Pl GGYBAC TRANSPOSON VARI ANTS AND METHODS OF USE CROSS- REFERENCE TO RELATED
APPLI CATI ON This application clainms the benefit of U S. Provisional
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Typi cal nethods for introducing DNA into a cell include DNA condensing
reagents such as cal ci um phosphate, pol yethyl ene glycol, |ipid-containing
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virus-nedi ated strategies. However, such nethods can have certain
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virus-nedi ated strategies can create i mmunol ogi ¢ probl ens when used in

Vi vo. OneBaWKERGUNPOOFITHEINVESTI(DRSE | ssues are transposons.
Transposons, or transposabl e el enents, include g}éshort) nucleic acid
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genones, HewesKarshenghetscan haygcesgislimitatms siysrampicaliey #e gker
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are recogni zed in
reagents are relatively easy to prepare, the insertion of nucleic acid into viral vectors

can be labor intensive. Virus-mediated strategies can be cell-type or tissue-type
20  specific, and the use of virus-mediated strategies can create immunologic problems
when used in vivo.

One suitable tool to address these issues are transposons. Transposons, or
transposable elements, include a (short) nucleic acid sequence, with terminal repeat
sequences upstream and downstream. Active transposons encode enzymes that

25 facilitate the excision and insertion of the nucleic acid into target DNA sequences.

Transposable elements represent a substantial fraction of many eukaryotic
genomes. For example, ~50% of the human genome is derived from transposable
element sequences, and other genomes, for example plants, may consist of
substantially higher proportions of transposable element-derived DNA. Transposable

30 elements are typically divided into two classes, class 1 and class 2. Class 1 is
represented by the retrotransposons (LINEs, SINEs, LTRs, and ERVs). Class 2
includes the "cut-and-paste” DNA transposons, which are characterized by terminal

inverted repeats (TIRs) and are mobilized by an element-encoded transposase.



eukaryotes (Feschotte and Pritham 2007). Wile class 2 elenents are

w despread and active in a variety of eukaryotes, they have been thought to
be transpeeizbiomgdolly i nactive in mammal i an genones. Thi $CTAIsed 1023386 Was
based primarily on the initial analyses of the human and nouse genone
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i nver gbr 1&@{5@1&/@@@&%@&@& gapgep%@a%fwsgegglteﬁ&tm@htrﬁiﬂss;L@@ms_enesi s and

i nsertiona tagenesis In no organisnms. Particularly, the availability
of alt er nadpie® weraimsqrosedinstis iant0-80 niilensaas (Bhyel besthepeasamp nnew

possibilities far genetic | yses. There still remai a need for new
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pronot e t hecabdd cpent insertion of transposons of varying sizes into the
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routinely transfected into heterologous species (Osborne and Baker, 1995 Curr. Opin.
Cell Biol. 7, 406-413). In animals, however, a considerable obstacle to the transfer of
an active transposon system from one species to another has been that of species-
specificity of transposition due to the requirement for factors produced by the natural

20  host.

Both invertebrate and vertebrate transposons hold potential for transgenesis
and insertional mutagenesis in model organisms. Particularly, the availability of
alternative transposon systems in the same species opens up new possibilities for
genetic analyses.

25 There still remains a need for new methods for introducing DNA into a cell,
and particularly methods that promote the efficient insertion of transposons of varying
sizes into the nucleic acid of a cell or the insertion of DNA into the genome of a cell
while allowing more efficient transcription/translation results than constructs as
available in the state of the art.

30
SUMMARY OF THE INVENTION

As described in more detail below, the piggyBac transposon from
Trichoplusia ni (cabbage looper moth) has been shown to be an active element in a

number of insects, mice, swine and mammalian cells, including human. The present
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Trichopl usia ni (cabbage | ooper noth) has been shown to be an active
el enment in a nunber of insects, mce, swine and manmal i an cells, including
human. Thwopnageaitinvent ors have isol ated Trichopl usi a RCTAISggYB2agssvari ant s
that transpose at a higher frequency than w | dtype. The hyperactive

transposons can be used jn .gene transfer systens for stably introducing
nucl ei ¢ aH]VB’étofsrﬁaé’efsr?gatﬁ\&’%fol’ﬁ”%’l”lPlgg\)’lﬁaéa%?n,ts ‘t}ﬁbtrﬂ}%g@r% aihigheht or s have

identi fi ededithegtimhvAldRS etelNBeRtGRBREPSHADSROKONS inl icdRMASTe F ansf er
systens of the present invention can be used in nethods, for exanple, but

not |i mi t exhtenes, fogetablytiheedyeing nuaker adidgmato theDifenésice]. Morapeae thti scovery.
Accordingly, in a first a t,.the j.nvention features a transposon
Conpr 1 si A TEulast Bhve RGBSRl G TR R RS B foteflaREee "and
vari and s, gélestanafel VRsend6k the pa@RENtSvchhen eaf bd Rl in fktiols, o BAGRPIQN
activity. In one enbodi ment, the hyperactive piggyBac transposon has a

hi gher | ebelnabiintited e 680 HcEpyi iWFYHORY MPEREsactD 0 200 HssPFaYpi ggyBac
t o . ' ' 3 4, 5
ransposon “A%Q&hlghg%grg? ﬁgéé FIFéJI%%e %ﬂgvén&%ﬂ IENTR0a ?rg%%kéngﬁ%nﬁen% or

nore hyperactive pi sequences an ari & ivatives
and fragnem sr hbergeérativat piggyBicmuclebnspdsenedet hvd ariantsndanetines furt her
enbodi nent, the hyperactive pi.ggyBac nucleic acid sequence is fromthe

fani |y Nogtdfragaents thegpof that F?é%ln?rép%’é‘?}l ¥y ment, the hyperactive pi ggyBac

nucl ei¢ acid s 0, i I i . er
furt hleg enbodi ielrrgnt : thdgr}\ltéf({:tl %?pg%@ﬁﬁgéﬁ%g -nﬁélg%igg sog e@ztlsedm?llrléc})r%@‘%qé%pl D NO
34 - SEQ trindiontXcoronSo@palRdN@a WildtGieQip sy NG trad6posbn. a f urt her enbodi nent,

t he nucleic acid sequence encodes an am no acid guyence sel ected from SEQ
ID NG 3 - SEQN HRS TR0 AL AR KU PAPEORPHE pr SsEP MPRyent | on f eat ur es

a transposar&QNe bigtlyBdc Hﬁ@ei@%ciﬂ'%é@ue!n@és%ﬁ%h%s,dﬁri@%xie‘é%n@mgﬁ‘uﬁé’t@} nucl ei ¢
acid sequences and variants, derivatives and fragnents thereof. In one
enbodi mentherqofi éhat ratay transpesotladtiedtyi ve pi ggyBac transposon has a | ower rate

O ST o0 RG] st b g AR PR B TIRRE e o
fromthe tajithet iNaGthe &amily NodulddelTnerfuftBérat Redembdim@i thet he i ntegration
def ective piggyBac nucleic acid sequence is fromthe species Trichoplusia
hyperactive piggyBac nucleic acid sequence is from the species Trichoplusia ni.
In another further embodiment, the nucleic acid sequence is selected from
SEQ ID NO: 34 — SEQ ID NO: 63 or SEQ ID NO: 70 SEQ ID NO: 96.
20 In a further embodiment, the nucleic acid sequence encodes an amino acid
sequence selected from SEQ ID NO: 3 — SEQ ID NO: 32.
In another aspect, the present invention features a transposon comprising one
or more integration defective piggyBac nucleic acid sequences and variants,
derivatives and fragments thereof.
25 In one embodiment, the integration defective piggyBac transposon has a lower
rate of integration as compared to a wildtype piggyBac transposon.
In another embodiment, the integration defective piggyBac nucleic acid
sequence is from the family Noctuidae. In a further related embodiment, the
integration defective piggyBac nucleic acid sequence is from the species Trichoplusia
30 mi.
In one embodiment, the nucleic acid sequence is selected from SEQ ID NO:
67 — SEQ ID NO: 69.
In a further embodiment, the nucleic acid sequence encodes an amino acid

sequence selected from SEQ ID NO: 64 — SEQ ID NO: 66.
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ni. In one enbodi ment, the nucleic acid sequence is selected from SEQ I D
NO 67 - SEQID NO 69. In a further enbodi nent, the nucleic acid sequence
encodes awmoaniwmmomei d sequence sel ected from SEQ | D NO P64/US28BQ23385 NO

66. 1 n anot her further enbodi ment, the w | dtype piggyBac transposon
conprises a nucleic a ence corre ondln 0 SE IDNO 1. In certain
exenpl ary enbo§1 ?urlt %B@P&&f |ﬂi¥few ypgﬁ{ggy%e,%?l} SRS FORI D Wci d
change i n Q- LBy ue%céé‘él%g})@mpgmﬁ eDNEUP consisting of: RC, QAO0R
S3N, S26P, DOV, Gl165S, T43A, B5R, T57A, S61R, 182V, 190V, S103P, S103T,

N113S, ML85L, WMiGANi|n @23@!1% y mm@mmw hygabetiye V4ih0ls comppieaan Q497L,

K501N, K565l D, Sh7 0 8K, K575R QI9I1R,
FSoaL. | niBHE BROTANEER TG TPAD ab i aseB TR SPHE O PRNOBALIA TS capabl e of
i nser t3 ngQ4OROSIMESTINAIIV, & 1685] T43 A @IFR, T8 ARl 8BV 190F , Sh@spbove
aspects, the transposon further con‘&rtl ses a marker &dgtel n. In still

anot her efmb&Hl.PEHBSoMIBhke MbBVE, B3pRe RIS1GM282¥ngpdoP4il8LilAdeYted in a
| i d. t tp | t
pasm *ﬂan N rea%gi] N;&WS‘S?%W@ nE9< RY Sﬁoﬁ?%?hésflr east a

portion o rane anot her erbodi mé ansposon
further cQ3ptRsE®4at Ieast one expression control region. In still another
further enbodi nent, the expression control region is selected fromthe

group consi st i Hyesrembasimeitod the abgve Atpsals cthe 8@%&%@4 israble ofinsgidiger

rel at ggl emgg.ierﬁqg,ofta%utransposon further conprises a pronoter operably
linked to at | east a portion of an open reading frane. In one enbodi nent,

the cell is oblmamgetrembodiaenaof thalaboveraspennd, e traspacin fenter compries| | i s
froma vertebrate or an invertebrate. In a further enbodinent, the
vert ebr at ML PEAFREl . 1 n one enmbodi ment, the invention features a gene

transfer syste gonotiRh @&b@dﬁrr[e%f‘%@%o@%ﬁé&d ElQ:tEé?ls n@s@fedtihe above
aspects; and a pi ggyBac transposase. |n one enbodi nen t he pi ggyBac

transposaeelausslldlE romthe fam |y Noctuidae. In

15 In one embodiment, the transposon further comprises at least a portion of an
open reading frame. In another embodiment, the transposon further comprises at least
one expression control region. In still another further embodiment, the expression
control region is selected from the group consisting of a promoter, an enhancer or a
silencer. In another related embodiment, the transposon further comprises a promoter

20  operably linked to at least a portion of an open reading frame.

In one embodiment, the cell is obtained from an animal.

In another embodiment, the cell is from a vertebrate or an invertebrate.

In a further embodiment, the vertebrate is a mammal.

In one embodiment, the invention features a gene transfer system comprising a

25  transposon according to any one of the above aspects; and a piggyBac transposase.

In one embodiment, the piggyBac transposase is from the family Noctuidae. In
a related embodiment, the piggyBac transposase is from the species Trichoplusia ni.

In a further embodiment, the piggyBac transposase comprises an amino acid
sequence corresponding to SEQ ID NO: 33.

30 In another embodiment, the piggyBac transposase is a mammalian piggyBac
transposase.

In one embodiment, the transposon is inserted into the genome of the cell.
In another embodiment, the cell is obtained from an animal.

In another embodiment, the cell is from a vertebrate or an invertebrate.



a related enbodi nent, the piggyBac transposase is fromthe species
Trichoplusia ni. In a further enbodi nent, the piggyBac transposase

conpri seswarosmidpwiaci d sequence correspondi ng to SEQ | PCR@S288/023386 anot her
enbodi ment, the piggyBac transposase is a mamual i an pi ggyBac transposase.

I n one enbodi nent he trapsposgn is jnserted into the genone of the cell.
In anot her enbngﬁ?ﬁ'gﬁ“f’fe h%‘{}ff]@’fl'i’%?esvefitﬁ{’réferféar‘?mlan animal . I n anot her
enbodi nent, t hengplekedeSneh @O &sy Bah B Rl ATbdINGfd £BIAEEnArikidy £ urt her
enbodi ment, the vertebrate is a manmal. The present invention al so features

i n cert ai ragspbe ofemy ©ng ot dielabeonescaberpsaedts.ansposon of any one of the
above-descri beii a ects.t I}r11 ot heE. as tEthtSe ¢ thedjglr esent .i r11venti on features a
phar maceut i cal R PE B ec%rﬁf)eﬂ N ?&F&?ﬁ 8HH%C8HB‘F31 §?rﬁgosé“?ﬂ/per active
Pi ggyBac baap@lifg aGhhpdesii@ngRisaizth Bypel@aySppol BanaRAsSasad séqeatner wth a
pharmaceutical |y acceptable carrier, adjuvant or vehicle. The present

i nvent i onasd & pigRERAUESPesafR togsEher Frith aphapaeceuHeplbrasgemidiie CONAL i nto a cel |

conpri si ngy. i the cell with the gene transfer system of the
abovedescfgﬁljﬁg%ttgg%éeﬂggg, t hereby i ntroduci ng exogenous DNA into a cell. In

one enbodi ment Thé pesatlidvenBomalsd emaed 4 methoa foriagedicings@gtncr’ NS0
features a kit conpri sing: a transpgoson conprising a hyperactive piggyBac
nucl ei ¢ afitY2 SEYERIARES RS EPTIEINE (oa Geblnkith B gepg i i SHOFCONGA thedtever cell. In

one epbodi i i i ik sequence is fromthe
f@ Hég%ﬂf)ed ﬁsli}@ctg'[%ﬂ&E@}pﬁ'tr\Sﬁu(ﬁ%%%I}’(%ggo&q?lﬁg 1Etoaacéeqj1. q

famly Noctuidae. In a further e t, yperactive piggyBac nucleic
aci d sequence sorferammbddimecigpheicels isTa stehepll.usi a ni . 1 n anot her enbodi nent,
the nucleic acinq is sequence selected from SEQ.ID NO 34 - SES.I.D NO. 63 or
SEQ ID NO 70 - %E’@S‘T%%Né“tl%?‘ls? UG helf CABPEURE” & FESRPRR ERPPIIHPENt i on

al so f eat YheSerfctetpi &ML nSEIRY acRl @I PARPMhs &Rt $oNBiréddcTHoaONAL | ONn

def ecti ve piggyBac nucleic acid sequence and instructions for use. In one
enbodi nentnto akell.nucl ei ¢ aci d sequence is selected from SEQ | D NO

15 In one embodiment, the hyperactive piggyBac nucleic acid sequence is from
the family Noctuidae. In a further embodiment, the hyperactive piggyBac nucleic
acid sequence is from the species Trichoplusia ni.

In another embodiment, the nucleic acid is sequence selected from SEQ ID
NO: 34 — SEQ ID NO: 63 or SEQ ID NO: 70 — SEQ ID NO: 96.

20 In another aspect, the present invention also features a kit comprising: a
transposon comprising a integration defective piggyBac nucleic acid sequence and
instructions for use.

In one embodiment, the nucleic acid sequence is selected from SEQ ID NO:

67 — SEQ ID NO: 69.

25
Other features and advantages of the invention will be apparent from the
detailed description, and from the claims.
Definitions
30 The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of chemistry, molecular biology, microbiology, recombinant
DNA and immunology, which are within the capabilities of a person of ordinary skill
in the art. Such techniques are explained in the literature. See, for example, J.

Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory
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67 - SEQID NO 69. Oher features and advantages of the invention will be
apparent fromthe detailed description, and fromthe clains. Definitions
The practwoeowfospdne present invention will enploy, unlePSTatSh@E0NR3B386

i ndi cated, conventional techniques of chem stry, nolecul ar biol ogy,

?a(p:);g?: |O!t g/g%luﬁlfg ngllEgiH gugfsdfga¢wgllngﬁaﬁb¥ﬁ@%8ﬁ&§§% hégsélhg]ieques are
expl ai nedpi g tMa. 199?5 I\gérﬁ)dlesaeﬁ% lemhtseéﬁﬁ‘@ﬂltq?ro&)cols FRMRIRetar Bfelofy, Fritsch,

and T. Mani ati s, lecul ar G oning: A LaboratoryManual, Sedond
Edition, Bodkd3.and, 16Clﬂlm\$;i¢y &ngﬂarIHQW \Lmtb,dﬁéferleépehﬁrab&wsuamlA F.M et

al . (1995 ts n tocols i .ecu) ar Bi ol ogy,
oh 6, 13K80 Tk DY PLE ara pTeRE  TE R %™

Crabt ree, samdJAV. KalaR and 926ss WMc@eaw%nhﬁSl@J ﬁsmtﬁmwﬁgpnﬁép@mwl

Techni ques, John Wley & Sons; . M_Polak and James O D. McGee, 1990, In

Situ Hybr PHicties: iQeerdiynirermioy B@S%M Jplaet(Edisor).G08s Qligniugleptde y Press; hM J
. Gai E 1 R Irl
oy oLt CEGUAEYe PR SRR RSP e iy B ASRNERL 1808 onch 1

DNA Str UCMtltlﬁ)dE’@f Enﬁym@yigiﬁ TN AStardir&Ryi$ IAC Slynthads yisd BhysicaDNAalyEs bods i n
Enzynol og Academ ¢ Press; Using Antibodies: A Laboratory Manual: Portable

Pr ot ocol J MW%&%\&PW@%{%X)\@CE‘%}C(}D rESéngsmEd\m-@PthW/}(‘lQ@@at%l d Spring

Har b L t
oo SoNBCTiephe PR 0ag RS pAVRAB @%@?ﬁngfmr

Labor at or Qol&&mmg HIzﬁBcN [0a87869-Besk; BN (I)%569 Enmmohmb@ﬂle@mg Scr eeni ng,

< o0, b RIKE ghne, S oL, Fgbin I B ERIASIIR (A0 o

Reci pes, Haagenhbora® g;dpgsmsmeﬁ W%@C?AL'E‘[?Ol'S%SfHﬁndH’é@k@fDngs Benedy, Edited
Jane Roskans and Lin Rodgers, 2002 d Spring Harbor Laboratory, | SBN

0- 87960- 6804, byERarhaksishuihBesehadme Rerthiavatei® SFensanider G0l Noonisokaldd by
ot oM ERRRaoBHE oy Sab oAty K R ERR 07 G cs, -

" conpri si RgagentsC it @thel Referéndd ToBR\bINTse @Mtk B&lﬁh| ElieedCRAe Ravianishidmeani ng
ascribed to themin U S Patent |aw and can

Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-87969-630-3. Each of

these general texts is herein incorporated by reference.
As used herein, the following terms have the meanings ascribed to them

20  below, unless specified otherwise.

In this disclosure, "comprises,” "comprising," "containing" and "having" and

the like can have the meaning ascribed to them in U.S. Patent law and can mean "

"o

includes," "including,"” and the like; "consisting essentially of" or "consists
essentially” likewise has the meaning ascribed in U.S. Patent law and the term is
25  open-ended, allowing for the presence of more than that which is recited so long as
basic or novel characteristics of that which is recited is not changed by the presence of
more than that which is recited, but excludes prior art embodiments.
As used herein, the term “integration defective” is meant to refer to a
transposon that integrates at a lower frequency into the host genome than a
30  corresponding wild type transposon. In certain exemplary embodiments, the
inventive transposons integrate by conventional integration mechanisms.
As used herein, the term “nucleotide” or “polynucleotide” is meant to refer to

both double- and single-stranded DNA and RNA, and combinations thereof. A

polynucleotide may include nucleotide sequences having different functions,
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includes,"” "including," and the |like; "consisting essentially of" or
"consists essentially” |ikew se has the neaning ascribed in U S. Patent |aw
and t he twormimgedpen- ended, allowi ng for the presence ofPCrarseomwizisse hat
which is recited so long as basic or novel characteristics of that which is

recited is ot changed by the presence of nore than that which is recited,
but excl uH’é dﬂﬂa gF “gFaPC% %Hf‘%‘:esﬁ@ @QB&Oﬁlé‘SéF%enf??éuflé?srﬁe@F]ﬁ‘toé}jr ation

def ectivey qugn&@az%oiyaua@&% dafl b@ obla2RARRREMY EBALa ARLEOERERS 0Atandel OVET
frequency into the host genone than a corresponding wild type transposon.

I n certa|pﬁ@&@dﬁhéﬂ&ee@bﬁdﬁnmﬂnmnnﬂmewnwwentpmﬂmtﬂaﬂ@pascms%integrate by
g0 nechani s herein "nucl eoti de"

ed
oo oo o B bR S B O TR S Bt A ot e ot F ondod

DNA ansl RMAmeth siidh bRd Vais:, @Mr@gqﬁentAAp@édiﬁ\ngéqa@ﬁdedar egodic! ude
nucl eotide sequences having different functions,including for instance

codi ng setf#diceésa P‘alﬁﬂuﬂ@mld@éhﬁtﬁgc%’éa@@ﬁb@gptgiﬂ‘cqﬁda@h?lé@@ﬁ@ét@ﬁ?f @equences. A
| | b
P et o T oF B PR AR ML A Ao BB SN B O30 0°

pol ynucl ebbirdarieedt dedirgnegionare gﬂnemulyalktdrmlﬂeamlaagmslaﬁomIsgaftwoﬂelot i de can
be, for exanpl e, a portion of a vector, or a fragment. A "coding sequence"
or a "coditif I 664 arta franshtipgph siereedionakiss ¢'ead. %ﬁ%@%@%%@ﬁ%é& de and,
when ac nces,
expreggesﬁ?ﬁgﬂgﬁcd%ﬂﬁC&gﬁtk %?ﬁ%gﬁﬁgﬁﬂﬂtgﬁﬁ é&ﬁ%gkﬁ%qugo ﬂgg region are
generalIyomﬂMﬂyMMheﬂDhmlantmgmshapksnﬁkgsh&nys@pdnﬂmamdumsmﬁhmEmﬂ and a
transl ati onal .stop.codon at é g A regulaﬁoa%ﬁﬁf uence is a

nucl eot i dEYEEGBBNE "t HYO" Séta%ltré‘fl %“%B? PR S1ton BRIy ‘%@Slﬁégi on to which
It 1s Opeﬁﬁﬂkﬁ,ﬁéﬂﬁﬁﬁmnMQHs1h&h8ﬁ€9&@hﬁ&ﬁk@§mgfmk%QMh@ﬁ@JMaﬁPGM&nCGS

i ncl ude promoters, transcriptional initiation'sites, translational start

sites, traw@Wavn@ﬁawegﬁéﬁngpn@s transcriptional termnators (including,

(o L ILoe, ROL AT LR PR e RS MR AR AR e

nucl eot i d@e e@ﬂéaﬁms phadd in% fahatedl telti@dniip Ghith@Rdthef @IcAddti@BSE Rnd. t h
anot her nuc eoti de sequence. For exanple, If a coding sequence is operably

li nked t oFar s, éfra %Qé]éﬂ%fr?ﬁéencﬁhﬁ epegtbihie Hakad o enipi@oten srqueRie, Pionot er may
R e T
Operably linked means that the DNA sequences being linked are typically contiguous
20  and, where necessary join two protein coding regions, contiguous and in reading
frame. Since enhancers may function when separated from the promoter by several
kilobases and intron sequences may be of variable lengths, some nucleotide sequences
may be operably linked but not contiguous..
As used herein, the term “polypeptide” is meant to refer to a polymer of amino
25 acids of any length. Thus, for example, the terms peptide, oligopeptide, protein,
antibody, and enzyme are included within the definition of polypeptide. This term
also includes post-expression modifications of the polypeptide, for example,
glycosylations (e.g., the addition of a saccharide), acetylations, phosphorylations and
the like.
30 As used herein, the term “transposon” or “transposable element” is meant to
refer to a polynucleotide that is able to excise from a donor polynucleotide, for
instance, a vector, and integrate into a target site, for instance, a cell's genomic or
extrachromosomal DNA. A transposon includes a polynucleotide that includes a

nucleic acid sequence flanked by cis-acting nucleotide sequences on the termini of the
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and, where necessary join two protein coding regions, contiguous and in
reading frame. Since enhancers may function when separated fromthe
pronot er WQ 208wl ki | obases and i ntron sequences nay PeTafS20a023384

| engt hs, sone nucleotide sequences nmay be operably Iinked but not

contlguous erei.n, the ter, pepti de” neant to refer to a
pol ymer ra%%l?f’?ﬂﬁl 2&1@@%?&%@%@? hﬂa‘ﬁ‘%ai’g Fléracté% ?:PtldFﬁ%quB?%é pept i de,

ol i gopept hdast eﬁ@&elaetmgaﬁﬁ&&%x se@faﬁceel%mﬁo@erdes w@llslﬁqeélcvacidﬂ n the
definition of polypeptide. This term al so i ncl udes post-expression

modi fi cat samsn@tf amdhe lgrol greps-pdeg fugteotisasiuencegh peasyiedtdi ortbe (e. g., the
addi tion E har | de)(j aqe Ia ifgs ﬁhos hol¥lai ons and the like. As
used her eP‘ﬁC e’fﬁ@ SSW%““? anép clegide p3 ﬁ%cﬁ 8 eé'lﬁte‘ﬂ]te nydteant to
refer §0 gppal MRYEIEOEd @ehekdiRbs hiSindbh&l efmBATlep€atf $rAMRY atkdRENd of
polynucleotlde for instance, a vector, and integrate into a target site,
for i nst afedranspasen, to svhidiwirnspease prefaehhonisahal ofthemammalians pos on

i ncl udes ot i u e flanked by
cis-acti ng gﬁg%%{eo e fst%%d; Orr%gsteeg lgl?fist ﬁg%‘f&lﬁﬁ%fg@d %ﬁﬁ@uﬁ%@%‘%@%n A nucleic
aci d sequenepoic i Ekﬁﬂkedmhﬂybnm&mﬂetﬂmganﬁpeﬁﬁmden&equﬁﬁmg$maf at | east
one cis-acting nucl eoti de sequence is p03|t|oned 5 to the nucleic acid
sequence, Uéﬁﬁogmiﬁéggﬁhﬁweﬂéﬂé“%%P?ﬁbbﬁﬂ%ﬁéﬁ? PIESERAUEHEROTO8: posi ti oned 3

to the nucl ei cAaGigy ﬁe?&H@‘?ﬁ‘Eho Sa #etil aﬁNS h&&t lodEmSRAYIFRSmbC! ude at

| east one inverted repeat (also referre erein as an Inverted term nal
repeat, ofaniiflRyVoatideach end of the transposon to which a transposase,
preferably a mher . of ;th Ilan ac fam of transposases,

