WO 03/056912 | Genetic Manipulation Method Field of the Invention 2 6 me
2006 PCT/ GB03/ 00065 The present invention relates to a nethod for theJ 2006
transfer ow@enwsee i nformation in an 5 organi smusing tr RCIPSRSH8065] n
particular, it relates to a nmethod of inducing genetic nodification of
cells at" a predeterm ned stage of devel opnent. Background 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 e%éiri.ggnogﬁg jna&uﬂiag Dr osophi |l a

mel anogast er and Hono sapi ens. 3 an = %8ovel "predicted" gene
sequences but no associated biology ascribing . function. Functional
information is a prerequisite to delineate which genes nay prove to be
therapeutic targets for di sease nanagenent and di agnosis in man. 15 The

i denti fi cati orFipld afthi¢ Irnventipn gene function and the functional relationship
of genes to disease states is now a pre-occupation of the Biotechnol ogy and

Phar maceuti cal i ndustry, .The jdentification,of disease related genes wll
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gui des for physicians. The l'atter of these will be particularly useful in
di seases havi ngodifientionrf gellscit  peedetprmingd glsgeof develapingni. on  bet ween pati ents

can be nmeasured, personalised nedicine prograns can be devel oped where
defined patient responses to drug action are identified. 25 Many nethods for

I denti fyi ng gq;‘@kkwmitﬁﬂh@.hﬂrehﬁbﬁg applied, nost with a dependency on the
conparative analysrs of gene structure and gene expression profiles in
heal t hy and di seased states.  The a%groach I s expensive and tine consum ng,

and the out corisgleyelppment afjhigh thyaughipag INA seguenciag teghnrlegy, and spphistigated
vari ation{hn e | . 1 | . 1 N Vi VO.
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whi ch direct| \entitd géneneauacuding Drosophilaamiblanogdfled 360D Glbd sapiens. This has

identified novel “predicted” gene sequences 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 gepne 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 26 JUN 2006 PCT/ GB03/00065 in a gene sequence, a deletion or an
insertion) with a measurable effect (i.e. behavioural, developrmental, g JUN 2006
met abol i ¢ e¥@PIPHthe whol e ani mal . Gene function studies i rCHGE3M06sks0t her
manmal s are presently restricted to: 5 A) Painstaking nutational analysis of
I ndi vi dual genes in "knock-out" transgenic,mce derived fromlibraries of
enbryonic stens cells (ES cells) each cell “containing one or nore tagged
genes often introduced by viral infection. 10 B) The random nutation in vivo

of nouse genes,h, \ | g d &%ﬁze y S ence
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seauencing Lo GASRRG S o Blc WA 8 bR IS SRR om0

I dentificasion of a phenotypic change nust then be correlated 20 to one of
perhaps one hundred al kyl ati on events in the target nopuse genonme. The
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or transposing fromone position to another within the genone of a species.
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The knockout approach is valid where a function can be surmised based on sequence

homology with closely related genes of known fuanction 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



| ead to a change in gene function-which may, in turn, result in a ﬁ@ﬂrﬁhﬁe
phenotypi ¢ change in the whole organism O the three "classical"”

animals, the fly, the wormand the nouse, efficient 5 tranzﬁgﬁ?&g' sed
i nserti on WROH8HSIbgi es have been devel oped for D. mel anoga: 8% or C.
el egans. The introduction of P elenent nediated transgenesis and

i nsertional nutagenesis in Drosophila (Sprgdling & Rubin (1982) Science 218,
341- 347) transformed Drosophila genetics and formed the paradi gm for

devel opi ng equival ent net hodol ogi es in other eukaryotes. However, the P

el ement has ajedl hOckipe! inChatt RaRtio A0REh ARyl i Anf! QANOLNS! pRhABI S
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nori and in cel nes of D. nel anodaste s aegypti, ‘Anophel es
ganbi ae and Sp4dp phesfaried) drpsopdila (Gatetier and i foyméd the pEradi@fOfoy ddvelvpivgt |

Acad Sci U SA, .97, 2157-2162., .Kl i naki et al 2000 O Reports
1: 416- 421; Shﬁwﬁ%ma%oggbﬁﬁgw%w ?te%oé&“mz,, égg  elgment Ras arjeryhopo

el ement ofg Dr gsarivd g%@ép t re ts
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type transposdesade ashventors Hor Jene prangfeBandioy m@BEenesianigpeswanictyaof complex

Tcl/mariner-like trans bl e el enent. reconstructed from f. sh ve been

descr | bed by SHORAEL HRT s S ES pladsy Sppnaln il o ABmn B i, 007

Proc. Natl. Acad. Sci. USA, Vol. 98, Issue 16, 9191-9196. Mariner is a

transposon orpAgh&akltypd 3 dtanbRdoh andnmidnthe phtheaT el timily 8 alemehts, whi361al00
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from D. hydei and has been used for the germ line transformation of D. melanogaster,

15 C. capitata, and Anopheles stephensi (Loukeris, T. G. et al (1995) Proc Natl Acad Sci

U S 4, 92, 9485-9; Loukeris, T. G. et al (1995) Science, 270, 2002-5, Catteruccia F. et

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 Natl Acad Sci U

'S A, 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



di scovered in several invertebrate and vertebrate species. The use of
mariner to transformorganisns is described in International patent 26 JUN 2006
applicati ogg/P9%H3817. Hernes is derived fromthe common housefly. ts use
in creating transgénic insects is 5 described in US patent P&TEIBO3HGES

i ncorporated herein by reference in its entirety. PiggyBac is a transposon
derived fromthe bacul ovirus host Trichplugia ni. Its use for germline
transformation of Medfly has been described by Handler et at., (1998) PNAS
(USA) 95:7520-5 and US patent 6,218,185. 10 European Patent Application
0955364 ( Savadistovetedain sevidhal idiveredbaaterdoverisbiatd) spéies. N dePaead £ thdnBeritd by
reference) describes the use of Mnos to transformcells, plants and

ani mal s. The Gemdora: prganisms iy daserkad ia Intematienplpatent applisption WV ORYEI& nos
insertions is also described. 15 International Patent Application W99/07871
descri bes the use of the Tel transposon fromC elegans for the

t ransf or mat i OHefMesGs derivaiofiém ahelcammieihbudetly] Itsiude in dREtinS BastpehlcqsRpRiis @
P-elements in D. nel anOéJaster for enhancer trapping and gene 'tagging has

been ‘descri bedescekad il patenttS,614,398; iwampratechkercindiy reframe in itspntigiv. 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

t ransposi ti onpigepBACK AQYIRHEOH deAvaPiBAARS BatulovirnbhRRSDeMiplusthilBhSusefoer €
descri bed, have the transposase provided in cis or_trans, for 25 exag)le by

cot r ansf or mat gesm-line fransformationacie Mpdfiy shasThren sdeseribedd biretdansen eiggl..f 01

t ransposabl e i g tr for | IS by co- injecting into

pre- bl ast oder@gméﬁg‘ﬁﬁgﬁu?ga@$p?’\ﬁﬂﬁép?%szs: one expressing
transposage (Eiﬁ’ogﬁn) Phtsiit APPlERicn00935364 (Savkisiefl Al ehe Aisclost@ bhevigengs of
interest 30 flanked by the i1nverted termnal repeats of the el errentgﬁDonor).

Tr ansf or ned pineefeesateddrersin by seteenss) dasprbes the usa efMinesyg tapsforn wels plants of
domi nant . 006, 3/ 0569; 0 .
ot 2P0/ 03347, SHER - Th8 et Sor Wubplls Geibe corbiriBl’ BHE Wihntre Minos . ¢

usi ng transpasafibs iehkodeicsibedccording to this nmethod, the transposase
function is provided_ by crossing of transgenic organisns, one of which
provi des a transposon function and the other providing a transposase

function jisn offi@fatibRalB AL ApRcaicH WTIHPRY R dBiHbes 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 ez
20 al, (1999) Genetics 153:135.

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 actf\UNy006
in a tissue specific nanner and gives rise to nmultiple independent
transpositi WO M8 E in somatic tissues (see Zagorai ou et #ACTHQBROBAPIGS
P.N. A S. 98 11474-11478). 10 Transpositions can be "tagged" allow ng

posi tional changes within conpl ex genones éo be rapidly determ ned and

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

| i nk between cause (i.e. an insertional event in a specific gene or

Hovever . conv ExrERGE 30 (8RR ol 1o ReR e kCaeh e ioR bf PP by bsng

transposition swhdpakatié aeanzeét_s.lt P&g@ﬂd&?g‘%%& Hehdd) e ﬁﬂﬁp&ga|§§ Hifcfiéh ’gféﬁ‘heﬁdt ]

transposition has oc_curred W e a nosal ¢ of "individua
uni que t r anspodytciassing oftransgenicudrganisms, lope b whichprevides pitanspossufunstiarf ande

transposition eve ma e difficult t erform,as each transposition, .
event ! i uni it e oY thasoses EAlion o BL Aot BOTLG SRS GoRaning
transpositign Byﬁr&mﬁ&oasmh%a{sﬁaéagﬁf iR ﬁgﬁﬁe@@éll?st SCtigRed f ’I‘Bﬁtdsé’ Rfitfisi

nunber of cells would provide a 20 val uabl € contribution to the art.
Summary of t hespesifiencliromatin opening glotmaing difects trasspesase aftivibe ipadsswe specific

and 1 nduci ng  PPREABR VAR e R GRS REAPL enaposiiop g7 S AL RIetom st

adul t transgenjsze 2hgsabn ® AqPBH1)T RA.Y 1 Ml F 49808 - one or nore copies
of a transposon; (bJ generating’a second adult transgenic organi sm

conprising within its genone one or nore copies of a gene encoding a
transposasg, coghate for said.franspgson and/.or an, el enent .capahl e of

Fequi ot ngl&x ol BEgRsIHRa o8 bh “lagBE el vane BeriAtpel RbieeS NaipuL SEPIes egtopsy
2006 VIO 03/ 05600 rdpidly FRRHMACandOMAidng. 5QRS | dRbrinliRd! by Sdquestel dnalykRNTHRANI C
organismw th the second transgenic adult organismto provide a progeny

whi ch conpri sesllowsan immedizte inkdetvogen cavse (heran ipsertioral exentsn ajspediti¢ pgnegie or
nore copi es of

cognate for sall'eténfa Fo%iegkglg%?fgnvﬁgrﬁ‘gé tlndi%hg p&%ﬁ%ﬁ@ggoﬁg%é%a% g%éﬁﬁégﬁﬁg‘gg 8 is
under the cont égivestiomahmethodswif éndueiiigl geneti¢e/ modifications by transposition suffer from
15  the disadvantage that the tissue in which transposition has occurred will be a mosaic of
individual cells each with unique transpositions. As a result, analysis of phenotypic
results of the transposition event may be difficuit to perform as each transposition
. event.is unigue. 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 (2) 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;



sequences which permt expression of the transposase; and (d) inducing
expressi on of said gene encoding the transposase in said progeny to cagdeN 200§
mobi | i sation of said transposon within at |east a portion of the tissues or
cel s of th®9PE3EHS. 10 Alternatively expressed, the i nvent PEF/GH§3 @065

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 genonme of one or nore of Its cells, both (i) one or nore
copies of a transposon and (ii) one or nore genes encoding a transposase
cognate for said tr +thoBRk g o : ' S
under ‘the control o 3%@0 t:Irlmre rgaelgh at g?@@%g%&ﬁggg%e%mgﬁgﬁﬁeﬁﬂﬂ?
expression of the transgosas & provide(@proganuchicly cexprisesssindhe génosre af one or
transposase in said progeny,. to ggé& .obi lisation of said transposgn w thin
at |east a portion of TR¢TE Of itg el (l)c%’lel%meP‘I’@%‘Pﬂig‘éﬁ'?.’sl’?@}’wdt(&b#y, t he
first adult transgeni i ' ! WSk t y
nt egr ated " dor mant » EFhe SRed e Eilspieabt BATARIOF st RETerD QU Wbl 1R A0
using starsdard ES celehcoding thettatgpaiase iPandalic éortivd pHem s mave regulitoduced to
transpose through crossing. with the second adult transgeni ¢ organi sm
Accordingly, the i nv EeAYCBResVRIch pesnibexpression ofthe Wansppsass; 8¢ t he rapi d
generation of thousands of 25 nutant progeny, such as nouse mutants. By

"progeny” is neant : ' ' i C
of gani am and the. Sob iR ooRes BT QAN Hh O T osend Bl 3834
PCTI G803/ 00065 I n a prtetarse asbbidishtion ofsdid trhmsposonewithiinnb leastragaistian of the
sequences whi ch pen-nit exprisﬁsi on of the transposase are sequences which
al | ow specific expres&s®s 8F cellsof Uag pIRgFY%s ase during gerniine devel opnent.
Accordingly, the germcells of the progeny have transposition events. 5
Figure 13 1ig5 aARGHANRYY GexPraeddathe MAVERSbr Mhodi PRovidedNa PRisiHblOBE WehétalihlE a

femal e

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 mutanis.

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

and the second transgenic organisn.



contributing the transposon, and transposase. Transposition takes place in
the oocyte. Mitants are obtained after crossing to male. 10 Accordi A§IJN 200

one enbodi progeny is a femal e transgenic organism_resulting from
repr oductiﬁag"é/?stv?ggn the first and second transgeni c organi ﬂ?&ﬁ?@i’qﬁgd to

above. In this enbodi ment, the one or nore regul atory sequences which permt
expression of the transposase are sequenceg which all ow specific expression
of the transposase during oogenesis in the female progeny. Thus,
transposase expression is 15 i nduced upon oogenesis. This, in turn leads to
germ i ne trandposipréfemed \embodimaiti iy opd ac anore mpolateay dequemes wdtieh penyit es

havi ng i nserted sequences. In this enbodi nent, the _one or jrore regul atory
sequences whi ERPISETIOR ©f dhe, rausppsase spe S?%’én‘qua‘f{élﬁgs"ﬂ&@ SO ADYRSEIO 3 Fhe
regul atory se : ?gﬁﬁ]- ' @Pﬁn [ ' tes.
Sui t abl e regu?illaéltﬁ rg%s?fe%g es ﬁ\%ﬁ%‘%}a og)ﬁﬁﬁﬁﬁ%@g@t&ﬁgﬂ-{g?ﬁg @kg?@gﬁ%n of
oocyt es genes havetrarmsposifin evépts, Zp2, CGdf9, Bnpl 5, Figla and Mater (see, for

exanpl e, Raj kovic and Matzuk, Mol ecular and Cel | ul ar Endocri nol ogy
187(2002), 55- 9). O her suitable regulatory sequences nay be derived fromthe

regul atory seg,ggﬂ f =4 20 ELQUr | ~SC . di agr L ng
In vivo transp |%iq§n%vma%ﬁ?ﬁ%uﬁ‘2§%%ﬁl S@%‘%ﬁlﬁ E”u?i”ﬁg@‘ﬁﬁ%‘ﬁ%ﬁs@g‘sgﬁ fe?rﬁa‘é\é mal e
t he transposasentributims thestdnsposoh pdeistrpispesase. 'Trhdspositipe takes Placéire thecborgley, i n
anot her enbodinent, th rogeny is a male transgenic organism resulting
from reproducM‘Hﬁ‘“Béf“vﬁgﬁﬁﬂ o icrasping fymale ond transgeni ¢ organi sms referred
to above. In this enbodi nent, the one or nore regul atory sequences which
permt 2 6 JUN 2006 WD 03/ 056912 PCT/ GB03/ 00065 8 expression of the
transposa$@ arecsdingiyncis onkiatbalithent, the girbgenyeispnefesiabe) tisgeniz organism
transposase duri sper mat ogenesis i n the, nal rogeny. Thus, transposase
expression i §°ﬂ’ﬁ%§£‘ﬂ“ﬁﬁ'§’6?fﬁ'§ﬁ8?h%§%m§sﬁr§? zm%fﬂggqn% th)‘l’FE?‘W’ Preagsms B&Q‘E i ne
transposi ti onieyeies In i MbNRER, tHE GREEMRIRE YigkPathy QROGICRE Svhich permit
sper mat ocyt es ‘ﬁavi ng inserted sequences. In thies ggzr?}abo@i §r%:‘?jnt, t he on enonr] nor e

regul atory seqgyprssem ohthehirpsposase esepseguenicss wifich allewtspecifip csprsssion of dhe i ved

fromregul ato sequenges for qgenes i.ch.,are expresse ..
9 B%nspogase (f:unng oogenesis in the female progen?. fl:snus, gransposase expression is

15  induced upon oogenesis. This, in turn leads to germliine 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, Bmpl$5, Figla and Mater
(see, for example, Rajkovic and Matzok, 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

sperim.

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



I n devel opi ng spemat ocytes. Suitable regul atory sequences include those

whi ch control the expression of spenmatocyte specific nRNAs such as t2nfe JUN 7006
transcri pt %)gﬁ? Ht gene 10 (Bartell et al. Biol O Repraqduction 2000;
Aug; 63(2)?‘ 209" %1)2. Sui tably, the progeny which have transﬂ’c‘f@"f?%ﬁ“‘éﬁ?ents
taking place in the germine are then mated to produce offspring in which
the transposition events can be characteri ged. A progeny having gerniine
transposition can be nated to a normal nate or to a nate 15 which, itself
has been generated to have germine transposition. In a further enbodi nent

t he i nvention . nd i ' ' hent |
there is provieﬁgﬂggszlio%t?%gé;%o? Ig%%grag{r?ng acﬁgﬁgcgeﬂggy%ﬁ/coggﬁgssﬁ%%%g
transposi ti ontransposasesiunigg tsperneitegeaesid in tA6 nigle progenytThug, trarsposate expuéssion

t ransgeni c organi_ sm conpri Si n%ewl thinjts, genog\zfjﬁ one or, nore copjes of a

transposon; b¥S BEHERINNORSPSEREBENesis TS, iy B irads to aergHineJTANSRASHINS ViSRS
ithin it : . .
cognare for - SHEPIAnbetibei b Bndic ol GRATNE fdARafiRIoR"

expressionsof said 25 gene encoding the transposase; c¢) crossing the first
adult transgenic organismw th the second transgenic adult organismto
provi de an enbt {his abedimentthe eresor mpreyrrgulgiony sequences whieh permit expsessionof

cells, both (j e ' [

encoding a tr g%s%%%ﬁ@%as%n%%{e ?;ﬁ%@gﬁg&mﬁ ?‘é’ﬁ%ﬁ@%@%&"@?&g gsl( W%}fygg@%%’d
encodi ng t he id devehpiasspentatoryter Suitableaepilawry Séquenes drichite thodeaghich taxityol
sequences which permt expression of the transposase; and 2 6 JUN 2006 WO

03/056912 PCTHSsOPIEHOBO! SPematoryie sPesfie IpiNeAs pach asrihe Zenscgiph el theddHi s/get he
transposagg i ﬁzﬁ-?éll%t?ﬂ‘ﬁ%fb{?@rﬁ@ﬁﬁ%n%@?% AS td@ﬁ@%@?{;d transposon within

at least a portion o ues or cell’s of 0. Alternatively
expressed, the invention thus provides a nethod of generating a 5

transgeni c enfryq.by. transposon bilisatign, conprising the steps of a
bt ovi di g an SHRY i PRSSES HASIRYe aRhasdcy S ES ngRecom Be saruie 4t
cell's, both (ipen¥edto frodiceHpARe A whichtRIERRHONHGTEvdnts canHRhacfRERL.

genes

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



encodi ng a transposase cognate for said transposon, wherein the gene JUN. 2006
encodi ng the transposase is under the control of one or nore regul at chESI l%
sequences Whj.c mt expression of the transposase, and b)_J | -

expr essi on yp@é’ﬁg&@r ansposase in said enbryo to cause mbi?#@gpﬁ%@g& sai d
transposon within at least a portion of the tissues or <cells of the enbryo.
"Enmbryo" as herein described should be unde§stood to refer to the structure
15 developing froma single fertilised egg Oor zygote to the tine of birth or
hatching in the case of vertebrates or invertebrates or germnation in the
case of plants. Thugy ;i -he ' ' : "
shoul d be under st oo tlg&é o n‘(g:gg{r‘r’g?sfssaggwng%%glﬁgn%?gﬁ%@&%@%%ﬁ%’%@ Is a
schemati ¢ di agr am shovbrgusemmobilisation afi said srahsposonvvithint dp teasted porticwof the but i ng
t he transposon, the femal e the_transposase. Transposition takes place in

the egg or early enbrﬁ@?’u%icﬁlil% ithe prbryoq transposon in enbryonic cells or
ti ssues nmay be induced at any tine 25 during the devel opnment of the enbryo,

for exanple at spepd JH’?% ages: v p - 3 Of r 'aﬁéﬁ'a" ci ng
transposition é‘url ng{ygg% S gg%sﬂlgf HR%%@[& g‘b‘%ﬁﬁf&?ﬁeaan@f’%%gdxgéne 0 4

si ngl e cel |5 majraisgerie piobeyd Weitranspesonancbilisation edompriting the stops of esul ting in a
group or groups of cells which are essentially honpgeneous _for the .
transposed gene. This Preddinganspderewhichcompyiseseinsihe gerame of onsyas myre af its of

the 30 cells of a partlLgul - ' | ' hus
enables the 2 6 JUN Zé%ggb%@ﬁ%;%ﬁ@eg@?p ﬁ%@g‘%ﬁﬁdfﬁ%}%ﬁﬁ%ﬁgﬁ#&
transgeni ¢ enbryos andmousctiﬂgl'aMSpemm!cbgiat@fwaﬁdwanmfsen,@mhthmpell ations
of cells honogeneous for gne _or nore indi V‘iﬂq al nutatjons. Thus, second
aspect of the inventi &8 thedenspasaseridpn l'}&em@fra PRRICHT IOIR SFBRITY 5

organi sm hgying a pl urS%“@?TS%MSﬁhﬁ‘%ﬁfﬁxﬁn%?’ﬁg’ztconp NEQsndor a gene

nodi fi ed by transposon I satl rising generating a
transgeni c enmbryo and inducing transposition therein according to the
met hod of the firstblaspbsingxxptdssion ofisaithtramsposase iBsaid pmbfyiorig cawse regul ati on

of transposition at d III];J]JI ris%ggn bE S trgrlljsrpl)g]o% \91‘%['\1/18 la?Pegg’tr.!ﬁltportticbneof the tissues or

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 thg
context of the present invention, “embryo™ should be understood to also encompass a

mammalian fetus.

