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TRANSGENIC OR CHIMERIC ANIMAL AND PROCESS fOR SCREF.NIN~ 

EHABMACEUTICAL PRODUCT~ 

The present invention relates to a proce~s for . 

specif io replacement of a copy Of a 9ene present in th~ 
genome of a receiver eucaryotic or9ani~m by the 
integration of a qene different from the inactivated 

5 qcne. The receiver gene will preferably be present in 

at least 2 examples in the transfected host cell. The 

receiver gene is defined as being the gene where the 

insertion of the different qene will be made. 
More particularly, the invention relates to the 

10 production of transgen~c 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. 

15 By "different or foreign gene" is meant any 

nucleotide sequence corresponding to the totality or to 
a part of a ··foreign -Or different 11 gene. of the 

receptor gene as it is found ·normally in the genome 

(RNA or DNA), where it corresponds also to an 

20 artificially modified sequence of the normal gene or 
again to a 

The 
production 

fragment of this sequence. 
invention also concerns the 
of the~e transgenic animals. 

process of 

In the production of transgenic animals, the 
25 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 g~nome, nor the· ·n.umbe:r: of copies thus 

introduced. The integration of t_he foreign gene is 

30 carried out at random and, in general, several copies 

of the gene combino at the same time, sometimes under 

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

_J 
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inteqration and the number of copies integrated varying 
from one transgenic animal to another. 

It can thus happen that the endogenous cellular 

qenes, situated at th.e point of 

s. inactivated,. without thi~ being 
insertion, wmay be 

easily detectable 
because of the numerous insertions made at random. If 
the product of these qenes is important for the 
development of the animal, this development will be 
seriously distur.bed. Moreover, the aleatory insertion 

10 of the foreign gene may take place at 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 

15 extremely difficult. 

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

foreign gene. Generally speaking, two types of 

experiment have been made on mice. 
20 The genes ~ntroduced in the germ line are: 

either: ··complete" genef3, including:· coding 
sequences flanked by their own regulatory sequences; 

- or composite genes, formed from the coding 

sequence of a gene fused with the promoter sequence of 
25 another gene,· the two fragments sometimes even 

belonging to two different animal species. 
It was thus possible to confirm that the 

speoif icity of the expression of genes in such and such 
a tissue is determined by their regulatory sequence(s). 

30 The choice of the appropriate promoter . for the 
expression of the for~ign gene in tho transgenic animal 
is thus of p:i::d.~ordial importance. . 

Be.sides, the controlled rnutagertesis of murine 
genes in embryonic cell lines has recently been carried 

35 out using a technique of gene tarqetlng (Thomas et al. 1 

1987; Thompson et al., 1989). 
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In the first case, the HPRT murine gene was 

mutated by insertion and replacement and, in the second 

case, a mutated HPRT 9ene was corrected .. Thompson et 
al. widened their experiments as far as o~taininq 

.. 5 chimeric mice and i;ecorded the passage of the genetic 

modification into·the qerm cell line. 
In each of the documents quoted, the precise site 

of integration waa targeted by homologous recombination 

between, on the one hand, exogenous sequences carrying 

10 the mutation or correction included in the vector, 

under the control of an exoqenous promoter and, on the 

other hand, their genomic homologue. This being so, it 

must be pointed out that earlier authors have carried 
out their experiments on a specific gene (HPRT) whose 

15 activation by mutation was accompanied by a detectable 
phenotype. The tarqeted mutation described by Thomas et 

al. had the effect of inactivating the HPRT qene and, 

consequently, making the detectable phenotype normally 

associated with the HPRT disappear. The NeoR selection 

20 qcne, under the control of a TI< promoter, was thus 

incorporated into the insertion DNA in order to permit 
the selection of trans formants. It should be noted that · 

the experiments described in the prior art implied a 
selection either by the receiver qene (e.q. HPRT) or by 

25 the insertion gene (e.g. NeoR). The site of insertion 

and/or the type of qene inserted ia thus limited to 

qenes conferring a selectable ch~racter, a direct 

selection. 
·· Besides, in the prior art, the exogenous 

30 sequences on the vector thus servo both to target the 

site of integration and to introduce the modification. 
Following homologous recombinatio~, the rnodifj,ed gene 

always finds itself in its normal ~enetic environment.· 

we should remember that a problem posed during 

35 the production of transgenic animals is the danger of 
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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 

5 significant physiological . or mo:rphologioal disorders in 
.the transqenio. animal, or could even prevent its 
survival. 

on the other hand, the inactivation of the gene 
could be considered as advantageous if the gene in 

10 question coded for a virus receptor or other infectious 
agent. 

The inventors have studied the possibility of 
avoiding the disadvantages described above and 
associated, in certain cases, to the possible 

15 inactivation of one or several endoqenous cell genes 
with an important function during the production of 
transqenic animal~. 

The object of the invention is a process for 
replacement or specific insertion of a gene, in 

20 particularly by tarqeting a DNA, called insertion DNA 
constituted b~ .th~ totality of a gene, or by a part of 
a gene, susceptible to being rendered functional,· where 
this functioning oan be made more efficient, when it is 
recombined with a complementar.y DNA to then provide a 

25 complete recombinant gene in the genome of a eucaryotio 
cell, characterized in that 

- the insertion site is in a chosen gene, called 
a receiver gene, and containing the complementary DNA, 
and in that 

30 - euoaryotic cells are transfected with a vector 
containinq an insert which comprises the insertion DNA 
and two. so-cal 1 ed ... flanking" seq~ences on "either side. 
of the insertion· DNA, respectively homologous to two 

' . 

qenomic sequences which are immediately adjacent to the 
35 desired site of insertion in the receiver gene, 

This Sheet Has Been Replaced 

I lllflff flllff "" 1111111 
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- the insertion DNA being hete~ologous vis-A-vis 
the receiver qene, and 

- the flanking sequences, being chosen from those 
which make up the above-mentioned complementary•DNA and 

5 which. allow, through homologous recombination wlth 

corresponding sequences of the receiver gene, the 
reconstitution of a complete recotnbinant gene in the 
genome of the eucaryotic cell. 

Accord.i nq to the invention, the so-called 
10 insertion ONA can contain either a coding sequence or a 

regulatory sequence, the process then being 
characterized in that 

- the insertion site is in a chosen gene, called 

a receiver gone, and in that 
15 - eucaryotic cells are transfected with a vector 

containing an insert which oomprises the insertion DNA 
and two so-called ··t1anking" sequences on either side 
of the inse:rtion DNA, respectively homologous to two 
qenomic sequences which are immediately adjacent to the 

20 desired site or insertion in the receiver gene, 
the insertion DNA _ being heterologous with 

respect to the receiver qene ,· and 
- the f lanklnq sequences being chosen so as to 

permit by homologous recombination depending on the 
25 case, either the expression of the coding saquence of 

the entire insertion DNA under the control o-f the 

30 

regulatory sequences ot the receiver gene, or 
expression of a coding sequence of the receiver 

under the control of regulatory sequences of 
insertion DNA. 

the 
gene 

the 

For example, tne insertion DNA may contain a 
codinq sequence withou_t the regulation element, notably 
without "its own promoter. 