Dl s, n cor { A BHEE R BRBo SR e St O b £ he 7 ar 1y

Noct ui daepolhRudiébiddaeRat Bﬁ@ﬁé’e‘iﬂe@tﬂeﬁ%&%@éd‘ﬁﬂﬁﬁts ddfgall R NSRASANplodudd
Trlchoplu5|a ni ( Cabbage | ooper noth) piggyBac transposon. As used herein

"Tri chopl ugharagpmbimgnitealtiques, ¢reﬁlemlqaﬂyar megybeaticolfy syméhesigedr fani |y

or - pol ymaErdeplie? bl 8, Bk i o B PR FOhe FaTRaRn oy P P

envi r onmegdsentl QA HLEELNHIGh dylathé PRdpfidd br &I GRII€p4RS an@hssebiget ealldlyr or
enzymatical ly synthesi ze Pre erably, a pol ypeptide or pol ynucl eoti de of

thi s i nveRtodsets P5ofar iAUEdies.i . e., essentially free fromany other
pol ypeptide or AB%E&H‘M:%JBP&M’& qgn@o%? gl ﬁgancf% }e‘f&% a polypeptide that

catalyzes the excision of a transposon from a donor polynucleotide (e.g., a vector) and

20  the subsequent integration of the transposon into the genomic or extrachromosomal
DNA of a target cell. Preferably, the transposase binds an inverted sequence or a
direct repeat. The transposase may be present as a polypeptide. Alternatively, the
transposase is present as a polynucleotide that includes a coding sequence encoding a
transposase. The polynucleotide can be RNA, for instance an mRNA encoding the

25  transposase, or DNA, for instance a coding sequence encoding the transposase. When
the transposase is present as a coding sequence encoding the transposase, in some
aspects of the invention the coding sequence may be present on the same vector that
includes the transposon, i.e., in cis. In other aspects of the invention, the transposase
coding sequence may be present on a second vector, i.€., in trans. In certain preferred

30  embodiments, the transposase is a mammalian piggyBac transposase.



products or other inpurities. As used herein, the term"transposase" is
nmeant to refer to a polypeptide that catal yzes the excision of a transposon
froma dowmoropalogivucl eotide (e.g., a vector) and the sulpsEqiserv/op3sBegr ati on
of the transposon into the genom c or extrachronosonmal DNA of a target

cell. Pre i nverted sequence or a direct
repeat. h@lﬁ%ﬁgﬁéﬁgﬁﬁi&ﬁﬁﬁﬁm@% pol ypeptide. Alternatively, the
transposase i SFRLRSENa %1@(mleyzwﬁiteﬁswsiele%ﬁﬁo h&1gcHslRSs anf Rl Ng sequence
encodi ng a transposase. The pol ynucl eotide can be RNA, “for instance an nRNA

encodi ng tmeeasfralrtsqmwst@n foom ONAof fvaldtyipa $namneézed t@ddumglvsetiwence encodi ng
the trans osasi Wen the transposase is present as a coding sequence
encodi ng WERS lé{ﬁgﬁ% e, in sone aspects of the invention the coding

sequense may DbpigRieSeNtn®@B).t Pehe BARsHORGHRE midlat adtinGldidase éthle Wi@Nsposon,
i.e., incis. In other aspects of the invention, the transposase coding

sequence iy Thishprlsgent rarpasdecerupording o SEQED NOnl ardhs. 1n certain

P anaposas TR iBRg B8 R LEe I RO TR TR U R By 619 1api o 2)
t hat showsequbgceaiopoading tc ieengids type d ricobgluiinai eassposade tdoabsipadingi on from

that of wl dtépeéb([nornnl ized to 1) in inventive hyperactive variants.
Figure 2 EO Fanel (A) shows the nucleic acid sequence of the wld

type {gichopl Ugir%%ré"!s sild vﬁsﬂﬁ&ﬁﬁﬁﬂtloﬂ; &R Hicg-‘%?e gg%d% (5 Sﬁ and the

correspondi ng no aci d sequence (SEQ ID ows the am no
aci d sequence Eures paorvdi thgatmomat dogd wqheilcbypfathﬂmtegmpd)mdnfactme transposase,
correspondi | D NO 33. F| tification of excision

ng,.t o SEQ id
hyper act i %gg%fg%ﬁeomﬁ aﬁ‘?fr§5polﬂfllj]§ &}g)st%te no aci d sequences of

the integration defective piggyBac transposons, corresponding to SEQ I D NGs
64 - 66. DETAILED DESCRI PTION The ability to use a transposon for genone

engi neeri H@TA‘JWIQWES(B&Mt upon the frequency with which it can nove.
For e rrpl e if trans oson event be much

casi ol Th T so e MBSt B uamsketh Br gERICEREYsBE Ruiehty EherePEnepos ¢ on
event occupsn (hd fikqidhc}Ath WHieH &tin nidiR. Poras@mipld inY §RdgRh il 8V Bas a

transposon event, it will be much easier to isolate derivatives of the desired type than
if the transposition event occurs in 1 in 1000 progeny. The present inventors have
isolated hyperactive piggyBac transposons from Trichoplusia ni (cabbage looper

20  moth) that transpose at a higher frequency than wildtype. Transposons such as
piggyBac are widely used for genome engineering by insertional mutagenesis and
transgenesis in a wide variety of organisms. The piggyBac transposon from
Trichoplusia ni has been shown to be an active element in a number of insect, mice,
swine and mammalian cells including human.

25 Accordingly, the present invention features hyperactive piggyBac transposons.
A hyperactive piggyBac transposon is meant to refer to a transposon that has a
transposon event at a higher frequency than wild type piggyBac transposon. For
example, in certain exemplary embodiments, in a hyperactive piggyBac transposon
transposition occurs 0.5 fold, 1 fold, 2 fold, 3 fold, 4 fold, 5 fold, 6 fold, 7 fold, 8 fold,

30  9fold, 10 fold, 15 fold, 20 fold, 25 fold, 30 fold, 40 fold, 45 fold, 50 fold or more.

According to certain preferred embodiments of the present invention, a
hyperactive piggyBac transposon is bound by a transposase, contains a pair of repeat
sequences. In certain preferred embodiments, the first repeat is typically located

upstream to the nucleic acid sequence and the second repeat is typically located
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i sol ated hyperactive piggyBac transposons from Tri chopl usia ni (cabbage
| ooper noth) that transpose at a higher frequency than w | dtype.
Transposowe 280at9933 pi ggyBac are wi dely used for genomnePemgisneeneisge by

i nsertional mutagenesis and transgenesis in a wide variety of organi sns.

The piggyBac transposon from.Trichoplusia ni h been, shown to be an active
el enent i ACWMHIR tag ny %e<f1:drsmtea?e-2\)acﬂréh%t frrard SRCULPRES e udi ng

human.  AcgRrding3bduentds BE ESEMpehNBENHLRR ah @BhYiR SedayREdiRCTibY §s PI 99y Bac
transposons. A hyperactive piggyBac transposon is neant to refer to a

t r ansposorompatd wab the firsareppgdorandieendsat the dvinghemnerftarygiwebleystraidin wi | d t ype
pi ggyBac transposon. For le, in certain exenplary enbodjgents, in a
yperact | veinras e hPiandaBh Teptlu e tiFi s TR ey GRS W e o 5
fold, 8 fa@efsttik 6@th5eﬁe@isd}re ﬁlsf B eksel réﬂad:d s8qieatad, 1dcdr@id, 10 fold, 15
fold, 20 fold, 25 fold, 30 fold, 40 fold, 45 fold, 50 fold or nore.

Accor di ngembodgrenti eppiemay oeer éirp otHllp ymber yiseeyn agédewnstieam ¢fon, a
hyper act i i c tr S i t ins a pair
of " epoat HE AL AOHER o ISR o8 AR Rl R RRA A epef RIS 2 P71
t ypi cal | yupsieaimenddpsint@aim bOtht ABoveuatRiodedaicleis adgideagenantt ildricalecond
repeat is typically | ocateddownstream of the nucleic¢c acid sequence.

Accor di ngliycertageers nts e Epepts greedigit ketypen Khnel Satsunsifeerds the first
repeajy bH&ﬁ%@ﬁgQSQﬂs site reading direction as conpared with the first
repeat (5" an " ends of the conplenentary double strand sequences are
exchanged). ThéberapepeaiRs) ar destihilsad Heerimpcefémblydiankd nuelpeatesd seghégr, due to

the fact that .both repeats Lust inversely repeated seguences. In

cortai n eludingieLcd PEpba R el d Sut e RERe sab Qi el sam and
downst r eapy,pbr 46pAROUEBITERLE 0P de UGk Eltfar BArk If £ BRIAERERecodiiiei@b ALY, the
nunber of repeats | ocated upstream and downstream of the above nentioned

nucl ei ¢ aei doreypesysion centidspqucoeds. (i.¢-nregolatay negosadinnenicsicid) ipneepeat s ar e

short,_ between 10, -..20 bas airs nd.preferably 15 base irs. The
epeald (I HEy L RS PBRST HEpeenTEr aPE) eRrmiearentet ehfiohot d' sequence
whi ch i s kdimefidedthdlitteObilithee RMAimitedo pRbhoterkhenHaHEI & ibOr&E cOhtE@qUENce can
include all or part of an open reading frane of a gene (i.e., that part of

a prot ei nelemEnd; ngugeansp] raginns oF sitacers ebapy RISETISA © ﬁ@mnlt,é%m@rké@s (i.e.,
2 o S SBRR L EL SIS PRI R0 GBStk port o
reading frame. According to certain preferred embodiments, hyperactive transposons
20  of the present invention can preferably occur as a linear transposons (extending from
the 5' end to the 3' end, by convention) that can be used as a linear fragment or
circularized, for example in a plasmid.
The present invention features hyperactive piggyBac nucleic acid sequence
and variants, derivatives and fragments thereof that retain transposon activity. In
25  preferred embodiments of the invention, the hyperactive piggyBac transposon has a
higher level of transposon excision compared to a wildtype piggyBac transposon
In certain preferred embodiments, the hyperactive piggyBac transposon
nucleic acid sequence is from the family Noctuidae. In further exemplary

embodiments, the hyperactive piggyBac transposon nucleic acid sequence is from

30  Trichoplusia ni.

Preferred embodiments of the present invention refer to nucleic acids encoding

a hyperactive piggyBac transposon as defined herein.
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sequences include, but are not limted to pronoters, enhancers, border
control elenents, |ocus-control regions or silencers. In a preferred
enbodi merwQ 20tve9m30¢| ei ¢ aci d sequence conpri ses a pronoPer/uspanariges | i nked
to at least a portion of an open reading frame. According to certain

preferred enbodi nents, hyperacti t.ransposons of t resent invention can
preferably occﬂﬁa§.eémpﬁﬁgﬁﬁ%gﬂé%§$8§ﬁﬁﬁg@3§PBﬁGVW@Hﬁﬁgﬁvthe 5 end to the
3" end, byoGRMIENdeOBAn dldBlic BRRaME pHEBELRR o al bNAAT (hd AYEROhc PSS the
circularized, for exanple in a plasm'd. The present invention features

hyper act i gencpic gggeBdic adrigdmiicis ¢ belundsguericdatskdledarerwns siaydesingmutives and
fragments, thereof that retain transposon .actj vit I n. preferred enbodi nents
of “the i nirehERgR: eRewgFe b VRIS IReE Rot il e R WREIE REHEF ' evel  of
t ransposoBn@ded BY B podyiRle8tddsisad W theiniRatioh @a¥Bed thd @aspasR ofangertai n
preferred enbodi nents, the hyperactive piggyBac transposon nucleic acid

sequence b¥ticplariashergapiin ip el tic dabypeptifles gra e carenisdaFle enbodi nent s,

t he hyper i j : e acid. is from

Tri chopl uBraniTe RO ET Be i ARERORC G B R ARLE ABREIREAT on Terer o
nucl ei ¢ agiodHicaticthigbacdiypeowdh ovdr b @goviBactht innispasivityas lifekpamed
herein.It will be understoad by a skilled person that nunmerous different
pol ynuc! e6t tha@slyayslegtites 96 therBVaMiRB: pol ypeptide as a result of the
degeneracy of the genetic code. In addition, it is to be understood that
ski | | B4 per sonBokyaycleqfigies suchastDNG pobmralcefides maygieepradiudedot i de
substitution 0 t aff he | { e ce .encoded by the
pol ynucl e%)%%P%ﬂe)}sngﬁé%g‘yfltﬁg‘il%azlyi ﬁr\(;l; n%qyomnga?ltsj%?%?alueegtg tﬁ%g%gglagﬁgﬁlse aagtg of any
parti cul aTh&oshy arksgasickimed by wahddrd tdr@nigaty pepti des are to be expressed. The
pol ynucl eoti des may be nodified by any nethod available in the art. Such

nodi fi cations Eﬁﬂ%&9o%ﬁéli:@cﬂie@w‘nﬂl loBncRAlfEhe HrodetAanm@ rbdinblifant ink@n@ct i vity
or life span of t e‘pokﬁgucleotldes of the invention. Polynucleotides such
as DNA pofosaemplstused G (pabengrpssainesarepdonpbionmstteghniapntiiet wahl |y, or by
any ns. avai | abl.e those of skild . .in re T .al e cl oned
by st Sndal Gor e b g BERGuRs R onnbbi s o heter B B K Culcca
usi ng r ecofibk Mgt talRANS sefuehiceoXABPktas U&ired tdEBnd, Moinyiigrias pri@baiiftor eact i on)
cloning techniques. This wll ) ) )

contact with mRNA or cDNA obtained from an animal or human cell, performing a

polymerase chain reaction under conditions which bring about amplification of the

desired region, isolating the amplified fragment (e.g. by purifying the reaction mixture

20  onan agarose gel) and recovering the amplified DNA. The primers may be designed
to contain suitable restriction enzyme recognition sites so that the amplified DNA can

be cloned into a suitable cloning vector.

It will be appreciated that the polynucleotide of the invention may contain
only coding regions. However, it is preferred if the polynucleotide further comprises,
25  inoperable linkage, a portion of nucleic acid that allows for efficient translation of the
coding sequence. It is further preferred if the polynucleotide (when in a DNA form)
further comprises a promoter in operable linkage which allows for the transcription of
the coding region and the portion of nucleic acid that allows for efficient translation of

the coding region in a target cell.

30 Nucleic acids according to the present invention typically comprise
ribonucleic acids, including mRNA, DNA, cDNA, chromosomal DNA,
extrachromosomal DNA, plasmid DNA, viral DNA or RNA. In certain preferred
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i nvol ve making a pair of primers (e.g. of about 15 to 30 nucl eoti des)
flanking a region of the lipid targeting sequence which it is desired to
cl one, brwogorigopive priners into contact with mRNA or cPi#tvuskaiaiozssds fr om an

animal or human cell, perform ng a polynerase chain reaction under
condi ti ons g,h'.ch brin 1aboutd.a Iifilcatli on . of the desired region, isolating
the anpl i FPEAYIMeAGRERTClPE agid ipprefuably gelrged Hem @Y ALFBH $A%ESFe on an

agar ose gghdodfRdhé SAAYShindGcidn@q@dmRk bf b &¢pdMive Pl yBaE BAHoBYIRGcdesi gned
to contain suitable restriction enzynme recognition'sites so that the

anpl i fi eddgyenertion beitcgangtid codet dhesesilfetnablenwllanineg se@rnors. mayt legd [d  be

appreci ated. that the pol ynucl eot i f. the i.nventio contain only

cof ng. et BHEOvad ROk e i Bhiah Pt FHE T SO B SERET ur t hor
conpr i $€sTables RPapBpRattlyiAGang @ nREIEiciRll Riudhes b 1o o alskAledal | ows for
efficient translation of the coding sequence. It is further preferred if

t he pol ynbesabtirepargtighand ipAriEcaiqn of sreh) nucli¢ aeads agpsrdesisativgs piconot er i n
operabl e | ] i r | Rt LO t codi_ng region
and the pg$gﬁg%g% ﬁﬁ@?%%%QQ%?@&Fﬁﬁﬁgaﬁ%%Qéﬁ@éﬁﬁé i%?%h?ﬁ%¥§gglation of

t he codi n@lémgd: AnLaboraotyaigafial cC€bIH.SpNug IHaktsor ANIYdR Gib@oradiamg of ehekdre present
invention typically conprise ribonucleic acids, including nRNA, DNA, cDNA
chr onosonBiteNacleiscidi R bR SHRART DI cqstertinseitpga delgtedandioNA or RNA. In

certajd pﬁlﬁisﬁ{u"t&pa%%ﬁgﬁaféﬁgé ﬁatix?’ehrﬂféféi@&ﬁd ?&ig@née%. 'Q{e%é @&@Qh&é &a?lhﬁt%t ed from

any nucl el ¢ sequence encoding the sane amno acid sequence of a hyperactive
pi ggyBac pre&rsidedad tdirgegraticed edivatandior bfpardsivgeipelyBac ceukposohese

alternative nucl eic acid sequences, | ea i npr.oved  expressi on of
e encodba SRS e Him0 e aRb s R e DB AR Eb e £ or

appropr i ap&hyard@ Bt hAGvePnddisd £i€ s@fubhkes @8 HERGS s ETHROMR:, hiclicskid | ed
person. Preparation and purification of such nucleic acids and/or

deri vat i vesjuanass 9§ thglprssestiny¢rgipnongy deyle seranodifidd proocwdurle sraispesorSanbr ook et
al . 2001, Mol ecular ,.d oning. A Laboratory Manua Col d ring.Harbor,

N vy G e et FRoR e or cBRP S S R R Bl ey RAVBTIE o1 o e
codon(s) iifiserWigld thedrbRice@iBNEIEOdinS tHeHrbteitk @b BORAT B ded0atpat i ve nucl ei ¢
aci d sequences., These sequence variants preferably lead to integration

def ect i veCHNaysSEN Hyksepratein (e iagE{aEae of ahdsybeepecHonal®s havi ng at | east
one am no acid substituted, deleted and/or inserted as conpared to the
native nucl ei clmepatisdguenskimoit, thedidppboisni Wikkyrsf pgeyBasushspasormci d

comprises a nucleic acid sequence corresponding to SEQ ID NO: 1.

20 SEQIDNO:1

12



sequences of the present invention nmay code for nodified (non-natural)

t ransposon sequences. Further, pronoters or other expression control

regi ons owio2bw/psenably |inked with the nucleic acids emrcodiSagobisser ot ei ns
descri bed herein to regul ate expression of the protein in a quantitative or
in a tissue- specific manner. In a particular enbodi nent, the Tichoplusia
ni Wl dtype:.pi Bac=transgosen~cenpr|ses a nuclelc aC|d sequence
correspondt SN APt gy isents, the

Ti chopl usi & 3 corresponds
to SEQ I D |

NIACINSFIIYSHNMSSKGEKVQQ";,h~, ML TSSEMKREEAR KR
i STSEPS { ; A K \ a PMCQSCF.  As

f eatures

e IS meant

Rt o t he host

npl ary

torefer to
genone t han
enbodi nen

i ntegrati or
certain exe
sequence, Sk 3 . i
pi ggyBac t ranspos: PrRSeg R hange:isy: EQ NOrvpuselected from R372A
or K375A. { ggrarron “defecti ve

pi ggyBac transposon conprises am am no acid sequence selected from SEQ | D
NO 64, SEQ

ons, in
gyBac
n defective

In further embodiments, the Tichoplusia ni wildtype piggyBac transposon

amino acid sequence corresponds to SEQ ID NO: 2, shown below:

MGSSLDDEHILSALLQSDDELVGEDSDSEISDHVSEDDVQSDTEEAFID
5 EVHEVQPTSSGSEILDEQNVIEQPGSSLASNRILTLPQRTIRGKNKHCWSTSKST
RRSRVSALNIVRSQRGPTRMCRNIYDPLLCFKLFFTDEIISEIVKWTNAEISLKR
RESMTGATFRDTNEDEIYAFFGILVMTAVRKDNHMSTDDLFDRSLSMVY VSV
MSRDRFDFLIRCLRMDDKSIRPTLRENDVFTPVRKIWDLFIHQCIQNYTPGAHL
TIDEQLLGFRGRCPFRMYIPNKPSKYGIKILMMCDSGTKYMINGMPYLGRGTQ
10 TNGVPLGEYYVKELSKPVHGSCRNITCDNWFTSIPLAKNLLQEPYKLTIVGTV
RSNKREIPEVLKNSRSRPVGTSMFCFDGPLTLVSYKPKPAKMV YLLSSCDEDA
SINESTGKPOQMVMY YNQTKGGVDTLDQMCSVMTCSRKTNRWPMALLY GMI
NIACINSFITYSHNVSSKGEKVQSRKKFMRNLYMSLTSSFMRKRLEAPTLKRYL
RDNISNILPNEVPGTSDDSTEEPVMKKRTYCTYCPSKIRRKANASCKKCKKVI
15 CREHNIDMCQSCEF.

As described herein, in certain embodiments, the present invention features

integration defective piggyBac transposons. Integration defective is meant to refer to

13



ID NO 65 or SEQID NO 66. In certain enbodi nents, the am no acid change
in SEQID NO 2 conprises R372A and corresponds to SEQ ID NO 64. SEQ ID
NO 64 M386LDDEMDISALL QSDDEL VGEDSDSEI SDHVSEDDVQSDTEEAFI PEVHIS2010/025386
VQPTSSGSEI LDEQNVI EQPGSSLASNRI LTLPQRTI RGKNKHCWSETSKSTRRSR

VSALNI VRSQRGPTRMCRNI YDPLLCFKLFETDEI | SEI VKWINAEI SLKRRESM
TGATFRDTNEBEISPREPGAVEATARINA wsmwﬁg jgenome than a

RFDFLI RCL BT W RNV DL LGS bbb Pnents, the
QLLGFRGRCPFRMYI PNKPSKYQ KI L SGTKYM NGWPYL QTNG

VPL GEYYVKELYSKPYHERORNOTCIDMAFIIS b Plcaiidin L QFERP YiKE JRHGT MagNnisms.

