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rel ates to transgenic vertebrate, including mammali an,
cells and transgenic non-human vertebrates, including
non- human manmal s, whose genones conpri se one or nore
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effects functional transposons nay have on a host
w@ewone244Thi s is, indeed, reflected by the hiptI/Cu®5/000674
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Mobi | e DNA, Anerican Society for M crobiol ogy,
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al nost exclusively at TTAA sites followi ng a precise
weaisard4past e manner.  Wien i ntroduced i nto fRCT/CN2@&M00674

eggs, the piggyBac transposon could integrate into the

nouse genone w t hout obvi ous chronosone regi ona

preferences, and preferably inserted into

transcriptional units. Al so, piggyBac el enents can

carry nmultiple marker genes and allow the expression

transpggltl&hc?c%ﬁrs IsPex@iusiVel g aPP?AA@ﬁ@srtgﬂ&ﬂngf‘b bRSise dtafd- F&éﬂ?manner.
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pQ%Wg&ﬁnﬁgﬁﬁqxﬁ@% |ntrodu?|ng FX vhvo into a nonlhunan ;
vertebr o,or fertilized oocyte a, nucleic.aci
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transgeﬁﬁ%bﬁ-hﬂﬁlarﬁ%rﬂe&@&tco&lpﬁéﬁbg Ankk genbinb bforelve mosadtats@Ellsan a
separate nuclejc acid, a nucle tide equence encaodin

pigevBg- B mAeRasviShich SHEFAOARER of fast ffbafmii e Seps of: (2

introdu€RE bt HPS inRPNndhUTRRN Ve dbRAE ah@?@ Bbfeitiz&d odcietal dubléi%(imd
oocyte into a foster mother o

t he sa es. un
compHgpg  piggYRactlike Fanspgsonaxhishsgrrss an tsertefial eéﬁ‘dr%?f and, gt Hlthe

same bf @rp§§b§5‘ﬂaﬁ nOBic REEB MR LI@NRldRce SHOBUiAED pRESBI-I1ke transposase
period of tinme suf fficient to al | ow devel opnent_ of

(b) m@éarmn@ Hisrrosyltantnen-Aumeravesiglate embeie-on ralized é?‘tyé%liﬂﬁ’t aefoster
mothdrof ﬁl\é%EﬂﬁQ gbeE#3ﬁuﬁc{eﬁ&ﬁﬁﬁfﬁhé:fa%)rﬂlgmé{?@&bme\ﬁ?&fts@ﬁreﬁ{beyd( R

t he not er epy gener at i ng a tran eni ¢ non- hunman
transgﬁetctnemhamen vastebrates prs(c) after ¢ herigeoh Gime sefficispido gHowdpelapment

of sallh %@35’?“’6@ agﬂtags%?!ﬁ@ﬁorl &\5‘@1{{)\%@\:@@9@ SR WiidCHe FasEBSn@thuman
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vertebrmte fodube mgthex theraby genrrasingadrangganin npmrhuray wesigbrategomprising in

the geno e%?gg or mcﬁg &}t Is c%ﬁ W%k@%ﬁﬂ@sgﬁ Whith 'cg‘rl‘é@émﬁéeﬁ e

c- 11 ans o rries an I nsert
lmmthﬁﬂieast 1.5kb, a plurality of nucleic acids

P Y e e AR e T L
fertiliz&d stk iacinelsic atid moﬂnmmmmmggmwbmammspmwhwh catriakan msert of
s 255 ST PGB i P S e UG Gy R o
translfc@bn tantbe dittodluged, asrilangtab ﬂle@emﬂfms mfﬁcaerm Edr Ihomologous recombination
to take plla%g Yns Ec‘lg tllel clé 1nttc§ \% SC%QICICIC aEzlds grre introduced. This alternative is

particularly useful for introducing into the genome of a cell a piggyBac-like transposon that
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insert. Thus, in such enbodinents, a first nucleic
w@ediod/1203ut d harbor the left term nal of the PCT/CN2005/000674

pi ggyBac-1i ke transposon and at |east a portion of the

insert and a second nucleic acid would harbor the

right termnal of the piggyBac-1ike transposon and at

| east a portion of the insert. If only two nucleic

acids are used, the portion of the insert harbored by

[ | t f r

carries ehgr g?l’{é‘%}f b’ﬂlﬂ%hig Slg%’lce%ﬁf) glrr]n%g{g Pr%t IRI%%EC acﬂ:{ \?Olllé na[r*porQP?eeleﬁ
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sid wiRH o pBNE T RR O 2Bl brbimiend R} Fpih orne
insert. t i enlp twenucdsiclacids|ai® uskd Bhd pdrtiksi dfaheaﬂsestlhai‘boﬂﬁ by the first nucleic

ST TR MY OF

acid istus¢de ehe thiadrucleld ack] wailkhave tegionk @f ovealap téth &mﬂrt;tetdcléﬁ acid at

iintro e intg the genones of e rate cells and
one en Ad I FE st prclic e o Toe ot sa ole” i s iftgpstotin
embodnﬁﬁﬁ.r This prifkEplp bEE@dlodony £0érhSiflatih SthfNpIE 6 ferRppiBE fRlbic
eneratllﬁi%ﬁtrans en|c non- hyman vertebrate

acids g 9 &4y T HieS g OR BIoEP) G4 Rieplisd tRdntiodige e hegeppraespf

vertebRtG@Y PR dréde@ndspAy PRSI tratkdoSdhs GRIKN4T fge BSer. NuUcl eot i de
sequence encodlng a protein that nodifies a trait_in

eredDrtSF'gﬁ%‘@étrW Fromo Hiksarnafizadiod gpnerading @ Spierair Agh-hyaan
vertebfteePipHfing (rfthe béHohRAE G nffe ¥ ¥QelldY ﬂrgﬁ/ﬂ&@ﬂk@ﬁﬁﬂ%ﬂoson

vertebrate enbryo or fertilized oocyte nucl ei c acid
which coiprises  gfleptide @egyeﬁe encofiag e PEREP e OdlﬁPﬁ alppitciy e trarsgenic
non-mndhUeHEeRhth d:%n@egﬁgrms SteBIHOM) HrodudMUSiB kD@ hofMthkd €3

atrait in said transgenic " non-human vertebrate, and,
vertebygfeambyq orfersikivasl ageyte A niclee peid aereprisingl agizgyBed-tike taansposon
which @b’nﬁfﬁ 2L L G108 g ﬁ&lc @&‘B&qg Q? Afh GV BEGRLS dnit in said transgenic

sposase; fan tin he Tesultant non-huna
non-humntvemlmte aertmrltt@n tho sarheertan| 3 sgpagate omleaqmtaolualembtsequence
encodlggggﬁrgyﬁéc%#%@g?ﬁ%%aé g@gﬂrﬁﬁm{ﬁﬁ gjtﬁg res Pagig] Igdgngﬁll?‘%aﬁt %glg bhﬂg embryo
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develohl%eﬁl olf M4 glﬁtf %)(i)rg Epénsggni? %nghﬂg?xrv%{?%ﬂrﬂ% anf’:i1 aﬁ&sa%%ﬁbc‘f of
uman ve , - recoveri ng eni c

time syfficiemtuoraliow developmattef fsald)embﬂye nm)a hmsgemdmxmelhynan vertebrate,

t|n eni_ c Woan verte
recovegig %r | %Fsr%gm% ngl%ﬁ ertebra one gllpthﬁﬁ Ithere ]y %er%egatgrgl Itrgmsgemc

non-htpnaglgrﬁﬁanatb bdatrﬁprlstm‘gaﬂ ﬂte@nmne Gfalnd oprlng@y)B&s: edlls lpfggyBac-hke
b ansgoson COH%% a nucl (i%guence enc% % %
a“Sp%SPB’tsé #BEY R R EATFRO, g%“ Pl ‘ét"ti i an A SIS G aprotein
that modifiesratraitin wad traﬁgailenonmlﬁtamrveﬁ&iﬂztte i nvention furt Re r
ovi des .net hod neratin trans eni ¢ non- human
D oLt Rg e PO RSt L fesen Pt hgian
VertebtateScoﬁ@hblﬁg & tht GEYEROL bid® ndrafSIBREN e pighiBRE- gk tradbékon,
@ yBac- |Ié{ trans oson. js wthin a conca%ﬁﬁer_
where 6%8!’ eﬁraarpgr 1y iy WiFhin a fopeAAmes CompE g LHWRIEY Ofs |
pigeyBedilitte rreftsb@satng Qum rrrreaioa Gopsind 18O Stepifof: @Rhtrbdticin@@Y $hvBthto a
ex vivo into a on- hunan vertebrate enbryo or

non-hyran; verteby gl eeblafytoéfeatﬂmeﬁe%mezaelaﬂemr@ri @P@elaerler CBRHSIIESA ng

piggyBac-1Rb S8 n'ahJF SyithirPiE BRI off rd@epa\‘!té Richid %1, 8 A0Bedide ON
a separate nucleic acid, a nucleotide -5
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api ggyBac-|i ke transposase; (b) inplanting the
w0 e®alizamt non- human vertebrate enbryo or ferPCT/Cx2m5/000674

oocyte into a foster nother of the sane species under

conditions favoring devel opnent of said enbryo into a

transgeni ¢ non-human vertebrate; and (c) after a

period of time sufficient to allow devel opnent of said

enbryo into a transgeni c non-human vertebrate,

recovering.the t LG - .
R A e R R e L
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it ells. a ' Bac-|like tr i1 0.
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periodtof €t parsiciast.to AMew feveRpnientioff vaid embiyo yrgo a frapsgérae non-human

rovi des, t hods of generating a t ' .
vertebf3is, YesmYeHP B GpRe AP g iR he i, BtRawy Lo acing
a transkérfic &-hunad veHedr&o tomerisidn er@enamcafeing gr more of its cells a

' Bac- | i ke , ., wher.ei i | i
pigey e RbHEBPEHE St (G TG syBamirg Renall dafenhld fig

transpdohdli N @ concatamer conprising a plurality of

nucl eoti de sequenges, each of i C encode .

e uopanyerRe 14 SrGbnEaGges Rt s RsmeRtaaRErsemigpopryman
vertebetERmpPibing (Pthe b&HohRA Ghd @ ridfe olVitswRlld Ninledtitkoseq enoBencoding a

~vertebrate enbryo or fertilized oo%%te.aihineaﬁgzq%

pigeyBrgdikeitranspesage, WhgTABY jaid HHglegtids requsBts e iR g piggy Bac-like
transp@%@é)ig WSinBd oRl SRR cbinfsBsitg APIGIARE B Quclédiijie bdipérRed, el of which

the resultant non-hunpan vertebrate enbryo,or. . .
encod¢se piggPgekoisypesasentay! methessprivhe Hissiegs of He) intypgucing ex
vivo inzdr?rg Gb e Bl te R Ahbly@nts tdrBivRn bbgrdtenmRhaRaRDE R facigai d

TOryo into a transgenic non-hunan vertebrate; and
comprisig ifucksetide ssencnemienspding miigerRarilke Barspesgses (1) dgplanting the

resultf M&tm%rt%ratg @fngg)%'y? ¥RiZe@ by infoladDH&GRdtRer of the same
non- hunan vertebrate, recover I ng t he_ transgeni c
specien ondeh oorslitione favetingdeyelppoent ohaid reryRinto & FansggHc non-human
. 4 embrvo i
R MALORER 0 R LR e
transgenin nod-Bohindertsivgte cnew cangtbe irarggeniphangyme veitghsate from the
t ransposase. | N: Sal [
o OB e S SSA B ROHEDERy e oo
or mofxaofdia talvernucientitei ssquegcesencgling apiggnBaodikeiuarispesaseg wherein said
seguences, each of whi.ch,. DL GG - | -
ot EHEREE ot AL AU RG0SR SRR o
pluralpy oFmdRstidedemasespéachy eNwhiah emvgdes apiggnSgelifctransppsisaman

vertebrate c risi in the n of _on .
5 SR PR BB e P RS 8
verteli @B BorhSistg ih fR g‘éh(gﬁé;oﬁlfne of mpreiofiits OE?IIIS @n h?mebdléx.eidw'ggblﬂacelike
a non- huppan vertebrate enpryo or rtili,zed 0Q
transpOsqn, GOTRRTISIg; the stens d’f@@rﬂ}ﬁg@f"ﬁé eyévzm 8‘5@@&0@_—%@@ veﬁ%tr;ﬁe embryo
or ferliliR0 SPSBOM) a @iRid dcid copgighiBa pigg) Bdcdike tansppamaael (i) piggyBac-
. polypeptide in an anount effect.ye %o.lpduce %he iorovBaC-
like trapgpaEFeRRqlRITPHfe 18 an ampyny §ifesiive 19 ipgdige g5 SHBIRTRE 8K
like t9RPBER iRD 1R Rnbthe BTYR of RloteSceld ofS@id@mBARr o into theiglhdnd dfaaid
genone of said _oocyte or ong}or nore ce

| f .
oocyte AHPRFET HOFG LElle of MRy QFRrived B@QPWV@F%??“VA}; (ghﬁ‘ﬁ’iaﬁ%‘f‘%&‘e

resulthft§ionhfmkt Y E@RbraRMINTR TerVifFddRBERE MitEak¥OmOther of the same
fertilized oocyte into a foster nother of the sane -6
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WO 2006/ 122442 PCT/ CN2005/ 000674 speci es under
condi tions favoring devel opnent of said enbryo into a
wao ea@aszEei ¢ non- human vertebrate; and (c) af tBCT/@N2005/000674

period of time sufficient to all ow devel opnent of said
enbryo into a transgenic non-human vertebrate,

recovering the transgeni ¢ non-human vertebrate from

the nother; thereby generating a transgeni c non-human
vertebrate conprising in the genome of one or nore of

speme.!; ISrlsdexC%nldﬁloffi‘snfaild‘m%Qiiebélgp?% M%ﬂﬁ)r}lo' ik attfaﬁgg%{?i@%@ﬂhuﬁﬁﬁ

esent 1 nvention yet rovi des net hods of
verteb@&n end(c) afgr aperdofiting auﬁﬁcnemép alkayy developapnt of said gmpryp dnto a

transgemc 1’?0% R Ve GRaIR éc%?ecf g%%%ﬁlcl rLE%uRE@Oé’&Q&%"erH teh

carries an I nsert conprising the
mothes tl&mﬁilvy@neraitm)g aitrahsgenio opmrhuthatt (srabreiecpmbiisingsindhg genpme of one

y | GRS, api ggyBac- 1 i ke
or morlerogﬁ%eglg(% iy gb ﬁzeﬁg%g}é%c S ﬁ@er "of at |east 1.5kb,
arld:, presmﬁdil\!'elntldiﬂ'lﬁt Satier povides neetisslp af ganeratingd wieembinind, a

Veﬂebfaltedcﬁ 815) Iglgglées‘ggﬁg g%lf?jneegz(éli%{quds? | na%gﬁ%ei |t'|lah%’%%fm which carries an

insert 601 (hakti 103k$, ¢oinpaling khetsteps pﬁ @gyl%)dudlng(mtct 7 enspotaskin quure a
expressed. such t Bac- | i transpaos

nuclef RO i e L e ot MERh B O Fabrd Lt it | Sy and

withinGhé $afeor oh BesRBYe YRREI 21, Hgudedtide tybémtantcodiag tbpipgpBa-like

cell in culture wh B
e LS5 B SR REB OB e
is expt%§sle§ Buchl th&piBBay iké ﬂaﬂsﬁésbﬂ dustegigtel Ritotha guemiealfisait @ertebrate

| T d
cll gy e SCB o RBH, P SRCe ess BEnge

compﬂls%@ﬁngb@&hlke FafdpHéonlwiioh dafrie bk ireérCofat ledst 1.5kbNPr i Si ng
over

rtlons of the gyBac-1.i ke trans
O e b bz i et B Sk REREP Shprisin
a ngg?gflcf i BRkp ofs5}f whiSHBRIrQEQH SnseR GPRNEREL 51N bRrdliaKes natiakacids
de the cell into which the nucleic CJdS
compiising Qtlerning prstiape SEthp BEEYEAsd ke rappotg Cﬁfg FfPﬁh]fFi as along as
the O\BH £ Gerdfehdse d'goﬁé REmEMtén RPfakd P iRi@aNSaet htokehich
nsposons an helir inserts, this alternative is

the mpm doely Ia@rlhbyOdus@f u¥s desaaibedyehous. 2 iupigs BViPIGRUC s ACIds gomprising
only 1{ ﬂgc{ﬁs %%%{&%rlﬁ(g‘?raﬁ%o&ng &id thé&r fﬁké}%}’tﬁﬁ%tgﬂnmetﬁ PHERPRR hseful

1es a rge 1 nsert resent inventiaon
for geyeratnfg,mﬁ tgrodpeing inthetbe genome @ a ofll @,@g@ﬁgﬁhh@trwsposon that carries a
qgnblnant vertebrate cell in culture whose genone
onprises a piggyBac-like transposon which conprises
a Theiplesat 1ndeznt$a getdhutler provuids mgthadsm‘f @erarAing f recgmppimanty

Vertebégte a?lLigl?:ta e wélg n‘p#lrl(gq\l/% & trr%pg @%ﬁ% Elﬁpﬁ?lgﬁog?r?(ggﬁgﬁﬁmprlses

a nucleﬁﬂidb saquefed @bdﬁcﬁﬁgaa p:tetein dfivalue Int the geamentwc brsventige ptia vertebrate

risjin
T T
nucletcfaeldtogﬁ@hﬂﬁgl ] p@gyﬁu‘c&ﬂte Brhuisposod fwhdchwenipeiies atecleitile agmene
di sorde

encodipget it A p B P BaREn oL WA b disorder,
and, WG ﬁB@Qme bﬂ e departs posléis agid (ahu)ucleuﬂldewequegcmc@ﬂlm piggyBac-

B TN W —

is exﬁrés@&ﬁs@@ﬁ e pkggdeLtlﬂ@rtﬂhﬁﬁsdnﬂﬁ intdghgeddaroahegenbms af @id vertebrate
vertebrate -

large 1ns
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WO 2006/ 122442 PCT/ CN2005/ 000674 cell in culture,

t hereby generating a reconbi nant vertebrate cell in
w@ober42hose genonme conprises a piggyBac- | i RET/CN2005/000674

transposon whi ch conpri ses a nucl eoti de sequence

encoding a protein of value in the treatnent or

prevention of a vertebrate di sease or disorder. The

present invention yet further provides nethods of

generating a reconbi nant vertebrate cell in culture
cell m%g(?'g tﬁ&%ﬂ&gﬁpg%é x%gémlﬁ eEmlt g%g%ge cglsl éﬁcuﬁtﬁ%ﬁ%ﬁ%g ﬁenome

compiisghe piggriac-like WPHSPSFmngcwoumabastayxudéqmdg gydBameleheling a protein
of Valﬁgﬁmpe%%t lﬁp(} rnjgg' velqgor%% fig%ase of : dide@de) MU T 0duci ng

a verten iheari zed
n'll]h;d me&enfaovmmommrfui@en providesygstiBads of pdmeratingn sqoombinant

veresfslth U bR Yong BBl RS RSk
piggyBcrcdrl@ prasspeann if jthinul doncatangr sastistrglal pluranﬁtgal ef pig®Biicilikons
XPress

ich. the t ransposase e
nanspl ok o RE G BT b i B oo 6P BUIBRS F eegrved
nucleit heid ganirivengaf pigdiBdc-URE raopaRbig af®Withirthe bdnidﬂr%n alsBRkROY

rati reconbln nt vertebrate cell culture
nuclelaﬂ%iea 'ﬁ’g‘?igﬁl@ Y %n@% ’é@%ﬁ&‘ﬁ‘? pr?se%?n GulgHing said cell
under Mtﬁllit&inm inSwthich b @peRRd-like Kl@.nipb@i@@@@ﬁﬁessbcs sth tHei g7 [J’?g@Bac -like
ncat anmer conprising a. plurality of yBac-11 ke

transp(3oR {OBBEBIRS IS PR ksAICPRFRTI Ll B bieupA gy generating a

recompin@itiveReorate tdId Tulire GABRIBAIMOc oGP BAL-like transposon,
vertebrate cell in culture whose genone conprises a

whereiy j2d@égsy e - Herdironeasor S QB in R oge g pemmptising alurality of

p@gwhkq&§@g§@@§msmhereln sai d nucl eoti de sequence encodi ng
ggyBac-I1i ke transposase is wthin a concataner

cBW?S@W@V@&Uﬁ} Yet fprthey pravidesesteasts oflecnsutjnemesembisens h
verteb®te dMiif PuIRRCHASRS tggnonﬂa' cgﬂl}ﬂﬁ?e@ a nh&‘l@ot%l %%ﬁ@odmg a piggyBac-

conprising the s . intro g I nt
like transpasassy wheseig spifl nuﬂeot@e Fftquﬁftce anqorimgarpvmaaqalm tmmaaoaasp 3

withinGUFRE At ahel g?rﬂﬁr'f%% aﬁﬁﬁllag of ﬁﬁ’él'&)@iﬁ@ se?lg%% &h of which h encodes a

aplagyBac ransp sase, calturing s
pigeyRastlike trausppsaso sompiisnasthe senstilc Ea) irfredwning igtota vigelyeig uelhine

cultur&4) ﬁ&%lﬁg rRcBlc QMR l‘lélléf a I ?égggé;fegé co&ﬂlg g ﬁggjzbdac like

Into genone o
transpesaes; ety (byetaring saidcadl underaohditienstin whlch ﬁ’@rrmt:leotubl skquience

encodlng lg%%ggﬁ gﬂ;lg%%ragg&)ﬂ? .lSkl tg? afe§ ?1’1%0 &le CHO S%lg eerie%aage ce‘ﬁ m

ransposase,
culture; thekaby fgembeatmg qumibmaetrwﬂd)ratg ceihlnabu}mnrg gy Bacgeho¢@comprises a

g 0sase i,S W t ncat aner ,co
nuclec ERARERE ST ptitg el e R RaRRE RBTN S hpfiqpeauence
encodiap sadl p@gﬁ}qm-lg@)tﬂaﬁspotasks withiins@asaster cdMprigngesplotality of
| vention ¥(& i g FOVIde% ”ﬁEhOdS of nobilizing

nue e"é‘g? FBEe: Fe {8 RO B PACHSh I HER®A v er t ebr at e,

C’Hféﬂﬁdtsﬁﬁtﬁ@vehﬁ@m Bt ﬁﬂﬂ‘leﬂlﬁrow(i@)mdﬂﬂidls Bﬂmab1f1t1ﬁ§ b plebpmBedReI C
¢ n verteg?ate CO E&g en%gﬁ of one
ransp 3B e BTG PR G GUEAS: 1 Relvi RGeS non-
humanetelsthid cS@pﬁsuﬂg ﬁgh’eeg‘iﬁmhb kforle oA RBRATHS g@lﬂ{ slIes p%@yBac like

i nsert of %%? é.Skb Wth a second transgen
transposQR,. RFHGMS © HERSBPIOR CRIges 3 inted of ehigart [ okb, it @
secondifan§@ne: dh-Hubnin §edbrat@eomprising in the genome of one or more of its germ
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WO 2006/ 122442 PCT/ CN2005/ 000674 cells a nucl eotide
sequence encodi ng api ggyBac-1i ke transposase to yield
Wo@p@6ar24eDr e progeny; (b) identifying at | easpCDON2005/000674
said one or nore progeny of step (a) conprising in the
genone of one or nore of its cells both said
pi ggyBac-I|i ke transposon and sai d nucl eoti de sequence
encodi ng the piggyBac-Ilike transposase, such that the
pi ggyBac-|i ke transposase is expressed and the
h
cols a ERSRRSOo} S Rlng e bR Rl th Sl U mgpe progeny
(b) idenkigyirg at &astane oSwmiomd of managegenjc of iep- Cahmpn\smgmethe atmeme of

one m‘é‘ﬂ'ﬁ} QP]bsg%ﬁﬁﬁcﬁﬂ ?gd Wa@ lf(g(g gn sp?sﬁ)\p}éﬁ sal(} nucéetn?ée seﬂ%eélfe
encod jmg dhei ldemehkﬁjdmsmfsamlh {hai the p@g)pﬂaggﬂtBa'anslpbéa& is expressed and

the trah%p%@cﬁp 9?1%91 1&%11 ﬁ*qe%x mogl %zlnlgéf r;ftz ?%’%gt% Elfﬁ tEa ogﬂr? }rﬁr_}:%rf%nmuman
vertebyede. t’ﬁ‘xerfattenctmmd tsans@mcmohihamgﬁmram‘s caig: gehera®BY @ccdfding to
i ggyBac-1i ke transposon, wherein
any Ofl&é? lagtﬁo{fn S‘E?é%eq li?%g transposon conprises a nucl eotide
S’éhJ;L;frEHeet inventich yg ﬁﬁthﬁpprﬁﬁﬂésl’mdtﬁtgk oﬂﬁdbﬂlklﬁ% a @zgfgj')Bdctl:jld'en
sai d transgeni c_non- human vertebrate, with a_secon
tansp} Pl B R e FOUBRE S P en (5 Pl TR asenic non-
humargmﬂleﬁﬁteaf)mpﬂﬁng)lh thegeRoBé of drfe of Blord &Fels leérnicdlly & QY BALike

uence en Bac-|i ke transposase to yield
transpiod, hereip i @%ﬁj}kg TBSPPE PTPIhE NSO E SESpeng Encofing o
protelﬁﬁlhdn@cﬂﬂes@rtraﬁﬂlﬁ Qald)fr%géh\ic Rn-1RiRR vERdbr &) WRthl aSdkeBhditRnddRic
one or nore of its cells both said

non-hl?mag'g ga‘aatﬁ rckrépre%%g hsssAomsef s icHmATFaL ds erecela g nugieatide
seque&@ CRDUNG a BhIReBRAGspokdsk & Jikld %ﬁ@éﬁﬁ&% progl’}r%h @ at

gﬁ@Bac i ke transposase I s expresse
least opg ghajsinsie AT Mgre MiRESNY szsé@ (a} gpepEiBipe ifolbe Beneme@f prreor more of its

cells b@ih&gﬂd%yb&&ﬁ{ettfa%b%ﬁ’&sﬁﬂ shil nficlBR#de B e\éﬁcfotdﬁ'@ @&{)ﬁg Bac-

and second t ransgeni ¢ non- numan ve
like trangppspre. Yeh Bebthe Biggitasrlike frgnapesasmiy ewfresserbandghaortisposon i 1s

mobili&s Heldd§ thobi zﬁ%@he &Iﬁ%@@g ﬁﬁ%sbcﬁ&? ptd ﬁ‘ltdﬂ G idoBRL. The first

provi des neth I zi ng api ggyBac-
and segqngriggpissnin nprhemarovertabmtgn candretgearatedaccordingrtd anyngf theheethods
describda®laiPf (@) mating a first transgenic non- human
vertebrate conprising in the genone of one or nore of
i The pyesemhievehtion yet pirgyBadddsinkethods pEmsipbisioga pighpBaetike

transpés%h % Ph&%ﬁ valté{b??té rc%&ﬁﬁ§§%tﬂe st%@ (%}Ir%atl%tg ? a rs% g'ggsgﬁlgc non-

npri si ng
humarwet“thbrate seromnmhg in direggenneofitme-oh nnlm:mf \ite gembcreﬂt & piggyBac-like

transpgs%[i',ﬁxrﬂegelrﬂ %1(1: ng‘%y%e c-hg%gansRosgn 8 @H? A &orgatiaxaawg@nfl%% gnlurahty
of nggyBaﬂh]mJ&mspbsbms yite h @Ieoondatrm’;sgmﬁd’ Ig)nﬂ'mfrglﬁ Ryttebfddg comprising in the
east., one 0O al one Oor,.nore ny
genomg3F e drhdiols e Bats 3 e R0t SRR enG i gp BROHES ¢
transpmsvase 16 gieldéonb of hloﬁe%rﬁgeﬂy,qgglaaﬁrﬂllﬁgﬁt ledst @H&?oﬂi@ﬁ@ Bné’d}dncﬁ'éll d
e Sse ence enco t he

progor o HER 10 SE RPN Trssporning ot prpgBet I P16 bpihid plasBe-lik
transpdsdn emamﬁﬁemo@dwemﬁcd dnOEROHO pz AP0 IRe hiaBDBsasd, REIHERH the

ilizing the -9 WO 2006/ 122442 PCT/ CN2005/ 000674
piggyé'cfzg lfjke transpgsasehls expressed and the transposon is mobilized; thereby mobilizing the




pi ggyBac-|i ke transposon in a non-human vertebrate.
The first and second transgeni ¢ non human vertebrates
weamwehz4gener at ed according to any of the net hB@BECN2005/000674
descri bed herein. The present invention yet further
provi des nethods of immbilizing a piggyBac-Iike
transposon in a non-human vertebrate, conprising the
steps of. (a) mating a first transgenic non- human
vertebrate conprising in the genone of one or nore of
piggyBJac ﬁk? g%ngéosgg tmh réOélz‘ l'{umgg IVgl?éf}F ageg_s ﬂe?er %g%l%%eglglg ?’%@%emcl non-
humanwelnélﬂa:tés e bs gqmmtmiemmmng tagy af tl‘ﬁln@a@)bﬂadesbm%ﬂ herein.
osase econd, adul.t fe to | d..
itk e T P A
transpdsai fh m—}mmaﬁmérﬁabmt@ g@:ﬁyrm{g thé ﬂeps(oa)(a) mamgdcﬂrs tllaﬁ:igemc non-
b %a{tse n.its enone e nucl eoi N g?g ik
uman YR RETR GO 8 iy SR é’“? PERYSEE 5§%e s ey Ragslike
transpdsin Whigh c@?ﬁlﬁwk EarDinsedsE aDIeasﬂm kB ﬁﬁtf (ﬁi) h&uﬁéﬂtids se‘ilu%nce eflqodmg a
_ [ ac-11ke transposan, t hat e pi ac-1like
P’ggyggf'ggéﬁ%}%ﬁ‘?a?e WIFWB‘?I}dI adulf verfs V? %aéﬁ q Y&“t‘@’&?& m ? %&P%fw &(’
identifyinEB{Ibdst Slentd sdifd Bn@cbrgwgﬁl‘bgéﬂykﬂ’ step &) RO EEY not ddmprise in its
non- human vertebrate e first transgeni c non- human

genome themnugipofids spayrnaseneRding the pigerBae-like Hpnegosees, alcogprisgsdn the
genomBBE LIRS nfbeSETitsRE: NNESIBRe-1il R arsFs50R Qudt BRIBENES Bac-like

non- human vertebrate is not necessarlly a transgenic
transpoger idmmohibifed ig said progpay, therpby damplilizing iy piggyBagnligdransposon

in a nofANREAY &L brafs IRk Frdd GahBeBONorRfunt A& e HBI A0 S5 BEGRRErhBE
herein. The present invention yet further provides

accordipg tiheyeysofdie methasdsidpscriberheagin. gHieBaeanditieasgenie Aors hysayyertpbrate
is not r%c&@:ﬂil}h&' ﬂ:?rﬁgélrﬁé Lk ah SvevEQ TRE iracﬂsgé?nct Bn ?ttc%’ﬁe %gnera(eﬁ)

mat | ng st transgeni ¢ non- man vertebrate

accordm@ﬁ@%ﬂysqfﬁ@mﬁhwﬁdefge ohheraf. one or nore of its cells
e Pros R AR A P&y SRR SO P ST BEERS

transpaspminta nom~hs;a1au| vertq’o:mts gemnprisingthe stepsed: (@omatiigradire tansgenic non-
( i - T

R L

tranSpcmmewhrch comprises @ gerigotidg im)que;nde ericdoflipg A gradgein thaambdlﬁeﬁrvetraitf in said

transgemc non%r&glag rﬁerg%ga%e a?ndgﬁg n%{t}c]:?eotlg § et(nag entCQ t%lzg g%gy ac-hke

transpcmmeoﬂth’@setdnd aguly gtyﬁhratel to lyield onars pmseq:ﬁegeng,r(ﬂ) identjfiying etdeast
in,the genone of qne or re of its cel.
one of g bk I5TE RReP. R an O A0 St som o B s Berfuns.she puciegtice
sequenté émsmlﬁg e pllg%yﬁdiﬁ’mkbl thangedask, nﬂ,ll:d samplises mghyenoink of @leyor more
| t he e transposon in
of its o legEie Es FEPapE SN e th e AR BAes b R immghilized i
said prygdnl/ &béramyennﬁmllhﬁqggﬁaﬁgg}m&hae @0isPbs0f it Oncdbundh vetiébrate.
net hods gorlbed erein, The second trans?enlc

The ﬁrﬁﬁ&f?ﬂfﬁmmov PR@hyerteRrafesan Be sqstalrdagearipe @ a0y ghig aihods

descritR@hB@in. THEWRWAY trarsfenicnonliARg 9bhtdbratd 16t ebessaily H@ansgenic
gener at ed according to any of the nethods described

anlmalhlécrwﬁra ifFhganse@de fren .W%h% EBRAAFE EoTOH T ROy PP ssods

descrit®BhBefs of immobilizing a piggyBac-Iike transposon in
a non-human vertebrate, conprising the steps of: (a?
rReiPFR§enE IYeptaan yet Bkeranipidas aisthods of immopiaiE p2sER Bac-like

transpd:) 6 (AN ARMAA Qf@g&)rate, comprising the steps of: (a) mating a first transgenic non-
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human vertebrate conprising in the genone of one or
nmore of its cells both (i) apiggyBac-1ike transposon,
wob@sat4xai d pi ggyBac-1i ke transposon i s w t hP@I/@N2005/000674
concat amer conprising a plurality of piggyBac-Iike
transposons, and (ii) a nucl eotide sequence encodi ng
api ggyBac-li ke transposase with a second adult
vertebrate to yield one or nore progeny; (b)
identifying at |east one of said one or nore progeny
e
humaf lerROBR obritiE h 0 EhoR8 LSRR bR olif S P Pisb Moo i
transppscanwhasiasad p@gyiBacddwrtnas@ssqnns whisin genomamnef camgistig a plurality

of pig a% htkgtrarllsﬁ)g'so(r‘% anc? 15 a%l ﬁ qgg%c% etgcro A posz'ggg@gﬁﬁ%%
transpgalsfdwplu @g@myd actultene&d:byate l'm}ﬂéld bneZ(brn@ré bmgmggy BRratifyinget least

S OSOH LN an vertebrate.
one ol B e oG PatPen B Eatis B gspips e meleotide
sequeme (Bomdmggh& Pg@Byctike trlilﬁpmieh aiscompaSs fin the dedv@iedifdne dhBore
non n.vert e S not . . e .
ofts 8RBt nSn TRRhF A ek e apsporen i nmabilized i
said ptorg&rys terby ;mmblﬁnzmg the PizgPBucd R &fafdpdsbnas 6 Abslhil@art rtdbyte.

f th d bed ,h Th t
The 63 GBS YERFAUE VP e Erd RO g et

descrlbdfdaﬁﬁﬂﬁ MTHe sBEvRd frdfidkBnic MG-hniikindleRebMit &hot AEREshS Z% tiaﬁsgenlc
of one or nore of its cells an immobilized

animals A SNGRAL & FPRSEOT ARLE e SErT S ENEE SIS ade
describddeReeif : (@) generating a transgenic, non-hunman
vertebrate conprising in the genome of a plurality of
i TRe Ryesend invratieyst Surkist proyidgs matheds pBegneratipga trepsgenipeasidiman
Verteb?d?éjwfubh SorfpriRbEin @Ry %e‘ﬁ@m§ 69&1% RE RoRIYTAL OB o7 %ﬂlgbﬁﬁ Sﬂzééﬁ/@ac-

transposase op erab linked to a pronnter that |
like trwmsgggsy@ npe,thqdwgm@gﬁm tha atepsiciebganerating @ ansgenienaythuman
verteb®Ad Ebnfr 9y Bothe lgéﬁf)‘ﬁae Jr Bgﬂﬁaﬂ S’ﬂts% 15! S b gf)&eb ?@/Bac-hke

sequence éncoding Bac- e transposas
transpgonaneh (il a nuelertide amlpn@@nmdmglamggmBm likeetransyosask operably linked

a
o 8 R ol ARG, O e SOUBELAT 3
transp@ﬂfm @nﬂa@l nysiegtigeBmaudnckencodingithp piasc- ld@rtpmp@sasg is vtithén a
n
coneaSh SRSyt LA o AT ggne
pluralifsuefingtleotideiseigiencea eathoff syhmh enades mgéy@ac—hh@trafsmsase, comprising
.Sl -1 ke oson L (11), a

the steﬁﬁ é@l) el%tf(%dg%né 6632 \Ggoningé% s Imﬁné verte?)arag AN I @rgﬁixzeé oocgrte one or

more ItuCErcsapmls&eel dne nkmdretnnclaic pmdamnmlsmgz@i) a p&gyB&@plﬁl&Sﬂiﬁsi)ohdh and
one ar

(@ AR S eni Ui eBinge R anibast ke Dndrradinbin
expressaina khsermﬂnlmr wedreiataeleasibiieyef soitl ohe6rirhdre Zlg(ﬂel@ @ﬁ&% i€ thhéhh@ed
nder condj tions

. . fgster ther of the sane specie
ot T R A B Sh e JRSSe EELEber
the sam@spemla:umer waﬂiheilﬁxr f&f/(ﬁmgallefbl@frﬁeﬁt’ ot&ai’ﬂ%hié)% rle% alttai®yenic non-

i cient, to allow devel gpnent embryg into a
humary R G BRA At VT PBVEEE & BBy SP PG &L said rmbryS nto
a transgérAOS@LRNintanVeAcUMBB Bc oV Eriirtg@ifaat Rnfc mBAthMEn vaRbARY frdnh F'hte

nonme_ of a urality of its germin

rises in_the
mothek'gl?‘? CoMpHeg i fhy & %e,fg%feaaﬂrq mk itstgeEme s bboding) ¢ piegyBac- ke
SHofh d BudEAide B&ReRRB CRAUNG a3 BYBRG than
mmptranggggasg opergﬁﬁs Ilnkedg %%Q%D 2oo§f1 Ef%oPﬂﬂﬂyhmwd
PCT/ CN2005/ 000674
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to a pronoter that is expressed in the germine,
wherein at | east one of said piggyBac-like transposon
w@naeszi4d2 nucl eot i de sequence encodi ng the PCT/CN2005/000674

pi ggyBac-1i ke transposase is wthin a concataner

conprising a plurality of piggyBac-1ike transposons or

a concataner conprising a plurality of nucleotide

sequences each of which encodes a piggyBac-1ike

transposase; (b) allow ng the recovered transgenic

)

toa pﬁ%tep E{ggﬁ eXﬁE%s&pﬁ"ﬁEe ;ﬁ%luﬁeé% céﬁ at {ergsé %éégjég r]s,Fi@ PlegyBacilike.
transpomntae@ paad pucigfotide @gue(nbg enwoding thegégppAat-ddiitanspoeast ebmﬂmea
conca ﬂler é’d rgmgg'f)hﬂﬁlgygéﬁg@ﬁ%g ?éé tran(sggs sdo“?q]tccb}tlc%é rr%f c3mpr1smg a
pluralttjhaﬁ nt!dbe@dersoqueumpmhsaé whrchwhsadgaemy@ﬂah@ka traﬂspoﬁased &)

o SRS SIS ISR o LPTRPAB B

mating the aglelt mdnsgeajc r@n@umm‘pasft@%e mﬂstept(llsl)emgemsemdcaﬁulo n@teﬁfa’ce to

yield on gg i°f mcc))re eﬁrgc)ﬁsenc f,l ft*lerg‘fg ag %ee}s orga? ﬁal 0]?6::] Q}ﬁ@%@ Etiogeny of step (©)
that does metvomprisevieits g&nroateehe/\ﬂfuctebummmdnse&cbding the p@@ﬁmm@f
one ts cel an I nmobj | i zed Bac- | i ke
ransp s, S5 ert e o oI Pat P RipTEr T B e ComgHag i
the geﬂcﬁﬁé eflhabemefeiof its CORRPiEPBad- lﬁkettﬁﬁsp@%ip%e@ﬁi s2id®nObr more
its cells an i mp pi ggyBac- 1| i ke

nge’i'yr i§ ﬁ%‘g&st{ﬁ‘ﬂsge"f*ﬁ 808y P\é@@hﬂf%ﬂﬁf@@mmﬁwww it the @pnagreRfioneer

more ¢¥ts h@l@&n@ﬁ@ﬁiﬁ@é@zggfi@a@-hké Q&r@}?dﬁo@ﬁh&é%ﬁ&%ﬂ‘g a trans%emc non-
Verte rates, each rpses 1 n

humafg%%ﬂ% IR ROMBFISGHR e GFIMEOT R P of hirt iy imugepilized

p%gﬂnkggyaaﬁqbkme transposon, said nethod conprising the
st eps of generating a transgenic non-human

vEhe l%ﬁ)sﬁﬁttlé"eé‘gi?ﬁﬁ‘qt §yrivgr prRvidefamefeads pbecsprating s libratyi af grawseenic
non-hirhéh @REHhes) @ah)r Iw?mchQGEBrlie's In @e Eétﬁ)% Bo6ad drore of its cells an

t.ransposon and (ii) a nucleotidé sequence encodi ng
immobjHizedgnasaBag-liledransnoseis prid msthod p@mmrsg the it @f:t() ggnerating a
PR ity SBRESRH IA-A0, AT ALNE o AU, A
both (i a@rg@b@crcd&eé@qwememé %@@munlgomdwewegmmmg d@ggyBac like

transp&{ ?en%g zﬁkéﬁog’ rathﬁt %&Iéeﬁ%go% g‘lg ggll}ﬂli?l% Nohefein at least one

of sa1 tranepasem gndfgldmup]eqtnculsaqunwfenmmght nggyBac -like
transpés%gér':ig g/gtgglsa:c%ﬁ&ta%er }é‘élhﬁ% r%lqcl eﬁgr?ﬁtggf g ! n??{g la,l%s os nse ())(r a
concatgngicomprising a pbrﬂﬂ%umﬁmclaeﬂtdeesbqtah&s cauittof yaichrendoded 4 pipgyBdc-
like tra%ngﬁc%’séslgt&gngm 1§1gc't}1ge s?e g UIP r{gtlrcg:dcll‘%;:ab gf’ B?;os’ a d %owe}r%%n rxrzgrrte%rate
embryb oafegiizsdoocgtechné ot 1)101& nnclek @cids, dsid saejoransae nedleio adidromprising

. api ac-1ike sposas |inked to a praqnoter that
) 2 R GanshoF abd B0 3 BRRIRT s St anp ot e Bl of
transpssasedinkedi® @’roﬂﬁéﬁhﬂdﬁé@t@seﬂdh ths gedinline Neladidid @Ldeas’;]%ne of said

i_mpl anti.n he.resul tant non-humap vertebrate enbryo
one orgite RRIqi FidsdEinsBEge PRI 1 SRR H R Frip e S or
fertiliza g eadyesintaradedteraguikitr bf e Sath@yetieNghdeiessalieipnetoring e weddpthent
nto a transgenic noB huna vertebrate;

of said elxnl?b olajcopaetmnégfngfm{l aR VerEe @,Feem f@r a a?r}og\ﬁf time suf%ment to

allow Gt8RPAPITRNLiOEMERD tht@ARANSBeriOR A -IRintah IDSPOMAE, Gedd P& mBlANEN
vertebrate, recovering a -12 WD 2006/ 122442

PCT/ CN2005/ 000674
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transgeni ¢ non- human vertebrate fromthe nother that
conprises in the genone of a plurality of its
w@eori2ae2 cel |'s both (i) apiggyBac-Iike transppGDAON208000674
(ii) a nucleotide sequence encoding a piggyBac-Iike
transposase operably linked to a pronoter that is
expressed in the germine, wherein at |east one of
sai d piggyBac-like transposon and sai d nucl eoti de
sequence encodi ng the piggyBac-Iike transposase is

transgenfc nonqlu aﬁ Q/P&%h?é"ﬁgm ?1%'}}?&11& "dﬁg cé}nﬁisb’sr ﬁltl'let Qénome of a plurality of

Fansposons or a concat anmer
its gennbmellsbat@ (ixa pigeyBuciliky tr@lﬁspmmlae‘bfli) aaueleefide seqmence Ka¢pdie 2

encodes
pieey BP0 oS BOAS B IUERG  ph okt BRIDADASK il ) germine,
whereiifat Bhs® pne( af)saidpiggy Buv- lllkettmnamsmtdmd oeld npedyotide s¢anence lgecoding the

nggyl%frﬁljll? B'E‘é%g% S Iglgtg%?anc\(l)géjat%a AL cvrgf;ri ﬂ%a%lﬁaﬂtg oﬂz%?ylfa@%lgl;e of
transp&bﬁgﬁmymnc(atb)mer cetapisirgya p‘lltga]htwa mclamdesepu@gap}cloqsf vetiedp

whi ch d t th
MMCHET IR TR
vertebiale 4TS RP$HIE g@ﬂﬁh@bﬂMtHobdﬂKe)dnzttmgtl’madplt casgenic bérahumans

e P57 00 v s LR I8 RATD AR el e
1dent1f§'fn§ RBwd B5A0ke ng@ﬁ}ebﬁhte%é(b)dechf Whlcﬁddies npf @gephige lnstsgamhlnfahe
ransgeni c naon- hunan vethHFate

nucleopﬁ@seggwgﬁén@fimg ISYRe ansRoSasg gperg lgﬁﬁ?eﬁﬁ%& Ipromoaer that

is expﬂ%hsgg WRAE gdrifige, ahd 8618HRESIA the fRASBOYS @ Pemdtd of @s aells a piggyBac-
I'tbrary of transgenic non-human vertebrates, brat
like tragispasR-STHeEPIR F1d BYRET GOFOPFRETY ITHEN BIFTHEYES B3 1?‘1‘%*‘“88?‘? gate
whlch%gm TR i 6@ mRIc88Y R mMdré Kﬁtstoéﬂ@zﬁﬂﬁﬁlﬁiblhzb@p@g\maaﬂlﬂte
cts, the present inventiqgn further provides
tranSposoantbgrebﬁ EenwsHoR R HETFTY O ERESET B e SRR e RS ot Cpgprising in

the ge&ﬁﬂ@@?ong or ﬁ’lBFe d? Ets B8 Gn Rhmbbifized9idey BTG Rosbi. ke

transposon /or apiggyBac-Iike transposase. |In
chraegiin am&gdhmmegt INYEOR ﬁaﬁgmgﬁdﬁ%@érap%glcélﬁﬁhﬂ%‘} t
B lseaYidH8 cSEIEB&%
v, gl Bl RARCL B8R, 10 ALagii oS R iRcn

and/ott arzag@/@’emhke ttmspchsawaﬁn mt@mt@d@enﬁnm G?HSPQSOWC?IHIPW“&“SG“ of
at leas? 9 %E@tc%&gf:lseg %'mgle&dd@ geqﬂelﬁtle léﬁ&'dln@é pﬁétem PAa9 B BREs & trki€in said

certal aspects, e pr esent invention
transgbuic hblehutpammrtdbrsteaandélr lse*ﬂtl‘am acanshtemencogprising a plurality of

sin its genonme a piggyBac-Ilike transposon
lnayéﬂﬁyeﬁngq%?agyBac i ke transposase. In certain

e nb@dnmn;tests thé presantins proiwo further prowideseavertabretetcelbin qafture
[
ol B e AR AR5 R

certaif] @lﬂbckt}lhlﬁ‘_&{ts,\ﬂiﬂtte@hfoaérﬁcamles awiirtséxi of at deastdnikbt ecomgrises a nucleotide
sequeg(??gﬁ%r&qlmds %Qr;q%%rgfe | erltgllq%%els 6rlaﬁ gggxgnggenléc:q%ogl-l}é{ﬂ%g S{Q@e%?ﬂé 'is within
a condHtMeR cOmprisingsd pl&rah@ off b@gﬁB&Baﬂ{mﬁspMonp;raﬁ&/enttqnq:mlscsfa rarcleotide
vertebrate di sease, or The ent e
sequep g iRl ings BUIHEL BT BB ChEe TARL et e
disordegr tebrates or vertebrate cells in culture descri bed
herein. In certain enbo n he libraries, are
p e presnt m_vglglomrg‘@egrpi %snigﬁarﬁé?% Wﬁ%?l&& B@vlauman vertebrates

or vertebrate cells in culture described herein. In certain embodiments, the libraries are produced
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by the nethods of the invention. In certain
enbodi nents, a library of transgeni c non-hunman
WO e0baat es conprises at | east 6, at | east 10PCHECN2005/000674
| east 20, at least 50 or at |east 100 menbers, at
| east some, or preferably all, of which harbor a
pi ggyBac-|i ke transposon at a different position in
the genone. A library vertebrate cells in culture, in
certain enbodi nents, conprises at |east 10, at |east

by the%ggdé@cfs of B3 3verfbn. 3h cér?aﬁrc'émgoggnéﬁf‘s?% ﬁﬁr?grog%rlagslg#f ’ﬁé%?uman

menbers, at | east some, or re a
vertehiHpIomIpEIpdI OF leagh bogy JeBstclO) atieast A0antdpobrorat least d0F members, at
least BRI $ripPlferhbly bl & r AR TEr | TR S
_eas t he 5 rpe s% nt Y |ta n’s) entio nrﬁ%foblr0 {)%/-P %%QB%C :1113{? gr%]?sgé&)g p‘%&gfﬁrseﬁ{;pnqs%mn
in the gerpnteu rfplibratygiertelisata talls ineultnes, insderiainembedimsnts,complises neleast
e 0 ' r pi <lik
10,8 BERTTESEL . ) AR ol AR s g e
preferaiply pibaod whichSitbor ¢ piggrAasdike transpbwatat aldiffesaiposition in the genome.
j J i hat. nodi fi es. Ja.t i.na
s, S G BoRIRE e 9L PBiph pEYiEs bt ogenic non buman
vertebradescm vemabrate ceip iri @iltng, the pénonek bf whioh hpbggyBeBad-iike
nsposens: ,and/ or conpr.i se nu tide sequence,
eansp B SRS kPGS B 8 of o ST SEheBniech olectia
sequepeeneandingarprobinahat efot #les atreit indi tEegeRicaion hiuma d&tebrald) gre

