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-2- It is know t'o introduce heterol ogous genes into nmammalian cells

I ncluding stemcells, transgenic aninals and in vitro naintai ned cel

| i nes. However, despite specific design, existing expression constructs,
when integrated into the host genome, rarely provide the desired | evel and
di stributieh (both spatial and t enpor al » of -gene expression. Expression
construct’s are known t hat attenpt to mmc the expressiaon profile of "an
endogenous. gene by incorporating known regula- tory elenments of the
endogenous gene. However, BYSRESSIVN! OF{ HEPERGDOCOULCERBNES | OW partly
because functional detail of the endogenous gene structure including the

| ocation and identity of such elenents and the contribution each conponent
makes i n rethilsatimgengeion e:qntaalmom DNA ddrestmettpafor imtﬂmgmknovm

Q her probl X i

const ot 5 EReTSfodaEs YelE sdiidhodf Uid 4 HEK Hedbng 46 752140 qbtpin
random mut a&xmsﬁi@hdb@eﬁamh@@@@m%sgw tripethedsref %%S%Eﬂrl?gon
and define ﬁ@@é&@i@duglgémtée@ewé@gﬁ%&wag%@@ géhdRE @hd Sedtosganance

fromthe tr nscrlbed e often denands .much- pai nst aki ng
work. The iﬁ%ﬁ %ﬁ%&%gé¢%ﬁﬁﬂﬁ§ is also often inportant to
their functlon and nay be difficult to reproduce in transgenic expression

constructs. ¢ 5%@ t§ Wldr L00 A Qti$ v&e AOE P@ﬂé@ggrﬁg égﬁstructs
gul ator

endogenous re %/ enment s nto r er ol ogous gene expr essi o
const ruct s, feRetRsSexting t?e*‘%%%’&%%@u% rﬁ%nanyn‘ﬁarwcena?gﬁwahggsﬁpe in a
expr essi on Kesst getdmei 46 tHAEL tRE ﬁ@féﬁ@lbg’o@@C@emétiﬁduﬁﬁﬂeﬁﬁecﬂaﬂﬂom into

t he genone. EarI ttenp het er o ous te| |n {ransgenic
ani nal s prlﬁ%?ﬁgl?y %oc%%eﬁé%lgfﬁg uge%% é%%% R8> cBR ?rugﬁs c%%%??éing
pronot er repgavhicdbarvadpectntbhs gawentneedrebatﬁﬁwﬁeo@ﬁﬁ§0§§qﬁences f.rom

anot her gengunE@iohBe190shtegEhtiNg bURLLEr6PB§bEECEENEUBEBHLBACROOT | Y, if

at aII and the | evel of expression _obtained 1S far | ower than that of
(transgene) into a specified gene 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 tranégenic 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,
distribution énd/or timing or the sequence being expressed,
regulatory seﬁuences of the gene being copied are fused with
the sequences of the gene which is to be expressed td generate
an expression construct. However in many appllcations
involving higher eukaryotlc cells such as the- selectlon of
particular stem cells or the productlon 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.



t he endogenous gene. Thi s is. in contrast with intact genes, such as the
ovi ne whey protein betal actoglobulin (BLG. Hi gh-level expression of the

encoded protein is obtained in transgenic mce harbouring a full-length BLG
gene conplete with all introns and adequate | engths of 5 and 3
unt r @nsey# bed regions (Sinons et al., Nagure 328, 530-532,1987). Attenpts

wer e nade by various groups to_harness the efficient expression of such

genori ¢t rgnsifed@OD R inETofues hakerokPastushaenas oips mamialisequences
i N transgesdid s nineled i neadh g:eéuewor&ta énf Grliha ¥ 48 | In QxPESssed in

manmal i an PG Nl first ( codj ng sequence 1S
transl at efgﬁ]—féﬁ’f% sélr.%lzs]g st NETYES s ‘y%%{ rg %Jdgqu%igx}m o the 5
unt r anst atesi SENO reXmrasRjonfcomet garto mmanw?gizﬁaoﬁlw s rtcfwt .
heterolo% t fy | &E%ﬁf‘é ¢y d no ,
1579- 15891 198cgﬁé)'f ige%&a ﬁ%&é% | nt o t e 5('i (I}I%;e];j1 a‘h v%ey act ar e protein
" (WAP) gene(b VRE IR rRHRECIHEODr dipesFioryel was
extrenel y d:mtﬁlcmé aehi'e/ krﬁbwmnﬂuet: @ﬂ:ter(pat Otd afitid: Oglye faxéi g5 1988)

produced tSei s..encadi ng_ human f ctor or aI ha 1
anti trypsi wer%El(?\ réc}leng(}{%&“ %I‘%e%e&ﬁf?’g‘? CHTRUE ’@ Koy, ’1"?9
t ransgeni ctont e kprpnnfcrhe endegendus gomns tianeeer ai swebdss fwibi | on

I teved s
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the level k& PLEsslam LEIL o o EABALES W AL UL o he, endogenous

gene, suggesting that™ 1 nt qguenc er se are no ‘to permt
hi gh- | evel TN RN PHher (PEeRIRMS B0 meseciated Wstlmarﬁndcmliy by

the resul tinedgMhting axeieddiof TEGRSERN:Es RESe1dding IPod 28dna e rrects

of the site of integration and random mutation of endogehous
gene expression. ’

Furthermore, to position and define regulatory elements in
endogenous genés, often at some distance from the transcribed
region of the gene, often demands much painstaking work. The
distal pbsitioning of these elements is also often important
to their function and may be difficult to reproduce in
transgenic expression constructs.

Further still, having identified and engineered the endogenous
regulatory elements into heterclogous gene expression
constructs, there is little.assuranée that any particular
trarisgenic eXpreésion coﬁstruct will function 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 -lower than that of



o

deleted the introns fromthe 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 trapsgenic mce. It has been arqued that the overall gene
structsure,izi ncluding the relative positions3of-introns and exons, is
criticakly inportant for transgene function. This contention is wholly
suppor t ed- by .the endegegousagende 5 end of the BLG gene, when fused to a
genomic copy of the human al pha-1 antitrypsin gene, |eads to consistent

hi gh-1 evel expression, in transgeni¢c aninals (Archibald et al.,, Proc. Natl.
Acad. Sci. USEhds is:1¥m_ g9a5ragsoyith intach genes. gueheps Fhej Quine gyhey
difficult to ppptegihhbetgbactoglébalin (BLGNOI 0BYghMayelcerprossPoim t b£ Uthe
interest are extr | g I | ver 100
kil obases in %%n%?%? éﬁé%%gé %%n%PEFI%%&O f%ggégé%%%ét?g§€§P£§%§u¥ﬁ%$ra

i ntroducti on fuld-lengthicBLC genentomplateuditly aliecinberlyrsi andxadeguate

difficult.  Pangth8rHat 5veaha $NOLACLLHhESr EKBE CBE4DONEONSLRYALSet by . |

coupl i ng regul ator S r several gene/s with the heterol ogous
gene sequenceN?%“Bé 5?5?@3@@5?£rﬁ8§??ro, is to utilise the "gene trap"
approach. Regul atory el enents controlling expression of gene trap
expressi on co , Vi ded .LnseLt t o] S

Wi ch 15 to bATEeHPLS wgre, Rdx! By At bUnthkbigs) 16 RELAEaLodl e gTuTRRE
the gene to beXBXBFEioBJOAr EuchegeBymift tRAREIGRESUBP BT IWEhthRcCRRYRFEaLONY

el ements of tBe nadegemnegsugedsdingByebabntls g$hedrafBhehiEyafimgese trap

t t d for | nt ti t i ng_of haqst L s
W th the di sal9aiPlodPRaPOPREFECEY AbSCBRE, BPTBYLFY: REVEFEESEr 1r PagFal e

or the gener asyetens badegerooslygetbet fansgehepstiseam)pcoddopsse@uengents

trap vector, pLEIAsPak8aKN0¥Bf £AFE reason most workers were obliged to
fuse, into the 5' untranslated region (5'UTR) of 4¢he genomic
gene, a cDNA coding for the heterologous protein of interest.

Tomasetto et al. (Mol. Endoqrinola 3, 1579-1584,1989) fused a
psS2 éDNA'into the 5'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 conétructs in which cDNA's encoding
human factor IX or alphé-l.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. 85,
836-840,1988) the level of expréésion remains low_compared
with that of the endogenous gene, suggesting that intron -
sequences per se are not sufficient fo 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



-5 - Cenes & Devel opnent 6:903-918 by Col d Spring Harbour Laboratory
Press, 1992. A najor limtation in the design and functional .utilisation
of all "gene trap" and "genom c transgene” expression constructs known .in
the prior art, is the nmechanismof transgene translation initiation.
Transkathn of nost MRNAs is initiated by-a& seanning nmechanismin which a
ri bosorme ‘conpl ex (termed 43S) binds at the 5 end of capped nRNA and noves
al ong t he nRigleted| thesdntabhg framehaUBLGngehat pod &beonaddedebecked.

Subsequent | y52n§8e0RH tFbROSOFReS 4R¥RbH- ibegrrs@néO%SJ sbeil&hsce%al 8hadRtle
protein synthesi's begins. In_1988, Pettetieéer and _Sgnenb ergp ture,
e

334: 320- 325) PERERBES: R4t as&f‘rﬁgﬂyrac&i“ﬁawlr HeS PREs SHEELCAERT| ACegeBFoxR the
unusual nechapEsgcefptiphainalf ficheaeyeoli tiengi.cagenthdh theasgpaiti mikar
MRNAs cont ai ned specific sequences internal to the nRNA that enabled a

ri bosome to bind and initiate translation. The sequences were terned
"Internal Ri bosone Entry Site" (IRES). Picornaviruses infect human cells so

this work ingitCaLedpRal a2¢kahy ¢hiat thROSERA11CERARI %Q:Q‘uhh:%rbRE§n%ﬂqd@.91§| d
initiate translatiogn internally, and other than V|a a cap-depend

mechani sm  tBRafei8tdve Posidions of &“éEPP&I&P BEFPESy, 1§0Frlfi°ﬁ&lyiz
Dec. 1991, pﬁﬁ@é&tﬁ&&Qﬁo&e&m@mhgehhefuaetdbnan mhhsrn@htemhﬁsmnasemhullyite

i n obtaining %gg%;y c%h'oc e £ ?‘Q:iattr Q2 5r.ecég)hebr}a%em§9‘y;: )9 e)% stWhen

cul tured ceIIs en’'é re current

efficient prdveed &y @encmig I¢@Péfr Qlfogé’@shg’é‘ﬁ@ sdphérde a(nttrlé:ﬁyg’@ﬁ@) gedepe
expressed in 1@&'@@ o idorzgldtent Mgﬂ-tllewlabxﬁ@&llw i SRR

hoat - cal | somimmysoiarn Bl e o -of TR ABRr-omGEls SSthie Y I 2,

pattern, one 578x3I1820f19%90esi r ed pattern belng intimately to couple

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

-An alternative to engineering expression constructs (by
coupling regulatory elements of one or several gene/s with the
heterologbus gene.sequehce 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
expréssed, into a gene in the host's genome. Sequences of the
gene to be expressed are thereby intimately coupled with the
regulatory elements of the endogenous 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 tfap vectof, pGT4.5 is known from



-6 - heterologous gene with regulatory elenents controlling expression of
a targeted endogenous gene. It is an object of the invention to provide a
DNA construct and nethods for its use that enable inproved efficiency of

het er ol ogous gene expression in a host celk. Jo provide the.heterol ogous
gene expression at a desired l'evel is another object. A further object is
to provide eG@nes s& ODewe Lbpaenest t 203 + @@ oyl Cabhd/ Spripat Harbeuofi | e during

the |ife <of ﬁag8§ét8§%lp9és9°pf§§£'On of cells or transgeni c organi sm By
"het er ol ogous gene expressroh" 15 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 gege; éECQiﬂiﬁQtienalﬂa{:BéC&eéi ﬁxﬁésﬁhﬁ&ﬂéﬁéﬂﬁtlﬁlﬁaGEBﬁ of
bei ng previously resse ost _but “not accordin articul ar

expressi on pRbH [gehe EﬁeeFdPﬂ§|ygevﬂmacfrre?ssgﬁ% | CERECP e PRRSHFEOEAes
a DNA const rkabwhoini Bher prigraahe} eisl theusegrariseqaenteahsgena host -

genoni_AE2?B%g?§%;3%5p80HREE?Q@?RBQEi%ﬁéhgféggaﬁgﬁgeﬁﬁgf WRNAS is

separatel y, DNAtiagednbrsa scanning mechanism ip,wbight faribonemel cgupiex

with a host geBemed 438) binds at the 5OCHEA of capbed mRNA and mot&san
i nt er nal rlbogone e

te
het er ol ogous@g8hE § éﬁ@é uﬁ%afEa SUIB?bEYC§5a69d AugrénbthBﬁaP FPARBr is
sequences. dexeenddv sBubkdghentiysaf fecoedt ribagbmeaadbboitl Oggrmeth6nsst

sequences to'?%ﬁg!%hQOEBREQQHSaﬁ§08¥BEQ§BiBgngﬂeéﬁﬁebEbQBE bet ween the DNA

construct of e invention and t correspdondi ng host “genone DNA. It is
preferable that X and Y

