WD.01/ 29208 PCT/ EPO0O/ 10162 1 Conditional Gene Trapping Construct for the
Di sruption of Genes The present invention relates to a gene trapping
construct wwebi/m2sses conditional nutations in genes, amdTiEP6/ie362 Of this
gene trapping construct to nutationallly inactivate all cellular genes. In
addition the invention relates to a cell, preferably a manmal.i an cel

whi ch contains the above nentioned construct. "~ Mreover, the invention
relates to the use of said cell for -identification and/or isolation of
genes and for the creation of transgenic organisnms to study gene function

at various dogndifiohal Gent PEFping CnEtraat fdiahiDisruptioncéngengson, the -

present invention provides a process which enables a tenporally and/or

spatially restricted inactivation of all genes that constitute a living
or gani sm TiBaciigsenindnysintione relatesttoon BenestrpPipgaconstaude whichndangesiesi s
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been cr eaﬁt@dtlwyatwagou%dnwdplgwntdrﬂlagﬂs. linclading dhe tagint. Imeobtiusion) tiaxe

ot ai | 60 PRl o) PR racet I o B o0 SnEfr Spadly o
physi cal regﬂ-f:g{?‘? c?:«xatéoan ngigﬁﬁe%H5Pn%f%8J¥Wg qrgan 'Fm‘getl ng. vector
containing the gene of interest needs to be transduced- into ES cells to

i sol at e nBaASKGrdundoPASs Invenbiopnh a normal allele.is replaced by. a nutant
al | el e by honol ogous reconbinati on (Capecchi'.1989). Overall, the.

generation of nutant nouse strains by -this procedure is time consuning,
| abor i ntkavssome yegiscliasgeted andtageapsis in datipeient mnsisetembryonicasteire (B8) y one

?:peeﬁt ntrftﬂist ha® Heenl used aed uﬁfdtﬁlﬁt@?enébtﬁbrr' Whicie eRhet nse@f&d&@% fvgﬁ%/el gene
m)uge - nﬁqvgﬂ?@le Eé%ﬁ%ﬂﬂ%f‘?‘% Pb%ﬁ'&u?%"% @?ﬁ?z%émtr%?s gen"@gﬁgﬁn!?‘?%él
conpl et e t@rgatings sTreads rint gaoetigs, LodPar V& K&98MctSinea & gellw dan phss cell's
and ti ssupgtdtidheUsd@iéd ihivigo to transgenic offspring in vivo it is possible to analyze
the consequences of gene disruption in the context of the entire organism. Thus,
numerous mouse strains with functionally inactivated genes (“knock out mice")
~ have been created by this technology.and utilized to study the biological function
of a variety of genes.. However, targeted mutagenesis requires detailed
knowledge of gene structure and organization as well as its physical isolation in a
cloning vector. Moreover, the targeting vector containing the gene of interest
. needs to be transduced.into ES cells to isolate mutant ES clones in_which a
normal allele is replaced by a mutant allele by homologous recombination
(Capecchi .1989). Overall, the. generation of mutant mouse strains by this
procedure is time consuming, (abor Intensive, expensive and inefficient because it
can handle only one gene at the time (Koller and Smithies, Altering genes in
animals by gene targeting. Ann. Rev. Immunol. 10, 705 - 730 (1992)). More
importantly, mouse -mutants created by this procedure (also known as
“conventional, complete or classical mutants®), contain the inactivated gene in all
cells and tissues throughout life.
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CONFI RVATI ON COPY WD 01/ 29208 PCT/ EPOQ 10162 2 A refined nethod of,
targeted mutagenesis, referred to as conditional mutagenesis, enploys a
site specwd(ﬁlzgmonbl nation system (e.g. Cre/loxP or FRiquiErbieicSauer and
Hender son, Site-specific reconbinati@n in manmalian cells.by the Ce
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pr obl ey ARG NEdsCshd isbues! 8f FfHcPWiseWidiE @Rpieised genes. Moreover, it
enables the analysis of gene function in the adult organism by circumventing
embryonic lethality which is frequently the consequence of gene inactivation. For
pharmaceutical research, aiming to validate the utility of genes and- their
products as targets for drug.development, inducible -mutations provide .an
excellent genetic tool. However, as is the case for conventional mufants, the
generation of conditional mutants is a.time. consuming and labor intensive -
_procedure which must be berformed individually for every gene.

To address some of the problems encountered with' targeted -mutagenesis,
several types of vectors referred to as “gene traps" have been developed that
insert a promoterless reporter gene into mostly random chromosomal sites,
including transcriptionally active regions (reviewed in Hill and Wurst, Mutagenic.
strategies to dissect mammalian-development Curr. Topics. Dev,. Biol. 28, 181-
206 (1993); .Gossler and Zachgo, Gene and enhancer trap screens in ES cell .
chimaeras, -in:- Gene targeting - a practical approach (A.L. Joyner, Ed.), Oxford
University Press, Oxford (1993)). Integrations into the exons. (exon traps) or



several types of vectors referred to as "gene traps" have been devel oped
that' insert a pronoterless reporter gene into nostly random chronosonal
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gene expr Skarnen,etaald A gene trap approach in mouse embryonic stem cells: the lacZ
reporter is -activated by splicing, reflects endogenous gene expression, and is
mutagenic in mice, Genes Dev. 6, 903-918 (1992); von Melchner et al., Selective
disruption of genes expressed in totipotent embryonal stem cells, Genes & Dev 6,
919-927 (1992)). Mouse mutants obtained with this technology often develop a
“oss of function phenotype®™ "‘which' sometimés will disclose the . biological
significance of a particular gene (Evans et al., Gene trapping and -functional -
genomics, Trends in Genetics, 13, 370 - 374 (1997)). However, all the above
gene traps" induce an irreversible inactivation of their target. Consequently, a
mouse mutant generated from an ES cell clone, is not different from a knock-out
mouse obtained by conventional gene targetting.

Recently WO 99/50426 described conditional mutagenesis by utilizing a gene trap
cassette capable of producing mutations (genome rearrangements) that can be
switched on and off temporarily. These gene trap cassettes comprise suitably
_arranged frt or loxP recombinase sites, which - when exposed to Flp or Cre,



mut agenic in mce, CGenes Dev. 6, 903-918 (1992); von Meichner et al.,
Sel ective disruption of genes expressed in totipotent enbryonal stem
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on one siJ the 1 nvert
?i c{ step a gene trap vector aving a ﬁmctlonal gene %ranﬁeﬂy ()4 S|tes in the

same direction) is integrated into an endogenous gene In a second step the
functional gene Is replaces wuth a second functtonal gene by Cre-mediated
- recombination/integration.

In addltlon to the above Cre/mutant loxP. system lt was assumed in the-
,references below that recombinases which normally recognize nonidentical RRSs,
such as the phage derived integrases of the integrase (Nunes-Diiby et al.,
Nucleic Acid Res. 26, 391 - 406 (1998)) or resolvase (Thorpe et al., Proc. Natl.
Acad. Sci. USA 95, 5505 - 5510 (1998)) family of recombtnases, may be used for
unidirectional inversion.

Among the phage derived mtegrases, the phage x-encoded integrase (x—lnt) is

the most extensively characterised system (for revnews, see: Craig, Annu. Rev.

Genet., 22, 77-105 (1988); Landy, Annu. Rev. Biochem, 58, 913-949 (1989);
_ Landy, Curr. Op. Genet. Dev., 3, 699-707 (1993); Sadowsky, FASEB J., 7, 9-17.



of. loxP.sites is less efficiently recognised by the Cre-reconbinase, the
inversion is nostly unidirectional. The. above | ox66/| o0x71 systemis
utilized bywHopkdoet al. 'Cell. Mol. Biol. 45(5), 737-75twekeb/y1d099) In a
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in the ba egl’l Egl? §F' %T?EO'H]"E! %g‘%@f‘ ’}g”‘spac%g%ﬁ%é ﬁ?@"’ ﬁé ﬁﬁi‘?}%l ecul e
in the smomblrauloatlfthe Xis protsin impresent etgeat—]rmlsysmheis urtidirectiunad) irbidé
segenent deleted fromthe parental nolecule. In contrast to e.g. the

s
| oxP/ Cre %tﬁfﬂ“é‘?n attP and attB sites are nonidentical but share sone

sequence Thignihet y-Int siybtena-reqlirés nHe NP atcess@yi proteif §186 YfoRdntugiraeve Of
recogniti on seguences fl anki n?ﬁ}stshe core region serves as binding sites for

the accd€Sompietioperorapliqates s bigtechnologigeh rrpicatipmin weammadani ¢rllsi.on
bet ween ajpwelerPtRd List! bB IPIFt MidePBndd@W RiutAf AIIRE TBAMSHES BBéh Glkéntly ©

generated. Since these -sites are only reconbined again. back to an
att P/ at t Blesatibed iy huengells (Lorbachrst ﬁhﬂ diioli Biol.nRO6Ki 179 b8 RAQO)Yr esent ,

the X-1ntp, éb?{bﬁ%\: k5 adfHed %@ftﬁeegpéée J)f'tHet ?hafé%&@i G(heﬂgiﬁéftélh&l ThBthdystem

requires th accessory protein | ntegrati
. been characterised to recombine a pair of the respectlve attP/attB sites without

the need for accessory proteins (Thorpe and Smith, Proc. Natl. Acad. Sci. USA
95, 5505 - 5510 (1998)). C31-Int AttP/attB recombination leads to an integrative
reaction if the two sites are placed on different molecules or to a deletion of the
intervening DNA if the sites are present on the same DNA molecule in the same
orientation as used for -integration. Since the product of the recomb'ination,' a
pair of attL/attR sites, is not recombined any more by C31-Int alone. (Thorpe and
Smith, Proc. Natl. Acad. Sci. USA 95, 5505 - 5510 (1998)), the reaction is
unidirectional. C31-Int has been used in human cells for the integration and
deletion of DNA molecules in human cells (Groth et al.; Proc. Natl. Acad. Sci. 97,
5995-6000 (2000)). '

Summary of the Invention

The -object to be solved by the invention of the present application is the
. provision of a gene trap system that does not show the above drawbacks and



reconbi nati on conplicates its biotechnol ogical application In mamal,ian
cells;, however, the use of |HF |Independent nmutant ?.-Int forns has been
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typi cal egr at IMto an intron interfering wt ene
functi orW tpbmrsse§cau fuactional o PN, segragat insgitedyinga mmaoeyeer fnan--

r econbi NGRS YREdICIA Slnst UK bAfisdhR difittioR reldtfve! t41eAd GinelBY blke

condi tional gene target| ng, the strat egéél s not limted nown genes and"

can be WeRRedy oS sfunstional %egegmel'g{: g0 flanked a’?hd/‘a\fO é’ﬁﬁ?m&"’la}e |
restri cti@eogMfos 'sequbicd’’ W@ha&@YﬂSﬁnwﬁiﬂHsarEréBécﬁﬁsto slht@ SpeBfict rappi ng

construcrtecgr%gﬁ‘ bl e of causi ng condi tional nutations in gene

. ase capable of unidirectional inversion of a double stranded DNA
segment; _

(2) a preferred embodiment of the gene trapping construct defined in (1) above,
which comprises two functional DNA segments, ' '

(a) a first DNA 'segment (disruption cassette) being inserted in antisense .
orientation relative to the transcriptional orientation of the gene to b'e trapped
and being flanked by two RRSs which are specific'to a site §peciﬁc recombinase
capable of inverting a double stranded DNA segment, and

(b) a second segment (selection cassette) being positioned in sense
direction relative to the transcnptlonal orientation of the gene to be trapped and
being flanked by two RRSs in the same orientation; '
(3) a cell combrising the gene trapping construct as defined in (1) or (2) above; a
(4) the use of the cell of (3) above for the identification and/or isolation of
genes; |
(5) a process for the generation of conditional mutations in all genes of an

- organism comprising



whi.ch conprises a functional DNA segnent Inserted In a functional or non---
functional manner, in sense or antisense' direction relative to the gene to

be trappedyo gf unctional DNA segnent being flanked b nbi nase
recognition seﬁﬁie%'ces (hereinafter RRSs) whi ch are speC| ﬂmﬁﬁm&ﬁg&te

SPecTLC G RBA P b W Gk BT 2 AR 5
construct defi suiable c(ell) above, which corrprl ses two functlonal

ts, di t.t b ted |
anti sense 0By ; Selehidh, o BRI she e ahatRle & e R AR o e ”gtlBﬁeLf “the
gene to beiit)r ajfendification bandfgr f isalakied b theo geiSsinvikidh theecomthicti (s to a

site specific ¢ capabl e of inverting a double stranded DNA
segnent, and (53&26@38%%d segnent (selection cassette) being positioned in

sense di r(mt i deletiohadfithie selectiog chfmmtthéftfdppeﬂigéhbﬁt i on.. of the g?n)e
to betra | ked. b e sape |entat|on 3) a
cel | corrpr i na-'cful‘fg é’ﬁ% Ft”gt%%a‘ g’?ﬁtﬁ%f’ﬁ%‘?gﬁge &¥ Fﬁ%ﬁ'q"no(me Binctionalapove:
(4) the us!mmteglhent;ell of (3) above for the identification and/or .

| sol ation enes:. (5 r ocess he ner a n of conditional

mut at i ijns (8}] aéﬁ s@&n& ')QF"'éﬁ" °'6qa F%EP( &‘ETE%%Q?CF@H@Q?PNEQQ

PCT/ EPOQ @) GRe uke( off the)starisgahicosh emsm emah@aeptsuggls%tﬁ %\A?]dygﬁgeﬁ@fe i ned
s i |

in (2) abqve.in l e cell selection o
const r uct ?ngl%%r‘&%é’ﬁ VFt?pg‘ed'Eﬂ'é 2 €$i) identification andfor isolation
of . the gene in which the construct Is incorporated, (iv) deletion of the

selectioné& te.fromt ed gene, (v) induction of a nutation in
the trapp °d‘§ S5yt FRféP th_e functional DNA segment; (6) a
transgeni ¢ organi sm obtai nabl e by the rret hod of (5) above; and (7) the use

o e o BRI cEnARRE| SEpaTESs Veltbr' Mdiry genes' Sxpressed fh the targe |

cells. : : :

Fig. 2: Conditional retroviral gene trap vector to modify expressed genes.