... et hods and conposati ans .of the invention are useful
Wit PSR B i SO LD ) B AT O amprise
nucleokitle Sequérite @Rdokdign pAAPIAGF Salud MehdFRERIME of FRARIESDOST a vertebrate
di gro§|d§s net hods of treating or preventing a di sease

15°8%8 P dF¥b¥der, said method conprising the step of

awhe Méthédlahd Gorpos@SHe BPIhB fventioalatSRERT B thBlihg WPPSLnting
di gen me conprises api ggyBac-like transposon f%lch

iseas %Wgrdilsgﬁ@fsa Thire Iresstipieisies B BEsEhEYRAtNE Provisteo metbadsrt

treating@r Pevériing B @isbds68f AESHlerHaidh NS YokPRisif e p of administering a
mg,ertebrate di sease or disorder to a subject in neeé o?
recombinat} Veriehaate et whnse genomswemprises p igsy Brerlikg Sisasoson whieh

comprite€ 8 Ritleokily %ﬁﬁén@@ el @ 9 PRotdlE Bm%fiﬁ’ {hequchﬂ.rﬁéﬁ{ (%rﬁ)gev@ntion of the

nucl ei c aci encoding a protein of value In

vertebpaiedisasaar disords ©viewbiedtin afedaf gushiiepmanicor grayentver t o
ORI adPREE thftbdeft iﬂ%nﬂor?’gll&ll@&t métﬁo%%? gelﬂfferiﬁéjfguctlﬁj]c acid
t ai d nmetho ng the

treat rre_nt or preventi on, conpri s

encodigg @ preg¢in ofpkierin hedrerimegnhon psevsntidnmg atverpébrais disdrdergo one or more
' ' ' =] iLch

cols o SRR RARDH Bi865h ool B VGHRGE, bl EnchloBOTRBRSL M O

adminjgteging p recombinans visos wWhiese genpueaoepriess€) dipragy Bac-like transposon

. N Ny . I [ d t
A AOAESE L AAOTRSEN 1108 By LS bl e
encoding apéggmBaslieitrngabade opaabdy limked ¢ £alomstenthatditedts ifERidh of the

. C he. pi.gayBac-|ike. transposon is,integrated.,
i PSR TR AR SR ER M Bv
transpeseb jisdiotegraet limwihegesandbof saidwhe bisthoraicelrof siib ewtgdey following said

. iverin nucleic acid.encoding a prqotej n.of val ue
saminfi b 80 PR PRSP et Bl it enencor
prevertiios of diedrtebatealisvitiyy @04 subjectie Acbdalf stdhGRatife@BdriPadvent®h. In
caﬁhﬂ%ﬁyﬁntifn I n cegtai% enbodi nents, the virus can be,

LIRSy e Virgiean he A SREOV IS, anpdenoyitugy gn adsapassqpiagd virus.
virus. -14 WD 2006/ 122442 PCT/ CN2005/ 000674 The
present invention further provides a reconbi nant
virus, e.g., a retrovirus, an
-14 -



adenovirus, or an adeno-associ ated virus, whose genone
conprises (i) a piggyBac-like transposon which
w@owpn2=es a nucl eoti de sequence encodi ng sai dPET/ON2I0K/000674

and (ii) a nucleotide sequence encoding

api ggyBac-1i ke transposase operably linked to a

pronoter. Because of the precise excision of

pi ggyBac-|i ke transposons, the present methods can be
useful for determ ning whether a phenotype exhlblted

b C I.Sin

YhépieSHR REERH0N R VR 2 01%5&1?[915 irus, & Ep retrosus, f“f ke

the genone of one or nore e % pI ggy
dﬂ“WﬂHh@b@S%ﬁ“@@B@aﬁgbdﬂbywmnegMpnggyB@nmbmkep@gﬂh&gmson

transﬂo'é‘orﬁ?ﬁﬁ;l@& nﬁﬁ&ea‘,:ﬁu%leo&?e' sg%dg'ﬁliéqe%ggdlr?%snp né/r%t%*ntaglg (12) “Rleotide
Sequetl%ﬂlilé tplggwﬁahillhamnsm$®blpanably|lmkmmo(alprdiﬂmﬂ

BRGSO B B e B e
usefukfai deterpiing gy Bhathdr ialpbertotypr sylabic by tmaigdnio m@gﬁﬁmarﬁwﬂte&ate

o SR SRR SR b By S0 P
nggy@aq;@lemDqusdne Th catmsipoapets, sdif) aictloys dﬂtpﬁl%éﬂhe lst@ﬁh oﬂ/\(@)?géh%fatmg
a transgeni.c

ited b
one o o ERE P R st SRR v e e v o
transpos ig ertdlaed,e(bmeg@mﬁﬁhg-\hlhdﬂ&r b CARIJIOE QRists DetGRUSRE elNsidl6F said

ac-1ike tr.ansposon. The piggyBac-Iike
piggy. acglglg &gwgen&p Siilﬁ grq%ﬁveaﬁlflladﬁve dheriengtypes Wherpia@correlation
is indicatiephad the phboype id dagsedbe $l%l'ﬁzggyﬂ’&@ﬂkd Pdhs s, ilRsby determining

ods for (s ting an_enhancer froma non- human
Whethgy ar&@ﬁ?%?“ee"&}b“e# ﬁ’ff%PS%%% RAgripmen vettebratycqimprisipgdn the genome

of oneQ&rrﬁc&é Of iBSRBEA iy BAE-lIBHARES of R MNded %y ftﬁ%%zg%ﬁ)ﬂ@&h@transposon
sqq ?I ng in a t ransgeni ¢ non- human Vet t ebr at
ﬁf‘p?lg@i 6 ikn TRROsgR Rfthe IBYenipR arg st crffanger §apmg | Bhus,
the pré&enttihveatSSproviREHAMIRAIG Tor idthatinb 3N SHARGRR fro q{oﬁ'lﬂlmtag Gertebrate or

transposon conpri ses a reporter gene un

from %Yﬁ‘ifte'i’ra'ie cgHl maFu#ﬁﬂm Fagertgingspsctsy the tmﬁwés(meSfF b sighs ath@)
assess[r@ﬁﬁ) b (@R g Ror- RSVt Ge chmﬁ%fr%tln G eﬁf%n?J ofto.lng 31“1%8& Uit

t he transgenlc non- human vert e o
cells o Hpsugeripigendaedikoignsaesan,(vidierein the Itranapn@navompn:%ee R cepa:temgene

under te2BKtrd1 9>f § ﬁiuﬁm&i &ﬁé{&@@ tHe! e‘ﬁgregsfo%rzﬁ' p%srg;g) %e i sa1d | g gr more

responS| for 't expression o
cells or Hssups of tl@ﬁhteanegenmoe-h@mam gertgbrate cs@tfamngtdhev@uyerefrom and (b)

yer te
1solat1h§£’g€$leg€%é%?é&ﬂ]@%@ﬁ%gﬁ&%omeﬁrsagg&F& g?tq? < Oqongg{?gbrethe
expresgieh afthe repoftergenainrseid omb priaore cvldsrdr éilbuat; ¢heeebly lisollating an enhancer

t
rom bl SIEL 1o UG LSO N ook Sl RTB P
from aypcharbinantverebateak!! of cuzltum whareih t}mrecrmtbafant @rpimbs&s pigyBac-
n.qof the reporter

e 8RS Bl SO B T3 BBl B St
the steps Qﬁg éi)yssesxmg tl(etb)(presﬁxtxﬁtﬂtmeﬂortﬁu gérféluﬁi sa&ﬂedoxﬁ&ﬂégilﬁ k/&f@bbrate cell
e transpaon t at responsi bl e for
or s (U Ao B e Syl PR S rant il e o Bt i
respomlbfetfebﬂaabpq:rﬁseﬂoh pf thb espehet gleilaesmlrafon{waaﬁeaeﬁl}%e 3%1 ther s
reconbi na verte ate ce in culture. -
isolati ?%24‘%" PRb 5, YR celteuiE hods of the
i nvention are useful nmet hod for generating chineric

non- human vertebrate animals. Thus, in certain
aspects, the present invention provides nethods of
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generating transgeni c non-human vertebrates whose
cells are nosaic for a piggyBac-1ike transposon,
w@owpn2=ieng the steps of. (a) generating a traPGOENRW®5/000674

non- human enbryo conprising wthin its genone (i) a
genetic | ocus honozygous for a piggyBac-1ike
transposon, wherein the piggyBac-Ilike transposon
conprises a site-specific reconbi nase recognition
sequence, and (ii) a nucleotide sequence encodi ng
SAldncthdR o§g§9,w‘eh on ﬁ&&@ﬁg R AR B ohg i nbPninan
pronot er; turin transgeni c arran

vertebeteamyraals) ({Bhays, io oerthiin asq;mts ihe p!ﬂemhmtehnorsprb\edapmlnddis of

Liferati:on acc
generalﬁ %ﬂg%gaﬁiﬁo&-a : ﬁ%ﬁéo%zﬁgs X rrea gellg Fg:nngcésglﬁ fora R} #e% 11§i e

transp@doa,tcompuseg thelstegs e’ﬁ: &) gﬁﬁ:antmg ] Uansgmlgggt&nndnl elebryo comprlsmg
SucC

.o LI anspos ani_mal
withins BP0k el Bk RoBPM IR oy DABREE el Rl on o e
piggyBacdike rtnsposoarcbinpriset a slltehgjeclﬁc ﬂscmdbﬁaslelré@gmﬁﬁipquﬁemg and (ii) a

rials suitabl for acticj.n t he, i on.
nucledffl &audic? aesuind foif siecspeShE erbifche absanty Bk e Brometes ®
culturlﬁQtHlartﬂaBSgﬂgc h&)-hﬁrﬁarﬂémﬁbryﬂ udder @)ndﬂil@ﬁﬁ ia IBV\Fl@dhlachekQ!a%péﬁiﬁdm re
ucl ei ¢ aci ac-|ike

i sin
recom ‘P%fﬁésped‘?ff’ﬁseaﬁﬂg pieft fefaélon b gere %%%étiﬁﬁ‘@ﬁéé% sHeBa fgsgenic
vertebrtegEyBa0sd dele atemBRSP @(ﬁ'&%@ggyﬂ&ujhl(ett)anbﬂbs&l SeR@ic animals

er vertebra e in.culture or (ii) a
pr °du°r‘?g EY ﬁ‘ﬂ?ﬁﬁ??%’&? f“@lﬁ‘llsﬁtegco&?ﬁﬁf"i by ﬁ’ﬁ Pt iFei®nbodi ment s,
t'h% pri3e@igBagor fuliBerlpbdVitRel RESIONHRAETL Bintcils st et fopﬁraéicmg
ast % 5kb and/or carries an insert encoding

the mVﬁPf&tnel upfin GeafeiRerspesist e inveRdion pEfyides kltbmpéﬁmgéﬁ igypnepr more

contan\é@sf bRPsahe gh@&é‘%dsﬂfonﬁ’;hﬁﬁé des pi éﬁb@déﬁﬂé BhipoRARRELD a.
| east one nucleic acid in a he |nvent|0n i's

nucleOFlﬂ%%\aqnf%@rl001ilﬁg @ aiegelac-lkeiveairaase: end fb) imesaserdroatingn )
vertebaQBRA &dlt‘afkst)r?il)ad fBahuliBh %I{bbratté"&)&ﬂeg gry Gific binli&iments, the

transgoson IC conprlses a nucleotid sequence
piggyReadikairarspasop cories an insestrof ablast 1 8kb and{arspiries an inseal agicoding a

protelﬂ 6@%9 &4hE tr@ﬁﬂleﬁ%ﬁ‘%o viftioh §PX %rf%bralt d&ggetof?ldﬁoﬂglﬁ &6 t&itad

he nmet hods and sitions al me
aSpeC’fﬁa atleast eneguiclyic agigrip e ki iofitpe itventiningsliBaczddi ke tr ansposon

I8 clgft %ﬁc?d‘ﬁgentsséﬁﬂe &Q%d :Jl& c&ﬁy@%ﬂ%fﬁ){galg}gg hgr{emr%g gzggyBac-
sai S conpri ses gald rans
like transposdmwhicl mmmsamnqcle@admlseqmmpw ¢rspdigg apropallmmaﬂ md)cyﬁersfa trait in
sdeQJQ%X§Qﬁlh Sv&&%ﬁﬁ osons. In yet other aspects of the

npositions clainmed herein, the nucleic
doicertaig mppms sﬁ th@mbthedsraud teopdsitiensdejned beremnihe didigic hdid

' B ransposase i s n i.zed, such. that
comprig Rl et il L ARRROT BT BedPod S Yot RCeen e B P et
said cefisl cdnppistd@idyegyBnc-dkenaspbisngwithi@ a coh@@yBaGaidickmprising a

Iwaﬁ%ﬂ>n§PQ$a-q§%”th'n a concatamer, the concat aner
p 036 ﬁg‘ﬁa BPROSIty of nucl eoti de sequences each
dh yeihitledh ageeo 6ethe tefhoGoanBacmpoditont E:Eﬂﬁddﬂﬁ&ﬁﬁ thenhbleMdkid

2006/ 122442 PCT/ CN2005 674 n et ot her aspects. of
°°mpf1€wg9}mualaa% ea?ﬁweems%‘{% Breisgy “‘ﬁ'éSP%?raﬁe i fipgarized, Such

that th@omBacotd df endré MFERARSINCoaTREsIs81E hudleSiRME UQHSRte encoding the
2 ni zed b q1£rote|n that binds to and/or nodifies
piggy Iqa—ilgg‘fr'@nsposas within a concatamer, t e concatamer comprising a plurality of

nucleotide sequences each of which encodes a piggyBac-like transposase.

-16 -



acids. In certain enbodi nents, the nucleic
acid-nodifying protein is a DNA-binding protein, a
wdkemedif yi ng protein, an RNA-bi ndi ng pr ot ei NPCDCN2005/000674
RNA- nodi fyi ng protein. The nucleic acid-nodifying
protein can also be a target site for a site-specific
reconbi nase, for exanple a target site for FRT or | ox
reconbi nase. In yet other aspects of the nmethods and
conposn tions of the invention, the piggyBac-like
iy p&eﬁc ?gﬁé%ﬁé;c?ﬁ}g%é@ s’ Eéé Eﬁ@gﬂgggsg%%@& her!e&l tlé@ézggyé‘ 2like
transpoggiiompriseg@rsequenge rawgpegd tyi cpreteinabiativénds fo a;ddé)r modlﬁes nucleic
0 t. t abl
acids. mn%ﬁgﬁgwgbﬁﬁ?%%%%@?i%%rﬁc% rﬁ{))cflfy%n% CPtr%tQ%l elc?]if in g’mg pro?em a
DNA-gpadéfslingwratein,tan RN/epinding pray@ner an RNe\nxnogéynn‘gmotem tThe nucleic

acid- rﬁ&ﬁ@ n%}rcgtgg}égu egi%b l%e]:hetaxfge?sﬂtg %%Sa% %-s%eglﬁgt éc% glﬁge, S‘F ef(%%ple a

targetlsm/émFRa?rwlomhecombggydBac li ke transposon conprl ses an

1ﬂ‘§)§e%5th?1f asﬁ?ch s of the nrl,[e;gh%}( ﬁg(}lﬁogpoisiﬁgnqufglw%%%u?r% ﬁlée nggyBac-hke

transposANTOPIPSISE a(seiaq:‘mblsmsrkaﬂ Ih petitiier adpeét, thegagdy Baklike ﬁztnsposon

coor Pl "y b B b g S i

both d seEstthQ kdarkeaﬁnd eﬁﬁﬁdrter gétebin aﬁbthbﬁ@édiﬁd erhBodimedt, thed@pdrter gene
at least 1 or at |east 15

Is endf%%eno'l’sntb glehsBFC’es% 3’%}"# kkl:" TR e H{t@ﬁucteﬂe pi ggyBac- | i ke

t rrayes PSRBT eI REhAIR anm&ﬁmosﬁsnsgff@ﬁ;txwenh&a %e%géy?ac-llke
,.. N0 greater

reater than 2 er t han 25
transppuoRalits o ogt St dastir ) Saves et ot SKO- Iaher
embodiftiéhts, tﬂ@pzﬁ@%@ﬁke irﬂﬁﬁo%ﬁ c&ﬁprw@@alﬁh&%& fat lteﬁ@@kb"3 QHiast H8kb, at

reater than 75kb, or no

er t
last g 4 et Okb, o ISPt 2blens in Bler kb e
10kb, m@aspu %%ﬁ@é‘a‘sﬂ llkfkb dt ﬁ&ﬁﬁg%oﬁ IGHTRLD 3 5t 1844t 1 RE rﬁl
ran etween 1, 5-3kb, 1.5-5kb, 1.’5-10kb, 1.5-

specific eg oglmggts the Bzg@(ﬁgg hkg {rguspgien compridepan stq’gmrezgerzhﬁobw kb,
no gregte?’@lléﬁ’:ml% Y ater%fl%ngil?gb I;Sé g?i‘{’eé tﬁ%m%@%tt no %reatg?g Exgn 35kb, no
greatesthap kKb, Bo gnsaktbr tharpdSigk b srearerdbih0kh.no Seitds thanr60kb, no greater
than 7%190 %ﬁﬁcpgre%gﬁflﬁl TO‘@E?] nﬁ%@&ﬁe&%@c?@%ﬁh%& ?ﬁs’ch«g;zggﬁﬁac-hke

|nvent|on ent al ntro
transppsoggpmakises pik msqrt efitenaicmireteesd 18-Fibe1.66kb,des-$@kduAEEKD, 1.5-

30kb, ¢3S, NGs- %@eﬁsb&ﬁ%@ a%:'f(%gs?&ﬁcb' B%Bkbaz%gﬁ 3. 8%, 3-10kb, 3-

or gani sm ransposon and 't he
20kb, ﬁ@@kleétﬁoaé. 33’é5dfbe$°rd;@<beﬁr@@kh AP0kt eS- iﬁkg,gijﬁkb 10-204b, 10-30kb, 10-
sase can be within the sane nucleic acid or on
S0kb, Blégd;?g(?e nucleic acids. In an enbodi nent where the
t den@rﬂmsrocth@dsd)r t:cb‘r&pdsrtmnsqrfahameemod etgjl the (jmmducﬂfoﬁ oﬁl?oth a
nucl.ei ¢ aci

iz BBl & o RS b e PRURRS ik P Bt o ol

or organsmi, the]ﬂggﬁﬁaa-ﬂﬁﬁfrérﬁﬁdhéﬁ artdhé RO gé I\&Qfﬂﬁllzléendb@iﬂ'@ lthﬁ%lzggQBac-
e transpasase i s al | qwi t he

ike g Gt B R % B SO0 658 on RSB PRoIBEeT e URan

embocgmaﬁlmleﬂafthstaardpcﬁeh hndothe Rar@pdHasetodifl Fepidhaid Mbdeparatechbcleic

acids, ngwf Iﬁlg agi Icgr%pr?s?n égzlgg)gBacqﬁ(e ?ral%%gs%%?s Il)Il\IkeanEi Ehaenn?lglg%%gd
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pi ggyBac-|i ke transposase can both be DNA, allow ng
the generation of a cell or organism whose genone
w@ovpn2=es a nucl eoti de sequence encodi ng PCT/CN2005/000674

api ggyBac-1i ke transposase. Preferably, the

nucl eoti de sequence encodi ng the piggyBac-I|ike

transposase is operably linked to a pronoter. In one

enbodi ment, the pronoter directs expression of the

transposase in the germine, for exanple is a

I s e._pr abl

comprtBlai b RUBRTRFRLRholle s R RATRE LR digkyic i rensagion o be
immolyizediin e gopend dfisaid pelboratrgmishe a mal e- speci fic pronoter

(ﬁlt&nat vef?/r fﬂ% ﬂml %cr%d éPr g%mﬁ%ﬁ} pzqgﬁéacalsl? ﬂqa,ng})gsgbaglg.ﬂ?
nggyliHCddcmtrenSppasacamdnﬂ]I eIk, mllbwmgnh@gﬁnbmtlor( &f agell oﬁoréﬁiﬁsm

whoselE SRS Rt VB HRME Dot r BR o Fibarar
Preferai:dy;-tltmmbomwdewm ancodiig the piggyBrdike ffanghosmed s Dperbibl¢ linked to

i S % or non-human ani. nal In specific
s ponfie i opePu P B Rmp e diregtsraprepongt, theég?flspoa@g}n%
germhhe \fasdxamhle (coMbiqiiuSEPmaRrt inord p?eféﬁb?'ais R g8l e Ls PRI
e trans i c non-hunan vertebrate of the |nvent|on
promefel “If gy S, (e gFPRE sPoS{Ec FHOTBASTib pmLe-FeiFs BRmOTer (.2,

Protan(lﬁe U(RrmJ gbirmfcdrsdﬁ)deschﬁedﬂetﬁﬁ) m&&%&hm&hethe germline specific
e is non- human i ncl udi ng but not

pmmofqr & %fgﬁmfeép%ﬁ? emelAr ﬁﬁr&’r‘?'aztpé Pr%%er cat, dog, horse,

ﬂlﬁ%ﬁbje&@ bSifle th%ﬁbeutig ldh@ﬁ%pl@hﬂ:ﬂc RRAAEs oiaeﬂéjmpérﬁlon bR} (Referably
peci fic enbodi he transgenlc non- hunman

non'hWVéH?‘gﬁts Ifgprafelrr?%f‘é%@éwn&n?hﬁﬁv ject ke ugap 9 Retahtmananimal.

In spe@fic Elﬁﬁ‘oduﬁéiﬁﬁ "tﬁe@ﬂmﬁ%@ﬁ At %%y cUE H&QQF Qﬁﬁesﬁﬁi{ I(covd Horse) animal.
s ecific nbodi nment s, iI's of avian (.

et obodmps tffﬁdW;gemc npnwbhmerevegtebram ﬂavfm\semlon is a bird
(e.g, C‘ch'kéﬂ &ot}le‘? fovi} rE&iafishe(@ %O%H}%E‘h  IntoRRr &ﬁtc&duh fthe vertebrate isa
manmal i an or| ["udi n ut not n1te primate
non-hymagdnamnaginply mg] bv@t njof lmlfc@do non- huummprematwomm dog, horse,
sheep, %u@?ﬁf@?neﬁ g{% ﬁgnda Qaﬂavplgﬁ gﬁ 18 SI%?@' ic enlgﬁcﬁﬁl’s at;@g?tgrés&gm% pop-
human| ygrtghrag s aelmy@tdckmm@l the cell is a frog cell, e.qg.,
g@fﬁqg&%ulaﬂ?c\éh A fE fulVentlkd?n &n ?Q 8{%} \tert(e:‘brgtn’%olii .l.Itrl?%pec’ltliclt h g an

S orl
embodjraents theesel] @srof dwam Gesge,chickerorafthea fgwl)imfﬁsh r(eglt zehtafisln) drigipe In

other eSHhOﬁ&l%}l%' thé ﬁ%ﬁg {){' ol mmgmooq*f rrent Of bfggjs"(}t él?tgt? Q)tprimate

e”Auclere acy
(includingylopy Baiclinhitedeo hursanspisond chmﬂanzeetcelm,apwsas &log, horse, sheep,

o A ERREORG 36 RETEISE R e Bboh, e o o

cell, e.gue Kenopusloeds éedl. s eyetifid eindodimentghe QelE s bfigis & of a [9Estock

._organ S a nc 006/.122442
animal Q83 BT3P 5Bt Ctsp gﬁe?ﬂgmjf ny e Erepiiagigy Be oF stie:
tin aﬁﬁqﬁ@&ﬁﬁbd&ﬁ@h@@f&lﬁb prébehﬂﬁveﬁliﬁbth AstsnueRE ACRFRASbnARS Of
transposon, and/or the

nggyBI g ventl on g%g
57 i BAEPpoR nd Pt 65fins-463h g pedieeoriraniqsca et
introduttién s eMitor ofp¥RiBh| u0h BlabtBe RAIIE S8S is8RIRASH 108K Senome of said

covering any and all pernutations of
or organism as a concatdmer.
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the features described herein. Al values and ranges
in between all the values listed herein, for exanple
wowaok/128gpect to piggyBac-I1ike transposon i nsePCT/€N2®5/000674

or cell/organismlibrary size, are also enconpassed

by the present invention. 4. Brief Description of The

Drawi ngs FIG 1. Transposon vectors and transposase

constructs of the piggyBac binary transposon system

for mammalian cells and mice. (FIG 1A) PB donor

c ed boxes

b B e B R A PO of
the intpptiqrais Roiggy Prcsransmsen, andéqsrehquzggyé?dc-ﬂlkd: mBposasefai pigofBdeB
transpB%Q@at termni (PBL and PBR black arrows). Arrowheads

ve the termini show the rel ative positions of
pThermessnMB‘eﬁmlémalso proedeenBeRmetietcavering anyt sl alifpernhihgtions of

the fef{tlg{@snc?q%)r%%g gers o\i'aeuels grg Jéﬁ%egg b &?een ﬁpgl%(eevsag{ egg?i‘%?gllg for
examp&/\mith re.épecﬂ:oqalzggbec-h-kemﬂnhﬂosod ibdetd siZbB} cBorksifdns (DEH/Stze, are
{ructs pi ggyBac transposase gene

also en(cgggass?cﬁg) ﬁ?/grﬁsegymg%%pmgm ovirus (CW), beta-actin

t mne 1 (Prm) pronoters were foll owed
4, Bre’%i)teg Qlono?rl‘g h hornone pol yA (BGH PpA) or

r Bl§hilt Ttaetpascgi \@bilons and hyﬁhp@sa%opﬁ%uctsl%llflfhe piggy BhigiydBa eransposon
' [ red cells 2
systenkf3t Bl ceh S afPEE. (R0 AR BB P Siruste okercs Gidaernons
genes {(shad®@ BoxssIwhith. arr'Elwe dawuibgtrmsaﬁptﬁﬂ HBedtien) divenby e&rwae Bromoters
scored.fr tra sf ect or tra 0SO
were pYREE bR irinof OB ter B h e R nd bR R iatroRak Aonheads
above therttaeiiniissow He réhiu@%quatlabtoﬁ pﬂﬁérsfuﬁ@lﬁbi nvas PCR ms)ﬁaﬂe b @8 of
erimen T ows the s vi ation
the treRkBT 5 450 indire @%ﬁns@ﬁ%&rﬁ%rﬁeeb &P peboninimesaM:

Mfel; BerHE I3 Sivalt AgA&Hj Hnﬂin_an 1BY¥B 423 6saE§h&ls%r L:&lstructs The
nes were C(z FIG exanpl e of
’f"é‘& Y 0%‘5&5

pigeyi{gg Rt g ARV, Belr o7 a0, o

Protan§th®n &&mwramste@d \ﬂ@éj folotvBd BR&ithet lﬁﬂfﬁle Bl di@h Rbfnfine ?6‘15}& (BGH
sel eCtI on. Bac el enent s transp03| 1on 1 n

2 bﬁﬂr@b‘%mlyﬁé’fﬁcgpg? the transposon- positive
frrendepisybat afidhr-ARE iPMaRERi ANRhXEL l:élg @‘i@nﬂAf’étlatlsHUé? Yesults

resulting frominjection of circular {J asm’ds.
of enhanged Hansgeng inpgratinsidn 28 heedls (Ihs numbers of Gié &-régermts;lorﬂp&)mre

scoredFRM fAr8feblidBSf @dnot H@nsp&@ﬁ‘ %nsﬁ'ﬁkq vJ?t?ilop Ghith Rt A1 x%aspr{lds Each

i njections of the donor plasmd one, resp c Ive
numbey jidhgpverap eliaigpd frpméhrﬁgretrxs@m(%a@énem@s Tihe ezl slnqwsalme standard

i X1 19804540 By A e o
W4/1208] P eellr. Fpges st eounied foindb (BIG. 2€) sarmsampls eS muuseES cell
transfe %x&% théthE iR \hl%}ﬁoﬂc?g W\?\ﬁss aﬁe}%h %vnfh é?gﬁéne b'l'[}%%%tg r G41

_ were o no si I'S™were Tound in
Selectlmhe Wi | d type control. (FIG 3C) Sout hern anal ysi s

r [ Afte
L SR AR AR AL R . e SR i
positivp fogders defenmencel bercﬂR/gﬁmdtypﬂdg labmng &1 RPs AstitiRERIm injection of
circulak Bltaﬁlglﬁgt’fhg U8lid $hrand open bars represent the results from co-injections of the
donor and helper plasmids or injections of the donor plasmid alone, respectively. The presence of

the PB transposase resulted in an elevated transgenic efficiency. (FIG. 3B) Southern analysis of
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mal e founder (AFO-61) were segregated in its
of fspring. A femal e PB[Act-RFPJ founder (AFO 47) that
we20piizd4n singl e PB[ Act- RFPJ transposition i nPEQCHRG06100674
(judged by the Southern and the inverse PCR result,
AA7T6 in Table 3) also transmitted its transposon to
one of its progeny (47- 336). FIG 4. Precise excision
and transposition of PiggyBac in nouse germine. A
mal e founder nouse co-injected with Prm - PBase and
n .
PiABUEE R 5 BRI BEETART  pge o
mouscF@FAc4L) Rﬁﬂe&bsqrmdswkm&m) sigBelsoverccfoDhinithe wﬂdampe safitod (FIG. 3C)

Southngf{ Hﬁ?scv# 1%%%%%(1[ %@rhln?e &Jﬂg P 510111 f)taﬁf' glgr%g I dﬁ’g E&lg ng Jith wild-type
ammalaemmdem and rthedi litrwmeWeM auhlyE:d HobiP B/BerdRIP JAnte patiislin a

ot UL RSB o BT oo
47) th&tx:am@d ) Imgbé’ﬂ[&tﬁ’t]@] $1iaﬁx~1m$1tlaslnﬁegfaﬁwmgﬁt@$d by, teGouthlh and the

her ViS f ound and its
s PURIEGN, SPAIOENEEY) & GHARRCS R Rimbr B o prosen o7
336). concat aner signal, thus |nply|ng the occurrence of
Positive bands with

eE{J(g‘c‘tt E{?C‘F%TE{%FSS n?ﬁ?%ﬁ?w%%fﬁ é’f&gw PR MguseeerghinG 4 ggle

foundérmare €-Mlectet OdtFr ﬁ$—P@fa§eedndm ARF A Fvias abddapr affaﬁy?mg B&mline
siLon O

tanspPTE (e 81 Seal e o b EaL4eT REP Airamiap opep mOPIRBNA is
repres&itw @S@Ir\féﬂ lingk, (avhﬂe e PBQﬁh@‘éerﬁ&M{a'irﬁﬁjg ﬁlﬁ‘sn’ﬁ@ goncatamer is shown in

g enqe under the_illum nation E
alignegl istignslies: aﬁtwumo%&f B:iBed! fi é@6éfa P%l'ilm’goftﬂl*?é’mbe for
Southéra ﬁﬁly’ﬁshsﬂg ilﬁsmﬁtﬁ@éﬁlﬁ %9 Prinfets LQ%‘)O c@fégt dxlion @@Q@st dré/ Shown

littermates (stars) are shown. (F 5B) PB[ Act -

as arrqulpdss el Grd R onther malyyis ﬁ%@endeaﬂ%f%ﬁ) apd tgrsageny | R@@aled
bands bildPhSSHE TR M@r%atﬁiﬂ&asﬁﬁlai thub Hﬁpl{/lﬁ%‘ ﬂ‘%%rccur%ﬁ%f L OrEEm 191'3 of

transgfsons in the eny resul
transppsifian R 4GQ) Resitivepa @n |eX1aept¢d lepsthefyang krepige wesisiduavere

observfeﬁ ﬁf‘s%gﬁﬁ‘l%r%i;ﬁ hive P%Zk' \%\%p%ﬁ@ﬁfoﬁ w1tﬁ1%e§?rm§e?%sh%@zq if e, 4A).

Co- expreSS|on (0] ransgenes
pF yBE¥presyien phiransgenesninpéegBec witors/(F8Gi SeSRB[Act-RFP]

expres%ﬁ RS l())]l%gemé rgﬁitég V\ﬁ %&’ ﬁlforé%&%ncg{ﬁmﬁd]er iR li'l'fi}gn? hatRAQ05 pSHtable long-

coat r un
wave YV dighig&we pn@@mmwecarryungahwm singteadions tratisboson (4rfew@) ard@wo

a5 o GO HFDE) PP AL I s
and hef plogeny5Ryd flErGeerse was npgsaBain thenfbeglentSegragaioh 65transpd¥onksia the
progery ke Do Y Gl it B TSl M S ish B Pbmapemepesative
littermpm. GFEG SOyshd gEéITG/JSIN)% ggge}ﬁgﬁm dfitwo trynsgened th tH\Qan}e p_i_ggyBacd

n en n S an
vector B SRS PG oD O 13" dBGRE bRumAE o e oo
color wnderotteteMght, Ghile thi &Elns@élfép&gﬁd/e\l\ﬂtt&hlaiﬂ r%ilihgnﬂ glbFOYFRNGE, fikht
R e Ve L SR N

founddr (BIGBD).Nnserti ons | ocated in exons, introns, 5

Iato sequences, (10 kb ad'acent to transcription
sﬁg# g ci grattlg)é Sif tnbp‘nyugégt%rﬁgé %\Iuelfgtlde composition of

flanking sequences from 100 PB integration sites. In addition to the TTAA target site specificity,
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kb adj acent to polyA site), and in all four regions
(total) are illustrated. Solid bars indicate data
w0 e@aiizd4h2 known and predi cted genes and enpty BPET/E€N2005/000674
i ndi cated data fromthe known genes or ESTs. (FIG
6C) Distribution of PBinsertions in 5 regions. (FIG
6D) Distribution of PB insertions in 3" regions.
(FIG 6E) Analysis of 93 integration sites in mce
showed that PB integrations appeared to hit all but

an enrfc'ﬂﬁxettntvéﬁ’ T§ E{R& A? gxtthé‘:ﬂgn‘ﬁ Hg%&{ﬁ%ﬁceé QN%S S‘t%xggé Aﬁ%rlrisil)(ageenggst.OS

arrowh icate ht's' 1 n exon
when i:mamit\reltlhﬂmlnlgnequnnqe@rﬁme rgniptnyy amptemm cantrd]. CERG: 6B)
. C.hLe
Dl o B 888 S8k RIS R R L B s, ons
5’ regelatoty Sequmses (1FkiRdjBertity gyBadptiva rstattrs&epsb’oegﬂamy sequences (10

T S T e AP RAhy r
from dlldmowh endAm’edlﬁ’lBagmeamdi anpiybaainditeied dita RBmiRskmohnaene dr

ests IERID eyl B it n.roePR B o Hiiionerpo

insertioms ig Bheelgions. (BEG. %Wnﬁl&ﬁﬂ&ﬁ%ﬁmegﬂaﬁ@f dile @ MSMiGE iRy wel (HahEB

eveal ed I, r PCR fr he sane i ndi vj i
inteerly A Bogiras ot Al by wrnt BEchtprioncin) § sl armomwheads
indicafedsts i exeng) ﬂﬁtﬁﬁ%wh&d@ﬁlﬂlch@ Bt NS Loy ArdSHIRAds ih@Bate hits in

e, the excisions and transpositions are

predw%gb‘gﬁrtggﬂcfé’q‘? ppen in somatic cells. FIG 10.
Trmlspmhanc@mnggwa@ it gftioh MvRlouPinaBAM dellasPoson
V\h}é‘l t he Pnr-piggyBac, transposase construct. FIG
8 Pigpifige ,sagﬁretrqsmﬁe ByAReRspeies- FIG 11A A nale
QRFGTI9| pi8 TR Ghrf dxCisP Rt PInSFose (hdlse YERatio CEND Bict 8stfbBbositive
W th the crossing strategy. Mce carryin g yBac
forthe i gErctsd A RISy BB AR NN tscoresEy g Wi PB flanking

primer® AbteEIEPHE ek iANRIE R fcraﬁé}%an@ %Htﬁells&%i‘ﬁaﬁ‘ Ghtels NG ﬁanspon
CrOSSln Strateg%y can be utilized to I nduce new

insertippsyyrse, Bisther reypaled py @mversg BCRNfoswthe sy ipdiyisiynlk jThesefeyents were
not de‘é@t@d Fﬁaﬁﬁ?PB @ﬁgle%oﬁmt'éﬁﬁegln% thE %ngv@re %&9&%6%%0‘% b tail
type m cé. New transposition events
Samplfd é*teée(t:lélans sndittaaspositiefesriresxpedted thiheppen a.nssmmyc Wﬂser se PCR
u 0 t
G 20° ARERsRLRby ook AL e (i BB RR R EPRr-piser Bac
transpepaseenonstivgh. FIG 11C. A male nouse doubly positive
f e acti.ve
o T B or P PRSI RE, 1Ph, AnIEorthe SRRy Reohmotr
(prm) W%furthareeﬂteddmwh&utshgrstrauegy tMee Icamtmg)ﬁgngaa transposoR eee
ns. were

crosseE 9@1 n}léb%ﬂ&m% Q}{/ Ipmr-lt’ﬁase Ggﬁ’g ﬁ%{gast {eéglgnshoylilg%?g grtogs(iing strategy

Catrve Of |
can beﬂﬁﬁfﬁ’dl@ e W&ﬁNﬁ@iﬁBﬁ@ FIG/41B. Chﬂidermﬁlﬂﬂ?osﬁmrfor tWhActiPBase
est s | ocal coul d en when P

and a GHERERA S B Here 86 8s4 VIR R et s R0t BRI om e were
detectddrim ﬂ&ﬂ!ﬁ&g&ﬂﬁs i3 ek eheinvase BCR @tﬁcﬁScﬁlﬂ!@W bIYECAH three( new
crossedw, t e ce carrying the trans ase :
transp@S{{EREERER copld E%St@{&?b?aé@@&?d %@g%ﬁg&%@@g 'Sspééﬁf ?\g'é\?l?y
mouseldﬁuliljﬂ poswm&BEPrﬁleP]Bdsb Bie) a cohtANHARVF PR/ (DF6U9§ &Qﬁél? Prodasdal y

veFlmcegonI le mce in the

se
progen@ carrymg new transposon nsertl%)/ns as revealed by Southem in the left panel and inverse

PCR). About 50% of the new insertions were located near to the putative original site on
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of Pnr-Pbase), were crossed with widetype mce. In the
next generation (F2), Southern blot and inverse PCR
woweoe/1203¢2] to cl one the new transposition siteBCT/US200§000674
bot h Pnr-Pbase and Act- Pbase, new insertions were
obtain in every reconbinations tried, even when mce
carrying a single copy of transposon were used as a
starter line. One of the transpositions anal yzed
originated in chronosone 5 and | anded in chronosone 1.
rti. t X i on
chronichbine i BRAE oRR bl BB TR < Bl e
Cal’l‘yltlg] the arpretesingns BBt ttagsposons {conbaengye e singla t:qayMWeterbrmdmimth the

mice g‘grﬁi etk{‘n@ adse-f%{g) &Eﬁ%ggs(esji'& I nsreg;ss?els ﬁlﬂe%gb%os’za%fi g)ecgiﬁ@ly in the

mousg gfsmlmfé Gfanwmmwaﬁxbmbly pegitiveditrnice Galy iale hid ih @eZLase

e tran
of P B8} flretiNGe i PR miPo b R SRR T, sl and
inverwmtﬁ'ﬁbmylMCIBME]néWl&ansﬁosﬁti‘cﬂ&ResOUsmgbbtﬁflerCB‘baQabd-Qct—
Phase 1? eto % I.ts rep orted bé others. FIG A 13A-B.
sep R istofs e PN B e st S e vhenmice Soits o
smgleEmﬁﬁ@ﬂtﬂ&Sposém@&EhSeﬂmSalstlﬁrtaklﬁhg 08 6f el SBpEMnY aitilyzed
sing focal henorrhage and

orlgm@\ﬁ‘g Pnzclhlﬁ%'g‘ifg ‘ﬂaﬂ‘i}gkﬂl g}“ ABREAFJous enbryos) (FI G

1BFRG B A=aBd pﬂggyEEM ase@ioNErcBattiScde B¥Ressiba e d@ﬂé&ﬂﬁltﬁng
| i ke nmutant m.ce generated b

Plggyf"fcaffﬁ“fﬁ"a?{gmd?ﬁ% GOBresTiet paiiges Oﬁhege@amt%wmwdsw& ipserted.

Two E)ﬁﬁlplbs eIr@értlblﬁﬁn PP o@yBerId. (X9 dntl aDERIFPIGY2BE MnlI9G. 128, the
arge pieces of DNA into vertebrate genones.

resul-qla PBrbpRcG o VERLISAHTYNE & lag deorter genppreshepetben the

transp@sdBMsché @RS fitshRbrof 6f ¢1p28, l&,‘Zesté?ﬁméTQf the BBembryos shown the
(represented by dark arrows) and loned Into” the

expregsiop@aieap of @iy ﬁ&fpp?}t’é’k?éaf aguls| Wd éf’ Oﬁlptsg gyBac- i ke
t FRDSIBASH Npig, %)781& hﬁex@%ﬁsscﬁﬂ Q%SQEhé'i\otggésqg YRAC Thio iﬁga%%les

[ ransposase rcl ES ssette woul
Insertjopg @d’prkd% EpeicAtse etnh@/oglé sty (tesossivg, dausing foisgl hemorrhage and

wholetﬂoﬁﬁ @W ih PR hohdz§ Jﬁ@{efn&?h% (Fﬂ§ lgﬁoﬁ‘f‘andnn Qﬁ ég&?&hfeaeye

| arge chronpsone régi on into sev
defeCtd‘J@Tlm@mbﬁFﬁﬁ ¥ hginetitks mujent iice \E@ieﬂm@t b}ddeamdl kpbewesmethods.