In 1988, Pettetier and Sonenberg (Nature, 334:320-325) showed

- that some plcornav1rus.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 sequences were termed “"Internal Ribosome Entry Site" |
(IRES). Picornaviruses infect human cells so this work
indicated that eﬁkaryotic ribosomes recognised the IRES and
could initiate translation 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 heterologous gene sequence (transgene) to be expressed
in eukaryotic cells, in particuler 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 beihg intimately to couple expression of the



are each at |east 1000 base pairs. However, it will be _
appreciated that, in general, while effective honol ogous reconbination.is
in some instances achieved with X and Y having rather short sequences,
efficiency wll be increased as the |ength éf t he sequences increases. X
and Yrare spreferably at |east 95% nore préferably at |east 98% and nost -
preferably s tyi 0 | ] | ments of
the inventi o'zl?%%q‘%%gw%ig%&%et r‘I:'[eﬁr Q%gfﬁétaﬂoﬁeteg% Si:tsse(?l?e[#c}eoqrsia'g’gt antially
honol ogous' wespressiieg @fcnttiargalech endogRRONEFEREe or (ii) are
substantially honol ogous with two separate sequences fromthe sane
endogenous haqst .gene | qcus .and i,n the sa respective orie tion as in the
endogenous | dduds A & reé?%lp(rjfed:q}?rﬂﬁﬁ’leﬁgﬁﬁn tf%e 16%)}155[ :}%@1 q@sﬁr”th'of a
vect or capablandoimetthendsf dfon rigsa usestthad lenapliensaptriaveed ket A exanystafiict
into the hos : ],l% St n | f of

t he heteroloaﬁﬁghggh éﬁh&gﬁ§%Q§?J éfg§é§}§lgg%§ﬁfgﬂi'élﬁixéqugdéﬂgﬁe

i medi at el y Betegralfgife gansa @HRFIIHan &t ehdardzad | 1@k ifemnothetme

li nker- regi opjdct? ANGFurtHer HHddOnd HIN\PreRAERN B raid hldikpresent
in the DNA copstiruct. The Iinkerq/e I ons .may be éig%]e:ﬂted. i nt}gggriejr#c%c;g%truct
or may arise S8SFSLIAPFRL AP (i BRR Wy i Hiie

t he const r ucthodtn el le o Giararitatfort ef iqeidrst icon tranegendayiargahiisyc] udes
or consists of a splice acceptor. The size and nature of linker Bin
particular is inportant in providing an optimal |inkage between the |IRES
and the het ey oJWIETRIRIQUE 19N/ FERRESHAN 9-153 meandn Rath 10oh)expregsion
sel ect ‘for suarestost toMns igurem e X e dushaict @aumEsaENih ithdts
conveni ent t o|Sq:cl uded a(f)el ectabl e marker, .for_e rg)lgeenaen 20 'rbd otic

resi stance gélfs dr%f expression in d host O cording to a
- particular expression profile, the gene being previously
expressed ih the host but not according to the particular
expression profile. i
Accordingly, in a first aspecf 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

Xand Y are, separately, DNA sequences
substantially homologous with a host gene
locus,

P is an internal ribosome entry site (IRES),

Q ) is the heterologous gene sequence, and

A, B and C are 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
'corresponding host genome DNA. It is preferable that X and Y
are each at least 1000 base pairs. However, it will be



hypoxant hi ne ribosyl transferase gene, in the heterol ogous gene.
I ncl udi ng a sel ectabl e nmarker enhances the probability of selecting
transfected cells with the desired transgene integration as expression of
the sel ectable marker is depend- ent upon_functional integration into an
active gene. Transgene integrations in non-transcribed regions of the

genome are QSP%E%&%gE%a%'aBE,e'i' ”%;%%‘%Q%, whBSB @rRRTLIMChorbIRgHuRI O
the invention s used to trans- forma host genone, honol ogous
reconbi nat i oFefPrRipREiessisDiR so8W dastanchscprhdRved Midhcdnardudt into

a host gene. hhkangC ralhied shorith ediRicaelsqyesFigaadys wihan bendekreareohs
of the regul ab%; el ?;rlican%s ssoci ated wth the host gene. Transl ation of
t he heterol oé: &&é‘ﬁ §di ﬁg’esg(fﬁé’t?@é:elss InGER38REI ed by the presence of
the | RES 5 o ahide Yopere peadiengbilyams deatstre 958t sogleoprefegaldy B deast
results in regy ated OYeHHede A1 eubeianheliaays 1907 Niddl gy daraP! v

greater efficiericy than under hitherto known and Used techni qués for
obt ai ni ng heft®eM@§dus gene expression. In use, a heterol ogous gene and
an endogenous gene with a particular pattern and/or |evel of expression in

a host cell e selected., A construgt. i s iade i, and.,Y
substanti al | ?’h&‘?&o%&ﬂnﬁso opl?:'rot\-t 3 olfnvteﬁlgzl r?dog?;r?&?}s]%e(ﬁg z)%rog[egdﬁranki ng
regi ons of t leonstddydieors D sediendaNsubstantial 1w Homdagaus gutth a

insertion of dihehel il QAR FRAG AN ée%féﬂda O Qi1 A Yarididh 1y

endogenous gene 'so that heterol ogous gene transcription is directed by the

host regul at SIORAHAGRIT ¥t FHRLSSRATTE SFIUGDRES FRIT% e G2 nat ure
het er ol-ogous geltRyeiicatt) togts gumad| ey drfie irREhd rEmed atkspeddiareDNA
construct an ' l;nserte I ] t 0 e
utilisation gc*z[% -érrle | a%%g"ﬂ%&%ﬁﬁ%%é}%ﬁﬁ]ﬁﬁﬁ%ﬁ ?l?\y;ae e e%efpf et-H;pe
targeting vecmiodimanyt.dithe (QNA monstruat dF past |k & @rnganshle of

advant age ovesrd<piansly dassdt ket ane idsaisc iRy GRNONA abdsiarid Nthto
vectors in that functlonll lepz{egratlon of. the transgene into the desired

endogenous gee host ce

P, the IRES, is 5' to the open reading frame of the
heterologous gene sequénce Q. Where B is absent, the IRES is
immediately 5' to the open reading frame of the heterologous
gene.

The linker regions A, 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
between the IRES and the heterologous gene (Cell, Vol.é68,
ppl19-131, 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 heterologous



transcri bed regi on does not produce a fusion protein and need not.
necessarily di srupt endogenous gene expressi on. Cct aner bi ndi ng
transcription factor 4 is a menber of the POU fam |y of ‘transcription.
factors (reyiewed by Scholer, 1991). Cct4. %ranscrlptlon s activated
between the 4- and 8-cell stage in the devéel opi ng nouse enbryo and it is

hi ghly expreéégg 'fn&mﬁdﬁﬁBaQdeﬂeE&éﬁiQ¢M§£kéﬁdeﬁﬂ&ﬂcé@ %Hé B£855ﬁ9i§9§
cells of :the 1L nner cell mass. Transcription i s down- regu at ed

primtive ecPbdeeheating: tRanafested ?%%%?n@%BBeFH?(@E bred Eramggenggog)
and by 8.5 diﬁtegrédayﬁ psséxppessidni 6£1 eherseledtablel gaskengipraspendal

germ cel | s. e e, I e pl uri pot ent
enbryo car0|%3 ugﬂé kn§2§§ﬁﬁgﬂs §ﬁ$é9$? ??n%étg éﬁ 28% gémg?% Ul at ed when
t hese cells arensgeueedntegnatienéninanen(Ethoserlbedar39199890fCkhﬂnto et

al ., 1990). eﬁ@ﬁecﬁié gRBLc¥BSSBLEAL1 8Y 8%imiAaNLEEbl e exanpl e of the use
of the constructs of the invention because of the known noderate to high

| evel s of Oct4 nmRNA. Results show that despite a down-regulation in
transcripti owhého& tbastauget adcOridngl kol ehechnseattoh Wst hstletoetpank-of

a possi bi'e eQUICEr ragRUERLERLn hiRoEEAND LOLEARsaLECR0EAoBR ARSR DN
targeted at vVery crenéy asrn € nerhods and Construc
i nventi on. rﬂﬁuéﬁé éﬁbéﬂﬁﬁﬁﬁ@obf0fh§h9n9@nﬁtﬁﬁctn@é§paﬁlbﬁsﬁfgeae

transgenic CQBEh%&EEptEBﬁrBQréhénHeéarbBE§oﬁEe b QBdtﬁénoﬁﬁaeieéQhﬂgol
frame into a Ltlon 3

codon and, 5 gen h o] | ation
si gnal generg e§ g FGHB&P&HﬁV ﬁﬁewggFﬁnFESﬁﬁNﬁtEgpngé gpg h%ﬁg Hg6ot h the
endogenous gerenpiladionh afidthkehptedotbgolist ener anddegi seqpenceeddi then

frame. In anghQstea”Bgdtgsnhgaganagea@ LRLegRALI 8 @o %BeOEHEH BEQEEngf the

endogenous gene 1 eadi g rovi des an opportunit ock-out™ Cor
ot herwi se no&FpPe Phet ﬁdB@&ﬁB&éogéﬁé gepguct This rebults in regulate

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 tﬁe endogenous gene. The DNA construct
wili 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 heterologous 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



Anal yses of eukaryotic denes in many | aboratories have shown

-10 - that in general the coding sequences of DNA, the regions that wll
ultimately be translated into am.no acid sequences, are not continuous but
are interrupted by '"silent' DNA. Even for genes with no protein product,
such as t RNA genes of yeast -in Drosophila, gthe primary RNA transcript
contains internal regions that are excised during maturation, the final

t RNA or nRNAtbahagribegl regtiopr ddest nofthprodgcens ﬁhsthnmptbtbbnlaaﬁ heem

the mature ”ﬁﬁéeﬂgééséé graegfrbetéﬂaé e&é&% égﬁéa&gﬂkés§§859”3) and

alternate wt reglons be expressed, "ternmed "exons". Transgenes
may be fuctionally inserted into exons, or in a further aspect of the

i nvention, |ﬁé€éﬂéfab§nalﬁ§| t£8na6eeptobnSLaELAEC45ist 8 hEAbERESFELRBEBbY! O
enabl e fuctiqnal _int ron. , Funcgtio

Chreoration FenikE o ckEensriBLEPRC ERALDRS; (ESPRERE BroRChPYERgeheat or
readi ng franecso# thansud&gemonsigeaetl?htedlbeaweehethaspecandnamheim t he

desi gn and CQQ%Q&”E? %ﬂeoﬁe%éﬁégﬂﬁ 'ﬁoﬁgaséﬁﬂ§§8 Qﬁdtﬁ% iBVﬁgg

sinpler than t herto constructs: n|n
vectors of tREPFAFERL &R §H§bP§P§§ﬁén9aP§EFFPﬁgsﬁnPﬁdlﬁBﬁﬁaéédtBPflC|ency
The inventi oplpespotent heueéObegeue gﬁﬂercednmgmaeeuenweahecbeptm&ﬁr&ed

into the 3' yntransla e ion. of a.gene fore erV|ng t he
ol ative postErBaEegRIarPar Re Snd: PELRTERrPoRS oRe e A e R AN Lo
hi gh-1 evel eiprasmesnderne(SquleenBMtaﬂ@u 49860noand bypP.5f dtpec. (days

het erol ogousy, ae%ecbatﬁmQIiedreéeeleteee%afHtg%éEtﬁesgeameealae BQEﬁ'Eéile
i nserting a CDNA copy_downstream of the ESTIn Becalse' cDNAs

are very nucﬁlgﬁoF?EPltRSF4tH§n809F8§56ﬁ&Pﬂg1§eﬁ6§Pc°P§E§V99hénassenbly of
constructs apdukhpogehcrambayooba&bahegenaadn&mﬁ&yenue eten delabliynes,

facilitated. rea dgbgf%rreﬁaeggogbggnkhggg ggﬁirokggoggdgggg %Bcludes et

its 3 (dowms i on Sl antage of this
enbodi ment |§lﬁW&?ePWea¢@Iyéébﬁ}ﬁate@naéhgnéﬁsﬁestPQOtﬁ eftf gdi-enit990) .
truncati on and processing of the : '

The Oct4d 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. Results show that despite a
down-regulation in transcription from the targeted Oct4
allele, consistent with the removal of a possible enhancer
sequence in the second intron, the Oct4 gene can be targeted
at very high efficieﬁcy using the methods and constructs of
the invention. '

In one embodiment of the invention integration of a transgenic
construct incorporating an IRES element and an open reading
frame into a positioﬁ 3' to the stop codon and 5' of the
polyadenylation signal generates a functional dicistronic mRNA
' capable of encoding both the endogenous 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 endogenocus gene product.

