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EXPRESSION OF HETEROLOGOUS GENES

This invention relates to DNA constructs for inserting
heterologous gene sequences into a host genome so ags to gbtain
expression of the heterologous gene, to methods of inserting
heterologous gene sequences into a host genome and to organ-
isms carrying modified host genomes.

In one particular aspect this invention relates to constructs
for inserting a heterologous gene into an endogencus gene in a
host genome so that the heterologous gene is expressed in
place of or in addition to the endogencus gene. In a second
“particular aspect this invention relates to methods for
functionally integrating a heterologous gene segqueance
(transgene) into a Specifiedlgene of a host genome so as
intimately to couple transgene expression with the endogenous
transcriptional and post-transcriptional regulatory elements,
to constructs for use in said methods, and to genetically
modified cells and transgenic animals generated with such
constructs and their descendants.

Genetic engineering involves the fusion of different gene
sequences. In many cases this is performed with the intention
of expressing a heterologous gene sequence in a fashion which
is identical to or in part reflects the expression pattern of
another gene. To achieve the desired expression level,
disﬁribution and/or timing or the sequence being expressed,
regulatory sequences of the gene being copied are fused with
the sequences of the gene which is to be expressed to generate
an expression construct. However, in many applications
involving higher eukaryotic cells; such as the selection of
particular stem cells or the production of heterologous
proteins from transgenic animals, it is extremely difficult to
generate an expression construct whose pattern and level of

expression adequately mimics those of the gene being copied.
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It is known to introduce heterclogous genes into mammalian
cells including stem cells, transgenic animals and in vifro
maintained cell lines. However, despite specific design,
eristing expfessibn constructs, when integrated into the host
genome, rarely provide the desired level and distribution
(both spatial and temporal) of gene expression. Expression
constructs are known that attempt to mimic the expression
profile of an endogenous gene by incorporating known regula-
tory elements of the endogencus gene. However, success with
these constructs is low partly because functional detail of
the endogenous gene structure including the location and
identity of such elements and the contribution each component
makes ih regulating gene expression, for the most part,
remains unknown. Other problems are associated with randomly
integrating expression constructs inéluding positional effects

of the site of integration and random mutation of endogenous
gene expression.

Furthermore, to position and define ragulatory elements in
endogenous genes, often at some distance from the transcribed
region of the gene, often demands much painstaking work. The
digstal pésitioning of these elements is also often important
to their fu ion and may be difficult to reproduce in
transgenic expression constructs.

Further still, having identified and engineered the endogenous
regulatory elements into hetercdlogous gene expression
constructs, there is little assurance that any particular

transgenic expression construct will functlon correctly once
introduced at random into the genome.

Early attempts to produce heterologous proteins in transgenic
animals principally focused on the use of transgene
constructs comprising promoter regions derived from one gene
fused to cDNA coding sequences from another gene. For the
most part the fusion constructs function poorly, if at all,

and the level of expression obtained is far iower than that of
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the endogenous gene.

This is in contrast with intact genes, such as the ovine whey
protein betalactoglobulin (BLG). High-level expression of the
encoded protein is obtained in transgenic mice harbouring a
full-length BLG gene complete with all introns and adequate
lengths of 5' and 3' untranscribed regions (Simons et al.,
Nature 328,530-532,1987).

Attempts were made by various groups to harness the efficient
expression of such genomic transgenes to drive the expression
of heterclogous coding seguences in transgenic animalg.

Tandem gene constructs are not normally expressed in mammalian
systems because only the first (upstream) codihg sequence is
translated. For this reason most workers were obliged to
fuse, into the 5" untranslated region {(S'UTR) of *he genomic

gene, a cDNA coding for the heterologous protein of interest.

Tomasetto et al. (Mol. Endocrinol. 3, 1579-1584,1989) fused a
pPS2 cDNA into the S5'UTR of the whey acidic protein (WAP) gene.
Although some expression was observed, the production level
was extremely low. Similarly, Simons et al. (Bio/Technology
6, 179-183,1988) produced constructs in which CDNA's encoding
human factor IX or alpha-1l antitrypsin were introduced into
the 5'UTR of ovine BLG. Both in transgenic mice and
transgenic sheep these constructs failed to function properly,
with only low levels of expression being obtained (Clark et
al., Bio/Technology 7, 487-492,1989).

Although some reports indicate that the simple insertion of
intron sequences into expression constructs can augment
expression (eg. Brinster et al., Proc. Natl. Acad. Sci. B85,
836-840,1988) the level of expression remains low compared
with that of the endogenous gene, suggesting that intron
sequences per se are not sufficient to permit high-level gene
expression in a transgenic context. This is confirmed by the

results of Whitelaw et al. (Transgenic Res. 1, 3-13,1991) who
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deleted the introns from the BLG gene and then added back a
single intron. The intron-less gene was poorly active and the
presence of a single intron was not sufficient to restore the

transcriptional efficiency of the BLG gene in transgenic mice.

It has been argued that the overall gene structure, including
the relative positions of intreons and exons, is critically
important for transgene function. This contention is wholly
supported by the finding that the 5' end of the BLG gene, when
fused to a genomic copy of the human alpha-1 antitrypsin gene,
leads to consistent high-level expression in transgenic
animals (Archibald et al., Proc. Natl. Acad. Sci. USA 87,
5178-5182,1990).

In practice, however, it is often difficult to apply this
genomic fusion technology. Many genes of particular interest
are extremely large (eg. the human factor VIII gene is over
100 kilobases in length) and the generation of fusion
constructs, and their introduction into transgenic mammals.
(including livestock) is extremely difficult.

An alternative to engineering expression constructs (by
coupling regulatory elements of one or several gene/s with the
heterologous gene sequence to be expressed) in vitro, is to
utilise the "gene trap" approach. Regulatory elements
controlling expression of gene trap expression constructs, are
'provided by inserting the heterologous sequence which is to be
expressed, into a gene in the host's genome. Seguences of the
gene to be expressed are thereby intimately coupled with the

regulatory elements of the endogenocus gene.

By far the great majority of gene trap type vectors are used
for random integration or trapping of host genes, with the
disadvantage that there is no control over the site of
integration or the generation of endogenous gene/transgene

fusion products. One gene trap vector, pGT4.5 is known from
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Genes & Development 6:903-918 by Cold Spring Harbour
Laboratory Press, 1992.

A major limitation in the design and functional utilisation of
all "gene trap" and "genomic transgene" expression constructs
known in the prior art, is the mechanism of transgene
translation initiation. Translation of most mRNAs is
initiated by a scanning mechanism in which a ribosome complex
(termed 435) binds at the 5' end of capped mRNA and moves
along the mRNA until a suitably placed AUG initiation codon is
detected. Subsequently a second ribosome subunit (termed 60S)

joins the complex and protein synthesis begins.

In 1988, Pettetier and Sonenberg (Nature, 334:320-325) showed
that some picornavirus mRNAS are translated by an unusual
mechanism of "internal ribosome binding" and that these
particular mRNAs contained specific sequences internal to the
mRNA that enabled a ribosome to bind and initiate translation.
The seguences were termed "Internal Ribosome Entry Site”
(IRES). Picornaviruses infect human cells so this work
indicated that eukaryotic ribosomes recognised the IRES and
could initiate translaticn internally, and other than via a

cap-dependent mechanism.

Ghattas et al (Molecular & Cellular Biology, Vol. 11 No. 12,
Dec. 1991, pp5848-5859) describe the use of an internal
ribosome entry site in obtaining co-expression of two genes
from a recombinant provirus in cultured cells and in chicken

embryos.

However, there currently exists no efficient procedure by
which a heterclogous gene sequence (transgene) to be expressed
in eukaryotic cells, in particular mammalian stem cells,
transgenic animals or cultured cells, can be inserted into the
genome ©of a host cell so as to obtain expression of that
heterologous gene in a desired pattern, one example of a

desired pattern being intimately to couple expression of the
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desired temporal and/or spatial profile during.the life of a

host cell or population of cells or transgenic organism.

By "heterologous gene expression" is meant both (1) expression
in a host of a gene that was previously not expressed in that
host, and (2) expression in a host of a gene according to a
particular expression profile, the gene being previously

expressed in the host but not according to the particular
expression profile.

Accordingly, in a first aspect the invention provides a DNA
construct for inserting a heterologous gene sequence into a

host genome, the construct comprising the following sequence:

5'  X-A-P-B-Q-C-Y 3!
in which
X and Y are, separately, DNA seguences
substantially homologous with a host gene
locus,
P is an internal ribosome entry site (IRES),
0 is the heterologous gene sequence, and
A, B and C are optional linker segquences.

X and Y should be of sufficient length and homology with host
sequences to enable homologous recombination +to take place
between the DNA construct of the invention and the
corresponding host genome DNA. It is preferable that X and Y
are each at least 1000 base pairs. However, it will be
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gene.

The linker regions &, B and C are additional DNA sequences
optionally present in the DNA construct. The linker regions
may be inserted into the construct or may arise as a result of
the recombinant DNA techniques used in making the construct.
In an embodiment of the invention linker region A includes or
consists of a splice acceptor. The size and nature of linker
B in particular is important in providing an optimal linkage
hbetween the IRES and the heterologous gene (Cell, Vol.ﬁB,
pp119m131, January 1992).

To select for successful transformants expressing the
heterologous gene it is convenient to include a selectable
marker, for example an antibiotic resistance gene or a

hypoxanthine ribosyl transferase gene, in the heterclogous
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mature heteroclogous gene product is enabled by the IRES

included in the DNA construct and newly inserted along with
the heterologous gene.

The utilisation of IRES-mediated translation initiation in
gene trap type targeting vectors according to the invention
provides a considerable advantage over previously described
gene traps and gene trap targeting vectors in that functional

integration of the transgene into the desired endogenous gene
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population gf cells or transgenic organism. By "heterologous gene expression” is meant both (2)
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DNA sequéhces Substahtiaf) RoFRIGGHRIRETa Hsl gBRbToRRIC stem cell lines,

and is down-regulated when these cells are induced to
differentiate (Schéler et al., 1989; Ckamoto et al., 1990).

The Oct4 gene was selected as a suitable exampie of the use of
the constructs of the invention because of the known moderate
to high levels of Oct4 mRNA. Results show that despite a
down-regulation in transcription from the Targeted Oct4
allele, consistent with the remcval of a possible enhancer
sequence in the second intron, the Oct4 gene can be targeted

at very high efficiency using the methods and constructs of
the invention.

In one embodiment of the invention integration of & transgenic
construct incorporating an IRES element and an ocpen reading
frame into a positioﬂ 3' to the stop codon and §5' of the
polyadenylation signal generates a functional dicistronic mRNA
capable of encoding both the endogenocus gene product and the
product of the transgenic open reading frame. In another
embodiment transgene integration 5' to or in place of the
endogenous gene reading frame provides an opportunity to

“knock-out" (or otherwise modify) the endogenous gene prcduct.

