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~ogss :ro OB-XAIN THE EXPREM!Q.N S)F &. 

QB 'lQ JNIJANCE-DB_ LML QL_EXWSSION QF A GEHi 

The present invention relates to a process for 
the specific replacement of a copy of a gene present in 
the genome of a receptor euoaryotic organism by 

integrating a gene that is ditferent to the inactivated 
5 qene. Preferably, two copies at least of the receptor 

gene shall be present in the transfected host cell. The 
receptor qene is defined as the gene in which the 
insertion of the different qene is to be made. 

Hore particularly, the invention relates to the 
10 production of transqenic animals in which the foreign 

qene was introduced in tarqeted fashion for the twofold 
purpose of maintaining the animal's normal genetic 
functions and of expressing a foreign qene under the 
control of endoqenouR promoters. 

15 By "different or foreign" qene is meant any 
nucleotide sequence corresponding in whole or in part 
to a gene that ·is "foreign or different" to the 
receptor gene such as it is normally found in the 
qenome (RNA or DNA), or it may also correspond to an 

20 artificially modified sequence of the normal gene or 
even to a fragment of thia sequence. 

The invention also relates to the production 
process of these transgenic animals. 

In the production of transgenic animals, the 
25 conventional methods U$ed for the introduction of 

heterologous DNA sequences into the germinal cell line 
do not allow control over the site of integration of 
the foreign gene into the genome, or over the number of 

30 
copies thus introduced. The introduction of the foreign 
qene is made randomly and, in general, several copies 
of the gene integrate themselves at the same time, 
sollletimes in the form of a head-to-tail tandem , the 
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site of integration and the number of integrated copies 
varying from one transgenic animal to another. 

It aay therefore arise that endogenous cell 
qenes, situated at the point of insertion, thereby 

5 become inactivated without this being easily detectable 

owinq to the larqe number of random insertions. If the 
product of these·qenes is important for the development 
of the animal, such development will be seriously 
disturbed. Moreover, random insertion of the foreign 

10 gene may occur at an· inappropriate site for the 
expression of the gene. Also, the variation in the site 
and number of insertions between one ani~al and 
another, makes the interpretation of expression studies 
extremely difficult. 

15 A major problem encountered in the production ot 
transgenic animals is obtaining the expression of the 

foreign gene. In general, two types of experiment have 

been made in mice. 
The genes introduced into the germinal line are: 

20 - either "complete" genes, comprising codinq 

sequences flanked by their own requlatory sequences 1 

- or compound qenes, made µp ot the codinq sequence 
ot a gene fused with the promoter sequence of another 
gene, both fragments even belonging at times to two 

25 different animal species. 
In this way confirmation was obtained that the 

specificity ot gene expression in a given tissue is 

determined by the gene's re<JUlatory sequence(s). 
'l'he choice .of appropriate promote~ for the 

30 expression of the foreign qene in the transgenic animal 
is therefore of primary -importance. 

Also, the guided mutagenesis of murine genes in 
. embryonic stem cells has recently been conducted with 

recourse to "gene targeting" (~homas et al.,19871 
35 Thompson et al., 1989). 
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In the first case, the· HPRT murine gene was muted 
by insertion and replacement, and in the second case a 

muted HPRT gene was corrected. Thomson et al. extended 
their experiments until they obtained chimaera mice and 

5 noted the entry of the gene modification into the 
germinal cell line. 

· In each of the documents cited, the exact site cf 
integration was targeted by homologous recombination 
between, firstly exogenous sequences comprising the 

10 mutation or correction included in a vector under the 
control of an exoqenous promoter, and secondly their 
genomic homologue. Nonetheless, it should be noted that 

the prior authors carried out their experiments, on a 
specitic gene (HPRT) whose activation by mutation was 

15 accompanied by a detectable phenotype. 'l'he effect . of 
the targeted mutation described by Thomas et·a.1. was to 
inactivate the HPR~ gene and, consequently, to cause to 
disapp~ar the normally detectable phenotype associated 
with the HPRT. The NeoR selection 9ene, controlled by a 

20 TK promoter, was therefore incorporated into the 
insertion DNA in order to allow the selection of 
transformants. It is to be observed that the 

experiments described in the prior art · implied a 
selection either by the receptor 9ene (e.g. HPRT) or by 

25 the insertion gene (e.9. NeoR). The site of insertion 
and/or the type of qene inserted is therefore limited 
to genes which confer a selectable character, a direct 

selection. 
Also, in the prior art the exoqenous sequences on 

30 the vector therefore serve both to target the 
integration ·site and· to introduce the modification. 
After homologous recombination, the modified gene 

always finds itself in its normal gene environment. 
It is recalled that one problem which arises 

35 during the production of transgenic anim.als is the 
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danger of inactivating an endogenous cell gene which is 
located at the point of insertion of the foreign gene. 

Depending on·the function of the product ot the 
inactivated gene, said inactivation may lead to stron9 

5 physiologic or morphologic disorders in the transgenic 
animal or could even prevent its survival. 

On the other hand, the inactivation of a gene 
could be considered advantageous if the 9ene under 
consideration encoded a virus receptor or other 

10 infectious aqent. 
The inventors have exa111ined the possibility of 

avoiding the above-described drawbacks, which in 
certain cases are associated with the possible 
inactivation of one or more important funationinq 

15 endo9enous cell qenes · during the production of 
transgenic animals. 

The object of the invention is a process for the 
replacement or specitic insertion of a gene, especially 
by targeting a DNA, so-called insertion DNA, Jllade up of 

20 the entirety of a gene, or part thereof, which may be 
made functional or whose functioning may be made •ore 
effective when it is recombined with a complementary 
DNA to produce a complete recombinant gene in the 
genome of en eucaryotic cell, characterized in that : 

25 - the site of insertion is in a chosen qene, so-
called receptor gene, and containing the complementary 
DNA, and in that : 

- the eucaryot!c cells are transfected with a 
vector containinq an insert itself comprising the 

30 insertion DNA and two so-called ttflanking" sequences 
either side of the insertion DNA, respectively 
homologous to two qenomic sequences adjacent to the 
desi-red site of insertion in the receptor gene. 

- the insertion DNA being beterologous to the 
35 receptor gene, and in that : 

This Sheet Has Been R 
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- the flankinq sequences, chosen from amon9 those 
which make up said complementary DNA, which, by 
homologous recombination with correspondinq sequences 
ot the receptor gene, permit the reconstitution of a 

5 complete recombinant gene in the qenome of the 
eucaryotic cell. 

In accordance with the _process of the invention, 
said insertion DNA may contain either a codinq sequence 
or a regulatory sequence, the process then beinq 

10 oharaoterized in that : 
- the site of insertion is in a chosen, so-called 

rece~tor, gene, and in that : 
- the eucaryotic cells are transfected with a 

vector containinq an insert itself COJnprising the 
15 insertion DNA and two so-called "flanking" sequences on 

either side of the insertion DNA, · respectively 
homoloqous to two genomic sequences adjacent to the 
desired insertion site in the receptor gene, 

- the insertion DNA beinq heteroloqous to the 
20 receptor gene and, 

~ the flankinq sequences being chosen in order to 
allow, through homologous recombination dependinq upon 
the case, either the expression of the coding sequence 
of the entire insertion DNA under the control of the 

25 regulatory sequences of the receptor gene, or the 
expression of a codinq sequence of the receptor qene 
under the control of regulatory sequences of the 
insertion DNA. 

For example, the insertion DNA may contain a 
30 codinq sequence deprived of a regulatory element, 

especially of a promoter that is particular to it. 
The invention also relates to a production 

process of transgenic animals, characterized in that 
embryonic stem (E .·s. ) cells are transfected under the 

35 above-described conditions and selected for the event 
of homoloqous recombination, that is to say the correct 
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integration Of the foreign gene ~ the transfected cells 
are injected into embryos at a stage When they are able 
to integrate the transf acted cells (for example the . 
blastocyst staqe), the latter are s~sequently 

5 reim.plan~ed in a surrogate mother and the chimaera 
o~fspring which are obtained at the end of the 
qestational period, in which colonisation by E.S. celis 
of the qerminal line is observed,· are mated. If the 
E.S. cells have colonised the germinal line of the 

10 chimaera animals, transgenic animals which are 
heterozygous for the replaced gene will be obtained by 
mating (Fl) of their descendants. 

It is also possible to insert the insertion DNA, 
carried. by the vector of the invention, into the egq 

15 shortly after fertilisation (i.e. less than 24 hours). 
In this manner, the insertion is made while the eqq is 
in the unicellular state. 

The invention also relates to a plasmid able to 
carry out the targeted insertion of a recombinant qene, 

20 so-called insertion gene, in the 9enome of an 
eucaryotic cell, characterized in that it contains an 
insert, itself oomprisinq the insertion qene and two 
so-called · "flanking• sequences either side of the 
insertion qene, respectively homologous to the two 

25 genomic sequences which are adjacent to the desired 
insertion site in the receptor gene. 

The insertion DNA may be a gene, or part of a 
gene, heteroloqous to the transfected species. 

The invention also relates to transgenic animals 
30 in Whieb at least one endogenous 9ene, which preferable 

exists in at least two copies in the genom.e, was 
inactivated by insertion of a gene different to the 
inactivated qene, the insertion 9ene·bein9 inserted at 
a position which permits the expression of this gene 

35 under the control of the regulatory sequences of the 
in~ctivated endogenous gene. 

i11ii1iur 
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owinq to the phenomena of homologous 
recombination it is ~berefore possible w~th the process 
of the invention to insert foreign genes, in targeted 
fashion, in particular coding sequences deprived of the 

5 promoter normally associated therewith, into the genome 
of an eucaryotie organism at a site which permits their 
expression under the control of the endogenous promoter 
of the 9ene in which insertion is made, and 
consequently to inactivate the targeted endoqenous 

10 qene. 
According to one ·pref erred embodiment of the 

invention, the targeted receptor qene is a gene which 
exists in at least two copies in the genome. Use of the 
electroporation method (Ref .11) insures that only one 

15 copy of the forei9n 9ene is introduced. 
Aocording to this variant of the invention, the 

effect ot the targeted insertion of the gene under 
consideration (that is to say the so-called insertion 
gene) is to inactivate the only copy of the endogenous 

20 cell qene in which the insertion is made and to leave 
intact and operational the other copy or copies of this 
qene. 

In this way, the qenetic functioning of the 
transgenic aniu.l is not or only slightly disturbed by 

25 the introduction of the foreiqn gene, even if the 
insertion inactivates only one copy of a receptor gene 
that is essential for the animal's development. Either 
its development is therefore unaffected by the 
insertion of the foreign qene, or the possible minor 

30 disturbances in the event of inactivation of a critical 
gene are probably not lethal for the animal~ The 
effects of the insertion of a foreign gene in thf 
homozygous state could be cf any kind and could bi 
observed in the 2nd generation (F2) after interbreedi~ 

35 between heterozygous individuals (Fl). 

This Sheet a 

1111u1;u1r 



G'UfMAl\IN-PLASSERAUD FAX: 33-1-42660890 21.FEV.96 19:53 No.014· ~ 1· 
I • ..C. ,L 

8 

If, on the other hand, the inactivation ot all 

the copies of a gene is desired, for example in the 

case of a gene encoding a receptor of an infectious 

agent, Jiul tip le copies of the foreign gene can be 

5 introduced. Control over the quantity introduced may be 

•ade by making use of known techniques. 
The targeted insertion of the foreign gene allows 

for its introduction into a site where its expression 

is under the control of the regulatory sequences of the 

10 endoqenous.gene in which the insertion is m<!lde. 

With the process of the invention it is therefore 

possible to insert the f orei9n gene behind an 

endogenous promoter with the required_. functions (for 

example, expression specificity in a given tissue) and, 

15 it necessary, without inactivating the other copies of 

the receptor gene. 
According to a pref erred embodiment of the 

invention, the insertion DNA or the vector contains 

sequences placed between the insertion DN~ and the 

20 flankinq .sequences. These sequences may, for example 

contain a sequence coding for a selective agent 
allowing the selection of transformants and possibly 
contain a labelling gene such as Lacz. 

According to a particularly preferred embodiment 

25 of the invention, the insertion DNA comprises between 
the flanking sequences, firstly a DNA sequence intended 

to be recombined with the co111plemcntary DNA in the 

receptor ·gene to produce a recombinant gene, and 

secondly a sequence coding for a selective agent to 

30 obtain the selection of ·the transformants and a 
promoter enabling the expression of the selective 
aqent, the receptor gene and ~e recombinant gene 
coding for expression products which do not oonter any 
selectionable phenotype. According to this variant the 

35 plasmid insert Of ·the invention comprises, between the 

flanking sequences, firstly a DNA sequence intended to 
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be recolllbined with the complementary DNA in the 
receptor qene, and secondly a sequence coding tor a 
selective agent which allows the selection of the 
transfonnants and a pro~oter which allows the 

5 expression of the selective agent, the DNA sequence 
intended to be recombined with the complementary DNA 
being other than a gene coding for a selective agent. 

In this manner, the selection of the 
transformants is fully independent from the nature of 

10 the receptor gene and of the inserted gene, contrary to 
the processes described to date in which the inserted 
gene or the receptor qene necegsarily bad to code for 
an expression product allowing the selection of the 
transforinants. The system developed by the inventors 

15 provides full flexibility reqardin9 the nature of the 
receptor gene and of the inserted gene or ot the gene 
formed by the homologous recombination. The inventors 
have observed in surprising D\anner that the insertion 
of sequences of subsfantial size (for example 

20 approximately 7.5 kb) does not affect the frequency of 
homologous recombination. 

The effect which may be produced by the insertion 
of the DNA sequence according to this aspect of the 
invention includes for example , depending on the type 

2 5 of sequence is:iserted, the replacement of a coding 
sequence, the replacement of a regulatory sequence, the 
inactivation or the reactivation of a gene by mutation 
or enhancement of the expression level of a gene. It is 
possible, accordinq to· the invention, to replace a 

30 coding phase or part of a codinq phase by E 

heterologous sequence which starts at the initiatio· 
codon of the replaced gene so that the expression c 
the inserted gene fully replaces the expression of tl 

replaced 9ene. This avoids the formation of protei 
35 ~hich may be undesirable in a transqenic animal. 

'l'bis Sb.eet; It 
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According to this embodiment ot the invention, 

the insertion DNA may comprise, between the flanking 

sequences, a heterologous coding sequence deprived of a 

promoter, the coding sequence being other than a gene 

5 coding for a selection agent. 'The insertion · DNA may 

also comprise, downstream from the coding sequence and 
still between the flankinq sequences, a gene codinq for 

a selection agent associated with a promoter enablinq 

its expression in the target cell. 
10 In this manner, the heterologous coding sequence 

may be inserted· behind an endogenous promoter havinq 

the required properties, for example a certain 

expression specificity, or transcription code etc., the 
selectability of the transformed cells being fully 

15 independent from the expression of the heteroloqous 

coding sequence. With this type of construction it is 
possible, for example, to select the transformants even 
if the qene replaced by the heterologous coding 
sequence is not normally expressed in the target cells. 

20 This is of particular importance in the production of 

transgenic animals from E.s. (Embryonic stem) cell• 

since a high proportion of the genes relllains inactive 

until a more advanced staqe in the animal's development 

is reached. The HOXC8 9ene (also known as Hox-3.1) is 
25 an example of this ·type of gene. Also, if the coding 

sequence codes for an easily detectable protein, for 
exan'lple &-Gal, the development of the transcription 

code of the replaced endogenous qene can be followed. 

The pGN vector is an exanple of this type of 
30 construction. 

According to another embodiment of the invention, 

the insertion DNA may comprise a foreign regulatory 
sequence. The site of insertion, and consequently the 
flanking sequences, are chosen in relation to the 

35 desired objective, namely either the insertion ot the 

foreign regulatory sequence to produce a "double 
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promoter" effect with the endogenous regulatory 
sequence, or the replacement of an endogenous promoter 
by the foreign promoter. The coding sequence under the 
control of the regulatory sequence may be endoqenous. 

