. The cells were

i ncubated at 37Cin 5%v/v CO2 until gg-looqbconfluent. From concentr at ed
in serumfree DMEM at an

BEV viral stock, BEV virus was dilute
appropriafe diTution. Tn
and 0.1x the working dilu
Medi um was CRIpitT BGEP #£26m it he CRI B+1 | nenol ayef s| apd { here

with 800 pl—of 1 x PBS and washéd gently by rocking the tilssue

vessel. PBS was aspirated fromthe nonol ayers and the wash repeated. 200
pl of the_dilu LIUS utions (one dilution per replicate) was added

i rmedi at el y, d%§g§¥ fﬂgﬁﬁgbthe rinsed CRIB-1 cells. The 25 cells were

i ncubat ed+w t h 1BEY% of cellé surviging37C in 5% v/v C02, and each well inspected
m croscopically for cell lysis. A further 600 pl of serumfree DVEM was
added to &dch WErPO%ehcalissur(iyingder 24 hr, each wel | was inspected

m cr osgopi;Gal | ynb i To determ ne whether cells transforned with
pCW. B 2.+CCE|%P. ?\9@ gfrzgéni?oémgBEvz. BA 2. 2VEB becane tol erant to BEV

i nfectionn@i e detdosérate 96 silencing of the BEV pol ynerase structural
gene), transfornmed cell lines were <challenged with dilutions of viral
stock and cell survival nonitored. To overcone inherent variation in these
assays, nultiple challenges were -performed and |ines consistently show ng
xitral tolerance were isolated for 5 further exam nation. Results of these
‘eXperinments are shown below in the two tables in Annexure MAG, one table
each for lines transforned with the genetic constructs containing the G-P
or BA2 stuffier fragnents respectively.




These data showed that viral-tolerant cell lines could be generated in this
fashion using either construct, although the degree of silencing varied 10
between cell lines and between replicate viral challenges. Sonme cell |ines
showed consi stent survival in repeated challenges, ie strong silencing. In
addition, cells which survived this vig? chal I enge coul d be grown up for
further analyses. 97 CJ TABLE 4 CRIB-T cells transfected with p CW. BEV
EG-P. VEBTABLB5. EG-FP) CRIB-1 EG-P # 1+ CRIB-1 EGFP # 3+++ndnd CRIB-1 EGFP
# 4++ CRIB-1 EGFP # 5++++nd CRIB-1 EGFP # 6+ CRIB-1 EGFP # 7+++++ndnd
CRIB-1 EGFP # 8++++++++++++ CRIB-1 EGFP # 9+++ndnd CRIB-1 EGFP #
10+++++ndrCRERY Bols Eﬁﬁ?feﬁteﬂa&mrrptwm@cﬁz%\/%Eﬁc@%gwgmdnd CRIB-1
EG-P # 13++ndnd CRIB-1 EGFP # 1l4++++++++++++ CRI B- # 15+++++++ndnd
CRIB-1 EGFP # 16++++++ndnd CRIB-1 EG-P # 17++ndnd

RIB-1 nd nd - - - - - -

CRIB-1 BGI2 #1 - - - - - - nd nd

CRIB-1BGI2 # 2 - - - + - - - -

CRIB-1 BGI2#3 - — [+ [ % | + |+ [ nd | nd

{) CRIB-1BGI2#4 - - = + — - nd nd
CRIB-1 BGI2#5 - - — ++ - - nd nd

CRIB-1 BGI2#6 + + +++ ++ + + nd nd
CRIB-1BGI2#7 + + - +++ - - nd nd
CRIB-1BGI2#8 - + +++ ++ - + nd nd
CRIB-1BGI2#9 S - ++ + | ++ = ++
CRIB-1BGI2Z#10 | ++ ++ ++ +++ PR - -

CRIB-1 BGI2 # 11 + ++ + + - | + nd nd
CRIB-1BGI2#12 + + + +++ - - nd nd

CRIB-1 BGI2 #13 - - i+ | - - nd nd

) CRIB-1 BGI2 # 14 + ++ + ++ + + nd nd
) CRBABGR#15 | + | + | + | & | = [+ | = | =
CRIB-1 BGI2 # 16 - - - - - - nd nd

CRIB-1 BGI2 # 17 - + - ++ — - nd nd

CRIB-1 BGI2 # 18 - - — +++ - - nd nd
CRIB-1 BGIZ # 19 - - - ++ + FRraes + 4+

CRIB-1 BGI2 # 20 + + + +4+ + + nd nd

CRIB-1 BGI2 # 21 e — - - - - - -

CRIB-1 BGI2 # 22 - - - - - - - -
CRIB-1BGI2 # 23 — + +++ | +++ + + nd nd
CRIB-1BGI2# 24 - ++ +++ + - - nd nd




CRIB-1 EGFP # 18++++++++nd CRIB-1 EG-P # 20++++ndnd CRIB-1 EGFP #
21+++++++ndnd CRIB-1 EGFP # 22+++++ndnd CRIB-1 EGFP # 23++ CRIB-1 EG-P #
24++++ CRIB-1 EGFP # 25++++ndnd 98 CRIB-1 EGFP # 26+ ++++ Y +++++ +++- - no
cells surviving + 1-10% of cells surviving. ++ 10-90% of cells surviving.
s +++ 90% of cells surviving nd not dg@ﬁ 0 99 TABLE 5 CRIB-1 cells
transfected with pCW. BEV2. BGL2. 2VEB ( B-l BG2) CRIB-1BA2 #1CRB1
BA 2 # 2+ -CRI Bnb déBsZufvidingt++++ CRIB-1 BA2 # 4+ CRIB-1 B@2 # 5++ CRIB-1

BA2 # 6++++ CRIB-1 B@2 # 7+++++ CRIB-1 B@2 # 8+++++++ CRIB-1 BA 2 #
Ot ++++ + 1-10% of cells surviving. :

++ 10-90% of cells surviving.
+++  90%+ of cells surviving

5 nd not done.

These data showed that viral-tolerant cell lines could be defined ih this
fashion. In addition, cells which survived this viral challenge could be grown
up for further analyses.

Q 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 cells that survived the

initial challenge (line CRIB-1 BGI2 #19(tol}), were further analyzed using finer

scale (3-fold) serial dilutions of BEV in triplicate. The results of these

experiments are shown in Table 6.




CRIB-1 Bd2 # 10+++++++++++ CRIB-1 B2 # 11+++++ CRIB-1 BA 2 # 12++ CRIB-1
Bd2 # 13++++++ CRIB-1 B 2 # 14++++++++ CRIB-1 BA 2 # 15++++++++ CRIB-1
BG2 # 16 CRIB-1 BAd2 # 17+++ CRIB-1 BA2 # 18 CRIB-1 BG2 # 19+++ CRIB-1
BA2 # 20+++ CRIB-1 BA2 # 21 CRIB-1 BA2 # 22 CRIB-1 BA 2 # 23+++++++++
CRIB-1 BA2 # 24+++++ nd | nd nd nd nd,]rbql| nd nd nd nd nd nd nd

TABLE 6

CRIB-1 Replicate 1 - — - - — +++
CRIB-1 Replicate 1 — - — — - | *
CRIB-1 Replicate 1 - - — — _ ++
CRIB-1 BGI2 #19 - - + + s F++
Replicate 1

) CRIB-1BGI2 #19 - - - - P
Replicate 2
CRIB-1 BGIZ #19 — _ _ + e o
Replicate 3 |
CRIB-1 BGI2 #19(tol) - - + + i+ T+
Replicate 1
CRIB-1 BGI2 #19(tol) - — + + ++ .
Replicate 2
CRIB-1 BGI2 #19(tol) - — + £ +H+ P
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.

+++  00%+ 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:




nd nd nd nd nd nd ++ nd nd nd nd nd nd nd + nd nd nd nd +++ nd nd nd 100 no
cells surviving + 1-10% of cells surviving. ++ 10-90% of cells surviving.

102
(a) is CRIB-1 cells prior to BEV infection;

(b) is CRIB-1 cells 48 hrs after BEV infection;
(c)is CRIB-1 BGI2 # 19(tol) cells prior to infection with BEV;
(d) is CRIB-1 BGI2 # 19(tol) 48 hrs after BEV infection.

5 ltis therefore apparent that each of the plasmids pCMV.BEV2.GFP.2VEB and
pCMV.BEV2.BGI2.2VEB is a genetic construct (which has a nucleotide
" sequence, BEV2, substantially identical to a target gene, BEV polymerase, in
O an animal cell, 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 cells in vitro

B16 cells were derived from murine melanoma (ATCC CRL-6322) and grown

©) 15 as adherent monolayers in RPMI 1640 supplemented with 10% v/v FBS.
Since these cells are derived from melanocytes, they normally express
tyrosinase and contain melanin pigment.