ﬁﬁ] 19408 %ﬂu?@zi(t@s tPQﬁsggX ﬁl%% gglg c-l&k-ga'a Igsonhse t@m%s engﬁgrge

|gg Ba r anspos hese PPesment
pieces; Olf M(E@rﬂebmt@ gemamage HbEEL 4Asshbvela plasreid, byosmld aPl fragment or

+DAC RO B0 UL 0 BRI B804 S v o

the inventg tetthipal rp}ve@tﬂ(ﬂléks) aﬁq:xbzgmc-hhstmfqu:sbggm%pﬂmek& of a

vertebrate 0
prss b STRAORY LR, 0wl SO FaF L RS .
(solid lige) tbg traaspesitel. | Alterna?ielyyRs NG ik m%m@@rdrﬁ\ﬁﬁ&ﬁéﬁ&@ Bedon is
..and non- human, or sne_.en ered to express
cut in B o PR oS Tt e Biscosegeh ey ine
piggyRretltko dER Ofn the e f@cs ofiges Bhd-Bkeafuits ok e th&8 Fraginbrid§ Rbu16 Se
s and ni sps. The invention

integréif%q %té’ég %e(Sl {nﬁZso ﬁﬂ?é&yé&a{l@ﬂmg@n an%%omo ogous recombination,
5. D&Qﬁﬁhﬁ%&frm Fonlémetlrnggnst )OS 0N of the invention

The present invention provides applications of piggyBac-like transposon systems in

vertebrate cells and non-human vertebrate organisms. The invention provides vertebrate cells
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to the genone of a cell. Efficient incorporation of
the transposon occurs when the cell also contains
w@piogayBar- | i ke transposase. As di scussed abovECT/CN2005/000674
pi ggyBac-|i ke transposase can be provided to the cel
as piggyBac-like transposase protein or as nucleic
acid encoding the piggyBac-Ilike transposase. Nucleic
acid encodi ng the piggyBac-|ike transposase can take
the formof RNA or DNA. Further the nucleic acid

and ndADRASh %ggahﬁﬁxf gﬁgglg%ﬁﬁ G5 Ly é)t 38, Egnﬂ{})ﬁglﬁigfstﬁ%? ?,5)591? like {rmpgson

or transient i ncor por
systertt, ethiorls of reakinegrayely enlly awt orgarddnem Gerdrienofsedsngineaéd cellhiand
mgmthngBaC i ke transposase in the cell. Further,
pronoters or other expression control regions can be
oﬂ@rlamnyorl fefatas do thie irtirotihation € the jnggaB‘Acelllemaosﬁostgx dfltie invention
i - 14 . ul ate < ssi on ,,0f
to the SerBEBEE soil, ¥rtiEARRBARARER bOE FAPALE opREPH RO &R
contaimsearyriggyBad-tike pargpysBRCAb 'dils«mssadahemome piggpBdcHike tianspesisé cam be
. duced | 0.0ne cells . .usi.ng an f a
provid§Efh hPAAO SIS (BRboBloe PRI s npsteit Rl oyBihg e
DpiggyRuotlike ltrandpesisd oNu¢ttic aad Bp@dinig i, pigeg BaB ik tﬂ@s@sﬁﬁd@:hﬂaﬁe the

form o?&é%‘ %ﬁé{ ?{Srﬂ%&t eixmc %:na?; oqsﬁg‘igl WI h ! : cél %St’rlarcl:slpgssase can be
stably boﬂh&feﬂﬁh}emtorpﬁhteaiﬂt@me cal 1oqwc111tamemyz BSproDngRIGGERESon of

cal ci um . phos ol si ne_or
the TR Rarmarins HUPS G EHE b HOPHPR TG ONer PPesaspgifol regions
can beloﬁéx@bl@l led’daillth/tﬁéi hlﬁlﬂew adidlere0dih @ tHelphy BRI tFaabpoVR6 i Hegulate
re.a viral vector is used, the vira

expresygla Pgtﬁ'le Bfé’FFm 1“@&“&%?&”%% Bta UssWeaspPeifig MBSy ral vect or s

KTtR\WigdyBad-ige tPdnbposatd iRl R eMidn@hn ¥BEHRES m'i@br%% %Q)ré &N
the  group consisting of a retroviral vector,

using a7 of B Y HBLON/EIPIREIONR e AE St dubnct dinyied kg, mieinisetion,
combirilg a RhA&Y RAE corhpiRi rtl?é"t%éﬁ@;%%@n SHR TSIV ESiclt N EiRh il L’e&‘iahfc ¥Bid

can readily be ‘used to produce transgenlc ani ma

VeSlCletswlcéf‘a‘?qﬂ}ba&mﬁaB eleettnraratinm A coydensing reagents (pair edldwhar
phosplﬁ'ﬁé’ b&l B sih&odsy ey 1iBikfne) %ﬂnk tifd Ve 4 oa%on i % bfpﬁ%ector

or _pfoduci ng ‘transgeni ¢ an| s are Int
and Conﬁé}ctmdhqw@ral s ivatiitheorellofWhend s virahvestariipwsed ttheeviral vector can

includd Wta'vg{‘eit? Epﬁfaf'@e%t(ﬁ‘s ERWAE e llﬁ@\?dllllé ﬁfa'i] e rs se Cf:c fed from the

pi ggyB e sequence in a ce 'S nme
group g}ngkgguwz;fal rctmwtalr\@nt@p o8 @dxenpslrusrvccrplpmaataé@o-asmcmte@NAai vector,

e ?J e%ggB tfaﬂ%a%%otpﬁlgtg%l %‘i‘ﬁué fnbe%gérg Q%Srg odsl??bg ugdd o proguce

transggngc Einrimals)dlatmdy |arpatblculh1ernmkéﬂ or alqn‘ess laepamcmlaepmtelrsn ahd e hae

L1 , the nucleic id fragpent from
clts o P i s o AR g PR BRI G
deeosiber appﬂs:ammmf this tnlvemioh/the MiNéatioh ptdvides e idethod g moblhzmg a

: hod permts th venent,, of , t cleic acid - WO
ey YRS B ) o DO Dk sk g R PO dreorborsied
into DNAd@at celh Additidnel pmﬁa@hk@traﬁpﬁsmror htitﬂé:lda hdid eﬂcﬁdihlg\ the

lasmid in a ce

. en. or far
Pism R IRE Bipshieess s AR o e R Broiierts @t e,
move) e rubleRlakidfragmenttiivin 4 Aat pa3fiod fwidindyy BRe: dﬂtifeﬁcell to a second

... Lranspos can alsq tak | ace in the context of an
posttio gy ‘tﬁﬁﬁ?e PEA ﬁ%}aﬁﬁhﬁh@mﬁﬁe& RgMeRAYPREt of s nytleiaridh
har bors the piggyBac-1ike transposon in at |east sone
of its germcells and another that harbors a
pi ggyBac-|i ke transposase codi ng
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sequence in at |east sone of its germcells, thereby
generati ng progeny that harbor both transposon and

wo e@espagnse. Alternatively, a transgeni c ani ne€CT/CE2005/000674
generated by co-injecting nucleic acids for a
pi ggyBac-|i ke transposon and transposase (on the sane
or separate nucleic acids) into an ovumor fertilized
egg, thereby generating a transgenic ani mal conpri sing
both a piggyBac-1ike transposon and transposase

fragmeg? groxing)n§ g)%?%‘g? tha%(g orhd B QE&Rémtl&Pﬁ'tﬁ@geﬁgﬂU &n ‘P(S:% exé&ﬁ‘;ﬂe

ace lquitous or a tissue- sgec
from apﬂasnm iara, cel @ thhgenoite of thatoelr ds saelembpdimentheeell is @r?éﬂture

:ﬁB# 1z§t£{qtogaz%%/?io lﬁelgﬁ‘al{s SI5PER QE? Fa-ﬁg hﬁtc@in W onfeRF offaie

S oson ronoter 1s
anlmaﬁﬁirle)lainplmby menwmaduis orter@whtchélarbptsgwggﬁaf%e H#Ispeson in

at leasga o\é/rﬁ ql} 1t? %Ier'g} ée %%nrﬁo o hFllztgeg {br 8¢ ﬁggc-hl?e I 552 rcéchﬁg

sequerie lireat i@t sohatof dOgdnmtcells;‘ thereby genctatieg progeny that harbor both
transp%grog Hg%gé%ﬁoesiagenf[ C% naﬁY gran%nlg ldr%ﬁlapéggn%%{ﬁd ﬁ}hc%-lnjectmg

nucle1& ﬁ(ﬂﬂ‘éiﬂ@ﬂﬁ P llikewasbodohend matspusa@r(omthﬁ]samson’sgparate nucleic
Bac- | i ansposons in.combinatio
acids) H13) A 91 ke iie AR “Gpioe both.
piggyEROitRdspotdheand W@)ﬁ&%@e dodi6g séquamzp dﬁaﬁmspbsasmdmgfsequence
tools for gerniine transfornmation,

can beglacefl apeega HPIGUILGYS Akt Ussug-gecifi Rt i o PSP ch B lees
some &l that Hetr@or%dn do T8 dllowk B thawaeilizaniombf the transposon If the

nut agenesi s, for gene ta
prome e o on e B BB b S
transp@&‘i’iI o @héuR he Sfabilityl oF tfMRdbEIRel Fraivpbdofirageas arSeRcttdht do not
for efficient genetic mani pul ati on and anal ysi s

h
comprigehd teanspases-anpodintgeeche dn Sueh Progray Rt EHSPesgr isif dbilited.
| iy ﬁ%@%ﬁ g HdshbBR systomb-of RleGBERAGT édnjﬁﬁlsﬂig PREPREdike

syste present i'nvention relates to t E§e of
transppsayg yBannHmaklen with HhspéggyRacsksttenspoate prtei B eleic 0k pgoding
the pzé%/ Rkt os@ge%ﬁyﬁb%@rﬁlptoble QAR he MR Sintatiaes; |f& the production

uences a vertebrate cel
of tral;sggggl 8ama1|s,| floethe irdredytion gbryclsicragic igtorlaNA die & celh f%r i llﬂsé’;tlonal

mutagteHesE sgnd 3y gcrn% ?a%gfng Fﬁ??{la;lgg{ cﬁ'tvié‘l@ebrﬁé gﬁ&@@c I'i ke

oson e incorporation of the
t Thesweson firttteopoMdes amhw‘ua@ of thiesygemorivertgrgiesss adool for

et. cel.l
efﬁme%pg%%' h%{namﬁula@sr}eiqd aHaﬁfsrlsagv%q b;}]lC&e tsr%%a(tﬁgg{gg%?]l %ﬁ%ﬁnacgutlcal and
livestgdkgadusaies.l i ke transposase-encodi ng nucl ei ¢ acid of
this results in the integration of the transposon
5.5equesyBai-hile Braggiosomsysemgani sm - 24 WO 2006/ 122442

qu/ a0 é{v?r%g?zéﬁteﬂogl%ylﬁégfﬁ&é%dz JiROGRIIPGGE syles in \[/)e[\rItAebrate

rom one posi ti'on on
cells. tSuch sysseamrwe wod id mtnmﬂuommmm acid sen@enpesegferﬁheeDNA of a vertebrate

cell. ig%%lg%/?%f hlke FI%I%S LRANR RS %c?%%?orn%lt@sr ifi tﬁeviﬂverﬂ‘e&' %@ﬁ?@tﬁé

e pi ggy transposon system a
ngg)@lutlb@tra)fsp@nnmﬂ |cwtelyzq:mhg gtyaagratwﬂ(@ the wansposabee BNG. sush as

the g%v%?%@ﬁ%t E%rg%t §§§ el_\s %ra] Al ih ﬁl%%gﬁho‘flgs hh%r&? P@Qﬂbclél'roﬁ‘n ﬁ%s
piggyBaelikerraisyesoh agl thel piggyRuc-dike darksemmeencbheg haoRde gaid of this

results in the integration of the transposon sequence into a cell or organism.
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al so be nobilized. The piggyBac-|ike transposon system
of this invention, therefore, conprises two

w@orvpormmt s: a piggyBac-1i ke transposase or nuRCECE2005/000674
encodi ng api ggyBac-1i ke transposase, and a cloned

pi ggyBac-|i ke transposon, which is a nucleic acid

conprising at least two inverted repeats recognized

by api ggyBac-I|i ke transposase). Wen put together

these two conponents provide active transposon

ag [

Pigi ke bandibdins bl B BAAARAD SR 5 g Bppion on DA
to a sqcpmdpogisian gy Dh&dnéhqura@ncb d@@u@mﬂa-hkettmn@ldéasef There ek ltwo
funda&gﬁal%egeﬁeﬁg o‘?the:(}"%%?rggct ﬂ?edc?ag fos tnh S st%r%?&r)goﬁﬁgeg) glﬁ gctllilfe
DpiggyBapsliksritansposgse argi mgp@gﬁagggcsam thdxtaret mmgmzed;md m|otekERd by the

se or a nuc

transp@page 3\/[81519%1%@& Jh% 5 ﬁerlr(rfglrt]sts gs efs\éeglgggéluc i é’lCI% between tqle ITRs to
ahobpnggmaab I|ke conponents can be derived from pi ggyBac

o] e tra on.system, In the
okl R EorRuAEY SR b3 fi BN RoBERE. rodtseb o
compdnieetsi gfiggyBnctliké ghispdsagng poden endodingh PalesBdcilieGfnsposase, and a
B ST NN £ ) e
reocgmmejyta pzég@ﬁ?cﬁbﬂédftfﬂgﬁ)og?se)él 3/‘ lﬁérﬁpu@ﬁ‘dgﬁgér{)ﬁrﬁsg m%cgnﬂbﬂents provide
| @? S

ative SEFBETIPUIRT THis (5 A POTE ROAS o NG 1QWSed 1o g promots

integr@lonaf the iteitvaiihg llilfélleib/‘édeSQQudn%ﬁfd DNARGRE @Ql 0 r posi ti oned
bet ween thf left and right term nals of
pi Ggstice pi thpmethp ﬁ‘ef‘s@ﬁlpﬁﬂvowlwmwlwﬂ ly pmﬁltwa@Bac like

transpbﬁﬂ@ﬁﬂem LeBRPHANENH REBAMHKE triy §soh QI%H&H%H 2 'p&%yBac-hke
di scovery . that pigdgyBaccan s transEose even when

transppsgse §F aﬁ’gwlle’éra@é epﬁ@&&@l&ﬁwmkk&e féarnsmsasg T ﬁplg@&ﬂ?fliké
comp&;@i?c@ SR HeBved ffin %@éﬁfatc ot fnyAtlated %%%;{ﬁcfcﬁlﬁ& trag§pgh as%terill

, at least 1.5k at | east 2kb
| @éb,ft piggyBac-like franspesonyef thapresentinyentif thedeft pribright ekrmposon

termm@fs (Jw%ﬁ Eonﬂﬂ? the at atllcfﬁ %erm%{‘aF’ invéted f?&%{ﬁ 6«%:'6 grtuzef%thgjs ?%Bﬁ(g}lke

, | east east
transp@a:asq) @a@t anminger, foe example epecleia idbat if to botihsericd wizertfgecell

genonfe/ PP SR SiectahiE o%l&%ﬁ@@% nLat)l&? ‘al ﬁ@s@ﬁ@e%ﬁﬁ)gr ?t%p@éﬁélgtg Eovxa n

I nsert no ar eater no gr eate
nbhegpsssitleqated jpnnositiiagd bme@rt@alegrand Hght 1S ikia)s qﬁdleg:ntm-hke

oo B0y ARl A 0 8 B S e
that pigeyBatean stabl[y{zmns]:@ketx;vem wherocaglymgtlz&ge inbat of (I)41&bknr niare. Vi&tspecific
embocf?n]hgﬁg tlrc‘qus%rt 1§ & leagttp g(bg%qeaﬁ lFas? gﬁgf e%%?]@\lk é‘hleast 2.5kb,

nsposon conp rlsés
at leasﬂ_Slﬁv- &Hdm,st 4kb5at5eabt 5kb, G1cheidhb, alleSstZ@K,tM leist@kb aPfeast WD, at least

o 9881 B8R 4T AR 009528 948 o o, ot

specifi2 embldimeits, Eh@k%&cﬁkéﬂ&bposoﬁ c&n;ﬂﬁ;k:ban idsepndQYfdhter than 15 kb,

5kb, 3-1 20kDb, 30k
no sreoililt Ok, Figgesleh TR 5 grsisk i 300 rebesibiih: kb, o
greateSthaibAkb, roQzredidsihan 3 k@pxlﬁbgreal&-tﬁiﬁk%kb Qb giddtef Bah 60MY) 86 Ereater
of e that is sufficient|y |arge so

insert is
than 73 o0 i B0, G St soesiice o PR g ke
transpdson cothErie SdrEinddieo i And MR8 | B1ARb NESKR T S0k ENQIBIb, 1.5-
the transposon can be
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supplied in overlapping portions (e.g., tw or three

or four) on different nucleic acids, such that
wheowolizageus reconbi nati on woul d al | ow t he di f f BEBEAN2005/000674

nucleic acids to reconbine within the cell and

integrate into the genone' as a single, |arge

transposon in the presence of a piggyBac-Iike

transposase. Thus, in such enbodi nents, a first

nucl eic acid would harbor the left termnal of the

30kb, ﬁg@%ﬁ??g 7'3i< 58, §k%a£‘§<ﬁ<%39?01?n”9 kb '2%§F CF'J‘m&fi 5‘3ﬁb Qfs ide,

d “second nucleré acr d wou har bor
2.5-20Kb, BI5t30kk -k, DF-76kis 3Pkbgy Bikb; 3-20kd, B38Ks 3odsh 3a7debai 10kb,

I t [t ty nucl ei ¢
3 ’ZOkbag 3§1§b gn’@%ﬂ b,?lﬁ) eioggrlton’g)%g ofO §0&b oqgggé%ﬁl\ﬁar bored by
twil&ré the Ssen lLbOdf @isize det © seffidienthiergooo ’(Dnn@flVﬁtt'h@le iabigityraf the
ore

tranquspﬁ f,yateﬂ{}gll%tfg{!&g&e r%}qg)osc{r}}lglgl %hef tﬁ%&ﬁ% eatFansé:ofson?cag be
supplie#Ghl bokrAppifg p@YOBIE gOfwoteliteapr faurf) bn ﬂiﬁ‘érdnt ngleimapidsesuch that
et S g RS PRI c
and int8EFRRAtOBI genonldiAsS sixigle) Gairgdd tﬁmﬁﬁosdﬂﬂlﬂmﬂlqueueﬁce of a piggyBac-like

nanspsaieg T, gsuoh eRpRmenty ot e pa pouhtf f 1 B of
the ng@;[?ﬁk’zc'—lﬂ@ ttafspoStin 488 dClGast Hbertibhef themedreamdaf semﬂh&&imahﬁd would

| s and organisns pi, yBac like transposons
harbor|tl@p( gt fepgimak thg mggyﬁpg—hﬁea GrAnsRosoR and at &agt&%)rtmoﬁ me insert. If

only Wlf(pﬁtﬁ:'iél@ac@({s ai’houste@ tiRHeRion@? R, inséRrhbrbofed Bk ihe firaitiableic a01d and
. 160kb or 'even nore can b ntrod 35 %

the po@@n Qﬁ’@ljle difserh hqrg@rg@by the pgcondrpycleieafi q)\@élams Biﬂﬁc

used, tﬁé’ ﬁl‘irﬁ%é\?ﬁé AR 3RERURLY re@ioh@c\!ﬁov%ﬁ'@ Wlﬂﬁtﬂé fits@ RudMic had g@ne end

ces of DNAinto target cells, for exanple entire

and wgeme secoudhualei¢ anid 4t herashes endotlfie i%alustf%ﬁapﬁt Pygubodiment.
This pﬁhoﬁ‘% Ay I?Om&qg%)u? %%%Flﬂ%m&fon ﬁ)rrhlﬂﬁpl@ %{/é’iﬁﬁﬁng agdleiPadids (@k., two,

I C acCl reconbi nati on
three, fomgfivesiirg 10t B10fed panthq:@pplaadg@ tntr@élllqe intp the genemeseT ¥ertebrats qelds

and orgamsmsfpl{%gy%g igecéraql n}%dsgﬁas ittOlar f@?ﬁé@ftsal Tnkthik %ﬁﬁ&strankﬁbsons with

tent of overlap 1s at
1nsertd cﬂ“anptto 50ka lﬁﬁkhi‘ @8libgl é@ﬂkb,alZOklb d4elktb, 16Wkbien eYeadnqre ean begpiroduced

into t ol &c%?tldes at | east 300 nucl eoti des, at
I?§§§¥n G WELEGt i des.  at |east 750 nucl eotides or at

| ‘Ekis horholksgous mombinetnormmwmdmtaseouslyetllews thatinsettion of large
fer 0

S5V P g 1 R 65 B
regulatdt@ Bletheftk DTheAAs:teen dvertepchetrieu eachtpla,e opmg@fy@mdsl Wwildglepend on the
recon‘llingfl?}grgal%gen% A %]‘;r ; {' cgbls%lg gaq ekas l}lt%gl% gﬁ’cglé gb nleotides to
severaﬂlﬁﬂbbélrs]ésy IIE) %&glﬁp egbydRacnts, ithesextentofyedase atdcatst §Q nugleofidgs, at

one that binds i
jast P gupetiter ot PSasgGeliboch ot anf BRatoTeR, gy sog puctegides
at leas{\P5 @RRPIotideddet &t 1Bt 1 CHNIAQHD 9195(7d4mer0£ thiehetent afits/pdapiimno greater

into the genone of t@g)tar Any sui Eﬁﬁ#ﬂlS b
than 75 @5@135’619?’ R grepenhan Hoa i e %(‘8? W gs/kbn‘g)}m FEAEh P10y &

thg mce‘rl{?d)rféﬁtabé_l'?ﬁt e g%gﬁ?béllﬂk@ ;ﬁ‘alﬁ?@)oioﬁl sh@éh of thh Qreaé)mmentlon also

araneters e _piggyBac-1like t activit

oo S e e ke {aroposat, BEMAY vy
is onetR4tbhfds ?ogthe §rErtd 1SN BAE tHelpkdy BA AMGRARPOsdr 43 Infediafda éntegration

sour ce of pi ggyBac-1i ke transposase activity may vary.
In certain enbodi nents, the
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source may be a protein that exhibits piggyBac-1like
transposase activity. However, the source is
w@ewenzd4kyy a nucl eic acid that encodes a pr ot ePCI/ONANONG00674
pi ggyBac-|i ke transposase activity. Wiere the source
Is a nucleic acid which encodes a protein having
pi ggyBac-|i ke transposase activity, the nucleic acid
encodi ng the transposase protein is generally part of
an expression nodule, as described above, where the
r
of ‘chezi'lq{ii ﬁ(s)%ogggljg é}?éa§%?£e gfl‘,l #E B Céegceﬁ]] gtnly%éi?arb?e Sps a a:i]lk? Eanspoos%se
aCthlti}’rﬁmaé’dle&mU)}’ﬁChtnth Shlbjeg’gn@htuis eb lamghait getts del dbovd—jmmmﬁerrs The
Plggylg% 1%1%2&%% Fldsg QP( ﬂggﬁ{lgeeﬁ%or% [rf'xe gsngeg%o%%l@a%re IaS’dl ér(e)r\llce source as
ﬂwPQmmgquhﬂmh$MEomKRHSposon of the present invention is

SR LA A A AL S B e, o
sourcquphyela el ptedurttattelleibitd pikeBabtikd 'e;trﬁ#ﬂsyse akiiityp IFpEeRBactht bdifce is

nspQson. ri ses an insert co at least.a
eener R BRR P PR Bty afpe bl ot vis: Wher
the somead;l anmyclefcanidsviacheenpodey b gREkih Havﬁgqﬂzgg@zlﬂ’a@lﬁétradsﬁt%s@ié%ﬁtlvﬁy,
the nug Sﬁ%g%dgggoghrfggtgﬁf %{%8(3/ Bs%?pécbt;algﬁs ée;l%g P o anf a&i%}sipergstsmn%otduleer as
describedadbsed, Mﬁh&ﬂe@]ﬂi&ddft@@ﬂe%@hﬁé pfd@ie@6r dxBreSsion ¢F tﬁ’d’t@dﬁ@ﬁcﬁise as
ancer, a silepcer, a |l ocus-control region
requig, 887 1]

et gt P ppraled g M eSPgE iyp et 86l However, in

certaiPEradIddRehtd, the DRES (iioﬁi@e B pi&ldeart@fhﬁ c@PAss pro®f or bESHRIRAOT Y
to the open reading franme. In certain

regi on i.s |.jnke
eﬁ%oﬂ&‘ﬁ@ﬁf élk?mwgosm af % piessat Ewention mgragsemae@uow info

target k&l ¢h AWeloR) stictPgsl atblasBiE AFirAGhR8 B8%BAAInkdMANA molecule, and the
ransposase, the pi ggyBac like transposon and t he

like. Rfafsra@ Ye the &1 g8y Becrlis dTaRIPOSHECOMPEIRRS |30 158 Coitiainipg etsleerst a paytion of
an ope%@%'ir%tf%nifee HuRhble oﬁengeazdlr%? %6951% Fﬂﬁa%%&’ §ectll)ﬁ‘5 G {ng

ot her ~ enbodi nent s gég se encodi ng sequence
embodiggentishe RigsyBarikomanspasos et futherentaiss ¢ hegulatars regjoosoih as a

transcBptfbnal r@éhl&t&? rég”l&?%? %ﬁnﬁr(}(rgotervg}%hhgt{c@rs & Merl}, & tb%u?@dﬁﬁol | region,

vect or, transposdse encoding reg
ora b@der@mnﬂ S@tab azté@torw@gm@retmrewderdan§p@@or5 IIITRseferably, the

r%mmgﬁgﬂgkﬁﬁym&Q@ﬂﬁﬂgﬁeneﬁ¥ gg&lfron1mh|ch t he transposon

ransposase e ‘the invention may be
olptcattaie gmbodimeits whete ithe sTarod eftﬂa,nsﬂme:isemtl\mamea mrcleic acid

I urce of
L e O T X e ——,
encodifig thedaosposase bregnstgonatiacte V/e(etbts;e gPbepBaate flaintids; In certain other
nbank Accession No. AY1968 ransposase
embodth R0 HERRTES S5 BE) AR gun O opleGhaippecio st
transpgsonyd. £1 @ thespuendanihyWaahjrbenion thé mteam&oﬁarebﬁggy/?ac-like
mansp R ion AL LB 1o RTBRRRE he o,
Exemplary transposon systems from which the transposon and transposase elements of

the invention may be obtained are listed in Table 1, below:

Name or description Reference Suitable source of
pk{BIG-alpha] piggyBac Genbank Accession No. AF402295 Transposon
transformation vector

PiggyBac helper plasmid Genbank Accession No. AY 196821 Transposase
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Pi ggyBac transformati on Genbank Accession No. AY196822

Transposon

vect or

w@zmwbari4Accessi on No. AY196823 Transposon _
pB- UAS w+ Pi ggyBac transformati on Genbank Accession

No. AY196824 Transposon

vect or

pB- MCS w+ Pi ggyBac transfornmation
vV eRCDCN2005/000674

pB- UGat eway w+

Pi ggyBac transformati on Genbank Accession No. AY

196825 Transposon
Genbank Accession No. AY196826 Transposase

ubi qui tin-

vector pB-Ud R w+ Piggy

Bac

 pBlu-hTHRIMBRAIEqenEL

VaVaVWa¥ £
vect Uli EP3005—C

-1

Facenent

onrg—vector

F'r ancocnncaon

Phytol Enﬂ&ié Bifestdns .
Pzggy LJE’ ﬂk@tgan\éﬁogg%r
Piggy] [@nsploso oni

CEenDdr

AT

ceSS|on
Bac VWH Genban

SR E R

ng vector i
1'ICT

B5147
THSRRSAE on

ITaI

nggywc ufﬁgﬁ)ﬁ%an

nbank
vecto

feti E%&cfeéﬁw

e AYBEES T

'?Q?’?B%g ase

Bac-like.

Pzggyéac nnnnnnnn

% %%leOéTa{é(Tﬁuo 2

vector p 270( D) -

e e A AL

Plgg))?l TUTT] j‘)?m?ll_hl U=
VeCtor

1
=

%’:”5

1 7 '2 Q n Tr anc r\ oS
Csnapk dcossrigmNo o %393855 o

sophila nelanogaster Acad Sci

E’Fra@easa@ nces

IBac-1ike

‘Tigrsposon
USA_100(|

1
CeSMN Kapi
PiggyBagizase]
vector 20 07

Gsnbask AgpeseigEe-AY K838 q
In Mobhile DNA |1 Transp

drignsgosbr om
son _a

foppatiopy ans

mq—’
Piggyfaq yiquitingf  speci ¢
transppgase P réplagprapnis as ¢
vectordZR308%| & sour ces

» Sierthank ¢hcegssian No. AY 15968@6/\ac
¢ ASM Press), pp. 1093-1]

"

of transposon systens |In

Hirengpasase
10 Table 1 -
addition to

Cloningreectopaigirfac_# g
provided in Tabl ¢

) {Baizank AkeessipaNe phESEd46
> 1 above, and in Secti o

”

Ueaspsson
6 bel ow,

Cloningeecior piggEuc-RB k ¢ Gentzank posmasion NayA ¥l 584 0 @tdansjyosBINA

Cloninghectoc aiggyBug bWiHI | Gentiank Actassiois NOSABEL5e a8 0d i Taghspaseh €1 C
Heliothsivitegemvtratiggbsom | Galbagk Acew3slen NSIAYZEISOS | Transposase
piggybuiranghiozat gare copdi tions, as |long as the encoded
More thantepiggyRicdikes | BaR&NPsB200RMdIVGngt. W Th I'I%aﬁi@ﬁ&Bn to
sequeies ggyBac- | i ke t @BﬁﬁﬂSQIVOL)ﬂ7§-B@C| fic enbadipnbs
DigeyBaSiles8IBRRS &S € g%@ﬁ&cﬁuﬂ& 203 06¢ KM | I§ G gpce
Drosophfidmélbndega&t 60 D36 L@Q@OO@X@S@@% 98%010dnsphidde
pigeyBRAURRERIch&S bl /RBISErts&{‘QO(ﬁ SOVBET K%I oso
a varidty 8fipba&ase- enco dCl:h(ﬂg Sl U&HS! C?‘?asm Hn fonéEo%a In
certai n embodi Menj§y Ilggﬁ,p @331 VAl f ety ¢
C 1 e made—to—the—anmno
a?{b?ﬁéefsg%{ljﬂgglgé&g% Qﬁﬁar{s &Bn a%:éfr i ke transposase wi t hout

alntadditig tagheyepeBific plggj(@zc 11ke transposase sequences provided in Table 1

above, and in Section 6 below, the piggyBac-like transposase may be encoded by DNA that can
hybridize to a transposase-encoding nucleic acid provided in Table 1 under stringent
hybridization conditions, as long as the encoded protein retains transposase activity with respect
to a piggyBac-like transposon. In specific embodiments, the transposase is encoded by a
nucleotide sequence with at least 60%, 70%, 80%, 90%, 95%, 98% or 99% sequence identity to
the piggyBac-like transposase-encoding sequences provided in Table 1.

In certain embodiments, there are a variety of conservative changes that can be made to
the amino acid sequence of the piggyBac-like transposase without altering piggyBac-like
activity. These changes are termed conservative mutations, that is, an amino acid belonging to a

grouping of amino acids having a particular size or characteristic can be substituted for another
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activity. These changes are ternmed conservative
mut ations, that is, an amno acid belonging to a
w@e@ap2age of ami no aci ds having a particul ar SPZECHR005/000674
characteristic can be substituted for another -28 WO
2006/ 122442 PCT/ CN2005/ 000674 am no aci d,
particularly in regions of the protein that are not
associated with catalytic activity or DNA binding
activity, for exanple. Qther am no acid sequences of
amino 5&&,#3&9:9%&991 xje I%ES (;frt thﬁlqr?a% af‘eI]l%‘: %ggelzftécf\w i%lp&&%hgtlcvgc{l{’}ty or
amno aci ences ont ai conse
DNA biwgling dotigity, (ﬁorteh&npiquIbma&snmelsseqmeadeshﬁl:lenggwﬂm~hlobo not
nansp B heio b R RS R el co BASBERERRs
relativé fodhe stjheacesmeesbsedhaéin taedo mdt a@mft:mtw’ailtex’rthe fuaction af the

transpos%enSoLR)Z Sl %9 Yor IarE g b e)églgp %%weﬂ% ma}yq)Le églglgcg(; frélg?/ gﬁf:{%g Qerg 2)f the
class tor@hich the aprimal acnﬁqelqnge gt adamplenﬂﬁe nalmﬂ)ldr (ydtaphotee). amT]litEamds
o e B Y P 3 6 o
neutra]gﬂnﬁhcﬁmldkenclﬂ'deglﬁﬁﬁsj detin& ihte @iy, @%ﬁhdeb@ﬁdsm)e AParigind@gidds

ude ar sine. and, hi sti di ne.
glutamﬁ’&gjgfﬁ RPéW %@M Sigd Pfarr@)acﬁmqudaergagn% E’é‘l“t‘ﬁa’%ﬁ histidine. The
negatl\&fap@ﬁigeﬁ (a%i‘dldj amitd agidy iR Nide a@@itﬂ acifahd gl@t&hﬂd ac¥d. Particularly
erre conservatlve substltutlons I ncl ude, but are

preferrg%fonrsermttvg auttsgtutlglg,agnq e, lmtﬁredwa ipjtedsto, Jaysdigr qu and vice versa to

maintaff®d pYsiive car@9 Gind fo¥ R s ﬁﬂr\ﬁl& vekgh Yo mAtaiSPn ARG \h&Ge;\RF ﬁﬁ‘ Thr
intain a negative ch Ser for Thr so tha

50 thaterf@g%w}ram RJAUP &7 Bipiaingd: o E'?laforaéan togpzintan, fres rammﬂr@w
TRktAdr3h ﬁarﬁcha[r@N@ Bqi&hcd Eﬁ&bﬁmg %Hfégs)gﬁo liles tRAEJok4sH k& beDNA
sequence encod I Ng acC- e transposase can be

modlﬁ%fﬁuempw theycadags waeltr%t%&eﬂeﬁeﬂgrcelfl Bipe-eek: b cagons for the target

cell th Wh‘idh“tHé #4ns V\g&hée CBMHg seqﬁcrﬂe is th BE inhd@RRAg. for the target
into 1 C ransposase codlng sequence isto
B@ addﬂ\‘tl%tg mlteefdggyﬁﬁc hlemlratnsmom tpquensesipe@y enyrresated in Table 1,
» T

and in sgémﬁ 83800, & g@gﬁ@@@dgqg&ftﬂaﬁ gwtﬁe r@ﬁﬁg&ﬁ@g%ﬁ@; A E’Qétﬁents

that could ba sycised by nettrd m@ﬁ@d trangpo s dnd aggmreriedsintor ehBTA/& tauged site

into 5088 S50 Ml oIS U] Ao fEORBRSE G S

embodieguts, this saqmeac@eﬂemeﬁ droduypigg)Bac omngm-likhelemém distked in Table

peci fic enbodi nents, this sequence is
1Ordeéé;%eﬂngs‘%%ﬁ“e%‘éy%c or api ggyBac like elenment |isted
in 0 hed
520 I

p
§3hs,tvemlr$h@m¢aus pﬁms p@lgeli‘neritl@ tl@ﬁsptom sms‘tggy@abybd indhe subject
r aps u

o PR BUARTRILMNAEI sl B LIRS g e
produced by stamispiosetbals of exteiatis) enapye &zieavagn’, dxgaimachndbmobbwlandamrdng
One pr%fz&%gliscgg;trulc&?ﬁ tfle gutbﬁegqve%{g)rsy 1”(218% s%l?vfa 1§ 1n% ftg p?rﬁ’éed
nucleicsaela fmgmeuts ccbmalﬂmg dedined e&npdnemfmblleomlersgqtﬁhmp as wEll assdxtraneous
se uen@es 1c av d 'jg (5] %Cl er% Ze% Et i fal nLn deSI red

1 r?p % P4 RITR FEBI M AL R TEH S OB mbia] JOULeEs: Egr PAREYus
compnsmg ﬂ&qﬁ@Bm-erak@moem vﬂrﬁgindnesdoﬁﬁamﬁngane éntlamielcofdes

urces
sequences are ghen separateg Fom uniwanted gragments of ¢ dlf?erent size using conventional
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conprising the piggyBac-1ike transposon. Fragnents

containing the desired nucl eotide sequences are then
waepanz4erl from unwant ed fragnents of differenPCBECXN2005/000674

usi ng conventional -29 WD 2006/ 122442

PCT/ CN2005/ 000674 separation nethods, e.g., by

agarose gel electrophoresis. The desired fragnents are

excised from the gel and ligated together in the

appropriate configuration so that a circular nucleic

separ:gx%h the ods @ ar8§%']§p %IQ tro d)tr@% df%g 4k ?rcejii %rs%ggﬁ%agg excrsed from

escri ere
the get arrddtga@d tmthecunltbesawmpuam sd)rrﬁgmaedn air thattahodouiandcield e or

i . ' t o li. T [
T T N R
circulammolpdudes 159 doqstrmmd:atré than alhpimld\ﬁesl p:ionafg/btﬁs}ﬁ)sﬁte 8DE. &R The

e. eNZynes
procefi ot Bt Pt B, o gt optind e den
involved gn?eﬁlswph yre (\«&d&l&mlccgrln (1)) ine Skillddbinitiad drSang‘ E}E_e dgrzyrﬁfsl rb§ififdd for

. an . Sanb ecul ar oni n abar at or.
resich K] isoFt e QU G PP Y (55 c MPTOSE 1 Bk and .
SambiSpk,| IMglehbz{thdSmngsl AYLab()ﬂaﬂﬁ;ZMan@a,t@dl@S prifd32arBet, Lab@étory Press,

cold gt HPior o 3pa Faatoe IS 52 %A&%%rzglaar% gl“’lg’g;ﬁpli Eialgg 1982-

83, Bdigsstd ResefrtisLaboedtoidRi ey ® CA&Hit&)napdmllr@hé?Qf Hd@vsth QSns%‘&@ﬂ t&C¥ectors
, Infra. 5.3. Using

rovr ded in_ Section
emplotyf‘fme%‘? %‘&NS ngtheds lsTl?rngé‘?ﬁld§§ﬁ°t89§t Bffto Integrate a
ucleic Acid intg a Target CeII Genome The net hods
S.Yesd ﬁ'e.zf:!.e'. e Transbasqn, Syste Igtegrate applications
in ERUSRRIG £ 2, nameoduce and st abl y
i 'miﬁgétﬁrbc& dRCrie¥dBRan 3d 4G & vEriedCbihpbdaBiod e wARAGHE d&fred to
cell or organism O ganisns of interest

introd i | FEO GRPEHP 31 EXOECFHE PUEIgif ) IS Bp Eglogteiof a dorEd Apthar
organisfd. many enbodi nents. In certain enbodi nents, the
% rtebratF of the invention is a bird (e.g., chicken
of’reagis e Pl infsygsy inclyde yertgbratey, viere th@amrtabra@ﬁy a mppmmsd ingpany

embocﬁﬁff@r&gl TRRESin efBEIiMBHth, SRS REEbrhtS ofth HVeiIBa bﬁ‘@[@?l chlcken or
i ncl udi ngz but not limited to non-human primate,
é.

other {03, orfésl (e Borebualishi da ptherfibodimentsathe vertabrateis a nnn-hkman
mamnfh¥ @@k St nRARERd t&RSh- lﬂlngm pl‘lﬁmf?:t 054, c&1had h&?@ Gfeep  MSuse,

oganismis a frog, e.g. Xenopus ‘l'aévi3s
rat, hagp@b infiply gémalgm@mia ancheigy meihﬁy embediments, rthmwamsm is a frog, e.g.,

a Xenobak Fa@ﬁg & dpSeiflc LhWRBHAE khe @dﬁh%ﬂlo noh hufdR OSBRI § S a livestock

invol ving adm nistration of t ransposon syste
animaljj rect|y to the multicellular organism for exarrpl e

f
SO AR R AR L

multlchluﬂqmrga@sm, fcwm(#mpjs fcm feerertbergyumirpoges THescyibgdyRae extedsévely in

Sectloﬂ_%ﬂnﬁaﬁgffh%h%ﬂlma?\é k1Ient 19 Mul ticellular Organisms The

i'Ke fa?ansposon systemto a

5. 4mrl Me(fl?(lds lﬁlf ﬁ{tr&fugﬁlﬁl'ﬁmg g%@ﬁpc-ﬁkeopransposmon

System Into Multicellular Organisms

The route of the piggyBac-like transposon system to a multicellular organism depends on
several parameters, including: the nature of the vectors that carry the system components, the

nature of the delivery vehicle, the nature of the organism, and the like.
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several paraneters, including: the nature of the
vectors that carry the system conponents, the nature
wo@boobhz4del | very vehicle, the nature of the orPeRCN2005/000674

and the like. -30 WO 2006/ 122442 PCT/ CN2005/ 000674 A

conmon feature of this node of adm nistration is that

it provides for in vivo delivery of the transposon

system conponents to the target cell(s). In certain

enbodi nents,. linear or circularized DNA e.g., a

p V.

t ?Zf%éﬂgg)g (;f%a?urgggthgﬁnﬁ&e%‘? ﬁ&rpﬁg}?%gotnqg th%f £ p1%9 dEs 1%?]%1 Vivo c{%ﬁvery of
the tranggnsen %ﬁqtnspomph@ntsl te theitat gm;rll(b)e Imderiafi Snlmdmﬂenltsm lisdar or

[

mrculﬁﬂz{ég% -la )P"fagngd \és%élﬁ&y%g fthg v%ptc% reﬂelh % ttransposon
systerg fosthe tapget PQﬂn Imﬁucmehléotﬂﬂmcnt&rthe pladnkié n’rw Ibb adminisl:elrcﬁhn an aqueous

dehve&r Qé?ﬁyles @g@&ﬂﬁl@ s&ﬁl% %@gegnagwel&an Saggqt gk}%t @8%%%5 tﬂf gls‘gl})gtlon of
the VepﬂanQjmu]@ctlblﬂas organlmmdndyaﬁ&d;plo@ecg Forlekgmgysl€ "ehere the vectors

d .e the |jipjd based.,
om0 B 5y, SPBLOUE e MORCR A L e
vehicleehy bwemplwdafvlsqn@me ﬂlpml bdeddivekicly noiy btelaﬁ@gét@nbarsp%nﬁc cell type
ude at

or (BRI SR o P R GRS s g s
Pat. Noh e, 817502, cssemgso (ﬁSMBOIhn&Bf&h,GOE ithe didchiE@ePerwhielard Yerein

referenc t Jve pol si ne_ based peptldes
incorry 15 Teispiy el icBBtve bR i oy ey DREPPIAGE e
carrieRDwlhith ey i hdy A3 bg ﬁlbtlifﬂﬁd ith @elrge@ﬁg niditticd, AR th lM%e: (Brooks, A. L.,
1998 Neurosci. Methods V

etal. %?éplo ﬁ%gr?sc&-}\detmgsg}nﬁp Bul3TT; Mw%%lr"g Nakamuggy cf.+and . M.
Park 1988,Hnt1993%1. Ni6d. V. d p: 58262). Medet oMrer dmbbdimand de- syétEln ¥6thponents

ot her enmbodi ments, the system conponents may
may b Hicgiptsedionts Wit Yreirs arche eqeapglrusée@wda@cta@ew&bnwws derived
vectorSl @EtrotRd] JBGEPYeRiorsS LR ARISA Védidts, 28 fHe\{ﬁg THNEHHLIL §ectors d
retroviral derived vectors, etc. hybrid vectors, §
delivepypyshicjer are meiely zReRpENtgiBet SRS vesiRdelen wekicle cxsbmlw@tl@sma)r ke
emplo?&f & bbn% &4t ﬁ%@fd@@foi' ﬂzevzvd%%nﬁﬁﬁhgﬁ f)fjtﬁé {r¥ifshdsol gfblte% the
nbi nati on may be bly ong as' It pro
multwfﬂéfflaﬁ Jgapisyiang dareeticetl. r Sttitebla vetordelivary sefigiesio thesgpae élmapy;)
context B prd%ﬁeﬁ'l&%c'u% 3r3QL@gni smand target cell. Suitable
vector/delivery ve% es in the gene therapy context
apecapsedl the @ﬂllﬁltﬁd@ﬁ@llﬁfﬁwt By pe8oistiow anBdelavegevebicles timt may be
emplogagh Edrflﬁgﬁatﬁ)fn n‘ijelr\{;bfe%g%%xmtbé(rpo?%lt%ﬁ'en\{ %e%,ir Sl%e?e %Pr%genhgve ﬁogtes of
admmtsyatgpnnmmy@r orgf, tqmcfaf GﬁEmtterlab mttleawnout; etttmpemipmaas émtaatusondar, etc.
The pa{rﬁ%@agzt}o?é ?f a;q%{l}u% §1roé ?E neggsé alnleas 1rn 6{)6 ,r?n[ h% 1% o‘t: ﬁle 'delivery
vehiclg mvlayndsfcnlhamct(m which llﬂuborrlhcf ngg)zﬂaa-ﬂlkm}ﬁiﬁpﬁs‘on system. In many

R T e i
adminisecddontsavadeinlaty feas bﬁxraat'tbﬁalplogwﬁa@ohsl%%nipl@ﬂﬁgpﬁﬁq&ous based

ddhwﬁxgh§p1%%nﬁﬁﬁg%ﬂﬁgnbodlnents the vector or vectors

¥Bac-1i ke transposon systemare
dlhrei eﬂunﬁlt’s fofé melpﬁgtgﬁzwﬁﬁlwﬂaaﬁﬂoyon @st@m, % Nihe @@[’g%&fdlﬁie'tﬂén%son
IR E M TG SRR Ce R
vivo mpiugg yBA thak this afeliRRRINEEANt0 &L LI 6f tHe multid&llular organism under
pi ggyBac-|i ke transposon
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and the piggyBac-like transposase source, are
adm nistered to the nulticellular organismin an in
wao ewe/1zamner such that they are introduced i nt BCEHCN2005/000674
target cell of the nulticellular organismunder -31
WD 2006/ 122442 PCT/ CN2005/ 000674 conditions
sufficient for excision of the inverted repeat flanked
nucleic acid fromthe vector carrying the transposon
and subsequent integration of the excised nucleic acid
condltioﬁg Qurhi agnt%n&@iﬁloﬁ t)f tht na%elrte%r aer‘llkL:d 1{1&3@?&% @cgm % vtect:}gr
structure of e transposon
carryingtthe Hanspeson ad subspgueny étdgoation nﬁtha d&cssed noglgic acid errtc Gdigapme of
n S actl
the tar e BE e Y o e B AP i Bab AT RAIBR 428 Moty mot e
vectorynsditdes a ragion mtmiiltgangeducdalvlng\ﬁggyﬂacemmd&msposne activity, the
ase acti unt ..of .yect or
methoé1 ﬁlg#} 'ﬁfi‘lh%? mglgg ﬁlﬁ'ggucmg a Se%()ﬁl v?c¥%rﬁgt8 glgeatﬁrggﬁ ngmc egﬁodle§ We
mqumMﬁMgmmmwbauuwsmts the amount of vector nucleic acid
e tran t.hat i ntroduced info the
ol el BREROR RSP pilaE i ot Mesc et B,
embodimehts ths amburanf odctdr hecléit acid m@iﬁg fHeata@bpdsasaahd id 1ﬁtr§dubé‘t€into
t he anount vect
the ool sHtieEioine kP Ao R 0 ROV G oy Fgpeposon muclee
acid intithé tage® 01l SMOMBLADhCH, Itl&][aﬂtbﬁﬁt&ﬁ‘ Qecﬂ@ﬁﬂu\tletc}éc?ﬁﬂﬁr]cﬂiuced should
nt co er of the n c acid that is
providg g%ﬂarsa}éf%teat e %ﬁ%@fﬂpg@%ﬁ pgViKan %\?‘Elé?le‘%f &9y, nuppper of the

nuclelaiﬁmlfhht i9tesied toie imddfbPinto tﬂ&!aﬁ%et ééﬂaThd a‘induﬂi sodsteLliclely £21d
target cell varies depen efficiency of

that is m’ir@db‘-‘gf‘ hig tedirectionl PutadeReBHnBPBS efciprcet hepsrioar
introd REBh P60l t8atds empIBRAPAS L th€ ParBEuldrn Vi erﬁ‘xgmrﬂio%tp?&t)éo@ that is
protocol that is enploye The particul ar dosage of
employedey conponent of the systen1that is administered to
the paméhw §5h B rREcHUHBBAIBMAS éﬁt%mq‘.ﬁzl%‘?{‘éiihﬁ&s@f%d%‘tﬁe
nature of the transposon nuclei¢ acid, e.qg.
multics{ylasopganme yeeiesdepensing aprihgyasiue ef the Hansepren ntwi@w n@sdmge, the
f
s kU LB K O MILED, B B GETPADS Loy G LS8 o
elemerjts e prema@%@ﬂcra af the d@!IVIelgy vebiclediad érertikne Bosgpsi aah cadily be
I t
SRR Pl S e 1 o BT b e
like tranp RS fystemt compossmpsarapresepl answepatate w;asmids ahigh are mtravenously
a_sall
admlnllst@fed%/ g ﬁ]%@glax 1nI a@@{?oﬁﬁlgﬁ 9&9}1&9 %%@r@&f Strgﬁs Fon splatsand that is
administered in manyaembadireents tgpically rmyfrem‘_(aboht PeSb 40 alytbis ¢yidaily about
25 pg, gﬁﬂgﬁ% ];1{0 Oq%out O-lﬁﬁp%rlglé 48 g‘g gr}clo 1gé %g}r%%ﬁ@k%% ggag%lilrgister%g
typicallgymamghs higprpd bastrfi. HtotAFand ls&saaedhylabomﬂqrged typi cal | y

b S EDRA b e R IR o Ber i SRy iR R i

transpoma’e‘pihl atdlein avill tdgidnh tHeaqttbsthitds flinkaMBPRSasd repea, ie., the
eic,acidr t he vei%or that is fl anked by

vector P56 b B Bervpendhe g TS fepia eren e e
repeatsp 3ixtisanfedn BRtvegevii the pRIvERY B&fspbdak&atﬁﬁ%ﬁ&pﬁ@stﬁe genome of

d d f
th arie LA T stobiisbon ol or PR 488 T fusrie i v sty

t he genone of
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the targeted cell. As such, introduction of the vector
DNA into the target cell is followed by -32 WO
WQoD6N122142 PCT/ CN2005/ 000674 subsequent tr aPGPONABE/000674
nmedi at ed excision and insertion of the exogenous
nucleic acid carried by the vector into the genone of
the targeted cell. The subject nethods may be used to
i ntegrate nucleic acids of various sizes into the
target cell genonme, as described in Section 5.1,
subse@}éﬂtr tFnspbife %aiaﬁeﬁtexaggﬁa%sinsreﬁﬁ) lof thle %xg’é?ﬂa{s%ucle}c acid cprried by
Integration of the nuclelrc acid into arge
the vegienipteethe Bynomegbthe targatedyreit i on i s neant that t he
n [ r e .
o fep s 5 R G Aol el R B i s g e
target P@U gﬁasls;le,cas dcscab@hmtSeﬁfontSHesm onbsonmal genetic

0 e t et .cell .
bRt b Al RGN Rl b B i B g con
genoni @g’)s%he-lhhegmtldfr am&pmhfm the Tibeleic meid rénmainsgiresant in the target cell

t f d I th t. the .DNA fi
cnol LA et B bR A S oo

genetit matesiflato Mtprmnpbﬁuhethugee&llutl lize a variety of
techniques to introduce DNA into a cell. In one form
5.5f Mahefsof Geherating ReeonilikartCells Comprisingt ed directly

[ ntg@dcshltehrmglmosdidse use of micropipettes.