- Analyses of eukaryotic genes in many laboratories have shown



transcript at the end of the heterol ogous gene. In particularly preferred
enbodi nents the DNA construct also includes a truncation/ cleavage/
transcription term nation sequence 5' (upstrean) of the honol ogous region X
The function of the 5 sequence is to prevent nmRNA read-thrrough; suitable
sequemces include a poly A signal, such as0he" SV40 pol yadenyl ation signal-,

and t hes Upstream Nouse Sequence (UMS) (Heard et al., 1987). The 5 seg:uence
can further ithAtud® geqatale e GAPNY jeque £ PR DR Frans Shadn
i nt egr at e at widndarbtimatdlie beootrayaleated iinto tadind i deapierdasyy axre

I nsert by hongl,0 r [ i i aq. . e S g i
Random i nt eg;Ha%ttl g%{lﬁzrﬁngﬁgjrﬁlg; lg%{ ia\%& g@%’%ﬁ)ée?;%?{ i%r%%’rr%g}qgr mgou?vgéélngor
expressi on; tgenesaddih ino diddtein tprasiucicoghiche asortRiNA denes dfiyeasthtin

which is a diphepHiage the giad:S VA Yediferd SIHRadine ntscdpRicoNe
thi s probl em because where random i ntegration occurs the transcription
termination JeIHARRT &N aFe GXGASRE %‘b‘tﬁ@nd‘@%ﬂ%ad:ii‘?ﬂ'eg?%ﬁ dsinad) JEA PT

transcri pti omRNA besirag\eardpsgienss Iprdduotdl t ltHe wheyionomiiagowsill be lost
reconbi natio ' EQ? enaus GeNS et i nti
bl ocki ng seqtr}fg%gfgl%gee\gﬂ#ckééﬁ%ée%%ﬁ%dso :}%I’ISCI’I ption oo_éﬂit héffﬁg?fei{éo eg{t}sc
gene i s possigfgions) dndeslernate i yrasiams e Antitdh - hdiv earasaed,
I nvgnt ion ar ?:é}ﬁﬂé&)!["éhﬁ%t s Net hn%t@jér%é Itm#e) >bbé qlﬁiﬁ:m'dﬁﬂpy ¥ asEPNmdd er -
random gene trap integration_events an er rovide a gene trap type
Largeting st (SHARR, VI CHP dhoBPEdhede| SRS Upddld (TN IRETH CHEGAGTEE o
targeting evesplicddiacoegtmd seguenced bytd hehe MRES cxlenest ttoer@ble
celection (PGBl ofthdil A SERde 5 Ll dd WHAIAON FLEAAGE P e
(e.g. polyadenylation sequehces) or transcriptional termnation sequences
such as the UvE-egxpBionridexiheratere 010t eg kiRt Y nthe clnkzan/eron
random i nt egrafiOiydndot ask | MR Iifd afsané el ganesmddsmbegaysne. This is
reconbi nati on wit.h thaestar el Q@{lecf u#}(l‘(:ti naj |r¥ airﬂfeééés Ihgc ﬁ;gré)% ogous
gene and, if FHERST TPLEY ot R 1ISHE.
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 upstreaﬁ introns and exons,
and leading to high-level expression. The requirement for a
genomic copy of the heterdlogous 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 tﬁe heterologous gene includes at
its 3' (downstream) end a polyadenylation signal . An
advantage of this embodiment is that the polyadenyiation
signal results in efficient'truncation and processing of the



-12 - not the upstreamtranscriptional term nation sequence, and therefore
permts transcription of the heterol ogous gene and, where present, the
sel ect abl e mar ker. Thus "PCS" enbodi nents of the invention extend the
potential of the gene trap expreSS|on techf | ogy by providing nethods of
essenklally el im nating expression of t he ansgene fromsites of

| ntegration &{ﬁcat% hbeeflgsti® bt AhE ndEloL Q@-u&’ Guyst em has

particul ar app I'n gene therapy where resttictinhg transgene
expression to the targeted | ocus woul d be of enornous val ue. Usi ng the

DNA constructg §Erti@niaf§9 §£@£@iré& eﬁbéa@meﬁtg tﬁelﬁﬁﬁréoﬁshﬁﬁ@foépg@us
gene into an qﬁ enous gfne so,that the gtart § 1 ete olog

gene sequencEPFLY %§e?tBE“§%% %ﬂfl%}??vﬁge{hg WPIATY %ﬁ ?ﬁ %ﬁﬁ

t arget gene segquence.5! (upstheam}esft hibe | Rifolegops i vegidy &n1tThd I.e.
the DNA ConserS%iSRn?f'§ﬁé' grse?uence 1§ to p£§&eﬁ¥(%§%§'réed tM@P& %F

T is atransGriptron term na runcat or, i's-an option
| i nker sequeﬁ%éta%hﬁ sequences jnciudg aPaky b stenak: Predi dasthedBY4Ped.

The constrUC§§195déh91aay@ﬂtsﬂgnale aha otREVops epean SMbase agddarentag( tie)

bl f t h | ]
Porchar vy GRCRER 88 502 LEROST. (ARE 87 bafliettd BhsTHIPRER ARC0RRR 0 ©
profile ("E'sphbheecagadpenousIfenhesknpwh thati PNb| eorgprustsonaprofile are

not present ehtahfapal aBCEERALA! entdNenaOhubEOGehdnb 0 LOBN! Lhytatfapoaohost
cell ("D') t I'ncludes a gene ("H') wth expression profile E and

create a con§?Fu€%W§¥§oFBFﬁ§ttBYtH@mPﬁQGﬁPFoﬁeFﬁmﬂhP§ﬁ19PaﬂﬂtV the of such

| engt h -t hat theyetealuﬂaogbﬁoaelbeﬁbelenaﬂaamthﬁtegeeuhahelﬁxaraﬁ§|aatmee
t he endogenou ene_in ce to_profile E DINA gpnstruet

;
hus 1 nor udedepd, Cine Pesit torohERRF BT obighaRbE FaproctioR) ERDS hikls

it difficult to recognize correct insertion events, which is a
disadvantege. The particuiarly preferred embodiments overcome
this problem because where random integration occurs 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 sequence
does not integrete, 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 events-and thereby proyide
a gene trap type targeting strategy which enables selecticn
specifically for the desired targeting event. This method is
termed by the inventors Positive Only Selection (POS) and
utiliseS'trahscript truncation/ cleavage sequences (e.g.
polyadenylation sequences) or transcriptional termination
sequences such as the UMS, to block expression of the
transgene in the event of random integration into actively
transcribed genes.'Homologous recombination with the target
gene-functionallyiinserts the heterologous gehe and, if
present, a selectable marker, but



-13 - a targeted endogenous gene, the expression profile E of which is
desired to be m mcked, (2) an | RES and (3) a heterol ogous gene sequence G
The DNA construct is allowed randomy to integrate into the cell T DNA
Random integration of the construct into the cell T DNA gener- ates a

nodi fired cell T expressing the heterol ogoﬁslezgeﬁe according approximtely to

expresston pr.of | T ‘3?&#’:{ ' ' -t he: gene_ |
cell T with ar{g;% nﬁ%r%%%%%%%&{;%{l 0 #—li‘dllrsl cei il % l%}l‘—'ﬁ(?%&v%fgeer aanﬂ om
i ntegrati on otherrfqre\ ReFRt ¥ ckransenp it dihe Matergelogouy lgenmdnid ed

cell T is tangfird Prdd¥h€ongid Usd e &linriex- any enbodi ment of the
I nvention operating via honol ogous reconbi nati on. In a second aspect the:

i nvention provides a nethod of inserting a heterologous gene into a target
endogenous gereus n"2OS'D semlned i meyetw nef cdhprinvengt iomesttemd Nthe pmtsgnicidl

with a DNA const t | Lo t ' [

Transf ormat i o#c%lg&j %F%géldélé:??%‘?fﬁ%%b&? h%éﬁﬁ&%ﬁf ﬁ%y ié}{e/}%‘hﬁ%?\& irﬁ%%h%d?:e?f[
or preparati ;gsenER1Ly (BlininRtied  oFpression «f i Bie peransyens fygm sites
plasmid or Vigalivesd it ion ytiedLCthaNOfRd | s Dfed YtdtigeOgene. THd Bod hi rd
aspect the inventio r ovi dtes alsrret hod:h'of expressi n%ha et erol ogous gene in
a host cell HRYFeR!AFE PRACESRERT (REPHESBH R TR '?E?p%s‘%é%’feof t he
i nvention compestrigtimg trearsgengoespyeseian | om the t terdtied ohecus cvovwbd
undergo honolggoys &seARBLSa APReW th the host genonme and growing a culture

of host cells expressing the heterol ogous gene. The invention thus
provi des a nethod of using pronoterless -

Using the DNA constructs of the first aspect it is possible to
insert a heterologous gene into an endogenous host gene so
that the start of the heterologous gene sequence is inserted
substantially at the start of the endogenous target gene
sequence. In such cases the IRES is optionally-omitted, i.e..
the DNA construct éomprises:

5 T-D~-X-A-Q-C~-Y 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 advantégeous for
addressing the problem of expressing in a target host cell or
organism (which we designate for clarity as cell_"T") a gene
("é") 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 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



transgeni c constructs flanked by regi ons of gene honol ogy,

- 14 - such that honol ogous reconbi nati on between DNA of a transgenic
construct and the target gene locus |eads to functional insertion of the
transgene into the chosen transcription unit. Transcription of the
transgene is regul ated by el enents assocital®dd with the endogenous gene,

d/ ddi tional el ts introduced t he sit i.th the .t .
Transl at i-on Bf CPRASEPANSHAREENPERIFRGCY ( ShE GFPFPSTAL™ PRREALE Bdod: ghich

cap-i ndependést desametatioobei mimiekedn (B)oephIREE andolBJr at heterblagous
nternal i basaaPoERLENCE! e/ SthbRERA LEFBALAEE! ¥sOa118yble ARAni GodLN0

franme/s. Thi S provides an exquisite transgene regulation

avoi ds nany &ntegeaseobhErs theseeildt &dPWAth t he desi gn and successf ul
utilisation of previously described expression constructs for transgene
expr essi on. In a foyrth aspect t i nvention_ proyid a hod_of

expr essi ng aRﬁBBQPoFB §953 éﬁ ok ggﬁoanﬁgFPcﬁylﬂé?i%éeacgﬁgngtgﬁﬁe§§nBNA
construct acetesi agmbditfied wedidt Toexpakessinggthe hetemddogousagdom

i ntegration w r sl ; les ressi ng
t he heterologgﬁgrggﬁgh%?&F%&gﬁ%FF% ggpggkggﬁglﬁﬁyggF?égg ?g5sdg§ig_§éthod
of experssi ngbg Fee¥ddl dGoe¥pgension 9thdke gere B ERdindeiify 8 similar
functional epprESFINORCCARIY WE HPANOkeld DNt roduci ng the construct into the
host genone. In an enbodi mrent one such "genom c transgene” is engineered in
vitro by inserting an I RES coupled to a heterol ogous gene which is to be
expressed, i Hodlewingyaagdesniintegmadiion Efforthex BNl eoasdaueitd ofr the

artificial chrQURSQWR §RERRIY AY Whe @ene AMicclell 10 iRe +1aoRitd)rdhiniA
i ncorporates nost if not all ne%#Iatory el enents o gggfne. I n .anot her

f th
enbodi nent, SOFEFHCES AITOFEIEG £ AP¥nEBPOGMENY o PRVEHRR | RES
and het er ol og@pes-agamey WiiaC ham® logroue expoabiadtiont.0 t he endogenous host
gene and subsequently isolating fromthe targeted cell line a |arge
genom c-fragnent (for exanple, cosmd or artificial chronbsonme) which
i ncor por at es Ithe [SRESNsh @speqieiide tixveation provides a’ method of

inserting a heterologous gene into a target endogenous gene in
a host cell genome 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 aépect of the invention
comprising the heferologous gene,allowing the DNA construct to
undergo homologous recombination with the host genome and
growing a culture. of host cells expresSing the heterologous
gene. . '

The invention thus provides a method of using promoterless
transgenic constructs flanked by regions of gene homology,



- 15 - expressed and nost if not all of the regulatory el enents associ ated
with the targeted gene. Large genom c tansgenes then provide the desired
transgene expression followi ng randomintroduction into the host cell. In
a sixth aspect the invention provides a transgenic cell or transgenic
organism of transgenic animal into the ge'no‘#e of which a heterol ogous gene

has been inserted  usi.n S c r qi Lnvent | ei:t her.
by honol ogoussurcg“cot altngﬁq'b%&%) %%chbgg? %%?aﬁﬁéjg* %%%él{]ﬁn%ﬁs(gf\)eant raanssp%ecr%lc
t he inventi orcqueduiutels ated cdheidrargel)f gene diogus daads thafuneiionaherited

the heterol 0GQUS QSRS -of Nehd NMMRHdqUhd Si rARP| i Rirodéh Nt St OGPkco AR ¢ .
expression in both eukaryotes and prokaryotes, though feraf%%/ﬁeukar-yot es
and nore prefERRFSE IR lthe %ﬁﬂf‘?%ﬁﬁ?al’i%ﬁ%ﬂg%tﬁﬂ%e%r? nts