KREI PEVLKNSRSRPVGT SM-CFDGPL TLVSYKPKPAKMVYLLSSCDEDASI N
ESTGKPQWMYY NQIHEEEMIDNL dEMTSY RILESRKT NEWBMAs YigMe MhiA exemplary

Cl NSFI | YSHNVSSKGEKV! KKF LYNSL TSSFVRKRLEAPTLKRYLRD

NI SNI LPNEY/P wﬁ%@%@gﬁwwm%mw@@%@ The
Integrati %nﬂﬁﬁ@%&ﬂ%ﬁirﬂé}{té,%in?é%fa‘?féﬁdieﬁééti?@@gk%hi@ra&ﬁos%ﬁch%%HQé?sCLS to a
nucl eoti de change of CGA to GCA"in SEQ ID NO 1, and corresponds to SEQ ID
NO 67. | phapigher SEQMDANQ: 2ntodedEnmsR3I2Aeorali3 Hdh.aci d change in SEQ ID NO 2
conprises K375A and corresponds to SEQ ID NGO 65.SEQ I D NO 65

MGSSL DDEHI L SAL QSRR MeEFRSDSHbSDMEEEDINMGBEEEREAR B HE piggyBac

VQPTSSGSE| LDEQNVI EQPGSSLASNRI, LTLPORTI RGKN TSKSTR

VSALNI mséﬁéﬁwwmir@mw@%@ﬂ Q%f@@ké E{ﬁ NO: 64, SEQ
TGATFRPTNERR Y ARRS MRKYHVS TDDL FDRSL SMYVSVVSRD

RFDFLI RCLRVDDKSI RPTLRENDVFTPVRKI WDLF1HQCI ONYTPGAHLTI DE

PL GEVYVKEL SKPULRBENI TEERIE ) S1TBL ARNLL LYK VTIAGR, NO: 2 comprise

KREI PEVL KRSRERRWIX Sidspbhasith BEEYKRKPAKMVYLL SSCDEDASI N
ESTCKPQWMYYNQTKGGVDT L DOMCSVMI CSRKTNRWPVALLYGM NI A

SEQ ID NO: 64

MGSSLDDEHILSALLQSDDELVGEDSDSEISDHVSEDDVQSDTEEAFIDEVHE
15 VQPTSSGSEILDEQNVIEQPGSSLASNRILTLPQRTIRGKNKHCWSTSKSTRRSR
VSALNIVRSQRGPTRMCRNIYDPLLCFKLFFTDEISEIVKWTNAEISLKRRESM
TGATFRDTNEDEIY AFFGILVMTAVRKDNHMSTDDLFDRSLSMVY VSVMSRD
RFDFLIRCLRMDDKSIRPTLRENDVFTPVRKIWDLFIHQCIQNYTPGAHLTIDE
QLLGFRGRCPFRMYIPNKPSKYGIKILMMCDSGTKYMINGMPYLGRGTQTNG
20 VPLGEYYVKELSKPVHGSCRNITCDNWFTSIPLAKNLLQEPYKLTIVGTVASN
KREIPEVLKNSRSRPVGTSMFCFDGPLTLVSYKPKPAKMVYLLSSCDEDASIN
ESTGKPQMVMY YNQTKGGVDTLDQMCSVMTCSRKTNRWPMALLYGMINIA
CINSFITYSHNVSSKGEKVQSRKKFMRNLYMSLTSSFMRKRLEAPTLKRYLRD
NISNILPNEVPGTSDDSTEEPVMKKRTYCTYCPSKIRRKANASCKKCKKVICRE
25 HNIDMCQSCF

The integration defective variant encoded by SEQ ID NO: 64 corresponds to a
nucleotide change of CGA to GCA in SEQ ID NO: 1, and corresponds to SEQ ID
NO: 67.

In other certain embodiments, the amino acid change in SEQ ID NO: 2
30  comprises K375A and corresponds to SEQ ID NO: 65.
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Cl NSFI | YSHNVSSKCGEKVQSRKKFMRNL YMSLTSSFMRKRLEAPTLKRYLRD

NI SNI LPNEVPGT SDDSTEEPVMKKRT YCTYCPSKI RRKANASCKKCKKVI CRE HNI DMCQSCF The

i nt egr at iwo 20fm@e3oive vari ant encoded by SEQ I D NO 65 eomrissq@ofesseé o a
nucl eot i de change of AAAto GCAin SEQID NGO 1, and corresponds to SEQ ID
NO 68. &&ﬂ@er c%t ai n enbodi nents, the am no acid change in SEQ ID NO 2
conpri ses ANOK875A and corresponds to SEQ ID NGO 66. SEQ ID NGO 66
MGSSLDDEHI L SAL L QSDDEL VGEDSDSEI SDHVSEDDVQSDTEEAFI DEVHE

VQPTSSGSEM¢ EBPasSLAQSRIE! WERPS SRRBREEAFIDEVHE

AT RN R A T RR I TRORFIR TSKSTRRSR
TGATFRDTNEDEI é Vi FDRSL g@%«“ﬂvs SKSTRRS

RFDFLI RCL RIS DMYPLECHQCFEINVEPGEHY KMOENAEISLKRRESM

UPL GEVY VKL HOERRIET GORI Y LTAKKE SIS AT LY RARRESMYV Y VSVMSRD

KREI PEVL KNERPRIVET RVITSH RSk FEMIM KB RANRIK e %@ﬁ@g@lGNYTPGAHLTIDE
ESTGPQUMYNOTKGGVUTL DOMCSVMI CSRKTNRVMPVALL YGM N

Cl NSFI | 'Y SR/ SHHRGH NHPAVEL GBSEMRMRIIEAPTK KRUNREMPY LGRGTQTNG

htegrati OhCHEReLY) E@%ﬁiﬁ@éﬁﬁ@ﬁ%@%@%@@ﬁ%ﬁ“& .
nucl eot i dKKHIBE%KNSI@EPV@TM@WPMMYKPI@&Q(M@MS@cDEDszksqNr responds

to SEQ ID NO 69. As described herein, resent invention also features

hyper &t | E@T&I@’@%XMY?@%H@@GN@TW\QWS CoRdt ENRBEPMABSAIGIYEY  t he
hyper act i E?FV L AN

defecti vebgll\lgggggc va#srﬁﬁﬁmﬁfgmer aﬁgﬁéﬂg%fr{g eAqu% y %él%ﬁor nor e
mut at i ons NISINEANENPGTS DIDES THHEPAOVI RIKIRTY (€Y €95 KYRR KiAQOY SEK KIOKKS (OB n
sequence. I n ot her enbodi nents, the hyperactive piggyBac transposons are
gener at edHINQM@QS, fi | dtype sequences. That is, alterations, preferably one
or

The integration defective variant encoded by SEQ ID NO: 65 corresponds to a
15  nucleotide change of AAA to GCA in SEQ ID NO: 1, and corresponds to SEQ ID
NO: 68.

In other certain embodiments, the amino acid change in SEQ ID NO: 2
comprises R372A, K375A and corresponds to SEQ ID NO: 66.

20 SEQID NO: 66

MGSSLDDEHILSALLQSDDELVGEDSDSEISDHVSEDDVQSDTEEAFIDEVHE
VQPTSSGSEILDEQNVIEQPGSSLASNRILTLPQRTIRGKNKHCWSTSKSTRRSR
VSALNIVRSQRGPTRMCRNIYDPLLCFKLFFTDEISEIVKWTNAEISLKRRESM
TGATFRDTNEDEIY AFFGILVMTAVRKDNHMSTDDLFDRSLSMVYVSVMSRD

25 RFDFLIRCLRMDDKSIRPTLRENDVFTPVRKIWDLFIHQCIQNYTPGAHLTIDE
QLLGFRGRCPFRMYIPNKPSKYGIKILMMCDSGTKYMINGMPYLGRGTQTNG
VPLGEYYVKELSKPVHGSCRNITCDNWFTSIPLAKNLLQEPYKLTIVGTVASN
KREIPEVLKNSRSRPVGTSMFCFDGPLTLVSYKPKPAKMVYLLSSCDEDASIN
ESTGKPQMVMY YNQTKGGVDTLDQMCSVMTCSRKTNRWPMALLYGMINIA

30  CINSFIIYSHNVSSKGEKVQSRKKFMRNLYMSLTSSFMRKRLEAPTLKRYLRD
NISNILPNEVPGTSDDSTEEPVMKKRTYCTYCPSKIRRKANASCKKCKKVICRE
HNIDMCQSCF
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nore nmutations, are nade in the wild type piggyBac transposon sequence. In
exenpl ary enbodi nents, the hyperactive piggyBac conprises an amno acid
sequence Wol2eowmeBofir om t he group consisting of: SEQ | D ROT/U320108E38¢ D NO
32. In other exenplary enbodi nents, the hyperactive piggyBac conprises a

nucl ei c acid sgguence selected fromthe grou opsisti of: SEQID NO 34
- SEQ ID NO G%ﬁe e pRleLativg sy s BYRE) ﬂfb@iﬁ?i’f})&%ﬁ?ﬁp $¥ %ne or
more nucl ghGe@ e heRAUTNCER (S BLOGRAN {d QAL EYS MY NS ANghEEdRGp&ids SEQ I D
NO 34 - SEQ ID NO 63. For exanple, the hyperactive piggyBac can nay

pref er abl fo SloQPPING: @9. 2, 3, 4, 5 or nore nucleic acid sequences sel ected
fromthe group consisting of: SEQID NO 34 - SEQID NO 63. In certain
exenpl ary enbodisnestribed héreinh jlegreehi wmeentrini advot fBato@spypaectar pagdyBacaci d
change_in SEQ ID NO 2 selected fromthe group consisting of:L15P,

D19N F395[1aN884PFT164A, H33Y, E44K/ K334R, E45G C97R/ T2421, S103P,

R189K/ G120G, R189R/ D450N R526R, ML94T, ML94V, S213SN 4361, 1221T, S373P,
N384T, 453S/ N5 taysgorefsmpadingnys e iypeuptivageXBacNFBIRASPATED, S592G,

Fo94L, St ga{eﬂté?%tﬂﬂﬂ g\%ﬁﬁ%ﬁ%%gﬁyb% GaEdnd, “rﬁ%ﬁ%k&ét&s%”mdi ment s,

t he hyperdactive variants tonprise an no aci d change’in 1D NO 64 or
65 sel ect petfdralignohbier giocupuednsd, ate madeah thd ihbdgratioh I de8 95 hige BAP/ T164A,
H33Y, E44K/ K334R, EA45G $97 T2421, S103P, R189K/ GL20G, R189R/ DA50N R526R,
MLOAT, MLEAVPORIMEERFTER6[M Ohorbospaps. (RSBYPFIachEe BIEREBISITARERIRS N571S,

S573A10 S584RenNRRY YronVRBIM deHIORquaR 8L Thdr 29 AhterafbiRPH one or
St op595ELES§$I/ H33H I n certain exenplary enbodi nents, the hyperactive

vari ants oonpmusgionn agninade achdwdh aymrepiggy BBE@ahipaNah susisdeect ed from t he
group consisting of: &QC, QU4OR, S3N, S26P, DOV, Gl65S, T43A, B5R, T57A,
S61R, 182V, | 90VexeSH08R emBbaBTentNIEISpe @G pighiRt\bonPeBaNn RRG2G M282V,
G316E, P41QL, 1426V, QA497L, K501N, K565I, 05D, . S573L, SHQ9G  N570S,
N538K, K538RSeq589eelagg ,méﬁﬂevp FoNsEEpg gﬁé%mqum §1?8tIPeNQm no acid
change in3SEQ ID NO 64 or 65

15 In other exemplary embodiments, the hyperactive piggyBac comprises a
nucleic acid sequence selected from the group consisting of: SEQ ID NO: 34 — SEQ
ID NO: 63.

The hyperactive piggyBac can preferably comprise one or more nucleic acid

sequences selected from the group consisting of: SEQ ID NO: 34 — SEQ ID NO: 63.

20  For example, the hyperactive piggyBac can may preferably comprise 1, 2, 3, 4, 5 or
more nucleic acid sequences selected from the group consisting of: SEQ ID NO: 34 —

SEQ ID NO: 63.

In certain exemplary embodiments, the hyperactive variants comprise an
amino acid change in SEQ ID NO: 2 selected from the group consisting of:L.15P,
25 DI9N/F395L, S31P/T164A, H33Y, E44K/K334R, E45G, C97R/T2421, S103P,
R189K/G120G, R189R/D450N/R526R, M194T, M194V, S2135/V4361, 1221T,
S373P, N384T, 453S/N571S, TS60A, N571S, S573A, S584P, M589V,
M589V/D170D, S592G, F594L, Stop/WLESCN, Stop595ELESCN/H33H.

In certain exemplary embodiments, the hyperactive variants comprise an
30  amino acid change in SEQ ID NO: 64 or 65 selected from the group consisting of:
L15P, D19N/F395L, S31P/T164A, H33Y, E44K/K334R, E45G, C97R/T2421, S103P,
R189K/G120G, R189R/D450N/R526R, M194T, M194V, S2135/V4361, 1221T,
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conprises L15P and corresponds to SEQ ID NO 3. The hyperactive vari ant
encoded by SEQ ID NO 3 corresponds to a nucl eotide change of CUGto CCGin
SEQ | D NWOo@d10:99®%, and corresponds to SEQ I D NO 34 oPCTQIS2010/02%8¢ ai n
enbodi nents, the am no acid change in SEQ ID NO 64 or 65 conprises

D19N F395 d e ive variant encoded
by SEQ | Db?\@b 4T, %@%@ﬁg 3%‘%@?% §g@%[§§§g§p@5§ Cto AAC UWU to CUWU
in SEQ | DMNGoviD 17018l %@Q(}eﬁmmdstép?wﬁéi@dbpM59§ELESCK11Hsm certain
embodi ments, the am'no acid change in SEQID NO 64 or 65 conpri ses

S31P/ T164A and i ant encoded
by SEQ I D NO ‘2%%?@‘2%%9??%5%@ F‘eot |h§”8€rI‘E§Vné;%a?% s B ACA 1o GoA

in SEQ | DatN®lo i drang5inaSED EDMN@shaetsed foBER £DupEonsdfingof:72C, n cert ai n

and cor rooRBRas Y ooy Y. RfESE PR BRIy V61 R DS g@@;ﬁ; SEQ 1D
NG 6 CorS?@?P'P@ﬁ%%ﬁSS‘E%@%V@%WRQ@IG‘CM@Q@J'[G3M‘ECP'4F1‘OI§E@26@ . 64 or
65, and corresponds to SEQ I . I'n certain enbodi nents, the

am no aci @48hangE0 1N KSEQ, IM(ND Sé%brSSGSGcNﬁ?)@S BSR4 KK/ KB 3Q50 Ethd
correspon&z ilg 1§>%ng D NO 7. The hyperactive variant encoded by SEQ I D NO
7 corresp 8 hucl eoti de change of GAA to AAA/AAG to AGG in SEQ I D NO

1, and corresponds to SEQ.ID NO 38, or nc i t he
ani no acid chaﬁb‘é‘?rﬁaﬁl %’@@%@elﬁé}th%ﬁm&ﬂo 8@@{}@}}&}%@6@35},\%@%@ E%pr esponds to
SEQ 1 By NOqorflpriskh €. 18¥ REA 86ikds @ndée% 'S@@ I@N@P@eq"h@ Né%&ti@ WEan&neddaesponds

to a nucl eotide change of , d corresponds to
SEQ | D NOby 38QolD IR6): Bmonexnoadmtoermm‘ihoméﬂtmngt héC&}ﬁ woC@Giid Stkbliye in SEQ | D

NO 64 or 65 co s CO97TR/ 124 rres ds to SEQ ID NO 9. The
hyper act i D@S\?%r‘)?g “@rﬂ?gﬁ@’d) E@ oéé%ﬁ?]%lﬁ%ﬁg responds to a nucl eotide
change of UGUto CGJ ACU to AUU in SEQ I -1 sponds to SEQ I D
NO. 40 or Iheegian anheemBRdi the ARgo 4 Clglﬁg%l %%‘5 éﬁlén@e SEQ I D NO

64 or 65 G&Hﬁﬁééﬁﬁlﬁ@%%q c%RE§ﬁ%§H§%C§E(§@I)$\@4 DrifGy g&&cuﬂ‘@armlper active
vari ant encoded by SEQ NO. 10 corresponds to a nucleotide change of UCC
to CCO i neBieded by SEQ ID Né}né conespes@otedsnitcteoSHEQChDgMNOf GAQ tooh AZTUUU

to CUU in SEQ ID NO: 1, and corresponds to SEQ ID NO: 35 or 71.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises S31P/T164A and corresponds to SEQ ID NO: 5. The hyperactive variant
encoded by SEQ ID NO: 5 corresponds to a nucleotide change of UCA to CCA/ACA

20  to GCA in SEQ ID NO: 64 or 65 and corresponds to SEQ ID NO: 36 or 72.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises H33Y and corresponds to SEQ ID NO: 6. The hyperactive variant encoded
by SEQ ID NO: 6 corresponds to a nucleotide change of CAC to UAC in SEQ ID
NO: 64 or 65, and corresponds to SEQ ID NO: 37 or 73.

25 In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises E44K/K334R and corresponds to SEQ ID NO: 7. The hyperactive variant
encoded by SEQ ID NO: 7 corresponds to a nucleotide change of GAA to AAA/AAG
to AGG in SEQ ID NO: 1, and corresponds to SEQ ID NO: 38 or 74.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
30  comprises E45G and corresponds to SEQ ID NO: 8. The hyperactive variant encoded
by SEQ ID NO: 8 corresponds to a nucleotide change of GAA to GGA in SEQ ID
NO: 1, and corresponds to SEQ ID NO: 39 or 75.
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In certain enbodi nents, the am no acid change in SEQ ID NO 64 or 65
conpri ses R189K/ GL20G and corresponds to SEQ ID NO 11. The hyperactive
vari ant ewoaded9dmp1SEQ | D NO 11 corresponds to a nucl eeCirds2alanies of AGA
to AAVAGEAU to G in SEQID NGO 1, and corresponds to SEQ 1D NO 42 or 78.

In certain enbodi nents,. the am no acid change in | 1 64 or 65
conpri ses R189 .‘fﬁgﬁw lﬁe%tﬁ&ﬂ%m@sa&fﬂ%?g%mst%ﬂa ]{ﬁ)e)'\&l%r 6A%The .
hyper act i y&n(:jz\ﬁgels Ay REMLodes Bre3Fsads B I2NEOO I ESPOREclife Rarfline! eot i de
change of AGA to AGG GAC to AAC1n SEQID NGO 1, and ‘corresponds to SEQ ID

NO 43 or ek@ded hy SEfX 18 NOeAisodispeondsto a tsleatilaohangk df EhdhtpeCGR/SED | D NO
64 or 65 co | S and corresponds D.NO,,13. The hyperactive
vari ant eoc)gg@dm@:‘(gkéﬁzball\@ i%r%ggq(ggﬁgﬁgps&gdagﬂ%I7g'oti de change of AUG
to ACGin SEQ |D NO 1, apd corresponds. SEQ | 4 8 In certain
enbodi hent s, thbceéﬁf%?{n'é%ﬂ@e’&tﬁéhﬁégfw @Eﬁﬁﬁaﬁgw %ﬂé@a&g@r‘éﬁi ses ML94V
and corr egpaRess K0 FEEd LrP¥ehonttd to $BO IYREF 261 THE Yk vaeageded by SEQ ID
NO 14 corresponds to a nucleotide change of AUG to QUG in SEQ ID NO 1,

and corr espoddsby SEQHD ND: NDcotSpondBd.a nunleotde diangenbddiCnerii(SC it he ami no
acid chan i Q. 1D NO 64 qr. 6 IS 3SN 4361 and corresponds to
SEQ I D NOSEQD ﬁﬁelhi}‘&&’%%ﬁo\? S%?%@ﬁﬁ%%@@%ﬁy SEQ ID NO 15 corresponds
to a nucl eotide change of AGJ to AGC in. SEQ I D d corresponds to
SEQ ID NO. 46 8fcsgin ATHORCLRE RS 11N ABEHR FishtSnet wﬁ%}'ﬁﬁﬁb@wﬁange in SEQ

I D NQjo 64:QhpHRs RAFPKIGERGLARI CBI%%EE%BQ%EOJ §l?%QDq$O.t 01 SROnh e Mfivel 6. The

hyperactive vari antencoded by S corresponds’to a nucl eoti de
change of vt tcod@hby AEGHD ND: NOcoitgspands toarmekpodelshange SEQGAXONO. 47 or

R R
e el S TEBE ) RESD Lletes SEIONG B,

84. In cegtgy Hse%h@dmﬂasm%{Héwreéﬁ%éﬂﬁlgwggﬁmﬁos@ﬁh@ NO. 64 or 65

conprises N384T and corresponds to SEQ The hyperactive vari ant
15  hyperactive variant encoded by SEQ ID NO: 12 corresponds to a nucleotide change of

AGA to AGG/GAC to AAC in SEQ ID NO: 1, and corresponds to SEQ ID NO: 43 or
79.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises M194T and corresponds to SEQ ID NO: 13. The hyperactive variant
20  encoded by SEQ ID NO: 13 corresponds to a nucleotide change of AUG to ACG in
SEQ ID NO: 1, and corresponds to SEQ ID NO: 44 or 80.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises M194V and corresponds to SEQ ID NO: 14. The hyperactive variant
encoded by SEQ ID NO: 14 corresponds to a nucleotide change of AUG to GUG in

25 SEQID NO: 1, and corresponds to SEQ ID NO: 45 or 81.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises $213S/V436I and corresponds to SEQ ID NO: 15. The hyperactive variant
encoded by SEQ ID NO: 15 corresponds to a nucleotide change of AGU to AGC in
SEQ ID NO: 1, and corresponds to SEQ ID NO: 46 or 82.

30 In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises [221T and corresponds to SEQ ID NO: 16. The hyperactive variant
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encoded by SEQ ID NO 18 corresponds to a nucl eoti de change of AAC to ACC
in SEQID NGO 1, and corresponds to SEQ ID NO 49 or 85. In certain
enbodi mrerwe,20t®o3mi no aci d change in SEQ I D NO 64 or @®6TAS20I033386
C453S/ N571S and corresponds to SEQ ID NGO 19. The hyperactive vari ant

encoded b rres ond to a cle i de change UGU to

AGU/ AAU t Cﬂgiofl L%Sggdqjﬁ%gﬁ C‘irr sct8rarné’§%8ﬂéfs Jese %N@g&édnor 86. In
certain eghodip ROt $, addt@r@PJdAas aps@quje}q@em&g:},EQ ID NO 64 or 65 conprises
T560A and corresponds to SEQ ID NO ~20. The hyperactive variant encoded by

SEQ | D NO 20 gorJespangsy ‘@%69 UEkARLPRNADAR RS IARGI @ &4 In SEQ 1D

NGO 1, and corresponds to ncertain enbodi nents, the
am no aci dorapidseg &3V 3P S&Qeérﬂ\dﬂ@anﬁ&orres;ﬁﬁdc@xﬂﬂ@$193\IGN51771$hahylparmmvesponds to

SEQ ID NO 21. The h cliv ri ant encoded E
corres?)onﬁ%‘“%nbe%oﬁﬁéggg&&d@ @ﬁéﬁgé"‘g?sl’%@ G TAE OPE gl?@%? tf and
correspongg A & Ib'RI(Nq and cOresBBnds!B S @%EWN@.%M@MUENS the anino acid
change in SEQ I D or 65 conprises 73A and corresponds to SEQ I D NO

22. The hypera Hyxds to a

nucl eoti de chaﬁ{géee\f% We@éﬂg%@é‘cw J%R)E(?%:zl)corresponds to SEQ ID
NO 53 or c@8priden NS@HT and cemixpdhdeantSEQ I CGamidnthaby@rahiasagaiine SEQ | D NO
64 or 65 conpr and corresponds to SEQ I D NG, The hyperactive
vari ant efOdE %gbéEéé% Ng: r‘k%wlé%spe% Srtesﬂﬁwﬁ@gﬂilff‘odgnaﬁef fég\i? f&e‘{ﬁﬁéﬁge of UCU
to CCy i ngBEQD IQON@an%l,coﬁ@%ao%QE [ESPQMBND1SERYI. D NGO 54 or 90.1n certain
enbodi nents, the amno acid change 1n SEQ ID NO 64 or 65 conprises M98V

and correspond ed by SEQID
NG 24 corf eopuhiFrbalius e bl JRALAR i B eFLERTTE NG T
and corr esqopdss (g5 SHQS7DS Ml cabespondlo SEQ eNCRIlA. "Ehiﬂ)qujefmﬂt@yaridme am no

acid change in SEQ ID NO. 64 or rrprl Ses I\/589V/ nd corresponds to
SEQ I D NC?“C?§ed'Th§EWPeNQCS?\9%“?F£PF adpiclsatide ehp QZU W& 25 corresponds

to a nucl %@U@%@hﬁﬂ% &fsékgﬁg?\fb QG ECGerds O%QO'S'EQS’EEQ\IUDSB@ g4, and

corresponds to SEQ In certain enbodi nents, the amno acid
ChangFS in SEQ hPcé}an éﬁb&ﬂm@ﬁs, the amino acid change in SEQ ID NO: 64 or 65

comprises T560A and corresponds to SEQ ID NO: 20. The hyperactive variant
encoded by SEQ ID NO: 20 corresponds to a nucleotide change of ACU to GCU in
SEQ ID NO: 1, and corresponds to SEQ ID NO: 51 or 87.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
20  comprises N571S and corresponds to SEQ ID NO: 21. The hyperactive variant
encoded by SEQ ID NO: 21 corresponds to a nucleotide change of AAU to AAG in
SEQ ID NO: 1, and corresponds to SEQ ID NO: 52 or 88.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises S573A and corresponds to SEQ ID NO: 22. The hyperactive variant
25 encoded by SEQ ID NO: 22 corresponds to a nucleotide change of UCG to GCG in
SEQ ID NO: 1, and corresponds to SEQ ID NO: 53 or 89.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises S584P and corresponds to SEQ ID NO: 23. The hyperactive variant
encoded by SEQ ID NO: 23 corresponds to a nucleotide change of UCU to CCU in