Analyses of eukaryotic genes in many laboratories have shown
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in particular is Tmportart in providing an optmal Tinkage Petids tHNRES anB$hs Fetbréibgsus gene
p P 1P ) )
(Cell, Vol.6&¥p119-tRIJdiuaty 199ZnH seieadtr sdccessful ransfolmantsiexpressing the a
heterologousgehedt isonyenienstajineluce aselestablemarker, for éxample gnantibiptic resistance
gene or a hyppxantng ribgsy fransieass gene. I thg NEIGrologous - s onas transgene
integration is therefore not restricted by the intron/exon
arrangement or reading frame of the endogenous gene. This is
another aspect in which the design and construction of
transgenic constructs of the invention is simpler than that of

hitherto known constructs.

The IRES containing vectors of the invention enable gene
targetting with increased efficiency. The invention permits a
heterologoﬁs gene coding sequence to be inserted into the 3¢
untranslated region of a gene (3'UTR), therefore conserving
the relative positions of all the upstream introns and exons,
and leading to high-level expression. The requirement for a
genomic copy of the heterclogous gene is avoided, and
successful expression can be obtained by inserting a cDNA copy
downstream of the IRES in the 3'UTR. Because cDNAs are very
much shorter that the corresponding genomic copy, the assembly
of constructs and the generation of transgenic mammals is
considerably facilitated.

In a preferred embodiment the heterologous gene includes at
its 3' (downstream) end a polyadenylation signal . An
advantage of this embodiment is that the polyadenylation

signal results in efficient truncation and processing of fthe



-8 - gene. Including a selectable marker enhances the probability of selecting transfected cells with the
aes[red transgene integration as expression of the selectable marker is dependent upon functional
integration into an active gene. Transgene integrations in non-transcribed regions of the genome are
therefore readily eliminated. When a construct according to the invention is used to transform a host
genome, homologous recombination with the host DNA results in insertion of the construct into a host
gene. Transcription of the heterologous gene is then under control of the regulatory elements
associated Wit fferidst gehe PrfarRidionfofthe needrBrybae géfe ¥8afhy sequence is then enabled
by the presence of the IRES 5' to the open reading frame of the heterologous gene. This results in

regulated expressian ef theglerolegauis,aenewith sonsiderably graster efficiengy thanynder hitherto

known and,usefi tgchnigu%s for obtaining heterologous gene expression. In use, a heterologous gene
ciLudes C % /o

and an enddgenous gehe With & partetiar PAternt 2rd/or IEUET of &XPre88iof A RIABEE Lo are
selected. ASBNREESHtracl ISHRAGE ABVING X Bhe Yhemesiameully horadiegods to Fares of the
endogenousugengi enfodlanking regiansgidhe endogeaos-gers: T herRNA-construct wilhihen target
insertion ofthe nalarglogoys geneplys, TRER. INo fonip eiacseigfgg}a} 5egea U3 HENS 59 ghat
heterologous gene transcription is directed by the hostregulatory elements for that endogenous gene.

TranslatiorPSFRaRTERERET6RG oG §BAE préditt i endBRITRAR MBIES iRFRIEP Ffthé PR
construct ahderwdy &#isedtbd aldridWith thahetdrologpuserne. The ufilisdtivarofiREBatedated
translation gjitiation ingeasdrp. type targeting Westors AECording-tothe vantionprovides a
considerab vantage gver previously described genge traps and gene trap.targeting vectors in that
functional i%%tle%ggrgt%h%%f t%é trralf%ﬁrsl,égﬁle %I%dg?hé g%sfr%& gngt%lgrr\no%rs gle"nee' g i-1E.)thafitsg’:gr’ e ?egion does
not producBafugibFrstel aRd heBY NP Reseefitfy ERFGRIEHIBEERGUS §He BRBression. Octamer
binding tratsoriptiordactods is:amembenef. therR@tdamily ©f fraasddptionfactass {rexieneddy

Scholer, 13304 Oeiddranscption s adivalesl bgwieenyed and dscel siage I devslaning
n

mouse emgggofi?gfjt IS i%hl&)exgressed in the éxpan blastocyst and then in the pluripotent cells

of the innef celfmass. Traniscription is Yown-reguft: 8855%518% EXiGEEf M differEhtiatss  form
mesoderm{SeRGIERSitAIg e 09bhane ¥y 8l s Wl el tlaysber eaituraRadsetedstomer atinge
primordial gerpscelisoblighnlaveb@etgens:expresaivsrs aise-ehserverhinjddtipatephembryo
carcinoma epd.etalirype sie el et Al .0 eauiaied when iese aels ale lndyged to
differentiate (Scholar et al., 1989; Okamoto et al., 1990). The Oct4 gene was se ected as a suitable

O
example ofthE Use SF R Bditructs BRIFENAVERRITPEECRIEL VY the kifow ROTGATCHIRYF Ilels of
Oct4 mRNAcResultshshovwiet debpire a dowrsregrdationiinataiseripionifremythettatgeted Octd

allele, consigiestawithy thenkesuad obapossible-gahancer segugrae i theseeond inton, dhe-Oct4
gene can be faigeled at yery ligh efficlency sing the tethods and constructs gidhe venton, In one
embodiment of the invention %tegraﬁon of a transgen?c construct incorporating anIRES elément and
an open reading4&#i® o a position 3 to the stop codon and 5' of the polyadenylation signal

generates a functional dicistronic mMRNA capable of encoding both the endogenous gene product and

the productyef the Jiagsgenic ppendeading ftarae- 10 Angthel AMBadiment ransoene, intagration 5' to or

in place of Qgee%dsoggggus gene reading rarr]fe_fprotvjdeslan 1(:)pporltu,nity tot"knock-out " (or otherwise
modMOtheendogenousﬁ n&%n&ﬁﬁ%? s effectively to eliminate expression
after random gene trap integration events -and thereby provide

a gene trap type targeting strategy which enables selection
specifically for the desired targeting event. This method is
termed by the inventors Positive Only Selection (P0OS) and
utilises transcript truncation/ cleavage segquences (e.g.
polyadenylation sequences) or transcriptional termination
sequences such as the UMS, to block expression of the
tranggene in the event of random integration into actively
transcribed genes. Homologous recombination with the target
gene- functionally inserts the heterologous gene and, if

present, a selectable marker, but



- 10 - that in general the coding sequences of DNA, the regions that will ultimately be translated into
amino acid sequences, are not continuous but are interrupted by 'silent’' DNA. Even for genes with no
protein product, such as tRNA genes of yeast in Drosophila, the primary RNA transcript contains
internal regions that are excised during maturation, the final tRNA or mRNA being a spliced product.
The regions which will be lost from the mature messanger are termed "introns” (for intragenic regions)
and alternate with regions which will be expressed, termed "exons". Transgenes may be fuctionally
inserted intd&oris19r HP FieRer dspreseitheinventont frebiperalca sphcniaocentorsetjuence 5' to
the IRES elementitanable fuctiosalintagsatian inte andetremd-unctiepaliirpsgensdniegration is
therefore n%ﬂgqgctﬁg@gemgrint&@eégri arangement ?1{( éelqding frame of the endogenous gene. This
is another aspect in which the design and construction of transgenic constructs of the invention is
simpler than that of hitherto known constructs. The TRES containing vectors of the invention enable
gene targettiigawit i3 asedeflitierny sTlod inveatibnpanhitena keteretaiotiseganeteadiigagequence
to be insertegkinimthe B ntransiated ragion of.a gened33 HR), tharefore conserying.the 1glative

positions of ggé@%% s%elam iﬂt{OQ%%Qd exons, and leading tg |%h-level expression. The requirement
for a genomic copy of the heterologous gene is avoided: and succasstdi %(%)Qee&‘?orfﬁé’ﬁlbéjo fined
by inserting 2fcDIIA29P§ st eafT of theIRER ke 3 e tRt BEEaiscdEDRAsHre VEBSmuch
shorter that theseenre spondirg-genarmicrcopyp thecassemblyof genstrunis aagdhegeperation of
transgenic iS5 j 'Iil@;&g: .preferre b m&%m e heterologous gene
includes at%%&%@%ﬁ%%ésgyadeny%t%% Es?ger{gl chsr? ag\gan agé %f t (% tésmb%aﬁrilégnt is that
the polyadenﬁaﬁ)on %@%gf“?e%ultg f-8fticient truncation and processing of the transcript at the end of
the heterologous gene. In particularly preferred embodiments the DNA construct also includes a
truncation/ aravaget ttanseriptiondetpinatien sequeace digpsteaapa)af the hogglegausyegiopX. The
function of t ' i A read-thrrough; suitable sequences include a poly A
signal, Such%lg%ﬁ?éﬁ%%ﬁ%ﬁ%?ﬁ?ﬁ%ﬁ%ﬁgl,%%%c%thé%&%@é‘%%]eﬁ%ﬂgglgze%%e%%g?u %) (Heard et
al., 1987). ThE® s&fFertte®ddn Rﬁh@?%éﬂ?&@é%ﬁ@@‘éﬁcéﬁﬁ@ IS KABRFAhAEDRASETTERdICts can
integrate at eantipbaintd #d hostgeriom e tiar thatthehd ool abeaysinsert bydonelagous
recombinatier witbrthe targetedsepsioganous gene. Randopintearation. into agy Active gene gan result
in heterolog%%s ggrgﬁeégregfironé his makes it difficult to recognize correct insertion events, which is a
disadvantage. The partlcurfar y blre erred Bmbodiments overcome this problem because where random
integration occurs the transcription termination or truncation or cleavage sequence also integrates,
blocking transcription. It issaddvarttageaush-fpundithatwhere homologous recombination occurs with
the targeted endogenous gene, the transcription blocking sequence does not integrate, so
transcription (g}‘éhe heterologpus gene is goss,ible, In these particularly preferred embodiments of the

invention ar& estabfished metiods SHECRER® Eiffiin&frBY518LSI5n Qe IBHYORT §Ene trap
integration events and théPeby providerd ena trapitypetagptingstrategywhich enables selection
specifically for the desireditargeting, evensnbhig method ds ermedhy:the invantaessPositive Only
Selection (POS) and utilises transcript truncation/ cleavage sequences (e.g. polyadenylation
sequences) or transcriptional termination sequences such as the UMS, to block expression of the
transgene inthe eVRRE SEIAERDNT tddatidh Hith BEave iRt fle @ §EREL 9GRABRGERE
recombinatieidith ke taygehgepe functionally imsprts ¢l hgtetologous ggre andsif present, ar
selectable markemm bak - ddvikel the upsteamdtansegiptigalderinglion sequence) and Jgrefore
permits tran%SQ,r I'r?né)éé%e Qg}ero@gou%g%ne afd, Wheregres,ent, the selectable m%rker. Thus "POS"
embodiments of tHe fvention exterd the po ehtial of ﬂ%{é’ﬁ ﬁ?frﬁﬁ e&ﬁ?e%js%o% teckn Ioﬁi}%§%roviding
methods of ESSEPEGMPEIMTRIIAG expiéssibrostithelitan sencdrmm eite Pobifidgratoieotiek than the
desired targetrgenen § herP @Bs\ystain haspasticular, applicatien inge ke thesapy Wwhese restricting

transgene expressionda the targetedoqus yauld; e, of gnarmous yalug..ising the PNA constructs of

the first aspect it is possible to insert a heterologous gene into an endogenous host gene so that the

start of the HEfEORBLE Y e Fegtidnfe W hséRed Stibntiafp BEthe Wit F BRF EididehBus target
gene sequerided |Asuemtases tire MRESHS Bptiodally emitted; i.outhle DNAgOnSstruetcomgrises:

ST-D-X-A-Qtecf3de the cell D elements that regulate expression of the
endogenous gene in cell D according to profile E. The DNA

construct thus includes (1) the cell D regulatory elements for



wherein T is a transcription terminator or truncator, D is an optional linker sequence, and X, Y, A, C
and Q are as ,previously defined. The constructs of the invention are also advantageous for
addressing the problem of expressing in a target host cell or organism (which we designate for clarity
as cell "T") a gene ("G") according to particular expression profile ("E") where endogenous genes with
a suitable expression profile are not present or are-not accessible. The solution is to identify a donor
host cell ("D") that includes a gene ("H") with expression profile E and to create a construct according
to the inverftiof 1% WAIH X HNPE RS OF sEaR engBRth R FRSFREIEE theedlt DeclBneftsthattegulate

expression bftiiesridoyenbosyemeiin cel®iacéardingrtoqraiie & d hesDNA q%gygg@gg,j{g;ludes

(1) the cell gaequlatany elemerss fornd Soa BEeIad gadogenalp gsea e, expression profile E of
which is deiiretd 0 betmimi ked £2 an E&ES and (3) a heterologous gene sequenceYG. e DNA
m egrate 1ntc t .

construct is allowed randomly to'in egcrg &into & cell T DNA. Random integration of the construct into

the cell T DNA generates a modified cell T expressing the heterologous gene according approximately
to expressigapiifite Ercfegttdx (Hhe tesuliis exprassional the ggneicellT with gimilac pagtern to

that of H in gelk D. Follaying;random integration of the DNA construct of the invention into cell T, the
modified cell T is tgrget for DNA constructs ac?)cor(%ingr% aﬁ;%#ﬁ;%%ﬁ%%?gﬂﬁ% ifétition operating via

homologou$ Fecom %gtigﬁqﬁoax§g%ﬁlgsp%t HehvarRtaRpRARIes EmetRfd 6Bhtefing a
heterologo & §erieeipitd- & tar et vpdegenous géneirea lestcallgeneme vomptising teansiorming a
host cell withea BiNAcamstiict aceerding (o thesfirspaspect of the invention. Transformation can
include introducing the DNA of the invention into a cell or preparation of cells by transfection, by
injection ballistics, by plasmid_ or viral vector or by electroporation or by fusion. In a third aspect the
invention pfoVided A REtTGROPEx frat s aHeRrasgste g B irce hestmatithyorhaking a DNA
construct aéeordingitorthé fitst aspett of, thetievenitbhconprising the heferalegus gene. afeyving the
DNA constisishio-uiidergo iomnlagals @gogﬁn@q%wmép&hgsft g&qgnlen@gd gr%wing a culture of

host cells eégrgég@%he\pféergéo%o%ﬁjs ene. The invention thus provides a method o?using
promoterless transgenic Constructs fanked by FegibRd BR g S homology,

In a second aspect the invention provides & method of
inserting a heterologous gene into a target endogencus gene in
a host cell genome comprising transforming a hosgt cell with a
DNA construct according to the first aspect of the invention.
Transformation can include introducing the DNA of the
invention into a cell or preparation of cells by transfection,
by injection ballistics, by plasmid or viral vector or by
electroporation or by fusion.

In a third aspect the invention provides a method of
expressing a heterologous gene in a host cell by making a DNA
construct according to the first aspect of the invention
comprising the heterologous gene,allowing the DNA construct to
undergo homologous recombination with the host genome and

growing a culture of host cells expressing the heterclogous
genea.

The invention thus provides a method of using promoterless

transgenic constructs flanked by regions of gene homology,



such that homologous recombination between DNA of a transgenic construct and the target gene
locus leads to functional insertion of the transgene into the chosen transcription unit. Transcription of
the transgene is regulated by elements associated with the endogenous gene, and/or additional
elements introduced to the site with the transgene. Translation of the transgenic reading frame or
frames is mediated via cap-independent translation initiation through the incorporation of an internal
ribosome entry site/s (IRES) immediately 5' to the open reading frame/s. This provides an exquisite
level of tranSY&e fEufatlsMaiParRas FeaRrrine bichlePRERER aREWRS tike Hosigsandic
successful witsaticrniofprevidushedescriped expressiarceensirietssfot trapsgea gxpression. In a
fourth aspeqt{e inventios pravides amethor of expEessing a.hglerologous,dene in a host cell by

making a pr@mapt%rlegs I%NA con tr%ct according to the invention, allowing It to undergo ran&c'}r%'
integration With the Host genome-and growing a4&ifire 8 CaRSrassity 1R R&RIdISgous gene. In a
fifth aspect feSAGERIERCHIBYides thmetivtPoka@esssinga heterdlogousdhkiineehiost cell by
engineeringed fmetianal ExpressiereGORSIrucharien o niroducirg the-cansipich into the host gdenome.
" an embodimei 93¢ PUh e CUANSRGISS I SIANSSIEC PLAE fLnperigan RES coupled
to a heterologous gene which is to be expressed, into a large genomic sequéence (for example a
cosmid or aﬂ%a‘?ﬂ‘ﬁg%ﬁ%h}’drﬁogﬁrﬂélé?ﬁ%ﬁ?ﬁé‘%ﬁhﬁ the FenedvhieR isitoiieiedijien) whichuatorporates
most if not dhregiatsTy eteraéntsrofdalie genénireanmotierembedimentre genemicstranSgERECs
engineered innitra fytangeting IRES.aad hgtarologaus 4 n%%%@ﬂé@@&%%!@%%%@% e
endogenoug, host.. é[]@eari sut seqyegg‘yiljg‘,sol%twﬁq from tge a,rgeted cde]:II line a large genomic fragment
(for example, cosmid Or artificial chromosome) which THcorporates HEIRES ARG Balien&fote - 15 -
expressed dIRLERF nBEAPGH eI gttty BemEREiERoamte PHiir tvs titdetetigeneatarye
genomic tansfepes thenpiyiditherdasir@ddiansgene expeessioofotawinggandearigtyadection into
the host cell .dp-asixth-aspect the invention provides a transgenic cell or transgenic organism or
transgenic animal into the genome of which a heterologous gene has been inserted using a DNA
construct according to the invention either by homologous recombination or by random integration. In
a seventh adpec& th@iHvERtidF pReidéd gedcereanisof thesiddaspectihahlogvesifiherited the
heterologous:genessThe invention isapplisabletoeterolegaus-gene-axpressinaint hgth-eukaryotes
and prokarygies, thauafurefatahly.sykapioles.and mote preferably apimal cells, and mammalian cells
in particular. Obviously the utility of the constructs and methods of the invention ff10§1électing for the
desired inte§riShentiE ITTite R EBdIaRE HFANSBERB TRRSFHCY WHIcH TR oRssTateae seteetable
marker gené&irito @ndedegous gavigsiwhichfareekpressedat ssfficipnt tevels:insthe loeljs higing
transfected.gkg,troduce a non-selectable gene into an actively transcribed gene for expression
independently of a selectable marker, the target locus would first be "marked" with a construct
according to the invention expressing a selectable marker which can be both selected for (primary
targeting) and sBletietidy HFftaSécditfary targetm@n oree nigkedahmaghadpadary targeting event,
transgene irtegrations imjo shéxérmarket geae cguttbbea selectasfor by the pbsentee: oldbe Prgasy
targeting geperseleciable reasen s iyredl aopiachyis particulariy appligable here epetitive

targeting of acpasrq_‘(;rl{l%rtgeine IS %r%l\%s?ged such as in the development of cell lines or transgenic
e

oS RSidy SR G8fes. 16 2Be/RBRBRIMEMer RSy BEShilarly

animals for %enover-expressmn

employed in' StBRGEYECHOH-§awa eap 'ty e targatimpeeentdrsito mdrkithebargetgeneing an
IRES coupled to a heterologous gene which is to be expressed,
into a large genomic sequence (for example a cosmid or an
artificial chromosome encompassing the gene which is to be
copied} which incorporates most if not all regulatory elements
of the gene. In anocther embodliment, a genomic transgene is
engineered in vitro by targeting IRES and heterolégous gensa
which is to be expressed, into the endogenous host gene and
subsequently isolating from the targeted cell line a large
genomic - fragment (for example,'cosmid or artificial '

chromosome ) which incorporates the IRES and sequence to be



In a particularly preferred embodiment of the invention vectors have been constructed which employ
encephalomyncarditus virus (EMCV) IRES-mediated translation of a LacZ/bacterial neomycin
resistance fusion gene (Bgeo, Freidrich and Soriano, 1991) for gene targeting in murine embryonic
stem (ES) cells. Translation of the Bgeo fusion gene generates a bifunctional gene product which
pravides poth reporter and selectable marker gene agtivity. Vectors were designed to target and
subsequently report (a) normal Differentiation Inhibiting Activity/Leukaemia Inhibitory Activity (DIA/LIF)
gene expre§§i%ﬁp90§r°‘r‘:r‘6%ﬂ-8i§ﬂjﬂﬂf?/%*in§efrti8ﬁ"6f fHeltradsdgere 3 authbadimingenbesgens reading frame,
and (b) alte*e¢ OtA gerd explassivreresaitingtieamgedefinedunediicatonat thedkslogus, an (c)

altered ocapgsrpingding frapseiptiondactor 4 (Oct4). gssjon resulting fr defined modification at
the locus. DIAis gdr‘)lgigyogic,(%tokin which suppregs%g{s di f’é?e%?ﬁéﬁér?qéf %%garéliﬁ%itﬁ)aéﬁdjﬁas
been implicatedr n-a varlec%y ot E@el‘é%%e’ﬁ?ﬁ%n‘ﬁe&ﬁysiological processes in vivo. The DIA gene was

selected as a suitable example of the use of constructs of the invention because of the known low
levels of DIPnmRNA xResultshow that despislovsstegdy siaie DIA nRNA lavels (<19 copies/cell)

the DIA geng-can befargeted at high efficiency. These results suggest therefore, that the use of
-constructs paqgcord#il to the%ig%ention IS gp&féagfegaetnlégsﬁﬁE?chelfsn%oge%% EPr88%edEven at low

levels. To iHVESTYate RASHEPIRESUTedBRS RATsIBRGT efRAEY 28 cais e depuitient, we

generated &PafdeTHgEne treprvbiotar dezotding tothaminventien wiich ulilisesrine SN IRES to
nitiate translstioniof thexBgeo bisien geanROMYER, AL sasistapheal lngawhichdisplay Lacz
e

staining in ayyariety of differentiated cell types were selected for blastocyst injection an
subsequent generation of ¢ m%afé?gég(e, in%aeeesrg?%%lrletﬁre%ftotﬁmviﬁé’fﬁﬁy ftgRSGEnidBsithals for

analysis of 182 eXPRESETSrEArotile ThRaFaYSIgetsulEmeside Eiablawesighidintoithe efficiency of
IRES-mediareeltiarsidtontia dtkercalliiypes sTheraaoskiolewdessriphonseheXeMBlAN, e s

embodimegigOf ghe iwegtion.in which, Figs. 1:3 and. 6 illys DNA constructs of the invention, Figs.
4 and 5 show DtNAachTstructs for.use inglmalgi%g the %ongrlg%ﬁtg i é’.t‘?éné‘ 83@0%%e IRES-pgeo
[