Cbvi ousl y t heagdddidtediwitte tondndejenans geid\odendfot heddiwisdadn in

selecting for_¢the Iyed | ' eve i Se a0 ' ducing +
transgeni c CO%JS & rgfs: %ﬁ%&é(ﬁ%%%&gf% Saﬂs%l‘é: %bﬁ%éké%éér&%%é into
endogenous gdiransiatirmref e ceransganig ffeading frane oF nfxarescls s

bei ng transf gidPthtd® +1H IABCHFepISH Bt PaBfRe imY 01861 G¢ ItEbigh
transcri bed gene for expressi ndep_endentl%l of, a sel ect abl e marker

] on he
target |ocus il PFPTR r?)%"m?m?{e%“ IR DAL FRSRTe LR i SRS t HERES)
i nventi on expimssd atelseh bctabtiee nepdre rredd ixig crarntee/ 0t Thiel pedetidésran

(primary tar ' . C ' t et r
t hrough a pr%#%%%é?ﬁ%feégﬁ%%%gg I nt egér(%t?%%sé{ltﬁig%st'}%ﬁn%?kéﬁg
gene coul d berxehienaEsIvchytedcavhtR cthre dgsigr Ind nargeessfel i wiilbertion

sel ect abl e Mg kegredibesly Pdedbr AHEM 0BEHréSs Lo tESnsBrhytaPPbE CobARsybRE €
repetitive tar etlng of a particular gene is envisaged such as in the .
devel opnent oFEREFFSIPPes or transgenic aninmal's for the over-expression of
het er ol ogous genes. If the gene being targeted is not sufficiently

expressed forypri MBEYr8NEsheBP tHB Khd8nti B PPLFLadE dh ah&ethE&YPE£SSI ON Of

a _ _
expressing a heterologous. gene in a host cell by making a

promoterless DNA construct according to the invention,
allowing it to undergo random integration with the host genome
and growing a culture of cells expressing the heterologous
gene. .

In a fifth aspect the invention provides a method of

' experssing a heterologous gene in a host cell by engineering a
functional expression construct prior to introducing the
construct into the host genome. In an embodiment one such
"genomic: transgene” is engineered in vitro by inserting 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 another embodiment, 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
genomié-fragment ( for example,“¢osmid or artificial

chromosome) which incorporates the IRES and sequence to be



-16 - sel ectabl e marker may be simlarly enpl oyed ih standard non-gene

trap type targeting vectors to mark the target gene. In a particularly
preferred embodi ment of the invention vectors have been constructed which
enpl oy encephal onyocarditus virus (EMCV) _I S—nedlated transl ation of a

LacZ/ bactetial neomycin resistance fusion ne (Bgeo Freidrich and

Soriano; 199 n | (
Transl ati-on- %’%p%%és ge%m? 31{&9%% ggn%&éenyn:[ejf an[?es a bp%tnct |‘(9;£n% tl_":_lggééne product
whi ch provi ikssopiated pottlerthe dtasgeted wenemr KR TR RO 1| F3NSIRRer S

vere desi gneghd %%Gf&e%%ﬂﬁé&%f&né@&%%i@eé@iml fOLidRiRPt@hdan
I nhibiting Activi /Leu §a1a | nhi |tor€ tivity (DIA/LIF) gene expression
by non- dlsrubEFV% GELPR | HATQ1 Thechesh & 3' to the endogenous gene

readi ng frane, and (b) altered DI A gene expression resulting froma defined

nodi ficationgat tgf gkphgﬁgresu iﬁg?ég%géegrﬁgg&gé bi Eﬁéﬂggéﬁ§858é1ﬁ2$9”

factor 4 (Cb% expressi o |ng ned nodificalion at
| ocus. DI Atr@naggnéco@m@%srey%k renggerkc sapbprelstaty| Fhergpnene of of
ES cells in yhi&R a"Heba@PobE§bus r@énéaﬁggl b&eR yaéeﬁwdoﬁsﬂﬁgeé oppent al and

h I I t t abl
! e of CFRBBEEUCE SGHOFSTe S 1 CPReLPROBRL Pone LERets ey ROPRLORAn | o
| evel s of Dl recBhdin&eiahtsrshpwrahdomdéspegeatibonst efdyassaventh Aaspbit
| evel s (<10 ¢pgi Eﬁcsﬁ& nt B‘Eo@ié\egeHSSEﬁﬂdQﬁtéa&ﬂe{:ﬁQ éix@hggsséét%ﬁg‘&y

These results suggest erefore e use of constructs according t
t he i nventi oRave éBBPFéEﬁFetE? b%ﬁ?FOiHQEEﬁcg?Pgsto B@ﬁeéngﬁﬁFéggeﬁseven at

| ow | Ie?/el S. agimcgwat tgahewhelbgguéP&&gedxpfedsioﬁnshaboen eﬁkafiéeﬁeg .
IS €€ type pen e a_ran n yectQr_according to
Lhe | nvent | oRPANPERRAFYPFSES ERRCERCRE PRESSPYY | BIEPET S abilLBER of the

Bgeo fusi on peaferhbdyysnimal cells, and mammalian cells in particular.

Obviously the utility of the constructs and methods of the

- invention in seledting for the desired integration event is
limited to introducing transgenic constructs which incorporate
a selectable marker gené 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 expression indepehdently 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 éelectable 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 trahsgehic animals for the over-expression of
“heterologous genes.

If the gene being targeted is not sufficiently expressed for
primary gene trap "marking", promoter mediated expression of a



- 17 - resistant cell lines which display LacZ staining in a variety
of differentiated cell types were selected for bl astocyst I njection and
t he subsequent generation of chinaeras. Chi maeras were bred to provide

fully transgenic animals for anal ysi s of'.LacZ expression profile. This

anal ysis shoul d provi de val uabl e insight "Fnto the efficiency of

| RES- nedi at ege?.eE’i:QBiEahhgﬁe'rn Q&h% g&tntlsse&gs employZdCif @%\A(ntaﬁkhow

descriptions of exe ry embodi irent I nvention In
1-3 and 6 il PG&FBSP@ BRAPC FHPLr Gé‘FgermﬂhéfeFFf?éﬁt tenmarkrithe targgy Ee§ﬁ‘ow
DNA constructs for use in nmaking the constructs.  Figs.-7 and 8 show the

| RES- T t tr gt 7- t at f
ntornal 1 o Padi BRESHOu T PEEST B PRPEA PRPSLSH (HE [RUENEASR

di ci stroni ¢ vettamschiaye. beehi godsappicitedt wbrishokmpileyl RES[ err] geo cassette
in gene targghli %%alo %:ta%‘itt%sc%'lz%% Q%ﬁb@r}e@taﬁbt-ﬁ%'afafteﬁe'&%ﬁsi'a é.?),'[hhgf

part of a gene i ncorporating the lacZ report appen
reporter wtR &rch/PREterisdi reesycdR 6Psﬂﬁ§apﬁﬁaéps@€ﬁege@ﬁﬁ(BQPPgs 9-12

ShOWA/DI\lA and FreNarithdbr ladﬂdswdﬂran@)allmas For g‘éatwej‘a&g@t@r@ta& muringur e
DIA/LIF tar

t t h, Hnd |
hybri di zed Wo ?ﬁ’ré’lngﬁ' r San egon 1- s&gﬁ?fﬁ%afﬁg 1|°rrl’xﬁgj IthEa eot %ét‘&ﬁ‘(?ﬁ’t 9FPEm
pDR100 or wi gleneradeisp aPdi flungdd orial g@negmdﬂl@ﬁ wWing:pin proydidest ikmeuly

Lane 1, CGR8 Rajoeted! dhd se‘l@ét%bl'@ﬂ%%k%ar %e%'&d et iGHES VRIdRl! bW
t he non- truncating construct Ianes , clones targetted with the

truncating cGrsieped to tq?QﬁE' 339$%$Wﬁﬁﬁﬁﬁlﬁ%§°r i(@ar ypoZ@dden on
genom ¢ DNA Dlqumﬂﬂaﬂioagmlpﬁmgs Almyt:EdﬁleLedea)rIrmidutory

ybr i di sat| oR SRt ABFA i )y Srie. BBy, ORI Riekve ingertion

di gestion of ofhdhel faensgsng B 'extir a-@[ee@rgqgenous gene reading frame and
(b) altered DIA gene expression resulting from a defined
modification at the DIA locus, an (c) altered ocamer—binding
transcription factor 4 (Oct4) expression resulting from a
defined modification at the locus.

DIA is a pleiotropic cytokine'which suppresses differentiation
of ES cells in vitro and has been implicated in a variety of
developmental and thsiblogical 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



-18- Cda | reproducibly gave partial digestion of the introduced site,
suggestive of variable nmethylation within the | acZ sequence. Lane 1,
parental CGR8 ES cells; lane 2, non- targetted transfectant; |anes 3-7,
targetted c| ones. Figure 11 Detection of fusion transcripts in ES cel
clones with targetted integrations at the BFAdocus. In order to increase
the l.evel of ‘D A exFression ES cell s were induced to. differentiate b

exposur e -t o -TESEEPPHY PELTINSLEEc MRichpAiFPAPE: FRFZeRFPLREBIRIR Ra¥ariety
prepared aftef didfesenajiplteddckdlatipesavdebydelgeltedndor blaktocgdtt 0

nyl on nmenbrane. The fil tear S ridized w . 620 odi ng
sequence pro%gjg%gggfpgégdtggrSg¥23§9§§%t ghEgF?ﬁggeggaﬁhéﬁéhgggrdised wth
an 800bp lacghiimagmest wergnbred mRAproviper fpdlyr tepnggeaicapndoRdscEbrs;
lane 2, RNA G3RE) 0B ey expiekednvpirbeihe . nehist buatsiBIshonihr uct ;

| anes 3 and 4, \ (%p ) .fromcell targgtt d with the tru c%klng .
construct. PERydae ?iﬁéﬁﬁﬁi¥ﬁ? Y JOton theaRESACIENCY Bt ARESSPgaipkgdes
cell's. Tot al tR¥Aslatijpnedia edthierokellditiesenti ated ES cells. The Cct-4
probe was a 408bp Nco I-Pst | 5 cDNA fragnent (292) which contains only
24bp of exon 2 and should therefore give equival ent hybridisation to

wi | d-type an&hers aew foddew M.Crlp%ig’ﬂsl@fs eFRIPdEEYs embodimendse oft ithe
of - a -const r ugihveindilym iRV @Hilcn as described in Exanple 3. EXAVPLE 1

DI A gene targeting constructs (Figures 1 and 2) were designed to integrate
transgenes which express the [err]-geo fusion gene product so as to provide
gene expressiFdgsunde3 tara @ontlilolstofatieh ®Nén dogertawstsl Afgdhe liosentiant hird

construct (Fig Isg.t %gﬁ@ﬁ%{?&f?ﬁﬁbm@%f heaAd¥ARA99% dplned

t hrough transc i ch, when engineered into gene trap
targeting coONSIEUECHH- a position 5 to the DNA targeting honol ogy,

greatly reduggdd. motarfl igrightive thed ey -Pgdd Targeting Strategy:
Fig 7-Schematic 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. GenomichNA 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 respectiﬁely.'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/chloroforméextracted DNA.