5 A further possibility is the targeted insertion 

of a foreiqn DNA which comprises both a regulatory 
sequence and a coding sequence. It is possible for the 

regulatory sequence to be the one which is naturally 

associated with the coding sequence. 
10 The process of the invention uses a vector 

containing two "flanking" sequences either side of the 
foreign qene. These flankinq sequences have at least 

150 base pairs and a:re preferably of shorter lengtb 

than the receptor gene. It is essential for these 
15 flankin9 sequences to be homologous to the two qenomic 

sequences which are adjacent to the desired site of 

insertion. The flanking sequence ot the vector upstreaM 
from the foreign gene to be introduced is normally 
homoloqous to the genomic sequence situated at the s• 

20 end of the insertion site. In the same way, the 
flankinq sequence of the vector downstream from the 

foreign gene, is normally homoloqous to the qenomic 

sequence situated at the 3' end of the insertion site. 
It is possible to introduce "interposinq" 

25 sequences between either of the flanking sequences and 

the foreiqn caene~ for example sequences allowing the 
select ion of transformants, labellers, sequences 
allowinq vector cloning etc., 

The.position of these interposinq sequences vis-
30 l-vis the foreign gene must nevertheless be chosen so 

as not to prevent the expression of the foreign gene, 
in particular of the foreign coding sequence of DNA 
under the control of the endogenous promoter, or, 
conversely, the endogenous DNA coding sequence under . 

. 3 5 the control of foreign regulatory eleinents brought by 

the insertion sequence. 
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Despite the presence of the flanking sequences, 

which promote homologous recombination, it is possible 
. for a certain number of integrations to be made by 

chance. In order to check that the targeted insertion 

5 has taken place in the target site and not elsewhere, 
the "Polymerase Chain Reaction .. (P.c .. R.) technique is 

used (see Ref .10) to aJnpl ify the DNA sequence of the 

locus where insertion is made or should have been made .. 

. In this manner, only those clones transfo~ed further 
10 to homologous recombination are selected. 

The flanking sequences of the vector are, 

needless to say, Chosen in relation to the desired 

insertion site so that homologous recombination lnay 

take place. If necessary, the flanking sequences may 

15 comprise replica sequences of the endogenous promoter 

and/or of the modifications to sequences which precede 
the initiation codon in order to improve the 

translation level (upstream sequences) and replica 
sequences ot: termination seq\iences in pal'ticular ·of 

20 polyadenylation sites (downstream sequences). 
The insertion gene may be any qene of interest. 

Non-restrictive examples are the lacZ gene (as in the 

model described below), the genes coding for 

interleukin or interferon, receptor genes, for example 
25 retinoia or beta-3 adrenergic acid or ~.I.V., and genes 

known to be related to certain diseases, for example 
myopathy etc. 

The eucaryotic cells transformed by the process 

of the invention are also included in the present 
30 application. 

According to a preferred variant of the · 

invention, the eucaryotic cells are embryonic strain 
cells (see Ref.14 and 15). 

Indeed, a muted B.S. cell may be injected into an 
35 early embryo Which, after reimplantation, may be borne 

in chi•aera form. If the gerll\inal line is colonised by 

! 
! 
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the muted cell, the chimaera animal will transmit the 
mutation to its descendants. Subsequently, the effects 
of this :ntutation can be observed in the homozygous 
state in certain individuals on their development, 

5 their behaviour, their metabolism, their pathology etc. 
Figure 1 shows the pGN plasmid which is part of 

the invention. 
Figures 2a and b show the molecules pGMA and pGMD 

respectively constructed from the pGN plasmid in 
10 relation to the HOXC8 (Ho:x-3 .1) gene. These plasmids 

are mutagenesis plaamids. The two parts of the HOXC8 

(Hox-3.1) coding phase are represented, on chromosome 
15, with the black 11homeo" box. The corresponding 

sequences of HOXC8 (Hox-3 .1) were cloned in the pGN 

15 plasmid .. 
(A : polyadenylation signal; Enh/Pro : enhancer­
proro.oter). 
07 and OB show the two oligonucleotides used in P.C.R •• 

Figures 3 to 6 show the plasmids used for the 

20 construction of pGN. 
Figure 7 illustrates the detection of homoloqous 

recombination with the Polymerase Chain Reaction 
· (P.C.R.) method on transfected E.S. cells. 

Figures 8 (a) and (b) show Southern analyses of 
25 positive individual clones (LS and F2) and B.s. cells 

. cc.c.E. > 
The process of the invention has wide industrial 

application and may.vary according to the nature of the 
foreign gene that is introduced, for example for the 

30 production of transqe~io animals. 
The genetics of ltlamlllalia will make conisiderable 

progress owin9 to the recent possibility of 
specifically mutagenising any qene whatsoever, for a 
better definition of the role they play. Through this 

35 technology which uses homologous recombination and E.s. 
cells, precious information will be obtained on 
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oncogenes, qrowth factors, transcription factors etc., 
qenes which concern highly topical subjects of 
fundamental research or applied research. An important 
outcome for medical research is the possible 

5 reproduction of a human disease of known genetic 
determination (certain human pathological diseases such 
as DUchesne•s myopathy) so that their mechanisms may be 
examined more closely and a treatment developed. 

By applyinq the process of the invention, a gene 
10 known to be responsible for a certain disease is 

inserted in targeted fashion into the genome of an E.S. 
cell. The transgenic animal which is subsequently 
produced offers a useful model of this disease. 

If necessary, and as described above, normal cjene 

15 functioning may be substantially ~aintained despite the 
insertion of a foreign gene. 

A furthe~ application ot the process of the 

invention is the genetic labelling of animals. This 
application consists of inserting an insertion gene 

20 which is easily detectable, e.q. the lacz gene which 
may act as a cell labeller. In this way, filiation 
studies, e.q. in animals taking part in competitions, 
may be made easier and follow-up of the race be made. 

The insertion of the lacz qene as insertion gene 
25 also provides tbe possibility of promoter studies. 

Owing to the possible detection of . &-galactosidase 
activity, the activity and the specificity of different 
endoqenous promoters may be studied by tarqetinq 
different sites in the same type or different types of 

30 cells. ·said studies may be conducted in an entire 
organism, during the development stage or in the adult 
state, by using the techniques of chimaera or 
transgenic animals. 

The inventors have observed in surprising manner 
35 that the frequency of homologous recombination is 

unaffected by the insertion of fragments of substantial 
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size, for example the lacz. For the inventors, this 
observation suqqested that the technique of homoloqous 
recombination would be well adapted to the insertion of 
other beterolo9ous genes of substantial siae. 

Tile invention also targets the application of the 
replacement process or specific insertion process to 
gene therapy. 

owing to the possible modification of an animal's 
genome, the process of the invention may therefore be 

l 0 used as "9ene therapy". 'rhe most evident uses would 
consist of inactivating receptor genes of infectious 
agents (virus or bacteria) or toxic agents. If . this 
mutagenesis should prove letha 1, the lost function 
would have to be re-established without re-establishin9 

15 the sensitivity to the harmful agents. A modified qene 
coding tor such receptor could be reintroduced into the 
ntuted cell, unless the modification may be provoked by 

homologous recombination. This modification of the 
qenetic heritage would confer upon the animal an 

20 immunity against the diaease under consideration. 
This protocol may also be used in sel f-qra:ft 

procedures. Diseased or heal thy cells taken from the 
patient could be treated and immunised and subseqUently 
reimplanted in the same individual. 

25 The technique of the invention is also suitable 
tor studies into the activity of phar~aoeutical 

prOducts assumed to have an activity vis-a-vis the 
expression products of a pathological gene related to a 
disease. In this case, the insertion gene consists of 

30 the pathological gene or tragaent thereof, and the 
phar111aceutical product to be tested is administered to 
the trans9enic animal to evaluate its action on the 
disease. 

The invention will be illustrated with reference 
35 to the pGN plasmid and its use for the targeted 

insertion of a foreign gene (lacz, codinq for the .8-

iltiiiliiiHr 
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qalactosidase enzyme of E.coli) into the genome of a 

•ouse E.S. cell. The lacz qene was chosen because its 
expression ·1s easily detectable and is simply qiven by 
way of illustration. 

The coding phase of the B-galactosidase enzyme of 
E.coli (lacZ; 1-3057), fused with a genomic sequence 
(7292-3) of the lDUrine HOXCS (Box. 3-1) gene (Re"f .1) 

starts with the initiation codon of this qene. For the 
sequence which precedes the initiation codon of HOXC8 

10 (Hox.3-1) is identical to the consensus· sequence 
observed in vertebrates (Ref.2), thus giving a better 
translation level of a-galactosidase in vertebrate 

cells. 'I'he lacz 9ene is followed by a polyadenylation 
signal, for example of the SV 40 -·virus, like most 

15· eucaryotic genes, in order to stabilise the messenger 
RNAs. 

The activity of the. B-9alactosidase of E.Coli, 

which is functional in eucaryotic cells, may be 

detected in different manners. Cells expressing the 

20 lacz gene take on a blue colour, after fixation, in the 
presence of X-Gal, which is a substrate of the B­
galactosidase (Ref.3). A new subRtrate, the DGF (di-8-
galactopyranoside fluorosceine) permits the detection 
and determination of the activity of a-gal. while 

25 keeping the cells alive (Ref .4). The cells expressing 
lacz accumulate a fluorescent product and can be 
isolated with a cell sorter or FACS (tluorescence­
activated cell sorter). 

The transcription unit of ·the neomycine resisting 
30 9ene is derived from the most part from the pRSV-neo 

plasmid (Ref.5). The Long Terminal Repeat (LTR) of the 
Rous sarcoma virus procures very powerful activating 
and promoting sequences in numerous eucary.otic cells 

(Ref.6). From the Tn5 bacterial transposon are derived 
35 a promoter that is active in E. Coli and the codin9 

phase of the phosphotransferase enzyme (Ret.7) which is 

! . 

,. 

~· 

• 
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followed by the polyadenylation signal of the SV40 
virus. The same qene under the twin control ot the Rsv 
and Tn5 promoters may confer resistance to neo•ycine or 
kana10ycine upon bacteria and resb;tance to G418 upon 

5 eucaryotic cells. 
Through a simple isolated autation effect, unit B 

of activating sequences (enhancer) of the PyEC F9. l 

strain of the polyoma virus became much more active in 
different types of cells, in particular in the cells of 

10 embryonic carcinoma (EC) (Rer.s). Two copies or this Py 

F9. i · enh~ncer were inserte~ in tandem into the pGN 

plasmid upstream from the LTR-RSV, and in the "delayed 

promoter" orientation of the Polyoma' s regulatory 
region. 

15 In order to enhance the translation level of 

phosphotransferase, the sequence precedinq the 
initiation codon was mOdified during oliqonueleotide 
muta9enesis. Therefore sequence T T C G C A u G became 

G c A c c ILY_~, which has a much hiqher correlation 
20 with the consensus sequence of translation initiation 

in vertebrates (Ref.2). 
The improveJnents made to the transcription unit 

of the neomycine resistant gene could be assessed by 

transfecting mice embryonic stem cells (ES). Plasltlid 

25 molarity being ·equal, a construction with Py F9.1 
enhancers produced 7.5-fold more G418 resistant clones 
than the pRSV-neo, and 2 to 3-fold more than the pMCI­
Neo described.by capecchi et al. (Ref.13). further, the 

number of clones was increased 60-fold, that is to say 
30 450-fold compared with the pRSV-neo by modifying the 

translation initiation sequence. Homologous 
recombination may be a fairly rare event under the 
applied experimental conditions (e.g. 1/1000 for HPRT, 
Ref .13). A vector offerin<J high selection efficacy is 

35 therefore very useful, especially as · electroporation 
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conditions mainly give rise to the. integration of a 

sinqle copy. 
The pGN plasmid also contains a bacterial 

replication origin of colEI, pBR322 type, which permits 

5 cloning and !.Coli preparations. 
Finally, a multiple cloning site (M.c. s.) 

synthesised in vitro, which only contains single 

cutting sites in pGN, was inserted upstream from lacz 

to facilitate the use Of this plasmid. 

10 The plasmid "flanking" sequences which provoke 

homologous recombination are added to the ends of the 
~ -·· ·.. .,, ... 

pGN plasmid after linearisation of the plasmld upstream 

from laoz by an Mes· ·site-· (see ·Fiq.2), Under the 

circumstances, the chosen flankin9 sequences are 

15 homologous to the chromosome sequences derived from 

HOXC8 (Hox-3. l) which will subsequently take part in 

the homologous recombination. 
Figure 2 situates the molecule constructed from 

the pGN plasmid in relation to the HOXC8 (Hox-3. 1) 

20 gene. In this ~ase, a recombination between the plasmid 

and chromosome sequences of HOXCS (Hox-3.1) would lead 

to an insertion at the start of the coding phase of 

this gene, and therefore to its total inactivation. 

The pGN planmid offers several advantages for 

25 this l'llethodoloqy which can be applied to· any qene 

whatsoever. As the event of homoloqous recombination 

may be fairly rare ·c in the region of l per 1000 non­

homologous integrations), a larqe number of clones need 

to be analysed whose G418 resistance is sufficiently 

30 strong to express itself in any part of the genome. The 

changes made to the transcription unit 0£ 

phosphotransferase brinq a perfect solution to these 

problems. The muta9enesis method by homologous 

recombination is equivalent to inactivating a gene by 

35 insertion or substitution, but the pGN plasudd offers 

the additional advantage of being able to substitute 

i11ii1in1ii1nr 
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the expression ot 6-galactosidase for that cf the muted 
gene. Finally, MCS facilitates the· cloning of genomic 
fra<Jlllents. 
EXAHPLEf! : . 

5 1...- Construction of the pGN plasmig 
The intermediate plasmids are numbered according to 

their.staqe. 
~gel: 

ln$ertion · of a Xho I site in the Bql I site ot 
10 R.MV-neq 

Inaertion of a Xho I linker in the Bgl I site of 
pRSV-neo, filled with the Rlenow fragment of the 
polymerase DNA of E.Coli. 
illge 2 : 

15 in.sertion of a Cl• I site J.n the Nde I site of 

20 

the pl plasmid •. 
Insertion of a Cla I linker in the Nde I site of 

pl, filed with the Klenow polymerase. 
Stage 3 • • 

Insertion Of an enhancer Py F9.l in the Cla I 

§ite of the p2 plasmid. 

Insertion ot the iflolated Py .F9.l PvU II-Pvu Il 
enhancer by a single site, AccI, in the Cla :t site of 
p2. Selection ot a clone containing two enhancers 

25 oriented in the direction "delayed promoter". 
fitaqe 4 : 

,Snta I-Hpar deletion from the p3 plasmid. 
'l'he two enay~es, qivin9 Mfree endsh may be 

liqated directly. This deletion removes the int:ron of 
30 antigen t from SV 40, which offers little use, and 

substantially reduces the size ot the 
phosphotransferase ·transcription unit. 
Stcitge !i : 

Jnsertion of a Xho I site in the Bam HI site of 
35 pCHll01.. 
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Insertion of a Xho I linker in the Bam HI site of 
the pCH 110 plasmid (Pharmacia), filled with the Klenow 
polymerase. 
~6: 

Insertion of 3'lacZ~pol~SV 40 in the p4 plasmi4 
The 3 • end of the codin<J phase of B­

galactosidase, followed by the polyadenylation signal 
of the sv 40 virus, is isolated from plasmid pS by 

sites Xho I-Aat II and cloned in plasmid p4 by the same 
10 sites. 

&;taqe 7 : 
Insertion of 5• lacZ in the KS~ vecto~. 
The 5 1 end of the coding phase of 8-galactosidase 

is isolated from the plasmid pMC 1187 (Pharmacia) by 

15 sites Pst I-Sac I and cloned in the JCS- vector 
(Stratagene) by the same sites. 
at.age a : 

J:Y,sion of a HOXC8 (Hox-3.l) genomic sequence with 
,the 5 • lacz '-

2 0 A genomic sequence of the HOXCS (Hox-3. 1) gene 
cloned in vector KS- is purified with successive 
digestions by the Sac I enzyme, then by the Mung bean 
nuclease and finally by the Apa I enayme. This insert 
is fused with the 5' end of the codinq phase of 8-

25 9alactosidase by cloning in plasmid p7 digested by Apa 
I-Sma I. The prote{n thus fused cont~ins the 
translation initiation codon of the HOXCS (Hox-3.1) 
gene followed by the coding phase of .B-galactosidase 
(subsequently checked_ by sequencing). 
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Met ser ser 
CCAGC AT.!l....AGC.TQC 
GGTCG ~AC TCG AGG 

U Sae 1 

CCAGC ATG AGC 'l! 

GGTCQ !'AC 

21 

U Kung bean nuclease 

CCAGC ATG 

GGTCG TAC 

Ile Pro Sly Asp Pro 

ATT ~C GGQ GAT CCC 
~ll GGG CCC C'r&. GGG 

U Sma l 

GGG GAT CCC 

CCC CTG GGG 

Xet Glf Asp Pro 

CCAGC A~G GGG GAT CCC 

GGTCG TAC CCC C'l'A GGG 

15 &,tage g_. 
:Insertion of HOXCB (HQx-3 .1~1 11cz in the ~ 

Qlasmid. 
The fusion HOXC8 (Hox-3.l) - 5' lacz is isolated 

from the p8 plasmid by sites Apa I-Sao I and cloned in 
20 plasmid p6 by the same sites. '!'his cloninq 

reconstitutes · the coding· phase of 8-galactosidaAe in 

its entirety. 