20 Figure 15 is a schematic diégram 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 greup 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



met hod of the present invention also increases the |ikelihood of genone-w
transposition since chromatin donai ns accessible to transcriptional ZBJUNZWB
conpl exes all probability, transposition events va rent

cel | tissdanfﬁ%ggnét different tinmes during enbryonic devnggﬁgﬁﬁhgﬁe
noreover in adult life and in abnormal growth 15 situations such as

tunours. The |ikelihood of achieving transpbsition in particular regions of

t he genone may be increased further by the use of chromatin opening

domai ns, for exanpl e ubiquitously- acting chromatin opening el enents (UCOES)

( PCT/ GB99/ 023 gendrainm 0f 3888 enic Znbirpasu and emgangdms eginprising | GRs pr phorasdonal P. &

Grosvel d, F. in. Cell, Biol.10, ,3 CpG i sl ands or

i nsul ators to EB‘%?&%S%W%@PW“%%EOW%@%s‘ﬂﬁ%“‘f?ﬂd;% {loP%: gene encoding
the transposase. In preferred enbodi nents of the invention, the transposon
and/ or the gene encoding 25 the transposase and/or a sequence regul ating
expr essi on of Thhe agmendeas;mdt oﬁthehﬁventmnqqmmdesea anethodnofogeneratingth trartsperic
chromati n openin t he el i hood of achi evi ng,,

Lns tg e
t ransposi t? onF #yjne atl?‘é@ﬁ 6€°§]r$e°ré?'§5\‘? 1omoegeaeqisfor 2rgpne prodified by

generation of tx‘?m@ﬁ h.&‘kﬁj f
transposition e en(kﬂ. ﬁ@gﬁﬁg{;@nﬁgﬁé, éir Jiﬁ"]%nsﬁﬂsigem regufg’&%%ﬁcee%b&o and

t ransposi t i oninducingdiedrispoesititn therein hdverdifg tto athe paathod afdher filge aspeen obdharg

t he transposase and/or a sequence regul ating expression of the gene

encodi ng the 14Rd¥bsase are incorporated within a |ocus control region,
conferring tissue specific control on the expression of a transgene in 2 6
JUN 2006 WO 0 310 5 6 91 2 PCT/ G B03/00065 11 that tissue. Were it is
desired tHoi ntrcmablu@mpmeglﬂamnn ofrtranspositioneatfdiffesshi tines geing dweldpﬁlant dhe not
avai | abl e and/ or

transpositi onnﬁeﬂ“’ahﬂgrtp? CR}'F ?‘?‘géﬁ’gnt g“ﬁén‘dpg’%ﬁ%%ggﬁy hk%ﬂ?"&h P Cgeagﬂ%-mde

encoding the trhisPOSiAes 3itke R inAoHRANCALE BssIHIE &h&s@ﬂ?ﬁ‘dﬁ&l %&ﬁk Qesoafndt fie
gene encoding the 5 transposase may be incorporated within a

particularly gﬂ probabidity, t@nt;msmmmvsntafvatyhm ditfersnt ¢ellitissimtypes ate:hffcr&ntstpnsa)n

and t he gene ncodln t he are incaor thin chromat |.n
openi ng -donai ﬁgrmgl- i ryg&{;:aﬂqv 3@51%’? SHTEREE I aﬁgftg}tglagw c%” 8'fmal W}'h
t ransposit§ ongitvatipad dickdk &imdsi t hroughout the genone during enbryo
devel opnment, enabling the production of one or nore popul ati ons of

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 populatioxi 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



10 cells honbgeneous for a particular transposition event. Thus theszUNlmﬁ
I nvention further provides in a third aspect a nethod of generating*®a
transgeniqw%qghxgrgnd i nduci ng transposition, conprising thersdeRmes: (a)
generating a tirst adult transgenic organi smconprising within its genone
15 one or nore copies of a transposon; (b) generating a second adult
transgenic organism (c) crossing the firgg adult transgenic organismwth

t he second transgenic adult organismto provide an enbryo which conpri ses,
in the genone of one or nore of its cells, both (i) one or nore copies of
the transposothatifighuél iWheére 20isdRBiceRCiRduOrspbdiidis RO tsshcClog Mhidh dpacifisai d
transposon, wherein the gene encodingm}he transposase i s under the control

of one or norbCRe P di0bravailabde andios swhete cib ipedesired dg pnducsi etrlyoindugtion of
transposase wherein the _1r 0S0 d/or the ne,encodi ng t.h
tranggo:a:e Zﬁ%qsg?sei‘g&'bé%ea %ﬂlﬁﬂﬁgﬂ%ﬁ%’ g&%;}gggqogﬂn cﬁ“%f ethﬁege ela‘ﬂggé‘ﬂggmfhe
transposase | frgnspbdabé ind/ofSa CREMIRE | RRgAREAE NG pFREBH Nof TS| defle dndolifig NBle

expression of sald gene.encoding the transposase in said enbryo to_ cause
nobi | i sat ion Ganspesage tmam sk soeorppratedn within e sWCOEpor {n oparti¢ulathe prefemredes or
cells of the enbdryvo. WO .03/056912 1 6, JUN 2006 PCI/GB03/ 00065..1 n
preferred enb%%flgs o?foﬁ}?e?qvﬁ{}é%izg‘ﬁ}f q‘ﬁg“'%?%%' F%%.rﬁ%cﬁ?ggdmﬁ?/d% o@gi ng a
first organi gsspydabedteiifcorpdrited WG ShromafA bpeRin® B hins.NThiRHEvaitagtBhidy
copies of the transposon, with a second organism which is a transgenic

or gani sm whi c¢nhganegrihe eefficienqy pf transpoesitien dnepasticulerr toct dpoughat theygenome
regul at abl e gene engodi cognat e t ,anspgsase. Jn apn alternative

erbod; ment . (g By lytaBREs tiblnk Y BRIRERR of Sud B Bt ofni cn
is a tranggendells Bb@ofneous R bhdicilir Aapesitiowerentopi es of both the
transposon and the gene encoding the cognate transposase with a second
organi sm conprising one or nore copies of regulatory el enents necessary to

permt transphfashe mYRHRHS itfher J1:;(i)ovides in a third aspect a method of generating a
transgenic embryo and inducing transposition, comprising the steps of:

(a) 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
fransposon 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.



In a preferred enbodi nent, the transposon and the gene encodi ng the
transposase may be provided as a single construct such that the gene 76 JUN 2006
encodi ng Wh§edbepPosase is disrupted when the transposon p@bgkéssfess t hus
limting further nobilisation of the transposon. This nay be achi eved by

pl aci ng one of the inverted repeats of the 15 transposon in an intron which
Interrupts the transposase gene.in such orlZentation that the transposase
gene is disrupted when the transposon is nobilised. This vector enables a
single cross step to be used to generate a transgenic organi smthat contains
regul at or, trhnmefesedengwdanansiof therisyausion, theentbngs is produced byidrossinglafids t o
conplete inactivation of .the transposase source, ,resulting in stability of
the new i nser?‘igéﬁs’é‘vé%“F}h 9@ HARSEHE TRANSTBf COMPRIIRG ongj qf angrer copies, &f thg s

schemati cal |y e Lar . : e hidh

i ncor por at i on&%xpﬁgbéi Iwgél ?%%@?%ﬁggﬁs@ét al slggﬁﬁgeéﬁ@gr é‘ﬂlr evi %&ggoﬁiﬂﬁggher,
Met hods of Eniay it geppinel 843 or \fabre 28fies F0th8 Ofepubanibleligehe reptddidp a cognate
transposon/transposase_conbi nations_may al so be used to elimnate primary

transposade flReppsgse. Inprralicmative embedimanhthe embryoanaybeproduced bysessmg a ¢ he

transposase ' I QY . St O ' f yht Rer
transposon roB pledafifh yA5aH SRAERREut pAARRRCLAL g Do lons o bl
met hods of t heitrauspolsb® and theqieae endddingnthevpgiite bankposibe withgsexdird Sygahism
known to the skilled person. Transposition nmay be induced by induction of
transposase (EFPIISING ONGPT IS CORIES O latpry ebenamty negessATYUOGSTMIY trangpRsasssi on
via appli Cati&&rﬁgioﬂn endogenous substance or via operation of an

endogenous sighal, such as a devel opnental regulated signal. The one or nore
regul at orlp sequences of which the gene encoding the transposase is 5 under
the control y be_inducibl e requl atory sequences. For exanple, suitable

i nducti on syﬁmefe &&Wg%m&%%&aewwd R £oPe ENCGIENS TARIPEISE TAY

system — ecOyROpfwhRacsk 8YHAE ol ShEE AR DR deg%%dﬁés&fs

whi ch are provi ogenous i nducers na e prov
conveni ent f abisiupted whep theytransppsent inobilises, t thes demiting frtheri mabilisaticanbf the or

as an additive to the od or .water 10 .supply to the maternal anipal
Tr ansposi t i orf"4RSROsAR- | iﬁﬁc’@ﬂy be Q?ﬁbevsg %B’g“’%‘ﬁn‘é‘? ng}}q HB’BB Fwa{gﬁ(’f the
devel opmaat . tidhdSosbA Ih GRMiftrePWhRE iBRFuPisSthe Liafs3heé SMESn @hch 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



repeatedly during one or nore stages of developnent. In alternative 2§ JUN 1006
enbodi nents of the invention, expression of the gene encoding the 15

t ransposasewgpsddeeiznduced in response to a gene regul atory gi Eﬁ%yﬁEQQUCGd
at a particular stage of enbryo devel opnent. Such control nay be achieved by
pl acing the gene encoding the transposase under the control of a gene

regul atory sequence such as a devel opnent af regul at ed sequence or pronoter,
for exanple, a developnental regulated specific pronoter responsive to a
particul ar gene regul atory signal such as a 20 transiently expressed

devel opnent r egxprassied piaonpplivatidiharfean hadggereus nmbstaung bhevia topertiposefs ani s
under such control, expression of the gene encoding. the transposase wl |
onl'y occur wheéRdpEROYs signalesish 26 3 dgvelppmental regplated siggrle a transiently
expressed devel opnmental regulated protein, is produced, or, alternatively,
when such a signal protein is introduced to the enbryo, for exanple by
injection or iThddr (ﬁxeiﬁdrdlfegﬁllaﬁbry séyuendes 'ofavhick thepgene Watdiing the trkpeeke iof
the invention, the timng of the expression of the gene encoding. the
transposasé aridee e confeolt may he indueible ragmlatary osequgnces. afsoskampls suitablg
enbryo may b o] i Lt S| o djahtly
control the dSlrlg‘?di&E))% g)hsg&%sf i‘g%'tll&o? &bg%sgggssw gﬁgtlh‘% (ip?léag@'bxlgé%gsg} gsé;ﬁ{eeggnd
thus further reedygonetbakdiesystetis'ghdodestrbgeichayed siyQems,2icbails\ P WKWK are¥ovided

03/ 056912 PCT/ GB03/ 00065 14 the gene encoding the transposase nay be

provi ded wi t hilfreheExaganons daducedt may henprovidedninp 8ayp wosvespent Hashion re.g. by

i oA . oy _ : h . . : |
or event  ng_ ¢ hese i 18 e nafRoTIREACG URARLGE IS BTSBAREE % e ARUECH B,
t ransposi t1i0on.supplBytotthe snasserhaicinivgl. t TRntpositionf may Bediidiesd atrohe bt fidke timeef

transposons may be induced af a predeterm ned stage of enbryo devel opnent.
For exanpl e, tq&‘l-“&‘ﬁgp@@bﬁypogfwmg i FRpgclguesrs arY DEagqmyinistergd onbyt once or

devel opnment sy, a?e'ﬁl)?‘&u' @&%&e§{a§%e°g\}‘%‘6’%1§ o€l | enmbryo, sixty-four

cell enbryo etc. or "at er stages ment. 10

In alternative embodiments of the invention, expression 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 conirol may be achieved by placing the
gene encoding the transposase under the control of a gene regulatory sequence such as
a devc]opmentél tegulated sequence or promoter, for example, a developmental
regulated sﬁéciﬁc promoter fesponsive 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 eccur 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,



I n one enbodi nent, induction of transposition by placing the transposase

under the control of one or nore regulatory sequences that will drive?g JUN 2006
transposaswogsnseorxpression in the early fertilised egg e. gctainpdbgoesWo ' or
four cell stage is desirable. Suitable regulatory sequences for controlling
transposase expression at this stage may 15 be derived fromthe regul atory
sequences of genes whose expression is acfifvated at this stage. Such genes

i nclude ZP3, Cct-4 (Kirchof et al. Biol Reprod 2000, Dec; 63(6):1698-705),

and naternal effect genes such as Zpl, Zp2, Gdf9, Bnpl5, Figla and Mater.

Q her sui t ablthe geneendodirig idie mmmmse ema@qdedwnﬂmlthemalcommaszﬂmo

Whi e 1 anbpdREPORb T Bk BerERSgR AT AHOR e B R RR GHF RsBp el

di Vi ST ONS 1 Cxkidrinhidl, prdy entHROMhE b @Li0h oF Shoter AIRABKC AP thlirhitRg fithérd!

transposition e Wher e “transposition has been 1 nduced nore than once,
popul ati on oftrangpdsitiomy be honogeneous for each of two or nore 25

t ransposi ion events. Thus, depending on the stage of devel opnent, an

i nsertion event may be present i n popul ati ons of cells vvithi n one or nore

‘tissues, co t&g?#; Eds%ﬁ t he
i nserti onal \)?trl? élH % ter m n t18{1], ﬁlbt??éh\?mﬁrllo-f ugnce ?unct | ona atgene
expression ima lsredttenmmf ed Istdagfermfémnbryo davjeloplgeﬂtt Eortsmd le, 3Ei'anspoo g sgmmem?r)t; be
expressi on pat s of no i ed genes can bhe nito uring_enbr

devel oprent | AARCER, 2t STt carly| Flesss T development SIch a5 i the BRECH) S8R 608 Lell
PCT/ GBO3/ 000@ppiv, Wﬁ?ﬂﬁwll%hiﬂr}@ftc%%ia?&'sﬂ%gt g{jdé;,ﬁjokﬁehpnogeneous for an

initial transposi t'ion event can also be gene api dl'y grow ng adul t
cells andi0ti ssue derived fromstemcells, typ| cally during tissue

t d |l.and.t f h,cell
e " R loph e R i eificd i HaPPb R s T Bhoesedh nidewe” | °
liver 5 and leb@@d o!‘mlfehoﬁrxﬁo?él?é@%oﬁpséq%@hébst HaP ONBY dBRE/ Rinsp8HSEO Ak ON

fromstemcells in the adult. Simlarly, tgul ations of cells” honogéeneous
for a transpespression gy éha ea:rbyferwesegeﬂgsrege@t a ttvarmufoyr ctﬁﬂ]etmtxhddsrabie t he

vent! on T SoRN 0/ P B olBEE AR e SSHLSoR WBRFAER Rl "
15  bederived 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, Bmp15, 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
homogenecus 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 sfagc 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 pattems of modified genes can be monitored

30 during embryo development and in adult cells and tissues.



10 Thus, in further enbodi nents of the invention, step (d) of the fi r2$mmuﬁ
third aspect of the invention nmay be adapted by inducing expression e
gene encodi ransposase in a neonatal, young adult or _adult organism
to cause no ?Iolg)islﬁtg?%n of the transposon within at |east a 55?#%’“%% he
tissues or cells of the organisminstead of or, preferably, in addition to

i nduci ng expression of the transposase inj§he enbryo. Thus, 15 the method of
the invention enabl es the generation of a population of cells honbgeneous
for a transposition event induced at a predeterm ned stage of devel opnent

i n a neonat e, Mopétiver, aftldr Iﬁfguhﬁuhé o0éedls Mofibgendons feharehmid inaRsositioh Reent

transposon or the gene encoding the transposase is preferably under the

control of a ¢ ecgsmerated ingapidly growingabhk cellssanddissuedsrivied foonstemicels, t he
transgene. Fo _ex |l e 0 where it. is desired,to,l.nduce.transpositiopn in
[ ver ool i, DRI e B drispgiation ar J3RE S8 ag HGe e ERERE, Joatbliny be
under the congf@kh eéllPadd§isfesGatuAObut 26 hOMiBREP fd géu%f thd gﬁtlﬁﬁg,%ﬂa&? In

liver cells. Where transposition events are induced in the ear devel opnent

of the zydot eand hlood; wiieh pressubjeicttot epiddumiover &8/ arateperieration fhemiste cells in
transpositiong. se. el 1 1.ines n,.b sequenced, characterised and
Stored Tor T eaGS S, pemURonR st (1S BemGETEo, olia (EHePy TG SHSYRAY
organi sms as Be p@etddd B ninicUS P TRE Mnethd B U th® InRAHEH FhdyObd 8ddphadl {oevRHE ON
may give rise to novel phenotypic variations in the 30 organisnms, Using the
met hods of t hpopulatiens ofeells homogepsnisios abinjdal transpdsiiopreyentdn duch adultiseldhh one
or nore clusters of cells or tissues are each honogeneous for a different
transposition event, each of which may or may not have a phenotypic effect.

Thus 2 6 19UN PRiSinfarhéf Babediteds JP(ld (Remtidi) @p (dF bf the! 8t BRIHNAdEp&E of he

I nvention, enbryos and adults devel oped therefrom conprising one or nore

clusters or gtheupeensipncapy decadaptedi by | iaduoing sxpisasion wiithe geaei encpdng dbemar ed

“the oh . . . ) j . |
bvent has. occhireestH 4 SRR Rnf Shlif ofhalil SoHESH § BB bRbL 0%
t he phenot ypetraikspdsbe withi slesst 8 poitidiyd tivd tissuesadr celloof the orghafnihstead sDore

extent on the devel opnent.al stage at which transposition
preteera%ly, Fi)n ad italon to ingucing expressﬂm of the posase in the embryo. Thus,

15 the method of the invention enables the generation of a population of cells

homogeneous for a transposition event induced at a predetermined stage of
development in a neonate, young adult or adult organism. In 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  whereit 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



occurs. Wiere transposition is induced, for exanple at the single zy%ote
stage, all cells of the embryo devel oped therefromwi |l be honpgenedusJfhordls
the inserti I vent. Thus, if the transposition event, . insertional
event, resu\lqta?'})io%l‘g(l: ange in phenotype which is lethal to ea ‘ﬁ‘g"ggpy',’o"f%e
enbryo will not devel op. Were the transposition event(s) has been induced
at a later stage of devel opnent, each insgytional event will be present in
the cluster of cells or tissues derived fromcell divisions of the cell in
whi ch the transposition event(s) occurred. This may therefore 15 result in
each of thoseygis! hedbficilyi OO thé SndaiienpP eaibRyoRiand v adulRt develofedr tRXEHM €
if the transposition event has been induced 1n a cell fromwhich sone or
all cells of sompusingcoweapr moss ghistsis ar goupscefl eellsoeaphndisplapingi v plienatypdc

OLEnCI VDL CORREETESels e DRBSHY: ke SHESIAE o g e e B

transposi ti onyRERIBhalEenIRR BebitfldGRSY béprdde&dl from which only sonme 20 of
the cells of a particular tissue of "a particular organ are derived, a mlder

phenotype Smay result fromthe transposition event than m ght be observed if
all cells of e tissue  display the transposition.event. \Were the .

Fr anepos: t | on TG efiedtiod & teatsieh &y ph Bienots ot B tinsege eRbURELL of ¢ ne
i nsertional e [ eﬁioﬁrﬂiéﬂt' H b e or
organ is corrpg‘gg%f’ ﬁ%@?{??@ﬁﬁ%@éﬂé%ﬁhﬂéﬁ%ﬁn t fuﬁgt?ggn%%%gfﬁggé%%&gnd
the enbryo nagcowrt Wéhere dahspositionds indiced) for exhmpler atrthp citigle aygae stage,nall/
have non-leth not ypi ¢ ¢conse ces. For, ex | e, the transpositio
event Moy havEits, ot pEBOTRREE ShorrGomn BT B RmRiearotn e DG HEHriprehe
affected g@l | gvent ©Huk] he "trﬁslgdsﬁlcﬁit Evedt, (A NBSertiBndlB&vRR0 | resiltsCia"Rahgd id O
the unaffected cells. This ma herefore reésult in an organ such as the

liver, in whiphenatypecwhbichds lethglkstee eath £¢lb therambryo pridlnooetydevelp. | IWhpre demt

adj acent to sector. of the.sanme.tissue of, the h e or even a
Second var | anFRBROYS B AT SR SHRvaH a1 8, R Beel ot Gt
an organi sm iisértiofid) Ussefie REID Be GitedeR irs tiRgEugter 6N RENOOE EssiRY RledPétE BbmatelWhi ch
6 JUN 2006 WD _03/056912 PCT/ CB03/ 00065 17 transposition i s induced.

Mor eover, i n i¥ifions o dae erthinowhich dheetranspesition Avent@h eequsred. Fhigmay dhesefgre

round” of.4r i L i - i t et .. ny : i he
ound Ofe5{ SRER i Mk RSBk B S b St
modi fi cati on thé ttahgposition event has been induced in a cell from which some 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 trémsposition' 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



phenot ype, caused by a new insertion to an interacting gene. 5 Phenot y’FHD@JN 2006
variations in cells, tissues or organs of the transgenic organi sns my
traced backwoo3tesensposi ti on events in the genone of those gat/gpeddossues or
organs. Accordingly, in a fourth aspect the invention provides a nethod for
detecting and 10 characterising a genetic nutation in a transgenic

organi sm conprising the steps of: (a) genkEfating a transgenic enbryo and

i nduci ng 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 t he transpositionris indyiced. dMurechﬁr,ng spmetqnéaosinaemg efithe ievmtm igguction

of fspring devel op,ed r ef 1., 5 presenc ur a C

G Sl b . LA Srhend Rarst et hostian by ierfldn BeBrith st ifhutiorihs o
transposon tr HReRfppd, bﬁlﬁe&ﬁ?@kﬁmbﬂ of hifeleSRAQ BE nikre MportintiyPhddficatic 6t tBe! | S;
and correlating the position of the transp05|t|on eventswith the observed
vari ant phenotphpatynd caysed by asmwdhsertion totandntepasting gene. event s bei ng

i ndicative_of the location of one or nore genetic loci 20 associated with

t he observgd vari ant phenotype. A "transposition event" is a change in
genoni ¢ sequemn&@ssé%nmoﬁsrxﬁ%nﬁg@uesmrgm%fﬂae u?d?@% mis R4 bd On
events, excision evVents or chronosomal brea 25 I nserTion events may be
det ect ed by sdracehhacy t¢ transpositipn eventcin thé geroenea ofthessaells) tissues pr ofgawsy for t he
nucleic acid sequence of the transposon. Excisions may also be identified
by the "signature” sequence |eft behind upon excision. A fifth aspect of the
i nvention prowWdedidklyeino dodrff adpeel Al mgerﬁmaeﬂevieies fahmbmod 30r detebigabpr

wi th a phenotypic characteristicin a plurality of cells in a transgenic

ani mal ,  é8npchancterisinga gergtic nuftationdn E3rasgdCorganismpcQuishag e steps of:
PCT/GB03/0006 (a ner at a.transgeni o and ran sjtion
therein by a et KeUramedt Hrngors FRE FdmalRghparost R bedih b A0, | on

or a transgenic gicoRling O BeChfstlon thitdoaspbet Tohe iflvertins ©F aOkarisBenit BHRARISMON;
(b) identifying in the transgenic enbryo or offspring devel oped therefrom
t he according to the second aspect of the invention;

lS

(b) identifying in the transgenic 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
transpoﬁtion events being indicative of the location of one or more genetic loci

20 assaciated 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:



presence of a plurality of cells displaying said phenotypic characteristic;

(c) detecting the position of one or nore transposon transposition evefths/UNn2008
the genonmewefosaener nore of said cells; and (d) cloning thecgamBiosssoci
conprising the insertions. 10 The | ocus of the nodification nay be

identified precisely by locating the transposon insertion. Sequencing of
flanking regions allows identification of ¥he |ocus in databases,

potentially wi thout the need to sequence the locus. In preferred enbodi nents
of .the invention, the transposon may be a natural 15 transposon.

Preferably, it is (B)tgeperatingrairopigenic, embiyh and idneiag trasspositinm thesgjeadiysa v,
it is Mnos. Alternativg transposons ifclu riner,, Herme i Bac
hobo and sal noni d -ty‘BE@F‘é’ﬁ%@‘%ﬁ%a@ﬁﬁt %gl%gﬁrg@ﬁpﬁ%f%mmédwgq &%gemc
transposon, which i”C&g&ﬁéﬁta@c&ﬂﬁg%ﬂ@e@oﬂﬁsﬁéﬂ'&%&ﬁv&%@g sequences 20
and/ or expression control sequencés nmay al so be used in the invention. Such

codi ng sequences nfy idemtifyihg inche transgenicambrye ov nfspringdéveloped Keerefjemdke
which may  facilitate the identjficatjon of transposons jn.the genope and
cloni ng ofS the 1 oci  IESRCHAl CRUrFIE of ils el S Phatybic et

Sui table markers ip§lduiGtihb R SRR of GRS Horb HEhMRIGERInsBOLHOE B dntles the uch
as GFP and derivatives thereof, luciferase, p- 257gal actosidase, or

chl or anpheni col acet ygenomgrd oue esmore@fEpid @lsiandar kers may be used in in

vi vo enhancer or sjlencer traps_and exon tra .by,.for exanple inserting
transposons whi ch @é:ﬁﬂ?‘?%%&?&?c %@?W*P@ﬁ?’&%&&l ated in their
expression levels by proximty with enhancers or exons. Constructs for use

in 30 exon and enhancer traps are described in EP 0955364. Using the nethods
of the iMvenTheolocus pé thy modificatjoromay diel idendifiedi preciedy hyrocptingche tansposon
transposi tion_event di spl a ul at i on of,, expressi.on. of ker gene(s),
hus Bnabl | nPSTRPY; cxPavell it TRKSECslite iR afa B peaicd of thd TeaBSRO 005
19 enhancers cﬁﬂiya@és,?bkﬁﬁﬂﬁfﬁi@&ﬂmn&&@@&qubﬁ!’e&ﬁﬁﬁfws.i n enbodi ments where
only a proportion of cells or tissues of a particular type are honobgeneous
for the transposition event, nodul ation of the expression of a marker gene
may be identifi omﬁrl | ool I n
t he sane tranlg]gg’g?f%%ér:li na d\’/ﬁ?@ﬁ %yoteﬂgé ﬁ(ﬁ)’{rénﬁoﬂ, the Sédiﬁﬁos% Eﬂ? BEE dahRa

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 sequencés may also be used in the invention. Such coding
sequences may include selectable and/or unselectable marker genes, which may
facilitate the ideﬁtiﬁcation of transposons in the genome and cloning of the loci into
which the transposons have been integrated. Suitable markers inchide fluorescent
and/or luminescent polypeptides, such as GFP and derivatives thereof, luciferase, §-

25  galactosidase, or ch!oramphenicol acetyl transferase (CAT).