First, plasmid TOPO.TYR was generated, by purifying total RNA from cultured
murine B16 melanoma cells, cDNA was prepared from this and a region of the

20 murine tyrosinase gene amplified by PCR using the primers:
TYR-F: GTT TCC AGATCT CTG ATG GC

And




+++ 90%+ of cells surviving 5 nd not done. 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
anal yses. To further define the degree of viral tolerance in such cel
lines, the cell line 1o CRIB-1 BG2 #ﬁg and viral -tolerant cells grown
fromcells that survived the initial plenge (line CRIB-1 BGl2 #19(tol)),

vere furtyR-gral yzalreocm diaeee aqd eTR3seo! d) serial dilutions of BEV
intriplicate. The results of these experinments are shown in Table 6: 101

TABLE 6 CRIB-1 Replicate 1 CRIB-1 Replicate 1 CRIB-1 B2 #19 Replicate |
O, 4, SRR fof5ed LA g B a2 Bt
#19(tol ) amepidingtto 3theo supiplier's uinstructignst8(lhvitrpgsn) i tof enakenplasmid
TOPO.TYR. Plasmid pCMV.TYR.BGI2.RYT was constructed with an inverted
5 repeat, or palindrome, of a region of the murine tyrosinase gene that is
interrupted by the insertion of the same human B-globin intron 2 (BGI2)
sequence described above. Plasmid pCMV.TYR.BGI2Z.RYT was constructed
in successive steps: (i) the human BGI2 sequences were cloned into the
polylinker of pCMV.cass (see Figure 2 ) to generate pCMV.BGI2 (ii) the TYR
Q 10  sequence from plasmid TOPO.TYR was sub-cloned in the sense orientation
as a Bglli-to-BamHI fragment into Bglll-digested pCMV.BGI2 to make plasmid
pCMV.TYR.BGI2, and (iii) the TYR sequence from plasmid TOPO.TYR was
sub-cioned in the antisense orientation as a Bglli-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 ¢DNA 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 BamHI-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
pCMV.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 pPCMV.TYR.TYR into murine melanoma B16 celis.
Tyrosinase is the major enzyme controlling pigmentation in mammais. If the
gene is inactivated, melanin will no longer be produced by the pigmented B16




+ 1-10% of cells surviving 48 hr post-infection. 5 ++ 10-90% of cells
surviving 48 hr post-infection. +++ 90% of cells surviving 48 hr
post-infection. These data showed that the cell lines CRIB-1 BGl2 #19 and
CRIB-1 BGl2 #19(tol) were tolerant to higher titres of BEV than the

parental CRIB-1 line. Figure 71 shows 1@1 crographs conparing CRIB-1 and
CRIB-1 BA2 #19(tol) 1o cells before a 48 hr after BEV infection, in

whi ch:  102nelaaprrias cER. Brhis 4¢ldssemidllyr tHeOsainY hrotess iRt oddurs i Mh8- 1 cells
48 hrs after BEV infection; (c) is | B-1 BG1l2 # 19(tol) cells prior to

i nfection @8IMAISBEV: (d) is CRIB-1 BG2 # 19(tol) 48 hrs after BEV
infection. 51t is therefore apparent that each of the plasmds

pCW. BEV2. GFP. 2VEB and pCW. BEV2. BG12. 2VEB is a genetic construct (which
has a nucllgapsigematiens avare, paformeds inb Stwell itiasliy culterst vessels.olngividuajet gene,

BEV pol ' Logl I I ' | t t hat
ropr esses LB el sVt 5 cers BERdN irRPREToAD: Ihur B ERT 5EHL i a
genones Wirgubdted 9t 370Cax 5% ¥AedONuAteha Merlayd! was BELOEY%Feoktiuent,

Co- suppr essi on of 1‘%{;0& nase in Miurine Type Bl6 cells in vitro B16 cells

wer e der i gpicalho hbn2d ihneSubsetnent p(oCEODraRveda 28) desrdbgd above 1 Bxeaptadher ent
monol ayer g, LN RPM 1640 suppl nt.ed wi % v/iv FBS. Since these cells
are deri vzhatf ?Eﬁl%Pé’ﬁ%‘.@nggpgtgﬁ&[ﬁhmﬁméﬁl‘BQﬁl’r@@s‘:"r‘?@}?ﬁ%ﬁf ﬁ‘&g"g éHB contain
mel ani n pisygRAF Cd2 for a4l dndicida RS 16 gggg total
RNA fromcultured nmurine Ble rrgﬁanor?]a%@g s%ﬁ@%ﬁ%@?g? %@r"gm this
and a r egiwgresfiondrban G6ralpnesestably dsinshsenegbwith @MV MERIBIGI2FORT asdng t he
@' TR 37 clones stably transformed with pCMV.TYR.TYR were selected for
' subsequent analyses. When expression of the endogenous tyrosinase gene is
reduced, melanin production in the B16 cells is also reduced. B16 celis that
would normally appear to contain a dark brown pigment will now appear lightly

- pigmented or unpigmented.

15 © To monitor visually melanin content of transformed B16 cell lines, cells were
trypsinized and transferred to media containing FBS to inhibit trypsin activity.
Cells were then counted with a haemocytometer and 2 x 106 cells transferred
to a microfuge tube. Cells were collected by centrifugation at 2,500 rpm for 3
mins at room temperature and pellets examined visually. As can be seen from

) 20 the results photographed in Annexure MWGS5, five of the cloned cell lines
transformed with pCMV.TYR.BGE2.RYT, namely B16 2 1.11, B16 3.1.4, B18
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




TYR-F: GIT TCC AGA TCT CTG ATG GC And 103 TYR-R AGT CCA CTC TGG ATC CTA
GG The resultant fragnent was cloned into pCR (registered tradenark)
2.1-TOPO according to the supplier's instructions (Invitrogen) to make
plasmd TOPO TYR Plasmd pCW.TYR BG 2. RYT was constructed with an
inverted 5 repeat, or palindrome, of a4 gion of the nurine tyrosinase gene
that is interrupted by. the insertion of the sanme human (3-globin intron 2

(BG 2) sdiymesliis defectadieylaaipecific Sthintty groe6iivteTiiBt BsavdridYhelisn &past ruct ed
I n successive St %él e _human BG 2 sequences were cloned into the

pol yl i nkefgf%%'ﬁh:ﬁﬂ 92"'(@5'& T MS@fﬁtfti@ng@ﬁﬂT%@f@npmtmmn(alat)edt he TYR
lo sequen Sih S tation
as a ggl I F"ﬁ%{mﬂé r e{gl#rae-CF y &%Qt?fjl eg)fqﬁg MWE&&?‘ cﬁellﬁ@h{?m asm d
pCW. TYR. Bghén BAtdcdlsi wéretétamﬁhﬁvmmmab@vé pmmeah@ mhélaniRiad ¥bvivas

sub-cl gned in the ans[n(sense orlentatlon as a Bglll-to-BanmH fragnment into

BarH - di g3 {RFLFElS: WroBERS. fRwverkell Spﬁ@éﬂﬁcﬁf%mﬁ{aFVR’rBtbeztfRWmm@d Pl asni d
PCW. TYR. TiXBs s SQNf risid 8th pi kaﬁas qj'! %t1 6@996%, E?IfGC%/b% eyl gF‘WrOS' nase

cDNA sequence, expression of whic iven'b Plasm d
pCW. TYR. TiYR B4§ Toothyt 2 & aed B16 d1yoT|ym@ Tt Imeniﬂ:{t%nt sgithuthec eeduceh grogsm d

TOPO. TYR as |l .fragne i nto BanH - digested pCW. TYR (itself
const r uct é)épr%B%i'BHlO&P&ef‘%éj \P&eéﬁ@g “from 20 plasnid TOPO TYR as a

BanH -to-Bgl Il fragment into BanH -digested pCW.cass and selecting

pl asm ds con ntai ning the TYR sequence in a sense orientation relative to

the CW prdfRBA5e ARRfeSEICBCH, tgnferaad ellc bsavaslso iarsessed pilising
(Sgquenge itfro8in2@B éh A BE8AYLWhefd Md YOPR XiGaddMctiRtyPIPLEN extracts

was determined. This assay uses Besthorn's hydrazone (3-methyl-2-
:benzothiazolinonehydrazone hydrochloride, MBTH) to trap dopaquinone
formed by the oxidation of L-dopa and rate of production of the pink pigment
can be used as a quantitative measure of enzyme levels (Winder and Harris

15 1991, European Journal of Biochemistry, 198: 317-326; Dutkiewicz, et al.,
2000, Experimental Eye Research, 70: 563-569).

B16 cells and transformed B16 cell lines were plated into individual wells of a
96-well plate in triplicate. Constant numbers of cells (25,000) were transferred
into individual wells and were incubated overnight in RPMiI 1640
\ ) 20  supplemented with 10% v/v FBS at 3700C in 5% v/iv CO,. Tyrosinase assays
were performed (as described below) after either 24 or 48 hr incubation.
Individual wells were washed with 200 ul 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 pl freshly-prepared assay
buffer (6.3mM MBTH, 1.1mM L-dopa, 4% v/v N,N’-dimethylformamide in
48mM sodium phosphate buffer (pH 7.1)) to each well. Colour formation was
30  monitored at 505 nm in a Tecan plate reader and data collected using X/Scan




25 The tyrosinase silencing phenotype was detected by assaying for
reduction of nelanin pignentation followi ng insertion of the genetic
constructs pCW. TYR Bd 2. RYT or pCW. TYR TYR into nurine nel anoma B16
cells. Tyrosinase is the major enzyme controlling pigmentation in mamals.
If the gene is inactivated, nelanin WI| no | onger be produced by the

pi gnrented B16 104 nel anona cells. Thi s essentially the sanme process
that occurSofiwaral blté@:hn@@lvvalestal@rnara%f(%rr&éwﬂﬁmew'ﬁ{t@n@% [ PEadtiong- el |
tissue culture vessels. Individual wells were seeded with 1 x 105 cells in
2 nl of RPWNIlEad atlovern/ terﬂwaan'a sypinalhb280. ddata7®@era Bvalyged @od unti |

th | 6 OfV | 6-24 h Sub t
e codur o fisinERE Ay cefidated 5 ary ¥R eonis emoeécptl formatieh Psubat ed
with the [N8ali BRI 6 @mequ afl 32Chiin R%béu ggcfaﬂfuzéfeé he @Bly.

| ndi vi dual colonies of stably transfected BI were cloned and 36

cl ones 5st d&yeyage ahehoyme dctivities EEVMVeESRraRIC? tﬁthrtplmtd@aBﬁ)Ies dhesiltst abl y

t ransf or CW. TYR TYR were se| ecte nt_anal yses. Wen
expr essi oo thied SXBUERBIR org hemAsbEyE R, Afbexie e, micks I8

product i omhowédhﬁa%ﬁogﬁéééehéyrﬁéSa@tmﬂ%g%d@é&i relires t?é}?éfom\i\é%vﬁhnor mal |y

appear to contain adar r own ment” w now appear li1ghtly pignented

or unpi gnéh@@QNSt:[@tSP@WH'\‘beBGFj?g%\éTIayldrﬁaiIMHLWRd'hf%nt of transformed B16
cell lines, cells were trypsinized and transferred to medi a contai ni ng FBS
to inhibit trypsin activity. Cells were then counted with a haenocytoneter
and 2 X 1(3'616@@Ia9§awmﬁ‘ﬁfﬂfe@djovwﬂ]aaeaclcoﬁthﬁgplasum pCMV . FYRGEPCRYTect ed by

(eaam rea e Bemy PRREYR e e BnalierPomiu et beg el rulicb,Sbkive: o °
Annexur e W&ﬁt:caﬁ ity & eruél’ﬁ%lcﬂaﬁggtﬂdg&fé |t¥dsﬂ%se tdfaéﬁfa%ﬁﬁﬂcéﬂ t<5*r)erably

pCW. TYR Bd 2. nanel y Bl16 1.11
. linked W|th a promoter) represses expression of that farget 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.