25 

~e 10. 
Insertion of the Nee~ gene in the ICS+ vector. 

'l'he neomycine resistant qene (bacterial promoter 

and coding phase of phosphotransferase) is isolated 

from pRSV-neo by sites Bind II-Eco RI and cloned in the 
KS+ vector (Stratagene). 
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Stage 11 : 
Mutaqenesis of ·tb.!t_!nitiation s~quence of Ne~.J.n 

. Rl.Q.. 

The initiation sequence of phosphotransferase 

5 translation is modified so that it is identical to the 
consensus sequence observed in vertebrates and to allow 
a higher level of translation initiation, and therefore 
an increased resistance of malllllal cells to G418. The 
modification also creates an Apa LI site with which the 

10 efficacy of the mutagenesis can be verlf ied. 
Apa L1 

=> G!GCACCAfG 

An oli9onucleotide (C'l"l'G'l'TCAATCATG~ACGATCCTCA) 

15 comprising a mismatch region with the pRSV-neo sequence 
(underlined) is synthesised (Gene Assembler, Pharmacia) 
then phosphorylated ~Y the kinase polynucleotide of the 
T4 bacteriophage. A sinqle stranded template of· the plO 
plasmid is prepared using the fl origin of the KS+ 

20 plasmid and hybridized with the oligonucleotide of the 
mutagenesis. The second strand is synthesised and 
repaired with the Klenow polymerase and the ligase DNA 
of the . T4 bacteriophage. After transforming the 
bacteria, the muted clones are sorted with the 32p-

25 labeled oligonucleotide. The 111utaqenesis was verified 
by Apa LI digesting and by sequencing. 

30 

Stage 12. : 

Replac~nt ot._the i~itiation sequence .in the p~ 
»lasmid. 

A fragment containing the modified sequence of 
the translation in~tiation of the neomycine resistant 
gene is isolated ·from plaAmid pll by enzymes Hind III­
Eag I and cloned in the p9 plasmid by the same sites. 
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Staqe l~ .: 

Insertion Qf the multiple clonin9-lii,te in Q).asmi4 

Two complementary oliqonucleotides are 

synthesised (Gene Assembler, Pharmacia), then 

phosphorylated. After matching, the MCS is cloned in 

sites Apa I ... Sac II of the p12 plasmid using its 

cohesive ends 

Xma I Asp 711 . Im f 
Am.I Sma I J(pn I Jlp I . - NII! - &acn 
r CCCCGGGGGTACCTCTAGAATGCATTCCGC • 

Z CCGGGGGGCCCCCATGGAGATCrTACGTAAGG ~ 

The multiple cloning site was also Checked by 

sequencing. 

II - &ldition of the "flanking" se~nces to the en~ 
20 of the pGN plasmid linearised upstream from lacz• by a 

a.c.s. site._ 
The tlanlcing sequences used were chosen in 

relation ·to the desired insertion site (for example 

HOXC8 (Hox-3.1) see Fi9.2 (a) and (b) pGMA and pGMD). 
25 In the. construction of the pGMD mutaqenesis 

plasmid, two DNA limbs homologous to the HOXC8 (Hox-

3. l)locus were cloned to sites Apa I-Nsi I and Nsi I­

sac II of the pGN vector. The 5' limb starts at the Sac 

II site (CCGCGG) at nucleotide 219 of the cDNA c21 o~· 

30 HOXC8 (Hox-3 .1) • This fragment extends over 6. 8 kb in 

5 1 as far as the first BamHI site. The 3 1 limb starts 

at the Apa I site (GGGCCC) at nucleotide 885 of the 

cDNA 021. Th is fragment extends over 1. 5 kb in 3 • as 

far as the ti~st Pst I site. A NsiI linker was inserted 

35 in the BamHI site of fragment 5 1 and in· site Pstl of 

fragment 3 1 • Limbs 5 1 and 3 1 were cloned in vector .pGN 
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at sites Nsi I-Sac II and Apa I-NsiI respectively. The 
sequence of the cDNA of Boxes (Hox-3.1) c2l is 
pUblished (Ret~l). 

The mutagenesis plasmid is linearised by 
5 digestion with Nsi I before electroporation of E.s. 

cells. Its ends are made up of two genomic limbs cloned 
at sites Apa I-Nsi I and Nsi I-Sac II of the pGN 

vector. 
The pGMD plasmid shows no polyadenylation signal 

10 after the resistance qene but, on the other hand, shows 
an AU-rich sequence which is responsible for selective 
mRNA deqradation inserted in the sequence cf the HOXC8 
(Hox-3.1) intron of the plasmid~ 

A fux-ther mutagenesis plasmid., pGMA, shows the 

15 same structure as the pGMO but contains the 
polyadenylation and transcription· termination ·siqnals 
of SV40 and does not have the AU degradation sequence 
of ·mRNA downstream trom the NeoR gene. The purpose of 
these 111oditications was to reduce the level of NeoR 

20 transcripts in clones resultinq from random 
integration. On the other band, clones resulting from 
homologous recombination events between pGMD and a 
HOXC8 (Hox-3.1) locus should experience unimpaired 
growth during G418 se~ection, the degradation AT 

25 sequence of mRNA being eliminated by the recombination 
process itself, or spliced with the HOXC8 (Hox-3 .1) 
intron. 

In the following experimental stages, · the 
protocol described by Thompson et al_. 1989 was followed 

30 tor the production ot chimaera animals. 
lII - Transfection of embryonic mice cells~ 

The method described by Thompson et al. 1989 was 
used to transfect embryonic mice cells.. Use of the 
electropora.tion method insures that only one copy ot 

35 the foreign gene (lacZ) is introduced. per cell. After 
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transfection, several clones expressing &-galactosidase 

were isolated. 
The muta.genesis plasm.ids pGMO and pGMA were 

linearised and introduced by eleetroporation in the 

5 E.S. cells to promote the insertion of a single copy in 

the qenome (Ret.11). 

10 

15 

20 

The initial transrections were made to 

the targeting efficacy of MOXC8 (Hox-3.1) 

plasmids pGMA and pGMD (see Table I). 

compare 
of the 

Homologous recombination in the qene HOXC8 

(Hox-3.1) 

~~------------------~~------------~-----------------~~ 
Exp. Plasmid 

of muta­

genesis 
l pGMA 

II pGMD 

III pGMD 

Table I 

No. of 
ensemble 
analysed 

3 

5 
84 

No. clones 
forming the 
ensemble 

600 

250 

2-3 

No. results 
P.C.R. 
positive 

0(2) 

3(5) 

5(5) 

The E.C. cell line 0 c.c.E." (Re!. 16) was 

maintained in continuous manner on nutritious 
fibroblast layers (Ref.1?). For experiments I and II, 

25 1.5 x 107 E.S. cells in l.5ml HeBS were electroporated 

(Ref.1.l) at 200 v, with 40 mg of linearised plasmid, 

then plated over four culture boxes (diameter 100 mm). 

For experiment IIJ, the shock was performed under 

the same conditions but one quarter of the cells were 

30 plated over four 24-wcll disheR. The following day, 

250 1'9 ml-l G418 were added. Each transfection gave 

approximately 2400 clones with pGMA and approximately· 

1000 clones with pGMD. 

The averaqe number of clones of E. s. eel ls with 

35 G418 resistance in each set of culturea is given in 

Table I, with the number of sets which gave positive 

This Sheet Has Been Repl d 

111mm 111111m11111f 



GUTMANN-PLASSERAUD FAX: 33-1-42660890 21.FEV.9ti 19:53 No.014 P.39 

26 

results with the P.c.R. technique. A positive result 
signifies that a band of 1. 6 Kb could be observed on 
agarose gel stained with ethidium bromide (see Fi9.7). 

The number of culture sets which qave a positive signal 
5 after southern analysis of the P.C.R. mixture and 

hybridization of a specific probe which did not contain 

the pri~er sequences is given between brackets (Fi9.8). 
~tection of homologous recombination with ~h@ 

· ,LC.R. meth<m 

10 P.C.R. was made on 105 cells-in a set of 250 clones of 
transfection II (see lane D of Fig. 7). In the other 

lanes, four sets of transfection III were analysed 
together by mixing approximately 4 x 5000 cells. 

Primers . 07 and 08 were used in the P.c.R. surrounding 

15 the 3•soxcs (Hox-3.1) sequence of the mutagenesis 
plaAmid (Fiq.2). The fragment of 1.6 I<b covering this 
3'sequence can only be amplified in the event of 
homologous recombination. Lanes 2, 3 and D illustrate 

positive results. 
20 The DNA of E.S. clones was prepared at the time 

of tilter replication using the "boiling-proteinasc K 
diqestion boiling" method (Ref.18). 40 cycles of 
amplification (40 seconds at 94•c, 1 minute at 6o•c, 7 
minutes at 12•c) were performed in a reaction mixture 

25 of 100 ~1, containing 67 mM Tris-HCL (pH 8.6), 16.7 mM 

(NH4) 2S04, 6.7 mM M9Cl2, lOmM 2-mercaptoethanol, 0.01 t 
(w/v) gelatin, 200 µm dATP, dTTP and dCTP, 100 µm dGTP, 
100 µM7-deaza dGT, 600 ng of each primer (07 : 

AAC'l"l'CCCTCTCTGC'l'AT'l'C and 08: CAGCAGAAACA'l'ACAAGCTG) and 

30 3U polymerase Taq (Perkin Elmer Cetus), covered with 
100 µ1 paraffin. One half of the reaction mixture was 
applied to o.7t aqarose 9el stained with ethidium 
bromide. The size marker was a Eco RI + Hind III digest 
of lambda DNA. 

ii1iiiUr 
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Southern analyse~ 
Three clones independent from E.S. cells containing the 
muted HOXC8 (Hox-3.1) (identified by P.C.R.) were 
iaolated fro• the positive sets using pipettes. Their 

5 DNA was determined by Southern analysis after digestion 
with the restriction enzymes indicated in Figure a, in 
order to confirm the specific targeting and to 
distinguish between recombined and wild loci. Two 
different probes were used to analyse the 3' end of the 

10 HOXC8 (Hox-3.l)loci in the muted clones and in the non­
muted E.s. cells used as controls (Pig.Sc). The first 
"a" probe was contained in the HOXCS (Hox-3 .1) 

sequences of the mutagenesis plasmid and displayed the 
number of vector integrations and their physical 

15 bindinqs. One ot the three recombined clones also 
contained a randomly inteqrated plasmid copy (Fiq.8 
(a.), clone F2). The· second 1'b11 probe which was not 
contained in the mutagenesis vector differentiated 
between the recombined and wild HOXCS (Hox-3.1) alleles. 

20 (Fig. Sb). The recombined Hoxce (Hox-3.1) locus 
displayed, with both probes, the hybridization image 

expected with the restriction sites of the mutagenesis 
vector and the intact locus. Also, the existence of two 
areas of recombination in the 3 • limb of the vector 

25 confirmed the presence or the absence of the AT 
sequence in the recombined HOXCS (Hox-3.1) locus 
(e.g.Fig.8, clone LS). The 5' end of the HOXCS (Hox-
3.1) locus was also analysed for the homologous 
recombination event. Restriction enzymes which showed 

30 no sites in the HOXC8 (Hox-3.1)5• sequence of 6.8 ICb of 
the mutagenesis vector were used in the diqestion of 
the DNAs of the recombined clones. These ONAs were 
subsequently subjected to electrophoresis in a pulsed 
field to differentiate the fragments of high molecular 

35 weight. southern analysis.of this gel also abowed the 

correctly recombined alleles and the wild Hoxca (Hox-
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3 .1) alleles, using a prQ:be with a sequence upstream 

from the mutagenesis plasmid. 

Southern analyses showed that an allele of the 

HOXC8 (Hox-3.1) .gene was recombined as_ planned. 

5 Homoloqous recombination was equivalent to double 

"crossinq-over" between the genomic limbs of the 

mutagenesis plasmid and the homologous chromosome 

sequences (Fig.2). 
In the recombinant clones, the lacZ gene was 

10 placed under the control of promoter and requlatory 

sequences of the HOXC8 (Hox-3.1) upstream from the AUG 

codon, but the 3' maturation. signals of mRNA came from 

SV40. In these recombined clones, the expression of 

lacz was not detectable· by staining with &-Gal, which 

15 correlates with the ·absence of HOXC8 (Hox-3 .. 1) 

transcription in E.S. cells as determined by protection 

analysis of RNase. 'I'he activity Of 8-Gal could be 

induced in certain cells after 3 to 4 days' culture in 

s.10-7 M retinoic acid, conditions which are known to 

20 induce the transcription of HOXC8 (Hox-3.1) (Ret.19). 

By using tbe •utagenesis vector pGMA, which shows 

total 8. 3 J<b DNA homoloqy with the HOXC8 (Hox-3 .1) 

locus, a fragment of 120 bp was replaced by an 

insertion of 7. 2 Kb. The frequency of this targeted 

25 replacement (l/900) coJnpares with that recently 

obtained (l/1000) with HPRT (Ref .13) or with En-2 

(1/260) (Ref. 20) , the inserted heterologous fragments 

in these latter cases, however, being of much smaller 

size (1.1 and 1.5 !Cb respectively). In surprisiDCJ 

30 manner, it was noted that a very high frequency or 

homologous recombination (1/40) could. be obtained. with 

the pGMD vector. The elimination of the 3 1 maturation 

signals of mRNA and the addition of the degradation 

sequence of JD.RNA to the gene with neomycine resistance 

35 led to reducing "the total number of clones with G418 

resistance by 2. 4 (Table I) • The specific targeting 

-' 
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ratio was nearly 10 times hi9her (900/40). 'l'he 
mechanism of homologous recombination itself must have 
been aftected in the experiments with pGMO. One 

possible explanation of this results is that the AT 

5 sequence of 51 bp could, in vivo, provide an open loop 

in the muta9enesis plasmid on account of its lower 
fusion temperature. If the HOXCS (Hox-3 .1) sequences 
which juxtapose the pGMD can be influenced by this 
opening,_either side ot the AT region, they could react 

10 in much more effiolent manner, in the single stranded 
state, with the HOXC8 (Hox-3. 1) chromosome locus. The 

pattern of mitotic recombination in yeast, suggests 
that it may be initiated by such strand exchanqe, even 
though the mechanism of homologous recombination 

15 remains unknown in more complex eucaryotes. 
Figure 8 shows the results of Southern analyses 

made on positive individual clones (LS and F2) and E.S. 
cells (C.C.B.). 

The probes used only hybridize with the HOXC8 
20 (Hox-3 .. 1) sequences included in the (a) vector or 

excluded from the mutagenesis vector (b). The 

hybridization itnaqe of the recombined HOXC8 (Hox-3 .1) 

locus (open triangles) clearly distin9uish~s itself 
from the wild locus (black triangles). The stars 

25 indicate the hybridization bands of a copy of the 
plasmid which integrated itself randomly. The size 
marker is a Eoo RI + Hind III digest of lambda DNA. 

Figure S(c) shows the restriction sites of the 
recombined (rec.) and wild (wt) HOXC8 (Hox-3 .1) 

30 alleles. 'I'he parts of the mutagenesis vector and of the 
ftOXC8 (Hox-3.1) loous are indicated with the same 
symbols as those used in figure 2. In this case, the AT 

sequence was inteqrated by homologous recombination. 
The vertical arrow indicates the 3 1 end ot the 

35 muta9enesis plasmid. The localisation of the "a" and 
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11b" probes used for the southern analysis is also 
shown. The ab~reviations used in figure 8 are as 
follows : B, Bam HI ; D, Dra I; E, Eco RI ; H, Hind III 
, s, Sal I : x, Xho 1. 

5 XV - Production of chimaera embryos 
A miorolnjection into blastocysts was made with 

the recombinant E.S. clones containing an intact HOXC8 
(Hox-3.1) allele and a recombined allele; these clones 
did not contain any other copy of the mutaqenesis 

10 plasmid. The karyotypes of these cells were normal. 
Ten to fifteen muted cells were microinjected by 

blastocyst. After reimplantation in surrogate mothers, 
the embryos were collected at 9.5, l0.5 and 12.5 days 
p.c. and analysed tor lacz expression. The 

15 transcription code of HOXC8 (Hox-3.1) at these staqes 
had beon previously determined by in situ hybridization 
analysis (Ref.l). The HOX~S (Hox-3~1) transcripts are 
detectable for the first time at the delayed 
gastrulation staqe and are found in all tissues in the 

20 posterior region of the animal. Later, the di~tribution 
progressively becomes limited in space and tissue 
specific. At the 12.5 days p.c. stage the transcription 
is localised in the cervical region of the.neural tube, 
about the heart. Durinq embryoqenesis, the distribution 

25 of the HOXC8 (Hox-3.1) transcription therefore 
undergoes chan9e. The 10.s days p.o. stage appears to 
be a transition period, the transcription takinq place 
both in the two posterior regions and in the cervical 
neural tube. 