%h Xﬂ M%ﬁ%n%as $0¢ ?%Itlrtgyth%t%? i|)§IIAe érgt t%’ﬁ) y%&f‘élﬁ’galc# Within
the hoStrceHmGum trﬂlmfdnnandrqom@klhres atiljze & wexddy bf tedidoys tohiroduce DNA

G T
the usé mitmmthpq:edesl n’tlmrxﬁtlﬁe&j/ Ihighyefouisy bedlispit Oéan e asddso ‘Mdpbl small DNA
al n ese nt itie

sssooed P il el oG e S e ST AR Y e of

polyethylpietslydol, filag e.lJO\biiAQ DRRA toRhR€ the @ﬂDﬂlﬁing diffuSiol ISINA c@ialso be

t ed t hod f t 1. In
B S B b hrtsstr g B e SR
includé FiMitedieSceDd, [Jtofimds bEbtHerFhdise ﬁ%lb-s\ﬁﬂé&ﬂ Pé?](ﬁé(se rB'r{éo@"oi{c%ratlon is also
ng the entry o

I bi b
anscc T DR PR oG ahio el idh s e BRI ettt

electritd) irh@A4és bBigh Aeld sirér%ﬂ?@ﬂﬁﬂ%%r@iﬁly%ﬂﬁéabﬂﬁés dibthOn&eles S
in_accordance with the present invention is to

allowipg the gty efroganars PNAseqncrsgs Ongipreferrademetbnrsalinfraducig the
transfﬂﬂétlcﬁ%ﬁﬁﬁféﬁmfd &ﬂkﬁ’@c&iﬁda{nb@wftﬁ ﬁl@%%giﬂ rih\JthY&lrlE ﬁ)qmcrom}ect

repeats be inserted into the genom of

fertﬂlZFé pgas |W1t21éb|e %@@tﬂ@u rihg PNfeseaneperienked by the érampgm lsmﬂed repeats
will bé 1|ﬂbe§ted %h\é"gleﬂon}féeof Wf?e%n%ﬂzéﬁrkgg ﬁul"i‘ﬁgé de%lgfnﬁ%h t Bf 88 51nism, this

produce a transgeni
DNA Wi”chedliai*ﬂeé en tooall offthegyogeny eelb topredese rrtansggeiaocganisnnBhes

microi J%@tlckﬁ%?@%% J@ ﬁéﬁué% t)’ang%%(ﬁ)% hﬂﬁg lﬁF geeﬂk}gév!io%ﬁlg degc%bgdﬁ%lql&ﬁzed

transfor
to prodyse ranskarimey mamAIalsL(Hbgﬂw gk, Mavtipuleding TﬁoMbuSipEmbugo ‘Har bor

Labor%t&g%gﬁh?lé%ﬂ %HEJ(E)?} f@ﬁlored\%lgr/ %ess Plaln%lev&i_le 55%66 glin% étal,In

Blotec@gdgy)Form lBot@kisqn Hadih letmj;(e(dst) DS Bodk’S,SWﬁ%gton]IQBla 135-146,
1988; %@)&g@ﬁ %ﬁt af Bt cg?Rng ;’Xblurr?g g?p?ﬁﬁlgﬁf%g m?l herém incorporated

by reference).
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by reference). -33 WO 2006/ 122442 PCT/ CN2005/ 000674
Alternatively, the two part piggyBac-like transposon

W@ ywbamienn be delivered to cells via viruses,PCT/CN2005/000674
including retroviruses (including |entiviruses),
adenovi ruses, adeno-associ ated viruses,
her pesviruses, and others. There are several potentia
conbi nations of delivery nechanisnms for the
transposon portion containing the transgene of

nked nverted term .
A e e A G A ST A PER) v
v1rusese mlmping ,rettwtrhsek tiacludiag epiddmeesy aderdolieused, ladensfnsmmdgmnms

nerpes Py e TR e SoreP i PR DESDTR R o
the traispodoh @oxion gtthﬁﬁl-ng tHe@ranypshedn istuekt ﬂahmd bexhe msatednerniinal

repeats i BELER 1R i ace e EUTET i Eo AR o i Gppposon and th
transpdskE3 PeALERA e cm:nﬁ@rtagdtm oh fHeQarle Rebihbihait vithirgendng @Binglen

) .anot her exanple, the osase n t he transposon

infectighfeIies bl ip%sr@&h%%@ 46 BRSBTS ARl Qe tansposase

then divdctsWé$aSagdREhe firafpBsoi fFonl the Yeeb@BRmakt Wirhl @forhé ﬂir Jubsequent
contalnlng reagents. |n these cazfs either the

integrafipt Hégyheedh! aé?\‘HP‘BPSOFﬁe Iy gngtieperanpls, Hie franpsspspand the transposon

can be d8live¥RrsEishraidly By b 86ABRAAN vitliseisnd/dr RoRVRASy G@8Esuch Belipid-
expressed_transposase ggne directs |iberation of the

containipgigagsason thessieries sithen freitispsporgn andior We TgRIREIEg eggcan be
deliverb@b@ I FeRbiBiRart Mt:Bs. 18 @0&?@@%@"@% @N@sed-[ﬁﬁsp@kaggg&é%&étke

transposon systens of the invention may be rntroduced
liberatiop phthg Hpnspagon from itsecagyier P}\{Aq@pr?l geapme), fpijategration into
chromc‘/s%ﬁ{afﬁﬂ%ate origin. In certain enbodinents, the cell
a cell line, such as Chinese hanster ovary
("Rhem)ggyB%llLl@ trayEREN SFHRINS offhe inVEXtikn NRg Be uarpguceﬁy@p anpcell

i end Q or W38 cells. The
e Or&/’er t g’br at & gﬁ{%reé’g{r{;e é?%o be the pr oduc_t of a cell
flo sértain @vlmdtmerm the celé isaf A gt linto mh eeChinesedapetet avary (CHO),

FeLs, SERE Y B S0 NIDEKE R FE on (PSS ONA prf-Poto, o whs

cells. Seoertabrateesll cangtiwde e frodugpds, celf_l tisonzserticwelt appoiybtidema cell.
Sh %gptacfne ér{]bsod rPeth H1€e rceﬁ £ Be o %r[p%)enpgellgi. & ,oat AU g %?elnhants
(r.e el descen can bécone any cel
can dlﬂfqmﬂ'latennta mev(eraj; mstr&tﬂl celetyges, suetrias ly@meitcnpo'mtie stemadellsr. other stem
Qne or

cells) 13 torfhgR b e 2ol R e o P eGP o iy cpganism,

e.g., eniryori¢ ke celispodelrsndlsas cobytess el Sand afie Hramoratelisefarbhbryo are
Vi rLetéHof organs or tissues. Such cells

froma,
M“’“Wﬂ@?ﬁg@f‘ﬁﬂwe %-not linited to, |ynphocytes,
hﬁ 9&Idﬂ&y tRbodiMents, dhe 2l tah,be MBIt SellsCedrh & varfety 8f dr@dny obf

el | n vari.e ells an organi.s
tissues. §H° IQB’G@‘PQ %’2&%2“?‘3‘!") EERI%‘G%B?lg‘@%%‘?epsméytewg?‘ﬁﬁa‘&gh%f““s"le
cells, <SRAEH I bIBEd 838 UM I RaRdty HNddMBbSan(Rgmisnsi Ng
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pi yBac-1i ke Transposons The piggyBac-Ili ke transgenes
descri bed above are introduced into nonhuman manmal s.
woL®s/1zashuman manmal s, i ncl udi ng rodents suchPEEFCN2@®S/000674
and rats, rabbits, ovines such as sheep and goats,
por ci nes such as pigs, and bovi nes such as cattle and
buffal o, are suitable. In sone nethods of
transgenesi s, transgenes are introduced into the
pronuclei of fertilized oocytes. For sone aninals,
5.¢UC dBods ot Generating RE ompinant A als 3 rred |n \élt \égr and

Tt at Ty it is preferably to
r ’@lmnggyﬂaa-hké trmsrgdnleydaesmbeﬂ Iaamghteantmiwai @t mahgnandammals.

See. DeB
st ity EEmind S R et Ron gt Bisoaas s Evut pndugps st
and gdats, percined S‘ueldals(:;ﬁgh antt Wviebsaich as ¢eﬂile| and bsgfaio,rammmablec ells

hase of .the cel cl e f.or nte n
(B 0% P i e aped G R SRR o
fertlhzddtobé)ﬁéw B6t sbiie BhiaiaB] stick 64 ks ferAatibh S peffarined INszvo and fertilized

9 tiljzed ocytes then cul tur in
ova aigsiegipa oV g elbP e AR B B S AP e tp Famove ova
from 1§RIYr alaﬁlguﬁ@h@ia@ tlimald endlRRilize lﬂe\%va #herd. GedDeB6drler &it, AgR
0 i.s descri bed as

of an enh nprul a. ., .
91/08 46 I Yifsp sttizetioiperatitn JRssesns i Lbg lﬁrrﬂ%wﬁfbxn@ heipntighy
synchf-‘&lloﬁssceﬁﬁ 8 ah@piiRA PRhRDE )N Syclcdf MEegfitioh Vs lagdd @[Wnts%ase)

devel opnent of a bl astocoel  cavi t¥H§Ey$ICall

Transgapes @ HOGIH 8 0d sk RO aUTS Blectan 157 Uity Pok o b1, Fertlized

oocyt&oa?é/ hes cﬁlﬁlretdhﬁ vidh th%@fﬂl Ex'lt@t'ib 1B oBtahes SRz Bobut
Gor don et al 84) t hods = Enzy . 101, 414; gggan

16-158gellg The iArdR pﬂl( sitgeon abemiprie 18%@%@6%%*11% Presivelantasiop
embrye @b’:ﬂ&mmg 910% M?A-SZ iy are Qé'r%%@i)lagtg%ﬁe ’lﬁ&@ re)ﬁ@)yos ﬂﬂﬁv the

ture 5, bit and

develgnorent pca lémydff)wlty@m@@lﬂ)f gt thee 64&1611 S(ag‘g SM}‘thgdS frepyitydng

r [
fertlhg 2 otog}atésltg g%%(r% %}ﬁ%ﬁﬁé%?&g@ %re %Lasa:rl E%/cg@t&%)%rgoneett%g (1'984)1?Methods
Enzynjol. Rép# bt HoEar ¢ al. 3@aniful@ion2d the Noause Bmbusto: Al Laqu%alylagual

c.s.yﬁﬁ.%?‘?' 19E8) (&ouse%t?xbz}%géxééﬁ(i gl e(?‘%ﬁ)ﬁl‘a &l 315( dRBFobit and

eri ogen ovI ne
porcirfel emhnyqsb Gahéalfi leyalr (é9837r) drRaproda Ferhelily 23@21&, iRlemoyd i, (8988) J.

‘Amm % ;08 953 RVIII,’IG LGS osg %cﬁéye%hggtta?t(hﬁ%) z%ﬁ’oﬁgﬁ@{ 8s, 715-720;

roze or a ro endin
CamoIBB erdl, r(ﬂ)!?@r)ﬂ Repard. F@t’!ﬁz Yi08-785 eantl t'fhmmﬁteetraé d19%9) iherlogenology 27,

f
BT ION TR T R T —
pre-uﬁ]ilagﬁlo@femﬂ@me b roedd frodae for hl‘pemdsdmélgg ireplargationt @gr—mt;@htatlon

b BB L AP RSPRIS BPAGT L, P LigEa 6n Bt Bechimerc

animd] QépeRdiug afon thé Qa@reydy@Niptest Witnaks frfsgdnd)s intbfae. Citinksc
are obt i ned from prei Iantatlon enbryos cultured in

mamiplf pah be %iio‘Pésfme‘?fueaﬂeml gBASEeniQAPINAE- 309,  255- 258

(AN ARNIR tRAseBYes i @Jlﬁﬁ&ﬁxcemmtd @by @dny cdl Y(ESI)I IThese cells
pur poses). . Transgenes can |ntro%g(ﬁd |n % %
are obf@p?dsfrw PESiTBRIETH 5 PR cﬂfuf‘?ﬁ 8P on SR fxcit 2t U, Rature 309,

255-238 @Bé&p&%&i bfFrf&&ick $n i@sr e%hre%oﬂsp L pﬂ?weﬁ)h TRdrBSdnecAnbS
el

froma nonhuman ani nal The ES c s col oni ze t he

introdsiggst ipts sueficellp by slsctiapprationsermisvpiniection/ Expyiernyed F§epls are

combined with blastocysts from a nonhuman animal. The ES cells colonize the embryo and in
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some enbryos formthe germline of the resulting
chimeric animal. See Jaeni sch, Science, 240,

wa2®8A1472t (1988) (incorporated by reference iPCT/CN2005/000674
entirety for all purposes). Alternatively, ES cells
can be used as a source of nuclei for transplantation
into an enucleated fertilized oocyte giving rise to a
transgeni ¢ mammal . For production of transgenic

aninals containing two or nore transgenes, e.g., in
sme SRRILAB0E UAF1G & 1 BLARL Ll kil oS egan, SBr 20

1468- mﬂe (1988y @moqmdatwﬁycre&rcnmnmalemvm ferealnuznoseshud ftesnadively, ES
cells caly h%lst%t shae sotufc% 254 gl?cleq ?(grqaﬂsg)tf’a%tatloﬁ] & Fc‘lgleate? feFtlhged oocyte

Aebirs rocedure as
gvmg&bl@i@ﬁ&ﬁgm&gamama%dternatlvely the transgenes can

i ntroduced, into se hen
b]gwlrcﬁltélatlci gaPiggmg glﬁ,renals C%Iﬁ%lﬁ%lg Q\% rrg(élg Waﬂ% ﬁes aglé;l 1§1
embodimbmtBlviere Aietp&ggjzﬂbct liled. tya,nsp])saﬁn mnggyﬁm@aﬂansmas:mbmpcglents of

roduced c one.of the transgenes
e oS R P g b PO B R o
introd 6d¥8 s in@iMagcously @Bng the lssmd prﬁmdtuhat; fani smle tralnsgese) dslternatively, the

nbodi nent s, 1 wh
transggggé g@h rtcglglélg{ly g{g%as H&(gsep%rgsglllmﬂs tlgg cgvglnF 1n¥ov¥lhéc’ Same

genonfe I IRAL theSLiﬁlhalﬁ)Vﬂrtérﬁz{mblpga firseigmegen®: airgal |1sr]irbd1dekl:mﬂ1tam1ng
into a uél|l2 d oo te or, e

ome ol PEES A IR TR BBIOTBHO S FRUGHLT Rt phonie

stem defls b Phat M@Malay et al., WO 92/03917 (i ncorporated by
ref erence |n its entirety for

|1 purposes).
ThesesyerbedmsRti=ssEsar Wiosesneh sould Cmyen 2?’f°8\°*f’a‘ft1°§}t s are
constriftbd RANCHARD itV dPhhQ) %&%éﬂl@pmﬁ hagRbY S diemdinddaedo a

transgenes into manmal s' ferti]|ized eggs (those at

fertilizpd onepie eanpremtEstem c¢lh§3qngl§ﬁnpq}@lytqqg u@éeég) hamglegous recomlplgatlon
in vzvc? \ed K%r gtlcg fwe P@b@lwmbocrat@& 6 teRir&b iR exBtety forhil Blirpdses).

t7onal Incubation or directly in their uter]

symmeomnz@mml@cqnﬁ@ geresaierbyonegiapally, by Anipdueipg BY ﬁlﬂ%«gnjectmg
the ab%bée dé’s&%&%ran%gpés intd mRENeFerdiRea %%g ?ttﬁléstﬁ%gthﬁ %igﬂg&e@rpﬂase)

transgeni c, ow descri bed dot-b
implantingthotggs irotho giidadts offemple ewmimalsi (rrgipising mémmahmf% édevand

addltlaneaﬁ éxircglyagaﬁ %pdlp %ﬂﬁfI §6ifleir JB8 s e}gnr @gﬁﬂ&pﬂo Qhéﬁm#n%gﬁe{ﬁ@? Iand

can be propagat convent’ ona
obwnmmdhegmngsnlng the youngs, or transferring nucle

o Pgng lvlv\?&% ﬁtﬂé ggnegaée%f gg? E g%ﬂ?%gg' Qeléwm}lb& do? BI¥RICPCR,

or not, Int
immubelistblogiz@ldcangdemat-inkilitidn analybes andhte dike mné)@ jueRsls I y been

enucl eated, i npl I n Vi :

ot S PR R R ploba A B Rl mating and
obtaifih@the yyigegs rt]raﬂ'srfa'flﬁé muched (huckehsl wanaﬁer,)/oﬁ thettraamgle magmal's

or nis t se .cantainin I NSEer e
om0 SR D BUPLAP AT SO BT A
prev16iﬁlyI teeRBidicRhtel r1ﬁ1@&ﬁm{gmdeggﬁ gethe svidudts oraiterisefltiscriecipient

mar ker was |nﬁ gded as part of the introduced DNA
mamggls, paf O Iningthe.clPRNOMNG  r ker s - 36 WD 2006/ 122442

PGT4P200D¢ MO QBT transgenic organisms (those containing the DNA inserted into
the host cell's DNA) can be selected from untransformed cells and/or transformed organisms if a

selectable marker was included as part of the introduced DNA sequences. Selectable markers
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i nclude, for exanple, genes that provide antibiotic

resi stance; genes that nodify the physiology of the
whewb/12uurh as for exanple green fluorescent pPCL/ENENOS/000674

to produce an altered visible phenotype; etc. Cells

and/ or organi sns contai ning these genes are capabl e of

surviving in the presence of antibiotic, insecticides

or herbicide concentrations that kill untransforned

ceIIs/organisns or producing an altered visible

includg %%Bﬁﬁey% tp% é)?‘c%\fi‘& flgioﬁee Eﬁ%ﬁc‘éegengmmed??f thd 1S Siology

tec ni ques such
of the hm,rspueas f@mmmelle igrdsh Buetesrgnineieindp prashessan aligred Mﬁlble

phenoérﬁg,;:g c %g:?ls and/or r(r)s Qa?!;%ﬁlé gnlﬁluﬁlﬁnlgt ekd é)e[ﬁhst 4ré Qeﬁﬁﬁlg gﬁ sélgﬁlv%%gl the
presedaasf ehmbmtw rissecticils obherbicide cqnymtlensmat Filbmgpessomsd
cells/o;f%aénséI ag {/)rglgl%c%?gs a?ttered 9131bF$e Ch% ?g%n %astﬁﬁ)cglpd {eb u@é kftvn to

ranspo e |nve tion
those failidy evithlefidld) téchsignds sselt s fspe@hfplec Soutkaro hloitingged polymerase

co on s randonl y .
i S5 a5 B Bl GOS8 GBS R e
introdREIDNA Badieon ing@®di ¢ ani mals. I n specific enbodi nents,
the site-specific reconbinase is the Cre-1oxP system

50 gy BiPtikRranyimisens CaedniKBitéSpeci®mO3, Trends Genet
9( 1 RecdrhBindt R xoghitied Sitances cited therein).

b
Riﬁwﬁ@{p ﬁlﬁg g%ﬂe?tgc\)/\ﬁg gys.I el %fsc#l% ﬁv%‘@%ﬁ 'cirl IS:e L{SQ&BrﬂﬁeH@ﬁ@ =specific

recontbhfa@ﬂlﬁﬁdgﬂ'ﬁﬁn m@aioesrandbmly ammb ohrampmmebémMWnamw@brates to
onnspmne transl ocat,i ops, ar JU.
e T e
recon®HASY 9 el Are-Bx PG stéh BDthe @‘EE@PRITS&ystEiﬁ((Mﬂb&,t 1998, Treddagznet
e- spe conbi nase recognition

cificr
9(12)§é%f6%h@1§§eﬁteﬁn°ed|°F%‘Q1erf"é‘geat orientati on may cause
ERCESHHALIOH b@R e HndIsHEBpedic PNOmMS RgstaBagnition gequerices integrated
ene) Al t hough such events are pote tial%%n
on di %.c%rp@wmqses%sgltw trapglocayier) kebpecpidoss EFOmRReE Py
transl6@kibns #4é ¥ EthiAdh QbarB YT Sle@adaitdtions MHeleRl tb develaphiiabn
irreversible. A null nutation in any gene nmay be
abnoréwbﬁ‘tsé’éitqmpflgﬁ@%lsmy, and the function of the gene

3 tﬂé@(}n%indtl@n $RGed two th8shtSsRBIEE %coﬁbmﬁsfé@@dofghlﬁon sequences in
opnent al st ages. Recorrbl nati on _between t

directgppegt @rp@@tmn may ewshdciese! prBEgYRnedNG é%ﬂ}éﬁlfeggg » frgene).

Altho'ugly §lch SFkntSRERKerRRINERYESHRMOBROF tifAteRed PNATsSqRAcuriag cell

terveni ng sequence or gene. I nver si on may cause

divisig pi bbadqgmdatmn makas;‘(hp yatation 1r§e|verglb§e denull rput@‘réqpem ABY BSPPRRY be
createdsin %g \9&}1 3 fe Gficon of)iﬁé §eﬁe Q:Qéhgd in"BREHEY cellb bl QG 8L i

reporter gene ['1 neages may be traced by
developtamtalfsiytgesg recorrbl nat i on events that mark a cell and

S R g

mverféd Irépedti amemgtem magycabe inveai@dbfian ddpreeniegiequogerrgene. Inversion

may ca%tse acluv;%ion o}/ mg(?uva{lon of@ggene If gene activity is detectable (e.g., selectable

marker, histochemical marker, reporter gene), cell lincages may be traced by identifying

recombination events that mark a cell and its descendants through detection of gene activation or
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differences in the integration site of the
site-specific reconbi nase recognition seqguence.
woewoi4mat i on between a site-specific reconbi PEEEN2005/000674
recognition sequence integrated on a chronosone and a
site-specific reconbi nase recognition sequence
integrated on extrachronosomal genetic material may
cause insertion of the genetic material into the
chr onosone. An insertion created in this manner woul d
1nact1\pd”£181\( | ey Hf?e% rbe Wa@@iﬁh&%er{d%ﬁt% 9N a‘EthlB'OBy PeRmRdding
ani mal s MAt e speci f I ntegration of a singlé
differenggsyin dife ltnhgramrants géthe sia-spaciif resompinasgaccogritippequence.
SREGIufifloR Yok B AL gggﬁﬁmon@hﬁage RESAlIoh Sed BRQATREAARE on o
recogni t1on sequence refera € I ntervening
chrompeguedea satp-smrf@trec@mbmamnemgmmntsalunls:eant%wéd guch as,
e
extracgrotrnq(gxéﬁrég}le%’c nﬁﬁeg"aﬁr/lgl?}p %ﬁgﬁh%&neo% cg 21}%3 eg’%ﬁegcﬁ%dté' al gﬁpﬁe
chrorrmmn@tAlamsmwrt @eatafdso ¢ips menrgeweyld privatyemsans fonpngating transgenic
res fene r C
non-hﬁlaErE%},lm als PNI 5 gxrt ISpgﬁl F]rg?geapt%on ofa 51l§1§]€ c%@ of tﬂ]é P yé:elﬁgge £&e in the
" genon@&Cdpeatfied b)_,nthe bhrbmasz)tnailﬁtel-spemﬁxf recanligease rdgygqmm ﬁgxmcet i on
r.e |ons to the gene or, separ
” bisfirehte A hitpieEe Spes of ARBEREeiIeRR Fhludiasgtor
exampi¥ Qe Elafdnng gdiftCespingigyddac, -cfylokﬁe gémnﬁqmmnsrmytsﬁ gng of
t he i_.nvention may al so i n _exon

u
neurolS R A GEEROT o OB ese Asd B erer e S bhaReReh o
histocH@RRIEAAKE S p@fhoh l‘ﬂhe‘{éblf I R&doﬁﬁnrﬁﬁoﬁ msys cRiSe actiGétidon oelrgctlvatlon of

D. Auch & Reth, et
a geng Wmﬁﬂpeﬁltspn@éfe@elaw&hﬁg@%‘ﬁéhe RO PH GG ARSHA g ons from
1hegﬁeq @tvely, Nucl eic Acids Research, Vol. 18, No. 22,
43, Buckler et al., 1996, Proc. Nat'l Acad.

5§C| E,Adﬁﬁ[‘.ﬁﬁmﬂgOS 4009 (1991); Henske, et al., Am J.

59: 400-406. In such enb nt t he
oo a8 T RSB SR PR MBI Pt i exon-ira
clomr@ebﬁﬁbﬁbﬂeﬁtr{sﬂj’r&%ﬂulﬁ@tﬁ&lete&tllﬁﬂﬂer&ﬁla@a‘ﬁe @xprésioafid Varietiys of tissues.

fl ank Xon on nd_ac
See, exgd vk ARt ah s et Db Gopihe; HERRRFRES REgHS Heldet gy Clone
Exon§ fré}ﬁ @ea&ﬁié DNA Imaxgmteﬁte mm@iceadiuksqwtgmgvby 18,0, GBL6743;
gyBac- e

ranspo
Buckiengtle 4826, P ONRh <Rt SF DS SBebRE (G 151 s 6t im. .
Hum. &0 ssl400L40609n SRR %Fn'bGddn@ﬁt's' She 15! BaPBiky RARPdsIR preferably
Synt hesi s Applications The methods described herein
compyjeas @rdateptﬁ@le Meeles ggi oGy an @ty ieg, Sanksd by exon splicing
donor’ a%ﬁ B {es ?ﬁé BrStefnl eﬂgodc@ By tH nidfEer gL @SE RarRfated within the
ypept proteins of interest. In such
protelagpq:ng@by tjqq gene&lc (ﬂ:lqcaﬁ@g’ém}tth@ngm&-,l@e gmsggqon jissinserted, allowing
for thg 8&9&%}1 %gthegm%elg @%‘3&&1 lﬂlfthe?‘ iOcusd! | 1ts cells
pl ggyBac ra

nprising nsposon conprising an
Sbnsq@h e[ MATe M WITCTY k ﬂﬁﬂtlde of interest in
and/ or desired expressjon
r é“@a mgtheds deserihed hersis, ge@ergtmg tragsgeipapdmesaiomimals and recombinant
cells fldy As%%g%rgn%gé%é olﬁ%e%ﬂ@éseé' 8 ; prBlefns of foter&t., _ an

expr essi on serve as an expression host for
eXpsush applivatdnst amgansgemc or mosaic animal is generated, the genome of some or

all its cells comprising a piggyBac-like transposon comprising an insert encoding the polypeptide

of interest in combination with requisite and/or desired expression regulatory sequences, e.g.,
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pol ypeptide. Simlarly, a vertebrate cell in culture
conprising such apiggyBac-1i ke transposon can be used
w0 poobhzg2 met hods. The transgeni ¢ or npsai ¢ anP@EICN2I05/000674
reconmbi nant cell is then subjected to conditions
sufficient for expression of the pol ypeptide encoded
by the insert harbored by the piggyBac-I1ike
transposon. The expressed protein is then harvested,
and purified where desired using any conveni ent
t . .CO 1ran ni- C
promBR e A brplRE GORDGAD B ser e A ARG R CES Bl e
polypémside e 8pmidalyi mgeﬁbmﬂeﬂilmCMrd crotr@rlsmg such atphigy Bed-Hiked tradsposon

on o PLSNENR | A S eSO GRR s
SUbJte‘GIi th sonutitiuhy svﬁ‘ﬁcbm fonexpressiandfitieenly pepitdelcaeddall bf?iﬁle insert

rnsor U3 ST o PR 001 o R1 Bl oo
whereaiesmdogpergmy cowvehient gebdod. or ani mals. Additionally,

t he, net hods. descri bed her.ei n usef npr ovi ng
¢ P EorRe By B eroRt o msaip sl s e o DB v earehpaice
means'ﬁbﬁexpedshﬁgis poteith bﬁnﬁefb‘dﬁﬂ tHeQ.ﬂmﬂil 6r MS@fciﬂg d R111NE EHRBIY bi Kigh
ti.ons, .in pi ggyBac-|ike transposon

expreas??@ﬂ%v of p Bmé%%%&?% &S hys, g7 Apipals angroglenrgdyosd P)éﬁ’é dftvetions

are usefuCdseboraaciots’ forthdprod@8Oeef préitbias biiBteftat) Olrﬁ% pRteiR of RfeB&t can
gene therapy applications.

be en‘%ﬁaweafce@s%’@us ot rePdeRIst ens may be used to

dghdiviedalls, the Ai8th¥ay deSdribe@herbil 8fcaREMI ﬂxrﬁ)r(FWﬁé ®iS of YR .0
a subject. Therapeutic nucleic acids of 1nterest

5, 1mclmdg@eﬁ@39@caﬁm readi ng franes that replace
fect es In host, cel ], such as_ those
- Bhiho o RGP eperATs pso Rl eherappatis AR oA g whieh the

piggyMHﬂde&ﬂaﬁfpﬁsontSB}QSﬁs W bﬁ?lblofﬂéﬂvtﬁ sﬁb@ﬁﬂ@%ﬂﬁa'a%éﬂiﬂe{lﬁd Micleft acid,
t he, trgatnent of cancer; and

ry
.8 Epfeinip,Be EPOmIeI o) 2 sert rrlb &) 26 derrgy sbrficatinnss The wiegyBac-like
transpBdof G} BERAM Ay beIR6d toQRlivor & HideNAribtyR? Eﬂe%gutfc%tzl@fc%cﬂg tolan€

subj ect pethods, descri bed supra,
subjec; u'Bée&PFu“%‘Pl‘?wldﬁﬂ@nE?@sh@@dd@f goney of owwa@ém ﬁfalmﬁéhﬁ psplace

defectBBRbS & 1he Bﬁ% et BYst ball, VoK Qs glggbereydﬁglﬁg¥or%étfc(d@f‘eb%§ed disiased

meant that the tar et cel or cells in
conditiops; thass whishdpve qheameie gifliy i the teatment of ehner; andl the kkenot

ExempI&yWeshehi Iy Bé}ﬁﬁagls&)dﬂg 's&{ueﬁc@s 5086 Ledh E&u‘oﬁ% Bude

transposon system vectors t
t A impostgsifeaiens of fhetsehivch methadsyandeserdicd dura, rieted the subjetthe

oo S5 L1, 5 A0Sk D B0 G s

is meapﬁbatttlaqtg@pt aslor cejls rmowblch expressisn obthd lherdﬁemrctge&«f B8 dedired B not
removgcm?&g 'tﬁ@q{yst g‘ﬁ@ ttch?‘%n antvv? Eht tjhg Qans cbs%n rs“’ls l(l)lglec coa | %’p t}la%d

ranspo
1ncIud¢ @adﬂamyosqnasmel(a aﬁ%lai’n)mﬂq:red duhdc;ly td thi enilticelhaar oegﬁfrﬁmnd are

/ / /
R T .

mwumelenents are desireable for regulating

5.11. Promoters
In one embodiment of the invention, the nucleic acid inserted into a piggyBac-like

transposon encodes an open reading frame (“ORF™) operably linked to an element that regulates
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expression of the piggyBac-|ike transposase,

particularly in enbodi nents of the invention in which
w@20veatBir aci d encodi ng a transposase i s i nt rpdicyebos/000674

into the genone of an animal. Preferably, the

expression nodul e within apiggyBac-1ike transposon

i ncludes transcription regulatory elenents that

provi de for expression of an ORF harbored by the

transposon. Exanples of specific transcription

e 40 el
the exglggég(l}@ébﬁﬂcfy | lﬁi? Dlﬁjﬁ h&na’llg,t e%ﬁa%ryé%g@n a?er%élg le rfgﬁu,latmg
expregsoaef theipgagy Bae- ln@gmlnaiosasy, pattxemariy o eildmxiumﬂts df tiermtdation in

WthhLaTI‘BC%fC a%@%n&%%%afﬁngﬁ 4 roduciﬁéﬂ%ecﬁgéelél?r%d %&%&a
t Pegfsably, fpitei eapressaguh@chdﬁwltlah e pizgiBacdive ItMﬂﬂﬂ)oidnomlﬁchae LTR

transc@%tl«ﬂ“@?ﬁ t?rg% %1 aa:t Sr\(olxgl% g(jr(ecﬁp‘e%ﬁuf o‘%ﬁg g)%% hﬁf‘ ggﬁsﬂtbgrlge

transppioay ﬁx&bplbiofape;mﬁ% tramsetipkion fé(ghl@tbl’;t ﬂémén?sl inclbdenS VB0 @I@h&ﬁts as

descrifgd R ok g PImEEE (85 168 Rnspupton saevin iy plefsefs oived

from the k@R of memassafamamms;dm deotised if Garmae@w bAtresy Nat'lexsn! Sci
nduci ronD ers

bl e
usA g Reotdt Rt el Trrdsioneler deried R LR Bisgen
cytomeg@lldwﬁﬁs (GMV),Q@ Bésdrila ihBashattQr &I, IC¢R (I%EPJIIG%F ﬁ’s!f'}‘ﬂ@f)rohﬁ?ers

T M TR S KNG -
K. andmt Al H@;t IOE}QﬂQ!pﬁl A¥HHE M99hS: gduum@% hingqid system
ro

sue_spec ronoters, etc not ers regul at ed
bi? Rec g?mékmnésu regylaieny: clsmentdt &y indusiteprogroter. Inducible
promo®&S&6 kadvatho thdsk BantiRg wigNBe SRR Ngel RRisk E@.]l@ ?@?sgd to drive

ShOCk proteln can i ncrease expressi on severa
expresgiop g the baRspeapeeane lafusibly watems ishwdatfor exgmplehige heat shock

promo@tr YRG0 ild RAMIbISYREPC RIS fhe g}i‘ﬂ@&éo'r%ﬁi s&E‘Jelln flégue sr%emﬁc

triggering the expreéssion enes
promoges, §fcs P Sowef&re@élﬁ@d &rbedd ﬁmkgqudt@db? mrpmgtedncvremép tsgeciated

with tliérg%@érféodlﬁé:ﬁ)e 7“’*9%'?1%{%6& %}ﬁ SGR Gl fé?(#)fetss%nogeg%ralt fold after

hor none (1. e cocorti ‘or one o
exXpossg b sletats tempstasiten dhel elnamatthald@mﬁc)m flov frmctions wﬂ Inemggermg

nds..t @
the xphieborof e TR S6end M3 RRTR L hlhe APET U Rofigiprotein
(GR) whighpiprikepredenseentia se@REEhormoani.et ghsod@rtmdldng oae bf mayaheuc
d
cauivahs DA TR R 8onc) KNS SSRGS T P ok T Pl e
binds tpra@h@t pucldotide seqndzrlce) (A6i bpYy ndnineed tbe(gin&ﬁsntlodsld ®efspd$1he element (GRE),
duci b

th
N N NS T
as an egemcmnnamtaﬁ;a mduclare@mmOlt c:bntrblﬁﬁ@thfa aﬁprkséibh OINhE finttddBced gene.
enbo nts ac-1.ike
Othr il by PSP B it E D ORRER ey o  gene produc

are kn@mtﬂthnefﬁmﬁarlvﬁlﬂah@mrmter In certain enbodi nents,

the germ| ific ter is a male- specific
&P&Fﬂgﬂ“é?m?"@“ﬁe ts, %]ﬁ t(apfq?fasg lxs(ﬁafﬁ{eéged under the control of a
germlifkegetifib pbnivest eId’k)ertalhI%nibbJﬂﬁ{ents RO BN peifib PRnBe: iH d rﬂﬁe-

ter js a femal e-specific pronbter (e

i f
specifi; Ppster B 30t L B omupropeley. on BooHeddeB. LBttt or

bodiitiés, & garniliHeispRifE o SEF3 ) fih a
oo 1990, Prggc I\Iasit%él Zéﬁgad Sci . éP&E}Je@&ic&;#dn{err%g hEP3
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U S. A 87(18):7215-9). For using |livestock aninmals as
bi oreactors, protein can be produced in quantity in
woredok/1224u2 i ne, bl ood or eggs. Pronoters are KnPUTRICNRE@E/000674
pronote expression in mlk, urine, blood or eggs and
these include, but are not Iimted to, casein
pronoter, the nouse urinary protein pronoter, J3-
gl obi n pronoter and the oval bum n pronoter
respectively. 5.12. piwpBac-I|ike Transposon
LSy Tr.ans 0 in
PO B (g P Prok e o h
US.A@r(18):285that it will integrate into genes, thereby
: : . : _ ¢
o SEUHANEL BRI H SR BR R P RIRAASIEn b/ mil
urine,thlendsy eggsb [Peonadtersrana tknowni thht firpraete expredsion s malkt lmnp,eldmdeqr eggs

and tl{gpegiﬁeﬁﬁgé“oﬁtdaré‘h&ﬂn%edt ”éa%%& Pano‘Eér e Moﬂ&%%ﬁ&"j

globith pmchoteo amd 1rhh avadimnran pimoter pdsmveylpe Due to their
|nherent ablllty to nove fron1one chronobsomal | ocation
Bac-li : g ] emeeBiscavensposabl e
e f
i L 53, SR U Sl o
it willlig@gratganto gvhasy therelyl macmsatlrgsmmmsetm@laémdtagmﬁk In i@PBocess,

- ' 4]

the 1nycq§atghﬂﬁgl{eg Q%e%q@g@ E}F %’% ﬁ‘gﬁé?{%l’e e%%ﬁ%gl%l ﬁex&% dg é{ggietro recover
the m9#4@d-20406ins@6o1 efin tenspmbable d&Bt Gepdbrupethe fiiction of a gene which
can 1e1§§08ei %%O((): .§Pcr®gl i,hg et al. 1995 Proc. Natl. Acad.

S iy 65, TSR 0830), C el egans (Pl asterk, 1995.

MEluk to tBeir inhereBi abiility toAnmd:eﬂmmﬂ%ro@mosd)md loqapion ﬁgm&ﬁér within

nd a varie es Bac-.l | keor.n

and o sl oDl meS BRGNS ol R g Ry Aot
certaifl bEJAREMS doRidhg\bactbrerGohzasesale d 926V etsEfiaibbiolv48; £83-39 T, Gee and

i, RS0 35K 5 PADSHESlt AR, 80, o . o

Acad V. 1TESN 86,9302-9406; Belih cPal) Q98T Gétes Dew3, lfgstlmbﬂﬂradlmg etal.,

1995 BT ks 0 R LTRSS R Tl AR v il

Biol.,| At4@dhic Presa k. 14% &bLg0) afl a&ﬁne@fof bﬁh@ﬁ&méﬁ@biggygdéﬂlkeorne and
ecles In oson te nol ogy 1S

Bakery Epfreﬁ?lpycﬂb?wb\?a‘rwdﬁ §19%% ) SRS sthayyreiTp hrgesged as useful
Vectoﬁs%p@dnglb@oﬂ-fhg?ﬁg (élﬁhénﬁél’ﬂﬁﬁ 8O RS PdnSedNBdN. | HigRAer he nki§ddity, if

into enes hereby i nac ivating them by i nserti onal

not alhﬁ?‘é‘ij’éﬁ%%‘?@‘ suphReVaHA REH o8 eirdraRligs ahility tof4pcioin
diver®l organishis t%@?%gﬂémlﬂg ol osoh @ys‘%&ﬁs &ﬁl%ﬁ%tloﬁ B8 useful as an

i nact i vat genes are " the transposabl e
efficient apsion fOWP@ﬁS in dichd A Erenapgi@a tq%m?l@@/olv evrrentE npf v ailable.
#@h@osom % g ecl‘i:f‘ e nmvgﬁﬁ BhndpBbRY hre %bﬂ[z@{fodﬁép Ghko
I clent or ntroduci ng api ggyBac
genesy ﬁlawbp u@mrvatm@themrlwmwmemg angagenasis. Ehesempthodaaeg disqupsed by
Evan§ ngl ' 'f’Id R9rs %90 ‘3% qn"i’l?el p%:c%gé 91% nllaratlf] ﬁég ard qgéged" ba/ the
expressi on associate
transmsahiue @lelpemmhmhltlmn cph brared p:ereccempuhe smtadﬁd a(blfclea Ahertfoes; the
4 4 nhenot '

s I BB TR T RIS POORS S
into thd'l@nams ofa edll. (Whemé tha tag is 1nserted into a location in the cell that disrupts

—_——r—

r&ﬁin p(r:oa{rrl]oter, B-

expression of a protein that is associated with a particular phenotype, expression of an altered
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particul ar phenotype with a particular gene that has
been di srupted by transposon. Here the piggyBac-Ilike
wao e@espmsnn functions as a tag. Priners desi gnedI/€neo05/000674
inverse PCR or to sequence the genom c DNA fl anking
the nucleic acid fragnment of this invention can be
used to obtain sequence infornmation about the
di srupted gene. There are several ways of isolating
the tagged gene. In all cases genomic DNAis isolated

pheno&{gg f@elbl Il Sntal tﬂ@ﬁzﬁ Bamf(ﬁtradsﬁgs‘dﬁﬁer%ts m&easwéfaﬁ&%’f a

conventio techni g h vary fo
particalpif lfh@ncﬁme wmlsasppwwaemthmasbeen m@p@my itrgnPpEOay éhre’dbe

nggy?cﬁc—l ttfah OS * nﬁ({lggp%s %Sﬁ%mé-b@éslggﬁcy fof InvERY P@Rtor fbl'geqﬁeﬂce

ran tent not it does -cl eave
the geadmi m\ﬂankm the )wclﬁh acid fragrhant pfthis inMgnigon ogn be psed fiepbtain

elth d into plasnm ds or phage
sequegssd’s mglof'gir’(gu?gh Plté)aﬁ%lgon usi ng probes to the

t ﬂ“he‘rs m@ssmrz[DNAys( sfsmldﬁngﬂlmtta@ed genk9 Bbalf eases gehemisABNA isi n

PR SRS e FOETER P B Pk SR e

(whicR Rty @br diffsryntwisyies an‘Htm@dl&)PrEE D¥A aseudlemvai loyf a tegtsivtidn eadohuclease

HENCEEN TN e
site). Dev@suldlg fedgmefth Q%meti\uﬂieelbd:dlr%w}ddorﬁdsnto PB6RIds ibﬁﬂhfth)'ectors

o o P b Bt AN oL L 3 0RR290

Mobﬂ%ldeﬁ&iiﬂil@xherﬁé IRL P&Q@ D. Gesigsatt dagy.. Alt&ﬂati%l@fl&xB Dw) can be PCR

egar dl ess of neth for cloni he | cl one
amphﬁ NREK OEBAEWRE] [ he The We‘g%% a%‘f@g%ofﬁﬁé@k i Pﬂ%s 1§Q3
Blote&fnﬂ{i‘ép 9s@hs{A8) d&h lhe ﬁidd n :F B¢ LR CRApoc&dure 2@ b @enfdrinkd &dmodified
hei r non- i denti 0

th t I
by D rhcid b5 icle AGHHReh AN i (B PRI

the trefh‘éﬁds@l'l BroB& i Ah ARbARASEShEDE 1rﬁlb1tsg|-@CRf(@§DlAQ9ﬁ/de\M ki 1994) Genes
reV|ousI¥ characteri zed gene gartlal hormlol%ed

Dev.,t18:344 5218 d%@g@rékfawfé@th?étfwfcquﬁ%& thg dptigied lefids then seque
The sgcﬁugﬁtfsk B3t fiddk tﬁ%s&ﬁ%ﬁ g)r biner i9sed DRS ) RN bdvasmIfRAY V\%ﬁfélr non-

nown proteln econes a new sequence to
identigt uqélnesmmqnakréermﬁrﬁénp seuenceheandg cerbinehing;teanisgd fojsegseh the

nucle¥cr5§1dQﬁ{5B %s Rie {% e hBES 104 ﬁlﬂ)th%?ﬁ sBfchhrhdteriZl @erells), or partial

usi ng enotype i'ts recovery.
homongu 49a gemgg)y Efaluencp keotif tharenperiss ﬁ@nquémct@é larspme pasgs the gene has no

homo'f%& W95 %%wﬁﬁh‘t&l? rI‘E"{) gsrhoﬁ@ssequeﬂlzé QW HIh (gff@s will be compared.

era 1on O unctlon nut ants an screenlng
The ehbreledrpltomm wilf l@rthpmtmpﬁueheromvesugatler efgts rof¥ypéavsing the

QQX ransposons are used whi ch contain
R dc-t reco%e
pheno eetoart ore el'éments that allow detection of animals

c dhtg ipiEgnBuctlile ttanspospo sanbe duipddyed fa mutagaminekvertchgaie genomes,
o 3 B S Y b g5 A B
interdst) &ty ploallys @ife yAgd)Bhié-tikd tmna;mlomase dsyd ssbizh echtph (en@mymre elements

e in transgenic. a ls. -42 06/ 1
that a@eﬁ% §f 5@5’@% Lfontﬂnamgﬁlgatraﬁfpé)s% i 1%%])5’( 8%3? éngazlg genes are used
that a‘ﬂreét@lsv@m@ t’irallt %u¢H’ﬁ$FitQ)d e)iba:ﬁlob ewalem Jahy eehelayn bié m& td amparker
e ran OSOH

t
that cawg%? feélablm casily seorer @‘fqoml?w alzﬁ%d% whgah %{B%IF e
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of cleaving the piggyBac-|ike transposon sequence,
identifying the inverted repeat sequences of the
WO e@espasnN; sequenci ng the nucleic acid cl 0sePEDCNE®5/000674
i nverted repeat sequences to obtain DNA sequence from
an open reading frame; and conparing the DNA sequence
W th sequence information in a conputer database. In
one enbodi ment, the restriction endonucl ease
recogni zes a 4-base recognition sequence. |In another

e&%@&' 1% ’1ch c?‘t}%g%%}ng ﬁ%é ¥hs5ds6Pis 1ﬁ’s@1tt&fatfan ®Q TaRhiS&Fby digesting

ni ng t ragnents or PCR anplifying 'the
the DN gﬁthe edl! rhtoa@ndr@s trafisposon s 1emi9djwrfb Asstrictipe enslopeclgage capable

of cleatvmg I f : e%ap-}/lk @an%o%? F&ﬁﬁencgna&nf%&ethg 5&9&&%@% at &ﬁuences of

n sy s vent i-on” can al so
the traﬁspbscgleanuendlrgcﬂmmgmc acidl obose teethe mybresd reprat ftm‘g@y@é@ DbtrﬂkleDNA

nbi natio {h..th
e s
infornfatiamEadapetet datdbate: dal un‘eednbodtmrna tlme’bt*otrlctfbh@ndonuclease recognizes

a4-ba?einlgg Bl%?)ﬂ la%qll(lfen?ft&r M l?qrgglfl enréﬁl? é‘lges&r@&%@ﬁlﬁh&%&gppses

cloning ek digdé’té& b giféritosr PORIamplifyieate digestedfragrants. dn bag embodiment,

ref, a 6-b recognltlon sequence. Fol |l ow ng

the gefigyis & 3 ‘°r [ YSRE DNA i s isolated and di gested

Wk, tthbﬁzg‘gﬁicfliké &ﬂaﬁﬁi)o@iﬂd@ﬂéiﬁd €falcinvenibie l:zm aso be used for gene

i restriction E onucl |s u ed tha% %& %¥§ lg base e

discoyeie Jg Mg PBRP et aRERacriiie R eTOmRIRATIE T pERReG Ik EIpD
proteift 6PmRRid Jcﬂ&ﬂi@éﬂlﬁg tﬁa p a’ég&e trAiepSQsd Ts agrododed nﬂzaﬁ CHE The

ei t her cl oned ers can be added, to tqg b
piggyBacclilgitgaspogas me 5@%&9@13{1%93 AR B’é?ra‘é‘atdl%ﬁ’b‘ieéﬁé‘?'f‘f f §ro i, Sich as