O




3.1.15, B16 4.12.2 and B16 4.12.3, were considerably paler. than the B16
controls. Five clones transfornmed with pCW. TYR TYR (B16+TyrTyr 1.1,

B16+Tyr Tyr 2.9, B16+TyrTyr 3.7, Bl6+TyrTyr 3.13 and Bl16+TyrTyr 4.4) were
25 al so significantly paler than the B16 controls. Another assay for

measuring target gene (tyrosinase) repr lon was as follows. Specific
di agnosi s for the presence of cellular | anin can be achieved using a
nodi fi ed FABDEI7 s nel anin staining (Koss 1979 Di agnostic Cytol ogy. Ed.
J.P. Lippincott). Using this nethod, the presence of nelanin in 105 the

cell is detected by a specific staining procedure that converts nelanin to
a  gr corfis it A hah . - in
correl at for
all cell ,

nel ani n | for
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utilising
cel |l ext

DOPA oxi dase activitly of
sthorn's BYyd azone

( 3- met hyl—- iride MBTH) to trap
dopaqui &S 2ﬂo‘r1ﬁur BﬁIZ Iﬁ)éT)om dat i orD. 6001 dopa and rat e of5 ﬁroduct i on of
_it henglep_l‘ s 'o'= |(§y'1§Gi§9!1T) uo_pa “ 58658 1 31(73[:8326,
cel Ik!seglr Eﬂﬁrgﬂsﬁgﬂ%@%n ﬁpei: | Cma@ﬂ E;I atb;a | nt o [ nd|9v9dul wel |i60f a
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




96-wel |l plate in triplicate. Constant nunbers of cells (25,000) were
transferred into individual wells and were incubated overnight in RPM
1640 20 supplenmented with 10% v/v FBS at 370C in 5% v/v CQ2. Tyrosinase
assays were perforned (as described below) after either 24 or 48 hr
i ncubation. Individual wells were wash@g with 200 pl PBS and 20 pl of 0.5%
viv Triton X- 100 in 50nmM sodi um phosphate buffer (pH 6.9) was added to
each wel | TABLE 8 | ysis and sol ubilisation was achieved by freeze-thaw ng
plates at -70C for 30 25 mn, followed by incubating at roomtenperature
for 25 mn and 37C for 5 mn. Tyrosinase activity was assayed by adding
190 pl
N, N - di
wel | .
and dat
const an
typi cal
early t
and 12 6 Results were caljcul at ed gez2ofhhe 5 avefage of erngpne activijties
as neasfyred for . the triplicate sapples. Results {fromthese experinents are
'shown b¢BAW Tyr 28nexure MAGH. These ®8036 showed{that tyrd¢8i2nase enzyne
activity—was reduced in lings transformed with he caonstructs
pCW. TYRBAG BYF¥G and pCW. TYR TYR (Ifie$2 assays|t herefor&.Bhow t hat [each
of the Pplasmds—pOMLTYR-GER-RYT 10 and-pCMLTYR TYR is a_%ren.e,t_u:;
nstru¢B1 @vﬂ:ﬂ(ﬁimas a nucl doti de squQ@%e |dent cal to alé&ructural [target
\ggne t yrostrnase,—of—an—antal—eeH—operably—-rked—wth—aproenpter) -
represses expression of that target gene, the endogenous nouse tyrosinase
gene, when it is expressed in an aninmal cell

— ~

These data showed that tyrosinase enzyme activity was reduced in fines
transformed with the constructs pCMV.TYR.BGI2.RYT, pCMV.TYR and
5 pCMV.TYR.TYR

4.  Southern analysis

Individual transgenic B16 cell lines were analyzed by Southern blot analysis to
confirm integration of the transgene, according to the protocol set forth in
Example 1.

10 EXAMPLE 12
Co-suppression of HER-2 in MDA-MB-468 cells in vitro

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmembrane
receptor tyrosine kinase that is cbnstitutively activated at low levels and
displays potent oncogenic activity when over-expressed. HER-2 protein over-
15 expression occurs in about 30% of invasive human breast cancers. The
biological function of HER-2 is not well understood. It shares a common

structural organisation with other members of the epidermal growth factor




15 Results fromthese. experinents are shown below in Tables 7 and 8. 107
TABLE7 B16 10.0123 B16 2.1.6 (Tyr.BGL2.ryT) 10.0108 B16 2.1.11
(Tyr.BGLl2.ryT) 10.0007 B16 3.1.4 (Tyr.BGL2.ryT) 10.0033 B16
3.1.15(Tyr.BGL2.ryT) 10.0011 B16 4.12.2(Tyr.BGl2.ryT) 10.0013

B164. 12. 3( Tyr. BG12.ryT) 10.0011 B16 Tyr,Ryr 1.1 10.0043 Bl 6 Tyr Tyr 2.9
10. 0042 Bl 6 Tyr Tyr 371000871008? 5.7 26.8 8.9 10.6 8.9 34 34,1

70.7 108 TéBktoB famw@rﬁamysbm@@awmﬁ éimnéasSt@ﬁﬁ?trﬁﬁé&tﬁ@noﬁcfgtﬁ%was

reduced in lines transformed with the constructs pCw

pCW. TYR d9RMing to changes in cytoskeleton reorganisation, cell motility, protease
expression and cell adhesion. Over-expression of HER-2 in breast cancer
cells leads to increased tumorigenicity, invasiveness and metastatic potential

5 (Slamon, Clark et al. 1987).
1. Culturing of cell lines

Human MDA-MB-468 cells were cultured in RPMI 1640 supplemented with‘
_ 10% viv FBS. Cells were passaged twice a week by treating with trypsin to
f) | release cells and transferring a proportion of the culture. to fresh medium, as
10 described in Example 1.

2. Preparation of genetic constructs
(a)  Interim Plasmid
Plasmid TOPO.HER-2

A region of the human HER-2 gene was amplified by PCR using human cDNA
15 as atemplate. The cDNA was prepared from total RNA isolated from a human
breast tumour line, SK-BR-3. Total RNA was purified as described in Example

) 8. Human HER-2 sequences were amplified using the primers:-
H1: CTC GAG AAG TGT GCA CCG GCA CAG ACA TG [SEQ ID
NO:23]
20 and
H3: GTC GAC TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID
NO:24].

The amplification product was cloned into pCR (registered trademark) 2.1-




5 pCW. TYR. TYR 4. Sout hern anal ysis Individual transgenic B16 cell |ines
were anal yzed by Southern blot analysis to confirmintegration of the
transgene, according to the protocol set forth in Exanple 1. 1o EXAMPLE 12
Co- suppression of HER- 2 in MDA-MB-468 cells in vitro HER- 2 (al so desi gnat ed
neu and erbB-2) encodes a 185 kDa tran %nbrane receptor tyrosine kinase
that is constitutively activated at |ow I"evel s and di spl ays potent

oncogeni ¢ TOPOMblcrestecthe dvermedintesiond. TOHEB HERLRt ei n over 15 expression
occurs in about 30% of invasive human breast cancers. The bi ol ogical

function of HER-2 is not well understood. It shares a common structural

or gani sat ifgh W tdst PyAghigmenbers of the epidermal growth factor 109

receptor famly and nay participate in simlar signal transduction pathways
| eadi ng to changes in cytoskel eton reorgani sation, cell notility, protease

expr essi orpmgﬁ,ig?dnnqq.lrﬁﬁhm|ﬂﬁmlexpressi on of HER-2 in breast cancer
cells leads to 1 ncreased tunorigenicity, invasiveness and netastatic

potential 5 (Slanon, Clark et al. 1987). 1. Culturing of cell lines Human

Loy} B, AOPIEICE pERAE LR BERE JREN el B {IBETFORER 8f hdinalitiey v FBS

Cell s were passa tW ce a wee reating w se cells
and tr ansfafrtne hifERy2oooiing tagion tHat tidiintemhptetiebyt hefinestionef itherhuman flo

described in Exanple 1. 2. Preparation of genetic constructs (a) Interim
Pl asnid PIgRRindntrepc HBRI2) sequence therein. Plasmid pCMV.HER2.BGI2.2REH
- was constructed in successive stéps: (i) the HER-2 sequence from plasmid
Q TOPO.HERZ2 was sub-cloned in the sense orientation as a Sall/Xhol fragment
into  Sall-digested pCMV.BGl2.cass (Example 6) to make plasmid
10  pCMV.HER2.BGI2, and (ii) the HER2 sequence from plasmid TOPO.HER2
was sub-cloned in the antisense orientation as a Sall/Xhol fragment into Xhol-

digested pCMV.HER2.BGI2 to make plasmid pCMV.HER2.BGI2.2REH.
3. Determination of onset of co-suppression
(a)  Transfection of HER-2 constructs

15 Transformations were performed in 6-well tissue culture vessels. Individual

- wells were seeded with 4 x 10° MDA-MB-468 cells in 2 ml of RPMI 1640

L) medium, 10% viv 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% v/v CO3 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-




A region of the human HER-2 gene was anplified by PCR using hunman cDNA 15
as a tenplate. The cDNA was prepared fromtotal RNA isolated froma human
breast tunour line, SK-BR-3. Total RNA was purified as described in Exanple
8. Human HER-2 sequences were anplified using the primers: H: CTC GAG AAG
TGT GCA CCG GCA CAG ACA TG [SEQ D No1qq] 20 and H3: GIC GAC TGI GIT CCA
TCC TCT GCT GIC AC [SEQ ID NO 24]. The anplification product was cl oned

into pCR (sekgited eloads detidednfrol) thls tell ifle WERP@4ted Byarinturidiitiorddcenpedi at e
cl one TOPO. HgRér@ ')QBTeS Plasm d Pl asm d pCw. HE B3 2. 2REH Pl asm d
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HER- 2 di 3
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O 10 'Several MDA-MB-468 cell lines transformed with pCMV HER2.BGI2.2REH
were found to have reduced immunofluorescence, examples of which are
illustrated in Figure 73.

