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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 heterclegous 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



SCOTT BERGGREN 4+00* SSEE MSEE LLB GEssIDGIP FIPTA MICHAEL KOCH 0.2+0*
-Diss-PHss(0SH/MSH) 'MP PsD(SEmicassucsos DEVICES) GPM KRISTIAN ROBINSON 04**
SE(CmJmicssUHoss) BSCHCSEMS F?PTA KEVIN WONG + LLB(HoNs) PATENTS JOSEPH KRUPA
*»BSc(Mscs ERE) USE LEE MORRISROE 4/182 EISHBiocHEREHow) PHD VICTORIA LOVATT es

BSCOBIOLOGICAL CHEM 8. BIOCREM)(HONS) P»_H%S _

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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‘Génes & 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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expression of a targeted endogenous gene.

It is an object of the invention to provide a DNA construct
and methods for its use that enable improved efficiency of
heterologous gene expression in a host cell. To provide the
heterologous gene expression at a desired level is ancther
object. A further object is to provide expression with a
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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P, the IRES, is 5' to the open reading frame of the

heterologous gene sequence . Where B is absent, the IRES is

immediately 5' to the open reading frame of the heterologous

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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heterologous coding sequertes NiransyBRiCgtfaIgecombination with the host DNA
results in insertion of the construct intoc a host gene.

Transcription of the heterologous gene is then under control
of the regulatory elements associated with the host gene.
Translation of the heterologous gene coding sequence is then
enabled by the presence of the IRES 5' to the open reading
frame of the heterologous gene. This results in regulated
expression of the heterologous gene with considerably greater
efficiency than under hitherto known and used techniques for

obtaining heterologous gene expression.

In use, a heterologous gene and an endogenous gene with a
particular pattern and/or level of expression in a host cell
are selected. A DNA construct is made having X and Y
substantially homologous to parts of the endogenous gene or to
flanking regions of the endogenous gene. The DNA construct
will then target insertion of the heterologous gene plus IRES
into (or in place of) that endogenous gene so that
heterologous gene transcription is directed by the host
regulatory elements for that endogenous gene. Translation of
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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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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most mMRNAs is initiated by a scanning mechanism in which a ribosome complex (termed 43S) 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 begias. 1hri 988nPetietierand-SanenbergdiNatides 334 380:325) showed 1BALSOme: «

picornavirus RNAS arg.iaas!ated by, an yavsyal c{nggpcacpi%}q of Jn eén%I\lribosome binding; and that

these particula{: MRNASs contained specific s.egil)%ences internal to the m ﬁ?ﬁa Fenabled & fibosome
to bind and a8 AARSTAIBHS TRY Begtién et her REFRdPHhierihf RibosoREENtry Gre” GRES).
Picornaviruggdiafect hilhamccatissoathis woddndicatexithiat eskaryntic fhosemes reengsisediihe

IRES and coslddaifiaierzanstationintarnaly. g atbenbianmia acapdepandent mechanism. Ghattas
et a/ (Molecy J‘{%(r;gll|,{:I%|£1{B:ioFLci,S%/,(_:\3/}(3(1_:.:.Llslelélloﬁ%lg:,jL gec. 19@1, £)85848-5859) describe the use of an
internal ribosome entry site in obtaining co-expressio &?W%E]en:ég?r’on? gereg(’ifﬁ%%awwoﬁﬁs in
cultured celf8FHY RCHGked STRBABEIHBRRILE thereThirrermy exists vib tficierntdrobedure oy which

a heterologdusogerignsequencestraasgeng)do berexpressestin alikeryolie cellsoln particaenic
mammalian.siemiels, tarsaenicanimals o eutured £oIS canibsingeited into the genome of a host
cell so as tot%tg}aigdexpé%%%om of tth heterolo%ous %)(-;ne in a desired pattern, one gxamae of a
desired pattérn being intimately to couple axpressiiiroftfie -8 HRBRIIGo U GETERh #&tifatory
elements cdtfdllihg SHréssicn 678 thgetesenddyenbushentntds snabjectofthg wentonsto
provide a DNAlcanstractandtmetkeds fonds use that emable impravedefficiensy afhgielogous gene

expression in a.hogtcell. Tapravide fhe heterologous gene expression, at a desired level is another
object. A further object js to pro%/ide expresgi?on V\%t alggsi%ld ter?ﬁc?r% ér?al/%? ségﬁﬁspggfﬂg‘during the

life of a host-CAIFGFFOpLAiortof MRS Of TR sGaticTo ARSI &Y "REterBR gbhS Fenéespression” is
meant both ryraipressiornt irra hostdfiageferduat wes plevicusfiogetrexpeegsatkin thatfiost,and (2)
expression iand Basiofasgena-aseordingdn adpartigular gxPrassioniafile. the; ggne being previously
expressed i fg, DERt YL ok acegrding fo the particular expressign Profle. ) v 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



Accordingly, in a first aspect the invention provides a DNA construct for inserting a heterologous gene
équence into a host genome, the construct comprising the following sequence: 5'X-A-P-B-Q-C-Y 3'in
which X and Yare, separately, DNA sequences substantially homologous with a host gene locus, is an
internal ribosome entry site (IRES), is the heterologous gene sequence, and A, B and Care optional
linker sequences. 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

correspondingh8Stdetonid DNIE 1BRDreferkbR REtRZAPEArS 9878t least 1000 base pairs.

However, it will be -7 - appreciated that, in general, while effective homologous recombination is in

some instapges, ashiexed with,X gnd yehanving Lathek sherh seausncesygffigisncy will be ingrgased as

the length of the sequences increases.
9 gncfu gs a trunca fon/ cleavage/ transcription termination

sequence 5'(upstream) of the homologous region X. The
function of the 5' sequence is tc prevent mRNA read-thrrough;
suitable sequences include a poly A signal, such as the 8vV40
polyadenylation signal, and the Upstream Mouse Seguence {(UMS)
(Heard et al., 1987). The 5' sequence can further include a
splice acceptor. It is known that DNA constructs can
integrate at random into the host genome, i.e. that they do
not always insert by homologous recombination with the

- targeted endogenous gene. Random integration into any active
gene can result in heterologous gene expression; this makes
it difficult to recognize correct insertion events, which is a
disadvantage. The particularly preferred embodiments overcome
this problem because where random integration occcurs the
transcription termination or truncation or cleavage sequence
also integrates, blocking transcription. It is advantageously
found that where homologous recombination occurs with the
targeted endogenous gene, the transcription blocking segquence
does not integrate, so transcription ¢f the heterologous gene
is possible.

In these particularly preferred embodiments of the invention
are established methods 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



X and Y are preferably at least 95% more preferably at least 98%, and most preferably substantially
100% homologous with the host. In embodiments of the invention, X and Y (i) together constitute a
DNA sequence substantially homologous with a single continuous host DNA sequence or (i) are
substantially homologous with two separate sequences from the same endogenous host gene locus
and in the'same respective orientation as in the endogenous locus. In a preferred embodiment, the
DNA construct is part of a vector capable of transforming a host cell by inserting the DNA construct
into the hosP&dll FRA. PR $ie fRES LB s tHerspempdading frantetdidhe setwrotforpus gete sequence

Q. Where BisiabseirtheplRinS tssimipadiately briotheqaperteadingdrame ghthe heateeolageus gene.
The linker rqg{%%Apﬁeag&(g pr@@djﬁ;@g@&@%ge%%%%eg _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 &bplice"dTeptambmisiremnd naturenef linkeeBtihgarticutaris impertaattiaptdwding an
optimal linkage hetwegaribe {RES angdthehaterlegeus.geng (Cell, ioh88:anL1o-h. JARUAY1P92).
To select fo%%ucgggfauﬂransfﬂmlagts ex resesin the heterolggo%s gene it is convenient to include a
selectable Marker, for example an antibiott resitancs gane or & hypSxaAtRFRNodSPlafsicRte
gene, in theHeteBRRYBER tiPrgerdancitibmy & selcdabie athrkatatiangesthe Brobabiigy of
selecting trasgtected bells withr thexdesiredsippnsgene integratiofeas expression afithe selectable

marker is depepdertuaop functigaaldntedralion.inig ap aegvetgsn%-alrgg%%%nelgné%%fa,ﬂ%@ﬁia* |
non-transcrltBed regions o the gengme are therefore readily eliminated. When a construct according

to the invention 13 used to trahsform & 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 contraff the regulatery elsmentsassocatednuitty theshost gene+Trapskatiopidhe 1 to
heterologous gepne cogding.sequence. is, then enahl y_the ence of the IRES 5' to the open
reading frame of the heterologous Sene. T(%:s resuﬁgclg; ?élgu%ét%esag&%?eusséighogg th%%ne?er%%gous gene
with consider86ry grb&tet B thaf URBERRRAGHS RROWRHMIIREIIBE i Sed RFeBERAINg
heterologous'gentaxpiesslon.at the start of the endogenous target gene

sequence. In such cases the IRES is optionally omitted, i.e.

the DNA construct comprises:
5! TwD=X-A-0-C-¥ 3!