Targeting Strateqy: Hg-7-Sehdiat CRptEsefRfoF 8RterharinfRdioR ot fraPsmtisAwiENated through
the IRES in a dicistronic transcript. Fig 8-applications of the IRESpgeo cassette in gene targeting.
Constructs@aniedasignetkeitherioeeleie alliqr pashefa-gere Wit ineerposating-the{acZ reporter,

or to appeng,thefepgater; with of wi medification of the intact gene, and Figs. 9-12 show DNA and
MRNA Hyk}{idis,atio‘ﬁ AnaTyses oféll'%ggﬁt%ef gﬁ)n%%?F%%srel eé?ﬁﬁl%e FGeting" Seritic bRa
[

digested with Hind 11l SPEAS BT WAEHyiFidZetniias BitFeica ekem S upeciitcts 3bpochw PEaS ¢
fragment fdNFEBORIVO bk withear 6Bh Psel-Eve RS\ gonemickaguastreapestively.d ane 1, CGRS

parental ESeplisidanes 25 aud 6 clpogs targeied with thed1qns4RCaIng conspuct Janes 3,and 4,

Cmnestmg§§993%¥HQSé%”§aRg gggtgg%éble gene into an actively
transcribed gene for expressiocn independently of a selectable
marker, the target locus would first be "marked" with a
construct according to the invention expressing a selectable
marker which can be both selected for (primary targeting) and
selected against (secondary targeting). Once marked through a
primary targeting event, transgene integrations into the
"marked" gene could be selected for by the absence of the
primary targeting gene selectable marker. This type of
approach is particularly applicable where repetitive targeting
of a particular gene is envisaged such as in the development

of cell lines or transgenic animals for the over-expression of
heterologous genes.

If the gene being targeted is not sufficiently expressed for

primary gene trap “"marking", promotér mediated expression of a



Figure 10-Oct-4 targeting. Primary screen on genomic DNA prepared in agarose plugs by Eco Rl
digestion and hybridisation with a 5' 587bp Nco | fragment, and confirmatory hybridisation with a
600bp Hind IlI-Sau 3A 3' fragment following Cla | digestion of phenol/chloroform-extracted DNA. - 18 -
Cla | reproducibly gave partial digestion of the introduced site, suggestive of variable methylation
within the facZ sequence. Lane 1, parental CGR8 E3gells; lane 2, nontargetted transfectant; lanes
3-7, targetted clones. Figure 11 Detection of fusion transcripts in ES cell clones with targetted
integrationsSEHRE BIRIGc T TH BFISAY ibGetdd ilarlel rplkeagstession tBSetis were induced to
differentiatenby: egposure te p0BN ectirnigatithfohAdpesrichedidNA was prepayad afjiensd days,
applied to a formaldehyde gel and transferred to nylon membrane. The filter was hybridized with a
650bp DIA/&.IF codin% se%ucincel%robe and exposed for 21 dag, then stripped and rehybridised with
an 800bp lacZ ffagmént. Cané 1 RNK B B o e it et e cdie 14ae 2nRARN(3pg) from cells
targetted wHBH RSN Daveakpeomstnretiandsd arti4IRNAL3pg) from cells targetted with the
truncating canstipeta Figiwe d2-1aetectior of-fusiqretianscript i Ogl4 {argetied ES cells. Total RNA
was prepared fr. i iate cells. The Oct-4 probe was.a 408bp Ncp |-Pst | 5 cDNA
fragment (2%2%@%%{%)%%% %%I%%?g é% exon Eﬁsn%as{h%%l fﬁse%gfl&reqﬁ%% e Efﬁ\?é?ent hybridisation
to wild-typer &ITaHESior traREripRE ERAS s steps ig Begéireiansi b aidonsiraéns the invention
as describeghihBs@nigle StEXAMBLE de DIA gehestardetingaonsifuetsd Fipses fiant-?) Welte
designed toiegratedzansgones biah auiregs dae Braen, usion dene BHOiEsQ asda provide gene

expression control of the endagenous DIA gene locus. A third construct (Figure 3) was
designed toyggrﬁ%?égt?até}%ﬁe %?aerc\:tqégqgos?%aﬁ[h%%{tﬁo T FarSErbtanal bISEKerS Thide Then

engineerediR GBS &P tar §EGRT camstr ity aeapeRitbY 5o 8 tetDNAtangatiTrthomology, greatly
reduce if ndtiefifrimate ekprassionifiombi ting Activity AlOuk@adomly tiegrated-transgenes. ES

Cell Culture,ard Manipulation, EScell e ' |ntay S ibed.(by Smith, A. G. (1991)
J. Tiss. Cu/t. Me h.atl%?l§{9-94{in thg a %Yée%cg%g%gdge%?n Er%;gc%gor% s%%%%rﬁéériljf(‘ejg V\?Tﬁsr%ﬁﬁcr?"eon

DIA/LIF. TH germiing ConTisetdt ctil iR CBREANISCERBHEhSPRENTEFIRN29tE AR 0s B4
published pr8cedtk&s iEBIEA) g Bvans xBrPs& Smithre% G t{l990F Developieehtridd] 1341-1348).
Aggregationshingaeras wete prodicediieiwesadzS calls ard oytbrad ML emhryos by, g mogification

of the methpd. of Woqd et a/. (Woad, 3. A., Rascpe, W. S., Schmidt, C., Kemler, R., Evans, M. J. &
Allen, N. Dgé:}QQS) Pr(()%é. Nal:tll.l Acaq.b a.u%f%ﬁ%ﬁ% J'|(r:1'r\7vhk|clffhé ‘Cllé:%luﬂare %Oﬁnerf%rmed in
hanging dr&i5s FOF GeliRdinE tRishassitrh, diifakPsdiere produced by blastocyst injection. For
isolation of homologous recombinants, 108 cells were electroporated with 150pg linearised plasmid at

0.8kV and 8pfad inea .4sne cematis, then-selegtaddnithe presencs.of J70pgint £418, Genomic, DNA
was preparsg ?gg%@ff #)"i%s (/B{g\évn, \a{v. hAa.S(I%QSLEMB J. 7,2377-2385) from 24-well plate
cultures while duplicate plates were stored frozen (UFe . ERInG SR SHith, XSG f882PFrends.
Genet. 8, 6} SFFASSAYDIRHH FERYO dBEEGH B sémakeREprasse fo differdmiate Byandubation with
6mM 3-methexgberzanidd andeonditionedunedia washampstedandrassayed farthe ability to inhibit
ES cell differgptiatiqn-as,dgscribed. r e ific for DIA/LIE by.inclusion of a
neutralisin %chlg %I anti%%? l%g?se%ngé%?gggs rﬁll?r?ﬁg %gi,% L?E%eé%%nﬁgﬂb%éﬂéé% i%t%‘éﬁg%ic%%
staining forq%%galxgc&si‘daéngjst@arﬁga%uisﬁﬁﬁg@?@af‘(ﬁ’ed](ﬂ‘ibtﬁﬁ;@ﬂfig. PLIBrgehbtefiRNA

levels (<10 copies/cell) the DIA gene can be targeted at high
efficiency.

These results suggest therefore, that the use of constructs
according to the invention is applicable at least in ES cells

to genes expressed even at low levels.

To investigate whether IRES-mediated translation efficiency is
cell type dependent, we generated a random gene trap vector
according to the invention which utilises the EMCV-IRES to

initiate translation of the Bgeo fusion gene. Neomycin



J Land, H. & Hogan, A. (1989) Development 106, 37-46) and fluorescent staining was performed with
DetectaGene Green (Molecular Probes) according to the manufacturer's instructions. Plasmid
Construction - 20 - DNA manipulations were carried out following standard procedures. The IRES is a
594bp sequence from the 5' untranslated region (UTR) of EMCV mRNA which has been modified by
mutagenesis of the native initiation codon. Translatior is initiated by an ATG which lies 9bp 3' of the
normal start site and forms part of the Nco | cloning site. Briefly, the IRESpgeo cassette was
constructedri®igdimgta S¥abniameat thes EMCYLIRESIAcZdusios (Ghattag ef.al. a1981) iQ8y
lacZ/neog sequancasetihe Rgesenausion(iestich, GedSorianos By (19%1)Genes Dev. 5,
1513-1523)11',[.g@%‘lélrI?EaSngeﬁgA pla%rgéd was then 1(_?enerai;ed by 5' ligation of the en-2"splice
acceptor (Gossler, A., Joyner, Rossant I & SRAMEE WPT o8 8a8HES 244, 463-465) and
3' ligation oF B{ABGoRAdERRLBR (tienBEs Vigigefing eonstrrswerd prepared Irmmegenomic
clones isolated Irpmia strintE2Y. Xdibpakys DIAA |Ibiargetiag ConstHICis weye gengraigd within a 7kb
fragment extending drom a,.35ac; 1L sife en the alfernativefir ns to.a Hind Il site 3 of the gene.
The DIA-p(\;%o conﬁtr%tion vyasér%slagr%g&%/ %gé%t)iol:?{)gf tﬁ‘ﬁf ggég%&&’ cgéfse eEmtcr)ﬂ i lLﬁ‘chflﬂs Xba |
site. To genérate the DIR-bgdbpA-CSistitiet la 1% 8am HI fragment containing 3' Roe sequences
and SV40 polyadenylation sequences was isolated from pGTIRESpgeopA and ligated into the Barn Hl
digested DIAkpgeo eenstiist. Tdis cesttisip Hieartion of the200bp-SV4Q s8qusRcasInpacs Qf a
400bp fragmggtofRIAULIE 3  WILR . The Oct-4 targeting construct contained 1.6kb of 5" homology,
extending from a Hind 11l site within the first exon to an Xho | site in the first intron, and 4.3kb of 3'
homology extending from the Nar | site 3' of the polyadenylation sequence to a Hind Ill site. In detalil,
to generateftheDIAkarfeting consirilictstarpretintivaryometormonping thec EMGWJBES ta the Bgeo
fusion generwgs enginggreds Thigwas:generted Qyligating A Jugé(bi%amawigggg £t encompassing
the bacteriaégl]ersgp%ér%rse_sistance gene (neo) and the SV40 polyadenylation signhal into the Barn HI -
21 -

Figs. 7 and 8 show the IRES-f8geo Targeting Strategy:

Fig 7-8Bchematic representation of internal initiation of
translation mediated through the IRES in a dicistronic
transcript.