(c)  FACS analysis to define cell lines showing reduced expression of Her-
2

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 pl cell dissogiation solution (Sigma C 5789)

according to the supplier's instructions (Sigma). Cells were transferred to

) medium in a microcentrifuge tube and collected by centifugation at 2,500 rpm
20 for 3 min. The supernatant was removed and cells resuspended in 1 ml 1 x
PBS.

For fixation, cells were collected by centrifugation as above and suspended in
50 pl PBA (1 x PBS, 0.1 % w/v BSA fraction V (Trace) and 0.1 % wi/v sodium
azide) followed by the addition of 250 pl of 4 % wi/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




medi um 10% v/v FBS and incubated at 37Cin 5%v/v CO2 until the nonol ayer
was 60-90% confluent, typically 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 37Cin 5%v/v CO2 for 3-4 hr
only. Thirty-six transforned cell i nez ?ere isolated for subsequent

anal ysis. (b) Post-transcriptional sil A ing of HER-2 in NDA-MB-468 cells
VDA- MB- 468uspbhdedined0 gKPBAS$ %R, RB8uhdiheShatedtdta gape10 migeneticin 111
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mediumin a mcrocentrifuge tube and collected by centifugation at 2,500
rpom20 for 3 mn. The supernatant was renoved and cells resuspended in 1 m
| x PBS. For fixation, cells were collected by centrifugati on as above and
suspended in 50 pi PBA (1 x PBS, 0.1 %wv BSA fraction V (Trace) and 0.1
% w v sodium azide) foll owed by the aqqétion of 250 pi of 4 %wyv
par af or mal dehyde in 1 x 25 PBS. and incubated at 4C for 10 mn. To

per meabi | iITABKEMI0Os, cells were collected by centrifugation at 10,000 rpm
for 30 sec, the supernatant renoved and cells suspended in 50 pl 0.25 %

w v saponin (Sigma S 4521) in PBA and incubated at 4C for 10 mn

cells, ce

t he super

and incub

per meabi |

1/ 100 di |

at 1/100
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llo?gts[]l ?ts é an%fl yses of all cell | ﬂEnEe%'EQrg gg‘;rgi Iﬂgﬁﬂnt Oazrg‘l' ili:;'i 513 riBZé-

10 MDA- VBt ffSa GABI4B8I 1 40- 074724 {§57s- VB 468 fd5'6t.17)‘ ; 2137.1214‘2]4% 68417. 57

(:) 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 79148
MDA-MB-468 1.8 1173.92 938.72 1124.04
‘MDA-MB—468 1.10 701.24 601.84 7 604.30
MDA-MB-468 1.11 1103.18 980.10 1064.99
MDA-MB-468 1.12 817.39 666.61 710.50
MDA-MB-468 2.5 | 966.72 862.76 905.80

) MDA-MB-468 2.6 752.70 633.49 649.38
MDA-MB-468 2.7 842.00 677.15 716.92
MDA-MB-468 2.8 986.05 792.13 881.68
MDA-MB-468 2.9 802.36 686.06 716.92
MDA-MB-468 2.10 1061.79 944 .49 1009.04
MDA-MB-468 2.12 931.63 790.81 82047
MDA-MB-468 2.13 894 .47 792.46 827.88
MDA-MB-468 2.15 10562.87 946.79 1009.04
MDA-MB-468 3.1 1049.88 931.96 991.05




MDA- MB- 4681224. 901086. 471175. 74 MDA- MB-468 1.11167. 941056. 171124. 04
VDA- MB- 468 1.4781. 72664. 67673. 17 NDA- MB-468 1.5828. 34673. 82710. 50
VDA- MB- 468 1. 6925. 16807. 09850. 53 NMDA- MB-468 1. 7870. 81749. 27791. 48
MDA- MB- 468 1.81173.92938. 721124. 04 MDA- MB-468 1. 10701. 24601. 84604. 30
MDA- MB- 468 1.111103. 18980. 101064. 99 IVIE)/Q',IEP-
. 80 NDA- MB-468

468 1.12817.3

9666. 61710. 50

05 114

VDA- MB- 46
VDA- MB- 46

MDA- MB- 468 2. 5966. 72862. 76905 2.6752. 70633. 49649. 38
MDA- VB- 46§ MDD AMB-45363.2. 15716] 92 VRB7\Ry 269 2. SHIH §5 792 T38RI 68

VDA- MB- 468 2. 9802. 36686. 06716] 92 NMDA- MB- 468 2. 101061. 79944. 491009. 04

VDA- MB- 468 MDAIMBUER3TA0. 8182D. 47 UBA-0M- 468 2. 1685095 47792. 4683988

MDA- MB- 468 2. 151052, 87946. 791009. 04 NMDA- MB{468 3.1 11049. 88931. 96991.
B MDASOB-45838.5. 43842] 91 NDE2NB 468 3. 49R30.63858. 95018087

3.51072.00930. 17982, 17 NDA- MB- 468 3.71098.95993. 261036. 63

VDA- MB- 468 MDAIMBIGE63.526. 311074, 609895 VB{468 PIB24. 73729. BIBHR3 51
MDA-MB-468 3.8 1133.86 1026.31 1074.61
MDA-MB-468 3.9 831.73 729.32 763.51
MDA-MB-468 3.12 1120.82 998.67 1064.99
MDA-MB-468 3.13 1039.41 963.71 1036.63
MDA-MB-468 4.5 770.93 681.01 697.83
MDA-MB-468 4.7 838.16 752.74 784.39
MDA-MB-468 4.8 860.76 769.51 813.12
MDA-MB-468 4.10 1016.21 904.69 047 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 antibody.

“‘MDA-MB-468 control.2” is MDA-MB-468 cells stained with irrelevant primary

antibody MART-1 and the Alexa Fluor 488 secondary antibody.

All other cells, as described, were stained with Anti-erbB2 primary antibody

and Alexa Fluor 488 secondary antibody.

These data show

that

MDA-MB-468

cells

transformed

with

pPCMV.HER2.BGI2.2REH have significantly reduced expression of HER-2




MDA- MB- 468 3.121120. 82998. 671064. 99 NMDA- MB- 468 3. 131039. 41963. 711036. 63
VDA- MB- 468 4. 5770. 93681. 01697. 83 NMDA- MB-468 4. 7838. 16752. 74784. 39

VDA- MB- 468 4. 8860. 76769. 51813. 12 M DA-M B-468 4. 101016. 21904. 69947. 46
MDA- MB- 468 4.11870. 10776. 73813. 12 MDA- MB-468 4. 12986. 93857. 20913. 98
MDA- MB- 468 4. 13790. 41712. 25743. 18 NMDA- 68 4.14942. 36842. 34873. 79
VDA- MB- 468 4. 16771. 81677. 69697. 83 "NDA- MB-468 control. 1" is MDA- MB-468

cell's w thwoteirst ai ning - neither "primary nor secondary anti body.

" VDA- MB- 468 control . 2" is MDA-MB-468 cells stained with irrelevant primry
5 anti body MART-1 and the Al exa Fluor 488 secondary anti body. All other
cell's, as 4lescrSqeeriimalygigi ned with Anti-erbB2 prinary antibody and

Al exa Fluor 488 secondary anti body. These data show t hat NMDA- MB-468 cells
transforned with pCW. HER2. BG12. 2REH have significantly reduced expression

of HER-2 JAGivial @afsgénicIAUHABTEcaNfh §%r§%d¥%@ﬁ?$@uﬁﬁ@ﬁf‘ﬂotwbw 313
cell lines were analyzed by Southern blot to confirntintegration of the
t r ansgene,coadoorioteggation ofdherisansgenes etccouting tontheSpittacyd| set foRh Mést ern

bl ot a al¥$%ﬁw§§Hected cl ones and control MDA-MB-468 cells were grown
over ni ght

5. Western blot analysis

Selected clones and control MDA-MB-468 cells were grown overnight to near-

N

confluence on 100 mm TC plates (107 cells). Cells in plates were first washed

with buffer containing phosphatase inhibitors (50mM Tris-HC!, pH 6.8, 1TmM
10 NasP207, 10mM NaF, 20uM Na;MoO4, 1mM NasVOy), and then scraped from

the plate in 600 pl of lysis buffer (50mM Tris-HCI, pH 6.8, 1mM NasP,07,

10mM NaF, 20uM NaMoOs, 1mM NazVOy, 2% wiv SDS) which had been

heated to 100°C. Suspensions were incubated in sCrew—capped tubes at

100°C for 15 min. Tubes with lysed cells were centrifuged at 13,000 rpm for
15 10 min and supernatant exiracts 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 i of 4x
20  loading buffer (50mM Tris-HCI, pH 6.8, 2% wiv SDS, 40% v/v glycerol,
bromophenol blue and 400mM dithiothreitol added before use), heated to
100°C for 5 min, cooled then loaded into wells before the gel was run in the
cold room at 120V until protein samples entered the separating gel, then at
240V. Separated proteins were transferred to Hybond-ECL nitrocellulose
25 membranes (Amersham) using an electroblotter (Bio-Rad), according to the

supplier’s instructions.