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") é gene
("G") according to particular expression profile ("E") where
endogenocus 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 invention in which X and Y are of such length that they
include 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



In use, a heterologous gene and an endogenous gene with a particular pattern and/or level of
expression in a host cell are selected. A DNA construct is made having X and Y substantially
homologous to parts of the endogenous gene or to flanking regions of the endogenous gene. The DNA
construct will then target insertion of the heterologous géne plus TRES into (or in place of) that
endogenous gene so that heterologous gene transcrigtion is directed by the host regulatory elements
for that endogenous gene. Translation of mature heterologous gene product is enabled by the TRES
included in the BRECEGHERIAEGAG Wy FRRRfed HISnGHRK 56 heterslogdus-gefie SEhesitilisation of
IRES-medidt@d dembiaidn initihtomimgehetap tgpe targelERyentiars @ orling @ ther igyention
provides a gensidesableatvantage ouer RiRXiouslydesgibed gene i@:@éé‘“?a%eé‘c?mq?) {argeting
vectors in th@ggu.em%tio&al yﬁg%raggg oéél;{eltr%ns ene into the desired endogenous gée 9-
.transcribedlregl& does fot produce atusion ﬁ%?é‘in and need not necessarily disrupt endogenous
gene expression. Octamer binding transcription factor 4 is a member of the POU family of transcription

factors (reviemveibby Sohelgrait99%). Octdttransariptienisactivater belweentheA-3pd 8-celLstage in

the developing.moxsg smryaand.it is Highly expressed in.the expanding blastocyst and then in the
pluripotent cells Orf c{he inner cell mass. Transé)riptiéo%silg1 %ogvtﬁ-eregﬁ%?érdj g%’ﬁwoeuﬁrir%ﬁf\‘/% ectoderm

differentiatés 16 Torm nieSURTREIRbRT 6t 5P, S80S RIEBY 8 Brd Bick fddy fostebium) is restricted
to migrating' pAmdffalgeriEcain righs leve| Oft4genegrerpressionds alsp ahserved iniplyripptent
embryo cargmomacanc-emxiyanie stem cgll ines, and is down-regulated when these cells are induced
to differentiate (Scholar et al., 1989; Okamoto et al., 1990). The Oct4 gene was selected as a suitable
example of the use of the constructs of the invention because of the known moderate to high levels of
Oct4 mRNA ReSE¥hobP P Bedpite SRR Rifatioreinidhseptorriior thé tatyeted Octd
allele, consiswemtnidptheirehrovet bl apossite epdancesseguencerinithe sgegad intran, e, Octd
gene.can b@é@@gﬁqﬂ;@@@m&gﬁgﬁ@iq@y&ﬂn%}m@@gm acpfl c&qgtryg’tge()r{ %he invention. In one

embodimerg oé%heciﬂ\{enticiréirgg %aiion of a transgenic construct incorporating an 1RES element and
an open reading framé into a poaition 3 18 the" S5EH3HBA &HAS' of the polyadenylation signal
generates a functional dicistronic mMRNA capable of encoding both the endogenous gene product and
the productiof the transgenie apenteatingframadiangikerambediment ransgene integration 5' to or
in place of thesendogenoys gene.sadipgfame RLoVides,an opportunity to knackcout” (or otherwise

: ndo
modify) the enr(ljogenou ene product. . geneus gene An
a nost ce genhome comprising transforming a host 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,



- 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 messeriger-are termed “introns" (for intragenic regions)
and alternate with regions which will be expressed, termed "exons". Transgenes may be fuctionally
inserted intd B%0hsE B In R AT IR cE BAPRLAVEHERD ineeitraR PYPlicefacceptarsegeernce 5' 0
the IRES elemeattoueriabie fuctivaaltiategratigreinto Andatsorn. fametional fiansgesadntegration is
therefore nof xestrieled:bydhe ipkon/exgn agangemest enreading frame of the endogenous gene. This

is another a;fghect in which, the defsi and construction of transgenic constructs o Rhe mvention is

n

simpler than %?%Fﬁiﬁ?&%ooﬁngwngEBﬁstFl’f&gSﬁ?é‘?Rﬁ% CGHMHT e RErsSftRE Hv@ntion enable

gene target®RPRAR ATc@Easeidtbifitien cyribe enventogpramitsadéteroddus gemelcoding sequence

to be inserted iniethes3' Lntiansiated regiorn pkagess (RUIR)ctherefose egasgrving the relative

positions of Al the, HB%H%@WJ%”%%W@%%@%@P@F ding to high:level expression. The requirement
I e

for a genomic copy of the heterologous gene’is avoided, anél%gccesrg?ulOexpressﬁenscinsbe obtained
by inserting SEORATIpY toOvTRRehRT SPFRARES (FIREIUFTR CBeddiseiaNag drbvenahuch
shorter that thecdmespurelirg-denomit copyi theeassembly lob sonsiruetsand she ggserationof
transgenic mamemls ssagnsiderablydaeilitated, I aprefgrred embodiment the EE%QLQQ%U%QQ”G

includes at its, 3' tream) end a polyadenylation signal . An advantage of this embodiment is that
the polyade%é#gng g%%a??%‘é% ts ?nfae fé%anh??r%rﬁ%aﬁoergglﬁg B%O%Tésgirﬁaé] o#ﬁé‘dﬁaﬁ"s%}?iﬁt h&RAd of

the heterologbas HBRE. RIRRFLAERF prefbedeenitRhentsInE DNAeoASEuUdt alsd Inthribsen

truncation/ ciéavaget fransdriptidastermination spauerceb (upsteam)of he bemeolegassdgaion X. The
function of thg,5r-sequence is to prevent mRNA read-thrrough; suitable sequences include a poly A

signal, such as the SV40 polyadenylation signal, and the Upstream Mouse Sequence (UMS) (Heard et

al., 1987). The 5' sequence can further include a splice acceptor. It is known that DNA constructs can

integrate at f&ndbr #its Hie AeSEGENGHhe, iie tisatthey: domov allesy sanserthydhomfologous

recombinatiermitadhberargetes: endegenausgens. Random itagration inte,any active,ggne can result

in heterologgys,gRe expLessian tisuakes L dilfioultla [eepgnize gorregt Joeriign events, which is a
ed em

disadvantage, The particularly preferr odiments overcome this prébrfgr%nbecauSe where random

integration Gtetf& tHe%ranschptisR ferhdRatcefuricaERA T Blcvatié 'R qtibRcbars iaroraes,
blocking traasetipgivawit igadvantdgeas|yiourelthat wherssenmalggohe recomhbisateaecurs with
the targetedgenrgogenous gene, the transcription blocking sequence does not integrate, so
transcription of the heterologous gene is possible. In these particularly preferred embodiments of the
invention are established methods effectively to eliminate expression after random gene trap
integration évents &rd Her8BP providea gemeardp gperageiifg stratawyinéhehables selection
specifically foxplee-desirad targetingreverjolhis geeigodss terfedbydbeinysntersgRoasitve Qglya
Selection (PRBLANLHMISes fanscupLINGslionL HERvage seauRncen {2 dypaagepyiation
sequences)corérgagg&n&%mgg{terggnat on sequences such as the UMS, to block expression of the
transgene in the event of fandont itte fi6n $RE AR Gvely trankBrifEPgeide oMb gBHS
recombinatioB SVHPItAE tdetgerafinctionagirceasdde hotevdlbgoubygenasad i present, a
selec_table ruml_;sr_,&tbmﬁ]&d- Ret thernpsireamsanserigianaligipination sgauencs, spddagrgfore
permits transgiefiop qfdhg beLaIglggous 4eNgad, WhELE PIESeNt the selectable marker,
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 gene
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