-19 - randomy integrated transgenes. ES Cell Culture and Mani pul ation
ES cells were routinely nmaintai ned as described (by Smth; A G (1991) J.
Tiss. Cult. Meth. 13, 89-94) in the absence of feeders in nmedium

suppl enented with nurine DIA/LIF. The ger dne conpetent cell line CGR8 was
est abki shed fron1stra|n 129 enbryos by pubtdshed procedures (Nichols,

Evans, £ P.of Spif {9900 DEEL ORISR odd 01 o 445 ngszi,%ts @g@iion

chi maeras wer e pr od ced %etween ES red MF1 e
nodi fi cat i orSb¥e hEUGERFBEVRfOHtRr Eable . mg;kykpt{pnpwlt¢%go
Schmi dt, C.,sd@iémte. Rian&VB)Spaténtal &cdks eBs delly; (1&:96)2Pr@§n- Nat I

Acad. SCI USA 90, 458 h co- ture is, pecforned in hangi ng
drops. For gB?EQ??B%g gﬁi%ﬁ?%%+%ﬂ@hc FRERr E+Me %F%ﬁ%gﬁéeﬁiﬁve%rastocyst
injection. For isolation of honol ogous reconbinants, 108 cells were

el ectroporatg %M%ehli@é{?ééi:ﬂoﬁ'SEafﬁéfgnpl:f"éﬂ%ér%tQ BKVEdnde BPFA1 6068

0.4cm cuvet t n sel ected resence o err]g/m (418. CGenonmic
DNA was pr epéttd FﬂrQSEF%gelﬁﬁﬁ%EaFEQBﬁmatVVh$2D%@ 998y Hvperder 7to
2377-2385) fiﬂ@i‘géséle{:hepiéi‘rélC@lftDIRSekbrégsﬂblﬁl lEst@eD.’LﬁtﬁéréBiﬁdﬁé@deﬂo

frozen (Ure, L n -6{,199 6). To
assay DIA/Lle;Bf%ﬁﬁ% 3ge E% ot ??guﬁ%fé ﬁge %}“SF ?éﬂf'ngyﬁg )
i ncubati on wennléhﬁﬁSRthhoaybeepanedeaéhdrcéndaY$on@ﬂpheddatmae har vest ed

and assayed EQfm&ﬂ&eﬁPhé'§¥1t9na”€£9héf5§&é§|£o iéﬁeﬂéhﬁihﬂé afhe fllter
descri bed. The assa S rendere gggeB ic for LI F by i-nclusion of

neutraI|S|ngwﬁﬁl9¥P%ﬁg zﬁﬂt?%ﬁ?a r DIA/HIF ﬁﬂ??ﬂg danepge  pgobe and
unpubl i shed) expbsédcferi 2al dayaj nthgnf stripped- gadarehgbdadeésedswiahr and

out using X- B n a n,
A (1989) Degg{)b% fdds 8%88"3?556) he' 17 RREDEL %H%?afml“ B\%’é‘ék'ﬁ%?fggﬁg
with Detectacehése ééne(%l BN é@u@ﬂoﬁﬁgw geébsdtﬂgge‘ét@ﬁewwﬁhutaet peer' s
i nstructionsgrunBhesRhdcERBeHEEL | Anes 3 and 4, RNA (3ug) from cells

targetted with the truncating construct.’

Figure 1l2-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' CDNA 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 expreés 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 into gene tfap
targeting constructs at a position 5' to the DNA targeting
homology, greatly reduce if not eliminate expression from



-20 - DNA mani pul ations were carried out follow ng standard procedures.
The ILRES is a 594bp sequence fromthe 5 untranslated region (UTR) of EMCV
MRNA whi ch has been nodified by mutagenesis of the native initiation codon.
Translation.is initiated by -an ATG whi ch_ljges.9bp 3' of the normal start
site and forns part of the Nco I cloning site Briefly, the IRES[err]geo
cassetteé wagdifatilycirecedyatedattdisgeres f ragment of the EMCV-1RES/ | acZ
fusion (Ghattas et al., 1991) to 3" lacZ/ neo[err] sequences of the [err]geo
gene fusion (Frledrlch G & Sorlano P. (1991) Genes Dev. 5, 1513-1523).
: : t wceri ang el afion at ed by 5' Iigation of the en-2
spl i ce acceptor (Gbssler A., Joyner A L. Rossant, J. & Skarnes,- W C.

(1989) Science 244, 463-465) and 3' i ation of SV40 poI adeQ%ﬁatlon
sequences. 'I%?g%ﬁfﬂﬁ YRR t FeieELneky ot %%?'&ﬁf?%rﬁ%%?ﬁg% cf Bredmithi st ed

frohm a st r?i“b@f 120994 § i o1 arrﬂsdle @tttk m@m.etl:m,g meiuzi:Stmeraebs@ﬂwéabﬂd _
wthin a r neng _extendln Sl te bet fernati ve
first exons &° eqf—f %nllf'?’ Js‘i“{‘eg%ppg?m?’ﬁg ‘ge Jeth'llﬂ‘érﬂl 4‘1‘8

const r uct i ongewsl pne paewpebent ncell i binefCERE wmmbasbedtéremtstraen

uni que Xba ;54 t&n irgogeﬂf 51i8Red &&&Jﬂégpﬁfeﬂéiéucba dpdankb BanpH
fragnment cont al ni lg o ferr eo s%gfgences and SV40 ation
t

a
sequences wa& FBbF Eetopmepa 110 If@é¥ 33#%0 Rggregatiep
di gested DI A:lﬁmaz];gag Qéﬂétprloﬁucé'bl Betwsaht ES | delhseah@oouebrédeMP)0bp
SV40 sequenc e_o a 0 L e
targeting co‘%ﬁ?fgcg ggn a%'%gﬁé%gggﬁgﬁ gge%e 'L?Bllgé égt éﬁ ?Igtf%gm O&P
111 site wi tHinAt hePspee, elonSt o Bahxhdt) §+teK¢lnl?ﬁe RirsEvanss oM, dnd &

4.3kb of 3" RPIBhOOM. erstendwgaﬁrpﬂfb&heualei |A§h&e §c10f Ubhego 4582-4585)
pol yadenyl ati on sequenc a Hnd Il sit génerate the

DI A targeti ng?cBR3 PuE?scﬁgﬁPEﬁ ﬁ?’nﬁ?’y”fQE‘B?GrlthﬁPgﬁﬁgt HEOEF/CVFPEES to the
[err] geo fusgemmgkihnewasansgisstond. chhinaeras geﬂergredubyzdl bgabilagtacys?

kb Bam H 11 34gRls spCOTRARst 0ga g RAGkehbab1 BAUKC EBEARI ALAREE 989%e11s

(neo) and the pol yadenyl ation” sl
were electroporated with 150pg linearised plasmld at 0.8kV and

3uFd in a 0.4cm cuvette, then selected in the presence of

175pg/ml G418. Genomic DNA was prepared in agarcse plugs
(Brown, W. R. A. (1988) EMBO J. 7, 237742385) from 24-well
plate cultures while duplicate plates were stored frozen (Ure,
J., Fiering, S. & Smith, A. G. (1992) Trends. Genet. 8, 6).
To assay DIA/LIF production, ES cells were induced to
differentiate by incubation with 6mM 3-methoxybenzamide and
conditioned media was-harvésted,and assayed for the ability to -
inhibit ES cell differentiation as described. The assay was
rendered specific for DIA/LIF. by inclusion of a neutralisihg
polyclonal antisefa 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




-21 - site of the Bluescript Il KS(-) cloning vector (Stratagene) to
generate vector "1". Independently, a 1.4 kb Bgl Il/Ca | fragnent
enconpassi ng the EMCV-I RES and 5 LacZ sequences was.isolated from pLZI N
(Ghattas et al., 1991) and ligated into pqa} 8[err]geo to generate the
vect ok desrgnated pGT1. 8l RES[err]geo (Figure 4). A 4.9 kb Xba |I fragnent:

enCO”paSS'ngnkF mﬁﬂibﬁia%Bgﬁkeﬁékgeea22§é8noQ@n@oﬂ@éwiﬁ@'§ESHdE£8”1
pGTl . 81 RES[ err ] geo and &ate Into Xba | digested vector "1" to generate

IRES—[err]geBrPFBQUFSFget H&)Iﬁﬁsg6?635?94prﬁe§EﬁBF§t5rPﬂethe 5'

Dl A- | RES] er r hgeeahal gebdngeg@oho UTRI) goEeEMIVT ARNA. QhkthhaslbéEESmBgeﬁled
f ragnent fro

errlgeo(for.targeting § 5 i t
uni que Xba | |P8§8%8PF§85i§6 tﬁg ngﬁgﬁaéP E g% Bpég §n o?% ﬁ lﬁg 8n is
DI A gene. ThénibtintedDbx gondTGr whdeht ldesd9bn 8heOGeshgnnotmahessantgsmse
Lrap targeti gqveelALs paRENBEdcheOWe8 $a61bhifb! sakaediately & o the
alternate first exon (encoding the "D' transcript) toa Hnd IIll site
approximately 7 kb 3" of this site. The second DI A gene targeting vector
deflggate? DbﬁléRE§Lemhhg&aEsAgwascgeaet&bedabycbnserucmgdtbg f¥48ting a
pol yadenyl at iLQn se nce i e g gene ThIS was
acconpllshedbb g%% e Ofn%- Mﬁbneoﬁsﬁgﬁ%g ﬁ%g&gﬁ gah%EE%E[ggr géo(for
targeting) i ﬁB@lBar\’-‘pHB dlgé'@ﬂ@@c?k@ﬂ@¢$€8?@rt@@e@ﬂeqmem%sﬁ¢$m

Const{u]g:t wthﬂ%afﬂ%I e tltaﬁsaggng/% :E’RES[(beh?e@eh@rsgﬁterzng5C0|n3trUCt :
exce or e.inc i.on e a i on _signa ac .
apprEX|nateI}5&§01§é%8f 5 E QQH&R§SBQ%R P8 Boarmad wafhggepcge E By 5

| RES[ err ] geo ligiagdnn gLy éhieoenwds spdiecabedepyorngcosisigra B400 Jognkey A.

|/'Pst | pSVTiNeok grs%%entm | RCARROHA ”91 te r%'i@'sb)[%rﬁ]en@eoah'l gene..

splice acceptor and exor sequences an hé SV40 'pol yadenyl ation si‘gnal ,

into the Sac46B-4660 and B 319@%PF§hF#ySUﬂOtW@lwﬁﬂe@§ﬁ@ FEAYEBGRS -
(Figure 3). TalgRtPuiddoretaertls welre Priepatraldy #ebmdgendrad onkar get ed

isolated from a strain 129 A library. DIA/LIF targeting

constructs were generated within a 7kb fragment extending from
‘a Sac II site between the alternative first exons to a Hind
III site 3' of the gene. The DIA-Bgeo construction was
prepared by insertion of the IRESBgeo'cassette into the unique
Xba I site. To generate the DIA-BgeopA construct, a 1.2kb Bam
HI fragment containing 3' Rgeo sequences and SV40
.polyadenylation sequences was isolated from pGTIRESpgeopA and
ligated into the Bam HI digested DIA-Bgeo 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 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 III site.

In detail, to generate the DIA targeting constructs a
‘preliminary vector coupling the EMCV-IRES to the Bgeo fu31on
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 into the Bam HI



- 22 - integration into the Qct4 gene is shown in Figure 6. This construct
I ncorporates 1.6 kb of 5 COct4 gene sequence, 4.3 kb of 3' Cct4 gene
sequence a | acZ-neonycin fusion gene (Bgeo, encoding a bifunctional
protein, Freidrich and Soriano, 1991) into the first intron of the Cct4
nMRNA. +Splieing fromthe splice donor sequéﬁce of the-first exon- |ntron
boundary to the inte ated | RES- err nce i's faC|I|Q$ted b

i nclusion a- %F‘Frféfe Blugseriph Q:eb o iRE cfiRetPKE? Hert e‘éﬁ’) to
1992) i medigémdyaté tectbe RES- tmaﬁ@mmﬂmpmel drkdmsB@l i Dn/Cfathe

Lerrloeo of shignghe SOSoRbldalfll LS ol g 5“?C§'S%%é§oé. beadds ad
ES cel | trant$etated fnemcpldRy tehattagret alpusk99bd &wdchigated | fpto

CCR-8) were peepaggedndo ”?éﬂéﬁéﬂ@dthé YOSt OE C8ESLndEEd dﬁcﬁwsrnbs Bg &y
Smith (1991), Pl asm é transfeg %on was, | i nearise
S t

est,
et hanol precfﬁ%g%f%d &ndArés kKR fea ﬁiﬂ@ﬂnﬁg?ﬂ?omﬂafﬁéPgFg$?oﬁfﬁb9
hours cul t urBRESBééeshuﬁfdnugeneeaascbstbla:eadl Efo epGT1 WBTRESBgpe r axd by

trypsini satl %Q?L)é% ﬁtge?#gni 3&@%??(1%%&%? di g ﬁgﬁeg’g& R

resuspended a err |rrrred| e transftection. oTJIt3 Rel Y,
0.7 m of ceffogugﬁﬁﬁgténQWas(ﬁigéﬁemﬁﬂh 0.1 m DNA containing solution and
el ectroporated at 0.8 kV and 3.0 pFD using a Biorad Gene Pul ser and 0.4 cm

tt LT fecti t dt |, t at
S Bx10 or 1]/ B aPPPERRS,EER AL ASHRARPREY TATRBLI 80 orPEROF  FRaUER ) | Bie o
sel ection nedLankboKbaimingseBgéerf?QQméntaﬁromeJRﬂﬂiegQSKgqa)tasyﬁglag)
coloni es ver erplgkedss- %Qsdixgaegat1h£an§feﬁ&?ea A8 &r 20eLebtefbfping

duplicate into t1ssue culture. pl ates further _expansion Tn
growt h nedi utheofrapfla§ionslpgrap @iBn ofchbe BBRLNPGeR{2 gRBesefPBs of -

cell's were fnozenef DEASHehagerabinkatt Heeachni gHar deeignanal yredphyx Gedehern
anaIySIS and/or l%%%g% ghglngctors spanned from a Sac II site immediately
3' to the alternate first exon (encoding the "D" transcript)

to a Hind III site approximately 7 kb 3' of this site.