Fig 8-applications of the IRESBgeo cassette in gene targeting.
Constructs can be designed either to delete all or part of a
gene whilst incorporating the lacZ reporter, or to append the
reporter with or without modification of the intact gene, and
Figs. 9-12 show DNA and mRNA Hybridisation Analyses of
Targetted Clones:

Figure 9-DIA/LIF targeting. Genomic DNA digested with Hind III
or Eco RI was hybridized with either an exon l-specific 163bp
Xho I-Eae I fragment from pDR100 or with a 700bp Pst I-Eco RI
3' genomic fragment respectively. Lane 1, CGR8 parental ES
cells; lanes 2, 5 and 6, clones targetted with the non-
truncating construct; lanes 3 and 4, clones targetted with the

truncating construct.

Figure 10-Oct-4 targeting. Primary screen on genomic DNA
prepared in agarose plugs by Eco RI digestion and
hybridisation with a 5' 587bp Nco I fragment, and confirmatory
hybridisation with a 600bp Hind III-Sau 3A 3' fragment
following Cla I digestion of phenol/chloroform-extracted DNA.



site of the Bluescript Il KS(-) cloning vector (Stratagene) to generate vector "1". Independently, a 1.4
kb Bgl 1l/Cla | fragment encompassing the EMCV-IRES and 5' LacZ sequences was isolated from
pLZIN (Ghattas et a/., 1991) and ligated into 0GT1.813geo to generate the vector designated
pPOT1.81RESBgeo (Figure 4). A4.9 kb Xba | fLamnt encompassing the entire IRESBgeo fusion gene:
was isolated from pOT1.8IRESBgeo and ligated inta.&ba | digested vector "1" to generate 1RES-Bgeo
(for targetir'lvg‘flg (Figure 5). To generate the DIA-IRESBgeo targeting vector (Figure 1) the 4.9 kb Xba |
IRES-Bgeo rggrfeﬁfe f %dlﬁ%géﬁegﬁgﬁaﬁﬁgtmﬁ)l(ﬁﬁtﬁéﬁﬂ\%’é Iightethintd & tigecrish | site
overlapping ifeetrafslatiendl bvsp eddorpofitiemunine DtAagehenThe tiurinetRIA gese fragment used
in the desigiegliedalA genestrap tyygeting yecterrspaanedirem.a $agdl %tre inipediately 3' to the
alternate fir, n ing.the "D" transcript) to a.Hind ]I site approximately 7 kb 3' of this site. The
second DIA? é§§§¥aér%%ct?§é ?/qé%t%%lug%@%éte%gé% I%Engggr eﬁ?&eﬁé&?@& by inserting the SV40
polyadenylation sequence immediately 3' to the IRESBgeo transgene. This was accomplished by
inserting a Sagukk ngd/pgretragmentfrom ¥REScBges(ferdaigeting) tio BarrEH digestedsZkb DIA

IRESBgeo,;khe, rasiiignt cersta | ical tq.t K geq targeting construct except
for the incISsion of the %yéfo E}oﬁg\!{;gtfgglﬁ%%n% i?\%élc%%&ai%?gggrﬁa?eﬁ%y §6§ %% o%f)lA gene 3'

UTR sequence. The P 986 trGERAG VE P wal T eRttat8d By Rs iy a8 0bDp Nco
I/Pst | pSVRKREBBFFHEIER, Mcofgaramvy thetrbbit Bl globini geriessplicedacceplar(ard exon
sequenceseandiibiestV & polyadepylatien-signak date thedRaed! sitg i thed' extrgmity of the DIA gene
DNA homolegh{fiafHle The Ddldaea.constiuel (Oetgotyeo) designad o lardgted 222 -

integration into the Oct4 gene is shown in Figure 6. This cons)(rug:t mcorporatré%"l kk% of 5-58% gene
sequence, 25 kb BP 3 Ot e Gett- S8 e PRI RS ciiF4<iBA gEREYBHES, entdingad

bifunctiona®prsteind Fistdrieh- ada BoriatibetoElrintopiheé fastdntren phhied@stkimRNA. Splicing from
the splice dwms seguence ebthedifst. exomiatron kaundary, %@@ i@@g@tﬁg,}@ggé@g%ﬁ%quence is

facilitated by _the jnclusi mugine engrailed:2 splice acceptor sequence (Skarnes et a/., 1992)
immediate?g%ft%g t'hefl%qgs%’gg%ﬂs%q ehte. r%%'gla%%%% the E%S%E%‘%ro Ot th &Rt BRyeo fusion

transcript iSTatfaEE) FRARAGYGH of IseEMAVARE SimRbdiatsly s toftherBgesldading
sequence. &S gelttradsfettion ahe calonysetaatignedviewse &29 ES cells (line CGR-8) were prepared
and maintained in the presence DIA as described by Smith (1991). Plasmid DNA for transfection was

linearised l%yiSaI I dig«istbegthanol recipjtated and resuspended at 10-14 mg/ml in PBS. Following 10
hours culture Y frésh fedium - riear cSnflueHEES bt alSe tisierddd BY typsimearhtRasisd

sequentiall§&r E8lturEfiddiuRand B D zerresdsfande daidt. £ £E08/midiia tRES Bt inenddiate
transfectiomhieodtinety, b7 shlofeel suspension was mixedwith 8.1 MHRNACRIARING olgtion and
electroporgigd af 08K\ and 3.0 pED ysing a Biorad Gene Pulser anc %.]4t%m cuyettes. Transfections

: . ¢ [ re Ve .
were plated on _ggelitlnlsed tissue culture dishes at _5-8x104€7cm in grow _me%fumcfor 1§ﬁours prior to
the additiof BF SSREFET MEdiim THREHIRG 260 oMt (AemR) @ sfisidRn). SiRglRUbidHEs were
picked 8-10 days post transfection and transferred in duplicate into 24 well tissue culture plates for

further expaigionin gepwiisnedibiny canRtaiiag ggg%@k%lgﬁgc%gggwtog% series of cells

\_Nere_frozeglfxqire%%% vgfsnl%gsecrxel %réd%rnw }?a%%allézead, by Southern analysis and/or lacZ staining.

EXAMPLE 1

DIA gene targeting constructs (Figures 1 and 2) were designed
to integrate transgenes which express the B-geo fusion gene
product so as to provide gene expression under the control of
the endogenous DIA gene locus. A third construct (Figure 3)
was designed to demonstrate the advantages gained through
transcriptional blockers which, when engineered intc gene trap
targeting constructs at a position 5' to the DNA targeting

homology, greatly reduce if not eliminate expression from



Further characterisation of the DIA gene-targeted cell lines: Selected cell lines were assayed for lacZ
staining patterns following ES cell growth and differentiation in DIA-supplemented medium, or
following retinoic acid induced differentiation in non-DIA-supplemented medium. Production of
chimaeras frofn the DIA gene-targeted cell lines: Selected cell lines were cultured'in the absence of
G418 for 7 days prior to embryo injection as previotisly described (Nichols et al., 1990). Briefly,
blastocystlséf%ig‘jnelctiqu] r%erercgjclggtegr%gl@.% r{‘(raosrr) 057/316 donors, injected with :_LO-ZO ceII_s and
allowed to re-expan"& ifi cultire prior to transfer to the uteri of pseudopregnant recipients. Chimaeras
were identified by the presence of patches of sandy coat colour on the C57/BL6 background. Male
chimaeragmaydkeltesubradr-ier fmdsmasigrudthédransgenes. Transgenic mice may be analyzed for
lacZ staining. DNA and RNA Hybridisation Analyses Filter hybridisations were performed on nylon
membranes according to standard procedures using random-pyimed 32P-labelled.propes.
Homologdt rEEMBindRtEwER 3%?(’3&%36{\5%% B%%e%%ro%r;?ﬁgfﬁ %%d9§¥I:§I%%§gSéq&énces.
Whole mo@nt ih1&RhybFidisatiea wittdigextiehir-labdled Bt hniBedeRRAISESEHBISP IH.,
Dressler, @eRa3alling: RneROhGewalsh tedetuss, v A9 2)EMBODI 2/ Z185-2185) was performed
essentially as described (\Wilkinson, A S idizafign: ic r .
Wilkinson,g‘l(ir&g‘.i(IIFS)Ea P(?ggg?%x?%?% 1%;p£.;|‘75%23%%%@@?{322}(%’%8%%%'%%%?0%%%S%%%PRQN%%:‘?Exqs cells is
fewer thanL 2§ c6BIRE HRF cB: tRIEPrdFed PHRAT R oF i \geirainiity of IREE Brgéting'vectors
of the inveatismifargefing Gectbi®Berne davstiumpae by idtkdtuctian bf htd G RES-pgse wfodiienat the

Xba | site which vedaps e siopsasend Fig- Q)ethe estireaoding sequanesqwas thus left intact and

intron sequences were unaltered. Two canstructs were bulil &A-cpgegg@g RIA-pgeopA, which
differed byelrr‘?c UEioR ok?ifhéEi %%lpollf/:f e%??at%ﬁﬁéﬁal%e%%‘ie pgeo sequence. The fﬁ(sion transcript

generatedollotving RBR#ISgoUs reBombfiatBhdiith the foRFRE-ESnstRict ufifédstheénddgendts 3
11TH and polyadenyatian sighabafthe A4 |IFiganke, wheadas theDIATSgedA cénsitlet §iVes rise to

a truncated fransgrigt lagking thege sequences: In.£94trast 9 RIAME, bethyaRNAand protein for the

octamerbinding transcription factor Oct-4 (also known as Oct-3), are c{%@g\éel}}% abDnggntoin ESStceIIs.

Oct-4 is alSFotnY Doty RR SPhfEdRAta EaMFEMBR o'l dhd primordial germ ce Ss.C‘F]he
associatioriofi@ct-dwith plEripoteacy iststasngiife ethby- g Pasid TRWPITRURRBR dUtAg cells
differentiatiga-AndREStRagR ¥e&ionWas eesicnagbathie generde a Tudnalleleaand tiktroduce an
expressionmarker intg the Oct-4 locus, (Fig 8).. The |att uld facilitate the detection ofditherto
unidentifiec?g%es of Oct- é%?és%%%‘%%g’P%B%pe%%ggmain and the %rr%eodo]r_nain coding

sequences’in ex8r82 G5 RerdgaieetcaiVfeplace PBY B RE S-Bg885A R5udie (85, 11). Since the
5 arm of hofsalogy: ended Rithin. the(flrSBiaitroRMER eh-2%plied aéc@R8bdedurtitedfasiféiided 5' to
the IRES injargder tofacilitatePradyative splisingdtemexendsafierhonaalegeds mespbinatione ,
Following electroporation and,sele¢tion in, G418, individ S alyzed by Squtheyn
hybridisatio%‘wit both 5 and™3 fla%k%}é‘lp?%’t?eg fo géteéﬁieg eg:?am%rewét%g? eting events (Fig. 8-12) and
with interndl préss® ARG i6r m%#&@@?atiﬁﬁs.cﬁ%e{ﬁe&’lﬁfé?%iés‘g‘ﬁﬁ%ofﬁﬁous recombination
obtained wigii theesgenstrLstseofthe invantian ase presentédin Fablethox@Penzanide and
conditioned media was harvested and assayed for the ability to
inhibit ES cell differentiation as described. The assay was

rendered specific for DIA/LIF by inclusion of a neutralising

pelyclonal antisera raised against murine DIA/LIF (AS,
unpublished). Histochemical staining for B-galactosidase was
carried out using X-gal {Beddington, R. S. P., Morgenstern,
J., Land, H. & Hogan, A. (1989) Development 106, 37-46) and
fluorescent staining was performed with DetectaGene Green
(Molecular Probes) according to the manufacturer's

instructions.