Thus "POS" embodiments of the invention extend the potential of the gene trap expression technology
by providing methods of essentially eliminating expression of the transgene from sites of integration
other than the desired target gene. The POS system has particular application in gene therapy where
restricting transgene expression to the targeted locus would be of enormous value. Using the DNA
constructs of the first aspect it is possible to insert-a fwterologous gene into an endogenous host gene
so that the start of the heterologous gene sequence is inserted substantially at the start of the
endogenou®tBIgET §He JBGuERTE 14 SuBip Eagdd tRITRES is optidndiyramitieeneetthie DNA
construct camprisest B0 DX ¥ G Y 3 ndetein EMUanwﬁ@ng@mmg@rﬁgg@éggg D is an

optional linkefesedyenee kXY aBsG AW QA8 A5.Rrevigisly defined. The constricts of the
invention are %Iﬁg Cgl‘giv%g“té'gl{gleous for addressing the problem of expressing ina fé‘?é&%o’é?@éilf’ﬁ’r

organism (WRIC we 8e5|gnatér%PcI5ﬂﬁ/ AT 'Gle‘} ‘gene ("G") according to particular expression
profile ("E") where endogenous genes with a suitable expression profile are not present or are not
accessible IFheasaltitiamisae peentify Redones best egll QPMME‘C&@&Q?%%f@?:Q%E expression
profile E a c r carding to the invention in which X an are of such length that
-they includrelgxtrr%%gl% %%e%ﬁéﬁ%gﬁr%%g%%ﬁﬁ%s%}gﬂ 8&1’1@%%@5%&’&9%%@@” Bfccording
to profile E"TAEDNA BEHSHRT BARVRACRIARE (DPHeRHTD idtRRRsR elbmicns forDNA3 - a targeted
endogenousgErier tietesressidn profite Ecblwhichds desiredktoche misjckesn)RHTRES and (3) a

heterologouegend saguanse G- The DNASSRStUGLdS, allqwed randgmly tgérg}g%@dte Intg the cell T
DNA. Randgm irggg,r&tlgggltlther%%n%@gt i_pto the 8e| :IC' DNA generates a modifie celt expressing
the heterologous gene according approximately 1o axpressivh prafileE bFRefrppect that

ave inherited the heterologous genes. The invention is
applicable to heterologous gene expression in both eukaryotes
and prokaryotes, though preferably eukaryotes and more

preferably animal cells; and mammalian cells in particular.

Cbviously the utility of the constructs and methods of the
invention in selecting for the desired integration event is
limited to introducing transgenic constructs which incorporate
a selectable marker gene into endogenous genes which are
expressed at sufficient levels in the cells being transfected.
To introduce a non-selectable 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



The result is expression of the gene in cell T with a similar pattern to that of H in cell D. Following
random integration of the DNA construct of the invention into cell T, the modified cell T is target for
DNA constructs according to any embodiment of the invention operating via homologous:
recombination. In a second aspect the invention provides a method of inserting a heterologous gene
into a target endogenous gene in a host cell genome gomprising transforming a host cell with a DNA
construct according to the first aspect of the invention. Transformation can include introducing the
DNA of the S/ TioRTHE I'EeFG prapHrdtonsertelia hrRrrdcivsndoy injedtordsaltistics, by plasmid
or viral vectornfpypeéectroppratippeortariysioimdn adbitd aspeet the inveatien pseydes gapgthod of
expressing a heterologous gene in a host cell by making a DNA construct according to the first aspect
of the inver&t_ir?n comprisin tp eterolo%ous ene,allowing the DNA construct to undergo homologous

e
recombination Wit/ fiie Roat gehoteP&Td Gidwilg ARAttE SR oS icehE exbreaiigi @R heteroloaous
gene. The MeEMFSthDS ProREEs a FRehibdwt tethgybrbnioterregsttyansgenic constructs flanked by

regions of ganedioraolegyosuets thai domaelogoyssresembiraiionheiween DNA of a transgenic.:
construct agd £%q:§1/pg’%tcg§&eilggu§ge&gs ég r1;ur}1:((:atisolnsajciEir11sertioP of the traQ]rs1 er{%into the chosen
i t

transcription unit. Transcription of the transgene 1s reguiated by eiements assoti&d with the
endogenout geher &fdof BdditiordrdiemehtSihtrolitEe @ B thetaeoRit e #andyeriendranslation of
the transgeditrerdimgdratenr frafnesis Mediatechvia tapsintde pendenk tragslatign dnitatiogdheough
the inCOFDO@iQ@ﬁH@@sinEﬁer{k}%@ﬂ&%ﬁt%éﬁgsémg‘mﬁqiéf?|%§b@i@§£g§%{ﬁading
frame/s. Thl%%@%@@% eg}n@(%is_ﬂtgclg\égl of tranr ene re%ulation and avoids many of the problems
associated with the design an sticceasruT ulifidation S previBasly desEibePEtsTessBRtonstructs for
transgene &§TeSEIGH 172 fbARASspREGthe RvaRkRIFTbYIdeszombtHa) ofexpredsing a heterologous
gene in a hdstidatidmnmakingenpromatetesspNé canstict Beading o therRvantion,allowing it to

undergo rapganvalegralionAfiin e stgenemaand gipwipe gl ol seR exgaaing (e

L i1Nnse on
heterologo%sfg@cne. Irgc a fifth aspect the invention provides a method of experssing a R&tefo ogous
gene in a hd&t by EFRIREEY & furktiohAPeSHESEIBRYRSHEAS P 36 Hitd he@BAstruct
into the hostRendiieeiedn REfbcimenesne saeh Sgentrric trtaisgeie’bis engieiraddn vitro by

inserting amtRES ceupledrio atheterwlogousigrneswhich is &0 bg expressede ki@ 2 1args ganomic
sequence (@M%@ﬁ?ﬁmé% QLan tif&%altcﬂomosgme encom easg'initi;ithe %ine which 1s to be
)

copied) which incorporates most if not all regtﬁatory elements of the gesne. Hho et énfbodiment, a
genomic tr&EyERETs BRGMEERGHUrS by taigetiRGHRES and heterologous gene which is to be

expressed, into the endogenous host gene and subsequently isolating from the targeted cell line a
large genomicafragmenty(feriexeraiie ccospridiorastifigial shramgsemel udich ipsgtnarates e |RES
andseque%¥HQ§HEells in vitro and has been implicated in a variety of
developmental and physiolocgical 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
DIA mRNA. Results show that despite low steady state DIA mRNA

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



15 - expressed and most if not all of the regulatory elements associated with the targeted gene.
Large genomic tansgenes then provide the desired transgene expression following random
introduction into the host cell. In a sixth aspect the invention provides a transgenic cell or transgenic
erganism or transgenic animal into the genome of which a heterologous gene has been inserted using
a DNA construct according to the invention either by;Romologous recombination or by random
integration. In a seventh aspect the invention provides descendants of the sixth aspect that have
inherited th& ¢@icTbRYbuS Gghes iTies inviehtibnds. applicableatozheterolegotts gene: expressieq in both
eukaryotes andaseisaryetes: toughaelerablyakaerales and st preferghlyanimpl gells: and

t

mammallanigﬁ, n nglr_:g}lac{. Qﬁ’é"oé‘ﬂ}’ the utw{y of the constructs and methods of the invention in