The second DIA gene targeting vector designated DIA IRESBgeo
pA was generated by inserting the SV40 polyadenylation
sequence immediately 3' to the IRESBgeo transgene. This was
accomplished by inserting a Bam HI neo/pA fragment from
IRES-Bgeo(for targeting) into Bam HI digested 7kb DIA
IRESBgeo. The resultant construct was identical to the 7kb DIA
IRESBgeo targeting construct exdept for the inclusion of the
SV40 polyadenylation signal in place of approximately 400 bp
of DIA gene 3' UTR sequence.

The "POS" DIA IRESBgeo 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 SV40 polyadenylation signal, into the
Sac II site at the 5' extremity of the DIA gene DNA homology
(Figure 3).

The Oct4-neo construct (Oct4-tgtvec) designed for targeted



- 23 - Further characterisation of the DI A gene-targeted cell I|ines:
Selected cell lines were assayed for |acZ staining patterns follow ng ES
cell growth and differentiation in D A supplenented medium or follow ng
retinoic acid i nduced differentiation in non-DI A-suppl enent ed medi um
Production-of chimeras fromthe DI A gene- 24r get ed ceI I | i nes: Sel ected

cell lines. vver%cultured i1 q_%ga% eof A18.for S r| r enbryo
t < otk e Sk pre & Ao oo PipBia B

oo on e HEaY ot Sel Eke F mhas ) e
ted t 12

injected w [bhfl% Q)d?t@i pseu(f?ipde‘?%%da“iafc%g{égﬁ{@% i) f%‘éltdf{ge?{é UVaded,

transfer to e uterl nhant reci Chi maer as were
i dentified bFntOr‘Péu;ﬂgeé"e wretiande Protedind Freddrich and Senianocs 198110
background. Mihfb g TR rlﬁytzbﬁ; toas ttHy ©&d:t40 mANAAN SP 199101y Fromh&he

t I l.acZ .St

i o o s gy e BhGR SEe SRY sBC Sl Ronash ) e
menbr anes acc:orldag:gmeﬂ s&&ﬁﬁeﬁgﬁmr&m&n@s iigs ifiagiddriddrad hiynetheg dndiusion
| abel | ed prohges, O,IJ 4 mfmlﬁaﬂé AR PR RRIMRE S ddhdy A1,

fromboth 5 quences. Wiol € nount 1n situ hybridisation
with di goxi ge]rﬁgr?l a'ilﬁ‘é‘fef‘ytf ¥ 45 artq S S RESs Basch sieguenge - Jranglgtiog of
R, Balling, the Agpulevidttkorlofl thalRt42B8deld FsidBRrhnstriphBis2195) was
perfornmed ess ( X ) i t.u .
hybri di zat i onfég ﬁ-ée)ﬁiela(%ﬁztﬁ% %a(%lu\gld% G%O%hr?sc?rlﬁv D. (JI“}Q%’ raécsfasly S
ford), pp. ¥5-9U® Bgeorr@dsxruga@ﬂmmc@ Jevel of DIA/LIF nRNA in ES cel l's
is fewer than 10 copies per cell; this provided a stern test of the general

utility of IRES targetin ectors of the invention. Targeting vectors were
construct ed @%i%eﬁﬁi%#%ﬁ—ql‘hewz—w

Mouse 129 ES cells (line CGR-8) were prepared and maintained
in the preéence 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 sequentially in culture
medium and PBS, and resuspended at 1.4x10%/ml in PBS for
immediate transfection._Routinély, 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 ng/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 pg/ml G418.

Once confluent, one series of cells were frozen for storage
while the remainder were analyzed by Southern analysis and/or
lacZ staining. '



- 24 - |RES-[err]geo nodule at the Xba | site which overlaps the stop
codon (Fig. 9). The entire coding sequence was thus left intact and intron
sequences were unaltered. Two constructs were built, DI A-[err]geo and

DI A-[err] geppA, which differed by inclusion_of the SV40 pol yadenyl ati on
signak 3' of the pgeo sequence. The fusidn2§ranscr|pt generated fol | owing
honol ogeus r g h.th 2 he = dggenous
3" UTR and potyauer . . ] S <

Dl A-[err] geopA construct gi ves rlse to a truncated transcrlpt Iacklng t hese

sequences.  glLioc@Hlr 881! 2 1RLA/ H’-:E‘e QQEQ;{EBN%Q-“%B&OE%\%EQQ bQ‘%tQ‘EB@”er'

bi ndi ng transcrlptlon factor Cct-4 nown 3), .arerelatively
abundant in EQliewiBg Efcceldl; growth ppdndiffessnyiasion dn potential early
enbryo cel | spaad sﬂbp[[éﬁﬁh&bdgﬁéﬁh.ﬁml I E):r fbelasringl gkitihodkt @eidd indubed
pl uri pot ency stren ened .by |ts I I during
differentiatpéifeﬁﬁnt 1f’err gegnvgg R§Q“§8§?%ﬁeggggpﬁ°to generate a
nutl allele and to introduce an expre55|on_narker into the Cct-4 locus (Fig
8). The |att @boeoied aGie ichalRelrd® 2LACEHeNDYh HehBeihe-qetiede il §3nes -
sites of Oct-4 expression. The Specitic domarn an e honeodonal n
codi ng sequences in exons 2 to 5 were deleted and repl aced by the,
| RES-[err] gespAemédl e:e(ll‘ﬂ g.inkk) we‘iienmlttlaeeﬁ iar thef albewsnicegy feGdad \Eotchi7n
the first i “tdrgz@ que'%o ST ?ﬁ%%%&%ﬁ o5 o33 %%' lﬂ:?“ig)eé to the
Pac i CIn n _

| RES i n order | tat e productrve s rom ex
horol ogous r é&debiodat iedn al. deI9|96W n@réleeféﬁ?rpo gtosy sisd foa1 dagiestion

g418 dl gdl vi %Ele @dlrl%g:ﬁé%{@ @@l sbtzechla?h @gwt/lﬁflrs{ldbhla{ﬁsdl s.axtgléatwa W dpot h
an | es to ec acenen argeting events (Fig

o 190 and wi AR IR S el St e A FRBA Ao Iy Pog £ e

f requenC| es afralnmﬂelrogmjstheeamdnmaiﬂ @seuigiopireghant redtigpiemtst.r Mitimagirashe
i nvention ar gy e%%ié&xet‘iﬁ’édT%@ Ghb preS¥niC b PUAHIEYs QLHyS MRIE -

observed with aﬁ vect o
colour on the C57/BL6 background. Male chimaeras may be test

nes:

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. Homologous recombinants were characterised
with probes from both 5' and 3' flanking sequences. Whole
mount in situ hybridisation with digoxigenin-labelled Oct-4
antisense RNA (Schéler, 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
’ . o) . .

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

general utility of IRES fargeting vectors of the invention.

Targeting vectors were constructed by'intfdduction of the



-25- particularly high frequency was reproduci bly obtained at the Cct-4
| ocus. This may reflect the high expression l'evel of this gene in ES cells
in addition to the contributions of isogenic DNA and the enrichment '
afforded by a pronoterless construct. Targeting of DIALIF with the pol y(A)
addition vector was al so effici ent The ?gol'ation of correctly targetted
clones at the DI A/LI F Iocus St i.shes that rredl ted translatlon S

appl i cabl e IRESgEHES B, e\/é‘ﬂ‘? o \ﬁlltgvé' SdPPher n
anal yses otodewend@igt.agget tm-xé @mriee mﬂﬁmrrséqubat:ealvdascmm nedtf usi on

e g Bptacr S AREHE <2 c@%%cfe@ Gete! bk talh sl et DO f

|l ac Z and respective he transcript generat ed

by non-. tr secst h\lg-lltns@rlﬁ"@lge@f e ‘e‘rﬁgje&é’é +i whd-obhdififgmedFbyene in
clone D70 wag19RliRfs /F ivheSisViddpoldtddeandatlong dilgnaioaer o:awtp@efd) t he

normal transcr . This di.cates that e | RES- ence I.tself
does not hé"\?@“’:ﬁ%&'?epr (5"1fh(?ur1¢'n 490 JHREGHP. Bi tgr?é’iert%tfﬁ’g]cfgﬁgt gopoi‘ﬂ?slé%?é’éls
turnover. THedmbuimgettieoh fwisiborthsp efnmep cahstauatp ortiilitsegr dtheon of
| RES-[err Wasup 3 l&;gjfg}é_, NRge

: & %%Q%age s?he S}I‘%’ E’;}t{sﬁﬁeve fl%msﬁ 41 SRR

t he nor nal fusion transcript In these ceIIs
was ref | ectgangn ¥hrgaddha i digenrh spnsiqusc giveDimdss Bt ei n;
3-6-fol d nugrurddadidd Rervrssdarigse Madiol rep tiddeo reyurtidsn pr epar ed from
differentiated cultures of cells with targetted truncations than fromthe
parental cells or cells targetted with the non-truncating construct. Thus

t he fusion In arontigrt it PFAMET orRkothlimRNA rand enedemitpn e aqfangny-

event. has ridid4 4 E%ﬁﬂpﬁﬁdﬁ ofaé&?r tewget qh1BRN %ndihe a@to&tiyfl Are

transcript on the of her hand was 10-20-_ fol d | ess apundant than w 1d-type
Cct - 4 nRNAreﬁ‘ﬁ’él‘é%’cNoatBé“dﬁ‘f‘Fl’cﬁlt%%l%epcﬁ nFEE & AT i LAMDNRDS the
en-2 spli coodegegs Orplintipotehtial searly Sembryoon ciel let | aand primdd®ial germ

stabilisi ng, o] A5, YALLy LOFARM Qb 8D FIMRERIr#d tldL{ NEs gene.
strengthened by its rapid down-regulation during
differentiation. An IRES-8geo vector was designed both to
generate a null allele and to introduce an expression marker
'into the Oct-4 locus (Fig 8). The latter could facilitate the
detection of hitherto unidentified sites of Oct-4 expression.
The POU4specific domain and the homeodomain codiﬁg sequences
in exons 2 to 5 were deleted and replaced by the IRES-B8geopA
‘module (Fig. 11). Since the 5' arm.of homology ended within
the first intron, the en-2 splice acceptor sequence was
included 5' to the IRES in 6rder to facilitate productive
splicing from exon 1 after homologous recombination.’

Following electroporation and selection in G418, individﬁal
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 thé constructs of the invention are presented in
Table 1.

Correct replacement events were observed with all vectors. A



- 26 - The in vitro studies illustrate the potential of the constructs and
nmet hods of the invention for obtaining targeted heterol ogous gene

expressi on. EXAMPLE 2 To address the issue of tissue-specificity of

| RES function we nade a series of random | RES gene traps according to the
i'nvention by el ectroporation of pGTl RES[ &°r]geopA into ES cells. Several

cl ones whi ch exhi hited '_deﬁs]p ead expression of %%ri(r?]l- %%I act oi'd sethi n

di ffer ent | RREFHMH L AL AFFHISRET &A% PRSP Rude RgHagst i%n the
chi maer as. O&t-A S.omns 8. Thida yeay frefhestto tihen thighe expags ssiciro diedaede adfoul d. be
detected inald deritd U 501 QN 158 DYaddif ffoh 68 Ithe Idtated iHUttighput the

enbryo and 1 n the amion and visceral yolk sac. ~These gene traps have been-
transmit t edS9gBHgh e I khe RATIGMS haffaatad tive HRIIEEI®She | RES
i s conpati iehgttdct Unctdyet i et QUERASIE wititd Yheelpoliy @y «ltisas on
t he heterozygotes indicate that the |IRES is ctio ' 1.de variety of
enbryonic a %?ﬁjl"faﬁ iagf;‘ s %}%’F%"@%’t :?lgrhe C Slén]ﬁlja{a{}lé.sn %eé%%ocmblégn pr oduced
with the Otargetkedtickehes|at tIdDRAMAIE nppis tegtalfishes ik JRESt 7.5

days shows fhafaidie éf&%yfatweciéi&?ﬂiﬁaﬁmt&&r@&{e@éxﬁré@&aiaSc very
accurately reflected by the [err]-gal actosi dase expressi on pattern.

Exanpl e 3 1%&?\':%%?0#&St$l%{}%vent ion to the efficient expression of
het er ol ogous .nol ecul es by insertion of an IRES and a cDNA.into the 3 _
untrans’ at ego LS00 Ma Ry 86000k CsLLoRe Oéaﬁ?éééé&ec-l&pggi ddie BERE A0 d he
generation O ransgeni ¢ animals by m crol njection Into fertilised S.
In the fol | aW necrkaiped fusiprd trgnseniRes LhhHeha rFtdteiedishzes (Fig.s
inserted, dpyngsyeanieh BYbrREDsé@0tol boOth ENY)z did miALLBr otoapssated
region of a gepom oo geng.10al, funching, SIILEENL ! Jodldt0a ) S5ue- speci i c
truncating inéerfion of IRES-S8geo 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-B8geo sequence'itself does not have any profound influence
on either transcfiption or message turnover. The truncated
fusion specieé produced upon integration of IRES-ggeopA was 5-
fold more abundant by phosphorimage scanning than fhé 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 alsd arise from delétion of either
stabilising elements within the mRNA or an enhancer within the

gene.