Plasmid Construction




particularly high frequency was reproducibly obtained at the Oct-4 locus. This may reflect the high
expression level of this gene in ES cells in addition to the contributions of isogenic DNA and the
enrichment afforded by a promoterless construct. Targeting of DIA/LIF with the poly(A) addition vector
was also efficient. The isolation of correctly targetted clones at the DIA/LIF locus establishes that
IRESmediated translation is applicable to genes expfessed at very low levels in ES cells. Northern
analyses of several targﬁltted, clones confirmed thaé all contai efl fusion transc(ril gs of the predicted
sizes (Fig.‘g Ti‘,l’ﬁ?{/lvjr\?c ﬁﬁblr?dﬁed" to"both¥aé Zand Bia orSetd p%qoae% Eﬁectively.The
transcript geffersed H§hon- TRmchBES inseriforPSRIRE SPGEs IS tife DTA/LIR géhe in clone D70 was
detected insimilan lthewgh slighthnloerrgmesntsMotthe RErMalHERRSCHRk: This:indicatesthatthe
IRES-pgeq seqengs isel foes not have apy profonnd ifluegge opgliher transgiintiop or message
turnover. The truncated fusion species produced upon integration of IRES-pgeopA was 5- fold more
abundant ByPHosphBRMRgeEdhhthgthhfithe HerimaPRedsagyt THRSnO8hEad Ikt BEfuSbRe
transcript irtiieséastils wasrreflettethia theprdductionigidiciddieally active DIA/LIF protein; 3-6-fold
more DIA/LIF was present in conditioned medium prepared from differentiated cultures of cells with
targetted truncations than fro arental cells or cells targetted with t on-fruncatjng construct.
Thus the fugs]folnetfrcial{]ﬁ’s’cr%%?s ﬁ&%&%%gl &%ﬁﬁ%%i%emﬁ?\ﬁ %?1’3 ﬁ:tert‘é\?téat?iﬁgggve{nlt%%%lm ified the
activity of tRe tdi5R#EtEgEne THe O cENFYsIdRFand&fst orithéTthd e iRas 20-20- fold less
abundant thar wildiyppe Oct-donRNARET biscpotitc-be attfibtitablestgdaneifieieat dtiksadiaon of the en-2
splice accepiqr,; Rut-might also arsesframdeletign of githey stalilising;elements within the mRNA or an
enhancer wi irgg_hl%%% e. T 6 - ngjn é/iﬂtro studies ik:ustrat the gotggtial of_ the constructs and
methods of tR& TVETTon Tor Obtaiing Tatgesd ateFaI6 8t g it expietsidR EXAMBLEY To
address thé- isgaé sPtisSife-SpecifiditoFIRES fu k6 AR Matieasser s of FandIRYIRES, géne traps
according to the ravestiar pyelectsopatation-ef pGTIRESpgesm® intaESeealls. Sexeral clones which
exnibited wiiesDiRs) explgesion A pepAglositass inilerentated el iiRgs Daliguiele Lsed o
produce aggregation chimaeras. At'7.5 and 8.5 days of development, p-galactosidase could be
detected iniﬂ‘ﬁ%%ﬁé%‘%olﬁ?ﬁk%ﬁ’:b?ﬁ% FETRISRRBERI AU USHRVNETY S EHFR the amnion and
visceral yolkssat aThdsefgene rapsirave be2f trankhhitted vhroDgi el §erba fige,tdondirming that the
presence of et RER-iscqapatibievdthfungtional gamelogenesis; ApdHeliminay, analyses-emthe
heterozygotes mdmﬁe thg%éhﬁfl@ES |§1fun§t|on Itln a wide varlfty of embré(onlc and alcjlultntéssues.

Aggregation chimaeras fiave also been pFocﬁ'Jc% with the Oct %afraécttéaci( cglfsﬁ%eastaljﬁmg pattern of

such embryosTat 8 8ays shdwERRatdRBissTER pBEfic RIS FIRMTTOIG 4 RIRNMATs accurately
reflected bytherpgealdctgsidasseexpression patiert E@Rae Sc Appkcationiofthe fiivention touthe

efficient exst;r@és@@nﬂ%@ter@@@é@é&fa@@ules@ydagerﬁige&{)ﬁn dBE=Sand-a CONA inje thes3in
untranslategfectuon of a enomic clone of %l;lssue-speu Ic gene and tt&e %’l% ration of transgenic
animals by TicronijeRtion infd ferfiidet g, IPFRIAEFNG S& AL & (eg. human alpha-1

antitrypsin) R sefie s ydGWAsite AR DI ANIRE Sy Hord EMCY ) e RS TFdHERed région of a
genomic geneghatlunctiens efisentiyand inia dissuespacific awetdhstruct. This
results in insertion of the 200bp SV40 sequences in place of a
400bp fragment of DIA/LIF 3' UTR. The Oct-4 targeting
construct contained 1.6kb of 5' homology, extending from a
Hind III site within the first exon to an Xho I site in the
first intron, and 4.3kb of 3' homology extending from the Nar

I site 3' of the polyadenylation sequence to a Hind I1II gite.

In detail, to generate the DIA targeting constructs a ‘
‘preliminary vector coupling the EMCV~IRES to the Bgeo fusion
gene was engineered. This was generated by ligating a 1.2 Kb
Bam HI fragment encompassing the bacterial Neomycin resistance

gene (neo) and the SV40 polyadenylation signal inteo the Bam HI



- 27 - transgenic animals (eq. the ovine beta-lactoglobulin gene, BLG). The IRES from
encephalomyocardltls virus (EMCV) is available as a 600 bp EcoRI-Ncol fragment, where the Ncol site
(CCATGG) defines the start site of translation; it also contains a Hindlll site introduced some
nucleotides upstream of the Ncol site, changing the spacing between the IRES and the ATG (Ghattas
et al., Mol. Cell. Biol. 11, 5848-5859, 1991). First.thg upstream EcoRl site is converted, by linker

- insertion (sequence GAATTGATATCAATT) to an EcoRYV site. Two versions of the IRES are

employed sarie (IRESthpinBAhiehahd hotekdlo§dls todihgrsbqueNesisantrodiroakatihedNcot site, a
second in g«é}i@k&itﬁedmeaﬂu'tagenqsiaé%@&emrota@siti@ thesATG within the/Neal site 20
nucleotide downstr m.of box A(TTTC 68, 1 1,1292), remoyin the
Hindlll S|te§aﬁg’5€f\?A s?&‘ﬁé’rﬁ“@eaﬁsi i re§%n nowW reafgi i T%%C%TT%A}/%A%% eé‘&%ﬁAAcg’CATGG)
(Fig. 13, A} STHE FRAifEEPRES ffdrrhERIRESS2 Q“Reélianﬂ‘%ﬁe]eé 3fe bdHREEE, HRELoRINCO!
fragmentspfer the follewingexperanents. The ovinetBhG deadgs presénpom b.lanRrESASall fragment

(or, alternatively as.a shghtly gmallgnSaksXbal fragmentid S@P@B&g&@@ﬂ@t@&%@%@é% 1987,
Ali and Clark, J. Mol. Biol. 199, 415-426, 198 Silj-glga;%g % NucI ]136 10379 1988) cloned
ot

into pPoly IRIE&Q%%Oet NS FBPE 95501, agrﬁents expres aq%lgﬁfével in lactating
mammarybiﬂfdbwﬁenﬂﬁﬁbdéh@dﬁn@%@%%d’ﬁﬂms (Simok8 eganeNatife 32BH005I2, 1987).
Immediatefyrdewrsireant phéhe trapslglier sp.codon in the last exon lies a unique Aatll site
(GACGT/C). This site is converted, by insertion of a linker, to an EcoRV site (final sequence
GACGTGATATCACGTC) (Fig 13 D). Although this construction is based on the use of the entire
Sail-Sail fragm@RETHE BalI15kGa 5@rﬁgﬁﬁﬁg?%ls%%@ﬁ&dﬁntﬁ%%ﬁ?o‘bn(a%%’rﬁ@r rhddif&tions to
the procedéird. kB8 XOhelrepBREr are usew grtkiseparimdftas himan (dpa-gsaairtpsin cDNA
theugh the(progedureanbesrapeaiedwithany athencliNA. Tha CONA iscengiasaregpbydpcalised
mutagene%ls,l s%ch thatlanC Ncol flte gverlag)s the |n|gatt@1%ﬂ§ > (th |é rg@ﬁle g 19 a %qgle base change

in the secon d%n SO chang| the Mature o?nhe amino acid encoded at is position. Because in
most caseg‘%éﬁﬁlﬁ&%c@% AGEBRbUE §6 tHe mERfre HFSHEIT b EautRSt 1Rt tHEBEginning of
the signal sequencerthistiasgnoadverse conseguehcésdor exfessidn, secteticmaradtavity Df the

mature Dr%e'n)ccﬁl%ﬁar')él%ﬁﬁg%g siig.s engingsred abibg i3 erpaus aithe,GDINASugh that the 3'
untranslated regron is remoyved (sequence at the 3t us.of the cDNA readin TAAGATATC where

the stop codonT AKX 28ult e ?NAE ﬂ@5?1‘(‘5‘2§?&|g¥ 1@ e Ncol* o?%\? agment (obtained,

where necessary, by partial digestion in cases where mternal sites are present) is used in the following
experimentsm dlexé qitely 11 AL giecet el r eenerky , A3t d@gzgisaﬁedifiedsummm@synthetic

Bamhl-Sajlpsi ookt isdnseries betwesp s BamHiand Psi slisseenes:of polylinker -
GGATCCGCGTCGACCACTGCAG: restriction SI es are underlmed FI%H%‘}) The Sall Sall
ite) g

fragment eﬁ@@?ﬁﬁﬁgﬁnd‘fﬂ?ﬁﬁ?ﬁé‘@’(&oﬁ?g@& e IRSE s th &RaRic"&ine BLG
gene is cloneddmp tHeSadl site. TIh@WES@dﬂh@&ﬁo@ﬁe@@DMa@@@WaéE@mRv Ncol and

NcoIEc;R\fﬂﬁgm?@&rmgc&\ﬁQMé@ﬁ@d)t?gﬁhﬁf @&%t?{eﬂ‘t@w e @aactmo@\m\)lcol EcoR!;/d
inserted in CORV ithin 3' untranslate n of the ene (F e r
molecule, ggg%éﬁ %é i gxerugegﬂorﬁztﬂe giasmld wit ? graéncggﬁﬁggpr%%%agyenzyme
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The "POS" DIA IRESSBgeo targeting vector was generated by
inserting a 1400 bp Nco I/Pst I pSVTKNeob fragment,
incorporating the rabbit B-globin gene splice acceptor and
exon sequences and the $V40 polyadenylation signal, into the
Sac ITI site at the 5' extremity of the DIA gene DNA homology
(Figure 3).