Fig. 3: Conditional gene trap vector to modifiy genes independently of their
expression level in the target cells. _

Fig. 4: Conditional retroviral gene trap vector to modify genes independently of
their expression. '

Fig. 5 shows the conditional gene trap vector pRKS?SA-B

Fig. 6 shows a Southern blot analysis of genomic DNA from ‘the gene trap ES. - °
clone GT2. ' :
Fig. 7 shows the test' vector for C31-Int mediated inversion, pRK73, and the
-product of inversion, pRK73-Inv. .

E'g._ shows the structure of the C31-Int expression vector pRK65.

Fig. 9 shows the PCR products generated with the primers P64-1 and P64-3 and

a sequence comparison of the PCR products.

Fig. 10 shows the recombination substrate vectors used for Cre mediated
inversion.



Short Description of Figures Fig. 1: Conditional gene trap vector to nodify
genes expressed in the target <cells. Fig. 2: Conditional retroviral gene

trap vect awobmomedi fy expressed genes. Fig. 3: ConditiopelyegwAeictr ap vect or
to nodifly genes independently of thegr expression- level in the target

celI's. Ipéaited BESEHpLION T thel¥rivéntfn Jene trap vector to nodify. genes
I ndependently of their expression. ft. -S shows the conditional gene trap

vector pRK57SA-p. Fig. 6 shows a Sout hern bl ot anal ysis of genomic DNA from
‘the germet paie Erapping |c‘8H§tr|§E3 d(2? a8 ONérefrlaftel Efdscribe® Gh Fhord OF

C31-1nt nedrated inversion, product of 1nversion,

pRK7 3- | gtaik; g. 8 shows the structure of the C31-Int expression vector
pPRK65. Fig. 9 shows the PCR products generated with the priners P64-1 and
P64-3 and a sequence conparison of the PCR products. Fig. 10 shows the
reconbi T&€i BFEseNbsinvention, arevdss (& cgiter spedifie resemBination; systemi which\o

0112920%nesi£éE£mrﬁmé§mﬁau We%ubﬁdopﬁéﬂe'nﬁéé %ngédt ﬂ§il dieQNedpe gene

trappi ng constructs are hereinafter describ n nore detail:
The pr e SXAMPiy dit ﬂ@h EFQ{W@esfeﬁombM'@nsﬁ&,tﬁmrc it elsori®dipwat ithat stha em Whl ch:

enabl es réébd%thgtnér?%é&}ééh WWSHE | 18RP OfecBGiMitioN Cifes '(@%edsét\?%l aﬁ#}t es. For

exanple, in the Cel P reconbi nation system it is

r econbi ﬁ&@qwﬁ'%ﬁ'ﬁ&ﬂeh’xﬁﬁtm loxgkPAtbertoehaki e ElansJopmaly 7, §491g|%59mt ant
recogni gmsﬁlgee%écg&ﬁﬁvoe@amﬁIgfnététesﬁta §oublé mutdhe fcﬁ tw.k%@a' 7

649 - 95) generates a ant- and a

wi | dt ypdoxP giter(septSEQ &%@%E@ang Nosach anans)sidee@fcthednveﬁed BNéde Sirtce he
| nvert e@h.%mﬁtmen ofi PxPOSRES A5 EsO fﬂc@?ﬂys irb&syriised %3S thE cpbent |y

recogni sed by t Cre- reconbinase, ,the 1nvefsion’s "unidirectional”. A
r econbi ﬁ%ﬁqrﬁhi"é%ftbﬁm‘@mﬂm%mm%’ﬁaﬁ‘" i n-accordance with the present

A recombination system is "unidirectional" in accordance with the present
invention if.a reaction of a site specific recombinase corresponding to the RRSs
within the construct produces the inverted double stranded DNA segment in an
amount of greater 50%, preferably greater 75%, more preferably greater 90%,
relative to the starting double stranded DNA segment. :

Inversion of a functional DNA segment is achieved through flanking RRSs sites
being oriented in op_pos_i,te' orientation. Suitable RRSs in.accordance with the
present invention include, but are not limited to, constructs whereirn the two -
RRSs are selected from mutant loxP sites, mutant frt sites-and AttP/AttB sites, . -- -
.and the site specific recombinase is Cre,. Fip, <I>C31-.Iht or A-Int, respectively.
Preferred RRSs are constructs wherein the two RRSs are single mutant loxP sites,-
preferably a lox66 and a lox71 site (SEQ ID NOs:2 and 3) or an AttP and an AttB
site of ® C31 as shown in Fig. 7, and the site specific recombinase is Cre or ®

© C31, respectively.

In a preferred embodiment of the invention the functional DNA segment of the
contsruct (1) further comprises one or more of the following functional elements:
. splice acceptor, splice donor,  internal ribosomal entry site (IRES),



Invention if. a reaction of a site spedfi.c reconbi nase corresponding to
the RRSs w thin the construct produces the inverted double stranded DNA
segnent in gpn2ément of greater 50% preferably greater ¥ergpoiBé6:
preferably great er 90% relative to the starti ng doubl e stranded DNA

SReR%gegltteégwg g or| ésgge%{lﬁﬁ os% %gﬁ'[é; [Son. B‘eﬁ"gﬂﬂ L gﬂ%nclea”k' ng

i n.-accor damc@nw a Igenba:odmgeﬁqrna furthensite rspedfic iréeombinaser Suitablel spliceed t o,

constr uct : | gct es,
mut ant fr é‘g‘%q %%Qg%t%/%t slf'ﬁftgd 1, g%dg Jor %Wéggﬁél% r Léﬁ?ﬁi nase
is Cre,. Bf pxxmfzﬁhd:wn mDSEQllmNQ Iesqntahle dehgrs ln@udé,ehuteni'emﬁmﬁted to, '

o Toxoo alf S6¢Eais e L ice Bt ARCIRE gk, e v RplRd” 3712

of M C31 &y thabwifi the EEIl\g virts showvrt ire SEQt ID N8, fand suitabidipobyadenglatioe or (D

C31, respeg tivel en n.the

Funet | onaPSayekEes gre ke Bebefie™iatity SREGECPENs B e PousFhbBl nbrBoRs nore
of the fo(bpA) eraxhbtiskkéwoiraSEQIIENNOtS.. splice acceptor, splice donor, -
internal ribosomal entry site (IRES), WD 01/29208 PCT/ EPOO’ 10162 9

pol yadenyl ati on sequence, a gene coding' -for a reporter protein, a

resi st ancsuitgsiecreporten genes incdde,gbhio are nbt Ninfiited scb t E. sple@-balactosiiegli nase.

Suitable spli eptors include, but_are not |im.ted to,
Senovi rubses, SE 18 WO S ke M0tk 0rSs R portbiné e ¢ Giand
sui t abl e Hamehsplatehtalosikaline plaosphatdsel cnmp)aosurtable rémstademgenesrmcﬁmeon 1

| dop S | ud tp, t th
M vi 1 us Do 19 Ented Bona B redtendibesoBljcn offee SRR o5 ar e
the pol yaneng) and bpgrinieins Syitablecfusther [{sedond) site Gpeuifib récombingse ARPAll or

h h S NOL 6., S but t
S B Y g i e PR ™

| uci f er aseonstiu¢erescent ‘porteins (e.g.. G-P) and -human placental alkaline
phosphatase’ (PLAP). Suitable resistance genes include, but are not
lim ted to, neom cin phosphotransferase, purimcin (see SEQ D N®& 9) and

hygrom ci tn aSHirtd! @—eferréa‘r@md&menﬁl)of&héeprém fnvent‘mqrrblmuat g1yl |

reconbi naﬁ_,elgh whi ch do not int erferﬁ with the R'ﬁ off ?&ene trapﬁr ng:

constructf er compnses a selection DNA segment suitable for selecting for gehe
having an incorporated gene trapping construct, said selection DNA segment

. comprising a reporter .or resistance gene and flanking recombinase recognition
sites in same orientation. Suitable resistance genes are those mentioned above,
provided, however, that they do not interfere with the resistance gene of the -
functional ‘DNA .- segment.. Suitable recombinase recognition sites 'in same
orientation include, but are not limited to, loxP and-mutants thereof (see.SEQ ID. |
NOs:5, 2 and 3), fRT and mutants thereof (see SEQ ID..NO:7), provided,
however, that these RRSs do not interfere with the RRSs of the functional

segment. - ‘ '

The activation mechanism of a conditional-gene trap is based on the ability of a
site specific recombinase (e.g. Cre or Flp) to invert a double stranded DNA
segment flanked by two RRSs (e:g. loxP or frt) inserted in opposite orientations
(Abremski et al., Cell, 32, 1301 - 1311 (1983); Hamilton et al., J. Mol. Biol., 178,
. 481 - 486 (1984); Albert et al., The Plant Journal, 7, 649 - 659 (1995); Vetter et



In a further preferred enbodinment of the present invention the construct.
(1) further conprises a selection DNA segnent suitable for selecting for

genes hawgw/emsi ncor porated gene trapping construct, REVEPWENIECti on DNA
segnent conprising a reporter.or regdstance gene and fl anki ng reconbi nase

recogni tg OPro& i NAE Adhds BB USALBOATRSS - P88 TbE3))EY Bisns as@bNeshar e t hose

nment i oned above rovi ded, however, that the dct_l-not i’_FetJerfe e wth the
n§h B

p ]
resi st arfOBtEYErRl 8 9eMR tran, YeCtdn Seauesee elem at igtgrfes| Withc88A®i nase
r ecogni telxpressiohe.d.sphiedBites) potyddenyREioh Bignatk), callbie ffse inteitediintd &6l t O,
| oxP. and- nuytants t_hereof,ésee. EQID. .  NGs:5, 2 and_.3), fRT and nutants
t her eof MEYR IRE) PREiseQRsegire %Pﬁvfeiitg,e 19, fhg. Bene. By residing onthgs NGB ot
i nt er f exganstiibed DRARRRIND) thédicelbmpntd Willhot IARGTEEwith gditetransdriptionon
nmechani sm of a tonditional -gene trap is baéﬁd on" t he abi |l |_t%§gf a site
speci f i Wheneygbiatawberevep a gepefispplipn; i§ esd, Igversion is iduead by DA

segnent gkbriskmg th¥ dppPopridtesité Specifit PecBnfbindgel) i nserted- in opposite
orientations Abrenski et al., Cell, 32, 1301'- 1311 (1983); Hamlton et
al., 3. Mol. Biol., 178, 481 - 486 (1984); Al bert et al., The Pl ant

Jour nal hé, pRbéred GyBes I8t98peratibh t With elespbetOtd AR OMVERTIIH-RFEY gladdid 10 al .,
Proc. Natl. Acad. Sci. USA, 80, 7284 - 7288 é1983§. [f this |s used in the

cont ext (BiguEes L Rnse3) oxprefiaviral veators, EFigwres) 2A0G: 4 whigh £ap selest dory th gene
expr essijpRgfaliols ife) ihBANS] $QecticPlsyted \WntheOaxfibskion 6 aGaporkér férst

inserted into an intron in an antisense dtfrectio rel%:e ve to _the gene. By

r esi di ngh@reaHies, sither an ActiYe pallvianprogatemexpressed gepg Qures (1) antht

interfeng Wyt htaENCadduidiBen | IF 08. eVNLYRPBES OfraNdteipEYRdl atdfiifatidrPr Uption
I's desired, Inversion is induced by, expressing the appropriate site

speci f i €Pplyedanyiationd sionab (Fgures 3 avd pes of operation with respect to the
I nvention are plasmd (Figures 1 and 3) or retroviral. vectors (Figures 2
and 4) which can select for integrations into introns. Selection i's based

on the dhpmsinsinghelements of gronditionahgens frap vestnr of ambadiments;tl)and ve

cel lul agzPB@BﬁE fHvenBBAMASE SElcBBNRE intebidiohe Snfo aRstessad Péné_shsreaggta si'tion
of a endogenous transcriptional termnation (,po" adeniﬂﬁt I on) si gnal

