WO 2006/124001 PCT/SG2006/000121 TRANSPOSITION OF MAIZE

AC/DS ELEMENTS IN VERTEBRATES BACKGROUND OF THE

. [0001] The present invention is directed to the use of the
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location of all the inserts will make it possible to easily perform revérse
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2 this way, researchers cquld save a great deal of time and money by
mutaméj&fel}?ﬁgl}f/%% %%gonoug ]and slow posxtmnzg cloning efforts. Insertional mutagenesis vsing

refrovirus, on the oﬂzel;);;nd, is effective, and a gene mutated in this way can take as little as 2
weeks to identify with minimal resources (Golling et al., 2002). By creating a bank of retroviral
insertions in zebrafish sperm, a library can be created where at least one insert into roughly
every gene is housed in 2 small freezer space. Characterization and determination of the
genomic location of all the inserts will make it possible to easily perfonnlreverse genetics in the

zebrafish by using the sperm sample with the mutation of interest to fertilize eggs in vitro. In



interest instead of random screening. An even more powerful use of the
library would lie in forward genetic screens. [0009] To date, the number of
cloned ENU mutants in zebrafish remains extraordinarily low considering
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About 100 genes mutated with ENU have been published since the
completion of two large-scale ENU mytagenesis screens in 1996. In fact,
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ENU bigghenmigahiumetan create mutagenized founder fish. Since there are, on average, fewer
retroviral insertions than ENU lesions per gamete, the mutagenic frequency of the retrovirus is
less than that of chemical mutagens (1/1 ENU mutagenized F2 families produce a visible
recessive mutation compared to 117 retroviral F2 families (Golling et al., 2002). |

[0067]  Recently, the retroviral method of mutagenesis has been used to conduct a large-scale
developmental screen. That screen generated more than 500 mutants affecﬁng zebrafish

development; more than half of these disrupted genmes were cloned (Golling et al., 2002;



of the resultant protein (Golling et al., 2002). In contrast, the genes so far
cloned from ENU mutants show little degree of novelty. [0008] One
approach which has shown a great deal of promise for reverse genetics in
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[0010] Recent advances in producing high-titer retroviras have greatly simplified its use in
zebrafish. Some of the first retroviral constructs used for insertional mutageﬁesis in zebrafish
generated injected (founder) fish that transmitted proviral integrations to only 5% of their Fi
progeny (Lin et al., 1994). The number of inserts carried by these F1 fish was also ‘Iowg usually
one insert per gamete and fewer than 5 total insertions per germ-tine (Lin et al., 1994). To do

any meaningful mutagenesis screens with these constructs one would have to inject zebrafish



for individual identification system with a novel marking system, and

stored in approximately 200 fish tanks, which is a small sized aquatic
facility for a researcher. [0011] Insertional mutagenesis is now the
Whiekwsat8thod for cloning mutated genes in the zebrafish AIGtSGHR#6/006121
does the retroviral insert serve as a molecular tag for the disrupted gene,

it also serves as a valuable marker tgestablish genetic linkage with the
mutant phenotype. Chemical mutagenesis methods must rely on

embrystdblishiagodgit dinkageef tB%}&%&fﬂ@tsmf’@e@mmﬁr&k%@ﬁhﬁ@hﬂé’q et al. (2002),
rrowing the genomic region of interest ta a size small enough thatitcan .

e et AT e R Or A TR P WDt miecing
retrovirith ehdfivakerutagEnisisdaefiveofiomdhe tadf-thilithcieate UG esiSiths time
ChePEMArkers:io teqd.on a_significant numbet,(a few

( e_thous%}nd) c;f r@%%%ﬁg@% %ﬁ%@sﬂl%g%lt %‘%fﬁ‘é%éi ATREY 2 ngsaitlé)vfs more than
2> g date ot e TRRmETocus: frusdedivng Theentishy onicasiliabiorsised, tagged
for hﬂﬁ@&!ﬁtlﬂﬁtﬁﬁﬁi&ﬁéﬁ%&ﬂg ﬁﬁ%ﬁ@ﬂ%ﬁ%@%&%&%ﬁl%{TEpproximately

owever, jf one were to look for adult phenotypes, such as those

200 fg‘é?ﬁ%?aﬁb%éﬁ&ﬁ?ﬁ&é‘é@@?%&%ﬁﬁéﬂ&ﬁ§6¥?§€@5‘ésity, etc.), it -
[001 ivoulidakina inordinade:aanaunttal UIekSPIEEHANSHESOHIEESHRFRIPEANs in the
zebmﬁéﬁh%&%‘ﬁ{eaorS‘%Hé“r%{P&?Hto find a linked locys. WVith insertjonal )

mutagenesis, nkage is Sarablislied SRBIR ByTURATT Pe Qb Hisbpist gone, it
also spryeeaictionlesidpmeadige stecsDiviishr qrenthie rtiutapt fisktantctheuRairsiotype,

I : t ing a labeled portion,of the

e e B R g om0
markesa RO Yo REVE e BerrIip avalpac et aash éoraclize Liaralizapvehiliaat it can be

mana@&isyHctigbrifiag did-nok pradeag-RhSROtYRIE Q&ﬁ‘%ﬂi@éﬁ@fﬂ %ﬁ %ﬂﬁé’:ﬁ énh&agenesis

i.e., both fish would not have the linked band). In this wa

. _same inser, (i.
d?“"%n%" i %?fgffhﬁé\f}éefﬁ foDR s itk e derseriaprli e marstde tested on a
signifprnbabtebiea Gwthie disndptadgent il 2dTHeRIestHINE CRASHMIBLer does not

f clonin es disrupted by.insertional mutagenesis has been in
sorre BRI IR DHTicnbing the vt oL 0Be Agpesing o fo
thousgsh tairaakenibeknowet gendiyegperides. Uoatyvevhehoite wandiddtek for adult

hendi NSErion IS | if] nal.its: ' ce is cloned,, it is no .
phn S0 S, RIS I TISTRIEIEE BoEt | Bl .
Woul%m%?i@ad%ﬁwafgmm@q whiEvR U werkentwasptseesdtthatissbglitof the required
reconbiienitind ghtheiflankine-ENAveRned Rl ey JidRothave Uselbished simply
Y mfogm tlo%lén thilt tl-éz% s%%léences did not reveal a%/ homalogy or

Y gty i St ALE S 0 T esn SRRy TESSEI0BA A the mutant fish and the
pairs mﬁfﬁ(ﬁbﬂﬁiﬁ?ﬁ%ﬂaﬁdﬁﬁh@dﬁ@ffwﬁ@ al tﬂﬁd&ﬂil%@xfﬁﬁg@fl he ("ji‘efzovims as a

P the first.draft of the zeprafish genome wi completed soon

o e R o s
| the Saﬁ@d@l@h@iﬂgﬂé@&tﬁéﬂ@@b‘awﬁdﬂ Mi‘hﬂrﬁi nagotheseliontgbinstitches would not
have #R0L3k ReVR @%.99&%%&%&@%‘%%&9% N \{fae@(.)\a%ql?} Lt one would only

7 5 W
insights into human diseases. Researchers have 0 ta

have tgdopk 6f mbepdSelefcr Bisiapish txpracuisr byobrbiedted cusire cimipidtinne.

[0012IN E@Héeuﬁogﬂeﬂlﬁj%'i@Hﬂﬁﬁh‘ﬁﬁéh‘ﬂ\%?eﬁﬁ”&b@ﬁmﬂéo %h@gntg%fhfﬂec?r% i nsertional
ke gtg%rfgggtzd transgenic knock-outs. While this approach has not yet proven

136 pren in cases where the genomic DNA flanking the retroviral insert does not
contain exonic or known gene sequences. Usually when the candidate Hnked insertion is
identified and its flanking sequence is cloned, it is no longer than a few kilobases in length due
to the ineffectiveness of PCR to amplify larger fragments. In previous work, it was found that
gbout onte-third of the flanking DNA cloned in this way did not have useful information in that

their sequences did not reveal any homology or identity in database searches (G. Golling,



zebrafish or other vertebrate model organisms other than the mouse and
rat, another method, called target-selected mutagenesis, has been
developed to create targeted disruptions in specific genes of interest.
WA A8 Ed¥ted mutagenesis is accomplished by first mutag@fiiiipeoe/eoo121
‘germ-line DNA of an organism and then using PCR to amplify the gene of
interest. Sequencing the PCR produgt for comparison to the wild type

gene then identifies samples containing mutations in the gene of interest.
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[0014] Forward genetics has been an invaluable approach in many model organisms;
however, almost all of the forward and reverse genetics taking place in zebrafish are in the form
of loss-of-function alleles. Forward genetic approaches based on the proposed retroviral
zebratish library would be enhanced with the addition of functional genetic elements.

Retroviruses can provide additional funciions aside from the obvious loss-of-function gene



expression of genes located downstream of the randomly located insert

(Rorth at al., 1998; Hay at al., 1997). Transgenic fly lines expressing Gal4

protein in a controlled manner, for example under the control of an eye

W hincer or tetracycline operator, would cause the g G2006/000121
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do ndfaisplokstinleehisindhamtosesdailagy Nave siymiesd thedarelepRehhstitte
ick, -scale appreaches towards nd gene fynction
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MikipgapdBabirg é‘?@@prﬂéﬁﬁkﬁh’té@ﬁ Wghwdstghéi\/kl@cﬂﬁ@.@élﬁm&brate genes have no -
obvidie RGE ofypLeading @%%néﬁgggfi?%%glyﬁ%ﬁ]oﬁam For example,

latory/animal handling requirements. In ze ne e opposite

regu e > 1
Athogt 03 e HFE IR e GB R et nohine despiy addistbatdvismiagemsalitcs

(Qiawtt heiNYt@ERAGH iE0UDE)0RPSf MgIndaveIRRIBBLHIANANG BASY Key role in
re l\éjusgnalcléa}ggg_lo%ge bmorfghol and function of internal organs by |I%ht

T N AT R G LA T%‘fﬂﬁfﬁﬁ%@%\%ﬁ?ﬂ*& fGer&ds, 1984); Clark et al,
19344 Arkbesrentlor kI iDigtealaheling ST developiagBeR alsAS Bave been drug

e e had o L R SR T T a2 Blfprparics
(Halfgrd20BY)at least two companies to generate a zebrafish sperm library
e e A
RGSHRAR asRAitReE NU T gavErandRo g ahd 296R Nwdiseqtiehciig eadlionsbility to
rapidiyesgaiaitisred Biisokaial tRadore MMaNInYSNG genes is the goal of many research
institutions apd pharmaceutical companies. Currently, the best vertebrate model organism for
conducting these genetic studies is the mouse. Homologous recombination and random
retroviral mutagenesis have made the mouse a viable resource for functional genomics research.
However, several drawbacks inherent in the mouse’s biology have stymied the development of
quick, large-scale approaches towards gene and gene fimction identification. These include

significantly large space requirements, small litter sizes, development in utero, high cost of



retroviral insertional mutagens would vastly improve the speed with which

a zebrafish library could be generated and then used by researchers.

Stored as sperm samples and/or as approximately 20,000 or fewer fish,

WeEH2480ew as 2,000 fish or fewer, this insertional libraryoTEaies/000121

little space. The sperm samples can easily be reconstituted into living fish

for studies of gene and/or protein fungtion. The fish can easily be

reproduced for studies of gene and/or protein function. A large repository
breedﬁfgclmbdlfﬁattﬁvét&brgaﬁafﬁﬁmf kragh_la’uagk]gﬁaﬂﬁbn vr_z&]ghtitﬂmg ﬁ%{ﬁé}{%]t In zebrafish

resource for the study of the function of a specific gene of interest, for
nearly 152 SRmSSI I ke SR8 SOBRARENY AR eV o rbiniceays (e fddaeatrymiage of
beingpiraiperehiughtangadtspdont sdrebeiingdhdibrany, falifistnthakee rousasaend of the

g Nifl S i r micals so as to identify the ge .
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forw kO QM-FISERIRIORBER: ﬂ@ﬁﬂ&%&?@ﬁ?ﬁﬂé@%@%ﬂ&é@ﬁﬁ@@?%@t&% gene and

rob .trgﬁiﬁfsons are mobile elements that can move from one position in a
P eIa €%t0 another. Naturally, transposons play roles in evolution as a

[001 6lesuR @btiigiametfernanishedthina@nBy AR IS REMSMIGeRelisiale N V8brafish
Spemu%%g NSposoNs as togl§ for %ofgg} ene deli\/sgry nd inseytional o
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(N aS@MMW@@ériﬁlgd,cem Wiebrétes: Tratibpogons anedelbtiveissimplezgapeatio it ENU,
severaxﬁmdmlgae%&ﬁéﬁmﬁgpqsmﬁ&s%&9?@%&9@9n?%?aé%y et utant, Using

‘terminal repeats and a trans osase enzyme that acts to cut the
retrovirgh EsEimy unBlagaes sworkt GRiNmard psteteadioridhothihDNADrafish Tibrary

couldSEé]U@i‘l@@a{ﬂa%r%égg@edwo%%%ﬁansﬂ%mnﬁsc%gwesamples and/or as

transg]gfsgéé ene inside the transposon whereas non- autonomous
S

APProfim JUirS Sl £86HLOR &S F8 O8N Jidher HEBiizhtfomsertional
Iibrar)a’\b@cﬂﬁ@ﬁﬂjlﬁé(ilﬁicaCTbSG{z’@ﬁﬁh _é&@%ﬂela ka8 lé@ﬁhﬁb%i@dﬂﬁﬂnh’t@l@\&iﬂg%gving fish for
. element is_ the mai s element (Shure et al,, o
s O BB P el I 1108, Y AETBIo e AL cles of gene
and/oxprespip Seririianwideavzr spositptant sheclos(OshdmatanchBaker A99F)sh would
be a WIREERAVRLSUGE Eﬁ?ﬁsﬁ ition. I zseg modified transposase .
o8 was deﬁgnstramégﬁ%haror%%éﬁgl gg%e%%ifec eif an %%ﬁr?ﬁeesi’ 856(‘)feenmg
the Lk ity thaRnsiames selaienpristeiitsapereonet éasdenafioputatiapdsiiorargets, for

screenl5@MEP GSION 15: TRIC AL GRUR BRIEPSh N S B aT-BREAIEPAHEASAF Biher chemicals
gouggber of other transposons e.g. mariner element from Drosophila _
50 as 10 ACHHN 05 %%‘b?&f@?(&%?&bﬁ} L. edisshehmstigeo Caeh savansmds, and for

screend sokofoeteinentt (Riphedlak, 1O 9% B1eh BiiavaydheieHa 08B0 nes, or

ot %!S ing.Be in mammalians and zebrafish (Bode et al, 2001;
her a\%one&;g, %ﬁ%’fggammnas et al., 2004), Tol2 from Oryzias latipes in

{0017k ebiahieh xespopus and mmbiise: Mamakhnticat alov20BEn Kawakaminehal. gencme
to anodRP4 NGaWA rglaﬁg%qﬂ : ver, none of the known s

o transposonskfas e b%gﬁ%éﬁgﬁ%ﬁgtgtﬂ%ﬁﬁg%&%e&% %%gﬁeﬁﬁln"t‘ée%‘ﬁats within
and befiRRIRSHODES] e aideissy hetersiod ugrasmposolesinderieeh gepovdifaty and

inserti20ll IALBEBEIETESEANS RaifoNHTRGE AhMAARKSREEIES BHNAE! Al receny,
. r%}%99; Sp&adllng et al., 1995), The advantage of using

n veriebrates. © Lransposons are relatively simple genetic systems, consisting of some genetic
sequence bounded by inverted terminal repeats and a transposase enzyme that acts to cut the
transposon out of one source of DNA and paste it info another DNA sequence (Plasterk, 1993),
Autonomous transposons carry the transposase gene inside the transposon whereas non-

autonomous transposons require another source of transposase for their mobilization,



heterologous elements is that there is no transposase in a new host once

inserted a genomic copy of non-autonomous element is immobile but can

be mobilized if transposase is delivered into the cells. [0020] Methods for

YireadHgDNA into a cell are known. These include, but aredwsdmusade: 21

to, DNA condensing reagents such as calcium phosphate, polyethylene

glycol, and the like), lipid-containing rgagents, such as liposomes,

multi-lamellar vesicles, and the like, and virus-mediated strategies. These
[0018hethOds *aHihh;Tteﬁtﬂeim{hpdxﬁtmaeﬁﬁﬁﬂxamni%iibQI@’@J%E@%&@@{LC@M@&%?., 1983;

iated with DNA condensing, reagents and,virus-mediated strategies. i

Fedo%?)?%e%ﬁﬂeﬂgm%kﬁ%gp negcargicpgg@thaa rr’ir%bllﬁt? SRR SAto ERIPRE In a wide
variefirpion v inesisy dfediemeNudaBalivet HOES)fadllitate vate guatianfof he transposition
catalﬁ%@’ﬁfﬁﬁé&ﬁ@%%é@ggeﬁwIﬁgﬁgﬁéﬁj&eﬁc id %"{?tgcw.fzmcl)%z [c)elgA erevisige (Weil and

condensing methods and lipid-containing reagents are refratlveﬁy easy to
Kunzg, 20000, sdmoling pbvstigiermeeific auirintowinal vettsrseosinlbétaliansposition.