The invention also relates to a pro¢ess for the 
35 production of transgenic animals, characterized in that 

· E.S. cells are transfected in the conditions described 
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above and selected for the occurrence of homologous 
recombination, that is the correct integration of the 
foreign gene, the transfected cells are injected into 

'I' embryos at a stage where they are able to integrate the 
5 tra.nsfeoted cells (for example, at the blastocyst 

stage) , and these are then reirnplanted in a surrogate 
mother and the chirnerio individuals obtained at the end or qestation, and in which is noted the colonization 
through E. S cells of the 9erm line of the chimeric 

10 animal, are mated. If the E.s. cells have colonized the 
germinal line of the chimeric animal, heterozygous 
transgenic animals for the replaced qene will be 
obtained by mating (~1) the progeny. 

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

shortly after fertilization (that is less than 24 
hours). In this way, the insertion takes place while 
the eg9 is still in the unicellular state. 

The invention also concerns a plasmid able to 
2 o effect the taI'9etcd insertion of a recombinant qene 

called the inscr~ion .. qerie in the genome of a euoary(?tio 
cell, characterized in that i~ contains an insert which 
itself comprises the insertion qene and two so-called 
''flanking'' sequences on either side of the insertion 

25 gene, respectively homologous to the two genomic 
sequences which are immediately adjacent to the desired 
site of insertion in the receiver gene. 

The insertion DNA can be a gene, or a part of a 
gene, heterologous to the transfected species. 

30 The invention also concerns transgenic an~mals in 
which at least one endogenous gene, which is preferably 
present in.the genome in at least two copies, has beon 
inactivated by the insertion of a gene which is 
different frolt\ the inactivated gene, the insertion 9ene 

35 being inserted in a position which allows the 
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expression of this qene under the control of regulatory 
sequences of the inactivated endogenous gene. 

Thus, the process of the invention allows, thanks 
to the phenomenon of homologous recombinati~n, the 

s insertion in a ta~geted ·i;n.anner of foreign genes, in 
particular coded, 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 

10 of the gene whore the insertion is made, and 
consequently, the inacti-vation of the tarqeted 
endogenous qene. 

In a preferred embodiment of the invention, the 
targeted recei vcr qene is a. gene which is present in 

15 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 interest (i.e. the so-called 

20 insertion gene) has the effect of inactivating the 

single copy of the endogenous -.cellular gen$ where the 
:insertion takes place and leaves intact and operational 
the other copy (copies) of thiA gene. 

In this way, the genetic functioning of the 
25 transgenic -animal is not or is little disturbed by the 

introduction of the foreiqn gene, even if the insertion 
inactivates a single copy of a receiving gene essential 
for the development of the animal. Either its 

development· is not affected by the insertion of the 

30 foreign gane, or the possible minor disturbances in the 
case of inactivation of a critical qcne will probably 
not be lethal for the animal. '!'.he·' effects· of the 
·insertion of the foreign gene in t~c. homo~ygous statie 
could be of any kind and wo~ld be observed in the 

35 second generation (F2) after crossing heterozygous 

individuals (Fl) among themselves. 
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If, on the other hand, the inactivation of· all 

the copies of a 9ene is desired, for example in the 
ease the gene codes for a receptor of an infectious 

~ 

agent, multiple copies of the foreiqn gene are 
5 introduced .. Contx:ol· of the quantity introduced can be 

ensured by using known techniques. 

The targeted insertion of the foreign gene thus 
allows its introduction in a site where its expression 
is under the control of re.qula tory sequences of the 

10 endogenous gene where the insertion takes place. 

The process of the invention 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 

15 this, in the relevant case, without inactivating the 
other copies of the receiver gene. 

In a preferred embodiment, the insartion DNA, or 

the vector, contains sequences inserted between the 

insertion DNA and the flanking sequencesa Those 
20 sequences can for example contain a sequence codinq for 

a selective agent allowing the selection of· 
transformants and eventually a marker gene, for example 
Lacz. 

In a highly preferred embodiment of the 
25 invention, the insertion DNA carries, betweon the 

flanking sequences, on the one hand a DNA sequence 

intended to be recombined with the complementary DNA in 
the receiver gene to provide a recombinant gene and, on 
the other hand, a sequence coding for a selective agent 

30 p~rmi tting the selection of transformants and a 

promoter authorizing the expr~ssion of the selective 

agent, the receiver, 9~ne and the· recombinant gene 
coding for expl:'ession products not conferring a 
selectable phenotype. ~ccording to this embodiment, the 

3!> insert of the plasmid of the invention co1nprises, 
between the flanking sequences, on the one hand a DNA 

I 
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sequence intended to be recombined with the 
complementary DNA in the receiver qene and, on the 

other hand, a sequence coding for a selective agent. 
'I" 

allowinq the selection of transforrnants and a promoter 
5 authorizing the expression of the selective agen~, the 

DNA sequence intended to be recombined with the 

complementary DNA being other than a gene codinq for a 
selective agent. 

In this way, the selection of trans formants is 

10 entirely independent from the nature of the receiver 

gene and the inserted gene, contrary to the processes 
described until now, in which the inserted qene or the 
receiver gene necessarily had to code for a product of 
expression allowing the selection of transformants. The 

15 system developed by the inventors gives total 

flexibility re9ardin9 the nature of the rec~iver qene 

and the inserted qene, or the 9eno formed by homologous 
recombination. The inventors have noted that, 

surprisingly, the insertion of sequences of a 
20 significant size (for example about 7. 5 kb) does not 

.af~.ect the frequency of homologous~ recom'1ination. 
The possible eftect of the insertidn of the DNA 

sequence according to this aspect of the invention 

includes, dependinq on the type of soquence inserted 

25 for example the replacement of a coding sequence, the 
replace1ncnt of a regulatory sequence, the inactivation 

or reactivation of a gene by mutation or improvement of 

the expression level of a gene. It is possible, 
according to the invention, to replace a codin9 frame 

30 or part of a coding frame by a heteroloqous sequence 

which be.gins at the initiation codon of. the replaced 
. . .. 

qene .so ·that the expression of ·the inserted. gene 

ent1rely replaces the expression of .the replaced gene. 
This avoids tho formation of fusion proteins which 

35 co~ld be undesirable in a transgenic animal. 
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In this eltlbodiment of the invention, the 
insertion DNA can carry between the flanking sequences 
a heterologous coding sequence without promoter, the 

'It 
coding sequence beinq other th~n a gene coding for a 

5 selection agent. The insertion DNA can also carry, 
downstream of the coding sequence and still between the 
flanking sequences, a qene coding for a selection 
agent, associated with a promoter allowinq its 
expression in the target cell. 

10 In this way, the heterologous coding sequence can 
be inserted after an endogenous promoter which has the 
desired proporties, for example a certain specificity 
of expression, or transcription pattern etc., the 
selectability of the transformed cells being entireiy 

15 independent from the expression of the heterologous 
coding sequence. This type of construction makes it 
possible, for example, to select the transformants even 
if the gene replaced by the heteroloqou~ coding 
sequer1ce is not normally expressed in the target cells. 