Membranes were rinsed in TBST buffer (10mM Tris-HCI, pH 8.0, 150mM




confluence - on 100 mm TC plates (107 cells). Cells in plates were first
washed w th buffer containing phosphatase inhibitors (50nM Tris-HC, pH
6.8, 1mM 10 Na4P207, 10nM NaF, 20pM Na2MbO4, 1nmM Na3VO4), and then scraped
from the plate in 600 pl of lysis buffer (50mMM Tris-HCI, pH 6.8, 1nM
Na4P20O7, 10mM NaF, 20pM Na2MoO™4, 1 mv|1|>,1%3v04, 2% w v SDS) which had been
heated to 100C. Suspensions were incubated in screw capped tubes at 100C

for 15 m MNaGlubdb%ivishTiveea®()ehdis biwkeddr at dish Uy TBST witB. DA/ rIrhor 15
10 m n and ﬁ?ugg';"aat amﬁ extracts were renoved and stored at -20C. SDS- PAGE
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5% w v skim milk powder plus phosphatase iInhibitors , 10mM
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Gt ai ni ngrdshett e hes Sormy Lo ST 2 s W77 AR pogat BLS
( Tr ansductphosphatase inhibitors.
The presence of HER-2 protein Was 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
) cells in vitro

20 1. Culturing of cell lines

B10.2 cells (Immunex) derived from murine fibrosarcoma and Pam 212 cells
(Auckland Medical School) derived from sponstaneously transformed murine
epidermal keratinocytes were grown as adherent monolayers in cDMEM
(DMEM  with  0.77mM  asparagine, 160uM penicilin G, 70uM

25  dihydrostreptomycin sulfate) supplemented with 5% v/v FBS (B10.2) or 5%
viv equine serum (Pam 212), as described in Example 1, above.




Laboratories, NeoMarkers) diluted 1:4000. Menbranes were washed three

times for 10 mn in TBST with 2.5% w v skimm |k powlder plus phosphatase

i nhi bitors. Menbranes were incubated in a srmall volume in TBST with 2.5%

w v skimm |k powder plus phosphatase inhibitors containing the horseradish
1o peroxi dase-conjugated secondary antijRedy diluted 1:1000. Menbranes were
washed three tines for 10 mn in TBST with 2.5% w v skimm |k powder plus
phosphat as® i nifrepanation ofigepetic cwastrictslER- 2 protei n was det ected using
the ECL | um nol -based system (Anersham, according to manufacturer's
instructions. Several cell 15 lines transforned with pCwW. HER2. BGL2. 2REH
showed gr da} | y Infedineplisotids no det ect abl e HER-2 protein. EXAMPLE13

Co- suppression of YB-1 and p53 in Mirine Type B10.2 and Pam 212 «cells in
vitro 20 1. Culturing of cell lines 810.2 cells (Inmunex) derived from

muri ne fi lRiasmid POPEYBHAam 212 cells (Auckl and Medi cal School) derived
from sponst aneously transformed nurine epidernmal keratinocytes were grown
as adherent nonol ayers in cDVEM (DMVEM with 0.77mM aspar agi ne, 160pM

peni ci | I i mMGamilibMa2 eedlbh e RYE. ) Bdywhth 5% v/ v
FBS (810.2) or ﬁgw v/ v@equﬁggsg?ﬂ}m (Pammz%%éj’agf " egg% @e‘%ﬁﬁlﬁ %xﬂgérpl e 1,
above. 511 onfainipge pamadiissn 98- 1gat¥iAc (ehtaiedudtan ( BenesiseResepras nk ds

ol aem o ciospeonedy CBRiraloh, hiatdan baRARRER el iR el RaER.” ©

Resear ch &amplification using the primers:-

O Y1:

NO:25]

AGA TCT GCA GCA GAC CGT AAC CAT TAT AGG [SEQ ID

i0 and

Y4 GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [SEQ ID
NO: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 TOPO.p53

To amplify a region of the mouse p53 gene, 25 ng of a plasmid clone




Devel opnent Corporation, Auckland NZ) was used as a substrate for PCR
anplification using the priners: Y1. AGA TCT GCA GCA GAC CGI AAC CAT TAT
AGG [SEQ ID NO 25] 10 and Y4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [ SEQ
ID NGO 26]. The PCR anplification was perfornmed using HotStar Tag DNA

pol ymerase according to the supplier’ Sy 4@y ot ocol (Q agen). PCR
anplification conditions 15 involved an initial activation step at 95C for
15 nin, f contairidgbya IMouseppb8i cBNON(ahtgihes fonP4Gehesis3ResearchSs for 30
sec and 7 Cf?r 60 sec, w.th a final elongation step at 72C for_ 4 mn. The
PCR- anpl i fR¢'IIGeEHCarporatian.ayckiandinNZpwass user epcrspbsiratecier iRGR col umm,
Q agen) a : At -nﬁ)&g_(regi stered trademark) 2.1-TOPO 20

(I'nvit rog?ﬁ?ﬁlgﬁggﬁapﬁgﬁt%atpﬁ‘e supplier's instructions, to make plasmd
TOPO YB-1. Plasmd TOPO. p53 To anplify a region of the nouse p53 gene, 25

Gonosi o Ricearch & "ol Bbrant Ea1 o B Ak Acked CABTGIBER IR T
substrate NOR7PCR anplification using the priners: P2: AGA TCT AGA TAT CCT
GCC ATC ACC TCA CTG[SEQ ID 5 NO 27] and P4: GGA TCC CAG GCC CCA CTT TCT

TGA CCA TTG [SEQ ID NO 28].

and

P4: GGA TCC CAG GCC CCA CTT TCT TGA CCA TTG [SEQ ID
& NO:28].
O |

The PCR amplification was performed using HotStarTag DNA polymerase
10 according to the supplier's protocol (Qiagen). PCR amplification conditions
involved an initial activation step at 95°C for 15 min, followed by 35
amplification cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60, sec,

with a final elongation step at 72°C for 4 min.

The PCR-amplified region of p53 was column-purified (PCR purification
15 column, Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO

(Invitrogen) according to the manufacturer's instructions, to make plasmid
) TOPO.p53.

Plasmid TOPO.YB1.p53

To create a construct fusing YB-1 and p53 cDNA sequences, the murine YB-1

20 sequence from TOPO.YB-1 was isolated as a Bgfll-to-BamH| 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.




The PCR anplification was perforned using HotStar Tag DNA pol ynerase 10
according to the supplier's protocol (Q agen). PCR anplification conditions
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 mn. The PCR-anplified region of
p53 was col um-purified (PCR purification 15 colum, Q agen) and then

cl oned i ntfb) pCRest plgisatids ed tradenmark) 2. 1-TOPO (I nvitrogen) according to
the manufacturer's instructions, to nake plasmd TOPO p53. Plasnid

TOPO. YB1. p53 To create a construct fusing YB-1 and p53 cDNA sequences, the
muri ne YBPlasiid pEMNEYBL.BGIZMTBYO. YB-1 was isolated as a Bglll-to-BanH
fragnment and cloned into the BanH site of TOPO p53. A clone in which the
YB-1 insert was oriented in the sane sense as the p53 sequence was

sel ect ed Mmﬂegmw BOPERL |§5§‘apabie9 dfOradSstbiny aé%@%npbﬁ $hHed

pCW. YBI . BA 2 Y 0 Plasm d pCW. YBI . BGL2. 1BY Is capabl e of transcribing a
regi on of Mine ¥Br1 gengmsiagdnnertes wpeaﬁ\mm%ddmp@ahatds ipt@iriuptecbbye that is

Pl asn B S VBB IEED R ¢ JBERY | sBtkade o %r%&mﬁpép%’h‘?%' the

YB-1  SCOUEMY.YBLBUM ABY thakRenkFudtet %d}&cééé?f\fdsﬂap 207 S B a2 to

orientation as a Bglll-to-BanmH fragment into Bg
meke pl as§eauen@ViroNsplasaicd TCRQ. ‘(B-ﬁ)wahéu‘ba;lmne@qummeerﬁsmmlpmiasond

TOPO. YB- i e | I,on as

Byl 11 -t o- B \gﬁp&&’ﬁ%@%@’ﬂ'ﬁ :?I%%Bﬂé}lt u%} B%?I '@§e iges Sed pdl\ﬁ\r)tBaéIQ 10 make plasmid

O pPCMV.YB1.BGI2, and (ii) the YB-1 sequence from plasmid TOPO.YB-1 was
10 sub-cloned in the antisense orientation as a Bgill-to-BamHI| 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 interrupted by the human p-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 Bgfll-to-BamH|

20 fragment into  Bglll-digested pCMV.BGI2 fo make plasmid
pCMV.YB1.p53.BGI2, and (i) the YB-1.p53 fusion sequence from plasmid
TOPO.YB1.p53 was sub-cloned in the antisense orientation as a Bglll-to-

BamHI fragment into BamHI-digested pCMV.YB1.p53.BGI2 to make plasmid
pCMV.YB1.p53.BGI2.35p.1BY (Figure 82).

25 3. Detection of co-suppression phenotypes

(a)  Post-transcriptional gene silencing of YB-1 by insertion of a region of

the YB-1 gene info murine fibrosarcoma B10.2 cells and murine




BanHl - di gested pCW. YB1. BG1l2 to nake plasm d pCW. YBI.BGl2. 1BY (Figure
81). Plasm d pCW. YBl. p53. B3 2. 35p. 1 BY Plasm d pCW. YB1. p53. BG12. 35p. 1BY
i s capabl e of expressing fused 15 regions of the murine YB-1 and p53 genes
as an inverted repeat or palindronme that is interrupted by the human
(3-globin intron 2 (B4 2) sequence themwg n. Plasmd

pCW. YBL. p53. BA 2. 35p. 1BY was constructed in successive steps: (i) the
YB- 1. p53 f usi orepide{tut keratinoeylsl Bami 21 2 dahiRO. YB1. p53 was sub-cloned in the
sense orientation as a Bg/ll-to-BanH 20 fragnent into Bglll-digested
pCW. BGL2 to make plasm d pCW. YB1. p53. BGl2, and (ii) the YB-i.p53 fusion
sequence f¥Brh Pl-hexi NARIRAbiling Factens! Jsigha ¢tapsedption fAtgorn =t IRRGE
orientatiap, as,.a B%l | -to- BamH fragnent into BapH -di gested )

pCOWV. YBL. JBiT 8440108 premotardeaion Ofg&wﬁﬁmw%@@ deipgrepesses re 82) .
253. Det ectdx@fe > QnSeHMe i I‘@gbq) - LDf | gene
silencing o Yﬁ?ﬁgg I nsgf??’(l)ﬁﬂ%% a r%%éfjﬁﬁ”é@) Eﬁ%b@éﬁpé{;hg%é}lﬂ%e%n ne

fi br os&r cdp@mB1F)% dfall humanl cancénsy, thatexpegssien whb58 ds ahdenthd eomtesh 212

Il's YB-. 5 RNA- bi ndi t 1) .i i pti fact t hat
binds, 1 a1 Puch Pt Rn 67 YT egpersinn tehults 33 ngeebestiaves ofo- doi ng
represses dmspromiﬁraﬁﬁséd?ﬁeqhénﬁéﬂiﬁlﬁbsﬁ?'Thé thiiftte EXPliASS B® I BhdnPr ot el n

at normal |evels 5 (sone 50% of a human cancers), e expression of p53
i s under t41@ athitwelsuchr tuymorigenicicdellt lirnas aiithi notrmainpb8 esprassiamr &hei on

mur i ne. celTPPERBaPRa GO ffr Rerpdbbiofioh Gr B R AR ek 1BER ) | nos.

fwit h nor mapoptssiexpr essi on. The expected phenotype for co-suppression of
-1 in these two cell lines is

Transformations with pCMV.YB1.BGI2.1BY were performed in 6-well tissue
culture vessels. Individual wells were seeded with 3.5 x 10* cells (810.2 or
‘Pam 212) in 3 ml of cDMEM, 5% v/v FBS (B10.2) or equine serum (Pam 212)
and incubated at 37°C in 5% v/v CO, for 24 hr prior to transfection.