Trandpbeitioiy 6n MAEROYESuY iHEnAI adiataths 35&@1"1%4%@@@39% CElRR Llther transposons
tlss.ue;tgfe specific %nd thz #se of virus-mediated strategies can. create
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he efficient integration aof nucleic.acid fra s of varying sizes
Sleep%%%%% u?i e%%a%%a?r& algcéiﬁ, pzae(}f%ﬁfarl RESnESg t%%éf BRAGRB el 2003;

Balcigasiothal o280 T Rkem| Sty riambitinea ineetirtdishe Vatoppa v ertehiate: (Kawakami

et al.{€20002 RERERTSN, ANQUSSp@IC I INSRIiaNaL NB%{'O iragy, W
ol M ROl ) Howarefypone of the

knowpdranipogersdies Y6therndgeeastisten ferbarsresscreketlioiaa godusehalsor
[0014Tealting: QEPoeveRioD @aiseassrendiie @&%@g&&%&d@'%%ﬁ?&;&fc research in a
blgl_tegelgt.d UMMARY OF THE INVENTION [00221 The present disclosure
UM S ERRSH B IHE LS BRM STRbuiEd mEi e Rg Bisdlrahbosabie adismientsof using
heterghogentetiratesisinclditig-fish noitemspodathes animals, dacdudipgnapemaisc copy
1 SPOS tem of this disclasure has applications
orso M LSRRIV LA ctoie Les pliatons, o,

0 many areas 0 0Qgy. é’velopmer}
cells.for vectors in animals permits the following: I) efficient insertion of genetic

[oo2opatevialipie aimaleiiomosamessing.the mefhads giyen.in i i:'tsde, but are not

... application; 2) identification, isolation, and characterization of genes
hmﬁ%\}%l@%vﬁﬂn%ﬁtﬁ LHEHEBIgh e UetRkirs o ot atibposchsnd the
lﬂie},itﬁiﬁéim&hmhgt_' | a@@gﬁt@k&@ﬂé@@@ﬂ@&&%ﬁﬁ%@ﬂl@ﬁéﬁa@&h dt%g@,aatlimé ke, and
.__transcriptional re ory seguences controlling growth and development; ~
v e B AL ARV B e A ATaele, By i size
constigisttificativpredigénblit eondbesonmienlisinparianidiitsd kesidasshaster, the

o B Ol e T B0 Y s ot
methods, adideie deiserations i thy stelivasdnrothicedd palyrcitidatidecisio sbid and while
DNA DGl mveriehiale ol %m@&%@ﬂﬁng reagents are relatively easy to prepare, the
incorporation of nucleic acid into viral vectors can be labor intensive. Moreover, virus-mediated
strategies can be cell-type or tissue-type specific and the use of virus-mediated strategies can
create immunologic problems when used in vivo.

[0021]  There remains a need for new methods for introducing DNA into a cell, particularly
methods that promote the efficient integration of nucleic acid fragments of varying sizes into the
nucleic acid of a cell, particularly the integration of DNA into the genome of a cell. There also

remains a need to develop a vertebrate (e.g., a zebrafish, mouse, etc.) insertional mutation library



a modified Ac transposase or a nucleic acid encoding the modified Ac
transposase, wherein the modified Ac transposase comprises a nuclear
localization signal (NLS) at the N-terminus of a truncated Ac transposase,

& NLS localizes the transposition reaction to the nBER/BG28p4/480121
vertebrate cell and wherein the truncated Ac transposase comprises an
amino acid sequence having at leastg80% identity to SEQ ID NO:8 and
catalyzes the integration of a polynucleotide into DNA in a vertebrate cell:

that caid eenweleto mmbﬁowwmqé@mi&nﬂﬁaﬁ?W%c&mm for drugs
1] ts that can hind to the. ified Ac transposase.
nseful ?(S;%\%%ﬁa%#n a‘I sec%{r% ggp%%:%asﬁw Ce:?g&l)é Brovidet %1‘3? o %F%??gﬂﬁﬁ?ﬁrg a

polynucleotide into the DNA of a vertebrate cell comprising the steps of:
' Y agucleic acid fragment comprising a
olynucleotide positioned between inverted repeats that can bind to a
10022}, o diffeeinisanadisposas e, dirtied ucinguambdifiedisz dranspasasereiosable
clementscigivatitrenepdingaimodific dheransnetase iimihe allmuheren it o ang
modified Ac transposase comprises a nuclear localization signal (NLS) at
humang, d1 FERANSOR SSFEE O HEk Eiac e RS FEBASEIORTE B IRERaNYTS |ocalizes

biotectineltrgnspDsitthepraantion teatihpossisiieusaidhe orekiatecoll aRthwheRifts e

he. t pasase comprises.an amino, acid sequence having
oo R 5 15 A R RAGETER GYH metods
given olpsuskisudenh Disifivations dsskatos,calli ahsteutttiritipthel gelbdoinvoived with
owistakly INEQL h ucleotide into.the genome of the .cell to _
& produce atr%%%ﬁic?\%%%rgégce .e[Oogfgb%'%sg%ﬁ?ﬁ asaf)ecﬁﬁg%% mutagens;

3) 1deniificHten o welabgRnianderisraticiemtinte MOdepsttiptitnelmethuliiasy sequences

controfieff eebHR0 VR ARSI thesell | rges e it it loc

po|g]%%|e tide f nkﬁ?ghfl[% gt %fgnds. gb@[oozac oL fifitative wait loci
(QTL i T B B0 080 9 BRIl amersn A basides those
for grovetiiehradeveirmpiisin g dhaisiepsrafisintead uging) asualeicasid:r M%}%EE therapy.

comprising a polynucleotide positioned between inverted repeats that can

bind to a modified Ac transposase into a vertebrate cell; introducing a

modified Ac transposase or a nucleic acid encoding a modified Ac

transposase into a vertebrate cell, wherein the modified Ac transposase

comprises a nuclear localization signal (NLS) at the N-terminus of a

truncated Ac transposase. wherein the NLS localizes the transposition

reaction to the nucleus of the vertebrate cell and wherein the truncated

Ac transposase comprises an amino acid sequence having at least 80%

identity to SEQ ID NO:8 and catalyzes the integration of the

polynucleotide into DIN? A in a vertebrate cell; culturing the vertebrate

cell to stably incorporate the polynucleotide into the




genome of the cell to produce a transgenic vertebrate cell; and growing

the transgenic vertebrate cell into a transgenic vertebrate. 10023d] In a

fifth aspect, there is provided a method for identifying the function of a

gene which comprises: (a) preparigg a vertebrate cell having a

polynucleotide insert in a gene, wherein the polynucleotide comprises a

portion of the inverted repeats that can bind to a modified Ac transposase

and wherein the vertebrate cell is prepared by (i) introducing into the cell a

nucleic acid fragment comprising a polynucleotide positioned between

[OGES#nverted {:ggseats that can binﬂ to a modified Ac transposase; (ii)

ntroducing & MSAHEPRES RES IS RERVEIA A ERsi CasiaT eRE6aIfg igoduce 2

polynypioclifie dnachranspodaserichmthesiCetimphigngin the modified Ac
transposas is calizati ignal (NLS) at the .
N-termin%s%fg g{ﬁ%anc%?eﬁrﬁ%?g%ssgo?gse% %{v%%%ﬁn 1ed_N%g cé){cg:D 'zéhseth%mdlﬁed Ac
traSEDeNsh resEbNthS thedibefeds bRipamtebratprisds andoldaeioimnlization signal
th t S ises an.amino acid sequence hayi .
B O o e 1 N e PSS, SRR S focatioes e
paignsRIsHidersrrBaDNAthe avetebrieheelictidhrnttoh quidevaeltdm stablyuncated Ac
in gz ide intQ. ome of.the cell t uce
e e e A S Se R 57 Afentey to SEQ D
indEXi®nad wriedYion tbe insentiypd epdivehdmicat drarBoteristia ofriebrate cell: and
interest; lati e or biochemical characteristic :
witn e g B R e PR S tween fnverted
gerpcrtidbritifradb [BDR 3G mediiedth Aspeatstherseis provided a method for
identifying a putative drug target comprising: (a) preparing a vertebrate
cell having a polynucleotide insert in a gene, wherein the polynucleotide

[00238pmprisds a mﬁti@m@é&@%mygtﬁdm@@@t&éﬁh%ﬁi%@d&% medifiedieAtie

im0 1A5SROSASE erggawhq[eln the.vergebrate %gll is prepared by (i) introducing

aT Celt CO }’f?‘lSIn 1 651&6)80? . R
Into the cell a nucleiC acid fragmernt comprising a polynucleotide

positionedtivetweden inetted velp eatsattiaiccasibing dmanmedifisdsy a polynucleotide

transposase; (i) introducing a madified Ac tfransposase.or a nucleic acid
ot A TR o R SR ammen=

Ac transpusabe tguprisdiadndiclieandposdization signalc(bdi8)atddeg a modified Ac
N:terminus of

- a truncated Ac transposase, rein the NLS localizes the
R it RETE ALl e VRO G EBP RS RS  mucles
thiptajizeatedsimstafsbisaseheorsisaman dhinfuacitaequeneeRYA wherein the

at t 80% identity to SEQ ID NQ:8 and catalyzes the integration of the
p%flﬁu%sé 8%9{%&@ i h)énspomt%n reaction 1o the nuglzeus of the vartebrate cell and wherein

the truncated 4c transposase comprises an amino acid sequence having at least 80%

identity to SEQ ID NO:8 and catalyzes the integration of the polynucleotide into DNA in
a vertebrate cell; and

culturing the cell to stably incorporate the poiynucleotide into the genome of the

cell to produce a transgenic vertebrate cell.

[0023b) In a third aspect, there is provided a transgenic veriebrate cell line produced by
the method as defined above, wherein the genome of the cell line comprises the polynucleotide
flanked by Ds 5 and 3’ ends.



into DNA in a vertebrate cell; (iii) culturing the cell to stably incorporate the
polynucleotide into the genome of the cell to produce a transgenic
vertebrate cell; (b) identifying a vertebrate cell o having an insertional
mutation for a phenotype or biochemigal characteristic of interest: and (c)
identifying a nucleotide sequence of the gene and an amino acid
sequence of a protein encoded by the gene for the identified vertebrate
cell, whereby a putative drug target is identified. 9d [0023fl In a seventh
aspect, there is provided a method for identifying a site of action of a

mpoungd co sin preparing. a vertebrate cell having
{002§glynucle%tld£n f?\rts{’erfgiﬁcg 2genes\ﬁﬁc’g § ?Hgﬂﬁ&@rfﬂrc%%q}&é’%&ﬁﬁﬂ%?%mn'
humggoititaprefethranipnentaspeats that can bind to a modified Ac transposase
and whergidhecuertebraicicel dsiprepasadny &Bﬂi}if@ﬁuﬂ“ag;iﬁlg’dﬁ@&@iﬁ@ positioned

nuglew aﬁ'%“%@e ente% S R£ Sc':ag meOIXnua%E&%% ﬁosn_tlorslééjs%eat\{% 0 a veriebrate cell;

inverted i repeatsthat can bind to a mo i ransposa
introducirgEPATsHEe Bediis s H6 SRR B et ek MG RddipRrading 2 modified 4c
magifigsbAcdramspasaseintacthetelvivdeneitthenmdidiEe diAaransposase comprises a

tr%agélasi&ﬁﬁgbqﬁie§1Qn£uﬁkq_?§)logfil'ﬁét'ﬂnt%%%lug\uﬁs)a Rated A4c transposase,

N-terminus of a truncated Ac transposase, wherein the NLS localizes the

traNSBERRI G reacidR T AT it D O theM RREK PR dBf WEer R Vertebrate cel
theutulindadedn/Ah ¢ranspasaséccomprissssacanne:acid seqneeeédhadngnce having at

at 1@.@?@%@%&@&3&%@%@5%% %ﬁ@%&%ﬁ%ﬁ&%ﬂ%f@ﬁ'% afd lynucleotide
c%?ﬁg?ﬁ)tlde into DNA in vertebrate cell; (iii) culturing the cell to stably

& PSR teoc[? into the oenome of the cell to produce a
transgen|®M@mtgaﬁeece¢lﬂ¢byaé&w§n@amteﬁmmmaﬁmgmnudeoﬁde into the

'n5§éHQH1%| Fhetation tg ?r@@u%@@%ﬁeiﬁﬁ%%&@t@é@@%@ a wildtype
vertebrate cell to t&e %r atl)_kspound of interest; 1(1dl)na ssing the eﬁe%t of the

compoun&Ton %ﬁg verte ﬁe CGY%&\?FF%{eané msert?onaxﬁﬂ atIO?{tg %ﬂ‘ﬁe

wildtype vertebrate cell; and (e) identifying a nucleotide sequence of a

gene in the vertebrate cell having an insertional mutation which does not

respond to the compound compared to the wildtype vertebrate cell,
[0024¢Hereby dnsitéi8f aptivntistehentoriisd urdebad dmtifiedi0Q2Bg Fincanneiftiene
whicRRagkiihere is provided a vertebrate insertional mutation library wherein

each me er of the I|brar y.has a E)cﬂ ucleotide i sertlln a gene, wherein
the polynu CIE0Tte CoMpIises 4 portion o\“ﬂ‘%a polynucleotids insért i a gene, wherein
the polynucleotide comprises a portion of the inverted repeats that can bind to & modified

Ac transposase and wherein the vertebrate cell is prepared by

(1) introducing into the cell a nucleic acid fragment comprising a
polynucleotide positioned between inverted repeats that can bind to a modified Ac
transposase;

(i) intreducing a modified Ac transposase or a nucleic acid encoding a
modified 4c transposase info the cell. wherein the modified Ac transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated Ac transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated 4c transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:8 and catalyzes the integration of the polynucleotide
into DNA in a vertebraie cell;

(ili) culturing the cell to stably incorporate the polynucleotide into the

genome of the cell fo produce a fransgenic vertebrate cell;



inverted repeats that can bind to a modified Ac transposase and wherein
the library has a polynucleotide insert in at least 15% of the genes of the
vertebrate genome. 9e [0023h] In a ninth aspect, there is provided a
method for identifying a function of a §ene comprising: screening at least
one member of the vertebrate insertional mutation library as defined
above for a phenotype of interest; and correlating the phenotype of
interest with a DNA sequence of the gene of said library, whereby the
function of said gene is identified. [0023i] In a tenth aspect, there is
provided a method for identifying a putative drug target comprising:
identifying a member of the vertebrate insertional mutation library as

defined ahoye. Associest it APRaNaPE-Of IBRSESE ARAIARRNNING henotype or

DNA sequence of the gene and an amino acid sequence of a protein
ehicstienisy Hhergeitaisoe WS d®fember of the library, whereby a

putative d1g oARtJ Hepes R0BIIbIB AR AIeNCRMASHRLLiRR e nucteoride

provided & method for identifying a site of action of a compoun
cerapeisingt Spesig et Bivdlnekrer bftheonerte lent figsertional
mutation library as defined above to a compound of interest; exposing
wildtype vertebrate individuals to the compound of interest; assessing the

[0023¢] frect oFthE EB ATBERIHG TREEH B SR IH bR S IR A FifRY fFedrug tareet

comprispertebrate)ipdevizhuadss identifyang ceinbavibeg efthbtibcaytidhiotsatoes matne, wherein
respond. to the campound compared to.the wildt vertebrat . .,
ORI Jeof HE AT S DR L2, oL e P SRR B iy o  mocited
meémiperspbthees|dwaryhendie teby artsiveasd ackionmwépaseddmpound is
identified. [002 k I{lgtﬁ/elﬂh alslpcgci;ﬁ,h'[her is roviqed a mgthod for

) . UCL the ce nuctelc acid Irgomient comprising a
identifying a gene of In eresrtlgcomprlsmg: Screening members orhe prising

vertepratéerisir tiprsdiongthtierMitrannasdefinegeatioveafora bind to 2 modified Ac
chﬁq&ggteggéc of interest; qorrelating f[he presence of t_he_ gene of interest in -
a spec’ijfcl)c member of the library having the characteristic of interest; and
identifying the genewfodienest fronvéh2dMNA sequereebthe garieic acid encoding a
asgl%%ilaﬁiee A\é\'i@aﬁggoégeed% oI5 c:be?lr, %kt}g%&br éym%];iiﬁed Ac transposase comprises a
nuciear localization signal (NLS) at the N-terminus of a wuncated A4c transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated Ac transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:8 and catalyzes the integration of the polynucieotide
into DNA 1n a vertebrate cell;
(111) culturing the cell to stably incorporate the polynucleotide mnto the
genome of the cell to produce a transgenic vertebrate cell;
(b) identifying a vertebrate cell o having an insertional mutation for a phenotype
or biochemical characteristic of interest; and
(¢) identifying a nucleotide sequence of the gene and an amino acid sequence of a

protein encoded by the gene for the identified vertebrate cell, whereby a puative drug

target is identified.