Such markers may be used in in vivo enhancer or silencer traps and exon traps, by, for
example inserting transposons which corﬁprise 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



5 di splay such nodul ati on. Accordingly, the invention further provideggLMqum
sixth aspect a nethod for isolating an enhancer or a silencer in a
transgeniéwamggg%lzconprising the steps of (a) generating gchfESgdsC
enbryo an |ndubing transposition therein by a 10 nethod according to the
first or third aspect of the invention or a transgenic organi sm according
to the second aspect of the invention, wheggein the transposon conprises a
reporter gene under the control of a mniml pronoter such that it is
expressed at a basal level; (b) assessing the |evel of expression of the
reporter genenhaneie agd/orbilé@ces! dnd/or o, Megoes, if embedifiientshehdre anbgeni ¢
enbryo or offspring derived therefrom,  (c) identifying and cloning genetic
| oci "in one dropten ef callsicy tisses of a partitaleybpe iare hamegenedns fodia ranspesition t he

reporter gene_is, Lhat e I, decrease d h xpr | on
cvel; Cang ( ovelnaRIMEERR S My RRESIREFamBRR RRE phlpt Rt PGy BRbER0h
tissue. 20 | nwith selieat tissaéP e the safRlt9pd M PeQdhiéhmgdié Aichd ArhidhSédestiopg an
exon in a transgenic, animal, conprising the steps of (a) generating a
transgeni @ erfivpley saell madilationg t ransposition therein by a nethod 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
conpri ses a reRefditglydmhe emwitieh frfek plovales ik istith adiebt Rinetidd fHEloIaigEean but

i ncl udes splice acceptor sequences; (b) identifying in the enbryo or

of f spri ng deranhauper aed silengen 1p adrapsgenisranimal, fampiaging thesteps of:n whi ch t he

he. expressed repdtl Erigatis fmpieaie; bt bt Bl TRERbG S sBRTRY 5,73 ¢
JUN 2006,10 PCT/ GBO3/ hiifed debdrdingSio Zhe frsborcthitd agpvenst the aiveltiod drustranggenigene

trap constructs which may be used in _generating enbryos for use in these
aspects of the invenPrgghism according to the second aspect of the invention, wherein the

transposon comprises a reporter gene under the control of a2 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
15 or tissues of the of the transgenic embryo or offspring derived therefrom;
(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
{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 organisin 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 (c) cloning the genetic loci comprising the expressed reporter gene from said

cells or tissues.



Figure 2 illustrates a transposase construct which is under the control of
the inducible 5 TetO pronoter and a transposon conprising a marker ﬂUNZWG
encodi ng ay@bledbpor escent protein (AFP) under the control P%te” @"E‘?ﬁﬂ |
pronoter. In transgenic enbryos conprising both constructs, f@? S
the transposase may be induced by activation of the inducible TetO
pronoter, such that the transposition of jfe transposon construct may be
achieved. Integration into the genone at or near an enhancer site can 10 be
detected by expression of the marker gene. Figure 3 illustrates a
transposase QqQpgres 9C3 aﬂ@ﬂ%hérﬁa&ﬂﬂﬂ?ﬁﬂﬁs’&ﬁteﬁ%i\brﬁp nstrites WRAHGHA) Be it i@
pronmoter and a transposon conprising an AFP fl uorescent reporter gene which
| acks trans| @enenatingembryos dor use duithesscaspeais of thelinfcstios.pl i ce accept or
sequences. I n 15 transgenic enbryos conprising both constructs, expression
of the transposase may be induced by activation of the inducible TetO
pronoter, sughgiRatinhdttds ARaRPaLdst et WRichlis BASRIAOBoRRIN I iiCindhEMeDe
achieved. Integration into an intron in the appropriate orientation can be
detected by Sepdegpsimotenf andhea ntradsposape vomRiding o madfeer gent esnivodingenn,

transposons may Jbe used to .upr | at e 1 he expression qf enes, For exanpl e,
T ansposon EBESIUPIEE (D) HEIGALS SHIUEH LA B RopRigier. In krabsgeric
transcripti ore?dbrﬁo"stdo_ﬁgiﬂsﬁig e tructyipkdssiah i thithshHass Ha?'%}g%du%@&hya
transposon in the vicinity of a gene upregul ates expression of the genhe or
gene | ocus. TEhiivation ol thk indudible 35tQ pramaial, anchettiatthe frgaspositioh of thedrasspason of

oncogenes, whic b i ti-fied ] | onal tupours by |ocalisation of
Che 't anspos GREStmPLRE 5a aeRevaf ftperetion it e oot aF Bt ity & epifrARag "be

used in genenaidedBied By eXPRssibPbf 48 Badrerigbhe aspect of the invention, Figure
4 illustrates a transposase construct ich is under the control of the

I nduci bl e Tet O pronoter and a transposon conprising 30 an AFP f| uorescent
mar ker ~gene sim larly under. the contro|l af t.he.indycible Te r.omot.er. In
ransgent o o FiFD3 AR 3 irsRodie bomtu roblE i GHeE 0 Gonl5) &F gl iB0uRbviE
transposase M0 Beomdtet&RTa Bvn E(bﬂlaérhpﬁb% ah GFP Aooesdeherebpits? fdrRratich ,
such that 2 6 JUN 2006 WD 03/.056912 21 PCIT/ GB03/ 00065 the transposition of

the transposéfks demslatio inivation seguaires, byt inalpdesesplics faccepior sequEBERSsedn
constr ucis CogRhdgihidbnltifos Edmprisidd Béth L BHstHIRRL LR B e H B d3a5REy bd Ne

induced by activation of the inducible TetO promoter, such that the transposition of the

'On of

transposont 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 fransposon 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



gene may be activated and its phenotypic effect observed upon induction of

the TetO pronoter. 5 In conventional nethods of inducing genetic 7 6 JUN 2006
nodificatioqﬁ)E%:%&gnsposition, in which a nosaic of cells each of which

may have uniqué transposition induced genetic nodificationsPEEHCBAEHNERA,

the study of the phenotypic results of each transposition event is

difficult. Simlarly, the study of the effggcts of natural and artificial
stimuli on 10 the transposed cells is difficult to performand to interpret.
However, in contrast, as the nethods of the invention enable the production

of transgeni cﬂﬁ:n‘gg%ggsiﬁgﬁ cf}‘“ &@nﬁSI %ﬁognc%{rﬁ& £36 B alREvedC! uﬁ{ﬁf,erolfi% ;i l's

or tissues is honbgeneous Tor a fansposttion event, e ef of a
phar macol ogi ¢ &angpbsedadonkimhct omprising thenFPds easetted upahasy oftth ettofic Tglwe the
conpari son of reporter gene expression in a _honpgeneous cluster of 15 cells
with that ih SereBanbe agivaied andoits phepetypic effect gbservrd wpopinduction of ghe TetO

I nvention may n)(ﬁHSed to study the response of cells in which transposition
events have oBCUrred to natural stimuli such as physi ol ogi cal stimuli, for
exanpl e, h®rnones, cytokines and. growth factor or artificial stinmuli such
as .drugs in drug discovery approaches, toxicology studies and the Iike.

| ndeed, the nint ¢pnventymal methody ef indveing senetic mpdificationsdyfemsposition, ix phiicher  of

cells or tissye st frul Q ln re | 1 [ y, in
an e ght h aspbdtog B ISR Yallt o W RENIRE” AR bl Binshoslion, AL sdsbnt
identifyi ng amg@ifRafi@sPierodeliothe sidyndf the phenétypicaradenéfCethi tiikposition
conprising the steps . of : 25 ia) generating a transgenic_enbryo and

i nduci ng t r angysatisidiBicuith Similarly thestudy ohihg effeetsof nagral and prifiqal stimpH ophi r d
aspect of, heﬂfe@éﬁ%oﬂs&f‘céﬁs i?ditfﬁaﬂfﬁ) rm 3hd AintdhRE GRwivd iﬁ%o&d%‘é% 36fiend
aspect of the invention, wherern ransposon tonprises’a reporter gene
under the contethodobf therinvéntioh enpbleind prodsetivin éfhtednsgdnic embryos asd efganisna

basal | evel; Sogélfq)hsassessin the | evel of expression of the reporter %ene
in one or nmor® 0g¢ ory Mo Ster ?tﬁge OF HESSHG3, s JERPEENCRt Gr S

gf gs%hngoggr rARPodifiG 85n®Thé BiEQS T ANRRRERIGicdl b8 nﬁﬁ:&ﬂhﬂﬁlus\/@d}pﬁéga@ﬁglz 22
observed, e.g. by comparison of reporter gene expression in a homogeneous cluster of
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;



PCT/ GB03100065 (c) providing the stimulus; (d) identifying and cloning
genetic loci in one or nore of said cells or tissues in which the 72§ JUN 2006

nmodul at i onwgj oddxgemeporter gene is increased or decreased i BeriESRRNGR 1O
the stinulus conpared to the basal expression |level. 5 The net (md may

further conprise the additional step: (e) characterising the cloned genetic
loci in said cell or tissue. This aspect @2 the invention may thus be used
in the identification of novel targets for 10 nol ecul ar intervention,
including targets for disease therapy in humans, plants or animals,

devel oprment of i ns@)tprovidas thestithulmsdes, antifungal agents and anti bacteri al

agents. One further_application js.the discovery of genes r.esponsibple for
pat hogenesi's (for (dj)agela@bfwes@,ngp TiRE Esachi h@%@%?fﬁmga@fwattsm%f a

ogenesi's (1 _ i 7588 AR 1
i sehse, (1 is possi oY HCR A SRRy oF 8RBT bihe i inBRAAOG e R

will alleviate or revesgasowahestimole conpned yptie basal ekpresiiceksel. Therefore,
groups of cells with an insertion of a transposon which inactivates one of
the two cospi es of such a gene will be detectable as healthy clusters in a

di seased 20 {05 ’%Qﬁ'ﬁ ﬁ?ﬁ/ Laserted into a gene.
Preferably, the %‘rgg%isiggasyon | gltél n er'?zﬁ)ﬁ? n OOJags‘[hrgEansqri bed gene, resulting
in the | ocalisati ofe) dhagatefising alns¢loselgentti®lpeninsaideditdritissuelhe transposon

may be flanked by chromatin openi ng domain el enents, such as | ocus 25
~control regions which provide tissue specific expression (Fraser, P. &

G osvel d, F. . %ﬁmc I ' | -0, - . Or

ubi qui t ousl y-g%:]%i ) ER%{% Y%Bg%&aﬁéhs%ggﬁcggsm?%@ Ov{hlﬁméﬁ tzeirﬁgtglfgr
non-ti ssud spaoietular duterveatiomnincudingetasgan dors dizeasdOheaPH I8 hum4dsh @rants or
chromati n openi,ng dqmai.ns whi ch may be ysed ,i.n nethods of the, inyentio

i ncl ude CpG r¥HH -sﬁavrd%emmqfﬁn%ﬁmmﬁs&r igidgs, antfungal pgepts\ad, anthgcteri
housekeepi ng s or tissue specific genes, or insulators. WO 03/056912 23
2 6 JUN 2006 CT/ GB03/ 00065

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.
Therefﬁre, 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.



Mor eover, the transposon may itself conprise, between the transposon ends,
chromatin opening domains. This will cause activation of the chronmgt§ gUN 2000
structure yhh9e¥ai£h the transposon integrates, facilitatigig@spRemsof the
i nduci bl e transposase in a cell or tissue specific manner thereto. 5
Simlarly the transposase construct may conprise or be flanked by chromatin
opening domain elenents. The ability to x3gulate the transposition event
during enbryo devel opnent and adult 10 life increases the |likelihood of
transposition events in nultiple chromatin domains present in different
tissues duri ndordbidrpthe mansposesmayd itsety edngprive[betwidretheeiangeso® endshehrbmunt i on
may advant ageously be used in the generation of a library ofggenetically

modi fi ed or g@RFRiAg dompinga dhisowillgansactivatien ofthe shypmatinatuishize gfo whichdhe ™ or
o | sat 1 on AT Dbl RiRORL helDOH bt BRLLBT PLAGHESE PY cdil HRE 2"

aspect of thgpediﬁwﬁaﬁﬂ@rﬂ;grétbere I's provided a nmethod for producing a library

of transgenic organisns in each of which one or nore popul ations of cells
or tissueg are honpgeneous for a gene nodified by transposon nobilisation,

ccor di ng-t o SHihehefiniosntk foaRRR AR botibulip ok bt FRbkA WEHebREIBhotite, |
step (d) is penhbrdi@feritt, sai d predeterm ned stage of enbryo devel opnent. A

i brary of transgenic organi sns produced by such a nethod fornms a further
aspect of 25 the invention. Brief Description of the Figures Figure 1

Il lustrates ' - = ' i

transposon dBASPRIGE fopilat U W3SpRich Sl chiIE LR SRR R e
or gani sniQA) lifé ircidesgtirokieelihbodvbf tanspsitions@zn inegultiple chaonmsinrdopiaing S
crossed with a seqor&lférran,sgeni c. organi sm (B) thg@genorre of which
conprises a Preserd o didterem tsyues dpdngdifiersat Bmeyef deyelopgwtdb 24 2 6 JUN 2006
PCT/ GB03/ 00065 interest. One of the inverted repeats of the transposon is

positioned in an intron which
The methods of the invention may advantageously be used in the generation of a

library of genetically modified organisms, in each of which one or more populations of

15 cells of 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 transposon
20 'mobilisatipn 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 Descriptibn of the Figﬁres

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



interrupts the transposase gene. On inducing nobilisation of the transposon
in the progeny of the cross (C) the transposase gene is disrupted, 2§ JUN 2006
resul ting wp ¢Sjoddihi sed transposition of the gene of interpgy/gHobBeoes
further transposition events, even in the 5 presence of inducer. Figure 2
shows schematically a transposase encodi ng construct in which the
transposase gene i s under the control of tige inducible TetO pronoter and a
transposon conprising an AFP fluorescent marker gene under the control of a
m nimal pronoter 10 for use in enhancer trap nethods of the invention.

Fi gure 3 il | uisteraste One dfitheipveredbrepeatn of thedtansgisoh is positivthed in be introatwldth of
the inducible TetO pronoter and a transposon con_'?_ri Si ggfcan AFP fl uqrescent
reporter genelDi@TES the Farsposase gene.i On mdpemngmebilisaionesichs Hnspesen | in dae
splice accept r [ : 0 3 he I on.
Figure 4 shovngr Oggﬁgﬁg{}]ﬁ %3?‘{’53 (gjftrﬁ %rﬁsﬁggéoggggéi}]ets!s?ﬁ@fﬁ%%%dqgs@ﬁnﬁgﬁéggagﬁﬁ or
use in gene tdrmpssition iofield péne @ftihRpdst witines finter ftagspositionsdvents, évea iMthes
derived vector pM CWG-P. M nos inverted termnal repeats are shown as
thick bl adk aPresfise of\mdusery| ocks out side these arrows indicate the
sequences flanking the original Mnos elenent in the D. hydei genone.
Arrowheads indicate the positions of priners used to detect M nos exci sions.
Smal | arr owsFignfl Qatshowheschiemetidallgn aotraispasaser endodiiy @bnsthet GhPwhivth the
transposase genes. Black . 25 bars represent, fragnments used as probes. Figure
6 il ustrat estrangposase eeqwgnéﬁrtbﬁeoan%%therlaﬂwgba”%féome@g a SARPOsTe
which may be . ' t i |0 ﬁ{im?ﬁ ' npl e
4. The 6. 5kb c@%ﬁ%ﬁ?%&)ﬁnﬁ%ﬁ%ﬁ%r\ﬂg#]&{ehée%ngﬁ&gg%ne wer i.(j;}%(lﬁ?]‘:d to
M nos ‘ t r @fs pofenase inGenhEtr (rap Methode df thednwsentiond i ntron and pol yadenyl ati on
site of the human O gl obin gene. The relevant restriction sites are

I ndicated. 2 6 JUN 2006 WO 03/056912 PCT/ GB03/ 00065 25 Figure 7 illustrates
det ecti on of ; ARSIt Wikd =R S¥ahY Sddcible

di fferent tisli‘1 esel\gt ﬂiaﬁ?tr\%\t/ree?g%gﬁ ygseec!%gre |%éclgft§e‘§¥€%g cgrrﬁ:rr?lne ﬁ?g@?ﬁﬁ ne
phosphor i bosyTd¢tDgnefetasad (d-HPEEpostasonyedingsara A FPilusresaéntcoponter| genp Whichl 8

DNA Ml o 058 M i3 ke sollBLIEE pMuoRlEh LR el USSR B SO0 O

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  Figure 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 tfransposase 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 P globin

gene. The relevant restriction sites are indicated.



5 Figure 8 illustrates Southern blot analysis of different offspring shown
transposition events. Al DNA sanples were Bgl Il digested and prob@d JMNtNgﬁ
a32pP | abgly BRs&GFE Probe. Lane 1 is a control (fenale noq,s(e”?c_ﬁhyow,@g t he
GFP transposon as a nmulticopy on Chr 14 and expressing M nos transposase in
devel opi ng oocytes). Lanes 2, 5, 10 6,7,8,10 and 11 correspond to progeny of
a double transgenic female and Wt male. Jfiey all represent different
transposition events. Lanes 2 and 5: mce with 2 transposition events.

Lanes 3 and 4 correspond to the offspring of the nouse in lane 2 wth 2
transpositi O'Fi?mm gilusthiey dgectivar 6D@d Mingd tiahspokaveetrinsoriptidl d9eRB-RUR
chronosone 2, [ane 4 on chronosone 14 near the centronere). Lane 9:

‘Off spring of analysishdhepdifferenfotissuen thahevee apalyied garee gndigated.odhe Fnytine 9

illustrates th n f . I four__di | tions
n the M (HBERFRHE PEShorbRHEREONEE R b e e B ftbrotd QRel BRCL Do
transposon ang DA gdtddvaaaRed 2 a madke(M) atd BIO ROHhe hegARRBAK0ll N snal |
letters and 20 the target site duplication in red. The chronosonmal |ocations
of insertPons and scaffold nunbers fromthe Cel era database are indicated
Figure 10 il lwustrat.es FlLSH. anal vsis of; M nps..tran siktign events. ..
Chronpsones. dapue 3dilistres SRy Blot afilyd PE3irk Y BRSHe How e Fonkposition i «
a GFP probe agesiessn TheA siimpied vera Bl 8 dighdueindprobad it HaplSabdPaa eiFpA:

mouse 8218-01 with two transposition events (on chronosone 2 and at the
centronere ofpr@ie bawsbika tantr éfsrmleymobsescaraiing the GFRwapspesonas a(mpldicepx ed by

arrow head) : _stal nj after ram d {1 cati .See lL.e 4
Material s an(?nl\g@hg%g%d Wﬁﬁ&%%ﬁg%%g%%?&ﬁﬂoé% ‘%"F’gﬁggg‘&g?ﬁ %’ns’
events (Q0e @(7,8,n0 @Al SIANEordedpaiddt: g&Basf b ibublke! tediBgehio ferfidle Qi SAMRaltd
close to 30 the initial position of the transposon concatener (Fi gu,re&%SI ane

5). Green colldgy all irepressat «different tragspasition) cvantse Langs nd igd e muey with
indicate tra ke / /: /00065
Flgure 11 11 Foaiospiol QuEHE Yabes fnd cidaban 10 o Gl 67 MR bl i Hg 207 ¢
expressi on ofwith Ramapgmsitioni evenpsershowing gegregationr ofibthe uinsationelanesksian. |1 n
e 1 B chrueiras T on ronsshie 4 aur 6 Thinduhbed]. Y5ht BEORERT 6F°

15  the mouse shown in lane 8, showing 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

-pumbers from the Celera database are indicated

Figure 10 illustrates FISH analysis of Minos transpositicn 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 afier 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.



added. 5 Figure 12 illustrates a trap construct for transgenic m ce and/or
cloning into retroviral plasmd. Figure 13 is a diagram show ng in v§goJUN 7008
transposi t iwg ¢¥et¢o12 he femal e contributing the 10 transpos@r@pésocss
transposase. Transposition takes place in the oocyte. Figure 14 is a di agram
showing in vivo transposition with the female contributing the transposon,
the male contributing the transposase. Tradgposition takes place in the

sperm 15 Figure 15 is a diagramshowing in vivo transposition with the nmale
contributing the transposon, the female contributing the transposase.
Transposi ti onFigire$1 flhsteates knbdkein {Agrandiregudst cogsgirunts (Bjioy specific Eprasiondf
Description of the Invention Al though in .general the techEi, ques_ nenti oned

herein are weMANSPREARK inSPEAR Ofr g8 Plofar higwtousBXPEssigRdin Figusa A Be theabetr o

Sanbr ook et alyq VRl N 0 6‘51‘1?(&18[%9 n@lql)\ bel
et al., Short%{{’,rbo oggf@d?nxogof}g@ﬂ%gﬁﬁgﬁgoﬁgﬁ %&é@%h d, J%)Xf??\1 ;@H&
Sons, Inc. 25addensposons Any transposon nay be used in the nethod of the

i nvention._ Preferably, the transposon is type 2 transposon, nore preferably
sel ected f?Pomthe group consisting of M nos, mariner, Hermes, piggyBac, and

Sl eepi ng Beau , s I on
I s advant ageo&iﬂégyngp}ggg%g\?mﬁ%% God n"é?é‘f‘g?q‘ﬁgﬁﬁ‘g%ﬁ%&@‘fﬁ%ﬁ%@gsﬁééwough
the use of noglakm&dl and/or inproved transposases is 2 6 JUN 2006 WO

03/ 056912 27 PCT/ CB03/ 00065 envi saged. M nos transposons, and their cognate
transposase, are described in detail in US patent 5,840,865 and European

atent applicail 4 . f -
ﬁucl eic 22 i.d g;gggéle]n%gé %ﬁ@ [ naho}lﬁ%%rg?%?%%g@s%ﬁp\g t@gle%{euﬁ%gg?é §Iiﬁl!bsﬁmélg(%Bence
wi Il be iI0 egtrafspdson, agbirivesposdse.Tralspotitian t4kes place inthe obbie.