20 This is particularly important in the ·production of 
transgenic animals fro:m :E.S. cells (""Embryonic Stem 
Cells") since a significant proportion Of genes 
remains inactive until a more advanced stago of the 
development of the animal. The HOXCS qene (also known 

25 under the name of Hox-3.1) is an ~xample of this type 
of gene. Moreover, if the coding sequence codes for an 
easily detectable pro~ein, for example ~-Gal, the 
development of the transcription template of the 
replaced endogenous qene can be followed. The pGN 

30 vector is an example of this type of construction. 
In another elttbodiment of .. tho. invention, ·. the 

insertion DNl\ can car:ry a forei9n regulatory sequence .. 
. . 

The site of insertion and, consequently, the flanking 
sequences are chosQn in relation "1ith the desired aim, 

35 that is either the insertion of the foreign regulatory 

iiiim~r 
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sequence to qive 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 comes under . the control of the 

5 regulatory sequence can be endogenous. 
Another possibility can be the targeted insertion 

of a forei9n DNA which carries both a regulatory 
sequence and a codinq sequence. It is possible that the 
regulatory sequence can be that which is naturally 

10 associated with the coding sequence. 

The process of the invention activates a vector 

containing two ··flanking" sequences on either side of 
the foreign qene. These flanking sequences have at 

least 150 base pairs and are-preferably inferior to the 
15 length of the receiver qene. It is essential that these 

two flankinq sequences he homologous to the two 9enomio 
sequences which are immediately adjacent to the desired 
insertion site.. The flanking sequence of the vector 

which is located upstream of the foreign gene. to be 
20 introduced is normally homologous to the· genomic 

_sequence which is located a:t the s • 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 

25 located at tho 3' end of· the site of insertion. 
It is possible to introduce "'intercalated'' 

sequences between either_ one of the flanking sequences 

and the foreign gene, for example sequences permitting 
the selection of transformants, markers, sequences 

JO penn.itting cloning of the vector etc. 

'!'he position of these intercalat_ed sequences with 
. . 

respect to the f oreiqn gene must however ~e chosen so 
as not to hinder the expression of-the foreign gena, in 
particular the coding sequence of the foreigu·DNA undor 