IS i
selecting for t _eéé:eswed integration event 19 imited36 TFSdutiy FanSdEie88RSructs which
incorporate <EIEEERBR MEHR: RS ifffd arpycipuEYehEs W arnéxpressed atsufficient levels
in the cells bemytraisfected.akrintropities @inen-seteciabie gena taanidativelystkanscygbed gene for

expression jndepeadentiy ata selectable marker, dhe fargg I first be “marked” with a
construct ac_%fclgi:ling tg the inventio exp%essing a sele(:a%lrabltefl ?ﬁgéufsﬁe&;gvgﬁicﬁia%%e@ brgﬁdsle?e%?éld for
(primary targeang) and selectdd Hgitst (€condd?§ Targeting). Once marked through a primary

targeting event, transgene integrations into the "marked" gene could be selected for by the absence of

the primarytargeting geneselesiakie saarket 1 Hhis type efanpreachishatisylady appligable where
repetitive taygeting.qf g, pagicylar gene is envisaged such as in the development of cell lines or
transgenic animals for the over-expression of heterologous genes. - 16 - selectable marker may be
similarly employed in standard non-gene trap type targeting vectors to mark the target gene. In a
particularly pieferred eflsodiment df.thetimadntiange ctorsstavediee noaonatel cies whichgmploy

encephalormyrparditusvirisy EMGV) HRESJpadiaterdransiation, ata Lacz/hacierialpeomycin

resistance f&?g et(__‘Bgeo, Freidrich and Soriano, 1991) for gene targeting I murine embryonic
stem (ES) cells. Translation of the Bgeo fusion gene generates a bifunctional gene product which
provides both$&porteraitfd <blédtanle iarker genbasdvip nustdrsavéremesigned to target and

subsequentiy e pors@haoenakDifiesentiationd shibifingrActivityibeakaemia- inhikitery Activity (DIA/LIF)
gene expregsion by-nonsdispntive iasertion of the trans tQ.th dogenous gene reading frame,
and (b) alte g_% Dé% ene expression res.ultingu rom a define mo%ifi%ea%r? a%t'}_f]reroBf locus, an (c)

altered ocarmer-biidin Franscription factor 4 (Oct4) expression resulting from a defined modification at

the locus. BlAds &ieltrbpr tiesiene WhidtesdpireBge differsriation of Efcellstandteocandrhas
been implicatedsitra:wariety oh developaeptalansk physiolegicalnregessesinddve, skhe RIA gene was

selected asg suitahle example-of the use.of construets of the invention becayse of the known low
levels of DI?. mRNA. Results ShOthIBthat dég it(;C ow gtaé%%dylé?ﬁgﬁlirrﬁR%A eveld P<ef© oHé%/cell)

the DIA geﬁeﬁaggﬁggfar&é%‘gﬂ arhiaﬁthout medification 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.



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' - 17 - resistant cell lines which display-LaéZ staining in a variety of differentiated cell types
were selec&éld for blastocggt ingection and the subsequent generation of chimaeras. Chimaera S were

bred to provide fully’ FRASG&TE Rhim AR Y6r &adivdig bri ka2 skprissioh profilel Fhrpdmasis should
provide valgabrR inSigagiptd inceetfifieviey b8 IRESnmtHintedttiams|atiorhitrothaecalktypes. There now

follow descsiptiaas ebexemplary empogdiments efdhe inentign inwhich Figs. 13 and 6 illustrate DNA

constructs gf the inyentian, Figs, éc%%% ;sh W DN%QC}I’ISU%I:JC'[S for use in making the constructs. Figs.

7 and 8 show the IRES-pgeo Targeting Strategy: Fig 7-Schematic repreSetAfisT of internal initiation
of translation mediated through the IRES in a dicistronic transcript. Fig 8-applications of the IRESpgeo
cassette ingjamerardetinge Canstruciscanthesdesigned eiheritowdelate atlorqeart of.a ggpe whilst

incorporating ¢ geZgepedar. ot {2 apRend e ipoal withonuithaut madiiication of the intact

gene, and Eigs, 912 Siow DA and IRA Hybridisaon Analyses o fargeried tlones!
differentiate by exposure to 10™*M retinoic acid. Poly(A‘)
enriched RNA'was prepared after 4 days, applied to a
formaldehyde gel and transferred to nylon membrane. The filter
was hybridized with a 650bp DIA/LIF coding sequence probe and
exposed for 21 days, then stripped and rehybridised with an
800bp lacZ fragment. Lane 1, RNA (1l.5pg) from parental CGRS
cells; lane 2, RNA (3ug) from cells targetted with the non-
truncating construct; lanes 3 and 4, RNA (3ug) from cells
targetted with the truncating construct.

Figure l2-Detection of fusion transcript in Oct-4 targetted ES
cells. Total RNA was prepared from undifferentiated ES cells.
The Oct-4 probe was a 408bp Nco I-Pst I 5' ¢DNA fragment (292)
which contains only 24bp of exon 2 and should therefore give

equivalent hybridisation to wild-type and fusion transcripts.

Fig. 13 shows steps in the generation of a construct of the
invention as described in Example 3.

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



Figure 9-DIA/LIF targeting. Genomic DNA digested with Hind Ill or Eco RI was hybridized with either
an exon 1-specific 163bp Xho I-Eae | fragment from pDR100 or with a 700bp Pst I-Eco RI 3' genomic
fragment respectively. Lane 1, CGRS8 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 preparéd in"agarose plugs by Eco RI digestion and
hybndlsatlon |th 5' 58% d[ra;grment % onfirmatory hybridisation with a 600bp Hind IlI-Sau
3A 3 fragme <f-’o"fl g\/lng T’§ gestlon o eno fchloroform-extracted DNA. - 18 - Cla | reproducibly
gave partial digestion of the introduced S|te, suggestive of variable methylation within the /acZ
sequencegkamz1 ] parehtal G RBEE Healigyldret 20nontargetted transfectant; lanes 3-7, targetted
clones. Figure 11 Detection of fusion transcriptsin ES cell clones with targetted integrations at the DIA

locus. In order to_increase the level of DIA expression SceII were indu fferentiat
exposure FC1EBM fetidiE 58‘%&9{#&5 Sitched J]QI%E Was §repare efé; adés a%%l‘ie to

formaldeh§de §&P&Ad trdnsfBied toFiyloh- nféﬁﬂi?ané?Th@ﬁtt%a§ﬁyBﬂtﬁ’zé¥Pﬁ/ﬁﬁ%5@%p DIA/LIF
coding seguaneefyoba &M@@@Sgd@’l@n@ﬁyﬁ%dhaﬂsﬂipﬂeﬂﬁm ehybridised wits an 800bp lacZ

fagment | ane. 1. RNA (hapaltom parenial CORA Rl ane 2 RNA(RETan el trgetied with

the non- trt%matlng constru t; lanes 3 an rom cells targetted with the truncatln%

construct. Wg‘ijr@“l}?r@%cﬁgn B\“Wskﬁ%‘f?é?n?d?ﬁﬁ bré? RIETRAES cdits. THIAHNA WasTprepared
from undifferentiated E5.cells. The 9ct- @pﬂo@éqﬂa@am%b@,Née'il‘ipsﬂl@@DNAP@Qg?rﬁ@m*@Qz) which
contains Oelyl%@@:eisewx%ageeagele&he@@@egﬂveeqe@ah.emt aybridisationto wid-type and fusion,

transcripts. 13 shows ste Sing the neratl a conshuct o theougntign gs des %’89 d”
Example SE%EL 1 ‘?I)If& gene arge |ng cons ructs ng%‘l‘?és‘fi and 2) were des?é eid to integrate

transgeneSwhich eXg#E€Sthe B-ged fusPftfertthroduet &8RS fF provide G&id @xpréssion unfer the
control of the Badpganous. DIA genaa locusoA third icbnsiuetd Figird 3) Wa3 dEsigrubid dehinstrate

the advantglge%gglcgﬁdégro&gbg@gcggtl hlockess yhigh, whenengingesed m;tg gene trap

targetin constructs at a position 5' to the DNA targeting homolo eatl reduce,if not eliminate
EXFg)rESS?Of%}ﬁ line tpransmlssa,on chlma%rasg were 8¥O%r % cibel % yst

injection. For isolation of homologous recomblnants, 10% cells
were electroporated with 150pg linearised plasmid at 0.8kV and
3pFd in a O.4cm cuvette, then selected in the presence of
175%pg/ml G418. Genomic DNA was prepared in agarcse plugs
(Brown, W. R. A. (1988) EMBO J. 7, 2377-2385) from 24-well
plate cultures while duplicate plates were stored frozen {(Ure,
J., Fiering, S. & Smith, A. G. (1992) Trends. Genet. 8, 6).
To assey DIA/LIF production, ES cells were induced to

r

differentiate by incubation with 6mM 3-methoxybenzamide 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
polyclonal 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