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

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 ef al., Short Protocols in Molecular Biology (1999) 4% Ed,
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 u'anspoéase, although the use of modified and/or improved transpesases is



genone of the cell on transposon integration. Mreover, it wll be excised,
together with the transposon, when the latter excises on renobilisatlifodUN 2066

a preferre |Jtent, the heterol ogous pol ypeptide is a sel ectable
mar ker . Thsgogglp‘(g)ﬁg}sz cells having integrated transposons toPEd/GRISAN6F| ed

and the site of integration to be 10 accurately mapped. Marker Genes

Preferred marker genes include genes whi c?:,encode fl uorescent pol ypepti des.
For exanple, green fluorescent proteins GFPs") of cnidarians, which act
as their energy- transfer acceptors in biolumnescence, can be used in the

nvent [ on. A iR g Mty Ua6SRERLs, REPIEIrRogdle ERBORE ShE dedchibel HIAELR N2t

fluoresces green Tight, uore otern 1s a proteln that

fl uoresces blUS phtegtt, 84065 atiEaopedrpatendhpilieatidnr BP09S3864Paci fi c Nort hwest
jellyfish, Aequorea victoria, fromthe sea pansy, Renilla reniforms, and
from Phialidiumgregarium (Ward et alL, 1982, Photochem Photobiol., 35:

803-808; Levi ' - Physi e
Fl uor escent(:a VL)’fr‘tget tgﬁln@s%& Z%alg@og}gn&ﬁegg Fig%fglg alra}eacszéeeailf?%@ S(r)ﬁili%g ?‘otfgg&s)%)g?:i es
(accessi o nstypepldd STRIS, sefikehod 4N, beAhtb@fifed] 1ogbthkd Svifl the Afahefbdass ifitocthe

. AF168424). A variety of Aequorea-related GFPs_ having useful excitatiqon and
em ssion specgengme pijke prlban &agsnosen dxegsgtion dMOFeaYST.tih &ilh be3cised, dogs8tience

of a naturally: rLl f . ' LA sher 1992,
Gen, 111 22536 sty Hen ' GECTARINREER, fh HeblpblishEAEE ) p Grofired 1
12501- 12504; &ibbdidséi/ (e Gitarolopeusupslepeptide lisih adletlabler makent Thisodllwscells

I ncl ude, for exanple, wld-type (native) _ Aequorea Vvictorig hK G-P,. whose

nucl eot i de arfvingqinteegatad, trasspRsoRs dagbr Adealifigd cand; theo ite L integetigante be
Accessi o m@% 2654, M62653 and ot hers Aequorea-rel at ed engi neered
30 versi gr?sNogﬁc egﬁﬁﬁ%@é?escent Protein, of which sone are |isted above.
Several of WD 03/056912 28 2 6 JUN 2006 PCT/ GB03/ 00065 these, i.e., P4,
P4-3,, W and MarKerdoenesce at a distinctly shorter wavel ength than wild

t ype. Exanpl es of other marker g‘enes whi ch may be used include sel ectable

mar ker genes Prefesed magkergeenss ineludeligsaesnwhiehcencode fluorgseent plyrepdesnyer n or

count er - sel eCeBchﬂBle, green fluorescent proteins ("GFPs") of cnidartans, which act as their energy-
transfer acceptors in bioluminescence, can be used in the invention. 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 isclated 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 ef 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) Aeguorea victoria
GFP, whose nucleotide and deduced amino acid sequences are presented in Genbank
Accession Nos. 129345, M62654, M62653 and others Aequorea-related engineered

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



genes such as the genes for cytosine deam nase or nitroreductase. Those
skilled in the art are aware of a nultitude of marker genes which nay} pgiUN 2006
used. Any_sujtable nmarker gene may be used and it shoul d be appreciated

that no part Jg{ﬂsggl 10 choice is essential to the present i REdHEBERI06S
Identification of insertion and excision events Transposons, and sites from
whi ch transposons have been excised, my ?g identified by sequence

anal ysis. For exanple, Mnos typically inte€grates at a TA base pair, and on

exci sion | eaves behind a duplication of the target TA sequence, flanking the

Seauence, -or Heresl4a P obhBoWrond WA MBAGEREE By {ofRF TS Bl yate

sequenci ng, .and/ or hybridisation. Inserted transposons may be
identified by simlar techniques, for exanple using PCR 20 priners
conplenmentary to the term nal repeat sequences. Transposases FEffective

t ransposon I ligati depends on bat.h, ef fi,ci ent, .del i ver. f, th
transposabl %@?@?ﬁ ofé}ég’i '?‘“5‘8‘ Fﬁéesh"g@lt’h e bea'r‘ﬁ?dtlﬂ‘gui‘? @@%‘ﬁ%@e ST genes

ef f ecti ve5conah &s $dndd TROSHAE rebmytia, potdmych O ABigrdyGated! douliter sABSIRAS ON
junping. A "cognate” 25 transposasé, as referred t0 herein, is any

t ransposase \geneshsich asfliegenes foricytosineideaminase ormitrpredingtassn of t he transposon,

i ncl udi ng excision of the transposon froma first integration site and/or
i ntegration of the transposon at a second integration site. Preferably, the

cognat e transpReasEilled it 1R dif A8IHASASLa WHIGHdE S AR Abhes WEISR Ha3 iR hseli t
t he transposon INIts In vivo situation I N nature. HOV\BVGI’, t he i'nventi on

al so 30 encorjssutableodatker genermay bo vseseand ivshaild ba ppprevisteddbatmoappeticidary
I mproved lﬁ 6 c#‘UN 2006 Vt\O 8$ 056912t.PCT/.(303/ 00065 29 activities within the .
scope of WPhe PRIFEAT PEFRUALLY the PIESERnVERioN. o o ience of the gene encoding t he

transposase may be nodified to optim se codon usage and thus increase

t ransposi t i ordehfietRivh (finseribh Ahdaktiviontvesigdon usage is a nethod wel |
known in the art to increase the expression |levels of a given gene.

Al t er nat i vel ylratsposorsnapbsites drom whiclt tragmposmms draee beemexasadn smythieddentified
substitutiong or deleti qos, 05: am no .aci ds to .pr.ovjde enhanﬁ:iq) activity in

the host or g2¥isefpence analysis. For example, os typically infegrates at a ase 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 cata:lyse 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



The gene encoding the transposase may be provided in the genonme of %6 JbkdHa
organismwhich is crossed with a first organismconprising, in its genone,

the 10 tra&ﬁqﬁﬁ%}“%o produce an enbryo for use in the math @B }/‘{bﬁﬁ
n-an i ' B

i nvention | ternative enbodi nent, one or nore copies 0

transposon and the gene encoding the cognate transposase are provided |n
the genone of a first organism which maygbe crossed with a second organi sm
conprising one or nore copies of regulatory elenments necessary to permt

i nduci bl e transposase expression to produce 15 an enbryo. A nunber of

met hods are k&&wleg%nﬂméfs >;;erof' éh@fiﬂﬁ&ﬁoqropéx@ ENGe! s@é&nw%fﬂfengéﬁgn of

a host cell, and be enplo In the context o he present inven
For = exanpl e, ertcodungphstrmespgmesnayd;e ediified ¢o bptukmsntoodmmesalgesahd tlaislincreasene by

transgenic 20 techni g Such_net hods a I scussed f el ow,

Regul ati on of T2RSER Eg@eﬁ‘k’ﬁﬁ eQEWa%‘HPﬁﬁo“g’Bdfﬁ%g?déé%u% Epw@lmthe
transposase Wtot]ﬁcx@{a)s%rtﬁéé laééldn'l d@oﬁé’ iV ED Perf! 9[1 Eﬁén gfﬁéaQQ a
nodul at e transposase expre |on -as- desi r%‘d ntro sequ nces peraﬁy

l'i nked t o5seqosrrie oaaoodiory itderidns asubptitations omddletibas pf emidee addetthgroeides 25
and ot her exp ssi Qn %}JJ atiiﬂclm signals. These control sequences may be
selected to 3}9&?’1’1 Pt OFRISBYt  or gani smin which the expression of
t he transposase is required. The termpronoter is well known in the art and
enconpasses nucleic acid regions ranging in size and conplexity from

m ni mal  pr ontler gereoemroding thestranspodaselionay bpgirovided éi dhee gesome df enbesondr s.

30 WO 03/ 056912 30 2 UN- 2006, P 3/ 00065 The pronoter,is t cal ly
Sol bot o 1 v OB hish k| GRSRE vy o HTSe, RIEASM CARFITISRRdn it REAURR B0 &
the_or ganpS MikegieatibOflodie ki EmBRRALr el e EHEls o HAHIE R, O

classification to whic hat organi'sm bel ongs, al t hough heterol ogous
pronot er s na\altefnative |emboc11mexg, om)ma nmrolmp}qstofcbq;hdhottmmspmm andntheigenal in

eukaryotic ceI |s,. T er be der.i,v ronojer.sequences of

viral or eukdr§d QS% ﬁggna?chqan p8§ao§ & Pf?‘f‘d?fﬁg)ﬂ "fﬁ’ f rﬁrategfg?g’(fmf’ rom

the genone Ofwlﬁcli? ehdy bé crdséd) wethiP4 88n@ brganism comprising one or more copies of
regulatory elements necessary to permit inducible transposase expression to produce

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.

Regnlation of Transposase Expression
Coding sequences encoding the transposase may be operatively linked to regulatory
sequences which modulate transposase expression as desired. Control sequences
operably Hﬁkcd 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 eélements and enhancers.

30



Is to occur. Wth respect to eukaryotic pronoters, they may be pronoters

Ehat function in a ubiqu:tous nannfr (such as pronntfrs of a-actin, 24 JUN 2006
3-actin, ' or, alternatively, a tissue-specific as
pronnters‘%#%?kégéﬁnes for pyruvate 10 kinase). In the genera/?g%§o HS
germine transposition events, the pronoters nmay be derived from genes

whose expression i s induced during ganet og nesi s, either oogenesis or

sper mat ogenesis. Alternatively, for developnentally regulated transposition
events such as transposition during zygote devel opnent, the pronoters may

be derived fr }Qgﬁg | | RARAL eoulat ed. r 15
expr essi on ir’}ﬂ{? e eaﬁrﬁ%ﬁweﬁmﬁ'@r rg%wnaternﬁ; %#‘gg? lge‘%gst &y be
used. They mmoddgons e therarpgntien $n fhation,en flongertus, fapdly] bider, Kingdohi or dther
exanple pronoters that bin teroi d haorpone recepiqrs. Viral pronoters may
al so be used,"iﬁsﬂ C@Ohin @hogh@m AT R BIoETE 814 nal
repeat ( MWLV pr t Vi ’kﬁ-;@’: or

t he human cy orrde%gl 0\%@u%%%%&gy?éé%é%ﬁoﬁgrﬁﬁoﬁgpﬁg 1?{1391%3121& i on,
the gene #£ncodomeet haytbeodeived d&en pfomutaedeqitices ofi virall orcdukaniotic @endsorFor
regul atory sequences, neaning that _ the | evels of expressjon Qbtained , using
e.g. a pronpesrmplgnitgaay ket pEameqier dasived figmpihe gename of aicsll dn YA ERIRESIORRyY be
25 an i nduci | ok : | i on
are knonn i ni® rosEet WlaREAURRCE v SREleE 7B pim HER P R
estrogen-i ndigi Hl ehigyissueMenadber (Sudha@s PRBIHST of cbels OB-RYia] eibulih) Woslel ¥
used systemof this kind in mammualian cells is the tetO pronoter-operator,

30 conbi ned wltemativalyt & tissueyspecifie/manppr wrch me -nrepmotess phile gongn Jer ppuvetaal

B ara, 10" (Rined° Tn 3R 'dRherhiha, O el TABLOSHOR RN B ERRISR )Y 06,
t et racycl i ne deseqao fony egdiie® "WheNes exi€hsiv G5 68deced] darify Jddh esis, either

PCT/ GBQG3/ 00065 Proc. Natl. Acad. Sci. USA 89:5547-5551), or the
doxycycl i ne- PREAEHIS| o1 t Spermatpgenssis; pAltsmativelyy | Yot ofevelapmenially| ggeutated on

system (Gossﬁ-g_g#iﬁioﬁr@'éﬂtglshapas Han o@i‘ﬁﬂﬂguﬁngyzygyé![dre% Gent, 'thd {Jﬁﬁahnqrtm i g‘n

Bujard, H ( ranscri ptional activation acl)t/” I'né in
cel | s. Sci enomy?2b8.deric6d 1f¥@a) genes whose expression is developmentally regulated. For

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 e.g. a promoter can be regulatcd.' For example the regulatory sequence may be
25  an inducible 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 ceils 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.



In the Tet-Of system gene expression is turned on when tetracycline (Tc)
or doxycycline (Dox; a Tc derivative) is renoved fromthe culture nPHiJUN‘ZUOE
I'n contrastiygefesgégssion is turned on in the Tet-On system PyridiesAds t1on
of Dox. Procedures for establishing cell lines carrying the transcriptional
activator gene and the Tet 10 regul atable gene stably integrated in its
chronosones have been descri bed. For exasple see

htt p://ww. cl ont ech. coni t echi nf o/ manual s/ PDF/ PT3001- 1. pdf. For exanple, the
Tet-On system may be enployed for tetracycline-inducible expression of

M nos transpdraseNatl. AdadarfonehiSA 89:5540-558 ) Aot ahib| doxtycyolzgdanducitdei fBA may
be generated by standard honol ogous conbi nation ES cell tecg%,o y.. Two
constructs artensggional agtivatoy, sF"%I[?'Et TetAn asystery (Crasep: M B hﬁgvd§r= a

constitutive g r a i . 2N, smd
(Cd ont ech) vmflp‘{:(ag}égﬁ’t g@%’ﬁé@l@é%’n@ﬁ@?ﬁgiérﬁgrgés%@gﬁ%%?ﬁg nt r ol
of the Cytonageacpslielia mammaliai elleBdignct SR 7p6-Am6Per. The rtTA
~transcriptional 20 activator -encoded by this construct is active only in the
presence & Doxycycline. The second construct contains the M nos
transposase I t k Ne- el.e r
TRE he. o Mons; TS SRS efle, Hilfessloh 1€ PB4 ik 338 RRERUAETTY of

cont ai ni ng t exveicling €Dex;a T¢ defittivepisdemeved Gohethe] ulibreupsdie®aln odntidse

m ni mal CW pronoter, which | acks the enhancer elenents normally associ at ed

with 25 the CHDressiond Binedoy inthe Tetbinasystepr by theaddiienob Reankoredres iont s

are m ssing, Eiﬂlgl | oyin o eXAressi rﬁﬂﬁ,g a r HE in
t he absence OeFttaEl n |én}eﬁb9nérs?$%hnﬂﬁ @%an%%ﬁgﬁgg%}c coﬁ’itéﬁace{ a?int%'E:T% RE2
pl asmi d (10 onégqditable neenb estd¥l intefravdd irh itk schromesdnes ddve peenedasoriledi nFoM nos
transposase. In cells stably transforned Lth the t construct rtTA IS
expressed but*agele §e¢ '&:{/%["ég]f)m&ﬁ%@?‘?/ﬁ O{SQMNF]F)({S\)E)F@B%QIahB‘g%sa &r

uni ess Doxycyghinhe {he i\ fy be elnBfyea| tideAlah 03hQp6912
PCT/ GB03/ 00065 B%ngr%?(gnre%yg eﬁ,ygccoiﬁgli)ﬁg f?%tle,ga t %ng o?ﬂtﬁaheg}gfér?vent ?on, a
transgeni ¢ aMinab tramspopase §i sitratsgemicpiaal.On and t he pTRE2 constructs is
crossed with another aninmal, the genone of which conprises a transposon,
nobi | i sation of transposons in resulting enbryos conprising within their

genones het h A Beubly &aﬁ%eﬁl@' AnBAsl thEbOERRrAEL B¢l bta8dded hbRoldgdis ResMBMatibd |  Not
Do

occur in the_absence o xycycline. Admnistration of .
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 riTA 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 ntTA. 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.



Doxycycline may thus be used to induce transposition. Inducers, e.g.
Doxycycline, may be admnistered to enbryos by any suitable nmethod. 16 J8N 208
preferred wohg@sdgpt of the invention, inducers of transpospsgcpRi®ssi on
are 10 administered via the food or water of the parent organism

Al ternative inducible systens include tanoxifen inducible transposase [a

modi fied oestrogen receptor domain (Indragpet al., Nucl Acid Res. 27,
4324-27, 1999) coupled to the transposase Whl ch retains it in the cytoplasm
unti | tarmX|fen Is given to the 15 culture], an RU418 inducible transposase
(operating unfeiefole WASE RédoREh®! 18 Wﬁn@mbbeof QﬁéJCiﬁ%hth%' tahspeRiet Aiinabee
Tsujita et al., J. Neur osci ence, - 19, 10318-23, 199 9), or an

ecdysone- i ndm@mugjmweﬁﬁaaadﬂmﬂém orhstrieth és argssed withsanbthee aniumal, tthe

het di dys f .20 Dr duced th

nsect hor morEEom oy DR do RN %ﬁnﬁa HoPaipiSch ceiing

Dr hi | db
osophil a W@é&xﬁﬁr&]ﬁéﬁgﬁﬁ?ﬂﬁ nBi%PB Anspe d&?g&gﬁlé g°enE Jy&ﬂﬂf y

the steroid ysone, Tgeneral y re S sone

via the ed&dysthadranspespseo will Euﬂlyx:omem ﬂnqoabwnceenéslﬁhomyayclbm ttAainumsmtlmh ob
manmal i.an cel t he st ssi,on .of a ppdified ecdysone receptor

t hat 25 regulé?@@g’ﬁlﬁ’edBWﬁ%“f Bué éﬂﬂé’er@éﬁﬂ?go pronmoter. Transgenic

or gani sns, m ce expressing the nodified ecdysone receptor can activate
an integrat ed ecdysone responsi ve pronoter upon adm ni stration of hornone
or its deri vandveess,e. gD@ycpclhiegmayéaceqdnﬂnisb'redds amittysobg any suitablsmethode, an

0 gi ve. cont b ¥ BEFiake SREPEBt of e hakeion mﬁfec"é‘f ARoReR SBROR SR

i nduci bl qmymﬁ%ﬁsmmﬂo}%&mi@ﬁp&@w activity and h| gher
i nducibility than tetracycline based systens. urther details of ecdysone

based inducible systens can be found, for exanple, in US 6,245,531 and in

No D, Yao TP, JUN 200. VWD. 03/ 05 9 2 PCT[ Q3L 0 6 33 Evans RM,.

Sy sone i na AERATE nguaRl. SR {5, 1etle ArbspasiRe T B o
Proc Natl Acassfsgendose rl&%‘mﬁghd&%t%4ﬁu51%cxﬂh&scﬂﬂmnwwwmmﬂéd whi ch
are herein incorporate glreference 5 The | ac operator-repressor system

has recent|y iBedranspasase whiokeratainedt ihdbe cioplesmmpntd tamexifan tip givesy to the
mouse.  Cqgni Nyfihred! an KOIES iffin oY SlsPBIEL toperating 6F the same principle with the

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.
o 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 1o 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 DD, Yao TP,



1517 (2001), the contents of which are herein incorporated by reference,
descr:bes the wuse of a l|ac repressor transgene that resenbles a typqqamNZmB
manmal i an codon usage and structure and that
functionaﬂgﬁggmgggressor protein 10 ubiquitously in mce tgﬁégﬁﬁﬁ%ﬁfthe
expression of a reporter gene under the control of the lac pronoter.
Expressi on of the reporter gene.is rever;iple using the | actose analog |PTG
provided in-the drinking water of the nouse or nother of the embryo or
nursing pup. The lac operator-repressor systemnay thus be adapted for use
to regul ate Eﬁéﬁg L h ARSH ' 03AS under
the control of a ﬁ}ﬁ % Q(E)nreolrﬁmt ergs%%ﬁ gﬁeﬁlﬁwg‘}]@g@ﬁgﬁg %@oﬁoﬂrtg J;}Ec may
be nodi fied hyice,FroadiatltAcad Sei UF Ser 0296 ApefiiB3d6es), the qortante of edchrofextddpl e
enhancer sequences,. . Chineri pro ters may al so be used conprising sequence
el enents f r orffe YEeBANGASPRTa oronoters described 20 above. The use
of locus control regions (LCRS) Is al so envisaged. LCRs are capabl e of
conferring tightly-regulated tissue specific control on transgenes, and to
greatly Bncﬂmasbcuh&mﬁbﬂemﬂexumﬁmﬂ&nnmgeﬂﬁmﬁ&pbaasmhmmnAonbaﬂhmnmhdLﬁﬁs are
known in the art. 25 These i ncl ude the (3- globln LCR (G osveld et_alL, (1987)
Cel | 51: 975- gepymals, igy prsticilar the mqise.ctropin &t alpbign e‘i%ﬂ@}}%zb% 1506 CD2

(Boyer ot al 3.7 F220} é@@%ﬂ%@@@%&?ﬁ%&l@%@*ﬁ%@ ey 486 e

| mruni ty 1994se bf a0/4c Ypresdor ttrans@neathatEHBﬁlb]es 2 99picilomatidaliati 4dene Iﬂothgmet al
Mbl Cell Biol 1997, 17:2151-2157. B-cell -specific ?}0 MHC cl ass | ]
(Carson et arodQrcjuspge Apfl geirueBue mb . SHWESS %f?‘}cu"f‘ﬂe wevrsﬁﬁad@@ﬁec. fic
| ysozyne jgen rg&g%% ific
5100 geneg( F?l %ﬁg%{w gﬂ ﬁijcﬂebu(rgg@g élfg ggs%%@z§1§§74 F?ﬁmd#?%%ﬁap@p

113/ 0-, 6912 & fac proikaler(E)@resﬁiﬁi[bm&bﬁﬁ&@@emqaisceﬁrsiblbmﬁngdhelaﬁﬁs& puloget al

Nucl eij Aci d 1994, . : 75G-,766 t | J
ot a] I(\:/b] © o TG P vidigkia the G silss pf the Jhose or Mt hi 165, FRRGo o ptsig *"°°
tissue, and b{iﬁ Th&Gac %%&Wreﬁ%&s%&lﬁs@ﬂ hl@gsthﬁﬁ %epﬁd%}ﬁteaeﬂ)r' ke tEr ﬁ}‘gglate P. &

Gosveld, F. (1998). Curt Qpin. Cell "Biol 361- 365 and Li,
expression of transposase by placmg the transposase gene under the control of a Iac

15  promoter.

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 ‘cor-ltrol 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 gl., (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-



58S & Peterson, KR (1999). Trends Genet.15: 403-408. Alternatively, gene
domai ns that need to be open and switched-on in all cells of the bodyﬁjuheggnﬁ

gene donmai o) proteins (such as enzynmes for generatin om
sugars), @"%%@iﬁ by all cells for survival and which ar g"?ﬂer e’?lm Og

ubi qui tously 10 expressed may be exploited to enabl e expression of the
transposon and/or transposase in any tisgye. Exanples of such

ubi qui tousl y-acting chromatin opening elenents - (UCCEs) include the hunman
genes known as TBP and- hnRNPA2. Further details of the use of such UCOEs

may be found gheei Qe eMalB&ﬁet%ONﬁaEﬁ Aadf(ﬂe%gﬁ@% 2(2@33%6?; fABRRBARNes

to therapy for the haerrogl obi nopat hi es. 15 Biochem stry
Vol une 8: Heryﬂwﬁnimmleneaﬂobtﬁe(ﬂenimeataqi NRﬂl Celi Biol ah%P5TeE3: 20 HH2021), Kphmer

Acadeni ¢/ Pl epum Pub) { shers. New York. . pp 219:24 n / GB99/.02357 (WO
0005393), t h&MEBIRPERPYL ’b%"%‘fﬁ“&?“w%ﬁ z}& ﬁéﬁé‘%frﬁ%“}‘d]ﬁ@& Te@re i

ref erence. r / pP&YS0 _
al so be achi g‘v Igt hrougﬁs‘f&fdhh glsrygg&ﬁéé(%ﬁlql‘géu %@“?28 @a&??ﬁn@%ﬂﬁ’g@?ﬁl s to
const r uct 5chiSné& Peterzoin/K.Rs (1990).iTyendsdGenicbl  403-4080duce transgeni ¢ organi sns

whi ch contain the transposase genes or transposon elenment in only certain
of their tissues. This can provide a further Ievel of regulation. 25

Maxi m sing e [ ' e | e,
v 01/ J10fHHEREREK, Bane SaHERO U Bl AFLEREL bt Gy BHRMEA A BRICHORE O
t he transpos .haéyangame domiihe wheserprotdins (seglead emmﬂsrfoegenci‘atiﬂgemefgyefmmt ed
boa t o I EREI G %dsﬁ&*%hﬁ%ll?&pﬁgﬁwﬁvr@@n@ which e dheigu i oty
differ en7 0 POgkhrqiad rﬁkﬁl rga‘ftg&'?ieto hibIE ¢k éigofgﬁlezcra é&é%%ﬁ%rtran ogase

PCT/ GB03/ 00065 As I ochem cal processes, process ca made
to be nore efd any dissud)y Examples yofisoph ublqragomdhy}actmg:ehrbmunmpenﬁagsalmmntm- es,

MEAS RN Y ERME TN e MR LT O

the nse of such UCOEs may be found in Antonicou, M. and Grosveld, F. (1999).
(Genetic approaches to therapy for the haemoglobinopathies. in: Blood Cell

15 Biochemistry, Volume 8: Hematopoiesis and Gene Therapy Fairbaim and Testa 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 vse 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.



