WO 03/ 056912 PCT/ GB03/00065 1 Cenetic Manipulation Method Field of the

I nvention The present invention relates to a nethod for the transfer of
geneti c iwbasmeddion in an 5 organi smusing transposons. [PCTEEBOB0csEar, it
relates to a method of inducing genetic nodification of cells at a
predet erm ned stage of devel opnent. Backgyound to the Invention The

devel opnent of high through-put DNA sequenci ng technol ogy, and

sophi sticated 10 data-capture and conputational analysis has resulted in

t he sequence determ nation of gﬁir n ﬁs i!acégu i ng Drosophila

mel anogast er and Hono sapi ens. etic MaHiby ' gnovel "predicted" gene
sequences but no associ ated biol ogy ascribing function. Functional
information is a prerequisite to delineate which genes nmay prove to be

t herapeutic ﬁrge}a fgr di,sease managenent and di agnosis in man. 15 The

i dentificati gl gene function and the functional relationship
of genes to disease states is now a pre-occupati on of the Bi otechnol ogy
and Phar maceqthk gadsent ifdhsibh Yelatbd & hﬁ%ﬁﬁddffofﬁ{e' {hsf o ? gé{f'egl%qnfoghﬁo%qn nes

w Il allow the devel opnent of new drugs or targets rug discovery,
provi de d? agReganise wying fragpposansc InmakténudarS ivrela@s ¢o s emsthocdhoflinduciug @enetic

prescriptive 1 | ¢l ans at t these will be
partlcularlyngggg%ﬁ°$§f%§§ég§@§ ﬂ§9Pﬁ538% ﬁ&“@%ﬁEFF%s. Wher e genetic
variation between patients can be neasured, personalised medicine prograns
can be devel gped mhere defined patient responses to drug action are
identified 23cks thelnvention dent i f yi ng gene function are being

appl i ed, nost With a dependency on t he conparative anal ysis of gene

approach | o oo e GHRERS? hh iRk (RF DA SRR SRpuBkE R Rpuph ey T
subj ect i W, kiaﬁawaplyrdmdd:ompumnnd amilms Ineg resuttad i theGBqichcg @ftermifaimestsi on
to a functi On{i‘thf di sease. e ﬂ%feve in vivo. Validation of gene function

30 requires SYUEiEEOTH 4 JPYmRoshsiet h 2pY danq yanignsat dhisahese
(i.e. a mtaideanfid0 93(/@5§>9écﬁct5)&5r loRO3RMRRER but no associated biology ascribing

function. Functional information is a prerequisite to delineate which genes may prove

to be therapeutic targets for disease management and diagnosis in man.
15
The identification of individual gene function and the functional relationship of genes
to disease states is now a pre-occupation of the Biotechnology and Pharmaceutical
industry. The identification of disease related genes will allow the development of new
drugs or targets for drug discovery, provide diagnostic or prognostic markers for
20  disease and provide prescriptive guides for physicians. The latter of these will be
particularly useful in diseases having complex genetics. Where genetic variation
between patients can be measured, personalised medicine programs can be developed

where defined patient responses to drug action are identified.

25 Many methods for identifying gene function are being applied, most with a
dependency on the comparative analysis of gene structure and gene expression profiles
in healthy and diseased states. The approach is expensive and time consuming, and the
outcomes often subjective, lacking hard evidence relating a variation in gene
expression to a functional disease related event in vivo. Validation of gene function

30 requires studies in animal model systems which directly relate cause (i.e. a mutation



2 in a gene sequence, a deletion or an insertion) wth a neasurable effect
(i.e. behavioural, devel opnental, netabolic etc) in the whole aninmal. GCene
functi on wowdios®1i n m ce and ot her mammal s are presently PETIGRIGHEEStO0: 5
A) Painstaking nutational analysis of individual genes in "knock-out"
transgenic mce derived fromlibraries of enbryonic stems cells (ES cells)
each cell containing one or nore tagged genes often introduced by viral
infection. 10 B) The random nmutation in vivo of nouse genes by al kyl ati ng
agents, and . syb u I 0, | yS} J tf Yi.e.

mul tiple nuta Fog%%Tﬁ%%%%gﬁlegggr%Eggﬁqiﬂg@gglﬁi mgr%ﬁgﬁﬁﬁg%n gan be
surm sed bask¢havivumsbgleselopmeitalynietapplivietch ircthe swkole angshal ed genes of known
function but this approach is tine 15 consum ng and | abour intensive. The
al kyl ati on approach relies entirely on whol e genonme sequencing to identify
sites of nugahd ARANsthiiSs Fthikk 884 bikgr AhmAHEE prdstntly @ytiienaky: det er m ned
behavioural traits and netabolic read-outs. Identification of a phenotypic
change must then be correlated 20 to one of perhaps one hundred al kyl ati on

events in th ar gef. nouse.gepone. . T approach i Sqal j»s ing and
requires t heia%‘ﬁ@g@%@%ﬂﬁ?ﬂﬁﬁgﬁaﬁgdlgﬁ%ﬁgﬁé‘ S mrml%lg gl?'f’%;{g@ ?%egﬁz u@r\cg is
limted to iphyed drh WbhFie fof BinbSyoniOtera® BRIRT @S| oetlsy @ich @l setainAipuine @t

al . (2002) TIB 20, 36-42). 25 Another nethod for obtaining nutations is

t hrough the imore bgpet gaves ofterintgdirsd by vioRlinfeetient he genone. Transposons are
natural genetic el ements capable of junping or transposing from one
position to another within the genonme of a species. Mbilisation of ‘a
transposem i 8) $Re dapduit amiutationt e vexpofssivose @knas byanliyktisg sgenispeandhi ch
bi nds to sequences flanking the transposon, DNA | eadi n .pio t exci si on of
DNA f r om one sghssauangy whele graomg SERCR AP YSHS tﬁé@"r"t“?ﬁ “8} SRHEAEM n t he
genone. Insertion into a gene sequence wll W 03/056912 PCT/ GB03/ 00065 3
| ead to a change in gene function which may, in turn, result in a

measur abl e  The knockout approach is valid where a function can be surmised based on sequence

homology with closely related genes of known function but this approach is time

15  consuming and labour intensive.

The alkylation approach relies entirely on whole genome sequencing to identify sites
of mutation and the cataloguing of changes in previously determined behavioural traits
and metabolic read-outs. Identification of a phenotypic change must then be correlated
20 to one of perhaps one hundred alkylation events in the target mouse genome. The
approach is also time consuming and requires the generation and maintenance of large
mouse libraries, and is limited to inbred strains of mice (for comparative review see

Abuin et al.(2002) TIB 20, 36-42).

25  Another method for obtaining mutations is through the introduction of exogenous

DNA into the genome.

Transposons are natural genetic elements capable of jumping or transposing from one
position to another within the genome of a species. Mobilisation of a transposon is
30 dependant on the expression of a tranposase enzyme which binds to sequences
flanking the transposon DNA leading to the excision of DNA from one position in the

genome and reinsertion elsewhere in the genome. Insertion into a gene sequence will



phenotypi ¢ change in the whole organism O the three "classical" nodel
animals, the fly, the wormand the nouse, efficient 5 transposon based

i nserti orwomshsdol ogi es have been devel oped for D. nel anogastGno3/oensd for C.
el egans. The introduction of P elenent nediated transgenesis and

i nsertional nutagenesis in Drosophila (Spradling & Rubin (1982) Science
218, 341- 347) transfornmed Drosophila genéti cs and fornmed the paradigmfor
devel opi ng equi val ent net hodol ogi es in other eukaryotes. However, the P

el ement has V. 10, restricted host r ,._and. therefore other el enents
have been ern(i)l aél%&/da'l e Pastm® gg?iﬁ’é ‘g@%e@%r’? P é%gr"}ﬁ 1y arieeaserablgy/ or
nut agenesi s iphefotypit chinge@h tHeONR1€¥rgafidiar yot es, includi ng nenat odes,
plants, mammals, fish e.g. zebrafish and birds. Mnos, a type 2 transposon
and nenber of the Tcl famly of elenments, was isolated fromD. hydei and

has been use ‘ & for ion.of D. nel.gnogaster,..15 C
capi t at a, ang)iﬁéﬁh}éﬁegﬁé%%hgﬁ%#{ ?ﬁ‘sé‘tf‘%e&ﬁ% ﬂg’  thegvorp a&fﬁ?igw)qe’ﬁfggeﬂat I
Acad Sci 5USAcanSidso®dased Insdrtiork afetiodolbgidsha®é badn § d 961 BNGRIanbEEster

2002-5, Catter cg)iéa F. et al. (2000) Nature 405 959-962) and using
transi ent noBPfi &t Corlegesny The tinkadictipg oot Fe glemsnb ipediafed ciransgangsis j and

enbryos of D; : Aed i nsi d nby x
mori and i n G TP AREEEheid DB prad i S, PISRE R B 336
ganbi ae and Sgd)dpnsforhed girpeopisio( Gatcties undi formbd the Firadi@dOR) dvelophiat |
Acad Sci U S A 97, 2 57-12162..,€ﬁi nakis et al (2000% EMBO Reports

1: 416- 421; SKAWvagntmethodologies db ofheysukagypies. o diveyish: toe 3 elompntghgs a Yey hobo
el emrent b Dregesbd ' y, I

Bl ackman RK, rPr ogmN&theﬁggﬁéufgqgggfo?/g?ﬂ%?%anﬁgsg%&g%egfﬂggé)%gsﬁéﬁy r}?g?ﬁ d
type transposigeiesasciecierst for ine dpinsfer Bawd(orym(i8Bnesisains posniety af complex
Tcl / mari ner-1] ransposabl e el enent reconstructed fromJfjsh haye been
descri bed by eh@?"r&tsgé‘%&%qsm% ‘_‘L%%‘?eéel’ @1@”86’%155@8“ e Sféa%"c&&xs-(zoon,
Proc. Natl. Acad. Sci. USA, Vol. 98, Issue 16, 9191-9196. Mariner is a

transposon oiMigbs)al type 2stedmspesdniand méding afthd T Bamily bR BRmeRl] waé Komitdd0
03/ 056912 P GB§3/ 0%265 4 discovered in several invertebrate and
vertebrate spomd Bshyvagand bas bgenpsed fox the germ line transformation of D. melanogaster,

15 C. capitata, and Anopheles stephensi (Loukeris, T. G. et al (1995) Proc Natl Acad Sci
US 4, 92, 9485-9; Loukeris, T. G. et al (1995) Science, 270, 2002-5, Catteruccia F. ez
al. (2000) Nature 405 959-962) and using transient mobilisation assays it has also been

shown to be active in embryos of D. melanogaster, Aedes aegypti, Anopheles stephensi
and Bombyx mori and in cell lines of D. melanogaster, Aedes aegypti, Anopheles

20  gambiae and Spodoptera frugiperda (Catteruccia, F. et al (2000) Proc Nat! Acad Sci U
S 4,97, 2157-2162., Klinakis et al (2000) EMBO Reports 1:416-421; Shimizu et al :
Insect Mol Biol 2000 Jun;9(3):277-81).

The hobo element of Drosophila melanogaster has been described by Gelbart WM,
Blackman RK, Prog Nucleic Acid Res Mol Biol (1989);36:37-46.

25  Salmonid type transposons such as the Sleeping Beauty (SB) transposon, a
Tcl/mariner-like transposable element reconstructed from fish have been described by
Ivics et al (1997) Cell 91, 501-510 and Horie et al (2001), Proc. Natl. Acad. Sci. USA,
Vol. 98, Issue 16, 9191-9196.

Mariner is a transposon originally isolated from Drosophila mauritiana, but since



transformorganisns is described in International patent application

W99/ 09817. Hernes is derived fromthe comon housefly. Its use in
creating woansgemi c i nsects is 5 described in US patent 5PETAERIB0065

i ncorporated herein by reference inits entirety. PiggyBac is a transposon
derived fromthe bacul ovirus host Trichplusia ni. Its use for germline
transformati on of Medfly has been descri éed by Handl er et al., (1998) PNAS
(USA) 95: 7520-5 and US patent 6,218,185. 10 European Patent Application
0955364 (Savakis et al ., the di i.ch. i Mg N by
reference) dUSEPFIFEs™ ?Fé’efiéméefn%ﬁag%gﬁ (?c‘)’% {t?%ﬁigf relrcné%el s, ﬁﬁgﬁ%ﬁmﬁﬁé@

ani mal s. ThepgRRRRASEMIsAE istdeadtigd i ttemattorabpatent appliratioe WO9B9H TM nos
insertions is also described. 15 International Patent Application

W99/ 07871 descri bes the use of the Tel transposon fromC. elegans for the
transformati of .C. el I LB, idnesenii | a
P- el enent s i&g’ﬂzesr}%flgﬁ%eglas e}@%ﬁgﬁlﬁﬁﬁt&gﬁﬁ( ?tgg%)?ﬁlgorg%%ggéﬁgﬁ}aggi ng has
been descs i bgekcrib@EinW$ patentes, 614,398, {ntopoyatddmrein byvefe®@nedouifs @fredW i ng et
20 al ., (1999) Cenetics 153:135. In the techniques described in the prior
art, the use of the cognate transposase for inducing transposon junping

(or ' tansposiigg 5, AEHARMSHAFE homite BRSRSARKYost THAPBARIIC TaNRETs

where descri transposase provided in cis or trans, f

or 25
exanpl e by cgémntisé eransoimationi of Meddlyshassbese drsarled tydlandignwarad., (1998)
met hodol ogy for t posahl e_ el nt, nmedi transformation is by co-
i njecting i n?‘é‘%%ﬁ%@r%‘bﬁiﬁy&mﬁamfﬁre of two plasmids: one
expr essi ORSHRRD PARA (AR1R8tion DYs5368aFasakio o ANSodBclosnd ehehidhr isyi ng
t he generﬂgf :Ent rest 30 flanked by the ?(tr?verted termnal repeats, of t

h
el enent ( Dondncprpofatedbémsinisroferoeceh fescibes thp 8¢ @%IMéIFHSrTﬁIt‘?L g Seela&Efeby
th i f . dqni nant 0 :

bCTI EPbL 03341 (BT 7tk SPReg s, BF Bafieetld Aol b dnGh O nos s

usi ng transpesaivngiLllsn@nrtsbedAccording to this nmethod, the transposase
function is provided by crossing of transgenic organi sns, one of which
provi des a transposon function and the other providing a transposase

function,isn qragr..t o R A5 RHOR WEH998 12ddit ks the use of the Tcl transposon

from C. elegans for the transformation of C. elegans and a human cell line.

The use of Drosophila P-elements in D. melanogaster for enhancer trapping and gene
tagging has been described; see Wilson et al., (1989) Genes dev. 3:1301; Spradling et
20 al., (1999) Genetics 153:133.

In the techniques described in the prior art, the use of the cognate transposase for
inducing transposon jumping (or transposition) is acknowledged to be necessary.
Transgenic animals, where described, have the transposase provided in cis or trans, for

25  example by cotransformation with transposase genes.

The standard methodology for transposable element mediated transformation is by co-
injecting into pre-blastoderm embryos a mixture of two plasmids: one expressing
transposase (Helper) but unable to transpose, and one carrying the gene of interest
30 flanked by the inverted terminal repeats of the element (Donor). Transformed progeny

of injected animals are detected by the expression of dominant marker genes.



5 both transposon and transposase in the required cells or tissues. The use
of tissue specific chromatin opening domains directs transposase activity
in a tisswoomps®ific mnmanner and gives rise to nultiple i RdEBIdOOIL6S
transposition events in somatic tissues (see Zagoraiou et al (2001)

P.N.A ' S. 98 11474-11478). 10 Transpositi ops can be "tagged" allow ng

posi tional changes within conplex genones” to be rapidly determ ned and

fl anki ng genes determ ned by sequence analysis. This allows an inmediate

l'i nk bet ween ha £y iR i | ,evant _in S ific.gene or .
requl atory elSaRry P FYQUAPED G et A ashPrufor BE firseup Fiefluving
However,  comvasiosableblefiRhiRO dsccoidindwdubis etBe) did ©an¥poliabd AMLAGNE pRyvided
transposition suffer from 15 the di sadvantage that the tissue in which
transpositi oRYHEessing@S iTaRsEeRiq ereprsas, (ns S aviagh provides p dansposen funckerzandy t h
uni que trans Ll - L VS| | . . t he
{ranspost 11 ooubst Byl & FEsbshye, RRGHELT ol ROBRAN biRanlufS dhbiisile
event is @ni Goth trddepssont ambtraipossein thateqaired chitdootissuent Mhkluse ®faissue
transposition event., so as to, pré)vi de the same genetic podification ip a
nunber of celSPEHiRH Wi IRFEINg dosrpins, AifeHs &aRHREISEAGHVIGH 11 @ tisee gpeitic
Surmrary of -t gy &1 £98 AGLR) HiB1d Bdfhenblrt iraiSRonWyeh il BEEHE Hissuos
invention, there is provided a netho generdating a transgeni c progeny
and i nduci ng (seeagprsou ¢t@h(2000)P.IN.AiS §8 1 741 B{y8).0f 25 (a) generating a
first adult transgenic organismconprising within its genone one or nore
copi es of a transposon; (b) generating a second adult transgenic organism
conpri si ng WtrhhBositions GBI RagHRE” QoW HosiBhASThahged WIS coRpRYI g3foes
transposase co%gate for said transposon and/ or an el enent capable of

regul ating exproesepidly détemained agd flgeking eenesddeiermined by seqysoesnalysiwd This

03/ 056912 PCT4GB03/ Q0065. .(:€) ,crossing.the first adult transgenic

or gant sm wi ¢ fIOTE B2 AgRAiar LK BerEER SRy <" Bp ylskitonietehs i HRAE% sbas ny

whi ch conpri segulatofy tlegef)rididesttdct (e @phendBpic 6f mdasurale! handept Howeyerpne
or nore copies of the transposon and (i1) a _gene encodi ng a, transpgsase

cognat e for <anventioasspeleds ofimdpang sengticqapdifications by transposition suffer from

15 the disadvantage that the tissue in which transposition has occurred will be a mosaic of

C

individual cells each with unique transpositions. As a result, analysis of phenotypic
results of the transposition event may be difficult to perform as each transposition
event is unique. Thus it can be seen that a method of controlling a transposition event
so as to provide the same genetic modification in a number of cells would provide a

20  valuable contribution to the art,

Summary of the Invention

According to a first aspect of the present invention, there is provided a method of
generating a transgenic progeny and inducing transposition, comprising the steps of:
25 (a) generating a first adult transgenic organism comprising within its genome

one or more copies of a transposon;

(b) generating a second adult transgenic organism comprising within its
genome one or more copies of a gene encoding a transposase cognate for
said transposon and/or an element capable of regulating expression of said

30 gene encoding the transposase;



5 encoding the transposase is under the control of one or nore regul atory
sequences which permt expression of the transposase; and (d) inducing
expr essi owomB/os@izl gene encodi ng the transposase in said PCOEBU/00M6 cause
nobi | i sation of said transposon within at |east a portion of the tissues
or cells of the progeny. 10 Alternatively expressed, the invention thus
provi des a nethod of generating a transgenic progeny by transposon
nobi | i sation, conprising the steps of: (a) providing a progeny which
conprises, in the genone of on r. nore of its cell bot i) one.or nore
copies of a tr ans@g%‘ﬁ“&ﬁgh? ﬁ’l’sfa‘ﬁ#etr%sg%? e lhbﬁé B?ﬁ"ﬁg tré“‘)tgﬁﬁlr‘@f}g ase
cognate for said trapsRANeh protide aiplogel§ vafdcohprRes; aelindGehdife bf gesdrosase
is under the control ©of one or nore regulatory “sequences which permt

expression of the tmeorsoebitasels, beth ({)lohe onaars sopiesob thedtangposor ardi(ip) a
transposase in said progeny.to cause npbilisation of said fransposon
within at |east a p(#?? %hCOé*ngt%téaqSP%ngFe(éo%?te% reﬁafd;'tr%}sp 508 %f’%%&rs%@? geé’(?
Suitably,5the first cagsdihg fHeanngRRaR i9 1HGRA I A0AED] Svrkloa kB tgilatdrpes
conprising stably integrated "dormant" transposons. Such transgenic |ines

can be generat ed usisagrensesawbigh germst exaressionof Hiedrangpessse; Bt mant t r ansposons
can be induced to transpose through crossing with the second adult

t ransgeni c organi . G i ) LV P i ich
can allow the rapﬁg]%@%g%%pggﬁ&%? o%%ﬁg%%@@ %‘Ifhﬁggg t?rahﬁlts nts‘%fl gggﬁ)ggge\ggch as
nmouse mutants. By " poocgeeyiobilsaiiembf sdidranspesont witliin ntleastdpottionrofitld ween t he
first transgenic or&ani sm glﬁ]d‘giﬂe second transgeni c organism WO 03/056912
PCT/ GB03/ 00065 7 | riSsUeso8 P UdDPi08E % ent, the one or nore regul atory
sequences which permt expression of the transposase are sequences which

al | ow spegi f iAGteRMRVASSEGReREb,t DR idveAiSD IRAS BroiiddsNs BB | 5fe gl atpprENt .
Accordingly, the germcells of the progeny ave transposition events. 5
transgenic progeny by transposon mobilisation, comprising the steps of:
(a) providing a progeny which comprises, in the genome of one or more of its
cells, both (i) one or more copies of a transposon and (ii) one or more genes
encoding a transposase cognate for said transposon, wherein the gene
15 encoding the transposase is under the control of one or more regulatory

sequences which permit expression of the transposase, and

(b) inducing expression of said transposase in said progeny to cause
mobilisation of said transposon within at least a portion of the tissues or

cells of the progeny.

20  Suitably, the first adult transgenic organism can be transgenic lines comprising stably
integrated “dormant” transposons. Such transgenic lines can be generated using
standard ES cells technologies. Dormant transposons can be induced to transpose
through crossing with the second adult transgenic organism. Accordingly, the
invention provides a method which can allow the rapid generation of thousands of

25  mutant progeny, such as mouse mutants.

By “progeny” is meant the result of reproduction between the first transgenic organism

and the second transgenic organism.



Figure 13 is a schematic diagramshowing in vivo transposition with the
female contributing the transposon, and transposase. Transposition takes

pl ace in wbhasos®yte. Mitants are obtai ned after crossingPCo/GEIBB00630
Accordi ngly, in one enbodinent, the progeny is a female transgeni c organi sm
resulting fromreproduction between thengi rst and second transgenic
organisns referred to above. In this enbodi nent, the one or nore

regul at ory sequences which permt expression of the transposase are
sequences i ch S | £1lc..e i i :
oogenesi s :Mr}i“t ﬁe&J i %?ren?pegglr%oééfg%;‘}? %S@é ({}P%igisepg%’géaé&giﬁg%g?ﬂ?g{ 5ﬂ~imr11:duced
upon oogenesgspreséionsof the ttansgosheasis sequepeesnivhivh dllomnspreid exmessivanefstheaki ng

pl ace in oocytes to generate _oocytes having inserted sequepce In this
enbodi nent , éﬁ@%ﬁfi’éﬁ m%g@g@@%&é%?@e%eﬁg@ﬁ@@gly CAHf éﬁeﬂﬁ ?P@Q@F‘é%egyon of
t he transposgaifé g%(g dnVeednkrom regul atory sequences for genes which are
expressed 20 in el opi ng oocytes. Suitable regul atory sequences include

t hose whifh control the expression of oocytes genes such as Zp3, Zpl, Zp2,
Gdf 9, Bnpl5, _Figla,and Mater . (see, faor exanple, Rajkovic an t Zuk

Mbl ecul ar anﬁléq Ifiléll 15,8 BWIFn‘SF‘%‘JQV &ﬂﬁ‘{‘%d Vo %r-aéﬁp.osﬁoﬁe‘?%% B{F? igrpgle
regul atory SegieRfaS e YralehodsH, lan8drahigoRhdeN Trans RBitOA 1Ak FIBRUSTEES Bobte.
Cct-4, 25 Figure 1471s a schematic diagram show ng in vivo transposition
wi th the fenMuanteanstobiainediafigr clossing ormegdeson, the nal e the transposase.

Transposition takes place in the sperm 30 Accordingly, in another
enbodi nent, the progeny is a nmale transgenic organism resulting from

reproducig OnA*éSéfdﬂ@gy,t e ohé reptbodiiflerie @@ Prdgeny sig e femalegannsgemic  @ketismd  t 0
above. In this enbodinent, the one or nore regul atory seguences which

permt WO 03re8kiogfranrpariysiionbeyeenthe fissiand serond frapsgenic o gapwasiefereede

sequences whipfy 3l QY FRAEIHEnPIESHe0S Abrd Rulald P 1RRSRSPwHith! Plmit

spermat ogenesi S 1 n the nmal e progeny. us,” transSposa Xpressi on
i nduced uponesgredsigat of)eeisimsposike are sequénces whickdslldw spenifit iemgressiamebhthsi ti on

events takin | ace sper mat pcyt es .t 0 .gener at e _sper mat ocyt es havin
i nserted Squgm%egz}se du?mg %ogenesw 1 tﬁe femalg progeny.el"hl.g, {ransposa%e éxpression 3

15 induced upon oogenesis. This, in turn leads to germline transposition events taking

place in oocytes to generate oocytes having inserted sequences.

In this embodiment, the one or more regulatory sequences which permit expression of
the transposase are derived from regulatory sequences for genes which are expressed
20  in developing oocytes. Suitable regulatory sequences include those which control the
expression of oocytes genes such as Zp3, Zpl, Zp2, Gdf9, Bmpl5, Figla and Mater
(see, for example, Rajkovic and Matzuk, Molecular and Cellular Endocrinology
187(2002), 5-9). Other suitable regulatory sequences may be derived from the
regulatory sequences of Oct-4,
25
Figure 14 is a schematic diagram showing in vivo transposition with the female
contributing the transposon, the male the transposase. Transposition takes place in the

sperm.

30 Accordingly, in another embodiment, the progeny is a male transgenic organism
resulting from reproduction between the first and second transgenic organisms referred

to above. In this embodiment, the one or more regulatory sequences which permit



5 1n this enbodi nent, the one or nore regul atory sequences which permt
expression of the transposase are derived fromregul atory sequences for
genes whiwb oansssexpressed in devel opi ng spenmat ocytes. SuiPCaliBd3emsl at ory
sequences include those which control the expression of spenatocyte
specific MRNAs such as the transcript of the Ht gene 10 (Bartell et al.
Biol O Reproduction 2000; Aug; 63(2); 4069- 16). Suitably, the progeny which
have transposition events taking place in the germine are then mated to

produce offspring.in ich the transposition,eyenis can,be characterjsed.
N or ogeny habtER IR ol e e, S aTPCE, PR AR SRBIE FORASIOmE Boor ¢ o
a mte 15 wg | ifg §R8%m t erier il St on.
In a furt he\rl\ﬁg‘%ggsdaihéng%ﬁ% he i%\?gﬁeigigyﬂﬁﬁﬂggfbggﬁy" i’sﬂggﬁ‘gsﬁ%ér??&g

Accor di ngl y, isiinduceliupon sherdiatagengsis. Hhise in surpleads de gernlinetttanspasitiogesventst i ng
a transgenic_enbryo and_ inducjng transpositi.on onpri.sing,the steps of:
20 &) gener alAkH Plate i Spertpgeyter PSSy PepPHSR SRR RAGOWEEFn i (o
genone ofie or nore copies of a transposon; b) generating a second adult
transgeni c organismconprising wthin its genone one or nore copies of a
gene encodi ni tis erabndimenis thewgwamore sagulatery gequeaessgviion permal expregsioal afrent
capabl e of r ' exnr | f i Lag.the t sase;
Cc) crossing ﬁ%teﬁ a%%é‘%? Sea%gld[%ﬁ?‘%(gﬁg%erﬁ ca%r g%ugﬁ]&%fﬁﬂgﬁgg Q@é‘%:ho%a eEc ﬁlla}%%geni c

adul t  or ganimsdevtlopiigGpefiaioaiites Saitylsle vépuldiorg@siiehs@Snclude those @hiehBniedl one
or nore of its cells, hoth one or npre copies of the transpgson and

(ii) a genetherfegessygn ot sp %@@c@gﬁ%wwwh anthe transerind 06 die Hihesnsi n
the gene 30 ﬂ'é?gl-B{}lﬂi%ﬂ@%ﬁgﬁﬁ%ﬁzb@'LAH&EE?’@IQ*P%%}IOl of one or nore

regul atory sequences ermt expreéssi-on o ransposase; and WO
03/ 056912 PCT/ GB03/ 00065 9 d) inducing expression of said gene encoding

t he transposgse .,in said enbryp., .to cause .nobilisatjon of sai.d trapsposon
Wi thin at | eSEHablY,{BS ProgamyFhichdiave freaspasiion oyl ekige place 1L Hisrgrpmlind are

then mated to produce offspring in which the transposition events can be characterised.

A progeny having germline transposition can be mated to a normal mate or to a mate

15  which, itself has been generated to have germline transposition.