Disclosed are modified Ac and Ds transposable elements for transposition
in vertebrates. In one embodiment, a modified Ds element contains a
polynucleotide of interest and can be used to prepare transgenic
vertebrates having the polynucleotidedof interest stably integrated in its
genome. In a second embodiment, a modified Ds element can be used to
prepare insertional mutations in vertebrates. In one embodiment, the
modified Ds element (also known as a Ds construct) comprises the
polynucleotide of interest positioned between the 5'- and 3'-ends of the
Ds element [0024] Disclosed are transgenic vertebrates that contain either
a modified Ac transposase or a modified Ds element stably integrated in

[0023their gerbmievqub 2 cDiskiosbarariddatmsenfoiotidepsitioninof action of a

compaEtebiatesidsing modified maize Ac/Ds transposable elements. In one
embodiment, the . modified Ds element qr a vector coptaining the modified .
Ds elem@hPIERTOG A SRS \9éﬂt RS RSB UG HRsert In @ gene, wherein
efpbpdineplethitimoediieddds plemenbotte eaarcoaiaitingdhenbadified modified
Ds element is intrqduced. into a vertebrate along with the RNA for the
nﬁfd‘ﬁ?éﬁpﬂéaﬁaqé%g Gel| %\?&‘?gﬁ%ﬁ?ﬁgfﬂg‘?ﬂﬁﬁ i8d Ds element or a
vector containing thexmadified s elemestlisdntogeredifdo adfanageni@prising a
vertebrate containing a oggied Ac.transpé)sase ene as de (l:'[rPi%ed dified A
PBARITEAR RRSIREY RO ST EPUTHES ISP Bl ket oihd Fodfidg modified Ac
De-@igipent: or a vector containing the modified Ds element is introduced
into a vertebrate along with the WO_2006/124001 PCT/SG2006/0Q00121 .
10 modified Ac @F&ﬁ&%é&%’él%&n%‘ﬁﬁizfgeﬁﬁ oUMFRSReR R b g Hacid encoding &
elganterae walssosaataiingdheimodiiedDs elempntis Aottacupeshivtoomprises a
a vertebrate along with a vector containing_a modified transposase gene.
IPESGHINSEHEETNE FRRATER AT tEn S0 SASE IR Ot fy dgimeated "A¢ transposase,
transpesitinn Of theongdifiet Ds-plpmanbinthe vestebraten0R26binia vertebrate cell

second embodiment, the modified Ds element is stably incorporated into

thAGeFHREATe 1B MBIk R IPANE e ARORIH RSB P 8GEntgauence having at

veeigbraies iasadepasmhadeseihedinerainsing:thesnaddiedD8e polynucleotide
elements described herein.gn one facet of this embodiment, the RNA for

thiip SR R FEARFGS 48R s introduced into the transgeni.c vertebrate -
containing the mpdifieghhelemsening sesbnddasebraitransgriieucieotide into the
vertebrate containing a c dipngrsequence foL the modified Ac

tr 7P b e ﬁ?ﬁﬂ%ﬁ‘a‘té S PEnTHECTE e ed with a trans

genie vertebsaie spptainiagtermadified s elemestibha thiitdagel theompound of
modified Ac trausposase protein is introduced into the transgenic
verEhrate containing the modified Ds element. In a fourth facet, a vector

containing pefiskifigdatianappsasagent linyopticemidinther ranrgenic
vertebrate_containing the maodified l?,igement In each instance,, the

modified ¢ FEHSIBEadepRAERM GHVES tHTepBERforPB! e MGdRial ol having an
elementiRthaureiseirienh Ot Bisclosatasediserional mutations in

genes of (tg)eidentifymg a nucleotide sequence of & gene in the vertebrate cell having an
insertional mutation which does not respond to the compound compared to the wildtype
veriebrate cell, whereby z site of action of the compound 1s 1dentified.
[0023g] In an eighth aspect, there is provided a vertebrate insertional mutation library
wherein each member of the library has a
polynucleotide insert in a gene, wherein the polynucieotide comprises a portion of the

mverted repeats that can bind 1o a modified 4c transposase and wherein the library has a

polynucleotide insert in at least 15% of the genes of the veriebrate genome.



target vertebrate to provide an indexed library of genetically altered cells
and animals. The present disclosure also provides methods of organizing
the cells and animals into an easily manipulated and characterized library.
In one embodiment, the genetically a &red cells are a vertebrate, such as
10023 brafish!tiatiaheagnestubesd bprrddting wettelrate @miyias, GrowiRgHeene
compeiryos to adults and collecting the adult vertebrates. The adult
veggerberﬁa}tesatc?nt?iningﬂ insertional mutations are termed founder
vertebrates TR SSEORTBRS din SFEeira g Eretican) murmsiaclbers aralefined
vertatyedte spesmtpslisithatareptoduced by treating vertebrate embryos,
growing diveetringyof ihaguliparnst ﬁ@ﬂ%@&@%ﬂe&%ﬁ%@t it male %15 gene of said

M%If? verte ratﬁyﬁgzﬁ){ging insertional mutations are also rmed fou

males I & thi e pliRabaghlsdgentifiadm a founder male is
thawed and then used for in vitro fertilization on eggs from wild type

o0 e]emales to generate vertebrates that harbor the desired inserts.

[ condary &8IhASRfpiR iR tflet rerTiant N idenREinewlyeroatég target

commmetes once they have reached adulthood. Using these methods the

libr for c Ie;tfio of numerous enetic screens. The library
o R L S e R el dUes &t emebreve

assoqaTethEA HPRRSER SritegEh@icand the set collectively comprises at least
| %)5% kg;éhé_ﬁg@lmt py\ﬁ( D200 Géﬁﬁéﬁ%cf@'d %@x@t Qﬁi%oalzﬁb ﬁldta@@%%u??ﬁe of a protein
isg charagterjzatiqn inserts, e,g, by sequencing of the
DNA flan%il% ?ﬁee ol r%él.' %%b%ﬁ“%g%%%ed‘}}é’% Qégc}h"eﬁ’@éaahtéfﬁﬁébﬂﬁémaﬂve drug
segirgice dambase subsequently serves as an index for the library. In

essence, every sperm cell line and/or founder vertebrates or offspring

[06234fereof inithe dletannissReiviskiaty HatalogyesbueiNe thgS8aHERGR: of action |
information. The resulting sequence is specific for the insertional mutation.

Ofacgflgrorﬁ_ i%onc]l%rf%%se, a gene of interest can be identified. Once identified,
the*pefrespolsdingnmitembespdrine eetlebrafisirrdipioe withdsawiviroms theined
above ARk RasRd oN.cEASSE reference to the sequence data. [0030] Disclosed
are metr& 8sfﬁ’1r r@ﬂig%)i ifying. the.function of genes. Vertebrates
containinggmulte?tions gegr%gé of |nfg%gr%%ﬁé?a&%%%’?&’%&ﬁ@édn@%e,
may be ésitimedioratfrstifit thhenotppesd muchambknoekaiitiivias aed the wildtype

studie 10. %%H&iﬁ&ﬁhe same. As used herein, "phenotype” denotes a

definable detectable jeritable trait of a cell or organism that is caused by
the preseffadiinastivarobat ddatbe diiergene/tich dtant rgenes 088 the compound

Disslpsed:are pelhas or saying, ot genstic screens. As a fststep in

the methods, ve s (or vertebrates encdr%% ssing the library), or

their offsganigiymgyebBide scprcaliemiitivedy: Sperie iRithawed areHhens the library,
usgdfor.in, vitro ,I%E {59 i?{h n eqgqgs from wild t females to generate
vertebra%es thal? har%or tﬁﬁe dge%?rneggo 1T%lsgel’r S |B¥£T ‘'veértebrates may be

screened from offspring of the injected females with the mutations in

either the homozygous or heterozygous state, or screening may be

jooRsiEformed 40 twelfin aspect, there is provided a method for identifving a gene of interest :
comprising:
screening members of the vertebrate insertional mutation library as defined above for a
characteristic of interest;
correlating the presence of the gene of interest in a specific member of the library

having the characteristic of interest; and

identifying the gene of interest from the DNA sequence of the gene associated

with the specific member of the library.



haploid embryos, known to survive and develop for three days post
fertilization. Vertebrates homozygous for the mutation may be created by
conventional breeding methods, creatign of haploid embryos, or creation
of gynogenetic diploid embryos. The &'methods are all well described in
the prior art (for example, see Westerfield (2000) with respect to

Disclosz€ fafishirdhe: mertebrates harboring the desired inserts, prepared using

of t %Q@% r ove, are used.to study geng fungction by.. .
ogt%?/ire}g t %l%f?ggts of %ﬁuﬁgqé?f?onai MUtAtion %ntg.nign %ﬁ?goﬁ%lﬁﬁgr? molified D
elemens RORkIpP dspediicisetisiscva tatereithame pasdrtiometirnpiiparatuitbeenic vertebraies
having$RAUSRERGAIA BiSnAlOW REHY qﬂfé%%' 1o, [hEXAMRIS, QLAY Smbodim
_ gztgllggtm of putative drug targ%ts. e sequen(%hdata also ?en%%es the o 8
modifieg diyslomimaxadicanedi v psudrtdsetichifonhitms logsrborthologs: imbtkimrent,
the modiHaNIBNSeiNGhI NG RHAANS £®§8&>&ﬁﬁl€t§%@:ﬁ§%£@§_ thoga iRf e IARNIRY interest
.. cangldate com Qtifr%%s ,\é%ggbr%%s that harbor a desired insert, i.e.,
positiafed BEMEPEE e 1408 & TG4 I (A RFRERE generated as described
[o024]aboveisthestdtanaggsic veriehniabtamaarexposed to WO 2006/124001
. PCTI 06/000121 12 com to,assess the effect of the
st 4 e b 3 R SR T e PP R eemome.
[0025]te stiBehpediad snetindsdontankpistsiedito transgenic vertebrates harboring

desired, | I Sent inserts. B reening_and . :
e L b e B AR Cmppgimen,
modifigd st SHREs), PlodovRiETr Soptwing dhsompdifind Shredidthinal/és inodiicet into 2

vertebHENE GRCALNGME PralsiRRaaMrad il e AL REsald COMRAIN dontaining the
__Test compounds ma% act as either inhibitors or activators of a protein

modifigg 2 elemeriiis SABHOSE TRHRRHRARIEE OB R Ay R oy anodified Ao

transpoiaedul Rsaduigs dabgativamermeyentisRAisrase conditions ASSRGRISEbdified Ds
with.the ae}gof interest are identified. [0033] Disclosed is the use of

element s i PR A TRTRTHR SEHR AR FABIRCRY §aRRCiRerfly fFrmsposase gene as
descritvel iedyediessab BRHCEThdESAI RIE THO MetdmEH I @i E52 40484 phdgifies Dr element

1A-1C sq%w.g r)(ﬁ% CtS. in cgor anc% wétht e present invention. )
rav Ig. ﬁns ovv%a %suo(jonga?d (‘:gdgng ruct calrsrylng up 1%%6'?9&??% e g with foe

(EGFP gene under the zebrafxsh keratin 8 promoter), inserted between
5'- and 3'-Ds cis-sequences (250 bp and.370bp correspondingly. Bllack
arrowheads indicate the primers for excision PCR, gray arrowheads -
specific primers for TAIL-PCR. Fig. 113 shows a Tease construct
-containing SP6 promoter for in vitro transcription, coding sequence for a
truncated Ac transposase (TPasejo3-so7) fused to a synthetic nuclear
localization signal. Dashed lines represent 5'- and 3'-UTRs of Xenopus i-
globin gene. Fig. IC shows the N-terminal amino acid sequences of the
NLS-, NLS1'SS- and NoNLS-Tease. NLS signals are shown in bold and
highlighted. The sequence for NLS is SEQ ID NO:2. The full amino acid
sequence shown for NLS is shown by amino acid residues 1-15 of SEQ
ID NO:20. The sequence for NLSE is SEQ ID NO:9. The full amino and
sequence




shown for NLSISE is shown by amino acid residues 1-15 of SEQ ID

NO:44. The sequence for NoNLS is SEQ ID NO:31, and represents the

first four amino acid residues of TPase,03-s07, e.g.., amino acid residues

WRAWAIEHE 1D NO:20. [0035] Figures 2A-2C show the TPaBERSfEHIff000121

excision and insertion of Ds element. Fig. 2A shows a Ds excision assay.

Zebrafish embryos were injected withg s construct and NoNLS-, NLSr -

and NLS-TPase RNA (lanes 2, 3 and 4 correspondingly) and Ds construct
modifigrly4ftafienspadiNA prateisolafed:frivarthjcated ahtbryosiatd CROUIEN@Star & vecior

%ﬁé@' rimers flankin s donor sit
on (M%lt%] DNA Ladder (%é%)%ﬁ% %ﬁgﬁgﬁg pr{edomur?ééﬁ ’é’g s’rg% w2 vestor
contaipipg fmedifng tresamereitaondn vecioinsitissinranddifiadgediransposase protein

crives Rclaisien of e fidalina danaiessr aieJadigidigr underlined
respectively. Lower case WO 2006/124001 PC 2006/000121 13

[mzs}lettergllﬁ6‘?&%&6@11?@%@?@!‘@?@%?@&@@@5@@&%% sfabiybefore excision of

incorphratdriftdiies Metleintidepaatne BC ik 101SRRRENCE, SHOWRILN SEQ) é@mc vertebrates
frog?enu%eghde 29 to 3917, inclusive. For after excision for

e pr?%ar?%ﬁme sequence IS 'f'ﬁglg ?Jg}? Hﬂ@% ﬁ? In one facet
of mmmws@mm &nuhmmmmpaﬁ&%@w&%b%rﬁm gemic

vert ‘meégl 0 equence 5' of Ds is SEQ ID NO:68,
*Pand the nuci otide setaﬁlj%e%é&% g%%%llté SEQ® 1IN Gé‘x?th Pasgenic vertebrate
ConteIHBE FoPRAENE HHAUSBER &E@%W%WMWMMEQE genome

Sl At L the {0
. cmssequence is the sequence FSé|')'IOWI'] N (%glg%al}%sde Ettomafﬁ:]hérd facet, the
mmﬁeéqé%mw%émMé%m@@:qmmg@mm containing the -

modifiegpIBseltatie ckamaagel seeuancesdankinghe QM@%@J@ D sene i
mtrodtw% dlffeé}ﬁ ttrans enic Fl fish, demonstratlng specific transpositio

mec & %c%ﬁ é%“eﬁmhgﬁl each instance,
the m@é@@émmmpmmr peseirCHBRIS &m;@sﬁmziaég%edﬂﬂtﬁﬁa@rm RIS in the

underlined. The sequence 5' of Ds in the top line is the sequence
shown in SEQ ID NO:32 and the sequence 3' of Ds in the top line is the

[0037Iseqnsmshmm¢m&ﬁﬁn&ati‘dﬁ3 Bxedhsg@uence 5' of Ds in the bottom

target YERLEAE RENRASE SN sequence 3 Of DS e
& in the bottom line is theqéﬁggﬁgedr?ce shown %é’fﬁﬁfq ﬁgrg% Q?qﬁs The
presenis@isfiesieeaisot o ddepunribedsed wsan BEGH RN ﬁr@mahumle@md@m to

manipB3RY, ztﬁﬂ“ctﬁﬁt@ctéﬁ@&ﬁ]ﬁﬁw esz%&%ik@&iﬂ&ﬂﬁﬁ?%%%&ff m;%%@ cells are 2

vertebagduences on thei nt%gllular localization of TPase
IS T lere ’f&%{%o CESHEYH O Febing sveristetn Smimsse growing the
embrycMLﬁ» SEulEPand andiddtine T Masedehrafisibrpithelizhcelss PNARGKARNS containing

[eXnos dto | t the cellular outline. Figs. 3D-3F show
et B R S E S ARG BP0 e Eenstcally

intrac ocallz % ation o

altered grdte prs m@ummmmum memﬂm@@w £, growing
eﬁp&,&s ORY: M r al Ft h we c ossed to the