-27 - transgenic animals (eg. the avine beta-lactoglobulin gene, BLG.

The I RES from encephal onyocarditis virus (EMCV) is available as a 600 bp
EcoRI - Ncol fragnment, where the Ncol site (CCATGG defines the start site of
translation; it also contains a Hndlll site introduced sone nucl eotides
upstream of the Ncol site, changi ng t he sp%ﬁ:i ng between the I RES and the
ATG (Ghattas_.e 5859, 1991)._First, the

1.,58
upstream-Eco tsﬂ’ :f‘é/o%oi "é‘%’f%% giuﬁl ?(%‘? éh%e???%ntl(% % Ié
GAATTGATATCAZdIg truchs &h@FNeEhQQS dﬁwﬁh@wsnvﬂmtxﬁntfmrI¢§§h£m£ngw¢ﬂxgemhd

one (I RES-1)pdfe ¥ & ﬁgeggﬁg BhPISLEc60di Ng sequence is introduced at the
Ncol site, a second whi ch . S|te directed nutagenesis is used to position

the ATGwithin the hbol site 20 nucl eoti des downstream of box A (TTTCC,

Pi l.i penko etgghMpLEep! 68, 119-131, 1992), renoving the Hindlll site (the
DNA sequence in this region now readi ng TTTCCTTTGAAAAACACGATAACCATGES) (Fi g.
13, A). The nodified IRES is ternmed IRES-2. IRES-1 and | RES-2 are both
used, as EcoRb-ad@oessrtbechssuefof thesterspetihfiekierofielRES fungieionwe

BLG gene is prgselts@pids! 8F 9par@bh- BRES §EROERA é%ec@f&fﬁ@%éVﬁké{ as a
slightly smaller SaII-XbaI fra rne*nt%J9 SlnDns et ? Nat ure 328, 530 532

1987: Ali ani¥eaFkon by \gieciroporabyon qf. E%%FR§§EQF°E%J+?E°e$S aFellgyc) .
Aci ds Res. 1§evé5319c1&ﬁ88)wnionedxhﬂbﬂtafohydéépteé&aéhpreﬁsﬂén ofepe 57,

193 201, 19801, 8000, hEAETER! 8 $0LERE Alod! Gl | Welos! fnl PELAY| 90 4700BEY.

gl and when i uce ransgeni c ani nals
328, 530- 532, tqgsvyduce|ﬁﬁgaeg@§$9nd@nh@@¢§aﬂwoAttﬂe5t¢%ﬂsﬂa§|6@Y§t@§ codon

in the:|ast 8éoalbpﬁéne unggﬁaéebéidsséec6&¥éxﬂéCaetébtédSiﬁealﬁ tissues

d, b E -
CACGTOAT ATCASB O PGB 1508 PSSP EhB oA T i L5 COEPYaReTbnere BAEEHo (AP ne

use of the emnltheSahhlSalanﬂrugseeralthelSasanbaThésaggene tegpsl Bavee

used with apgpaprkahasiiRebaeAbLGA! tRASgLEn! 168! OLEHEE fming that the .
presence of the IRES is compatible with functional .
gametogenesis, and preliminary aﬁalyses on the heterozygotes
indicate that the IRES is functional in a wide variety of
embrycnic and adult tissues. Aggregation chimaeras haﬁe 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 agd-a cDNA 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,.downstréam 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



- .

-28 - The reporter gene used in this experinent is human al pha-1
antitrypsin cDNA though the procedure can be repeated with any ot her cDNA
The cDNA is engineered, by |ocalised nutagenesis, such that an Ncol site
overlaps the initiating ATG (this may | ead to a singl e base change ‘in the
second coden, so changing the nature of - thé! arfi no acid encoded at this
position. Bega S i's | floglge u o' the
mat ur e prote%ngﬁgggﬁégogblﬁgig (%ﬁe Egg:ﬁﬁfﬁé oFg? iaEQBﬁ éé%ﬁehgggfh|
has no adver B&Gdensequences for expression, secretion or activity of the
mature protein). Simlarly, an EcoRV site is engineered at the 3' term nus
of the cDNA such_that the 3' untranslated region iis renpved. (sequeng t
the 3 terni A€ SREPhe IZBRACPERENASORRREATATELS \Kirus §M§¥8p15088ﬁ1$§§19
coul d be TAAasTAG60D BﬁA)achmchba fBpgméhe , NaherBc ¢Rd Ncagrrenu:e( obrairsed,
wher e necess rt| | | erg. ghern re
present) is ﬁ?*&“gé e gg%gé%&ekgaggig%iwn gt Ql% g:f)fll- iLgthe et
al ., Gene 57H111§3120§1t993n)trp§um 1s|oe'e sxué:nepﬁasieé SIFﬁttFF@FF‘c of the Ncol

BamHl - Sal | - Pglileel0 bﬁlah@&% Ft?x pekween ihe BreEH anadthet Areites

Cmder ey (BRpYCES" S m1mabeYy Sl FAS bt o ABREEESbg 200 Trodt £ ed

(EcoRV site &ur@he nhacapskrbhm EaiolRI suwe)1§emomwer¢mdnehaLGlgkee i's

cloned into t I e pgg4|f d xel se S
EcoRV- Ncol a%%gﬁ§%F° %%5 ; aehE§§§ reg%gga ) 8 a%gpg ogether qgﬁﬁ
the fusion pregsdonscofyv-theol R mlpar@@ nPé‘et r(é diny @hijobnithes'
léEtGr ?EE ISatA'e@ Hﬁr@ld@fou@%&gg?@&ddﬁ& 1353,mE)mducBae aftytwed N&i?ﬁe%lﬂt% a
- - s _exercised fr i ot her
appropri ate ﬁ’éf % TP S q'te%J f“é’rrgta’gl 55 osfedaq" s O§i tion

sheep. Transdée d\mmm.rhamﬁolNqug sumee %ml@atldfe@r Adwasthrsemat bow e
observed to ﬁgrﬂ%d“ Qﬁlﬁ)\é‘ﬂk% Qe AAT | kifieig,Mihlo- @1n5t1r9‘9(2t)5 Henld¥ ng

i nvention co al’so 'be "used obt ai n ‘expr essi gn of .other protéins of
bIOﬁEdI0a|IIﬁ&ﬂ1ﬁ%“Q;II site (the DNA sequence in this region now reading

TTTCCTTTGAAAAACACGATAACCATGG) (Fig. 13, A). The modified IRES
is termed IRES-2. IRES-1 and IRES-2 are both used, as EcoRI-
Ncol fragments, for the following expe:iments.

The ovine BLG gene is present on a large Sall-Sall fragment
" (or, alternatively as a slightly smaller SalIl-Xbal fragment)
(Simons et al., Nature 328, 530-532, 1987; Ali and Clark, J.
Mol. Biol. 199, 415-426, 1988; Harris et al., Nuycl. Acids Res.
16, 10379, 1988) cloned. into pPolyIII-I (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).

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 EcoRV site (final
‘sequence GACGTGATATCACGTC) (Fig. 13, D). Although this
construction is based on the use of the entire SaII-Sall
fragment, the SalI-Xbal frégment may also be used with
appropriate minor modifications to the procedure.



- 29 - The experinents reported here establish that the use of |RES-
targeting according to the invention is a powerful neans of expressing a
desired gene in a host genone. Moreover, the I RES configuration used in
t hese studies was not optiml for transla?egon of the 3" cistron. It has
been found: that the precise location of t ATG relative to the 3' énd of

the | RES ha p. hat
productien o l'?l:[‘err %regé%:o%%%gtr}éé#%%%%%g \ﬁgf jfl&%ﬁ?dyov%?ﬁ?ﬁ ?f@{% ieved
in the presentiErgRsimERNA PR nehe aeoeeduEs| F3R P orerepted with any
reconbi nant o tKeP WBNY . EXPHE SSIRTA ULH esn, @f&mnqeytiwcéﬁﬂéealrxﬁta{g&ieém

|l ac Z reporter ettl rate nven

power f ul nea?l‘éc%ftt?%ﬁo?ﬁﬁog ‘? #1 ‘é’%@’g%#en%x%*(gsg:w nay
Fur t her nor e,1edd i®0 a@paingaletlbwﬁl;e n@hnamigeruptthe setenyd acodon pf sanchanging
I RES- | i nked kﬁ&a UPL 02 the qx&ﬂé%(éﬁ&%éc&&’é‘d eRt e@ﬁl Si{P6n,

i ntroduci ng Su nutafions into a gene. Moreover S Strategy is
not |inmted Becagsefinaaesh %@S%ﬁdﬁbbﬂe@%%n%eﬂ%kdaﬁﬂe$h@an??BH%bP?E% B9

reporters, bgheifathte @@@{:éﬂﬁbﬂ)écéﬁséhﬂtCQQtéﬁHﬂQd BEgiaaSHhENoHf the
transgenes. The desired sgec{a c:éésand vel s of trans%gne eg ression ,
coul d be ensﬁ?%ﬂa ys?ﬂ%eﬁ B ? ¥ n%%|3 T TT R AT RO BFPhePT i n genomni ¢
constructs fexppessioheasecngbionooroactivitw of toeohaguue pnotgimdi on
into an appreppi aLe1l oCHs- Eggﬁvléi%&rléoéﬁﬁ%ub@?@é@'ﬂeghgy?,th@efﬂf‘ﬁﬁé“&%' on

of polycistronic vectors confainin ements. Alternativ
sequential rBRRISPRIA ﬁBﬁBIBB%EstP%p?ac%ﬂﬁﬁ?n%}aF%?gﬁ?g?ﬂﬂ £8| Feveredy
reconb+nat|oo§éqdeheélaﬂ thet Be sermLhabl 6f mah& e6DNAUrdalitngNPARGRTATO,

U oduce anbEe BB S5bCHRSATSEAN A BRTRL Shs BRLASR) | [hegRs,

genes whi ch ¥ %r%o Expre n gehera ere
flexibility Bhd uThei NgofECORS- Ardgmnent (@hh%ia@ﬁonwb§§ﬁ1P¢R§$§arﬁ,fbﬂd

mndggpread aBthﬁéi'8ﬂgé§tléﬁn§ﬁeab§eée§ﬁéféhlnternal 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-SalI-Pstl polylinker is
inserted between the BamHI and PstI sites (sequence of
polylinker - GGATCCGCGTCGACCACTGCAG; restriction sites are
underlined) (Fig. 13, C). The Sall-Sall fragment encompassing
the modified (EcoRV site at the place of the AatII site)
genomic ovine BLG gene is cloned into the Sall site. The IRES

and the modified cDNA are excised as EcoRV-NcoI and NcoI-
EcoRV fragments respectively, ligafed together, and the fusion
product ECoRV-NcoI-EcoRV inserted into thé EcoRV site within
3' untranslated 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 into fertilised eggs of mouée or sheep.
Transgenid animals harbouring this construct, for the most
part, are observed to express high levels of AAT in their
milk. Constructs of the invention could also be used to

obtain expression of other proteins of biomedical importance.