In a further embodiment the invention, the “progeny” is an embryo. Accordingly, in
this embodiment, there is provided a method of generating a transgenic embryo and
inducing transposition, comprising the steps of:

20 a) generating a first adult transgenic organism comprising within its genome

one or more copies of a transposon;

b) generating a second adult transgenic organism comprising within its
genome one or more copies of a gene encoding a transposase cognate for
said transposon and/or an element capable of regulating expression of said

25 gene encoding the transposase;

¢) crossing the first adult transgenic organism with the second transgenic adult
organism to provide an embryo which comprises, in the genome of one or
more of its cells, both (i) one or more copies of the transposon and (ii) a
gene encoding a transposase cognate for said transposon, wherein the gene
30 encoding the transposase is under the control of one or more regulatory

sequences which permit expression of the transposase; and



Al ternatively expressed, the invention thus provides a nethod of generating
a 5 transgenic enbryo by transposon nobilisation, conprising the steps of
a) provi awogsaseerbr yo whi ch conprises, in the genome of @oe&/GBo3ferse of its
cells, both (i) one or nore copies of a transposon and (ii) one or nore
genes encoding a transposase cognate for said transposon, wherein the gene
encodi ng the transposase is under the coftrol of one or nore regulatory 10
sequences which permt expression of the transposase, and b) inducing

expressi on of sai,\&tr(ﬁlns osase .in said enbryo to _cause nohilisation of

sai d transposon ARgGpC gqx&%?éﬁlo%ogiﬂl ERN¢ syroding thej teasposassyin seid|embryt ¢ he
enbryo. "Enbryo" asHefikkhdbanGhd a?cI't? ion%fffile tO the
structure 15 devel opi ng Ihrom alIgI)ﬁgﬁ e éeIIrSI;I? ?&Ig%égg%?gf§§§%e o the tinme
of birth or hat chi ndissuesoheellsod¢le afibryer t ebr at es or invertebrates or
germnation in the case of plants. Thus, in the context of the present
invention, "enbrye" .should nder st ood .t 0o al so, enconpas mamal i an
fetus. 20 Fi ‘§III' Xti\f)elI_'sexg_r%sﬁ‘%ZntéFiléwﬁ‘?t%?&r this s Rrswidss qr}nn%}ﬁgi ‘Iafr BPRGRIWE: Ron
with the ral gansgeni embwdmr&ﬁ@sbhma&, cofipriBBRASstéfAfL F ansposase.
Transposition takes place in he egg or early enbryo. bilisation of a
transposon i n enbdypreddiasan smbrya whishsemnriseshia thegenoo aftong oy moraef its25

duri he d I I i ned
of " devel opmont of Saa Qg ke et & RPh bR CRE o e et 0o

of devel opment, t hencading £tagpoesetognatd fghdd Gahdposdy wWherdieRbigeas ed in
subsequent cell divisigns, resulting in a group or_ groups of cells which

are essential |y honSgeasiagthe trapsposans 15 wades fhecentrokafone prmere feaulaforyis posed

gene mayjde present (i . I ticular tissue

or group of ti ssues.S egeégﬁy/@%%?%%m? ngéggir?gg’ g%%@ﬁ%og%%glz

PCT/ GB03/ 00065 10 generation of transgenic enbryos and organi sns

conpri si ng one orbymrducigmxatessipn plisad iremposie treddidebnypdenanses for one or

e hod of sanerat Mo A Sd faRBo8AWARR P lead'a pofifon PR hscdls & 01 9%
cells of the embryo.

“Embryo” as herein described should be understood to fefer to the structure
15  developing from a single fertilised egg or zygote to the time of birth or hatching in the
case of vertebrates or invertebrates or germination in the case of plants. Thus, in the
context of the present invention, “embryo” should be understood to also encompass a

mammalian fetus.

20 Figure 15 is a schematic diagram showing in vivo transposition with the male
contributing the transposon, the female the transposase. Transposition takes place in

the egg or early embryo.

Mobilisation of a transposon in embryonic cells or tissues may be induced at any time
25  during the development of the embryo, for example at predetermined stages of
development of an embryo. By inducing transposition during such stages of
development, the mutated gene of a single cell may be replicated in subsequent cell
divisions, resulting in a group or groups of cells which are essentially homogeneous
for the transposed gene. Thus the transposed gene may be present in some or all of the

30 cells of a particular tissue or group of tissues. The invention thus enables the



5 organismhaving a plurality of cells or tissues honbgeneous for a gene
nodi fi ed by transposon nobilisation, the nethod conprising generating a

t ransgeniwoaaiosepe2 and i nduci ng transposition therei n acc®CaiGR3#0a6s5he

met hod of the first aspect of the invention. 10 By enabling the regul ation
of transposition at different tines duri gﬁ devel opment, the nethod of the
present invention also increases the |ikel'ihood of genone-w de
transposition since chromati n donai ns accessible to transcriptional

conpl exes an I a i L tran Jjtion events vary in different
cell tissue g%/nﬁcgdglogt i’{trzlim?);l%rl%ent l;nltnlt) 5% Jngu&l%ngsxté' TTRTIE 0% b FARES SO
mor eover i n pojuldtions b€ céllsthontogaievus il ong e WMofe indifvidial Hatdtoas such as

tumours. The likelihood of achieving transposition in particular regions of
the genone may be increased further by the use of chromatin opening

domai ns, for b St S-To | ' Ing.elepents .
(UccEs) (poTT CBoar sauh Rt BB Hysfifbd BRvilas afbiRy BP oG £ Heilabuic
(Fraser, P. érgenissvimiving & plyrdlt98f.cellsior tisdps homGgédeouBtarl a gbhe B6dIfid6DBYy, CpG
i slands or ipsul ators é pontrol expression of the transposon and/or the
gene encodi n§J*HESAL IR ’%8 the methiod ccompaiging gsBerating 8 dragsgeniceembiye e on
the transpospaudifg/einspdidie Mer&h CREbMAMg t?cﬁtﬁehﬁlgﬁ{oﬁnoc‘ﬁ(ﬁfeaﬁ?st aajggéc? 'ofOthe
sequence regul ati ng expression of the gene encoding the transposase are

i ncor por at edinyeRtiinn chr omat i n openi ng domains to increase the |ikelihood

of achieving transposition in a target tissue of the enbryo, thus enabling
the generation of a population of cells of that tissue honbgeneous for a
transposig i OBy efatsiiilg thé eéguitidiif Sran¥tRftidn sk differélt HMRUubing | d@MGinent, the.
transposition in a defined tissue, the 30 transposon and/or gene encogl ng
the transposBshodned dhe present dmventipe pismtinergases ihe dikslibpodioft grmomerwide
encodi ng the : I.Acor t it hin . a locus , control reqion,
conferring tFasonaas 8afk Bifmlalf oAl EleslbicloltaorEbR GRRIES ARETR Vo
03/ 056912 PGall pRb3Yili6N Ganspbiitioh averts saydn diffeeern cell tissuedpsds e diffefent Heies e
transposition in a %i ssue fO{Q whi ch (fpeci fic, LCRs are not avail able and/or
where it is eRopenicIRyelorment gnd meteavenin adult {ife;aad) i pbnosmal groavth
particul gy tiiamaHEns JubR ad fAsROSON and/ or the gene encoding the

The likelihood of achieving transposition in particular regions of the genome may be
increased further by the use of chromatin opening domains, for example ubiquitously-
acting chromatin opening elements (UCOEs) (PCT/GB99/02357 (WO 0005393)),
20 locus control regions (LCRs) (Fraser, P. & Grosveld, F. (1998). Curr. Opin. Cell
Biol.10, 361-365), CpG islands or insulators to control expression of the transposon

and/or the gene encoding the transposase.

In preferred embodiments of the invention, the transposon and/or the gene encoding
25  the transposase and/or a sequence regulating expression of the gene encoding the
transposase are incorporated within chromatin opening domains to increase the
likelihood of achieving transposition in a target tissue of the embryo, thus enabling the
generation of a population of cells of that tissue homogeneous for a transposition
event. For example, where it is desired to induce transposition in a defined tissue, the
30 transposon and/or gene encoding the transposase and/or a sequence regulating
expression of the gene encoding the transposase are incorporated within a locus

control region, conferring tissue specific control on the expression of a transgene in



transposase and/ or a sequence regul ati ng expression of the gene encoding
the 5 transposase may be incorporated within a UCCE. In particularly

pr ef er r edwOenlddiizrent s of the invention, both the transpo®cm/GBidoodse gene
encodi ng the transposase are incorporated within chromatin opening

domai ns. This advantageously enhances the efficiency of transposition in
particul ar loci throughout the genone ddting enmbryo devel opnent, enabling
t he production of one or nore popul ations of 10 cells honpbgeneous for a
particul ar tﬁgpﬁ§§§i ion eveni., Thus, the invention further provides in a
third aspect fiodVBsre gbifetesirethip mduss tianspesitien ind fiywe St which reific

transposi ti ONCRGOMFR Act! AGIENE MafRSwhkre(R)is g@é@ﬁé@ttilgigd@cef 4R} ifllidn of
t ransgeni c organi smconprising wthin its genone one or “‘nore copi es of
a transposontrafsppsitiemen a ipatficalas aissung) thel utansposan sgeliorcther gawi anrpding) the
crossing the_first adul tran%geni o %&%Fni smwth thfet econd transgenic

adul't  or gani"&HPPISH B We? AFPdETHSEy FEMRIIRE PORTFi0RCL the, SeAe HEPURE B one
or nore »f irhfpofist SmaPobl fnkdrpSRAtedowitliRh €a CORORS OfIntFﬁti&fl%gSi E{%@féﬁeand

(ii) a 20 gene encoding a transposase cognate for said trans wherein
the gene enebiedigentseof tandpestion bethuthdetranspesanonod che gdenorencadingothe

| at whi ch if . i f the t d
whorein the SERURESE B moBRa Miinif ERoRRRn SReine fBets oA BpOHatSHtS: o
gene regul agrilageesxheestBicieAcy bf thasgRRRNERC patibElat M6t hARNERRE ABE deh&mWi t hi n

a 25 chronmatin _openjng domain; and (d) inducing expression of said gene
encodi ng t hed¥ringapbyasdevelepmanty e gdhe perdugiiereo pi gwré pepuddtionaiod

t ranspos et i i ssues or cells of the
enbryo. % &#%ggﬁ%e@?E%%%E%kg@mggfo%ﬂﬁgre@%@?red enbodi ments of the
invention, the enbryo is produced by crossing a first organism which is a
t ransgeni ¢ organi.sm conpri si one or nore copies of the transposon, wth
a second or gtﬁ‘i‘ssﬂ’(e WJ(FEEOI} Mf‘ﬁ%{ﬁ?&%iﬂé %ﬂgaﬁiawm ethod nofy penesatingi g it s
genome one Ofraf¥érfic ERBtRSard induitng BANPAiRR, Borfiien e P82 cognate

(2) generating a first adult transgenic organism comprising within its genome

15 one or more copies of a transposon;
(b) generating a second adult transgenic organism;

(c) crossing the first adult transgenic organism with the second transgenic adult

organism to provide an embryo which comprises, in the genome of one or
more of its cells, both (i) one or more copies of the transposon and (ii) a

20 gene encoding a transposase cognate for said transposon, Whérein the gene
encoding the transposase is under the control of one or more regulatory
sequences which permit expression of the transposase and wherein the
transposon and/or the gene encoding the transposase and/or a gene
regulating expression of the gene encoding the transposase lie within a

25 chromatin opening domain; and

(d) inducing expression of said gene encoding the transposase in said embryo
to cause mobilisation of said transposon within at least a portion of the

tissues or cells of the embryo.



5 transposase. In an alternative enbodi nent, the enbryo nay be produced by
crossing a first organism which is a transgenic organi sm conprising one
or nore cwWPiE®s©Ei2 both the transposon and the gene encodiPeg/GBug/oewgnat e
transposase with a second organi sm conprising one or nore copies of

regul atory elenents necessary to permt transposase expression. 10 In a
preferred enbodi nent, the transposon and ¥ne gene encodi ng the transposase
may be provided as a single construct such that the gene encoding the

T L S S e et ST
one of the iRyemist wBRRakSa %fanéééﬁiclérg%ﬁiﬁﬁs&ﬁﬁﬁ%' 'Qoﬁﬁ aoir%ztslﬁgcdﬁ@scgf the

interrupts the transposase gene in such orientation t ansposase
gene is di srdnspdsemevith & eecond negasisor whichnis i transgehic Tigasismexthich corepradeses a

single cross.st.ep to be used to generat tran I C _organismthat
contains redll 1§st EYIOoG SRE s gjé’ég FERES o dﬁl‘ter %ﬁ@%gag’gen 2R %Pfﬂéﬁ“g a cognate
transposi §i ORrahgRRssel In 60 AIdAAtE e dnibddithda! the BmBfyd Agy bé ?ﬁﬁ@&ﬁ%@%r@@ﬁfg‘he )

resulting in stability of the new insertion even in 20 the presence of
i nducer . Fi gdire organismswhigh éssa anseagicocganisy eoraprisies ofie emprescopigstofbotn

the present i | | r ' f f unct,i ons etails of
whi ch are redbiahpfnahdine BEYRRAM: BE Baik BenOstot gl £ 5pnd Gidhish
890- 900) and cdiripfising dhe o2Mmotd cupias @f esul dtayhandtendodaiytotpeanis tramyposhsd be
used to elimnate primary transposase function. In further enbodi nents of
the inventi of*PH&WVer, the transposase gene is not destroyed on
transposijpi on, thus allow ng further transposon nobilisation on, for
exanpl e, adm nistration of inducer. 30 In nmethods of the invention,
transposi ti odnawyefbred embodithents thegransyosey ahé thekgenesrentaling the trakspobasd nper son.

Transposi tion may he.induced, by induction. of .transposase gene WO 03/ 056912
PCT/ GBO3/ 0002’@ pré&“lag‘}(ﬁrse% Sigle é‘?l}fg'ﬂ chatth% ﬁleoge%ne%qa’é‘&eﬁ&fga”é%ﬁeaﬁce or
via operati omi@fiptad wiRHIReaRRYsossh FAGWilises U fltis AfmBingefehaP R BiRLtidE ot it ed
signal. The one ‘or nore regul atory sequences of which the gene encoding the
transposase iteansposon. This may be achieved by placing one of the inverted repeats of the
15  transposon in an intron which interrupts the transposase gene in such orientation that
the transposase gene is disrupted when the transposon is mobilised. This vector
enables a single cross step to be used to generate a transgenic organism that contains
regulator, transposase gene and transposon. Further, transposition leads to complete
inactivation of the transposase source, resulting in stability of the new insertion even in
20  the presence of inducer. Figure 1 illustrates schematically the use of such a vector in

the present invention.

The incorporation of Cre/lox functions (details of which are reviewed in Sauer,
Methods of Enzymology, 1993, Vol. 225, 890-900) and different
25  transposon/transposase combinations may also be used to eliminate primary
transposase function. In further embodiments of the invention, however, the
transposase gene is not destroyed on transposition, thus allowing further transposon

mobilisation on, for example, administration of inducer.

30  In methods of the invention, transposition may be induced using any system known to

the skilled person. Transposition may be induced by induction of transposase gene



5 under the control may be inducible regulatory sequences. For exanpl e,
suitable induction systens include tet based systens, the | ac

oper at or -wepBeS®12 system ecdysone based systens and oe®Cragpon/obmsed
systens, details of which are provided infra. Exogenous inducers may be
provided in any convenient fashion, e.g. by injection to the maternal

ani mal or enbryo or as an additive to thl® food or water 10 supply to the
mat ernal animal . Transposition may be induced at one or nore tinmes during
enbryo devel opnent. Thus i.nducer na%8$e adm ni,stered only once

or
repeat edl y GEPIERYOB ER 3PpligHtions ok s epdozgaous spbstalce 9r, Vg PRYIAUGY \pE an

erbodi ent s fiofdiul AR 4 os PABNASH AR gl e Aigas. encoding the 19

transposase nmy- be I nduced 1 n resp e to a gene regulatory signal produced
at a particular stage of enbryo devel opment. Such control may be achieved

by pl acing the ene encodi.ng the transposase,under the.contraol of a.gene
regul atory sﬂ!ﬁfé"%&i rgg@ﬁeg%lat%y HAPETSDH P@é‘? q’@&ﬁ?%?léccﬁ’ﬁglgcfﬁ‘é H@%Spgﬁasg i¥
pronot er 5 f QindeX AP Lsntr@ A8y VeORARELRI reghiRiny akQsbndHE C IFok (bxﬁllhgm)fsﬁitable
responsive to a particul ar gene regul atory signal such as a 20 transiently

expressed deduductionesystenesy dnchudsd tgir based reystpmsy dhe fec gparataseRsaisaty system,

t i d h t r.ol ' the. i ng.;
tr ansposase SIToearS! BRKER N rRERGERR Pl ha SRISSISMr AR eaneE
transi ently mpar egsesenodeadRaRemaR b pavidedesh pipiconvenidns fashiwhjceg, byr ,

alternatively, when such a signal _ protein is intro(aiu,ced to the enbryo, for
exanpl e by iinjestion ¢ thy materpal anjraaljooembrye oras ameddifye tohedod WALt he

met hods (of tgﬁggfﬂ\éaiﬂ%i&ﬂem%]ﬂ%ﬁ b1 Phn ost ﬂ)gl @é%’ﬁ@%ﬁdlﬁ@d ?{ ohd'6r BRRELiRRAECdI ng

t he transposase-an ence I m ng uction of transposition in
an enbryo ndyingeembryor dtvebshmen@ | Thwsnbddcers nhsy Weeadministéred dali vace 00
tightly control t(ﬂe dyration and effect. of exgressi on of the transposase
gene and t hu€Peaiedin drringens erapore stages of deyelgPmeitans posi ti on, WO 03/ 056912
PCT/ GB03/ 00065 14 the gene encodi ng the transposase nmay be provided within
the same construct as the transposon such that, on transposon

nobi | i sati onln alkenajbreccrabatbinienty afhthetinventions axmession of the gene encoding the

15 transposase may be induced in response to a gene regulatory signal produced at a
particular stage of embryo development. Such control may be achieved by placing the
gene encoding the transposase under the control of a gene regulatory sequence such as
a developmental regulated sequence or promoter, for example, a developmental
regulated specific promoter responsive to a particular gene regulatory signal such as a

20 transiently expressed development regulated protein. Where the gene encoding the
transposase is under such control, expression of the gene encoding the transposase will
only occur when the gene regulatory signal, for example a transiently expressed
developmental regulated protein, is produced, or, alternatively, when such a signal
protein is introduced to the embryo, for example by injection or in the feed of the

25  maternal animal.

Using the methods of the invention, the timing of the expression of the gene encoding
the transposase and hence the timing of the induction of transposition in an embryo
may be controlled.

30
In embodiments where it is desired to tightly control the duration and effect of

expression of the transposase gene and thus further restrict the timing of transposition,



di srupted, preventing the production of further transposase and thus
limting further transposition. 5 By thus selecting the tinme of induction,
nobi | i satwon3os6912 ansposons nmay be i nduced at a predet er rCRAEBOSHAGS Of .
enbryo devel opnent. For exanple, transposition nmay be induced at very
early stages of devel opnent such as at the zygote stage, a four cell
enbryo, sixty-four cell enbryo etc. or 3 | ater st ages of devel opnent. 10
I n one enbodi nent, induction of transposition by placing the transposase
under the control of _one or nore requlatory. sequences that w.ll drive

t ransposase egee epding dhe fransposase r‘?eyprP}é’rdf’&ﬁ'flﬁ’é‘Uﬁ’f?gsﬁmf qgustiget @, 8% 0o or
four cell stag6,JsSn S&H thAOLE transpBbdPRAbBIls AR, HePelle ERDIRIBARS triiiiiposase is
control ling transposase expression at this stage may 15 be derived fromthe
regul atory sheugedewevdntiggribs pridusiéorerh fusthet transposase tand fhesglimitinghfugthex t age.
Such genes include, ZP3, Oct-4 (Kirchof et al. Biol Reprod 2000, Dec;
63(6) : 1698- FASFPOSHION- i er nal ef fect genes such as Zpl, Zp2, Gd19, Bnpl 5,
Figla ang Mater. Qher suitable genes include hsp70.1 (Bevilacqua et al.
Devel opment 2000; Apr; 127(7):1541-51). 20 Dependi ng on the stage of

devel opment ,By thub selgetingtthe timerod idyetion, irmbﬂm@or@e’étmsaasmwaya’ie\m%@e&ﬁ h

further rounds_of cell .djvisi-0O e ' I N ti Lcel
honbgeneous 5 B?ea?tﬁ@uflﬁﬁl ts1a§F 0tf r%?%%%??ﬁtlé n en\lt/'e rﬁ% ! %&’%’ %’T rglgsﬁg%ggﬁt%%nb%as
been i nducednduged &t eRNeRCSaged diajestlapment wich aelat thenrgpoteesthgragionecelts f or
each of two or nore 25 trapnsposition events, Thu dle endi ng on the stage
of devel opmesvibryaysixtydennel sabryeierfr ahiner §iepy lopmeRopul ati ons of
cells within one or nore tissues, conplete tissues or groups of tissues.
The precise nature of the insertional event will determine whether it wll
i nfl uence f ulcédeosrabodimmst, énductss o ranspositioe byrpladihg drebtransposaseanader ghell t

ti ssues. Thus, gleg)z. expressi on &aqtlterns of m)d'tﬂ"ed.lg%nes can _be nonitored
30 during entyBl @fyers SreRore feeylatonyy sequepess) that Wil LE JHanspRsases KyRBg 1 5

PCT/ GBO3/ Ooo&%resgi%n in the early fertilised egg e.g. at the two or four cell stage is desirable.

Suitable regulatory sequences for controlling transposase expression at this stage may

15  be detived from the regulatory sequences of genes whose expression is activated at this
stage. Such genes include ZP3, Oct-4 (Kirchof et al. Biol Reprod 2000, Dec;
- 63(6):1698-705), and maternal effect genes such as Zpl, Zp2, Gdf9, Bmp1$5, Figla and
Mater. Other suitable genes include hsp70.1 (Bevilacqua et al. Development 2000;
Apr; 127(7):1541-51).
20
Depending on the stage of development, cells in which transposition has occurred may
divide with further rounds of cell divisions resulting in a population of cells
homogeneous for the initial transposition event. Where transposition has been induced
more than once, a population of cells may be homogeneous for each of two or more
25  transposition events. Thus, depending on the sfage of development, an insertional
event may be present in populations of cells within one or more tissues, complete
tissues or groups of tissues. The precise nature of the insertional event will determine
whether it will influence functional gene expression in some or all embryonic and
adult tissues. Thus, gene expression patterns of modified genes can be monitored

30  during embryo development and in adult cells and tissues.



Mor eover, simlar popul ations of cells honogeneous for an initial
transposition event can also be generated in rapidly growing adult cells
and tissuwodeanseserl from stemcells, typically during tis®ae/GRgeomsati on
or during cell and tissue maintenance. Exanples of such cells and tissues
i nclude but are not limted to cells of the gut lining, the liver 5 and

bl ood, which are subject to rapid t urnoder and/ or regeneration fromstem
cells in the adult. Simlarly, populations of cells honogeneous for a
transpositign event . be.gener at i n_tunmour The. et hods t

i nvention %%Ve&o%%ﬁ p?R}‘IQSPB\S/ ngglﬁsplmﬂgﬂ‘?odlﬁinb?n g’étl%ﬁgaﬁgpr%g{é)ﬁeeg’g%t f or
an initial bl id! | del1§ @dd @ssud BeriNedSronh Btefldellser
enbodi nment skﬁaﬁﬁgégﬁiﬁﬁfggﬁ%ﬁy‘e@% %%‘mt he first or third aspect (b)’f t he
i nvention mypicxélyaumimgetsswrdgmn@tmgoredmingwll@nddrssqqma@tqﬁén@nc%mée& he

transposase i.n neonat al ou dul t or ;.adult j . :

mobi | i sat i oﬁfﬁ?‘%[‘l‘? § a’ﬁ& %ﬁ%‘}%%ﬂ“ﬁﬁa‘i“ﬁ?ﬁ g llﬁégégtto gélgsgﬁt:ﬁgﬁh g‘fﬁﬁgfztﬁ? MY es or
cell's of st hgn@hgal sMidhdt 8atje@fto @dpid nithéVed aadloy regeneratiish friomnstérn celislirci ng
expression of the fr_argsposase in the enmbryo. Thus, 15 the ngthod of the

i nventi on erthdhddt. t Similpelyepenulasions of gelfscinmaegenenys dor & BpnsposiHERSYERdBRs f or
a transposition event. i.n d ' ‘5 f L QRIBM in a
nconat e yolligraiae i iR The,BeloBl'Sf M BcH B4F b8 adabtEl o 9
transposon QophlagosTecRhadogepedrelot arninstizd sassposition eedneiradicl adwitiesllst he
control of a |ocus control region to enable tissue specific control of the
transgene. For exanple, 20 where it is desired to induce transposition in
liver cgl) s,pihent i &Rin bfBle & JrrtRRE RGSRE Bf MY
be undeﬁot he cohltnr%lﬁﬁgtfagﬂ é@glgéggrtll%épov regl’gtﬁﬁg‘ggoci at ed rwith g‘i%r ession
in liver celths.inWheibe mawritepadiptadoby duduving axprejsictuofdh¢ igend eneeding the

devel opnent of the zygote, it is 2 ossibl e ta devel op ES.cell |]

havi ng t r ansHsSPAspyHE 2 lT‘FfE’?@Lé@uB% paulf%%ciu?%%ga%gnetg é&?ﬁ%ﬁ%@?}ﬁ%@ﬁgr"ggﬁ lei sed
and stored fiaehdsbH RIS 8t ledd 8 pBRTOA Fthebstds @RBR bithabigahisaniastead of or,
transgeni c orgahi snms as a result of transposon insertion acc%rdi n_?hto t he
i nvent i on negrefsrably, iih eddition froindnicipg expressisincofithe franspesase jmthegmbrygy Thus,
organi s in h t.hods_of. t he Inventi eni 0 be

pr oducegﬁssl nLEbﬁi @ﬁﬁ%ﬁeggrtﬂ?ml ‘éenéllc’;t}s Iédrbi%op‘I ecg < t(g)(rgln?)? sguéoé)%gﬁgxeg%h%ns
homogeneous fidiogenétivist @rentt trahsppeBions evéndninduesdt at emcpreddterntinah stege of nay

not have a phenotypic effect. Thus 03/ 056912 PCT/ B03/ 00 6':'3.
developiment in a neonate, young adult or adult organism. such embodiments, the

transposon or the gene encoding the transposase is preferably under the control of a
locus control region to enable tissue specific control of the transgene. For example,
20 where it is desired to induce transposition in liver cells, the transposon and/or the gene
encoding the transposase may be under the control of a locus control region associated

with expression in liver cells.

Where transposition events are induced in the early development of the zygote, it is
25  possible to develop ES cell lines having transpositions. These ES cell lines can be

sequenced, characterised and stored for future use.