30 In chimaera embryos of 9. 5 and 10. 5 days· p.a., 
the part caudal to the posterior bud showed intense s~ 
Gal activity, while the marker was never detected in 
the anterior thoracic region or in the head (Fig.9a). 
In the posterior region, cells stained with a-Gal were 

35 observed in all tissues of all embryonic layers. 
Between the two buds from which the· limbs emerge, 

ii1ii1iiUr 
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stained cells were distributed, in restricted areas, in 
the superficial eotoderm (Fiq. 9b) the posterior 
regions (Fig. 9c) and, in narrow lines or stripes, in 
the neural tube (Fig. 9b). These stripes showed 

5 irregular, asymmetric distribution on the wa_ll of the 
neural tube. The transcription of HOXC8 (Hox-3.1) was 

not detected in the thin layer of cells towards the 

closed end of the neural tube. It is possible that 

these cells did not resist against the applied 
10 treatments during 1n situ hybridization. It was noted 

that the cells ot the neural ectoderm form part of 

different parts of the nervous system at a very early 
stage and migrate in radial direction in close lateral 
movement. (Ref. 21). These results therefore correlate 

15 with thi.s observation. 
The expression of lacz therefore correctly 

illustrated the first part of the transcription of the 

HOXC8 (Hox-3 .1) homeogene, that is to say in all the 

tissues of the caudal regions of 9.5 and 10.5 days p.c. 

20 embryos, and gave new information on the method of 
transcription of HOXCB (Hox-3.l). 

on the other hand, the expression of lacz waA not 
observed in the cervical regions of the neural tube of 

chimaera embryos of 12.s days, or in the anterior 
25 region of embryos of 10.5 days: this was not the result 

expected after ill situ hybridization studies. The later 

phase of HOXC8 (Hox-3. l) transcription seen from day 

10.5 onwards in very localised areas of the neural tube 
was not evidenced by B-Gal activity. one possible 

30 explanat~on for this result could be that, althouqh the 
expression of lacz is under the control ot the HOXC8 
(Hox-3.l) p~omoter, the 3 1 sequences of HOXCS (Hox-3.1) 
are absent from the reporting qene. It is possible that 

the 3 1 . sequences of the AUG initiation codon of HOXC8 
35 (Hox-3.l) have an influence on the delayed expression 

of HOXC8 (Hox-3.l)in the anterior region. A "gene 
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proportioning" effect. could also account for this 

result. The sel~-activation of several homeogenes in 
~rosop~ has been shown genetioally or sugqested by 

the formation o'f complexes between the DNA and the 

homeobox proteins. 
If the delayed component of the BOXC8 (Hox-3 .1) 

transcription in the neural ·tube is maintained by a 

similar mechanism, the inactivation of an allele could 
produce a dominant effect in the cells of the neural 

10 ectoderm. Since only one allele may produce the HOXC8 

(Hox-3.1) protein, the activation siqnal may be diluted 

on the two promoters. The reduced self-inactivation in 

both loci could therefore lead to total arrest in 

initiation of the transcription. This could explain why 

15 no expression of lacz walll detected in the cervical 

region of the neural tube of 10.5 and 12.5 day embryos. 

v - JDtry_of the mQdification into the germinal cell 

l.!ne .: production of transqenic animal~. 

The effects in F1 and P2 of the modi~ication made 

20 by the insertion of the qene were observed after 

reproduction of the chimaera animals. Entry of the 
modification into the germinal cell line was observed. 

1iiU1iiif 
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CU IMS 

1. Process to obtain the expression of, or to 

enhance the expression level of a gene, or part of a 

gene, so-called receptor gene, in the genoiae Of an 

eucaryotic cell, said receptor gene being able to be 
Dia.de functional or more.effective when recombined with 

a complementary DNA, said process comprising : 
the introduction into the euoaryotic eel ls of a 

vector containing an insert itself comprising the 
complementary DNA, so-called insertion DNA, and two so-

10 called "flanking" sequances either side ot the 

insertion OMA, respectively homologous to two genomic 

sequences adjacent to the . desired insertion site in 
· relation to the receptor qene 1 

the insertion DNA co~prisinq a qene or part of a 
15 gene, and being heterologous to the receptor gene 1 

the flanking sequences being chosen in order to 
permit, by homologous recombination, the juxtaposition 

of the insertion DNA in relation to the receptor gene, 
in- such manner that the insertion DNA makes functional 

20 or enhances the functioninq ·of ·the receptor gene ; 
2. Process according to cla i.in l in which the 

insertion DNA is entirely made up of a qene. 

3. Process accord in9 to claim l in which the 

insertion DNA is made up of part of a qene, for example 
25 a ~egulatory sequence. 

4. Process according to claim 1 in which the 
receptor gene is a gene which is not normally 
transcribed in the eucaryotic cell. 

5. Process according· to claim l in which the 

30 receptor qene has no sclectionable phenotype. 

6. Recombined eucaryotic celi, able to express a 
gene or part of a gene, or of expressinq it at an 

11111111111111 1111111111 111111 
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enhanced level, said cell being able to be reproduced 
according to the process of any of claims l to 5. 

1. Procecs for inactivating the gene, so-cal led 
receptor qene, in the qenome of an eucaryotic cell by 

5 the targeted insertion, in the receptor gene, of a DNA, 
so-called insertion DNA, the process comprising : 
- the introduction into the eucaryotic cell of a 
vector containing an insert itself comprising the 
insertion DNA and two sequences, so-called "flankinq" 

10 sequences, on either $1de of t!ie insertion ONA, 
respect! vely homol09ous t.o two qenomic seqU~nces 

adjacent to the desired insertion site in the receptor 
gene r 
- the insertion DNA beinq heteroloqous to the 

15 receptor gene and comprising a gene or part of a gene 
able to be made functjonal or whose functioninq may be 
made more efficient when it is recombined with a 
complementary DNA in the receptor gene ; 
- the flanking sequences, through homoloqous 

20 recombination, allow the insertion of the insertion DNA 
at the desired site in the receptor gene ; 

the expression of the insertion DNA subseq\lently 
replacinq that of the receptor gene. 
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ABSTRACT OF THE DISCLOSURE 

PROCESS TO OBTAIN THE EXPRESSION OF OR TO ENHANCE THE LEVEL OF 

EXPRESSION.OF A GENE 
The invention relates ~o a process to obtain the 

_;. ·.' 

expression of,· or to enhance the level of expression of 
· a gene Or part Of a . gene,. SO-called. receptor gene 1 in 
the qenome of an eucaryotic cell, said receptor qene 

5 being able to be made functional or more efficient when 
it is recombined with a complementary DNA, said process 
comprising : 

- the introduction 
vector containing an 

. -.... ~~---· 

into euoaryotic cell~ of a 
insert:;· ,. ~tself comprising the 

10 complementary DNA, so-called insertion DNA, and two 
sequences, so-called "flanking" sequences, either side 
of the insertion DNA, respectively homologous to two 
genomic sequences adjacent to the desired insertion 
site in relation to the receptor gene~ 

15 - the insertion DNA comprising a gene or part o~ a 
gene, and being beterologous to the receptor gene ; 

the flanking seqtienC!S. being chosien in order to 
permit, by homologous recombination, the juxtaposition 
of the insertion DNA in relation t·o the receptor gene, 

20 in such manner that the insertion DNA makes functional 
or enhances the functioning of the receptor gene. 

Figure 1 
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PROCESS FOR SPECIFIC REPLACEMENT A COPY OF A GENE 

PRESENT IN THE R:ECIPIENT GENC: .. 3Y INTEGRATION OF A 

GENE DIFFERENT FROM THAT WHERE THE INTEGRATION OCCURS 

The present invention relates to a process for 

specific replacement of a copy of a gene present in the 

genome of a recipient eucaryotic organism by the 

integration of a gene different from the inactivated 

gene. The recipient gen.e will preferably be present in 

at least 2 examples in the transfected host cell. The 

recipient gene is defined as being the gene where the 

insertion of the different gene will be made. 

More particularly, the in.vent ion relates to the 

production of transgenic animals in which the foreign 

gene has been introduced in a targeted manner to allow 

both the maintenance of the normal genetic functions of 

the animal and the expression of the foreign gene under 

the control of endogenous promoters. 

:By "different or foreign gE:me" is meant any 

nucleotide sequence corresponding to the totality or to 

a part of a "foreign or different" gene of the receptor 

gene as it is found normally in the genome'· (RNA or 

. DNA) I where it corresponds also to an arti~icially 

,· 

Thi-s Is the replacement sheet 
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modified sequence of the normal gene or again to a 

fragment of this sequence. 

The invention also concerns the process of 

production of these transgenic animals. 

In the production of transgenic animals, the 

conventional methods used for the introduction of 

heterologous DNA sequences in the germ cell line do not 

allow control of the site of integration of the foreign 

gene in the 

introduced~ 

genome, nor the number of copies thus 

The integration of the foreign gene is 

carried out at random and, in general, several copies 

of the gene combine at the same time, sometimes in the 

form of a head-to-tail tandem, the site of integration 

and the number of copies integrated varying from one 

transgenic animal to ano.ther. 

The genes introduced in the germ line are: 

either ''complete" genes, including cod"ing 

sequences flanked by their own regulatory sequences; 

- or composite genes, formed from the coding 

sequence of a gene fused with the promoter sequen9e of 

another gene, the two fragments sometimes even 

belonging to two different animal species. 

It was thus possible to confirm that the 

specificity of the expression of genes in such and such 

a tissue is determined by their regulatory sequence(s). 

The choice of the appropriate promoter for the 

expression of the foreign gene in the transgenic animal 

is thus of primordial importance. 

It can· thus happen that endogenous cellular 

genes, situated at the point of insertion, may thereby 

be inactivated, without this being easily detectable 

Thi·s is the re~acef!Jeflt s"9et 
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because of the numerous insertions made at random. If 

the product of these genes is important for the 

development of the animal, this development will be 

seriously disturbed .. Moreover, the aleatory insertion 

of the foreign gene may take place SLt a site which is 

not appropriate for the expression of the gene. In 

addition, the fact that . there is a variation in the 

site and in the number of insertions from animal to 

animal makes interpretation of studies of expression 

extremely difficult. 

Besides, the directed mutagenesis of murine 

genes in embryonic stem cells has recently been carried 

out using a technique of gene targeting (Thomas et al., 

1987; Thompson et al., 1989). 

In the first case, the HPR't' murine gene was 

mutated by insertion and replacement and, in the second 

case, a mutated HPRT gene was corrected. Thomson et al. 

widened their experiments as far as obtaining chimeric 

mice and recorded the passage of the genetic 

modification into the germ cell line. 

In each of the documents quoted, the precise 

site of integration was targeted by homologous 

recombination between, on the one hand, exogenous 

sequences carrying the mutation or correction included 

in a vector, under the control of an exogenous promoter 

and, on the other hand, their genom.?.c homologue. This 

being so, it must be pointed out that earlier authors 

have carried out their experiments on a specific gene 

(HPRT) whose mutation was accompanied by a detectable 

phenotype. 

Date: 
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The exogenous sequences on the vector thus 

serve both to target the site of integration and to 

introduce the modification. Following homologous 

recombination, the modified gene always finds itself in. 

its normal genetic environment. 

It should be recalled that a problem . posed 

animals is the during the production of transgenic 

danger of inactivating an endogenous cellular gene 

existing at the insertion point of the foreign gene. 

According to the function of the product of the 

inactivated gene, such an inactivation can lead to 

significant physiological or morphological disorders in 

the transgenic animal1 or could even prevent its 

survival. 

On the other hand, the inactivation of a gene 

could be considered as advantageous if the gene in 

question coded for a virus receptor or other infectious 

agent. 

A major problem encountered in the production 

of transgenic animals is the obtaining of the 

expression of the foreign gene. In general, two types 

of experiments have been performed in mice. 

The inventors have studied the possibility of 

avoiding the disadvantages described above, and 

associated in some cases with the possible inactivation 

of one or more endogenous cellular genes having an· 

important function during the production of t~ansgenic 

animals. 

The object of the invention is a prqcess for 

specif·ic replacement, in particular by targeting a DNA, 

called insertion DNA constituted by part of a gene 

Thi$ i~ the reph'ieement sheet 
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susceptible to being rendered functional, or this 

functioning can be made more efficient, when it is 

recombined with a complementary DNA to then provide a 

complete recombinant gene in the genome of a eucaryotic 

cell, characterized in that 

the insertion site 

called a recipient gene, 

complementary DNA, and in that 

is in 

and 

a chosen .gene, 

containing the 

eucaryotic cells. are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called "flanking" sequences on 

either side of the insertion DNA, respectively 

homologous to two genomic sequences which are 

immediately adjacent to the desired site of insertion 

in the recipient gene, 

- the insertion DNA being heterologous vis-a.­

vis the recipient gene, and 

the flanking sequences, being chosen from 

those which make up the abovementioned complementary 

DNA and which allow, through homologous recombination 

with corresponding sequences of the recipient gene, the 

reconstitution of a complete recombinant gene in the 

genome of the eucaryotic cell. 

The invention also relates to a process for the 

production of transgenic animals, characterized in that 

E.S. cells are transfected in the conditions described 

above and selected for the occurrence of homologous 

recombination, that is the correct integration of the 

foreign gene, the t:r:ansfeci::.ed cells are inje~tec:3. into 

embryos at a stage where they are able to integrate the 

transfected cells {for example, at the blastocyst 
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stage), and these are then reimplanted in a surrogate 

mother and the chimeric individuals obtained at the end 

of gestation are mated. If the E.S. cells have 

colonized the germinal line of the chimeric animal, 

heterozygous transgenic animals for the replaced gene 

will be obtained by mating (Fl) in the progeny. 

The invention also concerns a plasmid able to 

effect the targeted insertion of a recombinant gene 

called the insertion gene in the genome of a·eucaryotic 

cell, characterized in that it· contains an insert which 

itself comprises the insertion gene and two so-called 

"flanking" sequences on either side of the insertion 

gene, respectively homologous to the two genomic 

sequences which are immediately adjacent to the desired 

site of insertion in the recipient gene. 

The invention also concerns transgenic animals 

in which at least one endogenous gene, has been 

inactivated by the insertion of a gene which is 

different from the inaetivated gene, the insertion gene 

being inserted in a position whieh allows the 

expression of this gene under the control of regulatory 

sequences of the inactivated endogenous gene. 

Thus, the process of the invention allows, 

thanks to the phenomenon of homologous recombination, 

the insertion in ·a targeted manner of foreign genes, in 

particular coding sequences without the promoter with 

which they are usually associated, in the genome of a 

eucaryotic organism at a site which allows their 

expression under the control of the endogenous_promoter 

of the gene where the insertion is made, and 
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inactivation of the · targeted 

In a preferred embodiment of the invention, the 

targeted recipient gene is a gene which is present in 

the genome in at least two copies. Utilization of the 

electroporation technique (ref. 11) ensures. the 

introduction of only one copy of the foreign gene. 

In this embodiment of the invention, the 

targeted insertion of the gene of j_nterest (i.e. the 

so-called insertion gene) has the effect of 

inactivating the single copy of the endogen9us cellular 

gene where the insertion takes place and leaves intact 

and operational the other copy (copies) of this gene. 

In this way, the genetic functioning of the 

transgenic animal is not or is little disturbed by the 

introduction of the foreign gene, even if. the insertion 

inactivates·a single copy of a receiving gene essential 

for the de'V'elopment of the animal. Either its 

development would not be affected by the insertion of 

the foreign gene, or the possible minor disturbances in 

the case of inactivation of a critical gene would 

probably not be lethal for the animal. The effects of 

the insertion· of the foreign gene in the homozygous 

state could be of any kind and would be observed in the 

2nd generation (F2) after crossing hetero~ygous 

individuals (Fl) among themselves. 

If, on the other hand, the i:nactivation of all 

the copies of a gene is desired, for example in the 

case ·where the gene codes for a recepto~ of .an 

infectious agent, multiple copies of the foreign gene 

This is the repiacement sheet. 
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are introduced. Control of the quantity introduced can 

be ensured by using known techniques. 

The targ~ted insertion of the foreign gene thus 

allows its introduction in a site where its expression 

is under the control of regulatory sequences of the 

endogenous gene where the insertion takes place. 