An increase in copy nunber can be achi eved by generating nmultiple copy
arrays at the original insertion site. For exanple, 10 to 100 copieﬁfgﬂmqgmﬁ
gener at ed 4y PiARko 2St andard transgenesis or using a PAC vector

Alternatively, multiple copies can be generated by the preSeHEEOYIItiple
Insertions at different sites in the genone. 10 The sequence of the
transposase may be nodified to optim se q?gon usage and thus, increase
transposition frequencies. Optim sation of codon usage is a nmethod well

known in the art to increase the expression |evels of a given gene. Thus,

the efficienay wih fld8t bib¥hdniidsl PRARERS, thid PFBEERLARBe AfaHE fo B mdR EfBLRnlBYy be

15 increased by increasing its concentration as a result of a nore efficient
transl ation imply impiirgy theeqinesitration b stibsratesdinigh Ueweieof thertemmminbli repeatsodon

usage. Assays for determ.ning transposase eff.ciency n i-nclude a standard
LT anepos & | oRuRaCE e R BLEPDYROTbES A gk IG3g 0t (P epemse sy en o oot

Mol ecul ar Biology, 9 (3), 20 269-275, 2000. The concentration of
transposase nNRNA can al so be increased by including in the transposase nRNA

sequence %' Amdneasednwepy asmberoan be achibveddangerstaingenulfiplekopy amays aithe hose
encodi ng growt,h, hot nong, glohin, actin or alhumn. 25 Transgenic ani sms
Vot hods Jof | AEERAL SIENDR 6 BRI clh 0 A0 scaiss S bE CEFgi SHavthavi ng
integrated i jahiifq 40 r WsBRSP PALT vedtod) ASerRRFRL, Mhlki LA b
transposase or ot h. Oe'llheri r%t oductigﬁ ol? tﬁgﬂtraﬂ}s’posoﬁﬁo@gene er?codi ng
t he transposgeratedbpthe prescoopof multiplelinsesionsav diffeadit sit¢scin fire gamnemei ncl udi ng
transformation/transfection, 2 6 JUN 2006 WO 03/ 056912 PCT/ GB03/ 00065 36
delivery by viral or non-viral vectors and m croinjection. Each of these

techni QUES | The KQRAcd B thBGraAkPosasktBay bE RTINS toBEinkiBe cORAGSBEE Akl s,t he
transposase may be inserted using the sane or different nethods. For

exanpl e, t heinBrease panspsition| fenuanciesa Ppbicisatiod afocddenrusdge és a mithod well
t ransposase onstrtlgt i,nt o Dros&lghi la. .l nlsea lgnrg ferred enbodi ment, the
transposon ofiGEhI tBRA%A MTERGIF SAMSHILIeEe gal%venigﬁgeerted into the host
cell genome by transgenic techniques, for exanple to produce a transgenic
ani mal conpri si n%ha transposon, a gene encodi ng a cognate transposase or
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 hormdne, 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,



bot h. Where the transgenic animal conprises both the transposon and tgg %ﬁ@ﬁmﬁ
10 encodi ng the transposase, both constructs can be inserted using th %

or differgRp osiElppds. Were delivery of the construct is by yViEaiepector. a
conposite vecfof conprising both the transposon and the gene encod}ﬁg t he
transposase under the control of a control sequence such as the Tet

operator nmay be used. Alternatively, sepggate vectors may be used. 15 Any
suitabl e transgenic. animal nay be used in the present invention. Aninmals
include animals of the phyla cnidaria, ctenophora, platyhehninthes,

nemat oda, a””tf‘éliiv&?hbg Viall o1SfcR-vifall YettoR! HdOmicdiéinfRilbR Edeh $FHRER Fechifhues is

chordata. Uniram I ncl ude the subphyl um hexapoda that includes Tnsects

such as the Jiogadin tieeatts Th€hmnstses a2 the dendecnceding the ttrngpasaesmaydie as
manmal s, birds, fish, reptiles anphi bi ang, Particul ar ex | es of
manmal s i ncl JBETRERSHGHRR SERE AR ,ert!a@eél}odgo}g,r eEHYRIEa Drosontile Peclemen
goats, pigs, Iﬁgpﬁ&s@ ﬂﬁﬂoﬁﬁ sot‘ilﬁ{é ) gerbils and
hansters. 25 chni qgg% or %er%%%c? ng ?gsﬁgggﬁ}sgﬁgﬁﬁg?fg&%@gh may be used
in the neShod of the invention are well known in the art. A useful general

t ext book on this sybject is. Houdebine, Transgenic animals - Generatign and
Use (Harwood m@amstuﬁl@ ephypjmentq fedyanspasop O SoRe SRcoing Hie wanspesesrEaY Med to

generate tra Iy € ' ) I ' ' ,S an
Tmsect. vt herp i@ theRos celfdehdhng bpiihen it AN R exahfe @ frdftoe o7, 0
met hod of t haranggenaid ardmabheempidihg i nsposegea Serfe exeuding laccolgnats @ransposiseadr
(1995), Sci (é?’/%e 270, 2002- 2005). Bri efl&ﬁl’ a transposable 2 6 JUN 2006 WO
03/ 056912 PChotiso3Wberssthestransgenie Ammal pomprseseoth dhe tinsposen ad; thesgene

I nsertedqypnt CTpatly ' Q. B?q'eﬁr Tl ' . abl y,
t he new égne%%%g}eﬁg{&ﬁgag%’acedxg%sﬁ tg%%glbgrm% as#]gfngvsﬁigtgﬁﬂ?g tﬁ%ér%gct I on
of egg dest i negthdds. b¥leare delieergtofl thenamstemit isnisye oiral seaow) ac gomposite Syeetom

s of the it segregates

cells. After many, divisjo nucgl ear material, st of
to the 5 peri EH%‘FE ‘F? Wﬁmsﬁ%c@ﬁe&tﬁmﬁu@c@ m&f‘%ﬁ@’%@?@&? ugCBodg. A
smal | nunber ogfipol WCh Sontrdi9éedhende Sukh Gs RBE Tret %891%&9 rﬁaquﬂg usEd.| Bt RatiRiyr i LY.

If these cells 1 ncorporate the transgene, progeny w e transgeni c.
Furt her det aistparaté vpetotkunaynbe vsednsgeni ¢

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 a preferred 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



I nsects are provided in Loukeris et al (1995), Science 270 2002-2005 and

O Brochta and Atkinson (1998) Scientific American 279 60-65. 10 | n Zhdiheils
preferred enbodi nent, the animal is preferably a manmal . Advances in

t echnol ogi W8 B®F9%Nbryo mi cromani pul ati on now pernit intr oK EBEGH6S

het erol ogous DNA into, for exanple, fertilised manmalian ova. For instance,
totipotent or pluripotent stemcells canbe transforned by m croinjection,
cal ci um phosphate 15 nedi ated precipitat i%)n, | i posone fusion, retroviral
infection or other neans, the transfornmed cells are then introduced into

h nb , dth nb h d I i nt. ' ' l..
highty oy of e Enenh Serribne Lk £raF B g e Aoisetedifio™ phPaRPaGy Rt vE Bhine pik  us
cont ai ni ng t hgicARGbdtRM, DMferdRg, A RSE Yehbti @ HialBas is PIREYEhd poR pbhism

infected enmbryo. I'n a nost preferred nethod, however, the 20 appropri afe
DNAs are coi nyladt isdhe seationof qeegodestitedite bmcomy tthe bl nassenteinkecy ssown pggber abl y

at the single cell st ,and t.he, enbryos allowed to deyel.gp into mature

Fr ansgent o a AP i ATEs By iy gio88 OL R IcaRBsH, St Py PewEEAs Bilihdar d
| aboratory pheRAkN Whefft WIllChQbRIeOhE nABlePbf BRI BEQYOB08y. DNESall HuRibERSR! i an
fertilised ova, including Hogan et at, Manipulating the Mouse Enbryo, (Cold

Spring 25 Hambdclei Migrate t6 Ax6pole ko bepamd egg calls oal matuiiyo/ Ifdhése cebgyincorpezite
(1991); Pahniter et al., Cell, 41: 343 (19 . Kraemer .et al,, Geneti.c

Fani pui at | on B TESREeRR raRs VL P e tnis) § SR AP SO RS o5
1985) ; Hameh,@bisale provitledif Lodkeris 84 (ﬁ%gﬁ?kéiené@wmtﬂu(ﬁﬁ and OBrécita NO-
5,175,385; Krinpenfott et at, U S. Pat. 75,175,384, the respective
contents of whd dtkinsom (il 928)rSeientifieArhericah 279 ¢0+65f er ence. ). 30 WO 03/ 056912 38

2 6 JUN 3806 PCT/ GB03/ 00065 Anot her nmethod used to produce a transgenic
ani mal invVolves mcroinjecting a nucleic acid into pro-nuclear stage eggs

by standard mRLAGSHS prefirRat@thcduaentafiRe ddhaa) E%ﬂr&ﬁf&%ﬁr a RRdRngl. t AAGRE] i Nt o
the oviducts of pseudopregnant recipients. 5 Transgenic aninmals may also be
produced by teebhelagies fernalayo maicromenipplation niwe peinb introduct®uhef heterologos. et

al., 1997, Sﬁl\?ﬂ CEIIO,ZZ()%: e:%a%gpqe,a?grti%e%e lrrlwlnimgha% 0¥, i‘lof ’ins]tgngc%,’ totipotent or
- pluripotent stem cells can be transformed by microinjection, calcium phosphate

15 mediated precipitation, liposome fusion, refroviral infection or other means, the
transformed cells are then introduced into the embryo, and the embryo then develops

into a transgenic amnimal. 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 e al., Manipulating the Mouse Embryo, (Cold Spring

25  Harbor Press 1986); Krimpenfort et al., Bio/Technology 9:844 (1991); Palmiter et al.,
Cell, 41: 343 (1985); Kraemer et al., Genetic manipulation of the Mammalian Embryo,
(Cold Spring Harbor Laboratory Press 1985); Hammer et 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



Sci ence, 280: 1256. Using this nethod, fibroblasts fromdonor animals are
stably transfected with a plasm d incorporating the coding sequencez Bf@{N ?ﬂ[}ﬁ
pol ypeptid Ogg gi J)"lterest under the control of regulatory se(i)uences. tabl e
transfecta W hen fused 10 to enucl eated oocytes, cul tRETEGBEHNG06S
transferred into female recipients. Analysis of animals which may contain
transgeni ¢ sequences woul d typically be @grformed by either PCR or Southern
bl ot analysis follow ng standard net hods. "15 By way of a specific exanple
for the construction of transgenic mammals, such as cows, nucleotide
constructs co he| Gl Walal] Ega.lo ;

m cr oi nj ect edﬁiﬂlﬁn‘éf,}&?g? ﬁgé%;tsngﬁgq&?%e 1 e%ﬁ?ﬁ %agggglrv?ge i ﬁﬁ%tﬁéxg aggut%l.elﬁ\lo.
4,873, 191, i rdcid intopyo-meclssinistdpe apes bpistandsrd rhethods \ajected efgearel thenr ertnweal
fromthe nmanqmal. The, oocytes are asfpi rated fromthe follicles and all owed
to settle befhsfere rgnsfes intq the ovidusts,ofpaeudepsenant FeSBM Sper m capaci tated with
heparin and prefractionated by Percoll gradient to isolate the notile
fraction. The fertilised oocytes-are centrifuged, for exanple, for eight
mnutes a 15TrafkgesictaBimals sy disiché prodpéed bicingledr afanife; fchnalogyaddésbebed
cultured fromthe zygote to norula or 25 bl astoc%(sjt stage in_ovi duct

ti ssue- condi tif o¥rhaickedAdin erTak,s 19l Seignce, H7&pti3bdand, CibellingB. idlall9¥Bssues

scraped fromgQyl ducss&n. dirl & Ny ' T. e
ol aced i n e OEPbUD: AL A B Tt St obTRls it or SHASER MBS
Cestrous is taapfested otiflpai pladnidnintdipotating nhe doditgi seqesticed TR pblypeptide &S
cattle, by admnistering coprostanol. QCestrous Is produced wthin two days
and the enbr jaiéresh under ghe) equtond of regutatony wauences. Ritablegunsiociants 2o then fused

f d ol P Ay AN : ful f
can be- S0al (S PRSIy ER, Gumret ¥R MG TR SRE T 0 e

desired constructs can be introduced into enbryonic stemcells (ES 5 cells)
and the cells cul :turgd to ensure nodification by the transgene. The rrggi fied
cel I's are thé¥nalysiscet apimals viugh ey, coplan BRRIEFBIG sequensss Wowld: ypcalln dey| as

repl aced int : -1 i hi neric
W en y espect TPRRUARPEARESCR GSuthern] Bt RN Kiibufibe SMInRRAET

exclusively conprise the ES progeny can be obtained using conventional

cr055-br ggdl g TS ST UG L5, 455! 288uckiSh 7 ElIBbSc mammes, such s

cows, nuclectide 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 obcytes which are obtained from ovaries freshly removed from the
mammal. The oocytes are éspirated from the follicles and allowed to setile before
20 fertilisation with thﬁwed 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 cnltured 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 Oestrous is then synchronized in the intended recipient mammals, such as cattle, by

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



10 in WO91/10741. Alternative nmethods for delivery and stable integration of
transposons and/or genes encoding transposases into the genome of HosdUN 2006
animal s i b g ot9|i'f use of viral vectors, such as adenovi rﬁéw#ﬁ&f;&ﬂﬁé
retrowral vectors bacul oviral vectors and her pesviral 15 vectors. Such

t echni ques have noreover been described in the art, for exanple by Zhang et
al. (Nucl. Ac. Res., 1998, 26:3687-3693) .3¢Suitable viral vectors may be
retroviral vectors, and nay be derived fromor may be derivable from any
suitable retrovirus. A |large nunber of different retroviruses have 20 been
identified BiATREES 16 hb %@iplemg iSte dh%ﬁem@sﬂéﬁst@ueéésm YRR can be

i munodeficiency virus (HV), siman i nodeficiency virus, human T-cell

| eukaemni a vi evaugtédrin\the offspringby Sdwhdrin bled. anaeni a virus (El AV), mouse
manmary tunour virus (NI MIV), Rous sarcoma virus (RSV), Fujinam sarcom
virus (FuSV), Mloney nurine |eukaema virus (M-MV), FBR nurine

ost eosar coma NIVD stéYRe

Abel son nari ﬁ%ﬂe}ﬁdgﬁvggﬁﬁg%%srus on(sﬁ@ﬁ%-}’bm\ﬁh‘gﬁﬁ%gdgﬁﬁg '?g::l S Vvirus-29
(MC29), ahd émllsaranértlye kelthbdbired ks ensnrc oed{fidaipn b ﬂiettamlsgmel The mﬁdlﬂed
retroviruses found in ffin at., 1997, " viruses', Cold

Spring Har boﬁ?qELaé‘E) dRyestedinte q—:lg}gstug YquiG, Stag stulggreplaced fntq,
758-763. 30

genor < struﬁ%@a@é‘f@%@ﬂ%ﬁgﬁ%’ﬁeﬁfs. e prneils e ﬁﬁ%ﬁ%ﬁé BT o
exanpl e, det hodtseltsy atil Youchimétic Stainsrelrich exélumnelyfuom]mse\ theNEBproemBeankbe
(CGenome Accession,Nos. AF03 and .,AF0338 ectiv 5.Retroviruses
may be broadP@‘a’d‘F@PE‘E‘l CORYS %f’ysg %%ﬁséﬁﬁdﬁ%%ﬁ'ﬁﬁ‘ﬁ ue @l‘ﬁfﬁ%ﬁ’e‘i afP8 SXarER]fn| ex .
Ret rovi r ygesigmonRver4pe further divided into seven groups. Five of these

groups represent retroviruses w th oncogenic potential. The remai ning two
groups are the lentiviruses and the spunaviruses. A review of these

retrovir usesAhtern%&es HieHo I or dg? felr In sta%{e' intelg?a 7on( (Ith {:r(ajxlspogo%s and/or genes

encoding transposases into the genome of host animals include the use of viral vectors,

such as adenoviral vectors, retroviral vectors, baculoviral vectors and 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 anjr 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  MSY), Moloney murine sarcoma virus (Mo-MSV), Abelson murine leukaemia virus
(A-MLV), 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.

30



Host range and tissue tropismvaries between different retroviruses. In sone
cases, this specificity may restrict the transduction potential of 2 JUN 2006
reconbi nan j,ral vector. For this reason, many gene

experi ment (LQ%@%%Qed M.V. A particular MV that has an en&@ﬁ%@@ﬁ%?%?ein
cal l ed 4070A is known as an anmphotropic virus, 15 and this can al so infect
human cells because its envel ope protein "ggcks" with a phosphate transport
protein that is conserved between man and nouse. This transporter is
ubi qui tous and so these viruses are capable of infecting many cell types.

Repl i cat i on- dghesitsi onethe gbhciiicisthctuRid f¥bmedEtodiNReSmay be B aidiaahestt. Bofway
exanple to 20 prepare suitable titres of the retroviral vector for

subsequent tr afsdawplepdetaily ansHR§ and ddoidMb¥tinay bef forng dwinadhe HCHI GenBark
cell line and, the reconbi nant v That, say...that the three
packagi ng pr oﬂéﬁ@%éﬁ"‘?@oﬂ%r 5@@%*‘[}9@%@335%5‘8%%8?‘%?3" cel | 1ine"
contains one or nore of the retroviral gag, pol and env genes. 25 The

packaging cell line produces the proteins required for packaging retroviral
DNA but it5 caRetrovimasesgmaypchet beadlypdividedi oo dwe caiegdries! aately, “simpple” raadi on.

The hel per .ot ei ns, can package a psi,-posjtiye.reconbi nant vector t
produce. the T CESABIFRAnReYIRE Bapeyen bepaber diyided jnfe R, props, £t qfdhese
transduce Cﬁ]'Tgfoipr ];éﬂ}ééeﬁfjfh@ﬁvfrbfes%ﬁf cogéiﬁepot%ﬁﬁalgmrf@mﬁimﬁé‘ﬁv&

are
cells. A su y of “the avail abl e packagrng lines is 30 presented in Coffin
et al., 1997 thelenfivinges ad{khe2gdtavitugs/ 0% s&dew PETHGBIGHOO0BES i1prdiented in

| entivirus gr can.,be, int.o. cprimate” and "non-primte". Exanples of
primate | ent %m%@g’?ﬂ%?bg’énhunan i mmunodeficiency virus (H V), and siman
I mmunodefjgi ency virus (SW. The non-primate lentiviral group includes the

prototype "slow virus" visnal maedi virus (VW), as well as the related
caprine 5 art Fost fapgesodpisard tropismi vagics beiween difepenhretioniragesi dissomeaeasts

i d thes | i bed feli ' def.j Ci Vi
(FIV) and bov il PrieTEatn! Ea e ARRSNIDE) PoRudf o iRl 3Ryt i
at, Blood. 209&:t&0 Fokihis réakdr, mirsi genb tikdrapit expéridenBlhave Q58 IOV, 74 pafehbler

MP et al. (1995). Hum Genet _96(2):133-141):10589; Lai et at, Proc Natl
Acad Sci U S MIPdeatdas anoenyeiops profeincalled 40744 is known as an ggphotropic virus,

gi( g)lg%?g’g S10d Hie%hns 1f0d mittdd c&ls Blcatile itd SFRERPLEToteOOREP W 2
. 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 ypresented in Coffin et al., 1997 (ibid).



A distinction between the lentivirus famly and ot her types of retrog DHiﬁﬁ
Is that lentiviruses have the capability to infect both d|V|d|ng ah J
non-dividing cells. In 15 contrast, other retroviruses - such_ a are
unabl e to iWPIBOS®¥ah_dividing cells such as those that naké"ﬂBGB?%wmﬁ
exanple, muscle, brain, lung and liver tissue A nunber of vectors have been
devel oped based on various menbers of the |entivirus sub-famly of the
retroviridae and a nunber of these are th 1subject of patent 20 applications
(WO A-98/18815; WO A-97/12622). Preferred lentiviral vectors are based on
HYV, SIV or ELAV.. The si Iest vec ogs C nstr gted f.rom,H. V-1 have the

conpl ete HV aﬁﬁ 1@5% upy ean be i aRgn-pRmatee. Expmp geri P on
or 1 epl acemefinffridse ﬁféiudEOdhﬁlﬂarfe cg tPRee YAPVR' SarX PSifiisn
gag/ pol and all t he accessory genes ence require onl'y an envel ope to
produce i nf echnnmaodeﬁumcyZﬁrmr(Sl\f)l esTheOfnoanpem:ﬁaic:dssm;alggnap mncTudes/phe vpu

and nef are non- essth rgerred forma f or %{-b sed,

I entiviral ve@f‘?}?@p? ssoﬂf \yings L'Y% pedy XirEs, asg&'& leanitheyT thgd.‘ﬁpnne
sequences am‘?g Wgﬁ Ogﬁ)m oSkt aﬁ?gt h
response e nt (RRE)” an the %EIEX) t%glse vect%?%m%ag po@ggr&g%éﬁeéssory

gene pr oduct smarel esvently pdedcnibed i feimeanmnmmpdbﬁcechcgi thims f(FOV) aarsd nbdvene

plasmd or fromtwo nor e, co n ds, cQ-lnfecti of
vector cont afATgodehiciency virys MZﬁ }t Vérgleb%%lﬁogzior&o?g%' 171-
PCT/ GBO3/ 000651?‘?’%{&9&%%# USvirsl. %@9%@&@7& 'Itfk‘?dMP'é?‘%ﬁrg 90y, ek GnpAt
does not go throdgh I nternedi ate.” There are over iTferent human

ser ot ypes of 36@)1133431;) 0580 bai ef rhi Rro6 Natibcad fxd [b&sPeEiOQﬁDcﬁlkﬂ ;YK Bathan,

eSS TR ey L O S GG LT o

nost commnl yzmgieﬂ_octaﬁgygw_ggl vector systenms and are normally associ at ed
with upper respiratory tract infections in the young.
Adenovi ruses/ adenoviral vectors whi ch may be used in the invention may be of

rererred ademodimueie! Bhert Tnd RRRLG, piiy” BTSN 1568 B RS istirfh
adenovi ruses hintivirises havédig ca;fab{lﬂgi&b mert béwalvmingland Aah-ividigoeelist hg

various adenoviruses of animal origin, canine
15  contrast, other retroviruses - such as MLV - 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 a2 number of these are the subject of patent

20 applicatiens (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,



adenovi rus, nouse adenovirus or an avian adenovirus such as CELO Vlﬂﬁ
(Cotton et al., 1993, J Virol 67:3777-3785) may be used. 15 HSV vect ob% Wiy
be derived from for exanple, HSV 1 or HSV2 strains, or derj |\,

thereof . MQEWFARd strains may be used for exanple strai npf\ﬁ(téﬁ(ts@"cﬁfean et
al ., 1991, 3 Gen Virol 72: 632-639), strains R3616 and R4009 (Chou and

Roi zman, 1992, PNAS 89: 3266-3270) and Rg 0O (Chou et al., 1994, J. Virol
68: 8304-8311) all of which have 20 nutations. in I1CP34.5, and d27-1 (Rice
and Kni pe, 1990, J. Virol 64: 1704-1715) which has a deletion in | CP27.
Alternatively strains deleted for 1CP4, I1CPO 1|1CP22, |1CP6, |CP47, vhs or
gH, with an inactivating nutation in VMAS5, or with any conbination of the

above may al g9eRBentatsti® aPdBUC ErdadMd, STirieat MNATvikRahhIRBtAR Ro tRPuih%n
term nol ogy used in describing the various HSV genes is as found in Coffin

and Lat conaRNA 88&meadinte eThere ayd ever §0 differbutdeuhnanceratypes of adenoxirohdivideds
(ed). Cenetic ni pul ation aof t nervous syste Agaden.c Press: on,
pp 89- 11 Bm{'?rgaﬁ%fgu%ﬁﬁfﬁs%ﬁénﬁﬁn&wm ﬁﬁﬂ%@g@iﬁ} Pﬁ&fﬁgﬁﬂﬁn.

e bacul gvi S¥3fis! RHnCA ; I S
Vi rus (Acf\)/NPE:/)bﬁlljs ae é)L\(i/ki'rrus whi cdﬁ can reﬁcati@ﬁ??iﬁ%l | s of égft?ai n
| epi dopt er an95%ssequencarhdnivdegy) ere mostcommipdly ysefl an adenuvirak ventorcfystems adi nant
proteins in insect cells., Bagcul.oviruses,. such as.2.6,JUN 2006 WO 03/ 056912
PCT/ GB03/ 0008% wﬂiw@?éwﬂgmeamummt ghonsip frg
het er ol ogous DNA with high efficiency in a variety of manmalian cells, such

as a hepatoma cell line and primary |iver cells, and endothelial cells
(Boyce FM BAdbhmovihises(aleaoyirdbaectorsvhiok maydieatsed in theriwventian sfaybeiofhoman

[ |1s.. Prog .Natl A | .U S, A 93,.,2348-52;, Al KJ.,
1T unent RO OFTEHEAL IR A EriRHCr SR A0 PSR HAERar G BICIRReD SEpoVIRIe ¢ ual o
S (2000) BachileQidgePasSRil 2 %uggg,ggﬁt?ﬁﬁla} ! a&ﬁé\ﬁrﬂsé%& 2\(Rd2PRIAH

5
carotid artery. Gene Ther 7,14 . Moreover, bacul ovirus vectors )f'or
gene transf ér(AdTetanos (Ad12) rAmong then yathense addnoyisuses Bffariniab otigisl cagiseone

avai | abl o cofMBPERSY PHLes QORg i of 87 8 el adehaiis sheh GRS Vs Gy oF° ' ©
replicate inaTe9n®|J VirolEl: 3 77-3185) Aydeified.N0 need to engineer themfor this
use. 15 _ _

HSV vectors may be derived from, for example, HSV1 61' HSV2 strains, or derivatives

thereof. Attenuated strains may be used for example strain 1716 (MacLean et al., 1991,

9 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, ICP0, ICP22,

ICP6, ICP47, vhs or gH, with an inactivating mutation in VMW6S, or with any

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

7]

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 (AcMNPV) 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



Construction of vectors for use in methods of the invention may emphay N 7006
conventional ligation techniques. Isolated viral vectors, plasmds or

fragments @ pePdsgawed, 15 tailored, and religated in the fopey@dgsidoaes to
generate the plasmds required. If desired, analysis to confirmcorrect

sequences in the constructed vectors is performed in a known fashion.