The generation of genetic mutations in transgenic organisms as a result of transposon
insertion according to the invention may give rise to novel phenotypic variations in the
30 organisms. Using the methods of the invention, transgenic embryos may be produced
in which one or more clusters of cells or tissues are each homogeneous for a different

transposition event, each of which may or may not have a phenotypic effect. Thus



16 using the nethods of the invention, enbryos and adults devel oped
therefrom conprising one or nore clusters or groups of cells each

di spl ayi myoasfpohe®mnnt ypi ¢ variati on conpared to the phenot Po&/GH03/00065
corresponding cells or tissues in which no insertional event has occurred
may be produced. 5 The effect of a transposition event on the phenotype of
the transgenic enbryo wll, of course,léepend to sone extent on the

devel opnental stage at which transposition occurs. Were transposition is

i nduced, for exanple at the.sjngle zygote,stage, ,al cel | h ryo
devel oped t REMEf M fmgiadsp et ﬁ%ﬁcgiaié??%ﬂs efipryqs, gy nas‘ié‘ﬂtfi ‘genva?f"l’% ‘i‘\e/%ﬁt%HPThus,
if the tran v ) ' rodiidRabf ERNéach ! @Svlhtifie 1anplidnd I n
phenot ype V\h%iegﬁh%lggIrberﬁhgllnh%otr)@gglg%érggglﬁlg?é?ﬁe enbryo wl %ln%l?g degel _omV\here
the transpomiittiomcevpared 39 thaphdetpei ofdensrespending rellsepr Hesugfeinowhich no
devel opnent ,, eg(goh I NS ]rtional %dgveng wi L present in the cluster of

cel s or tidaspEongbeyenERAsqosRredaY bePIodueet, "ot “the cell in which the
transposisti on event(s) occurred. This may therefore 15 result in each of

those cells displaying the same phenotypic variation. For exanmple, if_ the
transposit i cFheeaffent ofhatranspesitipm gvens anithe pheagtype of gie Hanseenic emarysr ikl Pf cel | s

of a particular tissye of r§J cul 1.S§.1d8k LV e \DIC
consequencesbfey fgpetiriciapft, BB Gl ¥ JBAIGn ol ok BE whicASUBIBOGKAP
particul ar tdceside Whetdi@ardpsdifieissinducudy for. exdpleat the singlezpgate stage, el ent
has been induced in a cell fromwhich only ﬁgtgare 20 of the_.cells of .a

particul ar tqells of the embywe developsd therpiiom, e hompgengouy fofethe JpseRimthe
may resuld fromt l?‘ﬁ}l%;i?{fﬁé) ﬂ‘tﬁlirlstap.hgiﬁoﬁ.\é@a"lt, Eg@‘ﬁhﬁl‘tﬂﬁﬁl Beenfbsinsest éfangé lincel I's

of the tissue disp e sposi tion ent. Wiere the transposition
event is | etpimhotype aviteh lis ldthed tocedch scellj ke embryouwill met develomhe erthe onal

Composed, "1 HEmepesiann e gars EGF BLerlt f Qhehrtim, of o SBr Skt A8 ' °

embryo may ngkerR6nalicRBhtewilbé Prddaht Methk chish dfr @IS PR skudandegived frommelhave
non-1| et hal phenotypi c consequénces. For exanple, the transposition ?vent

may have t hdivisioneof thef celiiduvkich thy transpasitinn sveRt(Drocgwredh 2 This may thegsfore
affected, cells,. resulti in . ' [ [ A to
The’ unat Focrsaiitln figh of bt B qififRdpd HE GHBRAEd{hiIOThaRRY Wh COMARSE, |
liver, in whihghraassRRiodr eveht hdsStssen induckdén wasell didm wisctosgme or all cells of a

particular tissue of a particular organ is derived, the phenotypic consequences of the

insertional event may be limited to the cells, the particular tissue or the particular
organ. Where the transposition event has been induced in a cell from which only some
20 of the cells of a particular tissue of a particular organ are derived, a milder phenotype
may result from the transposition event than might be observed if all cells of the tissue
display the transposition event. Where the transposition event is lethal to a cell, the
cells will not survive. If the insertional event is present in all cells from which a
particular tissue or organ is composed, that tissue or organ may not function or develop
25 and the embryo may not be viable. Alternatively, the transposition event may have
non-lethal phenotypic consequences. For example, the transposition event may have
the effect of modulating the function of an enzyme in the affected cells, resulting in a
relative change in metabolism compared to the unaffected cells. This may therefore
result in an organ such as the liver, in which a sector of tissue of the variant phenotype
30 is present adjacent to a sector of the same tissue of the normal phenotype or even a
second variant phenotype. The distribution of the variant phenotype within an

organism will thus depend on the stage of embryonic development at which



30 is present adjacent to a sector of the same tissue of the normnal
phenotype or even a second variant phenotype. The distribution of the

vari ant pwemeoypPe2 within an organismw || thus depend onPCR&GEBAYSS of
enbryoni ¢ devel opnment at which WO 03/056912 PCT/ GB03/ 00065 17
transposition is induced. Mreover, in sgne enbodi nents of the invention

i nduction of a "second round" of transplﬂsiti on may be useful in detecting
ei ther inversion of the phenotype, caused by excision of an el enment, or,
nore inportantly, podificatiopn of the heno e aused .b new insertion
to an i nt er JBOFRASIHEAHE _mcggcpqi,eg(@gweﬁ Wég?lﬁtefrg%gmi’%?%%f&’g ,m‘%/ﬁng%é%&%ﬁo%r gans
of the tranggenist. A IFME BT tHiR¥pdfionhALBIuRAl in Ut th GNP InvERbnDRIE S 1 N
t he genone of those cells, tissues or organs. Accordingly, in a fourth
aspect the ipherotypgcaymed bydasision of amoldment, odenase impeytantly, modifisaticncafdhe si ng
a genetic nutation in ad;hr ansgeni c.or%ani.smr fon*griesi ng the steps of (a)
generating PYEROLRS SR LFFTPY WHALOH B AN AETAPARERSSi tion therein by a

met hod a&ccording to the first or third aspect of the invention or a
transgeni ¢ organism according to the second aspect of the invention; (b)

i denti f yi ng Rhenotiypict vamiatigesinccallshiissoesoer efepapef Exg t&l@@%é&*‘ﬂﬁ@éﬂ%hﬁt he
15 presence of luralit f cells.di | ! ; (©)

dot ect i gt HEepoBRes toiraiesioniFend P ReRES B EUaRITPRIAE, () |
the genome of one or nore of said cells; and correlating the position of
the transposition events with the observed vari_dant phenaqt ype, the position
of the tranderesdinglyn i gcionsh Rspecl the, syvention, Brayf e@ypen}egpgt %‘(’5 fletsreting and
nore ge iC bt o] i i e. A

e anepod ¢ aElersl SERERL BEROHH B e e e E < poson
nobi | i sat i on(apngehaatigesransgmid embrye\aad tisducingrirsispositue thesein by @hmetitod onal

breaks. 25 Insertion, events y be, detected by. screening for the presence
of the transposdRCPFnEP Frfgsﬂtf%rtﬁirgésl?ﬁ?£ Pglt %Fxgloéle%éﬁ@%s%?wt%gamsm
transposon. EXCigiQmeT8¥hdeethdRpedt @€ teiihi@fioRy the "signature"” sequence
| eft behind upon excision. Afifth aspect of the invention provides a

net hod for @0l dtémifyinggianthentragigepic embryo or offspring developed therefrom the
15 presence of a plurality of cells displaying a variant phenotype;

(c) detecting the position of one or more transposon transposition events in the
genome of one or more of said cells; and correlating the position of the
transposition events with the observed variant phenotype, the position of the
transpoéition events being indicative of the location of one or more genetic loci

20 associated with the observed variant phenotype.

A “transposition event” is a change in genomic sequence caused by transposon

mobilisation and includes insertion events, excision events or chromosomal breaks.

25 Insertion events may be detected by screening for the presence of the transposon by
probing for the nucleic acid sequence of the transposon. Excisions may also be

identified by the “signature™ sequence left behind upon excision.

A fifth aspect of the invention provides a method for isolating a gene which is
30 correlated with a phenotypic characteristic in a plurality of cells in a transgenic animal,

comprising the steps of:



30 correlated with a phenotypic characteristic in a plurality of cells in a
transgenic aninmal, conprising the steps of WO 03/056912 PCT/ GB03/ 00065 18
(a) generwDidPs@12ransgeni ¢ enbryo and i nduci ng transposi PCOrGROBMOBEN by a
met hod according to the first or third aspect of the invention or a
transgenic organi smaccording to the second aspect of the invention; (b)
identifying in the transgenic enbryo orl%ffspring devel oped therefromthe

5 presence of a plurality of cells displaying said phenotypic

characteristic; detecting the.position of one or nore. transposon
transposition evéﬁ%ggn?rﬁm?g\é ﬁ@ﬁ%’r’r& eB’}brWn@n‘glm Mg Banspesition: eF‘g‘? b¥nd (d)

cloning the genet! Gndsd acBitiid @ItHOfit06r 8GR BFthe Hehlith bOfiznsBnit N
modi fication may be identified precisely by locating the transposon

i nsertion. Sequenciotganism p¢cordingitp the géaongd aspecoatshe thwmmtidn; cat i on of the

| ocus in datab S tentiglly wthout.the need .to . .sequence the |pcus. In
preferred enbod?‘??zﬁq%r&%ﬂ_ggﬁ%ﬁfen BTG, SmpRE eréﬁgﬁ%gﬁvﬂwaﬁﬁerﬁgﬂ‘&t fal 15
transpogon. Pref er ghésgncd éf d ludlityydfels ail’s?laﬁiﬁg%}ﬂ phétttihidehdhdi@isticMost
advant ageously, it is Mnos. Alternative transposons include mariner,

Her mes,  pi ggyBa®) dstssing e positien ef éne experettranspgsos transpositinn gyents in the

Sl eepi ngBeauty. Moqj.f i Mhi.ch | ncorporate one or nore

het er ol ogous codin eégﬁggﬁé@&@%ggzwggagsgﬁ?@essi on control sequences nay
al so be used in (dhelonveticigencticIoitoppdiing thesiasmtames my incl ude

sel ectabl e and/ or unsel ectabl e marker genes, which may facilitate the
identification of transposons in the genone and cloning of the loci into
whi ch tiie TTRORRES BN e AYGARARA A ; | | i

fluorescent and/or S&ﬁnescent %o ggé‘ﬁniﬁgg‘%ﬁw&’&?ﬁ@s@%ﬁ‘ﬁ t%je;’%ll%gg?i ves

t her eof , | uabdrdomseSequencidy ofallanitingirdgions atlows hidemtiivatieniofothe aloetisy lin
transferase T). Such rkers.na e used in in vivo enhancer or silencer
traps and € %ﬁ%ﬁaﬁgfmﬁﬁ,{’a‘?@ogg’B‘?iﬁﬁ‘F@ JeALECE MO YSansposons whi ch conpri se
mar ker genes which are nodulated in their expression levels by proximty

wi th enhancers or exons. Constructs for use in 30 exon and enhancer traps
are descri blad profensd cogndauentysifnthet iventioothe Gfngposon may be a natural

15  transposon.  Preferably, it is a type 2 transposon, such as Minos. Most

advantageously, it is Minos. Alternative transposons include mariner, Hermes,

piggyBac, hobo and salmonid -type transposons such as Sleeping Beauty.

Modified transposons, which incorporate one or more heterologous coding sequences
20  and/or expression control sequences may also be used in the invention. Such coding
sequences may include selectable and/or unselectable marker genes, which may
facilitate the identification of transposons in the genome and cloning of the loci into
which the transposons have been integrated. Suitable markers include fluorescent
and/or luminescent polypeptides, such as GFP and derivatives thereof, luciferase, -

25  galactosidase, or chloramphenicol acetyl transferase (CAT).

Such markers may be used in in vivo enhancer or silencer traps and exon traps, by, for
example inserting transposons which cofnprise marker genes which are modulated in
their expression levels by proximity with enhancers or exons. Constructs for use in
30  exon and enhancer traps are described in EP 0955364. Using the methods of the
invention, the plurality of cells or tissues homogeneous for a transposition event may

display modulation of expression of marker gene(s), thus enabling efficient trapping of



invention, the plurality of cells or tissues honpgeneous for a
transposition event may display nodul ation of expression of marker

gene(s), wbus/smabl ing efficient trapping of WO 03/056912 PPCIGBEBO®6S0065

19 enhancers and/or silencers and/or exons. Mreover, in enbodi nents where
only a proportion of cells or tissues of a particular type are honpgeneous
for the transposition event, nodul ati onl®f the expression of a marker gene
may be identified by conparison wth cells or tissues of the sane type in

th trapnsgeni c ani mal. whi ch does not . 5 di splay such nodul ati on.
Accor di ngl y.- CURGCHER FRHET SHEneErs: FATOra0t.d MOV  YEROGSIEs Whermerhod 1 or
isolating a i fo Sl i i i ri:slng e
ST eps. of (2 g en e oot ordisSies O & Paricllaf ypk SRS n AT the EMRIESH
therein by aevent maskuasionof theresipregsivn of & enafkar geneomay be idbntifigdby cahpdrisen

i ti or tr ni. ¢ r,gani sm accor.ding to the secon spect of the
nvent i on, wipsel BhESdes R HRCR Wt Meesine trasasnie Aniguaviciideesgs
control of adisplay s medudsiiner such that it is expressed at a basal |evel;

(b) assessing the level of expression of the reporter gene in one or nore
cells 15 or tissues of the of the transgenic enbryo or offspring derived

t herefrom ' A . ing,genetic, loci in gn r. nor.e of said
ce?lrg or ti ségeeosr&]lﬂgﬂ'E |e§h%@ﬂguorgl{‘ﬁ?§ 9‘%%6%6? A hla&%‘rr?g}ea@gr{gr 15&1?1% ARased
or decr easedenhancpar edilémet ne: thas gdnieaiman %b@ﬂﬁéiﬁ%’ fle:stepRdr:( d)

characterising the cloned genetic loci in said cell or tissue. 20 In a
sevent h aspect, t@e (BEDPTEURG §\irasSeTiC wEbEYSY andh indusingatransposatiore sherein byaa

t ransgeny ani mal, LA As ' Eat i a transgenic
enbr yg gln(fi i nduci ng ntq[r ans%%g%%%qﬁgﬁg;&n Ey g&g cﬁegfﬁ_ggwgg@%}?ﬁ%ﬁﬂsggr?ﬁe
first or third aspectrganisn lecdrdingntoi tha secorsl hspenis gf MHeCinveltic, Gaierdif the

according to the se&lpagd aspect of the invention, erein the transposon

conprises a report el YEHPOWFCERTSS R PO 8gieonndes the sopkpl of aqmdmisws but
includes splice accepéfbtePatH MBS expressed at a basal level;

(b) assessing the level of expression of the reporter gene in one or more cells
15 or tissues of the of the transgenic embryo or offspring derived therefrom;
(©) identifying and cloning genetic loci in one or more of said cells or tissues
in which the modulation of the reporter gene is increased or decreased
compared to the basal expression level; and
(d) characterising the cloned genetic loci in said cell or tissue.
20
In a seventh aspect, there is provided a method for isolating an exon in a transgenic
animal, comprising the steps of:
(a) generating a transgenic embryo and inducing transposition therein by a
method according to the first or third aspect of the invention or a transgenic
25 organism according to the second aspect of the invention, wherein the
transposon comprises a reporter gene which lack translation initiation
sequences but includes splice acceptor sequences;
(b) identifying in the embryo or offspring derived therefrom one or more cells
or tissues in which the reporter gene is expressed; and
30 (¢) cloning the genetic loci comprising the expressed reporter gene from said

cells or tissues.



(b) identifying in the enbryo or offspring derived therefromone or nore
cells or tissues in which the reporter gene is expressed; and 30 (c)

cl oning twe oges®iic | oci conprising the expressed reportePCyEBR3IN0GM Sai d
cells or tissues. WO 03/056912 PCT/ GB03/00065 20 Figures 2, 3 and 4
schematically illustrate gene trap constructs which nmay be used in
generating enbryos for use in these asp@@ts of the invention. Figure 2
illustrates a transposase construct which is under the control of the

i nducible 5 TetQ pronpter, and g, transposon conpri si .mar ke ene.

encodi ng anFigagesod | 3udided é‘gﬁfnaﬁFglcYe‘iuﬁs"(&Fﬁnﬁ’i% 0 W\é&géﬁ"j}‘i a%g’e g“ﬁﬁ‘ﬁ nal

pronoter. 'geﬁérﬁ%?%ﬂ&osﬁmg%ﬁsthé‘sg dofl Pl htiognst ruct s, expression of
ase e’ln by a

the transpo uce i vation of the inducible TetO
pronoter, such that the transposition of the transposon construct my be

achi eved. Integratjon into the genone at qr..near .an.enhancer.,site. cC. 10

be det ect ed FW%%E 6irl‘é9§r§‘fe6r? tEpnsp@sas %FCttj@H%h. SAgeh @egoﬁw LPsfttﬁea{x@gc@{é

transposgse %‘ﬂ)fdﬂ%telw' Urndh d StrafRfSont Q@g@%ﬁ??oh Qharkéte defieluehdaldthg Tt O
a

pronoter an ansposon conprising an uorescent reporter gene which
| acks t r anslaatofluoreseant prtéin GAERyumier e ¢omirol phe minigel promater. da dupsgenic

sequences. I n. 15 transgeni.c .enbryos conpri.sin C t . ressi on
of the t ranffﬂ?é'%f?é;omg% boﬂhméﬁaﬁfxg%ﬁl%? ?@%Q{)a%ls;ﬂ%gs%ir%%lﬁfngig@elﬁ%
promoter, sughvdidalof teandidhie TRED bicdibter sidhahatithefsppeditiorcelthé trandposmy be
achieved. Integration into an intron in the appropriate orientatjon can be

det ect ed by cergiruetmanphe aehieyrs. Fiegtationyiafrthe Zonqme at QMsALH GUaReeH SHF FEht |
t ransposqns .Ne e . expressi on of genes. For
exanpl e,ﬁaa tbﬁgﬁ%eg%éﬁﬁe%ﬁ%g%@éﬁ%?%%r oﬁ?'ncl ude an enhancer or ot her
transcriptional activation elenent. Mbilisation and insertion of such a

transposon in the vicinity of a gene upregul ates. expressi.o f.the.gene or
gene | ocus. Fiee 3 BRsEwRsHE %‘_ISH%%‘S%&%SFE_&I V&I%g%bw}% qoﬁa?]h‘gft Eb‘f‘g‘ﬂb h of
oncogenes, ‘Aﬂté'b'g&ﬁ)ftepgﬁd Igﬁalh}gqﬁﬁsﬁ tcbl’ﬁgn'éiﬁg Gh QU fhteRehBrePyridrafAk ivaadt on of

t he transposon. “Figure rates gene activation systemwhich may be
used i n gendacksi mapstation yingtiatibor segsences buhiischadgsespliceface¢ntor grauamdesn. ki gur e
4 illustrates a transposase const

15" transgenic embryos comprising E)gt?lt constructs, expression of the transposase may be
induced by activation of the inducible TetO promoter, such that the transposition of the
transposon construct may be achieved. Integration into an intron in the appropriate

orientation can be detected by expression of the marker gene.

20 In a preferred embodiment, transposons may be used to upregulate the expression of
genes. For example, a transposon may be modified to include an enhancer or other
transcriptional activation element. Mobilisation and insertion of such a transposon in
the vicinity of a gene upregulates expression of the gene or gene locus. This
embodiment has particular advantage in the isolation of oncogenes, which may be

25 identified in clonal tumours by localisation of the transposon.

Figure 4 illustrates a gene activation system which may be used in generating embryos
for use in this aspect of the invention. Figure 4 illustrates a transposase construct
which is under the control of the inducible TetO promoter and a transposon comprising
30 an AFP fluorescent marker gene similarly under the control of the inducible TetO
promoter. In transgenic embryos comprising both constructs, expression of the

transposase may be induced by activation of the inducible TetO promoter, such that



whi ch is under the control of the inducible TetO pronoter and a transposon
conprising 30 an AFP fluorescent marker gene simlarly under the control of
t he i nducwblog/03®@1D pronoter. In transgeni c enbryos conpr iPSTGBBOOIES
constructs, expression of the transposase nmay be induced by activation of
the induci ble TetO pronoter, such that WO 03/056912 PCT/ GB03/ 00065 21 the
transposition of the transposon construét may be achieved. Further, if the
transposed construct conprising the AFP is inserted upstream of an ectopic
gene, the gene may be activated and its phenotypic.effect gbserv pon

i nduct i on og'let wansresiieon of Jho ttEAspesoR £08 rﬂ:"ﬁ%ry‘?gl acﬂ?ﬁvﬁ‘gds ]g eﬁdﬁgtlh g

genetic nodjificatli.o It <4 | alRF ah GcbicC@dnkstheach of
whi ch may hg%pgieéqéégsﬁcétﬁé%gg%}?g%é gﬁgdighg%&;@slhg npa%ihf i.tg;gt i%ns i s
produced, t peneshaiie aétivabedl gideitophyepotypicesftect sbsefved aphn industipn of thecketOevent
Is difficult. Simlarly, the study of the effects of natural and artificial
stimuli on P®MAHE. transposed cells is difficult to performand to
interpret. However, in contrast, as the nmethods of the invention enable
the production of transgenic enbryos and organisnms in which one or nore
cluster of Getomentioral srteslsiof itdweingegraeticsmpdificatiensihy) teanspositipin #% Whichn

t, the effect of h | pgj cal I Lk Us : I
beor ved, eagnote S5AalY I G6h b1 Peparey eyb Anithe rbII B RATE Y

cluster of %ﬁ&ﬁéa{iénwst Brolifi@ld, iHe Siidy efEd plenegblcSresultst dfSeashsranFipusttiont he
met hods of the I nvention ma be used to study the resp&nse of cgells in

whi ch t r ans peeitts diffieite Similadycthe stidy of the effectsaf magiral and gefiticial shpuljon
hysi ol ogi cal sti mul i, : i t
o 1 fc; e ifer oglich SHRHR S porRtRRAATS bt @ isiee RA coffaad dierct of

t oxi col ogy shdiEidRorandlinvestidd &ebld thd estiuctidre ofrrarisgasic efmbtyns and\weganisurs
enable the 20 response of a cluster o{ cell.s or .ti,ssues to afsti rrulgijs to
¢10F |, smgle

be obser ved if iwhigh|onej gk motecelpsien gf yeells PraHssups s (ROMOsEgoUy

| nvent i on, F&Rép%siti%n%gﬂ. ‘ﬂf'edef?ec[TFf Qgﬁaﬁtﬁﬁolokféﬁlr@ﬂ AathrA0stAnded Miay eRasibf ve to
a stimulus in transgenrc aninmal conprising the steps of : 25 (a)
gener ati ng abkéraat @anby cempayimnarfdeportin GEmyeRPressiopan athomegenrepe Flys S/Ofa
15  cells with that in surrounding cells or tissues. Thus, the methods of the invention may
be used to study the response of cells in which transposition events have occurred to
natural stimuli such as physiological stimuli, for example, hormones, cytokines and
growth factor or artificial stimuli such as drugs in drug discovery approaches,
toxicology studies and the like. Indeed, the methods of the invention enable the

20 response of a cluster of cells or tissues to a stimulus to be observed in real time.

Accordingly, in an eighth aspect of the invention, there is provided a method for
identifying a gene responsive to a stimulus in a transgenic animal comprising the steps
of:

25 (a) generating a transgenic embryo and inducing transposition therein by a
method according to the first or third aspect of the invention or a transgenic
organism according to the second aspect of the invention, wherein the
transposon comprises a reporter gene under the control of a minimal
promoter such that it is expressed at a basal level;

30 (b) assessing the level of expression of the reporter gene in one or more cells or
tissues of the of the transgenic embryo or offspring derived therefrom in the

absence of the stimulus;



met hod according to the first or third aspect of the invention or a
transgenic organi smaccording to the second aspect of the invention,

wherei n tWe 030s@nsposon conpri ses a reporter gene under tRETGBIBHO@IGSOf a
mnimal pronoter such that it is expressed at a basal |evel; 30 (b)
assessing the |evel of expression of the reporter gene in one or nore cells
or tissues of the of the transgenic enb?%/o or offspring derived therefrom
in the absence of the stimulus; WO 03/056912 PCT/ GB03/ 00065 22 (c)
providing the stinulus,.(d) identifying and cloning genetic loci in one or
nore of said cel I(g)uBFo"tl‘ilé%%}@ssgfr’r?ﬁus‘ami ch the nodul ation of the reporter gene
i's increased or d(tay ﬁcfelﬁﬁﬁ%grﬁhd 6181%8@%@&&%%& o drrd of SANRAISSH tsSuek e
basal expression 1evel. 5 The nethod may further conprise the additional
step: (e) charact er ivdiichythehmodulatierd ofj e téporteib gene is waredsededn depreased de.
Thi s aspect of the invention m hus be ed i.n the identification of

novel targets for iﬁpﬂ%ﬁeéegtreaf%?‘ﬁ?se‘i%*?%ﬁﬂ, 5 baspl P °§Sf’%!e§8 s for disease
t herapy isn humans, plants or animals, devel opnent of insecticides,

her bi ci des, antifungal agents and antibacterial agents. One further

appl i cat i on The mphtbodimaydurhsr compgisphe addisippdlsiapt e for pat hogenesis (for. 15
exanpl e, in nouse di gease.. S I, f i . ' , (e.g. a kinase
or a receptor) i@?icﬁvgﬁt\%/régggﬁlet oen68§faﬁeg%:e1§§tsdﬁg£%?&% ﬁretgsg?gease, it is

possi ble that, for exanple, 50% inactivation of the gene will alleviate or
reverse one or nore phenotypes of the disease. gher ef ore, I%{V%gps of _cells

with an i nseTkis gspest obthe inveapeR Sy ische ysed an theddedifisaion,ef 218 P8 pi es
of such #, ge NN -ect: : | $2Y4di I th uslhseaigads of0
backgr ou?n%l. ﬁ&%lee lﬁlﬁ@grgggﬁﬁpﬁa@l%gmgﬁtﬁﬁe@i%ltgéggitﬂg% 3} Pr ‘é“?er églﬂy, St he

t ransposon i sniimalkedeedopmém of dngecticides; ihorbicidesn entifuagall agenty and antibacterial

| ocal i sation of said transposon in open chromatin. The transposon may be
fl anked by cP¥BBat i n openi ng donai n el ements, such as |ocus

One further application is the discovery of genes responsible for pathogenesis (for
15 example, in mouse disease models). If activation of a gene, (e.g. a kinase or a receptor)
is involved in the pathogenesis of the disease, it is possible that, for example, 50%
inactivation of the gene will alleviate or reverse one or more phenotypes of the disease.
Therefore, groups of cells with an insertion of a transposon which inactivates one of
the two copies of such a gene will be detectable as healthy clusters in a diseased

20  background.

The transposon may be inserted into a gene. Preferably, the transposon is inserted into
a transcribed gene, resulting in the localisation of said transposon in open chromatin.
The transposon may be flanked by chromatin opening domain elements, such as locus
25  control regions which provide tissue specific expression (Fraser, P. & Grosveld, F.
(1998). Curr. Opin. Cell Biol.10, 361-365) or ubiquitously-acting chromatin opening
elements - (UCOEs), which enable non-tissue specific expression (for example see
WO 0005393). Other chromatin opening domains which may be used in methods of
the invention include CpG rich islands, which may normally be associated with

30 housekeeping genes or tissue specific genes, or insulators.



25 control regions which provide tissue specific expression (Fraser, P. &
Grosveld, F. (1998). Curr. Opin. Cell Biol.10, 361-365) or

ubi qui t onsDy3asilng chromatin opening el enents - (UCOES) PCRGRIB/0@ED] e
non-ti ssue specific expression (for exanple see WD 0005393). O her
chromati n openi ng domai ns which may be used in nethods of the invention
i nclude CpG rich islands, which may nor nA | y be associated wwth 30
housekeepi ng genes or tissue specific genes, i nsul ators. WD 03/056912

or
PCT/ GB03/ 00065 23 reover, the.transposon may itself conprise, between
t he transpog@ﬂfe%?h%%éﬁpm_f’?H‘ayétﬁéﬁf’ 5 ioi ‘?t}‘fé‘?nﬁaﬁit‘?nwoﬁwﬁféﬁs@“%ﬁ%ati on
of the chro g HofrafdsU 'Thid Ri1PcaMé G&ivali6n of IHRBRASAM étﬁllE AtFWhich the

facilitating access of the inducible transposase in a ce or tissue

speci fi ¢ narirpespashn iniegrates, ftititdtiag lagceshef the dndypibiaansposase inux telhenytissoepr i se
or be flanked bﬁ chr omathi n, opening domain elenents. The ability to

regul ate t he PP ﬁE}?BE?rt FK%vent duri ng enbryo devel opnent and adult 10
life incrseases the likelihood of transposition events in nultiple chromatin
domains present in different tissues during different tinmes of

devel opnent . Similarlyréieisanspetase pensirigtanay enmprisp oz de flankedely shrpmptin opendng n t he

generati on chon?ainlaliegx%ﬁtlrsy of genetically nodified organisns, in each of

whi ch one or nore populations of 15 cells or tissues are honobgeneous for a
genetic nodification produced by transposon nobilisation at a predeterm ned

stage of devel opnent. Thuys, jn a further aspect of the_ invention, there is
provi ded a rfﬁlen%dhtb’cp rﬁg'ﬁﬁﬁébﬁga%ﬁppﬁlwlaﬁyﬂﬁfduﬁﬂ&ﬁﬁﬁ’&ﬂ devslopaant gad agvlt each

of i CoDN4YinfHRARs AP W BHARA o HrarfsBosiford budnks B'GRIGHE ARHRISNGAHG{ O 2
gene nodi fied by transposon nobilisatton, conprising dityrng cell's by

t ransposon 2@esenbinl diffeteniotissbes duniag diffdrent tims of developgment. first or second or
third aspect of the invention, wherein step (d) is perfornmed at said

predet erm ned stage of enbryo developnent. A library of transgenic

Io:] 322; IS(TI’S] ProfuRetholY of YRS ifveiBEM thy AlvaRtagedudlyt BEhs@P RERe Sdnerationt d¥ea
library of genetically modified organisms, in each of which one or more populations of

15 cells or tissues are homogeneous for a genetic modification produced by transposon
mobilisation at a predetermined stage of development. Thus, in a further aspect of the

invention, there is provided a method for producing a library of transgenic organisms

in each of which one or more populations of cells or tissues are homogeneous for a

gene modified by transposon mobilisation, comprising modifying cells by trahisposon

20  mobilisation by the method according to a first or second or third aspect of the
invention, wherein step (d) is performed at said predetermined stage of embryo

development.

A library of transgenic organisms produced by such a method forms a further aspect of

25  the invention.