GFP apf 4¥&Hc8ion EIQfomE’cQ%s@lrebé(‘jgh[tﬁm sith) ?fe@erhblil K @'baserteogaliide ekquence.
PCR reactions are used to_ a

nts usin
Followsing rseesationghs eHDNArkisplated %gfiSFy?é gﬁﬁ?tﬂaﬂwng%‘dem

Wherdh fe@ﬁ“ %tl(fneé?x@éﬁu%legge il &4 &H’&V@rﬁﬁl@ﬂ‘ 4 £PABtRokdHtidrRquanbs; kiRl cell
aci d fragnent he anmplified fragnents are then

DNA mu@m@eut&éé bp i SIRILS PP BYSRASA: gT][“ﬁ% fragimenisqan bg gither gloped or
hnkerg §a§1doe fﬁd%ecé bR nGOSR cﬁées@@tfﬁgﬁ\@tﬁﬁoﬁﬂ&ﬂd@e%n@éﬁ%&ky sequence

henot ypi ¢ Revérsi on For Mitation Verification
for PCRaprimére,gWBars lini:ﬁ‘xre aneragdrslpBSR resctégns esyuser forempHEy fagmepigaising
prlmeps fr&nhﬁlelllgl\(&?%]ﬂd?? nfeﬁ‘scﬁlﬁcﬁné){c))q 41 ﬁ%lcyre tl{er iR FpbdtOM the

eavil ng of the transgoson
nuclels eaqlldé’mgmemtp dhe amplifsid dragmentharg tlfegggqylp@ceéfand the DNA flanking the

direct 6?1%?% lfj’sal%e# {o sgar%llglgcl%’?’p?l‘?e‘? g%a%g’stsﬁgﬁ £3%nBent aken advant age

contrrm enot ype observed in a

”gfizfi%&m@iéﬁm%@ ﬁw;g&rigawn Resifibdtfon " om g htehe

g&hepiggy Bicde traspesomhemployedde the methods pEthe inwertipngxgigsprecisely
upon %g&?ostlt%%rzﬁ BXo %{hoﬁﬁe{v 4 Hﬁd %hf'lélﬁhé ﬁﬁgp&%n géqruéﬁce upon excision.

non- ctors e use of
This fpatgqyﬁshc ﬂlggb?@ad-hlm’t&pmw ytemenn b@tabewaélwamm@ﬁ to eopfirm that a

phen(%?&% \r(?% ed 1n §n—¥9n%1r\p We%%%ﬁ@%!u%gﬁﬁeo 9&@&&1' ofa nggyBac-

aratr'ed gene trans present
like tiahgpabonstotiler genbrasce been found to be nore effici ent at
i ntroduci ng and expressing genes in cells. There are
542veGale Tleamnyns why non-vir al

Gene transfer vectors for gene therapy can be broadly classified as viral vectors or non-

viral vectors. The use of the piggyBac-like transposon system is a refinement of non-viral
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gene transfer is superior to virus-nedi ated gene
transfer for the devel opnent of new gene therapies.
wo-eneaxampl e, adapting viruses as agents for gRCIECN2005/000674

therapy restricts genetic design to the constraints

of that virus genone in terns of size, structure and

regul ati on of expression. Non- viral vectors are

generated largely fromsynthetic starting materials

and are therefore nore easily manufactured than viral

= r . .
DA e B B0 1 B PR E AL S SRRtk 160 Hoch Pt o be more
efficieng af infredueing pethepeessindanes iNoally | Thate avessyomreasons Wiy @on-viral
e f.or et sui t ed

s R el B B AL SE S aBf ont bl el e
therapigse For ¢xampley adapidngsvirugksras egentsrfongent thatapy eeserictsr ganatfcalesign to

3 . ' . pr te integrati of .
e N80 A1y 1L PG OB OTELE SHERM % .
viral yshtorsrans gameied Aggely fremuslthetitstdotirg rysteréals dndansth@efore more easily

i ' on-viral systens,have, been very .
mans WEGRHSHIEL 31 HELRY NG Rl SR BB bRl i
agentd regldng repeat ndministratiinl pessibriel Wors Sivd Sectdr @reic@s Shble Siib RN

i non-vjral ge t ransf er, stemthat facilitates .
veators AndRietire e gt o abiipastivad ket #ksguliation tyen are vira
vectorst abl e gene transfer. In the gene transfer system of

tﬁis invenIHon thegpi %YBac-like { ransposase can be

| PP g TRECES PTS 8re QoL RRBPh iOdirongate iiggration of
nucleiaatid irtd @ ONW of NIPIOIiIn hodt BhrdMBsRNEI 08 MREIL, sthbIE gene
; fnﬁclelc.ac:l.d encog#n% thg protein is RNA and in
TAnSIESAREICIS PHRS PRICYIEY BYSIGrTS dayesheppery Fayy: OH&p at beshi fisspeculture

cells aad inflicle RSO phighaly RIPMIOKRRS - ThdedehPHSLAIAS ForcRhl Béhe transfer
into a_cell through a “viral vector,

incqgﬁfrated { ]

systeny. that Tagiffates intpegatiog and, magkedly inpraxgsdhq fregvency of pable gene transfer.
NRGHAFNS MBndfaGl Heth BEMR! iffhfiGPRE Iggf{:mz - '

: bonba?%nen? usgd for eJkan;oticﬁce lg}&%gﬁﬁ%ﬁﬁﬁéﬁmbe
introdpqye gy Eetcplh As BProfsiqr@s Bucks erid enseding thg pratein. In one embodiment

the nuble@ WY Basicddideahd rofRFRO RV arkilE aiRINRAGleiKRid is DNA. Further
transposase can be introducted into the sanme cell. ’

nucleigpgid preopipg therpigayGery Beriankiesase cembspioerapwatedintdxecell through a
viral vedtbr Qﬁk')ﬁfcqipﬁdj bPoth}Stafi@lrd ir fe%tié RE@nishl ﬁgﬁ?nﬂg e%?tro}?ra‘?ion

circularized fragnment, preferably as a plas
or partiche brphardmant ysed 4or emiatyoticReld. dioHbwing tiiedneiivhef ouddé atid

encoding G2 ﬁ%lﬂpé t'ra%?ﬁbs% élhe?zgsggligc—ﬁ]?er t‘i‘eing;ﬂalsg fe Nk ?egiﬁ%{)]chléted into the

readin rame to n-am no- ac con
same qsHoduct. In a preferred enbodi nent the piggyBac-|ike

t&:ar ; i€ n insert that encodes | east
SISO AU bR 88
fragmeng poastagnircularizeld dragment} prefepablytagiaplasmidooras ficembingit vieall DICA.

pote S TS5BS ERE o
produce@adining-doidevatattingmdiwey Ihagrderred srtbedinedt thepRgpMe-like
e I S
a repoRiZTd Bh2PEBiIC QRBET ér a Pro@inuTvalue i Bé edtock iddd&ry, and includes at
least ogc%, %@%g%g Qe:l%zlée%éé {ri?%ﬁ Q@?%%gn 8{ fﬁ% If:vl}ge_nl rga:él?n%tflra%]e 061! rcg‘ding region

inserted into the piggyBac-like transposon. A more extensive description of the suitable coding
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For general reviews of the nmethods of gene therapy,

see Goldspiel et al., 1993, dinical Pharmacy
wa2004884505;, Wi and Wi, 1991, Bi ot herapy 3: 87-BGI/CN2005/000674

Tol stoshev, 1993, Ann. Rev. Pharmacol. Toxicol.

32:573-596; Muilligan, 1993, Science 260: 926-932; and

Morgan and Anderson, 1993, Ann. Rev. Bi ochem

62:191-217; May, 1993, TIBTECH 11(5): 155-215).

Met hods commonly known in the art of reconbi nant DNA

reglorIs %Sﬁﬁg&gﬂ& V%)égg)%gé gige ensé"oéed ogltl‘gz i \ge% lcgnr ?rg %ﬁ%idég %ercp ion 5.14,

infra. Bi ol ogy, John VVIey & Sons, NEM/Ybrk ; and Kriegler,

e P RS AT e,

Pharmaajn 12;)438&5515 W aahd Wiy, d 098 BiutiigapBacs 1-93 & ol’std)@lhﬁl 993 CAch. ReY.

P OS] SRR, Rl S5 SRR Sk

Andeﬁcﬁrﬁﬂ]%&ﬁm RetvdBiocheny 62 401-2 B Mug (| 1988 CEIBIRCRHI 11§):155-215).

e S 0 B3 g R B B5L et e

describéd i usubieNerei(edz. ) CHSS, CRnPRbIOESIS in Mole@lnare&blbgy AROWRSY &
or nucleic acid-carrying vector,

Sons, ﬁ’FWtng'f fnite aq%}??ﬁe;%?%rﬁees%nsfewﬁ|F§prgﬁ%om Arlsoratory Manual,

Stockfoh 2RSS, (NeWE%rlM ARy bR nRiBaY BaGelusk® deliedr %'p?gg?ﬁ&cdllke%uclelc acid
vltro t hen transplanted into the patient.” These t

of the yyptiRches are known, respectively, as in vivo or ex

VDMQ/egﬁcﬁQhé ﬁ@éy%y-hké RuckiSREE kL1, § nBTBe ALiTeRMhpridittS zg Bac-

ucleic acid directly adm Ristered in vivo,

like tr?ftqusgn a@é@r@é@@éﬁ@tswwmwuthm@é@é@e {senspRsase; opmn@ly
operafift ﬂnl@@ 168 ?I‘Bﬂﬁltér SLHt%Ql ﬂﬂﬁerﬁ‘méy B¢ oiHAPBEQY $n whER DR ?h gﬂﬁéﬂ@ is

in the ar g., constructing it as part
directly sipasp fodhenuelee @ndcorzwplelw agishshresng mtwsunmreanml which case,

I

cells a?@f?sﬂa%%/ﬁfdrlﬁ?igvg;ﬂ% tg%? ﬁg}b?r-lik@: g«ﬁ?l@ h&g {/ﬂexg%c? qget%tt}eaﬂ%}ﬁ'{n’teél into the
patient. gkhegp/iivoappropches #re knar, aﬂqup@mlnras (751960 &y.eBvivPgene thkrapy

4

A8k BB 1 LIRS ALE B
expresgiddp ipgadues; the Enpodert produst. This@sr bﬁgammlﬂlshecﬁb}ckmy@f numerous

- c ransf ctln

eSS SR B LA S5 AR BFED R i
expression vextaEad bd!Bl,nlsmrmg)yt sadm i be‘domes mgaa:eﬂlular; elg., bl digfectiod using a

defectgfg %}; %t,%g%laetefdl r%goYl{ﬁ or o%) rlw%l drgce[? o (e seg (It! E;%a[ji gﬁ% 33)%8,@?&% ¥ by direct

injectiore ciopkeat I-)Nkedn ated oPmitenpyittiokibdmbadment. V&g ., ﬁ‘ééheagmg Biblistic,
2:4429- 4432 1ich can be .

Duporfo 8 poplig %F*@Lwd%%ﬁ 023115&}%@% eSS Pf s feyhr%ﬁ@tg SeRpsiipion in

liposomes; efidropasticlespbomictodales, REby sunkfidiefRN: in lﬁhkaM'a@ieﬁtlde which

acid-1ligand conpl ex can be.forned i n which the nd
is ko Sricr i ol By el isrip ¢ in ekges f9a tgamﬁwﬁebtp recdpior-

mediated éﬁ&b@ﬁﬁﬁs (s8¢ £.8\WinGhnt Ve, N9EA, RiBiol2Chén.1282A¥29-4432) (which can be
et anot her enbodi nent, the

oso degr
used t%%&aets? t&vﬁs apeeﬁf?aﬁée%péﬁsa%s 8 T4CRPtQrS), Gtof pranetaen endygdiaont, a
nuclei¢ ik gandREmprR cADABRR/ kL AARE 1REBA AN IR L0008 skenic viral

ession, by targeting a specific receptor (see,
Peptld%togc[lsrumirdqsaw% ebewiag ngvlgzﬂ@@ tegryoiddy sogomg ﬂegracia@on In yet

anothet 88 BodiM¥ht Sthe ﬁlllolaw a2 2283 19@(\%@01[&11 spécitic uptRe€ and
(Wlson et al.); W92/2031%6 dat ed
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Nov. 26, 1992 (Findeis et al.); W93/14188 dated Jul .

22, 1993 (Carke et al.), WD 93/20221 dated Cct. 14,
wa2®a/1tMaung)). Alternatively, the nuclei c aci BCaAN2(98/000674

i ntroduced intracellularly and incorporated within

host cell DNA for expression, by honol ogous

reconbination (Koller and Smthies, 1989, Proc. Natl.

Acad. Sci. USA 86:8932-8935; Zijlstra et al., 1989,

Nat ure 342:435-438). In a specific enbodinent, a

oot B850 5 b SOLALRE S ARBRGH! YT

16, 19955@ étsﬂeb: WOI9RA263t dagdd. Dec 1259 3992!\(mlhon End y,5092/20316 dated

Nov. 27 o bt SFQ Y LR e L ol B CerBrEe ERD oypean

dated O&CEI5 $203)(Yooig)p Attsagiively, @fe rubleic\atid@hn Beinoo@icadibiracellularly
ian_int I|ke

I nte t
and infepef S Evisi g0 6B aloresomey Prigr By oRbimliet ey
and Snhitiesy BX8O OProc. MatICAcddasdi) U$A186:8932008035 VEINtradr of, MO8 eNRure
A g a patient. Mre detail about retroviral vectors
342:433511%be found in Boesen et al. , 1994, Bi ot herapy

G 29pecHibmuctient, El%@lﬁ@&@ﬁﬁxaﬂ dohtd f@tngggB&Anmceuﬁﬁlleacld is
retroviral vectors in gene heraE ar e:

used. Her exanpple.p retyovief yggtor pap Rectsed @ee Miler e/ 119% M%heﬁnzarml
217: 5819@9) Ble@O@iro il Mﬁ)?s HeAd BeenPROdIMRNASo B86te @iﬂ)@bﬁrsgqueﬂ&? ¢hat are

Human Gene Therapy 4:129-141; and G ossman and

not nesRpIASHRT ParkaEing i erwrabsfmme.an& wisetice St hest eAMANA. The
nggyB%cJ‘chQ adelde acédjf%rb@\ﬁbédl{ﬁ %@ne@ﬁ&a@tlg‘ Elbnddl ihiBlthe ARELL whid Wilitates

can be used In gene t eraf denoviruses are

delivery b gheiggng iptogt natignis Mpee Jeid] abpulgetrirabeciopsesan he foyas sBeegen
etal, f@ﬁ,pﬂif(oﬁlteﬁpi6 991 §§?e§| d)t‘ﬁer 1@@%9&'1(]&&& Er{ﬁé ﬁ’sre%Lf {‘e%{fovi!ran fv@&&rs in

respirato epithella where they
gene thgrdpsare; Glayess of o 9%clb B Inest 9354465 Heﬂlcmemi 49% Binod

83: 146%”?7& I%%%SEHC?GF%EJ& d99§eﬁ¥IRH§Gé%sﬂ’lglq})¥ % g (ﬁjlv én{u?brossn]gan

eénovi ruses have
and WHssinntP98 aparb |Qpinpfin Gerfetict anddlemweln3:di6+1 Bi. ng cel | s.
Sty S 0 SHLILB Ay
especi@ltyettoactivarsehiols dot dgbmmg lgeea yrespdatoty atithelia. Addr@S#nses naturally
infect re 0p1ra? QY ?Iﬂl@el\llaevg{; e }Sﬁe}/ 8auts alﬁlglg qt})seﬁg éerq%rg%}ﬁ gor agenowrus-based
dellvenyes.ﬂems%tre) hyer,etbe tdnerbl rerobs syiseal sndotheliayslls, Gidauscle.
uses | ne t

f |
Adenci B INE Bstivi eadl B eat ohtetEges B AGRE ghRck SRy and
WllsonZ 552934 Eilrrélrﬁﬁplrﬁlﬁlsmlﬁeﬁbtﬁ:bs ahd BbvelopilﬂﬂtZi 49%e303 pr8edthIevidb of

trangeli et a
adeno§13s-oesd 58 g BOUSL i AR dlopieh Gt Biamoime T biegoriatse the
use of PAeAPARR Gbeét@ﬂs th@zﬁlsfeﬂ F@ﬁm théy@EaRYory Mﬁihsllih ﬁtrhesa&. monlae98 Bither
) 0 Soc. Bi o . 204:289-3 -
msfan%efgf}li 95504 9dep 2 PO TERID ST B SR .m %?ﬁﬁ?%%ﬁ‘cﬁ‘i kg 991,
SCIencg e5R43 NEI4aRYsch WD VE S19bD, aTsHT 68 14B N8 5;nd MISNBBEH kA 411993, J.
ucleic acid to cells in tissue culture by such

ChnIﬁ%@%%H% 3584l ect r opor at i on, | i pof ection, calcium

PARSBAZLSate oA ) Ha @S] Beh bRPosed forisé Al h@fh‘é‘ﬁf)ﬂ/ ?Valsh et

USuaIIg the nethod of transfer includes t e trans
al., 1933, Proc. Soc. Exp. Biol. Med. 204:289-300.
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a selectable marker to the cells. The cells are then

pl aced under selection to isolate those cells that
whawe/122ken up and are expressing the transferpPedCyzne000674

Those cells are then delivered to a patient. In this

enbodi nent, the piggyBac-like nucleic acid is

introduced into a cell prior to admnistration in

vivo of the resulting reconbinant cell. Such

|ntroduct|on can be carried out by any nethod known

he art u but . not
ot et Ko ey BNREEpanshe b A P RS BRl0 @l co

cells 1thlsI§1&| culttirelbgctich hehdia gedv@mpmatmo hipefeetiongeatdiwem phesblate
ence

med1atp<? ‘gﬁgf }elc()'llu Iy \élFag ég?c]%o?mgfug l% &l’legnelcr:r;llé ({T&‘;ns eﬁﬁah@els% tEHnE¥er of
a selecEblRanRRdras thelcelss. Th cedls are tH\du mmaemetmhwe gsodatethResoals

NN O O

patienfENZynol . 217:599-618; Cohen et al. 1993 Met h.
Enzynol 217: 6 644 i ne, .198
o tgosmbodiei ‘hepsetie Tl Pvf’le%%ils iptg B pror to

admmlgfr@cﬁ)%% vivh \ﬂl?ﬂﬂ& l'é@liltméjfe@é&hlﬁlﬁzdlt tdntSutin thrﬂéaﬂﬁss aanjoe carr1ed out by

evel opnent al and si ol 0gj ca u i on
any methed lgiogtin éﬁlartsmalfl@nﬁ lél“ ngf ’éfglﬁ%‘t% & ans%*?g‘"l éﬁeﬁl’ﬁ"&’ﬂ%“’“
m1cro1ﬁ_l'é@t't’(ln 1n@é’c@l¥1'1 48h h9fral dr BRtHopRge vEdt@Hb‘éﬁt@fmrtgf thé Melakuidei c
acid to the cell, so that the nucleic a

Seque@%p eelb Bisionechrymasprae-gspliated SRR ENEF FUEPSP sdiesbgese pngter
spherdplil n%ﬁﬁ Rie I\m{ne'r&ﬁ tdeBhifud’ GRAGBYWN 1nTt|ll@ ait €5ruhd infi@uction of foreign
eco

Inant cells can be delivered to_ a patje i%&kﬂ)% ..
genes indo $adla §sepregh baeffiRirndmehs, A9%3pMegy Enzymeol. 6218158? 8 enera
1993, R/fgg}: b%ﬁngll 21@%’1% %@1 | @ne CIOBS, SPh§1rn%1c' THe® 00659926 atll may be used in

ousl anot her’ enbodi nment, reconbi nant
accorctahwwxﬂelhb sremy 1rtyent@ppprpwededethatahwmsm developmental

phys1c§<t)%ca bctions® %@éc%% %lls%l:bcllo@ Gist te(l eFlQ techll ratrestie] Iﬁ&h&‘e for

prog enitor cel are pr ferab y m ni st ered
the stablettraavfenoﬁihé wclerwldmmlmuelldD tl@é thesw@lﬁma@dmreﬁ%b b ghe cell

th ff t t stat t
s SRR AR TR BT BLS S
I m‘hwrevﬁltlmeapnlgg@nBenﬂs Icmkl@ delivdred to a@@tl@t by Markpais methods known
in the &gs H,) ag%% d g?rFﬂ&(gclJ rggrg eﬁpschet(llal &40 gre & Qc%daP % 3 SicRidRdasty Y

e but are’ not
anothérl efibb@itheh) r@mnbiﬂeﬂtlsblh cellsehdyshe appldﬂdtah elskin lgrafiednkosthe patient.

e VBBt WS SR DR 28 o
admu{ma'@di lﬁh@ﬁenoﬁ@ﬁ IThp Br&glﬁﬁ of cetlbimvdgidriet] Sor ue@éﬂpﬁmbmnlthp desired

eff‘3‘>tpl? B ar% lzgl?‘l%a raH ‘%iﬁl{?de[llloéll: alﬂgﬁgg'tnépeol Bt i c stem or

pCepemtd Whick @blggy de-1lte nudksic A aanrtfedntfddomdkfowmlrpmesrqf\gpne
umbi lical cord

R A M

cells, lgﬁ&ttl%'hglsceﬁg‘ &edBRb R, mbm%hdckﬁelﬁf ﬁét&lﬂﬁ?@ﬂ&)lo%ﬂ cells such as T

di scussed herein, t he Bac li ke t ?ns 0SoO ?
lymphaeyishth b{ﬁiph?%fteas@?rlfﬂcytﬁ% F“acrﬁB‘P%g% P?‘Wé’pg‘ ?ilfgl“é’f’@ 5

megal?él’%c?/ge‘ébﬁ'&du‘l’&yle?‘%n@ls%teh%r%g@ﬁtdﬂéeﬂshBn patuRE Eemdmpdﬁeuc stem
u

or progenitor cells e.g., as obtained from bone marrow, umbilical cord blood, peripheral blood,

fetal liver, etc.
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Additionally, in certain applications such as enhancer
trappi ng, the transposons nmay usefully harbor markers
w@eomed224kn yet ot her aspects, the piggyBac-| i KBCT/CN2005/000674
transposons can harbor a nucleotide sequence that
nodifies a trait in the genone of the target cell or
organism a selectable marker, etc. Exanples of such
nucl ei ¢ aci ds harbored by the piggyBac-1ike transpsons
of the invention are provided bel ow. Specific
t hepapeutic genes for,Use | eat ment or
S8 ebidieng e 2 59 gk s Sfice Thahelfosts di sease conditions
i Acdiscigsed bereis, the pigei Bag-lika trafispbionnpithe vertiga e usefubfor or
. LX  (3-gl gbin,. | ' ' .
detveri e s? fudsie S mAERSLIrBR B R BRR publoct
Additisyiily g oenaii applissiong$ush ecenhatveoisipgingethe &9rsppsons mpy vssfudly
transmenbrane regul ator,.. a-antj {r. '
harborgF AR PSRy Aty p Dy B ke Ridtposcfiitah farbora
nuclectifi®tdaadnas that |bdifiyd atrainintie deyanoofthaseget ceblrog nrgavignchai n

- ket paci d dehydr ogenase,. fumaryl.ace .
e fpishaces AU SR e LIRSS 70 Bt e s
of the {n¥etlod Gty Rovidaislova- L- i dur oni dase, gal act ose
1- phgsphate  uridyltrans er as

] e, insulin, hupan,.
ORGSRy B PLIP AL B FOREEN T PRy Bion Of ROICHORAL Based
diseas® EhMtdnH RERBE GenePéritb@ihg the deliowigtprgduest, HadtadKop-globin, low-
.clotting factor VIE#, I hronbp oiqti . hntgrlggyin- 1,
density progsin FPERL9Y - aslengsifedepraippieRUfIRRUC %"GE‘SP PATY #%nut ase,
sphingoftly@lifse ghichdkedidsitfibe, Bysavibrokia Gindinembrat rigutayy wutirypsin,
act or, granul ocyte col ony stiqﬁlati

. f actor
CD18Lora§ngq t&@lpqgélgagl’qugﬁ,iaé%gcg}lccn@m Ftﬁﬁs{)}%ﬂyla anine hydroxylase,

brancleAlRO% YRERS L A8 drspiefds8 Tomarg Rt &bdceBie hy diOlis€) @ ose 6-
roduct, glucagon, 1nterferon, Lranst%n1n gro*ﬁh
phosphateseor-L-fugasidasey B-gligriopidaser arhafppidasg, gelictosg [-posphate

uridylig%"f:sggﬁ%/sg,' ihdufiR }QﬁrﬁWngfv;tﬂ fbHond, erytopdietin0 EsitiRg FRES O 8G¢ne

stinmulating factor, brain-derived neurit,

e, . .
growth herone, platelef| derivadogspvith faciqrsderting fasor HbJwRmagRqiesay iperieukin-
1, integlg%fll-? ?iﬁ{%rlelﬁ(tiﬁ-? R0 gﬁﬂ}f’&%e RIRRRS | RBIGE EBFBRSErowth factor,

onin, arginase, phenylal anine anmoni a 1yase,
neurite gamtiafaction igeanfillocyin polp@pgmlatmg W@r,@-a@p@gmas‘@egrwase,

l.actase ' i NSi CL.OL: ki Adnterferon,
b G B0 Bkl 0L SSARRS eyt
transfoinen@grewth factge nidisryteatite traysfoymingepeton insylinglike grawth factor-1,
ubj ect t ha i : .t Qo 1 .
B
tissuegptpmrmgéroactipato umkingse) streptokinasehadenommerdsgmidass, eajcitoin,

. tunor | l.s, tunor, SUppr of S...I.oxin.qge
argmtg&ir}glp&'ieﬁgg?]eeag?m%T, {ylasp '5?‘%%‘?"Q‘Ste%g@ﬁﬁegﬁg’éb@é‘%’e ég%%‘dse, lactase,
intrin€i® fdc&)e,mﬂeleﬁewkmm asd insulmhotrdphid liokeone)anddbe likgene

sequences harbore t he .pi Bac; | | .
© REGER Jererdis deisy e sy RE gAAbEY PAGhc b oot hARIRIRAN: fines
that cGRUNBE 1S bi@uiasr RAViLOERymphocgte ptres whasetexpresspmrrreduct enhances

JtRNA, . -48 WO 200(?/ 122442 PCT/ CNZOQS/'OOO674suic{ e:é'f%esor{lulti lo-
the immglogeniciy E Seagticells, FEMAT STRRF RS 8-IE: BT 7T 8 s €& ’ P
drug fE@ilstﬁﬁdé:cgi@nes, dritiséRe Sdgheértes, exfd(lﬁdéi likents, the marker i Sf

green uor escent r ot el P). or, a nut ant t.her.eof..
S ke i sfiparnha e ol P B B co
be anVéﬂi'ﬁllle? R Ptdioin bisepB@SAEhphikiE bLSSIRPE A rec@ptoRattfansporter, tRNA,
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certain specific enbodinent, the nutant GFP is bl ue
GFP. In other nodes of the enbodi nent, the

wo bawenzeent nol ecule is red fluorescent protePCI/CE2®5/000674
Section 6) or yellow fluorescent protein. In yet
ot her enbodi nents, the marker is chloranphenico
acetyltransferase (CAT), J3- gal actosidase (lacZ), and
luciferase (LUC). In livestock uses, the piggyBac-Iike
transposons can harbor sequences for growh hornones,

RNASBER bi%ﬁnﬂ:ﬁ%%f:gn't %héﬂnhﬁm%s@%ﬁ B ﬁlﬁ)?és gn% m%leg%lg) Tn Pﬁeﬁﬁc

éxanpl e to promote gro
emboginteats, the werenisigrass Bgoreschnt prwtmnz{@Eh)e)rlaamM ehérebj], stldheis a

mutar®} '(ﬁf@’yiﬁ% b Kere afﬁl?o?e%g&ggw‘i\?en g{ O 1%%5? Elg?reacgﬂcees r both. [n,

resi st an eto | Sease
certaif pppsificethbodiment, the npitapt GBA s lbluek@FP r Enrosheo adss dffiliecenibod@iment,
| n ted
the ﬂtgcl{x]érf?gf]'[é )lt(ll%\ﬁ)GIClIﬂS Sscljteﬁ glllorgslc%rllét p&oq%lg ésge g‘ 18{‘ 8 or&eﬂg\iv ?l’uor%icgqﬁp’rotem.
In yet@ier erhbodi@d)ts, theypakarit dhlsrempheaitbneetyltransferase (CAT), p-

[ bo It. ans se (Szybal ska & Szybal ski,
galact?%@%@?l%% NAT TSN 0& Sci. USA 48:2026), and adeni ne
ptmlmhmck imas;ylhd p‘szlﬁhbésmxﬂslh&m @h h&borhseqlibﬁgéa forlg@bwih
gprt- or

hormone]s, tsuc? a[sq Flil gg%%rgfvﬁ\/te <;:T§r ?P//Q%gb fo r} etéill(fmplﬁg)( IpiyptegEowth in a

transgems lasitrah cla oﬁ&ﬂh@touls edds,ake tdnSodiafiarbored by B Pedoh PAL- IR
nfers resi stance to nethotrexate

”anspf‘w %ﬁhé’FOVé‘f %Ta? °f TPl REEFeAcad. Sci. USA 77: 3567;
OAHabe st nddrker g&&g an B iferted N8 the pREMhc-11RE kranddSns into the

inventf, i hahisi bR deq uhe hegers sienp Bionigs tyoaine Kinese (Wiglener o,
1977, SeHd 1:23%); hyﬂd%tﬂxﬁe gm;ﬁ)a g&?ﬁonbwﬁylﬁ:ﬁsfé%g ?Jz?benﬁé '8§§§)B&1§k1

am nog cosid berre- Gar ap

1962, %gg:iNat\l} Acggh|Sct. BJSéy 48: 2_93@) 11}d aqqylgqa ghosphgr@hsy(l;tmmﬁfgrage (Lowy et al.,

ndsQa r | re
1980, ggﬂ ?i??ﬂ“gﬁ%g bu&&mﬁdﬁ%ﬁéqgéﬁ T4& Plgtcal?s i zspze%a\?e[f% éﬂ?

antimgtapolifefesistasice egnyhstusprhasithe brisispf selstiomfoa Hhowhigetdnfers sistance
to metﬁbﬂré}da%?\mglértét o) 19'86‘ I‘@tlagga}do §01hU§aA 7 J35‘637 géiﬁégp@ Oh%l Proc.

I gan Aca
Natl, ot SO TR D bR s T p oo e (ligan &

Berg, {9 PloBIIGRL hoad BE1 OSAADONS, (0 ARRDINAR Rl g e

| uor onet orni‘t
ammoglycosltggﬁwl& @o]t@up@mplr&jwhu}%d:,aﬁ MDhSBN)InISOB\/l)j l@&gl:d &lhich confers

resmtaﬁ&éjéo %g%mmé%{gg&ﬁ%nwgggamgg 5, ercliea%ﬂ @> S%gglcplaugws ceﬁs to utilize

1ndoleT1p a}a,gepf@fstrmmphan, bidj whicalloovs calis tamtlﬁiet}&s’dﬁat ihpkacé of hi&idine

rarae N, 9. 2060 Nl S RO 50 ghan Brg puming

decarbosylase} whjich zenferbyesmtapdﬁd]b elierorhittdde detaibloiylage inhthBo\B:

i RGP B4 RSRDSA098 s 10 T S5 EhS,
MoleciABiolapgti Ogld Spdrigeiiatbord abbibdryydiyf yi ng protein, an
RNA- bi ndi ng protein, or an RNA- nodi fyi ng pr ot ei n. In

5.16er NainiCal uencestiarhoranB cq umﬁ obgnsone t hat
stri ease,

ni. zed
_ r es%1 (??ig 0N S at?txmaw gét’rain (ﬁ%ﬂ gfep{%g%z 79 eitEﬁ’i'S%oiS?ré%ﬁger present
inventionvay alse itdheleart keashonk se@yence that is recognized by a protein that binds to
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be included, for exanple sites recognized by the

followng restriction enzynes: HindlIl, Pstl, Sall
weewb/12Hiencl |, Xbal, BamH , Smal, Xnmal, Kpnl, BamiCN2005/000674

EcoRl, and the like. In other specific enbodi nents,

the sequence is a target site for a site-specific

reconbi nase, such as FLP reconbinase (i.e., the

sequence is a FRT) or the CRE reconbinase (i.e., the

sequence is a | oxP). Such enbodinents are useful to

oS R RSB AR i 56 B RAA R o,
DNA-howigfihg proteid)an m\mmﬁdlmgrﬁbfe@ﬂ 8r ameAamﬂb@irtgipmsln.c an be

ized | uman ani mal vet er.i use .,
Hitcetig Spde s SabOmblriie el ot s g at i Qe AR i etion
endonfidasé, AP, @Vdsﬁgubmﬁteq wadlakitty oBfestrictinesite® s kndwin i thACald rBay

i ment, the non-nh apnjmal is a _househol d. .
v inc R e 1 S PO TR, AL R ool S o
Sall, A1, Mihdll/ KDL BUmBIN| JHRIL Xrhdl, Hprurw‘crarﬁrcsm entb@eiikent , the
non- hunag@anlnal is a manmal , nost gferably a cow,

her speg Fm thaqenté,attle seabeglce ﬁ,‘gdgrget s':c%l or a siesppigpill ic
recombﬁﬂﬁét fich adFINKrecOhbiAdsl (192 R Gquehfe BB FRNSbr tAE @RErrE&ﬂ]bmase
embodi nent, the non-humen animal is a fow speC|es
(ie. tf??o%ﬂ“%?"e‘ﬁ arlad) y Sucherbedirnts pigruefyl to gerskate Bgecanigls, as
damnggﬁhbmeHSE%anples 6.1. Introduction Transposabl e
el ements have been routinely used as tools for genetic

5. fgan 'VQté'r %takfmd 1Li¥vestb@NEdes Of B8 MvefBen | NCI Udi Ng the
ransgeni c animal s_and insertiona
ﬂk%%%@p%thoqs gad %QS‘?W‘&%‘%S cap hp utilizad in pponchugie gpeBhioran
veterlﬂﬁﬁ&e%ﬂre@ﬁﬁg%r p\f&feﬁtﬁ%’ AliRas)o? HRORer 6 foitibdplovirgthd %hf;ﬂb@
to the lack of an efficient transposon system
livestoghye tested the ability of piggyBac, a DNA transposon

f NGt ifc GRARRARE RORELhuARE Anifdal ﬁ'ﬁ%hé&ﬁél@ pQﬂ In Jthher specific
transpose i n manmal i an systens, and have found that

embodingiythe porehenannimal & ky\ieﬁigckmmmalpﬁn@ nyefpraed quhpdiment, the non-
humalﬁtnf 5:1' 1 €0 brladndal, mpﬁﬁgraggt aﬁ%”ﬁ&s@%gﬂw %atC@dgl bhdiest,

also In nlce resente elrn |n caie
rabblt,thaalsted urinln @r gegjaeatig.na atwthmmfsnrqdi agrbodimeenp |ﬂ§g3¢3é)@man animal is

o fowISpEARI:Ss G 28y RLAGLACk o @R 36! fhai nSeT L1 0N

transpose 1 hto use’ genone at diverse
6. ndu preferably transcription units, and permtted
Eé%é?jéxpre55|on of the marker genes carrying by the
6.k.r adateduction These data provide a critical step -50 WO
200QR4pbebtderitnld W@&ﬁ&%@l? hsedtaQ YEHLRr ?en@ilcglhblﬁpulatlons in
efficient transposon systemfor a varie enetic
lower piganips, analusting the eengetipgof tranggesigeniswlsang wemﬁg mutagRegsis. In
contrafh2 g @%f tarl ép(')\/g}lilﬁ gﬂwjangtoﬁl%F véffeas te 3§Eﬁ§rs st l?muted due to the

Materi al s an constructi on
lack of an efficient transposon system. We have tested the ability of piggyBac, a DNA

transposon from the cabbage looper moth Trichoplusia ni, to transpose in mammalian systems,
and have found that piggyBac elements carrying multiple genes can efficiently transpose in
human and mouse cell lines and also in mice. The data presented herein indicate that during
germline fransposition the piggyBac elements excise precisely from original insertion sites and
transpose into the mouse genome at diverse sites, preferably transcription units, and permitted

the expression of the marker genes carrying by the transposon. These data provide a critical step
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PB/ SV40- neol : The BanHl - Kpnl fragnent of pSLfal 180fa

(Horn and Wnmmer, 2000, Dev Cenes Evol 210, 630-637)
woer®onzpknced by the BanHl - Kpnl fragnent from pCu&S2N05/000674

(I MGENEX) . The neonycin cassette was then cut out with

Ascl and inserted into the Ascl site of

pBac{ 3xP3- EGFPaf n} (Horn and W nmer, 2000, Dev. Genes

Evol . 210: 630-637). CW-PBase: The codi ng sequence of

t he pi ggyBac transposase was PCR anplified from

towar%ﬁl@%ﬁa&ﬁégﬂ?@b&%ﬁansc}j/ste f&%ha%t% %9 g@gﬁ%ﬁ?@}mla@io%% I?n%ﬂ?ding
transgéresis mﬁmiﬁﬁ&'@"ﬁm& aid)otHeSktebiatedlO 1) and
BacEN-B (5' - GTACTCAGAAACAACTTTGEC-3') (SEQ I D NO 2),
6.2and MaterindgandMetiiode Spel and Sphl sites of pSLfal

16?’£)Eal‘tlé)snﬂ§@ sBh&tpoL- BacEN. A Hi ndl || - EcoRI fragnent
con 'm-rrg—t'?e'l'['e—r‘st

posase gene was isolated from

pBR/SEA0-mRD s e BarsHE-Keu! fragmenind DRI HOSo(Hormaid Wogeer) 2000,
Do gy BSTEnSL £000  HlghRA0e ) Podi Py
(IMGIBEX) Fhe ngdndBjn ceasstte Wanthn cut oot witheABY 41d inssirted mbcﬁ the Ascl site
of pB REA R AP Elgrd B4 WA o GG mbRo MEBREE, o

CMVEEB @ ef T[]{eackmdmgtsecaienqe of %Z),zggEEtBS'rdneﬂdsase 40% PER&H@Lﬁﬁd
from pYeyfapS- a%cé(’@iagﬁgrzang%lr ﬁ &g? gctﬁ% q\%%lcglo{giz 99(2%{%% primers

BacENSP (?KYGC/XGGA)FGGGAI’HR’ET@E(FRF—B ) (She I5a10:1 RatlacENay (BNt

A T G A LR
of pSLHBACOAR gedera@pSErBdcENPR] HﬁlHHREiEHRI fn'ﬁ\@/inglhtIcc):6K’cgil'r?:ii'lg\\/ls?el_r t@ansposase
sene v i st Rl - e i R A B A okES 1o gt the
final cHhi3a6@: Trr%e Pnr -1 pirzlogtg:]er gtndalt he gggifl - Salo:: fr agrrent
BB Tl e 5 PPN I TOPieG f Al 99, ol 65:1155-
1163) Wadélbrell int6 keeB N ditd MM a 13@ifie8 big@y B BRkruBias Eherate

repectively, to generate this testis specific
PB/PqI?‘H?prosase hel per plasm d. Act-PBase: Using a

AchRFP):THe e b EJ&RI Eegiint bf ROMBOEP %kafb@ér ¢§GT5’9’/V‘@EBS Lett
by the Spel - Eagl traa@‘%osase ragment of

407: 316&”13‘3%8&'&?1?%51 &éﬁ@r@é@gﬁwuﬁn%@f dﬁ@;m@/beélﬁbﬂle@@% Proc. Nat'l.

Acad. b&A0SRO5 I8 E7- PP &y mile / ]
% BETI ON2005/ 000624 PB?,?& Tyrl éjé?eﬁa%ﬁng ;%g‘gﬂ?r%ﬁhepcxmp

includigg thepptastaRERrexprgsyinIIasseionV s 6he(r Stenedigtothe BglII sitg 9fpBac-AB to
f

general¥H G R ag;p la%ﬁ,ng@&a wsfd ghddaqs g&@&ge tﬁ%%g? b dgag%ﬁmm

RFP]Ivabich bhsmultipleupique slening sitesnt o the Bgill site of

AR AR CTIESIGY. fibt%moltg %&lltﬁe EXIH{I-SalI fragment from pPrm1-SB10
(Fischer ef al., 2001, Proc. Nat’l. Acad. Sci. USA 98:6759-6764) were cloned into the HindIII
site and the BamHI-~Xhol site of pSL-BacEN, repectively, to generate this testis specific
transposase helper plasmid.

Act-PBase: Using a Nhel-Notl linker, the EcoRI fragment of pCX-EGFP was replaced
by the Spel-Eagl transposase fragment of pSL-BacEN to generate this ubiquitously expressed

tfransposase helper plasmid.
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PB/ K14- Tyr, Act-RFPI: The Sall-BanH fragnment from
pCX- RFP was cloned into the Ascl site of PB[K14-Tyr]
W o0ogeeent e this construct. PB[ Act-RFP, MCK TEOUECN2008000674
Smal fragnment from PB[Act-RFP], that consists of the
RFP expression cassette and the left term nus
(pi ggyBacL) was used to replace the Sall-EcoRV
fragnent of pBluescript to generate pBS-BLRFP. The
Smal - EcCoRV fragnment of PB[Act- RFP] DS, that consists

LG e ST R oVl Rl B il

1995, Namee;g4as9-a62)m tyersmade qml\ggyxﬁﬂtﬁeldeiﬁ)ﬁda tkirnsaspbnofa 129Sv mouse

by RT-\(/P%E{O Rlild tg? Eg‘ﬁo po Sl&%l,o\ﬁerf L (%tPI eé %ﬁ spc/ecﬁé)}gc- t)%ngseltéf‘:{%{cg

PB[KIMGPyrpoI yA (Nguyen et al., 1998, Science 279:1725-1729)

PG ned et M S RaR bl Bosdhans ECRBEREF b coped jpto te

Ascl sﬂ\@wwﬁlm]wgane&misemhad with 10% serumat 37C
and 5% C02. 1.5x105 cell s re s ede%{l nto h wel.l
CEK-T : :i]@ t?l?.t&ﬁnSlqﬁ‘.‘o?f the

RFP eﬂ@@é@mﬁ@wsette&n@ tthef@ﬂeﬁﬁlﬁh@@zggﬁka%w&ame& toaepla& the SalI-EcoRV
circul ar CW-PBase in _test Hr oup .0 gg circul ar

fragmeyt ppBIngsprék 19 gpnegistBsT BRI Iﬁ@%&‘ff@sw@& ofyB[Act-

RFP]ﬂs Rt &mbidbNEe APRAerafiiR r(ﬁBR‘)Qwﬁ@thErh@lo@d@ﬁt@ WP kMl @&@&@BS-
é nvi tro% é%qﬁ- One day after the transfection,

BLRFR &9 gegerpisP LG REE]L Whighrservey pstimivessetpiggidacbased éra@%gﬁlac vector.

The B&ﬁﬁ f%ﬁcm it KO TIR I boHEru& ARbRIPLN 2085 QlamﬁemBl& £488-657)

Drug selection continuéd for two weeks.
and 2 hlfhfé pelsAdNERxsn ! 4lon 98, Seignes 2AMNd725 KRPY Yﬁeﬁml@tleri gHo B Swal site of
6 nouse enbryonic stem (ES) cells were
PB[ACE&% )ed in the manufacturer reconmmended protocols
(6T §°rt"ei:l)tr nsfefisng- four  mcrograns of circular
Act - PBase in the test group or 6 .
g?g9 welrlsfwg culglpeé‘rlnP%mM((ﬁ FR{ARBRL) syppiamented wfithdl0 /gfieawpat 37°C
and 5‘%\@@9 Yk 5fc@fls @ér@géeﬁ&pﬂfoaéabmel%f éﬁﬂwm bllaie%eg prior to

I medi at e Yy after el etroporatlon cells" i1 n each grou

transfogtiore Foweathavelnd.5 ng hiraar FIR/SYH Qynes] aurl 0.3 g pizguldr §YV-PBase in
test gr{);ﬂé)l ﬁ@ﬁg&il@uﬁ{ I?C"ﬁl\?ﬂlﬁgﬁsiﬁ c&ﬂRﬁ g&g%ﬁlelfe'ul%ﬁpét&f;ﬁry feeder

ection was 1 ni hours afte

LipofegtAAdINIOIOP ardondingyiotthe mmlalulmr@mvﬂ dnviirpgen2 00nedpyrafter the

oG 108 BELFEL L O gy R B

contaisiag é@l ling’ml G418 (ﬁIB@@éBHIL)x Buugnietehti@BIntmet dorriwvn greds
sqer B e %&m HIQH C?f Vo @}§§belﬁm?ég &b gm\é\ﬁsttegl (ES)

) Iene ones were
cells waefd dﬂScr&))eﬂ ﬂﬂhe anfmnlrrengcommdmddépmmcale (Tacatie). . Tvwen-Bur

mms;%?%sfcdrc@ﬁ&ﬂé@&z-@e@ﬁ%m B EEPe SL B e

spermDINA (Promega) in the control group were used for electroporation of ten million cells.

Immediately after eletroporation, cells in each group were seeded onto three 10-cm plates
containing mitomycin C treated mouse embryonic fibroblast feeder cells. Selection was initiated
48 hours after electroporation with medium containing 200 mg/ml G-418. Drug selection

continued for two weeks.
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inverse PCR. Priners used to recover the flanking

sequence of the left side of the piggyBac transposon
wowee/12H12 (5' - CTT GAC CTT GCC ACA GAG GAC TATPORGNABS000674

-3'") (SEQID NGO 3) and LR1 (5" -CAG TGA CAC TTA CCG

CAT TGA CAA GCA CCC-3') (SEQID NGO 4). Priners used

to recover the flanking sequence of the right side of

pi ggyBac transposon were RF1 (5 - CCT CGA TAT ACA GAC

CGA TAA AAC ACA TCC -3') (SEQID NO5) and RR1L (5

;\é‘%}g gﬁg&;ﬁ% selec i CEMIS ke Hx2a R PR Toofthiriin: 4% ?%r&@dehyde

e]p) Of exclsion site was car
for IO\Amuhllltespanldrﬂmn sEin’bd Wh-o 2OmeipEnAl® foale BBG Gpreyrerg cqunted

a ERL (5" -TTA AAG TTT AGG TCG
aﬂere&éﬁ’g" Ngéﬂgl c%wf‘{% ‘gg%re'i D NO(8) PCR products were
égl@ed[,éﬂtagdg = &a%g LQr (Pronega) for subsequent

e results were anal yzed with
NEBIIBr NSPI digestscif gglo@ummNﬁ\cmre selfrligatdd tg esrye asribe template for

1nvers€ %%ﬁng’lnmelr’%q%gd Q' c%%ii‘stﬁe dﬁanﬂglg% cglgﬁc%tb?ﬁﬁsleft side of the nggyBac

WV, €NS € ti onal g
transppmmfvmrehEleé -cﬁiTPBAOrS’é"F GCEM @A ERG GAG TAT B §BA§§1 89 (SEQID

NO: 3)@3&@2@’ 2 éAE: ekgldier irréﬁ'“c&é"(ﬁ,% cébtﬁ) JEPD

ac rnsertrons in
NO:4)5 dBitnetrs used to]r@&bveﬁhdﬂmﬂqmgsseq@otmf theTuight side efamgwaec transposon

wer BP0 B PR FBL R PAAE LR G35 o
RR1 @: OAGS CAGITCLaaves at(]A)ACfFfTT[G’ GGAMT AT@!&;’E(SHQ UNEX6).