- 19 - randomly integrated transgenes. ES Cell Culture and Manipulation ES cells were routinely
maintained as described (by Smith, A. G. (1991) J. Tiss. Cu/t. Meth. 13, 89-94) in the absence of
feeders in medium supplemented with murine DIA/LIF. The germline competent cell line CGR8 was
established from strain 129 embryos by published procedures (Nichols, J., Evans, E. P. & Smith, A. G.
(1990) Development 1101 1341-1348). Aggregatiork€himaeras were produced between ES cells and
outhred ME1 embr¥1o,s ‘%ES‘ modification of the m%[tgod of Wo ciet a/. (Wood, S. A., Pascoe, W. S.,
Schmidt, & KeMier R EVan /. AR N1, @553\§¥I9r0c?ﬁﬁﬁ. ASAT €@ dsA 90, 4582-4585)
in which coedgFE ¥ performés inRETiAG dfos? Her gepmvpRIranshERgsidiechimaeras were
produced hyrhlasiasysiiajecher.ifcer isolatgn efhamulogarsAecombinantss 108<ellsnseisied
electroporaled yiiblnadieatized plasiug L0 St and Spkd 18 dkacm crygie, Diep selectod in
the presencé of 175pg/m1 G418. Genomic DNA was prepared in agarose plugs (Brown, W. R. A.
(1988) EMBBLE 7293 7%8@%%%221%%%?@&1@3?85 Whil Hupea@ prites vierastorsd fi8zen

(Ure, J., Fieryg, :@8nSnptr . & (1Be2NbendscGengnd, 8). Ta-assay DIA/LIF production, ES cells
were induced to differentiate by incubation with 6mM 3-methoxybenzamide and conditioned media

was harveséed and ass ed Q{éEE abilit)éto inhjtbit ES cell diﬁer%ntiatign dalsbdeslcribeg..The assay was
rl? (¥"%éﬁ ﬂ?o aﬁse te was cops ruF % Y it IS SR sPmur
rendered specific idr'DI y'Incfusion of a neutralising polyclonal antiserd raiSed agaifist murine
¥ g .

DIA/LIF (AS, udisisRed). HistbeReMitaY stalififng 61°8-ghlaeicdidsehpdsesrrietl 6k using X-gal
(BeddingtohSR1$. Bg Morgenstefned? Langutndealdogan, thg 1988)Devsiephent 4686, 37-46) and
quorescent@tng_\g}gfggg_peggrmgd g@@ilg%@ctqgenq @g@qn) (MelgeulapRrobas) according to the
manufacturegiénst%%i?ns. Plasmid Construction - ZP -,

1 -1 . The pGTIRESfHgeopA plasmid was then generated by 5'

ligation of the en-2 splice acceptor {Gossler, A., Joyner, A.
L., Rossant, J. & Skarnes, W. C. (1988) Science 244,
463-465) and 3' ligation of SV40 polyadenylation sequences.
Targeting constructs were prepared from genomic clones
isolated from a strain 129 A library. DIA/LIF targeting
constructs were generated within a 7kb fragment extending from
a Sac I1 site between the alternative first exons to a Hind
ITT site 3' of the gene. The DIA-Bgeo construction was
prepared by insertion of the IRESBgeo cassette into the unigue
Xba I site. To generate the DIA-fgeopdA construct, a 1.2kb Bam
HI fragment containing 3' Bgeo sequences and SV40
polyadenylation sequences was isolated from pGTIRESpgecpA and
ligated into the Bam HI digested DIA-Bgec construct. 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 IIX site within the first exon to an Xho I gsite 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



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. Translation 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 constructed by ligating a 5
fragment of the EMCV-IRES/lacZ fusion (Ghattas.etql.,-1991) to 3 lacZ/neog sequences of the pgeo

- gene fusion (Friedrich, G. & Soriano, P. (1991) Genes Dev. 5, 1513-1523). The pGTIRESpgeopA
plasmid wasg tikercderidrateiilby Scligatibn 1of tHE en-2 spliveiatgepor (QusdIen 7a tagges A o,
Rossant, §;éhSkarpesy\it €{1989). Seignee 2dde463-465hand 3' ligating 0f SVAS Bolyadenylation
sequences._Targeting constructs were prepar n ic clenes.isalated from a strain_ 129 X
Torary. DAL e e 26, ragsﬁn%%?ei?%%aﬁg e site

between i@ akerradvd firt sxbAd Yo AMNAG R8It 8 Fihe giAd PhéBia-bHes @hskidton was
prepared IpcinseRBgeas the |IRESpgeseasetterintcthe drigugXbad GiteGTd g@NREHS dlasy
DIA-pgeopA-ganstaich v 12kb BaraHhiragment coMaining3 Kogsaauenges 3RdSVAG e
polyadenylation seque#ces, was isolated from é)GlTI E p%eo A %Edll'gﬁ% %o tghe Bagﬁ HI digested
DIA-pgeo SOHSARE TS PaikSR s eHish p-sV40 Bgguencesin prace 6 4 400bp

fragment G IHANSR JLUTR. Xife Ocdd gagbeAg ¢eASRICt contadhfe B LBREBES' ABMDIdYyeextending
from a Hing#H site avthir thegfirst exaryta-an xXho | site in the first intron, and 4.3kb of 3' homology
extending from the Nar | site 3' of the polyadenylation sequence to a Hind Il site. In detail, to generate

the DIA tar%geting constructs apreliminar% vector coupling the EMCV-IRES to the Bgeq fusion gene

was engine8redCHREAVEs §BReRAET B HGAHRY a 127 %6 SHY HY Fagfient EASYTBasding Bfe bacterial
Neomycin 4e$istanc&gané (AgbFafidte SVagpelyadényiatidrEgnabina terBaarde t 219 site of
tf;e IB|UeSC( ipt B dS(-)loning vectok {Siatagenexta.gararatexyrctar "s-li.ﬁadap@lidembiﬂgIA kb Bgl
[I/Cla | fragment encompassing the EMCV-IRES and 5 L ac n was.isolated from pLZIN
(Ghattas oF 7, 100 e e 1T S TR et e e oA it T

pOT1.81RESEHaS (Rhhirdanea BxpaF bl [YE5M N Bnddifp 2SSy thedntrBIRREB f&8HEsion gene
was isolated-tipmtp@§E 8iRESBget@nd ligatechindo Xban digested Vacton i torgendiatéARES-Bgeo

(for targeting) (Figurs 5) 1 gengiate e DIAURESBgendargeting vaetor frigure, Lithei4,9 kb Xba |
IRES-Bgeo fragment from IRES-B eeé)for tar%etln l(gl r g) was Ilgagte}gijgto a unique Xba | site
ne D

overlappinﬁ?h trAR&Stidnal s?&ﬁcgo ot the A'gene. TRe murine Slﬁtséne fragment used

in the design of the DIA gene trap targeting vectors spanned from a Sac Il site immediately 3' to the
alternate firsiexea {enepdingthee1e’ tansgapt)ig addioddit site approximatey Z kiR ©f ghis site. The
second DI gepg largefiag yegler dosignalsr Dl IRESBa¢a pANAS gepergicehyinserting the SV40

polyadenylation sequence immediately 3' to the ESB}%E(I?O transgene. This' was a%c.omplished by
inserting a M B B0/ RAGMERLHorh 1RES B oS AGRInFRESESHTHI digedted kb DIA
IRESBgeoaFirerastitahedonistruot ses fdevical BathefZkrBRY IRE SBger it§etiiyBonstruct except
for the inclysier obtheoF ¥4 pehasiepylalion signebinsplace of appexireatelyx40®bp of DIA gene 3'
UTRsequ?Eﬁngeoo The resultant construct was identical to the 7kb DIA
IRESBgeo targeting construct except for the inclusion of the
SV40 polyadenylation signal in place of approzimately 400 bp

of DIA gene 3' UTR seguence.