Brief Description of the Figures

Figure 1 illustrates schematically, the use of a self-inactivating autonomous transposon
construct in an embodiment of the invention. A first transgenic organism (A), the
30  genome of which comprises a regulator construct, is crossed with a second transgenic

organism (B), the genome of which comprises a transposon comprising a gene of



Brief Description of the Figures Figure 1 illustrates schematically, the
use of a self-inactivating autononous transposon construct in an

enbodi nerwOaB/05dee2 i nvention. A first transgenic organi sm @EX/GBIA®O00630
genonme of which conprises a regulator construct, is crossed with a second
transgeni c organism (B), the genone of which conprises a transposon
conprising a gene of WO 03/056912 PCT/ GB2%/ 00065 24 interest. One of the
inverted repeats of the transposon is positioned in an intron which
interrupts the transposgase gene. On, i ci ng nobi|isation of the transposon
inthe pr og‘é’ﬁ"g’e%f E}“ﬁé’%gﬁdgge{%)mﬁ% qgﬁ%?%‘%@%%"é‘ 13 ppeitipueddn op ingrqaywhich
resulting | NinfARtd iBafnshdRRSPAR { OAMnoidd TrobANGHAH of MhERbold'id M8
further transposition events, €ven in the presence of 1 nducer. Figure 2
shows schenaptogenyl ¢f dhe cross (O} dlece transpostisa gzeve ris tdisropted, nrestdting ih Fxeabilised

t ransposase gene i.@ ungﬁ{? t he onktrol 8{}) t | nduci bl e. Tet O pronoter _and a
transposon GORBPYEPhE" Hif &Ep of IsweaswEh no & TASAOSIIpREYeDS, SVl the|  of
a m ni nal5 preEneé of iHdué@r use in enhancer trap nethods of the invention.
Figure 3 illustrates a transposase construct which is under the control of
the inducible TetO pronoter and a transposon conprising an AFP fl uorescent
reporter ge i gh tion initiation,.sequences but .i.ncludes
splice accegfLl érm sgqlﬁgél‘gée:is(& P%)I%ﬁ%éie&l;ﬁ @Tgp%%?g‘?‘l Wg?}ngre?% cstofn t‘ﬁlggh tlﬁe

i nvention. Hrgispesade ganyis uaddrel@tdmt@l byihe ihdiRite TSP Frofftidiidnd Gl traABfbsdn

transposon for use in g%ne traps to identify ectopic genes. 20 Figure 5
shows the M FRESPTHEG b ALY dluosescenyivaavkesrgone yndersthe gortral &f armimimalprometeseat s
are showyp asgs i s INE :ks outside these arrows indicate
t he sequenceso Faﬁk%%%éﬁga%%%nﬁw%ﬁgggﬁgﬁmm in the D. hydei genone.
Arrowheads indicate the positions of primers used to detect M nos

exci si ons. al | ro indicate the directiqn of transcription of the G-P
and transpos re&eﬂ'@@qg% QEIIQHSPQSE‘SBEQP’%S%H"@EC@H? up %{éﬁ%m@%géawagdw%es.
Figure 6 Il|ngbr mbivtdriad s fahotort cBfnphitife ManOBP BRSNS ASHrS '
cassette which I@rrjgu)y be used i nf)an emocI))di rr%nt of the inve?\eﬁ%ong(gés&ﬁglg?i bed
in Exanpl e 4lacksiganglatipn initiation sequences but includes splice acceptor sequences for use in

15  exon trap methods of the invention.

Figure 4 shows schematically a transposase construct and a transposon for use in gene

traps to identify ectopic genes.

20 TFigure 5 shows the Minos derived vector pMiCMVGFP. Minos inverted terminal
repeats are shown as thick black arrows. White blocks outside these arrows indicate
the sequences flanking the original Minos element in the D. hydei genome.
Arrowheads indicate the positions of primers used to detect Minos excisions. Small
arrows indicate the direction of transcription of the GFP and transposase genes. Black

25  bars represent fragments used as probes.

Figure 6 illustrates the structure of the Minos transposase expression cassette which
may be used in an embodiment of the invention as described in Example 4. The 6.5kb
5° flanking region and promoter of the ZP3 gene were joined to Minos transposase
30  cDNA (ILMi) and the second intron and polyadenylation site of the human B globin

gene. The relevant restriction sites are indicated.



5" flanking region and pronoter of the ZP3 gene were joined to M nos
transposase 30 cDNA (ILM) and the second intron and pol yadenyl ation site
of the huwen3@s@iobin gene. The relevant restriction sit@®sTaB300@scat ed.
WO 03/ 056912 PCT/ GB03/00065 25 Figure 7 illustrates detection of the M nos
transposase transcription by RT-PCR analsﬁm s. The different tissues that
were anal ysed are indicated. The nuri ne 2 ypoxanti ne

phosphori bosyl transferase (HPRT) was used as an internal control. puUC 18

DNA Mspl di t ed ed. as a nd H2O in the negati trol.
5 P gure 8 RS F AlBMTES SRR b Ay FEnppee Faisamtcar Pt AG Y
show ng trarh‘:ﬁggéllst I BYERAS tisflels BA waRPhesy s‘é@rﬁreB%dléétedj' 9ps pdrasd

probed with a 32 P |labelled G-P probe. Lane I Is a control (female nouse
carrying t héy@mtmarp@pqﬂmnbwlwam{drase ¢HBRT) ovas Osed asjaminderexlprontrel. M nos

cor roupond 113 RN By BRI TEARE os SRR A Rt i Aoty a1

represents di fferent transp05|t|on events. Lanes 2 and 5: mice with 2
transposition events. Lanes 3 and 4 correspond to the offspring of the
mouse in | arfdgwre Sillupirates Satlegsn biatiapalyss of diferenti offspring dpmang transposition he

cont r omor o) S Eie AN SRBIRGPER oot fifede R BRRRTMATE2F MEdeaiGle

segregat i on.prbb@Wae 9 ik blcosfrslaf@salt Rduse LAt RIGEIN Ramposuit @Iamnmcbpw
different Mnos_insertjons in the Mis nuscul us, genone. Chrormsomal
sequences f|¥nhkbhd4 md pemessingeMines trapsppsAse b eXplaping masyiss) de gy Ze pi t al

letters, gtr e
dupl i cat |0E)na@‘)r;i’@’(ragcié.}l dTﬁfe] U@E&g%@ éigw*ocg?%o%@bg‘qga%gee@? ?%]“Iﬁgigang "Z"c oI d
nunber s fr orflidye al@eﬂepraaetﬁadﬁfem tammposttcbm aveus. FLapese2 14hd 15t usice awits F| SH

| f M { t t d th 4
Bl At no- 2- FHBRGH BB HP S GO WO PRSIt S EPpEiad 1483 ¢
Exanpl e 4 Maggr i 2 Pardpshitif RO6Ss, Sadihg Aeghiddfién &3 180 nskitiolls (e 3 on

transposition events (on chronosone 2 and at” the centronere of chronosone
14; see Fi gmheoraosoma2 I2ne 4 Recchrasnesgme( dnesiae thecetnygmeare).dvanea @ffsprisg af ni ng

after tyramge a0l hllah12f & SHSving segregation.

Figure 9 illustrates the sequence of the parental and four different Minos insertions in
the Mus musculus genome. Chromosomal sequences flanking the new inserted
transposon are represented by capital letters, transposon sequence in small letters and
20  the target site duplication in red. The chromosomal locations of insertions and scaffold

numbers from the Celera database are indicated

Figure 10 illustrates FISH analysis of Minos transposition events. Chromosomes were
stained with 4’, 6-diamino-2-phenylindole and probed with a GFP probe as described
25  in Example 4 Materials and Methods. Panel A: mouse 8218-01 with two transposition
events (on chromosome 2 and at the centromere of chromosome 14; see Figure 8 lane
2); Red colour (indicated by arrow head) : staining after tyramide amplification (see
Example 4 Materials and Methods). Panel B: mouse 8218-02 with two transposition
events (one on chromosome 18 and one near the telomere of chromosome 14 close to
30 the initial position of the transposon concatemer (Figure 8 lane 5). Green colour

(indicated by arrow head):FITC staining. Yellow arrows indicate transposition events.



Exanple 4 Materials and Met hods). Panel B: nouse 8218-02 with two
transposition events (one on chronosone 18 and one near the tel onere of
chr onosorme0bd/08d9sse to 30 the initial position of the tramSpaERId/o@BACat enmer
(Figure 8 lane 5). Green colour (indicated by arrow head): FI TC st ai ni ng.
Yel |l ow arrows indicate transposition events. WO 03/056912 PCT/ GB03/ 00065
26 Figure 11 illustrates knock-in (A antf regul ar constructs (B) for
speci fic expression of transposase in spermor egg or for ubiquitous
expression. I.n Figure 11B, the, beta | ohin 3' seco Xxon ed .

i nt er veni ng ﬂé&%{ﬁégd@gs%&sé@ﬂ;’kﬁh@‘)t%figﬂg‘gﬁr&?nftf%% @rfﬁr Spf&%cﬁxz’?s?—*% afe 12
Il lustrates t@ﬁn"sg@sasecﬁﬁ%ém%r EQY of TenSsigHitGusExpResRBA! B FRufNi 18, ihetieta
retroviral plasmd. Figure 131s a diagramshowing in vivo transposition
with the fenglobinsecondegxomdrethanten@ningasegpensen (graem) andathirgdosxandred) are
Transposi ti ogitﬁ?kes pl ace in the oocyte. Figure 14 is a diagramshowing in
Vi vo transp ‘'on with the female contributing the transposon, the nale
contri butsing the transposase. Transposition takes place in the sperm 15
Figure 15 is a diagramshow ng in vivo transposition with the male |

cont ri but i ngFighie 12t illustetessoap eonstrpetrfar fransgaticimige ardfox elening dnfe setsqidual
Transpositio étalﬁes place in the fertilised egg or enbryo. 20 Detail ed
Description e 1 nvention At hough i n general the techniques nentioned
herein are wel.l known in the art, reference may be made in particular to
Sanbrook et al., M]ecular C oning, A Laboratory . tﬁuﬁ:‘! 198?]%3 and tﬁusubel
et al., Shorkigmedios® diagrambpwng rvivg EW@%W@Q@’@W % conjibpingthey g

Sons, 11y Z0uhasPARARANsd, TRASARAH R Hifcg P8 doRyihe method of the

i nvention. rably, the transposon is ty t ransposon, nore
preferably selected fromthe group consisting of

Figure 14 is a diagram showing in vivo transposition with the female contributing the
transposon, the male contributing the transposase. Transposition takes place in the
sperm.

15
Figure 15 is a diagram showing in vivo transposition with the male contributing the
transposon, the female contributing the transposase. Transposition takes place in the

fertilised egg or embryo.

20  Detailed Description of the Invention

Although in general the techniques mentioned herein are well known in the art, reference
may be made in particular to Sambrook et al., Molecular Cloning, A Laboratory
Manual (1989) and Ausubel ez al., Short Protocols in Molecular Biology (1999) 4B Eq,
John Wiley & Sons, Inc.

25 Transposons

Any transposon may be used in the method of the invention. Preferably, the
transposon is type 2 transposon, more preferably selected from the group consisting of
Minos, mariner, Hermes, piggyBac, and Sleeping Beauty. Advantageously, the
transposon is Minos. Each transposon is advantageously employed with its natural

30 cognate transposase, although the use of modified and/or improved transposases is



M nos, mariner, Hermes, piggyBac, and Sl eepi ng Beauty. Advantageously, the
transposon is Mnos. Each transposon is advantageously enployed with its
nat ural 3W0oweYMAIE transposase, although the use of nodi fiped/GBudbaNss

i nproved transposases is WO 03/056912 PCT/ GB03/ 00065 27 envi saged. M nos
transposons, and their cognate transposase, are described in detail in US
patent 5, 840,865 and European patent ap;?yl7i cati on EP 0955364. The transposon
preferably conprises a nucleic acid sequence encoding a heterol ogous 5
pol ypeptide. This_sequence will be.integrate together with the, ., .i:

t r ansposon, eRYigagednMnesiEansRosgps.@fd thely %ﬂe??ﬁ% HEOHC Fﬁ%"é‘@?‘%&". detail in

Mor eover, i | [ blidatibR EPtgodpseson, when the.

| atter exci tge %ér?t?%@@F%ﬁ?ﬁ%@?ﬁ}ﬁﬁgmg?%ﬁ%rred enbodi nment, the

het er ol ogous pol ypeptide is a selectable marker. This allows cells having

i ntegrated ansposons t ident.ified and the sj | ] 0 be
10 accur at eltlifile F&giﬂ?&‘?n thf??f% Y @ngsﬁrae’?%fﬁl% 8"1@5@‘8 ﬁigeg%%g gﬁfgﬁagfe%gﬁg%%se s
whi ch ens Odggypeg}{&.s CRb sBRleHRERll He ttedrated, BXETT With Gie@msbbiony ane drt
proteins (" S") of cnidarians, which act as their_ energy- transfe

acceptors i rgehirmoé ofitheecalleon: wanspasppiatageation; Mereavernifarill Bhexcmegdy "é’&?ﬁ"?@s
fl uorescent ot.ei n, as used, herej I.S..8:Ar ot el £ UOKESC oS fa&EN
light, and A"I’OIB] ft]lée @PWSF%C‘@H& 6&%{]%1?&6 ?:%wgg p&rno?ééi?{r)lﬁ%agphﬂ gg?aegces ﬁaue
li ght. GFPs idyeginke€nthe Rtedslegousr olpeptide Rag isélectatile mhdrkerst Thielallyws shlls
Aequorea victoria, fromthe sea pansy, ,Reniﬁ%{)a r&lnﬁ]i f.or n%)s, and fro

Phi al i di um dwsigar intagrated\graaspasons to begifentifed, agd nibi, sitepRb dpieigtion tggbe
803-808;,,Levi 1982, Conp. Biochem Physiol.,72B: 77-85). 20

Fl uor esclgnt aﬁlr;%?tgyn@lwg\c}'e al so been isolated recently from Ant hoza speci es
(accession nos. AF168419, AF168420, AF168421, AF168422, AF168423 and
AF168424). AVuekerdienesf Aequorea-rel ated GFPs havi ng useful excitation and

em ssion spectra have been engineered by nodifying the am no acid sequence
of a nat ur alBryfeoed unarkery gees ioFPde (26RSSAW] r@%&oé‘? g?ugqugen(c Fﬂoé)%ﬁtﬂéeét %QP

1992, Gene, 111-.229-233" Hej al ~ b 26 30heSGherald S. A |
91:. 12501- 1%@%?1%9%/%@3@7%%@%&6@% l%:r%ggfbfre(%%‘e ’ Iucorescen'f3 prggtggi ns
i ncl ude, forygsfAPicReptots! th thiglemimesstdnee) caedeonsal \in cther inyention. A green

15  fluorescent protein, as used herein, is a protein that fluoresces green light, and a blue

fluorescent protein is a protein that fluoresces blue light. GFPs have been isolated from
the Pacific Northwest jellyfish, dequorea victoria, from the sea pansy, Renilla
reniformis, and from Phialidium gregarium. (Ward et al., 1982, Photochem.
Photobiol., 35: 803-808; Levine et al., 1982, Comp. Biochem. Physiol.,72B: 77-85).

20  Fluorescent proteins have also been isolated recently from Anthoza species (accession
nos. AF168419, AF168420, AF168421, AF168422, AF168423 and AF168424).

A variety of Aequorea-related GFPs having useful excitation and emission spectra
have been engineered by modifying the amino acid sequence of a naturally occurring
25 GFP from Aequorea victoria (Prasher et al., 1992, Gene, 111: 229-233; Heim et al.,
1994, Proc. Natl. Acad. Sci. U.S.A., 91: 12501-12504; PCT/US95/14692). Aequorea-
related fluorescent proteins include, for example, wild-type (native) Aequorea victoria
GFP, whose nucleotide and deduced amino acid sequences are presented in Genbank
Accession Nos. 1.29345, M62654, M62653 and others Adequorea-related engineered

30 versions of Green Fluorescent Protein, of which some are listed above. Several of



GFP, whose nucl eoti de and deduced am no acid sequences are presented in
Genbank Accession Nos. L29345, M2654, M52653 and ot hers Aequorea-rel ated
engi neer ea0308/03@15i ons of G een Fluorescent Protein, of WRCTGEBIGHEI6Ar €

| i sted above. Several of WO 03/056912 PCT/ GB03/00065 28 these, i.e., P4,
P4-3, W and W2 fluoresce at a disti nctlzgnshorter wavel ength than wld
type. Exanpl es of other marker genes whi may be used include sel ectable
mar ker genes 5 such as genes encodi ng neonycin, puronycin or hygromycin or
count er-sel ection enes. such as _the genes for, cytqsi ne degm nase or.

ni t r or educt dBese, ﬂqﬁo]gée%k%wz&“gwg ﬁgorgme ah p distipatlys eﬁwﬁh’a@?@iﬂ%ﬂd"ﬂ%r ker
genes whi ch be used. Any suitable marker gene may be used and it

shoul d be appreciated that no particular 10 choice is essential to the
present invention. ldentification of insertion and excision events

Transposons,_and_sites from whi ch transposons have. heen exci sed, may be

i dentified ngﬁl@éwéffﬂﬂéeféﬁ%lf genes ﬁ’é‘ﬂc%e&a%%f? é‘?e‘fﬂ%@et n‘ﬁF 8@1%‘?:“}‘?& %%‘F%t es
at a TA RkasepRisk o QUi absh@in,| favRSchedt i Rl b aburét-sefectibe
target T sealuer?ceg, ?ﬁjgﬁki }ltgg(t he %rﬁ%S.ﬁltg’erm na nﬁ%lueotides of the

t ransposon. gehes gichse theegenés foncptosine deantinasemr nitedredustise.sequences, may be
detected by techni ques such as sequenci ng, PCR and/or hybridisation.

I nserted transposons nmay be identified by simlar techniques, for exanple

usi ng PCR  2fhJ3E SKBkE irf e eAr8 Rivafe/oft PmiuliBud Lo Minadker s@iee athichanaebe ased.
Transposases Effective transposon nobilisation depends on both efficient

delivery of Amesuitablaepdensene Bixhented andel shoull bnepmediated diaf na particyler
presence f n.efi; §S%}ﬂ{1ﬁr?§,i°ﬁ§1%§ésgmi}l@[ﬁéﬂpsase inthe cell in order to

0

cat al yseQ[ra bcgso cogn 25 transposase, as referred to
herein, is any transposase which is effective to activate transposition of
t he transposhientifiestiondofigsertion andrexcikiontesentsansposon froma first
integration site and/or integration of the transposon at a second |
i ntegrati on Biansposor; endsitsl omtwhick tgrposonshatie gm@@lseé, 1AL be idgntifed ase
whi ch is nat #}E gelqlugncaesa%g@s%.t %%r example, Minos typically integrates at a TA base pair, and

on excision leaves behind a duplication of the target TA sequence, flanking the four

15 terminal nucleotides of the transposon. The presence of this sequence, or related
sequences, may be detected by techniques such as sequencing, PCR and/or

hybridisation.

Inserted transposons may be identified by similar techniques, for example using PCR

20  primers complementary to the terminal repeat sequences.

Transposases

Effective transposon mobilisation depends on both efficient delivery of the
transposable element itself to the host cell and the presence of an effective cognate
transposase in the cell in order to cataiyse transposon jumping. A ‘“‘cognate”
25  transposase, as referred to herein, is any transposase which is effective to activate
transposition of the transposon, including excision of the transposon from a first
integration site and/or integration of the transposon at a second integration site.
Preferably, the cognate transposase is the transposase which is naturally associated
with the transposon in its in vivo situation in nature. However, the invention also

30 encompasses modified transposases, which may have advantageously improved



with the transposon in its in vivo situation in nature. However, the

i nvention al so 30 enconpasses nodified transposases, which may have

advant agewosBsdompr oved WO 03/ 056912 PCT/ GB03/ 00065 29 a®CirdGRBA806%4 t hi n

t he scope of the invention. For exanple, the sequence of the gene encoding
the transposase may be nodified to opti m se codon usage and thus increase
transposition frequencies. Optimsation 2 codon usage is a nethod wel |
known in the art to increase the expression |levels of a given gene.
Alternatively the transposase nmay 5 conprise one or npre insertions,
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transposase @nyriRE AUk 88¢ndrd ifddRicaS BBl drl defdtioRE ORHHY acidbhtb oty be
crossed with a second organi smconprising one or nore copies of ‘regulatory
el enent s necebeaged activiteinrthe hoshdrganisie t r ansposase expression to produce

15 an enbryo. A nunber of nmethods are known in the art for introduction of
a gene into the genome of a host cell, and may be enployed in the context
of the preseThie gaweBhdoding BRS trapodiBt Snayt baPFHASEE T FRNSEnIHRY 0PG Ldteadt ed
into the host cell genone by transgenic 20 techniques. Such nethods are

di scussed f uerepmismpahisly, is rrgssedtwigh aofirstroraanism comrEisnge 48 i itsn g@otian ghe
sequenceg, € j t.he S Op, Lvely dinked to regul atory
cequence anyaboen, PprbRSRE SARATRE s RARE NGl of IR fRey oS
sequences ogitermtivy dnboldaderitp one @y gnere scopiesostl Bightthe tianspisp® 288 ahé ehelde
pronot er s/ enhancers, 25 and ot her expressiaon regul ation signal s. These

control sequifeding i cognate taasnogasecare pEoidesh it i gengmenof RditmoerzaBisgani sm
in which th I [ t S | ;]ﬁgg e L ter
is well knomﬁ;éﬁ ‘ﬁf\’ibg?’ {wgﬁ%b@#c%%pgﬁge@%ﬂ%@eﬁoc ac*nrg &%"‘egﬁt@rﬁ’g@r" %8% (r;;)gD in
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15  anembryo.

A number of methods are known in the art for introduction of a gene into the genome

of a host cell, and may be employed in the context of the present invention. For

example, transposase genes may be inserted into the host cell genome by transgenic
20  techniques. Such methods are discussed further below.

Regulation of Transposase Expression

Coding sequences encoding the transposase may be operatively linked to regulatory
sequences which modulate transposase expression as desired. Control sequences
operably linked to sequences encoding the transposase include promoters/enhancers

25  and other expression regulation signals. These control sequences may be selected to
be compatible with the host organism in which the expression of the transposase is
required. The term promoter is well known in the art and encompasses nucleic acid
regions ranging in size and complexity from minimal promoters to promoters
including upstream elements and enhancers.

30



i ncl udi ng upstream el ements and enhancers. 30 WO 03/ 056912 PCT/ GB03/ 00065
30 The pronoter is typically selected frompronoters which are functiona
in cell twpas/iosddonol ogous to the organismin question, or PCRGRPIMOUBS
famly, order, kingdomor other classification to which that organism
bel ongs, al though heterol ogous pronoters may function - e.g. sone
prokaryotic pronoters are functional in ¥ukaryotic cells. The 5 pronoter
may be derived from pronoter sequences of viral or eukaryotic genes. For
exanpl e, it,ﬂgy be a prompter derived fromthe genonme of a cell in which
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| evel s of expression obtained using e.g. a pronoter can be regulated. For

exanpl e t he qaggugsist ofy spamatogenayisy Wétenwtizelyi néhucidsvelopmguiaby orsgulasgdience.
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oper at or - r ephey der dajredefrom genes whose expression is developmentally regulated. For
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15  expression in the early zygote, promoters from maternal effect genes may be used.
They may also be promoters that respond to specific stimuli, for example promoters
that bind steroid hormone receptors. Viral promoters may also be used, for example
the Moloney murine leukaemia virus long terminal repeat (MMLV LTR) promoter, the
rous sarcoma virus (RSV) LTR promoter or the human cytomegalovirus (CMV) IE

20  promoter.

According to the invention, the gene encoding the transposase is under the control of
one or more regulatory sequences, meaning that the levels of expression obtained
using €.g. a promoter can be regulated. For example the regulatory sequence may be
25  aninducible regulatory sequence. Inducible systems for gene expression are known in
the art, and include tetracycline, ecdysone and estrogen-inducible systems or the lac

operator-repressor system,

A widely used system of this kind in mammalian cells is the tetO promoter-operator,
30 combined with the tetracycline/doxycycline-repressible transcriptional activator tTA,
also called Tet-Off gene expression system (Gossen, M. & Bujard, H. (1992) Tight

control of gene expression in mammalian cells by tetracycline responsive promoters.



A w dely used systemof this kind in manmmalian cells is the tetO

pronot er-operator, 30 conbined with the

t et racyclwoaB@ssyrycl i ne-repressi bl e transcriptional acti Par@BoBA®6s al so
called Tet-Of gene expression system (Gossen, M & Bujard, H (1992) Tight
control of gene expression in manmalian cells by tetracycline responsive
pronoters. WO 03/056912 PCT/ GB03/ 00065 331 Proc. Natl. Acad. Sci. USA

89: 5547-5551), or the doxycycline-inducible rtTA transcriptional
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Dox. Pr ocedg‘?qé’scy‘?slﬁ}e lnm#}agﬁfiﬂﬁrg&ﬁ‘?e ?&n%gé% ing the transcriptional
activatog gene and the Tet 10 regul atable gene stably integrated in its

chronosones have been described. For exanple see .
htt p: // wwv. dorthe chetedffi system, ngape nexpuession PiSFPTR30 01 - whert ftetracgelinee (EfipPe, t he
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be gener at edxpisssid idmttbdanpl g Mes-Onhaystehl bathecdditioh afebéx.tRectedatesdyr Two
constructs are used: first, a construct containing the rt TA gene under a

consti t uti vestgblighing rcell linesy gamyiag othe s ranscaphenal (aotivater (graepatch tee, Tedt asni d
(Conte ' nt ai e [ ' -dinde

Cont rol. 10s *RRANEIE AL iah T RERELRC AT MrhoNonies M8 Mokl Hegbrtl BFor
transcri pti eranpR0 saet hitmt/owvedontdeld cdy/tedhirfo/ommusls/BOF/RPE3MWE tli.ndf. onFyri n
the presence of ycycline. The econd construct contains, the M.nos

t ransposase e@‘é‘ﬁ‘@%ﬁ"& et Qhpitsm Bay ?’ﬁ gmpfogp&%@fgﬁrqqyglp}eéglggﬁﬁlg eXPETRIAR Of o
TRE. The THR6RQ%ha{DsAEL ifSUaselhicafimdlepeats of a 42-bp sequence
containing the tet oOperator (tetO, and is |located just upstream of the

m nimal CW pronoter, which |acks the enhancer el enments nornally associated
\glr teh m-ZES];ISES A ouﬁlgT{rea(rjllsg%%Fc aen‘lar%lym%c Bemg)én%?atexﬁg}(f: SHRErd ﬂS&%lo%Bﬁé”%%S’&bﬁ'aﬁE‘i’? A
ES cell technology. Two constructs are used: first, a construct containing the rtTA

gene under a constitutive promoter. An example of such construct is the pTet-On
plasmid (Clontech) which contains the gene encoding the rtTA activator under control
of the Cytomegalovirus immediate early (CMV) promoter. The rtTA transcriptional
20 activator encoded by this construct is active only in the presence of Doxycycline. The
second construct contains the Minos transposase gene under control of the
tetracycline-response element, or TRE. The TRE consists of seven direct repeats of a
42-bp sequence containing the tet operator (tetO), and is located just upstream of the
minimal CMV promoter, which lacks the enhancer elements normally associated with '
25 the CMV immediate early promoter. Because these enhancer elements are missing,
there is no "leaky" expression of transposase from the TRE in the absence of binding
by rtTA. An example of such construct is the pTRE2 plasmid (Clontech) in the MCS
of which is inserted the gene encoding Minos transposase. In cells stably transformed
with the two constructs, rtTA is expressed but does not activate transcription of Minos

30 transposase unless Doxycycline is administered to the animal.



there is no "l eaky" expression of transposase fromthe THE in the absence
of binding by rtTA An exanple of such construct is the pTRE2 plasm d

(d ont echwoion/osdee2 MCS  of which is inserted the gene encodcCagBiBOOBS
transposase. In cells stably transforned wth the two constructs, rtTAis
expressed but does not activate transcription of Mnos 30 transposase

unl ess Doxycycline is admnistered to thd2animl. WO 03/056912

PCT/ GB03/ 00065 32 Therefore, when, according to a nethod of the invention,
a transgenic_animal conprising both pTet-On and the pTRE2 constructs is
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domain (Indra et al., Nuci Acid Res. 27, 4324-27, 1999) coupled to the
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the 15 cultu ' Cj t 1Al (@pﬁ{ ' g ame
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ecdysone-d' ndu*ibl? syst .S .based on,the h?tero.di nmeri c ecdysone receptor
of 20 doso%ﬁ?%,aﬁ%mﬁﬂgf ofl N 2t Oh{PePREEDf SRS o none, ecdysone and its
derivatives. During netanorphosis of Drosophila nelanogaster, a cascade of

mor phol ogi cal ~changes is triggered b‘%/ the steroid _hornone 20- OH ecdysone,
general | y refAlipmative éndusible g ineludeviamorifen dudngdde dranspospseda. mpdidigd one
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the nodi fi ed ecdysone_re or can activate an integrated ecdysone
H culturéﬁ, an U41§?r%uc£ble transposase (operating undergthe same princ%ple with the

O

a

glucocorticoid receptor; see Tsujita et al., J. Neuroscience, 19, 10318-23, 1999), or an

ecdysone-inducible system.

The ecdysone-inducible system is based on the heterodimeric ecdysone receptor of

20 Drosophila, which is induced by the insect hormone, ecdysone and its derivatives.
| During metamorphosis of Drosophila melanogaster, a cascade of morphological
changes is triggered by the steroid hormone 20-OH ecdysone, generally referred to as
“ecdysone”, via the ecdysone receptor. Ecdysone responsiveness may be transferred to
mammalian cells by the stable expression of a modified ecdysone receptor that

25 regulates an optimized ecdysone responsive promoter. Transgenic organisms, e.g.
mice expressing the modified ecdysone receptor can activate an integrated ecdysone
responsive promoter upon administration of hormone or its derivatives e.g. Once the
receptor binds ecdysone or muristerone, an analog of ecdysone, the receptor activates

the ecdysone-responsive promoter to give controlled expression of the gene of interest.