(Fi gur esonditippal gene disruption; ¢asseite, eantaipitasa & splice ity (sRllcgIacgepiors 1 ap
vector efa. esdeodiEEd NOM) andl a pdlyadbnyifGon BequénceN (FdA; Seé sSE@ 1Dor
' neegr atNIOC;2§ fiarrlrtkgd el)n(\l/o rtSvSés E&IS e(rlll?lssﬁrgf gl gitea specific recombinase (recl) in
- opposite orientation, and (ii) a selection cassette containing a reporter or
selectable marker gene flanked by an upstream SA- and a downstream polyA-
sité. The selection cassette is flanked by two RRSs (RRS2)-in sare orientation -
which are recognized by second recombinase (rec2) and is in opposite drientation .
to the gene disruption éassette (Figures 1 and 3). Selection for gene expression
yields recombinants in which. the reporter gene is fused to the regulatory
elements of an-endogenous gene. Transcripts generated by these fusions encode
for a truncated cellufar protein -which has lost its normal. function. Since selection
- for a gene trap event relies on the expression of the selection cassette which is
by itself mutagenic, it needs to be removed to-recreate .gene function. This is
achieved by expressing réec2 in recombinants selected for gene trap integrations.
In a favoured operational process the conditional gene trap is transduced into ES
cells. After selecting for integrations into the introns of expressed genes, rec2 is

_ transiently expressed in individual clones to deléte the selection cassette to



condi tional gene disruption cassette, containing. a 3' splice site (splice
acceptor; SA; see SEQID -NO 1) and a polyadenyl ation sequence (polyA see
SEQ I D NO @b dihapked by two RRSs (RRSl) of a site specifrpcr/ERDams2 nase
(reci) in opposite orientati on and (ijy) a selection cassette containing a

reporter !w?

downst reag’éspt):g'l%ehgﬁé %P'l'&'dme se ect [ %E@Qégg? ﬁ%é"ﬁﬂgf IS%’HDeﬁé dl@ﬂ%&%n
(RRS2) i n sassetter avenused do crestectransgenie capsezsiins S@dbmbusec@tmmam
(rec2).an SJ ' ' W e

(Fi gures grdéga 3?%ggléé@? ?%#ge?,g oqfsbgs%gaiéé;té &?&%gn%ﬁwﬁ%g%g@g H@s I'n
whi ch. t hwhee@otl'teerge@endidreptlémsmsettet ise re\eqaeditt;r yts ghetagenic dkense)
-endogenogg ﬁ%g% Transcri pts-generated by these fusions encode for a

t runcat ed°ce L protein.-which has lost Its normal. function. Since
selection- for a gene trap event relies on the expression of the selection

gene { unchParfurier prFereRsmatiihaRg e inebuBR 3¥uiSs BRohGBHE abdle k86 ' ©

sel gct ed irectogehet seleptsi for dgtegrations. intd ratlagérmsotl‘hsdlsmmmwedoh\alreptam';gss t he
ot ear at | B St 2R el oriafar SyieRn Balele pf ksl A kit o)’

expr essedannupstebam deomistitutivee prorhoter daidette & dowsstreatn Grsplies ssite QspltteV\D

01/ 29208 PCT/ 0162 Th
cont ai ni n i&g rgwiea ﬁgéiuﬁﬁ?rﬁﬁ%&é ng[g?g:"xageésglobg%ésag L%??g;em c
nouse str s ﬂ&peﬁd&ﬁtd mmt atqu.ﬁsntien acﬁfe??cemmd_ ous- mﬁ'ﬁ;dheaytatms (sjqammnie_se
t t trapsgeni,c .of f spri ere the gene di sruption
Cheaette. PR GieE BY dpcbd SREHE kot Ehicel wodhE RnivBR sl St ot iR o
preferr edtzﬁ'g‘et)gene.nsmtél ¢he predess (lmdﬂvav bql&'ﬁcmst%l]mﬂd pthﬁg,esmwaforvect or
is is achieye

t hat selectsfor teqrations.into

repl aci ng ene &ran é&@ﬂ%m&ﬁ h@dSP?Q)‘?%I °fg§qr88'f i965R® FPLENY" ?%p%‘ﬁ er -
gene t hat otiwerf corriitidrial geneurap, aafavomresl opmﬁgaalppmsms it:sctrhnsduc)tlon
downstream 5' splice si lice nor Zanbrow cz, et al., 1998

(Fi gures 5‘3@0 aB@p‘&‘Ssq(ﬁ"%FFt!ﬂn? Egﬂé Oysestralng: jependent on the
acqui sition of an endogenous polyadenylatlon sequence which occurs by

lici f th | ectiQn cassette to the donwstream exon rget
e & Bhus. i 2 Prreted Rrnbhdoint By BreSent FIVELEPS BrYdsA e A canidebalon f or

gene t r apgeid e&ppiriddBondteuck RSRIREAE FOF inthgiAtionelinGr 8RpIR¥SEE §ENEH. Tn\Ealdl t h
e

construct the functional DNA segment preferably comprises a splice acceptor and
a polyadenylation sequence. flanked by two RRSs of a first site specific
recombinase capable of of unidirectional inversion of a double stranded DNA
segment as defined above.  Said construct further comprises a sele¢tion DNA
segment (selection cassette) which comprises a reporter or selectable marker
.gene flanked by én upstream splice acceptor sequence and a downstream
polyadenylation sequence, said selection cassette being flanked by two
conventional RRSs of a second site specific recombinase in same orientation.
As a further preferred embodiment the present invention provides for a
conditional -gene trapping construct: selecting for integrations into all genes. In -
said construct the functional DNA segment comprises -a splice. acceptor and a
polyadenylation sequence flanked by two RRSs of a first site specific recombinase
capable of of unidirectional inversion of a double stranded DNA segment as . -
. defined above. Said constuct further comprises a selection DNA segment



ot her conditional gene trap, a favoured operational process Is its .,
transduction into ES cells and the generation. of nutant nouse strains.
Thus, as @ougémered enbodi nent the present invention ROIEPAE®II620r a
conditional gene trapping construct jgelecting for integrations into

expr ess ggelg&;&gf cadsdyrS R whict? ESRFES a Irbortein sigdhbleVaAREGYRe Msed ef abl y

conpris I'ce acteptor an a pol'yadenyl ati on sequence . fl anked by
two RRS$oan upstrearn constitutivedirpmeter and arievinrstreamy spliee denesi sithiid ect i onal

i nversi Quofiod doulhe %@f@ﬂ%wbgse\ggenhsgsoﬂeéi secdhrabane. sp&afid

construct turther conpris€s a selection DNA segment (selection cassette)
whi ch coepombiesseaiin sgroe veentatiofe| ect abl e marker . .gene fl anked by an

upst r ea, 3l AfratEs RnlodhREHEIHE RESL o (HR/SKEbRE B paLiNi deahBinasd

sequenc sal U Sel ection cassette belng anked by conventi onal RRSs
of a seanaylbeiany copventional RRS ptavidesde, howevarethatiteyde: nefintesterg with ¢ her

- pr ef ergﬁgi@?%(;itg?ﬁhttég%@wé@; I nvention provides for a conditional

gene tr construct- ecting for integrations into all genes. In
said 'construct the functional DNA segnent conprises -a splice. acceptor

and a__ RolY 0P RY e MHotinS (8] 6F the HVehitioRYcdn'Be BRSBardl By Icohvéntidriaf

speci fi | Nnase capa directional inversion of a double

st r andedné@iads éwieding akectrapoiation arivetreviraldnfgctiomst uct further conprises a
sel ection DNA segnment WO 01/ 29208 PCT/ EPOO/ 10162 12 (sel ection cassette)
whi ch conprises a reporter or selectable nmarker gene fused to _an_upstream
const i t Uhi & prefemedtembeditheat wfwhe tpreesss (5D iaf dha dAventian the guitationsd ect i on
cassette, bei £ by,, t WO ! findss | pReoF furidirdtfgraii nase
in sane 55% e&?a‘?i %ﬁg&gﬂ %%.%6@5? ?ér?‘icdqg odesantésa%?he RRSs 01[ t he second
si te spdnvdrsionrofdbediinciional BNA dfshegpne Siapeingdi RSHURRINGRIPERRSAS) however ,
that tey of i r ' Ried MackiVatidn bE@RNdEHE3SHat The cel |
of erTbO(ﬁuﬂigPuitrLl %g)tgéﬁofﬁﬂsiéﬁ\%ﬁri F%%?aclzlglr?%gter per epar e{d byn convre@;ﬁ | onal “ met hods
i ncl udi rynstitete @olingtorganism anrd fervpreRbring teansgemic Mammals.cwaereln in

erbod: mehls ) ohd'BeRE BBPR BhsBlel Bidaariges BenmuLall on. In step (v) 1S

ef fect ed € Spe c reconbl nase capabl e of unidiretional inversion
of the functional DNA of the gene trapping construct. The process (5) is

Zgintegb lt ﬁl‘ (0 boVE FREES! oks SAHE Bhe FolRIMIRY Advantiges! dveP CurrBAEtdchAblogy: of al |
(i) mutations are inducible in prespecified cells and. tissues and during
prespecified time intervals;
(i)  mutations can be induced in all genes, including those for which cloned
. sequences are not available; :
(). the functional analysis of the- mutant genes in appropriate organisms is

relatively fast and cheap.
The appended figures further explain the present invention:

Figure 1 shows a favoured operational form of the process relating to a
conditional gene trap transduced by elé_ctroporation to capture expressed genes.
A: Target gene after insertion of a conditional gene trap vector into an intron of
an expressed gene. In transcripts initiating at the target gene’s promoter the
LacZ- and the puromycin resistance genes (selection cassette) are fused to the



constitute a living organismand for preparing transgenic mammals, wherein

in step (lI) the gene trapping construct is installed in an ES cell. The
above procesgo pemagsses the-follow ng advant ages over cur peiieph@Rli¢eo! 0gy:

(1) mutations are inducible . in prespqgified cells and tissues and during
|

et bai ngUPrEeReldAsihy e posketB e, THE c0dh, Rt Hhfngfhubhes 8RS o

functi onatargetiggses of the- nutant genes in appropriate organisns is

lativel ¥.f h . end fi s furt.her explain the present
nvent | ont: MREIIET 1SRG £LP ToARRER BienarbERE AR bpSihe pelsin
rel ating bf)sequemrasliﬂhhkedibygbeattrequrEM@'nsi?eB:wtii_cbynd?@the)fﬂﬂroeté&gpﬁtqa I
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conditional gene trap transduced by retroviruses to capture expressed genes.

A: Retroviral plasmid vector. : )

B. Target gene after insertion of a conditional gene trap provirus into an intron of-
an expressed gene. Virus replication and LTR mediated duplication places the
gene disruption cassette in U3 between mutant loxP sites in both 5 and 3’
proviral LTRs. Moreover, it places the selection cassette inserted into thé body. of .
the virus between two fit sites. Transcripts initiating in the cellular promoter are
-Spliced to the selection cassette by-an upstream splice acceptor site. This fusion.
disrupts and inactivates the target gene.

C: Modified allele after FLP mediated excision of all proviral sequences placed. -
between the frt sites. This restores gene function and leaves only one copy of
gene disruption cassette behind.

D: Target gene after Cre mediated inversion of the loxP flanked gene trap
elements, LTR inversion positions the gene disruption cassette into a mutagenic .
sense orientation.



Figure 2 shows a favoured operational formof, the process relating. to a.
condi tional gene trap transduced by retroviruses to capture expressed
genes. A wesdwgrai plasmd vector. B. Target gene aftec/Ersensz on of a
conditional gene trap provirus into gp intron of an expressed gene. Virus
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C: Target gene after Cre mediated inversion of the gene disruption cassette

which causes the mutation.

SA: splice acceptor signal sequence; SD: splice donor signal sequence; pA:
polyadenylation sequenée; lacZ: beta-Galactosidase; puro: puromycin resistam_:e
gene; filled rectangles: exons; filled triangles: loxP recognition sites, loxP:
wildtype loxP site, lox66: single mutant lox site, lox71: single mutant lox site; lox
66/71: double mutant lox site; shaded triangles: FRT recognition sites (frt); thick
.continuous lines: mRNA transcripts; thin continuous lines: intron; thin stippled
lines: recombinase mediated deletion or inversion between lox or FRT sites. Cre:
Cre recombinase; FLP: FLP recombinase. Ires: Internal ribosomal entry site; pgk:

phosphoglyceratekinase promoter.