Table 1 Frequency of Isolati on of Horml ogous Reconbi nants

with | RES vectors. : . Cell Col oni es Number
Per cent Construct Li ne Scr eened Positive Positive
Cct 4- pgeo CGR8 51 44 86%

El 4TGRa - 10 | 7 76% - D1C2

30 > 21 70% D Ar[erg] geoprL % « CGR8 - 79

21 . 26% DI A- pgeo CGR8 109 ' 3

2. 7% . "PCS" DI A- ' CGR8 20 20 100%
Bgeo Thel 8kMBriments reported here establ3dh- that. thePuBB! BedIfks-

I nserting a heterol ogous gene codin seggence intQ a tar%et endggenous gene
in a eukaryotPEIBELPYl 2FCRE n@eFP-%@ﬁo VERGLERpEs8i RGWELEHLINBERPSI Bfous
gene codi ng expresséngby deaiskdr geng tiheahhsbtcgkehomet hMareeoks the IRES

compri sing a PR, CANSKUA! useRALACLALLECE i1 ERAlLNRoROBLLIRRY 8 Se! ect ed
from the grofB CoHSISLTG OF an enbryoni ¢ stemcelT, & eukaryoti ¢ 5tem
cell, a ferttirepsdagdgn of &dbeyse, cisgroni. pdtehesabeenr Epuaghithatcthe and a

priomordi al ggr@ceelel 1cdRdion bFaihehargNdegarsteleh ¢BBPBI'Send! B TRAUGRES:
5' X-A-P-B-QCY 3 in which . - X.angY e are

subst ant i al | PORoRoMEIEFs Shiferts opatipeslakiongds efficiency.. It appears
from t he tar ghahate pltodgeaationgefe fged aoaldl beufihcreased several-fold over

length to un%ﬁﬁgoaggggk%%pﬁﬁ %ﬁ%pgﬁgg%yg?%ygb%h h8 s shouldlincrease the

host cell genone so as to insert e sequence
ability to isolate recombinants in poorly 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
endogéneous genes and the introduction of reporters, bﬁt is
also applicable to the controlled expression of transgenes.
The desired specificity and 1e§els of transgene expression
could be ensured by the use of IRES-mediated translation
either in genomic constructs 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 dassette 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 research.



into the host cell genone;
entry site (IRES);
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sequences | 2.
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construct.
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(domnstreanh to the stop ﬂodon of an. epdogenous gepe and 5 (upstream 10
t he pol yadenyl ati on si gna endqge e.
-32- 4. Alnmet hod accord ng to %al nﬂ 8%!8:& ¢ %Nénflcb(%rfstrtctpelrr?e tICh
X and Y are|ea€pnatriehst | 100 1e pc|r§°FﬁePEﬁgt . Posjtive) ppflgsdtive r
according t¢gCarmm & UsSIng_ & consrrucy rm Wil cit X gand- Y conpri4e tne_nost
el enent s recul@FFﬁgB@§9re>m<N¢Qﬁ8the t ar gePlendogknous ne. 6
met hod accofdimg to—any o Crarms— I=5 [ m Wi CIT thej constT uct ot omat
conprises ajpol yadényl ati pn §t§R&RP3at |t he 310(downptreany end df thé0%
heterologou~ gene Courng EqUENCE. —__ A _netnodlaccordrng tq-any_of
Claims 1-6 ijn which the cpnst %2 addifti onaBPy conpri sela spl ilce aZ@%pt or
for exanpl e frireTabbrt—b=ygtobrm—spHrtg—acceptor, 5| (opStreany{of—tie |FE§%
8. A net hdd Dedfagarp t p A HFRY i n |whi ch7Phe sp|ice akeptor| per?bds -
functional iftegrattomrof{the—heterotqgous—genmecofi my—Sequency Tt o—an
i ntron- sequs ncIA-Bgeo Al net HfeR&ccorldi ng ¥@P any precedBng cl di m f217%
expressing g heterol ogous}gene codi ng |sequence in gan ani mal cel|l .
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10. .A nethod according to any precedt ng. G aimfurther conprising
|dentlfyhng cells or, aninal s expressing the het er ol ogous gene codi ng
sequence? 11. A nethod according to Claim10 in which ogous
gene codi ng sequence al so codes for a selectable narker S |b|ot|c
resi stance, and the nethod conprises sel §Ctl ng ceII mg\@g

a

sel ect abl e mar. 12. A nethod accor I'ng to any |n1for
maki ng a trané%§§w4§aaninal further conprising |nject|ng the construct into
a fertilized egg cell. 13. A nethod of inserting a heterol ogous gene
.codi ng sequence into a eukaryotic¢ cel lul ar host cell genone and

expressing saild codi Mgthasabinsertingehetesptogous gene|coding sequsgigpantang target
expression of RRoGERAREHONS irds! k'aWo%cd@e[fI@Tar(iﬁJslt BB B! eABARLINGEid

being a dlfferent cell Tromsaid host ce by allo ng a constr
under go r andorreterologoss igeneicoding senuense, byittangtoronimg thdbost celt Withhmsectoel |

cukar yot | o st SoTpkEfhe% ONA RREl, el the RoBt ik Betapiedi ramip,
enbryo cell amgedoup ¢ongistingj ol argembiyoaid steavubll beuﬁm&oﬁe gt uéll a:ﬁmrseae'gg; ;1(6
sequence:

and Y an oge¥te edév%\mﬁear'?mﬁwr%ﬁwe&gﬁ}mﬁ @gg%rﬂéﬁ'segawane&m that

fromthe same(QOPNA 66hdtr@RViprived tﬁ@%ghéﬁ‘cé he
el enments regul ati ng expression of the endogenous gene

in the donor cell; P Is an internal ribosone entry
site (IRES), Q 5 X-A-P-BSo ¢ het3erol ogous gene coding
sequence, A, B and C are, separ at ely, optional |inker sequences.

14. A nethod according to Claim13 in which the construct additionally
conprises a pgl yadenyl ation signal at the 3' (downstream end of the
het er ol ogous 519%’2‘ ?]Odl ng seqguence.

Xand Y are substantially homologous with separate sequences

from the target endogenous gene and are of sufficient
length to undergo homologous recombination with the
host cell genome so as to insert the A-P-B-Q-C sequence

into the host cell genome;

P , is an internal ribosome entry site (IRES);
Q is the heterologous gene coding sequence ; and
A, Band C are, separately, optional linker sequences -
2. A method according to Claim 2 in which the construct is adapted to insert

the heterologous gene coding sequence into or in place of the target endogenous
gene so that transeription of the heterologous gene coding sequence is directed by

the host regulatory elements for the target endogenous gene.

3. A method according to Claim 1 or 2 in which the construct is adapted to
insert the A-P-B-Q-C sequence into a position 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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15. A nethod according to any of Cains 13-14 in which the construct
addi tionally conprises a splice acceptor, for exanpl enmmmﬁﬂ“uﬂmuml n
splice atceptor, 5 (upstream of the |IRES. 16. A. Mo
any of Caims 13-15 for expressing a heterol ogous gene &odfng sé‘quesnce in
an ani mal cell. 17.. A nethod accordi+#2t+o any of Cains 13-16 further

ggg}f’[]éslsggu'eﬁggf X RGNS S dcRoMind T i P53 %%%né‘t%éa{igh_ﬁﬁf%g& %ﬁ&ev
met hod accor dargeddh &% leksn 1500 basd bains i Rngéti.er ol ogous gene codi ng sequence
al so codes for a selectable marker, such as antibiotic resistance, and the

met hod conprises selecting cells that express the sel ectable marker. 19.

A net hod accogdi nga hRtABY aBéordiy fOFCIAit 4%usirRf a BBNGtARt h WhhSY8RHE Y &dhhpide
further conprising injecting the construct into a fertilized egg cell.

20. A met hodthsf hesiwlements regulatiog expirasiorgehtheclangetersloganensgent.o a
eukaryotic cellular host cell ‘genone conprising the steps of: (i)
random i ntegration of a DNA construct into the genone using the :
met hod of any6of OA\aiethod dedddirgtd any of Clgims)1-5t mhicigthesconstracbadditiowaiyof

e O o 4B AERH Rt 3 g RS Rl S GRS ovs

Cainms 1-12. CODRISHK 3

codi ng séqueng&m’ B6@ihg @dquendd a nethod according to any of Cains 1-20.
22. A descendant of a cell according to Caim21l, wherein the descendant
has inherited the inserted heterol ogous gene codi ng sequence. 23. A

non- human ani4al ¢ hSd tear ng i i '
Lot ng A et ol acComthad BlctdRGiS sy i eisin@ORS if Afiichins eRaet adUiBbRAy
ani mal accor déergptisesCh aplice dccagtter, dion exhmplie theerabdbitt b-globin splice acceptor, 5’

{upstream) of the IRES.

8. A method according to Claim 7 in which the splice acceptor permits
functional integration of the heterologous gene coding sequence into an intron

sequence.

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

gene coding sequence in an animal cell.

10. A method according to any preceding Claim further comprising identifying

. cells or animals expressing the heterologous gene coding sequence.

11. A method according to Claim 10 in which the heterologous gene coding
sequence also codes for a selectable marker, such as antibiotic resistance, and the

method comprises selecting cells that express the selectable marker.

12. A method according to any preceding Claim for making a transgenic animal

further comprising injecting the construct into a fertilized egg cell.

13. A method of inserting a heterologous gene coding sequence into a eukaryotic

This is the replacement sheat
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has inherited the inserted heterol ogous gene codi ng_seque%

- 35 - . ) optionally, a seco at i's
a selectable mar ker ; and J_ E ml

are, separately, optional |inker sequences

according to Caim 24 adapted to insert-3he heterologous gene codlng

Thehet er ol ogetlbi e &6l ko, e”%egsf‘%see?eﬁgagw FhethELBpeb ke aPerss
el enents for é¢lbmients@QuRtiDdSXPAISEION 0f20.endBgEMsCRuMBLif udbnbmeug“bmmd 13gida

het er ol ogous gene coding s ence into a eukaryotic ceIIuIar enone
and expr essi ngPEHi pliRaing Sl‘ﬁéﬁrl%'t Gehdroop gridghast felinkye allewingca Pﬁ"?‘ ﬁgf‘s"”"t

conprising t hﬁ) &f‘cﬂ# & ¢&ndom integration into the hos'i cell g>én8m'é‘ RrHeréin Xhe hdst &8Il is
whi ch are substantially honmol ogous wth separate
sequences selected from the group consistingrot are egrgoniostergeel, a eukerysti¢ stem
g](c)rrgal Zﬁdgg:n(geﬁlzta fertlllsed egqg, a?)oocyte a plunpotghﬁgee%trlg errc?tg'yl)%teh%gde%gﬁ%%% an
entry site (|didm cell and th@ DNA construct comprises theesdpieaced ogous gene codi ng
sequence, A, B and C are, separately, optional+«linker sequences.
27. A DNA construct according to Cairm24, 25 or 26 in which X and Y are
of sufficient length to undgrgo ouplmaogsy recgnbi nati on with the host
genone so as to insert the A-P-B-Q C sequence into the host genone. 28.
A DNA construct according to Caim27 adapted to insert the A-P-B-QC
sequence i nt 3" ition 3" to the stop codon of an endogenous gene and 5'
to the pol yadenyl ation signal of the endogenous gene. 29. A DNA
construct accordi dgand Yany of Claremsibgtanzigliyéidmolagels| with sepatate sgaaences
pol yadenyl ati on signal at the 3'q{dopnstsGamof%all gbiSmb oI SbRBIE Hene

codi ng sequence.

elements regulating expression of the endogenous gene

in the donor cell;

P is an internal ribosome entry site (IRES),
Q _is the heterologous gene coding sequence,
A,Band C are, separately, optional linker sequences.

14. A method according to Claim 13 in which the construct additionally
comprises a polyadenylation signal at the 3’ {downstream) end of the heterologous

gene coding sequence.

15. A method according to any of Claims 13-14 in which the construct
additionally comprises a splice acceptor, for example the rabbit b-globin splice

acceptor, 5’ (upstream) of the IRES.

16. A method according to any'of Claims 13-15 for expressing a heterologous

gene coding sequence in an animal cell.

17.. A method according to any of Claims 13-16 further comprising identifying

cells or animals expressing the heterologous gene coding sequence.

This is the replacement sheat
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- 36 - 30. A DNA construct according to.any of d ai

conpr|S|ng a splice acceptor, for exanple the rabbit

acceptor' 5' (upstrean) of the |IRES. 31. A DNA consﬁmuilt“ lﬂ”

Claim 30 in which the splice acceptor perm ts functional kntegrmtiso t he
het er ol ogous gene codi ng sequence into & tntron sequence 32. A DNA

construct accerding.tq a 2 are honol o
W th sequencgg frg\ m&ﬁ" éﬂ%ﬁ%%rdqgl o”EIan 3.?71 &h%h 38%(5 F‘Ué’ oggggoqed]enaocﬂggany
of O ains 24saauem:evm@bomfwfooa salelctam‘le triagkdr] sl asatitoweesitaite, and the ar e

absent . DNA construct accor 0 an f Cains 24-33 in which the
het er ol ogous "@éﬁ%d GBH?HH?%@&[?@HEE °&ﬂ§?ﬁ§&f’d@§e so‘g?\easeéeatglgeémr €far ker, such

as antibiotic resistance, to facilitate selection of cells in which t he
het er ol ogous gene codi ng sequence has inserted into the host genone. 35.
A non-hurran dé&k | 8rmethedraasgrding &n rRiof E4aimsi 153-1§ for mekiegd aowgenikarimal

codi ng SequeRsind3fhb Aty wiBedy BNCSMAICE i ARAEAALGL Qapny O O alms

24- 34. escen an ani na accor o C aim 35,
wherein the descendant has inherited the inserted heterologous gene coding

Sélegrjﬁgcg 4-3 456 ﬁ n\{etﬁt 8of ﬁl%g}t?nlgna #&erolc%\(lﬁ‘:s g%rr]lsetc[)'dﬁltg s%aﬁgrqgé IP\ a eukaryop ic
cellular host cell genome comprising the steps of:
(i) random integration of a DNA construct into the genome using the
method of any of Claims 13-19; and )
(i) homologous recombination of a DNA construct into the genome using

the method of any of Claims 1-12.

21. A non-human cell comprising a-heterologous gene.coding

sequence inserted using a method according to any of Claims 1-20..

22. A descendant of a cell according to Claim 21, wherein the descendant has

inherited the inserted heterologous gene coding sequence.

23. A aon-human animal eompris'ing ‘a heterologous gene coding seguence
inserted using a method ‘according to any of Claims 1-20.

24. A descendant of an animal according to Claim 23, wherein the descendant

has inherited the inserted heterologous gene coding sequence.

This ;
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