The process of the inV'ention also allows 

insertion of the foreign gene behind an endogenous 

promoter which has the desired functions (for example, 

specificity of expression in ·a particular tissue) and 

this, in the relevant case, without inactivating the 

other copies of the recipient gene. 

In another embodiment of the invention, the · 

insertion DNA can carry a foreign regulatory sequence. 

The site of insertion and, consequently, the flanking 

sequ.ences are chosen in relation with the desired aim, 

that is either the insertion of the foreign regulatory 

sequence to give an effect of "double promoter'' with 

the endogenous regulatory sequence, or the replacement 

of an endogenous promoter by the foreign promoter. The 

coding sequence which eomes under the control of the 

regulatory sequence can be endogenous. 

Another possibility would be the targeted 

insertion of a foreign DNA which carries both a 

regulatory sequence and a coding sequence. It is 

possible for the regulatory sequence to be that which 

is naturally associated with the coding sequence. 

The process of the invention activates a vector 

containing two "flanking" sequences on either side of 

the foreign gene. These flanking sequences have at 

least t50 base pairs and are preferably inferior to the 

Thi-i is the replacemefl_t sheet 
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length of the recipient gene. It is essential that 

these two flanking sequences be homologous to the two 

gen~mic sequences which are immediately adjacent to the 

desired insertion sit:e. The flanking sequence of the 

vector which is located._ upstream of the foreign gene to 

be introduced is normally homologous to the genomic 

sequence which is located at the 5' end of the 

insertion site. In the same way, the flanking sequence 

of the vector located downstream of the foreign gene is 

normally homologous to the genomic sequence which is 

located at the 3' end of the site cf insertion. 

It is possible to introduce ''intercalating" 

sequences between either one of the flanking sequences · 

and the foreign gene, for example sequences permitting 

the selection of transformants (markers) sequences 

permitting cloning of the vector, etc. 

The position of these intercalating sequences 

with respect to the foreign gene must however be chosen 

so as· not to hinder the e:Xpression of the foreign gene, 

in particular the coding sequence of the foreign DNA 

under the control of the endogenous promoter or, 

inversely, the coding seguence of the endogenous DNA 

under the control of foreign elements of regulation 

carried by the insertion sequence. 

Despite the presence of flanking sequences, 

which encourages homologous recombination, it. is 

possible that a certain number of integrations take 

place at random. In order to verify that the targeted 

insertion has actually taken place in the targ~ted site 

and not in another place, the technique of "Polymerase 

Chain Reaction" (P.C.R.) (see Ref. 10) is used to 
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amplify the DNA sequence of the locus where the 

insertion should have taken place. In this way, only 

the clones transformed following a homologous 

recombination are selected. 

The flanking sequences of the vector are 

evidently chosen in relation to the desired site 1:>f 

insertion so that homologous recombination can take 

place. Thus the flanking sequences can carry duplicated 

sequences of the endogenous promoter and/or 

modifications to the sequences which precede the 

initiation codon to raise the translation level 

(upstream sequences) and duplicated sequences of the 

termination sequences particularly of the sites of · 

polyadenylation (downstream sequences) . 

The insertion gene can be any gene of interest. 

One will cite as non-limiting examples the gene Lacz 

(as in· the model described below), the genes coding for 

interleukin or interferon, receptor genes for example 

of retinoic acid or- beta-3 andrenergic or H. I. V., and 

genes known to be linked with cer·cain diseases, for 

example myopathy etc. 

In a pref erred embodiment of the invention, the 

eucaryotic cells are embryonic stem cells (see Ref. 14 

and 15). 

In fact, a mutated E. s. eel l can be inj ec.ted 

into an early embryo which, after reimplantation, can 

be born under a chimeric form. . If the germ line :Ls 

colonized by the mutated cell, the chimeric animal will 

transmit the mutation to its progeny. After_ this, it 

will be possible to observe the effects of this 

mutation, in the homozygous state ·in some individuals, 

Thi-5 is th& replacement sheet 
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on their development, their behaviour, their 

metabolism, their pathology etc. 

Figure l shows the pGN plasmid. 

Figure 2 shows the molecule constructed from 

the pGN plasmid in relation to the gene Hox-3.1. 

Figures 3 to 6 show the plasmids used in the 

construction of the pGN. 

The process of the invention has a very wide 

industrial applicability an~ can vary according to the 

nature of the foreign gene introduced. 

The genetics of mammals will progress 

considerably in view of the recent possibility 

specifically mutating any gene, thus making it possiblE~ 

to define its role more accurately. Through thi1;; 

technology which involves homologous recombinations and 

E. S. eel ls, valuable information will be obtained on 

oncogenes, growth factors, transcription factors etc., 

genes which concern very actual subjects in fundamental 

research or in applied research. An important outcome 

for medical research is the possibility of reproducing 

a human disease whose genetic determination is known 

{certain pathological human diseases, such as the 

myopathy of Duchesne) so as to study its mechanisms 

better and search for a therapy. 

By applying the p:t"ocess of the invention, a 

gene known to be responsible for a certain disease i1;; 

inserted in a targeted manner into the genome of an 

E. s. cell. The transgenic animal which results from 

this process presents a useful model of this disease. 

Thi·S is the repiacemerit sheet 
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If necessary, and as described above, normal 

genetic functions can be significantly maintained, 

despite the insertion of the foreign gene. 

Another application of the process of the 

invention consists in inserting an insertion gene which 

is easily detectable e.g~ the Lacz gene which can then 

play the role of a cell marker. In this way, filiation 

studies e.g. in competition animals are facilitated, 

and the breed can be followed up. 

Insertion of the Lacz gene as insertion gene 

also makes promoter studies possible!. In view of · the 

possibility of identifying 

galactosidase, the activity 

the 

and 

activity of 

specificity 

'3-
of 

different endogenous promoters can be studied by 

targeting different sites in the same type or different 

types of cells. The same studies could be carried out 

on an entire organism, during develppment or at the 

adult stage, by using the techniques of chimeric or 

transgenic animals. 

In view of the possibility of modifying the 

genome of an animal, the process of the invention can 

thus also be used as \'gene therapy". The most obvious 

utilizations would consist in inactivating the genes of 

receptors of toxic or infectious agents (viruses or 

bacteria). If this mutagenesis proved to be lethal, it 

would be necessary to re-establish the lost function 

without re-establishing .the sensitivity to the harmful 

agents. A modified gene c:oding for such a receptor 

could·be reintroduced into the mutated cell, a~ long as 

the modification can be provoked by homologou:s 

recombination. This modification of the genetic 

1 h~ is th 0 repiae&meflt sheet . . 
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character would confer on the animal an immunity 

against the disease under consideration. 

This protocol can also intervene 

framework of auto-grafting. Cells, sick or 

in the 

healthy, 

taken from a patient, could be treated and immunized, 

then reimplanted back into the same individual·. 

The technique of the invention is also suitable 

for studies of the activity of pharmaceutical products 

presumed to have an activity with regard to products of 

expression of a. pathological gene li:oked to a disease. 

In this case, the insertion gene is constituted by the 

pathological gene and one administers to the transgenic 

animal the pharmaceutical product with a view to 

evaluating its action on the disease. 

The invention will be illustrated by referring 

to the pGN plasmid and its utilization in the targeted 

insertion of a foreign gene (Lacz, coding for the 

enzyme ~-galactosidase of E.coli) in the genome of a 

mouse E. S. cell. The gene Lacz was chosen because of 

the fact that its expression can easily be detected and 

is used simply to demonstrate the feasibility of the 

technique. 

The coding frame of the enzyme ~-galactosidase 

of E. Coli (LacZ; 1-3057), fused with a genomic 

sequence (7292-3) of the m.urine gene Hox.3-1 (Ref. 1} 

begins with the initiation codon of this gene. In fact, 

the sequence which precedes the initiation codon of 

Rox-3.1 is identical to the consensus sequence observed 

in vertebrates (Ref. 2) , thus allowing a_ better 

translation rate of ~-gala.ctosidase into the cells of 

vertebrates. The gene Lacz is followed by a signal of 

Thi$ is the r~acem0flt sheet 

Date: 1 6 NOV 1996 



- .14 - Sheet before correction 

polyadenylation for example o:C the virus sv 40, like 

most of the eucaryotic genes, so as to stabilize the 

messenger RNAs. 

The activity of ~-galactosidase of E. Coli, 

which is functional in the eucaryotic cells, can be 

detected in different ways. Cells e:>..rpressing the Lacz 

gene take on a blue colouring, after f ixa.tion, in the 

presence of X-Gal, which is a substrate of ~­

galactosidase {Ref. 3). A new substrate, FDG 

(fluorescein di-~-galactopyranoside), makes it possible 

to detect and to dose the 1:3-gal activity, while still 

keeping the cells alive (Ref. 4) • ThE~ cells expressing 

Lacz accumulate a fluorescent product and ca.n be 

isolated with the aid of a cell sorter or FACS 

(fluorescence~activated cell sorter) . 

The transcription unit of the gene with 

resistance to neomycin· comes, to a large extent, from 

the plasmid pRSV n.eo (Ref. 5) • The I~TR (long terminal 

repeat) of the virus of ·R.ou~-sarcoma provides very 

powerful activating and promoting sequences in numerous 

eucaryotic cells (Ref. 6) . From · : .. the bacterial 

transposon TnS comes a promoter acti'\re in E. Coli and 

the coding phase of the enzyme phosphotransferase 

(Ref. 7}, which is followed by the polyadenylation 

signal of the virus SV4 o. The same gene, under the 

double control of promoters RSV and TnS ca.n confer 

resistance to neomycin or kanamycin on bacteria and 

resistance to G418 on eucaryotic cells. 

Through the effect of a single point mutation, 

unit B of the activating (enhancer) sequences of the 

strain PyEC F9. l of the J?olyoma virus has become much 

Th~i is the replacement sheet 
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more active in different types of cells, and in 

particular in the cells of embryonic carcinoma (EC) 

(Ref. S}. Two copies of this enhancer Py F9.l have been 

inserted in tandem in the pGN plasmid, upstream of the 

LTR-RSV, and in the "later promoter" orientation of the 

regulatory region of the Polyoma. 

In order to improve the translation rate of 

phosphotransferase, the sequence preceding the 

initiation codon was modified during a mutagenesis by 

oligonucleotide. Thus the sequence T T C G c A II :G 

became G c A c C A II G, corresponding ~uch better to 

the consensus sequence of initiation of translation in 

vertebrates {Ref. 2). 

The improvements made to the transcription unit 

of the gene of resistance to neomycin could be 

estimated by transfecting embryonic cell strains (ES} 

of mice. With equal molarity in plasmid, a construction 

with the enhancer Py F9. 1 produced 7. sx more clones 

resistant to G418 than pRSV neo. Again, the number of 

clones was raised by 60x, that is 450x compared with 

pRSV neo, by modifying the sequence of initiation . of 

translation. 

Moreover, the pGN plasmid contains an origin of 

bacterial replication of the type colE1, pBR322, which 

allows clonings and preparations in E. Coli. 

Finally, a multiple cloning site (M.C.S.}, 

synthesized in vitro, which only contains unique 

restriction· sites in pGN, was inserted upstream of 

Lacz, · so as to facilitate the utilizations of this 

plasmid. 
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The plasmid '~flanking" sequences which provoke 

homologous recombination are added to the extremities 

of the pGN plasmid . after linearization of the plasmid 

upstream from Lacz, by an MCS site {see Fig. 2) . In 

this c~se, the flanking sequences chosen are homologous 

to the chromosome sequences taken from Hox-3. l which 

intervene later in the homologous rec·::mlbination. 

Figure 2 provides the location of the molecule 

built: f rem the pGN plasmid with respect to the gene 

Hox-3.1. In this case, recombination between the 

plasmid and chromosomal sequences of Hox-3.l would 

result in an insertion at the beginning of the coding 

frame of this gene, thus in its total inactivation. 

The pGN plasmid comprises several advantages 

for this methodology, which is applicable to any gene. 

As the event of homologous recombination can be fairly 

rare (of ~he order of l per 1000 non-homologous 

integrations), it is necessary to be able to analyse a 

large number of clones whose resi~!tance to G418 is 

sufficiently strong to be expressed in any part of the 

genome. The modifications made to the transcription 

unit of phosphotransf erase answer these problems 

perfectly. The method · of mutagenesis by homologous 

recombination is equivalent to inactivating a gene by 

an insertion or a substitution,· but the pGN plasmid 

presents the supplementary advantage of being able to 

substitute the expression of ~-galactosidase to that of 

the mutated gene. Finally, the MCS facilitates the 

cloning of genomic fragments. 

EXAMPLES: 

I - construction pf the PGN plasmid 

Th~s is the re~acemerit shfjet 
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The intermediate plasmids are numbered 

according to their stage. 

1st stage: 

Insertion of a Xho I eite in tbe Bgl I site ~.f 

Insertion of a Xho I linker in the Bgl I site 

of pRSV neo, filled by the Klenow fragment of the DNA 

polymerase of E. Coli. 

2nd stage: 

Insertion of A Cle I Site in the Nde I site o~ 

the l:ll pJasmid 

Insertion of a Cla I linker in the Nde I site 

of pl, filled by Klenow polymerase. 

3rd stag-e: 

Insertion pf 1?~ F9.l enhancer io the Cla I site 

gf the p2 plj$mid 

Insertion of enhancer Py F.9 .1 Pvu II-Pvu II 

isolated by a unique Ace I site, in the Cla I site of 

p2. Selection of a clone containing two enhancers 

oriented in the direction "later promoter". 

4th stage: 

Deletion Sma I-Hpa I of the g3 pla"§mjd 

The two en:i:ymes, presenting "blunt end" 

extremities, can be bonded directly. This deletion 

removes the intron of the t antigen c::>f sv 40, which is 

not very useful, and reduces appreciably the size of 

the transcription unit of phosphotransferase. 

sth stage: 

Insertion of a Xho I site in the Barn HI sjte of 

pCHllO 

Thi-s is the· replacement sh&et 
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Insertion of a Xho I linker in the Bam HI site 

of plasmid pCH 110 (Pharmacia) , filled by the Klenow 

polyrnlerase. 

6th stage: 

Insertion ""f 3' r 2,.,z nol uA SV 40 in th9 ri4 
--------- :i.I- - ~'ilM -.. - .... 

J;2losmid 

The 3' end of the coding phase of ~-

ga.lactosidase, followed by the signal of 

polyadenylation of the virus SV 40 is isolated from the 

pS plasmid through sites Xho I~~at II and cloned in the 

p4 plasmid through the same sites. 

7th stage: 

Insertion of 5' Lacz in the KS vector 

The 5' end of the coding phase of ~-

galactosidase is isolated from plasmid pMC" 1871 

(Pharmacia) through the sites Pst I-Sac I and cloned in 

the vector KS- (Stratagene) through the same sites. 

a.tll. stase: 
fllsjon of a genomic seq.uence Hox-3. 1 with 5' 

A genomic sequence of the gene Hox-3.i, cloned 

in the vector KS-, is purified by successive digesting 

with the· enzyme Sac I, then with the Mung bean nucleasi3 

and finally with the enzyme Apa I. This insert is fused 

with the 5' end of the coding phase of ~-galactosidase 

by cloning in the p7 plasmid digested by Apa I-SmaI. 

The protein thus fused contains the initiation codon of 

the translation of the gene Hox-3. 1 followed by thi~ 

coding phase of ~-galactosidase (then verified by 

sequencing) . 
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Met Ser Ser 

CCAGC ATQ AGC TCC 

GGTCG TAC TCG AGG 

lL Sac l 

CCAGC ATG AGC '1' 

GGTCG TAC 

U Mung bean nuclease 

CCAGC ATG 

GGTCG TAC 

~le Pro Gly Asp Pro 

ATT CCC Si:S"'.zS.1 GAT CCC 

TAA GGG CCC CTA GGG 

U Sm.a l 

GGG GAT CCC 

CCC CTG GGG 

Me~ Gly Asp Pro 

CCAGC! ATG GGG GAT CCC 

GGTCG TAC CCC CTA GGG 

9th stage.: 

Insertion of Hox-J,1-5' Lacz in the p6 plasmid 

The fusion Hox-3 .1-5' Lacz is isolated from th·e 

pS plasmid through the Apa I-Sac I sites and cloned 

into the pEi plasmid through the same sites. The effect 

of this cloning ie to reconetitute the coding phaee of 

~-galactosidase in its totality. 

10th sta51e: 

Insertion of the si,ene NeOR in the vectpr KS± 

The gene of :resistance to neomycin (bacterial 

promoter and coding phase of phosphotransferase) is 

isolated in the pRSV neo through the sites Hind III-Eco 

RI and cloned in the vector KS+ (Stratagene) . 