Figure 4 shows a favoured operational form eof the process  relating to a
conditional gene trap transduced by retroviruses to capture all genes.
A: Retroviral plasmid vector



B: Mdified allele after FLP mediated del étion of the selection cassette

which restores gene function. C Target gene after Cre nediated inversion
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e gene 18T Jone Femiel feasataly & fbhlguR Eoon of the retroviral LTR, RS
repetitive region of the retroviral LTR, US = 5’ unique region of the retroviral LTR,

SA = splice acceptor sighal sequence; SD = splice donor sequence; pA =

polyadenylation sequence; Puro = puromycin resistance gene; Ix = loxP
recognition sites; frt = Flp recognition sites;. thin continuous lines = intron; thin
stippled lines. =. sequences excised by mRNA .processing; pgk = _
phosphoglyceratekinase promoter; arrows indicate the direction of transcript
elongation. |
Figur;e 5 shows the conditional gene trap vector pRKS7S_A-j_3 o
A: Original configuration of the conditional gene trap vector after insertion into an
intron of .an expressed gene. In transcripts . initiating at the target gene’s
promoter the B-geo gene is fused to .the upstream exons by a splice acceptor
site. The.fusion disrupts and inactivates the target gene. The splice acceptor - B-
geo cassette is flanked by two mutant lox sites in opposite orientation. The arrow
indicates the-trancriptional direction of the B-geo gene. '
B: Conditional gene trap vector after Cre mediated inversion of the lox flanked
- gene trap elements (gene disruption cassette). Gene trap inversion positions the



sense orientation. LTR = long termnal repeat, U3 = 3' unique region of the
retroviral LTR, R = repetitive region. of the retroviral LTR U5 =5

uni que regys@sst he retroviral LTR, SA = splice acceppowEmdgiad sSequence;
SD = spli ce donor sequence pA polyadenyl ation sequence; Puro = puronycin
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Figure 7 shows the test vector for C31-Int mediated inversion, pRK73, and the
product of inversion, pRK73-Inv. '

A: Plasmid pRK73 contains the 1.1 kb cassette of the coding region of the
puromycin resistance gene and ‘a polyadenylation signal, which is flanked 5" by’
the 84 bp attB and 3° by the 84 bp attP recognition site of C31-Int. These attB
and attP sites are oriented in opposite to -each other(thick black arrows), as
compared to the orientation of attB and attP before the integration of the phiC31
phage into the bacterial' genomé. In addition, the cassette is flanked by two Cre
recombinasé recognition ‘(loxP) sites in opposite orientation to each other. For
better orientation the half sites of the att sequences are labelled by a direction’
(thin arrow) and numbered 1-4. The 3 bp sequence within the att sites at which
recombination-oceurs is framed by a box. The positions at which the PCR primers
P64-1 and P64-3 hybridise to the pRK73 vector are indlcated by an arrow,
pointing mto the 3" direction of both oligonucleotldes ’



to a size of 1.17 kb. Shown are sarrpl es of GT2 cells at 6 days after
infection with. the Cre expressing retrovirus pBABE-pgkCre, the control

Vi rus pBABE?, P] which were not treated with virus. THerbaidolsndi cating
I nversion o € gene trap vector app$ Ars only*in the sanple treated with
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bacterial'genorne. In addition, the cassette is flanked by two Cre
reconbi nase recogni ti oxP) | osjte o on to each
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ol i gonucl eot i des. V\D 01/ 29208 PCT/ EPO0O/ 10162 B: _The i nver si on product
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att sitesjstdepidtéd 3s althin liR€.OMbi nati on between a pair of attB/attP sites

generates a pair of . attR/attL sites flanking the inverted puronycin

cassette. In this configuration the priners P64-1 and P64-3 will anplify a
PCR pr odugigupd G%V@thd:PGRr;ﬁ‘oauétB herftRdSivith chi rgtinRérst Pe1-E3dnd Pb4-3
expression vector pRK65. The kb _C31-1nt coding region is expressed by

the CW pRRHBISEAULDEE CUMPIRSOLY qﬁ“?r?%ﬂﬁ?&'l“ﬁ?n cells. A 300 bp hybrid jntron
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sequence conpari son of products.
pRK73 + pRK65 (lane 2), and from nontransfected cells (lane 1). The products
with an apparent size around 650 bp, as compared to the size marker used, from
lane 2 were excised from the agarose gel and purified. The PCR products were
cloned into a sequencing plasmid vector and gave rise to the plasmids pRK80b -
and pRK80c. The insert of these plasmids was sequenced using reverse primer
(seq80b and seq80c) and compared to the predicted sequence of the pRK73
vector after C31-Int mediated inversion of the att flanked cassette, pRK73-Inv.-
Both PCR products show a 100% identity with the predicted attR sequence after
inversion. The generated attR site is shown'in a box, with the same sequence
designation used Iin Figure: 7B. The nucleotide positions of the compared

sequences pRK73, seq80b and séq80c are indicated.

Figure 10 shows the recombiriation substrate vectors used for Cre mediated

inversion. '

Plasmid pRK74 contains a CMV promoter for expression in mammalian cellis
. followed by cassette containing -the E. coli B-galactosidase gene and a



A: Anal ysis of PCR products on an agarose gel from PCR reactions using the
Primers P64-1 and P64-3 on DNA extracted from MEFS-5 cells transfected 2
days Dbef @igempbdofy pl asmi d pRK73 alone (lane 4), with pR€ifps/ s Cre. (| ane
3), with pRK73 + pRK65 (lane 2), anggfrom nontransfected cells (lane 1).
The progiﬁw(f%epwahhna&@egeé 9! invere BfRHEHIOASR the EMVCRFBRGRR. IThi he S ze

mar ker were exclsed fromthe agarose gel and purified.
The PCRopssaitecissflanked bycthenlow66 and laxztginsir: rrwga'rﬂ lexsites\(Ahest ebdd, gave
rise to{applaiiiigs pREFIL 65974 @Bj%%ppxbfe bHéﬁ’Eahoﬁf Piagﬁﬁd?pﬁk?éﬁ% ds was
sequenced u5|ng reve?se pri mer an and npared to the
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the att Y c 0
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att R si tindicates hohe- transcripbioral variemtation sefrthe e §rgatactosidass gexpressorused in
Fi gure- 7B. The nucl eotide positions of the conpared sequences pRK73,

seg80b &ﬁ?@?q%c are indicated. Figure- 10 shows the reconbination
substrate vectors used for Cre nediated- inversi on. . PI asm d pRK74

cont ai ns ronoter fo X .an owed' by
cassettd '\?cﬂﬂeé‘?'?ﬁ ipyentiqn, s #’EW%EEI“FU% geaq h&tga n%§%§ E%f ‘A’R{ﬁb Y% 29208
PCT/ EPORoWeVBR not fSbe odnstaleaydsatol limit g invention.n | nverse orientation to the
CW pronoter.. This cassette is flanked by the | ox66 and i ox71 single

mutant lox sites (Al bert et al., The Plant Journal, 7, 649 - 659 (1995))

I n opposite orientation. Plasmd pRK76 is structured |ike pRK74 except

that the_inverse R-gal actosi dase cassette is flanked by a 1ox66/71 double
nut ant 1E3%@"@PY&E and a wil dtype | oxP site. The straight arrow indicates the
transcriptional orientation of the p-gal actosidase expression cassette.

The pl’e%ﬁ[&/fntl on is further illustrated by the foll ow ng Exanpl es

whi ch are, owever not to be construed as to limt the invention. ‘Exanpl es
Exanple 1 A plasmd vector containing a splice aeceptor-sequence followed

by a fus pRsefd ectdf c@ntﬁﬁiuiy?é epiickacceptul seqoena follpWed [biyod fusief gemse -
( SA- 6- geo f | anked

G-Qalactosmasg \a/nd neomycin phosphotransferase (SA-B-geo), flanked by two
different mutant lox sites in opposite orientation, was constructed and used as a
gene trap in ES cells. Cell lines exhibiting B-galactosidase activity were infected
With a retroviral vector for expression of Cre to investigate the inactivation of the

gene trap vector by recombinase mediated inversion of the lox flanked DNA

segment.
A, Cogsgrgctlon of the e .gene g;ag g actor pRK57SA-B: As the first step of .vector

_construction, . a synthetic 74 bp DNA fragment with protruding -Xbal ends
containing a lox66 and a-lox71 Cre recombinase recognition site in opposite
orientation (Albert et al.,. The Plant Journal, 7, 649 - 659 (1995)), separated-by a . .
Xho site, was ligated into .the Xbal site of the-plasmid pNEB193 (New England
Biolabs) resulting in the vector PRK57. The synthetic DNA fragment was obtained
by annealing of the two synthetic oligonucleotides lox3 . (57 -CTAGATAACT
TCGT ATAGCA TACATTATAC GAACGGTACT CGAGATAACT TCGTATAATG

- TATGCTATAC GAACGGTA-3"; SEQ ID NO:ll) and lox4 (5" -CTAGATACCG
TTCGTATAGC .ATACATI‘ATA CGAAGTTATC TCGAGTACCG  TTCGTATAAT



different nutant lox sites in opposite orientation, was constructed and
used as a gene trap in ES cells. Cell lines exhibiting f3-gal act osi dase
activity wegabsgted with a retroviral vector for expregs/i/migC e to
i nvestigate the inactivation of the %trap vect or by reconbi nase
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with the miGBCBHeFSIS:otthE%pﬂcé ah¢e‘ptonaep‘[\%ot4% tBr:g@) @ﬁ@%@foxvti%luz_te@ltertgbat e
a fusion gene_of

-reglon(Sﬁ B ﬁgto 628; SE 1
gal act osi 824BE HIAWHL BRIBPRE 9RBS FISLRATRS: (Aogs 48P tatF02) o The dwp loy sifea8) and
the transard Mrietbed GhNoPPGdIRN oreftatidry 36 CaNdHAtdtREY. STS@a&e&BPfaﬁ@sﬁQB' ne

growm h hornope gene 4561 to_4843). This SA-B-geo cassette is
f1-anked b?'&ﬁg‘ qu %gg‘ﬁ é‘P‘g‘e RRSitioNSs 42,303, £73ando372Dhcn singlecXmo! site) and

one |0X7|a§gé§t|8n 6v788} & a%ﬁlé\kpﬁf@iﬁé&tb@énﬁeﬁmgene sequences (pos. 4869
to 4902) The two | ox sites, are oriented in opposite orientation to each

ot.-her. The vector pRK57SA-B
B. Construction of retroviral vectors: A 1.1.kb Nhel fragment carrying the coding

sequence for Cre-recombinase (Cre) with an N-terminal nuclear localization
signal derived from the simian virus 40 large T-antigen was inserted into the
plasmid pBluescript II KS(+) (Stratagene), opened with the -restrictio.n enzyme
Xbal and dephosphorylated with calf intestinal phosphatase: The’ resulting
plasmid .was cut with the restriction enzyme Spel, dephosphorylated with calf
-intestinal phosphatase and- the 5" protruding ends were filled in with
Desoxynucleotide-triphosphates using the Klenow fragment of E.coli DNA -
polymerase I. This vector was ligated to a 0.6 kb blunt-ended fragment
containing the promoter region of the mouse ‘phosphoglycerate kinase (PGK) 1a
gene. The ligation product contains a cassette with the PGK promoter and the cre
coding sequence in the backbone of pBluescript II KS(+). This cassette was
excised as a 1.6 kb Notl fragment, filled in as described and inserted into the
filled in SnaBI site of a derivative of the mouse moloney leukemia virus based
. vector pBABEpuro (Morgenstern and Land, Nucleic Acids Res.18, 3587-3596



contains BanH sites at the positions 427, 503, 673 and 3723, a single Xmni
site at position 6788, and a single Kpnl site at position 413: B.
Construct maoi@b2oget roviral vectors: A 1.1. kb Nhel fragnewER@ta1g2 ng t he
codi ng sequence for Cre-reconbi nase2¢Cre) with an N-term nal nucl ear

| ocal i z r t tippen was
i nserte I ntg ?Jﬁgﬁﬁé) tﬂg +é§%§éqahg&r§%{§sm@0§f;§§ r at gélEe%g) a-Séotge!r%d wth

the -redQ:id).i énCQM9hﬂeCMbaPB%56%&ﬁ5§p%r d WSt WO@'HF‘?d:l Which i nal
phosphaeaa%m ogl[eég‘y‘;hﬁﬁ' %@fm&eadﬂeﬁ tﬁéﬂpgvetw c&if?ettfée%% dﬂbgmm enzyme