?h., .wtand %NA fro%%%%%%giﬁg %%%%l %‘lf‘i/e er\#‘é‘?gfoé” Frebrgiso gontaining

insertiqpgl THtAHERA %@&ﬁémdmmmm plesavthré cighstinteniftHEeofdinal sperm

from a(£Bere GAAR!WGhAARIAINT aNGIRERAR) &%i%gl izgd with
DIG-labeled probge for the EGFP sequence%%%r?e - ql gs from wild type

females to generate vertebrates that harbor the desired inserts, Secondary sperm samples are
collected from all of the newly created males once they have reached adulthood. Using these

varte

methods the Lbrary allows for the completion of numerous genefic screens. The Iibrary
comprises 2 set in which each member of the set possesses at least one mutation in &t least one
gene, and the set collectively comprises at least 15% of the genes



progenies of four different Ft fish from the same family (from the same
founder Fo); (Lanes 5- 11) progenies of FlI fish from different families

griginated from different Fo founders), (Lane 2) GFP negative control.
‘f'&%ﬁ?f’ﬁé??ﬂe 5 shows transposition of genomic Ds insertionsP§EpG2006/060121
mock-injected transgenic fish with a single Ds insertion in genome

exhibiting even and weak GFP expreslslion pattern in the skin epithelia

and the gut. Middle: a representative example of a fish carrying the same

[6628Ds ing@@j@g&lgqg@ggec%%{gig%lﬁgfﬁt%%lg&{ponstrating ectopic GFP
ord,

expressian in the , .spinal ¢ ears, muscles, gonadal region, and
°g B a%%%%ﬂﬁ%ﬁé@é‘?%x%&%?ﬁ#ﬁf@%ﬁh WO 2006/124001
[0029 CT/S6:2006{00033%erk4 {prosumalkly.duato increased number of

' ttom: Example of a novel expression pattern found among F1

o B e RSt A8 % TS Pl M hesEar 1o el finesndir
fmc}zg&wﬁt& @@tt@ﬁspgttmthmaﬁénsﬁm dﬁﬂmcwtfﬁgiﬁﬁuﬁls}%waﬂi%mg the

dhe Fkdishnindicaiingeh r.Ps copyislost during transposition. :
o [0039] Figures BA-6C s%t eg%}gﬁ% i tﬁ%ﬁ %%I%ﬁy ?s%?%?ﬁ% gguon. From this
databaseASIEE Y riBitEpY e heidertifekl@nrhisienifisb dbenomaiondinp figant sperm

cell BB ey OGRS SEIIPINQTS, fiam e, 11
{aﬁségucleotide 4819, inclusive. The Ds (lower casex?')etters %\8 ee%é&ﬁ?g%umoe data.

xampleS s Fhaikaer By dsden s PR Rigae Sise letters) (not the vector
. functiDhlAfktie. dﬁeﬁébrstwﬁﬁﬂtﬁﬁﬁiﬂgtﬂﬂ;ﬂﬁéﬂ&‘aﬁéﬂgg émt‘é&i&t%&n%g.i?e‘&%tdescﬁbed

bovd0 $he Ds end se ce. This. demonstrates that Ds integrated into ‘
2 W%ﬁu%a}n[)%eer%me \%Léetrrgg%ssﬁgg eﬁ%ﬁ%’@%ﬁér@wke%%?@NA studied to

deterghigdribe sioresitda sised roemite drbyreingeit dbprstire abrRRB Rl SaRlisl8 B itable rait
£ nsntegrate into new.locations. DETAILED
o L R RS D SR e e o o

8ene.gescribes the use of the modified maize Ac/Ds transposable elements in

{0031qerte@g5§§e(§rbggqg%3i E},rbirdshan other animals including mammals.
As used _herein, fish re?ers%%rrgh (ﬁ}?éﬁ?geéurcof the classes collectively

SCIeCRR ol I5ehE R duds metindteHatromims fion votebrplioy tocspemissmritle fibrary), or

their wdfbpties offishtef espmerciabanacianiilsdnieiesiigdseds SN for i viro

fertili lgzged bgt ar%ré% |le‘§1 d to, ?al on, trout, tuna, halibut, catfish, _
Zebrafioh, Medaka. CArD, tPeptSTGiTRiASHESRlS aveTtabratam iatinerbeae the desired

a

msenbut%qig;;ﬁmm modp rﬁs,ss;@ﬂs%-&ts -aﬂm%ﬁﬂg@m&e q@%@?&ﬂ%?és with the
NS00 1 and. primates, such as monkeys, apes _an _

o humans. [0041] %?g%g%&ﬁmthoer r#é%ﬁﬁ%?n%if@%c%§%ﬁ?@ﬁ%éﬁﬁem performed in

haplogie?ﬁ@ﬁl@ﬁnmd@nm e doredemimviantioddvapassigatiGadion. Vertebrates
homo@giaitage dor the-piedurtionotaighle g;fgggq,lc g]c}ne%r%gé%&eﬁi%ebhethods, creation of

baol eliminating the risk of re-transposition of recombination
POl REDE%s 05 ERFTOBr S LB e BRpeHe Idinpis oralaom| Shisse tiotisdf the all well
described Eeliempeit-atgidelmexniacied R medaading W‘Pf!)hbr% %%%E%ﬁ'%‘&éﬁ&). The
verisiSa esenﬂsbh ggg?ﬂg of the host transposase (Koga €t al.). I\/f ize AciDs
clements have no%@ﬁ?ﬂéﬁ?ﬁ?s?ﬁ?ﬁ’ﬁ?%&&)@@ﬁ AiBeardreds described above, are
used to study gene function by siudying the effects of the Insertional mutation ir vive. In this
manner, phenotypes can be associated with the inserfional mutation and the sequence data, thus
allowing the identification, for example, of novel collections of putative drug targets. The
sequence data also identifies the gene of interest and is used to search for homologs or orthologs

in other organisms, including hmmans.

[6032] Disclosed are methods for screening candidate
compounds. Vertebrates that harbor a desired imsert, ie., vertebrates that have a desired
mutation, are generated as described above. These fransgenic vertebraies can be exposed to



[0042] In the description which follows, the aspects of the invention are
described with reference to zebrafish for convenience only. It is

wgo%r(?}%%%that other fish ahd other animals can be usect in é)lace 06/00012
zebra s demonstrated in the Examples, the present inv hHGST !
applicable for all vertebrates ranging from fish to humans. Thus, the
modified maize Ae/Ds transposable &ement of the present invention can
be used to introduce DNA into both WO 2006/124001
mmp@@#ﬁé@s%/m $5ect19f B ROSTBAEYHCOn 2 B IEWHIBE efeatsey duittaroan! imerest,

For exiiHfipie sl edRisbaaue tabies Hiekad £aL HBesralichi ARNEARAISHE S8 desired

cells or other stem cells) and totipotent cells (i.€., a cell whose

insert §F TepReseRRe Al 8 CBTHRSarRY SSPRTIRE AushSahs AARERi G eniifime Bemebrates that

by virsterstcelisiSviaiaion!ts inekilaERaEa5nLEaRARE RS aﬁﬁ&;%tté will have
ﬁgfegn embg/o are.also,considered in this.inyention. For gene transfer the
iden tg %/;F

Moditiet Maizt oS TarisiaRbietbiste o#tﬁeaﬁ‘t‘&‘eﬁf iR fomRoRd.  Test
compméswycammm mmttmemmumwalsﬁmeewdeﬁ@ﬂsgmaie of inferest.

In m&SmBéué@B ‘&E&E’ L'ﬁdgteb %@fﬁﬁ Rt cimé?do? i agn f}é‘tegsﬁaegﬁng disease

hepatocytes, neural cells, muscle cells, Svan

mnﬁwetw%mmmugﬁnmﬂm ksmtidietipreferred fish for use with
[8833{he prege EéQYs{E Ion.iszebralls l%}a'?z@f«'t'o/ grio. Zebrafish are an

mcreasmg y popular experimental animal since they have many of the
RTRT AVRRE B I ERFEFmental organisms, and include

the addltlonal advantage that they are vertebrates. Another significant
mﬁ%@@&ﬁﬁ%@%@é@g Caenorhabditis, they are largely

ransparen mimel, ; ral zebrafish care and maintenance are
[0834HlesdTipentd ) UGisinyer¢hafiantdb/ esteidintthid0 9ath [BRA4E N: invention. Fig,
1A }?0%99@ the present invent S tran tion in fi rlven by

E;a mod?ﬂ égatrgra%})sposaése a5 &%%eﬁoﬁ&i@%ﬁ gﬁﬁ under the
zeh%mf%mm»tmmem@mz I\Dbecmnmjmem(m and 370 bp
con:e@c_ﬁ m&wﬁx&%g&' fo? :I.:ly Foion “Helln et wheads —

i Ko™

1990). In one embodiment of the present invention, t

SPWWGE%E% EAT S oS Pt StesTR i Besy eemStia g reBaiingS DA opmoter for
n Wfﬂigfﬂs@ibﬁ&lﬂ_wﬁgw Lisrig %@Qﬁﬁé@ Hpm&éﬁy%ﬁ%&w;{ go7) fused to 2

TPaser03 7Th nthetic NLS. is added in order to localize th
ranspos j %Z‘@%Sﬁ %&ﬂ?ﬁi %’ﬁ%ﬁl@ﬁ?ﬁ%ﬁmﬁdtﬁe@ﬁmeﬁé{mpm&
globirNgis Faglaldg@hlsvm thattoidheil 4ac0e-d astigam-n mrefared NS~ and

- NLS ha the m ciqd sequence
NoNIEPHAE MGPPRKI: RKQIE%E%SIBE %ers%ﬁﬁlﬁlgﬁ%tﬁqtéﬂﬁ B &Ry HLS 1s SEQ

ID N@acdbe dvdl mmmwtﬁmamtﬁ;mﬂswemep siniaBecid residuss 1-15
of SEE @qu‘lﬁ@@t Tlgs s@éﬁ%ﬁ GG igee madi ﬂj}% embpdiment of a X
S’is NL él% hat has the amino-acid s e RP S Ak ssquencs

~ modified equence
showz fey Kraks}ws TOINCRGY Feshiizre dtible oBEQIER oy fBidtisequence for

Nommﬂ IBLSdesaddad e, Hamsend Qg
3?3 507.to roduggb a codin é%%{uqeggge for ﬂ?ae%%%%&é? Of TPaseiacr, o8,
f@ﬁﬁé‘ﬁ?@ rt‘eE po?%a coding sequence for NLS-

feﬂSSIrPa‘E@a&ﬁﬁl-@&ehmﬁﬁawﬁE@bﬁeN@e eiGne smbadimentafA.coding: g

24 RSN ER MO B AR et et el Witk B construct znd

NoNLS-, NLS™. and NLS-TPase RNA. (ianes 2, 3 and 4 correspondingly) and Ds construct
only (lane 1). DNA was isolated from injected embryos at 10 hours post injection and subjected
to PCR using primers flanking the Ds donor site, (M) 1 kb DNA Ladder (NEB). Fig. 2B shows
predommant excision footprints from two different donor vectors, Missing and changed
nucleotides of the flanking donor vector are in bold or underlined respectively. Lower case



[0045] In a further embodiment of the present invention, the modified Ac
transposase utilized in the invention may have a nucleotide sequence

that has at least about 60%, preferably at least about 70%, more
WEETateBN 4T least about 80%, and most preferably at least abGUE QO /660121
identity WO 2006/124001 PCT/SG2006/000121 16 to the nucleotide
sequence of the modified Ac transposgse discussed herein when

optimally aligned (with appropriate nucleotide insertions or deletions). A

letterskiiléid astisan berlegniZed Tat stye-ALs | enlide AR URRSR £ BEMOodified oleotide
se qu?cet;hi% &%Sés q{ the gﬁnetic c % t &uc&la different nucleotide )
gequences ?ﬁa?%cﬁcogg%gli% %tlﬁgl)%) otetfPR IBMHERRAR A e A9ddifiaglusive. For
afier tegpisisosts Outitizddti thp linvertiomoedy thaveqanreminovacid SEQUENSE:3 and the
b ' %, r bly )yt 85%, more preferab
o o ey S I S oAk leonor 2
the niRiRE dcieRveRRRTCe dls é1HEQ BRAMNGEr and theodifiedtitlc scanspasaiset Ds is SEQ
ID NOQ#6! et m’n&aa&gaqsdﬁgr%@@@%&ﬁ%%ﬁ@%eﬁwe%%”&c Sotide 54 to
i %)%J%%)%Qg?es Qr two %olynucleot_ldes sequences as determined by the
nuClgRftiny of iR IHRiYEn BRWRE PSS s Deros dethedep Ene sequerasi thasequence
shovheneHRIHDaI0 ; lated m@ﬂ%rgﬁa&&w@g&ﬁ&%ﬁ&@%&%@?gw% NO:6.
. . between two polynucleotide or polypeptide sequences, the term
Fie. B B R QS BT fom  MIBTEEiRarees fom oo
differid| bgysteosk FA fivh, donoBxfalidg YrivisisitpRestidensaksh988;ond sequences
BIRCO g Ipformati e Projects, Smith, Q. W.,ed., ..
o ,Acad%g%%sseg%éwﬁ York, Eggggﬁgggmpﬁ%rg%%l%%o e%%e%igbé} [Segt target
duphpﬁwip, Bifipoidhand, vaderimedinThe Sqvetss, HiomanarPitessNew Jetseyequence

howhIBBEREINONTS ARRINEISsIMRlesula R LERinie, mic .
;)ONP(%S,%%??; and Seguenscl@vrea?ﬁjlb\natl%sisgf P%?m%%g%g?\?ggﬁg\% %% %n %%%%?8&"%}“ SEQ
s N SEBERRST PPEL Nidr Pafer §og s Whetsrsassrabromyn SEQ ID NO:34

and @m@qgemgmd;?emigeﬂ?eﬂ@é@:b&ﬁu{@%W@&ﬁ@é@W%&ﬁ@ﬁg%ﬂs. The
Ty it those disglosed i ide to Huge Computers, Martin J. . )
e S S0 ol S v o mtusive
1003¢lipmBigurrs SHNSE) ApphiethMaffec48 HOTR(RABENIRY eferiest e eshods thitracellular
localds ine-identity are des to give the largest match between the two .
SR e o oD UG B L0 o
| N"N%?g%ﬁ%‘d SUmiputeF e grain et Tdts o elienBeiinei thidntityebietRitotmaphs wers
over@@@b@ﬁ@@iﬂ@ﬂi&ettﬂé%@!ﬁi&oﬁﬂmﬂéd 19 g’@ﬁuﬁﬁ%ﬂ&&cﬁltﬁgéﬂ%efocaﬁzaﬁon of
NoN{HO @leonﬁlfvé%%%%gram package (Devereux, J., et al., Nucleic
Cicts Reseateh No® 1 §ii9y mpiRST o, 2shrafshpitheliglagiidtschul et
(0037, (LEi20)? Alm?w mm(%&%gk;emwlﬂ@ﬂmﬂ %ﬂt?ﬁ)s&ﬁlaiﬁmﬁm F; fish were
rithm.may, a used to.determine identity, As an illustration,
o A o
Southera FiplerrabsisidBrmiRiN o amplesenge digelvatidtisBguRNCAODISIRERER Gontains
ndhakth ' f lynucleotide | id%@iﬁgl to the
¢ Sm%eferer%%%%%%%%%ﬁggﬁggﬁﬁg f § %%éﬁ%gfg%ﬁéérggauencesr?]qéﬁffl?ﬁ%ll%@le 1-4)
progemctrhiveup sitsrauiofhdeere dbh spoB fusibotiies ditisemmefeneneeF,); (Lanes 5-
11) pRyciaetide BeaseRes: lilsr mards: IaahiainARabaUsRglide H&%H‘e%ﬁ (Lanc 2)
ide

GEp nucleotide sequence at least 95% identical to a reference nucleo
LIS &8 %o 5% of the nucleotides

[0038] Figure 5 shows transposition of genomic [s insertions. Top: mock-injected
transgenic fish with a single Ds insertion in genome exhibiting even and weak GFP expression
pattern in the skin epithelia and the gut. Middle: a representative example of a fish carrying the
same Ds insertion injected with TPase RNA demonstrating ectopic GFP expression in the brain,

spinal chord, ears, muscles, gonadal region, and variegating mosaic expression in the skin



in the reference sequence may be deleted or substituted with another
nucleotide, or a number of WO 2006/124001 PCT/SG2006/000121 17
nucleotides up to 5% of the total nucleotides in the reference sequence
BB & ted into the reference sequence. These mutatid ST EFAa6/000121
reference sequence may occur at the 5 or 3 terminal positions of the
reference nucleotide sequence or any®vhere between those terminal
positions, interspersed either individually among nucleotides in the