The Octd-neo construct {Octé4-tgtvec) designed for targeted



© =29 -**x**x %% The experiments reported here establish that the use of IREStargeting according to
the invention is a powerful means of expressing a desired gene in a host genome. Moreover, the IRES
configuration used in these studies was not optimal for translation of the 3' cistron. It has been found
that the precise location of the ATG relative to the 3' end of the IRES has a major effect on
translational efficiency. It appears that production ef pgeo-could be increased several-fold over that
achieved in the present study. This should increase the ability to isolate recombinants in poorly
expressed deieHfitéMancatfe densiivitf oftielat 7 eiporer. ITheREStargettifiyisirategy of the
invention iscopavterft tneansoafrepating and masifgingsnanaiadiaggenesxpiessian. Rurthegmore, it
' apparentihatondlizypiuadediAlon &l an RS Infesmarierdtio s GIRPIoMges @
convenient means for introducing subtle mutations into a gene. Moreover, the’IRES strategy is not
limited to m%Bfﬁ?gfﬂfﬁgo@er?&o%‘é%‘é‘éﬁ?@%he?é‘hﬁ%@ intF%ﬁ%ﬁ:‘ﬁBﬁ%‘F répBHETS TEANS alsbabblicable
to the contréligebexpresdidn ot transgerme e T hehdedietspeBifisity apd 1evislg of tramsgene expression
could be ensgredday theriise efdiRESwHediatediansiation %@@ﬁf&ﬁ%&%ﬁimyﬁi Ea&pt:%wclzaé
injection or ' 0 sdntegration into_an appropriate, locus. The latter could be achieved by
the construé%%y% %é‘?str%%% végt%rgs%gr%gﬁﬁ?ﬁéa tv\:/LoB IFEOé) %Sfelrﬁgrgt%fiAﬁgr?%%‘\a/e%/?%&c‘]ﬁse%%’él
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genes whickgee pgkexpressadin 5% cells 19 genesgjdheraiare thedlexihility and ytility of
IRES-medi@gg}»er%Iai %s em ikely_(,Lto ind widesgir:_ea ap%lzi\gati(_)n in transgenic research. - 30 -
Table 1Frequency of Tsolatiortof Homologous RacoMbifiants With IRES vetlors Eah&iitt eell Line
Colonies Screef&fENEfRfercoding sequence.

ES cell trangfection and colony selection:

Mouse 129 ES cells (line CGR-8) were prepared and maintained
in the presence DIA as described by Smith {1991). Plasmid DNA
for transfection was linearised by Sal I digest, ethanol
precipitated and resuspended at 10-14 mg/ml in PBS. Following
10 hours culture in fresh medium, near confluent ES cells were
dispersed by trypsinisation, washed segquentially in culture
medium and PBS, and resuspended at 1.4x10%/ml in PBS for
immediate transfection. Routinely, 0.7 ml of cell suspension
was mixed with 0.1 ml DNA containing solution and
electroporated at 0.8 kV and 3.0 pFD using a Biorad Gene
Pulser and 0.4 cm cuvettes. Transfections were plated on
gelatinised tissue culture dishes at 5-8x10%/cm? in growth
medium for 16 hours prior to the addition of selection medium
containing 200 pg/ml (active) G418 (Sigma). Single colonies
were picked 8-10 days post transfection and transferred in
duplicate into 24 well tissue culture plates for further

expansion in growth medium containing 200 upg/ml G418.

Once confluent, one series of cells were frozen for storage

while the remainder were analyzed by Southern analysis and/or

lacZ staining.
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Further characterisation of the DIA gene-targeted cell lines:-

Selected cell lines were assayed for lacZ staining patterns
following ES cell growth and differentiation in
DIA-supplemented medium, or following retinoic acid induced

differentiation in non-DIA-supplemented medium.

Production of chimseras from the DIA gene-targeted cell lines-

Selected cell lines were cultured in the absence of G418 for 7
days prior to embryo injection as previously described
(Nichols et al., 1990). Briefly, blastocysts for injection
were collected 4 d.p.c. from C57/B16 donors, injected with
10-20 cells and allowed to re-expand in culture prior to
transfer to the uteri of pseudopregnant recipients. Chimaeras
were identified by the presence of patches of sandy coat
colour on the C57/BL6 background. Male chimaeras may be test
bred for transmission of the transgenes. Transgenic mice may

be analyzed for lacZ staining.

DNA and RNA Hybridisation Analyses

Filter'hybridisations were performed on nylon membranes
]according to standard procedures using random-primed ¥?p-
labelled probes. Homclogous recombinants were characterised
with probes from both 5' and 3°' flanking seguences. Whole
mount in situ hybridisation with digoxigenin-labelled Oct-4
antisense RNA (Scholer, H., Dreséler, G. R., Balling, R.,
Rohdewold, H. & Gruss, P. (1990) EMBO J. 9, 2185-2195) was
performed essentially as described (Wilkinson, D. G. (1992)
in situ hybridization: a practical approach, ed. Wilkinson, D.

G. (IRL Press, Oxford), pp. 75-83}).

The steady state level of DIA/LIF mRNA in ES cells is fewer
’ b

than 10 copies per cell; this provided a stern test of the

general utility of IRES targeting vectors of the invention.

Targeting vectors were constructed by introduction of the
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IRES-fgeo module at the Xba I site which cverlaps the stop
codon (Fig. 9). The entire coding sequence was thus left
intact and intron sequences were unaltered. Two constructs
were built, DIA-Bgeo and DIA-BgeopA, which differsd by
inclusion of the §SvV40 polyadenylation signal 3' of the Bgeo
sequence. The fusion transcript generated following homologous
recombination with the former construct utilises the
endogenous 3' UTR and polyadenylation signal of the DIA/LIF
gene, whereas the DIA-BgeopA construct gives rise to a

truncated transcript lacking these sequences.

In contrast fo BIA/LIF, both mRNA and protein for the octamer-
binding transcription factor Oct-4 (also known as Oct-3), are
relatively abundant in ES cells. Oct-4 is also found in
cocytes, pluripotential early embryo cells and primordial germ
cells. The association of Oct-4 with pPluripotency is
strengthened by its rapid down-regulation during
differentiation. An IRES-ggeo vector was designed both to
generate a null allele and to introduce an expression markexr
into the Oct-4 locus (Fig 8). The latter could facilitate the
detection of hitherto unidentified sites of Oct-4 expression.
The POU-specific dbmain_anﬁ the homeodomain coding sequences
in exons 2 to 5 were deleted and replaced by the IRES~S8gecpA
module (Fig. 11). Since the 5' arm of homology ended within
the first intron, the en-2 splice acceptor seguence was
included 5' to the IRES in order to facilitate productive

splicing from exon 1 after homologous recombination.

Following electroporation and selection in G418, individual
clones were analyzed by Southern hybridisation with both 5!
and 3' flanking probes to detect replacement targeting events
(Fig. 9-12) and with internal probes to monitor for multiple
integrations. The frequencies of homologous recombination

obtained with the constructs of the invention are presented in
Table 1.

Correct replacement events were observed with all vectors. A



Bgeo CGR8 20 20 100% - 31 - CLAIMS 1. A method of inserting a heterologous gene coding _ _
sequence into a target endogenous gene in a eukaryotic cellular host cel! genome and expressing said
gene coding sequence, by transforming the host cell with a vector comprising a DNA construct,
characterised in that the host cell is selected from a non-human embryonic stem cell and a _non-human
fertilised €gg, and in that the DNA construct comp#sed-the sequence: 5' X-A-P-B-Q-C-Y 3'in which X

and Yare substantially homologous with separate sequences from the target endogenous gene and in
BaLEl ?a)é%r%nlcﬂ% asg i REEHdogERDBuS TEARMIR Ao Sefrciamidemgth trandergo

the same'Tespective ori . _
homolog&iistret ohftsivationtwitls tHeeosteeliemnobie sb agto ingerithe LoR-B <34 elements into the

host cell geriemgeisanintapalbiiosemseatiy ske {iRES); the contributions of
isogenic DNA and the enrichment afforded by a promoterless
construct. Targeting of DIA/LIF with the poly(A) addition
vector was also efficient. The isclation of correctly
targetted clones at the DIA/LIF locus establishes that IRES-

mediated translation is applicable to genes expressed at very
jow levels in ES cells. '

Northern analyses of several targetted clones confirmed that
all contained fusion transcripts of the predicted sizes (Fig.s
11,12) which hybridised to both lac Z and DIA/LIF or Oct-4
probes respectively. The transcript generated by non-
truncating insertion of IRES-ggeo into the DIA/LIF gene in
clone D70 was detected in similar, although slightly lower,
amounts to the normal transcript. This indicates that the
IRES-Ageo sequence itself does not have any profound influence
on either transcription or message turnover. The truncated
fusion specieé produced upon integration of IRES-8geopA was 5-
fold more abundant by phosphorimage scanning than fhe normal
message. The increased level of fusion transcript in these
cells was reflected in the production of biologically active
DIA/LIF protein; 3-6-fold more DIA/LIF was present in
conditioned medium prepared from differentiated cultures of
cells with targetted truncations than from the parental cells
or cells targetted with the non-truncating construct. Thus the
fusion transcript is a functional dicistronic mRNA and the
targeting event has modified the activity of the targeted
gene. The Oct-4 fusion transcript on the other hand was 10-20-
fold less abundant than wild-type Oct-4 mRNA. This could be
attributable to inefficient utilisation of the en-2 splice
acceptor, but might also arise from deletion of elither

stabilising elements within the mRNA or an enhancer within the
gene.



is the heterologous gene coding sequence; and A, B and Care, separately, optional linker sequences
wherein the construct inserts the heterologous gene encoding sequence into the target endogenous
gene so that the transcription of the heterologous gene coding sequence is directed by the host
regulatory.elements for the target endogenous gene. 2. A method according to Claim 1 in which the
construct is adapted to insert the A-PB-Q-C sequén%@ into a position of 3' (downstream) to the stop

codon of angadegenqus-gens and St (u re to the polyadenylatjon signal of the endogenous
gene. - 32 - 3. A method accordin%\?o C?Ilzilmgﬁ))?geus%lr%ea 8%&%‘&&?&\Aﬁﬁ:ht?%nd Y are each at

least 1000 PAse pans if I6HYth AT AGMSHOH dde@rdify % tidim Fasingktedmstrust inwhickedand Y |
comprise thé hostdieafanss oanaateigpexaression of the target endogenous gene. 5. A method
according to any of Claims 1-4 in which the construct additionally comprises a polyadenylation signal
at the 3 (dewnsirgam)end of the heterologous gene coding sequence. 6. A method according to any
of Claims I-5in"which the construct additionally comprises a splice acceptor 5' (upstream) of the
IRES. 7. A method according to Claim 6 in which the splice acceptor permits functional integration of

the heterofBgoes gene soting sequence into ansintrosseguenca. £§. A methed agcading o any

preceding gladn far exyressing A hetgrplagoys-gene, cadi uence in a non-human animal cell. 9.
A method gggpé%@g [9 an prﬁceqlting claim furthe%%omgﬁgiﬁggldgrﬁ%ﬁrrlg :gL:IélFfs E?pr@%‘?ing the
heterologous gené co'aing%/séeqt?echc’é. PR A Hth R aBEO dRBIB ERAMA0 ANkRICEShe didlesologous
gene codintf¥&difehceldtss sotds for cesuilditableimaikies anddhd methed semprises sglecting cells

that expresmthecsatectablesmarkesi fferentiated cell types in vitro were used
to produce aggregation chimaeras. At 7.5 and B.5 days of
development, B-galactosidase could be detected in all tissues
colonised by the ES cells, that is throughout the embryvo and
in the amnion and visceral yolk sac. These gene traps hava
been transmitted through the germ line, confirming that the
presence of the IRES is compatible with functional
gametogenesis, and preliminary analyses on the heterozygotes
indicate that the IRES is functional in a wide variety of
embryonic and adult tissues. Aggregation chimaeras have also
been produced with the Oct-4 targetted cells. The staining
pattern of such embryos at 7.5 days shows that the tissue-
specific distribution of Oct-4 mRNA is accurately reflected by
the B-galactosidase expression pattern.