RS L TSRS L 2 LENDRLy o

CAT @GGGG’[YF GiACH NS BIINOMT) @nd pémérdBR 1 (5 ZEDA BV R T ady T€6 AGT
as es y et al., 2003, Manipulating the
AAA,@‘&%Q %@F&ggé&gbor atory manual, 3rd edition (Cold
ggCR%dﬂ%ﬂﬁ&féfe digee lirlﬂé QG%MFF Gécﬁar)(Prloﬁlega)E“?r sHbset e Beghéroing.
nom c was i so ate rom.t ai es,. digeste
SequqF R REBTETa B Mt Nt BLASH SeH RS (VBB e phnd
Enserﬁlﬂ%ﬁﬁﬁﬁoﬂﬁ&fse Bérdofe d%ﬁb@@é«'#vhﬁﬁ Bn@mBl.otg).s. The probe was

p fragnent of Sae est of PB[Act-RFP]., -53
v@o@e'@@/as!é@mptsqneqmem%wevzfé’%4lnsestl@ CVP%% ve basg pairs;

upsﬁeﬁﬁ%ﬁ HQ@hsttﬂe% O@the 'T‘I‘AAY tafet SHe SEPAalyRedtel 100 88eyBac 1nsert10ns in
mamal i an cel |nary co-transfection assay syste

mice.coibe samerfgnef Otbmqlp@y geleried BIMA sitaserepetnalyredarithe C%Hgl One-
sided ‘B?o%hﬁﬂﬁ& Wee SEEedd Habwey BAS papshictssatodr Ones iRt o,

fntegration events in tissue culture cells. The donor

PGS GefaRkal Dot aupiady bac el ements n which the
ransposase ase was re

ce
s eI e_%quu!ﬁﬁpwﬁr%rd%quc@su}w wereppigedh it éﬁ elpgr i st tfhio of
2:1. SEHTREA LR 1T @RSRO SR Emicroinjected into the fertilized FVB/Nj oocytes as

described (Nagy et al., 2003, Manipulating the mouse embryo: a laboratory manual, 3rd edition
(Cold Spring Harbor Laboratory Press)).

6.2.5. Southern blot

Genomic DNA was isolated from tail samples, digested with EcoRV and BglI, and then
fractionated in 0.7% agarose gels prior to Southern analysis. The probe was a 499 bp fragment
of Sacll digest of PBfAct-RFP].
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fragnent but | acked the term nal sequences required
for transposition (FIG 1B). In the absence of the
whedopae24pt asnmi d, the donor plasmd may randomn BCT/CN2005/000674
integrate into the genone, but these random
integration events can be mnimzed if the plasmd is
kept in circular form Thus, an increase of drug
resistant clones in the presence of hel per plasmd
woul d indicate transposition events. W first
xa pi ggyBac transposition in human 293 cells.
6. %ﬁg%ecu on of_ the donor PB SV4O neo] eI er{ent
L JEELY ' §e¢1¥nce

( '?\e&)lar? @&%ans?é@goﬁ hga Jkg/'s@ﬁfco@w g @P‘&ﬁh & ﬁér[oy hﬁkga Relper plasmid
ously ex ess transposase (FIG 1) produced

was dﬁ@wﬂé@ ﬁet?%mggr megfagadechronmsomap] dntpgrafingreveia tissue culture cells.
The c{ogil‘t'b?afs fifd éo‘ﬂﬁuﬂ% i) ﬂ&g}@&c BLASH & vHi@NRe bbb Bac & osaI@(PBase)

her the élevated i ntegration of donor vvas due
was replaced bins é@lgusﬂp@mn magkes (6. PER elpse plpgrpidsarried the transposase

fragniefiCRY fakk dﬁ%géjt%%ﬁ?l%gdééﬁ&me(l%%ﬁg Q?ﬁﬂs&%ﬁ?‘ﬁ?ﬂ@ gﬁ In the absence

I nverted termn pea |ntegrae
of thelgfr@w/dlasmidghe ddroCplasmajl mapGRIpmbtintsesicfintorthegeneme, but these

Y, : r q
randh{ FEBRESH R oY PR 8 el Fitid s My SEORILE (BRI HRIE S
increasn dEreg theistant gaee ini the prespnenaidsipeeylasnrie wovidristicaty tpansposition
ovenit| V€ drug resistant clones. Al of these sequences
cont ai ned the signature TTAA sequence at the

i Wefjrsadxiamimes piggy Batatangpogifion Infsierah 29hcdlls. Coitimasfedtion of the

N N s LI AT

and t{eSEQet CMNQPBYse RREyihda HbiTHAMIASABESETansgResa (BIF. VERéN)ced

neom R R BB 10T AR AT G O P00 TR Pl 32,

To testvH¥BerliBe a%tﬁﬁnﬁéraﬁalﬁm&m'ﬂ%to&rahﬁpos1@1&E@1\le@eMORleas
| T-13 TTAATACAACTTGC 7 i nter geni.c

perfopEsE 1 T3 opAAAGEESGALIP fhe ERRAa TR A (S TEFeaEy BR) st
of iniEied PoPS/ D HAATFRATANT AR o ot e tre BRI NG Hould

result i 1n genomlc sequence outside the PBR rather than plasmid sequence. Eighteen independent

genomic sequences were recovered from five drug resistant clones. All of these sequences

contained the signature TTAA sequence at the integration site (Table 2).

Insertion No. | Insertion Site Chromosome Gene Name/Ensemble ID Insertion Position

PBE 1T-3 | TTAAAGAAACACAG | 4 NM_003603 intron
(SEQ ID NO:9)

PBE 1T-6 | TTAATAAAGGGGTT | repeats (MER7A)
(SEQ ID NO:10)

PBE 1T-5 | TTAAAGCTCCAAAA | repeats
(SEQ ID NO:11)

PBE 1T-7 | TTAAAAAAATTTAT | 12 QoY2I9 intron
(SEQ ID NO:12)

PBE 1T-11 | TTAAAGAATCATGG | 6 NA
(SEQ ID NO:13)

PBE 1T-13 | TTAATACAACTTGC |7 intergenic
(SEQ ID NO:14)

PBE 1T-15 | TTAAAACGGAAGTT | 2 ERBB4 intron
(SEQ ID NO:15)

PBE 1T-29 | TTAAGTAATAATAA | Repeats (Alu)
(SEQ ID NO:16)
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WD 2006/ 122442 PCT/ CN2005/ 000674 PBE 1T- 36
TTAAAAGCTAAGCC 3 intergenic (SEQ I D NO 17) PBE 2T-6
WA TRATIAMTCTCEG 14 NA (SEQ I D NG 18 PBE 2T- 10PCT/CN2005/000674

TTAAGCCTATACCC 3 NA (SEQ I D NG 19 PBE 3T-2

TTAAAGTAAGAAAT 19 XM 371190 intron
3T-7 TTAAAGGAATACCA 18 intergenic

3T-11 TTAACCCTCCTAAC 17 ENSESTT00000051373 i ntron
(SEQ I D NO.22) PBE 6T-2 TTAAAGATCAAAGT repeat s

ml\lf\. DN

(SEQ | D NO 20) PBE
JSEQ I D NO 21) PBE

PBE 1‘53%

GFA R NGOTAASEG!
’@”m pioam (SE

NU. " 29]) D]

Q 1D NO 24)

- ~T A I'I'I\I\TI\I\'I'"T[‘FFI"I" 29

UT=% I'TAATHART
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4y

TA
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TAASKQADEDTIA 1 e(

15EQ IT'D NG
eats (VERVH

o) PBE 71-7
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Ay |n|

>§TM‘&@%T@6§P€¢ g
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L1"I’K

‘(éE%riD‘i:gé §

# in human R93 cel |'s TTAA
A%’We igt the oth %%Si'%‘r\%" of the f

NA

lal
f“H?f‘sposon

PBE 3t.7
neor

FTRARAGGAVOMNELE A
NYSEQND Negist ant

g contTast
cl ones st

rnverse PER—ar
ably transfected

[ﬂllte}(g%%? of

PBE 32

Segl

SVABAOEICCAAAME
| E5FQ4R NO:2g)hi ch

ionly detec
is consiste

[ EXBESTIOCd00B 137P1 A srbd

t with random.i

nsertion

PBE 6'é~ﬂer

iR

cepnAacitin

Hedae) MERHE S e x per i ment

runrrarl :n b||n'nmi

der@nst r at ed

cal Ig

L Ilal

PBE BWI H

YEYE ‘rG"FcE
e e Nt

O
QILIUII A4

-preference

?'n i nsect

L Sfrpr

PBE 721 M
proc¢

ITQAAA@@MFGGS“T
CHEOMBRNOAS) carr

e obtai ned|
ied out in

%3@6]8 theco-traggiEectTon

i nese Hanst ef

Ovary

PBE 7'(-€I-KP)FT6eM®AQﬂT@1TM Irdpeats 8RYE®S (f m nk origin)

(see FIG
WEQARNP:26)ast ed _t he ahilitly of piggyBac t

t?aé’llf‘s%é@érampoﬁﬁ%@ hymen 29%eelenbr yoni ¢ stem  (ES)
CETA & dupiRatid \§as c‘?)ﬁﬁrmeﬁ Iﬂ? @I%nggée@ecfﬁ' BB B %xr\]égfsogt cPe other

el enent” carri ed fer driven neo
end offthpetrangnasest (dpﬂa@gtﬁhgwn);; tIn PERurset, ipvergs Bl apilypipyBacomycin resistant

clonestgfag%t&?l?f@&% \é{t‘}gﬁgs(\}l@-n% l&l%lon dete@’teg %Flcﬁ(gu S@&sﬁrllﬁl sequences,

ree r eate
which gsxqonyistend ntith, rarBnH@K tive@jents (data not shown). This experiment

demonstrated that piggyBac transposition occurred in human cells with the same site-preference
as in insect cells. Similar results were obtained when the co-transfection procedure was carried
out in Chinese Hamster Ovary (CHO) cells and Mv1Lu cells (of mink origin) (see FIG. 7).

We next tested the ability of piggyBac to transpose in mouse W4/129S6 embryonic stem
(ES) cells. In this test, the donor plasmid PB/PGK-neo] element carried a PGK promoter driven
neo gene and the helper plasmid Act-PBase provided piggyBac transposase under the control of
a hybrid actin promoter (FIG. 1B). In three repeated transfection experiments, PB/PGK-neo]
and Act-PBase co-transfection produced drug resistant clones on average 50-fold higher tha
PB[PGK-neo] transfection alone (FIG. 2B and 2C). Inverse PCR analysis confirmed that the

enhanced clone production was due to transposition (Table 3) .

Insertion No. | Insertion Site Chromosome Gene Name/Ensemble 1D Insertion
Position

PBES2T1 | TTAAGTTGTACCAA | 2 B230339MO5Rik intron
| (SEQ ID NO:27)

PBES2T3 | TTAAAGGAGAGACT | 1 GENSCANO00000093186 | intron
(SEQ ID NO:28)

PBES2T4 | TTAACTGCCCAGTG | repeats (LTRs)
(SEQ ID NO:29)
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and Act-PBase co-transfection produced drug resistant
cl ones on average 50-fold higher tha PB[PGK-neo]

wao e@astRer i on alone (FIG 2B and 2C). |nverse RORCN2005/000674
anal ysis confirmed that the enhanced clone production
was due to transposition (Table 3) . Insertion No.
Insertion Site Chronposone Gene Nane/ Ensenble |ID
Insertion Position PBES2TI TTAAGITGIACCAA 2
B230339MI5Ri k intron (SEQ I D NO 27) PBES2T3

AAALIOALINA AN AT A ALIf\f\AJ\If\f\f\f\f\f\ﬁ")’l

o [ O LD
I T X g\ \T NV CANUUUUU E@?ﬂS’FHRi Foft—(pco 1+
PBES5) 2BsedBRGRI4 11ARCTGCOCAGTG| T 6peat s ‘ELTRs) T80 1 D

pBEsmgzgleAAﬁ“BAmm 122447 PCT/CNZ005/ 0006724 Plieothio 8
CAPNRDINIA 6 4833415F11Ri k exon (SEQ I D NO 30

PBESMSLLWAWMWQAAATA 5 inteNgénic (SEQ | D iN@n31

PRE DNKRNNCTECCCT 2 Nolba intron  SE 1D NO 32

PBES&B’ESQ S &%ﬁ% 5 intprgenic (SEQ I D NeE®s)

TbiE 30D Behshd S AL TR0 Eess, I a9 Sfe b yort

stemcel |l s. r transposition tesu
o Sinailan &rensppsition teeults grerer dotrdrfed mthem thepodeesfention \pmeedure was

carr leﬁ %[n!’lh %@afi’% f & dﬂln&a 5f‘ Cﬁt&é{' etﬁ Orl Sé rll’lcllllld%?gsmﬁ_%%l | I er ulﬂﬁlﬂ(

gl ns

humaaﬁ@ﬂ@mkclké;nefﬁ?eé) FI G 8). 6.3.2. piijyBac transposes
effici ently in the nouse gerrmne Efficient

t 63 niigguBac er e ficie grmalpged US to test

t Eﬁicﬁ&l@ﬁﬁrﬁk%éﬁtﬁe E}no e%’ (l,%ﬂg encun%gésdgl%o {es O[ﬂ? egsﬁblggfsog RzggyBac

nouse ger CO-1 St On o
transpegitient inghaimpysagswaas Bronhaéi pennjpdtms of memsmsn perok eideshsposase
Jo .f acy.
R R ar e TN S
transp@ﬁlgolbinéramek@ mgce, Redlsﬁ \us)ble saekets (REd)Flabﬂesceﬁﬂﬁ’))teinORFB)ﬁﬂstead

of i RS PR 310 PR b PRI 5T St s Dot

plasmivbh &-RAmsd were co-adedta in Icfrm]kiréﬁmfs @it PronA16l of FYBAG Bbus® Embryos.

N e P nal ysi s hat 34.8%
PCR it Rl B RERIQYER a0 o R ROl i HUERF il ingle postve,
0.5% (idK3M) were Act-PBase single positive, and 2.7% (5/184) were doubly positive. In

comparison, only 10.4% (10/96) of the pups were positive when injection was carried out with

PB[Act-RFP] alone. Similar results were obtained when a longer PB element with a different
marker gene, tyrosinase, which affects skin pigmentation , PB/K14-Tyr], was co-injected with
the same helper construct (FIG. 1 and FIG. 3A).

To analyze the structures of integrated transgenes in RFP positive founders, Southern
hybridization with a transposon specific probe was performed (FIG. 1A). The majority of the
founders carried multiple integration events (FIG. 3B). We then performed inverse PCR to
recover genomic sequences flanking transposon termini. A total of 85 transposition events were

recovered from 42 RFP positive founders (Table 4).

Insertion No.1 Insertion Site Chromosome Gene Name/Ensemblie ID Insertion
Position

AFO-82T122 | TTAAGCAAGGTCAC | 1 intergenic
(SEQ ID NO:34)

AFO-166T18 | TTAAAGGCATGGAC | 1 Gtl6 intron
(SEQ ID NO:35)

CFO-61T70 | TTAGTGATGCCTAC | 1 NM_177835 intron
(SEQ ID NO:36)
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0.5% (1/184) were Act-PBase single positive, and 2. 7%

(5/184) were doubly positive. In conparison, only
waodresin/ 96) of the pups were positive when PC/€N2G061000674

was carried out wwth PB[Act-RFP] alone. Sinmlar

results were obtained when a |onger PB elenent with a

different nmarker gene, tyrosinase, which affects skin

pi gnent ati on, PB[K14-Tyr], was co-injected with the

same hel per construct (FIG 1 and FIG 3A). To analyze

Insertixm ST InbGioAHit® S of 7T lc%lhda&;ﬁu l'ﬂé“mtﬁmﬂléﬁb RF Insertion
positive founders thern Rhybridization W | #sifon

CFO-T1Ters PSS ARAE |dr obe was [erf ormed (FI G [ib#n. The
(SEQIDNQB7Y ¢ o nLIarc carried multiple infegration

AF1 3@5 nt >er ﬁ%%}rm% t hen perfgfpﬁﬁd i nverse Pd?és‘t(é’UTR)

B-A-e-aHA

_ overT A3t9 T rrega®dd gIncesS = "SE o] transposo-termhi—
AFO {Aﬁ? t atspQfp ¥&3dyr ansposi ti on ey enr%s wer e recovletrroé‘d

AFO-4oToum YPTARAAGGEASCTTY @ 2f ounders [SHARJ € 4) . T NSefhikdan
No ' |@EQIMING#S| t e |Chr onpsone Gene Nane/ Ensepbl e 1D

CFO-T0RS%r | Is A%%&WT@n 2AFO- 82T22 NMLMARTAAGGTCAQ ifitron

FRt-ef O 1LBINO-34-AEOQI 1667 TTAAAGGCATGGAC 1
AFO-24T5 5 fﬁAA\TCC&‘ZJ% D°NO 35) GO G170 M TAETGATEEETAC |

AFO-3 7 [ BB ARTECRGAC \Pl_r,.kg MO NO36)—=56—WO 2660/ Nevira e
PCT/ CN2RQE 0074 Ilinsertion No., Insertion Ste

AFO-BmMe NpEBAAGEAGCTE®INE AENSsenbl e [TD [ nsertion POShkkdai’
CEQ- 71(PEQ IDINNNISGAGAAAAAG | Stau?2 intron (SEQ I D NO 37

AFO-180725 1 in
RETESSRI N ARETRTCTC 2 TrphPiexon (3 UTR) HE

i 00 Tﬂl—\é' I O NIL SI’ Pr : 1o
DFO-{8150;g @g@;ﬁ&? IAAGGGACCTTG dhgghzdsc i nt r gi""f SEQ

4= == =

{ -
AFOAeP N BINAACK TR TEARTD | 3 TAAACAT Gl Eaeemdiotibt i 7 2{ 7wyt 7o
Q | GENDM®Y7) AFO- 24T5 TTAATCCOCAGCACT 2

AFO-TGENSCARDOGAOBPAAAT [@ | ntron | GENSCANO0000082627 intron

(SEQ ID NO:48)

AFO-34T4 TTAAAAAATAATTC | 4 4930523M17Rik ) intron
(SEQ ID NO:49)

CFO-70T56 | TTAAGAACACAGGT | 4 ENSMUSESTT0000035443 intron
(SEQ ID NO:50)

DFO-9T22 TTAACAAATGTTTG | 4 ENSMUSESTT0000065097 intron
(SEQ ID NO:51)

AFO-153T10 | TTAAAGGAAATAAG | 4 GENSCANO00000023389 intron
(SEQ ID NO:52)

AFO-50T15 | TTAACAAGAGCTGA | 4 GENSCAN00000064724 intron
(SEQ ID NO:53)

CFO-61T74 TTAACAGAGGCAGC | 4 intergenic®
(SEQ ID NO:5%)

AFO-51T3 TTAAGATGTGTGTG | 4 intergenic®
(SEQ ID NO:55)

AFO-180T5 | TTAAAATCCTACAA |4 intergenic®
(SEQ ID NO:56)

AFO-90T3 TTAAGCTTAACTGC |5 intergene
(SEQ ID NO:57)

AFO-47T6 TTAAATTGCCTTCC |5 pkd2 intron
(SEQ ID NO:58)

AFO-40T7 TTAAAGAACAACAT | 5 GENSCANO00000122670 intron
(SEQ ID NO:59)

AFO-90T12 TTAAGAATACATAC | 6 intergenic®
(SEQ ID NO:60)

AFO-53T11 TTAATATCTGCTAT |6 Osbpl3 intron

 (SEQ ID NO:61)

AFO-82T1 TTAAGGAGGAAAGG | 6 ENSMUSG00000029797 intron

(SEQ ID NO:62)
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(SEQ I D NO 42 AFO 38T15 TTAACATTCCAGAC 3 intergenic
SE 1 D NO 43 AFO 83T16 TTAAAACTAGCTGT 3 intergenic
W@ SEQ12IMNO 44 AFO 180T25 TTAAAATTCTGGGA 3 AshRAT/CN2006/000674

SE 1 D NO 45 DFO 18T60 TTAAGIGGGAAAGT 3 Madh9 intron

SE I D NO 46) AFO 46T18 TTAAATATATGAAG 3
GENSCAN00000124364 intron SE ID NGO 47) AFO 70T2
TTAAAGAAATAAAC 3 GENSCANO0000082627 intron (SEQ ID

NO 48 AFO 34T4 TTAAAAAATAATTC 4 4930523ML7Ri k intron

Insertiol; [ =10 |lHerﬁMsﬂe‘J‘) CFU [ Chicaasorhd AALAWE R mbiEdsembid 1D Insertion
ENSMUISESTTQ000035448 intron SEQ 1D NO 50) [EGHeT22
AFO-90TACANARGHEREAATENSMUSESTTO0OHE65097 i ntron | f™EQ | D
NO-51 )(SE(HHNQ:@%1n TTAAAGCAAATAAG 4 rj:l\\lscl_\\k@nﬁnngzgggg
d AR AR\ A0 AR AR | ’ £ = A I
AFO-4ITTy gL ACSALE  §8) AFO 50115 TTAACAAGAGCTCA A
‘EEEECAFO' WO RQGWERATTA4 T gt T O SE[ ENsMISESTDi800070F 6 1 hrftdbn
CAGHEIDOMS#3) 4 i nfergeni C3 | (SEQ | D NO.54) |AFO 51T3
AFO-8TTAAGATIARGTETFRGAAMY ér geni c3 | BEMPEFTNOBEP+ ARGtDB8OTS
TTAAAASEIDAYG®) 4 | njergenic  {SEQ I D NO 56) AFQ-90T3
AFO-3¥TAAC GAATn{érgene (BEQ I D NO 57) AHRCHAETE
) g
TTAA; -I(’I*I‘KXXAGUXGEA’FII“ }%’. Ht+-or—SE+B-NO—58) Thier
AFO-81T10 genic’
(SEQ ID NO:68)
CFO-61T68 TTAAAAATTAATTG |7 intergenic
(SEQ ID NO:69)
AFO-81T2 TTAAAGTCATGTAA |7 intergenic™’
(SEQ ID NO:70)
AFO-81MT43 | GTTAAAGCATTTAA | 7 intergenic®
(SEQ ID NO:7I1)
AFO-14275 | TTAAGGAGAAAGAT | 8 Pmfbpl intron
(SEQ ID NO:72)
AFO-70T7 TTAAAGAACAACAA | 8 Elavll intron
(SEQ ID NO:73) . :
AFO-90T23 TTAAATAGTTAAAA |8 2410008G02Rik intron
(SEQ ID NO:74)
CFO-70T54 TTAAATAAGAGTTG | 8 Nfix intron
(SEQ ID NO:75)
AFO-90T8 TTAATGAGTATGCA | 8 GENSCANO0000010819 intron
(SEQ ID NO:76)
AFO-46T30 | TTAAACCCTTCGCC |9 intergenic®
(SEQ ID NO:77) i
AFO-46T33 TTAAGGAGGAAATA | 9 intergenic
(SEQ ID NO:78)
AFO-46T34 TTAATGTTGAAGCA | 9 intergenic?
(SEQ ID NO:79)
AFO-180T34 | TTAACCGCACTTCA |9 Dpp8 intron
(SEQ ID NO:80)
AFO-48T15 TTAAGATTTGTAAA |9 GENSCANO00000135754 intron
(SEQ ID NO:81)
AFO-11T13 TTAAGGGAGAAAAG | 11 GENSCANO00000047992 intron
(SEQ ID NO:82)
AFO-140T4 | TTAAGCAGGAAGCA | 11 ENSMUSESTT00000064726 intron
(SEQ ID NO:83)
BF1-30T43* TTAATAACTGTTTT 11 GENSCANO00000019932 intron
(SEQ ID NO:84)
AFO-82T24 | TTAACGAAGTCCAA | 12 ENSMUSESTGO0000013173 | intron
(SEQ ID NO:85)
AFO-60T18 TTAAGGCTAGACTG | 12 GENSCANO00000070967 intron
(SEQ ID NO:86)
CFO-40T62 TTAAGGAAATGACA | 12 GENSCANO00000127032 intron
(SEQ ID NO:87)
AF0O-62T14 | TTAAATAAAGAAC 13 C730024G01Rik exon
(SEQ ID NO:88)
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AFO- 40T7 TTAAAGAACAACAT 5 GENSCANO0000122670 intron
(SEQ I D NGO 59) AFO 90T12 TTAAGAATACATAC 6 intergenic

W@ SBQ124NO. 60) AFO 53T11 TTAATATCTGCTAT 6 OsbptBCN2005/000674
i ntron
ENSMJUS@E00000029797 i ntron

(SEQ I D NGO 61 AFO 82T1 TTAAGGAGGAAAGG 6

2006/ 122442 PCT/ CN2005/ 000674
Insertion Site Chronpsome Gene Nane/ Ensenble |ID

(SEQ I D NG 62)
I nsertion No.'

-57 WO

Insertion Position AFO 90T30 TTAAGAGGAAATCG 6 I\/gll
insertidn b O Tinseribn st 1NO 03 [/frbheaamt 17 | bad- b htle 16 C Pinagtida
jntro SE ID NO 64 AFO 24T12 TTAAATAAATTTAA b:osmon
AFO-SoIRSMUSEBAIOG08GDEE7043 1 ntron [(8EQ I D NO 65) [Ak€dn87T1
TTAAATEEQ OB 5 ENSMISESTT00000044094 jntron (SEQ ID
AFO-93T$ 66) %@ (%*”?C’ﬁ% @IZTAAGAAFHGH}PZ‘HT ergeni c3 | {SEQ 1 D
NC67 (S =S5 LAA@A% | I_Il Ul HCIII \J C:n 1 h
BF1-23(5’ 8] Lr (@E@mﬁg T'F \AAATTAATTQ % intergenic |(SED 1D
AFO-35¢% 09) TARAGETT2ITEA STCATGTARodbaDi BkgENT € [(ife) T D
NO. 70) SPEFDAIMIA43 GTTAAAGCATTTAA 7 intergeniic (SEQ
AFO-50TR4NC: CARGGATONS | TY AAGGAGAARGNIISOPPPBI0E| i [nittroon
(SEQ I EEQIBNGED) Arq. 70T7 TTAAAGAACAACAA 8 FElavll intron
AFO-30T10 - | TTAAGATCTAAATT | 13 GENSCAN00000024946 intron
(SEQ ID NO:94)
CFO-71T63 TTAAGGTGTTTTCC 13 GENSCAN00000004330 intron
(SEQ ID NO:95)
AFO-22T9 TTAAGATAATAATT | 13 intergenic
(SEQ ID NO:96)
AFO-62T1 TTAAATTCACGTTG | 14 Kitnl intron
(SEQ ID NO:97)
AFO-67T10 | TTAAACTTTAATCT | 14 ENSMUSESTT(0000033918 intron
(SEQ ID NO:98)
AFO-81T24 | TTAAGAAACTTACA | 14 GENSCANO00000096363 intron
 (SEQ ID NO:99)
AFO-40t15 TTAAGGCGGAAATC | 15 ENSMUSETT00000063224 intron
(SEQ ID NO:100)
AFO-136T3 | TTAAAAATATTGTT | 15 GENSCAN00000074792 intron
(SEQ ID NO:101)
AFO-70T19 | TTAATAAAACATCT | 15 GENSCAN00000038008 intron
(SEQ ID NO:102)
AFO-180T4 TTAAATTTACCATA | 16 Umps intron
(SEQ ID NO:103)
AFO-50T4 TTAAATTTTCCTGG | 16 Ufdll intron
(SEQ ID NO:104)
AFO-40T4 TTAACAACTGGGAT | 16 GENSCAN00000132965 intron
(SEQ ID NO:105)
AFO-90T4 TTAAGAGCTTTTTA | 16 intergenic
(SEQ ID NO:106)
AFO-81T19 | TTAAATGAAAATTA | 17 Birc6 intron
(SEQ ID NO:107)
DFO-18T69 | TTAAGAAAATGCCT | 17 4732490P18Rik intron
(SEQ ID NO:108)
AFO-86T6 TTAAAGGTGCTCAT | 18 Pde6a intron
(SEQ ID NO:109)
BF1-44T10* | TTAAAAATATTAAC | 18 Wdr7 intron
(SEQ ID NO:110)
AFO-90T36 TTAAGATGGCTAAG (X ENSMUSG00000025065 intron
(SEQ ID NO:111)
AFO21T14 | TTAAGTAAAAAAAA | X ENSMSETT00000038201 intron
(SEQ ID NO:112)
AFO-40T21 TTAACAGTCTATTC [ X GENSCANO00000036541 intron
(SEQ ID NO:113)
AFO-92T2 TTAAGTAGTTAAGC | X GENSCANO00000048518 intron

(SEQ ID NO:114)
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(SEQ I D NG 73) AFO 90T23 TTAAATAGITAAAA 8
2410008@02Ri k intron (SEQ ID NG 74) CFO 70T54
WA TRAATAMCAGITG 8 Nfix intron SEQ ID NO 75 AREDONR05/000674
TTAATGAGTATGCA 8 GENSCANO000010819 intron (SEQ ID
NO 76 AFO 46T30 TTAAACCCTTCGCC 9 intergenic2 (SEQID
NG 77 AFO 46T33 TTAAGGAGGAAATA 9 intergenic (SEQ ID
NG 78) AFO 46T34 TTAATGITGAAGCA 9 intergenicZ SE ID
NG 79 AFO- 180T34 TTAACCGCACTTCA 9 Dpp8 intron SE ID
MW%QHS T ARG LT AR e Nl EateAOR 00 kst 4
Intron  (SEQ I D NO 81 AFO-11T13 TTAAGCCGAGAAAAESsitign
AFO-15BNSCANAAGGOOZ2IA2 jtron SH | D NO 82 AFO 14 0fRagenic
TTAA )11 _ENSMUSESTT00000064726 i Atron—SE D

L .
AFO-6613. 83 ASEQJE%‘%AF%' ‘F’TNR‘MACTGTTTT 11 GENSCAN00000019932

a ACON . QDOT2A TTANALOLOCAALT-OAA o
Rt g FO-82T24—TTAACGAAGTCCAATTLZ

AFO- Gﬁﬂémﬁgm 73 Intron | SE I D NO 85 AF(Q> 60T18
AFO-SKBS g ARREAGecZT G 000p070967 intron [(SEQ ID

g (SHPp40Ti68® TTAAGGAAATGACA 12 GENSCANOQ0G0127032

AFO-8873 I QITAABEQAAGYTNO, Bhddie@ 62T[L4 TTAAATAAAGAAC 13
C73002EAPNO2Dvon | ( SEQ | D NO 88) - 58-\WO-2006/

AFO-1BUT8/ ( %%%%@@%WG Undefined &< 6+

AFO-91T29 TTAATCTTATGTCA | undefined
(SEQ ID NO:122)
AF0O-92T15 | TTAAGACCTTTCAT | undefined
(SEQ ID NO:123)
DFO-20724 | TTAACATACTAGAT | repeats (Aluw)
(SEQ ID NO:124)
AFO-40T19 | TTAAAAAAATAGAT | repeats
(SEQ ID NO:125)
AFO-51T10 TTAAAAAAAGGACA | repeats
(SEQ ID NO:126)
AFO-69T4 TTAAGGAGCATTCT | repeats
(SEQ ID NO:127) (IAPLTRI-
MM)
Table 4. PB transposition in mice. 1. A, B: PB[Act-RFP]; C: PB[K14-Tyr, Act-RFP]; D:
PB[Act-RFP, MCK-TSC1]; 2. Less than 10 kb downstream of known or predicted genes; 3.
Less than 10 kb upstream of known or predicted genes; 4. The insertions from germline

transpositions.

Most of these transpositions were mapped to the mouse genome according to genomic
sequence flanking the right terminal repeat of the integrated transposon. We randomly selected
nine transposition events and amplified the genomic junction sequences on the opposite side of
the transposon. In each case, transposon insertion was found to produce a precise TTAA
duplication of the integration site (data not shown). These results indicate that most of the
transgene integrations produced from co-injection were due to transposition.

To test the capability of integrated transposons to transmit through the germline, several
PB[Act-RFP] positive but helper plasmid negative founders were mated with wild type FVB/Nj
mice to generate transgenic lines. One of the founders (AF0-61) that had eight PB[Act-RFP]
integrations was analyzed in detail. PCR-based genotyping showed that 15 out of 16 progenies
of this founder retained the transposon DNA. Southern analysis of PCR positive individuals
showed that all of them inherited at least one copy of the transposed PB[Act-RFP] (FIG. 3C and

data not shown). The random segregation of these transgenes suggested a diverse chromosomal
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Insertion No.1 Insertion Site Chronmosone Gene

Nane/ Ensenbl e I D I nsertion Position AFO 50T3
WATWATOACAGTACT 13 Lgal s8 intron (SEQ I D NO 8BCT/CN2005/000674

AFO- 92T3 TTAAAATAAACATG 13 Histl h2bmintron SE ID

NO 90) BFI-29T64 TTAAAAATCAATTT 13 Auh intron (SEQ ID

NO 91 AFO-52T5 TTAAAGGTTTTTCA 13 2210404D11Ri k intron

SE I D NO 92 AFO- 50724 TTAACCAAGATCAA 13

ENSMUST00000038065 intron (SEQ I D NO 93 AFO 30T10

s S S RS A B D
foundelr %Bé?m) t&cdrﬂed\ﬁlﬁge A &3 hdIChRAGAT AATARTTciglB Fls in a single
iter ikl Pciagnposcd T S foRees S 1D PFEARACSE R V1

prlmergm%§@$@pﬂﬁﬂm&%ﬁspo@drf i@tdgratién 4ifds NED élﬁlﬁnﬁﬁ@ti&leﬁﬁheﬂtance

TTAAGAAACTTACA 14 GENSCANQO0QQ0096363
of the RSETHRIAOSDERTE FOPT AR R RAT E R SRR P00 024
togethérnﬁléﬁ 63&@ %5}" ks podftioin{edibted Gdie 1ﬁfEéAﬁMéEﬂTﬂ'ﬁE$ab‘iEty of
0074792 ntron (SE!'2 ID. : 10 g)—
lntegrmmwv@ﬁnmsth@&is@ﬁm@ﬁ%6%‘8%‘%§§aﬁe?1 '(l‘éi‘:?ﬁluf
nggy&peﬂe%n@‘% élm%sﬂé%&é\ﬂfﬁé\%e@ 16 Unps | nt ron SE ID
NO 103) AFO-50T4 TTAAATTTTCCTGG 16 Ufdll intron

6.3.3. Precise excision and transposition of piggyBac in mouse germline

We further tested the transposition behavior of piggyBac in mouse germline with the
classical breeding strategy of “jumpstarter” and “mutator” stocks (Cooley et al., 1988, Science
239:1121-1128; Horn et al., 2003, Genetics 163:647-661). In this procedure, a mutator line
carrying a nonautonomous transposon is crossed with a jumpstarter line that expresses
transposase in the male germline. Active transposition is expected to occur exclusively in the
germ cells of males carrying both transposon and transposase DNA. These males are
subsequently mated with wild type females to produce lines with new transposon insertions. We
revised this procedure and used co-injection method to directly produce mice doubly positive for
a nonautonomous transposon and a helper transposase gene. Transgenic animals were produced
by conventional pronuclei injection of linear plasmids, which assured the co-integration of both
donor and helper plasmids in the same locus. Several transgenic mouse lines carrying both
PB[Act-RFP] and protamine 1 (prm1) promoter-driven piggyBac transposase transgenes (Prml-
PBase) were generated. The prm1 promoter was expected to be active during spermiogenesis
(O'Gorman et al., 1997, Proc. Nat’l. Acad. Sci. USA 94:14602-14607). Thus, in such doubly
positive transgenic lines, male mice were expected to produce new transposition events whereas
female mice could be used as breeders.

One of these double transgenic lines, referred as BF0-33, was tested for transposition in
its progeny. Southern hybridization with the transposon specific primer (FIG. 1A) revealed new
transposon integrations in 67.8% (19/28) of the transposon positive progenies (FIG. 4A and data
not shown). On average, 1.1 new insertions were generated per gamete. The new insertions
seemed not to be regional since three of those new insertions were sequenced and found to be

located on three separate chromosomes (BF1-29T6, BF1-30T43, and BF1-44T10 in Table 4).
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(SEQ I D NG 104 AFO 40T4 TTAACAACTGGGAT 16

GENSCANO0000132965 intron (SEQ I D NGO 105 AFO 90T4
WATWAEET TTTTA 16 intergenic (SEQ I D NO 106BCT/CN2005/000674

AFO 81T19 TTAAATGAAAATTA 17 Birch intron (SEQ ID

NO 107 DFO 18T69 TTAAGAAAATGCCT 17 4732490P18Ri k

intron (SEQ ID NO 108 AFO 86T6 TTAAAGGTGCTCAT 18

Pde6a intron (SEQ ID NO 109 BFI-44T104 TTAAAAATATTAAC

18 Wir7 intron SE I D NO 110 AFO 90T36 TTAAGATGGCTAAG

ENSMUSGD00 e

RO 8 S B R g
explorbléhie rh#spbiibrl Boha diorl atAeiGACT ARTERrxitGERSCAR). OB 0dsz3854 1

I ntr.on SEQ I D NO. 113 AF 2 I 1 .
ransp ARG GOUCUHEEES TR o B SR T g iy Inded
this PCIR Bkl 2vkd Aet B IGNR 00641006 pting frosetinte BIY-No(FIG. 4C). Seven of
s S b RS S0 MBI A Rl e
not sh%@%)?ﬂe(@x%f%ﬂst@aﬁig@ﬁlak ?fg@al' Hanspbad G dueh B iphdoi@AMAITdARSe meechanism
. [ [ 1 116 AFQ- 66T13 . TTAAACCAGGATCC . [
in malg e PBOREP 7 DAY YT ARRATACERET IRIdT R ied e
some triAsP¥sitibhBvents (progeny BF1-30 and BF1-32 in FIG. 4B-C) were not coupled with
the detection of this 273 bp product.

6.3.4. pigeyBac transposon system as a unique transgenic tool

It has been shown previously that transposition efficiency significantly decreases with
increasing the length of some transposons, which hampers their utility as a genetic tool. For
example, in Hela cells, SB transposons were shown to have an approximately 30% decrease in
efficiency of transposition with each kb increase in length in addition to its 2.2 kb original length
(Izsvak et al., 2000, J. Mol. Biol. 302:93-102). To determine the size limitation of PB
transposition in mice, several PB elements ranging from 4.8 to 14.3 kb were used in making
transgenic mice (Fig. 1A). These transposons carried either a RFP reporter cassette and/or a
separate transcription unit. The integration rate of these PB elements in circular plasmids was
tested in the absence or presence of Act-PBase helper plasmid (Fig. 3A). Results indicated that
PB elements can carry 9.1 kb of foreign sequence without significantly reducing integration
efficiency. PCR analysis confirmed the presence of transposition events in 83.9% (26/31) of the
founders with the PB[KI4-Tyr, Act-RFP] element, which carries two marker genes. Helper-
assisted integration dropped using the 14.3 kb PB[Act-RFP, MCK-TSC1] element. Eleven
PB[Act-RFP, MCK-TSC1] positive founders were analyzed by Southern hybridization and
inverse PCR, and four were found to carry transposition integration (Table 4 and data not
shown). Thus, PB is able to transpose sequence up to 14 kb.

Next, we evaluated the behavior of transgene expression from integrated PB elements.
Among the mice that carried PB[Act-RFP], 98% (39/40) expressed the RFP marker. In our
experiment, even one copy of PB[Act-RFP] transposon produced a visible red signal under UV
illumination (Fig. 5A). Some of these founders exhibit mosaic RFP signals, a phenomenon most

likely due to the transposition in embryonic development after the one-cell stage (Fig. 5B). Co-
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AFO- 88T3 TTAATGAAACCTTT undefined (SEQ ID NO 120

AFO 130T3 TTAAAGAAGGAGAG undefined (SEQ ID NO 121
WQO\B06A23H20 TTAATCTTATGICA undefined SE | D NO BCZRCN2005/000674

AFO 92T15 TTAAGACCTTTCAT undefined (SEQ ID NG 123

DFO 20724 TTAACATACTAGAT repeats (Alu) (SEQ ID NO 124

AFO 40T19 TTAAAAAAATAGAT repeats SE I D NO 125

AFO- 51T10 TTAAAAAAAGGACA repeats (SEQ ID NO 126)

AFO- 69T4 TTAAGGAGCATTCT repeats (SEQ ID NO 127)

expre%foﬁ‘ Eg%ﬂr %?FE'EM &%Es’: n%ﬁ;éfm?ﬁg:rs %VIaFSJIQ rovt%(li tﬁl':t%jrﬁ]mty I:sune percent](9/ 3A) of
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transctlﬁrdmuﬂa& arideiighafreqéncy @edritiongs eteshghésBNEA PBArnspdhition can be

df?n‘} th (ft ed nine transposition events and
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Tll'd\ﬁ%.stdhmfeastlahﬂy(mﬁ PBfas tlninsértiomd fnatagﬁ1’es1§ tdoEm(v@ﬂék&atBQ twe

evatu P b STRESPE PRl B Dl . e DA remengs s

found dt}z&l RBintep s sisds kkd@pt onbOSdeesd, weltempapdidi |géﬁ0¥m@ fequences

ﬂank1 tﬁm&ﬁﬁé sqgseqfa rgt?q%g?lﬁ{ﬁ%ncg%gans m ¢ ?4{ "P{‘/gxgms ip, g]eﬁxg}use genome

and foﬁthé&ﬂichinélﬁ 9T MRl AouAb@idingBs CoreBTRA s%dehcéMFlgd 6Ay nﬁls s
e.to O%ener ate t ransgfenl c i

simila G b ieg BBl Trtech 4l Lraro0papsaE drgppl. 1801 1750).

Finally, rgéxﬁﬂrﬁlaldcﬁﬂ’b‘és vEHeRMmahiposton fitedl %@'ahalyfe@@ggﬁﬁ% Er%sem?]l mouse
progenies O

eno ng showed that 15 out of
genm%diaﬁ Rsp- 4@105%%9&1%‘? éhetsets%&oﬁ@sr@ﬁbqjmppeééuﬁ todhepraseaseyed s
repetitile sE’cfﬁBn&@ ghd deé{&nb@gdp!’ h{jt‘ﬂé‘hactaba@ @%Qactt btichk |of &5 trd3Fd%bn

i nherited at east one copy t he transpose

integr: S et (Babl ig. 6E A wide range of chromosomal distribution
@B[‘ﬂ!éft mj

was observed among these transposition sites. All mouse chromosomes except two

(chromosome 19 and chromosome Y) were hit by PB transpositions (Fig. 6E).

Sixty-seven percent (70/104) of all transposition sites were mapped to known or
predicted transcription units. Among these integrations, about 97% (68/70) hit introns, while 3%
(2/70) hit exons (Fig. 6B). The preference of integration within transcription units still remained
high even if unvalidated (i.e., predicted) genes and ESTs were excluded from analysis (48%
(50/104)). Furthermore, more than 40% of the “intergenic” transpositions were mapped within
50 Kb of known genes or ESTs (Fig. 6C and 6D). When a 10 Kb interval was set as an arbitrary
threshold for regulatory regions at 5” and 3” ends of a transcription unit, the frequency of genes
hit by PB transposition were about 80% (83/104) for known or predicted transcription units (Fig.
6B). The wide chromosomal distribution and the preference of transposition into transcription
units indicates that PB elements can be used as a highly effective mutagen for genome-wide

genetic screens.
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data not shown). The random segregati on of these
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o e S s SRR T DEhPOhTGt AP Y R o

transcriyiTioRg uhl€ 6T0E 6 thdRinsEesoh ineErdtiBhs Wére RSuRd wi B row /ot Pedicted

ssed_the RFP marker. In our experjnent, even one
tranmélzig’g%d*fmﬁsercmnaqﬁmnqnﬁ o ErgpAlopt isgiapLRfiasenita the tianscgpfional

initiatich GitetbrnRERh sk, the E&%E&a&ﬂm&ﬁbcﬂmogﬂ) gen&olg%vé?lfhléﬂaﬁ $hiven
fo nderts exhi bit nosaic RFP si gnal s, Pp enonmenon  nost
that only ~15% of the mouse euchromatin sequence encodes genes, PB transposition is highly

selective for coding sequences. It is not clear whether this integration property is influenced by
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likely due to the transposition in enbryonic
devel opnent after the one-cell stage (Fig. 5B). Co -62
wODRABAA 22442 PCT/ CN2005/ 000674 expr essi on PET/ONLM05/000674
RFP and tyrosi nase markers was observed in twenty-nine
percent (9/31) of the founders carrying PB[K]4-Tyr,
Act - RFPJ, a transposon containing both a K14 pronoter-
driven tyrosi nase gene (Kl4-tyr) and a RFP expression
cassette (Fig. 1A, 5C and 5D) Thus, the PB[, ct-RFP]
. [ U clonln 11 n
the ﬁa&%@h&aﬁéﬁgmv)@%g (?ﬁ\}lelg Q%éﬁxa %?thlé (%990115 s%ci,uellg]cg cé nleg %&Eﬁqmﬁ
elemeyte ¥ ayertheldss thibintdgragion breéermb tmkediBa paotgﬁmsdream toof for genome-
\mdeﬁﬁfﬁﬁﬁf mg%%aﬂ§crlptlon units and hi gh frequency
evénts suggests that PB transposition can
bAn 1m1xetanmp®nmehé anlysis of matatiod dbaige fienmatedoit ANRGERSIS is
] c tra oson em as an -
the veflh&iion Bt e Ryl R Eee BRRRAS S BLBFTPR B o s s
partlcwﬁrl}Piﬁlpaﬁam tn the smﬂyslsoﬂ' abvegérmegevesiicatiéns gehdtype/phenotype
S|t|on vent

corr TR R LB e-0F ek TRp R Mtk ekt

lookln\ga’Sr phéﬂmypilc Gbscadl (1d€Bly, AdveBloalolf e isdubePmeE@BacloOwild-type).
enom, C. sequences f | anki

AnothE G0 Ao g P RGP FOTIPE 1 SHG Py caggions and

look fa}'li)ﬁéncﬁyﬁuefévdarﬁloﬁ hEhd @RS o BRAHIPTROoNsAH exd‘lmladthamwaméeﬁ
Ts and As syrroundi ng the core TTAA sequence (F

COHSIde&f‘ 2 g {poriant M4 RS VAT SPRHEN Pl HPYCIHT: WPY G8nepBtam eave o

small ddletioﬂS)Q ﬁfs&tléﬂ—éﬁeﬁéxo@dlon fr&g% origMarsde. M?éreﬁhglkl PB generally
:17-30.) genom c_ | ocati ons ﬁese

leavewé?@wg .aft?r&ﬁmglpv:é@,awl@dsﬂ donpredycing sgvakants: ﬁbls FEW%WFO
makes/PBIRE hl@@ﬂ@%sgéén@f?@cscfama b HIGR HRAROn vtflhﬁa bR

coul d not be mapped due To the presence of repetitive
transP%%*éﬁ!i‘eﬁ’YE@% oEHUINSSHglerReBOmR SYI pidiehkave deapnsyated thabPR gecdsion

can bel AGRLdcRRRdY it rﬁﬁ%ﬁﬁ%&h of*)tl‘lht tEAk Vg%gésgnTﬁé fa@ﬁp%%ecan carry

det érmi ned ( Tabl e range o
multlpmeawu@@ﬁarra@p@@tmnmﬁermeat mn@g@efpm@ymmﬁg ndmépsiations

1nclud¥ﬂg%ﬁﬁﬁél%%§és‘s nd ﬂn@@%ﬁ&&%&ﬁ@? %r‘{i?%g &%@8%1 o¥Pthe

hr onpsone
1nsertlprp/g1ngtpgtgqtqd| tbengat(lsrcpfghe ®EptiorSkuchyps lg@m‘ezygpmw% h¢mQzyEOuk)and

single ?Hutag& Lerik %?@nrfé)ﬁlh{ahtg r\)ﬂlstlﬁg n{&ﬁ(e?s As\rqgtpfsq%li ahd I‘l'r}]/rosmase Given the

predi cted transcriptiron u
long generatign simeandthe zhtgbmnngﬂ %l(sﬁ@cﬁﬂ)asdocmted mtith ammse whédires, 866 will

reference.o
cramafiGi{ e b AP R Fh rbBr B B LR somp e
aqmnhm@hbemenpn&humval|dated (i.e., predicted) genes and
RSP R AT b5 b SO korer sncs
for en}tamem@rmmtérIdeﬁestldmeme‘gm&nmpdmgﬂ’,tvdflild\l}n\h cab Qrelidy ﬁélgﬁfﬁlﬂ@effor’lt of
6C and 6D) . en 10 Kb int
tanri Qg g PhortoT 5 i ity Shd ARSI GTogET o gl DAFHpologio
analysé£ gHoﬁ esntple, the gamctrap te@ﬁdl&gﬁ%g&)ehﬁﬁlﬁﬁlﬂf th®PB @Ykt |M1,crbcﬁﬂ]&:tlon
C e transposi ti on were about

A L A M TRV T e A
the mousd ge‘ﬁmﬁEI When §B)ranspbsonvihgdeis by ERSBAPIS R Sehbd iR Wd it

the prefere qfe of tnﬁnsposltlon into transcrlptlon

divecti{i e mirhan (e e n e DIve pees G g endagerpug gons will b

hi ghly effective mutagen for genone-w de
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genetic screens. -63 WO 2006/ 122442 PCT/ CN2005/ 000674
Addi tional studies, for upto a total of 128 new
w0 p®efn2idens, show that 112 are, located in PCT/CN2005/000674
transcription units, covering all chronosones. 5 of
the transposons map to exons, and 63 to introns. 6.4.
Di scussi on W have shown that PB el enents can actively
transpose in nouse and human cells. PB transposition
has been thought to be | ess dependent on host factors
0 I
aisrplef SFhuEHLSls b ANERERENRr blephr ehiBelOF o st nces,
v1s1ble(11hzmtypzbs f:eiusedalm the gm(dtsrurmpmn @smeé pftheltrepped B2, | nsect

gﬂ%%gcgﬁglc;‘:’nt {rJIYr expert eglﬁsg)é i ne{stg%: ?%ﬁl %ﬂl%ﬂi} ﬂtﬁ?egt traqsgenems and

inserti3il AfhgdieSis sysTdmelnfmlse tahdil;ugEBt thatthe PBegitény e4nsalso be used as a
: th .
pOWCI‘%LH ?cg)? o%%geblg g}gﬂi%g&gg?ng ﬁ% galer Vﬁtg\c}nererl]{a 3 Jgﬁl‘g% Eﬁl@ﬁtﬁ% ﬁé I&?EM Nat.