Spel , dephosp ory I nt esti nal "phosphat ase an
pr ot r udforsentitheser eetrcmmaédfemrwcphta'roé%fqﬂmnecfw@@n@} elematndbes usi ng

t he Ki egg\élgjgggmnedaaﬁ?&qlt%% fol ymerase I. This vector was. |igated

toao "unt rag contal ning the promoter region of the

mouse pmmt_@:emr e kinase (PGK) is p@siti®n The |igation product contains

a casse W’{EF‘ PK prom)ter and th codi ng sequence in. the
backbonégﬁf uescrl pt 11 KS(+). This ?agégtte was excised as a 1.6 kb

Not | erjﬂﬂhR filled in as described a@36r#@2rted into the filled in
SnaBl si E'TJ a derivative of the nouse 4 HgLf)g@y' | eukem a- virus based

vector ﬁro (Morgenstern and Land, Nuclelc Acids Res.18, 3587-3596 WO
01/ 2920mmmpﬁﬁm/ Hiedidg sit® apd oDEpndest eascnaggpg signal @nelovmytated: selieecpr essi on

vect or éﬁE. dV Epg,%@ﬁ Srf (SEQ I D

NO 15) {%gs pr'gcggf:%"gd 3155\-% Eﬁdun@'@cﬂuﬁnﬁgﬂgﬁp lfﬁfl nker region instead of
the pgkCre cassette. The plasnmid forns48d- 1 e retrow ral vectors contain
t he fol | elenents in a I stast backbone identical to
pBABEpquMSB%EéﬁH'?g'ﬁ%Qg position parti a]1 m 8-335 MWLV R 336- 402
MWLV USerel@sling6edidn¢epr i mer bi ndi ng si t1¢973n%ﬂ29xt énded packagi ng si gnal
(incl 50 coding sequence with :
mut at ed%@éﬁgcoﬁonﬁle%gl- 5@2‘3 m)usg(6 ronoter 1417-1921 cre coding

sequenc MMLIY/R- 3024 : 3187- 3 53
MMLV U5 . 3254-3332
pPBABE-Stf:
partial MMLV U3 ' ~ 8-335
MMLV R 3 © 336-402
MMLV U5 403-480

MMLV primer binding site and -extended packaging signal (incl. ‘mutated splice
. donor and 5! end of gag coding sequence with mutated ATG start codon)

_ . 481-1374 .
--bfomoter/enh.ancer deleted MMLV U3 1451-1531
MMLVR . g '1549-1616
MMLV U5 : : : 1617-1695
MMLVY U5 ow ' 1617-1695

Infectious retroviral -particles were produced by transfecting 2x10’ Phoenix eco
packaging cells (http://www.stanford.edu/group/nolan/phoenix_info.html) with-a .
total of 100-ug .of the plasmid forms of the retroviral vectors using the calcium-

- . phosphate coprecipitation technique. Two days after transfection the tissue



pr qnot er/ enhancer deleted MVLV U3 3088-3168 MWV R 3187-3253 MWV U5
3254-3332 pBABE-Srf: partial MWLV U3 8-335 MWV R 336-402 MWV US

403- 480 ML \w@adrseus bi nding site and -extended packagi ng sicgfg@hofor6iC! -
nutated splice donor and 5 end of gag;coding sequence with nutated ATG

1

start cod 481- 1374 - . pr.onpter/enhancer, del et ed WLV 1451-1531 .. MLV
R 1540 16 LMt Lperpategts WERE RaNR Y, Hkeieg ﬂ%’?'fﬂé%r&#é%ﬁ%&é‘%@ﬁ%i ral
- parti cl ewvithepealyprerdute @ ﬂvyalta:c:;menl‘mra?bng@f%h@?ml?][mﬂﬁim)ecgupteﬁmh?gltwi& cfel |'s

http:// tanford.e Or, nol an/ phoeni x-:info.htm) witha total o
(100p8 of%ﬂ%aifﬂ ﬁ'f?%ﬂ#sc%w?ﬂ%s'ret roviral vectors using the cal cium
phosphat e coprecipitation techni que. Two days after transLect I on 'Ejhe tissue
WO 01/ 292 PCT/ EP00110162 cul super nat ant § re harvest ed,
filtered &ﬁr%%ﬁ"ﬁ‘ec%hql%&ﬁrmof ?th? &éAﬁ{-ﬁpgﬁﬁr@dwr\ﬁ ﬁﬁ"ﬁ‘\gﬁwqgﬁeo &he, isusal
concent r acontainkg supermatant’ m@ﬁ Vikgeds te wfaw ﬁneo% Anénsﬂi fthraus USEyihg thaf lect
ES cell clpnes. det erm t iter of the -p e virus seria
G| ut i ons PRRAY #SVPRRL (Bg"ﬁﬁﬁ‘é'ﬁﬁ%ﬁér' Ak ke 23, 9564257 F928)) FS000
N H 3T3 cal stableaintggrage.t Baccassis ThfbcSY A th8UClebet eﬁiora:cvirlus!\lﬁfslgglttﬁoﬁm ds

uccessful i

Res. 24, 4256-426 1996 stabl e integrate.
vmetS h the @“aggﬂpf’és %m%ﬁ?@ﬂmﬂaﬁ?ﬂ%ﬁﬁ%x P8 dheoPSVRRXL construct and
pac/ SVAOpebyddniieaftBl te ekpriBsiohcoPthéddta §aRtidsitike dthe. ;EQFﬁ?s!gl&naBF lepfist ©

ion of. the beta gal actosidase gene. Expression o mar ker was
oni ¢ or cd MATKETNPS MPRIEAred R CRuR ke infectian (BeiidBg | thecaaissand Arakingui

the chromagnithes ¢hedragéeni- Sabsttdte Brogat 4¢3-BFahe-SchiBrRBYihdogi-8efa-D-
gal act opyr anosi d bet a- gal act osi dase positive cells was

. The' punbe f
used to E%QFWBV g'l"ﬁg]eSi ELE? rleﬁr'lr'“éjerfé’fd?q%ﬂ‘?éﬁ“%' 3re Roslthencelisnwas ysed tpor

i nf ect i onestimste! tHectitepfof the original virus suspensions ‘used for infection. The titer of
the pBABE-pgkCre virus supernatant was determined to contain 5000 infectious _

particles per milliliter of supernatant.,

C. Establishment of B-galactosidase expressing ES cell clones: 100 lg of vector

pPRK57SA-8 were linearised with Kpnl and electroporated into 3 x 107 cells of the
embryonic stem (ES) cell E14, cultured as described in Kithn et al., Science 254,
707-710 (1991). Two days after electroporation the cells were grown for 7 days
in medium containing 275 mg/ml of G418 (Gibco BRL) to select for clones which
integrated the gene trap vector into an expressed gene. The concomitant
expression of the’ B-geo fusion gene allows su.ch clones to grow’ in G418 - . -
containing medium due to the expression of the neomycin -phosphotransferase.
‘At day 9 after electroporation 60 G418 resistant clones were obtained-and further -
expanded. Aliquots of all clones were tested for expression of B-galactosidase
activity by X-Gal étaining‘, resulting in" 23 "positive clones showing 1% - 75%
positive cells. These clones were analysed further by Southern blot hybridisation
for the number of integrated vector copies. 11 of the 23 clones proved to obtain
multicopy integrates and were excluded from further analysis. The two single
copy integrants, GT2 and GT6, which showed the highest proportion of B-
galactosidase positive cells were chosen for further anélysis. .



the pBABE-pgkCre virus supernatant was determned to contain 5000 .

I nfectious. particles per mlliliter of supernatant. C. Establishnment of
6- gal act os;l(ﬂﬁggmexpressi ng ES cell clones: 100 pg of veatrEro/pitkd7SA-B wer e
i nearised with Kpnl and el ectroporat2§d into 3 x 107 cells of the

erbr yoni D._Snfenti¢rESr ES ckll viral grectord:be6 test Forhthd @tduded,

Sl ence i 7th§#°ﬁfé%ﬁ%%?#aes%ll§mﬁll@ o kBB e el R "o

sel ect fdones GTRsamdiGTe, cellsegf diothl dldmasgwaﬁe ﬁnfactedee‘tl@&r witho tisen Grgpr essed-

ene. The* ¢ mtant ex r.ession i 0 ne . al L ows such
gl ones trgc%'lng 2S¢ Exekessind. ‘?’lfqé"wsn%g%%?g'ﬁ%r&ug bth ﬁ'@ Ewﬁ‘gs@tm'rb'ﬁ t he
neonyci rpBAEllBaSﬂ’mwdk&fgsftae asee dgenet dl:iﬁ'y tie dateer andipsis aapcﬁ-ghlaﬁtbsac&?eGI‘llw
resi stant cl opes e pbt an er._. expan . I qugts of a
cl ones ViEiPES ssf‘@s?éﬁé 1‘:8'?59 s@??ﬁ? 6{!‘5 H (%EQ:WE g{tﬁd iét& ﬁ’\?ﬁ? P8~ X- cal
st ai ni ngwelr ealtltd Ppates (Fﬂ&onpmat dap bﬁfm-eeelrlsélmvﬁeaﬁbrﬂ.‘yfor ctiPhei ve

cells. These clones were a aI d..f b out hern blot h br| di sation
for the AR, s, SERCRED St 00 L0 YO8 (CAkAINDIS EHBMBEIS o 1 o

obtain (&uhﬁairﬁn@abomu ES0(infsctions pamaesg@ \%ledfetraméwdﬁwm anadltiei s. The
two sin i nt eqr.ant | C S est
proport?‘@ﬁ §¥ur6léer ‘g‘ljtb'§?cg£f§e Eggrsr% ééﬂ'-g’sg%% @B&Eéﬁ%l %Pu‘?"tﬂher
anthySI saoommowa&eo&.dammmmmmf ed. 2&/elanghtlf AT tthenfalfowirg Q%N ﬁﬁé ggeg

W t retrovir vectors est or, the._l I NVJersi o 0 t he - geo .
o saet § GuppratantE M ompl el eng e ity ged e metfins =0 stRwndD and

GT6, celfughef 2bert b dﬁyengﬁué waéel?anfsm:bed g%ilédnﬂs‘dwet Scttvllrw Crér thetatebi nase -
eXpI‘ESSI l’l retr rus e or e contro trovi

pBABE- SA" 'YéFk Pﬁéh FS'P“? heéq-:f a?e(tyﬁ WRrg gsyent @ﬁy 1%"33'3?5&? osi dase
expr essidescritéiDalsmld, %kmqitl that sobone:eumrepdatéﬂ intoeasewell dultdire rplateyvel | s of

o) oA e pl e R S e R 8 SRS, o i g

super natiﬂﬂetﬁous( panickishiieg aabm&ictﬂaﬁ%te of €0 )0 Gerpait iDNAR Was prepadéd
|nfect| e ofn\;’*}é/% Pa@fé were further cultured for 4 hours.
Af t er 4 38 l? W|th 300 M culture medi um and
I ncubat ed. over night. At the fol I owi ng day the supernatants were
conpletely d_qr for _further 2 or 6
days unt® He—ahat y St s of —o—garactost o e Y Q'Vl—\én)r Q3R EﬁeE '
galactosndase expressaon the ES cells were plated one day before analysis at low

density to be able to easily observe single cells. At the following day the culture
medium was removed from the wells,. the wells - were washed once with- .~ .
phosphate buffered sallne (PBS),. and the cells were ﬂxed for 5 minutes at room .
temperature in a solutlon of 2% formaldehyde and 1% glutaraldehyde in PBS.
Next, the cells were washed tw:ce with PBS and finally incubated in staining
solution for 24 hours at 37°C. (staining s_oluthn. 5 mM K3(Fe(CN)6), 5mM
Ka(Fe(CN)6), 2mM MgCI2, img/ml.X-Gal (BioMol) in PBS). Blue stained, B-
galactosidase positive cells we;e detedted and _distingqis_hed. from - negative
(transparent) cells in .a cell culture binocular microscope under 200x
magnification. For each determination a minimum of 200 cells was counted.