15 The two mixes used to prepare transfection medium were:

‘Mix A: 1.5 pl of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pl of
OPTI-MEM | (registered trademark), incubated at room
,) temperature for 5 min;
Mix B: 1 pl (400 ng) of pCMV.YB1.BGI2.1BY DNA in 100 pl of OPTI-
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 cuiture was replaced with 800 pl of fresh medium

and 200 ul of transfection mix added. Cells were incubated at 37°C in 5% viv
25 COyfor 72 hr.




10 apoptosis. Transformations with pCW. YBI.BGl2. 1BY were performed in
6-well tissue culture vessels. Individual wells were seeded wth 3.5 x 104
cells (B10.2 or Pam212) in 3 m of cDVEM 5% v/v FBS (810.2) or equine
serum (Pam 212) and incubated at 37C in 5%v/v CO2 for 24 hr prior to
transfection. 15 The two mi xes used to qyepare transfection nmedi um were:
Mx A 1.5 pl_ of LIPOFECTAM NE 2000 (trademark) Reagent in 100 pi of

OPTI - MEM 1Dyplicgie paliwes of hatneelktypes (B 102t antl Bam 2tithwerertpamshecied. f or 5
mn; Mx B: | pl (400 ng) of pCW.YBI.BGl2.1 BY DNA in 100 pl of OPTI- 20
MEM | (registered trademark) nedium After prelimnary incubation, Mx A
was added Gelisvwerg suspendednivith urgpsin,n cabizifierbdatanto msuspendedtinrRBgor a

further 20, 1.0, di,um oyerlaying each _cell culture was replaced with 800

pl of fres%crgﬁé%m&/ﬁ? E%Br IS] 58&?‘?5‘%¥%’Bpﬁeoﬁ m x added. Cells were

I ncubated at 37Cin 5%v/v 25 CO2 for 72 hr. 121 Duplicate cul tures of
10, 2 and Pam 212) were transfected. Cells were suspended

both cell  types ( ) S

with t ryps!w"%? apdrisadt E@'EHUE{W@W Weis siefersained byskeypan: bluedstaining (3.8%)pr ot ocol
descri lged 4 b okl ; n%[gjg epermned by
trypanlgbl tf‘edms?g? ﬁlmr}g %'Oqg‘l%g ﬂj@egtr?g?%gt?ﬁﬁéﬁg | %g@fﬁ%ﬁegaﬁgs%éﬁ'aﬂe
haenocyt orfresentetiini&iguReddl.ts are presented in Figure 75. (b)
Post-transcriptional gene silencing of YB-1 and p53 by co-insertion of
regions of the YB-1 and p53 genes into nurine fibrosarcoma B10.2 cells and

nurine epi(bgr mdPostdramstripliytat geam Abdcigl bSYB-1 and p53 by co-insertion of
O regions of the YB-1 and p53 genes into murine fibrosarcoma B10.2
cells and murine epidermal keratinocyte Pam 212 cells

10 The data presented in Figure 75 show that cell death is increased in B10.2
and Pam 212 cells following insertion of a YB-1 construct designed to induce
co-suppression of YB-1, consistent with induction of co-suppression.

Simultaneous co-suppression of p53, which is responsible for initiating the

apoptotic response in these cells, would be expected to eliminate excess cell
15 death by apoptosis.

, Transformations with pCMV.YB1.p53.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% v/v CO, for 24 hr prior to transfection.

20  The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pl of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pt 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




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- suppressi on. Sinultaneous co-suppression of p53, which is responsible
for initiating the apoptotic responseqpn these cells, would be expected to
elimnate excess cell 15 death by apoptosis. Transformations with

pCW. YBL. p53. BGL2. 35 T-MEMragigterdcotrademark) @aediliin, ti ssue cul ture
vessels. Individual wells were seeded with 3.5 x 104 cells (B10.2 or Pam
212) in 3 mM of cDVEM 5% v/v FBS (B10.2) or equine serum (Pam 212) and

i ncubat ed Adter 3elimindiyo intubaiom, fix 24 was pdided tboMiX 813inec tHeo mixfiPe The two
m xes used %@a%gg?re transfe tign diumwere: Mx A 1.5 pl of

LI POFECTAWR o ?ﬁ@fﬂfﬁ auamirthel 2mihl of OPTI-MEM | (regi stered
trademar k) nmedium incubated at room tenperature for 5 mn; Mx B: 1 pl
(400 ng) ﬁ)e(faw YBl . p53. BG12. 35p. 1BY DNA in 100 pl of 122 OPri-MEM I
(register W Rvararing-Ra6h 6all aliuse wasdeplacad with $QQigkef fresh medium was

20 i > e R CE I et i LT B Bbre BRRAPIRE LR 380D or
fresh nediGa fob 7@rhd. 200 pi of transfection mix added. Cells were incubated

at 37Cin 5%v/v CQ2 for 72 hr. Cells were suspended with trypsin,
centrifuged and resuspended in PBS according to the protocol described in

Exanpl e '1CelisveesndudpaddedIvittnurypelrs sshtefudetieand tedusperddedan FEge
st ai ni ng égp%l? W(ljgé)othand counting in quadruplicate on a haenocytoneter

@I de. Re sridgtacobdesqibedda Fxample 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 info murine fibrosarcoma B10.2 cells and
murine epidermal keratinocyte Parn 212 cells |

Transformations with pCMV.EGFP were performed in 6-well tissue culture

15 vessels. Individual wells were seeded with 3.5 x 10* cells (B10.2 or Pam 212)

in 3 ml of cDMEM, 5% viv FBS (B10.2) or equine serum (Pam 212) and
) incubated at 37°C in 5% v/v CO; for 24 hr prior to transfection.

The two mixes used to prepare transfection medium were:-

Mix A: 1.5 pi of LIPOFECTAMINE 2000 (trademark) Reagent in 100 pi of
20 OPTI-MEM | (registered trademark) medium, incubated at room
temperature for 5 min;

Mix B: 1 pl (400 ng) of pPCMV.EGFP DNA in 100 pt of OPTI-MEM |
(registered trademark) medium.




(c) Control: Insertion of EGFP into nurine fibrosarconma 810.2 cells and
muri ne epidermal keratinocyte Pam 212 cells Transformations with pCwW. EGFP
were perforned in 6-well tissue culture 15 vessels. Individual wells were
seeded with 3.5 x 104 cells (B10.2 or Pam 212) in 3 m of cDVEM 5% v/v FBS
(B10.2) or equine serum (Pam 212) and 4acubated at 37C in 5%v/v CO2 for
24 hr prior to transfection. The two m xes used to prepare transfection :
medi um weAdter Npreliinary Sinpubation, i MOFECTVEY NEd2000 Mix Blemar ke Reiagest in 100

pl of 20.C0PTl- | (regi stered trademark). nedium incubated at room

t enper atuﬂ%@@#‘g@%ﬁﬁnfﬁ%%ﬁw@ﬁpf@i@'@h@r O g¥npCMV. EGFP DNA i n 100 pl of
OPTI-MEM |  (registered trademark) nmedium 123 After prelimnary

i ncubatio X A was, added to Mx B and the m xture incubated at room

t enper at unr“@ed\‘ﬂ'ém Qvariavingesaciocell Hiture avasnieplasedyith §0@ akaf fresh mediunar e was

Gah1 & wer STHREEL B srlor A LGN, COf R, Boubledd ARLRTR GBI 20

suspentled G4 for72yprsi n, centrifuged and resuspended in PBS according to
t he protocol described in Exanple 1. Live and dead cell nunbers were
determ ned by trypan blue staining (0.2% and counting in quadruplicate on

a haenocyQaiist weres |sudpendies Witls taipein, leemtfiR@Rat 8Ad | reshbgstided’ h RS
Control: Attenyatjon of YB-|I phenotype by insertion of a decoy Y-box

ol i gonuc| &6EP'EHNG in Hherrrpfags! ﬂemrtk@&i?/!acﬁ?@amgﬁz cells and murine epidermal
keratinocyte Pare; 212 cells The role of YB-1 in repressing p53-initiated

apoptosis in B10.2 and Pam 212
f’) Live and dead cell numbers were determined by frypan blue staining (0.2%)

and counting in quadruplicate _oh a haemocytometer slide. Results are
10 -presented in Figure 75.