30  Ecdysone-based inducible systems are reported to exhibit lower basal activity and
higher inducibility than tetracycline based systems. Further details of ecdysone based
inducible systems can be found, for example, in US 6,245,531 and in No D, Yao TP,



responsi ve pronoter upon adm nistration of hornone or its derivatives e.g.
Once the receptor binds ecdysone or nuristerone, an anal og of ecdysone,

t he recepworosastoirvates the ecdysone-responsive pronoter PaTgBog/0ewAt ol | ed
expression of the gene of interest. 30 Ecdysone-based induci ble systens are
reported to exhibit |ower basal activity and higher inducibility than
tetracycline based systens. Further detald s of ecdysone based inducible
systens can be found, for exanmple, in US 6,245,531 and in No D, Yao TP, WO
03/ 056912 PCT/ GBQ3/ 00065 33 . Evans RM Ecdysone-i nduci bl e gene expression in
mamal i an ¢ ‘fagsgﬁi\é E?qdaﬁ%r&etmiwﬁﬁi aepc PPISESINR i TREAGE csgnd MR

93: 3346- 51, &1{%& FRENGAL BRI SERFY Lhovd o3 :§§4‘6-Eﬁrtﬁé Boﬂt@fr‘tg BPEMJ&Q%}B&
reference. 5 The l'ac operator-repressor system has recently been shown to
be functi onadre hereinnmoorpbmiedity rpferéniceul ar t he nouse. Cronin et al, Genes and
Devel opnent, 15, 1506- 1517 (2001), the contents of which are herein

i ncorporated by reference, describes the use of a |lac repressor transgene
that resgnblpg fact YpirGdl-rERETME is95teBCRS RREMIY beel WO URAEE BRDIRAN et Ur e
and that expresses Tunctional |aC repressor protein 10 ubiquitously in mce
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In addition, any of these promoters may be modified by the addition of further

regulatory sequences, for example enhancer sequences. Chimeric promoters may also

be used comprising sequence elements from two or more different promoters described
20 above.

The use of locus control regions (LCRs) is also envisaged. LCRs are capable of
conferring tightly-regulated tissue specific control on transgenes, and to greatly
increase the fidelity of transgene expression. A number of LCRs are known in the art.
25  These include the B-globin LCR (Grosveld et al., (1987) Cell 51:975-985); a-~globin
(Hatton et al., (1990) Blood 76:221-227; and CD2 (Festenstein et al., (1996) Science
271:1123-1125) the T cell specific CD4 (Boyer et al J Immunol 1997, 159:3383-
3390), and TCR loci (Diaz P, et al Immunity 1994, 1:207-217; Ortiz et al EMBO J
1997,16:5037-5045; Hong et al Mol Cell Biol 1997, 17:2151-2157.) the B-cell-specific
30 MHC class II Ea (Carson et al Nucleic Acids Res 1993,21:2065-2072), the
macrophage-specific lysozyme gene (Bonifer et al EMBO J 1990,9:2843-2848), the
neuron-specific S100 gene (Friend et al J Neurosci 1992, 12:4337-4346), the liver-



(Hatton et al., (1990) Bl ood 76:221-227; and CD2 (Festenstein et al.,
(1996) Science 271:1123-1125) the T cell specific CD4 (Boyer et al J
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1:207-217; Otiz et al EMBOJ 1997, 16:5037-5045; Hong et al Mdl Cell Biol
1997, 17:2151-2157.) the B-cell-specific 30 MHC class Il Ea (Carson et al
Nucl ei ¢ Aci ds Res 1993, 21:2065-2072), th¥ macrophage-specific |ysozyme
gene (Bonifer et al EMBO J 1990, 9: 2843-2848), the neuron-specific S100

ene (Friend et .al_J Neur | 1992, 12:4337-4346), the liver WD 03/ 056912
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be open and s baBAGNICR, (1999, ehdsG@bt If1@o3hedy; i .. gene domains whose
proteins (such as enzynes for generating energy from sugars), are needed

by all cells for survival and which are therefore ubiquitously 10 expressed
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Further details of the_ use of such s may be found in Antoniou, M and
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Acadeni c/ Pl einuamyRissthe.s Examplaylenf svols kibiquito@sl$-atiin) claothatin opBiihg @Mn@&ﬁS?
(WD 0005393) contents of both of which _are herein incorporated by
ref erence. ZECIFQS%%II%QP&&’S&W@B%W%%TBP aPEé’ﬁBE)‘B’SAe?n Burthiee dsfatls ofray
al so be achigyqge I AULNCORE HiPbOolnd fIhbnidd VIO ahd TSLRIIIH (ESogie! | S
to construct chinmeric enbryos, I't is possible to produce transgenic

or gani sms  wHiGshetio rappiaachése to r tiespys fwe thye riesmoplobinopatbizes dn: BleodnCeli n

onl'y Cer1'[5a : rbi?)]::hetnﬁgtlr{f, \tfcl)l%usnlée}?% 'He-lr_rrlla{tgpo%%?s &L élex(ljee"[ﬁer];fnj}g %Q%ahlnea/neél TeosIa eds.
Kluwer Academic/Plenum Publishers, New York. pp 219-242) and in
PCT/GB99/02357 (WO 0005393), the contents of both of which are herein

incorporated by reference.

20  Regulation of transposase and/or transposon expression may also be achieved through
the use of ES cells. Using transformed ES cells to construct chimeric embryos, it is
possible to produce transgenic organisms which contain the transposase genes or
transposon element in only certain of their tissues. This can provide a further level of
regulation.

25
Maximising efficiency of transposition
As described above and for example, in WO 01/71019 and WO 02/062991,
transposition is achieved by the action of the transposase enzyme on the terminal
repeat sequences of the integrated transposon, resulting in excision of the transposon

30 from its original position in the “host” genome and reinsertion of the transposon at a

different position in the genome.



regul ation. 25 Maxi m sing efficiency of transposition As described above
and for exanple, in WO 01/71019 and WO 02/ 062991, transposition is

achi eved W9 oBloss9arti on of the transposase enzynme on the t@CEiGRIB/006Epeat
sequences of the integrated transposon, resulting in excision of the
transposon 30 fromits original position_in the "host" genone and
reinsertion of the transposon at a diff&rent position in the genome. WD
03/ 056912 PCT/ GB03/ 00065 35 As with nost biochem cal processes, this
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sequences, Liyfy, ARolodf oSGl BRtra8 childh Welseorahs t@hid)@epeats
transposase%%r';tﬁzb{/‘?rl\:{h.nlogﬁlr |ﬁcglr1£eégggt@?hn8€opy %unbegﬁ car? Sbe achi eved %I;/
generating seyuehdess.c apincaeasajmscopy niimber and lyghnkevelsof grettranspashicenz Age-
exanple, 10 to 100 copi es can be generated through standard transgenesis
or using a PAC vector. Alternatively, nultiple copies can be generated by
the pr esgnc%nqucr’éhgetihi% hieB&tdaRBe adhietdd Begd@Rtatinbnagtiple copear@@reinthe 10
The sequence of the tranhsposase may be nodifred to optim se codon usage and
thus, i ncr esigmal imsesipns sitd. dforf exaqpdecl®do 100t coniesacatb e ogenemirdntireughe is a

met hod wel | Kk in th t to | th 00, i
Gone. - Thus, SEHETENFERERSY Brictibet PAE PPant RLdiBNER b Snfes dopde), ve"
ani mal s My obgeratkd b M HaseRle BymuMipliasiriions 4t diftgansitty iatthogenamea resul t of

a nore efficient translation from nRNA by replacing the fly codon usage to
manmmal i an codon usage. Assays for determ ning transposase efficiency can

i ncl ude st.andard trapgposi ti . ' : wove

Kl i naki 406t tlg‘ie.s?q‘feﬁg%c‘,??ﬁ%o‘fﬁé‘éh‘?a?e %?’gﬁ’\ég@?dlgg‘f% {)ﬁﬁg’ e%ggq g20e %ﬁ‘mé@‘whe
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nRNAs  such kagwprp the %ﬁi@dmrﬁ@eé?eo%&’ﬁsﬁ‘@laiﬁ’ﬁ Of BB ctin or al bumin. 25
Transgeni ¢ Organi snms

Thus, the efficiency of the fly transposase in mammalian cells or animals may be
15  increased by increasing its concentration as a result of a more efficient translation from

mRNA by replacing the fly codon usage to mammalian codon usage.

Assays for determining transposase efficiency can include a standard transposition
assay as described, for example, by Klinakis et al.; Insect Molecular Biology, 9 (3),
20 269-275, 2000.

The concentration of transposase mRNA can also be increased by including in the
transposase mRNA sequence 5° and 3’ sequences found in abundant stable mRNAs

such as those encoding growth hormone, globin, actin or albumin.

25  Transgenic Organisms
Methods of the invention may employ one or more transgenic organisms having
integrated in the genome the transposon, a gene encoding the cognate transposase or

both.

30 The introduction of the transposon or gene encoding the transposase may be

accomplished by any available technique, including transformation/transfection,



Met hods of the invention may enpl oy one or nore transgeni c organi snms havi ng
integrated in the genone the transposon, a gene encodi ng the cognate

t ransposawe 08105690t h. 30 The i ntroduction of the transpos@®aTaBIGONESS
encodi ng the transposase nay be acconplished by any avail abl e techni que,

i ncluding transformation/transfection, WO 03/056912 PCT/ GB03/ 00065 36
delivery by viral or non-viral vectors a#d microinjection. Each of these
techniques is known in the art. The transposon and the gene encodi ng the
transposase be inhserted ysing the same qr, different nethods. For,
exanpl e, the@%&ﬁwﬂ q5.nop ffgctﬂwnaénwmeﬁtm Heshhetitheseteghmigues is
transposase jgRRst LAt | | e
t ransposon or gen{erpg{r?cg@'i %P;tﬁgéiﬁ@g@ggggésgeﬁcﬁh&ﬂg ﬁ%erﬁta%ﬁg%a%gﬁ%yhéghost
cel | genone inyertedanigehe sarhe ohdiffpues mettoxds.e Farptamle, the Buosophita Pictemmengeni ¢
ani mal conprisi a transposon,.a gene encodi ng a.cogpate. transposase or
both. Were ?ﬁ%g‘tgﬁfﬂstaérﬁfq%uﬁ‘?ﬁ’ %PO%%%P?S&&C%&WW@ PS0REK®son and t he
gene 10 encodi ng the transposase, both constructs can be inserted using the
same or different nethods. Wiere delivery of the construct is by viral
vector, a compbpiefaredeembrdimentirthei twansposontdr gehe encodingoihe dransprdasehwaybeae

The Tet Copor Baa e Badif eshife niTRbyicTouRifiRR b medflb © RigBHET oo
15 Any sui t afpdBgérie Bs@eN icompréifBlk tFmYpdan,Us 8éhel dhcbdifig RICBERAE trafipBstsk @B

Animal s include animals of the phyla cnidaria, ctenophora,
pl at yhel ni ntprdB., Weee daen fransgeeici aimal gemprisgs aboth 11be itaaspesen apdithergene

: . . . ’ ¢

et udeart nodiepE I RanddBih 8 Bt Soh MGn iipect B RIEL ) PO GRelAR

vertebrat e giethpds. s Wheresdalimasyabs thebtomdsuctf issby virepvedi@s aacsmposiitivecins .
ncl ude _non- human primates, cats,

Particul ar exanp| es of nmal s | dogs,
ungul at es s?%%r&?&:gﬁg‘%o‘éwl?osﬁpg@}d thecgeneaehrofingshe t%apcrsasfewe%ers'f}erm as
mce, rats, ggkbi bf adhtrol88GeRESsuch as the Tet operator may be used. Alternatively,

separate vectors may be used.

15
Any suitable transgenic animal may be used in the present invention. Animals include
animals of the phyla cnidaria, ctenophora, platyhelminthes, nematoda, annelida,
mollusca, chelicerata, uniramia, crustacea and chordata. Uniramians include the
subphylum hexapoda that includes insects such as the winged insects. Chordates

20 include vertebrate groups such as mammals, birds, fish, reptiles and amphibians.
Particular examples of mammals include non-human primates, cats, dogs, ungulates
such as cows, goats, pigs, sheep and horses and rodents such as mice, rats, gerbils and

hamsters.

25  Techniques for producing transgenic animals which may be used in the method of the
invention are well known in the art. A useful general textbook on this subject is
Houdebine, Transgenic animals — Generation and Use (Harwood Academic, 1997) —

an extensive review of the techniques used to generate transgenic animals.

30 In apreferred embodiment, the animal is an insect. Methods for producing transgenic
insects which may be used in the method of the invention are well known (see for
example Loukeris et al (1995), Science 270 2002-2005). Briefly, a transposable



25 Techni ques for producing transgenic animals which may be used in the

met hod of the invention are well known in the art. A useful general

t ext book wo Bls@®1subj ect is Houdebi ne, Transgeni c ani nal CI/CBMOO®GSI on and
Use (Harwood Academ c, 1997) - an extensive review of the techni ques used
to generate transgenic animals. 30 In a preferred enbodiment, the animal is
an insect. Methods for producing transgehic insects which nmay be used in
the nethod of the invention are well known (see for exanple Loukeris et al
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nunber of pesibldry Wi@litewilobédaghePBl Gutiei BE @R RsQYY b6€Y.! A SMallibhbet ¥f | f
t hese cells incorporate the transgene, progeny will be transgenic. Further
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preferably dnswennme praddaniadsovkeris tealh(1098)g Seienée02 70e2E02¢20031 adoDBRb¢hiyd at i on
now permt introductign of heterol ogous | nto, for exanple, fertilised
manmal i an O\F‘&@‘Aﬁg‘f"‘s‘?qr\épg ent |‘AHB?%‘H‘P I:)Ié'g\rdsuri potent stemcells can be
transforyged by m croinjection, calcium phosphate 15 nedi ated precipitation,
| i posonme fusion, retroviral infection or other neans, the transforned
cells are tHeranbther prifioresd ¢émbadimbst, drebanimal snprefenablye atimamomeheAddances aps

i nt t i inal..ln a. highly .pref d net d ' nb
i it oot SR Pl B R SO oL T B S rEN T
ani mals  pr qoijaeehth) @67 teR@mpmR! aetiide® Hin@alidd) Fa"Fot BEBARS rt@dﬁ;&ahh@fi,

C

however, the 20 appropriate DNAs are coinjected into the pronucl eus or
cyt opl asm ofplaigntgnisstempealseeabiby Hansfarmed iy maicrodnjpctiona galcivmm cpholsphaterbr yos

al | oned 150 qﬁ&ﬁ&t&? ﬂr@c@iﬁiteﬂﬁ)ﬁ? rlfi’yosome fusion, retroviral infection or other means, the

transformed cells are then introduced into the embryo, and the embryo then develops

into a transgenic animal. In a highly preferred method, developing embryos are
infected with a retrovirus containing the desired DNA, and transgenic animals
produced from the infected embryo. In a most preferred method, however, the

20 appropriate DNAs are coinjected into the pronucleus or cytoplasm of embryos,
preferably at the single cell stage, and the embryos allowed to develop into mature
transgenic animals. Those techniques as well known (see reviews of standard
laboratory procedures for microinjection of heterologous DNAs into mammalian
fertilised ova, including Hogan et al., Manipulating the Mouse Embryo, (Cold Spring

25  Harbor Press 1986); Krimpenfort et al., Bio/Technology 9:844 (1991); Palmiter ef al.,
Cell, 41: 343 (1985); Kraemer et al., Genetic manipulation of the Mammalian Embryo,
(Cold Spring Harbor Laboratory Press 1985); Hammer ef al., Nature, 315: 680 (1985);
Wagner et al., U.S. Pat. No. 5,175,385; Krimpenfort et al., U.S. Pat. No. 5,175,384,
the respective contents of which are incorporated herein by reference.).

30



transgenic animals. Those techni ques as well known (see reviews of standard
| aboratory procedures for mcroinjection of heterol ogous DNAs into

manmal i arwofoansdoli sed ova, including Hogan et al., Mani pulPaTiGRY30MS5 Mouse
Enbryo, (Cold Spri ng 25 Harbor Press 1986); Krinpenfort et al.
Bi o/ Technol ogy 9: 844 (1991); Palmter et al. Cell, 41: 343 (1985)

Kraenmer et al., Genetl ¢ mani pul ation of 3§he I\/ammI ian Enbryo, (Cold Spring
Har bor Laboratory Press 1985); Hammer et al., Nature, 315: 680 (1985);
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produce a transgeni c ani nal ves microinjecting a nucleic acid into

pr o- nucl ear bsfoagﬁa@@gsnibyh%(mdmﬁi of prsudargegnantiieeipicats. eggs are then cul tured
before transfer into the oviducts of pseudopregnant recipients. 5
Transgeni c aninmals may al so be produced by nucl ear transfer technol ogy as

descri beg Immﬁgmb afiinalPmby akb b%|produ'b9d? By nicle@ntemsfe? 7&1111&3»@53 andescibékl | i,
J.B. et al., Sci ence, 280: 1256. Usm this 1&’ flbroblla% S from

donor ani nalis %h@lels%ab@ ett‘ﬂan@%cﬁé’&n‘&ﬁa t2i78a $%§Fﬁicp orJ;%r‘%it‘Flng
codi ng Sequ?&len f 2. 31%? pgﬁ@tflﬁjse % odI ?i‘b?tfb?a%’is E‘Bﬂle?oﬂd??xﬁﬂﬂlkreﬁ‘é 8ol

regul atory SeqUERces. rans s are t Used 10 to enuc] eat ed
oocytes, cultidisfected il bpisshed rlﬁcbrpdsrhtmg dreatoalinge séquiemaes Sor Amilyesptidodf

per or med bymeEBRioPERe Gt af FERH GRSy SO BRI BF Rtufiged
performed b
met hods.;15 tﬁxnﬂ@efatéﬁo&y&ee{m&m Rl Pt %a@@fééﬁ)iéﬁ@' on of transgenic

manmmal s,” suc cows, “nucleoti de constructs conprising a sequence
encodlng a DNA binding nolecule are mcroinjected using, for exanple, the
t echni que doégrlbed in, U

obt ai ned f r ARBYL OF L0frpRls h‘f']}‘al? éﬂ%&&nt?’?g@%%églc nslgﬁ%%lcgsoc ?dsoﬁﬁwlgl gérg

aspi rated fromobhed Pt PER @ BbuthdrovRe aﬁdDysis?Eollbﬁlﬂg&iahﬂerd?rﬁethedst i lisation
wi th thawed frozen sperm capacitated with heparin and prefractionated by

Percoll gradient to isolate the notile fraction. The fertilised oocytes are

centrif Lﬁ%ed B)fr %ayeggta zf@f)e%iﬁcr Q{anﬁilg Br e bh&fuchbn Jo%t&?x@geﬂlé fhammals, such as

cows, nucleotide constructs comprising a sequence encoding a DNA binding molecule
are microinjected using, for example, the technique described in U.S. Pat. No.
4,873,191, into oocytes which are obtained from ovaries freshly removed from the
mammal. The oocytes are éspirated from the follicles and allowed to settle before
20 fertilisation with thawed frozen sperm capacitated with heparin and prefractionated by

Percoll gradient to isolate the motile fraction.

The fertilised oocytes are centrifuged, for example, for eight minutes at 15,000 g to
visualise the pronuclei for injection and then cultured from the zygote to morula or
25  blastocyst stage in oviduct tissue-conditioned medium. This medium is prepared by
using luminal tissues scraped from oviducts and diluted in culture medium. The
zygotes must be placed in the culture medium within two hours following

microinjection.

30 OQestrous is then synchronized in the intended recipient mammals, such as cattle, by

administering coprostanol. Oestrous is produced within two days and the embryos are



visualise the pronuclei for injection and then cultured fromthe zygote to
norula or 25 bl astocyst stage in oviduct tissue-conditioned nmedium This
medi um i swproapsioerd by using lumnal tissues scraped from e¢rdiBBSo@Ead
diluted in culture nmedium The zygotes nust be placed in the culture
mediumwi thin two hours following mcroinjection. 30 Cestrous is then
synchroni zed in the intended recipient @mmals, such as cattle, by

adm ni stering coprostanol. Qestrous is produced within tw days and the
enbryos are WD 03/056912 PCT/ GB03/ 00065 39 transferred to the recipients
5-7 days af ti@psfersed 4 jae regipicpissprd daysglier oestEqysp Sucesssilil dvagsfer can e
offspring b : nat. y, the desired constructs can be
i ntroduced %ﬁiﬁgﬁéﬁtﬁgﬁ?ﬁ %%@r#%@'l%h}gé 5 cells) and the cells cultured
to ensure nodification by the transgene. The nodified cells are then

injected intQ the hlagtu]la epbryonic stage and the blastul as replac into
ps]eudopr eg néi'fe“ﬁ’g‘é’%é’z a“ﬁfiésﬁéggﬂ%mﬁs 6% g% th’f’i’gu nf?n?‘%é?ypﬁlc\/ﬁt‘?% CFIZ%@&t to
the ES agd ca@sstanaedglé %e%%teﬁ!nﬁegw'eﬁaﬁé ncRfifictiba l%‘ﬂﬁhcrﬁ% ﬂésm@wo&ﬂ@w' se

t he ES progeny can ai ned using convention cross-breeding. This
t echni que i seliewe thdnddjectediintoxbablastpla ehtbryoniv\8iegé agirthe blashilasseplacéd/iato

nmet hods for deljver d stable inte tion of transpgsons and/or_gengs
encodi ng ¢ ZGKBbEeLe Bres: T g Sirkret i ) OPUD R of
viral vectOomhpst cellslG@Ad ZOncIRBAY kraihs WATdhQkelusively @WipiRé theers BrozenPadiboVi I al
vectors and herpesviral 15 vectors. Such techni ques have noreover been

descri bed i @btairedaising goswemsioapiéressyreeding ridetechniquy indescribed, forezamplep9s,
26: 3687369 i e viral vectors nmay be retroviral vectors, and nay be
derived lﬁr o?nﬁy%gﬁﬁel' derivable fromany suitable retrovirus. A large
nunber of different retroviruses have 20 been identified. Exanples

i nclude: murine | eukaem irus (MV), human i nmmunodeficiency virus (HV),
si m an i muAdEEstive dpet 0«% %aé,ehmrmdw ¢ integration, ghiransposens dpr\gencsqui ne

i nfectious %H@d?ﬁ% %ré.‘d Yshsésihfhe oORITE flﬁ;‘ﬁ'ﬁigﬁé 1 %&M@&g LibiSe i MorsROUS
sarcoma virus (RSV), Séu%llsnamt%s sgﬁcoma (\)/I rus 3§ , I\%‘Fgoney r%uri néwrs’
| eukaem a visncls a§ Mdehdwida] vieBRrsyreironarad steetwssy rasniwviralr wect¢fSBRA herpesviral
15  vectors. Such techniques have moreover been described in the art, for example by
Zhang et al. (Nucl. Ac. Res., 1998, 26:3687-3693).

Suitable viral vectors may be retroviral vectors, and may be derived from or may be
derivable from any suitable retrovirus. A large number of different retroviruses have

20 been identified. Examples include: murine leukaemia virus (MLV), human
immunodeficiency virus (HIV), simian immunodeficiency virus, human T-cell
leukaemia virus (HTLV). equine infectious anaemia virus (EIAV), mouse mammary
tumour virus (MMTYV), Rous sarcoma virus (RSV), Fujinami sarcoma virus (FuSV),
Moloney murine leukaemia virus (Mo-MLV), FBR murine osteosarcoma virus (FBR

25 MSYV), Moloney murine sarcoma virus (Mo-MSV), Abelson murine leukaemia virus
(A-MLYV), Avian myelocytomatosis virus-29 (MC29), and Avian erythroblastosis
virus (AEV). A detailed list of retroviruses may be found in Coffin et al., 1997,
“retroviruses”, Cold Spring Harbour Laboratory Press Eds: JM Coffin, SM Hughes,
HE Varmus pp 758-763.
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25 M5V), Mol oney nurine sarcoma virus (M-MV), Abel son nmurine | eukaem a
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in Coffin et al., 1997, "retroviruses"”, Cold Spring Harbour Laboratory
Press Eds: JM Coffin, SM Hughes, HE Varnus pp 758-763. 30 WD 03/ 056912
PCT/ GB03/ 00065 40 Details on the genom @0structure of some retroviruses
may be found in the art. By way of exanple, details on HV and Mb- MLV may

be found fromthe NCBI GenBank Ceponre Accessi on s.. AF033819 d AF03381
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categories: gg le, &dtATR &n HAVDand ¥R I i " Ve

BRinYple, UMILQ/XmaK%t foRMd b3S ShdRICET VG BRIk

further divided into seven groups. Five of these groups represent

r et r ovi r uses(@gnomechessssion Nop AtEIBB Y andTABOI38rhimaspegtively). gr oups are the

| entiviruses and the spumaviruses. A review of these retroviruses is
presented in Coffin et al., 1997 (ibid). 10 Host range and tissue tropism
varies bes weRstréiifsed @itly beturoadly Uieided liftoSHBIE ca@gSSes: dattiely, SRAAPIET Gnlly MY
restrict the transduction potential of a reconbinant retroviral = vector.
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of infecting H&iﬂﬁt@gﬂ 9[7;/(53@ Repl i cati on-defective retroviral vectors are
typi cal | yg propagat ed, for exanple to 20 prepare suitable titres of the
retroviral vector for subsequent transduction, by using a conbination of a
packagi ng or Hosfl jaege ewd tissuerteopisml vaties betweerbdififerent veledvinusesT hit sonse tases,say,

that the thrge pac i n r ot ei can he provided. in.trans., A "packagi ng
cell Iine" cﬁ’r‘ﬁ g??ﬁ’léﬁa‘g e Wﬁtﬂgpg?e g%s%pgf%p?tpaqlalg%? rﬁﬁqml?;iﬂ%}‘te‘iwob‘%‘es.
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MLYV that has an envelope protein called 4070A is known as an amphotropic virus,
15 and this can also infect human cells because its envelope protein “docks” with a
phosphate transport protein that is conserved between man and mouse. This

transporter is ubiquitous and so these viruses are capable of infecting many cell types.

Replication-defective retroviral vectors are typically propagated, for example to
20  prepare suitable titres of the retroviral vector for subsequent transduction, by using a
combination of a packaging or helper cell line and the recombinant vector. That is to

say, that the three packaging proteins can be provided in trans.

A “packaging cell line” contains one or more of the retroviral gag, pol and env genes.
25 The packaging cell line produces the proteins required for packaging retroviral DNA

but it cannot bring about encapsidation due to the lack of a psi region. The helper

proteins can package a psi-positive recombinant vector to produce the recombinant

virus stock. This virus stock can be used to transduce cells to introduce the vector into

the genome of the target cells. A summary of the available packaging lines is
30  presented in Coffin et al., 1997 (ibid).



but it cannot bring about encapsidation due to the |ack of a psi region.
The hel per proteins can package a psi-positive reconbi nant vector to
produce tWwe m@s@mbi nant virus stock. This virus stock ca®C&GRIS®WGS O
transduce cells to introduce the vector into the genone of the target
cells. A summary of the avail able packaging lines is 30 presented in
Coffin et al., 1997 (ibid). WO 03/05691A1PCT/ GB03/ 00065 41 The lentivirus
group can be into "primate" and "non-prinmate". Exanples of prinate

| entiviruses include human i mmunodeficiency virus (H V), and siman

i munodef i cil@Rd§ntiitug Sreum san berito T AR Snaneprimatet.a Exgmplep of pemaes t he
rototype st Sl SMREF! bbiSadatitfy 2! ih, | N8’ Clidlae
caprine 5 arthritis-encephal itrs virus , - equine rnfectious anaem a
virus (El AV)imaﬂdoﬂd‘ﬁciemfy(rj eifrumc(sm)l y Mm?wﬁellbm$W®dh?lﬁﬂ&% virus
(FI'V) and bovine inmunodeficiency virus (BlV). See, for exanple, Rovira et
al ., Bl ood. %9@?96%1’-“&11’?%“31%&3%6’“8% (Xﬂ\.ﬂ’)uaw& as thsotelated ;caprine

broc Nt P A8 nagPRAR) dpBUEATE oyl oot shicinia {IR8 ELAD) o4 B,
Bi ol 98, 50315dr¢) rdckAdy- Feribadd fSimel rinmmunetefdiency) \Gase (FBY) 2GD0b&Eme Oct ;

2(5):317-25.. Adistinction b en t | entiviyus famly an r pes of
retroviruses™ I&“’Pﬁ%ﬁ?e’}%ﬁ'ﬂ% ﬁﬁ@egeﬁﬁwwl&&{ﬂm ¢ %’ %180?1%0@@:&%5‘6# i{r

divi di ng andiinenreiset & Y L §hidof - 2000 Ndw78 PRbdS! M.PLAGI. (1905PVHIH GBSer SUCh
as MLV - are unable to infect non-dividing cells such as those that make

up, for exaf(¥;135ti¢d):2058% ket al..uPrpcayal Acadsheitl 8§ A12000 Qotntdk7(86utherns or s

have be d bas ' E f l.entiviru suh-famly
o the. nl: r ot TR of et gk 8 5031 LS T30%: md Sl ¢ )" Qe
appl i cati on000QepRELI[B1325W0- A- 97/ 12622) . Preferred lentiviral vectors
are based on HV, SIV or EIAV. The sinplest vectors constructed fromH V-1
have the conplete H V genone except for a deletion of part of the env
coding regi of inchP bARREE the Mndis MEhie Wl 4Rl of DOt AR uded OS5
vectors express gag/ pol and all o he atcessory nes hence require only
an envel ope lemivirusgiubavei the empability toi infiect bdth dividing |aed . ndiditidingacelBsStr y

enes vif, vpr, and nef are non-e tial. _
g 15 c%ntras\{,pcﬂher retrovfruses - such as ﬁf{} - are unable to infect non-dividing cells

such as those that make up, for example, muscle, brain, lung and liver tissue

A number of vectors have been developed based on various members of the lentivirus
sub-family of the retroviridae and a number of these are the subject of patent
20  applications (WO-A-98/18815; WO-A-97/12622). Preferred lentiviral vectors are
based on HIV, SIV or EIAV. The simplest vectors constructed from HIV-1 have the
complete HIV genome except for a deletion of part of the env coding region or
replacement of the nef coding region. Notably these vectors express gag/pol and all of
the accessory genes hence require only an envelope to produce infectious virus

25  particles. Of the accessory genes vif, vpr, vpu and nef are non-essential.