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



" The "POS" DIA IRESBgeo targeting vector was generated by inserting a 1400 bp Nco I/Pst |
pSVTKNeob fragment, incorporating the rabbit B-globin gene splice acceptor and exon sequences and
the SV40 polyadenylation signal, into the Sac Il site at the 5' extremity of the DIA gene DNA homology
(Figure 3). The Oct4-neo construct (Oct4-tgtvec) designed for targeted - 22 - integration into the:Oct4
gene is shown in Figure 6. This construct incorporates 1.6 kb of 5' Oct4 gene sequence, 4.3 kb of 3"
Oct4 gene sequence a /acZ-neomycin fusion gene (Bgeo, encoding a bifunctional protein, Freidrich
and Soriand; (9 Y ftd Bk ittt REDERTRRNA. Spfising Hont iltiselide. ddiot sequence of
the first exoneintsambotindarydetbe ifegrated IRBS By segtencgdntaciifatesdaethednelusign a
murine engigled 2 lieg afcRRIALseAURREe SkaiRgs GL8n,HATP) Jniedialelyy 1p dhe IRES Bgeo

sequence. Translation of the Bgeo cistron of the Oct4-Bgeo fusion transcript is facilit i B’y the
inclusion of RE BT RESIMRESAREN S BREHE o %d'iﬁr’réigé&ﬁbrﬁ:‘é@ EEEdipftanstédtibh/and
colony seleétive? Mbesé 128 ES nélifine TGRS wdrk prepfaredsanid mairtaifweolinthe presence
DIA as deseripeddy Smith£1984): BlasmisDNAJSor irapsfestion was ipgarised, iy Sal | digest, gthanol
precipitated, r t 10-14 ma/ml in PBS. Following, 10 hours culture in fresh medium,
near conflué:ff?l{t]glée ggﬁ:s%%ivnere IS q(%Q?s‘;'jecc’zl 633% ﬁyggﬁgaﬁosn,%%%%sae%%%n |§II}L%FIecuﬁfﬁ?§ﬁ1sejdﬁi}n and
PBS, and résUBPENG&E] SPEARIOSMEiIrPBST0r RFFREIERE traRSeenss RERATEND. 2l df cell
suspension ME2mixistnwithi 8 defny DNA tontaieng Balsition and siegitoposatetairtsd kiangd 3@ pFD
using a BioragGene Bulses 8pd0-4 em guvestess Trapsfectionsyere.nlated,an gelatinised tissue
culture dish;sg;»ﬁS{lQM& "in %%Wthnmfdium for 1 hcr%urs rior to the addition of selection medium
containing 200 pginT (active) GALE (SIgTa) Singleoloniss Were picked s-T8'3ay8 bddtirahsfection
and transfefr@d fgufiEate #R6 Padvelpassiac@iture plates for further expansion in growth medium
containing 200 pg/ml G418. Once confluent, one series of cells were frozen for storage while the

remainder weye analyzed by sauthern analysis and/or lagZ stalqipg.. - 23 - Further characterisation of

the DIA gene-targeted cell Tines:

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. ‘



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 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,-blastoeysts for injection were collected 4 d.p.c. from
057/B16 donors, injected with 10-20 cells and allowed to re-expand in culture prior to transfer to the
uteri of pse i FCHRitaE a8 vere fdehtifie d BYShé ¥ patchietrof sandy
coat colour on the C57/BL6 background. Male chimaeras may be test bred for transmission of the

transgenessTiassgeac suise mawbe AjeleddaLlac stalning, INA aad RNA Hybridisation Analyses

Filter hybrid Oag@gns .wereﬁpgrfor ed on %Ion membranes according to Standartl procedurés using
random-prime PP-labelied Sreo es9EoD 5}08&% Ecbhfiea it SvereRhaacterised with probes from
both 5' and3! flaffiR® $6qGatced. PAGIETmoMT if Sitd dybridisaton with cdigaxigenindahalied Oct-4
antisense RNA {Befwoler &k ibressiermen R BalingpRedrabdewald, H. & Gruss, P. (1990) EMBO J.

dentfedHNI N e alg

9, 2185-2195) was performed essentially as described (Wilkinson, D. G. (1992) in situ hybridization: a
practical approagch, ed. Wilkinson, D. G.(IRL Press, Oxford) 75-83). The steady state level of
40l o e ll 1.8 LA E~ AP A Ansndal g &taa (e 1 q

RERIUCEToN

DIA/LIF mRt - 3 HSte ’
utility of IRES targeting vectors of the invention. Targeting vectors were constructed by introduction of

the IRES-pgaemeosdlesalithe Xhaksilpwhichaveraps the stap-codon.(Fig. 935&%9@”%&‘)%
sequence %@ugﬁfgptq% a(_gdbintron Sedquences were unaltered. Two constructs were uﬁt,
DIA-pgeo and DIA-pgeopA, which differed by clasion of e Svab poly dtei§RiBaSignal 3' of the
pgeo sequeltECHREFudidn transcrdtYeherBreieslcwing Fomisisyetsretombindtantiitnthe former
coristruct utiises the bhdogenous 3 .11 andqolyesrengaboasignad of thesRKYLIE gang, whereas

the DIA-pgeenA gopgtiuctk gives risertg A uncated t cript lagki ese sequences. In contrast to
DIA/LIF, both mR ang Cpr%?in for the octamerbind%%§ transcript%gnifagt%? 6%}40 (%JSO nown as

Oct-3), are Fé:l%ﬂ\%_ y ablifidant n ES TS DRSS fmerh dbRgibR1 BRiFpotériareaTAembryo
cells and piRBfRIididEridelsdThe atbecintiesehOet-divitmplthipetenty sestigngthened by its rapid
down-regulatizmdiring difiesentitions. AnHRESrPoes yectas asdesigned-koth 1o generate a null

allele and tgjntroduce an expression marker into the Oct-4 locus (Fig 8). The latter could facilitate the
detection of hitherto unidentified sites of Oct-itqg)%p}r]'cegg%%g$ﬁ8%‘Oé%s%%%ﬁ%ndlo?n&ﬁ%‘?\dqﬁg

homeodomain E5HiRY 28quditestif¥&of&2lid 5 ere deleted and replaced by the IRES-pgeopA
module (Fig. 11). Since the 5 arm of homology ended within the first intron, the en-2 splice acceptor

sequence \wasiingtusedr tortheRES inrorder Ao faciitate 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 (Figf @h%%naﬁo%mﬁ%@rﬁsm%eg%%mﬁwmGni@e nvdgratiowsiiTierfeeguencies of
homologousecardbmgtidie obtaameth withihe coastreeis f theyinventioma-prrsented.in Table 1.

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)

nnnnnn
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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
)

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



- 25 - 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 expressed at very low levels in ES cells. Northern
analyses of several targetted clones confirmed that all contained fusion transcripts of the predicted
sizes (Figt§43 189 sthisleByBadiséd thbottbiacZ and ®IAHIEBr Set-Aiprphes Kespectiyely. The

transcriptgenenatesliey. nany runcatiag #isestien 91 IRE SRasee.nto g PIYYLIE gene in clone D70 was
detected in,gimilar g{thopgh slightly lower, amounts to the normal transcript.u'F his fdicates that the

IRES-pgeo sequence itself does not %%8%%?/ p‘)”r%ﬁ)eun%ﬂﬁﬁlf@ﬁc%don gﬁﬁeﬁ%’%’%ﬁ\éﬁmor message
turnover. THeStritctdd 3T E56Ge $BroRickuRasspihte gratiorhoIRES: pgaopa was 5- fold more
abundanti®Fphedstoriefageiscainity thalythearormat messaggnkhe incregsed lgvel of fusion
transcriptdadhese-eelisrwas reflected inthgfrodyet f i j,gaﬂ tive DIA/LIF protein; 3-6-fold
more D"A%'e%o‘ﬁ{%i Hg%?%]t inw(ioctnditti:%ned m%%iun%%r%%gree%gft%%n di ej?éfr?t‘fajtgg HROREBF B with .
targetted truncations than from the parentar G8lfs GREETE THGEHES Wit rdketruncating construct.
Thus the T$I6A SRS Eript is BRnemshapalcrstisnic hsrNArangithe dargefingtevent has medified the
activity obtbrectargeted gene thiee Dra-ddysioparansesipt-aa the;othes hand was 1Q-20- fold less
abundantthanitdsty pe Qeted MRNA; This could.h sa\,:t!trigk))utable to inefficient utilisation of the en-2

splice acceptor, but might also arise from deletion o elthe?gt%%fﬁ%%sg'elements within the mRNA or an

enhancer within the gene. - 26 - The in vitro studies illustrate the potential of the constructs and

methods bR tROMVERRGN for dbtAirinbRardeist helerdlogodis geneexprassion; X AMPLEL-