(d)  Control: Aftenuation 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 oligonucieotides; (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 CGT GAA TTT GGA TGC AGT TCC AGA C [SEQ ID
NO:29]

CTTGGACTT AAACCTACG TCAAGG TCT G




15 cells has been denonstrated by relieving the repression in tw ways: (i)
transfection with YB-1 antisense oligonucleotides; (ii) transfection with a
decoy oligonucl eotide that corresponds to the YB-1 cis el enent derived from
the fas silencer region (-1035 to -1008 of the 5'-flanking sequence of the
human fas gene). The latter. was used asjog positive control in the present
20 exanpl e. The doubl e-stranded ol i gonucl eoti des used were: YBl decoy: GAA
CCT GAA TTT GGA TGC AGT TCC AGA C [SEQ ID NG 29] CTT GGA CTT AAA CCT ACG
TCA AGG TCT G 124 YBI control: GCG GAT AAC AAT TTC ACA CAG G [ SEQ I D NG 30]
CGC CTA TTG TTA AAG TGT GIC C Transformations with YB1 decoy and a control

( non- speci¥YBtyontroly GG GATIAC AATWETE ACAT OAGEE [BRECRH WE:BOt i ssue cul ture
vessels. Individual wells were seeded with 3.5 x 104 cells (B10.2 or Pam
212) in 3 mM of cDVEM 5%v/v FBS (B10.2) or equine serum (Pam 212) and

i ncubated at 37C, S5@EC\CTAATROTTAAAAG TETIGTCI® transfection. The two

m xes used to prepare transfection nmediumwere: 1o Mx A: 1.5 pl of

Li pofectin (trademark) Reagent (Life Technologies) in 100 pl of OPT[-MEM I

(register adamsfadﬁamd@ WIR Y BMdelcBg Wt 8 bondrol (IRSHTs r 0 mn;
Mx B: 0.4 (40 pnol) of oli gongcl eot | o(I)e (Ygl de%gayﬁ‘?raggcg\nﬁfgagld?n 100

pl of @PTIWEWEMeIrfO( megms 2]l isssecerdiukg vassrlanindiviiual wells werkiseeded y

{ Bpor at oRi 15 R AFP 8 14,2 o oty 1% B At BB BT s OO
(tradenar KB10:2) pf eqainier sHruma®amh 24 2paad dicfbated at 37°C, 5% viv CO,, for 24
) hr prior to transfection.

The two mixes used to prepare transfection medium were:-

10 Mix A: 1.5 pl of Lipofectin (trademark) Reagent (Life Technologies) in
100 pl of OPTI-MEM | (registered trademark) medium, incubated
at room temperature for 30 min;

Mix B: 0.4 i (40 pmol) of oligonucleotide (YB1 decoy or control) in 100
ul of OPTI-MEM | (registered trademark) medium.

15 After preliminary incubation, Mix A was added to Mix B and the mixture
) ~ incubated at room temperature for a further 15 min.

A no-oligonucleotide (Lipofectin (trademark) only) control was also prepared.

Cells were washed in serum-free medium (OPT-MEM 1| (registered
trademark)) and transfection mix added. Cells were incubated at 37°C in 5%
20 vlv COy 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 protocoi described in Example 1.




Cells were washed in serumfree nedium (OPTi-MEM | (registered trademark))
and transfection m x added. Cells were incubated at 37Cin 5% 20 v/v CO2
for 4 hr, after which nmediumwas replaced with 1 m of cDVEM containing 5%
v/v serum and i ncubation continued overnight (18 hr). Cells were suspended
with trypsin, centrifuged and resuspendeg in PBS according to the protocol
described in Exanple 1. 125 To nonitor apoptosis, live and dead cell
nunber s werembsiter apopibsisy live wpdrdedd cell atmbernwgetd datdrmimst BpURpaAY i N
quadr upl i %zﬁesgn a hzlggpc)ytomst er  sljde. Results are presented 1n Figure
75. TABLE PMPSIIBNG (54<e) apd NepUntingeine gHedyplisateppana hagraogyiemeter

pl ant sspegjifé BNy, d | bl el mmuneResi st ant pART27. PVY191612
pPART27. pﬁﬁgﬁggﬁﬁmp/mz@? 5@%@3@?@%@? 27. PVYx421579 ‘

pART27. 35S. PVY. SCBC. 0258017 pART27. 35S. O. SCBV. PVY228014

pART27. 3\5/3: V. YVP181404 pART27. 35S. PVY. SCBV. YVP17386
pPART27. PVY. L . PVY261826 pART27. PVY. LNYV. YVP206104
Plasmid construct No of Percentage of plants showing
plants specified phenotype
tested | Susceptible | Inmune | Resistant
:“) PART27.PVY 19 16 1
' pART27.PVYx2 13 4
PARTZ7 PVYX3 21 5 14
PART27.PVYx4 21 7 9
pART27.358.PVY.SCBC.0 25 0 17
pART27.355.0.8CBV.PVY 22 0 14
pART27.358.0.SCBV.YVP 18 14 0
pART27.358.PVY.SCBV.YVP 17 3 8
pPART27.PVY.LNYV.PVY 26 18 2 6
) pART27 PVY.LNYV.YVP 20 6 10
PART27.PVY.LNYV.YVPa 18 7 11
5
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




PART27. PVY. LNYV. YVP6187110 5 EXAVMPLE 14 Sim | ar experinments to the two
descri bed above were perfornmed on a range of target genes using the target

genes, cell lines and assays set out in the Table below. In these
experinments, genetic constructs were generated in the sane 10 manner as
t hat descri bed above using techniques k to one skilled in the art,

using the CW pronoter in a plasmd, with the sanme BGL2 stuffier 126
fragnent Heagkeent hetweenthe two pdlindromic torms offa pogiontafdhe simthietic ggnehet i ¢

whi is .substantiall.y ident.ical the target ne. Plasmd ma of
Phese "conlip o8 Il ienicahaor s, fataet Ganda e whestdohesaer o
The constdopgtraciele t SHRSwn Thr g ré@tiﬁdkﬁgeecgﬁfgﬁehgélhﬂe beR%E &Re

identified in the 5 table _beI ow and transcri ost cell"'s natural
mechani snsonshuelscnerecties, infroguesd indo tbé anireal eelhbtes os udentifield ipghe was

e inecaPe DR and FRRReARH B Prdiest s SRCHREhRREAN R BB gur o
80 bi ndi ng:a¥B; JrBé»Eés%ioaﬂd)fH%@C%Ar?eﬂ%@fmﬁjrawg%nélm%%?f 18sikg aé%agﬁm' !

deat hFi gure 82 212 CD4Jurkatt Anti body- Fi gure 83 binding Galactosyl PK- 11 B- 4
bi ndi ngFi §l@seribed by others and known by those skilled in the art.

Gene Cell Line Assay Plasmid Map

Annexure
N Her-2 MDA-MB-468 Antibody Figure 80
8 binding
YB-1 B10.2 and Pam Cell death Figure 81
: 212 ‘ '
p53 B10.2 and Pam Cell death Figure 82
212
CD4 Jurkatt Antibody | Figure 83
binding
Galactosyl PK-1 IB-4 binding | Figure 79
Transferase :
(GalT)

10 A brief summary of each assay protocol for the latter two is set out below.
- ) _ . GalT

Galactosyl! transferase (GalT) catalyses the addition of galactosyl residues to
cell surface proteins. GalT activity can be most conveniently assayed using a
plant lectin (IB4), which binds specifically to galactosyl residues on cell

15 surface proteins. To detect 1B4 binding, fluorescence assays were used. Cells
were fixed, then probed with IB4 conjugated with biotin (Sigma) followed by
streptavidin conjugated FITC. GalT inactivation was monitored using either
fluorescence microscopy or FACS.

20 CD4




Transferase (Gl T) 10 A brief sunmary of each assay protocol for the latter
two is set out below GlT Gal actosyl transferase (GalT) catal yses the
addition of gal actosyl residues to cell surface proteins. Gl T activity
can be nobst conveniently assayed using a plant lectin (1B4), which binds
specifically to gal actosyl residues on | 15 surface proteins. To detect
1134 bindi ng, fluorescence assays were used. Cells were fixed, then probed

with 1B4 &b igatcedl surfdcebantigen tréisgntedn o someck bf somiercipsstsi Dicslls.

conj ugat e tFiI TC[ GlTin ct%st i_,on was nonitored using either fluorescence
ni cr oscop sopvggcg_erezmoe&r y flewscytemetiye) ysing prefosdlsriimiantapiwsent on
the surfagRsefibe@fsr ISkpsses T cells. Its levels were nonitored by flow
cytonmetry , using protocols simlar to those described for HER-2. In
addition, other researchers have also shown in work published in 2000 and

oromot er  weR Ry, Sl aRgcatibs hafe BB IR ek 2P0 A, ores)
repress t200detthgesimitarpcasstiumts i(fe pldshiidi corptiue® ceatditing apgogbtet! , 2001,

. Mol ecul ar, . agﬁ_, Cel | ul ar Bi ol ogy, 21: 7807-7816) and _ in vivo in
t r ansf or m¥igh HSﬁi‘P’éPfeﬁaerfngﬁEﬁJ%tU@' ggne seaenas palindromes) irepressa:

ros. ponks S0t SRS EBEIOR 1B 1 o S (L BT IR 0o
synt het i ¢ agein€ellalahdiologhal1a7parinddcprandi in vibe isaransiemmel Drosddida
POW: TYR. TYRGORR 41Sh 2015 A G3R2US, 'l Tl ) aues known toone
,: ) 10
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 fo 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 GaIT gene in the same
cell line. These experiments all consistently demonstrated to us the wide
épplication of the repression techniques described in the specification.