30 SEQ ID NO: 1, and corresponds to SEQ ID NO: 54 or 90.
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conpri ses S592Gand corresponds to SEQ ID NO 26. The hyperactive vari ant
encoded by SEQ ID NO 26 corresponds to a nucl eotide change of AGU to G&AU
i n SEQ | DVBI@n1010993md corresponds to SEQ I D NO 57 or 93PCIrruSe@otaidne
enbodi nents, the am no acid change in SEQ ID NO 64 or 65 conprises

F594Land corresponds to SEQ I D NO 27. The hyper i arj ant_ encoded by
SEQ ID NO 27 ‘E?@Eb‘?fﬂ%%‘g nes, tﬁl??émg&%c&ga@ﬂé‘ggﬁé Iféﬁ)c‘fg't@qf in SEQ ID

NO 1, ah@orﬁﬁr’iffe@maﬂd%oﬁ% dnls EXEQEDNO%. Thi hﬁégérﬁé"ti\fé wepdi ments, the
am no acid change in SEQ ID NO 64 or 65 conprises” Stop/ W.ESCN and

(Z:gr r esponedscoded EE@EQ:ID\N)Ol . :Z$§0ﬁ¢sﬁoh@qieraaanle@éda/dfraiggGﬂpf églgg@f@DU%nSEQ I DdNQ
corres nucl eot i t in 1, an
corresponggatdlﬁ lgéQ?ﬁﬁ i e%mg? gbgﬁéﬁlacﬁ%r a?rnﬁenbodi ments, the amino acid
change_in SEQ |D NO 64 oy 65 c ri ses. St op595 3H and corresponds
to SEQID NO Bocerpfemin &2t e i %fﬁsc%ﬁ&%wﬁﬁvﬁ %}r_ﬁ% 29
COfreSpO”Q&nﬁﬁss@W@'\@DﬁV(ﬁlﬁ%ﬁ%ﬁggpo&lﬁs QQD%./@S@hE%y%%tN% SEQ I'D NG

1, and corresponds to SEQ or 96. In another pfeferred enbodi nent
t he nucl evariat eatodad by SHEY HhNOnperaeiponds toiaggyBatde clamgposddGte sel ect ed

froma nu i i d U di ng,the h ractiyv i Bac,transposon
as define Wﬁ%@gﬂ‘ﬂmﬁﬁﬁg‘&& ﬁ%ﬁspé[? itﬂgﬁz‘poﬁ)aﬁgg P&rent of a
nucl ei ¢ acid sequence as defined above upder strj onditjons. In
anot her prefer Ib‘EFr@FPo?fg]i’ gntgHac HW&O&C&J]%@PQC @n@%‘gﬁﬁé\’@h ¢ Myer active

Pl ggyBac Eéﬁﬁ%é&@%@@zd}ﬁlcﬁﬁrﬁ%cﬁﬁs td 3pNo! %.Crh%%'yﬂeﬁ&%%ﬁﬁntencom ng the
hyperacti ve piggyBac transposase as defined above and bei ng capabl e

of hybri di gnqeded by aEQOIpNEOMEh cowéspandruolagiucleatddczageens &l @elliined above

under strj t.eonditions. Strin difi are, for exanple: 30%
(v/v) for er%eIE)eN n?&@fﬁggép%ﬁik%%ﬁ@%éf > C for 7 hours. Assays for
measuring the excision of a transposon fraoama vector, the jntegration of a
transposon i nt 8 $HEHERRAIRCHS: B omiric Bl 'PRA 1Br ﬂr %?46,95 and t he

ability Ofsoﬁlﬁﬁé’é%@@‘émﬁmtc%n@&eﬁ%ﬂdé% G0 P YeH1 20 The RGRLAlve vifgar i bed herein
and are known to the art (see, for instance, (lvies et al. Cell, 91,

501- 519 ( &89dyd bWWSEQIIMNO107 chilaicdpends teta ralcleptidahadg¢ EBULT toHalckett et al . ),
Vo 00/ 683§EQ(1%CILI&(:)E, zlei\{[d corresponds to SEQ ID NO: 58 or 94.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises Stop/ WLESCN and corresponds to SEQ ID NO: 28. The hyperactive
variant encoded by SEQ ID NO: 28 corresponds to a nucleotide change of TGA to

20  TGG in SEQ ID NO: 1, and corresponds to SEQ ID NO: 59 or 95.

In certain embodiments, the amino acid change in SEQ ID NO: 64 or 65
comprises StopS9SELESCN/H33H and corresponds to SEQ ID NO: 29. The
hyperactive variant encoded by SEQ ID NO: 29 corresponds to a nucleotide change of
TGA to GGA/CAC to CAU in SEQ ID NO: 1, and corresponds to SEQ ID NO: 60 or

25  96.

In another preferred embodiment the nucleic acid encoding the hyperactive
piggyBac transposon is selected from a nucleic acid sequence encoding the
hyperactive piggyBac transposon as defined above and being capable of hybridizing
to a complement of a nucleic acid sequence as defined above under stringent

30  conditions. In another preferred embodiment the nucleic acid encoding the
hyperactive piggyBac transposon is selected from a nucleic acid sequence encoding

the hyperactive piggyBac transposase as defined above and being capable of
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al.), incorporated by reference in their entireties herein. For purposes of
determ ning the frequency of transposition of a transposon of the present

i nvent i orwotzhw/m@gioiivity of the baseline transposon i s necralSt@en23386 100%
and the relative activity of the transposon of the present i nvention

det er m ned. atra spos n of the lS“reesen venti on transposes at

Pr.ef er abl
afr equengv:’rt‘{t%ttlg faa C‘%HPIFWEP% %(‘r ] segpe aboye upderst apout 50%

at | east gbauinebORNoRL strﬁfgéﬁt c%taefﬁtmz%%or @a%ﬁpterﬁfqer@bj ﬁ()rmﬁitmcieelﬁSt about
300% greater than a baseline transposon. Preferably, both transposons

(i.e., the.Spasel.né (wanSpdsok @ddr T heursr ansposon being tested) are fl anked
by the sane nucl eoti de sequence in the vector containing the transposons.
The invention alssysf@ahessesnpthotertition efjaenagpostrofbmap aictdrethst 80%

prefer bl | east 85% nore preferably at | east 90% e preferably
. GUSHAY roaTRuPRr BNy SOt 8o CRRE P N AaR eI €] Mk h t he

pl’ Ot e' n Sﬁﬂ‘é%ﬂﬁ? oPlraiPYsR8 & Bhd REQ 1nPeieBrefear arZdesdiRdiHAVER hhPRreal SO
features protein sequence show ng at |east 80% preferably at |east 85%

mor e pr ef bnaih (o the attégest fod D¥ganew.divieroatal. Sredlf 81,0015 18t(19¥asWB®5% and nost

one. of - sebpib IEERSHEP L SE s Tatde ). SPGB IR e sogr o

of identi hly), hirbMReMed WPreBéreidRNif RO Rirdtfes hBtéd. Fof p@PbEls of éerminifyi Ch may be
det erni ned b conparing these sequences using known nethods such as

conput@r 6@ EgueRyLS heaspisitgnmé atgngnesen ef the pedserflinymttentthe aethity afool , S.

F. Altsch e b%geilf’%g ‘tran d)olsorllvps 1o ngl]ﬁzed t% %é(t)%égrtﬁée re‘igt?w: a%Plllty §f“'t(}71h et hods

i ncl ude wthou ei n Imte ere Pnct udi ng GAP

( Dever euxragkposd@tofahe prehhe hrﬁieﬁtlﬂﬁdd&n%aﬁ@[réﬂéra&@ éirBl)spoQ&?ot(tﬂt884) CGenetics
Computer Group University of Wsconsin, Mudiso (W)),; BLASTP or
BLASTN, anBressusnveniipn Gaiippses gt a frgguegiey thay is, 1%Freaerlgaprdﬂzq%matrsen&m)

(1999)). gésrt ht%tﬁ"sb% ]gtttl:a%st%ﬁtho UG 1ERR ab@dt@@()%t Hﬁ‘sgﬁaré(fe%l %?Qa%to

determne t egree o entity befween two sequénce Funct’i ona
deri vad i velsoua80@fdirergerttbart fibaspligsentsposoneRtefaabl prteftie traidppsami(ing. atha t he

bi ol ogi ca nction of the mammal i a trans sas the transposase
activity, L‘tlsl‘?ﬁnee%:‘?s??w G ﬂ?%'ealﬁﬂ‘&sioél %g‘g ﬁ?ﬂ%@d§ﬁ dhs 4 nserti on

activity geiesidRisBehehBeinakE I sQGk c%%%'rﬁﬂﬁ% tkd?ﬂ'sﬁbs%ﬁ@c' fic target sequences.
Functional derivatives according to

The invention also features protein sequence showing at least 80%, preferably
at least 85%, more preferably at least 90%, even more preferably at least 95% and
20  most preferably at least 98% sequence identity with the protein sequence of any one

of SEQ ID NOs 3 — 32.

The invention also features protein sequence showing at least 80%, preferably
at least 85%, more preferably at least 90%, even more preferably at least 95% and
most preferably at least 98% sequence identity with the protein sequence of any one

25 of SEQID NOs 3 - 32.

The term "identity" is understood as the degree of identity between two or
more proteins, nucleic acids, etc., which may be determined by comparing these
sequences using known methods such as computer based sequence alignments (basic
local alignment search tool, S. F. Altschul et al., J. Mol. Biol. 215 (1990), 403-410).

30 Such methods include without being limited thereto the GAG programme, including
GAP (Devereux, J., et al., Nucleic Acids Research 12 (12): 287 (1984); Genetics
Computer Group University of Wisconsin, Madison, (W1)); BLASTP or BLASTN,
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present invention may conprise one or nore amno acid insertion(s),

del etion(s) and/or substitution(s) of the hyperactive variants as descri bed
her ei n, fwo 2exz9pdoe, as t hose corresponding to SEQ | D NEsTAIS2018D2538611 NO
acid substitutions as described herein are preferabl y conservative am no

aci d substi ns | ter t 1,0 I C activity of the
transposoﬁnctﬁggﬁzéﬁé&t\é\@&‘i& p‘?t(?i] illﬁ ]Cgi%leiﬁ 3 ‘Ll 35%9%8))&2\@81 top#bt teut i ons
are char aghginhivee@rhih- 51@%@{@@%@9@%qetaﬁhﬁl@%@@egtr&&rlgé&fepb&tve@qm no acids
having a particular size or characteristic can be substituted for another
am no aci two ggpencesl arly in regions of the inventive protein that are not

associated with catalytic activity or DNA binding activity, for exanple.
Q her am no acFdnagegaleleciestiveaycéarding de thefpoesertiangition paefenblyanaidtasequences

cont ai ni n servative c ges that do not significantly alter the
acti vi { y gﬁﬂ%é‘a URHian L a%fra?%P8S%58§tﬂ fh%ﬁf‘%?%%%&&% (he

Substi t ut L @Rgoh 8f th@'ﬂu@l@ic%uﬁ%h@e&@%@ﬂé’ B REH A6 @atainkrem.Qikar nmenbers
of the class to which the amno acid belongs. For "exanple,” the nonpol ar

(hydr ophobaqcu):ncamlmg spesildstarget baguenczh dningeondl decvatiees a®otdemg;ionb¢ val i ne,
proline, . al ani ne, op han, and t Lyrosine. he pol ar. neutral am no
e s noPUSaH e pe iy s FRE Lo s ih e S Fieofo P ienle par agi ne
and gl ut aghdier subauResktoued Nypehatige dadasisCdesaifcdheagh, d6r dxaglpudas ar gi ni ne,
| ysine and histidine. The negatl vely charged (acidic) am no acids include

aspar 1@ ¢ Hopdcarmipendingis YEQEPNOShcA2al t erati ons are not expected to
substantially affect apparent nol ecul ar wei ght as determ ned by
pol yacryl ani deAgsho etidstbstiphoness éesoribdctsluectie@terprcfepaiﬂylt:onsaamtiifecuI arly

preferred conseryvative .subs i ons. i d t are limted to, Lys
Do A 6 AR ShbUGodh Rt it esy6s PR @nhe S e ¢uibOER Loy v ee
versa to pRirispbdas@pReIRLTIResHdydfninSAEidfsabstittions Ard diatacerfzZb& e theH 1S

mai ntai ned; and A n for Asn to maintain a free NH. Amno acid insertions

and subst bt &mn@r@ldabeéorrgi@ @raag;‘pyp ehaminedcigigthagng m@g@ubéque ®Ee positions of
t hat ggor 91% st1c cag be E)uag #ﬁllttehds fto¥ gl?otf;eré%rrﬁ{lo \é\é}hChartrlceullz?r} e t E)nse gfat}lg ! yt ic

cent er regron o f ansposon or sposase
change of uﬁzeﬁt}ixa:tpraieusﬁhawé ubmsboclat%e/ﬁthlc@mb&ﬁ: aeﬁwcge(bxelemﬁﬁdmg an be
detected readily with the aid of, for exanple, CD spectra (circular

di chr oi sn&péet FX%Y{H?IPyOthEQ@BmO@BSdo%CBWD@ﬁS may Fft%‘d&r fomexHPRiEsi#Ad ORD of

(PcéljypfaptE: g§§ ;sgcid%ncé\&gﬁtra r%"é’&fg%?%tgﬁéehﬁﬁge% thik 4B/ RE BEMeRhiYy aifdeyier ger et al .

activity or binding characteristics of the resulting transposase. Substitutions for an

20  amino acid sequence may be selected from other members of the class to which the
amino acid belongs. For example, the nonpolar (hydrophobic) amino acids include
alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and tyrosine.
The polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine and glutamine. The positively charged (basic) amino acids include

25  arginine, lysine and histidine. The negatively charged (acidic) amino acids include
aspartic acid and glutamic acid. Such alterations are not expected to substantially
affect apparent molecular weight as determined by polyacrylamide gel electrophoresis
or isoelectric point. Particularly preferred conservative substitutions include, but are
not limited to, Lys for Arg and vice versa to maintain a positive charge; Glu for Asp

30  and vice versa to maintain a negative charge; Ser for Thr so that a free --OH is

maintained; and Gln for Asn to maintain a free NH».

Amino acid insertions and substitutions are preferably carried out at those

sequence positions of that do not alter the spatial structure or which relate to the
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nmet hods for generating proteins with am no acid sequences which contain
substitutions in conparison with the native sequence(s) are disclosed for
exanpl e iwothw/qedhi cati ons U. S. Pat. No. 4,737,462, U. BCTRSR010M23386
4,588,585, U S Pat. No. 4,959,314, U S. Pat. No. 5,116,943, U S. Pat. No.

4,879, 111 and .U. S. Pat. N 5,017,691, incorporated by referepce in their
entireti e%atpk‘.!P‘éF‘?Pterdrﬁi’é‘}d}l‘?%%tqno‘ﬁé]ile Ri8eY Pglégosﬁﬁfr Bén%?ﬂfﬁsf)i nal |y

stabi | i zeghdne Qfﬁl%atffapstﬁiéﬂlrg bpH&yséftmn@gbﬁaémd&gg)acqgtbw@tecéa%hdﬁ&%tﬂ i zation

may be obtained by stabilizing the protein backbone by a substitution of by
st abi | i zi ty aidef, ferexemnpleh&bkiponten yrcelabdichtoitn spectf) Lhey, dA8Ze-t ype bond,

for exarrpl aI ob oyi n b - agi.no i.ds to certain
br ef o r 0 ErEBA e EP TP BS LD PRORRRH R T TSR ERSSA ot he
presemn |M€@HHdsQ1'i‘B[&Meﬁﬂ!;ﬁ§/hNéu&@%HNet sle (R, TRl eer, X Ateidam) FSYitaBanpl e, in
certain preferred enbodi nents e nucleic acid sequence can be of any

variety ofmethadssiasaerating proéinsyite aginoacd sasensen WRIFBWENIAM t he art. e. g.

the prot e%@gﬁ&%ﬁﬁﬂ é&}’né)nflﬁ W Bl n(a&?f{ggeq%gﬁ&?ég%?e 8’?{10&%‘:’1 B JBLHSL P Ot i n

such as g uoresc protein I"ue uorescent ‘protein
(BFP), thehephiblicatidat DvaitRahINo. 4GBR 46RAUG-Pht. Nohe, 588588 sShPidtt Rd. gr een
fl uorescent rot ein ow fluaorescent_protein (YFP), the

enhanced §€P é\}\fl’ftlJ §o]§’%ts]é18n§ LH}. %‘Z%llhs(@ﬂﬁ’? 48Rl ldyeaa Y-Puite¥eent protein
( CFP) 10 1 h§ 087 '69f‘ciﬁélarj?é(xﬁi%dfbly49f’eﬁe%§|ﬁltn tg@u%@ﬂepes(ﬂf&gﬁ) otePainRsreri c red

fl uorescent proteln l'1ng fluorescent proteirn (KFPl),
aequor i n, d¢fdvetisest by h@ackhnmnﬂlymtabﬂmedm 0REP®)avoal pitykelddienb degedationpr ot ei ns

JRed, TurphoGFP, .Phi YFP a Phi.YF t Hc Red- T nd , PS-CFP2 and
KFPRed (ag}%}%ﬁf@rﬂ% e G b 8 O GERBIIEdt ¢ abl e |

f1 uor esceppsRiRbRIONS %Bﬁ&fh%ﬁﬂ@ﬁﬂof&ﬁ ba&BbYd by ﬁﬂ)’%ﬁﬁﬂﬁ@ﬁ‘éf (HeARide-fype protein
further may be sel ec¥ed from growth hornones, for exanple to pronote growth

in a tranboshifer exainpl alsadpy ¢mpiﬁvlb€ﬂbetg]a4ramp@91d§ase (lacz), luciferase
(LUC), and insulin-like growh factors (1GFs), al pha-anti-trypsin,

eryt htopoi et i nA@ERd})n,g tb aettaon pred@itdd amsbdikhes of the pldsodnedntibhj thg system
LDL-recept or, et c. . The nucl e| c acid sequence further_may be a

sui ci de ggﬁ‘éng?ﬂ‘po t{ﬁ%prgsedlt inysaie Ay fythes samprsea majkst Bt Uofes and genes

i ncl udi NngAfrp1ARA ke il pre@ﬂ?@fd’ embdR@bned; thcA‘ift’l?éclelgacﬁrsed'\lD %e’ece(nl-l)e, of%ﬁ 3 (L),
Apopai n, Bad, Bak, Bax, Bcl-2, Bcl-x.sub.L, Bcl-x.sub . Cal pai n,

Caspases Eal‘@FtY Oh@pambmallt pr @agpa@gr any P&Batsmmw in @mq:ﬂa@% lhe Rtatspas e- 5,
Caspase- Génc%%fs:&) €3§ ﬁfe7ﬂuc%?c5§:&11c§ see_q%énce can be a marker protein such as green
20  fluorescent protein (GFP), the blue fluorescent protein (BFP), the photo activatable-
GFP (PA-GFP), the yellow shifted green fluorescent protein (Yellow GFP), the
yellow fluorescent protein (YFP), the enhanced yellow fluorescent protein (EYFP),
the cyan fluorescent protein (CFP), the enhanced cyan fluorescent protein (ECFP), the
monomeric red fluorescent protein (mRFP1), the kindling fluorescent protein (KFP1),
25  aequorin, the autofluorescent proteins (AFPs), or the fluorescent proteins JRed,
TurboGFP, PhiYFP and PhiYFP-m, tHc-Red (HcRed-Tandem), PS-CFP2 and KFP-
Red (all available commercially available), or other suitable fluorescent proteins
chloramphenicol acetyltransferase (CAT). The protein further may be selected from
growth hormones, for example to promote growth in a transgenic animal, or from
30  beta-galactosidase (lacZ), luciferase (LUC), and insulin-like growth factors (IGFs),
alpha-anti-trypsin, erythropoietin (EPO), factors VIII and XI of the blood clotting
system, LDL-receptor, GATA-1, etc. The nucleic acid sequence further may be a

suicide gene encoding e.g. apoptotic or apoptose related enzymes and genes including
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Caspase-9, Caspase-10, Caspase-11, or G anzynme B, ced-3, ced-9, Ceram de,
c-Jun, c-Myc, CPP32, crmA, Cytochrone c, D4-CGDP-DI, Daxx, CdR, DcR, DD,
DED, DI SGyoDbiw/@¥Gosub. CS, DR3, DR4, DR5, FADD/ MORT-1, FARKT/USa&10/0B%386 | i gand
CD95/ f as (receptor) FLI CE/f MACH, FLIP, Fodrin, fos, G Actin, Gas 2,

ST ¥ G G o fﬁ)é%g&%éﬁ%arn AeT R!\IpilEDD
NF- . sub. gkpppa, Bel- Nﬁ@x B d., BAAKEb. SP@iBPCABe@aﬁfahf‘ Cabpak E&}edel ta.
pRb, Presenilin, prl RAI'DD, Ras, Ri P, Sphi'ngonyeli nase REB

t hymi di ne | KCaragwe-2, r@ﬁp&d@@@gsmwl @a@paWCaapqﬁhé, Cadpdpe-dl @masree&ept or,

B A o T - R et TR o AT SRR e R i A koa

combi nat i eMy, UPPazmrﬁQA(&aﬁoéﬁraﬂemoeasemphﬁsmey@cﬁu aranbageEsonpared to
approaches in the prior art . Wth re@@gect to viral and retroviral

met hods. P&PCHWApPE sulklS; QB%D b PRS, FADEYMQRE: 1, FA%E%@@thﬁ%rtl ons can
be (re) ”DE'H ea d(r?%’ep?o‘ﬂ%??ﬂ@ﬁﬂdk?ﬁ H P RANASSs a(§tAcY é‘]aé ?1 GO, Tihgs for

exanpl e, ne-consum ng mi C ons, I't

possi bl e gme@crdﬂumd/gmcb&tﬁmmes@eptor rgvmtymm/BothNEs etmcz T@ABp SN
i nsertions _at_ new he i nventive pl%%?BaC t ransposons i n conbi nati on

with tran%lﬂgs%@@mp@/& M‘ﬁg ML b YRR ABEEE- LM O -1 +MRPeMFed into a cel |
as a g%ot &Lb. %EPQB NuRRNHS @Ak aChARrpl Pé%Jlf i, P dﬁti?é\ ' PIG, d% pip,9- as

ext rachr onoso DNA i n¢ctudi ng, but not epi sonal PRk, as
pl asm d DRIté,semhn,qsIGE rR%kIDiDl,d{zm RIB SptingbaytlerseyREBRsh hymidine komase i d

encodi ng he rans transfe as a

ol e 0 alip VEBroReln TRE MPB Al R et SRR Al A tae: or

i ncl udi ngRq TRA@IL RYEFRAN] - lir@@{rrﬁfsgfu@amlhﬁls% Y CAoairsa SRIND, S8AMBE efel T Cul ar or
linear. A vector, as used herein, refers to a plasmd, a viral vector or a

cosmd that ca sase rot ein
ggéﬁ ﬂg?ﬁdt?\%if @é@%ﬁg%ﬁﬁ Oﬁr‘?_sé%]gre‘?&ﬁ& 15'90%9&{16@%9% p

or the transpo I ng sequence" or "open
readi iy f pagpBac edmpodase, das myiemm adxfanmged; evrapaed o aplpactachesnnlnle: pricanstcr i bed

and/or translated into a poly e i.n vivo whe ed under the control
of the apﬁlgob’?'tfléecSQe“rté@ F%ltaﬁflﬁg% gﬂ’@g’?dblﬁ\ér Sﬁi‘BﬁF A&t 4nhsposase
protein Cﬁﬂeﬁ%n§&ﬁﬁéﬁbsbﬂﬂﬁﬁéﬁ1@ﬂs EAMIR (}é)ﬁlogﬁﬁ@ﬂrﬁy@ﬁpﬁlﬁﬁg 8R! ttanQposhfi 0 @ vector

for constitutive or inducib € expressi on.
activity in trans. Thus, for example instead of performlng tlme consuming

microinjections, it is possible according to the present invention to generate

20  transposon insertions at new loci.