: 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 Qct-4 expression.
The POU-specific domain and the homeodomain coding sequeﬁces
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



To address the issue of tissue-specificity of IRES function we made a series of random IRES gene
traps according to the invention by electroporation of pGTIRESpgeopA into ES cells. Several clones
which exhibited widespread expression of pgalactosidase in differentiated cell types in vitro were used
to produce aggregation chimaeras. At 7.5 and 8.5 days of development, p-galactosidase could be
detected-in all tissues colonised by the ES cells,-tHat is-throughout the embryo and in the amnion and
visceral yolkr%a}Lc. These feﬁ'e t[Fap? have been transmitted througg the germ line, confirming that the
presencetor the TRES 15 Lompatble it filtioRaPg ARBIYRHELSR Lan® pictiindrysdnatyses on the
heterozy(tés MdiCste thatthé SRESYs ferddtivrnl trhe wide barety oéembryonieaad ashlt tissues.
Aggregatiomichimaseasi hawesalse beeniptoduead With the Qatd targetted.cells Lhe staining pattern of

such embyygs.ah { © ¢ays shoysthat the tissue-specific distribytion of Oct-4 mRNA is accurately
reflected b%gt%e %%alactosidase expressior?%%%g%. E)%r%ﬁ e 3 ApplRabdBr i inGsittion to the

efficient EXprESsioT & hettFBIgEUL oL LBy I ettidiof A RIS whdl b eBNAtiARIthe 3'
untranslaw&Fiegiorvefa geromic dlone of b .tisBue-spasifictgene ant thergenetatjon of transgenic
animals byapigsaisiestion dnte deritisad,egas Anithe fallowing example a SDNA (eg. alpha-1

antitrypsip.ig;inserted, downstream of.an IRES (eq, from EMCV), into the 3' untranslated region of a
genomic gene that functions e%f?ce%?l ‘andha ﬁgsgubcg-%pgﬁfig% RRePPT 27S%fhrRbeNig Bhimals (eq.

the ovine ta-+546diBbdfh §8n&BLE). 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

translationoit-elsereoniaias pdindylesite.intradiiced some nuclegtides upstream of the Ncol site,
changingétﬁ sggﬁiggjpr?t\ge%n the IRE,C§§1nd the ATG (Ghattas et al., Mol. CehBior. 1 ,%§48-5859,
r

1991). First, the upstream ECORI Site i§CONVENed By fifkerifsdtfin (setfeneézes (Fig.s
GAATTGATAFCOAATERD &Y EEdRYH@. tovdedkiohsdfZhe RES B binployedyone{IRES-1) in

which thepireteesiogeuseading seguencerisdntreduerd-apthe Mool sife 4 sgcong i which site-directed
mutagengsis is-used,to Resition.the A ithin t ol site 20,nucleofi ownstream of box A
(TTTCC, Pi'licpenk87e¢%., Ce%ggé, 119:%%5?{ %gzggggovigﬂhgrﬁﬁng?lﬁgt? he BNA s8uence in this
region now reading TT1CCTITSAARAACACERTARC CATE® SR, 181 sl tite Awdifed IRES is

termed IRESINTRESOL Ghé IREST2 Aretbothagsed; bis BtoRINtobftagmeststferdhe fillowing
experimentES-headne Bitegere isqesentR 3 lawe fail-aal ffaoment (O, altgrnatvely, as a

slightly smaller; Salk: Simons et al., Nature 328, 530-532, 1987; Ali and Clark, J. Mol.
Biol. 199, 415,-3%%,eli ﬁ)%%%%ﬂﬁg‘%?g?éﬁ,oﬁuaFA‘E?d?ﬁgﬁ Eéﬁ‘b%‘f&?xgsésfb?or%aﬁﬂ%“@ﬁﬁaylu-l (Lathe

et al., GehB 5771 03B 183PF BHIT A ghisits bR5REEHEHRIN lefeliRTsctatep prammarysgland
when intrégéiSedripie trahsgeidio annyals {Simbos ehalgaN st 328,530:832, 4887 hormal

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 aﬁd 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 splicé
acceptor, but might also arise from deletion of elither

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



Immediately 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 EcoRYV site (final sequence
GACGTGATATCACGTC) (Fig. 13, D). Although this construction is based on the use of the entire
Sail-Sail fragment, the Sall-Xbal fragment may also be used with appropriate minor modifications to
the procedure. - 28 - The reporter gene used in thi@éxperiment is human alpha-1 antitrypsin cDNA

though thejagacegure £apbesiepeated with any other cDNA. The cDNA is engineered, by localised
mutagenesis, such that an Ncol site overlapth ]éalﬁﬁia%%ge Agf%t&ﬁ‘lglrﬁﬁy Rhd % single base change

in the second todoR- S5 chaAgMG theNSHRE of fife AFHIFE Rdidenteded bt thisn pogitivarBecaidse in
most case$ tHi¢ afmtagasiel doeenci:apniriuteto the mature protein because it is at the beginning of
the signal sequence this has no adverse consequences for expression, secretion or activity of the
mature proggin)s3ipilgrly, an ECoRYV site is engineered at the 3' terminus of the cDNA 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 Ncol-EcoRV fragment (obtained,
where nec@ssarj by partichdigestior inaasesswheresipiarnalisies are present) isysed in the following
experiments dNext, RRalY U= (Lathe el Gengs 3-201, 1987) is modified such that a synthetic
BamHI-Sall-pstl pol Iiné%rés i ser}%d%%l&vee_n the‘z%é%H %%E%s?lgs?t%g Js"ggué:r?cet&epolylinker -
GGATCC@E%%&B BAE: IBSFRTRiteS aRCIATERRSHIRR). iBte) Efhesail-Sail
fragment é@Bﬁ%&sﬁbQﬁé%@mﬁéﬂl(@eﬁR\bﬁSﬁe@tm@plape@ém%@&bﬁ'@@er@mi@ovine BLG
gene is clogrtldntotheGalksiten ThedRESaRd the-madified GRNA are gxgised as EGORV-Ncal and

NcolEcoRY dragmenis tespeclively. igated together, and,the fusion product ECoRV-NCOI"ECORV
inserted inéo the_ ECORV site with%n 3" untransate I?géi'onAo tﬂ;e' L@‘Réier?e'a:i&afﬁ B The hybrid

molecule, BEESIRESNAT-BE tI3d 8rdreistaarsm IRy bhdnsd SntesTiast aotiedriapptepriate enzyme
and microififebfstrel fértiseebedifs ofahdsse ohshedm Transgatearimals hasiauring dhis
construct, for théanesipas as:absarved 1o expess high.levels of AAT In thejr milk. Gonstructs of the

invention gould also he ysed to.ohtain expression of other proteins of bgomedica?ﬁnport%nce. -29-*%
*% %% %% The experimesntsetrdgggrtgcg ﬁg}ze%‘ ta%ﬁzshqﬁﬁ‘f1 tHe-Ue o IRESHERjtmg &R brdmg:to the

invention i8 2SS ul PheditCofl&itedsingamrasibd e redinta Hostgeaomel Moreover, the IRES
configuratiohmsedgr teesesstudies wasnatapingg fonapsation,af the3' Cistion, +heen found

that the pregige decatioprof the AT G fglative tothe 3 egg the IRES has a major effect on
translation&%g@icgg%. It appears that pI‘OJdlSJCtiOI’l %s?ﬁgegojéoﬁ be i‘r‘i%rgé%s‘éa% V&ral9did over that

achieved in the present aftidy> THis sHotRFIHE Pea PSSt B isBlatereasHbinaNes inboorly
expressed’§&iePArfEmeshceithe sehsitiOitt of thealeg et tepdriesl1s. 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



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
genée. Moreover, the IRES strategy is not limited to modification of endogeneous genes and the
introduction of reporters, but is also applicable to the2gontrolled expression of transgenes. The desired
specificity @d&g\éelg r%]f éransgen expression could be ensured by the use of IRES-mediated
translation &ither in genomic constructs for profuSEAFjett6h of FelibAFtG RBMTo gt Rantegration
into an appR3ptibte locus. The latter could be achieved by the construction of polycistronic vectors
containing two IRES elements. Alternatively, sequential rounds of homologous replacement or

targetting faljpwegkhy: recarinational deletion of the, selectable mar d be emplgoyed to
introduce an IRES expression cassette w!l”‘felcﬁt> i(rjncfmlé%éisﬁptfgﬁrlﬁ% g%@r‘&eslv%h%}%a%%%%e

expressed MEE RS, MRy SHRPRLRERIdre L HROMSHility RIRF lBPEf IRES-nfddigteAFAEEREON seem
likely to findiwidespeeathappiication s transgertic aeseaathi.on 30 + H ablesbFeseacy of ksolation of

HomologousiReaombigasts with IRESMestarsfeoRsiiict Gellddae Golanies Screengd Nymber
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 ECORV site. Two
versions of the IRES are employed, one (IRES~1) in which the
heterclogous coding sequence is introduced at the Ncol 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 seguence 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.