11th al;ase: 

Mutagenesis qf the initiation seg1iells:a:: Qf Es;s.·l 

in plO 

The sequence of the initiation of translatio:n 

of phnosphot.ransferase is modified to be identical to 

Thios .is th& replacement sheet 
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the consensus sequence observed in vertebrates and thus 

to allow a higher level of initiation of translation 

and therefore an increased resistance to G418 for the 

cells of mammals. Th~ modification also creates an Apa 

LI site which makes it possible to control the 

efficiency of the mutagenesis_. 

GTTTCGCAX,G 

Ai;pa Ll 

GTGCACCM!G 

An oligonucleotide 

(CTTGTTCAATCATGGTGCACGATCCTCA} 

comprising a region of mismatch pairing with the 

sequence of. pRSV nee (underlined) is synthesized (Gene 

Assembler, Pharmacia) then phosphorylated by the 

polynucleotide kinase of the T4 bacteriophage. A 

single-stranc:I template of the plO plasmid is prepared 

with the fl origin of the KS+ plasmid and hybridized 

with the mutagenesis oligonucleotide. The second strand 

is synthesized and repaired by the Klenow polymerase 

and the DNA ligase of the T4 bacteriophage. After 

transformation of bacteria, the mutated clones arE:! 

screened with the aid of the oligonucleotide marked 

with 32P. The mutagenesis was verified by digesting with 

Apa LI and also by sequencing. 

12th staga: 

Replacement of the initiation eeqyence in th~=. 

p9 plasmid 

A fragment containing the modified sequence ol: 

initiation of. translation of the gene of resistance to 

neomycin is isolated from the pll plasmid through the 

Thi.s is the· rep!acemeflt sheet 
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enzymes Hind III-Ea.g I and cloned in the p9 plasmid 

through the same sites. 

13th stage: 

Insertion of the multiple cloning- site in the 

p12 pl<aEmiti 

Two complementary oligonucleotides are 

synthesized (Gene Assembler, Pharmacia) then 

phosphorylated. After pairing, the MCS is cloned in the 

sites Apa I-Sac II of the pl2 plasmid through its 

sticky ends~ 

Xma I Asp 711 . lnJ> r 
_ Aoa J sma r Kpn • >a:aa 1 . Nsl 1 kt a 

~ CCCCGGGGGTACCTCTAGAATQCATTCCGC ~ 
S CCGGGGGGCCCCCATGGAGATCTTACGTAAaG t 

The multiple cloning site was also verified by 

sequencing. 

II - Ad.dition of "flanking sequences" at the. 

~'-'t~emities of the linearized pGN plasmid upstream fr.Q1Jl 

LacZ' b:y an M.C.S. site 

The f laRking sequences used were chosen in 

relation to the desired site of insertion (for example, 

Hox-3.l, see Fig. 2) 

In the experimental stages which follow, the 

protocol described by Thomson et al. 1989, was followed 

for the production of chimeric animals. 

III - Transfect~QD of embryonic mouse cells 

The method described by Thompson et al. 1989, 

was ·used to trans feet embryonic mouse cells. 

Utilization of the technique of electroporation ensures 

the introduction of a single copy of the foreign gene 
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(Lacz) per cell. After transfection, several clones 

expressing p-galactosidase were isolated. 

IV - £mguction of ;;;;h1merj c mice 

The clones expressing ~-galactosidase were 

injected into the blastocysts and colonized normal 

individuals and made them chimeric. 

V - Passage of the modification into the germ cell 
line; productiQ() pf tl'.:On&senic anjrnal§ 

The effects·in F1 and in F2 of the modification 

brought by targeted insertion were observed after 

reproduction of the chimeric animals. J?assage of the 

modification into the germ cell line was observed. 

VI - I.!.se Of the P.C.R. technique 

ES cells were also transfected with the Hox-3.1 

mutagenesis plasmid {Figure 2) . Several homologous 

recombination events were identified by the "polymerase 

chain reaction" CPCR) . 

This is the replacement sheet 
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CLAIMS 

1. Process for specific replacement, in particular 

by targeting a DNA, called insertion DNA constituted by 

a part of a gene, susceptible to being rendered 

functional, or this functioning can be made more 

efficient, when it is recombined with a complementary 

DNA to then provide a complete recombinant gene in the 

genome of a eucaryotic cell, characterized in that 

the insertion site· is in a chosen gene, 

called a chosen recipient gene, and containing the 

complementary DNA, and in that 

eucaryotic cells are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called ''flanking" sequences on 

either side of the insertion DNA, :respectively 

homologous to two genomic sequences which are 

immediately adj a.cent to the desired site of insertion 

in the recipient gene, 

- the insertion DNA being heterologous vis-a­

vis the recipient gene, and 

the flanking sequences, being chosen from 

those which make up the abovementioned complementary 

DNA and which allow, through homologous recombination 

with corresponding sequences of the recipient gene, the 

reconstitution of a complete recombinant gene in the 

genome of the eucaryotic cell. 

2. Process according to Claim 1, fo~ targeted 

insertion of a DNA, termed insertion DNA c~ntaining 

either a coding sequence or a regulatory sequence into 

the genome of an eucaryotic cell, characterized in that 

Thi.s is the replacemeflt sheet 
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the insertion site is in a chosen gene, 

called a recipient gene, and in that 

eucaryotic cells are transf ected with a 

vector containing an insert which itself comprises thoa 

insertion DNA and two so-called "flanking0 sequences on 

either side of the insertion DNA, respectively 

homologous to two genomic sequences which are 

immediately adjacent to the desired site of insertion 

in the recipient gene, 

the insertion DNA ·being heterologous with 

respect to the recipient gene, and 

- the flanking sequences being chosen so as to 

permit by homologous recombination depending on the 

case, either the expression of the coding sequence o:E 

the entire insertion DNA under the control of the 

regulatory sequences of the recipient gene, or the 

expression of a coding sequence of the recipient gene 

under the control of regulat9ry sequences of the 

insertion DNA. 

3. Process 

characterized in 

according 

that the 

t·o Claim 

insertion ONA 

1 or 2, 

contains a 

coding sequence without the regulatory element, 

especially a promoter which is specific to it. 

4. Process according to any one of Claims l to 3, 

characterized in that the recipient gene is present i11 

the genome of the euearyotic cell in at least two 

copies. 

5. Process according to any one of Claims l to 4, 

characterized in that each of the flanking ~equences 

has a length greater than 150 base pairs, and less than 

the length of the recipient gene. 

Thi-$ Is "the re~acement sheet 
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6. Precess according to any one of Claims l to 5, 

characterized in that the eucaryotic cells are 

embryonic stem (E.S.) cells. 

7. Process according to one of the preceding 

claims, characterized in that 'the insertion gene is a 

gene heterologous to the transfected species. 

s. Process according to one of the preceding 

claims, characterized in that the vector contains 

sequences intercalated between the insertion gene and 

the flanking sequences. 

9. Process according to Claim 8, characteri:zed in 

that the intercalating sequences contain a marker 

permitting the selection of the transformants and/or · 

the cloning of the vector. 

10. Process according to one of the preceding 

claims, characterized in that the transfection is 

performed by electroporation. 

11. Process according to one of the preceding 

claims, characterized in that the Polymerase Chain 

Reaction (P. C.R.) technique is used to amplify the DNA 

sequence of the locus where the insertion occurs in 

order to verify that the insertion took place at the 

desired site. 

12. Process for the production of transgenic 

animals, characterized in that E.S. cells are 

transf ected by the process according to one of Claims l 

t.o 11 and selected for the occurrence of homologous 

recombination, that is the correct j~ntegration of the 

foreign gene, the cells are injected into· emb~yos at a 

stage where they are able to integrate the transfected 

cells (for example, at the blastocyst stage}, and these 

Thi>s ~s "th& r~aoomeflt &beet 
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are then reimplanted in a surrogate mother and the 

chimeric individuals obtained at the end of gestation, 

and in which is noted the colonization through E. S. 

cells of the germ line I are mated in order to obtain 

heterozygous transgenic animals for the replaced gene. 

13 . Plasmid capable of carrying out the targeted 

insertion of a so-called insertion gene into the genome 

of an eucaryotic cell, characterized in that :i.t 

contains an insert which itself comprises the insertion 

gene and two so-called "flanking" sequences on either 

side of the insertion DNA, respectively homologous to 

two genomic sequences which are adjacent to the desired 

site of insertion in the recipient gene. 

14. Plasmid pGN as illustrated in Figure 1. 

15. Eucaryotic cells transformed by the process of 

Claim 1. 

16. Cells according to Claim 15, characteri:z:ed in 

that they are E.S. cells. 

l 7. Transgenic animal in which a single copy of a 

gene which is present in the genome in at least two 

copies, has been inactivated by the insertion of a gene 

which is different from the inactivated gene, the 

insertion gene being inserted in a position which 

permits the expression of this gene under the control 

of regulatory sequences of the inactivated endogenous 

gene. 

18. Application of the proces~ of Claim 1 for gene 

therapy. 

19. Application of the process of Claim 1 for the 

production of transgenic animals. 

Th~ Js the replacement sheet 
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20. Application of the process of Claim 16 for 

genetic marking of animals. 

21. Application of the process of Claim l for 

screening pharmaceutical products presumed to have an 

activity with regard to the expression products of a 

pathological gene linked to a disease, characterized in 

that the insertion gene consists of the pathological 

gene or a fragment thereof and in that the 

pharmaceutical product to b~ tested is administered to 

the transgenic animal in order. to evaluate its activity 

on the disease. 

Thi-s is 'the re~aoomef'it sheet 
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In a preferred embodiment of the invention, the 

eucaryotic cells are embryonic stem cells (see Ref. 14 

and 15) . 

In fact, a mutated E. S. cell can be inj.~ 

into an early embryo which, after reimplantation, cart 

be born under a chimeric form. If the germ line is 

colonized by the mutated cell, the chimeric animal will 

transmit ·the mutation to ·its progeny. After_ this, it 

will be possible to observe the effects of this 

mutation, in the homozygous state i:n some individuals, 

Tht.s ~s "th& re~oerneflt &heet 
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on their development, their behaviour, their 
metabolism, their pathology etc. 

Figure 1 shows the pGN plasmid. 

Figure 2 shows the molecule constructed from 
the pGN plasmid in ·relation to the gene Hox-3 .1. This 
plasmid is a mutagenesis plasmid. The two parts of the 
coding frame of the Hox-3 .1 gene are represented, on 
chromosome 15, with the "homeo0 box in black. The 
corresponding sequences of Rox-3.l were cloned into the 
PGN plasmid. 

(A: polyadenylation signal; Enh/Pro: enhancer-
promoter}. 07 and OS represent the two oligonucleotides 
used in the PCR. 

Figures 3 to 6 show the plasmids used in the 

construction of the pGN. 

The process of the invention has a very wide 
industrial applicability and can vary according to the 
nature of the foreign gene introduced. 

The genetics of mammals will progress 
c~nsiderably in view of the recent possibility of 
specifically mutating any gene, thus making it possible 
to define its role more accurately. Through this 
technology which involves homologous recombinations and 
E. S. cells, valuable information will be obtained on 
oncogenes, growth factors, transcription factors etc., 
genes which concern very actual subjects in fundamental 
research or in applied research. An important outcome 
for medical research is the po·ssibility of reproducing 
a human disease whose genetic determination. is known 
(certain pathological human diseases, such as the 
myopathy of Duchesne) so as to study its mechanisms 

better and search for a therapy. 
Thi·S is the replacement sheett 
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By applying the process of the invention, a 

gene known to be responsible for a certain disease is 
inserted in a targeted manner intc::> the genome of an 

E. s. cell. The transgenic animal which results from 
this process presents a useful model of this disease. 

If necessary, and as described above, normal 

genetic functions can be significantly maintained, 
despite the insertion of the foreign gene. 

Another application of the process of the 
invention consists in inserting an insertion gene which 
is easily detectable e g. the Lacz gene which can then 
play the role of a cell marker. In this way, filiation 
studies e.g. in competition animals are facilitated, -
and the breed can be followed up. 

Insertion of the Lacz gene as insertion gene 
also makes promoter studies possible. In view of the 

possibility of 

galactosidase, 

identifying 

the activity 

the 

and 

activity of 

specificity 

(3-

of 
different endogenous promoters can be studied by 

targeting different sites in the same type or different 
types of cells. The same studies could be carried out 
on an entire organism, during development or at the 
adult stage, by using the techniques of chimeric or 
transgenic animals. 

In view of the possibility of modifying the 
genome of an animal, the process of the invention can 
thus also be used as "gene therapy" . The most obvious 
utilizations would consist in inactivating the genes of 
receptors of toxic or infectious agents {viruses or 
bacteria) , If this mutagenesis proved to be lethal, it 

would be necessary to re-establish the ],.ost function 
without re-establishing the sensitivity to the harmful 

Th~ i~ the re~aeem~ sheet 
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agents. A modified gene coding for . such a receptor 
could be reintroduced. into the mutated cell, as long as 
the modification can be provoked by homologc>us 

recombination. This modification of the genetic 

character would confer on the animal an immunity 
against the disease under consideration. 

This protocol can also intervene in the 

framework of auto-grafting. Cells, sick or healthy, 
taken from a patient, could be treated and immunized, 

then reimplanted back into the same individual. 

The technique of the invention is also suitable 
for studies of the activity of phazinaceutical products 
presumed to have an activity with regard to products of· 
expression of a pathological gene linked to a disease. 
In this case, the insertion gene is constituted by the 

pathological gene and one administers to the transgenic 

animal the pharmaceutical product with a view to 
evaluating its action on the disease. 

The invention will be illustrated by referring 
to the pGN plasmid and its utilizat:i.on in the targeted · 
insertion of a foreign gene (Lacz, coding for the 

enzyme ~-galactosidase of E.coli} :i.n the genome of a 
mouse E. s. cell . The gene Lacz was chosen because of 
the fact that its expression can easily be detected and 
is used simply to demonstrate the feasibility of the 

technique. 

The coding f rarne of the enzyme ~-galactosidase 

of E. Coli (Lacz; 1-3057), fused with a genomic 
sequence (7292-3) of the murine gene Hox. 3-L (Ref. l) 

begins with the initiation codon of this gene. In fact:, 

the sequence which precedes the initiation codon of 
Hox-3.1 is identical to the consensus seque~ce observed 

This i~ tha rs~oom0flt $heet 
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in vertebrates (Ref.2), thus allowing a better 

translation rate of 13-galactosidase into the cells of 

vertebrates. The gene Lacz is followed by a signal of 

polyadenylation for example of· the virus SV 40, like 

most of the eucaryotic genes~ so as to stabilize the 

messenger RNAs. 

The activity of ~-galactosidase of E. Coli, 

which is functional in the eucaryotic cells, can be 

detected in different ways. Cells expressing the Lacz 

gene take on a blue colouring, after fixation, in the 

presence of X-Gal, which is a substrate of ~-

galactosidase (Ref. 3) . A new substrate, FDG 

(fluorescein di-~-galactopyranoside), makes it possible 

to detect and to dose the 13-gal activity, while still 

keeping the-cells alive (Ref. 4). The cells expressing 

Lacz accumulate a fluorescent product and can be 

isolated with the aid of a cell sorter or FACS 

(fluorescence-activated cell sorter) . 

The transcription unit of the gene with 

resistance to neomycin comes, to a large extent, from 

the plasmid pRSV neo (Ref. 5) • The LTR {long terminal 
repeat) of the virus of Rous-sarcoma provides very 

powerful activating and promoting sequences in numerous 

eucaryotic ce~ls (Ref. 6). From the bacterial 

transposon TnS comes a promoter active in E. Coli and 

the coding phase of the enzyme phosphotransferase 

(Ref. 7}, which is followed by the polyadenylation 
signal of the virus SV40. The same gene, under the 

double control of promoters RSV and TnS can confer 

resistance to neomycin or kanamycin on bacteria and 
resistance to G418 on eucaryotic cells. 

Thi-s ts the re~acement sneet 
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Through the effect of a single point mutation, 

unit B of the activating (enhancer) sequences of the 

strain PyEC F9 .1 of the Polyoma virus has become much 

more active in different types of cells, and in 

particular in the cells of embryonic carcinoma (EC) 

(Ref. 8). Two copies of this enhancer Py F9.l have been 

inserted in tandem in the pGN plasmid, upstream of the 

LTR-RSV, and in the "later promoter• orientation of the 

regulatory region of the ~olyoma. 

In order to improve· the translation rate of 

phosphotransferase, the sequence preceding the 

initiation codon was modified during a mutagenesis by 

oligonucleotide. Thus the sequence T T C G C A U G · 

became G C A c c. A U G, corresponding much better to 

the consensus sequence of initiation of translation in 

vertebrates (Ref. 2). 