One preferred general format for HIV-based lentiviral vectors is, HIV 5’LTR and
leader, some gag coding region sequences (to supply packaging functions), a reporter
cassette, the rev response element (RRE) and the 3°’LTR. In these vectors gag/pol,
30 accessory gene products and envelope functions are supplied either from a single
plasmid or from two or more co-transfected plasmids, or by co-infection of vector

containing cells with HIV.



One preferred general format for H V-based lentiviral vectors is, HV 5 LTR
and | eader, sone gag codi ng regi on sequences (to supply packagi ng
functi onswp 0a/0s@pbrter cassette, the rev response el enentPCrRREp/ 0B t he
3'LTR In these vectors gag/pol, 30 accessory gene products and envel ope
functions are supplied either froma single plasmd or fromtwo or nore
co-transfected plasm ds, or by co-infect#dn of vector containing cells
with H'V. WD 03/056912 PCT/ GB03/ 00065 42 The adenovirus is a

doubl e-stranded, linear DNA virus that does not go through an RNA
internedi ate. There are over 50 different human serotypes of adenovirus

divided | ntengaSHBOTOURS, BASAOIRELAEPTINS ARRYRACHAPLO%NGAL 2T

whi ch exhibit 5 conparabl e genetic organis uman  a
serotypes 2 BNA iftefmedinte. Thetesrre oearco differehigyanasefotims tof adenovirhydivird i n

adenoviral vectaor ste an are nornmal |y associ ated wi th upper L
respiratory Iflfoagt S‘f%‘&@?%ggi% thee E5AstiR Sequenge ermologe #lla gt mighy gxhibict or s

whi ch IMays becoihiielgbitic ofyivalioh MiYaPRadby BRI S QhodBl by P Bid: AS

regards the adenoviruses of human origin, preferred adenovfruses re those
cl assified i¥%mseqyenc; homology) dre whest comemoaticusediin udamvirtl veune ssteAd2hd 5

(Ad5), 7 (AdY) .or 12 (Ad12). .Anong the various adenoyiruses of aninmal
origin, canfé%% omal oa&#(fcfé?a WB@EBP%J@?H\%% a‘c‘frméﬁtl%il%ﬂlea)@é‘ﬂ%vi rus such as
CELO virus (Cotton et al., 1993, J Virol 67:3777-3785) may be used. 15 HSV

vectors may be derived from for exanple, HSV1 or HSV2 strains, or
deri vat i ves Adensyvisuses/adenavirabyestprs whichrsaynbe/used inthedn¥eption xmybef Stman n

1716 ( e | 19 12:.04632-639)., strains,R3616 and
1716 (b2 il Rl B UhdGhndB B, SR a0
1994, J. Vi rak tiSe cB&AfeBRlgdumC] in@aﬁ%ﬂ&hh&@éﬁo%sﬁybﬁ%bé’Q%Aﬂlb, KRS, 5.
and d27-1 (R (é::g %nd Kgi e 1990, J. Virol 64. 1704-1715)  which has a
del etion in 1&P97 Rl e‘fﬁf‘é@?-véwngt%wﬁgowaé@wrﬂsﬂs ofgmimal opgn, lcanizg,
| CP6, | CPAT, quhisyiftls, Sibuse/ideRodfus! GHakt dvYal 4 b | ol N any
conbi nati on of the ébovse rraym?tﬁlsso be Js%dédt%gof)%{%szs&é@qf-@% r alsdng&ct)ﬁgnteﬁ\e
i nvention. 28., TH,&fiml 03133@7-308Bdnaynbetesedr i bi ng t he vari ous HSV genes is
as foundlsi n Coffin and
HSV vectors may be derived from, for example, HSV1 or HSV2 strains, or derivatives
thereof. Attenuated strains may be used for example strain 1716 (MacLean et al., 1991,
J Gen Virol 72: 632-639), strains R3616 and R4009 (Chou and Roizman, 1992, PNAS
89: 3266-3270) and R930 (Chou et al., 1994, J. Virol 68: 8304-8311) all of which have
20  mutations in ICP34.5, and d27-1 (Rice and Knipe, 1990, J. Virol 64: 1704-1715)
which has a deletion in ICP27. Alternatively strains deleted for ICP4, ICPO, ICP22,
ICP6, ICP47, vhs or gH, with an inactivating mutation in VMW65, or with any

combination of the above may also be used to produce HSV strains of the invention.

25  The terminology used in describing the various HSV genes is as found in Coffin and
Latchman, 1996. Herpes simplex virus-based vectors. In: Latchman DS (ed). Genetic

manipulation of the nervous system. Academic Press: London, pp 99-114.

Baculovirus vectors may moreover be employed in the invention. The baculovirus
30  Autographa californica multiple nuclear polyhedrosis virus (AcMNPYV) is a DNA virus
which can replicate only in cells of certain lepidopteran insects and has been used

widely for expression of recombinant proteins in insect cells. Baculoviruses such as



Lat chman, 1996. Herpes sinplex virus-based vectors. In: Latchman DS (ed).
CGenetic manipul ation of the nervous system Academ c Press: London, pp
99-1, 14. Bawalswiz us vectors nay noreover be enpl oyed in Pog/dBwentsson. The
bacul ovirus 30 Autographa californica nultiple nuclear pol yhedrosis virus
(ACM\PV) is a DNA virus which can replicate only in cells of certain

| epi dopt eran insects and has been used 48 dely for expression of

reconbi nant proteins in insect cells. Bacul oviruses such as WO 03/ 056912
PCT/ GB03/ 00065 43 AcMNPV have been used recently for_ introducin .
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the invention may enpl oy conventional [1gation techniques. |solated viral
vectors, pl denhfegembmamNeiras prpduetion My msedt wgll cpltures Sre gvailsbledcomamerciadlyl gat ed

in the fgrm i rate t ) ds.required. |.f ire anal ysi s
to conf ilgm cfglr%r?eé{@? f‘eg 2"3%‘3%‘5@%“% ﬁaﬁnﬁgng%%éﬁ%@t‘éeage I\Pe@ta]ﬁ%allﬁag %glgﬁ’ fs%(r%%ﬁ Yn a
known fashi @.nedd fngigienthpimefoethieusend/ or nobi lisation may be neasured in a
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probe whi ch I : ose
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analysis to confirm correct sequences in the constructed vectors is performed in a

known fashion. Transposon presence and/or mobilisation may be measured in a cell
directly, for example, by conventional Southern blotting, dot blotting, PCR or in situ
hybridisation, using an appropriately labelled probe which may be based on a sequence
20 present in the transposon. Those skilled in the art will readily envisage how these
methods may be modified, if desired. Vectors useful in the present invention are
advantageously provided with marker genes to facilitate transposon identification and

localisation as described above.

Uses of the Invention

25 The methods of the present invention enables the generation of transgenic embryos
and organisms comprising one or more clonal populations of cells homogeneous for
one or more individual mutations. Thus, transgenic embryos and animals can be
produced in which a cluster of cells, a tissue or tissues, or an organ or group of organs
each share the same genetic modification. The presence of the same genetic

30 modification in a number of cells, tissues or organs enables convenient phenotypic and

genotypic analysis of the modification and moreover enables the comparison of the



Uses of the Invention 25 The nethods of the present invention enables the
generation of transgenic enbryos and organi sns conprising one or nore

cl onal powoloawsemns of cells honbgeneous for one or nore iPadicBodo6l6s

mut ati ons. Thus, transgenic enbryos and ani mals can be produced in which a
cluster of cells, a tissue or tissues, or an organ or group of organs each
share the same genetic nodification. The4$resence of the same genetic 30
nodi fication in a nunber of cells, tissues or organs enabl es conveni ent

phenotypic a genotypi ¢ anal ysis_of the nodification and noreover enabl es
t he conpari s%%*c&f’fo taf@%ﬁ@ﬁ#eﬂg sisfication tpbe compasd with cerresnondingrwild-type

particular g b d 1 . 1 e i il d-type
genes or indgéglgs gtp ﬁ%ééegg]tg&%eh?flﬁ%g? ?%Ir?]);ﬂﬁ ﬁﬁ %%@%2@%%@%#@“&‘{8 ssue
or organ wi wihin thdsanseongatisigani sm 5 The invention nmay further be used to
nonitor gene expression patterns of nodified genes can be nonitored during
enbryo devel opnent and in adult cells and tissues. Transposons, and sites
from whi gt TROAREHPISMAFBHRGESE €261 18 GonittR ehe ek%@&ﬁdr{rgzﬁ‘%msbé‘f mpdiedce
anal ysis. For exanple, nos typically integrates at a base pair, and 10
on exci si on gawayean heampmigored darngembryp devaleprsernt npd of adbitpklls and tisuest t he
target TA sequence, flanking the four term nal nucl eotides of the
transposon. The presence of the sequence of Mnos, its footprint, or

rel ated sequenagsoniRund Sit€elGf vl randpBSHRI HAVE Dedit GltiRE, {88 Meified PCR
or hybridisation. 15 Inserted transposons may be identified by simlar

t echni ques, Pbhfedasagemalysisi Figr pernpler Minosdypieaily ivtagrates at atBA thase pair, andal

om0 po SRabh Ak R s okt AhGANAr SRREDD. 08 B Edron:
and subsequesequetet efitrikimg i fogr te2irtal anslpetides of tHd1tsnspbdta. | Tiepiekdie of
provi des for _efficient flg’&fr ace] Iyl ar ;transposon nobilisation and insertion

into the celfhegiApsnce?t Mmos it deeipenh 5 whated sequescess may berdstastednby

provi di ng eXt‘é&uﬁﬁ&@@ﬁ&Qasféé&Eéﬂc&gan Yor! bﬁéﬁh%tﬁmpf transgeni ¢ organi sns at
early stages of devel opment. The 1nductfon of transposon nobilisation at
such stages of enbryonic devel opnent enabl es the generation of clusters of

cells orydi Sﬁllsjeer?ed%e{nggosons may be identified by similar techniques, for example using PCR

primers complementary to the terminal repeat sequences.

The invention allows functional mapping of a genome by permitting precise gene
modulation at predetermined stages of development and subsequent detection using
20  transposons. Thus, the invention provides for efficient intracellular transposon
mobilisation and insertion into the cell genome of one or more cells or tissues of an
organism, providing exon trapping functionality in cells of transgenic organisms at
early stages of development. The induction of transposon mobilisation at such stages
of embryonic development enables the generation of clusters of cells or tissues which
25  are homogeneous for a transposed gene. This may therefore enable rapid and efficient

detection of a change in phenotype and/or identification of the modified gene.
An example of a suitable trap construct is given in Figure 12.
30 The invention, in an advantageous embodiment, allows genes to be marked for

functional genetic analysis in a group of cells or tissues, or knocked out, by transposon

insertion and then specifically identified through the transposon “tag” without



25 are honogeneous for a transposed gene. This may therefore enable rapid
and efficient detection of a change in phenotype and/or identification of
t he nodi fwed3gse2 An exanple of a suitable trap construcPC&GRIBNESSI N
Figure 12. 30 The invention, in an advantageous enbodi nent, allows genes to
be marked for functional genetic analysis in a group of cells or tissues,
or knocked out, by transposon inserti orand t hen specifically identified

t hrough the transposon "tag" w thout WD 03/056912 PCT/ GB03/ 00065 45

requiring costlLy and tinme-consumn eneti c, anal yses, and frequently

it thout s GHMRER FOShm: SR B EiEe SR IcA SRV ASTe A BARN: MOt
i nvention PEOWITIESt didduddid\§F Bkl on of libraries of 5 transgenic
organi sns, such as transgeniC mce. Target genes nmay be identified

phenotypically according to the phenotype of one or nore cells, tissues or
organs, and, i.dentifi.ed.geneticall y det erm natjon of the transposo

i nsertion si Meﬁmogifﬁenqe p&‘&é&%ﬂﬁ%gy@f%ﬂﬁs, ril%Fs hﬂe%eélﬂ’ Qﬂioit}gif@'?esn‘a{) be
used to segwaﬁég@nfchersg%msﬁgh s iR efansRarit | BlcedMArgt denBd SBay BAUERASLIP! et e
knockout of a gene. Somatic cells carrying 10 transposon insertions can be
i mor t al i ze®hedadypieallyrgscerding tadhe phfmgtsrpm% onebr merd cdlispiissueshoyr asgansdandd

"ol ant at + oldenifba RnaENRL By BRehRIRACDE Ine Beiosor BREAGH S ERpble
anal ysi s andxp@esidd §ystatis, @8 dedcriped @bovie) nagyIRCisell it Aéaulakd ehdsvasRBetwBd 0ds

al | ow advant ages ovyer the current nethods. In inherited di seases such as

t he haenpgl @8vtsbaad mntisenserinddusech completeckrackeuts phhp @sne Somsfis eRllscearming
dyst r ophy, i t1] {.N.1:S] el I

of et 20 oo IRERI LA ABIRIBIG HEdRRTPlor i S GRGBI B
whi ch 20 pibyf sembitd méthedoiogitsy dri be gehyplatingnichnkgenéc enipexdt les yby fnualichect ed
i ndi vi dual s., I-%q%%/.er i t{]er di seases particularly those related to aging,
such as t he "GB#E IP’&E’G&&‘%ﬂoﬁchoses; psychiatric disorders such as

schi zophreni a and mani ¢ depression; bone and joint related inflamrmatory

conditions; obesity, insulin resistance, type 2 25 diabetes and rel ated
vascul ar anducarliiratiess can e woedifor ghenotypie gelysis end cidpatifnation sof gene

conpl ex 18" d agstoicfa{iogs(.) %le %reléQ&%&ﬁgﬁdallg\%ea%v!itﬁgge% fovél te g&#gﬂt l§ﬁethso(flis.e nce (1994)

In inherited diseases such as the haemoglobinopathies, haemophilia, cystic fibrosis,
and muscular dystrophy, well defined mutations in single genes or their regulatory
elements result in inappropriate gene expression with clinical consequences which

20  profoundly effect the life style and life expectancy of affected individuals.

However in other diseases particularly those related to aging, such as the dementias
and psychoses; psychiatric disorders such as schizophrenia and manic depression;
bone and joint related inflammatory conditions; obesity, insulin resistance, type 2

25  diabetes and related vascular and cardiovascular conditions; the genetic component is
more complex and still poorly understood (see Lander and Schork, Science (1994)
265, 2037-2048).

Where multiple mutations in differing targets determines factors such as the time of
30 disease onset (eg post menopausal insulin resistance) and severity of the disease state

(eg pre-disposition to vascular disease and stroke) strategies based on random



265, 2037-2048). Wiere nultiple nutations in differing targets determ nes
factors such as the tinme of 30 disease onset (eg post nenopausal insulin
resi st ancwp oanshoseverity of the disease state (eg pre-di POPAIRBOOIGE O
vascul ar di sease and stroke) strategi es based on random WO 03/ 056912

PCT/ GB03/ 00065 46 al kyl ati on of inbreed nouse strains, and transgenic m ce
| abori ously devel oped from single gene4@eletions in vast ES cell libraries
seem destined to fail. The present invention provides a nore attractive

strategy through the rapid generation 5 of randomy "tagged" nousge strains
starting wialkylatiormok ipbseeddn@uss\atraing, prd fansgenie émcal%’io‘s‘l 1&%}2%?{%?@% 1§?f8

therefore likely to ve existli j | Rk hated di sease
causi ng gen¥&s e%ﬁ‘ée %eg?:}gél%xbx%ttgg%eggﬁ%gagiegg%gh@?;}ﬁ%gf*g founder cell Iines
carrying nultiple "dormant” transposons at known integration sites.

Regul at abl e transposase activity will allow the rﬁ)gi d ner a#i on of nouse
libraries i Fhelpfesent nentemprqvides pomeysAEacHin sE2PSf @%&hﬁge PG 81 Nodel s
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receptor- ca sever e hyperinsull nema dependent on the nouse
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i nvol venent of other genes in th redi sposi,tion.15. to,.inswldin r fance.
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t echnol ogy |ntlig “'f'lgﬂnllaﬁllt’p ﬁ%ﬂ%&i’d}ﬁ"atqﬁié% Pdskaionudités SRedtlistable ahnksosase
selection of aninmals wth a re severe phenotype. Sequence anal ysis, of DNA

f1 anki ng newctivign syil siltavorthe wrepids geierationhef meisat libwprieein cliffgicahigsnelisease
causi ng_. _genes whi gh ntribute to th set of the severe phenotype. 20
Candi dat@ dgéé%@“ééﬁgcﬁ%gﬁﬁgﬂgHéogSﬁé’?p}'nsgaSFbcus of further studies to
determine their precise role in animl nodels, and validation of a disease
related role in man Target validation in pan will utilise existin

: l, !
clinical anffoyermle itdws Bpersshowncthalthe mutajiops g i nc?F‘feﬁFO&SF‘uqeﬁfng‘? fati on
on rel evant patigent .and. I i § :
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i ncl udi ng clmgses 49) 589596 phdidating theriavelveméns of othen gehdsrin the prsidigpesition

15 to insulin resistance. Thus generation of a tagged mouse library using in vivo gene

transposition technology in the “mild phenotype” mouse background should lead to
selection of animals with a more severe phenotype. Sequence analysis of DNA
flanking new transposition events will then identify new candidate disease causing
genes which contribute to the onset of the severe phenotype.

20

Candidate disease genes can then become the focus of further studies to determine

their precise role in animal models, and validation of a disease related role in man

Target validation in man will utilise existing clinical and genetic databases, containing

25 DNA and clinical information on relevant patient and control groups.

Phenotypic analysis of the transgenic organisms created can be through simple and
rapid measurements including changes in a metabolite, protein (e.g. insulin), lipid or
carbohydrate (e.g. when measuring glucose tolerance) present in urine, blood, spinal
30  fluid or tissue. Measurements in body fluids can be made by any one of a number of

techniques known to those skilled in the art including measurement by NMR, Elisa,
GMS and so forth.



car bohydrate (e.g. when neasuring glucose tol erance) present in urine,

bl ood, spinal 30 fluid or tissue. Measurenents in body fluids can be nade
by any orwoaB/ossomunber of techni ques known to those skil IPed/dBU30bM®s ar t

i ncludi ng nmeasurenment by NVR, Elisa, GV and so forth. WD 03/056912

PCT/ GB03/ 00065 47 O her phenotypic characteristics can be anal ysed by
measuring behavioural patterns or respfhses to external stimuli by using
tests such as light, sound, nenory and stress tests. 5 Qther neasurable
phenotypi ¢ characteristics include growh and agei ng paranmeters, tunour
grow h, obesity and so forth which can be nmeasured by assessing, for

exanpl e, Laht, fat . . WA ];rﬁ@r @ﬂgp?g@&sid} ot her
measur abl e g%fﬁ?%%%éggﬁgégé%ﬁggag{)ress}ﬂsg(?ﬁ%ggérdg ratt;eéga\iﬁang unction and
so forth capspensasaeesesal danwldbanisageesisisych ahbight; soundo swmorg endsiressy of
the present invention allows the production of l|ibraries of transgenic
animal s wit#8¥t the requirement for extensive storage. Previous methods of
generatipg transgenic animal s involve nmethods such as chem cal nutagenesis
in which” nutations are generated. These nethods involve_ 15 multiple

nut at i ons p@thenhemlrable phenotypiceharadteristing inglude grwth gahageing Pagmeiehal ysed

henot ypi cal | d d ' f - _
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Wi th transgenihcasdmoovepressoes; hearhigten ingfingiivadsad se fortbepndiefssestdd- a new

Iibrary.ol n anot her enbodi ment, the nethods of the invention may be used to
generaté libraries of ES cells with different transposon insertions

di stribut ed AdfvheughRuly, tthe eaRposen tethetegycal the mesmerioechtiondallows the
ture use.

i an_al ter medudomebatFRERICl FHESHTSE HBEBLIITAY M0 EREFSTentyr BECHRE: T o
" mar k* storage. Previous methods of generating transgenic animals involve methods such as
chemical mutagenesis in which mutations are generated. These methods involve
15 multiple mutations per animal (e.g. mouse). The animals, once generated are analysed
phenotypically and then need to be archived/stored for use in the future. The present
invention allows the generation of starter cell lines or starter transgenic organisms
having different transposons inserted into the genome. These cell lines or organisms

can then be used by breeding with transgenic animals carrying a transposase to

20  generate a new library.

In another embodiment, the methods of the invention may be used to generate libraries
of ES cells with different transposon insertions distributed throughout the genome.
These can be sequenced and characterised. The ES cells can conveniently be stored for

25  future use.

In an alternative embodiment, the methods of the invention may be used to “mark”
genes whose expression is modulated by external stimuli. Thus, an embryo, organism,
or tissue or cell derived from either, which has been exposed to transposon
30 mobilisation with a marked transposon is subjected to treatment with an external
stimulus, such as a candidate drug or other test agent, and modulation of the

expression of the marker observed. Cells in which the marker is over or under-



genes whose expression is nodul ated by external stimuli. Thus, an enbryo,
organism or tissue or cell derived fromeither, which has been exposed to
transposowo3B/0mmibt | i sati on with a nmarked transposon i s sulPCEaiBHd/00065
treatment with an external stinulus, such as a candi date drug or other
test agent, and nodul ation of the expression of the marker observed. Cells
in which the marker is over or under WO 88/ 056912 PCT/ GB03/ 00065 48
expressed are likely to have the transposon inserted in or near a gene
which is upregulated or downregul ated in response to the stinulus. The
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of novel ntervention, including targets for disease
t herapy in humans, plants or aninmals, devel opnent of insecticides,

her bi ci des, ti fungal .agents. and antibacterial agents. The invention is
further descfﬁﬁé’ﬂl,’m%ghl %@B%J?rp@@é“g]ﬁ’ 91| gegs fpodulagan by drugein dug dlisicayery 15
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M ce Two tramedelatien i nesponsertesnairel gfomali, atuell as Boemoneaneytokines amt pyowtly | i ne
(Iinel\/[:@ Qntain t.andem arr of fra nt .copt ai ni ng.a M nos,
t r ansposon _c%ﬁ{g’ﬁ%’ rﬁnagfﬁ? H@enq%atwa%%‘@l E‘?f_g‘étﬁ P%E’O&??H 3 dpte g?% including
cyt onegal ovi fatifetsPfod @ede. thdBy il BRGRRS BlntsSoreAFhAIEdRopheht dfalecabiabst al |
sequence internal to the inverted repeats is replaced by the CW/ G-P
cassette. Nokerbisisies antifneakagents #nd pufithasterishagsisng gene, this transposon is
non- aut ononous, and can only be nobilized when a source of transposase is
present.

The invention is further described, for the purpose of illustration, in the following

15  examples.

Examples

A: Activation of Minos in vivo using Doxycycline
20  Example 1: Generation of Transposon Carrying Mice and Transposase carrying
Mice

Two transgenic mouse lines are generated. The transposon-carrying line (line MCG)
contains a tandem array of a fragment containing a Minos transposon containing the
25  GFP gene under the control of the cytomegalovirus promoter. The transposon is
engineered such that almost all sequence internal to the inverted repeats is replaced by
the CMV/GFP cassette. Not containing the transposase-encoding gene, this transposon
is non-autonomous, and can only be mobilized when a source of transposase is present.
The second transgenic mouse line contains the Minos transposase gene expressed

30  under the control of the inducible promoter



The second transgeni c nouse |ine contains the M nos transposase gene
expressed 30 under the control of the inducible pronmoter WO 03/ 056912
PCT/ GB03/W0®8/556949 Tr ansposon M CWGFP was construct ed asPCoOIdBI®006The
plasmd pMLRTetR (Klinakis et al. (2000) Ins. MI. Biol. 9, 269-275
(2000b) was cut with BanH 1 and re- ligated to renove the tetracycline
resi stance gene between the M nos ends, 4Pesulting in plasnmd pM LRABanHi.
An Asp718/ Sacl fragnent from pM LRABam Hl, 5 containing the Mnos inverted

repeats and original flanking sequences fromD. hydej, .was,cl ipto

pl asmi d pPolyanspospn | MECMMGRE evespgonstaistedi #n f@iowqaeﬂm*asmlil gﬂﬁfﬁgretﬂ
ATAACTTCGTA JA . [ i tor
oPol yI 11-1 (EEes G (R it ek Biok 3a %278 ROl BB 1
The final copgkd ueterdovdhKMcERclife guisanty gemddtiem the Mingemds acsultingin
transgenic mce, was created by insertin%pi nto the Spe | si 1

ppol yM LRABglesiid eMERARemhel AR ad#rdd /e nfragment; Oﬁ‘BIH’i@ﬁ&Af%ﬁ’f’tﬁ,’
cont ai ni pg a_humani sed .G-P. gene, ( f Rhidsd b uobdeE B 1) i ven
by 15 thg Cﬁﬁ?}lﬁm%@g ’3%"8’8&?(10%35& g]f}% ﬁggﬁ%% mt%%é\;lgm nglﬁsc)gg?'e%{%%&’and
pol yadeny| atja9Rlont@fidd pladiil pFayIsbRar(ceated iy igseMod dfithelom8sliganst r uct ed by

m croinjecting the 3.2 kb Xhol fragnent fromthe pM CWGFP plasm d into
FVB X FVB fertilized oocytes. 20 Transgenic aninmals were identified by

Sout hern bl %EM@TQE%%%}@@T%&AT@ATQ IESAGTHATY GFP DNA as a probe. The

t ransposase- expr essi is'generated via introduction of the
transposase gene into enbryonic stemcells via standard honol ogous

mbi [ | ] hnql . Il i 0t o,
oSt ocyat s i Gt Rl SheM Feot Ayl SRt M OUaTh Fehfli i
(Veni pul at i g, b HEBHRAT KA. TROAR Kondhuct (FREOMIGFRCFiBRE0S) usl F58

onstr are usea:

1994). Two First, a construct containing the rtTA gene
under a CONBé igndratich pf dmndgenicemjes see cbréated by insartes inel the SprHesitontt ruct

used is the pTet-On lasm d (C.ongech i ch cqntai t ne encedi ng
the rtTA acmpﬁbiﬂ\éﬂﬁﬁﬂﬁ'é’ﬂk erof §E_ %E’glt %g‘@??toqrfgﬁﬁl ﬂ@ﬁrpﬂﬁ Y ﬁlﬂfé?ﬁ% ggtt,\arl y
(QW) pr Omtc%{ltairﬂfﬁ d hulfadiS NG PP IgBhd @R Clontech plasmid pHGFP-S65T) driven by

15 the CMV promoter and followed by the SV40 intervening sequence and

polyadenylation signal.

The transposon-carrying MCG line was constructed by microinjecting the 3.2 kb Xhol
fragment from the pMiCMVGFP plasmid into FVB X FVB fertilized oocytes.

20 Transgenic animals were identified by Southern blotting of DNA from tail biopsies,
using GFP DNA as a probe.

The transposase-expressing ﬁne is generated via introduction of the transposase gene
into embryonic stem cells via standard homologous recombination ES cell technology.
25  The ES cells are injected into blastocysts to obtain transgenic animals via standard
procedures (Manipulating the mouse embryo, Hogan et al,, Cold Spring Harbor Press,
1994). Two constructs are used: First, a construct containing the rtTA gene under a
constitutive promoter expressed in the target cells. The construct used is the pTet-On
plasmid (Clontech) which contains the gene encoding the rtTA activator under control
30 of the Cytomegalovirus immediate early (CMV) promoter. The rtTA transcriptional
activator encoded by this construct is active only in the presence of Doxycycline. The

second construct contains the Minos transposase gene under control of the



activator encoded by this construct is active only in the presence of
Doxycycline. The second construct contains the M nos transposase gene
under comwpaB/osf12 he WO 03/ 056912 PCT/ GB03/ 00065 50 tetr &CyalBoamorsEsponse
el ement, or TRE. The THE consi sts of seven direct repeats of a 42-bp
sequence containing the tet operator (tetO, and is |ocated just upstream
of the mniml CW pronoter, which Iackfsf)the enhancer el enents normal ly
associated with the CW imedi ate earl y prom)ter Because t hese enhancer
el enents are mssing, 5 there is ng "|eak y expressi gn of transposase from

the THE in t??éacaﬂgtcﬂé@we iemgnt gt TRE. ( TheaTREcansigis of seven sitestrepeatisel i s
the pTRE2 pl f h
{he, PTRE2 Pl oGl iaiiod i Geofihbl L) SPRIBGE b bRl e il ©

t ransf or rred mintrhal GV promotenswhich lacks theTéhhances efenesitsebrinatly desesiatedtwith

activate r ption,.of Mnos transposase_ unless Doxycycline (0.1-1
m cr ogr ans/ rﬁ? %M{, iatq §asly, PrOTROtE d3qsATSeTihERs EIneeT AFTRents arg wissing,

identified Wer@@éjﬁ@@lreﬁkybl gfésﬁgn of tl%ogz{s@'ﬁotr@tﬂe PRERS! 'tlf'esabseﬁb%'o?%lﬂlrﬁ%

transposase cDNA fragnent robe. "15 Exanple 2. Activation of
vivo A trandyetls. 'ﬁhmmoml ceﬁs&ucirmép@ﬂmrp"ﬁéEZ plamgld\&ﬂk)lhtede ih shecmoktipdel Wi t h

a transgeni c, RouUs h NSpos car Mobi | i satign
transposons W%%%I&%%)gf ?Ws‘ %%f‘?gtﬂi“’sﬁ% e\ﬂ?‘?‘i\ tFan@E(ﬁ‘B??eg[“t‘fS h the
transposon ap@ly hendeRedewih dhd Bve QohdhRics! ﬁ']‘%pgséﬁﬁes‘é‘éd butoat&e\é R @bfivatd t he
presence of Doxycycline. Doxycycline is adm nistered to the enbr yos in the

wat er of t hdrapsariptinn of digeniranspomesyrlgs Dergcydinedfilyl mitograms/atkis added a
linmted;g m)q{g n%(ﬁ{nge (one day - day 2 of gestation) in order to restrict
t he potentla er 'of transposition events. 25 On birth, the transgenic
of f spring devel oped fromthe enbryos are |sol ated and various cells and

ti ssues are used for genotyping. Exanple 3: Detectign of Transposition 30 A
PCR assay f OrfenSSgHE 5548 Sé‘i&%ﬂ‘&nﬂﬁeql by Sauherg @@fléét(’fe{&mvﬁomrtaﬂs%qul on by

M nos ”a”%ﬁﬁ’%%stﬁan‘sﬁbshé@cﬂf@ 31%@11&1? rodsing prinmers that hybridise to

N
t he non-nobil e~ Drosophila hydel” sequences which flank the M nos transposon
in the constructs

15  Example 2: Activation of Minos in vivo

A transgenic mouse of the transposon-carrying MCG line is crossed with a transgenic
mouse of the transposase carrying line. Mobilisation of transposons in resulting
embryos comprising within their genomes both the transposon and the gene encoding
20  the transposase will only occur in the presence of Doxycycline. Doxycycline is
administered to the embryos in the water of the maternal organism. Doxycycline is
only administered for a limited amount of time (one day - day 2 of gestation) in order

to restrict the potential number of transposition events.