(presygtelybh dasséeyinpiceset iﬁumroﬁm@@ont@jm:.ﬁﬂ&msilwiﬂﬂ rathevel expression
patteli® RABRCEREALIENCE.10Q48) Ad&f;‘f}@ﬁu}{' fﬁ‘%@%&’&lﬂ%{l £GHR %ggg}osf’;l_?ne t’%m control;

gene may include nucleotide_seguences having substantial similarity
morepyer s fiREEtAetean Spcis kIR GEBs IR Ed fikknise e e do e Binfidyindicating

that the\dastariab shpialiyt ditiscraempobeikain that the nucleotide sequence is
eotide sequence that it will hybridize

ufficiently simi 0 a reference nucl S
[003%he rgvﬁhr é& ngdg'] rgg‘{g Wa‘i%f)feg‘fﬁﬁ § gj Fﬁec%ﬂ?&}ﬁb%%f PR R Gyples of transposed
HEK Steniiinipsihiliriggisence Hmonin Figh 6mis tthyvkighicthe SRMeRAERSEQ D NO:70
' iefly, ely stringent conditions are defined in Sambrook
o SR o S RS R T e e

examplys-Folads iSphinga 4otk abersueyiPiess (06889) asdrcl iy tehe donor)
startibiSerRfn RREWASRING SRI4IRN ﬂrﬁe&e§§§ (ﬁ[{%‘ag&' M, Chlgrigg/ S%%iug%nqéwnce. This

citrate solution), 0.5% sodium dodecyl Sulfate (SDS), 1.0 mM ethyl

demogRinaifse it Jeb fRl eI FroAlBrP 2O Ane Fijbhiansaemscamadipghmgehanism, In

case SODWAONSIGS bScfionae B4 Thenadifien) ALansRE33€ 1M\ Wen created
olated from a biological source. Such

weiyfiber synthesized i viro or i
methods 6 synt SRR ER ST EIE el known to the skilled artisan.
[0050] The modified Ac transposase is introduced into fish. In one

DETETReARRR: PR protein is introduced into fish.
R B M TRRATION

The protein is int _ fish using conventional techniques, such as
[0046hhcrdigeprrspnioosiion dlswuathne tebecliofcht RINGTed tineimaodifiBe Wamsposable

eleméf@é“ﬁf’{)@ﬁ&%i%ﬂﬂmﬁg ﬁktl?, Eﬁlas, !&é%ﬁé@%ﬂﬁﬁa‘i&%&iﬁgﬁg}?‘%ﬁgﬂﬁﬁ As used

modified Ac transposase transcript may be synthesize VItro or

_ th ‘
herein, WShAGorS A aMishsHIes Shircelamesrelisstzely Fehudito seillisonstitii peferred

that fpfepatedingicReofiaing aaid SOIMRCRSS:RReERICS ARG CAHINGE be used.
uerlcgf rtthe mO(tjlif.ledt ¢ transposase. The RNA polymerase
Uac Ve

Such %%orﬁ%cter 18 preferabl & S e EottatetaifHE 538§l zebrafish, medaka,

carp, pbipinegokiéigromdtesicahbmusbdpiiclieding the kb7 huomoter-dibets, such as rats
d ﬁgg}l% idbconsyruct further comprises 5= and 3-UTRs and a polyA tail.

= Any 5'-32% 3.UTRs may %; %sg’ ,B%Eth%ruaﬁslt %npr%%rﬁ?e%q’tgul%’eaﬁ{gcﬁeyg’ apes

and hymgRg 3'-UTRs and polyA tail of the Xenopus /3-globin gene.

0041Alternadively o b’ : di fi ' :
OoupETaRY, 0 SRR b S I PRSP v e

preseR IS TH Rshefa shiicant iAdy e fondhsayaiugiperah sisbin spuanic integration,
Le, ¢Bmiahingere necembadimentRisueha-rERIRRaI e IWShiBsske activity

cod f%t%% in SEb% ID%O:ll. A second embodijment of such a nucleic acid is set
Prodinh SECTD 2058HSH0BH BCT7SC IR epEelly extracted from

medaka fish will be unstable in the same fish because of the host transposase (Koga et al.).
Maize Ac/Ds elements have no significantly similar homologs in vertebrates.

{0042]  In the description which follows, the aspects of the invention are described with
reference to zebrafish for convenience only. It is undersiood that other fish and other amimals
can be used in place of zebrafish. As demonstrated in the Examples, the present invention is
applicable for all vertebrates ranging from fish to humans. Thus, the modified maize Ac/Dis

transposable element of the present imvention can be wsed to imroduce DNA into both



18 [0052] in a third embodiment, the modified Ac transposase gene is
stably incorporated into the fish genome to make a transgenic fish. As

used herein, transgenic fish refers to fish, or progeny of a fish, into which
VIR BREGE9BLs construct has been introduced. A fish into whiRBTAG2006/000121
construct has been introduced includes fish which have developed from
embryonic cells into which the constryct has been introduced. As used
herein, an exogenous construct is a nucleic acid that is artificially

pluripiategel gca—:-ph @&jlWﬂﬁc@éi 93%@&\’(_1@1’1@6@' R %t@@@fhmteg hen types, such
ter artlfémal 1!ntrodlmstlon is intended to exclude introduction of a construct

B D A S r S5t B SEHBr e fEoSsds latfpatsat trelsrigifal 2 cell whose
descandrotiutioreofagenecel! tait intanaolinmiom, dralreafoanbmalsisceess. Suitable cells
. ing.is. inte excluded. However, fish produced ransfer, .

e R B e
For agqs ipasiosridinangdifatcnigdnteddu bedyfesabla fsimeontditingtient invention can

be us@NSTMEE IS QORIRNg iR GeNain X QYRBRME SHUGE RUER 1 abie cells

.. are progeny of fish into which the exogenous construct has been
meludie ek e dOALHLES e hemphnohen periomstenaenry saismisplasslls, a variety of

bloodiestenated rora e HEB dasexbalisaproduction or cloning, and from
n

hich,qenetic materigl has been inherited. In this context, cloning refers '
0 B Reanly HEmHAD ARG e GreahehoPaies reri.
Zebr4feih, Five dishidroemsivigish apotherdishrimdestendedlistefermeythaseamany of the
avaihegenitor.ar. foun | s used.herein, development of a fish.froma ..
v Cen or cell éh%ry%ﬁ%%%i Ttor Pee?énrﬁrp%aé]),%rrgaren\?%fg’prﬁ%gnt %’Fglla%llt%% additional

advandage {heb ﬁlﬁ%rﬁrf»'ef@rset@aﬂqé déweibprmfignicedsaoiaguhiChedertiigieds that, like
Cacn€@@HRHS ahembry Q'ﬁf%&?”&egﬁfﬂlg%?'g%[ﬂ%&}’)@@% AN A rafish care and

. differentiate to_form an adult fish.é 053] A transgene construct containing

mANENAGG R SLHIERES B heSHEaTHAdBAL a T sersaibeldd 2088 to prepare
[00447andgenicdiginctransgene sREstUBSARINDIaPAls RGN et 1% driven by 2
modig]@tgqggcggnln}}ogslgh t(} péodl#:e at ans}gemc fls_h. Such constructs are
artificially introduced it Fsi SThe ARt iftrlgudiish aarynerteh e of 4c
transpasaestisekofsn vanSgeneicdnstinot acaiBEPaNeR: 3 SFBQETR IMORSITAG! 8is highly
: u h a transgene copstruct can be made up of ,
o S SO A e 4

trenspsygrsrie dunberreodisad de reweis sumhsombirdcaxjoedsitivs atgreh @E.S). The
syntheReTabtyiinkaddQ.use HURRGE R 6PERG S 3_3%%?”@%%@5%9 Y&t-sTh %d%ed in order

o o %%? enic construct also preferably includes other components that ai

G RIBHET SPARtEGr iRibH SrateeoiBtRme: Fbogiagein dineortketic NLS is
analofists Asthisest er SWACOMRONeAIE6L aHaNSALHRL0NSHGHEIETRY (90A%tc NLS

L T G
used punhsseo-tieexamtivptis; HpfomategamdattedVgtegidpsare Bperilisk@stnt, the
oA LA 8 01D O, s
amingid geie eI TERRE RNA (S0 ri§a Prorateieoitstseghence coding for the
syathetic NLS is added to the 5° end of the coding sequence for TPase;gs.g7 to produce a coding
sequence for the modified 4c transposase. One embodiment of a coding sequence for NLS-
TPaseyp3.307 18 set forth in SEQ ID NO:10. One embodiment of a coding sequence for NLS®E.
TPaseps.z07 is set forth in SEQ ID NO:36. '

[0045]  In a further embodiment of the present invention, the modified Ac ransposase utilized
in the invention may have a nucleotide sequence that has at least about 60%, preferably at least

about 70%, more preferably at least about 80%, and most preferably at least about 90% identity



described above. In a second aspect, a transgene construct containing a
coding sequence for the modified Ac transposase is prepared to include
expression sequences. The expression sequences are used to mediate
VERBPAYEREAGf an expression product encoded by the constrRETAEI86H00121
herein, expression sequences include promoters, upstream elements,
enhancers, and response elements. {5is preferred that the expression
sequences used in the disclosed constructs be homologous expression
to thsspyelentés. shgused dletbinnindidierenCenspompOaaais REIANSEeH en optimally
: j ' d transgenic fish, homol s indicates
ahgm?ﬁeﬁét_f{hﬂé%% mgo nign]t?l%a 1%3?\%%8% fde rlg\fe%éifer%)1 Pnﬁftr:'e ép%%ggag SFOSHR 6Pt zes that
the nyglegRdaisagperrsrsatybaaedifisgousthintisited thatvettomponeptdguce a different
nucleRRINQENAINRLORA deél ;sheg typ ish_Jnvolved. ..
[0055&)@5 used herein, ﬁe%%ﬁ%%ﬁer%ﬁ?%e d%]i edé%rt%%éﬁ fgnélilr? dified de
TranspOsASE SUISRGHL TR MFRIER OIS M greR st Sepnaraliha iseliresiodbont 75%,
preferablyequenteb it WA, thal-iupeiansrheniscariatively IxehiasahoRihiy at least

regard to the transcription start site. A promaoter contains core elements
aboutri%%i%%l?é{%a%% in er%gﬁbn%?ﬁﬂ?ﬂ%g%%jrﬁéemli@ﬁ%fﬁﬁ@ﬁ 44dgarEposase.
[0046hnd Ihayitzontairs thsdegre el anisendisespraseeiere s BARARRTs or two
! : -e qf A that functiops at ixed distance |,
o BRI IS0 MRS PN LB AP R B e o
such geapenssarddemitiorrrotincredis neinsetidtioiionbreackispsomotess of methods to

meastE NERERYSH AB-TQR Wﬁbf&ﬁ%%@kﬁ%ﬂ@etg&f#&ﬁg@%y}% 1 “idet%tity" is

1 regulation of transcription. Promoters can also contain response elemen
well ipavih ikt plerristnaSrspiaristab e alm b iplmsexprsksion bf., ed., Oxford

 UniveerigoHedspbletid ¥ 0, FDBB@Jm@@ﬂwqﬁj@%ﬁfé&%%&%mngeﬁts, Smith, D.
the

equences that, when franscribed into RNA, mediate translation o _
W, o e e%“é&g%%%%v?@r‘?‘”p%é%&égg‘u%%"?éaﬁéﬁ’&%%%éefg%’ﬁ@fzgﬂg Rt pitthSrithin,
A Mg adr&préfBtedife gion aisty diistrine PRAA NERIST seginn 6o e Sponds40 Ahelysis in
Moled89i0R0n the betwe trapscriptjgpnitiafiqn site and the .
?etranslaftior%?ﬁigg%?oﬁr?é;%e’(% é&% eﬁ}ﬁitlg Ton ggggh)@%h%n Hitra 3[’2@%‘5 Primer,
Cribskgyidf gpd Rermatetleatiibe Mt ivekidrobretise e writieris 8 rdgitivds commonly

emplopeimealberssosialgehwithdbhe, pre Megeg&%ﬁge@ PeuGRNSHMGE S ?émitﬁ%ieto those

.. unfranslated region normally associated with the sequence encoding il
d‘*‘"“"‘é%o%@%%% Efggt%ﬁ,%@”ﬁ’ﬁtr%ﬂi’téﬁ’éb% B gefeninRiaedan Rego, 1994,
and Cpridiodiey o Sepmencd eoLommyheexnessian: prodyehses.a ettt ethods to

se.5' untranslated regjons. Preferably, the 5' untranslated region is -
detem%%%%org%ﬂsa% fhe Iﬁrs'ﬁﬁ%mfao %ﬁcﬁ?ﬁgrg%%%s‘ﬁﬁt@?‘ig t5'i5ER fFobit b saduences tested.
Such préfededs' opitfing|dte doegives mrethoschefmatly @aseeiatedositinthesthods to

e o Tor UK i e bt A Ry WG fgenotes

ransgene constructs for use in t

Compyten GBp MWW&Wawqdcqgeaﬁﬂmﬁmnﬂamwjemm@esearcfz
12:38Ne1ely)R rEpaRerpIoteiR e praleiRihalcan he a%ﬁéﬁ#%ﬁ!cﬂﬁEe?%tgﬁn(gz997)).

Th n expressed, Reporter proteins are useful for det g or quantita
©Wg ﬁ%%ﬁ%%%%%%w@@&%m&mﬁvmﬁw

[6047] ~ As an illustration, by a polynucleotide having a nucleotide sequence having at Jeast,
for example, 95% "identity" to a reference nucleotide sequence of is intended that the nocleotide
séquence of the polynucleotide is identical to the reference sequence except that the
polynucleotide sequence may include up to five point mutations per each 100 nucleotides of the
reference nucleotide sequence. In other words, to obtain a polynucleotide having a nucleotide
sequence at least 95% identical to a reference nucleotide sequence, up to 5% of the nucleotides

in the reference sequence may be deleted or substituted with another nucleotide, or a number of



linking nucleotide sequence encoding a reporter protein to a tissue
specific expression sequences allows one to carefully study lineage
development. In such studies, the reporter protein serves as a marker for
WibHIteR it Hevelopmental processes, such as cell migration PRIER§2006/000121
reporter proteins are known and have been used for similar purposes in
other organisms. These include enzypmes, such as [3-galactosidase,
luciferase, and alkaline phosphatase, that can produce specific
nuclaiéistable Hacffs; ansl prelenkishat dandRdilecthydeatesiady Yiuailed into the
in.can.be directly detected py using, for example, specific .
o e e, e o e ettt o 3 el
positiipe afy the refedieswithbatidsgsagvapch endafitidrero berogentiosdaataisahimsitions,
interdy Gl eAHO HelerHng © Exﬂgﬁgﬁﬂagcﬂﬁggiﬁﬁgeﬁgghgg dog.zebralish o or more
.embryonic development. A transgenic zebrafish embryo, carrying a
contiguois FOLBH BB RS TEpEHE? pEETand a tissue-specific expression

[004SEqUAKERERAR, PIRY R A faPid S AAlHRRHR VINA: SYSICRJREAANEN . sequences

havis %Itltglétan_d fgerEFP ral expression .gtt rns of developmentally regulated
g%nes. fHoBoF FHE IR CIBSEY (PG &Eoﬁmﬁsﬁr@ﬁ&EB%ﬂméﬁﬂ%méﬁcussed

hereise Rietrrbstambidhsimiacive’, eipnessidhdramies siahilileeidthasansy UCtufficiently

. e includin olyadenylation signal on the constructs

S O B S P b ot

stringggcosdditpandl hiampbad diasmRNNgBieildentifcatib irandh isehefart to which the

inverRRIYaseAyation;s| ,'&E&&é@é@sﬁ‘éﬁﬂ%&ﬁ%ﬁ%&%ﬁ \Qf%”feﬁﬁgc{is‘gegﬁ%%ok et al
preferred that homologous polyadenylation signals be used in the
(M"[ﬁ%ﬁlfé"gQ@’%ﬁﬁr@@@’ﬁ@%ﬁ%&%ﬁ%e Yoth thematdéelffn€ipléSpetireg Harbor

Labogadligraad eoes fok theimnsified A YansRasastis epaiaR¥dinkedde 2, sodium
mmg)c{g@g}%rﬁ Arg fjgromgter ctlé/ec;n the fish species may be used. Since