The improvements made to the transcription unit 

of the gene of resistance to neomycin could be 

estimated by transfecting embryonic cell strains . {ES) 

of mice. With equal molarity in plasmid, a construction 

with the enhancer_ Py F9 .1 produced 7. sx more clones 

resistant to G418 than pRSV neo. Again, the number of 

clones was raised by 60x, that is 450x compared with 

pRSV nee, by modifying the sequence of initiation of 

translation. 

Moreover, the pGN plasmid contains an origin of 

bacterial replication of the type colEl, pBR322, which 

allows clonings and preparations in E. Coli. 

Finally, a multiple cloning site .CM.C.S.}, 

synthesi~ed in vitro, which only contains unique 

restriction sites in pGN, was inserted upstream of 

Th~s; ifl the replacement sheet 
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Lacz, so as to facilitate the utilizations of t.hie 

plasmid. 

The plasmid "flanking" sequences which provoke 

homologous recombination are. added to the extremities 

of the pGN plasmid after lineari:zation of the plasmid 

upstream from Lacz, by an MCS site {see Fig. 2}. In 

this case1 the flanking sequences chosen are homologous 

to the chromosome sequences taken from Hox-3 .1 which 

intervene later in t.he homologous recombination. 

Figure 2 provides the location of the molecule 

built from the pGN plasmid with respect to the gene 

Hox-3.1. In this case, recombination between the 

plasmid and chromosomal sequences of Hox-3.1 would· 

result in an insertion at the beginning of the coding 

frame of· this 9ene1 thus in its total inactivation. 

The pGN plasmid comprises several advantages 

for this methodology1 which is applicable to any gene. 

As the event of homologous recombination can be fairly 

rare (of the order of l per 1000 non-homologous 

integrations), it. is necessary to be able to analyse a 

large number of clones whose resistance to G418 is 

sufficiently strong to .be expressed in any part of the 
genome. The modifications made to the transcriptic:>n 

unit of phosphotran~ferase answer these problems 

perfectly. The method of mutagenesis by homologous 

recombination is equivalent to inac·tivating a gene by 

an insertion or a substitution, but the pGN plasmid 

presents the supplementary advantage of being able to 

subst'itute the expression of J3-galactosidase t.o that of 

the mutated gene. Finally, the MCS facilitates the 
cloning of genomic fragments. 

Thii ~& the replaooment &heet 
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EX.AMPLES: 

I - Construction of tbe pGN plasmid 

The intermediate plasmids 

according to their stage. 

lst stage; 

Corrected sheet 

are numbered 

Insertion of a Xho I site in the Bgl I stte of 

pRSV nee 

Insertion of a Xho I linker in the Bgl I site 

of pRSV neo, filled by the Klenow fragment of the DN'A 

polymerase of E. Coli . 

.2nd stage: 

Insert.ion of a Cla I site in the Nde r site of 

the pl plasmid 

Insertion of a Cla I linker in the Nde I sit::e 

of pl, filled by Klenow polymerase. 

3_rd stage: 

Insertion of Py F9. l enhancer in the Cla I si 1:.e. 

.of the p2 plasmid 

Insert ion of enhancer Py F 9 . 1 l?vu I I -I?vu I I 

isolated by a unique Ace I site, in the Cla I site of 

p2. Selection of a clone containing two enhancers 

oriented in the direction "later promoter". 

4th stage: 

Deletion Sma I-Hpa I of the p3 plasmid 

The two enzymes, presenting "blunt end" 

extremities, can be bonded directly. This deleti<:m 

removes the intron of the t antigen of SV 40, which is 

not very useful, and reduces appreciably the size of 

the transcription unit of phosphotran.sf erase. . 

5th stage: 

Insertion of a X!J.o I site in the Barn HI site of 

gCHllO 
This is the rep1aceme'1t sheet 
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Insertion of a Xho I linker in the Bam HI site 

of plasmid pCH 110 (Pharmacia}, filled by the Klenow 

polymlerase. 

6th stage: 

Insertion of 3' Lac~-:golyA SV 4 0 in the p4 

plasmid 

The 3 ' end of the coding phase of ~­

galactosidase, followed by the signal of 

polyadenylation of the virus SV 40 is isolated from the 

p5 plasmid through sites Xho I-Aat II and cloned in the 

p4 plasmid through the same si~es. 

7th stage: 

Insertion of 5' Lacz in the KS vector 

The 5' end of the coding phase of ~­

galactosidase is isolated from plasmid pMC 1871 

(Pharmacia) through the sites Pst I-Sac I and cloned in 

the vector KS- (Stratagene} through the same sites. 

8th stage: 

Fusion of a genomic sequence Hox-3 .1 with 5' 

A genomic sequence of the gene Hox-3.l, cloned 

in the vector KS-, is purified by successive digesting 

with the enzyme Sac I, then with the Mung bean nuclease 

and finally with the enzyme Apa I. This insert.is fused 

with the 5' end of the coding phase of ~-galactosidase 

by cloning in the p7 plasmid digested by Apa I-SmaI. 

The protein thus fused contains the initiation codon of 

the translation of the gene Hox-3. l followed by the 

coding phase of ~-galactosidase (then verified by 

sequencing) . 

Thi-s is the replacemem sheet 

Date: l 6 NOV \996 

I 



- 19 - Corrected sheet 

Met Ser Ser Ile Pro Gly Asp Pre 

ATT CCC GGG GAT CCC 

TAA GGG CCC CTA GGG 

CCAGC ATG AGC TCC 

GGTCG TAC TCG AGG 

.lJ. Sac 1 

CCAGC ATG AGC T 

GGTCG 'l'AC 

JJ. Sm.a 1 

U Mung bean nuclease 

C!CAGC ATG 

GGTCG TAC 

9th stage: 

GGG GAT CCC 

<:;:>. CC:!C CTG GGG 

Met Gly Asp Pro 

CCAGC ATG GGG GAT CCC 

GGTCG TAC CCC CTA GGG 

Insertion gf Hox-3.1-5' Lacz in the p6 plasmid 

The fusion Hox-3.1-5' Lacz· is isolated from the 

pS plasmid through the Apa I-Sac I sites and cloned 

into the pG plasmid through the same sites. The effect 

of this cloning is to reconstitute the coding phase of 

~-galactosidase in its totality. 

10th stage: 

InsertiQn of the gene NeoR in the vector KS± 

The gene of resistance to neomycin (bacterial 

promoter and coding phase of phosphotransferase) is 

isolated in the pRSV neo through the sites Hind III-Eco 

RI and cloned in the vector KS+ (Stra.tagene). 

11th stage: 

Mutagenesis of the initiation seqµence of NeoR 

in D10 

The sequence of the initiation of translation 

of phnosphotransferase is modified to be identical to 

the consensus sequence observed in vertebrates and thus 
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to allow a higher level of initiation of translation 

and therefore an increased resistance to G418 for the 

cells of mammals. The modification also creates an Apa 

LI site which makes it possible to control the 

efficiency of the mutagenesis. 

GTTTCGCATG 

AQ.a Ll 

GTGCACCATG 

An oligonucleotide 

(CTTGTTCAATCATGGTGCACGATCCTCA) 

comprising a region of mismatch pairing with the 

sequence of pRSV neo (underlined) is synthesized (Gene 

Assembler, Pharmacia) then phosphorylated by the 

polynucleotide kinase of the T4 bacteriophage. A 

single:--strand template of the p10 plasmid is prepared 

with the fl origin of the KS+ plasmid and hybridized 

with the mutagenesis oligonucleotide. The second strand 

is synthesized and repa~red by the Klenow polymerase 

and the DNA ligase of the T4 bacteriophage. After 

transformation of bacteria, the mutated clones are 

screened with the aid of the oligonucleotide ma:rked 

with 32P. The mutagenesis was verified by digesting with 

Apa LI and also by sequencing. 

12th stage: 

Replacement of the initiation sequence in the 

p9 plasmid 

A fragment containing the modified sequence of 

initiation of translation of the gene of res~stance to 

neomycin is isolated from the pll plasmid through the 

en:c:ymes Hind III-Eag I and cloned in the p9 plasmid 

through the same sites. 

Th~s is the rep~acement sheet 
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13th staae: 

Insertion of the. multiple cloning site in the 

pl2 plasmid 

Two 

synthesized 

complementary oligonucleotides 

(Gene Assembler, Pharmacia) 

a.re 

then 

phosphorylated. After pairing, the MCS is cloned in the 

sites Apa I-Sac II of the pl2 plasmid through its 

sticky ends. 

Xma I A9p 718 . Xmo I 
Apa I Saw I Koo I Xha I Nall .. Sae JI 
r CCCCGGGGGTACCTCTAGAATGCATTCCGC • 

a CCGGGGGGCCCCCATGOAGATCTTACGTAAGG ~ 

The multiple cloning site was also verified by 

sequencing. 

II - Addition o:C "flanking seguenoes" at the 

extremities of the linearized pGN plasmid upstream from 

Lacz' by an M.C.S. site 

The flanking sequences used were chosen in 

relation to the desired site of insertion (for example, 

Hox-3.1, see Fig. 2) 

In the experimental stages which follow, the 

protocol described by Thomson et al. 1989, was followed 

·for the production of chimeric animals. 

III - Transf ection of emaryonic mouse cells 

The method described by Thompson et al. 198 9, 

was used to transf ect embryonic mouse cells. 

Utilization of the technique of electroporation ensures 

the introduction of a single copy of the fo~eign gene 

(LacZ) per cell. After transfection, several clones 

expressing ~-galactosidase were isolaLted. 

30 IV Production of chimeric mice 

Th·iis is the replaooment sheet 
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The clones expressing ~-galactosidase were 

injected into the blastocysts and colonized normal 

individuals and made them chimeric. 

V - Passage of the modification into the germ cell 

line:J)roduction of transgenic animaJ.!i 

The effects in F1. and in F2 of. the modification 

brought by targeted insertion were observed after 

reproduction of the chimeric animals. Passage of the 

modification into the germ ~ell line was observed. 

Vl - Use of the P.C.R. technigpe 

ES cells were also transfected with the Hox~3.l 

mutagenesis plasmid (Figure 2). Several homologous 

recombination events were identified by the "polymerase· 

chain reaction" {PCR} . 

Th-1'5 is the rsptao6lmem sheet 
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l. Process for specific replacement, in particular 

by targeting a DNA, called insertion DNA constituted by 

a part of a gene, susceptible to being rendered 

functional, or this functioning can be made more 

efficient, when it is recombined with a complementary 

DNA to then provide a complete recombinant gene in the 

genome of a eucaryotic cell, characterized in that 

the insertion site is in 

called a chosen recipient gene, and 

complementary DNA, and in that 

a chosen gene, 

containing the 

eucaryotic cells are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called ~flankingn sequences on 

either side of the insertion DNA, respectively 
homologous to two genomic sequences which are 

immediately adjacent to the desired site of insertion 

in the recipient gene, 

the insertion DNA gene being heterologous 

vis-a-vis the recipient gene, and 

the flanking sequences, being chosen from 

those which make up the abovementioned complementary 
DNA and which allow, through homologous recombination 

with corresponding sequences of the recipient gene, the 

reconstitution of a complete recombinant gene in the 

genome of the eucaryotic cell. 

2. Process according to Claim 1 for targeted 
insertion of a DNA, termed insert:Lon DNA qontaining 

either a coding sequence or a regulatory sequence into 
the genome of an eucaryotic cell, cha.racterized in that 

Th~ is th& rap.iacernem sheet 
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the insertion site is in a chosen gene, 

called a recipient gene, and in that 

euearyotie cells are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called "flanking" sequences on 

either side of the insertion DNA, respectively 

homologous to two genomic sequences which are 

immediately adjacent to the desired site of insertion 

in the recipient gene, 

the insertion DNA being heterologous with 

respect to the recipient gene, and 

- the flanking sequences being chosen so as to 

permit by homologous recombination depending on the · 

case, either the expression of the coding sequence of 

the entire insertion DNA under the control of the 

regulatory sequences of the recipient gene, or the 

expression of a coding sequence of the recipient gene 

under the control of regulatory sequences of the 

insertion DNA. 

3. Process 

characterized in 

coding sequence 

according 

that the 

without 

to Claim 

insertion DNA 

1 or 

contains 

2, 

a 

the regulatory element, 

especially a promoter which is specific to it. 

4 . Process accol'.ding to any one of Claims l to 3, 

characterized in that the recipient gene is present in 

the genome of the eucaryotic cell in at least two 

copies. 

5. Process according to any one of Claims l to 4, 

characteri:z:ed in that each of the flanking . sequences 

has a length greater than 150 base pairs, and less than 

the length of the recipient gene. 

Thi$ is th& reptacemoot stteet 
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6 . Process according to any one of Claims 1 to 5, 

characterized in that the eucaryotic cells are 

embryonic stem (E.S.) cells. 

7. Process according to one of the preceding 

claims, characterized in that the insertion gene is a 

gene heterologous to the transfected species. 

8. Process according to one of the preceding 

claims, characterized in that the vector contains 

sequences intercalated between the insertion gene and 

the flanking sequences. 

9. Process according to Claim a, characterized in 

that the intercalating sequences contain a marker 

permitting the selection of the t:ransformants and/or -

the cloning of the vector. 

10. Process according to one of the preceding 

claims, characterized in that the transfection is 

performed by electroporation. 

ll. Process according to one 

claims, characterized in that the 

of the preceding 

Polymerase Chain 

Reaction (l?.C.R.) technique is used to amplify the DNA 

sequence of the locus where the insertion occurs in 

order to verify that the insertion took place at the 

desired site. 

12. Process for the production of transgenic 

animals, characterized in that E. S. cells are 

transf ected by the process according to one of Claims 1 

to 11 and selected for the occlJ.rrence of homologous 

recombination, that is the correct integration of the 

foreign gene, the cells are injected into em~ryos ae a 

stage where they are able to integrate the tra.nsfected 

cells (for example, at the blastocyst stage), and these 

Th~ is the rep.ta-cement sheet 
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are then reimplanted in a surrogate mother and the 

chimeric individuals obtained at the end of gestation, 

and in which is noted the colonization through E.S. 

cells of the germ line, are mated in order to obtain 

heterozygous transgenic animals for the replaced gene. 

13 . Plasmid capable of carrying out the targeted 

insertion of a so-called insertion gene into the genome 

of an eucaryotic cell, characterized in that it 

contains an insert which it~elf comprises the insertion 

gene and the two so-called ~flanking" sequences on 

either side of the insertion gene, respectively 

homologous to two ~~--~---~~~~~--~~~---~~~----/ 

Os.te: 
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sequences which are adjacent to the desired 

site of insertion in the recipient gene. 

14. Plasmid pGN as illustrated in Figure 1. 

15. Eucaryotie cells transformed by the process of 

Claim l. 

16. Cells according to Claim 15, characterized in 

that they are E.S. cells. 

1 7. Transgen'ic animal in which a single copy of a 

gene which is present in the genome in at least two 

copies, has been inactivated by the insertion of a gene 

which is different from the inactivated gene, the 

insertion gene being inserted in a position which 

permits the expression of this gene under the coritrol 

of regulatory sequences of the inai::ti vated endogeno·us 

gene. 

18. Application of the process O·f Claim 1 for ge:ne 

therapy. 

19. Application of the process of Claim 1 for the 

production of transgenic animals. 

This is the replaoemet1t sheet 
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20. Application of the process of Claim 16 for 

genetic marking of animals. 

21. Application of the process of Claim l for 

screening pharmaceutical products presumed t.o have an 

activity with regard to the expression products of a 

pathological gene linked to a disease, characterized in 

that the insertion gene consists of the pathological 

gene or . a fragment thereof and in that the 

pharmaceutical product to be·tested is administered to 

the transgenic animal in order to evaluate its activity 

on the disease. 

Thiis ~s the rephic.emeflt s~el 
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genomic sequences which are adjacent to the desired 

site of insertion in the recipient gene. 

14. Plasmid pGN as illustrated in Figure l. 

15. Eucaryotic cells transformed by the process of 

Claim l. 

l.6. Cells according to Claim 15, characte:r.:"i:zed 1n 

that they are E.S. cells. 

17. Transgenic animal in which a single copy of a 

gene which is present in the genome in at least two 

copies, has been inactivated by the insertion of a gene 

which is different from the inactivated gene, the 

insertion gene being inserted in a position which 

permits the expression of this gene under the control 

of regulatory sequences of the inactivated endogenous 

gene. 

18. Application of the process of Claims l. to 11 

for the introduction of a targeted modification in a 

rec:ipient gene. 

D&te: 1 5 NOV i<J9ti 
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19. Application of the process of 

production of transgenic animals. 

20. Application of the process 

genetic marking of animals. 