25  On birth, the transgenic offspring developed from the embryos are isolated and various

cells and tissues are used for genotyping.
Example 3: Detection of Transposition
30 A PCR assay for transposon excision is used to detect active transposition by Minos

transposase in the mouse tissues, using primers that hybridise to the non-mobile

Drosophila hydei sequences which flank the Minos transposon in the constructs



WD 03/ 056912 PCT/ GB03/00065 51 (Klinakis et al. (2000) Ins. M. Biol. 9,
269-275). In Drosophila cells, transposase- nedi ated excision of Mnos is
fol |l owed W9 iep@I12z of the chromatid which usually | eavesPaeTarRIBACGEr i StiC
6- base pair footprint (Arca et al. (1997) Genetics 145, 267-279). Wth the
specific pair of primers used in the PCR assay this creates a diagnostic
167 5 bp PCR fragnent (Catteruccia.F. etdlal. (2000) Proc. Natl. Acad. Sci.
US A 97, 2157- 2162). Genom'c DNA from different tissues is isolated with

the DNeasy Tissue-Kit accor di to the manufacturers
i nstructi ons(ﬁlﬁéﬂs Ieéﬁété@% Ing. eM‘i!ferQ_lyr 9-218).udn Aﬁowhﬂﬁrcgllsl frampgosase-

). PO condi T sraeot of MndilR GRMR by o of B BRI Wit 1

mM MCl2, (lez(iﬁia/ocgmiaetbnsuc Gbaseairtfsotprint @&%JMZWQHQFWB&@% 267- 279)
(STRATAGENE) 2oogg n&l ate DNA and 1OCp of , each pri rrer per 25 d
reacti on. pgmerguseth i thgPCR, pssay this grpgtes @ diagnostic t%er e

per f or med. Rﬁ%@R%‘gﬁ{eﬁ @ RtefilceAGd o hﬁt(,@odgg%?@edﬂ Aﬁgfzg'b%?'l?@/w A5y

(I'nvitrogen) "and are sequenced using t e dia nos iC band is
present in d62hin tissues of the transgenic offspring. The 25 identity of
the fragnent is confirmed by Southern blot analysis using a | abel |l ed DNA
probe specific for the anplified sequence (data not shown). C usters of

cells are shaihit ODNA TRIMIGITRAMS fQhed e lﬁaﬁdt@ﬁﬂswsmﬁﬁn%ﬁgﬁp
03/ 056912 PCT/ GB03/ 00065 52 B: Activation of Mnos in vivo Using

t ransposase ((RAGENHecordimgrte themanyfactmess ingiractionsr PERawpdtions are performed
10  using primers 11DML;:

(5’AAGTGTAAGTGCTTGAAATGC-3%)

and GOUM67:
15
(5’-GCATCAAATTGAGTTTTGCTC-3").

PCR conditions are as follows: 10 mM Tris-HCI (pH 8.8), 50 mM KCI, 1.5 mM
MgCly, 0.001% gelatin; 1.2 units Taq 2000™ DNA Polymerase (STRATAGENE),
20 200 g template DNA and 10 pmol of each primer per 25 pl reaction. 43 or 60 cycles of
30°" at 94°C, 30°" at 59 °C and 30"’ at 72 °C were performed. PCR products are cloned
into the PCRII TA cloning vector (Invitrogen) and are sequenced using the T7 primer.

The diagnostic band is present in certain tissues of the transgenic offspring. The
25  identity of the fragment is confirmed by Southern blot analysis using a labelled DNA
probe specific for the amplified sequence (data not shown). Clusters of cells are

shown to be homogeneous for the same transposed gene.

30



51nthis exanple, it is denonstrated that, by placing expression of the
gene encoding the transposase under the control of a gene regulatory
signal prwowseskat a particul ar stage of devel opnent, tra0F@ERBNIGA can be
i nduced at that stage of enbryo developnent. In this exanple, the gene
encodi ng the transposase was pl aced under _the control of the 10 ZP3
pronoter, and so the transposase was onl §2expressed in grow ng oocytes
during a 2-to-3-week period of oogenesis. The M nos transposase expressed
in grow ng ocytes .catalysed [ he excjsion of a nodjfied, non autonomous

M nos transpBs t'é{ﬂﬂmdﬁ? Qs fr; Yivo using,transposass pndsy she, coptapk %'gﬂ%ﬁ Zgge
genone. 15 Fygitifell shows alternative constructs (constructs for knock-in
and for regular transgenesis) in which the transposase is inserted in the
endogenous spermspecific H1t gene for transposition in sperm Alternative
constructs ape mage for egg specific expression or ubiquitous expression
by repl acing Eiop e4quences w th equival ent sequences flanking the start of
the Zp3 (99 specifically expressed) or hnRNP 20 (ubi quitously expressed)
gene. C. Mammal i an codon usage in M nos sequence Exanple 5 25 Irgpr ovi ng
transposase Ibthissxample, itaydemansirated dhas, hyrpacing exriression ofthe grmefehgoding the

as o rosult PO bhP ironfoPht o A TPrdn bt B RRREe IR "L e

fly codon useftevtlopnmni)alahspositiofl 0in be agitceda thdlistage B emBryol RPLIBFRENt TR
codi ng sequence of the fly Mnos, transposase with the sequence: WO
03/ 056912 PchiscEEmie dhe genpmencodingdhediansppsass was: Plessipmdes therrontzal of thess

261 G 2{9 T ; % A %.C 9% G % T ..Q9 5

Vol ecul ar vier ghPrrREe) P SERR A Epsa Y qofy s i b Sobyeel AL
2-to-3-week period of oogenesis. The Minos transposase expressed in growing
oocytes catalysed the excision of a modified, non autonomous Minos transposon and

promoted its re-integration into new sites of the genome.

15 Figure 11 shows alternative constructs (constructs for knock-in and for regular
transgenesis) in which the transposase is inserted in the endogenous sperm specific
H1t gene for transposition in sperm. Alternative constructs are made for egg specific
expression or ubiquitous expression by replacing H1t sequences with equivalent
sequences flanking the start of the Zp3 (egg specifically expressed) or hnRNP
20  (ubiquitously expressed) gene.

C: Mammalian codon usage in Minos sequence

Example 5
25

Improving transposase

One of the ways to improve the efficiency of the fly transposase in mammalian cells or
animals is to increase its concentration as a result of a more efficient translation from
30 mRNA by replacing the fly codon usage to mammalian codon usage. To this end we

replaced the coding sequence of the fly Minos transposase with the sequence:



| ATGGTGCGCG GIAAGCCTAT CTCTAAGGAG ATCAGAGTAC TGATCAGGGACTATTTTAAG 61
TCTGGGAAGA CACTCACTGA GATAAGCAAG CAGITAAACT TGCCTAAGAG CTCTGTGCAT 10 121
GGGGTGATALOAGHIGNTA CAA GAAAAATGGEG AACATTGAGA ATAACATCGC GARCAGEEBBBRNIHS 1
CGAACATCCG CAATAACCCC CCGCGACAAG AGACAGCTGG CCAAAATTGT GAAGCCTGAC 241
CGCCGCCAAT CCCTGAGAAA CTTGGECTTCC AAGIGGTCGC AGACCATTGG CAAGACTGTIC 301
AAGCGGGAGT GGACCCGGCA GCAATTAAAG AGTATTACT ACGGTTTTTA TAAGGCCAAG 361
GAAAAACCCC TGCTTACGCT TCGGCAAAAA AAGAAGCGTC TGCAATGEEC TCGGGAAAGG 15 421
ATGICTTGGA m@ %gBGATACC ATCATCTTCA GCGATGAGEC TAAATTTGAT 481

GTGAGTGTCG BCGCGTC ATCCGTAAGA GGTCCGAGAC ATACCATAAG 541
GACTGCCTGA C3EARDBE CE T (ICHAGHNGT A ATPERTCCEG ATGTATGICT 601
GCCAAAGGAC T GCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATT 661

AACATTCTCC ARaanmgdtT$1%ChAZEETCA2FRAGCARAAT, OADTEERT TG TGGTGAATTC 20 721
ACTTTTCAGC AGGACGGAGC ATCATCGCAC ACCGCCAAGC GGACCAAAAA CTGECTGCAG 781
TACAATCAGA TGGAGGTGCCT CGATTGECCC TCAAATAGTIC CGGATCTAAG CCCAATCGAA 841

AATATCTGET WIWWI@W CATTTCCGAC 901
TTGAAAATCA AGCTGCAAGA GATGTGGGAC TCAATCTCTC AGGAGCACTG CAAAAACCTG 961

CTCAGCAGCA TORIGINAACG AGTGAAATGC GTGATGCAGG CCAAGGGCGA CGITACACAG 25 1021
TTCTGA Thi s sequence corresponds to the normal mammal i an codon usage and
results in a1l MREGEGOGEBERAAGCETAfAreTAAGGABITeAGATTAC FaATdAGGGAentTTeadad O t he

1; : ?/ 2 L 3 nls gg ts(aas erd?6eLLAdh cmmteamm@c&%e&@m&«)r eyt Aesk gtﬁ?rcﬁ%cm nt) in
by oo™ SloE gt SGeddiBRFle AR dAR A Taib A A AR ERR G B RS QR
cDNA: - part!3A %%AW%%@& GEGCEMAAGAGACABETRG L CARMNKIGT CAARGSERAC
CCACCATGG 334NatdacGBemiT G@EGWWWWET@&T AAGGAG
ATCAGAGTAC TGATORISSEAAET 8TACCEAGE cdNGRACRE AT GGt S AT ToNCATAKISE
TAGICTCATG Wc@@é@% 1c88c P A L GLERBATR T%EI%GE%&%A%@AAG
CAGI_TAAAigr 421 ATGTCTTGGA CTCAAAGGCA GTGGGATACC ATCATCTTCA GCGATGAGGC TAAATTTGAT
481 GTGAGTGTCG GCGACACGAG AAAGCGCGTC ATCCGTAAGA GGTCCGAGAC ATACCATAAG
541 GACTGCCTGA AAAGAACAAC CAAGTTTCCT GCAAGCACTA TGGTATGGGG ATGTATGTCT
601 GCCAAAGGAC TCGGAAAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATT
661 AACATTCTCC AGGATAGTTT GCTGCCCTCA ATACCAAAAC TATCCGATTG TGGTGAATTC
20 721 ACTTTTCAGC AGGACGGAGC ATCATCGCAC ACCGCCAAGC GGACCAAAAA CTGGCTGCAG
781 TACAATCAGA TGGAGGTGCT CGATTGGCCC TCAAATAGTC CGGATCTAAG CCCAATCGAA
841 AATATCTGGT GGCTAATGAA AAACCAGCTG CGAAACGAGC CACAGAGGAA CATTTCCGAC
901 TTGAAAATCA AGCTGCAAGA GATGTGGGAC TCAATCTCTC AGGAGCACTG CAAAAACCTG
961 CTCAGCAGCA TGCCTAAACG AGTGAAATGC GTGATGCAGG CCAAGGGCGA CGTTACACAG
25 1021 TTCTGA

This sequence corresponds to the normal mammalian codon usage and results in a
protein sequence after translation that is identical to the fly transposase protein
sequence. The gene (cDNA) synthesized as oligonucleotides (upper, sense strand,
30 lower antisense strand print) in three part, each part was cloned, and subsequently put

together in one cDNA.

- part A plus Kozak preceding the start codon
Linker A Kozak: CCACCATGG

35
AatIl NcolI
-15 CCCCGACGTCCCACCATGGTGCGCE GTAAGCCTAT CTCTAAGGAG ATCAGAGTAC TGATCAGGGA CTATTTTAAG
TACCACGCGC CATTCGGATA GAGATTCCTC TAGTCTCATG ACTAGTCCCT GATAAAATTC
40 61 TCTCGGGAAGA CACTCACTGA GATAAGCAAG CAGTTAAACT TGCCTAAGAG CTCTGTGCAT

AGACCCTTCT GTGAGTGACT CTATTCGTTC GTCAATTTGA ACGGATTCTC GAGACACGTA



AGACCCTTCT GIGAGTGACT CTATTCGITC GICAATTTGA ACGGATTCTC GAGACACGTA WO
03/ 056912 PCT/ GB03/ 00065 54 121 GGGGTGATAC AGATTATCAA GAAAAATGGG
AACAT TGAGROATARNGAT CGC GAATAGAGEC CCCCACTATG TCTAAAAGIT CPCT/IGBYOW6S
TTGTAACTCT TATTGTAGCG CTTATCTCCG 181 CGAACATCCG CAATAACCCC .CCGCGACAAG
AGACAGCTGG CCAAAATTGT GAAGGCTGAC 5 GCTTGIAGEC GITATTGEEG GGCGECTGITC
TCTGICGACC GGITTTAACA CTTCCGACTG 241 T CCCTGAGAAA CTTGECTTCC
AAGTGGTCGEC AGACAATTGG CAAGACTGIC  GCGECGGITA GGGACTCTTT GAACCGAAGG

TTCACCAGCG T&GTGTTAACC TCARGAGF S earddeddf @haadiREd adehdKRE AﬁAéécM &hracacec
GGGGECAATTGG CAAGACTGIC et RiawGaZACTETAEc GAREOEAASE:TRICATBAGCS S

TCTGITAACC GJ,TCTGACAG 30

AGGGTTTTSA TRAGECRMG  oE e %%% @%&%ﬁ%&
TGCCAAAAAT ATTCCGGTTC 361 GAAAAACCCC T ce
TGCAATGGGC TCGGGAAAGG amﬁmmmﬁﬁmﬁm%m
ACGITA AGCCCTTTCC 25 421 ATGICTTGGA CTCAAAGGCA GTGEAATAGR:r ATCATCTTCA
GCGATGA TAAATTTGAT TACAGAACCT GAGITTCCGI CACCCTATGG TAGTAGAAGT
CGCTACTCCG ATTTAAACTA 481 GTGAGIGICG GCGACACGAG AAAACGCGIC ATCCGTAAGA
GGTCCGAGAC ATACCATAAG 30 CACTCACAGC CCCTGIGCTC TTTTGCGCAG TAGGCATTCT
CCAGGCTCTG FAFSESTABIC 541 GACTGCCTGA AAAGAACAAC CAAGTTTCCT GCAAGCACTA
TGGTATGgaG ATGTATGICT CTGACGGACT TTTCTTGITG (:II(%iﬁ%A%E?E CGTTCGTGAT
ACCATACCCC TACATTCAGA 601 GCCAAAGGAC TCGGAAAGEZE b6z GAAGGGACCG
TTAATGCCGA AAAATHCACEFTTA FECACYTOT TCRECHEEABCETIFCCATCESCCTACGTACCCC Hi ndl | |

Nsi | Li nkeroC HaRdthdcher &fdcéeelCediiFiake ReAGEIGA ARG, TTAATGCCGA

AAAATACRDT TTCGCCCTCA CCTGGGCCGT CGTTAATTTC TCATAACCGA TGCCAAMAAT ATTCCGGTTC
361 GAAAAACCCC TGCTTACGCT TCGGCAAAAA AAGAAGCGTC TGCAATGEGC TCGGGAAAGG
CTTTTTGGGE ACGAATGCGA AGCCGTTITTT TTCTTCGCAG ACGTTACCCG AGCCCTTTCC
25 a1 ATGTCTTGGA CTCAARGGCA GTGGGATACC ATCATCTTCA GCGATGAGGC TAAATTTGAT
TACAGAACCT GAGTTTCCGT CACCCTATGG TAGTAGAAGT CGCTACTCCG ATTTAAACTA
481 GTGAGTGTCG GCGACACGAG AAAACGCGTC ATCCGTAAGA GGTCCGAGAC ATACCATAAG
30 CACTCACAGC CGCTGTGCTC TTTTGCGCAG TAGGCATTCT CCAGECTCTE TATGGTATTC
541 GACTGCCTGA AARGAACAAC CRAGTTTCCT GCAAGCACTA TGGTATGGGG ATGTATGTCT
CTGACGGACT TTTCTTGTTG GTTCABAGGA CGTTCGTGAT ACCATACCCC TACATACAGA
601 GCCAAAGGAC TCGGARAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATT
35 CGGTTTCCTG AGCCTTTCGA ACCCCTACGTACCCC
HindIIl Nsil
Linker C
HindIII
601 CCCCAAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATT
40 TTCGA AGTGAAGTAG CTTCCCTGGC AATTACGGCT TTTTATGTAA
661 AACATTCTCC AGGATAGTTT GCTGCCCTCA ATACCAAAAC TATCCGATTG TGGTGAATTC
TTGTAAGAGG TCCTATCAAR CGACGGGAGT TATGGTTTTG ATAGECTAAC ACCACTTAAG
45 722 ACTTTTCAGC AGGACGGAGC ATCATCGCAC ACCGCCAAGC GGACCAAAAA CTGGCTGCAG
TGAAAAGTCG TCCTGCCTCG TAGTAGCGTG TGECGETTCG CCTGETTTTT GACCGACGTC
781 TACAATCAGA TGGAGGTGCT CGATTGGCCC TCAAATAGTC CGGATCTAAG CCCAATCGAA
50 ATGTTAGTCT ACCTCCACGA GCTAACCGGG AGTTTATCAG GCCTAGATTC GGGTTAGCTT
841 AATATCTGGT GGCTAATGAA AAACCAGCTG CGAAACGAGC CACAGAGGAA CATTTCCGAC
TTATAGACCA CCGATTACTT TTTGGTCGAC GCTTTGCTCE GTETCTCCTT GTAAAGGCTG
901 TTGAAAATCA AGCTGCAAGA GATGTGGGAC TCAATCTCTC AGGAGCACTG CAAAAACCTG
55 AACTTTTAGT TCGACGTTCT CTACACCCTG AGTTAGAGAG TCCTCGTGAC GTTTTTGGAC
961 CTCAGCAGCA TGCCTAAACG AGTGAAATGC GTGATGCAGG CCAAGGGCGA CGTTACACAG

GAGTCGTCGT ACGGATTTGC TCACTTTACG CACTACGTCC GGTTCCCGCT GCAATGTGTC
60 1021  TTCTEAGEAT CC

AAGACTCCTA GGCCCCEGGEGE AGATCTCCTA CGTAGGEG
BamHT Xbal NsiI

65



40 TTCGA AGTGAAGTAG CTTCCCTGEC AATTACGCECT TTTTATGTAA 661 AACATTCTCC
AGGATAGTITT GCTGCCCTCA ATACCAAAAC TATCCGATTG TGGTGAATTC  TTGITAAGAGG

TCCTATCAAROGGASBECAGT TATGGTTTTG ATAGGCTAAC

AGGACGGAGC ATCATCGCAC ACCGCCAAGC GGACCAAAAA CTGCECTGCAG TGAAAAGTCG

TCCTGCCTCG TAGTAGCCTG TGECGGITCG CCTGGITITT

TGGAGGTGCT CGATTGGCCC TCAAATAGTC CGGATCPAAG CCCAATCGAA  ATGTTAGTCT
ACCTCCACGA GCTAACCGEG AGITTATCAG GCCTAGATTC

CATTTCCGAC TTATAAACCA

AGCTGCAAGA GATGT GGGAC TCAATCT CTC AGGAGCACTG CAAAAACCTG 55 AACTTTTAGT

TCGACGITCT @i,

TGCCTAAACG AGTGAAATGC GTGATGCAGG CCAAGGECGA CGITACACAG  GAGTcarear

ACCGATTTCC TheChhstA(diobAE ThEmiddii sd VT A4sQdnbpddonpNETM U GFPO(Fi:
CC AAGTCTCCTA GGECCCCEEEE AGATCTCCTA CGTAGGGG Baml XbaX Nsi

03/ 056912 P@Pﬁ@@hf@db%gen%mnmt@ﬂﬁ%ﬁnsc lam Wwelep@ihed

ACCACTTAAG 4BCTRIBOAGIFT TCAGC
GACCGACGTC 781 TACAATCAGA
GGGTTAGCTT 50 841 AATATCTGGT
GTAAAGGCTG 901 TTGAAAATCA
GrdSIoAGAGAG TCCTCGTGAC GTTTTTGGAC 961 CTCAAAAGCA
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Pev3 (Clare Gooding, Biotechnology Dept, Zeneca, Macclesfield, UK; Pev3 is further
described in Needham et al, Nucl. Acids Res., 20, 997-1003, 1992) A 3.8 kb Clal /
AspT18 fragment from the resulting plasmid (containing the Minos transposase cDNA
followed by an intron and a polyadenylation signal from the human B globin gene) was
cloned in pBluescript SK *(Stratagene, La Jolla, Ca, USA) creating the plasmid
pBlue/ILMi/3'B. A 6.5 kb blunt Asp718 fragment from plasmid ZP3/ 6.5Luc (Lira, S.
et al (1990) Proc. Natl. Acad. Sci. USA 87, 7215-7219.) containing the 5 flanking
region and promoter of the zona pellucida 3 (ZP3) gene was cloned into the EcoRV
site of pBlue/[LMi/3 P, resulting in plasmid ZP3/ILMi (Figure 6), which was used for

the generation of transgenic mice expressing the transposase in developing eggs.

Generation of transgenic mice

To generate Minos transposase expressing lines, a 10.3 kb Smal/Asp718 fragment was
excised from pZP3/ILMi (Figure 6), separated from plasmid sequences by gel
electrophoresis (Sambrook, J et al. Molecular Cloning. A Laboratory Manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1989)), purified and
concentrated using an ELUTIP-d column (Schleicher & Schuell GmbH, Dassel,
Germany) and injected into fertilised oecytes (FVBxFVB) at a concentration of 4
ng/ul. Injected eggs were transferred into pseudopregnant mice and transgenic
offspring was identified by Southern blot analysis of tail DNA (Southern, E.M. (1975).
J. Mol. Biol 98,503-517).

10 The nos transposase CDNA



descri bed in Needhamet al, Nucl. Acids Res., 20, 997-1003, 1992) A 3.8 kb
Clal / Asp718 fragnent fromthe resulting plasmd (containing the M nos
transposawe osbéd12 f ol | owed by an intron and a pol yadenyl aCorcBBgoss from
the human O gl obin gene) was 15 cloned in pBluescript SK +(Stratagene, La
Jolla, Ca, USA) creating the plasmd pBlue/ILM/3A 6.5 kb blunt Asp718
fragment from plasmd ZP3/ 6.5Luc (Lira,3®. et al (1990) Proc. Natl. Acad.
Sci. USA 87, 7215-7219.) containing the 5 flanking region and pronoter of
the zona pellucida 3 (ZP3) gene was cloned into the EcoRV site of
pBlue/ILM/3resulting in plasmd ZP3/1LM (Figure 6), which was used for

20 the generggd %ﬁgﬁ%i Hey; Sgd t i .

devel opi ng eﬁ%és%gegr?es{?%ti on oOf e\t/Ira sléger(ﬁf:a% %%%f%&‘%gnﬁec%glﬁlgéﬂﬁ?ﬁ%g ind in
transposase e, het bl 3681) Rrod OVA!. Idoadbifizl. [/Sp PRA 14TAYMTR). was exci sed
frompzZP3/1LM (Figure 6), separated from plasm d sequences by gel 25

el ectrophoresis (Sanbrook, J et al. Ml ecular Coning. A Laboratory Mnual .
Col d Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1989)),
purified sandRTcPOREeNt rat ed usi ng an ELUTI P-d col um (Schl ei cher & Schuel |
GmH, Dassel, Germany) and injected into fertilised oocytes (FVBxFVB) at a
concent r at i dforoRTPCRighblysiknjotalt RNAcygs isvbited fioan 9ffesér CorgiisOof ZP3/ILMi

pseudopregnant m ce and tranggenjc 30 offspring was identified by Southern
bl ot anal ysi ‘%a‘@ge%imlcﬁ)l\lﬂ&m(gs@gt %F%%I,DGOERMA (sedation. system \(Bjoteqs; beboggories,
503-517). 2 / 10 e S Fryi.n )
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Proc. Natl. raciibn Sirig RéigAseIRadsbAipthsd (SP8) RTHHRTBREIhislbgyY ICRBRdBBAKS S,
total RNA was | 'Olglt d fromdifferent organs of ZP3/1LM transgenic m ce
usi ng the U "F'idafg‘;g@ T&mm%lf GR repctiggsverspedpaned it 4 etlema s AP 86 PCRHET on,

TX, USA). Fren : ; s _synt i ip a 20|, reaction
usi ng Rever s@“qug%e%ls]@élf’%? %i?ea ‘%ﬁg@%ﬁ@ﬂg gi @t°§§ﬁ%§§g®§°&'ﬁﬁ RTdEactian 10
and ol i go(dT).5 paMMCIRCRI0 @gcéf et pemer, DS eAVEENTPs and 02 '@ B, BNA PCR
buffer (Life Technol ogl es, . Pai sl e¥, UK) containing 1 | of the chNA from
the RT reacthynerase (Pharmacia). A total number of 25 cycles were performed with
denaturation at 94° C for 45 seconds, annealing at 55° C for 30 seconds and extension
15  at 72° C for 45 seconds. PCR products were visualised by electrophoresis on a 2%
agarose gel. The Minos transposase specific primers Minosl: 5°-
CAGCTTCGAAATGAGCCAC-3’ and beta EX: 5’-TGGACAGCAAGAAAGCGAG-
3’ were used. Primers specific for murine hypoxanthine phosphoribosyltransferase

(HPRT) were: S’CACAGGACTAGAACACCTGC-3’ and 5°-
20 GCTGGTGAAAAGGACCTCT-3".

Breeding program

Transposon carrying (MCG) females were bred with ZP3/ILMi line 15 males. Double
positive females obtained from these crosses were bred with wild type (WT) males and

25  their offspring analysed by Southern blot analysis for possible transposition events.
Genomic DNA was digested either with EcoRV or BglIl, separated on a 0.7 or 1%
agarose gel (Sigma, Steinheim, Germany), blotied onto a nylon membrane (Hybond-
N*, Amersham Pharmacia, Buckinghamshire England) and probed with a *? P labelled
737 bp Sacl/ NotI GFP fragment from pMiCMVGFP.