35 the control of the endogenous promoter or, inversely, 

the coding sequence of the endogenous DNA under the 
~~~~~~~~~ 

I 
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control of foreign elements of regulation carried by 
the insertion sequence. 

Despite the presence ot flanking sequences, which .. 
encourages homologous recombination, it is possible 

5 th~t a certain · number of integrations take place at · 
random. In order to verify that the targeted insertion 
has actually taken place in the tarqeted site and not 
in another place, the technique of ··Polymerase chain 
Reaction". (P.C.R.) (see Ref. 10) is used to amplify 

10 the DNA sequence of the locus where the insertion takes 
place, or should take place. In this way t only the 
clones transformed following a homologous recombination 
are selected. 

The flanking sequences of the vector are 
1s evidently chosen in relation to the desired site of 

insertion so that homologous recombination can take 
place. Thus the flankinq sequences can carry duplicated 
·sequences of the endogenous promo~er and/or 
modifications to the sequences which precede the 

20 initiation codon to. .raise the tr.anslation level 
(upstream sequences) and duplicated sequence·· of the 
termination sequences particularly or the sites of 
polyadenylation (downstream sequences). 

The insertion qene can be any qene of interest. 
25 One will cite as non-limiting examples the gene Lacz 

(as in the model described·below), the genes codinq for 
interleukin or interferon, receptor genes for example 
of retinoic acid or beta-3 adrenergic or H. I. V. , and 
genes known to be linked with certain diseases , for 

30 example myopathy etc. 
The eucaryotic cells transfor1ned by the process 

of the invention are also included in the present 
application. 

ln a preferred embodiment of the invention, the 
35 eucaryotic cells are embryonic cell lines (sec Ref. 14 

and 15). 
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In fact, a mutated E.s. cell can be injected into 
an early embryo which, after reimplantation, can be 
born under a chimeric form. If the qerm line is ., 
colonized by the mutated cell, the chimeric animal will 

5 transmit the mutation to its progeny. After this, it 
· will be possible · to · observe the effects of this· 

10 

mutation, in the homozygous state 
on their development, their 
metabolism, their pathology etc. 

in some individuals, 
behaviour, their 

Figure l shows the pGN plasmid, which is part of 
the invention. 

Figures 2a and 2b show the molecules pGMA and 
pGMD respectively constructed from the pGN plas:rnid in 
relation to the gene HOXCS (Hox-3 .1) • These plasmids 

15 are mutagenesis plasmids. The two parts of the coding 
sequence of the gene HOXC8 (Hox-3. l) are represented, 
on chromosome 15 1 with the ··homeo 11 box in black. The 
corresponding sequences of HOXCB (Hox-3 .1) have been 
cloned in the pGN plasmid. 

20 {A: signal of polyadenylation; Enh/Pro: enhancer-. 
pro~oter). 

07 and oa show the two oligonuoleotidos used in 
the PCR. 

Figures 3 to 6 show the plasmids used in the 
25 construction of the pGN. 

Figure 7 illustrates the detection of homologous 
recombination by the Polymerase Chain Reaction (P.C.R.) 
technique on the transfected E.s. cells. 

Figures Sa and Sb show Southern analyses of 
30 positive individual clones (L5 and F2) and E.s. cells 

(C.C.E.). 
The process of the invention: has a very wide 

industrial applicability and can vary ~ccording to the 
nature of the foreign gene introduced, for example for 

35 the production of transgenic animals. 
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The genetics of mammals will progress 
considerably in view of the recent possibility of 
specifically mutating any gene, thus making it rossible 
to define its role more accurately. Through this 

5 technolo_gy which involves. homologous r~combin1tt!~n ~:nd 

ii. S. cells, valuable · information will be obtained on 
oncoqenes, growth factors, transcription factors etc., 
qenes which concern very actual subjects both in 
fundamental research and in applied research. An 

10 i:mportant outcome for medical research is the 
possibility of reproducing a human disease whose 
qenetic determination is known (certain pathological 
human diseases, such as the myopathy of Duchesne) so as 
to study its mechanisms better and search for a 

15 therapy. 
By applying tho process of the invention, a qene 

known to be responsible tor a certain disease is 
inserted in a targeted manner into the genome of an 
E. s. cell. The transqenic animal which results from 

20 this process presents a useful model of the disease. 
If · necessary, .a.nd : as ~ascribed above, normal 

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

Another application of the process .Qf the 
25 invention is the genetic marking of animals. This 

application consists in inserting an insertion qene 
which is easily detectable e.g. the Lacz gene which can 
then play the role of a cell marker. In thiR way, 
filiation studies e.g. in competition anlmals are 

30 facilitated, and the breed can be followed up. 

35 

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

possibility of identifying the · activity of 13-

galactosidase, tho activity and 
different endogenous promoters can 

specificity 
be studied 

of 

by 
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targeting different sites in the same type or different 
types of cells. The same studies could be carried out 
on an entb:e orqan_ism, during development ot"• at ~e 
adult stage, by using the techniquos of chimeric or 

5 transgenio anim~ls. 
The inventors have observed in a surprising 

manner that the frequency of homologous recombination 

is not affected by the insertion of fragments of 
significant siie, for example Lacz. This observation 

10 has suggested to the inventors that the technique of 
homologous recombination could be well adapted to the 
insertion of other heterologous qenes which are of 

significant size. 
The invention is also aimed at the application of 

15 the process of replacement or specific insertion for 

genie therapy. 
In view of the possibility of modifying the 

genomo of an animal, the process of the invention can 
thus also be used as_•·qene therapy''· The most obvious 

20 . utili7-ations would consist in inactivating 1;he genes or 

receptors of toxio or infectious agents (viruses or 

bacteria). If this muta9enesis proved to be lethal, it 
would be necessary to re-establish the lost function 
~ithout re-establishing the sensitivity to the harmful 

25 agents. A modified gene coding for such a receptor 
could be reintroduced into the mutated cell, as long as 
tho 11\odification can be provoked by homologous 
reco11tbination. This modification of the genetic 
character would confer on the animal an immunity 

30 against the disease under consideration. 
This protocol can also intervene. in the' framework 

of au:to-graftin9_. Cells, sick or healthy, taken from a 
patient, could be treated and immunlzed, then 
reimplanted back into the same individual. 

35 The technique of the invention. is also suitable 
for studies of the activity of pharmaceutical products 
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presumed to have an activity with regard to products of 
expression of a pathological qene linked to a disease. 
In this case, the insertion qene is constituted by the .,. 
pathological gene or a fragment of it, and one 

5 administer9 to the ~ransgenio animal the pharm~ceutical 
product to bo tested. 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 

10 inset"tion of a foreign gene (Lacz, coding for the 

enzyme ~-galactosidase of E. Coli) in the genome of a 
mouse B. s. cell. The gene Lacz was chosen because of 
the fact that its expresaion can easily be detected and 
is used simply to demonstrate the feasibi i.ty of the 

15 technique. 

The codinq frame of the enzyme 8-galactosidase of 
E. Coli (Lacz; 1-3057), fused with a genomic sequence 
(7292-3) of the murine gene HOXCS (Rox. 3-1) (Ref. 1) 