OB S ML RATFAR SPSMHSPars & rSaREHoPasshst in @S meM cthylene
diamgretrtradeti cegnifa (B BeY (e cRe)ofth éygiehiafishn fugu wioiher fislispgeiesssc ¢,
5 3 &ften must be specifically cloned upstream, within, and downstream of

the coding sequence of interest, which may be accomplished by

we‘*‘%roc&iﬁrw%ﬁl%e‘ifo‘ftﬁ@@@@ﬁﬁlm}ihhh@imr [00B1sisdefinebhardiniaced from a
bioloRKEIRRNIRR SERIEREE IR FPETARIYI %&Eﬁ;’é&&ﬁ@&%@%ﬁﬁlﬁ%@l 0 HMENE artisan

when it is placed in a functional relationship with another nucleotide
[005Qs quihed9esRea AhipRsApspesottiyederre iat i§dp chanie mkbertient, a modified
Ac tRIBHISISE SRAHANGE, IRiHaSREra: MHRANS THAIRERI AN I LMAYPINOEh using
mmg%g%%?ti n.of the cqding sequence. Operably linked means WO

FOTIBETTECE FDGEBBBIZ D1 that the DNA sequences being

{005Tinketharestypit atiybodintigupRNANDy wheredibebIsarygibshsisiteieiiced into fish,
Tn 2cGOANG L ; contigeou d in reading frame. Since enhancers may )
_ a{_:fu nction w k%%ﬁlgéfoﬁé%%e r§1rt@%l ?hmeog%jﬁﬁio By ST RS HAR e Rner Synthesized
in vifigrisebre@ fees whiglbaicl variableIangthmsomaeniceatidecsegtientesrepared
whicH80hP8QRer 3YAIRkerh R 0L CANHGUNE Q0 Ttbgeggn AEUELIWINGY fified Ao

prefera%ompnses a marker or a reporter gene. Ifi apre erred

transpaftsEdiren R tHe BRIBYENS RIpRSEdEPIfemrhip theeP B meosati. ablewever, other
RNAfhidvesee pRaii@RBe be used, including the T7 promoter. The nucleic acid construct
further comprises 5°- and 3’-UTRs and a polyA tail. Any 5’- and 3’-UTRs may be used,

although it is preferred to use the 5°-and 3°-UTRs and polyA tail of the Xenopus S-globin gene.
A.ltemative}y, 5’-and 3°-UTRs native to fish may be used in place of the 5’-and 3°-UTRs of the
Xenopus fglobin gene. Similarly, a polyA tail native to fish may be used in place of the polyA
tail of the Xenopus S-globin gene. One embodiment of such a nucleic acid construct is set forth
in SEQ ID N(O:11. A second embodiment of such a nucleic acid is set forth in SEQ ID NO:37.



(e.g., EGFP, GFP, RFP, BFP, YFP, or dsRED2) or a luciferase protein

gene. In a most preferred embodiment, the marker is enhanced green

fluorescent protein (EGFP) (Zhang et al., 1996). EGFP is preferred

WEcAlEEHthe high sensitivity of the reporter protein. In the peaféiewe/ 00121

embodiment, a fusion of the marker and the oncogene is prepared such

that the fused gene is under control ggthe promoter. [0063] Although, the

use of specific markers has been disclosed and discussed herein, the
[0053)reséntithiehtorbislimean, wiay dintigekita shesnreificaldhdisclosad MaskRisted into
the fMlangng%%it%gnrggkre q{g%rs ger%tceigghar known and have been L%_sed for

similar purposes. These ifcrade & zérﬁelgg,e D&Y Hs P35 ARt oL asEers to fish, or
Progouicifé i Sel.clilor sifnichemi cob goydranshetase hf3-otac unonitlase. andfish into which a

const?&?@ﬂ_ﬁ? Msﬂﬁ%@ft%d%?&&&% Q{&QW%‘*&@%‘%Q‘%&%% geigr%d LEI)CtShl‘?l:ndells into
. proteins that can be directly detected. Virtually any protein can Be wect?y
whicl the csteyet Bt Ter Eiﬁ?gﬁéﬁsp‘é‘b#@dm%d s PRSI tSMELANYs a nucleic

acid ﬂ&{@@ﬁ@&ﬁ?&?@@qﬁﬂéﬁé&ﬂdﬁ’vﬂﬁt@ﬁﬁﬂaﬂ}%@ﬁq% _ iﬂ?r@éﬁ%@d?ﬁnw%n animal. The
torm E%FF?%ﬁddltlgnal markers (and a;somate_d antibiotics) that are suitable for
B HoBBOE P Felf e date 4 SRt isrsbirtion i srensEnssdhroigh mormal

- reprodlietion GagahstiokrandR el 200 g0 Retdan GloniTe. Stk Bl wEaldo 4 tine or

- Sp¥i rbor Laboratory Press, Cald, Spring Harhor, New York, and
s R T ChRet BISTONaI nRAEhEUNEE 0t ol ageced by
transfgr Sthreugincloding peddiie. uptatessoiayoos thendiscositdtmarkessnasvrethat was
B ' r ; ractice the present inyention. .
e A i R 5 Woontao

all CXRELRINS IFPBFE SmBbtintehtars aiegsby i disk dydriodldlmgetmernetiefonstuct has
been 26iddiied CORSILIEE BErvRGBFodeseTibadfeIRIn N R farilized Hé&é‘:ﬂﬂd from the

Gsh t\(?i(./e.5{in(iludin%afjsh embryo) or an unfertilized fish egg nucleic acid.
SRS FERRTRE AEHE G TE S 204 Bt srentio daateia b thdnsrited. In
this centrory olintin ardfan sg enididisionWhe pethe il elerakisl BNFOAUORAINCR, or celis
fertilize the method _includes fertilizing the egg and developing
o S e TR SRORION i g g = = prognitr o
foundpsifisiucéel wied irssdiggibyclopanietyobhrfigihbas knalirotoctiie Grtyinguidinglls, for

Chanisal; ' ,dinophilic methods, retrovir f
T T T

whicherhitized e cailints, FRiramie cedn (WOEI0BIIZA0D grow, divide, and difforentiate

to forlGR /&%32066/000121 22 Exemplary chemical methods include, for
xample, use of calcium phosphate or DEAE-Dextran. Exemplar

EGGSSITpop NS Tethb H it Hea s i?)B%W%ﬁﬁﬁrtﬁﬁﬁ&ﬁﬁﬁéééﬁﬁ%ﬁposa% is

used tmjdepnedmfsgdmnﬁhﬁactmim?mh méakhadas aér@tgef resally M«i?d&ﬂiﬁ!% ot duced
. of such_methods are described in, for example, Geng,

o ot RIBLG o TS iy EEHE AT DGR Tho
manngy RoiFparion.Fagie offfedsth8istechniqués: Press;2008)nataeht Crést@At such 2

transg2heteg s Molecular Bial S : John Wiley & Sons). .
ansél\j/lic:r_oinje'ction techﬁiqaes |?\§%{:I[\§(|%1% #gﬁ g}%}%rt er%%erg u%ugség%?si&&) %dﬁe up of
any IRlels ARidecatRfeanaPekes hodoyeiRrensseniantshavits (388&)ed that the

transgelRCERRAIRIOFIBBHRI U= IR AIRB A Serably Tinked 1o a sequence encoding an
expression product. The transgenic construct also preferably inclndes other components thet aid
expression, stability or integration of the construct into the genome of a fish. As used herein,
components of a transgene construct referred to as being operably linked or operatively linked
refer to components being so connected as to aliow them to fanction together for their intended
purpose. For example, a promoter and a coding region are operably linked if the promoter can

function {o resulf in transcription of the coding region.



further more fully described in, for example, Powers et al. (1992) and Lu at
al. (1992). Techniques for introducing DNA into fish eggs or embryos by
infection with retroviral vectors, such as pantropic retroviral vectors, are
Wit tHEp/dr4etibed in, for example, Burns at al. (1993). [0065]FTHiesGeatonmn21
other nucleic acid comprising the transgene may be introduced into an
unfertilized egg or a fertilized egg at g glesired stage of development.
Multiple vectors, each encoding different transgenes as described herein
{0854hay bmawﬂf:m ﬁﬁéi@l@gﬁﬁfﬂ ﬂﬁﬁﬁz;i@gis %@m@ﬁl 901%&%&?5%%81%5%}: construct
introduce the nucleic.acid into the embryo (i.e., at the qne-cell stage o
e R S R Ay R Bk A b dence for o
modifigé ﬁgtag@ﬂmﬁa@év@@pm@htp imcludengx thestivo-celistage, Thu lerpibSidgesquences
are ufdE- 13 NRLAIANE NGOG AEId AN e _g}gg%lfceendc;ggﬁ e MOty ot A used
_blastula, etc."At least one isolated nucleic-acid molecule Thcorporating the
herein e RIcaRSE ISSHRET ST BrRmelstSs InsiowI slbintote elyaotes, and response

elemadiditinnally-erhed thaunieleleReidds IRHaENCR I ﬁﬁtﬁg%ﬁl?;ﬁ&l@& constructs be

es of development, at least one jsolated nucleic acid molecule

ta ;
h"'m?r?@g‘rlﬁo?}é?ﬁ?aslﬁ% SFBFRER s Hh R H METRNIE SHRETRGEIIsCRIFBRRASEY 9f teansgene
constatdeastedne dedl disthesetb rexaragite fisho i diaotianie(9088] fisRomponent is

- S ined from the appropriate. fish by standard methods
B O B R e
ndicagsréunt testitagosgysimesithber pistanedrvy rrethaddfdmaivn dpethies ant. the of fish
involEamMple, a desired number of appropriately aged fish, such as about

three to about twelve month old fish, with a desired ratio of females to
10055} 21685 (iFdnhsEeify SPTESHI O &g IS SRECEE i dAcdpphoiTatahpisi dabses, promoters

and eﬁﬁﬂi_@é?@_hﬁﬁidféhﬁ;ﬁe@ 1@5&1@5@@5&%@9@@@ L%E%&X’J?D@@m{eﬁlﬂ%@ Fhen in
k} he {IS I%F Qu}gtlal chamber in the tank for an appropriate time after ]

a relaav N J PSP SR TR 8 6D MRNTHBSTSHER At afe e eaoRiains core
elemdiis exqumpiefoCtpietiakbr 188 pHAEm ?ﬁé@&h&r%zﬁﬁ%@#ﬁ%@%ﬁﬁ%@ély&m may
rtili y_methaods known to the skilled.artisan. One skilled in the art is
oo Shal L S AP SOEIAG o A ACHT ST SHBE fu retence o
DNAZbgefupdons POP $E2D0618081 20mB006R Aftamintrodsitingnthean be in either

orienfAHSIE ICEAGLEORSHMEL NG fish £a9.QF he,lsh.eagd, orembor
is provided with an enlvironmecnt conduciv@%géye%% ég%aét%ﬁfi% 8%%w§?1ulf%onhamem

also ey, SHEHP Z5PRANTH GHMERTS ) iR oreaxiahpie igronsintios. 5 Oninters can

also cERAHgeRIek faedHast EU@W@%%&@E‘I@QH&H@&AH&%&H?“”Q system
ater by da%/ sterfig}ld, 2000). [0068] Fish harboring a transgene

16 (W
10058Lan BeridaR ﬁ?&i&%y oA e PRIGRS Bf TRISERST FPORSNAS thise, needs
sequefikesfithate sdemt proteirise(stcl FNEGHRIGREPrRERIGFES WePeRbded expression
R irectly detectable without requiring the addition o .
BTt B I S R R I peansctoed
This xsgisressigeepiumisgo dbrafishrembiyonimseve bpment th tramsgiption initiation site
4 rrebratish embne; i : JGL.en ' reporter protein . :
o provide a rapigl %ﬁﬁ%’%&?ﬁ%&%@sﬁ%ﬂt@%ﬁgﬁ agr%;@inzﬂé%giég‘%ﬁ%g{aegﬁaﬁglg%?n of a

ConsUERh ARG patES Fewt ifedeipprmslitaly vegnlncsagbnesoniterhatitietiic promoter |
used fiDehgesame-iRoBnilakbiansaeBisHshhaaM RS ssociated with the sequence encoding

the expression product, the 5' untranslated region of a gene unrelated to the promoter or
sequence encoding the expression product, or a hybrid of these 5' untranslated regions.
Preferably, the 5' untranslated region is homologous to the fish into which the construct is to be
introduced. Preferred 5' untranslated regions are those normally associated with the promoter

used.,



probed for the presence of construct sequences. To identify transgenic
fish actually expressing the transgene, the presence of an expression

‘Eroduct can be assayed. Several techniques for such identification are
RS/ &48%sed for transgenic animals and most can be apEiddsz006/000121

transgenic fish. Probing of potential or actual transgenic fish for nucleic
acid sequences present in or charactggistic of a transgene construct.is
preferably accomplished by Southern or Northern blotting. Also preferred
1005H deﬁé@ﬂ@gﬁﬁiﬂ@m#@s&@hamﬁeﬁgﬂmﬁ%ﬁégem@th@h Se4LenaRic a reporter
otk pg&é&gg{gﬁ@qﬁ@w@% tion techniques. Preferred techniques for . .
P ide%r%fying transgenic ze réf?lsﬁ a?r% C é;slgﬁ sed iy eé gilg%ﬁbfle%? gyrotemn Is any

proteph sl dife Brejfiselinclatietri whaocesptorsadlivBisnotireptoteias esedscful for
detedﬂﬂrg,e|&W§aﬁﬂ§@ﬁ%§§ﬁ@rﬁ5ﬁfe€§p@s§i&yquﬁ&%@.qoﬁj(}re(i%[%?te, operatively

.includes genetic material designed to direct transformation (i.e.

tinkipyg BRSO Rty 56 FORE s e RS AR RIGA G A eI Sheriste @XBRPSSion sequences
allovinoneptratiefidiyexoge ioes:DiAdRigtagenosme) ohaitaleried RltArotein serves
as 2 YRSIQL RV Contaln, mylltigle genetic elements %@ﬁ'“on Iy and .
sequentially onented, 18- oparanty MRS Sthes HRcSLgHBr adlnagreporter
protege ateftsosuchnth Aethd erncisia doibimilnac asspitecanchietransatiped andse include
if degirad, e ' UCroin ingle-cell fertilized embryo :
T B e g hoduce specic
deteqisbls FBPAHAS: tRRdaprOVEDT bR B Utcdicit atriesiwbs Withially vestgrotein can be
direcBg@eing! iymathods wellinowpetodhersileds atisap.ang.as described, -
{ms%ilr m@le, (g\]féeferences cited herein, A wide variety of vectors are N
[ 0 FHAVERREE PIRER Batiarr Girty daletesie widhouk Bmsrng the addition
of emgem!;tfs g&mm@wpseffn@m dlé gléesdsmég@ u@ﬁ@iﬁgl%%gg%é@sééégisﬁ %ﬁ;ﬁk?g zebrafish
adenovirus vegtors (e.g., se rum, et al., . Zabneretal.,
emb%%%? %%gﬁag%ﬁ“et al., ]%@é%ea er%S%é%éz%%S{%Wru%ﬂ%%ré (E9gstast encoding a
TGPOIW@@@@B/MQ@ismm@zwﬁteﬁmﬂﬁﬁqﬁérﬁhﬂt%ﬁtpahviﬂg Q3npid real time in vivo
teHEMRESVY [e. r -al., 1993), and.lentivirus
ke evectors (?gfé%ge%%é‘ségﬁd;goﬁl ). %%% p‘?’%sgegéigg%@sre&é ggrfls?t‘rrﬁ%tosnéer%a lly regulated
&M%Mmethods can be used with any type of fish. As used herein, fish refers to

[00sgny MeambeneidheflassR RS eheFaIRIe A 1085 FIRCESqlkiRes which jmprove

expralefer ed thatg;f% .belonging to species and varieties of fish of commercial ~
PSR it Th TSRS h 8 u B O isFomERaEe 1 dealHsingtairseeayation signal
on thsalmemdroatctdive halilin eatlist rebrafishipectokath £ HARIA processed and
ir S ach.,[0072] The most preferred fish for use with the )
amg%gl%s% constius%[e aﬁ%exrlﬁle oGS i%@eg?gfﬁﬁ?%@rﬁe&¥ 1 78R i afgpression
consigyrin i swediegigbhisprdakt éxprfienedttilahhimal sgoce thipy dmyeatiany cofi e used in

the n@sMRAtagRSRfROPUlar invertebrate experimental organisms, And include
the additional advantage that they are vertebrates. Another significant

[0068] v ol 5ecianssratith RetrbevrkariadabrHubemiinaregumectafgelfie modified Ac

tr aspareptbinmeted 989) pfaghesal i int y ,
u:j;%%ﬂcribedpbﬁm??eisinger (1584) and V%%E@E‘?gl%g‘%%% é‘%% %%%%g%j? may be
‘e

PGB % FERERP SEL BESHIE ST & fahkpaishtveivin iesten the genomic
regulatory sequences of the zebrafish, fugu or other fish species often must be specifically

cloned upstream, within, and downstream of the coding sequence of interest, which may be
accomplished by procedures routine to those skilled in the art.