Genet398BI2878t udies in both invertebrates and vertebrates.
It further suggests that the transposition mnechanism
7. REﬂEREN@ESKHﬂEH)nHy be significantly different from
0 nat ur n ki a%
AR ARG o B oo ROt iy o
all puﬂ'pOSEls td the satrﬂieaaxmemﬁeash (ﬁdmd;tahphbdasat@u Qg%tnt phmtenpamhsatam

was s;%g&ﬁ%lb' andfl \91' Lée\flllg Ena eﬂg (grgtﬁé gg %If%re@gr 1t€&1@ireéy for all

pmpoﬁgjnals First, PB can be |ntroduced into the nouse

OFL g etﬁﬂfnagﬁ Gjeplif O e e St L GRkRgrom

its spifif arfd@@opéoz&ﬁﬁlﬁ b6 app'adeﬂ@) thdse elgnat iadhedon@he ﬂiealﬁmanihodlments

t hei r ger t he a

descripgd il greﬁ“'ﬁ@ﬁ &y &&8 Pﬁ?agwle Oﬁf Gg‘ih% a"’?‘?t%? t8 3’8 Jimited, only by

the tefdRSIF tHeApBEded tlans] Aalg wil 106 Bl eope dfl@glﬁedlermmto(whldh snelaclaims

into mce results in the formation of transgene

are engifletbat aners  (Nagy et al., 2003, Manipul ating the
nmouse enbryo: a | aboratory manual, 3rd edition (Cold
Spring Harbor Laboratory Press)). W showed t hat
i ndi vi dual transposon integration sites can be
qui ckly defined by inverse PCR Thus the effect of the
chromatin environnent on integrated transgenes can be
estimated. Third, the PB el enment allows the expression
of the transgene it carries. The overall frequency of
m ce show ng the expected transgeni c expression
pattern was conparable to conventional transgenic
experiments. Finally, our results indicate that PB can
carry transgenes up to 9.1 kb without a significant
reduction of the transposition frequency.
Transpositi on was observed for transgenes as big as
14. 3 kb, which allows insertions nuch bigger than
retroviral vectors can carry. Thus, a single PB
el ement can carry nultiple genes, which allows one to
perform conpl ex transgeni c experinments such as
i dentifying positive
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transgenic animals with the help of a visible marker.
-64 WD 2006/ 122442 PCT/ CN2005/ 000674 6.4.2. pio yBac
W@s00a/1z23m0m cs t ool deci phering gene function PET/CN2005/000674
post - genone era, systematic gene inactivation is one
of the nost powerful approaches to decipher the
function of the genone. This approach has been proven
to be successful in the study of single cel
organi sns |i ke bacteria and yeast, as well as of
| -..cellular organisnms such as C. el egans,
vwwi%#%%%?ﬁgla, zebrafish, and Arabaopsis. Unfortunately,
efficient nmethods for genone-w de gene inactivation in
1. pAmpiiod of generpting p tpRsgpRie AON-ITQIIN VETiEAYR RGPS IEdn Higepgme of
one orirh$re bEVY @M@k 2B i TRE BAS o doRWHIBRAHRS BCRLE: SRPRast 1.5kb,
inactivation irn the nouSe; however, nmapping
comprisiig-theterseft nut ati ons and cl oni ng the genes defined by
tAe; | 8NSvoli ! j W ort LBz SHEh Rikleic
(L infShhd Ao g5 ol BRREIRAT 185.*‘?“%911. PHOLHE
acid ciReprising a g Bactike wehsposer which parrienant inggelnd 8t lgash h3kinangdgwithin
be i : P ' : tiak he
thesaf St B HARRop P ARMGRYs IR B0SaATE prgiakit
transpbsasgge nunber of nutations, nost of these nutations

are.generated in _nmous i ani fai -
ARG b P SRy b Aot GefL o
foster rveiRe ofyha eansmpediés ndenpaditionsgavioning dévielopmanti afedid embryo into a

Recent%lg Sﬁlgqﬁ,§ en tested for the insertiona
transgrRlp APERERY S TR F e Frouse. However, local hopping and a
r @) aftervgdeyiodl ofniraé fuffidien tyallofv develngpos of saghembmy@into a transgenic

transcrjption unit revent it.from hei W .
non-higagtverehratecirre ane eRREEr abbnib GRS o hoter
choi ce for .screening recessive ' y
6B eRinids  FEQR Ty R RIHmSR e b ilsln plelnome of one
or motd it§0eIBDigeBMl-likermsggasthich beriessmiitsatyiof attlgaspf.5kthi s
transposon for insertional nutagenesis. Several unique
2.  prEPREthbEst tdimRABwhereindhe gp@dutYiké aaishosbatvbdichremptiseonal
nmut agenesi s st udi es | ice..One inportant .
nucleglisl SFHERSEePEHINGEa PPPIRSAP MRS ATPL BRI anis s umeny
vertebr&eWhet her the nmutagen can hit every gene in the
genone in an unbiased fashion. Qur experinments have

shown that . PB integrations have..a divers , .
s ity mebaf e vhEe o TiglR s ot fe rmistis.,
transpdkdniis Endacieed) buch thid theigandiecasfoph ol raors bbwaidieplls téragrisPBsaid
: hit@k enes in a.less b}ased.fashion th nﬁéhefmﬁd%%%Jme
pigey e fikaBrd syt iR P Beg e ooid FomPriig 2 Plorglly of plggiie
transppfond83- 287) . I nterestingly, our study has revealed a
hi gh preference of PB transposition for

transcriptiqnal,units. 67% pof the trans 0 .
4. | AReTPheR ohanR SelsTi b Rioa S ToRATTE B s pacyice
transpok @i lihdapizéd) Buth thed iHegendnicofode momone € sdid calls compriseesaid
, e atory regipons adjacent to the.transcrption .
pis P PRSP A B e s sai Sy R Bl e e
transpok@RSpOsi tion in genes is even higher. Gven that
only -15% of the nouse euchromatin sequence encodes

5. IThe Sr’rfeth%? o{' gn%'nosx’l 2 é:l%ilmos -AL %vhlgrlegnhé/ piggyBac-like transposon comprises a

sequence recognized by a protein that binds to and/or modifies nucleic acids.
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sel ective for coding sequences. It is not clear
whet her this integration property is influenced by -65
wODRABAA 22442 PCT/ CN2005/ 000674 t he transcrP@L/Cun@b/000674

activities of the genone or the exogenous sequence
carried by the PB elenments. Nevertheless, this
integration preference nmakes PB a potential dreamtoo

for genone- w de insertional mnutagenesis. An inportant
aspect in the analysis of mut ati ons obtai ned from

r S| verific
6. ERRMRACRASRIN Bal reifiel et i Dol pive e
proteig auXeA-niddifging rotgia rah IRNA -Binting ipropei, to A RNA -nbdifyamppryeins

of novel genes. Verification of genotype/phenotype

R

7 DR A Sreli Bl SR e bREIRRHE oty SnbXRS
target gitecfnng sifgispecificrscambingse.deal | y, reversion of t he i nduced

nmut ati on back to wild-type). Another way to determ ne
8. OPRGhMRK Jt Qﬁtﬂﬁ’b}’@ﬁ‘er&ﬁ’ E}{eq‘lggét'sﬁgﬁs a?li’[otax%éﬂn% or a lox target site.

i nsertional nutations an enot

reversjon. The ability of transposons to ex0|se has
9. tHhemethodeaf any,enerpt C@ms} -flevhegein the #igey Basolikedrenspasrcemptjees a
sdmx&mﬁﬁmkﬁlrIVIra| vectors. However, npbst transposons

| eave a snall del etion or insertion af ter excision

from iginal site, Interestingl PB general ly

@%@H @g?fﬁrqf ﬁlsaﬂ%ﬂ -frhexedn e g2y iR Plif?grapprPmmprlses a
rqmn&qﬁmprodu0|ng revertants. This feature also nakes PB

| ess Iikely to cause genonic damage duri ng

%ﬁ&?ﬁs 5 c@fni)] W{l& ‘lareggpeblg Iaeg %g%{}% to tﬂe (seﬁégleg gf said

qwcwdennnstrated that PB excision can be easily achi eved
with gernline expression of the transposase. The fact

2 PR Ao Sl PuRrE P e e

bothalsasledtalﬂbmgrkeméatmpmalgeﬁut agenesi s and phenotypic
characterization It alloms one to follow the

[ Sk afus of .t
13. ﬂ%ﬁﬂe&lﬂé %hrl!f%[y 81&5 v e r s us rfi"l% e fé%%qfngﬁg%n?oﬁod’l 4gd the
nucleotide mquenaecr&ud;mgl ﬂmtvbgyﬂw:t -t teansployase kieivdthén e sdoey uckiccddid.
as RFP and Tyrosinase. Gven the 1ong generation tine

[ [ [ se
14, DG rhebod Uy QRGBS pRRRRE e lpillcl B R
nucleofide senmnye ery:pésg thee péggpBad-liferitagspmsede wieloh sepmkate mumtaic acids.
unrealistic experinents becone practical.
| . .
15, Hc e G B AP E A0Sl 8 LR B ieey -
transpesam & fpt Bevudeic dadd eonprizing tbvngg@aehkw aEpPpesgse, is RIVAC h
can greatly facilitate the effort of functiona
16. AMRAPRRIIV? c@im (N WHIRHSEe I %ga%%-lﬁc@ ta Q%h(i&n{n?cﬂ)gl?z@fl fh said
for many types of biol ogli¢ anal ys For exanple
non-hymga vgdeteate.r ap t echnol ogy can be used with the PB
system Mcroinjection or crossing can be used to
17.  ITiRuERnddRe cRE 14, NRRASAE ﬁu&é}é EHAsSmphEn P8R V\%Iégfz%—like
vector transpose into the nouse genone.
transpqsps Adh &ﬁé\kﬁ Hapsppsyse fﬁ%b?th%s of the genes in
t he rlght direction, the marker gene (eg. LacZ) in it
will be activated and the endogenous gene w |l be
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-66 WO 2006/ 122442 PCT/ CN2005/ 000674 disrupted. This

all ows both the detection of the reporter expression
w@nas/1223450me i nstances, Vi sibl e phenotypes caRGEGNDY5/000674

the gene disruptions in sone of the trapped lines. In

concl usi on, our experinments provide a the basis for a

hi ghly efficient transgenesis and insertiona

nmut agenesi s systemin nouse, and suggest that the PB

system can al so be used as a powerful tool for

15 OB TR AR08, b e KA SRS ER) B
in the SRPERENGEST GloT&h) iklcklly ek kotdecequeatd edodiny £pipgy@ae-like
transisnézeorporated herein by reference in their entirety and
PE8Y™  al | purposes to the sane extent as if each

i ndi vi dual publication or patent or patent application
19.  \itts negtlei dfictaéh 1§, vehreckin thel invelebuidb beguenved enatimg theitgyBac-like

' refer einits entirety for al
ﬁmmp%%$%%§§%aﬁﬁg%§xﬁﬁgI?W@%fions and variations of this

i nvention can be made wi thout departing from its
20.  sPiemathashnd clhino b whereiihe proyeterdiresteenprassion dfgbetraipdshsedn
the gednflinth€ art. The specific enbodi ments described herein

are offered by way of exanple only, and the invention

is to be |limted only by the terns of the appended
21, cThgimaghodgf glain @ tvtherdiiethe gromotes dyregentlieayspecisic eromotaro

whi ch such clains are entitled. -67 WO 2006/ 122442
22. PR HSNAGTRRE 08 AvheMiitihe bSnofled)r 8BHor riore %f saf dERE EhrREs said

generating a _transgenic non-human vertebrate i

nucleofldgsAREIch RcPRing His péganBrreliksrirangnogase vithisracopgatames, said| | s

concat@RErAGMBAGNS b KRralifATIROS AU WtjubibeCah bERLBR e B& alpidd) Bac-

) aat Ieag? %éSEbTI conprisiﬁgatheesteps o#: ?g) ap%%gtw

hke“@¥ﬁ¥@@ucing ex vivo into a non-human vertebrate enbryo
or fertilized oocyte a nucleic acid conprising

23, AHePRIRAGTiak® 11 WIRRSH 82 ABn- WM& vt Rbrale@S a Abh-huihSRl hanhal.
at least 1.5kb and, within the sane or on a separate

cleic acid, ucl.eqti de, sequence encodi n )

24, e meied o1 eloige T phsprip the agahumpyyerichigiednt ﬁvfg%elﬁ%mmal-
resul tant non-human vertebrate enbryo or fertilized

25.  Obogthed bfigamenating osimgenioidadiunah vetusbraasenmng ithe gorbate of

condit.jo favorj ng, devel opnent , of said enbryqg into a
one or GRSl Pl A/GFORARTK GEINPSBT Sish SopEr L) hupobe spduehed
encodipgs ptkithat medifisul thiitGh e4d trimgadid MoN-ldesalvorebead, compsahdihe

nbryo into a transgenic non-human vertebrate,
Stepsc’?‘ecovering the transgeni c non-human vertebrate from

t(BeinfredR@g ex vivo into a non-human vertebrate embryo or fertilized oocyte a nucleic

¢

acid comprising a piggyBac-like transposon which comprises a nucleotide sequence encoding a
protein that modifies a trait in said transgenic non-human vertebrate, and, within the same or on a
separate nucleic acid, a nucleotide sequence encoding a piggyBac-like transposase;

(b) implanting the resultant non-human vertebrate embryo or fertilized oocyte into a
foster mother of the same species under conditions favoring development of said embryo into a
transgenic non-human vertebrate; and

(c) after a period of time sufficient to allow development of said embryo into a transgenic

non-human vertebrate, recovering the transgenic non-human vertebrate from the mother;
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t hereby generating a transgenic non-human vertebrate

conprising in the genone of one or nore of its cells
wer@gnBade2 | i ke transposon which carries an i nSBCT/CH2008000674

| east 1.5kb. 2. The nethod of claim1l1l, wherein the

pi ggyBac-|i ke transposon which conprises a nucleotide

sequence encoding a protein that nodifies a trait in

said transgeni ¢ non- human vertebrate. 3. The nethod

of claim1, wherein said nucleic acid conprising the

pi ggyBac-1i ke transposon is |inearized, such that the

g Bvtshe gferating a gpnsgetienat-higzand edeirits cooprpingse sieganane of one

i -Li . i.t hi n r, sai.d
oY 5o TR0, W LSOl
nucleafide févwenretehedingfa protainrth modifies irait maiid trausgeric aombindan

rising the piggyBac-1ike transposon is
Veﬂﬂ?ﬁﬁgarized, such that the genonme of one or nore of

sai d || s, conplii SEs _.sai. I ac-like transposan
26. o RheimiR BT Rt R e TR it Qe e
transpofopiiglineBeirzed| sukk that thagapas@fisne & .motbef 3kt dalislcafiprigysafdne
. f ¢clainms 1-4.. wherein the pi Bac-1i ke trapsposon .
pigeyiias:iis Halposon W E rens pugio i) SUPT e 4 gt P ke -ike
transpbsonsls t o and/ or nodi fies nucleic acids. -68 WO
2006/ 122442 PCT/ CN2005/ 000674 6. The nethod of claim

5 ' ) u i acid-nmodifyin rotein is.a
2. RS R B 2R UE R e e RBa RS BB ertons o
sequeiRildedopmekidrity ayroteimnithat bowds eranfddmpditied ntickis feidt ei n. 7.

The nmet hod of any one of clains 5, wherein the

pi ' riSe . t.sj f.or,.
2. DYBOHBRGLL Koo ORIER A CORRLA Sk AR LS s
proteipjad?eA madifging arajein, aiRNA-bindmg pRTeitar ge RNg-tmedifyingproein,

target site. 9. The nethod of any one of clains 1-4,

29. RRS Rid 1dh 99 YRGSk S S i se :

oI EBod (b 09 RS e BB PSR et ie for

a site-gpegific ygeembinaset he pi ggyBac-|i ke transposon conprises a
reporter gene. 11. The nethod of claim 10, wherein the

30, T $tB6d i ' i i
PR 516415 SRSORRYR S-SRI O Bl e

erei he pi ggyBac-1ike transposon conprises both a
31. ;\@eée?tg?ﬁt o clagp %g o1 26 vhreindBepiggiBagdike transosorsampiiseha d
selectdle mikerone of clains 1-4, wherein the piggyBac-1ike
transposon and the nucl eoti de sequence encodi ng the

,agyBac- 1 ke ansposase are within the sanme nucleic
32. gtl?e5¥et€qpﬂf c&;aﬁthﬁQf i@ avsfxslfel ﬁ?ngﬁg?aéﬁlke [rajspeson cgmprises a reporter

gene. Wherei n the piggyBac-I1ike transposon and the

33.  The method of claim 32, wherein the reporter gene is endogenous to the species of said

species.

34.  The method of claim 25 or 26, wherein the piggyBac-like transposon comprises both a

selectable marker and a reporter gene.

35.  The method of claim 25 or 26, wherein the piggyBac-like transposon and the nucleotide

sequence encoding the piggyBac-like transposase are within the same nucleic acid.
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nucl eoti de sequence encodi ng the piggyBac-I|ike
transposase are on separate nucleic acids. 15. The
woredoboek4ef cl ai m 14, wherein the nucleic aci d PCT/CN2005/000674

conprising the piggyBac-like transposon is DNA and

the nucleic acid conprising the piggyBac-Iike

transposase is RNA. 16. The nethod of claim 15,

wherei n the piggyBac-like transposon is imobilized in

said non-human vertebrate. 17. The nethod of claim

er.ej I A Si

S5 g RRaSH el sk B R e Recf BRI Sk iFand the nucteorde
sequentet‘ ansdios ts pigapBrcHikeiraliiasase 69 ONEPRGOBIUERIAGHS.

PCT/ CN2005/ 000674 18. The nethod of claim 17, wherein
37. tﬁ% rri]eﬁi%ﬁ%g BRIt 3d) Whe R RO DY@ 5‘0@([ %nﬁarfsh\?ttﬁk‘?ﬁggﬁ/@ﬂ@hkes es

enone of one or nore of its ce nucl eoti de

transp(fselq ueDm aghtbe didlgjc aciprayyy Bing-thy Kieey Bre-tkairnspasase i3 BNA.
The et hod of claim 18, wherein the nucl eoti de

Heleth b pRyRae-Ilk kens bsroa RSR@SasIezed f said
38. g%%rab %I?Pﬁﬁggﬁ?% a pro%n er. 20. % e nethod of claim

non-huh@n vettehraie.n t he pronoter directs expression of the
transposase in the germine. 21. The nmethod of claim

39, 2fhe nMRIaS)E elainh% RYHRPS @6 niidleid @@ dbhipising fhe GidgBac-like
pronoter. 22. he net hod of claim 18, wherein the

transpogf@n elﬁﬁbth@)t’lgéﬂ’éwdﬂ@ frapspowgse @apethdds conpri ses said
nucl eoti de sequence encodi ng the piggyBac-I|ike
40. TRNISARKATRIaNh 89 whefeit BB @r@ﬁs@@iﬂé norSRinthn venehaatt &rther comprlses
conprising a plurallt o{ cl eoti de gﬁggence $%
in the gamopR oéﬁl@d&@f@f%@ﬁdﬁ@@&‘;ﬂs&@ leofidq saayenss rOGRE 3 P8BS Pac-HKg,
transpb®@kd10d of claim 1, wherein the non-human vertebrate is
a non-human manmal .  24. The nethod of claim1,

Al \gﬂh?e[fg%tno JZ%% ag;r? 2%1\;?&%3% %r&tgﬁgc}tgf %?@g%‘c% epcogm él%e %zggyBac-llke
transpH&Be 13 UPEEbLY Bhilket s @p@nERRAPr i Sing in the genonme of one
or nore of its cells apiggyBac-Iike transposon which

2. (R e o 21 TR 1R PO ARG R B B Bl ase n

thegmﬁmkebrate conprising the steps of (a) introducing
ex vivo into a non-human vertebrate enbryo or

i oCcy, clel s G "
43. ﬁf‘ Vé%‘ggf ?% 4%’93}}%%050# r%?tgrhkg rrprl s cgﬁﬁ) 0e%rt i de
sequence encoding a protein that nodifies a trait in
44, sﬁhﬂmbﬁlamtst‘gmmméomhﬁrhu thergeneme eflnng PeMorgod saldxmllﬁ cpmpIses said

n
nucle@@a a%qﬁlglé 2 §ﬂ o(c)i dmgn ge pa{ gézf/ Hﬁé ﬁ%&ﬂ&gée%%h?pggﬁllgg%%xd £id
concatafiel eontipr3mgtapurali uf tuetebtidoseqirnog nachet M@bﬁhgp@dngg@;Bac-
r fertilized oocyte into a foster nother of the sane
like ranspOsA8% under conditions favoring devel opment of said
enbryo into a
45, The method of claim 25, wherein the non-human vertebrate is a non-human mammal.

46.  The method of claim 25, wherein the non-human vertebrate is a livestock animal.

47. A method of generating a transgenic non-human vertebrate comprising in the genome of

one or more of its cells a piggyBac-like transposon, wherein said piggyBac-like transposon is
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transgeni ¢ non-human vertebrate; and (c) after a
period of time sufficient to allow devel opnent of said
wepsgze4ent o a transgeni ¢ non- hunan vert ebr at BCT/CN2005/000674
recovering the transgeni c non-human vertebrate from
the nother; -70 WO 2006/ 122442 PCT/ CN2005/ 000674
- thereby generating a transgeni c non- human vertebrate
conprising in the genone of one or nore of its cells
pi ggyBac-|i ke transposon, said piggyBac-I|ike
; ETRATORE | eot uence. £ ng
ithid § BHERGRA oA TPARID of M SR LTl ER R GERR
comprigipg thasigps ofvert ebrate. 26. The met hod of cl ai m 25,

C the ac I|ke
1 kS £ HE o Encihef SRR Ok S B ERR RE s pe
lineariged ntmleec afid gammlsmglalmgyﬂwcphkeﬁaﬁsm&bmhndpwglgy Bﬂ@aﬂnb k€on a

separa&{ M?eﬁ@g‘c%‘ a\fllsﬂléle&ﬂle éaqglgch% %tgc% {r{g éﬁ?ﬁ% 6cngk trﬁaygp .
nﬁl') hmglamﬁngihareﬂmlﬁﬁt mwn-hafhan whedbeitderhiigo pi E@MB@Eodcyfé énto a

on _conpr.i se ce, rec nlzed by,
e G M T R T S
tranngﬂanthumm\hﬂﬂbmife aidai m 27, wherein the nucleic

d-.nodi fyin rotei.n is bi ndi n rotein,
g Rey']%ﬂ aig?fg%f‘é igjent %algr«%\m eHFIARMGTY O 8 @nhiyo o %Wnsgemc
non-htthifix vevidbifate] rRGoVRFIOE Bk fransgbnic AiLmiRinRRHeRhte Sof tAR Abther,
wherei n the piggyBac-1ike transposon conprises a

t ‘auegby gaietaging O transgerfit har-lnPeMiveitebrite 6AMRIsIASE the?ggnon]—eh(ﬁ’ one
wherein the target site js a FRT

or mojed °.f g}%fel&atpég%?a%‘z‘fe&;@nf%wt@lPéonca mer qepprisig gekrgity of
piggyRicdikatAhspdkond6, wherein the piggyBac-like transposon
conprises a selectable marker. 32. The net hod of

48. cm HetB&d 6 cladf,47\NRdr&1h ﬂaem%ygmg%&%sﬂds&ﬁcoﬁﬂpﬁ%&%%&nce
rises a re orter ene.. _33. The method of clai
recc’g‘%‘? SrUpiR thah mfl%'f%ﬂi‘ ar medifies nugleierpgidgenous to the
species of said species. 34. The nethod of claim25

49.  ofheXfethadeftotiim 48 ehepdia g Bacleic iaki@-nhddXMB YFéin i?smAmmg
a reporter gene. 35. The

sel ect abl.e rke nd
pwtewﬁ%% e “’léﬂ“ﬁ iPFRI%IE, ag%}g%% iR PEIFIn R an BF‘I@glgaB@éymg pgtein.
transposon and the nucl eoti de sequence encoding the
50. pTl@gyemai dfickeém U8 anlspaiss &S @igay Bacvlilichtiafsgobeh @aipEses lmrgét%ne for
a sito& ﬁ c71bV\D 2006/ 122442 PCT/ CN2005/ 000674 36. The
88:8? &% m 25 or 26, wherein the pi ggyBac- | i ke
transposon and the nucl eotide
51. The method of claim 50, wherein the target site is a FRT target site or a lox target site.

52. The method of claim 47, wherein the piggyBac-like transposon comprises a selectable

marker.

53.  The method of claim 47, wherein the piggyBac-like transposon comprises a reporter

gene.

54.  The method of claim 53, wherein the reporter gene is endogenous to the species of said

species.
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55.

sequence encodi ng the piggyBac-1ike transposase are on

separate nucleic acids. 37. The nethod of claim 36,
wob@sa22341 he nucl ei ¢ acid conprising the pi ggyBaCN2G08/000674

transposon is DNA and the nucleic acid conprising the

pi ggyBac-1i ke transposase is RNA. 38. The nethod of

claim 37, wherein the piggyBac-Ilike transposon is

i mobi lized in said non-human vertebrate. 39. The

met hod of claim 36, wherein the nucleic acids

oy OP iy AR el P AP RERROR s o

selectaBle niak PadOrepmesaien t he transgeni ¢ non- hunman

56.

vertebrate further conprises in the genone of one or

G Gyl o P SRS R AR ENaAT P

sequend@encudiiag the pigehBacalile] tensrioskse s Uitircthe samegdiclsiy acide

57.

pi ggyBac-|i ke transposase is operably linked to a

PrRRR 'oa Haim I SHIRIDRE F%%ylﬂc@i.kg‘trﬁﬂspoém Qh&1H8 nhél6otide
pr p S

onoter directs expres of the transposase in the

sequenge envbiling the4/&ggy Fovalikestansnpsast avs|oaispranate nugltaG &ids- t he

58.

pronoter is a germine-specific pronoter. 44. The

gﬁfe'}x?e({jhc?qzog IE afth 57 AherdGE Rhdleil NEd BRRRETeThe HBS BAE-1IROT €

sal s conprises said nucleotide sequence

transpasac GAPNy andithe piigjeiy Beid compising thavygaBasdikqiransposase is RNA.

concat aner, said concataner conprising a plurality of

59, “ﬂﬁe‘ Bt dddf BEAYE R reiSAE Pice)Bathlike RrafipoQmas indn¢bilg@y Bosaid
I1ke transposase. 45. The nethod of claim25, wherein

non-hyrpes vegebr#fenan vertebrate is a non-human manmal . 46.
The nethod of claim 25, wherein the non-human

60. VEEdBIRRE ST clatm 37 Wheesih 86 udeit BEills cofnprisifg tetigeg Bad-like

transpeserpnd the RigeyBrctlie tgasgsse g b

61.

generating a transgeni c non-h vertebrate
o%ﬁﬁE%T more of its cells
a piggyBac-1ike transposon, wherein said piggyBac-1ike
t TIRNARBSIOT cla$m 60,/%2héYdh H@@hspRiid 48n-RETdnGNRSKE5t GREET domprises

within a concataner co ising a plural.ity of ,
in the genggIPMA LY QTEROTE Pﬁ%‘ﬁ@%@iﬂf’“@%ﬁga“ t ‘?1188‘!' e %Wﬁﬂ%“ich%‘et he

transpdda8®S Of i (@) introducing ex vivo into a non-human

62.

vertebrate enbryo or fertilized oocyte a linearized

i eioribedet i | Cphgin e L BeNEE hRat ARG EG 120 e

transpBshGé BOpérdisly HigkHdana proxg@di ng api ggyBac-1i ke

63.

transposase; (b) inplanting the resultant non-hunman

b nb f ilized.. ' .
R4 S50 S IR RS RS e B e s v

the geftBNi®), opment of said enmbryo into a transgenic

64.

65.

non- human vertebrate; and

The method of claim 63, wherein the promoter is a germline-specific promoter.

The method of claim 61, wherein the genome of one or more of said cells comprises said

nucleotide sequence encoding the piggyBac-like transposase within a concatamer, said

concatamer comprising a plurality of nucleotide sequence, each of which encodes a piggyBac-

like transposase.

66.

The method of claim 47, wherein the non-human vertebrate is a non-human mammal.
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(c) after a period of time sufficient to allow
devel opnent of said enbryo into a transgenic
woeweheadsn vertebrate, recovering the transgenPCr/CN2005/000674
non- human vertebrate fromthe nother, thereby
generating a transgeni c non-human vertebrate
conprising in the genone of one or nore of its cells
a piggyBac-like transposon within a concataner
conprising a plurality of piggyBac-1like transposons.
f 47 wherei n t e pi. ac-.l i ke
67. e ol R DR 4Pl ec M Bt B et s SR Gl
protein that blnds to and/or nodifies nucleic acids.
68. 44 mettod ofrgenetingé trasgénic U@-huntss veitebrath ecomprisingiie the genome of

o oSSR AEAL e Pl s BB,
said anﬂWldmhqﬁwﬂgwpdmg GiewigghBac- Iﬂteetramnobasel 1so;[71t1mh aconcdi8mer
comprxmm%r thﬂaliitp Sf C%%yl asceqlltleglléegspgea%ﬁl ?)% R 1?:19 Snc %;vgég%ﬁgi hkel.h e
transpmsmsﬂid wkthod aomprﬁﬁl,g theheepsiofi t he target site is a FRT

.te or a |lox t get s
o il B B bl cum o h By 0054
linearlzmmmle&easﬂa:omphﬁng abliodaeotldafelqee‘n.ce Eﬁimdﬁligl e pivey Buedikefiransposase;

coTimaee gl oftrerlyale i A depay o

foster m3themdfakicdametspeids @PEET COMdiPRB Bavbin£RICOPNEU Bf $a0d éhiyo into a

cies of said cies. -73 WD 2006/ 122442
Uw“gﬁﬁﬁ?%ﬁﬁﬁﬁg %ag§5 The method of claim47, wherein
t oy affdr g@ymmhﬂé&ufﬂc&lﬁﬁ@@ﬂw deRIIYneReSt sBidtethbAyo into a transgenic
sel ect abl e mar ker ﬁnd a reporter gene. 56. The nethod

non-hygan ety Fecaypraed s ransgeni ‘@&JE&@“ VPebrais for pssBetheind
e nhucl eoti de uence encodi ng the gyB c-like
PSR e TN SRR SOaTREIS B S goompigg one

or mo@BF Oek1I9h nGdletia deGuendb 8RR gta[b@gng&l:QM@QﬁhnéﬁoKﬁe wherein said
transposon and the nucleoti sequence encodi ng t he

nucleogiflg3pdperice preRging F@W%@%@(%@SW% iR @ congaipBpcomprising a

plurah@fdﬂi‘ﬁcle&ﬁle s3q¥EndeB ehhrQfhichl dbdled pig §ike trﬁﬁb‘ﬁoﬁ%@l eic
aci d conprising the piggyBac-Iike ransposon i s

69. aftd hdiodviclagh 68 %e%lﬁﬁlgﬂﬁél&itlﬁg séqh&w@ 'e%ﬁﬁ@‘?hel 515 8;I§g§/Bac-hke
transposase i s RNA . The meth ['arm

tranqumgerléppprqhhelnﬁqe@gyw@mpteke trans poson | s i mobilized in
said non-human vertebrate. 60. The nethod of claim

70.  Sithe MdIRIdQIFBlatn 89, Wifeleh fhe PFonthier @RBIN Lpldddod Sﬁhe transposase in

0|ggyBac like transposon and t he piggyBac-1ike

the gegplligsposase are both DNA. 61. The method of cIa|n160
wherei n the transgeni c non-human vertebrate further

71.  CTH¥MétlE%f claim 70, wherein the promoter is a germline-specific promoter.

72. The method of claim 68, wherein the non-human vertebrate is a non-human mammal.
73. The method of claim 68, wherein the non-human vertebrate is a livestock animal.

74. A method of generating a transgenic non-human vertebrate comprising in the genome of

one or more of its cells an immobilized piggyBac-like transposon, comprising the steps of:
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in the genone of one or nore of its cells nucleotide
sequence encodi ng a piggyBac-like transposase. 62.
wab@enretand of claim 61, wherein the nucl eoti dBCT/CN2005/000674

sequence encodi ng the piggyBac-like transposase is

operably linked to a pronoter. 63. The nethod of claim

62, wherein the pronoter directs expression of the

transposase in the germine. 64. The nethod of claim

63, wherein the pronoter |s a gernine- specrflc .

Q) ERkRlging o el el B Qo PR detfye 00
nucleig geifl ewnpréb@gsaqu@rﬁcelimmpcmgn tahe (ipi p@yﬂmhl{d tke@sposase

ik . . . Ld. t
sSSP SOS0  L e B Ero
into thetgendmerfeood esmarepbkyg;f Baid embtykr@)r int@ths gawaref s oockieor one or

h in th non- hunman vertebrate
fnore @ts 89%0% n@““’ﬁi@%ﬁ@m » TeSppc Wﬁ %006/ 122442
P®) iapi2athig/tDORGI#AnNt oh-huhbe verf&:bfawbnﬂj‘ry@bﬁbxmi_hﬂe?i, 00BRE irtd A

th h t t | k l,., 68. A
o 3P R0 ST S o eSBpsfee

transgeiorpon-Burmth vertelirhte; genomnme of one or nore of its cells

SO R R N —

non-henaOebterate R cdvie 06y Ba Gratsclific hdrANSRASBRELrats fdintthd Moder;
concatanmer conprising a plurality of nucleotide

stheeBNgasatif@s hatggewlhﬁfjhtﬂ&ﬁ&é@&rz&e @drﬁﬁiéﬁa%ﬁn tte lgfénonze o)f one
ase, sai.d net conprising the steps o a
or m°‘ieﬁf‘m‘ %8 aHé‘“‘é‘ﬁb‘b?e\%”ggPi &-Uke{EAsHOSmN vertebrate enbryo

r lineari zed nucleic acid
?‘f@?%‘z f?(?‘ﬁ 8@1 vy Eleé’%@%%eéwewrwagles an insert of at least
15kbp|ggyBac i ke transposase; (b) inplanting the
resul tant non- human vertebrate enbryo or fertilized

6. BRIy e o Wi VP i isrosespa B s e

sequetice @G RIZiaPratein ‘t}bl'ﬂ R ifiees fabihahid tradddenit Gdn-Bhth veRebrate.
period of tlne suff|C|ent to aIIOM/deveIopnent of said

eni c n- hu vert
T olxv%rl?d;g qttg%‘étﬁ‘dcmr?g%c ‘Pfﬁfprg ﬁn?ﬂé‘rz? B?Citﬂéat fhedigeyBac-
like trarhppstshﬁﬁun 4 dsmmhyerg;empﬁaﬁg Dplusnlity APSGEPICIINBARANEPSEGHS.
vertebrate conprising in the genone of one or nore of
[ tide uence enc
78 R o T e RO ARG BPRPER rorvimanmagnal
sequence encodi ng the pi ggyBac-1ike transposase is
7. W ltemlq’rhcal dehia4rreheraintip nps-hvrgaraveripbrateas a iyesofk animal.
nucl eoti de sequences, each of which encodes

80. a& nREOBRE pdekefing h ARSRORAR SertddPate ddiin @ﬁhﬂ@%h&‘% lgﬁljlo%ergomprlses

, Wherern the nucl eotide sequence encodi ng
aplgg)pﬁagdvsarenqppr@@ whithepasrjse amingert of a frastd kY, qonmmenug the stgps of:

A& HRb&icing into a vertebrate cell in culture a nucleic acid comprising a piggyBac-like

transposon which carries an insert of at least 1.5kb, and, within the same or on a separate nucleic
acid, a nucleotide sequence encoding a piggyBac-like transposase; and

(b) culturing said cell under conditions in which the piggyBac-like transposase is
expressed such the piggyBac-like transposon is integrated into the genome of said vertebrate cell

in culture,
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70. The nethod of claim 69, wherein the pronoter
di rects expression of the transposase in the
w@eorizzaez 71. The met hod of claim 70, wherei nPCTIEN2005/000674
pronoter is a germine-specific pronoter. 72. The
nmet hod of claim 68, wherein the non-human vertebrate
is a non-human mamal .  73. The nethod of clai m 68,
wherei n the non-human vertebrate is a |livestock
animal. 74. A nethod of generating a transgenic
non- human vertebrate conprising in the genone of one
othenabyr genorfating sregerbigam ner'tetbmbﬁbdelliilz edtupd WepsBgenolmiclcemprises a

Plggygéﬁ(%%g%%%oaéﬁgg\%aﬁleggn ns rto aaggeasﬁng 97\5” % Izg?g/ ;22442
81. e%%? %e %Hﬁgg-p ?etcgmglngnt%grt rat celltlp Ic&lﬁ?? gs%y eno&ﬁ] c)ompnses

nuc ing a rans
a piggplve- l(lqe |uynqp|oggxyﬂad} dqrﬂws&sraamslpotaﬁsequeml eppaidig edp}o@em Ralue

in the RO oF bleFhioy e Gors Bl FchiP o ilir S ool nlieg ot
n(ra) mm:élhdmg iafo M’(dbr&tﬁbél}/m dnrturb atacléib aclg emﬁpmng‘a ﬁggy@ac like
ransp MRS oue PG 55 g PRATTIGH R b ar ment
or premﬁelhchﬁmmlﬁﬁtb dbeat er &Bd}dgtpanﬂr witlélh tHelshizi@ 6r @0Charate Aeleic
acid, %osd:? nmot her t he eci es under conditi ons
afng\c} PGS GeHENE B ?fg'i‘ﬁa@gg’ 4f % PGt o a transgenic

NON cliltuiBg sale edlelidat @ndid@oih if Ghichlifieigd BREIikOFar@poshde®
sufficient t LI ow devel opnent aof said enbr%/o into a

expresp L HELIDR Ple Hsr RTPORRGit BireEed Imfo dgpapmin of idkyertebrate cell
in cultbfe@ansgeni ¢ non- human vertebrate from the nother;
t her eby generating a transgenic non-human vertebrate
Ciberpby Ednb@tihdla teDEMBIOMD FErtebfatedddd in OUItuFDN RSO Berohf comblises a
an j mmobi | i zedpi ggyBac-1i ke transposon. 75. The net hod
PiggyRge-1ike Hppspgsen “amcemrlfq%é nyelgefiiRseduPRIeEnEq Mg RIREH of value in

the tre@@feh @ Pre¥BntioATR b bverdfbrad dib@8Sdr disbrdekb. 76. The net hod
of claim 74, wherein the piggyBac-like transposon

82. CRMRIHLARS éhefhﬁﬁé §%cbﬁt€ma1§t@/9ﬂt%?&@ce@lﬂﬁ eethROwRoR B dhd Lomprises
t hat _nodi %I es a trait in said _transgenic non-human
a piggxiderlike transposopy wherpig spid piggubPasrlike [ransposon, is WHisin @icancatimgr
comprﬁH’fgl aGGald§ ofpieSyHa- 1Re Erhl%ﬁgsonsc' WGHpridhid thd HEpsRipdgy Bac-
transposon is wthin a concatamer conprising a
pﬂah morlwngomtom wify'mate cpll inesultyra A dipersisebnuck: aciheompeisingd
nggyBr%%—Af_RE ﬁhﬁgﬁgs%n, é’f@%ﬁmﬂ éﬁe@%ﬁg 81”0 < gt¥ %g%l%?m é,%,’ Au\?ﬁgtrldeﬁ N
sequemhenqwémghwmmb@hkeémmoeasps a livestock aninmal. 80. A
I n
8] Bllthifl o8 Ogg&f@tgwn%n@gs&qg UARIEY ,%gg%gfﬁﬁf&% sfihde id
eXpresserdaustpfbs ptggyﬁnceiﬂce dr@ansposm mmtagrasadnnto dife ghotheahidlveBktivate cell
in cult§RNMPr ising the steps of: (a) introducing into a
vettebrate cell in culture a nucleic acid conprising
h |
! r?%%ﬁ&fu&{%ec%rﬁ@?% Q?r%:gaa%ﬁ n &ﬁ{uFe \rgl’?ogg E%r{ogl%%{)ﬁlgﬁges a
piggyhuadike trensposon, wherein said piggyBac-like transposon is within a concatamer

comprising a plurality of piggyBac-like transposons.

83. A method of generating a recombinant vertebrate cell in culture whose genome comprises

a nucleotide sequence encoding a piggyBac-like transposase, wherein said nucleotide sequence
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acid, a nucl eotide sequence encodi ng a piggyBac-I|ike
transposase; and (b) culturing said cell under

W@ oovditzd4ans i n whi ch the piggyBac-1ike transpoRBEEEN2®S5/000674
expressed such the piggyBac-1ike transposon is

integrated into the genonme of said vertebrate cell in
culture, -76 WD 2006/ 122442 PCT/ CN2005/ 000674 thereby
generating a reconbinant vertebrate cell in culture

whose genone conprises a piggyBac-like transposon

encod% %%gﬁgécr lhlfestraﬂ oEaﬂg’ %rvznth?n a %c%tgnﬁ%rt conp{ls1g$ 3 Pllﬂraélgf c|)f quﬁleotide

ener tlng a reco
sequensgs, B@nh@fMQngﬁnmwggyﬂmpﬂﬂ(s &Snsp@sam, cayBimg|thkeeps of:

L i G ygl eot | ce ..
e{?z 2131%%&% 1\3@0 e o o }n (& fhuid & ’tnﬁaélzf"?lé%? ?ﬁy%ofnprlsmg a
““Cle‘mdemmnceﬂnwﬂmg awwgyﬂdn’-lﬂte&radsmms,em@r di sor der,

sing.the steps af. (a) introduc into a .
VT Bl 8o 851 FoRRp it ahifh fRaiEle e i merding &
piggyRicdiky Banspbsakeis iteamedinsothe phriold of iPVirebHiteceNUchdtd, de
sequence encoding a protein of value in the treatnent

oilhelpbyemaﬂatmg]a efombivar vatibaiiecetliis adte: Whosd gawi@bmprises a

ame_or..on a separate. nuc .acid, a
muclec fogliet o 8 A AT gy 1 ccleoideseence
encoding a1ié p@gﬁ&e -1k Yrafigpbdabi is RGthEPd cbnCedrher CBEBHisiSONStuali§IHF

1 H whi ch the plg%y ac- hlke trangﬁosase s ‘expressed
nucleolifié FPAPFCet PG Y BREICh PROIET ISP EEekS Sansprsessr at ed i nt o

t of said vertebrate cell in culture,

84. tﬂwﬂ%@o@ ARY a6 o Glams 308 hpihenein the wsriebigesell isaunpmynalian cell.
cul ture whose genone conprises a piggyBac-1ike

85. t Tlensqhaioof cidivh 84y viiprgi ihs @snmnalids balos b demseeuence
encoding a protein of value in the treatment or

di
s6. AKEh P R Biate KPR B AUE s ERn Sap PLBPA Bl 1 1
comprisingtther gepalofise genone conprlses a piggyBac-1Iike

e RRRRE P st SRl hoR B SRR oS in S BERERE o B or
more offifs igergy & e a pigkyBdcrlike SRAHOISD, Whaéin Isalsﬂggyﬁd&alklshap@ogfn ‘carries
e ce n cult

tr nto.a vertebra
an msq‘f'%f@g'%ﬁszigﬂﬁwﬁleq TR HREGHS PP%%W@%VM& r@tjyslé}erlﬂrlw@ the
genomte mﬁﬁl&pﬁﬁw’ﬂe oftidGerntdlRiamut I8&tidR ERicATe eAbIMeSORAS)BLE like
leic acid, a nucleotide sequence encoding

tramp%sa?eg}ayg Oqeokglo’ferpé?\gfﬁlﬁsase (b) culturing said cell

U(Bﬂ Rlentefping iaf le 0 6nd JF siBofdlot ke Bf(@@ﬂ/ﬁﬁ%te %omprlsmg in the
nsposase.émcﬁex pressed such the ac- |

genomg Pgﬂ%%ei’ H%@ﬁlaiaébplgﬁ%wlh%tr@t@h@ﬁﬁ aigt sasdaweleotlde

sequen¢€ BARBBIMAHR H&lyBac-lilk t%ﬁﬁdﬁlisﬁa suElhﬂ’qﬁtecﬁé/ pigERL Akt BensBosase is
reconbi nant vertebrate cell in cultureée whose genomne

eXPreSE“(Slrf‘Bii thedrangposay; is mphibized; | ke transposon, wherein said
b Bac-].i ke transposgon is within a concatamer
ehete

raphilizing the pisgrRacyliks f13nPpYsmae 2 PpBupsnaYeEpIaisns

87.  The method of claim 86, wherein the first transgenic non-human vertebrate is generated
by the method of claim 14.

88.  The method of claim 86, wherein the first transgenic non-human vertebrate is generated
by the method of claim 74.
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89.