beqins with the initiation codon of this qene. In fact, 
20 the sequence which precedes the initiation codon of 

HOXCS (Hox.-3.1) is ident~cal to the conse.nsus sequence 
observed in vertebrates (Ref.2), thus allowing a better 
translation rate of 3-galactosidasc into the cells of 
vertebrates. The qeno Lacz is followed by a signal of 

25 polyadenylation for example of the virus SV 40, like 
most of the eucaryotic genes, so as to stabilize the 
'messenger RNAs. 

The activity of S-galactosidase of E. Coli, which 
is functional in the eucaryatic cells, can be detected 

30 in different manners. Cells expressincJ the Lacz qene 
take on a blue colouring, after ·fixation, . in the 
presence of x~Gal, · which is a substrate of .B­

qalactosidase (Ref. 3). A new substrate, FOG 
(fluorescein di-B-galactopyranoside), makes it possible 

35 to detect and to dose the B-gal activity, while still 
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keeping the cells alive (Ref. 4). The cells expressing 
Lacz accumulate a fluorescent produot and can be 
isolated with the aid of a cell sorter or FACS 

"' (fluorescence-activated cell sorter). 
5 · 'l'ha transcription unit of the qene . 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 

10 eucaryotic cells (Ref. 6). From the bacterial 
transposon Tn5 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 SV 40. The same gene, under the double 

15 control of promoters RSV and Tn5 can confer resistance 
to neomycin or kanamycin to bacteria and resistance to 
G418 to eucaryotic cells. 

Through the effect of a simple single mutation, 
unit B of the activating (enhancer) sequences of the 

20 strain PyEC F9.l of the Polyoma virus has become much 
·inore active in different types·:· of · cell·s, and in 

particular in the eel ls 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 

25 LTR-RSV, and in the ··late promoter 1 ' orientation of 

the regulatory region of the Polyoma. 
In order to improve the translation rate of 

phosphotransferase, the sequence precedinq the 
initiation codon was modified durinq a mutaqenesis by 

30 oliqonueleotide. ThUG the sequence T T c G c A.. u Ci 
·became G c A C c A. U _ G / corresponding much · better to 

the consensus Sequ~nce Of ·the •initiation Of trtAnSlation· 
in ·vertebrates (Raf.2). 

The improvements made to the transcription unit 

35 of the 9eno of resistance to neomycin could be 

estimated by transfecting embryonic cell st:r:a:in:s:_~(E~S~)L-~~~~ 
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of mice. With equal molarity in plasmld, a construction 
with th~e enhancer Py F9. 1 produced 7. 5 times more 
clones resistant to G41a than pRSV neo and 2 to 3 times ... 
more thap the pMCl neo described by Capeochi et al. 

5 (Ref. 13) • Again, .the number of ·clones was r~ised by 

60x, that is 450x oompared with pRSV neo, by modifyin~ 

the soquence of initiation of translation. Homoloqous 
recombination may be a fajrly rare event, according to 
the experimental conditions applied (e .. q. 1/1000 for 

10 HP.RT, Ref. 13). A vector prescntinq a high selection 
efficiency is thus very useful, especially since the 

conditions of electroporation result mainly in the 
integration of a single copy. 

Moreover, the pGN plasmid contains an origin of· 

15 bacterial replication of the type colEl, pBR322, which 
allows cloning and preparations in E. Coli. 

Pinal ly, a 111Ul tiplo cloning site (M. c. S.), 

synthesized in vitro, which only contains unique 
restriction sites in pGN, was inserted upstream of 

20 Lac~, so as to facilitate the utilizations of this 
plasmid. 

The plasmid ·' flanking 11 sequences which provoke 
homologous recombination are added to the extremities 
of the pGN plasmid after linearization of the plasmid 

25 upstream from Lacz, by an Mes site (see Fiq. 2). In 

this case, the flanking sequences chosen are homologous 

to the chromosome sequences taken from HOXCS (Hox-J.l) 
which intervene later in the homologous recombination. 

Figure 2 provides the location of the molecule 

30 built frorn the pGN plasmid with respect to the qene 

HOXCS (Hox-3 .1). In this case, recombination between 

~he plasmid and · chroin.osoma~ ·sequances of HOXCS (Hox-

3. l) would result in an insertion at the beginning of 
the coding phcise of this gene, thus in its total 

35 inaoti vat ion. 
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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 the order of 1 per 1000 non-homologous 

5 integrations), it ~s necessary to be ab1e to analyze a 
large number of clones whose resistance to G418 · is 
sufficiently strong to be expressed in any part of the 
qenome. The modifications made to the transcription 
unit or phophotransferas~ answor these problems 

10 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 a-ga~actosidase to that of 

15 the mutated gene. Finally, the MCS facilitates the 

cloning of genetic fragments. 
El.CAMPLF.:S.: 

I - constructio~ of the~GtLpla?mi~ 

The intermediate plasmids are numbered according 
20 to their stage. 

1st stage: 
· I11sert~on of a Xho L.sit.e in the Bgl I. site of 

pRSV neq_ 

Insertion of a Xho I linker in the Bgl I site of 
25 pRSV neo, filled by the Klenow fragment of the DNA 

polymerase of E. Coli. 
2nd stag~: 

Inser~ion of a C,la_I_ s.i:te .J.n. the Nde '.!= site of 

the p_Lplasm id 
30 Insertion of a Cla I linker in the Nde I site of 

pl, filled by Klenow polyl:Qerase. 
3rd sj:.ag~: 

Inserti9n of Py_li'~l .J!.nha!"}cer..:_in the Cla :LSi te. 
Q! the 112 J21.asmig 

i 

I 
i 

I 
I 
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Insertion of enhancer Py F9.l Pvu II-Pvu Il 
isolated by a unique Ace I site, in the cla I site of 
p~. selection of a clone containing two enhancers 
oriented in the direction .. late promoter• 1 • 

5 4th staq@: 

~letiori sma I-:-.HR<Ll of_tl\e_QJ _j!_lasmid 

,,. 

The two enzymes, presenting ""blunt end" 
extremities can be bonded directly. This deletion 
removes the intron of the t antigen of sv 40, which is 

lo not very useful, and reduces appreciably the size of 

the transcription unit of phosphotransferase. 
5th stag~: 

InsertiQll... Qf LXho_i site.Jri_j:he Ball.LHI sitl.L.Q( 

RQlfllQ. 
is Insertion of a Xho I linker in the Bam HI site of 

plasmid pCH 110 (Pharmacia), . fil1ed by the I<lenow 
polymerase. 
6th sta~: 

Inser..t.ion ...J2L3_!_ j&cZ-.J2.Q..l,21\. sy_ .4.Q.. in the-114. 

20 J:tl.a.sm i~ 

The 3' end of the · codlng phaso of B­

galactosidase, · ~ollowed by the signal of 
polyadenylation of the virus sv 40 is isolated from tho 
p5 plasmid throuqh sites Xho I-Aat II and cloned in the 

25 p4 plasmid through the same sites. 
2th. stag§: 

Insertio{l of 5 ~+.acZ il'J_the..,.X~-v~ctor 

The 5' end of the coding phase of B-galactosidase 
is isolated from plasmid pMC 1871 (Pharmacia) through 

30 the sites Pst I-Sac I and cloned in the vector KS­
(Stratagene) through the same sites. 
J.th s;ts.g~: · 

~iQ.n of a .,Sfill.Qll\i_g, gqy_~nce HOXC8 (!Igx-3 .1) with 
,5...' LaQ..Z 
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A genomic sequence of the gene HOXCB (Hox-3.1), 
cloned in the vector KS .. , is purified by successive 
digesting with the enzyl\\e Sao I, then with the Mung 
bean nuclease and finally with the enzyme Apa •1. This 

5 insert is fused wi~h the· 5' end of the coding phase of 

B-galactosidase by cloning in the p7 ·plasmid digested 
by Apa :r-Sma I. The protein thus fused contains the 
initiation codon of the translation of the gene HOXC8 
(Hox-3 .1) followed by the codin9 phase of B-

10 galactosidasc (then verified by sequencing). 
Met Ser Ser Ile Pi:o Gly Asp Pro 

CCAGC ATG AGC 'l'qC AT'l' CCC GGG GAT CCC 
GGTCG TAC ~CG AGG TAA GGG CCC C~A OGG 

U sao 1 

15 CCAGC A.TG 1\GC T 

dG'l'CG Tl\C 

lL sma 1 

20 

25 

U Kung bean nuclease 

CCAGC ATG 

GGTCG TAC 

.9~h stage: 

Ket · Gly Asp Pro 

CCAGC ATG GGG GAT CCC 

GGTCG TAC CCC CTA GGG 

GGG GAT CCC 

CCC C'l'G GOG 

Insertion _Qf. HO~CS _(_Hox-3 .J.l -5 • ~cz in_t_h_g_~ 

:alasmid 
The flision HOXCB (Hox-:3. l)-5 1 Lacz is isolated 

from the pa. plasmid through the sites Apa I-sacI and 