21. Application of the process 

Sheet corrected 
twice 
Sheet before 
3rd correction 

Claim l for the 

of Claim 16 for 

of Claim 1 for 

screening pharmaceutical products presumed to have an 

activity with regard to the expression products of a 

pathological gene linked to a-disease, characterized in 
that the insertion ·gene consists of the pathological 

gene or a fragment thereof. 

22. Process for screening pharmaceutical products . 

presumed to have an activity with regard to the 

expression products of a pathological gene linked to a 

disease, characterized in that an insertion DNA is 
inserted into the genome of an eucaryotic cell 

according to the process of Claim 1, the insertion DNA 

consisting of the pathological gene or a fragment 

thereof, and the activity of the pharmaceutical product 

with regard to it is then evaluated. 

This is the rep\acem0flt sheet 
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-"-~·enomic sequences which are adjacent to the desired 

site of insertion in the recipient gene. 
14. Plasmid pGN as illustrated in Figure l. 
15. Eucaryotie cells transformed by the process of 

Claim l. 

16. Cells according to Claim 15, characterized in 
that they are E.S. cells. 

17. Transgenic animal obtained i11 particular by the 

process of any one of Claims 1 to 12 a·nd in which a 

single copy of a gene which is present in the genome in 
at least two copies, has been inactivated by the 

insertion of a gene which is different from the 

inactivated gene, the insertion gene being inserted in 
a chosen position which permits the ·expression of this 

gene under the control of regulatory sequences of the 
inactivated endogenous gene. 

18. Application of the process of Claims· 1 to 11 

for the introduction of a targeted modification in a 
recipient gene. 

Th-i>s is the replacemeflt sheet · 
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19. Application of the process of Claim 1 for the 

production of transgenic animals. 

20. Application of the process of Claim 16 for 

genetic marking of animals. 

21. Application of the process of Claim l for 

screening pharmaceutical products presumed to have an 

activity with regard to the expression products of a 

pathological gene linked to a disease, characterized in 

that the insertion gene consists of the pathological 

gene or a fragment thereof. 

oate: 1 6 NOV ·moo 
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CLAIMS 

Document$ ~eceived 
OP 13/0$/92 
Not examined by 
the N.I.I.P. 

1. Process for specific replacement, in particular 

by targeting a DNA, called insertion DNA comprising a 

part of .· a gene, susceptible to being rendered 

functional, or this functioning can be made more 

efficient, when it is recombined with a complementary 

DNA to .then provide a complete recombinant gene in the 

genome of a eucaryotic cell, characterized in that 

the insertion site is in a chosen gene, 

called a chosen recipient gene, and containing the 

complementary DNA, and in that 

eucaryotic cells are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called ~flanking" sequences on 

either side of the insertion DNA, respectively 

homologous to two genomic sequences which are 

immediately adjacent to the desired site of insertion 

in the recipient gene, 

the insertion DNA gene being heterologous 

vis-a-vis the recipient gene and comprising, besides 

the· gene part, a sequence coding for a selective agent 

and a promoter allowing the expression of the selective 

agent, 

the flanking sequences, being chosen from 

those which make up the abovementj.oned complementary 

DNA ~nd which allow, through homologous ·recombination 

with corresponding sequences of the recipient gene,. the 

reconstitution of a complete recombinant gene in the 

~~ genome of the eucaryotic cell. 

I lllllll llllll lllll lllll II llll 
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2. Process according to Claim 1, in which the 
insertion DNA contains either a coding sequence, 

characterized in that 

the insertion site -is in a chosen gene, 

called a. recipient gene, and in that 

eucaryotic cells are transfected with a 

vector containing an insert which itself comprises the 

insertion DNA and two so-called "flanking" sequences on 
either side of the insertion DNA, respectively 

homologous to two genomi·c sequences which are 

immediately adjacent to the desired site of insertion 
in the recipient gene, 

the insertion DNA being heterologous with· 
respect to the recipient gene, and 

- the flanking sequences being chosen so as to 
permit by homologous recombination depending on the 
case, either the expression of the coding sequence of 
the entire insertion DNA under the control of the 
regulatory sequences of the recipient gene, or the 
expression of a coding sequence of the recipient gene 
under the control of regulatory sequences of the 
insertion DNA. 

3. Process 

characterized in 

according 

that the 

coding sequence ·without 

to · Claim 1 or 2, 

insertion DNA contains a 

the regulatory element, 

especially a promoter which is specific to it. 

4. Process according to any one of Claims 1 to 3, 
characterized in that the recipient gene is present in 
the genome of the eucaryotic cell in at ieast two 
copies. 

s . Process according to any one of Claims. 1 to 4 , 
characterized in that each of the . flanking sequences 

11111111111111 11111 1111111 1111 
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has a length greater than 150 base pairs, and less than 

the length of the recipient gene. 

6 . Process according to any one of Claims 1 to 5, 

characterized in that the eucaryotic cells are 

embryonic stem (E.S.) cells. 

7. Process according to one of the preceding ~ 

claims, characterized in that the insertion gene is a 

gene heterologous to the transfected species. 

8. Process according to one of the preceding 

claims, characterized in that the vector contains 

sequences interca.lated between the insertion gene and 

the flanking sequences. 

9. Process according to Claim 8 1 characterized in -

that the intercalaeing sequences contain at least one 

sequence permitting the selection of the transformants 

and/or the cloning of the vector·. 

10. Process according to one of the preceding 

claims, characterized in that the transfection is 

performed by electroporation. 

11. Process according to· one of the preceding 

claims, characterized in that the Polymerase Chain 

Reaction (P.C.R.) technique is used to amplify the DNA 

sequence of the locus where the insertion occurs in 

order to verify that the insertion took place at the 

desired site. 

12. Process for the 

animals, characterized 

production of 

in that E.S. 

transgenic 

cells are 

transf ected by the process according to one of Claims 1 

to t·i and - selected for the occurrence of ~omologous 

recombination, that is the correct integration of the 

foreign gene, the cells are injected into embryos at a 

stage where they are able to integrate the transf ected 

111111111111111111111111111111 
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cells (for example, at the blastocyst stage), and these 

are then reimplanted in a surrogate mother and the 

chimeric individuals obtained at the end of gestation, 

and in which is noted the colonization through E .s. 
cells of the germ line, are mated in order to obtain 

heterozygous transgenic animals for the replaced gene. 

13. Plasmid capable of carrying out the targeted 

insertion of a so-called insertion DNA into the genome 

of an eucaryotic cell, characterized in that it 

contains an insert which itself comprises the insertion 

DNA and the two so-called •flanking" sequences on 

either side of the insert.ion DNA, respectively 

homologous to two genomic: sequences which are adjacent · 

to the desired site of insertion in the recipient gene, 

the insertion DNA comprising a part of a gene and a 

sequence coding for a selective agent with a promoter 

allowing the expression of the selective agent. 

14. Plasmid pGN as illustrated in Figure 1. 

15. Eucaryotic cells transformed by the i:»rocess of 

Claim 1. 

16. Cells according to Claim 15, characterized in 

that they are E.S. cells. 

1 7. Transgenic animal which can be obtained by the 

process of any one of Claims 1 to 12 and in which a 

single copy of a gene which is present in the genome in 

at, least two copies, has been inactivated by the 

insertion of a gene which is different from the 

inactivated gene, the insertion gene being inserted in 

a chosen position which permits the expression of this 

gene under the control of regulatory sequences of the 

inactivated endogenous gene. 

I 1111111 111111 11111 11111111111 
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. 18. Application of the process of Claims l to 11 

for the introduction of a targeted modification in a 

recipient gene. 

19. Application of the process of Claim 1 for the 

production of transgenic animals. 

20. Application of the process of Claim 16 for 

genetic marking of animals. 

21. Application of the process of Claim 1 for 

screening pharmaceutical products presumed to have an 

activity with regard to the· expression products of a 

pathological gene linked to a disease, characterized in 

that the insertion gene consists of the pathological 

gene or a fragment thereof. 

22. Process for screening pharmaceutical products 

presumed to have an activity with regard to the 

expression products of a pathological gene linked to a 

disease, characterized in that an insertion DNA is 

inserted into the genome of an eucaryotic cell 

according to the process of Claim 1, the insertion DNA 

consisting of the pathological gene or a fragment 

thereof, and the activity of the pharmaceutical product 

with regard to it is then evaluated. 

11111111111111 11111 1111111 1111 
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CLAIMS 

1. eirocess to obtain the expression· of, or to 

enhance the expression level of a gene,. or part· of a 

qene, so-called receptor gene, in ·the genome of an 

eucaryo-eic cell, said receptor 9ene bein9 able to be 

5 made funct.ional or more ef f ec-ci ve when recombined with 

a complementary ONA, said process comprisin9 : 

the introduct.iori into the euc:aryotic ce_lls of a 

vector containing an insert itself comprising the 

complementary ONA, so-c:all·ed inse.rtion DNA, and two so-

10 called ' •• flankinq" · sequences ei'Cher side of the 

insertion ONA, respectively homologous to .two genomic 

sequences adjacent to the desired insertion site in 

relation to the receptor gene ; 

the insertion DNA comprisin9 a gene or part of a 

15 gene, and being heterolo9ous to the receptor gene ; 

the flanking sequences being chosen in order to 

permit, by homologous recombination, ~he juxtaposition 

of the ins~rt.ion DNA "i.n relation to the receptor gene, 

in such manne.r that the insertion DNA makes functional 

20 or enhances the func:tioninq of the receptor qe:ne : 

2. Process accordinq to. claim 1 i~ which the 

insertion ONA is.entirely made up of a gene. 

3. Process accordin9 to claim l .ln which the 

insertion ONA is made up of part of a gene, !or example 

25 a requla"tory sequence. 

4. Process according to claim 1 in which the 

recep~or 9ene is a gene which is not normally 

transcribed in the eucaryotic cell. 

5. Proce·ss according to claim l in which the 

30 receptor _gene has no selectionable phenotype . 
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6. Recombined eucaryotic cell, able eo express a 

gene or part of a 9ene, or of express~nq it at an 

enhanced level, said cell being able to be reproduced 

according to the process ot any of claims ·1 to 5. 

5 7. Process for inactivating a qene, so-called 

receptor qene, in the genome of an eucaryotic co.l.l by . 

the targeted insertion, in the receptor gene, of a DNA, 

so-called insertion DNA, the process comprisinq : 

the introdu·ction into the eucaryotic cell of a. 

10 vector containing an insert it.self comprising the 

insertioQ DNA and two sequences, so-called '' flankin9" 

sequences, on either side of the insertion DNA, 

respectively homologous to two genomic sequences 

adjacent to the desired insertion site in the receptor 

15 gene ; 

20 

the insertion DNA being heterologous to the 

receptor gene and compri.sing a qene o:r. part· of a gene 

able to be made functional or whose f unctioninq may be 

.made more efficient when it is recombined with a 

the receptor gene ; 

sequences, through homologo~s 

complemen~ary ONA in 

the flanking 

recombination, allow the insertion of the insertion DNA 

at the desired site in the receptor gene ; ~ 

· r.he expression of the insertion DNA subsequently 
~ 

25 replacing that of the receptor gene': 
provided that the receptor qene and the insertion 

ONA code for expression products which do not confer a 

selectable phenotype. 

Tht.s is the replacem~ sheet 
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1 . 

PROCESS To· OBTAIN THE EXPRESSION OF OR TO THE 
ENHANCE THE LEVEL OF EXPRESSION O.F A GENE 

The present invention. relates to a process for 
the specific replacement of a copy of a gene present in 
the genome of a receptor eucaryotic organ~sm by 

integrating a gene that is different to the inactivated 
5 gene. Pref er ably, two copies at least of the receptor 

gene shall be present in the transfected host cell. The 
receptor qene is defined as the gene in which the 
insertion of the different gene is to be made. 

10 

15 

More particularly, the invention relates to the 
production of transgenic animals in which the foreign 
qene was introduced in targeted fashion for the twofold 
purpose of maintaining the animal's normal genetic 
functions and of expressing a foreign qene under the 
control of endogenous promoters. 

By "different or foreign" 
nucleotide sequence corresponding 

qene is meant any 
in whole or in part 

to a gene that ·is "foreign or different" to the 
receptor gene such as it is normally found in the 
genome (RNA or DNA), or it may also correspond to an 

20 artificially modified sequence of the normal gene or 
even to a fragment of this sequence. 

25 

The invention also relates to the production 
process of these transgenic animals. 

In the production of transgenic animals, the 
conventional methods used for the introduction of 
heterologous DNA sequences into the germinal cell line 
do not allow control over the site of integration of 
the foreign qene into the genome, or over the number of 
copies thus introduced. The introdu~tion of the foreign 

30 gene is made randomly and, in general, several copies 
of the gene integrate themselves at the same time, 
sometimes in the form of a head-to-tail tandem , the 
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PROCESS TO OBTAIN THE E.XPRESSIO~. ·-OF, OR TO ENHANCE THE 

LEVEL OF EXPRESSION OF A GENE. . ' 

The present invention relates to a proces~ for 
- - -

- -

specific replacement of a copy of a gene present in- the 

genome of ·a recipient eucaryotic organis~ ·by the· 

integration of a _gene different from the -inact:.i vated 

gene. The recipient gene will pref erab_ly be present in 

at least 2 examples in the transf ected host cell. The 

recipient gene is defined as being the gene where the 

insertion of the different gene will be made .. 

More particularly, the invention relates to the 

production of transgenic animals in which the foreign 

gene has been introduced in a t~r~7t~d manner to allow 

both the maintenance of the normal genetic functions of 

Che animal and the expression of the fo~eign gene under 

the control of endogenous promoters. 

By "different or foreign genen· is meant _ any 

nucleo~ide sequence corresponding to the totality or to 

a part of a "foreign or differentn gene of the receptor 

gene as it is found_ normally in the genome (RNA or 

DNA) , where it corresponds also to an artificially 
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CLAIMS 

l. Process to obtain the expression of, or to 

enhance the expression leve1 of a gene, or part of a 
. gene, so-called receptor . gene,· in the genotne of an 

eucaryotic cell, said receptor gene being able to be - . , .. . . 
5 made functional or more effective when recombined with 

a·complementary DNA, said process comprising: --
the introduction. into the euc;:.aryotic eel ls of a 

vector containing an insert itself comprising the 
complementary DNA, so-called insertion DWA, and two so-. 

10 called 11flankins11 sequences either side of the 

insertion DNA, respectively homologous to two genomic"' 
·sequences ~dj acent to ·the desired · insertion . site in 
relation to the receptor qene ., 

the insertj,on ·DNA comprisinq a q~ne or par:t of a 
15 gene, and being heterologous to the receptor gene : 

- the flanking sequences being chosen in order to 
permit, by homologous recombination,· the· juxtaposition 

.of the insertion DNA in relation to the receptor gene, 
in- such·manner that the insertion DNA makes functional 

20 or enhances the functioninq of the receptor gene ; 
2 •. Process according to. claim 1 in which the· 

insertion DNA is entirely made up of a gene. 
3. Process accord in9 to claim 1 in which the 

insertion DNA is made up of part-of a gene, for example 
25 a regulatory sequence. 

4. . Process according to claim l ·1n which the 
receptor . gene is a gene which is not norma1ly 
transcribed in the eucaryotic cell. 

5 • Process accordiJ'\g to claim l in which the 
30 receptor gene has no sclectionable phenotype. 

6. Recombined eucaryotic cell, able to express a 
9ene or part of a gene, or of expressing it at an 

I lllllll llllll lllll lllll II llll 
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enhanced level, said cell being able to be reproduced 
according to the process of any of claims l to s. 

7. Proce::::s for inactivating the gene, so-cal led 
receptor gene, in the genome of an eucaryotic cell by 

5 the targeteQ insertion, in the receptor qene, of a DNA, 
so-called insertion DNA, the process comprising : 

the introduction into· the eucaryotic cell of a 
.... .I.,, 

vector containing an insert itself comprising the 
insertion DNA and two sequences, so-called "flanking" 

10 sequences, on either , epide of the insertion DNA, 
respectively homologous to two genomic seqU'="nces 
adjacent to the desired insertion site in the receptor 
qene 1 

the insertion ONA being heteroloqous to· the.-. 
15 ·receptor gene and comprising a gene or part of a gene 

able to be made functional or whose functioning may be 
made more ef.ficient when it is recombined . with a 
complementary DNA in the receptor gene ; 

the flanking sequences, through homologous 
20 recom~ination, allow the insertion ot the insertion DNA 

at the desired site in the receptor qene : 
the expressio·n of the ins.ertion DNA subsequent;ly 

replacing that of the receptor 9ene. 

11111111111111 11111 1111111 1111 · 
* C L M S * 