[0061]  As defined herein, 2 nucleotide sequence is “operably linked" to another nucleotide
sequence when it is placed in a functional relationship with another nucleotide sequence. For
example, if a coding sequence is operably linked to a promoter sequence, this generally means

that the promoter may promote transcription of the coding sequence. Operably linked ‘means



characteristics, a transgenic zebrafish embryo, carrying a construct
encoding a reporter protein and tissue-specific expression sequences,

can provide a rapid real time in vivo system for analyzing spatial and
WUt ¥ebression patterns of developmentally regulated J&&EGIA06/000121
addition, embryonic development of the zebrafish is extremely rapid. In 24
hours an embryo develops rudimentsof all the major organs, including a
functional heart and circulating blood cells (Kimmel, 1989). Other fish with

that tsoMBArsalinfihe saime Hesithle sharmciesisiionane Me vﬂf&@ﬂ&@esa? %oin two
e B s i e ochon e

e-ac y measurin in
separgfethdyonclin giffereist tinswevertiiskilebspecific] expressinpnatdifierebe of variable

1engt%m%ﬁa9 WHBR ARNSIONMENL gﬁgy@ggeggg@,t? lplfrr]ﬁgd%g%{%%t eXﬁression or

evelopmental stage-specific expression), erent cel %‘ﬁggg%s (cell
{00624 o ot cqribR Sxphesprsfariicsmpsises srranterim atportrs gombietlpreferred

embo%fﬂéﬁf,_%mﬁgéﬂ@%&i%&d@é%ﬁeﬁ%‘@ﬁb@%&@%%Qafﬂg_ﬁésdgﬂgﬁ%fgin gene
. ?&?gé@?ﬁ%@ﬁ%’u ing development. The nature of the expression product
g, S eat Reye B EASRE D ARE Sl BF SRR s most referrad
embodinaiysetheQedre levaihdifetenttisdueseteantishotan Pechissettrshand ai., 1996).
ion can be assayed. in.the separate tissue samples. Such an
= A L eSS RS RS BT e et
embogipeticr TisivteehHigueadeomm by usestin iapegenrit arimeals and fesed gene is

under%gﬂglfgftg@ﬁg&ﬁmgntissue-specific expression. Expression can be
determined biochemically, enzymatically, phenotypicallly or in a model

[0063is Adibyvgbcheusne P surkronban beas BoipsadTmé themigdeerein, the

preseiA @SRRI LIEEH AT RS IEXRE ARSI PeBTINN e RIS ARy S ORME M ditional

' by assaying fqr the expression product at different developmental stages.
reporigl ORI AR KT s SRR eSO dRIcE ratitn R BRaRY OfeRe dariisie cnzymes,

such @k ofherliteadinen]s HnﬁfdﬂwrQ)hl@faldﬂﬂﬂﬁd&@&?&iﬁﬁs%ﬁ'@éyoﬁoéﬂéﬁomdase and
au{aii&ulgglseﬁarpaggyggrgnust be%sed. Thi iscf)nly ractical where the
EXPressIon pattarn i1 diffe ur’fiseﬁ?ﬁ‘\%s 8%%?5 (DIPEE R Riofsips that can be
directhimifartathisVistthibycasepadtein usingetiieadibeldseddiansganis fishehaving, specific
| lcta ion. A more preferred way.of assessing the
e R P R B W R e
e

Preadiigp dupkasat suhepwelated rodihivlivin ghahvirymitanied fnisithts positive or
negatiR0FEcHoZ ePRiishydhe NeY SRR aNLOIE! A4 SR ussell (2001),

aZ%e r within 24 hours of fertilization. Since the nearly transparent
Mol St enbry & e etbbS Bie deRombtheraian RnginGold Angraibiebpr, New
York, lingiagespbepenion tess) cane:nomissss by iplieming Bxabessiehotaky & Sons,

o GRIESRL B RS DI adton, e N oS e e
may bermizddineatticevbetmesontaivintgoa.gene encoding a modified Ac

e it at obocbe O o b e b SN B g, In one
embodiEsus, aghottdpriudet iofralucing fhesmideieetdd, be., construct or vector described
herein, into a fertilized fish egg (i.¢., including a fish embryo) or an unfertilized fish egg nucleic
acid. When a fertilized fish egg is used, the method includes developing the fish embryo into a
transgenic fish. When the nucleic acid is infroduced into a non-fertilized egg, the. method
includes fertilizing the egg and developing the fish embryo into a transgenic fish. The nucleic
acid may be introduced into the egg by a variety of methods known to the art, including
mechanical methods, chemical methods, lipophilic methods, retroviral infection methods, and

clectroporation.  Exemplary mechanical methods inciude, for example, microinjection.



viral vector, and the like can be used to introduce the modified Ac
transposase gene into fish using conventional techniques, such as by
microinjection. [00781 Ds transposition in fish is accomplished by
Writrda6emt’a modified Ds element carrying DNA (also referRertscages/ 000121
polynucleotide) of interest and the modified Ac transposase into fish. In

one embodiment, the modified Ds elejment or a vector containing the
modified Ds element is introduced into fish. In one aspect of this '

Exempitatjoclineiot] thethodslifieti:Ds dlemenp | asv/ettarcoanigioingdhenmogifietexian.
A4S INtr ed into fish al with the RNA for the, modified A¢ . .

Exe@a&%g&%@%ﬁnﬁéﬁ%&%ﬂi éllgpeec ?&ih%nm%%ﬁﬂ’éng DPEISHEREBIFepspts Tor lipid-

medigghapmrgotinn. mSuhicntiv dierrre geistiityotedckhinim adrdesgenigifisiny of such

methS@NANREARQAIAY t%?%d%ﬁ%f%&&??ﬂi&%%&i REHERIPY »&%ﬁ?ﬁgggp gg ipto Living

described herein stably incorporated Into its genome. Ina

Cells BAiEPE Blerienfor¥PTea Pt dntain FigthefiodFieigobrietemBresss 2000); and
Currdnir Rhoeab1iNt fighoReng Wikhoibe MOt ACITansSPesase iRl 8 Sons).

Micrg%uéth‘ as%e%%_}the modi;lied %s element or a vector contal_m{{?_ the
modined DEBIHREARTS e dishets Hagsh FbitAsscdeddrclon esamRie: Chen
and Paweri{fig@liramd fiseise gahBatisdaehlinsranacoghetonipgiAes involving fish are

in drives.transposition of the modifi element in
o RO, PURLOICSILEBIRIoR AUe RTIEAER S D 1)
TechpissoBateigoineiag ish. igtnBeheggirakebrireanisy éniefish Withnsgeniel vectors,

1 fisPaafRAreRAGH A5EseL Inzus 001
e F?SC?T/SG%OOGIOOOlZl @ggﬁ%ﬂ#ﬁl{eﬁg% gg%ﬁlgrgg@nt%\g%qs%%%géﬁs B G222

[0063) s pebior FrISTeIh BETBIRIo hacteNRIIBFIBiRE Fhe diflettave frandpokdsgised info an
unfertfliredugechintortgiizansgenic dighseentasiabhe-Regdifird D3 e18Re ks, cach

secand aspect, a transgenic fish containing a coding sequence for the
eSS4 RS TPt M Eo e e or
embrynoilifiquidis et mentroivecttiischratpeatithetnodiedAe (1RNP@EAEEe-cell stage of
develDSQISIR Is ipfraduced jnto the transgenic fish,containing the modified Ds
e gllgeme@lt. In"a fourth g%e%?&f&eé%‘?c%ﬁaﬁlsﬁgngemo i |e(§t€f?5‘§sﬁto;%§1é stages of

develgaments inglusing & ifve-wedl sassginicchbseantaining iheiedifieddic acid may
be in@lement. eash iﬂmebig‘ﬁu@Ogﬂé!egﬁfeyﬁn&wﬁgﬁ?{tﬁoﬁﬁm %i\é%%‘d .molecule

. transposition of the modified Ds element in fish. [0080] The Ds element is
m""’?ﬂ%f&‘ﬁﬁ' 2415 c ORI EBIAT CREuEEm irRrEsIcT HE nietageDs isferient zysote.

Addit{atadiyeteieadiie aschio 340 HUE G RIISOM BE PR MCIBRNERS Ofcvelopment, at
. 5'- and 3'-ends of a native Ds element.

interest pasitioned hetween the t
e M R s R Shnibaes B o oPrriepopien consruo
is intipbloetirigtomd lshwrte wolingl fny dteck stepéa treeaile Ntasudn sequences

hat ' ifi nsposase. Following, transppsition, th
B B TR S v o

the fish gy b -pirghasad erepsiyialiclditidefof anierplst tratswas pRaciitbed eggs may be

braiRAWE SN HRRRE B RROIMERL, rt terminal at sequences
o r ?yg'-terminal repeat: TTT%%%%E%%%%@%%%GS gg%rr 7 |If11§fe1y aged

a
fish, gueheasiabPyiBIRT COCRTA et MyNribiish vifler dasiodintined females to males
(such mdiGoadaN$miybe flackd Gl asiophlRgV e RE I3 RICHRALAPIRIB os may
be ltlhatt qre u§eful for anigé)sm n wi h.the modified Ac
© colleticl DY, Tor exampie, placing the fish in 4 nuptial chamber in the tank for an appropriate

time afier mating, such as about 10 to 60 minutes. Such methods are described in, for example,
Culp et al. (1991). Alternatively, fish eggs may be artificially fertilized by methods known to the
skilled artisan. One skilled in the art is familiar with other methods of obtaining such fertilized
fish eggs.



transposase or native Ac transposase, The polynucucleotide of interest

may contain another transposable element, for example, To[2, Sleeping

Beauty and the like. [0081] In one embodiment, the Ds 5'end cis-required

WEFI#HEEI8 shown in SEQ ID NO:45. In a second embodinf /St o121

end cis-required sequence is shown as nucleotides 3657- 3903 of SEQ ID

NO: I. In one embodiment, the Ds 3' gfd cis-required sequence is shown

in SEQ ID NO:49. In a second embodiment, the Ds 3' end cis-required
[066Bequenesiitshinvigate HueleRtiales d3rddh2ahRER |%IN%§0£%H} fBe fish egg
or erl{glrtgelg el[n‘k;%gi({nerg of thev%resenttlnve tion, the Ds 5' and 3' ends utilized

in the *ikven |on%a§§/aﬁa% ORISRt g S B8 YHAP ARt Affe 48 4B st Such
an engg%epprefenaplynatidasfaboumplYgrovdie prefesably ai PastabautcBq8, 15 days

: %Etg : 0%. 95% or 98%..identi

fouoﬁ%%eg}z)ti e seqégglgigaéﬁﬁga Rﬁ?%%%%%%‘&%a%%ﬁn -aﬁsstgﬁstzé{egd%%%‘in

10068} h e FishphirkarinalignEencasts Aoproprideetifind datideinestiidasoorans.  The use of
reporﬁ?'@%&@ﬁ)s M,@t.@wllﬂm&%céﬁqﬁﬁ%§ @FQSE@}?PC’ é_f‘@nﬁﬁaﬁ}? . YFP, or
dsRE %Ude nucleotide sequences having substantial. similarity fo the’Ds 5'

P8Rt Slstertably ethast arseiess diterdfiiTRecdsaoamaw factors are

preferailsoateteapable abdeiig:rearonzeddhtie-MEGHSINE HaBSRASA8velopment,
A describedbh%‘r%in. The modified. WO 2006/1.24001 PCT/SG2006/000121
trmés)ge Tails

S R T Y ST Y S SO SIY F R & Ao BRI B0t can provide &
rapid imtalaioniof the nycleit dbid atletated bettiebndhe:BsdrandyFeends erns of

devel R BRRR Afithe finh gell AR0831.Th %Rs 5' and_3' ends may be either

synthesized in vitro or isolated from a b oefc%ﬁ%%?i%gufe é)e?@&cﬁra%%ﬁ%aég* can be
probegy RHES BIaPRIFSATERsaRE Wvetitenown ko tiseriiidtheagistn 0084k A yesxpressing

the rRQIYEMC|BQIIGR QIBIGI L Sh BRY DS PSRN Aol PROTIELIEN e SHEM AR chniques for
descriped herein. Alternatively, the polynucleotide of iriterest may be an
such b‘%ﬁ& PHORISES 400 RS BSir By (Septemmie e 1é gusbsra drtseplied to

transgat'gﬁafiis hfﬁhﬁf(g pﬁWﬂﬁﬁtﬁlﬂﬁ%@ﬁ@fﬁﬁ%@éﬁﬂ{mﬁ tﬁﬂﬁﬁt@ﬁ: ‘;@ﬁi&'?@;ﬁ@;nces present
. romoter-trapping, enhancer-trapping, gene-trapping,. activation tagging

o o SR A oSS Wl KBRS BT SR B orthern
blotting thslsyrpRbrrekénstectios poiynpolpoticscofliniie restoayIMER) 606iNg sequence-

1 SEqUeREE.Q i i for.expression of a.pratein in .

i s s
Zemaﬁ%l?,aé*’t%?@‘éﬁ@w‘%@bﬁé‘é@ﬂﬁﬂéstransposition of the coding sequence from

[o069ihe DnccansiuE HePadhemediied ARRSPASAREy Allernatively ’n‘s!%% herein and

[ inter I marker n ratively lin
ELS]mé;‘arlgmucleotlde finterest could be a marker sequence operatively e

ik Proffistarfo? BAHSHASIG sSR! hitciitdengepssic material designed to

direcipoiysibalentide (Dt intesasbges evtetdsyhe R Markes 58 BIORCRVAAANE &1 is altered

. promoter for. identifyin eviously uncharacterized promoter element :
by i e o AP A REIHd Sn R Al Hgor ey contain

multiple|genstie stidecots pesiésnetiyviicthbeeaBxfratheddisw tdgi BNSpsaauenge:thatth other

far.activation t ' h‘g disclosed in U.S. Patent Ng )
P B R R B R b enc. 12

desiregy drppshated apythe apigradniected, single-cell fertilized embryo.
[08070] Recombinant expression vectors may be constructed by incorporating the above-

recited nucieotide sequences within a vector according to methods well known to the skilled
artisan and as described, for example, in references cited herein. A wide variety of vectors are
known that have use in the invention. Suitable vectors include plasmid vectors, viral veciors,
including retrovirus vectors (e.g., see Miller et al., 1993), adenovirus vectors (e.g., see Erzurum

et al., 1993; Zabner et al., 1994; Davidson et al., 1993} adeno-associated virus vectors {e.g., see



required for making a functional transposable element, such as the 5'- and

3'-ends of the Ds element, and a selectable marker, such as those

described herein. Additional functional elements are included as desired

W& ¥PelHe%utagenic capabilities, such as inducible over-ex¥FE&ssiMME#00121

downstream genes. Such additional functional elements may include a

cell or tissue specific promoter, Gal4gperators, tetracycline operators,

Xenopus basal promoter, such as the efl-a gene, a rabbit 0-globin intron,
FlotteMA\2L. tr&tfEriptigreal rau secsite, (lox P eoniathgausaegdqnbinationt ke vidhs vectors
(e.g., %ﬁ&g{ymge promoter, basal _TATA box_. The use of a cell or tissue

specific promoter results in the mis-expression of genes in specific cells

10071}y tiskhrediBdoaMneRprs stidmedirbe tey biateddwihgintheypse bfish. As used

horoi? ﬁ%évﬁ%qgrwﬁ%@ép Bﬁhgeéfa%s(%élﬁ@?%f&%@% %%\z\é% d It is preferred
that f%%tlvate transcription upon doxycycline induction, or a Tet- off (tTA

PEEERBEO FREES ISRt RLiTakioh eonmaspdalmitsipyiadatamat bt used.
Such tdndayhitee bileasrandiRasienaldesy Qb eNMANCHRiBHE USSRINOLOAsh, medaka,

c ﬁﬁc?aus% I(;H%ie argggotélcs provide versatility, but also because enhancers
P it e }Je recognize 1by vertebrate transcription WO 2006/124001

[0672p CTIScR0SGI0TRT ] 1128 factessvitiathel drdasd trditecobHianimisis is zebrafish,

D ‘J’L%WS.VGZ j rQpriate ci nces, vertebrate  transcription factor
ey e O R SO0, PG ) have many
of therpdtitiianes ef ranetathsvexishastsicrastinentdwngerssums genbmeldedhe additional

g ety LOARBEANMS. INHAHLD ' jntegr a, -
Za‘;:%geé{edﬁg)ect, these gene products% %ﬁg%ggi‘ggﬁ%éﬁd%% %eﬁ[ﬁéar%r?t is that, like

TS HiomBtereeretindenmsBlo s BrthoR5gs: of Hrastl aubatith care and
maintpiamoteesiasibay inayrbieikany withe ogreswerier gdespribed herein.