83. A nethod of generating a reconbi nant vertebrate
cell in culture whose genone conprises a nucleotide
WG ewerrmad2 encodi ng api ggyBac-1i ke transposase, POIIEN2I0K/000674
sai d nucl eoti de sequence -77 WD 2006/ 122442
PCT/ CN2005/ 000674 encodi ng a pi ggyBac-1i ke
transposase is within a concatanmer conprising a
plurality of nucleotide sequences, each of which
encodes a piggyBac-1li ke transposase, conprising the
il T R I e

ure a li1nearize

generatedchyetbe indthod efeleimc 88.encodi ng api ggyBac- 1 i ke

90.

transposase, and (b) culturing said cell under

AU Be. AUSLSRLden ISR, SRRdLN0 2

pi ggyBac- sase 1S I'ntegrate

comprigéngohestefs ofai d vertebrate cell in culture, thereby

' i b L1 |
9eg g{eaagéeggm@umg%mo%smx E&e%r{tggognpgg% infhe %gr}gggegoﬁﬁae or

1
me cofipri ses a nucl eo

more efjifs ggynBealls laipigzy Beclilspasgpoen, wherisisaid péjgsiBatititeanhipdeon

..encodi ng sai d_pi ac-1i.ke transpasase is
compr\?\%g?%ﬁ%?egugeo %e@g%ngﬁgr}co 18% ?r(g%% gnagmﬁlﬁ?saq tmen 8?13 ansgenic non-
humamuettebrate] dith s egpuadicasgentanh-mmahértdbrat@ageising in the genome of

84. The neth one

[ -l ike,transposase. ) d of an
one oru StV ER e S8 RARBRE AR ients e b me@ Hrgike fatopoease o
yield e prmbreggrogeay] . 85. The method of cl aim 84, wherein

the. l i Il is.ah 1. 86. A nethod of
o5 PP Ll Byt FidoRg ST P hssonor P AN OMPRBARI

genomeaif brdbrahde of ROJAE beth BGd piagy Bik-2RS tr@kspodof hndBiid M1eBtide

on- human vertebrate conprising in

o R A e TR YL 601 S oSN L
expressddl Gi@ YIRALmbpIsen s hRBEREEON, wherein said piggyBac-like

91.

transposon carries an insert of at |east 1.5kb, wth
atherebyoimdbilizia s 6@ Pided BiOlikeNtinBdsoHah b ABA-AlBart RiMRbraf] N 1N
the genonme of one or nore of its germcells a

NI rBahd e cl@fl 90NGHeeré the dirdd Grars gBMi@ BBRGndn iéRebrate is generated

transpasase_fo yield one or nore progeny; (b)
by the; gﬁ%ﬁ$§$ﬁ53ét | east one of said one or nore progeny

92.

by

93.

of step (a) conprising in the genone of one or nore
Ofhei hethakadflctirh 00 hwisadinlthp ifiga wBagedit Ken-hundnSRASREe &Rnerated
thsaid ngcleogide sequence encodi ng the piggyBac-1ike
PRI S58B4 such that the piggyBac-Iike transposase
is expressed and the transposon is nobilized; thereby
rtiginhétzadng ctaive 9P viigydBathe kédoad trimpeixOsomarhunan efebatdlig man
.The nmet hod of claim86, wherein the

rtebrate. . 87
gwwm%ﬁﬁgﬁﬁPPgﬁ%b%%$%mn -human vertebrate is generated by

94,

the nethod of claim14. 88. The nethod of clai m 86,
wh ercthiod of mebilizing b piggpRejéritansposontin raon-Henirelzetabratej S

cmnmgg@q&gﬁ&goﬂby the nethod of claim74. -78

(a) mating a first transgenic non-human vertebrate comprising in the genome of one or

more of its germ cells a piggyBac-like transposon, wherein said piggyBac-like transposon is

within a concatamer comprising a plurality of piggyBac-like transposons, with a second

transgenic non-human vertebrate comprising in the genome of one or more of its germ cells a

nucleotide sequence encoding a piggyBac-like transposase to yield one or more progeny;

-79 .



WD 2006/ 122442 PCT/ CN2005/ 000674 89. The net hod of

cl aim 86, wherein the second transgeni c non-hunman
woenbaat e is generated by the nethod of cl aPem/682005/000674

90. A nethod of nobilizing a piggyBac-1ike transposon

in a non-human vertebrate, conprising the steps of.

(a) mating a first transgenic non-human vertebrate

conprising in the genone of one or nore of its germ

cells a piggyBac-1ike transposon, wherein said

SRR e it 015 3588 Bl TR Blo B R P B SOhbine i the
genoms 8f helok afds0EMis Cellivth faidyrggyBeac-likbiraispysomandsail iclcatitd

transgeni c non- hunan vertebrate. c risj | .
sequeng RSB e PR GT RGO TSr o BT R p PP D Bensgds
@qn%§ﬁqhgﬂ@@mﬁﬁ@gﬁhm@ommb@gyBac-Iike transposase to yield

one or nore progeny; (b) identifying at |east one of

SBérebyafi6bilzingihe pigeyRgeiky trafispstonin ¢ ayn-bwnpriestebrgtei n t he

genone of one or nore of its cells both said
95. PrigydRasdficken b4, avtRpastha fiesn tasaérdc mnchupohivedebrae tygenrated

encodi ng t he piggyBac-I1ike transposase, such that the
byﬂwﬁ#ﬂ@@@égbm?fé transposase is expressed and the
transposon i s nobilized; thereby nobilizing the
96. pilgoyddast dficlm b4 artspds te firs transgermic hemimangvettelisate isggenerated

91. Th t hod of claim90, wherein the first
byﬂwpﬁﬁﬁgégﬁgﬁnﬂgn-hunan vertebrate is generated by the
met hod of claim36. 92. The nethod of claim 90,

97. whiermeéthod dfeldim O4iwhereimthgeedond tramsgénierean-usranaprtehrae jss

ener.at ed he thod of claim74. 93. The net hod
gener:%?cﬂglt ¢ %etga(? X@él]a 5E

&PePfi the second transgeni ¢ non- human
vertebrate is generated by the method of claim 68.
98. 94 methadetf odoiizing b pigevRaddika presgoBadn f pRENRASHSN#E:
. 0 ngn- human vertebrate, conprising the steps of:
‘m“mT%Wfﬁ%gﬂﬁg¥a first transgenic non-human vertebrate
C@piatisg a Grst trartspenigyemetmenan fvertaheate eomprising inthejgenongeqf gpe or
cell s, apiggyBac. | ke - 60 o5 R of at loast 1.5kb
more (s SR P G e Tk EARPRST WAk HORD LT af Aok ofat s
and (ih) @Felectide gequenne wnaddingye miggyBuglyBarnspasise Witharrspwd aAut
i con transgeni ¢ non- hunman vertebrate

Wi t h aae d
vertebggdp il AR T NYRBIO§¥Rone of one or nore of its germ _

C &) ligendifyinpis leasttond of suizbpne o€ momrprogtinn gf Sigr @pthBatoes idtomprise
. . transposase t ield one.or.nore .or A L
o s o DSBS P BT ey 8, U oo
the gdn6R8 bf SR BlorSatii@ colier HiggyBoe-Hkiragssyn, shichstha the(ggy Bac-like

conmprising.in.the genone of one or nore of its cells
transpgearHs Wablb@ag@@é‘&g@gw’ transposon and sai d nucl eoti de

thereby immobilizing the piggyBac-like transposon in a non-human vertebrate.

99.  The method of claim 98, wherein the first transgenic non-human vertebrate is generated

by the method of claim 18.

100. A method of immobilizing a piggyBac-like transposon in a non-human vertebrate,
comprising the steps of:
(a) mating a first transgenic non-human vertebrate comprising in the genome of one or

more of its cells both (i) a piggyBac-like transposon which comprises a nucleotide sequence
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sequence encodi ng the piggyBac-1ike transposase, such
that the piggyBac-like transposase is expressed and
W0 b@etizamsposon i s nobilized; thereby nobilizi POI/CN2005/000674
pi ggyBac-|i ke transposon in a non-human vertebrate.
95. The nethod of claim94, wherein the first
transgeni ¢ non-hunman vertebrate is generated by the
nmet hod of claim57. 96. The nethod of claim 94,
wherein the first transgeni c non-human vertebrate is

raf. t-he hod .of claim74. 97. The nethod
encod Y AR &0 thyy RYECs R 380 Banciife Bonk it ver Hiin A G
nucleotide sagbermt endoding @@y Baclikeliyantgoeasawniith adecdhd adwld wertbiftate to yield
(memggreﬁ&nﬁhod of immbilizing a piggyBac-like
trangpggah in a non-human vertebrate, conprising the
s(he frlentiffying (a)eastBhe cfFaid ohé bShorePRIPS AL sCepNE)thdt BB hot comprise

. .. verteprat rising in.the genqgme. of one or re of |
in its ge{l%m%@f: Ing&%og@g.g uincggpcd)aylgglg _;%ggy af-}lléqqg%%ppemggﬁmprlses in
the geGamigdsfione sr @breiof §eEdlls @ligad Bdcia&tiradspapkdn, siA ¢hat the pigdyBac-like

nucl.eoti de. seguence encodi ng a pi ggyBac-1i ke
transppsoq 4 @eﬂiﬁ‘t ﬁé’“é‘u’@&%nd adult vertebrate to yield

. . y; (b). id | fyi, t | t f
P AR B Ryt o esgh () o JE .
to1. CAERRG) il B R okt PaRapOR R o et

by theimethddle€clgimeore of one or nore of its cells a
pi ggyBac-|i ke transposon, such that the piggyBac-I|ike

txan sen is.J.nmobilized in said progeny, there
102, { ABRIRADS Py R S g BE-F iR D DS feblac,
comprisom-thawwgn ofter t ebrate. 99. The net hod of claim 98
reji.n the first.transgeni c non- human, vertebrate is
é@ﬁ s?ﬁ?geadg%t{ﬂnf%‘wmﬁ'aglawefa%&ﬁtqﬁomﬂmfé51. SRR OB or
more df I’ilﬁﬁéﬂbslbioﬂi (3¢ ﬁg@B@@Ml&iﬁan’s}%ﬁé@, Mh@ﬁﬁﬁ]@ﬁﬂ}{ig j Ba@%il{&?an@bﬂ@&nis
... vertebrate, conprisin e steps of. (a) mating a_ .
within@;cpugatamer, corprising ARy ﬁéﬁ’g@(ﬁ%’gﬂgF HensPesSRh AR i g npgleotide
sequerich end@@ing ABidd) BRIk efanspdBs€ with alsécond &duliSyeR68rhte €d Vield one or
api ggyBac-1i ke transposon which conprises a nucl eoti de
mo“”%&ﬁ%%nce -80 WD 2006/ 122442 PCT/ CN2005/ 000674
qBY RIhtTYing aPlet BhdbiskiabndBicdhdrt ﬁﬁ)g@naﬁ Jf_%teg) (4) a2 8b& not comprise
. .. transgenic non-human vertebrate and (ii) a nucleotid
In 1ts %%%Fefg% Bucdsotideisaquensp Prygy e thelnigeaBeq-Bipsrospesasesdng lgomprises in
the gerfAfQTdn@siUhdre ¥EH{ &R 2 I i
°89h) identifying at | Bpe B insp B, G TR! e PleBARR ik
transpospp isdpynobilized iasaid yogemat does not conprise in its
enonme, t he nucl eotide sequence encodi ng the
3hg@‘g»gmqbﬂ%@gttheawsqy§§@élh? tréf)§poseD i Hoshyiniap vertebrate.

103.  The method of claim 102, wherein the first transgenic non-human vertebrate is generated

by the method of claim 61.

104. A method of generating a transgenic non-human vertebrate which comprises in the
genome of one or more of its cells an immobilized piggyBac-like transposon, said method
comprising the steps of:

(a) generating a transgenic non-human vertebrate comprising in the genome of a plurality

of its germline cells both (i) a piggyBac-like transposon and (ii) a nucleotide sequence encoding
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t he genone of one or nore of its cells a piggyBac-I|ike
transposon, such that the piggyBac-like transposon is

w0 povob2d4bzed i n said progeny, thereby imuobiliRCTGNLIVE/000674
pi ggyBac-|i ke transposon in a non-human vertebrate.
101. The nethod of claim 100, wherein the first
transgeni ¢ non-hunman vertebrate is generated by the
nmet hod of claim40. 102. A nethod of inmobilizing
api ggyBac- i ke transposon in a non-human vertebrate,

a pigefARs HalhotelE el s dromeer % R etnisnt th R GRe.

whereirat leagtioge off saldtz8gegBhd-Ekdrednbposon) and s@ild@lgylaﬁﬁie lséduence encoding the

, ransposon mher n sai Bac- n.is
P i e A A e s SRR R R Rl S R
transp&ioggytﬁaxbnbatdt&rbblapl‘ish)fgsdm{irah@lb@mﬁdléohdélsdqt,i@ic&ﬂéablﬂef which

uene codi n -1 i ke transposase with a
en““@%@’ ﬁﬁﬁ? ‘g@ﬁrgWg%%Bg esieBs 8he or  more progeny;

( b) i dﬁt[’ﬁdluﬁmg [ébgvzﬂfl mto@ﬂﬁh-k@ﬂﬁn QbrtebadtSleriit 9o 6 feAMEQ! oocyte one
f step (a) that does not corrE‘rlse injts
3

or morﬁé‘H&ﬁ‘ﬁ aflﬂ% s3igh BP%?ft‘PQi% A RHECOBREFBE Hy? piggyDac-like transposon

and (iiPh gga@@ae bdqlsénck ERIDARE 8 PERY BAIGkeGRARYOLRE Bnltdd to & PBmoter that is
genone of one or nore of 1ts cells apiggyBac-l1ike

expre%?ddﬁ Sseenplines whereipphleast pre ofisgid ppaermom Bucleie agidyis Siasarized;
| MDD BRGhd the RAMANPIAGRRNN vERBFRONMbYTO 2 el B énto a
gyBac-1i ke transposon _in a non-human vertebrate’
foster mgler ofitke sRetersBeriasfundar apnditians favprieg davalopmentfof paid embryo into a

uansggﬂlgﬁ@gmagvgg&rgg%@ vertebrate is generated by the
hod of claim61. 104. A nethod of generating a

t r ans éei apasion oftime prfficent spallopedaxplopment ofifaid eelyyo intq he
transg ORI an YRRt kte, T GerRs o tPaﬁsg%ﬁ‘ic o gmhmgbéa{ezf?oqnt mother

pi ggyBacﬁ i ke transposon, sali tho risin
that compeises inthe aeaf)mfg@frvmlmlutm of s gemahlsfg@iis both Gih ahuaxal?uc hke
transp?fst%étatgéé{ ﬁﬁgé’%}g rsesdu%g:te ﬁﬁ]c(oh;}lg a% p%%ggcha e t?a &!og{sgahér %ﬁﬁked
to a pramitef that)is expmessdddo thedrmslegueheren enleast pwepf saif jzzgwac-hke
transp(?sr g gé&p%asg’cgrgléleg‘g%{ %%Qﬁséngg@ lgg7 ‘@ie p%@é ﬁia %ran pﬁ%tse is within a
concatempr @gpesing A ptut'ﬂltyga‘rmggyﬁm:-hkam'aas@smsaxr a Icmlanmn@nmﬁnsmg a

Bac- on .and .sai.d cl eoti de
plorat 4B A S e Socha VR SR N niRd s TREHERREES
within a concatamer conprising a plurality
ofbp riiryyidmthe réckeered rangsposENSumAN Ferpbracaifatep(a) to grow into
amﬂm§%ppr|3|ng a plurality of nucleotide sequences each of
rch encodes a piggyBac-Ilike transposase, conprising
tdak m&tl@the adult transgeotimonhgmexvericbmatel afsiep ) vath-arsacomd adult
Vmﬁ$¥§ gm&goe enbr o or fertilized oocyte one or nore

Nne. oL Ol'
I'C aci dgl Pef8ne or nmore nucieic acids

C(d)mlen1$ﬁymg af fedst anqocbfgglyl Bac e mére ptagemseaapiic) that does not comprise

in its genome the nucleotide sequence encoding the piggyBac-like transposase operably linked to

the promoter that is expressed in the germline, and comprises in the genome of one or more of its
cells a piggyBac-like transposon, wherein said one or more progeny is each a transgenic non-
human vertebrate which comprises in the genome of one or more of its cells an immobilized

piggyBac-like transposon;
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and (ii) a nucleotide sequence encodi ng api ggyBac-1i ke
transposase linked to a pronoter that is expressed in
wo b@ogzximd | ne, wherein at | east one of said onECDCNRWEE00674
nucleic acids is linearized; inplanting the resultant
non- human vertebrate enbryo or fertilized oocyte into
a foster nother of the sane species under conditions
favori ng devel opment of said enbryo into a transgenic
non- human vertebrate; and after a period of tine
sufficient to all ow devel opnent of said enbryo into a
tth@rchy@mratmg}rtra‘msrgmm noembn edrepratecgiovterdamypgises in the genome of
non- h te fromthe nother that

% n,vert
oneormor gecg 3 PR g% gecitk PIRISPYy of its gernline
s Bt bt Bt B ey SRR Cach o bt

comprisésain ﬂtecg@ﬂrﬂﬁe «ifpme abinyrel of itk edls ah im@olgilimdpigey Bidibite trahsposon,
i eég%essed Qe gfrntlne wherein at | east one of
sald MEMPGCIMPEISIPBEE.FSPRET ¢ r ansposon and sai d nucl eoti de
s(epg@mﬁn@ma}dgmc fhidhehuMag Gyitbeatd tdﬁq)rtsrnglrmsme aifoind of a plurality
cata risin rality o
ofits sy el oo 4 Bt LR ansposa iR Rstlgotie st fpoding

a ngg)@ddnmk trtmsp@g‘asem;ﬁtaegt lirtted @eqﬂ@ﬂ&e&hﬁagﬁpw‘sseam fH8 germline,
codes af,t%fll Bac-1j ke transposas all owi ng the

whereif 3L GG PR P e GBI GRS &1 pisieS spavees nqoding the
PpiggyBaP-1ilte @¥shEkagt is etHintaAchtanted boiPHsindth el @F}n‘ggyBac like

transgeni ¢ non-human vertebrate of step (b) w
transpeseRsi g CRBRFIAMmeT GRIPRTSHIERRIRISY 9f @wéroa#esearenﬁereéctp?%ﬁy
encodefs(Q)ngggch};thfeWaﬁﬂao%se|c%ﬁ‘1%¥151 e SfepsSét d one or nore

progeny of step (c) that does not conprise inits
geno n@ﬂtordécmﬁr@q it ipige noadymAR EertehatscinHy Q ordertilized oocyte one

or mor® h@3¥BaGad, s old ANRRORRIE: ARET @Bbﬁfsﬂlé (‘j‘z?ﬁ%é)@ac t(lj1E§transposon

gronnter that I's expressed in the germn
and (iipdmystdotdsssevenehencgding rrigapBagriike tpnsposase ttkef] tosa prewptesthat is

expresdg8 Ma@%@nﬁllnléew drdh §Pl9§s?6he oMegd Sﬁ@orﬁ’drgnmo i sr[?flr?earlzed t

progeny 1S eac transgeni ¢ non- human vertebrate
whi ch lmpinlpmrgsleesremtantrren@em@membratﬁﬁeiwo ordertliogd qowe into a

o SR S0 AR PSS PSR o3 1.

transganicaoagmiag vertabrate) aah vertebrate whi ch conprlses |n t he

eno r C
Sem O TR o S TR,
transgenid nolnrlrmm}m wértdbrae) sgpomirng ra(btranigﬂllla nonbBurh@abveetblaste fimacthe obther
whi.ch. conprises in the enone of e Of.. hpre
thatcoffired n O RRARICR ot Y o ST e PRy bR R 20l &
transpa¥eh lraldiiy ® npsldoside @qhétﬁe siceping @fmggﬁBc)c IQ@. mﬁﬁ@bsa’sg operably linked

c_non-h rte rat.e I Si.n
toa pryR g g SR g PRI R oG8 BRGURR-1ke)
transpc&oﬁ) bgioy Ratickotide sEdit&ﬁGeFEhS@lﬂng’ﬂtﬁd ity Bacaikd tehspedakdlie within a

uence encodi 8%§¥ qé |1 ke transgosase oper ab
concatiTichEERP TS BIERIS  HEPEHE-JI TERIHORRS 8% Poncpipger comprising a
pluralifg@fithd1&ide sequences each of which encodes a piggyBac-like transposase;

(b) allowing the recovered transgenic non-human vertebrate of step (a) to grow into
adulthood;
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wherein at | east one of said piggyBac-1ike transposon
and sai d nucl eoti de sequence encodi ng the
wee@gyBadez2 | i ke transposase is within a concat aP@&F/CN2005/000674
conprising a plurality of piggyBac-1ike transposons or
a concatamer conprising a plurality of nucleotide
sequences each of which encodes api ggyBac-Iike
transposase, conprising the steps of. introducing ex
vivo into a non-human vertebrate enbryo or fertilized
0@02 %aﬂgg g% lg{ t(r:agig e 1c no%l-h%lmca:lﬁx %%%egfaéeggf%geg ( n\%guoa{ second adult
Vertebta‘tatwmjéaplureélt}dof(plrcbgenﬁ nucl eoti de sequence encodi ng a
pj ke transposase.lin noter that is
ol TR ipel o8 o ESRIPRRERT B ol Ereh SLMRIER Gheoritse s
genongatheimeieetide seqmmes emedhﬁg the @iggﬂBacl-lﬂcdttaﬁﬁﬁﬁasé 8gkrably linked to the
1nnﬂ nQ¢zntiqg t@etgesu ant Eon- human vertebra%fn nbrép .
promofy Ak IS PPIESEY BT ST PR ABY SOMATISEY B e RS pefaT olgine PO ffdts
cells WB@&hkﬁ’%ﬁp@Qﬂ Ghihbretsaid 19/ OF B pHexeal BRAENA trafsgdhd fbn-
h ?% a} trans eni ¢ non- human vertebrate; and
uman, yqrigprate ‘*BE CQBIPHFGSt"? SRS Qfjopnpr Tere oF teils 8y pmehiied
piggyRic-li@itengaknyo into a transgeni c non- human
vertebrate, recovering a transgeni c non-human
vihetebp salemtifg Qlﬂm’éub&)f Iﬂ’ﬁﬁdgetﬁc néRIMAHORREBrSES ehdh coMBrising in the
one of a it ts gernline cel I's both (i) a
gem“%' 3&9*‘5%*&@?& its qﬂﬁ ihzggh aigeyBac-like frapspewni de
sequence, enc dlng a piggyBac-like transposase operably
106. | & fgBggenie 80%1 Bhistiehrate Fampristingin thegeagme pipnejqgmore of its cells
a nggﬂEchﬁHemﬁnsleﬁlrvﬂiléh @brids @A ilser® Beat RlastSi2dkg. pi ggyBac- | i ke
transposon and sai d nucl eotide sequence encodlng t he
107, p% ﬁBac I|k transggsase iS. Wt cat amer
RP e GO I P GPBP SRR 19 BeRemt PIcRe g BgHotd cols
a piggABaaliieatafsPRsonGAHIEH dofiphigesa nuplebticR!skduénf enBotid LOSrbRM that
ences, each of whjch encodes a piggyBac-I|1ke

mOdlﬁstef‘ %\ﬁ%‘bﬁ’ssé@éranigﬁ‘j‘w 2P1-Bnsyvertsrateecover ed transgenic

non- human vertebrate of step (a) to growinto

108.  ad ulahdgenid hon-BiEnddQe bt taRPn AL THIIRERE 6N 67 thore(oF Nits cells
human vertebrate of

t he aduli transgen n
o picec R ot Whost S DR e TR SPEEB R S gy o aper
comprningraqﬂmrhh/ty@fpi@g)@@ﬁke trélﬂ;ﬁodoﬁﬁm ifying two or nore
progeny of step (c), each of which does not conprise

[ J di h
09. Iplin é/allt ratgfenlk% cel&:geeq%o%gaglgglgti% segeggrﬂg SBC E’k@ﬁ‘cllqﬂ‘j ; so% which

carriespmdnmttef attléeat 1.5lb. expressed in the gernmine, and
conprises in the genone of one or nore of its cells a

110. DA g’gr¥e%@a9e vlelllﬁx"? \ﬂ&?@«f‘&rp mg qu segr]elelﬂnr}e ag MQ\%@W érﬁpsgpséon
comprMngcamucbmﬂelsscmencerentddmm“rm affvaloei i the treéadmnent of prievention of

i zed piggyBac-Ilike transposon,
mevm%%mﬁggﬁmﬁ%anP%T#ﬁg a library of transgenic non-human

vertebrates, each conprising in the genone of one or
111.  ridvertabtat ¢edl iw edliuge compriving in its geedmea gigyBHue-ike kransposon

comprk[n%%%@l%&{&e sequence encoding a protein that modifies a trait in a transgenic non-

human vertebrate,
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106. A transgeni c non-human vertebrate conprising in
the genone of one or nore of its cells apiggyBac-Iike

W e@espasnn which carries an insert of at | easPCUCERI5/000674
107. A transgeni c non-human vertebrate conprising in
the genone of one or nore of its cells a
pi ggyBac-|i ke transposon which conprises a nucl eotide
sequence encoding a protein that nodifies a trait in
said transgeni c non-human vertebrate. 108. A

t ransgeni ¢ non-human vertebrate conprisjing.in the .
12, ASEREERL Col Bty L kepiie » Pl el dieheh g, wherein
said pigpBus ils canspudvariewithis aicolth@aigPatnprising atphRdlRp O58bg)Bac-like
transwithin a concatanmer conprising a plurality of
PPi%YYyyBac- 1 i ke transposons. 109. A vertebrate cell in
culture conprising in its genone a piggyBac-Iike
113. t AdibsyyosiGransgenic mon-bamen estehrates podnded bl tlat méthaisdf chirb R DS,
110. A vertebrate cell in culture conprising inits
i g . b . > ‘
14, RT3 Eh9RNEAC Lk LERSRESED I ERTREIALIE B
different wansganin nogrhupen ventebrates, @ich congisingrit diorzat@naifoaasemae of its
i o, I ate.cell i re conprising
celis a?;ﬁég? %Cgce%keen%a#épogl&p?@éé %g{é%algﬁ’%%ft P g%tg%agésj%%k%‘ conprising a
nucl eoti de sequence encoding a protein that nodifies a
H5. ¢ A diprary of tegnsgeais sge-himamntebiaigamesaid ibrane pomagirising agdurih@y of
differenP Qs dentcdiita-Hofubh ChIEB %ésp&gﬁ Stnpri ilt%em ﬁieé@ﬁc}rﬁ f‘%‘h? oﬁlglnje of its
In curture conprising rh 1ts geno a prggyBac-T1ke
cells apiggpiBeoliksritangyosercvhich sentispd ayyi¢Batidd se@nty amedinsoprotedn of
bt g ity of
valoe b uenf CIGRIATE o SUIRLAE Blofe B atEer ¥ Oy
transgeni ¢ non-human vertebrates produced by the
116 dsdibigey offtragsgsninneu-fuman viestebrates,ishid dibjarpéomprising gehirdity of
differeﬂf)ﬁ’énlg ; o\‘lgﬂn‘ép L &heBPrtesS@LH cénﬁgﬂ}fsﬂ}g% fi @Eﬁdn’?é d%n&or more of its
plurarity of I fferent” transgeni € non-"human
cells apégey Bin-litedmnsposartwitionpmirgisescp nueleptide sggueoemenofdingeprotein that
: of i Il s api Q¥@@%-Iike transposon whi ch
mdlﬁcg:g% ﬁ?lgél agha%fgr?gfgrntc)ﬁ (},‘?‘Bg'? eas%e' 1.5kb. 115. A library of
transgeni ¢ non-human vertebrates, said |ibrary
117, o hiprarysefriggnagepic aperchimgn vettebrdies. fsaid dibrary ecmmsigimgiaplurality of
differeRORng € € loSh 119 ol i
RS0 21 SBER RIS 10 DR e
cells aywggePaceldreranspesors whersineaid ipdgzy Belikerizesppsaoid mittjing concatamer

' !Hﬁ I tment or prevention of a
“mungggké%?gt 08%? asghg?hgﬁg%% er. 116. Alibrary of
transgeni ¢ non-human vertebrates, said library
118. cBegibrasy pgfransgsnisrngnihumpan pnimaisfof elpiant 13; # Hiad ek @or 117 which

compr3g¥ it LAGRD tMREeRRY %-ﬁﬁmat?ﬁf&qalgonp_ri sing in the genone
of one or nore op iIts cells a piggyBac-1ike
transposon whi ch conprises a nucl eoti de sequence

119, e Rbolifiry of trpsgents Ron-hean apiels ofslpimg 14§ which pomprises at least 20
transgdriARORMIaE alRAhuMaN vertebrate.

120. A library of vertebrate cells in culture, said library comprising a plurality of different
cells, each cell comprising in its genome a piggyBac-like transposon which carries an insert of at
least 1.5kb.
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117. A library of transgenic non-human vertebrates,
said library conprising a plurality of different
W e@ese@mt ¢ non- human vertebrates, each conpriBCTIGN2005/000674
t he genone of one or nore of its «cells apiggyBac-I|ike
transposon, wherein said piggvBac-like transposon is
Wi thin a concatanmer conprising a plurality of
pi ggyBac-|i ke transposons. 118. The library of
transgeni ¢ non- human ani mals of claim 113, 114, 115,
121. 1 161i8ry bk CerfidBtatdicel LRESRi L A0S AENES;
L e R i g B herkhe AR Siteren
cells, gagh-asll semprisingna lits goforre| agiiggy BaBlikehranbposompmipsaig amucleotide
dnfast.o il SSSAILE i RR3R ani nal s. Q. A libtar
S GfVerteby bloRARSIRANE i A RURN o Bl oféy yertSbrate diSéade or
disordgegnpri sing a plurality of different cells, each cel
conprising in its genonme api ggyBac-Iike transposon
122, W 32§ R L LR Brafl b el IO R ool i s
2006/ a:1L'§244_2_ PCT/ RSl S ?‘.’cﬁ“}{%f“?gg“rpé‘%rﬁﬁ‘gf’mffemm
cells, gaghicalb eermprising in ifs enomglatniggeBacsbifiedranbivser gompoisipg i siicigptide
Rbdinabdik ' : l .cel |, conprisi in
S s gen oéf/raeﬁfgtﬁﬂig%{l/@gcgﬁﬁs I?e'%[t r"g%g%ngé R SR VR 539&
nucl eotide sequence encoding a protein of value in
123t welibrarg of vestebragercelly imealftre.oaiddibrarn eommisinglarpdurelityio§ different
Iis, Qich cBfl SQhfIREng i # I, 05 Off a | &S by Bac.;
S Ul t?ur e, .Igaing T [Zug%ﬂﬁi/deé 275 r%??%cﬂgkg\{gdﬁﬁ%ggrna%Vl?l?ﬂ%ﬁlosﬁ id pigkyBac-like
transpgpqrr i éthin a contatasmer eeraprising 4 plerality of piggePdcHike transpesvasre
api ggyBac-|i ke transposon conprising a nucl eotide
124. S@OHARCEORREGE i Predeminglaisdade RRkisiRY! L hfis!
transgenic n%%l- h%ﬁaﬁ vngr t ébarl ate. 123 aAf@F@?%é@H%Flng thE step
of ad‘%?’é‘isfeé‘BE af@o’@é}nﬁ@? veriebete eellwhoss s¢ngmieicomarises ¢ piggyBastliig a
transgdbH kibH donfisl f dulle6iide scﬁt%kéesenc&ﬁlgé;a oé;‘rg!el 0 £ thl! gealtnr}ent
its genone a plggyBac-I[ e transp , erern sail
or preyenigy Bhihe verkabratq dizpaspesiinardestow subjiest imnedf atchteatment or
preveft#Pr i sing a plurality of piggyBac-like transposons.
124. A nethod of treating or preventing a di sease or
disorder, said nmethod conprising the step of
125. & metlpdef skjmd 2¢ oxltin tharecombinertvierehaate etll is\ghissated according
to the ARBRART CIQHPE1. Ses a pi ggyBac-1ike transposon which
conprises a nucl eoti de sequence encodi ng a protein of
value in the treatnment or prevention of the
126. | &rrpelipdiptectifesogs pucdeic avid efcadig g grojeis phyaduistin the tisetenion
preveidalde b KEabRIdisdler tPERVE MorOls dZPsubitBin MBIy ftfeatment or
claim 124, wherein the reconbinant vertebrate cell T1s
prevefioRetaisk methodcrommaiping therstspoh admiistseitis o feconbinat8irus WhGe génome
compti8s (1P4lp 2k, iR liky ?rﬁﬂsggsoﬂ whith!Eibrids b du@agad 's&?;qerﬁze RhQkft Raid
,of val'ue’in the treatment or “prevention of' a
proteiry and @ Aecdeotiile saquence ersoding aprggrdreeikediahspossse apesalily kidded to a
dté? 1R BlecRf expiaco 1f i 90iq S L hod
promctd A et Pe o AR B nalice RLEKER 1 hig SR ol Aot
said syhjiqct Suchtiba éhequiggydac-like transposon is integrated into the genome of said one or

more cells of said subject following said administration, thereby delivering a nucleic acid
encoding a protein of value in the treatment or prevention of a vertebrate disorder to a subject in

need of such treatment or prevention.
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conprises (i) a piggyBac-like transposon which
conprises a nucl eoti de sequence encoding said protein
w@eao6fi2d4¥2 a nucl eoti de sequence encodi ng a PCT/CN2005/000674
pi ggyBac-|i ke transposase operably linked to a
pronoter that directs expression of the piggyBac-Iike
transposase in said one or nore cells of said
subj ect, such that the piggyBac-I|ike transposon is
integrated into the genone of said one or nore cells
]ileSI%CtﬁjodS (%‘f%lla%%tl 2% %ﬂepem {ﬂ v§9§ 19 %m;krﬂﬁss 51{ ?&eh@&nrus t(JP Gh ? o-
i'VEring a nuc aC| encodi ng a protein of value
a%omMﬂthﬁ treatment or prevention of a vertebrate
di sorder to a subject in need of such treatnent or
P
125. DASKSHIsAR vinS Atk LR ddngtle: (BRI ARG Son Wil
comprises ¢ owdlgatide segnenae ervoding said poteimandydpnauclegtidotenugnegiencoding a
whose genone conprises
piggy mﬁﬂéﬁ?é%% Sé\oée‘;%gy?ranspok&&ié |ch conprises a
nucl eoti de sequence encodi ng said proteln and (ii)
129. niik¢ reamlieant eigise eloine A2%Hwhinky isa refvirys BA @dgnpkigss, or an adeno-
sase operably linked to a pronoter. 129. The
aSSOm%ur‘eeg([;:)}n!g”bnant virus of claim 128 which is a retrOV|rus
an adenovi rus, or an adeno- associ ated virus.

130. ndrhespdfor defrsmising wihateer gmaenqbipe sxfrsmeﬁ&wﬁrén%gw BP‘% men

Vertetp%te SorhfrR g@fﬂe GeitMl dTOHBOr m&% ok ROEAL 8 pE@BYCLIe BendpBson is
geno one or nore of its cells a piggyBac-1ike

caused b)aths pmﬁmlﬁe treagpoeaR, Bajd mﬁ@O%PWB@é | i ke transposon,
h th
p?% %eﬁ@ﬁt@g%ng {n]re z;hcgégny §8hidIRASIAL B hs ReteBRie8n which the

said t eni ¢ non- human vertebrate in
DiggyRini- hltettahlaﬂosmlggmd;l I ke transposon i s excised; (b)

dg&g%{eﬂrﬁfn Vit gpz%on%la‘ggﬁ E}?LtEBétQQenqﬁé é}gcﬁlog%tf\é\ﬁ&f} ggi?ﬁac -like

i'si on pl ggy transposon in sa
transpos@je s3id aregeny andweewsisom afthetfhenqgtyrsnwherpio 2 coprelaticngs mdicative

carrelati.on phenotype is
that theaP henoé}’ pba / (fallwlse% bwgé)f%%} B%g ll<lké {P%tg?f;ssglgs on, thereby
d %e?gb dgﬂelrnlngm\blg %Qtﬂgr &Hﬁ)ltgtf(lg) &’fr&n@?enﬁ‘ynoﬁ-human vertebrate
transgenic no unan ra e nprisfng in
compgﬁng)mﬂheagenome oDonerop rre)reocﬁf 1tstcgllscaemg§)Bac-pk@tggnmom isicaused by the

poson i s caused by the piggyBac-I|ike transposon.
p“¥W%@TFE ATERNBY £ or |solat|ng an enhancer from a

e ebrat N ;
1. DR MR TR ROR bl s
of: conprising in the genone of one or nore of its cells
or tissues. a Bac ke tra oson t he
C iRt PR EESa hiiE e BRRRRRBgHE 4 bR of one or
more 6014 delll oissides mpfglglec lﬁl{eafmtpbﬁon t»vheremxhrrmlspasm c:dmprises a
reporter g@ne | pe or r. tissue

reporiep 6T s QORI GRE U HEPiSh Pitab Gy LR Gend n said

one ofl@bkeRMs or tissues of the transgemc non-human vertebrate or offspring derived
therefrom; and
(b) isolating a nucleic acid flanking said piggyBac-like transposon that is responsible for

the expression of the reporter gene in said one or more cells or tissues;

thereby isolating an enhancer from a non-human vertebrate.
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therefrom and (b) isolating a nucleic acid flanking
sai d piggyBac-1like transposon that is responsible for
W0 bweaxpurssi on of the reporter gene in said OPET/ON2005/000674
nore cells or tissues; thereby isolating an enhancer
froma non-human vertebrate. -87 WO 2006/ 122442
PCT/ CN2005/ 000674 132. A nethod for isolating an
enhancer from a reconbi nant vertebrate cell in
culture wherein the reconbinant cell conprises
152, P BOHBRGT ik bAARRRAP RGO AkBRRILR ARNE wherein
er a mninmal prono
the recbmbmsmt@pkk cafpristapicadoedibi maglspch;en eomp'ressgl aa'npamfer gdme under the
controf 3 Hlel BN RBHL BEQBI ANt vertebrate cell or
ITs sol |ng a nucleic acid
f(hhasl&esmgg ﬂwedptpssgly)oBdre-rbpokter genairsfaairetdnatinansvertebrate cell or its
responsi ble for the expression of the reporter gene
Progey ¥ aconbi nant vertebrate cell; thereby isolating an
ghhnolatig 4 nmmlceacideﬂmmn'g Ra&id piggeBdcdlkeatapspor kHat ismesponsible for
133. nmet hod for gene atln a non- human

cul tur
the “'XRIE%S%B?Q‘F&GHOHS& gepg Infreombinapt yertghyp 8&9 ac- | i ke

tﬁ%{gbgp gilal%gfg r%l(l:él% arnlrc,l%lfro% tr%go Sgézgag;g?/ergebﬁé %%Ill II‘;]CU ﬁl?e: Isng a

netl Ioc

133, %?alge%%%qr?%eﬂ%ﬂ%ggﬁ% s ngwgqﬁ*?sn@oi? oy Bigaifagdike
ammmhbmnspmﬁﬁmgﬂw@mprSes a site-specific reconbi nase

rec on, sequence,, and a nucl eotj de se e

R S L R G uBn o BBl g B gs B 15
genetid io&l@&ﬂbnio@yg’bupfo@ apigeyBactilky uabdpbstn] Wherbinehd p’z@j&@@nkd}transposon

non- human under conditions in ich t ite-
°°mpr‘§%se"cﬁ“FTsBe°ﬂ§°cf8?%’i‘obd%?§%W%g“étié’ﬁrsé@é?&? hi B‘i“i‘?oé‘g%f‘ﬁqkb"r?ce
encodifg Sdid Site-pB@fiCRYorIBINAE apdritdy ﬁnmrﬂo hpivaddteyer t ebrat e t hat

saic for a piggyBac-1i tr nspo kit
agh%ﬁﬁu% the transgenip, n?fth a‘é‘P%S n &%‘&héﬁ € §¥6t e
specifib Wieb@baRGk Spr&EOARGH roNi€erdtion oacu@s g gyBac-1i ke
transposon which carries an insert of at |east 1.5kb

&Héitel{y' geheratifUChRAHunAB vERMpuRNhe: i6 Mot fof a PiggyBac-like transposon.
pi ggyBac-1ike transposase; and (b) in a second

134. CORk3bMffisingti) a vertebrate cell in culture or (| i) a
non- human vertebrate oocyte. 135. A kit conprisin
(@) injqpe ah’éwﬁ?rwﬁ%lnsrsc%ﬁtoarrw&ryclew@lda COTRFSENE ) pig ey ac-like

transpd6h Aich @RIRIes &i MGer{dfhat RR ISKBARH did & Bucldotind 0GR eNOlIGR a
rises a nucl eoti de sequence encoding a protein o

nggyligzgﬁg@trpqﬁp?qqge fRkat ment or prevention of a vertebrate

Qb ﬁlaags%c&{d HhaREdaY a dbfate dell n QlkelERHEnoRGMHAR GEitebrate
encodi ng a
oocyte.

135. A kit comprising:
(a) in one or more containers, one or more nucleic acids comprising (i) a piggyBac-like
transposon which comprises a nucleotide sequence encoding a protein of value in the treatment

or prevention of a vertebrate disease or disorder and (ii) a nucleotide sequence encoding a

piggyBac-like transposase; and
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pi ggyBac-|i ke transposase; and -88 WO 2006/ 122442
PCT/ CN2005/ 000674 (b) in a second container, (i) a
woeobakxat e cell in culture or (ii) a non- humaPCT/CN2005/000674
vertebrate oocyte. 136. A kit conprising: (a) in one
or nore containers, one or nore nucleic acids
conprising (i) apiggyBac-like transposon, and (ii) a
nucl eoti de sequence encodi ng api ggyBac-1i ke
transposase, wherein at |east one of said one or nore
cleic ag ids is | near | zed; ..and
bbbt cpRing: b Taisbtecot 3 fuedoc (P eon Tomag yerebipe
oocytenon- hunan vertebrate oocyte. 137. The method of any
one of clains 1, 25, 47, 68, 80, 81, 82, 83, 86, 90,
94..98 100 102 104, 105, 124, 126, 128, 130, 131,
136. fé&t @P %ﬁ? wherein the plggyBac i ke transposon is a

ApiyoRaer inb@espaimners, oe more ﬁuhﬁlcmcijjlg yBapridingd® a piggyBac-like

trans ase I|s [ Bac rans
transpgsp Rt R R GRIhHRRFE 5o BitBbosFosc g o fost
one of 346 0dO&. mord aticd¢io adilhSis hﬁebaﬁletﬁa;c&l | ke transposon is a

p(‘lbg %ggsggogltg[gggtglngr? ?Sfl & gggo ' ggtageeé 265 alrg)gliluiﬁqg vertebrate

oocytd. i brary of any one of clainms 113-117 and 120-123,
mhereln the piggyBac-1ike transposon is a piggyBac

NSPOS.0 and/ r t he y
oI ORER Phanite S biate . BT S0, B AREOR 2RSS, 100, o
104, 103}&24)f126|1a8ﬂ180;|-ﬂﬁ_ 132 0r m%&rﬁn&ml@ygwmrdnﬁﬁ?ﬂon isa
ansposon api, t ransposon, or the
plggy%caggﬁaiow anglor %ﬂ’r&%@% ke (ransROSISe ISR H3P” %/FF HASpYEke.
141. The reconbi nant virus of claim 128, wherein the
138. pﬂ@gyaB@geﬂcinbﬁ-hﬁmammBmm df anyaqriegd y Bines lmrlaﬁsplmmmthe

P FE A rptehEisR T EDTHE R POUR Sy DG P Rereposase is

pigeyPad4raiispbsasshher ei n t he pi ggyBac-1i ke transposon is a
piggyBac transposon, and/or the piggyBac like

ol PGPS e obe P A 0y 2RSS e sl

transp@:log (yBage/ Bk eartspesos rmd/onthe pivgyBeslilkanrahsposust isafpigdyBac

; ast 2.5kb. -89 WD 2006/ 122442 PCT/ CN2005/ 000674

rm”pTﬁ%’ The transgeni c non-human vertebrate of claim 106,
wherei n the piggyBac-like transposon carries an

140. i Theeaettehrﬁte atll dfemg bn@ofidims 100651 12T WherkinihegriggyBhc-ikeg/ tramsposon

isa ng%gygﬁc %@g}gos%% %nglgld th%%?g’gy%q & Itrgnstplas%sg 1js %%Yng%gc_zc! tiral§1§posase.

141. The recombinant virus of claim 128, wherein the piggyBac-like transposon is a piggyBac

transposon, and/or the piggyBac-like transposase is a piggyBac transposase.

142, The kit of any one of claims 134-136, wherein the piggyBac-like transposon is a
piggyBac transposon, and/or the piggyBac-like transposase is a piggyBac transposase.

143. The method of any one of claims 1, 80 and 86 wherein the piggyBac-like transposon

carries an insert of at least 2.5kb.
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carries an insert of at |east 2.5kb. 146. The
vertebrate cell of claim 109, wherein the
w@e@gyBadez2 | i ke transposon carries an insert  OPCHCN2005/000674
| east 2.5kb. 147. The kit of any one of clains 134,
wherei n the piggyBac-1ike transposon carries an insert
of at |east 2.5kb. 148. The nethod of claim 105,
wherein said identifying of step (d) conprises
per form ng inverse polynerase chain reaction 149.

144, é&;ﬂapﬁggnlgﬁ f"f‘?aé] vrgftz%tfe é’? blfuén ]aO6ngpgem§lbeevdgglegc Jge transposon
carriesan duvert of at 1bS(2.5kbhe net hod of cl ai m 149, wherein the
mal e-specific pronoter is a Protamine (Prm pronoter.

145. ]é llb;lélg)ﬁ?%g Iaﬁ)e ofocfl%lrcr:lg ﬂmn%]lt% w%ierem the b2 é%%dc-lvgé%ag%poson

I C pronote Speci
cmmmspnmmatefmﬂa£%25k5he nmet hod of cIa|n1151, mhereln t he
femal e-specific pronoter is a ZP3 pronoter. -90

146.  The vertebrate cell of claim 109, wherein the piggyBac-like transposon carries an insert
of at least 2.5kb.

147.  The kit of any one of claims 134, wherein the piggyBac-like transposon carries an insert
of at least 2.5kb.

148. The method of claim 105, wherein said identifying of step (d) comprises performing

inverse polymerase chain reaction,

149. The method of claim 21, 43, 64, or 71, wherein the germline specific promoter is a male-

specific promoter.

150. The method of claim 149, wherein the male-specific promoter is a Protamine (Prm)

promoter.

151.  The method of claim 21, 43, 64, or 71, wherein the germline specific promoter is a

female-specific promoter.

152. The method of claim 151, wherein the female-specific promoter is a ZP3 promoter.
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