Transposon presence and/or nobilisation ngy be neasured in a cell directly,
for exanple, by conventional Southern blotting, dot blotting, PCRor in situ
hybri di sati on, using an appropriately |abelled probe which may be based on a

sequence 20 pAENIBIPYV hive beerd useh pagaty fohaaoducing! Retetolodode BNA with higeadi |y
envi sage how these nethods may be nodified, if desired. Vectors useful in
the present iahiieigngyon ayasiety af mammpdiso sells,mucly iag a eppiomaneelidine agépsisnary

Uoes of t he. IRPERTRo e Setif B 3o B b BiPoa 3, (PR Rl c

generation Ofgeht HRGBA o HERINIn RIS P8 NALISATadSHINY BSA 99, DN3-32: ATRnfe
cl onal popul ations of cells honbgeneous for one or nore i ndividual

mut at i onss THUS, Hiliuaers 3403 JvontsnyMP, divaunen AdM,s Laitinedn OHp KadhmaadMS; Wak ch a

| f | i ot . . f . h
share the saterbi.s T Proiovigt T adidles; Bt fhrs Rapvs R rbing
nodi fication dgpo BHERCIGEE TIRI! B1499L BSU4GS Norédved 5acBRIRE eGSR VR IR

phenot ypi ¢ and @%enot pi c analysis of the nodification and noreover ‘enabl es
t he conpari sdransfer, o® fosintsdading heterdiaeods RN 8o tiROTE«BOR /204 peEedirkect S

of a particular_gene. nodification.to. be ¢ red with cor. ondi ng. ...

o 1a- Lype gderimBiRE S PiadBliain Mo Rl S h AAAOLE Rnbinly

cel I, tigpue fth@mead) badilbvihides bendRABMPANARDECHe I AafhrhdIME Hells) ko TRete figir t her
be used to nonitor gene expression patterns of nodified genes can be

noni t or ed dumomgedteanginege nidgusgnd in adult cells and tissues.
Transposons, and sites from which transposons have been exci sed, nay be
identified by sequence analysis. For exanple, Mnos typically integrates at
a TA base paiQonstidioh®f ¥ectorsdos usinlreetheds dfahe itbeatibw diagreniploy edventidnahg of
duplication of the target TA. sequence, flanking the fo;grgl term nal

nucl eot i des dgationtechuiguese dsplated yal,ved@scplagpids or DNA fragments are cleaved,

15 tailored, and religated in the form desired to generate the plasmids required. If desired,
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 medified, 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



t he sequence of Mnos, its footprint, or related sequences, nmay be detected
by techniques such as sequencing, PCR or hybridisation. 15 Inserted 2§ JUN 2006
t ransposonwimisoeeibdentified by simlar techniques, for exappr&pasnngs PCR
prinmers conplenentary to the term nal repeat sequences. The invention allows
functional mapping of a genone by permtting precise gene nodulation at
predeterm ned stages of devel opnent and suldsequent detection using 20
transposons. Thus, the invention provides for efficient intracellular
transposon nobilisation and insertion into the cell genone of one or nore
cell's or ti sseffectodf apartionlgagérermodifioatiodi to deeompatedapith cgrésponding malldityye i n

cells of transgenic .orggnisns at ear]y.stages of devel opment.., The i nduction

of tr ansposong‘?%ﬁiolfilg%?q% g:tggr{;cwogﬁjg;@ggns ’&ffi@r?BWOWPE 036"\?@* PHERT YBED| es

t he generati og; cells or tissues which 25 are honbgeneous for
"B i 54t

a transposed gene. erefore enable rapid and efficient detection
of a change in phenotype and/or identification of the nodified gene. An
exanple of a suitable trap coEstruct is given in Figure 12. 30 The

jvent onl,5 i nTminyevaen BgyciEhenbhdsedeior MoBitoTogane RXRERSSIOR p@@emroié%pdig@d
byt ansposorbcirk et st B PGB tey B Sptidh ARUE R B SRRELC o

transposon "tag" w thout 26 JUN 2006 WO 03/056912 PCT/ GB03100065 45
requiring costly and tine-consum n}%Agenet i c anal yses, and frequent]ly w thout

signi ficant ahwbsnosons aad gitenEpmgvhish tigpsnesensehayshesp sxcised, mpay beideplifiesh
oo . ¥ ! f . Slaig ]
Pr ansqeni ¢ ni DaseaERETAMLAR, For chithfle ffind¥ typiafty RASHRGL e OOl BHET, O

t he phendiQypeomexdisien Oleavesrehiral bsfootprisg,uessizting rafadsplicatich of dhe ttirgeteTA

genetically by deterpgination of the transposon insertion site. |nducible
expressi on s\SSAweRse, E&Méﬁ ﬁgaﬁt%m,nuﬁlﬁgm%é qfstﬁa trapsnogefl| dihe presenceph ch
bet ween partg.al a,% ' -4 g tic
cells carryi n%‘gfﬁ tr gﬁ?‘?o%é@ﬁégn%%rtl ﬁgﬁggﬁ}eg&et&? ﬁ%@%ﬁgﬁ ng%): a%‘eorﬁag(;(tgtﬁp e by
deri vi ng i muethmiques kiich assequenoings PERaahgtbridisitasho| ogi es, or by generating
transgenic aninmal lines by nuclear inplantation nethodol ogies. Such

| i brari es can be used for phenotypic analysis and identification of gene

15 Inserted transposons 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 inio 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 chiange in phenotype and/or identification of the modified gene.
An example of a snitable 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



15 associ ations. The present nethods all ow advantages over the curr 006
met hods. In inherited di seases such as the haenogl obi nopat hi es, haeﬁtr]i[p‘mh* ?g
cystic fi S| nd rmuscul ar dystrophy, well defined nutat,i j i ngle
genes or t g’iot:’ﬁ);sgdgl atory elenents result in inappropriat ?‘Lg]gﬁgojé@opﬁr%essi on
with clinical consequences which 20 profoundly effect the |life style and
|ife expectancy of affected individuals. wever in other diseases
particularly those related to aging, such as the denentias and psychoses;
psychiatric disorders such as schi zophrenia and nani c depression; bone and
j oi nt rel at egedih r L B bt Y, oan | i i : e 2
25 di abetes g?\%ﬂiﬁlg?;%g?vﬁls&cgﬁgﬁkgnd (’:na gs%%/ca&?@?&(’:oﬁg ?égﬁtsﬂ?mtcﬁ“gtﬁgggeti C
conponent i s sigmificantampiexobsequatcilg poorly understood (see Lander and
Schork, Science (1994) 265, 2037-2048). Where nultiple nmutations in
differing targets determ nes factors such as the time of 30 disease onset
(eg post MENQAPFURRL dniSuidfithént! &S Fﬁ@ﬁﬁ%ngé}‘gvﬁlﬁﬁ’?iﬂ §h¥ géne}dﬁﬁmdbfsgﬁriﬁ%éb?te
(eg pre-disposition to vascul ar di sease stroke) strategles based on
random R ® 0#afsgeit? ovfanidnts, Sukh 260GansB&iic GRxe/ (pged gdnley | by e afentifitd eed
nouse strains, and.transgeni e | aborioysly devel O‘ﬁﬁd from singl %E(f;ene

icm .
del etions i nPhenatynieallycco F‘lﬁrtartﬁ%Eh@QBﬂ’F(? OPF REHOTGCHE; HSSUGHEr Ofgase
invention pr gy t VTP . : {0 ion
5o 't andon \perEed SofBLENP by Abinffatid of B oalpAUA bich R BRAGLE °),
prone to a despesstorssytans, andedchibed bbove, ayddeyused b avgmlaxitlsd swigchnbdtweemns i n

interrel ated di seas causip enes. The background can_be sel ected by using
founder cel | PRItALED APHSERAG pleteparkatt of ?mﬁmgﬂ%ﬁﬁn@mﬁ
integratign g ﬁg iBhaen t~{,§5}? hYd b {hapi d
generat i %?: o?rhﬁ m%égoe |§J§1ar| es%ier} I %?ﬁ?orgéﬁg?iécﬁwﬁ%%%c@%%ﬁ lines

refl ecting dbyfsamdar] mozthddolagiesdiareby gendroting icempgenic aninzal s nby mwelgat hat
the mutations in the ingul i{g’ receptor cause mld to severe hyperinsulinema
dependent on@ﬂléntﬁd%ﬁleaﬁ’ﬂg Abackground (see Ki do (2000) Diabetes 49,

589-596) indicating the involvenent of other genes in the predisposition 15
to insulin resistance. Thus generation of a tagged nouse library using in

vivo gene t Buelsjibsariesoran dehnresdodyr phenatepic mralysish andtidentificaiors ofb genegr ound

shoul d | Ffad EQociations. The present methods allow advantages over the current methods.

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; psychiaﬁ-ic 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



selection of animals with a nore severe phenotype. Sequence anal ysis of DNA
f1 anki ng new transposition events will then identify new candidate d ['sé%N;él]Uﬁ
causing g hboh contribute to the onset of the severe phenotype. 2 '
Candi dat e g‘l@%‘?@bgenes can then becorme the focus of furthefcgfﬁﬂig@go@o
determine their precise role in animl nodels, and validation of a disease
related role in man Target validation in‘{gan will utilise existing clinical
and genetic databases, containing 25 DNA™and clinical information on

rel evant patient and control groups. Phenotypic analysis of the transgenic

organi sms cr . 1Pl ' L el adi ng
changes in a%@gggﬁgt@&e%@é@g%#%ﬁgaﬁflra@’glfg‘{]n?@hﬁ? o] ga%iéﬁigkﬁ%%grﬁ’a e
(e.g. when ngiagkrdene deletimsia vast ES edlCkbranésseemidestined tofgil. bl ood, spinal 30
fluid or tissue. Measurenents in body fluids can be nade by any one of a

number of techni ques known to those skilled in the art including

measur enment NMVR, Elis GVB,and _so forth. 03/0569 47 6 _JUN 2006
PCT G03) 0008k BEReRt ThYRan piR e Er Rtk aRrlie teley dyauah T bnld SrilatLr i ng
behavi oursal  gpfah@sily FfaggéESROARSIraldd staftifg dath aShdckEidund ¥nbwh A bé pdne teuCh
as light, sound, nenory and stress tests. 5 Qther neasurable phenotypic

char act er i-st & diseasecitate.canst heraforgritkehyte bayepxistimgtavtstions: inripterretpted disease
besity-and forth ' b [ f | e,.

Sergnt” fat CURPE ot ol el FiR R Eleclf JRLSERE e R BT RiEsing  api

features suglitiple PhGRHnET B8ApoSonshRAHowrRirRegratittO sites) RepelRtzbRAraspbist h can

be assessed. 10 Advantageously, the transposon technol ogy of the present
i nvention al dctivityt wil qéﬁwah@ irgpidogeneraticar o€ smopset libresige rinc didferent| gengtie hout

t he requiyenent for.ex Si vV raae. Rrevi ous nethods of generating
transgeﬁioc a °kﬁﬁ°¥n?%vgg%%€iﬁﬁ§%§%og§lﬁogglse%ﬁém cal nutagenesis in which
mut ati ons are generated. These nethods involve 15 nmultiple nutations per
animal (e.g._nouse), The animals, once generated are anal ysed )
For example it has been shown that the mutations in the insulin receptor cause mild to
severe hyperinsulinemia dependent on the mouse genetic background (see Kido (2000)
Diabetes 49, 589-596) indicating the involvement of other genes in the predisposition
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 mcasuﬁng 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.



phenotypically and then need to be archived/stored for use in the future.

The present invention allows the generation of starter cell lines onpg JUN 2005
starter traW&yBMse1dr gani sms  having different transposons ipsgeEReH o 0 the
genone. These cell lines or organisnms can then be used by 'breeding with

transgenic animals carrying a transposase to 20 generate a new library. In
anot her enbodi nent, the nmethods of the ind&ntion may be used to generate
libraries of ES cells with different transposon insertions distributed

t hroughout the genone. These can be sequenced and characterised. The ES
cells can conveniently be stored for 25 future use. In an alternative

nbodi t, t t h .of . the | ti dto, K" wh
expresston’ | sOSHTGRLPiEhEaTatfier oin v aaeed fy S AR gt BT or
tissue or celjesiifkéy/RleitERH Rihteby uihaClstd 35cH 86 11 gl BORA nie@ndr}y 208 %&éﬁ%” 30

nobilisation wth a marked transpoSon I's subjected to treatment”with an
external stitesttus, such as a candidate drug or other test agent, and
nmodul atiorg of the expression of the marker observed. Cells in which the
mar ker is-over or under WO 03/056912 48 2 6 JUN 2006 PCT/ GBC3/ 00065

expressed ar %fh%l‘ﬁleﬁsﬂrﬁbl@m%tggicwhﬁf&&?ﬁ@& inRhide L Gowit ] aBaRE fgs,Whi ch

I's upregul ated or downre I n response to the stinmulus e 1 nvention
may thus be usetr growhobiesity and spi forth svhticincaarbetmegsumed dyessessing,dpr éxamyié,ons,

by inserting transposons i ch qonprise, marker, genes ich are | ated in
Chel 1 expr oosHeiR B Epatent At ow i FRHIRLF EhGR a ErREF ORI R
approach is ugehw blbod prdiure Hedi rak, lﬁﬁdg‘ﬂm'ﬁﬁ&klhﬁd sPfdrth)eafl bbdssebddgdr ug

di scovery approaches, "toxicol ogy studies and the |ike. Mreover, it is

appl i cabll® to study of gene nodulation in response to natural stinuli, such
as hor nones, t oki nes.and growth 10 fact.ors, d the identification of
novel tar got ANRgRRBh e By teeBROISRR o e, greset Fbieabot AlgRE e
therapy in huyisf&tioR|dFlikafds éNirdMesnic HAKAAIE Riitt The rdifa@emefii 62 Sextensive

her bi ci des, antifungal agents and antibacterial agents, The invention is
further descrstasage: Proowsmetbads of gensrating) transgenic gnimalsinvalvermetheds swgh ag5

exanpl es. 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 fransgenic organisms

having different transposons inserted into the genome. These cell lines or organisms

can then be used by breeding with transgenic animals carrying a fransposase 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 ‘embodiﬁent, 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-



Exanmples A: Activation of Mnos in vivo using Doxycycline 20 Exanple 1:
Ceneration of Transposon Carrying Mce and Transposase carrying M ce Zl'ﬁvdUN 2006
transgeni ¢ wapeRsk9nes are generated. The transposon-carryi n@CTiGe3phicRe

MCG) contains a tandemarray of a fragment containing a Mnos transposon
containing the 25 GFP gene under the control of the cytonegal ovirus

pronoter. The transposon is engineered suc48that al nost all sequence

internal to the inverted repeats is replaced by the CW/ G-P cassette. Not
cont ai ning the transposase-encodi ng gene, this transposon 1is

non- aut ononous gxpeskedaare dilte)y he hawbithe Zemhspdsen iasertzdr ine onfetr anggeswhiehi i

present. The second transgeni c_ nouse |line contains, the M pnos transpgsase
gene expressed“m“‘%m’;‘?f emMated I wepanse tq the stimptys. p?hﬁ'r’é’t"é?hw&%ﬁ@é%@lz

49 2 6 JUN 200 A Eistpaﬁs LHE

foll ows: The p%%%@rﬁﬁ%%g?%%ﬁl na dzglla e%%%b%%ﬁs’mﬁg D éﬁ'%?sgﬁsog{s
269- 275 (2000bjyvhiekSccrtiprisei thirkBapgénes vattich ae- mbégated dn ttheir expressidihievels by the
tetracycline resistance_gene between the Mnos ends, resulting in plasmd
PM LRABanHI 3 ARTOX&BitY syith-cohanGessRFes¥0ns-r om pM LRABam H1, 5 contai ni ng t he

M nos i.nverted repeats and original flanking sequences fromD. hydei, was
cloned into plasmd pPolylll-1-1ox (created by insertion of the |oxP oligo:
ATAACT TCGT AT AGTAIBApGATdeR ACGARITTOA thel Studyn bD gedeemAduiztidh by tdeugy int dreg dBco Ty
pPolyl 1'l-1 (accessign No., K ML8131), resulting_.in plasntid_ppal %/I\/I LRABanmH The
final construcBPRIpahesaexipology stydies gnd thediker dorepyrs, 1 isapplicable tagtudy of sgeni ¢
m ce,. was crea | ' } N [Ne,: i o ih&3ARY e
2.2 kb Spel fraggeuﬁﬁo#?%%é g%réodﬁgg'aggtsl@pﬁb% ) %%nggn‘%ﬂn%ﬁlg hunanﬁ‘:og}eﬂg
GF(I;’ ?elnle (I% 0 Bfeﬁtogﬂtﬂﬁthﬁid&fﬁ&baﬁbﬁ?ﬁﬁ&%gﬂd ﬁgnnblﬁlclﬂc‘ir ﬁﬂ’tea'v&ﬁbl nprimmiﬂiﬁ%

an ol I owe t he _SV40 interveni sequence an ol yadenyl ati gn si gnal .
The trans posonzlaé&‘?t? for s Tapy ’Rg‘gmé'ﬁﬁé’??‘ﬁ%?’éﬁm ﬁsridEY‘%(iPPfff‘%tqfﬁbseFWé‘q > 2
kb Xhol  fragngithicidedMddtitend2la SMGHE aptiBsddishl apldts FVB X FVB fertilized

oocyt es.

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

15  examples.

Examples

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

Two transgenié 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 atmost all sequence intemnal 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



20 Transgenic aninmals were identified by Southern blotting of DNA fromtail
bi opsi es, using GFP DNA as a probe. The transposase-expressing |ine?2igsJUN 2006
gener at ed wa esseoducti on of the transposase gene into emMypoBBEMI§EM
cells via standard homol ogous reconbi nati on ES cell technol ogy. 25 The ES
cells are injected into blastocysts to obtain transgenic animals via
standard procedures (Manipul ating the noyge enbryo, Hogan et al., Cold
Spring Harbor Press, 1994). Two constructs are used: First, a construct
~containing the rt TA gene under a constitutive pronoter expressed in the
target cell s. Trahgposom NiCHIVGER dvdss construpted t asOfollgwsasThel fl4snaidt sifiDRTdtRch

contains the &&ne encoding the rtTA 'aftivator under control, 30 of the
Cyt onegal ovi r mﬂam%@@frwyﬂ%m By 2hthe & (2000) wasreutiwithBeril dand fal

activator encpged t’t?%eﬁl%éfg%ﬁ%f%@?{e ﬂesfiﬁ%ﬁéeisg’e&g eeh Qh% BndY &€ r}gﬁﬂtﬂf#einu nder

Doxycycl i ne. € secon contaln nos transposdse ge

control of thaadRdOPAVIBRABEAED.2 Gun) UNp2098aclPERERRAB/ B6@6PMILRABam HI,
tetracycline-response elenment, or TRE. The THE consists of seven direct
repeats ofd a containipg shepMénesdnvested agpratiganderiginal flapking sequences Gpm Bnbydes

| ocated just upstream of .t he 1 nimal r oot er .. whi.gh ks the enhancer
el enent s norn‘ﬁ% g)o%eggg@ipézisgadﬁp ?ﬂiﬂ?ﬂ%’%ﬁ?@?ﬁé‘&ﬁﬁf#@n 5&?“3’1"%{? B er. Because
t hese enhancer elenents are mssing, 5 there is no "l eaky" expression of
transposase fromthe THE in the absence of bindin by rt TA. The second
construct useATAAGTHCGIAFAGSAEACATIATACCANGTAThe nmulitiple .cloning site
(MCS) of which is inserted the gene encoding M nos transposase. In cells
stably transformed with the two constructs, rtTA is expressed but does not

activat e 10t r SffC tHePdpTN8 Qite MfMAS vbétaﬂg;pe@ma (dBdegsion YR 8I3 1N restltidg in
mcrograns/m ) is added 10 in the nmedium Transgenic aninmals are identified

by Sout her n Iplasmif mpolyMIBBRari The Fingh eonstreet (PMIEMY GEP; Figusg 8} usad HDNA
f t be, .15 . 2. . Actjvatiaqn,of M i N, Vi,VOL A i
s of ¢ he 1F ARG of LARDRRis TS ataopao By Wsfie, ol e sre L 3 ©
mouse of the fHoRMIEEBMITR h¥i DQ kbNSpeMERighicflt fré ?iasﬁﬁ@rmlﬁ&‘éﬂﬁtdm’,

resulting enbryos conprising within their genones both the transposon and
t he gene encowntaiping a humanised GFP gene (from Clontech plasmid pHGFP-S65T) driven by

15  the CMV proﬁioter and followed by the SV40 intervening sequence and
polyadenylation signal.

The transposon-carrying MCG line was constructed by microinjecting the 3.2 kb X#ol
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 iine 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 riTA transcriptional
activator encoded by this construct is active only in the presence of Doxycycline. The

second construct contaings the Minos transposase gene under control of the



20 the transposase will only occur in the presence of Doxycycline.
Doxycycline is adninistered to the enbryos in the water of the mat eralUN 2006
organi sm Weosaxedibne is only admnistered for a |imted apoumiBo®hooss me
(one day - day 2 of gestation) in order to restrict the potential nunber of
transposition events. 25 On birth, the transgenic offspring devel oped from
the enbryos are isolated and various celb® and tissues are used for
genotypi ng. Exanple 3: Detection of Transposition 30 A PCR assay for
transposon excision is used to detect active transposition by M nos

t ransposase itetr&dyelmaampoﬂsbsahmmt, arsTRE The TREcansists dfydevenldiect repeatsef a

non- nobi I e Drosophi |l a hydei, glyfances whi ch fl ank t'E]e M _nos transpOf n |n
the constructié-bp @%@P@WW tet oparatos {teldy apgds tféauftmn%am 8

rodi at eo. oxcPATARACTVR oniid Fhfth nbl (F SPBAcks Aot Sorhd Ry aRRaA

usual ly | eavgs mhmmmaeleaﬂy@r&nbwseBmwe ﬂm@é ranhmce( Aletrfentt arglmisgidgo7)
Genetics 145, 267-279 Wth the speC|f|c palr rimers used in the PCR
assay this cithereasne "eakyrexpression of incthe ebseyee pRbinding; 5| |

i ssues 151 SIETAGTRY posofi gotsilit feet 5%%91’%?% AR el bl

manuf act ur er aldnmg $iteqMOBpof WIEEh icinsértedribe gere mbﬁmg NeEidos krndpobase. Bf ¢ermgr s 1
| DML: 15 (5' AAGTGTAAGTGCTTGAAATGC-3')  and GOLJMG
(5' - GCATCAAAStbIGramsfesmed. with theotwo cohstrictss Ad A e&nreﬁssqi Ibahgloes] potagtivates - HCl

bol yror he. (SRR RERAS M il tt B Aid0751 suldlinsl € g M0
per 25 pioreactheanedivd@. or 60 cycles of 30" at 94C, 30 at 59 C and 30" at

72 C were perforned. PCR products are cloned into the PCRII TA cloning
vector (Invitrogen) and are sequenced using the T7 priner.

Transgenic animals are identified by Southern blofting of DNA from tail biopsies,

using a transposase cDNA fragment as a probe.
15 Example 2: Activation of Minos in vive

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 iimited amount of time (one day - day 2 of gestation) in order

to restrict the petential 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



The diagnostic band is present in certain tissues of the transgenic ¢ JUN 2006
offspring. The 25 identity of the fragnent is confirnmed by Southern bl ot
anal ysi s usiypgsasdoapel | ed DNA probe specific for the anplifimt/ceguense
(data not shown). Clusters of cells are shown to be honbgeneous for the
sanme transposed gene. 30 2 6 JUN 2006 WD 03/056912 PCT/ GB03/ 00065 52 B:
Activation of Mnos in vivo using transpossse under the control of the ZP3
pronoter Exanple 4 5 In this exanple, it is denonstrated that, by placing
expressi on of the gene encoding the transposase under the control of a gene
regul atory si dKiinakis etlaf €2060) /as. ddok Bioll Qr 2692759, Infl)rdm;dﬁlapmﬂs;tt:amposase-
transposition ca be i nduced t hat tag of enpryo. deyel oppent ., hi s
exanpl e, the Josatedc3amsiog ?ff%}"qua]ﬁs %@Pﬁqfaﬂfe@ed%maq &, 1y of

the 10 ZP3 pr q%géchgq eﬁg}lctdlﬁas%ﬁaﬁg%ﬂ@ﬁﬂﬁﬁeﬁ@é PJ}'Q}R%WHOS {'145”28’? 9% 29

oocytes during a week oogenesI s ransposa
expressed in gvﬂmeSpemfmy[jﬁSom‘imémSBéﬂ irhfhedﬂR&Ss@y thif creatasdi dib@tbstie 067
aut ononbus _M nos_transposon _and promoted its re- mt(egratl on into new sites

of the gendme bPEfR-irggment(Callemipeiad. €brh 4200 frondYarl dead.(Sebriddrd 81 <2 15dr

knock-in and f,q S)regul ar transgenesis) in which the transposase is inserted
in the endogenou spermspecific H't gene for transposition in sperm

Al ternative constructs are made for egg specific expression or ubiquitous
expressi on by repl aci g Hi t sequences with_ equiyval ent sequences f | anki ng

the start of feqme cqiffprent | pswssp it gsalatpd owith nthrpDNegsy JBF%K%USI y
d 5
?ﬁgﬁﬁifﬁg)tggﬂ‘?pos Nﬁg@h@g@?g&%@ﬁt&%@n@%@%% G iRaGicnt F¥ Yoo >,

transposa3@e i msimgprieddralIDMI:s or aninmals is to increase its concentrati on
as aresult of a nore efficient translation from

(5’AAGTGTAAGTGCTTGAAATGC-3%)

and GOUMS67:
15 |
(5’-GCATCAAATTGAGTTTTGCTC-37).