Positive Percent Positive Oct4-pgeo CGR8 51 44 86% n E14TG2a 10 7

..28_

_fhe 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

S modified such that a synthetic BamHI-SalIl-PstI polyvlinker isg

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.



70% " D1C2 30 21 70% DIA-pgeopA CGRS8 79 21 26%

...29 -
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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.



DIA-pgeo CGRS8 109 3 2.7% "POS" DIA- Bgeo CGRS 20 20 100%
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fable 1 Fregquency of Isclation of Homologous Recombinants
with IRES vectors,

Cell Colonies Number Percent

Construct Line Screened Positive Positive
Octd-Rgeo CGRSB 51 44 B6%
" E14TG2a 10 7 70%
" nicz 30 21 70%
DIA-BgeopA CGRSB 79 21 26%
DIA-Bgeo CGRB 109 3 2.7%
"POS" DIA- CGREB 20 20 100%

Bgeo




- 31 - 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 tleLBMFSconstruct comprised 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 the same
respective orientation as in the endogenous locus and are of sufficient length to undergo homologous
recombinatioh Wittme&ebsticdisgdiiente sstatedpeerogie ACPdBa)semiemenisint tiesdsbdst cell
genome; is %%@éﬂ@b@@@ﬁ@mﬁaeéw%@&@mr host cell genoladiadeigielageusHeaeroding

sequence; and(f B and Care, se ara tional linker equ nces wherein the construct inserts the
heterologous% ﬂ% 8%88%%36 88& K f%ﬁgﬁg ?1 lhost c w;t a veclor comprising a E%K:IL\

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.



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 inserf tffe A-PB-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 rdagenaus@erdng B4 iaih A spethachaeresdinell H R R LAMpiIRk 2 gapstruct in
which X and Y arese%edé%least :LOOO base pairs in length. 4. A method according to Claim 3 using a

construct in \?/H%%S 88&%'?3?58 ﬁ st 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@%ﬁ@%%&%rﬁ'ﬂ@%%ﬁlﬁ 3 &9%@%&@@%&% ghiiehsterelagn @% coding

sequence. 6. A method according to any of Claims 1-5 in which the construct a d|t|o ally comprises a
splice accepmséel?fﬁg’ﬁ@arﬁﬁ‘ﬁ?tﬂﬁg ﬁ%@%gs*?“ﬁfﬁfe?ﬁé'@%tc%?aﬂfﬁ’ﬂ%ﬁ?ﬁﬁﬁ ‘6 in which the splice

acceptor permits functional integration of the heterologous gene coding sequence into an intron

sequence. & /A MEINA Ao AN RIRd Ra. ol [or expieRaing a figialpgous gene coding

sequence in a non-human anim A method according o any prece ng ¢ a m further

comprising i¢ERtARTE e agsradsling fiennbaéiBgdde yeslecestingsetiberirierologous

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.



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 embfyonic stem cell anda mouse fertilized egg.  Fig.5

- BstXI.Notl.Xbal.Sall.EcoRI.0,6 4/9 Fig. 7
Fig. 1

7kb DIA-IRESBgeo Sac i
15311 bp
2.7 kb 8' DIA gene
Sall
ba i
4.4 kb 3' DIA gene Y .
LB Bgeo
Bam Hi
Xba i
N L
r /g. £

7kb DIA-IRESBgec-p{A}) 1
15150 bp

4.0 kb 3' DIA gene §



DICISTRONIC INITIATION OF TRANSLATION CAP-MEDIATED \ IRES - MEDIATED mRNA
SAAAAAA '

3/9

Fig.5

Sacl.Bstx].Notl*

coRl 0.80

. indii
Kpnl / pal pnl
Q?ail” - Wﬁindm
=] i
Xhot RES ,;% istXl
Clal W col 1.34
Hindli!
EcoRy IRES-Bgeo &
- Aatll 1.87
= —
Smal “"
BamH 3
5,65 S~
Xbal w 2.35
. Ncoti il
: . EcoRV
Sph
BstXl.Notl. Xbal.Sall.EcoRI.0,6
EcoRl
13,1
Clal
Accl |
EcoRi

Qct4-3'
Oct4-5' GCct4-tgtvec
15.40 Kb

{Xho¥/Sall) 11.48
EcoRi

Xbal
(Sall/Xnol) 4.79
Xba!

P Ryt \\
BstX| . ] \ EcoRl

Clal BstX! BsiXl



Fig. 7

DICISTRONIC INITIATION OF TRANSLATION

CAP - MEDIATED \\

! IRES - MEDIATED

N\

MRNA 5

PROTEIN

Fig.8

TARGETING OPTIONS

sA IRES /ﬁgeo

pA
2 DELETION/REPORTER

CHROMOSOMAL LOCUS
— =} —§—J -_-——

\ e /

=

DICISTRONIC
REPORTER/MODIFIER

IRES pA

Bgeo



CHROMOSOMALLQOSians

5/9

(I PUIH) ®904d ,§

Al

(1Y 033) 8qoJd ;&

(Igooa) | :
z9
T TT T oob
yd d
(lgoom) . _ . (inpuiH)
Py " oebd L QpiY6

aqold & v aqoid §

)

(

(1goo3) “
Q21 ¢ (ipuiH)
P GEeL

6 b4



) ProbelacZ Probe 8/9

ing region

77 rig. . DR (cod

1
a

7/9

6/9

(I213) °40dd &

(r=2) — - (10o3)
P98 — T

p

\
[}
__ )
1 :
aqoid .t \ /
__
1

. {1goo3)
oLt

01 b

anpe

(1e10)
o8

L




Fig. 12. Oct4- (axon 1)lacZ Probe Probe

T , 7/9

DIA (coding region) Probe lacZ Probe



8/9

»

Fig. 12.

Octt {exon ) lacZ Probe
Probe




IR JWE 11

nsd m._mmm lies [|Hweg

. psd - iles - Hweg
7 sadi[o1d O e fes-liijodd _ u
loN ‘oux ‘us | YNG? 1ouX ‘IS ‘lioN HON ‘ouX 'liis loux ‘1S ‘noN
Agos3d 100N AHoo3 uojesuy | epposfnuobifo
A fisd - supAjod - IHWeg
uopelijad | pus abeaeafs TinAlodd m — r
\// BON ‘joux ‘IS o oux ‘IS ‘BoN
% TaSn
[a}e) 03 '
AdeI3 192N 03N  AHOO3 3
e
AHo23 100N
nsd ‘ies ST liles ‘IHweg (LvV) AZION-YNQ2 II.II
1 L _ | YNQ2
BoN ‘foux ‘ms | joux ‘IS “NoN owEbyvl Bo1yoo
o AYo2d m__mmcmmmu;:g?ummzmuﬁ
o es-Aiodd ojuy Jssuy | 'uoysioxs e , (Lyv)vNQ2 N
es-iliAjodd oy p1asy) | ‘Uojsfoxa jjes i .&zaﬂ@l
_,....IIL 91d TIII._ A ‘
lies | LS ‘ g
AH093 .Z-s3aul, HIPUIH A-s381,
uoptasuyy | epjijoslanuobljo
— e 1 583HI
ﬂl.lll._ 518 T..Il.i._
| m jooN  AHoog SISBUSLEINL ooy AHoOT
lies ey es pas||e20]
»C.&tmmt.ﬁ
ad {HiPUH Ul
. s3Iyl |

[O9N  ”e23

1614 ‘ v