F. Southern blot hybridization: Genomic DNA was prepared from retrovirus
infected ES cell clones following standard methods (Sambrook, Fritsch and



anal ysis_of the genomic DNA of clone GI2, cells were essentially treated as
descri bed above, except that 30000 cells were plated into 24-well culture
plates .angydseRb@d W th 600 m of virus, containing supgiiateithese

(contai ni ng about 3000 infectious party cles i.e. an Infection ra e of

£ 1 stochansy MtElud SRR & b ?@%B’*ﬁ*%a@@”?e g B ERboreled 6
gal ﬁgf/v 0s Id @oass (al&ﬁgsn.z wgglrmhmaEéiyc!iil mg mélp:a\l;lgéd;tWgwg;??]gémé@rmtm;”%b%/g \IM Sn
ey the ciPRbod Soffms Bami R et RS BRIk B0 Shersion it srgearkE7s 0
washed ongeneiraf vezbars phigestedu DN evhss séparatedPiS)a O.E%da B@séOI gél waae
fixed for 5 nut es at. room erature in a solution of 2% fornal dehyde,

and 1% gl HRIFErRd (R BYIoR 'PBS‘bfg {Geneficreen Plus, NEN RHBopt) undet alkaling PBS

and final bundman@adnem hBuﬁé ﬂTHél filter Was uhe@ranamybzﬂldéa%ﬁ 18! holf- at(@"é' “' ng
sol ution: nvl K3 CN) 6 K4 ( Fe(

( Bi oMol ) “ﬁthPB§f° ‘BF s¢ "?ﬂaHhe & P@la %féh&é?)mx@"pwpﬁnhpér&rg?qrésmea
det ect ed @neoohbatpswulmokraérhem oﬂgaam.evagk(ﬁerm%%r)alceééuﬁﬁh%gs a cell

cul ture binocul ar._m_croscope under nificatlon

det er ni na?PE{1898niThgrRrebewrs EQQ'P@W&Q Vﬂﬁhﬁ?éﬂ“aﬂ“m&’r(ﬁmr@ham)

hybri di zat, I cel |
Cl ones ol Togs e G RACE RACRISRERF-HY SRR, QYL WiatorAech) S

PCT/ EP00/ sonsisting) of l\bﬂ?(oaﬂeytramtdfﬁﬁe.arl"/o SPSN oMM I'&‘imraat:lolQOlehrNaﬂL Col d
ring- Harb a t S f d DNA
were di geot LT odisdiEReuler it hoe WAKRH Wt 2 s3CTEnd oBbdd 167 o

i nver si onBMaxMS}pikenSalne (Kpdek) esp 8&96th*3 doygest ed DNA' wes separ at ed
In. a 0.8% agarose(r) gel and -transferred, to nylon nenbranes (GeneScreen

Pl us, NEN DuPont) under alkaline conditions for 16 hours. The filter was
dried and hybridised for 16 hours at 65C with a probe representing the 3

par L O B2 FRBORYE The RARIRROILARE DRI A9 Qe sdfs 0. Exphaaiibehg Tt
radi ol abetrad was reapsirustack &y platimP a( Ame:ueamonslsunggOf eh splideg apceptor KL t
et r anoorg e RUSENL Bl HEe-BE" GUrtP (Shih Brol, Bétivee Y0 Hhyedfy oo O
hybrl di sasifesa 'oke66 | anckoxdk Whesre decigniticx sBES afnCrexeosmbiriase are in
opposite orientation to each other and allow to invert the mutagenic splice
acceptor-B—geo cassette within the vector upon expression of Cre (Fig.5). Upon
recombination of a lox66 and a lox71 site one wildtype loxP and one double
mutant lox66/71 site is generated (Albert et al., The Plant Journal, 7, 649 - 659
(1995)). As the combination of loxP and lox66/71 sites is much less ‘efficiently
recombined by Cre than a pair of lox66 and lox71 sites the outcome of the
inverslon reaction is shifted towards the reaction products, representing 80-90%
of all recombined molecules (Albert et al., The Plant- Journal, 7, 649 - 659
(1.995)). In contrast, the use of two oppositely oriented wildtype loxP sites for
Cre mediated inversion would lead to an equilibrium with a 50% proportion for
each of the two inversion products ‘(Albert et al., The Plant-Journal, 7, 649 - 659
(1995)).
The vector pRK57SA-B was linearised 5'to-the lox66 site and introduced into

murine embryonic stem (ES) cells by electroporation. Stable transfected clones

. which integrated the conditional gene trap vector into genes which are actively



BioMax M51 X-ray filnms (Kodak) at = 80C for 3 days. G- Results: The

pl asm d vector pRK57SA-6 which serves as *a conditional gene trap was
const ruct b Ayregekaci ng a cassette, consisting of a spliEEI/EROTeRsOr
sequence fol | onwed by the 6-geo gene 345A-6-geo), between two nutant |oxP

sites, haxs@fbed ' EDEdls wé%eaﬁtamapsw séletiors int eawtoﬁiraﬁnﬁ@@emaunaﬁee are in
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(1995)) € vector pRK57SA-6 was |inearised to the 1ox66 site and
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cul turegalaa%fa%beﬁué.tww& WeRNEf0d28R forl RrEPRASIFsishe pronoter| ess 6- geo'
fusion gene through a fusion transcript between the splice donor sequence

of a 5 clones eWaey @ifHaE Igtackedyiwith fthe siatroviral, vegtor oPB‘%%ﬁ‘lﬁ’QKGEe'of t he
gene tr gasiyedd fir e)Jp?é‘s%'icﬁ‘ﬂoﬁ Oreédfecofibifdte, OF With theereBolall édiitiB? Vecdr G418

resi stant Cl ones expression of 6- gal actosi dase actlv;fgy was tésted by

hi st oc heﬂrﬂ\%'éds"%t\’ﬁﬂ‘ﬁh W“@eeQWe@FB@sSHPycaéseq:‘? -athe dpvession Rf e #%-esi st ant

clones gxhidal SAdBSRGE chssdftedWasStelRE® tWel vt ¥ix diy \dfes mdman % 75% of
the cells of individual clones. In addition, these ﬁbones P?nal ysed

for thehistashemigrbef-Gal stalpingnfor 5-galagtasidase 3Gy Y Poihe,
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galactosidase expressing cells_,, exhibiting blue staining, among both ES cell
clones was significantly reduced by 14 - 27% at both time points in samples
infected with the Cre expression retrovirus as compared to samples treated with

control. virus.

Tabled:

| 2 days post infection " 6 days post infection
PBABE-Srf pBABE-pgkCre pBABE-SIf pBABE-pgkCre
% blue cells % biue cells decrease| % blue cells % blue cells % decrease
Clone GT2 73% 50%  14%| 76% 49% 27%

Clone GTd = 67% 48% 19%| 67% 47% 20%




showed a, single copy integration of the vector and a high proportion of 6-
gal act osi dase positive cells were choosen for further analysis. These

clones werewgjfij3gsos i Nfected with the retroviral vector pBAREpRGHidE:
desi gned for expression of Cre reconbi e, or with the retroviral control

vector, pBABE-Srf which l.acks the Cre "éxpressi on cassette. The inversion
of the lox- flanked SA-B-geo cassette- was tested two and six days after
i nf ecti on Sindgy of hihet olohenGT2l oﬂ{y@ﬁ%shadnimg:ld‘mr GT8- galyacv¥siofae eefid vity

and by. S na win Table 1
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isinitia I Ioc%ted n. ane transcrl ptional orientation as 't
endogenou® rrupte by sphcmg to the SA-B-geo cassette which, in the inverse orientation,

is not any more translated into B-galactosidase protein.

In addition, the inversion reaction of the SA-B-geo cassette upon treatment with
Cre expressing retrovirus was directly tested by Southern blot analysis of
genomic DNA of the clone GT2. Upon digestion of genomic DNA with BamHI and
Xmnl the gene trap vector gives rise to a band of 3.06 kb in its original
configuration using a-segment of the B-geo gene as a probe. Upon inversion of
the lox flanked SA-B-geo cassette the fragment detected by the probe is reduced
to 1.17 kb (Fig.5). As shown in Figure 6 the expected band demonstrating the
-recombinase mediated inversion reaction is specifically detected in-the sample of -
the gene trap ES clone GT2 treated with Cre expressing retrovirus but not in the
controls. The relatively weak strength of the band indicating inversion
corresponds to the inefficient infection of the GT2 cells with Cre virus (10%
infection rate) under the conditions used for DNA preparation.
We conclude from this experiment that it is possible by the use of mutant lox
sites to invert the DNA segment of a gene trap vector, which is initially
mutagenic- for the trapped endogenous gene, preferentially (>50%) into a
. configuration which is not any more mutagenic and allow its wildtype expression.



gene leading to the expression of B-gal actosidase froma fusion transcript.
Upon: inversion of this cassette the transcript of the-endogenous gene is
not any nRy¥ar/bmeerrupted by splicing to the SA-13-geo magsmbva@enhi ch, in
the inverse orientation, is not any26ore translated into B-gal act osi dase
pr ot ei n.Likewige)diift itaa, SakB-gebv eassatte rwoditi Ge. initiallycintégrategedntasast t € upon
treatnment wwth Cre expressing.,retrovi.rus was, di recttlaq_test.edv@%‘gout hern
bl ot an&NFegenays gege{Biish fO¢iE OppRRLopr Sre Megiated Jversion Witid enoni ¢
DNA wi t laliBartblswatefl itoGHEntatien prsferentially Wetiemubigensc forme to a band of 3.06
kb inits original configuration using a segnent of the 0-geo gene as a
probe. Upon inversion of the |Iox flanked SA-13-geo cassette the fragnent
detected by the probe is reduced to 1.17 kb (Fig.5). As shown in Figure 6
t he expected band denonstrating the .reconbinase nediated inversion
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non- nmut ageni ¢ _orientation, Cre nedi ated inversion Lﬂ d I og/ to swtch

i ts ori aammalian selbfiae aRdithat the rERPINARCRRAGHES ?roer‘% Wi‘a‘!’r‘ﬁa PN | asni d
vect or @i eHsShttB @hadtirhdieds. al lows to test for the Inversion of a' DNA
segnent flanked by the attB and attP recognition sequences of the phi C31

phage derived integrase (C31-Int). This vector was transfected together
Wi th ana, eldanfid soRdtrudieohss for phi C31 integrase into a murine cell line and

el e iaon B Jebet Al S B RR L Aot o
obt ai nedugedteeTRrps and Shitth, iFra. Natl.oads Scinubirng % 5305v-e5510(1958)) he t est
vector occurs In a . L X .
generated by the annealing of the two- synthetic oligonucleotides C31-4 (5°-
CGTGA CGG TCT CGA AGC CGC GGT GCG GGT GCC AGG GCG TGC CCT TGG GCT
CCC CGG GCG CGT ACT CCA CCT CAC CCA TCT GGT CCA; SEQ ID NO:17) and
C31-5 (5°-CG TGG ACC AGA TGG GTIG AGG TGG AGT ACG CGC CCG GGG AGC
CCA AGG GCA CGC CCT GGC CCA CGC ACC GCG GCT TCG AGA CCG TCA; SEQ
ID NO:18) was ligated into the BstBI restriction site of the vector PSV-Pax1l
(Buchholz et al., Nucleic Acids Res., 24, 4256-4262 (1996)), 5 of its puromycin
resistance gene and loxP site, giving rise to plasmid pRK52. The sequence and
orientation of the cloned attB site was confirmed by DNA sequence analysis.
Next, an attP site, generated by the annealing of the two syﬁthetic
oligonucleotides C31-6-2 (GATCCAGAAG CGGTTTT CGG GAGTAGTGCC.
CCAACTGGGG .TAACC;I"IT GAG TTCTCTCAGTT GGGGGCGTAG GGTCGCCGAC
ATGACACG ; SEQ ID NO:19) and C31-7-2 (GATCCGTGTC ATGTCGGCGA
CCCTACGCCC CCAACTGAGA GAACTCAAAG - GTTACCCCAG TTGGGGCACT

ACTCCCGAAA ACCGCTTCTG; SEQ ID NO:20), was ligated into the BamHI




mammal i an cell line and that the recombi nati on occurs at.the known
breakpoints wthin the attB and attP sites. A Plasm d constructions:

Constructi oRyéi/big reconbi nation test vector pRK73 (SEQ lpPthpPackfaréz First,
an attB site (Thorpe and Smith, Proc. tl. Acad Sci. USA 95, 5505 - 5510

gigg)%S getneﬁ at e%&gﬁr%ﬁeeé&ne&%eo he two @ihet i c al ||%%%ch eoti des
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et al., Nuclejc. Acids Res , ' its omyci n
resi stanc@ 'Qéhé'tﬁn(‘f’qsﬁ?’ag‘?q 6’0 6%%@ "*%‘ %%’éé'?ﬁ"dp' H’IZPR%%' %Eﬁﬂence
and ori epjaatdpenedibefbre witﬁra%m i-'ilr%l me/mtﬂmﬁg BARMI nd NS AR IRRGEE
anaIyS|s Next, an attP site, ate the an eall of the two

synt het i ¢ KIGIaW,ofRzYNe pad s Ngea eg ( 8 cafginingT dhe
CCAACTGGGdo Wﬁé@@gr'ﬁf AP StEWISAEGThOVEICERE D %W pREZACHERFs 8EQ | D
NG 19) and C31-7- (GATCCGTGTC ATGICGGCGA CCAACTGAGA GAACTCAAAG