PCR conditions are as follows: 10 mM Tris-HCI (pH 8.8), 50 mM KCI, 1.5 mM
MgCl,, 0.001% gelatin; 1.2 units Taq 2000™ DNA Polymerase (STRATAGENE),
20 200 gtemplate 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



30 nRNA by replacing the fly codon usage to mammal i an codon usage. %hé 2006
end we replaced the coding sequence of the fly M nos transposase w t J
sequence: Wgoe3iki12006 WO 03/ 056912 PCT/ GB03/ 00065 53 - SE@chiayBozbhoms bp,
Composition 321 A, 235 C 261 G 209 T; 0 OTHER Percentage: 31 % A, 23% C,
25% G 20% T; O%OTHER 5 Mol ecul ar Wei ght (kDa): ssDNA: 317.79 dsDNA: 632.5
ORI G N | ATGGTGCGCG GTAAGCCTAT CTCTAAGGAG FICAGAGTAC TGATCAGGGA Cr A Tr TAAG
61TCTGCGAAGA CACTCACTGA GATAAGCAAG CAGTTAAACT TGCCTAAGAG CTCTGIGCAT
10121 GCGGTGATAC AGATI TTCAA GAAAAATGGG AACATTGAGA ATAACATCGC GAATAGAGGEC
181 CGAACAT CCGBCAketivatice O LV aa & Alvo Awviag GCIEp asp ander dre cowisdonitie ZFP3
241CGCCGCCAAT CCCTGAGAAA CTTGCECTTCC AAGTGGTCGC AGACCATTGG CAAGACTGTC
301 AAGCGGGAGTPYSIAMEBGGCA GCAATTAAAG AGTATTGGCT ACGGTt f | ATAAGGCCAAG
361GAAAAACCCC TGCTTACGCT TCGGCAAAAA AAGAAGCGTC TGCAATGGEGEC TCGEGGAAAGES i
5421ATGTCTTGGA CTCAAAGGCA GIGGGATACC ATCATCTTCA GCGATGAGGC TAAATTTGAT
48] GTGAGT GTCCESBDBARM_GAG AAAGCGCGTC ATCCGTAAGA GGICCGAGAC ATACCATAAG
541GACT GA AAAGAACAAC CAAGTITTCCT GCAAGCACTA TGGTATGGGEG ATGTATGICT
601 GCCAAAGGAC TCGGAAAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATT
66 LAACATTCTCGrAiKAL JJ Shabhstiafs (aehy) £0h
20721ACTTI TCAGC AG-CK;‘A e Gthg:,I&TCATCGAC A%‘ﬁ%&% B%E?E -&Glé the
781 TACAAT CAGATTIGEAASE @dﬂ'ermm gm@my SEBANBIANEIACTpATOGIA stage
841AATATCTGGT T CGAGC _
TTGAAAATCA A A AR .
961CT CAGCA(I)%%W VIV fAec ahd e&ﬁgﬁ\ 021
TTCTGA Thi s sequence C(C)E?ng%-ondsﬁ% fﬁé?&rﬁ%g\%l% @gﬁ#al I an codo;r{ usage%fgﬁ%
resul ts 10 a ZP3 prosmotes end emte tminsposase wasbxdmea;presmdtmigowmgmbms; dyring he
fly transpos ence. The gen e nt hesi zed ,as .
ol i gonucl eot ?%E%B %‘%epen%cgg’ COREPEY G5 spaase expreseed 10 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 Miros transposase with the sequence:



30 | ower antisense strand print) in three part, each part was cl oned, @ﬂ‘[ﬂq 2006
subsequently put together in one eDNA: part A plus Kozak precedi ng ch

start codowO ajoskae A Kozak: CCACCATGG 35 Aatrl Ncol -15  PCT/GB03/00065
CCCCGACGTCCCACCATGGTGCCCG GTAAGCCTAT CTCTAAGGAG ATCAGAGTAC TGATCAGGCGA
CTATTTTAAG TACCACGCGC CATTCGGATA GAGATTCCTC TAGTCTCATG ACTAGTCCCT
GATAAAATTC 40 61 TCTGGGAAGA CACTCACTGA GATAAGCAAG CAGTTAAACT TGCCTAAGAG
CTCTGTGCAT AGACCCTTCT GTGAGTGACT CTATTCGITC GICAATTTGA ACGGATTCTC

GAGACACGTA WO 6912 54 5 10 15 2 6 JUN 2006 PCT/ CB03/ 00065 121
GGGGTGATAC AG@?%%?%& @Q%RATGGG AACATTGAGA ATAACATCGC GAATAGAGGC

CCCCACTATG T TTALT . : . GCG CTTATCTCCG 181
comocTcos GG REEARRE R & W TSr camcecrand
GCTTGTAGGC GIFeddeh(ageG3GACACTERT C; ZETGLOIMGCT (XBLOTHRCA CTTCCGACTG 241 Li nker
B CGCCGCCAAT CCCTGAGAAA CTTGCECTTCC AAGTGGTCGC AGACAATTGG CAAGACTGIC

GCGGCGGITA GGGACTCTTT GAACCGAAGG TTCACCAGCG TCTGITGACC TGATCAGEGG M el  Spel
TCTGTTAAGE. GPYRFCACH S BN WA R (3T TARG AGTATTGOCT
TCTGITAA € TTAAAG AGTATTGGCT
ACGGTTTTTA TAPKHGINAAG 20 TTCGCCCTCA CCTGGEGCCGT CGITAATTTC TCATAACCGA
TGCCAAAAAT ATTCCGGITC 361 GAAAAACCCC TGCTTACGCT TCGGCAAAAA AAGAAGCGTC
TCCAATCEXC TCEEYAATGCG GTAAGCCTAT CTCTAAGGAG ATCAGAGTAC TGATCAGGGA CTATTTTAAG
61 TCTGGGAAGA CACTCACTGA GATAAGCAAG CAGTTAAACT TGCCTAAGAG CTCTGTGCAT
10 121 GGGGTGATAC AGATTTTCAA GAAAAATGGG AACATTGAGA ATAACATCGC GAATAGAGGC
181 CGAACATCCG CAATAACCCC CCGCGACAAG AGACAGCTGG CCAAAATTGT GAAGGCTGAC
241 CGCCGCCAAT CCCTGAGAAA CTTGGCTTCC AAGTGGTCGC AGACCATTGG CAAGACTGTC
301 AAGCGGGAGT GGACCCGGCA GCAATTAAAG AGTATTGGCT ACGGTTTTTA TAAGGCCAAG
361 GAAAAACCCC TGCTTACGCT TCGGCAAAAA AAGAAGCGTC TGCAATGGGC TCGGGAAAGG
15 421 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 (¢DNA) 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
AatIr Neol
=15 CCCCGACGTCCCACCATGGTECGCE GTAAGCCTAT CTCTAAGGAG ATCAGAGTAC TGATCAGGGA CTATTTTAAG
TACCACGCGC CATTCGGATA GAGATTCCTC TAGTCTCATG ACTAGTCCCT GATARAATTC
40 &1 TCTGGGAAGA CACTCACTGA GATAAGCAAG CAGTTAAACT TGCCTARAGAG CTCTGTGCAT

AGACCCTTCT GTGAGTGACY CTATTCGTTC GTCAATTTGA ACGGATTCTC GAGACACGTA



CTTTTTCOGG ACGAATGOGA AGCCCTTMI TTCTTCGCAG ACGTTACCOG AGCCTTTCC 25 431
ATGTCTTGGA CTCAAAGGCA GTGGGATACC ATCATCTTCA GCGATGAGGC TAAATTTGAT JUN 2008
TACAGAACCTWGAGHEIGEGT CACCCTATGG TAGTAGAAGT CGCTACTCCG ATTTARMAEIR03B00GES 1
GTGAGTGTCG GOGACACGAG AAAACGOGTC ATCCGTAAGA GGTCCGAGAC ATACCATAAG
CACTCACAGC CGCTGTGCTC TTTTGOGCAG TAGGCATTCT CCAGGCTCTG TATGGTATTC 541
GACTGCCTGA AAAGAACAAC CAAGTTTCCT GCAAGCACPA TGGTATGGGG ATGTATGTCT

CTGACGGACT TTTCTTGITG GITCAAAGGA CGTTOGTGAT ACCATACOCC TACATACAGA 601
GCCAAAGGAC T GCT TCA O ﬁ%ﬁ%ﬁa 35,
CGGTTTCCTG AGCCTTTCGA A RS in ool | |
OCOCAAGCT TCACTTCATC GAAGGGACCG TTAATGOCGA AAAATACATT TTCGA AGTGAAGTAG

KTACGRAMAE. TATCOGATTG %E%% R e e s

TATGGTTTTG APAGGCTAAC ACCAGTIRAS ZrSTCR@AA ATTFACTTC/ARETCAISE GRCHREITS ARCGATEIRCAC
ACCGCCAAGC GGACCAAAAA CTGEESFEISATE RS AR AN Y e BT e e, e
TGGECGGTTA® CCTGGTTTTT GACCGACGTC 50 781 TACATTCAGA TGGAGGT TTGGCCC

TCAAATAGIC CGGATCTAAG CCCAATCGAA ATGITAGICT ACCTCCACGA GCTAACCGEG
AGTTTATCAG GCCTAGATTC GGGTTAGCTT 841 AATATCTGGT GGCTAATGAA AAACCAGCTG
CGAAACGAGC CAGAGAGAA CATTTCCGAC TTATAGACCA CCGATTACTT TTTGGTCGAC
GCTTTGCTCG GIGICTCCTT GIAAAGCECTG 901 TTGAAAATCA AGCTGCAAGA GATGIGGGAC
TCAATCTCFE AGGAGCACTG CAAAAACCTG 55 AACTTTTAGT TO®EEGTTCT CTACACCCTG

AGTTAGAGAG TCCTCGE%&GEKTEJWG%&A&IM%WWTGC
GIGATGCAGG CCAAGGECRA GAGTCGTCGT ACGGATTTGC TCACTTTACG

CACTACGTGH: GIFTCCREPte ST on R AT YEMETT PHEITITA GOoDC0RS

361 GAARAACCCC TGCTTACGCT TCGGCAAAAA ARGAAGCGTC TGCAATGGEC TOGGGAMAGGE
CTTTTTGGGE ACGAATECGA AGCCGTTTTIT TTCTITCGOAG ACGTTACCCE AGCCCTTTCC

25 421 ATGTCTTGGA CTCARRGGCA GTGGGATACC ATCATCTTCA GCGATGAGGC TAAATTTGAT
TACAGAARCCT GAGTTITCCGT CACCCTATGG TAGTAGAAGT CGCTACTCCG ATTTAAACTA

481 GIGAGTCTCG GCGACACGAG AARARCGCGTC ATCCGTAAGA GETCCGAGAC ATACCRTARG
30 CACTCACAGC CGCIGTGCTC TITIGCGCAG TAGECATTCT CCAGGCTCTG TATEGTATTC
541 GACTGCCTGA AMAGAACAAC CAAGTTTCCT GCARGCACTR TGGTATSGGGE. ATGTATGTCT
CTGACGEACT TTTCTTGTTG GTTCABAGGA CGTTCGTGAT ACCATACCCC TACATACAGA
601 GCCAAANGGAC TCGGAAAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AARATACATT
35 CGGITTCCTG AGCCTITCEA, ACCCCTACHTACCCC
HindIIf Nsif
Linker C
HindIII
601 CCCCAAGCT TCACTTCATC GAAGGGACCG TTAATGCCGA AAAATACATY
40 TTCGA AGTGRAGTAG CTTCCCTGEC ARTTACGGCT TTTTATGTAA

661 AACATTCTCC AGGATAGITT GCTGCCCTCA ATACCAMAAC TATCCGATTG TGGTGRATIC
TTGTAAGAGG TCCTATCAAR CGACGGGAGT TATGGTTTTG ATAGGCTAAC ACCACTTAAG

45 721 ACTTTICAGC AGGACGGAGC ATCATCGCAC ACCGCCARGC GGACCAAAAA CTGGCTGCAG
TGAAARGTCE TCCTGCCTCG TAGTAGCGTG TGGCGEETTCG CCTGGTTTTT GACCGACGTC

781 TACAATCAGA TGGAGGTGCT CGATYTGGCCC TCAMATAGTC CGGATCTAAG CCCAATCGAA
50 ATGTTAGTCT ACCTCCACGA GCTRACCGGG AGTITATCAG GCCTAGATIC GGGTTAGCTT

841 ARTATCTGGT GGCTAATGAA ARACCAGCTGE CGRAACGAGC CACAGAGGAR CATTTCCGAC
TTATAGACCA CCGATTACTT TITGGTCGAC GCTTTGCTCG GTGTCTCCTT GTAAAGGCTG

901 TTGAAMATCA AGCTGCARGA GATGTGGGAC TCAATCTCTC AGGAGCACTGE CAAARACCTG
55 AACTTYTAGT TCGACGTTCT CTACACCCTG AGTTAGAGAGS TCCTCGTGAC GTTTTTGGAC
961 CTCAGCAGCR TGOCTRAACG AGTGARATGC GTGATGCAGG CCAAGGGCGA CGTTACACAG

GAGTCETCGT ACGGATTTGC TCACTTTACG CACTACGTCC GGTTCCCGCT GCAATGTCTC
60 1021  TrcTEAGGAT CC

AAGACTOCTA GGUCCCCGGREE AGATOTCCTA CGTAGHGG
BamHI Xbal Nsil

65



Banfl Xbal Nsi7 65 2 6 JUN 2006 WO 03/056912 PCT/ 6B03/ 00065 55 Mak/lﬁ:rf gllﬁﬂﬁ
and net hods Plasm d construction The construction of the nodified é’

t ransposonyM£ddyézP (Figure 5), which was used for the genpegigpoBombs
transgenic mce, is described in Exanple 1. In short, a 5 2.2 kb fragment,
containing a humani sed G-P gene driven by a CW prormter and foll owed by an
I nterveni ng sequence and an SV40 poly A st§nal, was positioned between

M nos inverted repeats. Alox P site was included in front of the |eft
inverted repeat for the generation of single copy transgenic animals if
needed. 10 TH¥akériuls ahd aethhedsase cDNA was cloned as a 1 kb Clall Notl
fragnment in the vector Pev3 (O are Goodi ng, Biotechnology Dept, Zeneca,
Maccl esfi el d, UK ev3 is further descrl bed in Needham et al, Nucl. Acids
Res., 20, 997ela cwwmﬂs 8 kb d al Asp718 fragment from the

rosul Ling PLang & CERia 0L AR Leth 195 ”a“spfc’fa’%i% R oEP ARGHED w5
cloned in DBWWW% ﬁ@gﬁﬁé&ﬁcﬁfﬁﬂ&‘bl uethé‘nﬁ@é llades%be&mxeﬁﬁﬁetv BosHobe a

plasmd pBlue/lL nt Asp718 fragnent from plasmd ZP3/
6. 5Luc (Lira, ZBkb fmgmﬁnt,(cb@m)mfradnunmd GBItgehe &iven h}SACEMV MRaster 280 . )

I ni Ki d h | | 3,(ZP3
Gene was. ol orGHOR BV, HL IEBRIE SERFISE APV EMHON A AP bR el
ZP3/ 1 LM (Fi Gékgedn) Aintds n?deé@??éﬁ@dAflei P?s@tetm 1&&8&6&%‘ ﬁBht%ff the' IR 9RMed M CE

expressing the transposase I n devel oping eggs. Generation of transgenic nice
To generat e Nepes farthe gpesae of sipgkes®py drahigesis, animdl® ifhekdedSmal / Asp718
fragnent was excised frompZP3/ILM (Figure 6), separated from plasmd
sequences by gel 25 el ectrophoresis (Sanbrook, J et al. Ml ecul ar C oning.

A Laboraygry Tydlos n%kﬁbsﬁérdDNA'#@JsQ%neh%%ﬁkﬁ’Ual?m iriHe w%tor
Har bor, NY (1989)), purlfled and concentrated using an | P-d col um

(Schl ei cher &e83 KGlstre Gonding, D@mbnqlog@mhﬂwecaandpﬁiﬂédJKthﬁle further sed
oooyt o2 (VB HEMER bR R Reb B oA 58 992 8 1
Asp718 fragment from the resulting plasmid (containing the Minos transposase cDNA
followed by an intron and a polyadenylation signal from the human P globin gene) was
15 cloned in pBluescript SK *(Stratagene, La Jolla, Ca, USA) creating the plasmid
pBlueJILMiJS’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 B, resulting in plasmid ZP3/ILMi (Figure 6), which was used for

20  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 pgel
25  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 obcytes (FVBxFVB) at a concentration of 4
ng/ul. Injected eggs were transferred into pseudopregnant mice and transgenic
30 offspring was identified by Southemn blot analysis of tail DNA (Southern, E.M. (1975).
J. Mol. Biol 98,503-517).



30 offspring was identified by Southern blot analysis of tail DNA (Sogt her n
E.M (1975). J. Mol. Biol 98 503-517). WD 03/ 056912 56 2 6 JUN 2006Z b JUN 2006
PCT/ GBO3/ 0QRP@0kbsi2t ransposon carrying (MG |ine was gener gcgtmsoogscri bed
above and In (Zagoraiou, L et al (2001) Proc. Natl. Acad. Sci. USA

98, 11474-11478). 5 RT-PCR For RT-PCR analysis, total RNA was isolated from
different organs of ZP3/ILM transgenic nigce using the U traspec RNA

i sol ati on system (Bi otech Laboratories, Houston, TX, USA). From | pg of
total RNA, cDNA was synthesised in a 20 Al  reaction using Reverse

Transcri ptase (Super RT; HT Bi otechnol ogy, Canbridge, UK) 10 and oligo(dT)

primer. PCR reactions were perfornmed ipn a volune of 50 pl PCR buffer  (Life
Technol ogi es, Tﬁ%i“s’ﬁ“é@‘?sogK?m%‘ilﬁ M‘Sﬁb Iinewas generatadnas f&é?ﬁ'}f abover aagk i on,

1.5 mM MyCl 2, 0 f ' . DNA
pol yrrerg/ge (Pﬂ%a%g{aag&é?f et%? ot0 Q?P%‘rh%’é‘?' %‘?@@%gﬂ%‘f’é‘é })fé&r?%g '(rqrred W th

denaturation at 94C for 45 seconds, annealing at 55 C for 30 seconds and
extension 15 at 72 C for 45 seconds. PCR products were visualised by

el ectrophoresis on a 2% agarose gel. The M nos transposase specific priners
Mnosl: 53 CREHGBGAAATGAGCCAC-3" and beta EX: 5' - TGGACAGCAAGAAAGCGAG 3

bhosphor | bosy Fe% BRI canslisis s EOVA”aves Joaaied Sorerdifiseh oosmms. of ZEHILMI . 20

GCTGGTGAAAA -3 . i - F |
CHARERERD Snice B EH I UM AREE RTAARGRASA sy S8 1iiblkch MiBordi i os

were bred wt Doubl e positive females, obtainéd

from t hese crHessten, VEXe USAd Framh il yigl of oy RNAT xDINA esasasyathedized ireiar20 pl
of fspring anal ysed by Sout hern bl of analysis faqr. pgssible transpositign
events. GenonfcactiogusipeRaygesTrasaintase (Stpe R RBigechnolegy, Caaprdee.ddlbn a

0.7 or 1%, ag ] ' '

merbr ane. (b EARRREET) b PORELINE Wike o iqHRiN b o VoRirh B ST LERCR BELEF

probed with aI3f Fedhabkle8OPaisiay, WR) Sathiniigtl 1CHPiHe IBNR frorh tRETRINe AP
1.5 mM MgCl;, 100 ng of each primer, 0.2 mM dNTPs and 2.5 U Jag DNA
polymerase (Pharmacia). A total number of 25 cycles were performed with

~a

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 ftransposase 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 Bglll, separated on a 0.7 or 1%
agarose gel (Sigma, Steinheim, Germany), blotted onto a nylon membrane (Hybond-
N, Amersham Pharmacia, Buckinghamshire England) and probed with a *2 P labelled
737 bp Sacl/ Notl GFP fragment from pMiCMVGFP.
30



30 26JUN 2006 WD 03/056912 PCT/ 6B03/ 00065 57 DNA Fl uorescent in Si t&uJUN 2006
Hybri di sation (FI SH) anal ysis Muse netaphase spreads were prepar e(;

accordi ng wo g3@sdeine procedures from peripheral white bl oqadwebémofdsul der,
MP et al. (1995). Hum CGenet 96(2):133-141). The 737-bp Sacl/Notl GFP
fragnent fromthe pM CWGFP construct was used as a 5 probe. The probe was
either labelled with biotin (Boehringer Mifnhein) and i nununochem cally
detected directly with FITC or a tyram de based step was included to

i mprove signal detection (Raap, A K et al (1995) Human Ml ecul ar Genetics
4, 529-534) . DNAcFIDeirescent in@itu Hybridisation (WISH)RaRIYsisCl oni ng of the insertion
sites 10 Mouse DNA fromaninmals with a new Mnos insertion site was cut with
EcoRV or  Bgl Mpusenanataphese, sgreads avae nxepajed oweorgislg Therogtine meogednres from

Depend ng_on ARBARALIRIADIGEEE (Ridn ot pake 1000, Fupl Gar@ Mo T . |

on sel f-1igatpgh WBEEI»SNH@GI@ h"a%ﬁént_fﬁ)%% MRIGKP construct was used as a
AAGAGAATAAAATTCT GACG 3') for the first PCR 15 and IMo2 (5

GATAATATAST Gt ANBATIROIBCv® pithesr labklded ovithe bicER (Bo#hingek i Manhe@n) and
Zagoraiou, L., Vassjlati . K & .Savaki 2000 O Reports .1
600510y, orimmss i RS R B R FITG bR A thsrE AR ihs ipcfidedeq
with Alul ang iin?ﬂ:i\'ecé' | RtechO (RADY ALEE PRI 1995) BRiba MBLchF Gehbmney
prinmers I Mol an I Mllglgdill 5' C‘AAXAA ATGAG%A%‘FI'{TTA TCAAACGG 3'C), fgl [owed by
nest ed PCR 2(2%%34).pflieRINA wasl appnigrateingd with DRPIGCT TAAGAGATAAGAAAAAAGT GACC
3') as previously described (Klinakis, A G, Zagoraiou, L., Vassilatis, DX

& Savakis, C. 00Q)... EMBO Repqrts 11, 416-421). In this way, left and right
fl anks were a%ﬁ%ﬁ@&hewﬁﬁ?‘ﬁo%f?. The PCR fragnents were either sequenced
directly or after cloning into the pCEMT easy vector (Pronega), or PCRII

vector ( govi tmegs%r@wAV\h{ﬁ AR OHHE 3SR %n%@érﬁﬁ? sité wisAR] WIRAESIRVAF

perfornmed agal nst the nobuse genone sequences aval e at the tTme in the
Cel era (ww. dglBrandcesylvethimba®é% fmseset gl THeegd rrggivps contaidng yansposition

transgeni c M verts lvirer}g c %2 ang he mﬁa&/a%disoiatied,c %épae}l&%geson the fragment size,
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/ll fragments were further digested with

Alul and then circularised. Inverse PCR was performed with Minos primers IMiol and
IMiil (5° CAAAAATATGAGTAATTTATTCAAACGG 37), 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
pGEM 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.