The inventive piggyBac transposons, in combination with transposase proteins
as defined above can be transfected into a cell as a protein or as ribonucleic acid,
including mRNA, as DNA, e.g. as extrachromosomal DNA including, but not limited
to, episomal DNA, as plasmid DNA, or as viral nucleic acid. Furthermore, the nucleic

25 acid encoding the transposase protein can be transfected into a cell as a nucleic acid
vector such as a plasmid, or as a gene expression vector, including a viral vector.
Therefore, the nucleic acid can be circular or linear. A vector, as used herein, refers to
a plasmid, a viral vector or a cosmid that can incorporate nucleic acid encoding the
transposase protein or the transposon of this invention. The terms "coding sequence”

30  or "open reading frame" refer to a region of nucleic acid that can be transcribed and/or
translated into a polypeptide in vivo when placed under the control of the appropriate

regulatory sequences.
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transposase protein is transfected into the cell or inserted into the
vector as nucleic acid, the transposase encodi ng sequence is preferably
oper abl y wornked9pmwia pronoter. There are a variety of pPromaiSesis/oeisa¢ coul d
be used including, but not limted to, constitutive pronoters, tissue-

specific prono S, inducjible pronoters, and the l.ike. Pronoters are
regul atory si ohS K ensedineghag® S%Bpmpag%g? HaBly dgierted e Hicgeapme
transcri pbi @8 Bl oRindOINSLi6ERALEmtinfive 8F {dABiblCAPtdAGion CHHUBRGR: A DNA
sequence is operably linked to an expression-control sequence, such as a

pronot er Wwhesposdse petgin esirpfectedrntodhe sdberangated onto tld wectmds negeicat es t he
transcri pti.ﬁ{}t and transl at idon of that Dl\? quenclgl. 1.Tge {term "operabl y

i nked” i ACTUBB YRR CARP A FIBrI-a e BP ST Y SPYREY IPkeY© 2 BPEPSTh front of
the DNA SgH&EREE { QiR oENBHRESE thaBfsh1dBé BicdiifdlRding Rt 66F 1iBREd foeadi ng frame
to permt expression of the DNA sequence under the control of the

exp (rj essi ofOIEERLIVE Pr(ﬁ@zfﬁlép@%u?-épqﬁfé] RIomotss dedusiblopronmtersai teriliksy: ot ei n
P s mos o TREAGY: AN BLe SBENC AP RHATARR pERERTIIN, h B Iy ARERE Ve PiooyBac

hyper act i wens¢sipli@ndBa dsvibasani(PelirebespicodingRequadded. IAODNADsdgaendceanser vat i ve
changes di scussed above that would necessarily alter the

t r ansposoRPERRIBAInKE (e cEPEesHen-goER degHeacs ar¢h 512 RMOkT e dhsscl osed

herei [y as e%éﬁl:és}on ctoﬂ%lesegﬁ&cgwﬁ?ol% f%%uﬁl\é?‘ IREEHERERBERA DL NG s 6
hyperactive piggyBac transposon proteifi. These DNA or RNA sequences have

t he sane ¢t DO Aasiqdeseqlikneendspaally pekeattinvledqsi lpgingan dppeopsipesstant pr ot ei n,

but take advagntag the degeneracy of the three |letter codons used to
opeci Ty a RHUFEarAC st SEP8 DS Sedieatiode Spropsed ot mEHORIE Gt he ar
that vari gsect ReAIni fFanND RAHRRRpIECOE T SSRO DN A GefadliecCRdON e cHhtkdl & T _
substituted for a can be usedpl nt er changeably to code for specific am no

aci ds. Methegdgresgon pemigh séquenego DiNdd arrdluptiant efi the destred lpradein preduche art and
are e Iahned in detail .in the |ite({ff:ltu e suchtas Saqr}?'ogk et al, (1989)

Mol eclil ar “EPBRPRGTICKTT SO PEIUSPSTS RRRUHETS ELY RS AR P RIS S SRRt Afor y Press
or Ausubegva&ede SEedD NP 34) SEGUDMeD1 3P6:1Q8tRs lyerabtiVdgiahdsas Bi ol ogy. Cene
Transfer SysteniThe present invention also features a gene transfer system

conpr i si ngesaribehiespini neadditiondp decronsegrati vigtcbgnees idoruised abavevbattwad poson or
a_hyper achlve. P OgVBat I APSBRIALARe ARIGE 2L NRNEL u Fchich RL99YBac
s g

transposase as daescri be rern.

disclosed herein as well), there are other DNA or RNA sequences encoding the

20  hyperactive piggyBac transposon protein. These DNA or RNA sequences have the

same amino acid sequence as a hyperactive piggyBac transposon protein, but take

advantage of the degeneracy of the three letter codons used to specify a particular

amino acid. For example, it is well known in the art that various specific RNA codons

(corresponding DNA codons, with a T substituted for a U) can be used

25  interchangeably to code for specific amino acids.

Methods for manipulating DNA and proteins are known in the art and are
explained in detail in the literature such as Sambrook et al, (1989) Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory Press or Ausubel, R. M., ed.
(1994). Current Protocols in Molecular Biology.

30

Gene Transfer System
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As mentioned above, the piggyBac transposase protein preferably recogni zes
repeats (e.g. IRs) on the hyperactive piggyBac transposon. The gene
transfer woabmmoedo1t hi s i nventi on, therefore, preferabl pCrasprinsessss wo
conponents: the transposase as descri bed herein and a hyperactive
transposon or irg‘gee’?erat i.on defective transposon _as described herein.

Preferably, inlBePESTH IRTBEAR AeRfQiureResiedHOpES DR WREOEPITRSE two repeat s
(e. 9. | RSjnveMRNBUYbosoRIET ilhﬁ‘ergratﬁfaﬁ%few@e CHPORRY: % IRPOULER ASLINR

transposon activity and allow the transposon to be relocated. 1n use, the

t r ansposaendposaisastdgsdarited heppaniagd apizgyBoatitespoiass es tésoribast herdie. i nt er veni ng
nucl ei ¢ acid sequence into DNA of a cell as defined below. In further
exenpl ary enbodismemtisned dbovgahe piggBat anngpsise praoinefembl yarcognyant | ve

pi ggyBac transpos as defined above in combinatign with a_piggyBac
tr anspisagf@eﬁﬁ gﬁ-&ﬁﬁsm &ﬁ&’éPEF@lVﬁcHl%EYé%&%P?iﬁ)san-&g@g%ﬁ%%alﬁf%ﬁg%%ase
protein tgr MrOKLGRioh! élel%%r:ce,vﬂr%ﬁérdbmy el?orﬁﬁiiéeé twd BbAp&GRAR! ﬂl%ttfaﬁébr?%s%fa‘ﬁr ably

results in the insertion of the nucleic acid sequence into the DNA of the
cel | . Al t desseibed/kdrgin and aihypgrostsicttiamspayon s art¢gratm dafemisp osospoodn ashe pr esent

i tion.int of th h _honol nbi pation th h
var ety ofeFHBrbiE o PEE R blva S RO PRLy. GO Brerpie Tnobnege oo ®
t ransposofepe@l (HE RS EAVAGY pud edtRtHet 86d BFo &Mpthkend phdlide ALNE tlah POSHELT

system In certain preferred enbodi ments, the gene transfer system nediates
i nser 1® onagiviynad pilpwthetranseosingg paadocatesth Spesotcitinepashe tngs tefthes vari ety

of cell tynes aNfoAnAL B8l oAREFEZeRNe HROD LIS RIABY BRS iV 2ppposase
pr ot ei n. 6f &rapfy, such cerl & Thel ude any el surtabre I'nthe pfesent
cont ext, tdlthsuddifingd betbwnot linmted to animal cells or cells frombacteria,

fungi (e.g., yeast, etc.) or plants. Preferred animal cells can be

vertebrate or iniuethtedleaipary ERIbo@MRMR, the dehetdnsradyvemt Raipises &l | s i ncl ude
cells frommanmmual s including, but not limted to, rodents, such as rats or

m ce, ungulvahiéy, piggidtacamnepswen oy defiet gbowhiaepmbinwiine with apipg¥Bacr om a human.
In ot P@r Ir%.lrlist Qsere %(o?qgl((%rt}{l Fncpa(?cqcll gr?cg)t sn’g aslglggy%a%ltlral%al?c%gsretp;rﬁi% atlroI y cells

. di
derived froma m s as defined abov ep I"pot .e., a cell

whose despggivitRrtsactify th f fetln ETHi$ adrBbinitich Sefeeibdy reselsd inithé Bder€ioh bf t ypes,
such as hemat opoietic stemcells orother stemcell s? and totipotent cells

(i.e., a Benue trauerssdantthe PR olbe sl dHieraaively: fperessibintoor gani sm
e.g., emiyonhk GhEHBsORE il prdRfSiHvERIohSn@TINADF AL AUGBHS Yon-

homologous recombination through a variety of reproducible mechanisms. In either
20  event the inventive transposon can be used for gene transfer by using this gene

transfer system.

In certain preferred embodiments, the gene transfer system mediates insertion
of the hyperactive piggyBac transposon into the DNA of a variety of cell types and a
variety of species by using the piggyBac transposase protein. Preferably, such cells
25  include any cell suitable in the present context, including but not limited to animal
cells or cells from bacteria, fungi (e.g., yeast, etc.) or plants. Preferred animal cells
can be vertebrate or invertebrate. For example, preferred vertebrate cells include cells
from mammals including, but not limited to, rodents, such as rats or mice, ungulates,

such as cows or goats, sheep, swine or cells from a human.

30 In other further exemplary embodiments, such cells, particularly cells derived
from a mammals as defined above, can be pluripotent (i.e., a cell whose descendants

can differentiate into several restricted cell types, such as hematopoietic stem cells or
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used in order to affirm stable expression of the transposase or to obtain a
mul tiple nunber of cells already transfected with the conponents of the

i nvent i vewgenw/wpamsf er system Additionally, cells suclkCaaSoaopes8¢ eggs,
and one or nore cells of an enbryo may al so be considered as targets for

stable transfection with the present ge ransfer system In certain
pref erredo@ﬁb%"i‘lﬁﬁﬂ%)énéf"t{ﬂ?éel‘it ﬁ@gn(f-% F&f w@o e‘qu‘ée“&?és SUERERIIY Cel | s

recei vi ngcdiNgpk MY &b S sRi 89Y BRSryonRNIRRSAN) al¥hsOEelfshife RIWGHMBAGusHy ansposase
protein and capable of inserting the transposon into the DNA of t'hat cell

al so i ncl ughd iniotdeo trt afbieinrstpbld exiprasdion loé thettoanspasaphody bbin heplipbeyt es,

neural cells scle cell vari of blood cel.ls, and a varie of

Coll o of g PG Fyndratflh EhheSiordongs GF e TavBhfe BpdiieY

hemat opoi gfstin CRAdiGonaBDENIQ SuchzIbARE §i%s, eEPE Y 684 bSmbOREUEs 6f avkihblyoar e open
to be manipulated by an in vitro setting). In other certain exenplary
enmbodi mentgy alspdecentidgpghat taegetsior stabls tgnpfeetiqn with thefpressat gangiepyeion of
descri bed%ﬁ Jn?i n includes any DNA present in a cell (as nmentioned above) to
be transfected, if the inventive piggyBac transposon, e.g. the hyperactive

pi ggyBac transposon, is.in.contact wth an pi ac f.ransposa protein

o Oh e he coi I copgin el SRt RGOt g BRI RGeh RESBE Pohomeor i «
can be extrachroposoma|, such as an epjsone, a I5)Ia mtg a cjgrcul ar or

li near DNA f r afiehieceiyigit %ﬂnVF%‘-V@‘é%I%gBT%W BaRERIsP ?ﬂfﬁ%rr ¢ B1ggYPoubl e- st r anded
DNA.  fde &%@%E‘bﬁot&fl ah@@a&%f&%ftiﬁs%ﬂﬁfgethe &X§§p%§61ﬂiﬁ§ﬁﬂhb g Refft Fert 1 - €. the
pi ggyBac transposase protein (either as a protein or encoded by a nucleic
aci d as dalscmiched wigrosi binghohid themete nyimpboqitesgifatodytcanspod epllcan be

transfected into. a cell ferably into.a cell as defined above, .and nore
or of or abl §urtHE 6lna SEst cBhRP e Hud Budidy SGretishl ab tesmoneRTL g

furt her mg@MAEEYsonAtié WeFmRRUS Bly. REARbpAEtd LIRSS, zyFotls, spdit RiIggy Bac
transposase protein or its encoding nucleic acid nmay be transfected into a
cell as desPmeed vdpdvare ppeio hegnaypwiated Rijao s Vifrogiettigdr subsequent to
transfection of the mammali an piggyBac transposon. Alternatively, the

t ranspbson maylibether @nsinexemglarntmbadioehts, ts cdid DiNve thatbay es pracgiertto,

simul taneously with or.subsequent to. transf i on of .the pjggyBac
Cr ansposaSbE Bl BeobY o B AT BT%ONA Bt i1 1 SriLkBet ed paral I ol
pref er abl yehQbAEIGBBRINE BE SramdfEct, vihel @l chiv@pig epddcatMUpROA gtchon and/ or
m xed wth each other directly prior to admnrstration in order to
hyperactive piggyBac transposon, is in contact with an piggyBac transposase protein
within the cell. For example, the DNA can be part of the cell genome or it can be

20  extrachromosomal, such as an episome, a plasmid, a circular or linear DNA fragment.

Typical targets for insertion are e.g. double-stranded DNA.

The components of the gene transfer system described herein, i.e. the
piggyBac transposase protein (either as a protein or encoded by a nucleic acid as
described herein) and an inventive piggyBac transposon can be transfected into a cell,

25  preferably into a cell as defined above, and more preferably into the same cell.
Transfection of these components may furthermore occur in subsequent order or in
parallel. E.g. the piggyBac transposase protein or its encoding nucleic acid may be
transfected into a cell as defined above prior to, simultaneously with or subsequent to
transfection of the mammalian piggyBac transposon. Alternatively, the transposon

30  may be transfected into a cell as defined above prior to, simultaneously with or
subsequent to transfection of the piggyBac transposase protein or its encoding nucleic

acid. If transfected parallel, preferably both components are provided in a separated
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avoi d transposition prior to transfection. Additionally, adm nistration of

at | east one conponent of the gene transfer system may occur repeatedly,

e.g. by awoi2nigmesoing at | east one, two or nultiple dosesTafS2410i025386

conmponent. For any of the above transfection reactions, the gene transfer

system ma%( be forrrug/elted nown in the art, or as a
q S

tabl e ner as
phar maceut"RE{atio Apder muxsg "(‘Slrtah glée &gg‘é&mtﬂé ‘@Pﬁsuaflﬁnf‘h?lidﬁ]é'io preferred

embodi menhgid LALsoGHBRPEDE & tPJnsfeB@oﬂ%ﬂHn@ﬂ? f@iniSi¥@4 RN JTRY 1eRS&fer abl y be
transfected into one or nore cel by techniques such as particle

bonbar drremmp@eat:@frtbpgcra%ttramfer ﬁyatmmymtumnpezmﬂmerg by attménistormpatent s wi t h
| i pi dcont vesi cl ationic |ipid vesicles, DNA condensing
reagents %’8 tcY,Vé)I ¢ ﬁ\agﬁtfféﬁ??aﬁzhls ﬁ%W?@Féllt ne or polyet hyI enei m ne), and
insertjng the onent s e. the nucleic into a viral

ci ds ther
vect or® and con arc Yrﬂj ﬂth@DO&YFF&PSf%t"tncWa%"Phalﬂ%%e“EéTaPSfeWéFeénﬁlav PFal vect or

is used, QRS aVs%?tﬁlSlé nffer! eB(HnH% iftthe a(?ﬂc ofladAph LM cQkicyi ral vectors
known in the art including viral vectors selected fromthe group consisting

of a retrowunpeditionewtlargs deperibddhongim.us vector or an adeno-associ ated viral
vector. As already nentioned above the nucleic acid encoding the piggyBac
transposase pr ot girthenmyfelned RhbodimdodAtheSiompdoaenty of éietehee tridsérnyatmi ¢ aci d

encodi ng the pi c tra sp sase protein t he trans on of hIS

i nvent i onn@aﬂrﬁgrgff%st%a@é 75t onf remow el oy Acnplsai ﬁﬁcﬁé@w or as a
circuj@ri %@&lb:irﬁﬁﬂﬁ?@fectr@;&’o%t‘r“cfnal%h&oﬁﬁecﬁomc%%{ﬂlﬂng'iheac%n{p%ﬁ&ﬂpmrﬁ i ral DNA.
Furthernore, the nucleic acid encoding the piggyBac transposase prot einis

t her eby pc@ftanmlglwsstea,tﬁluyh o catlpawélmqhwsyclcmwz’s edndentiog rdagefefoge of the
cell to facilit nged ex sion. of. the pi Bac

C T ansposacdeiioraia Be T S PRhRuR AR FE R RET B2l (el ac
above repligseRtiticRiCANG tﬂ&’é@fbih@) dﬁ?dl%&ef\ﬁndlfonﬂﬁﬂn tHedliraDNAtsBliat ed gene
transfer. For exanple, adapting viruses as agents for gene therapy

restrict sthgetﬁBtWéle@@wgah vegior isaisedy ﬁfﬁ\fl@ﬂl Megorofantipgipda 4y agapieryeofi n t er ms
O oo FE e o TR DR PR R RSN ke dgpeet T s, 2

descri erein, are genera rom Syn I ng nat erials
and are consisting of a retroviral vector, an adenovirus vector or an adeno—assoc1ated viral

vector.

As already mentioned above the nucleic acid encoding the piggyBac
transposase protein may be RNA or DNA. Similarly, either the nucleic acid encoding
20  the piggyBac transposase protein or the transposon of this invention can be
transfected into the cell as a linear fragment or as a circularized fragment, preferably

as a plasmid or as recombinant viral DNA.

Furthermore, the nucleic acid encoding the piggyBac transposase protein is
thereby preferably stably or transiently inserted into the genome of the cell to
25  facilitate temporary or prolonged expression of the piggyBac transposase protein in

the cell.

The gene transfer system as disclosed above represents a considerable
refinement of non-viral DNA-mediated gene transfer. For example, adapting viruses
as agents for gene therapy restricts genetic design to the constraints of that virus

30  genome in terms of size, structure and regulation of expression. Non-viral vectors, as
described herein, are generated largely from synthetic starting materials and are

therefore more easily manufactured than viral vectors. Non-viral reagents are less
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therefore nore easily manufactured than viral vectors. Non-viral reagents
are lesslikely to be i munogenic than viral agents maki ng repeat

adm ni st re0i20r/q9e3i bl e. Non-viral vectors are nore st alpCe/ushan/o2izsal
vectors and therefore better suited for pharmaceutical formulation and

applicati thapn are viral vectors. Addi JonaII the inventi gene
transfer g{}]‘é}{/ Lorbs Enmupoesnis; thaj vigll agents Hﬁglﬁlérre%‘fﬁ dé%ntsﬁéil"‘f B‘?ﬁs’?(’et at es

i nserti onNoRlraPMAtG9 dre 6K EHbYe ﬂhHlP{ffPMe\%ctroPsearfdrtE&’éﬁ)@&Met%fr seit@fbe gene
transfer. The present invention further provides an efficient method for

pr oduci ngpharemsgeigildomnilpdsand appliodionghathare girebvesforapplditiomglly Hbe i nvent i ve

gene transfer.systemtq an ani.m Tr.ansgeni c has .n n efficiently
Phoert ed THE B R ORSebeaYs & § R apaoi  DRER oy A ARE S or ef gn”DNA
mol ecuw esinsértioR 6 TRYA iaRd taklb@l CRprol&lthgBbQMacy Geagaktn eaxeral cl eavage
cycles into devel opnent. Consequently, nobst transgenic aninmals are nosaic

(Hackett et al Tpé 1%9 mvEHﬁoﬁ@r&fé%&thb%@Hﬁél&lft nieﬁﬁﬁgrgleﬁ}'oﬁu&hgh In
Bi ochem stry and | ecul ar Bi ol ogy of Fishes (Hochachka & Mommsen, eds)

Vol . 2, ppansgeic24@als, Asclading thglstep <ﬁrapprlezhg thausfenlmfergﬂmﬁembfsfywstem o which

transgeni een_de culture i anetes can be
hsenyed t By Hungr adgseests PNl B SHIHGE SRR s dRETERR e ani ral s
fail to emlﬁzﬂﬁ)u{&félhra&ﬂﬁ]ﬁl&ﬂ@f tlel orkian PRSA thhQecu@dsfi e alssrte Aintd ﬂﬁ@lc@uulﬁlel i abl e
procedure that directs early insertion of exogenous DNA into the

chr o onsencte, genaiallssexerat Heavsae cxded intn deyelopmene bQaeRqUTHE . prassent syst em
hel ps to I'alJlS eltu ﬁn{ﬂ 8¢ gfe Illl&alcﬁhtaa(enteq éf‘éddsﬁdng"l%&gé ﬂglglog%gF gene

transfer I s inventton can r e USG uce transgenl C

ani mal s thaﬁsgeﬁblﬁ)ﬁh dnﬂﬁb&heﬁﬁitﬁy arﬁlﬁMbEﬁ:ul@f Bﬁﬁ(ﬁg’yG@fSFlﬁlepaﬂbct}&Ulhla{&pr otein in
one or nore cells of the aninal met hods for producing
t r ansgeni Mo AR §d%rV<91 l@new%%oae%% fesa niﬂﬁ@éf%ﬂafmraﬁm@fyqsra@ol nventive

gene L anshih BHSLAT DRICLESEALRERD] S BedaRSedhar L CanaduC

experi nmentation, ere are a variety o or pro uci ng
t r ansg®eni essayddnfal ﬂlefpwsencascﬁans:elmemforbxgm ¥ At Many mamyﬂnfcmonnalmﬁilhdi ng, but

not limted to ckett et al. (1993, supra met hods r oduci ng
t ransgeni EXIHFﬁSﬁga gaﬁﬁ‘é“eo‘%&,‘i’ iPBéHOI? Aifeqts Aa?l%“P lai’l@lpr%ﬁdRﬁfL C%?I Rev.

Reprod. , éaﬂ}%sem@n 6#‘&&)@)§HOI§DN-A IM.%MIC ﬁ{roﬁbsome]s of a%heflé/ at¥fd ondey] 2213- 2224
(1997)), J C. Dalton, et al. (Ad . Biol., 411, 419-428 (1997))

and H. Luboge istmeeded. 7€1T¢alr¢s¢nnsyst¢mdielpRm/flll thuG)nf@Sl 143 (1996)) | n anot her
enbodi ment, the present invention features a transgenic ani mal
In certain preferred embodiments, the gene transfer system of this invention

20  canreadily be used to produce transgenic animals that carry a particular marker or
express a particular protein in one or more cells of the animal. Generally, methods for
producing transgenic animals are known in the art and incorporation of the inventive
gene transfer system into these techniques does not require undue experimentation,
e.g. there are a variety of methods for producing transgenic animals for research or for

25  protein production including, but not limited to Hackett et al. (1993, supra). Other
methods for producing transgenic animals are described in the art (e.g. M. Markkula
et al. Rev. Reprod., 1, 97-106 (1996); R. T. Wall et al., J. Dairy Sci., 80, 2213-2224
(1997)), 1. C. Dalton, et al. (Adv. Exp. Med. Biol., 411, 419-428 (1997)) and H.
Lubon et al. (Transfus. Med. Rev., 10, 131-143 (1996)).

30 In another embodiment, the present invention features a transgenic animal
produced by the methods described herein, preferably by using the gene transfer
system presently described. For example, transgenic animals may preferably contain a

nucleic acid sequence inserted into the genome of the animal by the gene transfer
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produced by the nethods described herein, preferably by using the gene
transfer systempresently described. For exanple, transgenic aninmals my
pr ef er ablwocorwmpieia nucl ei c acid sequence inserted int@Crhus2genessss of the
animal by the gene transfersystem thereby enabling the transgenic aninmal

to produce its gene product, e.g. a protein. |n transgenic animals this
protein iéysmftﬁ?rgm Grig Htﬂa}aaflgmc "?‘E‘ES%‘P@PS USSR CRIPHUCt O Fxanpl e the
i nventi ve,RkQh S Rrad@nREnPh A4 WG S Brdtéln GUBEL ARy h Brofubfor Wolalen fidlhped or
eggs. Pronoters can be used that pronote expression in mlk, urine, blood

or eggs andl,foressempieatire irerestivepriotedecanthet pradeced ot qhdnticyt mdnillo uriwasei n

pronoter,.fhe nouse_urinar ot ei ronoter, beta-gl ohin pr ter and the
el b nolPESErER PRt Eolhd bt T RAE e el A B o MR b hant
insulin, aad aad\e@dsk piomékrsAhdigede, beCRERbNANe POt BN rHRYRr, IREMoR¢coduced
usi ng ot her nethods for producing protein in a cell. Nucleic acids encoding

t hese or BIREY PRtONEIeEoEabeiesphig dreraeref #idothe REalbyaHsHOBOR of t hi s

i nventi on ; n j fich . i t he
vent | vorf P RORLAT SRR 1EEbone, RGMPER GO e T8 2% e
manmal i anopkeg@yBabinhfitpisRasanee pécdt@oduces upihg sdiet meWoes ortpiedwedlg 1s part
of a tissue qr part of a.transgenic aninmal, |arge_ anounts of reconbi nant
protein cBWwEB ibheel] Aagleierpddisdrndios Sisear ethppprokins<an be dwsarted e

vertepsat g2 tﬁag} JsBY Bf Eh‘?sblﬁ%ﬁﬁm afd Yran{fb&Bd i) 5@@1}. HIRGRR fanshcligdbng, but not

limted to, rodents, such as rats or mce, ungulates, such as cows or
goat s, shé&epnveniveeampobemaenifindhabqyeastenic DWAeoltd aihl doantshvarenor e provi des a

met hod for gene therapy conprising the ste i ntrodyci ng the gene

ranst er SySTEHi RSB RO ResaE ST BatP R BT g 8t ohE Hiibent | ve
pi ggyBac bf aliepOseASedfic daaml i1RgH aheL Rk Bf %c@ﬁﬁhﬁhﬁro?e@rﬂ@iﬂ REShtAn&eNe to
provide a gene therapy to a cell or an organism Preferably, the gene is

placed under the conf! Qlimgﬁ lay! BSSHUL (RIRRSH fvi:ﬁeb?ft@%cﬁhv&%eb?zftes?egbi qui t ous

pronoter or one or nore other “expression control regions for the expression
of a genefisn birdsghdmmalsniedddiog, Huhaot liyeiel toProglsetat dugh asaravsaen reicy, of genes are
being tested for a variety of e therapi ﬁs i ncluding, but not limted to,

e
the CFTR YRHHAtPHsUASSoWsor BPﬁgisg?epaaﬁ(Wqur BM3B%Hni nase (ADA) for inmmune

system di sorders, factor |1 X and interleukin-2 (1L-2) for blood cell
di seases, al phahe preagitiinveppen futhsimergpioddesaaethod i sepethierapdcr osi s factors

(11NFS) _andibhdit Db s if SR EhRT6EaL MR QLENDGN QA1 CRREREREA ST A oo

These and a Vvari hunman or ~ani speci i c gene sequences 1 ncl udi ng
herein. Therefore, the inventive piggyBac transposons as described herein preferably

20  comprises a gene to provide a gene therapy to a cell or an organism. Preferably, the
gene is placed under the control of a tissue specific promoter or of a ubiquitous
promoter or one or more other expression control regions for the expression of a gene
in a cell in need of that gene. Presently, a variety of genes are being tested for a
variety of gene therapies including, but not limited to, the CFTR gene for cystic

25  fibrosis, adenosine deaminase (ADA) for immune system disorders, factor IX and
interleukin-2 (IL-2) for blood cell diseases, alpha-1-antitrypsin for lung disease, and
tumor necrosis factors (INFs) and multiple drug resistance (MDR) proteins for cancer
therapies. These and a variety of human or animal specific gene sequences including
gene sequences to encode marker proteins and a variety of recombinant proteins are

30  available in the known gene databases such as GenBank.