GTTACCCCARUToryeitCresistapes cgens Alenkedcby Tercati8egndp alid, siip, 'an%onqsgt&t ed
into the BaghtatidR, G/ woRAB Ph{rERI00 Lhes i bppssitd bﬁbh&lﬁioﬁl@@?ﬁ

plasm d pRK52, downstream i f'the puronycin resistance gene and onP site,

gi ving ri SBAYENCE| maeﬁmm-%f the' W?W‘b’rﬁ'%“efﬂ aERi e WePRIENT Yasonfismest B

and attP gitsga sequertetdtulysidie orientation flanking the puronycin
resi stance gene. Next, a 260 bp Hindll + Nrul fragment, containing the attP

and a | oxP site, vva3|solatedfrompRK64 dir, and ligated into' plasm-d

PRK52, whiceRstrueforpeetiRdcheiiat exwefsaoﬁ%aié&or A8 (SedepmNoF1YdFre, BagH end
was filled wth Kienow enzyne and nucl eoti such that the fragnent

cont ai ni n&3EriBt aeBRnf Pagr PGB isves %'fﬁén‘ﬁvég R fre@ phagePHAGEh SN e,

IORK73 beansse: GE%Q%I!MF&ﬁbﬁWS&gﬁR&&s“ afd k& clavurds, ﬂh&&e?éﬁhra\hlb? site
in opp05|te orlentatlon as well as_a pairs of_ | oxP sites in opposi

ori ent at i 3R GBLg$BraunsehweigyGerpanyhdistig Eir RIS RCINE (Fevk BAEd attP
site in pRCELURSC CTUUAT RTE ACA CAA GGG GTT GTG ACC GGG-3”; SEQ ID NO:22)

and PC31-3 (5'-ATAAGAAT GCGGCCGC ATC CGC CGC TAC -GTC TTC CGT GCC-
3%; SEQ ID NO:23). The ends of the PCR product were digested with Notl and
the product was ligated into plasmid pBluescript II KS, opened with NotI, giving
~ rise to plasmid pRK40. The DNA sequence of the 1.85 kb insert was determined
“and found to be identical to the published C31-Int gene (Kuhstoss and Rao, J
Mol. Biol. 222, 897-908 (1991)), except for an error in the stop codon. 'This error
was repaired by PCR amplification of 300 bp fragment from plasmid pRK40 using
-the primers PC31-8 (5" -CCCGTTGGCA GGAAGCACTT CCGG-3"; SEQ ID NO:24)
- and PC31-9 (5'- GGATCCTCGA GCCGCGGGCG GCCGCCTACG- CCGCTACGTC
TTCCGTGCCG TCCTG-3"; SEQ ID NO:25), which provide a corrected Stop codon.
The ends of this PCR fragment were digested with Eco47III and Xhol and the
fragment ligated into plasmid pRK40, opened with Eco47HI and Xhol to remove
the defetive stop codon. The resulting plasmid, pRKS5, contains the correct C31-
Int gene as confirmed by DNA sequence-analysis. The gene was isolated from
pRK55 as 1.85 kb.fragment by digestion with Notl and Xhol and ligated into the
plasmid pRK50, opened with Notl and Xhol, giving rise to the C31-Int expression



by DNA sequence anal ysis. Construction of the C31-Int expression vector
pRK65 (SEQ ID NO 21): First, the. C31-Int gene of phage phl C31 was

anpl i fi edwayei3sdesf r om phage DNA (# DSM  49156; GCer man maaimetdien of

m croorgani sms and cell cultures, Masgheroder Weg 16, 38124 Braunschwei g,
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PC31-8 - (5 -C I D NO 24) and PC319(5-
GGATCCT umg%%g GCCG TCCTG- 3'; SEQ ID
NO 25), which provide a corrected Stop codon. The ends of this PCR
fragment were digested wth Eco47l11 and Xhol and the fragnent |igated

into plasmd pRK40 opened vmth Eco47| Il and Xhol to renpbve the defetive
st op codoTransfeet yiks B amplficationnt MERS-% h@oééﬁrﬁbt‘oms | nt
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700 bp Vi rus =i mme e promoter (position 1 - 700)
and a 27Bode Dydgriodtics)t Afier 2pdryist PHA wamextraqtgy framp $heseapellsi andhusedt | site
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anpl i fi Qiagrostics)lsFS-5 nouse fi brobl asts (Schwenk et al., Nucleic Acids

Resear C%RZSrod%e;wélé'eggeéa]rgt%%) on 626,890 ag8dse®P&d|, extracted with QuiaEx®
(Quiagen) and cloned into the pCR2.1 vector using the TA cloning kit (Invitrogen)
resuiting in plasmids pRK80b and pRK80c. The sequence of the inserts -
determined using the reverse sequencing primer and standard methods (MWG
Biotech) - are shown in SEQ ID NOs:28 and 29, respect_ively.

-C. Results: As a test vector for C31-Int mediated DNA inversion the plasmid
pRK73 was constructed as described in A; above. PRK73 contains a DNA segment
of 1.1 kb size (the coding region of the puromycin resistance gene) which is
flanked 5° by the 84 bp attB and 3° by the 84 bp attP recognition site of C31-Int
(Fig. 7A). These attB-and- attP sites are oriented in opposite to each other,
allowing inversion of the flanked DNA segment (Fig.7B), as compared to the
natural orientation of attB and attP in the phiC31 phage and the bacterial
genome, which allows integration or deletion of the phage genome. As a control,



wel.l of a 12 well plate (Falcon)) were transfected with 0.5 pg pRK73 al one
or together with 125 ng pRK65 or CW-Cre using the FuGene transfection

reagent ( Regd@breggnostics). After. 2 days DNA was extr agcgftphd/iat hese
cells and used for PCR anplification th Prlrrers P64-1 (5 -TCA GCA ACC

AGGCTCCCCAGC GG C-.3' . SEQ.I D NO AGG ATC ATA
AAT CAG O ?A&R@é%‘?'"%ﬁbaggﬂmtﬂ?) r&sﬁeﬁng ﬁéﬂﬂ!"wfg oxPhigites p Pcr
kit ( Rocheppdligmdertation neRER theoattciteswer e separ: a.t ed on a 0.8% agarose(r)
gel, extracted with QuiakEx(r) (Quiagen) and cloned into the pCR2.1 vector
using the TA cloning kit (Invitrogen) resulting in plasm ds pRK80b and
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reconbi nag@diatdd/inversion between the lox or att sites (Fig.7B). This product represents

the junction 5° of the puromycin resistance gene which is occupied by an attB site
in the vector pRK73; after C31-Int médi-ated inversion this site would be
recombined into an attR site. | |

As shown in Figure SA such an amplification product was found only in the
samples cotransfected with the Cre or C31-Int recombinase expression vectors.
To prove that the PCR product found after cotrar_nsfection of plasmids pRK73 and
PRK65 represents indeed the inversion product of C31-Int mediated
‘recombination, this DNA fragment was cloned into a plasmid vector and its DNA
sequence determined. Two independent clones, pRK80b and pRK80c, were
analysed and showed exactly the sequence of an attR site as expected from C31-
Int mediated recombination (Thorpe and Smith, Proc. Natl. Acad. Sci. USA 95,
5505 - 5510 (1998)), which leads to the inversion of the attB/attP flanked
puromycin resistance gene (Fig.9B). Although not formally proven here, it follows
from the knowledge on C31-Int mediated recombination (Thorpe and Smith,
Proc. Natl. Acad. Sci. USA 95, 5505 - 5510 (1998)) that the junction focated 3°

- of the inverted puromycin resistance gene represents an attL site.



Cre. Two days after transfection DNA was prepared fromthe three sanples -
and tested for the occurrence of the expected Cre or C31-Int generated
i nver si onwo @remect by a specific polynmerase chain reacRGREPH/RAR) . Usi ng
prinmers P64-1 and P64-3 for anplifigpution a 608 bp product can be only
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of an attR site as expected from C31- Int nedi ated reconbi nati on (Thor pe
and SmF Pro Nat|. Acad. Sci. USA 95, 5505 - 5510 (1998)), which |eads
to the ﬁég'r"é? of the attB/attP flanked puronycin resistance gene
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5510 (1a98portérgenecact i on descri bed above represents a systemfor the

unidirectional inversion of  DNA segnents. Exanple 3 Plasm d vectors were

constructed which-allow to test for the efficiency of the Cre reconbinase
medi at ed. Vester somstrugtion: DNA segnerit fl anked by different single nutant |ox

sites camparedichOof PRIF '(QEQOED NCE3PRBRaiNG 6 PIREmid PRIBS, Which:is
identical to plasmid pRK57 (see example 1), except that a pair of (irrelevant) FRT
sites has been inserted into the Pmel site, a 4.4 kb XhoI - ;'No_tI (protruding ends
filled up) cassette was ligated into the NotI site of pRKG; (ends filled up). The 4.4
kb cassette contains a 120 bp splice acceptor sequencé__ from from exon2 of the
major late region of adenovirus type 2, followed by the 550 bp internal
ribosomal entry site of ECMV virus and the coding région of B-galactosidase
(Agel-BamHI fragment of plasmid pCH110; Pharmacia) and a polyadenylation
sequence from plasmid PSV-Pax1 (Buchholz et al., Nucleic Acids Res., 24, 4256-
4262 (1996)). The resulting plasmid pRK72 contains the B-galactosidase cassette
between a pair of lox66 and lox71 sites in opposite o:rientation. Next, plasmid
PRK72 was opened witﬁ PacI and ligated with a 850 bp Pmel-HindIIl fragment
(ends blunted) from plasmnd pRK50. providing a CMV promoter and a splice donor
site (Choi et al., Mol. Cell Biol. 11, 3070-3074 (1991)), resulting in plasmid
pRK74. To derive pRK76, plasmid pRK72 was opened with Sall (ends filled) and

. ligated with the 850 bp Pmel-HindIIl fragment (ends blunted) from plasmid




wi |, dtype | oxP site and a double nutant |lox site. These vectors were
transfected together with a Cre expression vector into a nurine cell l|ine
and the relﬁ % dnversmn ef ficiency was determ ned thr

expression o gal act osi dase asp a r orter gene. A. Vector consfructlon
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site (Choig &?}%—d Méﬁg }Tlc[lgfends

plasmd pRK 3 i . R
filled) aﬁbroulaagat(@hwenh eth@ﬂ-85§ll¢$ CPAGHS I-Res@ﬂl‘dh fZ@,grl’éa?-l(@idﬁlw&))t ed)

prers. . prRIGEUEHE B aRIEe GE@Q%%“’ Bt GraIcB Wer tRderechll Wiup 05" ©
expr essi oRR{Edt a1 pRKPE- Frae (ButbgrRther avitta|S00 nnc¢MVcCreApla_amld Rammrtbb 24,
118 LIS rhaSIEMa kR ABNCHagkHE (Rolhl TTAGNSHESF ABSSTLIR he bafd Sdg O1°
the Cre ei{VﬁEé@@ddhe@I-Qdmsme@Ctiylﬂtehevetediemg'mieemmd:hefﬁ-ﬁhlactqshiasm| nase
was cl one I K 33).

B. STr ansfgecqq?%ér?l‘ ;Qﬁ %gésa '@EQ%FQ P?ié F‘&I& ?%%% ?cgt ?\Bl g)ﬁ@k%tgwe%us)e
fi-br obl asgyideBedswsing atlumat LB ﬂﬁ@?étumlrnmetsr (Berthald, 26, 1427- 1432 (1998))
(10000 cells per well of a 24 well plate (Falcon)) were transfected with 1
pg '

C. Results: The efficiency of Cre mediated inversion of a DNA segment flanked by
the single mutant lox66 and lox71 sites was compared to the inversion of the
same DNA segment flanked by a wildtype loxP site and a double mutant lox site
using the recombination substrate vectors pRK74 and pRK76 (Fig.10). Plasmld
pPRK74 contains-a CMV promoter for expressnon in mammalian cells followed by
cassette containing the E. coli B-galactosidase gene and a polyadenylatlon
sequence in inverse orientation to the CMV promoter. This cassette is flanked by
the lox66 and lox71 single mutant lox sites (Albert et al., The Plant Journal, 7,
649 - 659 (1995)) in opposite orientation. Upon expression of Cre recombinase
this cassette can be_inverted and allows the production of B-galactosidase as a
measure of the recombination efficiency. Plasmid pRK76 ié structured like pRK74
except that the inverse B-galactosidase cassette is flanked by a lox66/71 double
mutant lox site and a wildtype loxP site. Since the lox66 and lox71 sites are
recombined into a pair 61‘ lox66/71 (named lox72 in Albert et al.,, The Plant
Journal, 7, 649 - 659 (1995)) and loxP sites (Albert et al., The Plant Journal, 7,
- 649 - 659 (1995)), the comparison of the B-galactosidase activities generated
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pRK74 or pRK76 al one or together with 500 ng CW-Cre plasm d using the