cloned in the p6 plasmid through the same sites. The 

30 effect of this cloning ~s to reconstitute the coding 
phase of_B-galacto!$ida~e in its .totality. 
lOt}J._ sta9e.: 

In1?cr'\;io>;l of th_g__g~ne_JJeql! in the vector KS+ 
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The qene of resistance to neomycin (bacterial 

promoter and coding phase of phosphotransferase) is 

i~olated in the pRSV neo through the sites Hind III-Eco 
RI and cloned in the vector KS+ (Strata~ene). 

s !..1th sta~: 
Mutagenesis of the initiation sequence of Nee! in 

The sequence of the initiation of translation of 
phosphotransferase i~ modified to be identical to the 

10 consensus sequence observed in vertebrates and thus to 
allow a higher leval of initiation of translation and 
therefore an increased resistance to G418 for the cells 

of mammals. The modification also creates a Apa LI site 
which makes it possible to control the efficiency of 

15 the mutaqenesis. 

20 

25 

~a Ll. 

GTTTCGCAT(! GTGCACCATG 

An ol igonuoleatide ( CTTG1.1!1rCAATCATGG'l1GQACGATCCTCA) 

comprising a region of mispairing with.th~ sequence of 

pRSV neo. (underlined) ·is synthesized (Gene Assembler, 

Pharmacia) then 
kinase of the 
template of the 

phosphorylated by the polynucleotide 
T4 bacteriophage. A single strand 
plO plasmid is prepared with the fl 

origin of the KS+ plasmid and hybridized with the 
~utagenesis oli9onuoleotide. The second strand is 
synthesized and repaired by the Klenow polymerase and 

the DNA ligase of the T4 bacteriophage. After 

30 transformation of bacteria, the mutated clones are 

screened with the . aid of the ol igonucleotide . marked 

with 32p. The . inutagonesis was verified -by digesting 
with Apa LT and also by soquencing.-

12th staq~: 

This Sheet Has Been Replaced 
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~placement of tM. ..ini tiati5>n .seq_uen.QLin the Q2. 
:Qlasmiq 

A fragment containing the modified sequence of 

initiation of translation of the gene of resisiance to 
5 neomycin is isolat~d from the pll plasmid through the 

enzymes Hind III-Eag I and cloned in the p9 plasmid 
through the same sites. 
11.th sta~: 

.In~ertion of ~he.mul.!:.lPle cloning site i~ t~e pla 
10 Rl!lsmid 

Two complementary oligonucleotides are 
synthesized (Gene Assembler, '.Pharmacia) then 
phosphorylated. After pairing, tha MCS is cloned in the 
sites Apa I-Sac II of the pl2 plasmid through its 

15 sticky ends. 

20 

Xma1 Asp 718 Xm.n! 
Apal Sma;L KoJ.1!_ JbaL Nsil _Sa.ell. 

51 CCCCGGGGGTACCTCTAGAATGCATTCCGC 3' 

3 1 CCGGGGGGCCCCCA'l'GGAGATCTTACG'l'AAGG 5' 

The multiple cloning site was also verified by 

sequencing. 
II .Mdit.ion __Q:{_ •• flan'Jdng se™pce§__~t . the 

25 §Xtremities of ~he lineari?&4 pgN nlasmi~_ypstream from 

J,.acZ' by an M.C.S!. sit~ 
The flanking sequences used were chosen in 

relation to the desired site of insertion (for example, 
HOXCS (Hox-3.l), see Fig. 2a and 2b pGMA and pGMD). 

30 In the construction of the mutagenesis plasmid 

pGMD, two fragments of_ D~A homologous to the locus 
HOXCS (Hox-3.1) were cloned at the sites Apa I-Nsi I 

and Nsi I-Sao II of the pGN vector. The 5' fragment 

begins at the site sac II (CCGCGG) at nucleotide. 219 of 
35 the DNAc 021 of aoxca (Hox-3.1). This fragment extends 

over 6.8 kb in 5 1 up to the first BamJII site. The 3 1 
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fragment begins at the site Apa 1 (GGGCCC) at 
nucleotide 885 or the cDNA 021. This fragment extends 

over 1.5 kb in 3' up to the first PstI site. A NsiI 

linker was inserted in the BamHl site or 
7
the 51 

s fragment and in th~ PstI site of the 3' fragment~ The 
s' and 3·1 fragments were cloned in the pGN vector in 
the sites Nsi I-sac II and Apa I-Nsi I, respectively. 

The sequence of the. cONA of HOXC8 (Hox-3 .1) c21 has 

been published (Ref. l}. 
10 The mutagenesis plasmid is linearized by 

digesting with Nsi I before electroporation of E.S. 

cells. Its extremities are formed by the two genomic 

fragments cloned at the sites Apa I-Nsi I and Nsi I-Sac 
II of the pGN vector. 

15 The pGMD plasmid does not present any siqnal of 

polyadenylation after the gene of resistance but, on 

the other hand, presents a sequence rich in AU 

responsible for selective deqradation of mRNA, inserted 

in the sequence of the intron of HOXCS (Hox-3.l) of the 
20 plasmid. 

25 

Another mutaqenesis plasmid; pGMA~ presents the 

same. st:r:uoture. as pGMD but · contains the si9nals of 

polyadcnylation and of termination of transcription of 
SV40 and does not present the AU sequence of 

degradation of mRNA downstream from the qene NeoR. The 

aim of these modificatlons was to reduce the level of 

trasncripts of NeoR in clones resul tinq from random 

integ~ation. On the other hand, clones resulting from 

homologous recombination events between pGMD and a 
30 locus HOXCS (Hox-3 .1) should have an unaltered qrowth 

during the selection at G418, the AT sequence of 
degradation of mRNA being eliminate.d by th~ process of 

recombination itself, or spliced wi~h the intron HOXCS 

(Hox-3.1). 

liiiiliii 
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25 

the experimental stages which follow, 
described by Thompson et al. 1989, 

for the production of chimeric animals. 

the 

was 

Ill - Transfection 0£ embryonic mouse cells • 
s The method de~scribed -by Thompson et al• 1989, was 

used to transfeot embryonic mouse cells. ·utilization qf 
the technique of electroporation ensures the 
introduction of a single copy of the foreign gene 
(LacZ) per cel 1. After transfection, several clones 

10 expressing a-galactosidase were isolated. 

The mutagenesis plasmids pGMD and pGMA were 
linearized and introduced by electroporation into E.S. 
cells in order to favor the inse~tion of only one copy 
in the genome (Ref. 11). 

15 The initial transfections were carried out to 

20 

25 

compare the targeting efficiency of the HOXC8 (Hox-3.1) 
of the plasmids pGMA and pGMD (see table I)~ 

Homolo9ous recombination in the gene HOXC8 
(Hox-3 .1) 

--~----------------~---------------------------------~ 
. Exp. Plasmid No. of No • clones No.of 

of muta- 9roup forming the positive PCR 
genesis analysed group results 

I pGMA 3 600 0(2) 

II pGMD 5 250 3 (5) 

III pGMD 84 2-3 5(5) 

- -

30 Table I 

The E. s. cell lino ~ · c. c. E. 11 (Ref, 16) ·was 

ma.i ntained in a continuous manner 011 fibroblast feeding 
layers (Ref. 17). F~r experiments I and II, 1.s x 107 
E.S. cells in 1.s ml HeBS were electroporated (Ref. 11) 

35 at 200 v, with 40mg of linearized plasmid, and then 

This Sheet Has Been Replaced 
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spread over four culture trays (diameter 100 mm). For 
experiment III, the shock was carried out unde:r the 
sam~ conditions but a quarter of the cells were spread 
over four 24-well plates. The next day, 250 µg•m1-1 of 

5 <;418 were added. E~ch transfection produced about 2400 
clon(_'s·with pGMA and about 1000 clones with pGND. 

The average number of clones of E.S. cells 
resistant to G418 in each group is indicated in table 
I, as well as the number of groups giving a positive 

10 result with the P.C.R. technique. A positive result 
means that a band of 1. 6 kb could be observed on an 
agarose gel coloured with ethid.i.um bromide (see Fig. 
7). The number of groups givinq a positive signal after 
a southern analysis of the P.c.R. mixture and 

15 hybridization of a specific probe which, does not 
contain the primer sequences is indicated between 
brackets (Fig. 8). 

Detection of homologous recombination with P.C.R~ 
P.C.R. was ca~ried out on 105 cells of a qroup of 

20 250 clones of transfection II (sec lane D of Figure 7). 
-In the other lanes, four groups of transfection IlI 
were analysed together by mixing about 4 x sooo cells. 
The primers 07 and 08 used in the P.C.R. surround the 
sequence 3 'HOXCS (Hox-3 .1) of the mutaqenesis plasmid 

25 (Fiq. 2) • The fragment of 1. 6 Kb covering this 3' 
sequence cannot be amplified except in the case of 
homologous recombination. Lanes 2, 3 and D illustrate 