An advantage of the inventive gene transfer system for gene therapy purposes
is that it is not limited to a great extent by the size of the intervening nucleic acid

sequence positioned between the repeats. There is no known limit on the size of the
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gene sequences to encode marker proteins and a variety of reconbi nant
proteins are available in the known gene databases such as GenBank. An
advant agewof2otomoiomvent i ve gene transfer system for gen@Crhse@py2i386 poses
is that it is not limted to a great extent by the size of the intervening

nucl ei ¢ aci d sequence positioned between t repeats. There i s .no known
limt on tHe“si SS‘ﬂ“eElE%ET@E?aé’i laﬁrﬁﬁg%a@ﬁg@fﬁﬁs ugg theemamEdlithg i nto DNA

of a cell pfé%n%];gc R pSRBERIkaR Pi ggyBac transposase protein. In particular
preferred enbodi nents, for gene therapy purposes, but also for other

| nvent | ve pur pesEsLS Henfch CARSHRIRY RGBT DS oL A0S! BAL G dpto cel | S

by a variety o y m croinjéction, I'd- nedi at ed strategies
or by vi ratheediveidted i patede @sne frarsfaxasahenayearansfacerdantnjcelit bpa i s used,
t here %'ds very ljttle restraint on the si.ée odf. t he int.erv%ni ng, sequence of
the t ransPYEshObRetRAY & 5 ¥ ALFgHICAOR; MRt s ERGRIGH Ut d & at egi es do

not have glafstantia@bied] E& ekhMplealyh8RSnicldBMB is ldacert ik JEAL@S f Or
i ntroducing the gene transfer systeminto’a cell, such as viral nedi at ed

st r at egi esssgoint dn thersize of ke ineemginim gofequdnze il Glediansprsipal o dupuiemedioposi t i oned
bet ween the repeats. Accordjngl. in certai,n ex | ary. enbodi ments, the
gone. tr anSrely BpBrmaG A S Pebin Brdie SR B SR AP S ERINE vi
viruses, bihet silitddGed fBF AL AL Te(geHE ha@Fed REMVihoUS&S], s@hGs viraRdenovi r uses,
adeno-associ ated viruses, herpes viruses, and others. There are several

pot ent® al medpidrsaiegies coplddant thedgngipehthninyelsictagisk seavancppeyiioneg f or t he

hyper act i i ransposon portion containing the transgene of
i nt erest ¥$tgﬁﬁlgg%g et‘aks'e term nal repeats and the gene encoding the

Lansposese, FOLIAR. o B AT RIRR L AR B BSRER e o

i nf ect i onggelibaEhdeil@hh b akliveraf toldhBs gaRNAutdsamfiingS¥ebaARsHGCH hat
expression of the transposase then directs cfeavage of the transposon from

t he reconisinfgieseyata) agenpyresdsordesoiaswgiatash virnese heipenvirgses aad ogheryl ar

chr OITP§ On%herlerglrea%g%rg?%otgtﬁ%l (l)ebinta 1§nstorf%gﬁpecf§%§e%h§n"fsdrat &gt &&%Q%s%i% (glr can be
del i ver ed separately y a CoO I nat!1 on O Vi ruses an or NORA-Vlira syst ens

such as | tipildperatadpipgyBragasdson bortioh @6atalasehe Giahip@he bh@tdré@nsposon
and/ or the transposase gene can be delivered b%%a recombi nant virus. In
every cas#fankeddydheteanialirapeain apbds gangeiredime b ransppnes dior sxaeples he

trans posOﬂotilrtﬂéQrgu{sﬁos%%ra'hh%e %pés\éisé génegﬁﬁ] BEBInchiALd together on the same

recombinant viral genome; a single infection delivers both parts of the gene transfer

20  system such that expression of the transposase then directs cleavage of the transposon
from the recombinant viral genome for subsequent insertion into a cellular
chromosome. In another example, the transposase and the transposon can be delivered
separately by a combination of viruses and/or non-viral systems such as lipid-
containing reagents. In these cases either the transposon and/or the transposase gene

25  can be delivered by a recombinant virus. In every case, the expressed transposase
gene directs liberation of the transposon from its carrier DNA (viral genome) for

insertion into chromosomal DNA.

In certain preferred embodiments of the present invention, inventive piggyBac
transposons may be utilized for insertional mutagenesis, preferably followed by
30  identification of the mutated gene. DNA transposons, particularly the transposons,
have several advantages compared to approaches in the prior art, e.g. with respect to
viral and retroviral methods. For example, unlike proviral insertions, transposon

insertions can be remobilized by supplying the transposase activity in trans. Thus,

31



insertion into chronosomal DNA. In certain preferred enbodi nents of the
present invention, inventive piggyBac transposons may be utilized for

i nserti omnalD 2me@gEdmesi s, preferably foll owed by identi fipcattiseonondsshe

mut at ed gene. DNA transposons, particularly the transposons, have several
advant ages co red to approaches in.the prior art, e.g. wth respect to
vi ral and”}S&aaB Py iR E‘%ﬂ??nﬁ’é?ln_%%ﬁﬁf“é,cuﬁﬂ?’ilklé P_B?Sg‘?}g F‘%ﬁorélﬂ%&%ons,

t r ansposopekdt §hveh A9 (C@RRR: AP IERENY aBHRPIOH DY cihEnd sdBRPOSase
activity in trans. Thus,instead of perform ng tine-consum ng

m cr oi nj etraisgasic fort the sbgregrétsiopedtvemeanpapetis of He tpnepesat systerentheon t o
generate transposon inserti.ons at. new | oci Crossin t ocks transgenic
Por the. abbEBT RartTRiga hARoBHRUNE Rra e b A ERT S EaRohEiLhe ™t he

| nvents veodfeaRspRs oyktdnt diftRtddny @i devi@lihé NHP egeGRnenkd) adinklefntsraed
enbodi nent the gene transfer systemis directed to the gernline of the

exper i mentoanuiagetiegd serircedp dilterpivielit, Agaiposase gupiesierl ¢ag bealiteetedd@ i vel v,
. 5 i i y 1 | i . b
Lrans posagﬁn‘é@ﬁg{ tg%%ﬁéssgée}col‘fgﬁl%g %grug%%CJa%Qtﬁ(ﬁ sg%fl% ﬁ}gaﬁr?orte& ! I%Saﬂ‘ﬁﬁloﬁr organs By

using a varie ters. renobiTrzation of a

mut ageni Crenidhiis4a6800f 8 diutaenicttBnbpsen butodT isiihertt@nsieeandedsddxoiistitat e
revertants and, if transposon excision i.s associated with a deletion of
flanki ng [SNArtaRtsand, AEHIpRAon gEsision ihiispdnted pathayfelrtipniob flaaligs DNAener at e

del etion mtiald @08 ﬁeﬂ:eutfatn@f%g Ergsi't&nn?a' ;b%"u_s&[ eSRRIAIR FAIRGREd of DNA  and

can be maintalined n sinp asm I nventive transposons and

parti cul aFhgthdrinera)smcofratdpesansventanyseeoeDNAgsd exn Ixymbi@minesl imuch saf er
and easier, t V\ﬁr K. with than highly i Hf ectii) S retroviruses. . The
transposa%lglpif‘cl" VPidy- 184entYE CRBHEF PN Patticd a}fj]drt B1e B IDYERRCE Dr ot ei n as
defined apgygedstbh8s dRSh s&€r SERQKIFRIW &k WitRaan hidhpRedduels enbodi nent, the
present invention also provides an efficient systemTor gene discovery,

e. g. genortroyapgsisnbhe trnsperasoivitigambe suppiad intbe porgyyHa At rdiN¥Heson, as
definf above intof.a ggne. u jng a gene transfer systemas described in the
pr eseﬁ iﬂ{}%ﬂ?%ﬁ? ined Eﬂvee 13315%%78&? Fﬁ%ermeﬁl&ﬁgﬁ?ﬁe\'/e pi ggyBac transposon in
conbi nation with the pi Bac transposase protein or, a nugleic acid

encodi ng t he pirbwg}fee{lﬁ%ﬁ%@}f&&é@eeprsge&fgwﬁn@%lﬁ%wgf@ef@ae-m%lt R In
certain pf&gg@ﬁé 8dc AR Ui T8 Bl Gtne tlSpih g, HYSROSARINY £l iRIAGRIVY peQyBhaE S€s a

nucl ei c aci d sequenc€ positioned betweén at |east two repeats, wherein the
repeat s biraebppeon, hedgingd pbBa ntahgpesarg ageot dinsfemysishessalescritied in r ansposon

I's insert 81% pirgstegt i&lggntgmnogneteb(gmgﬁ:l, lheihr}]/pé[:rggti\%rpei\ggy%a% transposon in

20  combination with the piggyBac transposase protein or a nucleic acid encoding the
piggyBac transposase protein is transfected into a cell. In certain preferred
embodiments, the transposon preferably comprises a nucleic acid sequence positioned
between at least two repeats, wherein the repeats bind to the piggyBac transposase
protein and wherein the transposon is inserted into the DNA of the cell in the presence

25  of the piggyBac transposase protein. In certain preferred embodiments, the nucleic
acid sequence includes a marker protein, such as GFP and a restriction endonuclease
recognition site. Following insertion, the cell DNA is isolated and digested with the
restriction endonuclease. For example, if the endonuclease recognition site is a 6-base
recognition site and a restriction endonuclease is used that employs a 6-base

30  recognition sequence, the cell DNA is cut into about 4000-bp fragments on average.
These fragments can be either cloned or linkers can be added to the ends of the
digested fragments to provide complementary sequence for PCR primers. Where

linkers are added, PCR reactions are used to amplify fragments using primers from
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of the piggyBac transposase protein. In certain preferred enbodi nents, the
nucl ei ¢ acid sequence includes a marker protein, such as GFP and a
restrictiwo 2endomee] ease recognition site. Follow ng i n®ewitiseno/oe3sss cel |
DNA is isolated and digested with the restriction endonucl ease. For

exanpl e, i.f the endonucl ease recqgnjition site. is a 6-base recognition site
and a resffi! wnga?&am‘?la g% the g PGS O F Bpeats TS 4SERBRbgn ¢ on
sequence, Thhgmpgliéd Q%g}nérﬁs %tthénlrgrequé}{aeal arllé@i@ HOR rlahRiG PRI Sr R0 PRt age.

These fragnents can be either cloned or |linkers can be added to the ends of
t he di gestseded taaggarwhtcompotepraabates suwhps éesBrugr.y sequence for PCR pri ners.
Where linkers are added, PCR reactions are used to anplify fragnments using
prinmers front h&singnkegaeardsfer syyems fdrinndhaty ak disclosedatroee suchepaghs of t he

[ nts are.then sequenced and

repeats in the trapsposon. The anplified frag .
the DNA fH’éﬁ‘?(‘ieFﬁgaIfdz_ ki Bise e paaHS: fos el CRHIARN. d e’ tat abases
such as CenBankizalish BPddas iBenRRdWiaNSbRh S¥BILPobRlen @A Wrscl 0sed

above such as gene di scovery and/or gene tagging, permts, for exanple,
i denti fi catuispnsonis se lmtitional randgoisar abneficamni snlaghn gehdsuriaergiauedoiM t h

w h deve]. t. th h th of t i ti |
it agens BPYCHGHTH AR e Bar e BRoURy Skha 200 Pt of
e ol B oSS OURDECE SR oL LTR, BE haR gl oprenc. 1
provi ggs groRIDAGhdiRSd 18P Ridbi1Zimga AudlE LEHSeAfhth SEONENAL AN (& 8l -

According to this nethod the hyperactive piggyBac transposon’is inserted
i nt o DNA ofettwddkd hypeaastisie siggyBadtrimspeson.is kgprediotd DN ApofggseBaas prot ei n or

nucl ei ¢ acgi d .encodi.ng..t he pi Bac, transposase protein i.s transfected into
the cel - SraipHCNEYO: d e rEnETaD Bac RBT O doq Foacasueding et r ansposon
froma fi p@%KIBA&Sdrﬁﬂsﬁﬂsa% dkein {shanRlbre@fintb R &l dndttRe Prof@s ANMIP@SI tion

wi thin the of the cell. The DNA of the cell is preferably genom c DNA

or ext r acModHES dhaimDRAthe THaspasge fromlise perfioraivitbingh e 6¢ll tohe
transposon fram.one | %’v‘ftﬁfln' R0 O ¢ Pﬁle%gﬂpf’ﬁ% IBﬁAla’}%Qc‘?rlhi's%?@fEr'an‘ in the
r-exanpl e, P T Thé Py

genone, oOr 0] roma plasm In a ce enorré/ of that

cell. In aahiieDNeXenpitadcliraeidzohiaMBIMAS Tht veventivenitihog alews niovamshter system
can al so be used as part of a nethod involving RNA-interference techniques.
RNA i nt er PEthe f@BSRORNRTPM qng locatign Hhihgganeme {oninothes sglambisthe §8RN%- st r anded

RNAs (dseRMAﬁ))fexgﬁf)lggfr&rﬂwlfsﬁﬁathﬁ£¥eﬂ%tH%o%leo(gftgﬁr}%ﬁ./ gene fragments of the

cell, ar

In another exemplary embodiments, the inventive gene transfer system can

20  also be used as part of a method involving RNA-interference techniques. RNA
interference (RNA1), is a technique in which exogenous, double-stranded RNAs
(dsRNAs), being complementary to mRNA's or genes/gene fragments of the cell, are
introduced into this cell to specifically bind to a particular mRNA and/or a gene and
thereby diminishing or abolishing gene expression. The technique has proven

25  effective in Drosophila, Caenorhabditis elegans, plants, and recently, in mammalian
cell cultures. In order to apply this technique in context with the present invention, the
inventive transposon preferably contains short hairpin expression cassettes encoding
small interfering RNAs (siRNAs), which are complementary to mRNA's and/or
genes/gene fragments of the cell. These siRNAs have preferably a length of 20 to 30

30  nucleic acids, more preferably a length of 20 to 25 nucleic acids and most preferably a
length of 21 to 23 nucleic acids. The siRNA may be directed to any mRNA and/or a
gene, that encodes any protein as defined above, e.g. an oncogene. This use,

particularly the use of mammalian piggyBac transposons for integration of siRNA
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introduced into this cell to specifically bind to a particular nRNA and/ or
a gene and thereby di m nishing or abolishing gene expression. The techni que
has provewoebfogopiore i n Drosophila, Caenorhabditis el egaa3/uspéiantssse and
recently, in mammalian cell cultures. In order to apply this technique in
context with the Qresent i nventi. he inventive tra sonhgfeferably

n,
cont ai ns $HE THEIBDIN BRPMESLPYACTR LI TEL T IN A S " VoY @ri ng RNAs

(i RNAS) , v WBIaGH 1Rf:@n&INEPA RIFBIEAS ¥ildn@ing RN &N RIpra/RAS/ gene fragments of
the cell. These si RNAs have preferably a length of 20 to 30 nucl eic acids,

nore preferably a length of 20 to 25 nucleic acids and nost preferably a
length of 2 1 to 23 nucleic acids. The si RNA nay be directed to any nRNA

and/ or a gene at. _enc S a tein as defined above, e.g. an oncogene.
Thi s use,%%a(?PgﬂTgp?vnfﬁ%nhg%%éﬁ; mral i an pi ggyBac transposons for
integration of stdiNAVEetcdicd ehibbainidhes, fkSire @aN@RNEnthaNAdi@slude hong-t erm

expression of siRNAin vitro or in vivo and thus enables a long-term

si | enci ngreProgpaetng yectaikat prdedss rPolyCHERBEEXPIasHPH 616fHe SHHISER 3 s (i PS)
In certai [ : ' i Lncl ude a

opr ogr amitRe o aaT S e I ok P R e O R et e
conpri si ngnoge hypensdne piggpBad tramgodoat as fesetibetElntrein o Recfanablypthe r epr ogr anm ng

factors, and one or re hyperactiv i.ggyB ransposons as descri bed
herein. PFEfFaBMMe e e sﬁf%ﬁﬁﬁ’ ﬁ?@eﬁ\gag%?ﬁ_é%@é&- ¥fs Sox, Qct, Nanog,
KIf4,19r c-Mcy glsngﬁﬂ,es!’téfh celfl 8O &k RnBLEd YA [ ieh en ik g @&l I s which can
give rise to a succession of mature functional cells.  For exanple, a

henat opoi etdcessgnarnneasiule fegtiogalells.iloe ekanplaya ndmatbpoicid fteneall ntaypes of
termnally. differentiated.blo cells. Enbr iCc.S cells are
hor i ved t FiRin Sach Gkrar Bogr of Rnrany SRS ROERES " he ahoani 1ty

of devel opj dniid Qe@NES PEARArOderivied $ioh th¥ REIRYo arRt ark PRSTHoRAL @Misi al |y, into
a conplete enbryo. Induced pluripotent stemcells, commonly abbreviated as

i PS cel | spoiseispgthe capabilidy pi/gryelpping into potosgan witispuectade or. af kepsti ci al | y

deriv from non-pl uripo t.cells, typically adult somatic cells, by
inser??ngpgﬁ??%ghﬁﬁ%%ggygﬁgﬂﬁ@%'Opluripotent stemcells are believed to be

identical to naidueal plptipsteatentelft esthmehlysbbfyiliedds iBSRENOMIiPSSE.em cel | s
in many respects, for exanple, in the expression of certain stemcell genes
and pr ot efis<st tyRhelortatipofenfetany Peltsisiigal x ¢rived figaupen-Rlyrippigat cellir yoi d body

formati ONtypically adult somatic cells, by inserting certain genes. Induced pluripotent stem cells
are believed to be identical to natural pluripotent stem cells, such as embryonic stem
20  cells in many respects, for example, in the expression of certain stem cell genes and
proteins, chromatin methylation patterns, doubling time, embryoid body formation,
teratoma formation, viable chimera formation, and potency and differentiability, but
the full extent of their relation to natural pluripotent stem cells is still being assessed.
iPS cells were first produced in 2006 (Takahashi et al., 2006, incorporated by
25  reference in its entirety herein) from mouse cells and in 2007 from human cells
(Takahashi et al., 2007, incorporated by reference in its entirety herein). This has been
cited as an important advancement in stem cell research, as it may allow researchers
to obtain pluripotent stem cells, which are important in research and potentially have
therapeutic uses, without the controversial use of embryos.
30 "Reprogramming" is a process that confers on a cell a measurably increased
capacity to form progeny of at least one new cell type, either in culture or in vivo,
than it would have under the same conditions without reprogramming. More

specifically, reprogramming is a process that confers on a somatic cell a pluripotent
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teratoma formation, viable chinera formation, and potency and
differentiability, but the full extent of their relation to natural

pl uri pot emO 208ty [ s is still being assessed. i PS cel PETMES2@0/02338¢
produced in 2006 (Takahashi et al., 2006, incorporated by reference inits

entirety herein). fromnouse cells and in_2007 fromh n cells (.Takahashi
et al., 28@‘?9tla}qn@BF BlsAat At i %P&h@@ﬂfeﬁatﬁ“sa&%‘F@Wé‘quPFP@P&i%‘? This has

been ci t efr@3snARaviiPMnBRDi AIURRESIIEM of the 8P BRIEEDE iff R§SRAH no @%ch T My
al l ow researchers to obtain pluripotent stemcell’s, which are inportant in
resear ch amgemocend fain Befdravepropremapegt dtherusesthewpirefvotion hdvengont r over si al

use of enbrvos.."Re ramm ng" i.s a prqcess that .confers on a.cell a
moasor an Shisiee Rl BE RN Ys'iF sRaRi R e R bERPL Eolo i, ol
type, ®it e drtail dolii€ioRs, thaprébd@ion o progehy Witk lcHareAstiel de thetilr@ sanme
conditions w thout reprogranm n More specifically, reprogramming is a

process t Bl tyeeAfagbs apleag abewiak% O %1% Qr plotg inghe energet &rngraasingrhi s neans
t hat afteére&#&{é’eci ent proliferation, a neasurable proportion of progeny
havi ng phénotypi ¢ characteristics of the newcell type if essentially no
such progeny cBuibdydniy stela€EBY e:lkse preqiiirdpanent gtenDddiie dedi gl fréhieagpy opor ti on
havi ng characteristics_of the new. ce i s _measurably nopre than before

|1
Fopr 0gr anFIAGOSUNIES CebpeaiisoRBITF s 9Ehe hihdEontD SRAPPBE Sy i ¢ h
char agh er hﬁ)hh&%no(gggngg%dﬁ?wli&eéihcet e ﬁal3Q9§,ea RAlmd §Eel@91g’s’53t§t%s?§% 25% or

nore 1n the 1n or i ncreasi ng preference. Enbryonic stem (ES) cells"
are pluri paicans caterthydbetdmingewaNabde for oegeeanatiye methicines. An ES cel |l was first

established in 1 ich has als een | i ed..to production of knockout
i Go_si nce. 108U MIRRESSel: ouR sk o Totr ¢ DpRsdenranRLRRORRch | o
current!yTheeomNGcRYat bakks d& QhritSEERREA s VL iiREL sddve Wl | ke ES cell's,
tissue stemcells have a limted differentiation potential. Tissue stem

cel | s ar eupdiffseentiatad ingeacelivdayl semctues dhewshare. the plusipatescyaoiotidyae stemreells

undi fferenti at intracel |l ul ar sgtructure. Therefaor t he. pl uri potency of
T ssub” st By Ebifslols TRG teinpus bt e o0 SR Bt R B P Sl SY

nucl eus/ Citt@pé1ASAN Jr ddneDe 2 Mbsh BYRie k@W ddlls hacelomuplasipRe@aNeldigsellMOSt ti ssue
stemcells have | ow pluripotency, a long cell cycle, and proliferative

abi lity beydndnd peoliferpvagbititybeypnr e difeif thindividuat Bivsuceitan cellserg epar at ed
Into cate ra{'a?éd inp)aéa?%oﬁlgs,i?ggedsdnttﬁé siftgsquMhﬁ}Il thggelﬁealré JerfVed g.l%{l 'a¥6d’ such
em e e em

as the der Sys I gestive system one marrow sys t he
nervous sygtdefmal system, the digestive system, the bone marrow system, the nervous system,

20  and the like. Tissue stem cells in the dermal system include epidermal stem cells, hair
follicle stem cells, and the like. Tissue stem cells in the digestive system include
pancreatic (common) stem cells, liver stem cells, and the like. Tissue stem cells in the
bone marrow system include hematopoietic stem cells, mesenchymal stem cells, and
the like. Tissue stem cells in the nervous system include neural stem cells, retinal stem

25  cells, and the like.

“Induced pluripotent stem cells," commonly abbreviated as iPS cells or iPSCs,
refer to a type of pluripotent stem cell artificially prepared from a non-pluripotent cell,
typically an adult somatic cell, or terminally differentiated cell, such as fibroblast, a
hematopoietic cell, a myocyte, a neuron, an epidermal cell, or the like, by inserting

30  certain genes, referred to as reprogramming factors.