30



1.5 mM MyC12, 100 ng of each primer, 0.2 MM dNTPs and 2.5 U Taq DNA

pol ynerase (Pharnmacia). A total nunber of 25 cycles were perfornmed with
denat ur atwon3aseId1C f or 45 seconds, annealing at 55 C for P8O/GBResOMS and
extension 15 at 72 C for 45 seconds. PCR products were visualised by

el ectrophoresis on a 2% agarose gel. The Mnos transposase specific
primers Mnosl: 5'- CAGCTTOGAAATGAGCCAC- 37 and beta EX:

5' - TGGACAGCAAGAAAGCGAG- 3' were used. Priners specific for murine

hypoxant hi ne_phosphori bosyl transferase HPRT) wer e: _
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spreads wer eopipRectiseal distegting (R@ﬁpséu }ﬁ‘ealpﬂtg% pgn tMoleculpe Gepttios o,

whi te bl ood o Hum Genet 96(2):133-141).
The 737-bp @ﬁ)%%‘?"%&um le? &RX??AP&M CWGFP construct was used
as a 5 probe. The probe was elther | abel l ed with biotin (Boehringer .
Mannhei n) andloningefithe hewertdan sivesdet ected directly with FITC or a tyram de
based step was included to inprove signal detection (Raap, A K et al

(1995) Human Ml ecul ar Genetics 4 529-534). The DNA was counter st ai ned
with DARIO  MersenBNe¥ froreanimalsr withe neve dGnasinmertion sMAVAsr vt FedRV wirt h a

new Mnos i nﬁggﬁt érfanre%bf'\/@d ¥R §9% \Qéatrg'seEgeq F’Nle gel regions containing transposition

events were cut out and the DNA was isolated. Depending on the fragment size,
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inverse PCR was performed either directly on self-ligated fragments using Minos
primers IMiol (5° AAGAGAATAAAATTCTCTTTGAGACG 3°) for the first PCR
15 and IMio2 (5° GATAATATAGTGTGTTAAACATTGCGC 3°) for the nested PCR
(Klinakis, A.G., Zagoraiou, L., Vassilatis, D.K & Savakis, C. (2000) EMBO Reports
11, 416-421.), or the obtained EcoRV or Bg/II fragments were further digested with
Alul and then circularised. Inverse PCR was performed with Minos primers IMiol and
IMiil (5 CAAAAATATGAGTAATTTATTCAAACGG 3°), followed by nested PCR
20  with primers IMio2 and IMii2 (5> GCTTAAGAGATAAGAAAAAAGTGACC 3°) as
previously described (Klinakis, A.G., Zagoraiou, L., Vassilatis, D.K & Savakis, C.
(2000) EMBO Reports 11, 416-421). In this way, left and right flanks were amplified
separately. The PCR fragments were either sequenced directly or after cloning into the
pPGEM T easy vector (Promega), or PCRII vector (Invitrogen). With the sequences
25  obtained, a BLAST search was performed against the mouse genome sequences

available at the time in the Celera (www.celera.com) database.

Results
The transposon carrying transgenic mouse line (MCG) was generated. It contains 6

30  copies of Minos transposon MiCMVGFP (Fig.5) integrated in mouse chromosome 14.



Bglll and resolved in a 0.7% agarose gel The gel regions containing
transposition events were cut out and the DNA was isol ated. Dependi ng on
t he fragnwotos®s®e inverse PCR was performed either dire®CITYGBIB/W00065
self-ligated fragnments using Mnos priners Mol (5
AAGAGAATAAAATTCTCTTTGAGACG 3') for the first PCR 15 and I M 02 (5
GATAATATAGTGTGTTAAACATTGCGC 3') for the fested PCR (Klinakis, A G,
Zagoraiou, L., Vassilatis, D.K & Savakis, C. (2000) EMBO Reports

11,
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In both of the 5 Mnos transposas P3/ILM) lines, the transgene
i nt egrat ed a‘gﬁﬁﬁts%aﬁaéﬁfﬁ?‘?gélgnpwmgﬂé‘Zbe%%ﬁlﬁ%lQ)S\kg‘ﬁ’@s@i ZP3/1 LM line 15
wi th the higher nunber of copies integrated (data not shown). As expected,

transposase expression in this line was restricted to the ovaries (Fig.7).
RT- PCR per f o¥ineRi thenMangx Gramsppsase fexpressipm fime rthe ttiansgess ipfdriven dysthenZR3
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of oogenesis.

Normally, zona pellucida transcripts cannot be detected in primordial oocytes (10-15
um), and maximum levels are observed in 50 pum-diameter oocytes. As the oocytes
20  reach maximum size (70-80 pm), the level of ZP3 transcripts begins to decline.
Ovulated eggs contain less than 5% of the peak levels of all zona pellucida transcripts
(Millar, et al (1991) Molecular and Cellular Biology 11, 6197-6204; Liu, C et al
(1996) Proc. Natl. Acad. Sci. USA. 93, 5431-5436). To exclude the possibility that
some transposase activity remains in mature oocytes to mediate transposition of a
25  paternally contributed transposon transgene, the Zp3/ ILMi males (that do not express -
the transposase) were mated to females of the multycopy transposon carrying line
MCG. Female progeny positive for both transgenes were selected for further study.
We analysed 307 progeny of the double positive females and wild type males by
Southern blot analysis. EcoRV and/or Bg/ll digested tail DNA was blotted and
30  hybridised with the GFP probe. Since neither of these two enzymes cuts within the
transposon, there is one single band that hybridises to the transposon probe in an MCG

line. If transposition occurs and the transposon inserts outside the genomic EcoRV or



10 correctly spliced transposase RNA, was restricted to the ovary. The
anplification of contamnating DNA to a simlar sized fragment was

prevent edwby3sionyy a prinmer which spans an exon/intron | BoEtGBIN/O(IsEt a
globin IVSII-Fig. 6). Since the Mnos transposase expression fromthe _
transgene is driven by the ZP3 15 pronoter, it should be expressed only in
growi ng oocytes during a 2-to-3-week perﬁ%d of oogenesis. Normally, zona
pel luci da transcri pts cannot be detected in prinordial oocytes (10-15 m,
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these two enzynmes cuts within the transposon, there is one single band
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8.2% In tw mce, two 1ndependent transposition events were _

| anes 2 and diffyrentTlines it dher Fhgérsrationavassiene eofdesqr thagraspasitiod Had&‘olcaﬁde(at edt

i nsertignRs t dihd not inherit the transposase tyansgene strongly suggests

that tr gﬁspggia{‘g‘%’% SgrngF%laei jﬁlgt he?ane P us g and 4, ana gfane 8 versus 8). In al?
transposition events except one, a single copy of the transposon was mobilised.

It has been noted previously that the size of a transposon influences its transposition
frequency; longer elements tend to transpose with a lower frequency (Lampe, D. J. et
20  al (1998). Genetics 149, 179-187, Fischer, S. E., et al (1999) Mol. Gen. Genet. 262,
268-274.), suggesting that when transposase binding sites (inverted repeats) are closer

to each other they are recognised more efficiently.

Minos transpositions are characterised by a precise integration of the element without
25 mobilisation of flanking DNA. In Drosophila and in HeLa cells, the transposon inserts
into TA dinucleotide causing target site duplication upon insertion (17, 29). To
investigate the structure of the insertions in the mouse genome, we cloned the flanking
regions (as described in Materials and Methods) from five different transposition
events. As is observed in Drosophila, the Minos ends were flanked by the diagnostic
30 TA dinucleotide followed by sequences unrelated to the sequence that flanks the
element in the founder mouse line MCG (Fig. 9). BLAST searches with the obtained

sequences in the Celera mouse genome database showed that all five of the novel
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was the only method of detection used. Since “local insertions”, close to the original

site of the element, are quite frequent at least with the Drosophila P element (Zhang,
P.& Sprading, A.C. (1993) Genetics 133, 361-373) and Sleeping Beauty (Luo, G et
al(1998) Proc. Natl. Acad. Sci. USA. 95, 10769-10773; Fisher, S.E.J., et al (2001)
20  Proc.Natl. Acad. Sci. USA. 98, 6759-6764.), it is unlikely that this would not be the

case with the Minos element.

In order to determine the size of the EcoRV/BglIl flanking regions we generated a
single copy transposon line from the MCG line using the loxP/Cre system (data not
25 shown). On the basis of Southern blot data, there is approximately 10kb of genomic
sequence flanking the transposon, within the EcoRV and Bgl/ll diagnostic digests.
Local reinsertions that occur within this area (but which are not interesting for
mutagenesis purposes), will escape detection and are not included in our estimation of
the frequency of transposition. Thus, the frequency of 8.2% represents the "useful"
30 transposition frequency rather than the actual transposition frequency. The reported
frequency of transpositions in the mouse male germ line with Sleeping Beauty was

approximately 20%, but only 2% had transposed to a different chromosome (Fisher,
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and are not included in our estimation of the frequency of transposition.
Thus, the frequency of 8.2% represents the "useful"™ 30 transposition

frequency rahnehclLbeR, hie BN %h?jv R %aﬁgﬁgﬁaeﬁ chf 68 Wdﬂ bR hERR e

&fl
frequency of transpositions in the nouse nale germ wi th Sl eepi n%
Beauty was lappandxibat byl sglegtigg theutime of ynduetion dnobibigatipn ©f dransposonsi may bent

chr onosone (.Fish' r,. WO Q3/ 056912 PCT/.GBQ3/0Q06 61 S.E J. . Wenhaol d E. &
Pl st er k. R IAREET, 2 GO ORPERRRE S12ES RE SO foveqpmtion Foghggmore g fesulty
contrastise ddnivhstrire thdtR9Se@P BEIAY, fob WRdniFoSWAGE ! 4ro Bxdelle 1ok ey @Bdrtional
chronosone (8 out of 11 anal ysed and 1 unknown, out of 146 offspring),
whi | e only 3gene inactivation, gene tagging, enhancer trapping and exon trapping in organisms, for

example, mice.

All publications mentioned in the above specification are herein incorporated by
20 reference. Various modifications and variations of the described methods and system
of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
25 Indeed, various modifications of the described modes for carrying out the invention
which are apparent to those skilled in molecular biology or related fields are intended

to be within the scope of the following claims.



out of 11 transpositions were to the sane chronosone (e.g. Fig | OB). This
suggests 5 that the M nos system has a preference for transpositions to a
di f f er entwolpos™sone (provided there weren't many transp@sirtGRINSmEose to
the original site that went wundetected). It should be noted however that a
di rect conparison of the different transposon systens published to date
may not be very valid. The size, the conﬁfnunber and the initial
chronmosomal position of the transposon mght all affect the 10
transposition efficiency and none of these were conparable in the different
systens. In conclusion, these resul t s (AM8hat transposition can be
achieved in the nouse germ |ine and that, by selecting the tinme of

i nduction, bial i ' j.od . i ned
Stage of embrys QualDpoReicBP RS MaBedli, phogend ML dpBleids MERRLRIE 1ot
syst ens usi mgmpiisingdhastppseof: M nos, are excellent tools for insertional

gene inactivation ene .t aggln hancer trapping and exopn.trapping in
organi sms, for ag?ﬂeéa,tmﬁi ?9%"|Ttrlmﬁ$%qrﬁﬂﬁ§nﬁgwpé}ngaf ifhip ‘Esngépn& e
speci fication are hgha@bimbRCApRILEL BAndP¥sond0 ref erence. Various

nodi fications and variations of the described nethods and system of the

invention will be apparent to those skilled in the art w thout departing
fromthe scope dndgeprating agfecendeaduthieansgenis organisro goprising Withimity on has

been described in [0 ' $ [ i, ment it

shoul d be under stooga{b%{&%eh%ﬂ%r%@%ﬁgﬁfng 5 ecf’%ﬁ%&gﬁ%@%gﬁg?é%gdfﬁﬁdul y
limted to such spegdid ransoberdandiertan. cletent bsRBIE of tegdul it eXpebisdibe af da@dhs Of

t he descri bed nodes for caé,ryi ng out the invention which are apparent to
those skilled in noPEREANSPUBE RISTEARSEASase| at ed fiel ds are intended to be
within the scope of the follow ng clains. WD 03/056912 PCT/ GB03/ 00065 62
CLAIMS 1h A net hgd RksigenR Mt AWt 3rah § RARAGPifrsr) mﬁﬂase%a.gd tra%g&gegduu
transposition, coOnprising the steps of: a) generating a first adult

t ransgeni ¢ or gani snotgenism teipneyvidé & hiogeny whigh comprisds, imrthe genomeraf anepres of a

ran n; neratin . I ran ni rgani sm isin
fM? h?gof'? s, b) ge emaotre opitsaceﬁg,cb%r%lg(l?grllje ér 1’}101% Bpies of the aspo%on e 15 aS 9

gene encoding a transposase cognate for said transposon, wherein the gene
encoding the transposase is under the control of one or more regulatory

15 sequences which permit expression of the transposase; and

d) inducing expression of said gene encoding the transposase in said progeny
to cause mobilisation of said transposon within at least a portion of the

tissues or cells of the progeny.

2. A method as claimed in claim 1 wherein the progeny is a female transgenic

20  organism.

3. A method as claimed in claim 2 wherein the one or more regulatory sequences
which permit expression of the transposase are sequences derived from ZP3 regulatory
sequences.

25

4. A method as claimed in claim 1 wherein the progeny is a male transgenic organism.



genonme one or nore copies of a gene encoding a transposase cognate for
sai d transposon and/or an el enent capable of regulating expression of said
gene encowDreg/osdee2 t r ansposase; 10 c) crossing the first adaTtGRosAMS§ENi C
organismw th the second transgenic adult organismto provide a progeny
whi ch conprises, in the genone of one or nore of its cells, both (i) one
or nmore copies of the transposon and (ii63 a gene encoding a transposase
cognate for said transposon, wherein the gene encoding the transposase is
under the control of_ one or nore regulatory 15 sequences which permt
expressi on oF A meethedyas; glsdmed in glaim o) whateit thegonscpy B98¢ sogulatorySeguensae
encodi ng t het: J i # tQ.C Ll QN id
ransposon wiT ReaR | Aol UenP RGN Hel RPN ol 1) o200
progeny. 2. régulmbhogqasnces.ai ned in claim1 wherein the progeny is a ferale
transgenic 20 organism 3. A nethod as clainmed in claim2 wherein the one
or nore regul atory sequences which permt expression of the transposase
are sequenc i P 4 S

ol ai mod . of A BeAnSEer BEREES ERUAL Chlryo Bl AR waspdtind, SRPRENEY,
03/ 056912 PGH¢ €B30H0065 63 5. A nethod as clained in claim4 wherein the

(ransposase ar o dBHEERG IR VRN PN B CPEgUNaE S P BEAEES. 5 6.
A et hod of gener at pdoPmbrecAidpis BF & trgfdpoysh; and i nduci ng transposition
conprising the steps of (a) generating a first adult transgenic organi sm

conprising wthin its genome one or nore copies of a transposon; (b)
generating a secdhbeeneatingta gaenseadull tsnsgenicrsadyp comprgingithimity t s 10

genore qge or nore EapleSofl orndtE WpiEN SRR cRoddifl S RARBS S OSHATof OF

said transposon and/or one or more sequences capable of regulating

expression of said gene encoding the transposase;

(c) crossing the first adult transgenic organism with the second transgenic adult
organism to provide an embryo which comprises, in the genome of one or
15 more of its cells, both (i) one or more copies of the transposon and (ii) a
gene encoding a transposase cognate for said transposon, wherein the gene
encoding the transposase is under the control of one or more regulatory

sequences which permit expression of the transposase, and

(d) inducing expression of said gene encoding the transposase in said embryo
20 to cause mobilisation of said transposon within at least a portion of the

tissues or cells of the embryo.

7. The method according to any of claims 1 to 6 wherein said second transgenic
organism comprises within its the genome the gene encoding the cognate

transposase.

25
8. The method according to any of claims 1 to 6 wherein said first transgenic
organism comprises within its genome one or more copies of both the transposon

and the gene encoding the cognate transposase and the second transgenic organism



sai d transposon and/or one or nore sequences capable of regulating
expression of said gene encoding the transposase; (c) crossing the first
adul t trawegens@®inrgani smwith the second transgeni ¢ adul PCTE@RpaNIBGM t O
provi de an enbryo which conprises, in the genome of one or 15 nore of its
cells, both (i) one or nore copies of the transposon and (ii) a gene
encodi ng a transposase cognate for said 64ansposon, wherein the gene
encodi ng the transposase is under the control of one or nore regul atory
sequences which permt expression of the transposase, and (d) inducing
expressi on of semgrispsnene ot gddnegeamies of ansggvdaery begusadednesedsayy to A@rmg
cause nobi li satliyf)n. ?f said transposon within at |east a portion of the
tissues or cell HSPQH%HSBWQS’.{W S1%8he met hod accor di ng to any of clains 1
to 6 wherein said second transgenic organismconprises within its the
genone the gene encoding the cognate transposase. 25 8. The nethod

accor di ng t d-adje atetladaaqesrding to Gainh 8 vdierein s¢id transpason eah se gere crpogdig sm
conprises W thijn It e r i f . n n.. and
he gene Sencod it {ehaRCRETEe2¢ o ni BB BN SRR colBhise il HROSABERr

or gani sm WO 0344818 G23t2rR4ai1BRBeR0 65 mdbilisation bf #RSra8poson, e gen€ efodihgof a
regul atory sequence necessary to_permt inducible transposase expression.
9. The net hod é@cmp?fésﬁﬁd&r&?tﬁﬁlﬁ wherein said transposon and sai d gene
encoding 5 the cognate transposase are provided as a single construct
within the genome of said first organism wherein, on nobilisation of the
t ransposon, 1h&hgensheheonirdiag td ey preacdipgp shie, whertinsthe ptaaspost) and/be theet hod
according to any preceding claim erein the transposon and/or e, 10
gene encdi ng EHF $1°8 @g&@%@@lsp?@%? LA SHPBRER PREBRE APRGTETSHERE Reuch
that the tr a”%ﬁﬁ%@o@%ﬁé@? thé‘%eﬂ@réﬁcc?ié&?%e“&aﬁ%sés’éaﬁﬂﬂﬁsﬁiﬁn@@%@éﬁr@ gene

regul ating expression of the gene en ng the transposase lie inh open
chromati n st ruckpuession of the gene encoding the transposase lie in open chromatin structure.

11. The method according to claim 10 wherein the chromatin opening element is a
15 ubiquitously-acting chromatin opening element (UCOE), a locus control region

(LCR), a CpG island or an insulator.

12. The method according to any one of the preceding claims wherein the regulatory
sequence is a developmental control sequence, activatable at a predetermined stage

20 of development.

13. The method according to any one of claims 1 to 12 wherein the regulatory
sequence is an inducible regulatory sequence selected from the group including a
tetracycline inducible expression system, an oestrogen inducible expression

25 system, an ecdysone inducible expression system, and a lac operator repressor

system.

14. The method according to any one of the preceding claims wherein expression of
the gene encoding the transposase is eliminated by gene excision as a result of or

30 after the mobilisation of said transposon.



11. The method according to claim 10 wherein the chromati n openi ng el enent
is a 15 ubiquitously-acting chromatin opening el ement (UCOE), a |ocus
control rwg@iosnse9(1 CR), a CpGisland or an insulator. 12. Poe/Greslas
according to any one of the preceding clains wherein the regul atory
sequence is a devel opnental control sequence, activatable at a
predeterm ned stage 20 of devel opnent. §8. The nethod according to any one
of clainse 1 to 12 wherein the regulatory sequence is an inducible
regul atory sequence selected fromthe group including a tetracycline
i nduci bl e exp?y.d3eimethed at@nding o ary preogrting ichitucwhereinethp teaspossn aid/sy gleem
an ecdysone induci bl e .expyessi on system and a | ac operator repressor
system 14. Th&RerHod %}rmSﬁ@sats%lsdmprtga@tgpr Wgécegfthpgesaqdaeng. wher ei n
expression of the gene encoding the transposase is elimnated by gene
excision as a result of or 30 after the nobilisation of said transposon.
WO 03/ 0569121¢REheem8Bsdadesling o ary orkhef thre prarddiag wtuinis mhetain drytraaspesdi Ny
claim V\lnserei n.th trat"ls oson and/or the gene encoding the transposase is
i nserted 1 nto 6?a§@f§c5 PY8%an expressed gene. 16. The method according to
any one of the preceding clains wherein the transposon 5 is a type 2
transposon. 17. The nmethod according to claim 16 wherein the transposon is
M nos, mari nkf- Thepaethed aceordingBiac cleim Ji6ewpenen Bwatrensposod s8Mirkise nmaztrier)d
according to chaj . i h nsposon is Mnos. 19. The net hod
according to a%%g’%%‘?g?%%ﬁﬁn%?%?h t he transposon has been nodified
to include a heterol ogous nucl eic acid sequence, flanked by inverted
termnal_ rep honol ogous to the transposon. 15 20. The nethod according
to any otk ofge-%ﬁ’ﬁimﬁﬂl@, acgpding ta claim L7 wheseindemtrasapsondeMinos. nucl ei ¢ aci d
sequence encoding a sel ectable marker. 21. The nethod according to claim
20, wherein the selectable marker is a fluorescent

19. The method according to any preceding claim, wherein the transposon has been

modified to include a heterologous nucleic acid sequence, flanked by inverted
terminal repeats homologous to the transposon.
15
20. The method according to any one of claim 19, wherein the transposon comprises a

nucleic acid sequence encoding a selectable marker.

21. The method according to claim 20, wherein the selectable marker is a fluorescent

20 or luminescent polypeptide.

22. The method according to any one of the preceding claims wherein the nucleotide
sequence of the gene encoding the transposase has been modified to optimise
codon usage.

25

23. A method of generating a transgenic organism having a plurality of cells or tissues
homogeneous for a gene modified by transposon mobilisation, the method
comprising generating a transgenic embryo and inducing transposition therein
according to the method of any one of the preceding claims.

30
24. A method for detecting and characteﬁsing a genetic mutation in a transgenic

organism, comprising the steps of:



20 or lum nescent pol ypeptide. 22. The nmethod according to any one of the
precedi ng clai nms wherein the nucl eotide sequence of the gene encoding the
transposase ohassobeen nodified to optim se codon usage. 2¥C28Bodomsshod of
generating a transgenic organismhaving a plurality of cells or tissues
honogeneous for a gene nodified by transposon nobilisation, the nethod
conprising generating a transgenic enbry®>and inducing transposition
therein according to the nethod of any one of the preceding clains. 30 24.
A method for detecting and characterising a,genetic nutatijon_.in.a
transgenic or gan@i PTG ¢ SARRCg S‘?%gémﬁgn W%@WQB@E@ ﬁéﬁl@éfs‘:}‘EQOGS
66 (a) generating amioHpsisesdfgRRRY BndBLklbiiUCHR; tr ansposi tion therein by
the method according to any one of clainms 1 to 227 (b) identifying in the
transgeni ¢ enbr ydbpridentifgingiin gheteansgenie ¢mbryer ef oftapring develomsidherefrom the

plurality of cells d] Yien vari.a henot ype; .5 etecting the
position of one or g%er%g&t%rogﬁg%%glbtxOtffgﬁfs‘ﬁggﬂl?%ﬁvmg’ggﬂo he genonme of
one or msre of sacy detettiy thapdsifieh of e & bleREinsiRoR GahdpbSifioR Evdri€in the
transposition events with the observed variant phenotype, the position of
the transposition e@ermEe ofonedrimpge ehiaid eellspand he location of one or nore
genetic | oci assqgi ' . e .l.an henot ype. ;25

met hod for isolat Lg&gga‘eéﬂrée%v%?gﬁa{}lz %ﬁéﬁlgefré%gésﬁ)r?h&gﬁﬁh\gﬁ%t@%I%bserve@
characteristic in safiamphegsnype, dripoitionadihe rahspgsitibe _eﬁérﬂsp?]eiﬁlé _ind(ic%}iv? ]
enerating a transgepi.c enbryo and i nducing transposition therein by e
gS met hod accor di ng® & atg%)eofgwecprém%e geneticdoci gsggciptad weithf thergpserved he
t ransgenigc enbryo og,al@grﬁgﬁéﬂomﬁ,egjevel oped therefromthe presence of a
plurality of cells displaying said phenotypic characteristic;

25. A method for isolating a gene which is correlated with a phenotypic characteristic
in a transgenic animal, comprising the steps of:
(a) generating a transgenic embryo and inducing transposition therein by the
15 method according to any one of claims 1 to 22;
(b) identifying in the transgenic embryo or offspring developed therefrom the
presence of a plurality of cells displaying said phenotypic characteristic;
(¢) detecting the position of one or more transposon transposition events in the
genome of one or more of said cells; and

20 (d) cloning the genetic loci comprising the insertions.

26. The method for isolating an enhancer in a transgenic animal, comprising the steps
of:

(a) generating a transgenic embryo and inducing transposition therein by the
25 method according to any one of claims 1 to 22, wherein the transposon
comprises a reporter gene under the control of a minimal promoter such

that it is expressed at a basal level,
(b) assessing the level of expression of the reporter gene in one or more cells or

' tissues of the of the transgenic embryo or offspring derived therefrom;

30 (c) identifying and cloning genetic loci in one or more of said cells or tissues in
which the modulation of the reporter gene is increased or decreased

compared to the basal expression level; and



(c) detecting the position of one or nore transposon transposition events
in the genone of one or nore of said cells; and 20 (d) cloning the genetic
| oci conpwoIBMngs9Ihe i nsertions. 26. The nethod for isol atiPa@/GBe3eMBaANCer N
a transgenic animal, conprising the steps of: (a) generating a transgenic
enbryo and i nducing transposition there%? by the 25 method according to
any one of clains 1 to 22, wherein the ansposon conprises a reporter
gene under the control of a mninmal pronoter such that it is expressed at
a basal |evel; ( ssessi.ng,th V. f L he reporter gene
in one or nore c@ |cgar8f;ten§1p§ @L?ecgmlg g[%heetféolf) 8?{%%8? ?gggrgggns}l% enbryo or

of fspring derived therefrom 30 (c) identifying and cloning genetic loci in

one or nore of said cells or tissues in which the nodul.ati gkgq (%f '&}e
reporter ge®d The methedfsisolatinggacxen ieatransgenie prigal SOMRESHE A stels fle s si on

| evel ; and WO 03/056912. PCT/ 0 G A f R Hish Mekréil 9 eiened
genetic loci in égiggneééfngc%-rtrﬁ%é%ea@?%ﬁelgér%ét;ﬁr;ggd forggl:c%%lm%i ng y;n exon
in a tragsgeni c anideod SRoings tgny bae of epmmefl to 22) whetesy thei frgnsposon
transgeni ¢ enbryo and induci ng transposj}i,o herein by.the 5 h
accordi ng to any oR@MPFSEE|TpRTIEr Eﬁlez‘f:ﬁl%éa%%ﬁnﬁlﬁ@nt IP}@-/{W@BBSSSWGE‘%%S'[)?\S{S es a
reporter gene whi ch, hagk hii@anstéehdQBqudibds; ati on sequences but i ncludes
splice acceptor sequences, (%[)% 'dentifying in the enmbryo or offspri

n
derived ther ef r ofb) ddentifyingrin thecashlbirgo oo pffspring desived thewe ton@owpéw@?s gene
is expressed; and 10 .(c) cloni the genetic |oci comrising the expressed
reporter gene from"EHg%‘?eS E’e‘f%[llgﬁg}efﬁ’ ggr}elég?(prfﬁsgﬁha%;fahod for identifying a
gene reﬁi?ons' ve §c2 Fordhg Ml gDelid 161 oMPHERE ke &iprémeéd reporter ganentiorh seidst eps
of : 157(a) generating a transgenic enbryo and inducing transposition

therein by the mnetchidslortissessdi ng to any one of clains 1 to 22, wherein the
transposon

28. The method for identifying a gene responsive to a stimulus in a transgenic animal
comprising the steps of :

15 (a) generating a transgenic embryo and inducing transposition therein by the
method according to any one of claims 1 to 22, wherein the transposon
comprises a reporter gene under the control of a minimal promoter such
that it is expressed at a basal level;

(b) assessing the level of expression of the reporter gene in one or more cells or

20 tissues of the of the transgenic embryo or offspring derived therefrom in the
absence of the stimulus;

(¢) providing the stimulus
(d) identifying and cloning genetic loci in one or more of said cells or tissues in
which the modulation of the reporter gene is increased or decreased in

25 response to the stimulus compared to the basal expression level.
29. The method according to claim 28 further comprising the additional step:

(¢) characterising the cloned genetic loci in said cell or tissue.
30
30. A method for producing a library of transgenic organisms with genetic mutations

in a cell population induced at a predetermined stage of development comprising



conprises a reporter gene under the control of a mninmal pronoter such
that it is expressed at a basal |evel; (b) assessing the |evel of

expr essi oWOwB/osdee2 r eporter gene in one or nore cells or P2OTIGRSOE®5Of t he
of the transgenic enbryo or offspring derived therefromin the absence of
the stinmulus; (c) providing the stinulus (d) identifying and cloning
genetic loci in one or nore of said cel 1688 or tissues in which the
nodul ati on of the reporter gene is increased or decreased in 25 response
to the stinulus conpared to t basal expression |evel. 29., The nethod
hocordi ng to GaFAIEE s Ol BB FRIDBRE SAOMdRFDR fengetission tpn by

char act eri si nght BRAHIIRESHARRNE bh§ ohO6f clhithsSPoD2C Whbref stép &1 WperRPme@at A
met hod for prode|n3 a library of transgenic organisns W genetic

mut ati ons i n widkpedetpopnedstagaof endupedevelopment.edet er mi ned st age of

devel opnment conprising WO 03/ 056912 PCT/ GB03/ 00065 68 generating a
plurality of transgenic enbryos and i nducing transposition therein by the
net hod agcondi AgndtRodifty niiR]BingGhébxFreskion®fA2gendhie b bfizahisah céﬁ%rikiﬁg the
performed at said predeterm ned stage of enbryo devel opnent. 31. A

met hod for nodi¢msdtng t he expression of a gene in an organi sm conprising

the 'steps of: ( b%%@l%tiﬂ%?@l@r ok A ¥138f r%&lﬁ%%%&rﬁin rtg%ﬁhﬁgﬁ Agcordi ng
to claim30, and sel'egting from sal IDrary one oF nore fransgenic
organi sns i n whi ¢4 deheeting fiohessd tibravy ofie 9 Aidore transpbic @pganisnsdduhidh ¢t as a
result of one or nore 10 transposon transpositjon events, 32. A library of
transgeni c or gani snEPESANAE R geneoplyintrgest ds frfﬂg“’ri‘ﬁdh‘%ﬁja &esult| of erezar, mora;

10 transposon transposition events.

32. A library of transgenic organisms produced according to the method of claim 31.

15