these positive results. 

The ONA of E.S. clones was prepared at the moment 
30 of replica on filter by utili?.ing the method "boilin9-

proteinase K diqestion boiling'' (Ref. 18). 40 
. . . 

amplification cy~les (40 seconds .at 94·c, _l minute at 
6o·c, 7 minutes at·12°C) were car~ied out in a reaction 
mixture of 100 µ1, containing 67 mM Tris-He! (pH 8.6), 

35 16.7 mM (NH,.)28041 6.7 mM MqCL2 1 10 mM 2-

meroaptoethanol, 0.01% (p/v) gelatine, 200 µM dATP, 
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dTTP and dCTP, lOOµM dG~P, 100 µ.M 7-deaza dGT, 600 nq 

of each primer (07: AAC~~CCCTCTCTGCTATTC and oaz 
CAGCAGAAACATACAAGCTG) and JU polymerase Taq (Perkin 
Elmer Cetus), cove~ed by 100 µl paraffin. Hal{ of the 

s reaction mixture was applied on an agarose qel o. 7% · 

col~ured with ethidium bromide. The main marker is an 
Eco RI + Hind III digest of lambda DNA. 

Southern anal~q 

Three independent clones of E.S. cells containing 

10 the mutated HOXCB (Hox-3.1) (identified by P.C.R.) wore 
isolated from positive qroups using pipettes. Their DNA 

was examined by southern analysis after digestion with 
the restriction enzymes indicated in Figure 8, so as to 

confirm the spccif ic targeting and to make the 

15 distinction between recombined and wild-type loci. Two 
different probes were used in the analysis of the 3 1 

end of loci HOXC8 (Hox-3.1) in the mutated clones and 

in the non-mutated R.S. used as controls (Fi9ure Sc). 

The first probe ··a•• was contained in the HOXCS (Hox-

20 3 .1) sequences of the mutaqenesis plasmid and showed 

the number of · vector integrations and their physical 
. . . 

· links. One of the · three recomblned clones also 

contained a copy of the plasmid integrated at random 

(Fig. aa, clone F2). The second ··b 11 probe which was 

25 not in the mutagencsis vector made the distinction 

between the recombined and wild-type alleles HOXC8 

(Hox-3. l) (Fig. ·Sb). The recombined locus HOXCS (Hox-

3 .1) presented, with the two probos, the image of 

hybridization expected from the restriction maps of the 
30 muta9enesis vector and of the intact locus. In 

addition, the existence of two fields of recombination 

in the 3' fragment o! the vector \o?as confirmed by the 

presence or the absence of the AT sequence in the 

recombined locus HOXCS (Hox-3.1), (for example Fig. 8, 

35 clone L5). The 5' end of the locus HOXC8 (Hoc-3.l) was 

also analyzed for a homologous recombination event. -..,---____ _ 

liii~iur 
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Restriction enzymes not presenting_ sites in the 
sequence aoxcs (Hoc-3 .1) 5 1 of 6. s kb of the 
mu~agenesis vector were utilized in the digestion of 
the DNAs of recombined clones. These DNAs were then 

5 .. submitted to elec~rophoresis in a pulsed field· to 
differentiate the fragments o"f high molecular weight. .A. 
Southern analysis of this gel also indicated the 
correotly recombined alleles and the wild-type HOXCS 

(Hoc-3.1) alleles, using a sensor presenting a sequence 
10 upstream from the mutagencsis pla~mid. 

Southern analyses have shown that an allele of 
the gene HOXCS (Hoc-3 .1) was recombined as predicted. 
The homologous recombination was equivalent to a double 
··crossing-over'' between the qenomic arms of the 

15 mutaqenesis plasmid and the homologous chromosomal 
sequences (Fig. 2). 

In the recombinant clones, the gene Lacz was 
placed under the control of promoter and regulatory 
sequences of aoxcs (Hox-3 • l) upstream from the AUG 

20 codon, but the 3 1 signals of maturation of mRNA came 
from the sv 40. l:n these recombin_ed clones, the 
expression of Lacz was· not detectable by colouring with 
.B-Gal, which is coherent with the absence of 

transcription of HOXCS (Hoc-3 .1) in S.S. cells 
25 determined by analysis of RNase protection. The 

activity of 13-Gal could be induced in cert" i.n cells 
after 3 or 4 days ot culture in the presence of 5.10-7M 
retinoic acid, conditions known for inducing the 
transcription of HOXCS (Hoc-3.1) (Ref. 19). 

30 By uRing the mutagenesis vector pGMA, which 
presents a total homology of 8.3 Kb I)NAwith the locus 
HOXC8 (Hoc-3 .1) , · a fragment of l'-0 pb was. replaced by 

an insertion of 7.2 Kb. The fr.equency of this targeted 
replacement (1/900) is comparable to that obtained 

35 recently (l/1000) with HPRT (Re!, 13) or with En .. 2 
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(1/260) (Ref. 20), the heterologous fragment inserted 
being nonetheless in these latter cases of a much less 
significant size (1.1 and 1. 5 Kb respectively). In a 
surprising manner, it was noted that a Ve%y high 

5 homologous recombination frequency (1/40) could be 
obtained with the lJGMD vector. The elimination of 3' 
signals of maturation of mRNA and the addition of the 
sequence of degradation of mRNA to the gene of 
resistance to neomycin had the effect or reducing the 

10 total number of clones reaistant to G418 by 2.4 (table 
I). The specific targeting 
higher (900/40). The 
recombination was probably 

result was almost ten times 
mechanism of homologous 
affected in the experiments 

with pGMD. A possible explanation for these results 
15 could be that an AT sequence of 51 pb could provide, in 

~ivQ, an open loop in the mutagenesis plasmid because 
of its lower fusion temperature. If the Hoxca (Hoc-3.1) 
sequences close to the pGMD can be influenced by this 
opening, on each side of the AT region, they could 

20 react in a more efficient manner, in the single-strand 
state, with the chromosomal locus HOXCS (Hoc-3.1). The 

. . 

model of mitotic recombination in yeas·t su139ests that 
it could be initiated by such an.exchange of strands, 
even though the mechanism of homologous recombination 

25 remains unknown in the more complex eucaryotcs. 
Figure s shows the results of Southern analysis 

carried out on positive individual clones (L5 and F2) 
and E.S. cells (C.C.E.). 

The probes used only hybridize with HOXCS (Hoo-
30 3.1) sequences included in the vector (a) or excluded 

from the mutagenesis vector (b). The image of 
hybrid.i zation of the recombined l_ocus HOxcs (Hoc-3 .1) 
(open triangles) is · clearly dis~inguished from .. the 
wild-type locus (black triangles). The stars indicate 

35 the hybridization bands of a copy cf the plasmid which 
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was inteqrated at rando~. The size marker is 

Eco RI + Hind III of Ona lambda. 
Figure 8(c) shows the restriction 

recombined (reo,) and wild-type (wt) HOXC8 
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a digest 

maps of 

(ifoc-3 .1) 

6 alleles. The parts· pf the mutaqenesis vector and of the 

locus HOXC.8 · (Hoc..;.3.1) a.re indicated by the same. 
symbolR as those used in Figure 2. In this case, the 
sequence AT was integrated by homologous recombination. 
The vertical arrow indicates the 3 1 and of the 

10 mutagencsis plasmid. The localization of probes ··a'' 
and ··b'' used in the southern analysis is also 
ind.teated. The abbreviations used in Figure 8 are the 
following: B, Bam HI; D, Ora l1 E, Eco RI, H, Hind ITI; 

s, Sal I; x, Xho I. 
15 IV - Production of chimeric.embryo§ 

A ltlicro-injection was made in blastocysts with 
two recombinant E.s. clones containing an intact allele 
HOXCB (Hoc-3.1) and a recombinad allele, these clones 
did not contain any other copy of the mutagenesis 

20 plasmid. The kariotypes of these cells were normal. 

Ten to fifteen mutated cells were micro-inj~cted. 
per blastocyst. After reimpiantation in surrogate 
mothers, the embryos were taken at 9.5, 10.5 and 12.5 
days p.c. and analyzed for Lacz expression. The 

25 transcription template of_ HOXCS (Hoc-3.l) at these 
stages had been determined beforehand by hybridization 
analysis !n sit~ (Ref. 1). The HOXC8 (Hoc-3.l) 
transcripts are detectable for the first time at the 
stage of late gastrulation and are spread throughout 

30 all the tissue~ of tho posterior part of the animal. 
Later, the distribution becomes progressively limlted 

in space and specific. to the tissue. At the stage of 

12.s days p.c. the trans.cription· is localized in the 