30 copies of Mnos transposon M CWGFP (Fig.5) integrated in nouse
chromosome 14. WO 03/056912 58 2 6 JUN 2006 PCT/ GB03/ 00065 The tranggosfriggs
I S nonaut op@EABGek- €. It cannot transpose on its own, Sinc@CTIGBMEOKESt he
transposase gene. In parallel, two transposase expressing nouse |lines were
generated. These expressed the M nos transposase specifically in grow ng
oocytes due to the use of a 6.5 Kb 5' flarfi ng regi on and pronoter of the ZP
3 gene (Fig.6). In both of the 5 M nos transposase (ZP3/ILM) lines, the
transgene integrated as a tandemarray. In this exanple we used ZP3/I LM
line 15 with etrmsgns;cm nmnmtommwm @st m@@r@swqmmnoghm thers
expected, tra osase expr.ess n1 | ne._was icted to the varl es
CF o7y R PEROSPRRE eri 16 Raratl LoR DSt TS BE iUt 1106y Blre pierstid
transgenic ZP@ﬁéée Pfets&éﬂ REMREs friidbodaRE spetiiitally ih PAOIRY gtoocfféé BeSRAMENSY to
the 10 correctly spliced transposas RNA was restrlcte he ovary. The
anplificati onof)ﬁ 6.cKht ¥ flanking regidund prcmcsemﬂ the ZR 3egtne ((Big@nin beth of the

glrg\élegt\e/\g ‘Ejﬁ %any?“ m@émﬁggn%fﬁ% an exon/ ntroi; unc i on 4%?!18115
transgene is Q{drﬁc(fﬁé‘“}%séﬁ‘ZP?ﬁ g/l.x\]l\ig}aeﬁf? emgheﬁhﬂﬂlkéii o'i’%oﬁ%? ﬁ?‘gd Ay 10

growi.ng oocytes during a 2-to- eriod oogenesi's. , Zona
pel l ucida t ramﬂcshopm:) Asnexpected; inhnspmasd expreﬁmmmm dhmllnmowyls asstricted id ther) ,

and maxi nrum | eve) obser n,50 t theoo tes 20
ach e s, BB TORERCK aseroraed| o 3*%38@@%&3%@ fmat fee of
decline. Ov l1..ZzONa
pel | uci da tr;drré%‘; %?éﬁ%(%lm fihé Siéﬁeg %991)43%% ar angw%ﬁmﬁégr %Blﬂ(l) ogy
11, 6197-18R04cortsctly spliesd MnspQShQQBNPPrwas restricted w\cthd ovagi. TheSdnplididation of
5431- 5436). To | ud hat

ewi e i n mAmaEReE S0 Bors il SreinBhmanit B orovetiss Wapanea pister

contri buted tﬁ,mﬁgﬁﬁg@nté{amﬁm&ﬁﬁ@ag oldbiMVERlEs. d)t hat do not express
the transposase) were mated to femal es of the rrultycopy transposon carrying

line MCG Fenale progeny p05|t|ve for both transgenes were sel ected for
further study,. a 307 en t he,doubl e posit,i.ve {emnal and
wld type el Sect e S Sapsipiel SHERioR Hm: SR et Rlive b7 Bt E2d a1
DNA was hlsot tig8mated, it should be expressed only in growing oocytes during a 2-to-3-week period

of oogenesis.

Normally, zona pellucida transcripts cannot be detected in primordial cocytes (10-15
p.m),‘and maximum levels are observed in 50 pm-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 Bglll 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



30 hybridised with the G-P probe. Since neither of these two enzynes cuts
within the transposon, there is one single band that hybridises t%ﬁUH&N 1008
transposonyprogegsoid an MCG line. If transposition occurs RO/GBEMPENsposon
i nserts outside the genom ¢ EcoRV or WD 03/056912 59 22 6 JUN 2006

PCT/ GB03/ 00065 Bgl Il fragnment where it was initially present, a new band
will be detected after hybridisation wtB9t he transposon probe. Qut of 307
m ce, 146 mce were transposon (G-P) positive. Anmong these 146 mce, 12
transposition_events were observed that resulted in a _novel restriction
fragment on tBglbfregmentywhereaitt wam igtiallyt poasents agnew dandf wil Be xdmected afigs

m ce, two independent tr sition events we ound ilg 8 lanes 2 and
5) - “The. onserBRERoREoR KB IBRFekeSh RS Or §F T 8Lk 4 Hheg weRERe R bu
di d not i nheyGpp)tgeRitive AARRAEAREse! 145 B @ 2 StdrRpékitionS SRS twerel didkrved that
transposition occdrred in the germcells of the nmother prior to neiosis II.
10 To prove tresultetlie agiovdrrestrictiomfragsittandhe blat ginang a dranspbeitivn deequencydfi n
the germldin apimal s.with transposition events were fur r o.Grossed,to
w1 d Ly pe S 2L RisE o pAGRRBER s psBRE Rl Fare et 0%k s S 2 300,
transm tted ti)e TRI GhseRvhBeh Maﬂ@&nébﬂ@?ﬂig cdrFy} iRos médiSted SRNASHAS bANdia nat
transposon concatener and a new insertion into two different lines in the

FI gener at i orinheri$ the dransposasddransgeneatironghyranggests thah transposition racewiretsint the
anot her chrormsorreu%F'@ﬂ{3 % | ane é{\ée.rs.ui 3 and 4, and lane 8 versus 9). In
all  transpoftPSAISOLHE sdther orpr fhraciodis Ik o 1'e "copy of the transposon was
nobi | i sed. It has been noted previously that the size of a transposon
influences its transposition frequency; |longer elenments tend to transpose

with a | dRer To prueitlen} tha ohsep/ed rangposisionxyents had dotwpd ocamred;ip shelggm liveg- 187;

that when t r SLpEe a8 SRRSO venl Vs Bl 8B 1o 10 10 mles, BPEIES b 2D,
other they ariheif pfopeny shevetomeat tibdd micentdbly trhhosigted dRnehRetéd Mips aletnent

characterised_by a %]r%eci se integration of the el emaaqul‘]i3 wi t hout | 25,
nobi | i sati on (58 8} ahRke SEErestion|of D ARSHATAN GONSAEMET andh p peppinsgrtion hito two

t ransposon i L i | éi‘fék'%ﬂai STy o eaﬂzgﬂ!r ' SR | upon
i nsertion (1[}1,? %S; .ﬁ%qniﬁ%vgisfgl gate t‘ﬂ% Lg?#uct ur&e 0 tﬁ%b%’%tslert |do((r}1°§{l#ﬁ&lt he
nouse geréne,towaoikkn nirdriokeme |(Bigk i8n daner2 gersus 3 (and 4jemdrlained versubf.elni &l s and

Vet hods) fro %Lﬁloesih%nfgvgtg Q::t(cetpg gx?es, %%?illgié c%rf;y of the transposon was mobilised.

1t has been noted previously that the size of a transposon influences its transposition
frequency; longer elements tend to transpose with a lower frequency (Lampé, 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



events. As is observed in Drosophila, the Mnos ends were flanked by the

di agnostic 30 TA dinucleotide foll owed by sequences unrelated to the

sequence t lyad od/bmks the elenment in the founder nouse line ;P@ER;(;E/@O%_@)]UN 2006
BLAST searches with the obtai ned sequences in the Cel era nouse genone

dat abase showed that all five of the novel WD 03/056912 60 PCT/ GBO3/ 00150
JUN 2006 fl anki ng sequences (in one case oﬁ@y one fl anki ng sequence was

obt ai ned) correspond to widely scattered genomc locations (Fig. 9). Qut of

five transposition events analysed only ope was on chronpbsone 14. It is a
singl e copy oflankiagipaueapesdimons msegnly are flanking sawameeowis PRtained) covrespandout

the bresence of ubly20aBRN"RRGR BURlws (. 07, Ol SB AP HalBofhon Wist Nl o

t ransp03| tion event - occurred hr onosone

DNA FI uor esceghaliysedSbily éﬁebwagima&h:@ﬂmé&h@m dnad Mssingle pRpyosit @amsposon
nmet aphase spreads from peripheral white blood cells confirmed the results

obt ai ned fr omrgeﬁn@damnga @efnnpnmclraﬂnn wgithou thergresense af adtanspesan concatangsver

10 Dot ver 81 gB 0T ShRBhoPHIE 18 TRl S SRR Bl SHIRA sl GFBRREY
not be ident bﬁioﬁﬂ)sbﬁie Hisekl. Filgt 02 %EUBNN Fifdréscéhf fih CSid Hybridedafieh (FISHI €

copy (3kb) transp03|t|ons b FISH and this may partially explain the | ow

frequency of analam)ﬁ@st‘onn%om metphpsespresds fomeprripheral oibite qudtqfﬂls penfirmed

trans]posolrlI cont ai SBQ?PQI’ %é)nl ngﬂ‘b??ﬂqgvc?) eg? nos tran?&)a%a ?Sﬁx ssed
specifically r
Sci. USA 98, 1irbGsvdrl 4rads déni%echh@Hhatvv@&etdl@arWefeam@@ Sfutliteh 81t i85 s&sed

Since "l ocal |nsert|ons close to the original site of the elenent, are

quite fr emjenbuhweteematedn dwetﬂaeth@m@pﬂ&usnta o tecsamn clrpmeseme would set bei ng,

broc. Natl AGRunEE, "By EiSH I '3l R0, 58P A taded dinglp “bamy LHRY) )
Proc. Nat | . AcadnspSHnbi&A bﬁﬁ?lsﬁ75ﬂd6ﬂ1§s4 mhay c}iearrdlﬂlwrvx plad Vthé Nty tikdgaendyulog not

be the case with the Mnos elenent. |In or to determ ne the size of the

EcoRV/ Bgl I 1 f iransposiion dQi6d¥ we dbtaiesdapraionslyswith| the saip iranspesen sentaining

fromthe MCG t t t

basi s of Sout hﬁ%?o%é@éfﬁg?% 'éoaé%%lr? %%%t %&%Sﬁ%p é@ﬂmh’o 119‘1“ ct%ﬁs

Z_equence 13 anidaporaidig 11 eirab (R990 ) Prov. Nah Abdve .SEbdﬁM asgilBg#-IlM‘Eﬁ)a@twsFIS?I-I
i gest s.

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. Sei. USA. 95, 10769-10773; Fisher, S.E.J., et al (2001) -
20  ProcNail 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/Bglll 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,



Local reinsertion that occur within this area (but which are not interﬁzﬁlﬁ]mg
for nutagenesis_purposes), wWll escape detection and are not_i ncl ucﬂeﬁ_j '

our estinmat "SH30F912 he frequency of transposition. Thus, th&TICRIFEMS of

8.2% represents the "useful"™ 30 transposition frequency rather than the
actual transposition frequency. The reportg&d frequency of transpositions in
the nouse nmale germline wth Sl eeping Beauty was approximately 20% but
only 2% had transposed to a different chronosonme (Fisher, WD 03/056912 61 2
6 JUN 2006 PGEEIBWicihdlos BES&Plasterk\RIhA0(200]1) ProoVil. atctidr $ci. RIS, 88, §73601)
Proc. Natl. Acad. Scj. USA 98,d€‘¥7¢59- 6764). I'n contrast we find for, nos
appr ox. 6% t r Héfbsn icantrasy we dPrAdinog ApBIRFs Ave franspasition to1a ¢ d

and 1 unknown, ' ' “‘ﬁ:%’y Piis . itions
were to the sacrlgeg&%%sr%orerao %r‘%gz’f gpggﬂ | % ) . | §°§B%gest@?%ﬁé@%@ﬂﬂ%os
system has a puebenenedspoitions arspasikicisame cheonfosdirief (@/ge Fig ¢OB) Mhiosuggests

(provided there weren't many transpositions close to the griginal site that

went  undetecttbahthe Minansysiem bas A prefereneioy dranspositions o adhifferphehipmesnmes
the different p e ' o) t . | d.
The size, the @%’é’;ﬁ/ﬂﬁu%%p“&g%f} 1?1%39%%§Ja}ﬁﬂ)ghr%gn%sgom 6)0%?1[3?3}1%%}{& ﬁ%ﬁi

t ransposon ni giadetatted)aflf ekduld ve ddled howep@sthtt ardirtf compadsonasfithe afiffereht

these were conparable in the different systenms. In conclusion, these results

show t hat t r arliAgepasen systemspublisheddp dateaniynat jhe vey el dgBhesize, thecopy gumbet | by
selecting the ] of._ .| PH]%% | Jdesat i f 0 y lkinduced
at a predetern%&dri]e esﬁ%lggdg e P?%P eggﬁgphg%e E%Jé@ﬁ%&ﬁ%@ ,tt earﬁg%tu:dgbg 15
denonst r atl® t heispositioarsfficiaicygnd hone eikthegel vecre bbmparable hethe)differestnystemel s f or

i nsertional gene inactivation, gene tagging, enhancer trapping and exon
trapping in organisnms, for exanple, mce. Al publications nentioned in the

above specifi ' L2144 f '

ol 11 oat | ons ekt ak flslus ARF Rl @hcSfiocion B HoBICRRE B e okt e

i nvention wi | llineand ghaty by seleaingithe ¢inskef indubttion, mobilisationwf transposdep aratyi ey
fromthe scope,and spirit of.the. invention. t,hou the .inventi,on h been
described in ”&‘B’r‘fﬁ‘g@{ Bdﬁe‘iﬁt"ﬂ?’ Xp8 %fnﬁpwgrdrélgﬁlog di ﬁ’érme?,no’iet ﬂ?h‘i‘?ﬁ‘lﬂff be
under st 004 5t hafembifiraté UEEsteR B Fi dRpRh Mthst, BRtexbEl 1Al tBdls/fok in¥kiiddalt O

such specific enbodi nents. _ ) o
gene 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.



25 Indeed, various nodifications of the described nodes for carrying out the
i nvention which are apparent to those skilled in nol ecul ar bioI?gmUNQME
related fields are intended to be&ithin the scope of the follow ng clains.
62 Cains 1. A nmethod of generating a transgenic non human mammal i an
progeny, conprising the steps of. a) generating a first adult transgenic
non- human manmal by inserting into its genone one or nore copies of a
transposon; b) generating a secopgya@ult transgenic non-human nmammal by
inserting into its genome one of nbre copies of a gene encoding a
transposase cognate for said transposon and an el enment capabl e of

regul ati,n Xpression.of said gene encodin t he transposase; ,wherein at
Ieast?oﬁ‘égstsogﬁggf’??@?n%?s@ﬁ %Rﬁiﬂ‘fmﬂ ap ROy FARPHER®al s has a
backg slopown to be prone to a disease state; 2 6 JUN 2066 c) crossing
the first adult transgeni c non-human mammal with the second transgenic

non- human adult manmal to provide a progeny which conprises, in the genone
of one, or nor.e of it |1.s, both (i) one or nore, capi es of, the transposon
and (1 )EReragRg A Jﬁ&‘iaﬁﬁ% TN gel RoLdwman, gimmmals by @gﬁrﬁng M%sPdson, wherein
t he genegengﬁe%@gﬁd}gcéﬁig@m@gﬁ?ogomunder the control of one or nore

regul atory sequences which permt expression of the transposase; and d)

i nduci ng expression of said gene encoding the transposase in the germcells
of sh) cecpesagya seropd asdultniptrisenia tioprhupfansmammal dysipsetingdoto #§ ger nl i ne

devel op in_the progeny A net hod..as clained in claiml erein the
pr ogeny r%glgglef%nﬁa?re%ﬁ%%%é%!%g 2 c%% eﬁg?%%]g r?ﬁ#?ﬂfggs(fﬁ%j %%? ?gxafa:f@n of said
t r ans posedhspssodainting @R espable of rebuldBhd eebrassictl o8 ARgdrd eﬁl:@d:ﬂ% 2 wherein
the one or nore regulatory sequences which permt expression of the during

oogenesi@?gmoa@e’sequences derived from ZF3 regulatory sequences. 63 4. A
nmethod as clainmed in claiml wherein the progeny is a nale transgeni c non-

wherein at least one of the first or second adult transgenic non-human mammals has a

background known to be prone to a disease state;

¢) crossing the first adult transgenic non-human mammal with the second transgenic
non-human adult mammal to provide a progeny 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
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 the germ cells of
said progeny to cause mobilisation of said transposon during germline

development in the progeny.

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

human marnmal and mobilisation of said transposon is during cogenesis.

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

regulatory sequences.



human manmmal and nobilisation of said transposon is during spermato Hﬁz%g
5. A nethod as clainmed in claim4 wherein the one or nore regul at ot g-‘ 0
sequences which permt expression o3t he transposase are sequences which

al l ow specific expression of the transposase during spermatogenesis, such
as the Ht gene regulatory sequences. 6. A nethod as clained in any of
clainms 1 to 5 further conprising mating the progeny to produce offspring in
whi ch the hicliiapas tlabbed v enlh I dhehen eleopRet®yf (S8 duald trafisgdidAsh-accor di ng
to any one of the precedl ng. claing further conprising the step of crossing
sai d prvgeRynaEeel admphilisationsofspiddranspnsoniis furzng spemmatagenepisan manmal . 8.
The met hod according to any of clains | to 6 wherein said first transgenic
non- human manmal conprises within its genonme one or nore copies of both the

t r anspds Qo mietitbd he cladmned & ehdinng vieeeis Al ahe of midts REAAMOrR Bshuehisessecond
transgeni,cc non: human mamral conpri ses one or nore copies of a regul atory

sequené@““%@@%ﬁa‘?@f?sél%epfnﬂle {trRARRYSAA 3 ssqieRessi whichnallow spetifiged ti ssue

Cl ai m 3XERer o8 R AR R RN Bl RRIRE R0 o e U PR RRRETC 0 1

transpasamaces e provi ded as a single construct within the genone of said
first non-human mammal , wherein, on nobilisation of the transposon, the gene
encodi ng t he hansposase is-disrupted. 10. The method according to any

pr ecedi mﬁf’ Neafi t he
transpoaggislggﬁbghsw nac roﬁncgﬁaﬁﬁqgggm nggr[e r‘%ﬂ?ngsucﬂ %ﬁg‘tb% 3y t ransposon
and/ or to prdgeneffspringdnwhitl thettranspitimsyents dan be ahayacterisedgul at i ng

expression of the gene encoding the transposase lie in open chromatin
structure. 2 6 JUN 2006 64 11. The net hod according to claim9 wherein the

chr omaty, F\ﬁ%ﬂ&@&o@&ﬁ%‘%@fany %n@of&lé gﬁﬂbﬁe lg g?ﬁﬁ%'rﬂ ni ng
el emrent (UCOE), | ocus control a CpG I slan i nsul at or.
12. Th@fmmgsad@mghnm@rmdemmmcband &)ewnhecﬂadd nqp—hhmamrmmel n the

regul atory sequence is a developnental control sequence, activatable at a
predeterm ned stage of devel opnent. 13. The nethod according to any one of

clai ms g The methdd86Rrding 6 g BE! MififsYl to 6 wherein said first transgenic non-

human mammal comprises within its genome ome or more copies of both the

transposon and the gene encoding the cognate transposase and the second transgepic
non-human mammal comprises one or more copies of a regulatory sequence
necessary to permit transposase expression in any defined tissue or tissues during

spermatogenesis or oogenesis.

9.The method according to claim & wherein said transposon and said gene encoding
the cognate transposase are provided as a single construct within the genome of said
first non-human mammal, wherein, on mobilisation of the transposon, the gene

encoding the transposase is disrupted.

10. The method according to any preceding claim, wherein the transposon and/or the
gene encoding the transposase lie within a chromatin opening element such that the
trapsposon and/or the gene encoding the fransposase and/or a gene regulating

expression of the gene encoding the transposase lie in open chromatin structure.



sequence i s an inducible regulatory sequence selected fromthe group
including a tetracycline inducible expression system an oestrogerf 6 JUN 200

i nduci bl e expression system an ecdfsone inducible expression system and a
The operator repressor system 14. The nmethod according to any one of the
precedi lﬁgm%%@od"’ﬂﬁo%‘ﬂg HRIARDH Whélin hOARARIPLOFAHE Ukl [ ansposase i s
elimnated by 1) transpoSase gene excision as a reSult®of transposition or
ii) excisiwguitdustyhactingacizpmatis epgeing edmear (UGOEymblokis adritood refiosai d
transposop. . 15. The. nethod according to any preceding claim wherein the
transposo&‘qud)a&?}&?ﬁgldd’éﬁ@ ?f-ng the transposase is inserted into or

adj acent to an expressed gene. 16. The nethod according to any one of the
precedi ng clains wherein the transposon is a type 2 transposon. 17. The

met hod 12cThe ictipdiazcotdingnoldnydrer ofi the phreeeding niaims wherein Mheregulataayi ner
Hennes, piggyBac, orscél eepi ng Beauty. 18. The nethqd according to claim 17
wher ei n t FEUEReENSH® dsHelopmpiab sonte). sepHencee frlbvRtaRle ¢t i REFdeTEMdpr ecedi ng
claim mh&g@f&é&glo%ﬁéﬂﬁposon has been nodified to include a heterol ogous
nucl eic acid sequente, tlanked by inverted term nal repeats honol ogous to
the transposon. 2 6 JUN 2006 2 6 JUN 2006 65 20. The nmet hod according to any

one of ¢laim19 erein the transposon, conpri ses hucl ei c acid sequence
encodi ﬂé'ﬁ%é‘f‘%’&? BreoTimeL ey ?“&f."eﬂé"lﬁ’ﬁsnédwaigo Fg 195 BSHIaATY0, wherein

t he sel ec ' . i -o@@[ﬁ{]' e, 22. The
met hod ac%:ég{r%i r?gg fﬂg%%%dy%&ﬁéé#%ﬁz&g}?ée“%3.&135&(:@?‘%%8‘?@% t he %ucl eoti de
sequence wtfratyuding einduethboikpgstione dystans pas aestrdgen hehwible dixprassiono opt i mi se
codon usa%e. 23. Tthgl nmet pr(égﬁ@?cordi gﬁ%%tbo any on ﬁf t he precedi n% cl ai s
wher ei n t WE<T Al Prryaeee § SXRIP B FRLs KR B OPPBIS RPN e by
enzymes c%@ég{_e of excising said transposase gene. 24. The nmethod accordi ng
to claim 23 wherein the excision enzynes and cognate

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

mobilisation of said transposon.

15. The method according to any preceding claim, wherein the transposon and/or the
gene encoding the transposase is inserted into or adjacent to an expressed gene.

16. The method according to any one of the preceding claims wherein the transposon

is atype 2 transposon.

17. The method according to claim 16 wherein the transposon is Minos, mariner,

Hemmes, piggyBac or Sleeping Beauty.
18. The method according to claim 17 wherein the transposon is Minos.
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.



recogni tion sequences is cre/lox. 25. A nethod according to any or%e %Lzubdﬁe
preceding clainms of generating a transgenic non-human mamal ha ir‘rﬂJ
plurality of cells or tissues honpgéfeous for a gene nodified by transposon
nobi | i sation, 26. A transgenic non-hunman mamal i an progeny obt ai nabl e by the
met hod of any of the preceding clains. 27. A nethod for isolating a gene
which is correlated with a phenotypic characteristic in a transgenic

non- hud@nTheamethpd eespsdingitn gny pee ef dpim &7, wheyein he tnapsposonempeisesa non- human

I | ' f .clal . (b) identifying in th
trrlramgeﬁ?%u%%?%%'ggf/é@gg‘g%l%%ggﬁﬁg%ég&#g;ﬁo?ﬁ%%r((es)enl:eegfI )altl B?ulrgl [ t§ of cells

di spl aying a variant phenotype; (c) detecting the position of one or nore
transposon transposition events in the genonme of one or nore of said cells;

and 2 81.JU methed @ecqrdingde ctamaiQ, wherdie theosslectable markenis & flupremest ti on events
with the ¥ | phenotype, the position of the transposition
events beogﬁgtﬁn\r%gl gg?@&g@ﬂ%@fe’the | ocati on of one or nore genetic | oci
associated with the observed variant phenotype. 28. A nmethod as clained in

claim27 further conprjsing (d) cloning the genetic |oci conprising the
i nser t 2&nkhe 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.

23. The method according to any one of the preceding claims wherein the transposase
gene is flanked by sequences recognisable by enzymes capable of excising said
transposase gene.

24. The method according to claim 23 wherein the excision enzymes and cognate

recognition sequences is cre/lox.

25. A method according to any one of the preceding claims of generating a transgenic
non-human mammal having a plurality of cells or tissues homogeneous for a gene

modified by transposon mobilisation.

26. A transgenic non-human mammalian progeny obtainable by the method of any of
the preceding claims.

27. A method for isolating a gene which is correlated with a phenotypic characteristic
in a transgenic non-human mammal comprising the steps of
(2) taking a transgenic non-human mammal as claimed in any of claims 1 to
25;
(b) identifying in the transgenic progeny developed therefrom the presence of
a plurality of cells displaying a variant phenotype;
() detecting the position of one or more transposon transposition events in the

genome of one or more of said cells; and
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(d) correlating the position of the transposition events with the observed
variant phenotype, the position of the transposition events being indicative
of the location of one or more genetic loci associated with the observed

variant phenotype.

28. A method as claimed in claim 27 further comprising
(d) cloning the genetic loci comprising the insertions.