The generation of iPS cells is crucial on the genes used for the induction. The
following factors or combination thereof could be used in the present invention. In
certain aspects, nucleic acids encoding Sox and Oct (preferably Oct3/4) will be

included into the reprogramming vector. For example, a reprogramming vector may
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and the like. Tissue stemcells in the dermal systeminclude epidermal stem
cells, hair follicle stemcells, and the |like. Tissue stemcells in the

di gest i vewoystognypiomcl ude pancreati c (common) stem cel | sPCTivseo109238% cel | s,
and the like. Tissue stemcells in the bone marrow system i ncl ude

hemat opoi etic.stemcells, nesenchyma], stemcells, and the |ike,_ Tissue stem
ol Ts P EBITE SOl oy Sleie cOr e pe ot Ranpé afd SpiaPety bAT28 05m col 1.

and the | bk&essidnnAbeaes g ®ofPO&kL ERNE &hd Spriorall & NeRRIExdi@t ed as i PS
cells or iPSCs, refer to a type of pluripotent stemcell artificially

prepar ed Eneding thowrepragiapmisgfactat maytbgpoogliked imthasime expogsaione cel |, or
term nall dit&f ngnti ated cell, ztucqhas fibrobl asti a _hemat %Pt?wi etti c cell, a
myocyt e, AR SHICTH CANPHAP P sUET the Fime 15RIoRgRamingy Ve QL & (g ler t ai n
genes, 5 1 efisaminnect@pr ogranm ng factors. The generation of iPS cells is
crucial on the genes used for the induction. The foll ow ng factors or

combi nat i on t hEredft andrdaipenamhess ofrthe Aex peresfamilyi(Boehosh. Soxd. a0 t ai n
aspects, §8;§ﬂ5‘§p1§vea€ée9§de%%895@9&81%&%%&&4 R %faf&é‘ﬂlv&v@ﬁtiﬂh@ will be
included rnto e reprogramm ng vector. For ex§rrp e, a reprogramm ng vector
may conpr i grluekd@r B 58dso ivhossastlicmales daiungorSexphssibrt AddiNangigeassd optional |y
Li n-28, or expression cassettes encoding Sox2, Oct4, K f4 and lggti onal |y

c-myc. NuBPWPYCrBFIHding SERIN My irEse the Brldgmamtihg E%fét BHe. 3KIED. conpri sed
in the sapg M§<pfa%§§/r (@lglg/é,}s.ﬁﬁ,eanmf )?Nﬁno%);]%cﬁﬁﬁllé%? h&@é&%hﬁ&%}igkge same

reprogramm ng” vect erent reprogra ng vectors. COct-3 nd
certai n naniperegseche irlactBoxeffjeinncy. Ax-BiA (PSoxl) is Sox 8f thBdxBily ahdctSoxl 5) have

been iden%,j{dci ,gd as cruci.al transcripti on%I regul atars involved in the

i nduct i on{'§196¢ E3BSHIRGER At EAOE Pk @S dRIE B MBS ASEO' A Thonal
genes, hoyeMREs ofl G IMINGcCHIE I, FRIFRE bhasWmdrb€ardl dmbrdoit Yetddelid, Kl 2,
KIf4, and KIf5), the Mc famly (&G nyc, L-myc, and N-nyc), Nanog, and

LI N28, haleedbeespontdeenus tiophotlast ditaremintion iadipnesande @ Of4 divegiogs COct - 3/ 4

(Pou5fl) i.s. 0 of the fam]y.of octamer (. "), .transcripti factors, and
Covels) clifs P SlyrkOfntTid deRien R s iab el eV RE B R S Vi R 07 5 4T
Cct - 3/ 4+ ekt SeneS fdhe 239 fant PITBEIRGInG WLt BT MO Blasiv & Ol dridl, Odteads to

spont aneous trophobl ast differentiation, and presence of COct-3/4 thus gives

rise to t el telelieit guluereny thisdledionstartmgithaeichrioesof Qet-36F todhdr yoni ¢ st em

(r:gl lats| Vggmd&yt??noé‘%g&bgfges in the "Cct" famly, including Oct-3/4"s close
The Sox family of genes is associated with maintaining pluripotency similar to

20 Oct-3/4, although it is associated with multipotent and unipotent stem cells in contrast
with Oct-3/4, which is exclusively expressed in pluripotent stem cells. While Sox2
was the initial gene used for induction by Yamanaka et al. (2007), Jaenisch et al.
(1988) and Yu et al. (2007), other genes in the Sox family have been found to work as
well in the induction process. Sox1 yields iPS cells with a similar efficiency as Sox2,

25 and genes Sox3, Sox15, and Sox18 also generate iPS cells, although with decreased
efficiency.

In embryonic stem cells, at least an Oct member such as Oct-3/4 and at least a
Sox member such as Sox2, are necessary in promoting pluripotency. Yamanaka et al.
(2007) reported that Nanog was unnecessary for induction although Yu et al. (2007)

30  has reported it is possible to generate iPS cells with Nanog as one of the factors and
Nanog certainly enhances reprogramming efficiency dose-dependently.

Klf4 of the KIf family of genes was initially identified by Yamanaka et al. and
confirmed by Jaenisch et al. (1988) as a factor for the generation of mouse iPS cells

and was demonstrated by Yamanaka et al. (2007) as a factor for generation of human
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fail to elicit induction, thus denonstrating the exclusiveness of Cct-3/4
to the induction process. The Sox famly of genes is associated with

mai nt ai niw 2plunoppot ency simlar to Cct-3/4, although i PCrasasomeidas ed with
mul ti potent and uni potent stemcells in contrast with Cct-3/4, which is

excl usivel y, expressed i,y pluripotent st cells. Wiile Sox2 was the initial
Gone. e AR raRR B AP B iebege et Rlsb sy U EaBetir o al | ( 1088)
and Yu et o@leratfoAQR AhimaRtiPCEIBEAE SN FRt Falied ROZerkAi hymiipps laerkikoupd to work
as well in the induction process. Soxl yields iPS cells with a simlar

ef fi ci encKlidsve@osuinddnle frptas cGakB, ofgoré¢Biing$ @x|Bdatlsed gemsridfe i PS
cells, alth i th creased efficiency.. In enbryonic stemcells, at

| east an @:‘fkﬁgﬁ%ge?s @%ﬁﬁitﬁgug&wﬁye&m eﬁfa]e(‘féflep‘é‘/ast a Sox nenber such as Sox2,
are negessary THe MyRRini§@f PeidsaROBORCYncoyaiBe MakRcdd idlcanded007) reported

t hat Nanog was unnecessary for induction although Yu et al. (2007) has
reported Yemagaksss gl BneJacpisgle aet atl @8 pismaasiratedyiahci@iede 2 dxctPne of t he

f oot A ‘ ) 9 ‘
ose. deponteiadn it &k libn SPRBISARSIERC SR PR, SLIL SLEIRKred e i e
by Yanmanakas efactdr.imptichtediif the getririonddenhsa iP$telal HowtOd8Th@asan dtact or f or

the generation_of mouse | PS cells and was denonstrated by Yamanaka et al.
(2007) as?ladnb¥pyangkgret gl R0A) repartest thateralc PSS dBNFEssap i eereratifufpson et

al . rgpor hedad \f ot HRMERRS BANYy b00enSERERAIHRR of1 ?Hﬁ%” i PS cells
and iﬁpf act ?a{rfste(g’ﬁt'oésgagger at eﬁﬁﬁrran ]inyS g(r:eéll fs. %ftlz gndps{l fl41§/vere found to
be fact or soddpaldbethefevgenditabt iRp deRSagelidisgl timapiechal®d oenes Kl fl and KIf5

did as well, although with redyc ficiency. The c famly of genes are
br ot o oncBiwBetsRE L ane aris desraneads el e U ARSER ot ar
(1988) degposhiabed iidaiicd WwieubsSinand #6406t d-ARL Widt@dilhethifiengener ati on of
nouse i PS Cells and Yamanaka et al. denonstrafed it was a factor inplicated

in the generation of human i PS cells. However, Thonson et al. and Yamanaka
et al. (2007) reported that c-nyc was unnecessary for generation of human
i PS c#f | sPhhlsageeuticalt Gempositiond am |y of genes in induction of iPScells is
troubling for the eventuality of iPS cells as clinical therapies, as 25% of
m ce transpl anThe pwkédt ivefion furthet ftlers RSplceinhseudieMebaipecitibe hal terat onas.

N-nyc and Lnyc. have been identified to induce in the stead of c-nyc with
siml ar epqqt@p@,g@g,t_her a piggyBac transposase as a protein or encoded by a nucleic acid,

and/or a hyperactive piggyBac transposon, or a gene transfer system as described

herein comprising a piggyBac transposase as a protein or encoded by a nucleic acid,

20  in combination with a hyperactive piggyBac transposon.

The pharmaceutical composition may optionally be provided together with a
pharmaceutically acceptable carrier, adjuvant or vehicle. In this context, a
pharmaceutically acceptable carrier, adjuvant, or vehicle according to the invention
refers to a non-toxic carrier, adjuvant or vehicle that does not destroy the

25  pharmacological activity of the component(s) with which it is formulated.
Pharmaceutically acceptable carriers, adjuvants or vehicles that may be used in the
compositions of this invention include, but are not limited to, ion exchangers,
alumina, aluminum stearate, lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial

30 glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such
as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl

pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
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Phar maceuti cal Conpositions The present invention further refers to

phar maceuti cal conpositions containing either a piggyBac transposase as a
protei n ovoentddexdiby a nucleic acid, and/ or a hyperact iPCE/US2@gpBE86

t ransposon, or a gene transfer system as described herein conprising a

pi ggyBac tr osase rotein or encoded by a nycleic acid
conblnatlﬁﬂ' ‘?@:yﬁﬁgiwﬁd@ﬂvﬁx VRlGEn BRES 1O gﬁﬂxﬂWﬁﬁpBﬁﬂﬁﬁﬁ@gﬁgica
conposi ti gayARYs, 9@5&99@héng§1£%pMkQ@g together with a pharnmaceutically
acceptable Carrier, adjuvant or vehicle. In this context, a

phar maceuti cal caccording to the
i nvention refeﬁgeﬁ%ﬁgﬁﬁﬁgmggggﬁgEQ?P?geﬁgggﬁﬁgéﬁ?mﬁggbﬁﬁﬁkle t hat does not

destroy t hémpiracradonllggpcaiterally.ibyi injalafort fpeayc coppatigntecs)lymasiilyphi ch it is

f or mul teg Qarnace ticall _aCfegﬂable carriers, adjuvants or vehicles

t hat ECased 4B h 8T ¥3HBATPIN GRS YA hi s i nvention include, but are not
limted to, ion exchangers, alumna, alumnumstearate, lecithin, serum
proteins, such A eHTHARFFISERI AN USEDIGHER NG Y PSSHbUAIEOIN EHEVEIRY: as

P h osphat e ?ﬁ‘t oG8 in ér%oirgélﬁaraft{tht sgt ROLIAS ﬁit%@éeﬁﬁﬁ qgttrﬁhedﬁf 11I1tira%|epﬂ1cy ceride

m xtures saturafed vegetable acl wat er t's or el éctrol ytes,
such as pimtadrionel sdlif@iceaniali 1ﬁyedmmmyﬂlsmgeebhpmsp Patferabpotlessi um hydr ogen
phosphat e, sodi um chloride, zinc salts, colbpidal silica, magnesium

trisilicaPBMBERAFRPMAGPRS g SN deted pryYe IHeer o8N UnC es,

pol yeihy! gpavaloisy! stedifth %Ie%f‘rﬂé’@ttdﬂéf beghladbQrs: co%?ﬂdéﬁfbhybﬁ&l%s waxes,
pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, polyethylene glycol and mool

fat. The ph@nMunmﬂyb@amwooﬂ90®BMymnssoﬁwnhenﬁﬂesemmpumumnmuodwnay be
adnlnlste a raII al ation s |caIIy,

Aoy T Aty R SRy o IREL AU ER R ioeGBRERE Vi ¢ The
term par e%&ﬁ@'agér&s uﬁ%sﬁ@f{cﬁ*ﬁgﬁageﬂ@ mﬂ@ﬁeﬁlébﬁﬁ&taﬂl@%ardu@h AN AHISYNSe a
intranuscul ar, Intra-articular, intra- synovial, intrasternal, intrathecal

intr ahepaﬁfpule mmtuablle(égluaﬁapr arsdensiany la@rmrtaxlcumre@tqralbha@ppfﬁhlﬁﬁlslp@ﬁ
t EChniﬁqueg sol %ft exa Hlé EI? ¥ Polu 8 1%%"% l) HR%SI %Itﬁengcc%tg%? r‘l‘}ll@f@%t er ed

orally, in raperl Ponéa Favenousty terl inje orims of the

phar maceutndallvendpashby Bé”ISmproyé(hiu‘é WdﬂMﬁRIﬂg@ﬂs gomytidaeandqsdenis sediu@l eagi nous
suspensi on. These suspensj ons na be fornul ated according to techni ques
known in glp-}gn@qf solyfeqna dn adgition, |s@ glﬁggc} gqlanje §pnventionally employed as a

solvent or suspending medium.

For this purpose, any bland fixed oil may be employed including synthetic

20  mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in their polyoxyethylated versions.
These oil solutions or suspensions may also contain a long-chain alcohol diluent or
dispersant, such as carboxymethyl cellulose or similar dispersing agents that are

25  commonly used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such as
Tweens, Spans and other emulsifying agents or bioavailability enhancers which are
commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or

other dosage forms may also be used for the purposes of formulation.

30 The pharmaceutically acceptable compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to,

capsules, tablets, aqueous suspensions or solutions. In the case of tablets for oral use,
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wetting agents and suspendi ng agents. The sterile injectable preparation
may al so be a sterile injectable solution or suspension in a non-toxic

par ent er avbyoromeptabl e di |l uent or solvent, for exanpl ePa3/is2&10/0233860N | N

1, 3-but anedi ol . Anmong t he acceptabl e vehicles and solvents that nay be

enpl oyed are water, R nger.' ol ution and isotonic.sadiumchloride

sol ut i on. SFHEREIM ,ugﬂﬁé@}@% 1af90§feald§ﬁqr%8ta¥£%- Ciicativ B9 Al oyed as a
sol vent O SHSRRA HeRd TR AN cypiRfilly SdRd PErReAQdn@Yurdoang afchyggk oi | may be
enpl oyed i ncl udi ng synthetic nono-" or di-glycerides. Fatty acids, such as
ol ei ¢ aci thramdsdfviglilyeyts erdluile ldepievandidried camstandeWheniaquedve spspepspat i on of

i njectables, as are natural pharmaceuytically-accept.able qi.ls, such as olive
o | “or “cadtarag S GRbe e SOy BRgHe b B o PERRD el S rafs hese of
sol ut i HNS spediHP LEEHEO ISR, k1%4In SRBIteiNg, Fldvensg 6&1@1&? sRhelmsi | uent or
di spersant, such as carboxynethyl cellulose or simlar dispersing agents

that are @&ophpafidedused in the formul ati on of pharmaceutically acceptable
dosage forns including ermul sions and suspensions. O her commonly used
surfactants, sdAdthrmagvalyebeagharBpasicalidaaiepebleanmipssifiphnef thijentestion

bi oavai l abi l ity .enhancers ich are cao nl.y used in the.mapufacture of
phar maceafi o AT REE LD I ToGr PO HePaTRS SR e m U B ity ol so
be used f g plpreR by RASES (B infvehitie @hé @nsfdMg siehesRaRUhéaleoRGG@Pt abl e
conpositions of this invention may be orally admnistered in any orally

accept@bl & segbigyeontipiiteing exaipienghatyasolisoat reomiterappratare ki hquides rectadbl et s,
agueous ?%%P%?a%ﬁr%%fl Fher Pl i Fl%at ihtnd {égtu%lat%eralggsettﬁgh&t Sl &f Strgx%s .
use,carrlersp commonly use(flnc ude |actose an corn s §I‘lel'l. IEU rlcatlng

agents, sighidesocmgnesi, beesiaandipelyetytenalgdolsypi cal | y added. For oral
adm nistration in a capsule form useful diluents include |actose and dried

cornst arch. WigRe gRUBABSItRHSPLRSHEAPIS cBmPotiBank dfafisfidfenBb@inayaBo tehe active
i ngredient is conbined with enulsifying and suspendi ng agents. |f desired,

certai n sofeingsrad topiqally orsperialbr whel e itagetanf dispsnanphincidepaiges eidded.
Al ternativyel t he pharr uticall table c ositiens of, this
i nventi onmer%%S ’E?é‘dlg%%cﬁ?%'@ gg%%opﬁ‘%‘ll f %%1%13 %&Ipmng(?u(gﬂ g%g?s Soﬁ tglg e?{%rther ect al

adm ni st r gitih Os¥.thel ROSE it éstinbletrdet. cpaneld thicdrifainngatidne atevedityl ptepgede transfer
system or conponents thereof with a suitable non-irritating excipient that
is solid B ergboh hewresuonPeaBut 1iquid at rectal temperature and Therefore

will nmelt in the rectumto release the drug. Such material s
For topical applications, the pharmaceutically acceptable compositions may be

formulated in a suitable ointment containing the inventive gene transfer system or

20  components thereof suspended or dissolved in one or more carriers. Carriers for
topical administration of the components of this invention include, but are not limited
to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene component, emulsifying wax and water.
Alternatively, the pharmaceutically acceptable compositions can be formulated in a

25  suitable lotion or cream containing the active components suspended or dissolved in
one or more pharmaceutically acceptable carriers. Suitable carriers include, but are
not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters wax,

cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

For ophthalmic use, the pharmaceutically acceptable compositions may be
30  formulated as micronized suspensions in isotonic, pH adjusted sterile saline, or,
preferably, as solutions in isotonic, pH adjusted sterile saline, either with or without a

preservative such as benzylalkonium chloride. Alternatively, for ophthalmic uses, the
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i ncl ude cocoa butter, beeswax and pol yet hyl ene glycols. The

phar maceutical |y acceptabl e conpositions of this invention may al so be
adm ni st eweadotoaebival | y, especially when the target of tPeatuseon/opises udes
areas or organs readily accessi bl e by topical application i ncl udi ng

di seases of the e the SE@ or the Iomg E@ﬁfnal tract. gltable
t opi cal fBWmaafﬂt acePtrbls s mposHabNaY ?Fﬂr I3ANOYEENEER as o
organs. Fggpdidhcal applications, the pharmaceutically acceptable
conposi tions may be fornulated in a suitable ointnent containing the

inventive generhl gRShH AL f%FHCRA 8&1&31?&3}251@9&&%1&9 g%?sP%Ve di ssol ved

3l t
in one or nore ca?rlers %hrr|eréa§or topi ca mnistratio
conponentsmnﬁnmht¢bynmmhmHOﬂﬂbnﬂﬂmmeonhhmhaoemumﬁoﬂﬂmmpﬁmmtd, m neral oil

l'i qui d_petrol tun1 i.te petrol atum ene gl ycal, | yox eth Iene,

pol yoxy pr BIFPrERe s %Eﬁtweﬁlelfﬁﬂ“g’ilflﬁ“gﬁ %&h acgfa}%fagﬁomgﬁf%q i y, the
phar”HC@UBéﬁéb&ﬁd%§9ﬁ9ﬁ&QhﬁsﬁﬁﬁP&ﬁb%&ﬂ@%mﬁ%ﬂaR%hBRﬁQH&%%@@Mﬂ@ a SU'tab|e

| otion or cream containing the active Conponents suspended or dissolved in

one or rmpletscpmm\rm,cﬁémnpaam byonzasers o adiascecbioayalabilitGdiupedshbooaraniler s
i ncl ude, §> are not oi.l, sorbitan nonostearate,

ited t i |
pol ysor baPBeBEPIVERI]AR %ﬂ@%ﬁ§n§§§dgb%§é39§?“%lcohol 2-oct yl dodecanol ,

benzyl al cohol _and mater For ophthalm c use,. the pharnac uticall
accept abl e con'gg%?‘?l%‘ﬁé’ hey BB ﬁﬂéﬁaesagt I EHioRi g ﬁ)&&@ﬁ% |n

i sot opp C, with (RA¢HSEEHaBE RS 'td Srodfdd dq&mﬁﬂ'smoﬂrlﬁ‘ he[RR! dosa@Stos@l Wil vapRs |
isotonic, pH adjusted sterile saline, either with or wthout a preservatlve

such as béq:];zsylﬁmgluonn thm helst eatalle themattmul’mtrmﬁbqu admgristopion hkihas © heses,

t hephar maceu table conposi ti.ons .may be fornul ated.jin an

o B R st R o SRR s R e PRt Sl 30 ¢ o
of this i ByAl l1196n ﬁr&yne%& %Pfé@&)rﬁqlﬁ@lﬁmﬁg &fe&ﬂtlbﬁly %ﬁ@'sp&ﬁﬁ@&ﬂhpd%nﬂ nhal ati on.
Such conpositions are prepared according to techniques well-known in the

art of phamﬁb?éfé‘ijtth%%e obhueight, @ﬁl@aﬂdlenﬂély spe digtelyae efadBingdlalieon.one i n
sal i n?_‘{ i 03 ex el é(.tl) eanme a(t:lgll? C)aln a?ﬁ%;%tsﬂ Itl{le)a/t?eaﬁng o ss%él\z{(ggn&/ e

absor promno {£8"énhance carbons, "and/ or

ot her conve&mstityostahe paticiat dhzea@@b@hg cheste@ rRengnagest eScorfﬁbtﬁleﬁtrmné of the
conmponents of the present invention that may be conmbined with the carrier
mat er i al sPEesesipEnten i B aYHBPYiIhwilhalge é«megaﬂ Epedisgarticslam wi 1 | vary

component(s) in the composition.

The pharmaceutical composition is preferably suitable for the treatment of
20  diseases, particular diseases caused by gene defects such as cystic fibrosis,
hypercholesterolemia, hemophilia, immune deficiencies including HIV, Huntington
disease, .alpha.-anti-Trypsin deficiency, as well as cancer selected from colon cancer,
melanomas, kidney cancer, lymphoma, acute myeloid leukemia (AML), acute
lymphoid leukemia (ALL), chronic myeloid leukemia (CML), chronic lymphocytic
25  leukemia (CLL), gastrointestinal tumors, lung cancer, gliomas, thyroid cancer,
mamma carcinomas, prostate tumors, hepatomas, diverse virus-induced tumors such
as e.g. papilloma virus induced carcinomas (e.g. cervix carcinoma), adeno
carcinomas, herpes virus induced tumors (e.g. Burkitt's lymphoma, EBV induced B
cell lymphoma), Hepatitis B induced tumors (Hepato cell carcinomas), HTLV-1 und
30 HTLV-2 induced lymphoma, lung cancer, pharyngeal cancer, anal carcinoma,
glioblastoma, lymphoma, rectum carcinoma, astrocytoma, brain tumors, stomach
cancer, retinoblastoma, basalioma, brain metastases, medullo blastoma, vaginal

cancer, pancreatic cancer, testis cancer, melanoma, bladder cancer, Hodgkin
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dependi ng upon the host treated, the particular node of admnistration. It
has to be noted that a specific dosage and treatnent regi nen for any

parti cul awopatomeioiwi | | depend upon a variety of factor®CTiused0a23zge t he
activity of the specific conponent enployed, the age, body wei ght gener al
heal th, sex, diet, tinme of_admnisty %Elon rate of excretion, dru

conbi nat i OAUHRE r??{’én%eﬁa’@n% neghergqyd diseaser Progehipl Ry dnoma: A R severl ty of

the partigslcas nwcaﬁgﬁﬁlgeﬁieggguhw@ah@é} br1§9§ c@ﬁ&k”'ﬁfeuﬁﬁorﬁa GprRRG@at of the
present invention in the conposition w |l also depend upon the particul ar

conponent Bsikiit'n lmmnmmgeamncafh@ymammui ¢areihomantpos ichiasn nog-
pr ef er abl i.table for t treat articul ar di seases
aused by Pigdbn BepSrdh et SR8, SUB Frap s SRS BPekitbeflnol om o
henmophg | i danckiigindedan6drebesbREzus @@ﬂcuﬂirr[hgsrﬂhl‘l/mté'd‘ﬁﬂ& tigden di sease,

.al pha.-anti-Trypsin deficiency, as wel| as cancer selected from col on

cancer, nERANERHINSIONINEYATEH AEEMOMay pFtigREANCEEver pRePLlkPRIA e a (AM),
acute Iyr’rpﬂl% f?l%éks %L%?HT et chronic nyeloid | eukema (C\M), chronic

| ynphocytic enla dgastrointestinal tunors, |ung cancer, gliomas,
thyroid cancer, manmma carci nomas, prostate tunors, hepatonas, di verse
virus-induced tunors such as e.g. papillonma virus induced carcinonmas (e.g.
cervix caFEﬁnona) adeno carci nonas, herpes virus induced tunors (e.g

Bur ki i¢' s | yNPhQEBee ERYRAbE Ao BagBhd it J&@ﬂﬂﬂﬁ% dttf %Ced
tunors (Hepato cgpﬁescar%ienonagj)o IfllTLV- ! und "HTL ZIH? ucc::e oma | ung
cancer, pharoteigeaknadnd by a naolalc acal, andionahygiracist agdggBag trhlysppmrrar arectum
carcinoma, astrocytoma, brain tunors, stamach cancer, retinobl astons,

basal i oma 2S5 EANSICRRYSIY g desert FFig CBMREFIBEA PISEYR HRNPNEEAS Apancr eat i ¢

cancer, tgghdif of &RGAEd by'k haf1eRBcidRls 3 deTbe§ RRRAT, in HRAGKACSY A @e,
nenlngeona Schneeberger's di sease, bronchial carcinoma, pituitary cancer,

mycosi s fhn@mqﬂl@s piggybBhetranspns; | pm@élsttog‘;&m:enth aiéurmm@ﬁacalbpl nal i oma,

cancel niPRBAGRTE T GHBRONE, e AP4® “t‘é%”% 7RG ™ 20N

ol i godendrogl i Qma, .vul va cancer, intestin cancer Qesﬁpﬂ carci nomg,
61 OI'

smal | intestin nﬁ’l?ifrﬁ}ﬁsconlﬂoaﬁqtﬁ)%ﬁlﬁ%vé’@fi% 1t8¥?é{rbf3§‘f1mé‘§?t8 ovari an
cancer, | i @iet@NRES cells Gk SMisBquent oRAGERDaPllct . BliflagiBathe eye; etc.

s transposase protein or its encoding nucleic acid may be administered and/or

transfected into a cell as defined above prior to, simultaneously with or subsequent to

20  administration and/or transfection of the inventive hyperactive transposon.
Alternatively, the hyperactive piggyBac transposon may be transfected into a cell as
defined above prior to, simultaneously with or subsequent to transfection of the
piggyBac transposase protein or its encoding nucleic acid. If transfected parallel,
preferably both components are provided in a separated formulation and/or mixed

25  with each other directly prior to administration in order to avoid transposition prior to
transfection. Additionally, administration and/or transfection of at least one

component of the kit may occur in a time staggered mode, e.g. by administering

multiple doses of this component.