cervical region of the neural tube, at the level of the 
35 heart. Durinq embryogenosis, the repartition of the 

---------'t=r:...=a=nscription of HOXC8 (Hoc-3 .1) thus undergoes 

liii~f 
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modifications. The staqe 10.5 days p.c. seemR to be a 
period of transition, the transcription taking place 

both in the two rear regions and in the cervical neural 
. tube. 

In ·chimeric embryos of 9.5 and io.5· days ·p.c.,_. 
the caudal part to the posterior bud presented intense 

a-Gal activity, while the marker was never detected in 

the anterior thoracio region or the head (Fig. 9a). In 

the posterior region, the cells coloured by B-Gal were 

10 observed in all the tissues and all the embryonic 
layers. Between the two buds which form the members, 
coloured cells were distributed in the restricted 
zones, in the superficial ectoderm (Fig. 9b), as in the 
rear regions (Fiq. 9c) and, in straight lines or rays, 

15 in the neural tube (Fiq. 9b). These rays showed an 
irregular and asymmetric distribution on the wall of 
the neural tube. The transcription of Hoxcs (Hoc-3.1) 
was not detected in the thin layer of cells near the 

closure of the neural tube. Perhaps these cells did not 
20 . resist the· treatments ~ppli';'!d during the hybridization 

in sit\_\.; ·It was observed that the cells of the neural 

ectoderm very soon become part of the different parts 
of the nervous system and migrate in a radial 
direction, following narrow lateral movements (Ref. 

25 21). These results are thus in line with this 
observation. 

The expression of Lacz thus illustrated correctly 
the first part of the tra·nscription of the homeogene 
HOXCS (Hoc-3.l), that is to say in all the tissues of 

30 the caudal regions of embryos of 9. 5 and 10. 5 days 
p.c., and provided new information concerning the mode 

of trahscription of HOXC6 (Hoc-3.1). 
on the other hand, the expression of Lacz was not 

observed in the cervical re9ions of the neural tube of 
35 chimeric embryos of 12. 5 days, nor in the anterior 

ii1ii1i1ur 
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region of embryos of 10.5 days; this was not the result 
· expected from studies of hybridization in situ. The 
ulterior phase. of transcription of HOXCS (Hoc-J.1) 
observed from day 10.5 in the very localized zit:ines of 

5 the neural tube we1:e not made evident by the activity 

oi' 13-Gal. A poss.ible explanation for ·this result coul~. 

be that, even though the expression of Lacz was under 
the control of the promoter HOXCS (Hoc-3 .1), the 3 • 
sequences of HOXCB (Hoc-3.l) are absent in the reporter 

10 gene. It is possible that the 3 1 sequences or the AUG 
initiation codon of HOXCS (Hoc-3.l) have an influence 
on the late expression of HOXC8 (Hoc-3.1) in the 
anterior domain. An effect of Hgene dosing" could 
also explain this result. Auto-activation of several 

15 homeogenes or ,Drosophil~ was demonstrated qenetically 

or suggested by the formation of complexes between the 
DNA and the proteins of the homeoboxes. 

If the late component of transcription of HOXC8 
(Hoc-3.1) in the neural tube is maintained by a similar 

20 mechanism, the inactivation of an allele could have a 
dominating effect in the cells of the neural eotoderm. 
Since one allele only would produce the protein HOXCS 
(Hoc-3.l), the signal of activation would be diluted on 
the two promoters. The reduction of auto-inactivation 

25 in the two loci could thus lead to a total interruption 
of the transcription initiation. This could explain why 
no expression of Lacz was detected in the cervical 
region of the neural tube.of embryos of 10.5 and 12.5 

ciays .. 

30 V - Rassage of the modification into the qerin eel].. 
line: production of transgenic animal~ 

The effects in Fi and in F2 . of the ltlodification 
brought by targeted insertion wore observed after 
reproduction of the· chimeric animals. Passage of the 

35 modification into the germ cell line was observed. 
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l. Transgenic or chimeric animal comprising cells 
whose genome compri~es: · 

. . 
- a heterologo\1s DNA, called inso.rtion DNA, and· 

being constituted by the totality of a gene or by a 

5 part of a gene J 

- the insertion DNA beinq positioned in the 
genome in relationship to an endogenous gene, called 
the receiver gene, comprising a comtJlementary DNA, in 

such a way that the insertion DNA or the complementary 
10 DN~ is rendered functional, or its functioning is 

rendered more efficient due to the association of the 
insertion DNA and the complementary DNA. 

2. Animal according to claim 1 1 characterized in 
that the insertion DNA contains either a coding 

15 sequence, whose expression takes place under the 
control of regulatory sequencos of the receiver qene, 
or a regulatory sequence permitting the expression of a 
coding. sequence-of the receiver gene. 

3. Animal according to claim 2, characterized in 
20 that the insertion DNA is constituted by a coding 

sequence other than the coding sequence of a gene 
codinq for a selection agent. 

4. Animal according to claim l, characterized in 
that the insert.ion DNA comprises the totality of a 

25 gene. 
5. Animal as claimed in any one of the preceding 

claims characterized in that the receiver qene is a 
gene which nonnally is not transcribed in -the cell. 

6. Animal as claimed· in ~ny one of the preceding 
30 claims characterized in that the. receiver gene is 

inactivated fol lowinq the insertion of th~ insertlon 
DNA, the expression of the insertion DNA substitutinq 
that of the receiver.gene. 
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7. Animal as claimed in any one of the preceding 
claims characterized in that the insertion DNA replaces 
a part of the receiver gene. 

8. Animal as claimed in any one of the p~ecedinq 
5 claims characterized in that the receiver gene ls, 

apart from the presence of ·the insertion DNA, in its· 
natural qenetic environment. 

9. Animal as claimed in any one of the preceding 
claims characterized in that the genome contains, 

10 adjacent to the insertion DNJ\, a so-called 
·'intercalated" sequence comprising for example a 
sequence coding for a selection agent with a promoter 
authorizing tho expression of the aqent of selection, 
or a marker. 

15 10. ~rans9enic animal in which a single copy of a 
gene which is present in the qenomc in at least two 
copies, has boen inactivated by the insertion of a gene 
which is different from the inactivated gene, the 
insertion gene being inserted in a position which 

20 permits the expression of this gone under the control 
of regulatory sequences· of the inactivated endogenous 
~enc. 

25 

11. Animal a~ claimed in any ona of the preceding 
olaims utilized for a genetic marking. 

12. Process for screening pharmaceutical products 
presumed to have an activity with regard to expression 
pX"oducts of a patholoqical gene linked to a disease, 
characteri?.ed by the administration of the product to a 
·transgenic animal according to any one of the olaims 1 

30 . to 11, the insertion DNA being constituted by the 
pathological qene or.a ~ragment of it .. 

13. · ·Nucleic ·acid obtained from the homologous 
recombination between an insertion . DNA and a receiver 
gene, said nucleic acid comprising: 

tt1iii1iur 
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- an inse~tion DNA, heterologous with respect to 
the receiver gene, the insertion ONA being constituted 
by the totality of a gene or by a part of a·qene; 

- a receiver gene; ~ 

5 the insertion DNA being positioneq in 
relationship· to the receiver qene compriAing a 
complementary ONA in such a way that the insertion DNA 
or the complementary DNA is rendered functional, o~ its 
functioning is rendered more etf ioient due to the 

10 association of the insertion DNA and the complementary 
DNA. 

14. Cell of a transgenic animal as claimed in any 
one of claims 1 to 10. 

15. Cell line issuing from a transgenic animal as 
15 claimed in any one of claims 1 to 10. 