FuCGene transfection reagent (Roche Di agnostics).
| ys@d @pohog he B-gal act osi dase activities were detrrviEPowth1sd t h t he
reporter gene assady (Roche Diagnostics) according to the
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Journal
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, The Pl ant
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649 - 659 (1
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lox66/ 71 (naned .| ox72
995)) and | oxP sites

npari son of

t he B- gpigiet0osi dase activities generat ed WD 01/29208 PCT/ EPOO/ 10162 32

fromplasmds pRK74 or pRK76 after co-expression of Cre reconbinase allows
to coppare the rela |ve efT|C|en V\/mch a palr|of 10x66//Tok71 or
1ox66/ [fRIpsmider st efB Q%W M,%HH’W?@'W%"F"F&% ently
transfcted into a m.GfF'ﬂ%"efH RUCBIRLY) ne oither alone or hith the
Cre exp %g??on vect of CW- Cre.\fﬂé%gr two days the cells were |lyped and the
| evel s : t osl dase acti the |y was determinefd by
chenol LARS Aé%:é@@faﬁs shown in 41 bel ovﬁ&ﬁ cp- exprzeééni onfof Cre
with p L 0 PRR7A Tesulted 1 n NCrEgase ol Z00Z4 RCU while
CO- exp éé@%n of Crejwith pl asnsgs%RKm showed an reduced activify increase

75p4 thellatter val l.s defined. an j nversion eff|ciency of-
1. ol l&R}éJ+ &hvide 19826 F 7374 {

No DNA 1660 '

From these results we conclude that a pair of 1ox66/71//loxP sites (in pRK76) can

be recombined (by inversion) by Cre in mammalian cells, but that this type of

_recognition sites is about 3-fold less efficiently recognised than a pair of
lox66/lox71 sites (in pRK74). Thus, under equilibrium conditions, providing a

saturating level of Cre recombinase, a plasmid containing one of the two lox site

combinations, should be recombined such that about 75% of the molecules
.contain the lox66/71//loxP conformation and about 25% of the molecules contain
the lox66/lox71 conformation. This result confirms the similar observation
obtained by Albert et al., The Plant Journal, 7, 649 - 659 (1995) in plant cells and
confirms that unequal recombination between mutant lox sites also occurs in a

murine cell line.



pRK74 is reconbined with a 2.64-fold hi gher efficiency (Tabl e2). Table 2
Pl asm ds 6-gal actosi dase activity activity increase relative increase

(relative | iggdidmst S(RLU) (RLU) pRK74 1923 pRK74 + CW- CpcpgPnfiof024 2. 64
pRK76 5252 pRK76 + CW-Cre 12826 7574 133 No DNA 1660 From these results we

concl ude tiaéoniuaiin, thls refs®i Zéd béQisEd%bfsﬁﬁt (Henecpjﬂtgh R c:*éem(eﬁf%%&"' ned

(by inversion) by C'e in mamalian cells, isty f

recogniti dﬂ"%"sl%"srqaﬁ'ﬁ'béﬁﬂh%sﬁdélthf‘éé%@éﬁtl ‘-‘@F‘EEHE“FQ the Pali® s'@liﬁﬁﬂdﬂiaxbal r

of 1lox66/djge7/l sites (in pRK74). Thus, under equilibriumconditions,
providing a saturating level of Cre reconbinase, a plasmd containing one
of the two lox site conbinations, should be reconbi ned such that about 75%
of the nol ecules contain the 1ox66/71//10oxP conformati on and about 25% of
the nol ecul es contain the 10x66/10x71 conformation. This result confirns

the simlar observation obtained by Al bert et al., The Plant Journal, 7,
649 - 659 (1995) in plant cells and confirns that unequal reconbination
between nutant |lox sites also occurs in a nurine cell line. WO 01/29208

PCT/ EPOO/ 10162 33 In conclusion, this reaction can be used to shift the
equilibriumof a Cre nmediated inversion reaction to the side of the
product containing the pair of 1ox66/71//10oxP sites. W 01/29208

PCT/ EPOCQ/ 10162 34 1111111112120 0111 11111 0!'11 CL n Cainms 1. A gene
trappi ng construct capable of causing conditional nutations in genes

"whi ch conprises a functional DNA segnent inserted in a functional or non-
functional nmanner, in sense or antisense direction relative to the gene to
be trapped, said functional DNA segnent being flanked by two reconbi nase



recogni tion sequences (RRSs) which are specific to a site specific _
reconbi nase capable of unidirectional inversion of a double stranded DNA
segnent. 2wolhesmenstruct according to claiml, wherein diaphifAese (1) are

present in oppoestte—ortentati+on, andBeor (ii) are specific to a site

speci fic recopiy f the inverted double stranded DNA segnent in
an anount of mumgﬂ"mmgunerably greater 75% nore preferably greater
90% relative %0 eL startsi ng doubl eqstranded DNA segment. 3. The
construct according to claim1l1 or 2, fM%ein the two RRSs are sel ected
fromnmutant | oxP sites nmutant frt sites and AttP/AttB sites, and the site

i fi nbi ' | ect ed Cr FIp, ....C31- | d..-Int. 4.
TheC constlr ¢t BoR g, RS GPableoff (uing FEMdgT e autatiaS i ganesut ant
IA??E si t aehictprodfprisek ya funotidiial aDNAasdgmietit miseeted SINQal furldtlea@ anchok- or an

an

an, AttB site of Q0 C31, and the site spegific_reconbinase, is Cre
or oD Catnchione inganeg  senstir Efsenre, cirestoR raatye 19 G Bne B bel ai e 1
to 4, wherapped) hseid ufunictionall DNA\/segegmenbeihyr flaaked obpr tve eotvebifasgor € of
the follow ng..splice accent splice donor, internal ribosomal entry
Site, polSeRRHATErafertas Janee) Wiigh At seaif o sits el (aroENESrn.
r esi st anegpgisio of anitiectons invehsivn dfar deubieistrorded PNdesegpwentf | ¢ r econbi nase.
6. The construct according to any one of clainms 1 to 5, which further

conprises a selection DNA segnment suitable for selecting for genes having

an i ncor ROThe@dnstFottsacobmithg toislaBad) wiepdinaRe RRISS! | I1 LT 1L 1Hil 1~
1111 WD Q1/29208 C.I. M S-PCTI EPQ0/.10162 , 35 gene trappi ng construct, said
sel ecti o%lﬂ(ﬁ\%@%ﬁ%ﬂ? opBesits %’i“ﬂﬁa oVl er or resistance gene and

f 1 anki ng (i e @eaispeaifie tocaogite tspetifisi teesmbimasangroduciagt thie nverted. dddilsle

const 1 Ul raRAas T shomaRY 191% ShoGhebrBrebebi®sdodiheRerSBPLrRSES S48,
more preferably greater 90%, relative to the starting double stranded DNA

segment.

3. The construct according to c'l'aim' 1 or 2, wherein the two RRSs are selected
from mutant loxP sites mutant frt sites and AttP/AttB sites, and the site specific
recombinase is selected from Cre, Flp, ®C31-Int and A-Int.

4. The construct according to claim 3, wherein the two RRSs are single mutant
loxP sites, preferably a lox66 and a lox71 site (SEQ ID NOs:2 and 3) or an AttP '
and an AttB site of ® C31, and the site specific recombinase is Cre or @ C31,

respectively.

- 5. The construct according to any on_é of claims 1 to 4, wherein the functional
DNA segment further comprises one or more of the following: splice acceptor,
splice donor, internal ribosomal ehtry site, polyadenylation sequence, a gene
coding for a reporter protein, a resistance gene and a gene coding for a further

site specific recombinase.

6. The construct according to any one of claims 1 to 5, which further comprises a
selection DNA segment suitable for selecting for genes having an incorporated

-
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(a) a first DNA seg mmm ssette) being oriented to be inserted
in anti sense orient geﬂ“ u"muﬂmmhe transcriptional orientation of the
gene to bgydpaRprd ant Hei hg f'l afhkeld by two RRSs which aca/EppEmié2 ¢ to a
first si te specific reconbi nase capakd e of of unidirectional inversion of

a doubl e e e t

cassett o) SBF NN ORREHEY Vot 38ckild AR SRR g BEbredk or

t ranscr i ptesistahcegenakat ifankify ltelaen’gmusetmcd:@wltaorapmesiarasa}ne lneientptidranked by
two RRSs of a second site specific reconbinase in the sane orientation. 8.
The construct according to claim7, wherein the disruption cassette

conpr i ses7. dheptonstrsnt capbatingrid anypaingade clgiras | bio s quhéck eofimisesdviy sai d
two RRSs speC| fic reconbinase, and the sel ection
cassette @%’T#%‘?ﬁ QNQ%%E% r or .selectable marker gene flanked by an
upstream spl i céa)ax GiegitNA segmentédiarubtmn chssette) being puiepbetk ty batinserted
sequence, ¥ s

sel ecti ng"]‘ Sphﬁﬁ%gséé&gﬁg'?ﬁjﬁpagivg%%?@ §SR§$?é§gQ§°"%§B§Bn t g(rquérg?gg%r di ng
to claimbBe wapped raridh beithigs flagitado byctves RRSs edviqhr ase Speaifispliol aefiae csifd or

pecitlo ForaaeBtnaRe SFRae aridh Tt dallel slYErabh T ol stmades *or ©

sel ect abl BNrasdgmeneandf used to an upstream constitutive pronot er and a

downst ream spl j,ge _donor onstruct e C tio0 gene

t rappi ng cons{ D& sg‘é?rbdcs: ﬁg\elngrfiqeﬁ cé'apafﬁ?ﬁ& n?%'%gl BO%Q?I'%%‘P "1‘0 €¥%el |
conpri si ngiretttory eelative aq»phmgransnspularcal oamndatfume’dmengmeatme irdpped.andll.
Use of th .ceI f aiml heldent flcatl n_an i spl ation of
gones.  ThPEOakefbd %’eﬁkéép? -8 expebd it SHEE rdfeihade’ ) Hha Fagie
AREERN Ibhéhﬁatiohlll L1 11l * CL Ms WD 01/29208 T/ EP00/ 10162 36
12. A process for the generatlon of conditional nutations in all genes of
an organismconprising (i) installation of a gene trapping construct as
defi ned i 8, Thaicwastrutiva&ording toulaitra] wherdih the disruption cassette comprises

a splice acceptor and a polyadenylation sequence flanked by said two RRSs -of the

first site specific recombinase, and the selection cassette comprises a reporter or

- selectable marker gene flanked by an upstream splice acceptor sequence and a
downstream polyadenylation sequence, said construct being a conditional gene
trapping construct selecting for integrations into expressed genes.

9. The construct according to claim 7, wherein the disruption cassette comprises
a splice acceptor and a polyadenylation sequence flanked by said two RRSs of the
first site specific recombinase, and the selection cassette comprises a reporter or
selectable marker gene fused to an upstream constitutive promoter and a
downstream splice donor site, said construct being a conditional gene trapping
construct selecting for integrations into all genes.

10. A cell comprising the gene trapping construct as defined in claims 1 to 9.

11. Use of the cell of claim 10 for the identification and/or isolation of genes.
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'(ii) selection of cells in which the c MeruH“uml&orat ed in a gene,
(ill) identification and/or isolation of h the construct is
i ncor por at swhoxf29208 del etion of the selection cassette fromdgdigapped
gene, (v) induction of a nutation insshe trapped gene by inversion of the
functional DNA segnent. 13. The process according to claim 12, wherein the

nutation in Atgfocksy fors thefdeaetatibnbyf @osditionsipamitations &ccanbgmmeoﬁa#abl e of
unidiretional, inversign of the functional DNA of the gene trapping

const r uctOr9RAISMEIMBEYPGSs according to claim 12 or 13,. which is suitable
for tenpogipri liystakatibroof apgérientrappingsdonstruetias riefinid ah i chaimef 1 ablg geres that
constitute a |IVIQ% ﬂrgani sm 15. The process according to any one of
claims 12 to F£HtaRl a process for preparing transgenic manmals, wherein

in step (@) tkeldgtion ofltelpspi'nnghmbmbé cordtrucs is inestporated inm ganesS cell . 16. A
B e I S A
vari ous devel optorpdrakedit ages. This Sheet Has Been Repl aced |

(iv) deletion of the selection cassette from the trapped gene,

(v) induction of a mutation in the trapped gene by inversion of the functional

DNA segment. '

13. The process according to claim 12, wherein the mutation in step (v) is
effected by a site specific recombinase capable of unidiretional inversion of the
functional DNA of the gene trapping construct.

14. The process according to claim 12 or 13, which is suitable for temporarily
and/or spatially restricted inactivation of all genes that constitute a living

organism.

15. The process according to any one of claims 12 to 14 being a process for
preparing transgenic mammals, wherein in step (i) the gene trapping construct is
installed in an ES cell.

16. A transgenic organism obtainable by the method of claims 12 to 15.

17. Use of the transgenic organism according to claim 16 to study gene function

at various developmental stages.
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