30 The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the assay,
screening, and therapeutic methods of the invention, and are not intended to limit the

scope of what the inventors regard as their invention.
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The present invention also features kits conprising a piggyBac transposase
as a protein or encoded by a nucleic acid, and/or a hyperactive piggyBac

t ransposowp 20t0/@93pene transfer system as descri bed her elPOTASRQEOI02I38E a

pi ggyBac transposase as a protein or encoded by a nucleic acid as descri bed
herein, in conbination with a hyperactive piggyBac transposon; optionally
together with a pharnaceutically acceptable carrier, adjuvant or vehicle,
and opti opaAMPMESY i nstructions for use. Any of the conponents of the
inventive kit may be adm nistered and/or transfected into cells in a
subsequenExampr 1.ddentifigadioal of éntegragiont defeqtivgppEndBacvangptssase protein or
its encoding niﬁleic qcid nq¥ bg aﬁﬁ%nistered andaﬁr Jra fected into a

cel | as defined 2BV SFPBIMES deFRS Y4FRBIEIY T HCBIOUsEEs8nt t o

adm ni $t 1 aypLaLLRD gl%rthds 8RSIpBSIns @Bingfa vehigor SMBETh¥Ry ByReKRich piRlutéansposon.
Alternativggy t he hyperactive p”ggyBac transposon may be transfected into
a cel | asadskilypsescapiveichy i bEomoof BF Mgy BACBIRSPYSORi W Tof IQ Bisesnent t o

transfection.of. the pi in i.ts ..e i nucl ei ¢
acid. If pﬁﬁ%gi% 6%%£%§?a %gp%&%rege?%gﬁygkg%ﬁI%%%%%ﬁgg?ggggg%%g%vided in a
separ at edtHeqent||leddimntoanspoducdonad thd tell fR@ded3calt pesteid] Heebdidihgby,i or to

adm nistration in order to avoid transgositiqn rior to transfection.

Addi ti onalqcﬁaswﬁP]é’EV&P]ioéffleaﬁﬁ?WuiaP AR ELEFDPEUSE at | east one conponent
of theykit ”HYAH%&¥%ph&xﬁnEE%ﬁuéﬁ%%ﬁﬁk%%e%ﬂﬂ%wmﬁ1ﬁmi ggﬂgﬁgg%gff;ggth <o

mul tiple doses o hi's conponent. ol 'ow ng exanp
as to proPCRewhihiosas olfoned titaan yxs&ision ventot heyeast Cldniesaontaimihget e di scl osure

and descripti.on_of how to nake and use the assay, .screeni ng, .and
 her apeut M0V GULATHY WERETPWIB A BrAZLPACANE WrSt HeREEHBBA MMTFY ¢ ¢ he

scope of whglksdeeligiy eues § sheaad@isash kypRldctil SMBMHa08 bEXAMTRES (Fxanpl e 1.
I dentification of integration-defective piggyBac variants The present
exper i nentlgtedescri be screening and identification of excisionhyperactive

pi ggyBac transposons usjng.a version gf .the er.r ene i ch produces a
Fed T Phior escentt SraTer Rk Eai0 Sy BehisBtt S aReniedPis put \t nto ¢ he
gene, i nNagémpyiddek BF amlinSatsdclangt hethe &ildstype pighlBad @fueride s8N &ponding 8y Bac
excision restores the gene, |eading to the production of the red
f1 uor esceAEQIPONE: A. ng%r@bldi thglapning peid ehanad iy B/ bl Boip ActiBot7 liddent i fi es
nutants tRat;excise better.

In preferred exemplary embodiments, the integration defective piggyBac

20  corresponds to the amino acid sequence set forth as SEQ ID NO: 64, SEQ ID NO: 65
or SEQ ID NO: 66.

Example 2. Identification of hyperactive variants
Using the integration defective piggyBac mutants as a starting point, the
25  present inventors have identified hyperactive piggyBac transposon mutants. The
yeast excision assay that was developed as described in Mitra R. et al. (piggyBac can
bypass DNA synthesis during cut and paste transposition. EMBO J. Apr
9;27(7):1097-109. Epub 2008 Mar 20) was used to identify the hyperactive mutants.
The piggyBac ORF was mutagenized by mutagenic PCR using primers flanking the
30  OREF as the expression construct and then recovered transformants by co-
transformation of the PCR product with a gapped piggyBac plasmid into the yeast
assay strain containing a ura- to ura+ cassesette in which transposon excision results
in formation of ura+ colonies. Following recovery of transformants on SC-Trp-His

plates, colonies were resuspended in water and spotted onto plates lacking uracil to
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A large collection of nutant transposase genes was nmade using nutageni c PCR
whi ch was cloned into an expression vector in yeast. Colonies containing

i ndi vi duaWvormtezn®1wer e grow up on an agar plate and weP€TiUsenoox:38% ned
with red fluorescent light. Figure 4 shows excision hyperactives that have

been isolated.to date. _In certain preferred. enbodi nents, the integration
def ect i ve“%ﬂj%’f%ﬁ@l%r%)‘ F%Earb?ﬁné‘?r&‘ﬁdluﬁl?fsﬁ"fclﬁéﬁﬁglopﬁs%rﬁgl | d type piggyBac

sequence GRkIRRPONHANGhRANRERWildtin thesEESIi8EARLY, pditiRiaPR} R AGE d change
is R371A, R373A or R371A, R373A. Tn preferred exenplary enbodi nents, the
i nt egr at i variad eerriidantipied.g . Bachyperacegperndslatcosttafrewasnihao padiiell asquence set

forth as SEQ. . ) 64, SEQID 65 EQ.I.D. 66. anpl e 2.
| dent i 11 cAPTSHNE SHBehdosrpan e B R it the Bebr oRTaar B i ve
Pi ggyBac paHfafiea hgﬁeractﬁfeélﬁxlais R@nReqEhced BEIEHES Bl pip SHBABIRAS mdayieni denti fi ed
hyperactive piggyBac transposon nutants. The yeast excision assay that was
devel opedargsregalsng prmep dcid flapge Amieq agd changphydBmerespmndbigyasteiopgad
synt hesi s ri nsposition. EMBO J . Apr 9;27(7):
1097-109. Cl%%&%?%ﬁgg&wgﬁldg%?g\i\g%&%@ed to identify the hyperactive nutants.
The pi ggyBac ORF was nut ageni zed by mnutageni c PCR using priners flanking
the ORF as the expression construct and then recovered transformants by
cot r ansf ofA¥Eilon of the PCR product with a gapped piggyBac plasmd into the
yeast assay strain containing a ura- to ura+ cassesette in which transposon
excision results ifygbornmati on of urafsGQl egd es. Foll owi ng recovery of
transformants on SGe#Ffekl S pl at es, g8lQnkasvene #rsuspended in water and
spotted onto pl at esibaglkis®ng uracil wehdentédmcexei &zons. By conparison to
t he nunber of ura+tuseel onies from t heamstdoageni zed transformants to wl dtype
in these spotting gssteesapot enti al kppercasiasans taraemt s were identified.
Each hyperactive ce#@i date strain waEatieefSHurified and quantitatively
reassayed excisi orE*’PI2¢aTd DNA contU8Y fiengfU/ReY fegdBac gene from confi rned
hyper actives was t%‘é‘r;\‘? equenced to iYgBrE Lhe pi Bac gene nutation and
“He g
Wyl

n%&ﬁ@? 20 %gEggg[ E%‘f@% anffcorrespondi ng nucl eic

resul ting am no aﬂ%@ c

aci d changes are Q aca
Hi9d3v 2ug to SUEG
§2135/Va361I AGU to AGC
IZ21T AUA o ACA
5373P between M&+ UCA ko OCA
N354T RAC to ACC
L4538/ NE718 UGU to ASU/AARY to AGU
TEG0A ACU to SCU
NE718 23U to AAG
SR73A UCE Lo GCG
SE84P UCYU ko LCU
MEBGY AUG to QUG
MEBRGY/D17GD ATG Lo GUG/GAC to GAU
SB92G AGU to GaU
FE94L UUC to TTA
Stop/WLESCH TEA Lo TEG

StopEYSELESCN/H33H TGA to GGASCAC to CAU

10
The amino acid changes and fold increase in transposition from that of
wildtype (normalized to 1) for certain exemplary hyperactive mutants is shown in
Table 2 in Figure 1.
15 Hyperactive mutations can occur at many positions within the transposase and

it is expected that many more hyperactive piggyBac variants will be found. These

variants may be altered in a single amino acid or multiple amino acids. Variants can
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The am no acid changes and fold increase in transposition fromthat of

w | dtype (normalized to 1) for certain exenplary hyperactive nmutants is
shown i n wakbw/@930m Fi gure 1. Hyperactive mutations canPOTalseolatn2izany
positions within the transposase and it is expected that many nore

hyper acti ve. pi ac variants wll be fo . _These variants may be altered
in a si ngg%“gﬂiq%fp HEREt ryeﬁ%ﬁlaisiabla%aé%%lﬂ’% utagengsis gh ke LEHENedEnt i f i ed

usi ng t hey¥RaastardSsdMudSeResRGlsGRNm iggyﬁgﬁﬁfgfﬁ&t@& et dR- gene as
er

wel | as targeted nutagenesis using snma pi ggyBac fragnents or

ol i gonuc! distdtefbdinagenests toegigrertbaingve beangdersifsdtab givitmlvpebastime i dent i fi ed as

gi ving hyperactiv tations wll be used. Exanple 3. Induced pluripotent
stem cel | %@%@P%Wﬁ&ﬁyﬂﬁd

hg the hyperactive transposon In certain exenplary
enbodisgrents, the hyperactive piggyBac transposons can be used to created

i nduced pluripotent stemcells using a mninmal set of genes. In particular,
oct 3/ 4, Esampled.fnduerd plupipetent stegsecll genepatigmusing thediypsragivges. Takahashi
et al. (Cfnjalns Js%ﬁ 861 - 872, Novenber 30, 2007), incorporated by reference
inits en ire?y erein, teach nethods of generating induced pluripotent
stem cel | s (i PH) cdrtabmexeuipiary debodimehnkd) trelypsitasti wspipgy BrttradbpbsonsSam2, Kkl f 4,
and c- Myc, Qther Enbodinents Fromthe foregqoing description, it wll be
appar ent Phitedyarreateddndicss alumpatent demicshisusiag 2 Banifgd ectob ges: ihvent i on

descrjdped [ | [t - i,LiQNsS. Such
embod enp e e A B B R o e, The
recit ati offakedhasghilet st (Cajl, d081,6836¢ rei2s Nomerabgr 30e200%) tincorpafated byar i abl e herei n

includes definitions of that. variabl s any si.ngle el nt or conbi nation
(or subcolRATS B <BRICFY EFel: ERUBATSd: Thashe e avss DR BHCR 08I mont |
herei n i ngdiudass)tthat heaRedi R bRABIARYsHe T 8/£ 0881 RBNtn@k-N1)c.conbi nation
with any other enbodi nents or portions tﬁereof. Al'l patents and
publications nmentioned in this specification are herein incorporated by

reference the,sane extent as if each i ndependent patent and publication
was sﬁ;ci pltt@%ﬁﬁ?lbgﬁﬁn‘?'ﬁﬁi vidual ly indicated to be incorporated by

From the foregoing description, it will be apparent that variations and
modifications may be made to the invention described herein to adopt it to various
usages and conditions. Such embodiments are also within the scope of the following
claims.

20 The recitation of a listing of elements in any definition of a variable herein
includes definitions of that variable as any single element or combination (or
subcombination) of listed elements. The recitation of an embodiment herein includes
that embodiment as any single embodiment or in combination with any other
embodiments or portions thereof.

25 All patents and publications mentioned in this specification are herein
incorporated by reference to the same extent as if each independent patent and
publication was specifically and individually indicated to be incorporated by

reference.
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reference.What is claimed is: 1. A transposon conprising: one or nore
hyperacti ve piggyBac nucl eic acid sequences and variants, derivatives and

f ragnent swoheroaop3oihat retai n transposon activity. 2. TRETUS2019023686 Of
claim1l1, wherein the hyperactive piggyBac transposon has a hi gher |evel of
transposo exciiLon conpared to a w | dtype piggyBac transposon. 3. The

t ransposo ¥ SMsf 1S conprising 2, 3, 4, 5 or nore hyperactive pi ggyBac
nucl eic acid sequences and variants, derivatives and fragnents thereof that
retain transposon activity. 4. The transposon of claim1l, wherein the
hyperacti Ve pi dgyBaposeucbmipusiagi ehegwquenbepdractive prggyBac haglticyacidoct ui dae. 5.
The transposon of Gﬁlaiml,d wherein e Qquiact%gghpkggéBac nucleic acid
sequence PEFPSHIPRREVEPEE FELV R FEHSPI R A HC8! PHHSHT AP8E8h of claim 1,
conprisi ngetivityucl ei ¢ acid sequence sel ected fromthe group consisting of:
SEQID NO 34 - SEQID NO 63 or SEQID NO 70 SEQ ID NO 96. 7. The
transposon of claim®6, wherein the nucleic acid sequence encodes an am no
aci d sequsnce r . I SLIE X I - SEQID
N 32 B A ¢ PR GEhEo TG, HRHE, BRISHEAE M leRdib i bt o

pi ggyBac highbElecel € idnsp@speactsondinpaddd @ntwildiles pigayBaesampskohr agnent s
thereof. 9. The transposon of claim8, wherein the integration defective

pi ggyBac transposon has a | ower rate of integration as conpared to a

wi | dt ype Ri ggy OS5 Ui 40 L:r aps i : Lh the
integ%gtigh de?g%?%% B%?bgyBé%phﬁcF@P%hggi%QEggﬁg%gghggg%ggﬁﬁgﬁggkgniIy
Noct ui daenuddic adidecqueansyrmslonriafts cleaivati&s anth &agmants ieereafttiery rethinon def ecti ve
pi ggyBac nucl ei c acid sequence is fromthe species Trichoplusia ni. 12. The
t r ansposoH 2B PORIAFYEY: conprising a nucl eic acid sequence sel ected fromthe
group consisting of: SEQID NO 67 - SEQID NO 69. 13. The transposon of

claim 12, wherein the nucleic acid sequence encodes an
4. The transposon of claim 1, wherein the hyperactive piggyBac nucleic acid

15  sequence is from the family Noctuidae.

5. The transposon of claim 1, wherein the hyperactive piggyBac nucleic acid

sequence is from the species Trichoplusia ni.

20 6. The transposon of claim 1, comprising a nucleic acid sequence selected from
the group consisting of: SEQ ID NO: 34 — SEQ ID NO: 63 or SEQ ID NO: 70 SEQ
ID NO: 96.

7. The transposon of claim 6, wherein the nucleic acid sequence encodes an
25 amino acid sequence selected from the group consisting of: SEQ ID NO: 3 — SEQ ID
NO: 32.

8. A transposon comprising: one or more integration defective piggyBac nucleic
acid sequences and variants, derivatives and fragments thereof.

30
9. The transposon of claim 8, wherein the integration defective piggyBac
transposon has a lower rate of integration as compared to a wildtype piggyBac

transposon.
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am no aci d sequence selected fromthe group consisting of: SEQ ID NGO 64 -
SEQ ID NO 66. 14. The transposon of claim2 or claim9, wherein the

wi | dt ype wOQguBae3otr ansposon conpri ses a nucleic acid sequarseeo0/025386
corresponding to SEQID NO 1. 15. The transposon of claim11 or claimS8,

wherein the transposon is capable of .inserting into the. of cell. 16.
The trans ﬂ)@s on %H? B&‘FSQP?ﬁnlofcf?g@i fiali“f]ﬂ‘“fé'%m aﬁéP@EW%P‘ﬁ gefgf%‘ﬁslﬁ%cﬂ?f’ Her
conpri ses ad RB{uéRte RERFnEINR-fachily NDPgiddeansposon of claim1 or claims8,

wherein the transposon is inserted in a plasmd. 18. The transposon of
claim17 wherein the transposon further conprises at |east a portion of an

open reading f .19, The.transposon_.of. clai.m 17. wherein {he transposon
Forther cohor i JBEEaphPion B L RATE nE in EaflPh AR et s
transnpsoaj@%agka&ﬁ%$&mmﬂ@@P&ﬂ@§ijﬁ@§@@@§§jon control region is selected
fromthe group consisting of a pronoter, an enhancer or a silencer.21. The
transposon of claim 17 wherein the transposon further conprises a pronoter
operably |inke rii . en. i r . The
transposo%bbf gP%ﬁﬁ%%g&%ﬁ§%%?%B¥ﬁéﬁggﬁﬁgﬁgﬂggﬁégﬁgﬁaﬁégﬁféﬁagﬁPﬁa . 23. The
t r ansposothe@frowy @inlisdZg VHSIEE) D Nioe 60el SEQ $DINO% vertebrate or an
invertebrate. 24. The transposon of claim 17 wherein the vertebrate is a
manmal . 25. A gene transfer system conprising: a transposon according to
clai md 0'13.C| airffy &hns%ngnaofmlegﬁyl%?gvhgeﬁpﬁlg%ﬁ@i%fnc' ackBse Ié}f'ce RSl hf'fme er
system of claim 25, erel n the piggyBac transposasg Is fromthe famly
Noct ui daeamid. acikheqgamre stleand frem thy gtem cohsistirgy oft 36Q Wh¥Oe b4 -tk Id ggyBac
transposaﬁﬁTiz fromthe species Trichoplusia ni. 28. The gene transferase
syst em of 19 m 27, wherein the piggyBac transposase conprises an an no
aci d sequence corresponding to SEQ ID NO 33. 29. The gene transfer system

of claim25, wherein the piggyBac transposase is a
14. The transposon of claim 2 or claim 9, wherein the wildtype piggyBac

15  transposon comprises a nucleic acid sequence corresponding to SEQ ID NO: 1.

15. The transposon of claim 1 or claim 8, wherein the transposon is capable of

inserting into the DNA of a cell.

20 16. The transposon of claim 1 or claim 8, wherein the transposon further

comprises a marker protein.

17. The transposon of claim 1 or claim 8§, wherein the transposon is inserted in a
plasmid.

25
18. The transposon of claim 17 wherein the transposon further comprises at least a

portion of an open reading frame.

19. The transposon of claim 17 wherein the transposon further comprises at least

30  one expression control region.

20. The transposon of claim 17 wherein the expression control region is selected

from the group consisting of a promoter, an enhancer or a silencer.
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manmal i an pi ggyBac transposase. 30. The gene transfer system of claim25

wherein the transposon is inserted into the genone of the cell. 31. The
gene tramnsbDenimpsioem of claim 30, wherein the cell is olpCaiusedofdeisss an
animal. 32. The gene transfer systemof claim 30, wherein the cell is from

a vertebrate or, an invertebrate.33. The gene transfer system of claim 32,
wherein t L v &P%H?‘éﬁp@sqnso éliar’r’é]rﬁ”?awf.lerglﬂ.th tr%‘?PPSOé]BSHﬁﬁ?rs‘io S t r ansposon of

claiml. 3pmdeteltabPieltb B0ciNE polRRITAE WpeRfealindifn®. 36. A
pharmaceutical conposition conprising: a transposon conprising a

hyper acti ve piggyBac nucleic acid sequence and a pi ggyBac transposase,

together with armaceutd cal | y. acceptabl e caryier,. adj uvant . or vehicle.
572 A et P 1 SR PRETBSTsn rg RGEE EReeT KRB R g
contacging the cell with the gene transfer system of claim 25, thereby

i ntroduci ng exogenous DNA into a cell. 38. The nmethod of claim 37, wherein
the cell 24 a Jhehmeeprson gglaim 1 whereindhe edlhig from ¢ veirebsye ohatonpri si ng a
hyper act i }/H%R%:Iﬁg%%c nucl ei ¢ acid sequence and instructions for introducing

DNA into a ce 40. The kit of claim 39, wherein the hyperactive piggyBac

nucl eic acid sequence is fromthe famly Noctuidae. 41. The kit of claim
39, wherein the hyperactive pi Bac nucleic acid sequence is fromthe
speci es T?‘i”-chogh‘ﬁé?‘égpﬁ?qn of wlai whereigptheyetebraois aBaBmaki ng a nucl eic acid
sequefge selected fromthe group consisting of: SEQID NO 34 - SEQ ID NO
63 or SEQIDNO 70 - SEQID NGO 96. 43. A kit conprising: a transposon
conpri si n@5.a i Atgge ahhder gefeectdnveispigygyBagposarc biebaliggiotlseglendeinand
instructigns for. use. 44. The kit of claim43, conprising a nucleic acid
sequence Set¥ARIEEYRSHAPRP ¥ oup consisting of: SEQ ID NO 67 - SEQ I D NO
69.

26. The gene transfer system of claim 25, wherein the piggyBac transposase is

15 from the family Noctuidae.

27. The gene transfer system of claim 26, wherein the piggyBac transposase is

from the species Trichoplusia ni.

20 28. The gene transferase system of claim 27, wherein the piggyBac transposase

comprises an amino acid sequence corresponding to SEQ ID NO: 33.

29. The gene transfer system of claim 25, wherein the piggyBac transposase is a
mammalian piggyBac transposase.

25
30. The gene transfer system of claim 25 wherein the transposon is inserted into

the genome of the cell.

31. The gene transfer system of claim 30, wherein the cell is obtained from an

30 animal.

32. The gene transfer system of claim 30, wherein the cell is from a vertebrate or

an invertebrate.
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33. The gene transfer system of claim 32, wherein the vertebrate is a mammal.
34. A cell comprising the transposon of claim 1.

35. A cell comprising the transposon of claim 8.

36. A pharmaceutical composition comprising: a transposon comprising a

hyperactive piggyBac nucleic acid sequence and a piggyBac transposase, together

with a pharmaceutically acceptable carrier, adjuvant or vehicle.

37. A method for introducing exogenous DNA into a cell comprising:
contacting the cell with the gene transfer system of claim 25, thereby

introducing exogenous DNA into a cell.

38. The method of claim 37, wherein the cell is a stem cell.

39. A kit comprising: a transposon comprising a hyperactive piggyBac nucleic

acid sequence and instructions for introducing DNA into a cell.

40. The kit of claim 39, wherein the hyperactive piggyBac nucleic acid sequence

is from the family Noctuidae.

41. The kit of claim 39, wherein the hyperactive piggyBac nucleic acid sequence

is from the species Trichoplusia ni.

42. The kit of claim 39, comprising a nucleic acid sequence selected from the
group consisting of: SEQ ID NO: 34 — SEQ ID NO: 63 or SEQ ID NO: 70 — SEQ 1D
NO: 96.

43. A kit comprising: a transposon comprising a integration defective piggyBac

nucleic acid sequence and instructions for use.

44, The kit of claim 43, comprising a nucleic acid sequence selected from the

group consisting of: SEQ ID NO: 67 — SEQ ID NO: 69.
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