EXAMPLE 15

) 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 Northemn 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 to one skilled in the art the method used to generate these




15 construct also repressed expression of the structural GalT gene in the
sane cell line. These experinents all consistently denonstrated to us the
wi de application of the repression techniques described in the

speci fication. EXAMPLELS5 The experinment was carried out to denonstrate the
effect that the silencing 20 was at leggf, in part, post-transcriptional.
Referring to Figure 76, there is shown a Northern blot as explained in the
descri pt i @fapls,Fthgurmeetheds i S@tutombirvefnoféhi(mtdil ot IBowsovibiahak IRatent#18 may

be regarded .as..a "positi , In that there was no significant
si | enci ng. ppl—'|8 f’g Eﬁl“&nﬁsiggéhd #9 do show silencing as can be seen from

the 25 absence of a band in their respective lanes in the Northern bl ot of
Figure 76._Fi he results of Real-Tinme RT-PCR anal ysis of
these cel ITh§ ?er%@s §ﬁ%§5g p:'f@oe'ientaPH@ %i‘é"rre&"ﬁﬂﬁe @HTFP@WHB the talle out
above. Wideg ot in !{“@HP@"/%@%%F@% Ftl ?ﬁéécﬁ 64 ée@ ttHS ol relsffs it nod

used to generate s “Sel’ O CRbre detail in
US Pr o%i sKﬂﬂrﬁ #Patsbow thabﬁ‘le mRNArIewrfanGRP B0st 14 ﬁ%staﬁdiﬂ@ﬁ(1rm| ts of

Fi gur o 76.19RgFe 1o AP Ber mTNATEY Sl R mdsura dhoamie S8 adnerast or 5 |
clone #18 a‘-’ré'tp\&lgjﬁiﬁ’éar{thﬁR rb@é/r?ﬂ fJfOGAIi—:%:F(IIﬁlé J?defraﬁaﬁ"}ﬁgsétﬂegﬁlr { 1.000)

relative to which ot her nR [ evel s are nedsure e seen at there
i s al so &@nhP}.i Ynder iﬁlmme[admﬁ'fra‘rmcnmkm’) (t cat e sedar thaalthetehis amount

2" measur DTEPADS SFenBRAT A ATSTIRIRNY B EGHP A 2 1008F PR &of 1o
(7R o0 BTl RPN S8t Ryl bon oprargtnn o
NMRNA for 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 franscription
“for EGFP is 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 detectable mRNA for EGFP, which is again consistent
with the EGFP having been silenced as shown in Figure 76. The mRNA level
for the GAPD again shows that other genes are being transcribed into mRNA.
However, the significance of these results is that there is a significant level of
20  EGFP transcription measured (as of course there is for GAPD as well). Thus,
) in clone #9, EGFP is being transcribed but the lack of mRNA for EGFP shows
that the silencing must be occurring post-transcriptionaily.




EGFP al though there is still nRNA for GAPD. Further, the rate transcription
for EGFP is negligible but significant for GAPD. This denbnstrates that
EGFP is silenced at the transcription point, with GAPD expressi on show ng
that 15 other genes are not silenced. Finally, the last line shows the
results for clone #9. ‘Again, there is @ detectable nRNA for EG-P, which
is again consistent wth the EG-P having been silenced as shown in Figure
76. The nfBREFEBEMNCESor the GAPD again shows that other genes are being
transcribed into nRNA. However, the significance of these results is that
there is a significant [evel of 20 EGFP transcription neasured (as of
course theke ifn ébal. GABHE) &VIBOIJ ¥:27TH8). in clone #9, EGFP i s being
transcri bed but the lack of nRNA for EGFP shows that the silencing nust be
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132 CLAIMS 1. An isolated nucleic acid nolecule for use in repressing,

del ayi ng or otherw se reducing the expression of a target gene in a

non- human eukaryotic cell, tissue or organ, the isolated nucleic acid

nmol ecul e conprising nmultiple copies of a nucleotide sequence which is at

| east 95%identical to a target gene orgzqa region of said target gene or
conpl enentary thereto, wherein at |east two copies of said nultiple copies
are in differet8:éi¥edRations relative to each other and wherein the

nucl eoti de sequence conprises at - |east 20 nucleotides. 2. The isol ated
nucl eic acid nolecule according to claim1 wherein the isolated nucleic

acid nolecule is non-endogenous to said non-human eukaryotic cell cell. 3.
The isolated nucleic acid nolecule according to claiml or claim2 wherein
the target gene is non- endogenous to said non-human eukaryotie cell. 4.

The isolated nucleic acid nolecule according to claim3 wherein the target
gene is it viral gene. 5. The isolated nucleic acid nolecule according 1.0
any one of claims 1 to 4 which conprises RNA 6. The isolated nucleic acid
nol ecul e according to any one of clainms 1 to 4 which conprises DNA 7. The

i sol ated nucleic acid nol ecul e according to any one of clains | to 6
wherein said two copies are separated by a sequence of nucleotides. 8. The
i sol ated nucleic acid nol ecule according to claim7 wherein the sequence of
nucl eoti des separating said two copies of said nmultiple copies is an
intron. 9. The isolated nucleic acid nolecul e according to any one of

clains | to 8 wherein the non-human eukaryotic cell is a mammalian cell.

£19. The isolated nucleic acid nolecule according to any one of clainms | to
wherein the non-human eukaryotic cell is an insect cell. 11. The

i sol ated nucleic acid nol ecule according to any one of clains | to 8

wherei n the non-human eukaryotic cell is a aquatic animal cell. 12. A

genetic construct conprising a pronoter that functions in a non-hunman
eukaryotic cell which is operably linked to the isolated nucleic acid
nol ecul e of any one of clains I to 11 or a nucl eoti de sequence




encodi ng said isolated nucleic acid nolecule. 13. A non-human eukaryotic
~cell conprising the isolated nucleic acid nolecule according to any one of
claims 1 to 11 or the genetic construct of claim12. 133 14. The cell of
claim13 which is a mammalian cell. 15. The cell of claim 13 which is an
insect cell 16. The cell of claim13 which is an aquatic animal cell, IT A
conposition conprising the isolated nucleic acid nolecule according to any .
one of claims 1 to 11 or the genetic construct of claim12 and a
veterinarially acceptable carrier. 1832A nethod of repressing, delaying or
ot herwi se reducing the expression of a target gene in a non- hunman
eukar yot g LI, tissue or organ, conprising introducing the isolated
nucl eic acid nol ecul e according to any one of clainms | to 11 or the
genetic gonstruct according to claim12 into said non-hunman eukaryotic
cel |, tiSsue dt" Myefpucies scigmelegele fas@scoh rapreasing, d8ayigat eiharvtif ecducing thanan
eukar yotf?wre&étgej o 8 S o bra 0h g8 Eikbiy O &1L, RRI TR e isbiRATRGLOL P11 &l m
er enfledue o e cell., tissye or organ i s froman
insect. 21. The@?}g“t‘fh%qgag?lgg%%‘#Psl*él%ﬂg‘?“e*%“’?%&%ﬁéihﬁ%MHS‘@d%aP%Hadar&él B
tissue of oPgdRE'PEotFHE HiresheeRe aatormplemgpinrydherete v hepinmetoho tvoofopiepatubidiniungld he
expr essiesniepdre i dilffgrere brigpeitiens rAlagyen® each UikBhn® WKAELM Alel o168k scqhén%éﬂ#n QFes at
organ, aedEPIdMikRgikhe Steps of selecting an isol ated nucleic acid molecul e
according to any one of clainms 1 to 11, and introducing said isolated
nucl ei c ;acid I At o sai d non-human eukaryotic cell, tissue or organ
for a tizra're anﬁ%ﬁ@géﬁ? ‘é‘%ﬂ’h"c‘ﬁ Fid ‘gccé‘ FFTOETREP clabip 1 phereip theragtetgsmyeleic ecidf  sai d
target JBHESUeds ps-endrgraqua iy saidpon-Timeanekdipricofll @llai m 22 wherein t he
non- human eukaryotic coil, tissue or organ is fromit nmammal. 24. The
met hod % cl aiThe BolatedherchicicidraolsalR-abuoida 6 dlsas Y@Edieﬁm@%ﬂereiﬁthélﬁ%@t fhe KLGEN
i's fromealogeRS & saidden-hdlh ABLIRE Qf ¢l ail m 22 wherein the non-human

eukaryotic cell, tissue or organ is froman aquatic aninal.
4. The isolated nucleic acid molecule according to claim 3 wherein the larget gene is a viral gene,
5. The isolated nucleic acid molecule according 10 any one of claims 1 to 4 which comprises RNA
6. The isolated nucleic acid molecule according to any one of claims 1 to 4 which comprises DNA
7. The isolated nucleic acid molecule according to any one of claims 1 to 6 wherein said two copics

are separated by a sequence of nucicotides.

8 The isolated nucleic acid molecule aceording to ¢laim 7 wherein the sequence of nucleotides

scparating said two copics of said muitiple COopics is an intron,

9. The isolated nucleic acid molecule according to any one of cliims | to 8 wherein the non-human
cukaryotic cell is a mammalian cell,

10. The isolated nucleic acid molecule according to any one of claims | to 8 wherein the non-human
cukaryotic ccil is an insect cell.

1. The isolated nucleic acid molecule according to any one of claims 1 to 8§ wherein the non-human

eukaryotic cell is a aqualic animal cell.

12, A genetic construct comprising a promoter that functions in a non-human eukaryotic cell which is
operably linked to the isolated nucleic acid molecule of anry ane of claims 1 (o 11 or a nucleotide scquence

enceding said isolated nucleic acid molecule.

13, A non-human eukaryotic cell comprising the isolated nucleic acid molecule accordiog to any one
of claims 1 10 11 or the genetic consiruct of claim 12,




133

14. "The cell of claim 13 which is a mammalian cell.
15. The cell of claim 13 which is an insect coll
16. The cell of claim 13 which is an aquatic animal cell.
7. A composition comprising the isolated nucleic acid molecule according to any one of claims | to

11 or the genetic construct of claim 12 and 2 velerinarially aceeptable carrier.

18. A method of repressing, delaying or otherwise reducing the expression of a target gene in a non-
human ¢ukiuryotic cell, tissue or organ, comprising introducing the isolated nucleic actd molecule according
to any onc of claims 1 to 11 or the genetic construct according to claim 12 into said hon-human eukaryotic

cell, tissuc or organ.

19. The method of claim 18 wherein the non-human eukaryotic cell, tissue or organ is from a
mammal,

20. The method of claim I8 whercin the non-hyman eukaryotic cell, tissue or organ is from an insect,
21. The method of claim 18 wherein the non-human eukaryotic cell, tissue or argan is from an aquatic
animal.

22, A method of modulating the expression of a target gene in a non-human eukaryotic cell, tissue or

orgam, comprising Lhe steps of selecting an isolated nueleie acid molecule according to any one of claims 1
to 11, and introducing said iselated nucleic acid molecule into said non-human eukaryotic cell, tissue ot

organ [or a time and under conditions sufficicnt for the mRNA product of said target gene to be modified.

23. The method of claim 22 wherein the non-human cukaryotic coll, tissue or orgau is from a
mammal.

24. The method of claim 22 wherein the non-human cukaryotic cell, tissue or organ is from an insect.
25. The method of claim 22 wherein the non-human cukaryotic cell, tissue or organ is from an aquatic

animal.