Example 3

Application of the invention to the efficient expression of
heterologous molecules by insertion of an IRES and a ¢DNA into
the 3' untranslated region of a genomic clone of a tissue-
specific gene and the generation of transgenic animals by
microinjection into fertilised eggs.

In the following example a cDNA (eg. human alpha-1
antitrypsin) is inserted, downstream of an IRES (eg. from
EMCV), into the 3' untranslated region of a genomic gene that

functions efficently and in a tissue-specific manner in



11. A method according to any preceding claim for making a transgenic animal further comprising .
injecting the construct into a non-human fertilized egg'cell. 12. A method to according to any of claims
1 to 11, wherein the host cell is selected from a mouse embryonic stem cell anda mouse fertilized egg.
Fig.5 BstXI.Notl.Xbal.Sall.EcoRI.0,6 4/9 Fig. 7 DICISTRONIC INITIATION OF TRANSLATION
CAP-MEDIATED \ IRES - MEDIATED mRNA - 27 -

transgenic animals (eg. the ovine beta-lactoglobulin gene,

BLG).

The IRES from encephalomyocarditis virus (EMCV) is available
as a 600 bp EcoRI-Ncol fragment, where the Ncol site {CCATGG)
defines the start site of translation; it also contains a
HindIII site introduced some nucleotides upstream of the Ncol
site, changing the spacing between the IRES and the ATG
(Ghattas et al., Mol. Cell. Biol. 11, 5848-585%, 1991).

First, the upstream EcoRI site is converted, by linker
insertion (sequence GAATTGATATCAATT) to an EcCORV site. Two
versions of the IRES are employed, one (IRES~1) in which the
heterclogous coding sequence is introduced at the NcoI site, a
second in which site-directed mutagenesis is used to position
the ATG within the Ncol site 20 nucleoctides downstream of box
A (TTTCC, Pilipenko et al., Cell 68, 119-131, 1892), removing
the HindIII site (the DNA sequence in this region now reading
TTTCCTTTGAAAAACACGATAACCATGGE) (Fig. 13, A). The modified IRES
is termed IRES-Z2. IRE5-1 and IRES-2 are both used, as EcoRI-

Ncol fragments, for the following experiments.

The ovine BLG gene is present on a large SalI-SaIl fragment
(or, alternatively as a slightly smaller SaIl-Xbal fragment)
(Simons et al., Nature 328, 530-532, 1987; Ali and Clark, J.
Mol. Biol. 199, 415-426, 1988; Harris et al., Nucl. Acids Res.
16, 10379, 1988) cloned into pPolYIIIwI (Lathe et al., Gene
57, 193-201, 1987). Both fragments express at high level in
lactating mammary gland when introduced into transgenic

animals (Simons et al., Nature 328,530-532, 1987).

Imnmediately downstream of the translation stop codon in the'
last exon lies a unique Aatll site (GACGT/C). This site is
converted, by insertion of a linker, to an EcoRV site (final
sequence GACGTGATATCACGTC) (Fig. 13, D). Although this
construction is based on the use of the entire Sall-Sall
fragment, the SalI-Xbal fragment may also be used with

appropriate minor modifications to the procedure.
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‘The reportér gene used in this experiment is human alpha-1

antitrypsin cDNA though the procedure can be'repeated with any
other cDNA. The cDNA is engineered, by localised mutagénesis,
such that an Ncol site overlaps the initiating ATG (this may
lead to a single base change in the second codon, so changing
the nature of the amino acid encoded at this position.

Becausge in most cases this amino acid does not contribute to
the mature protein because it is at the beginning of the
signal sequence this has no adverse conseguences for
expression, secretion or activity of the mature protein).
Similarly, an EcoRV site is engineered at the 3' terminus of
the ©DNA such that the 3' untranslated region is removed
(sequence at the 3' terminus of the cDNA reading TAAGATATC,
where the stop codon TAA could be TAA, TAG or TGA) (Fig. 13,
B). The NcoI-EcoRV fragment (obtained, where necessary, by
partial digestion in cases where internal sites are present)
is used in the following experiments.

Next, pPolyIII-I (Lathe et al., Gene 57, 193-201, 1987) is
modified such that a synthetic BamHI-Sall-Pstl polylinker is
inserted between the BamHI and Ps+tT sites (sequence of
polylinker - GGATCCGCGTCGACCACTGCAG; restriction sites are
underlined) (Fig. 13, C). The SaII-Salr fragment encompassing
the modified (EcoRV site at the place of the AatlIl site)
genomic ovine BLG gene is cloned into the SalI site. The IRES
and the modified cDNA are excised as EcoRV~Ncol and NcoI-

EcoRV fragments respectively, ligated together, and the fusion
product ECORV-Ncol-EccRV inserted into the EcoRV site within
3" untransliated region of the BLG gene (Fig. 13, E).

The hybrid molecule, BLG-IRES-AAT-BLG, is exercised from the
plasmid with Sfil or another appropriate enzyme and
microinjected inte fertilised eggs of mouse Or sheep.
Transgenic animals harbouring this construct, for the most
part, are observed to express high levels of AAT in their
milk. Constructs of the invention could alsc be used to

obtain expression of other proteins of biomedical importance.
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The experiments reported here establish that the use of IRES-
targeting according to the invention is a powerful means of
expressing a desired gene in a host genome. Moreover, the IRES
configuration used in these studies was not optimal for
translation of the 3' cistron. It has been found that the
precise location of the ATG relative to the 3' end of the IRES
has a major effect on translational efficiency.. It appears
that production of Bgeo could be increased several-fold over
that achieved in the present study. This should increase the
ability to isolate recombinants in pooriy expressed genes and
enhance the sensitivity of the lac Z reporter.

The IRES-targetting strategy of the invention is a powerful
means of reporting and modifying mammalian gene expression.
Furthermore, it is apparent that non-disruptive integration of
an IRES-linked marker into a 3' UTR provides a convenient
means for introducing subtle mutations into a gene. Moreover,
the IRES strategy is not limited to modification of
endogeneous genes and the introduction of reporters, but is
also applicable to the controlled expression of ftransgenes.
The desired specificity énd levels of transgene expression
could be ensured by the use of IRES-mediated translation
either in genomic constrﬁcts for pronuclear injection or
following homologous integration into an appropriate locus.
The latter could be achieved by the construction of
polycistronic vectors containing two IRES elements.
Alternatively, sequential rounds of homologous replacement or
targetting followed by recombinational deletion of the
selectable marker could be employed to introduce an IRES
expression cassette with mimimal disruption into any genes
which are not expressed in ES cells. In general therefore,
the flexibility and utility of IRES-mediated translation seem

likely to find widespread application in transgenic regsearch.
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Table 1 Frequency of Isclation of Homologous Recombinants
with IRES vectors.

Cell Colonies Number Percent

Construct Line Screened Pogitive Positive
Octd-Rgeo CGRSB 51 44 B6%
" E147G2a 10 7 70%
" Dic2 30 21 70%
DIA-BgeopA CGRSB 79 21 26%
DIA-Bgeo CGRB 109 3 2.7%
"POS" DIA- CGREB 20 20 100%

Bgeo
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CLAIMS

1. A method of inserting a heterologous gene coding sequence into a target
endogenous gene in a eukaryotic cellular host cell genome and expressing said gene
coding sequence, by transforming the host cell with a vector comprising a DNA
construct, characterised in that the host cell is selected from a non-human embryonic
stem cell and a non-human fertilised egg, and in that the DNA construct comprised
the sequence:

5 X-A-P-B-Q-C-Y 3'

in which

Xand¥Y are substantially homologous with separate sequences
from the target endogenous gene and in the same
respective orientation as in the endogenous locus and
are of sufficient length to undergo homologous
recombination with the host cell genome so as to insert
the A-P-B-Q-C elements into the host cell genome;

P is an internal ribosome entry site (IRES);

Q is the heterologous gene coding seqguence; and

A, BandC are, separately, optional linker sequences

wherein the construct inserts the heterologous gene encoding sequence into

the target endogenous gene so that the transcription of the heterologous gene
coding sequence is directed by the host regulatory elements for the target
endogenous gene.

2. A method according to Claim 1 in which the construct is adapted to insert the A-P-
B-Q-C sequence into a position of 3’ (downstream) to the stop codon of an

endogenous gene and 5 (upstream) to the polyadenylation signal of the endogenous
gene.
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3. A method according to Claim 1 or 2 using a construct in which X and Y are each
at least 1000 base pairs in length.

4. A method according to Claim 3 using a construct in which X and Y comprise the

host elements regulating expression of the target endogenous gene.

5. A method according to any of Claims 1-4 in which the construct additionally
comprises a polyadenylation signal at the 3' (downstream) end of the heterologous

gene coding sequence.

6. A method according to any of Claims 1-5 in which the construct additionally
comprises a splice acceptor 5' (upstream) of the IRES.

7. A method according to Claim 6 in which the splice acceptor permits functional

integration of the heterologous gene coding sequence into an intron sequence.

8. A method according to any preceding claim for expressing a heterologous gene

coding sequence in a non-human animal cell.

9. A method according to any preceding claim further comprising identifying cells

expressing the heterologous gene coding sequence.

10. A method according to claim 9 in which the heterologous gene coding sequence
also codes for a selectable marker and the method comprises selecting cells that
express the selectable marker,

11. A method according to any preceding claim for making a transgenic animal

further comprising injecting the construct into a non-human fertilized egg cell.

12. A method to according to any of claims 1 to 11, wherein the host cell is selected

from a mouse embryonic stem cell and’a mouse fertilized egg.