S d herein, a "homolog" is a nucleic acid or polypeptide similar in
[Gmsfeqll%er%% %1 o?ﬁle;%r UcI&iE a%caiﬂ of ﬁ?ﬁ%}fpt s BN g BRI s peffdgn these
charagiemistips; ortrrolegghis achudisic asbdyor potypeptidesbtaines:dtiom eReporter protein

d tspgcl ' ' nierpart of.a nucleic acid or polypeptide
e R R T
amalygfig stRiay drskjrasecprb ot et asiams ofsiBylerpressliy Baddied genes. In
additipEO@HbHOERS dbizRIPMAtalitiS PASIIRIE 10 ISRXRFGS5:i P 54'5}0111'3 an embryo

d Icombi 1ation with the sperm library, only in those tyrosine hydroxylase

OOV R TR URAG S BB B BRI SR et ori eraissad hyssicrnd offsstating blood
cells @RedisH,whie)e>Oludirpthih @iaasthatonay: campheataIbeRANRIS stics are also
prefer’%\eraalysis. [0087] The inclusion of a loxP site for targeted homologous

recombination may be very useful in characterizing genes from the
10074{nseldeniliitgatire Fortexanubleprgeienttiat ibdistugedd bytasgenic fish can be
' 0 its_expression r red by using the wild =~ .

e ke by T B E I e e b il e
(tissugrsRsealisi SEPEsisian)ich Pifeamistioheh dgbrediyelnpexing deloikaiizaiaty regulated
expredsioh §£REHESpASHSSHH DI RENIOUSYo-3,3 P Eﬁ??fffe%ﬂ? Bgﬁtlﬂégggese r@:%ﬁefineagcu

) fji)ﬁroducts are ex,Etr%essed under different zebrafish promoters or u
SPECHS RGBS Fthe SEC e BRATER B histeto|dusa] gy Asofbe ersetplaomeasuring
expredriol(mmd db3aseHP AR RAUSMS) I AN R BV HESY @BPeiopment. The nature of

the expression product to be detected can have an effect on the suitability of some of these

analyses. On one level, different tissues of a fish can be dissected and expression can be assayed
in the separate tissue samples. Such an assessment can be performed when using almost any
expression product. This technique is commonly used in transgenic animals and is wseful for
assessing tissue-specific expression.  BExpression can be determined biochemically,

enzymatically, phenotypicallly or in a model fish.



polyadenylation site in the opposite orientation of transcription. Although a
spectrum of alleles varying in strength is desirable in some situations, it is
desirable to construct a library with complete loss-of-function mutations.
WHSUMEHEHH of transcriptional pause sites and a polyadeny|Bi@(5€ges00121
should stop the transcription at the insertion site and result in truncated
transcripts, even if the insertions are 1 introns. In this manner, all
essential genes should be included in the library. As described
[ﬂﬁ’?ﬂjreviﬁ}nﬁslytemcprefemedameﬁ theseigenrREOAuEISaImh QRMBSSat course of
devellénl%%ﬁtdbﬁee{?m zeb%afl ) %;corrrégters or % ?her (%L%Eolo s of these ze?raflsh
promoters. [0089] Enhancars onehietarmih gUTEGRppntal stages. Where
detecésep refdbiverpfessimnprothis @ﬁea’amﬁsn@érﬂmnmﬂsm cdiedrentancethat destroy

o or iﬂf@ﬂe%ﬁ%ﬁ% %ﬁ?t'%ﬁrﬂﬂc%ﬂﬁg %ﬁ R gg%glnlng aﬂngorter tiracticai'

gene operably linke romoter only hen the constr
wherg{be fERF Pl PUbTRiA S freahpahtes (© Kanewt m bq@sﬂsmmmm This is

the cﬂs%%hé%pﬁbﬁg/ 18k @isclARE ARSIl St YV - 200MIBRO0ON predictable expression. A
CT/SG2006/000121 29 al., 1989). In such cases, the expression of the

moreé’&ﬁ SeE Y SRS a B PR ﬂﬁé’ﬁ’é?ﬁé%ﬂncﬁ e Asgdevplopment is
to useahenmessibh psydutd shaonsirbetibaviedio niseeiinel BHAMEeAISUCh as a

arp(3- oter and a reporter gene can be,used to identify
e A 0 S LSy QS GHL A AT BPR A i o of
fertﬂz@s@@nforsemthwpm@mrsmpaaesrsmaeaiﬁahnameyame%apa) JOBAR] Simpither, the
origh{THkAQIIESHAR @%@%&%@ﬁeméﬁ%{%{%@ S IR N dlhon of an
order to produce stable‘transgenic fish. The use o F tran poson VECtor for
6XPf@ﬁ%ﬁ%g%ﬁ@a%méf9n?&@rﬁaf@§ gefrrfdiéiontageatiatiotioneodoly easidistigenofoan be
stud1$ﬂtﬂ[&&tge]\ﬁ@ﬁeover unlike the unspecific integrations (simple nucleic acid
icr injection thato ur at random positions within vector sequences

0715 Bet,ds RORRRGHC 2 K50 SORTHSERI GhEifo ARtdBNAaFeedified Ac

transmadlyssmmémm mm/ﬁ@paafm@myw@mg&aslea@hﬁafglaemm@m{bQfansposase
ur ' |on S (U IL-P |nv ed PCR, and other

e t%%%té%e %g gﬁseu |§g o maf’eor stabié léixaéi&‘{sféﬁroﬁﬁea piasmid vector,

viral m@p@@érﬁtm@mmbwwq@w@m@mﬁs@m rxestiosegapehe into fish
usmgl&gdeﬁg[dﬁtﬁgqgégﬂﬂuggugﬁggggg n@c?o‘fﬁ};@éﬁ uce somatic and heritable

EGm%erm -line mutations upon |nser ion into'the fish genome. Unlike retroviral

i SpRtResiHeR i idshr ihsseusnlishan be ratruhitingd #f tedifiedifidd element
carryidg DanspAsaseris-cauBRliedp i Gan s dsp i RIGHUCE MSSHINREINTE. fransposase

or deletions, The Ds element can carry various

di
into (35 0 1S VORI RICK Bioprce (PELITBSRIGH Fr6HRSEPHIdEHIAghe modified Ds

elemen rmintedtradping fgan érirmmsg@aroa@mamtﬂg@mgt}ﬁ UehdRfRENDESIkent or a
" }N&lh s ill sans, 92 A elemen nte rate intq

vee {)eltheléﬁ 0 tyijéeéj%g'reghrorﬁ}g A TURC ona AT 88§ 5t gy for the

modifigd/d @@éﬁé@ﬁ%ﬁa%ﬁ@@@d&fb@mt&ﬁm&hﬁm&@g&ﬁmmmmmmm ctiondling the

momﬁéwoﬁ}aélelﬂ\éﬁl@'i@ ﬁtn%ﬁ% hay %%H&%%Il@ ﬁ&p% Thls? OV\slggr}l%fIme for a

"transposon tagging" has been exploited in S|mp er model systen
modiﬁﬁ%ﬁ? BRI RRSEER 83 (Bih g Resmbet dprein stably incorporated into its genome. In a third

aspect, the modified Ds element or a vector containing the modified Dy element is introduced
into fish along with the modified Ac transposase protein. In a fourth aspect, the modified Ds
element or a vector containing the modified Ds element is introduced into fish along with a
vector containing a modified transposase gene. In each instance, the modified Ac fransposase
protein drives transposition of the modified Ds element in fish.

[6079]  In a second embodiment, the modified Ds element is stably incorporated into the fish

genome to make a transgenic fish. Transgenic fish are prepared as described herein using the



1981; Bellen et al., 1989). Transposon tagging is an old technique in

which transgenic DNA is delivered to cells so that it will integrate into

genes, thereby inactivating them by insertional mutagenesis. In the

WibtEed 24 inactivated genes are tagged by the transposalt€ Bleizntr00121

which then can be used to recover the mutated allele. Insertion of a

transposable element may disrupt thg;function of a gene which can lead

to a characteristic phenotype. Because insertion is approximately
modifigddonmglthesaniespribeéduremthdt gepemieinsetionahtossneffUNSRN A for the

- utant n.be uysed to deliver, genes that will confer new .
o e PRy 8 Rt oot 2

clemapie f5lasepradgsnechrotianssqiayfish growiniand dedislppremtcadnil apdifed Ac
transpORJBROKIBECE Qfitnelrk: -9'}35\1{1\/9)3& , QQL R Z@%O%QAQT%QJ‘ZI% a third
.Ina

30 [0093] There are several ways of isolating the tagged gene

aspech Ahe SodHihid RBSROSSs atel R dReEmmi fethinsm de irmtirenisshits whthiging the
modifieditedianingl Dy eavvantiepatieshaiasesofwhich \éaﬁ(otﬂﬁg@i‘fﬁ{ﬁgéosase gene is
nuc

. issues.a nimals). The DNA js.cleaved by a restriction. endo ease
o R e i T RSP RO e SR e e, the
modiGdaieiratspdasnpraiie) diibes temsitingtiragieeiacindhen eithesdhe fish,
oogelire into -pl i r e vectors for identification usj )

s e A KR el PR fBposisiea s
clemerfrersatiotnyethls BRNRrobsRCRcamplistsdiin polymfdeatigend)istenst positioned

betwdeaBUsednte LNHPGR REacedeiahZ3Y lyles {199 ;
) . modification bi,{i Devon et al. (1995) %%%d%%?e% %y ?{%@h%b% |z§"[)|§tr?1tnosequemes

eI RO IR B s ét TRk trratrs i meTigeied AvetaessRGRogs gnd sequences
that cAllencdetbt abodi806MT AlhnEYoRAsd.IUF8 bR A9R2R): S1C UM tE RN de that is
incoriner m tht%ceis 1%{16}5“\? ification can be ysed in place of PCT. Regardless
ot fathod for cfl-oningj, thEO TR Hlore Ts tARN Satifisnad hepolynucleotide of
interegepabnee pitvat! fletkeahetansinson (orotiietinsetet oR NAhEAN Beat sequences
. identifi y. their Nopy j [ jonal element. The sequences
e M%%%%fmlb %el%l :5(1}%J ?P?e%%ﬁ%sﬁq tr;i?e; né%c%? Sam %a%ﬁ%g%war repeat:

can
TTT R RaMERT Hathiohar prevhsusmplortnautisiiredifeonigsy, aitpaftiaind 3 -ends
of th)MAGYY 192 1geR8: %é%ﬂ&%%m&if&&%ﬁﬁﬁoﬁmﬁ%gm&f 190 Wogified de

some cases the gene has no homology to any known protein. It becomes

ranspeSERE P s IR K (BARRER RN e ItV OB ETRHRISarEE  of haterrsb@ety rottsin another
transpaéiitie deenesnter efafustbeTimestgatioBohits fain gdising the

oo TR MR REEogecoue, 08 The sl Seosed ) 1 v

vention allows e-
In a seobmdfighbahmdivrahye iDcdnstndctédrbyuirad stenineecin bingas by staneaiges 3657-
3603 qug@tg HeSn@" Preferabl injecting embeyos with the Ds elements | :
described herein.ﬁr{h%ﬁ#\%é%g%%r%g}%s%lg ggceﬁ%;ergggggcfggggegﬁ% is shown in
SEQ {8:HHe8nde theymaderagdionstisdhai yoik at-teyubedTsigumpprdashown as

nucle@i@Rigrpies 2Qorgn fishieharbor, on average, more than one Ds element
er gene. in the zebrafish. [0095] Characterization of the inserts, in terms
o252 o

P GRS, 67, lp eefienisaterinie FiR Y tfaedat cads tekissd in the
invenidaceHies thefeslesiaicvalasis Bataashe dead WiierdmndheaRrably at least about
70%, more preferably at least about 80%, and most preferably at least about 90%, 95% or 98%
identity to the nucleotide sequence of the modified Ds 5’ and 3° ends discussed herein when
optimally aligned (with appropriate nucleotide insertions or deietions). Additionally, the
sequences of the Ds 5° and 3’ ends may include nucieotide sequences having substantial

similarity to the Ds 5 and 3’ ends nucleotide sequences discussed herein. The Ds 5’ and 3° ends

are capable of being recognized by the modified Ac transposase described herein. The modified



produce significant quantities of sperm (about 4 months). Briefly, two days
before sperm collection, each injected male is mated with wild-type
females. Successfully mated males are kept individually for two days in
Vi pUsAR#E% 6 0z cups while the overall health of their clutchBE TéxeiF@Lg121
Fecund males then have their testes removed for sperm freezing and
storage. DNA from the 5-day old offspring of each male is extracted and
analyzed using conventional techniques, such as TAIL-PCR, inversed
Ac SR @ iheldike (W O200613 24001 POT GE206/000ARE3bIAISEE nucleic acid
etion 0 uencing the flanking the inserts for all the founder
locatef'clﬂsoﬁr%}gilg? s{]]1 ea%%rar?@%h%@r%ﬁ&?ﬁﬁfﬁggg%%%p?flees gpecg Sily contained in
[0083¢ryoviatsiin & lgdid rndsgmay btoeither apithPershietyiporpdases;eaibm a biological
sourcS AP BRHL 17 SIQIRGE MdiiRleiguid Qi %ﬁ%% i s%/l?eeﬁqaﬁéﬁ{n ple

is needed for testing it is thawed and then used for Iin vitro fertilization on

10084 4o sThe ok dlposde mhiatetest Brer Ao st dTarenor ¥iccaasimgh as described
hereifNS@lerifteayNHbpisikecksibawrovsles candecraasethe wiahiliivelihe mat is
desi %"e@ sam&lg,,sect ndar %Eer samples are generated from all of the
SN IEEIES PRI R AT A8 it ANRSEE iR il 4 interost can be
selectaflofus fioretlie pompletiarasfinpmeinusganglitscreensofsdirasivation tagging,
C ' opulation.of zebrafish sperm in which e memper
RN_AO(?t egs%e?tgpo s,?éssgérglg at #e%%t é)ﬂr%)g’ %tgﬁigr%g‘g?leoagf rosﬁgsg%%ﬁcé]?%ﬁ?i E%éé art.  For
exampls, dhpaplizeiswideebfafidtraspenmycbiectivalipg oreprises apleastellblinked 1o a

prom&eiN:g s25:2b18aSEACH iﬂ%ﬁ%&%@?ﬁ’aﬂ@%ﬂﬁ%@%&@ HE%%?&E%%%E with the

or at least 30% of the genes, or at least 35% of the genes, or at lea

presepyoy FHine femadasrhithaebiasted i mnepasitvowf Be sodies seBIRes frva the Ds

constRNQSIngI Bt lRasti ohiheaenes, AlahlersiBhe PLRLENSS: OF Blerest could
least,70%, at least 75% of tg,e eneg, or at least 80% of the genes, or at
t I%&gf’ 0

be 2 markato STIey e AR EYe B o tReTerkSmatcs |Bs10boRcsT-rapping.

Alterthgwginetheopalykeade i of thecganessrer abdehdic %9 %aldhesggnes: Owithout a
% _ofthe. es contain.a mutation. [0097] Alternativel etor, .

B ator Lk LR e RO e TR S rremed

to as WATiEe WidreppiBRlisH ¢l Sonpoticesigatidestémiatisscomptdlensdifiame His-

tag DiIRYREANE RS eLS @%é&%@%@&%xpjﬁgﬁg &S %@%ﬂ&f@@éﬁﬁfﬁﬁ.i Batent No.

an automated aquarium system. These fish can easily be raised, tagge
6,70%8Pindividual identification system, and stored in approximately 200 fish

[008RNks, vDNChoissausm allssinethaqusdia dagilinnfetsne searshe (RS features
of numerous genetic screens. The Iibr:gx

o udraaléo&/)s for.the co Ietiofr,]‘}I % ; r
UG 08 TRIRE & TACKORa) ATAnSROPoRIS  SROMPHS \RFEHPE ARA trieifet ofifeof the Ds
elemst pobsedset it lvast onsichuiationddatibadhat g enkitat Higmses0N elements
RARMlat fish collectively comprises at least 15% of the genes, .
TG at Ie%%tﬁe%{%ggié ?hég eé:e_ nes, or a 353531‘9 5@238%@%: 0&nds's %bg% [RRg3pggsion of
downgirena gisnes, §ruch ridui asdfeictiengk plss)atsatienstdl396 oftHe geiiese specific

SlAt (8ast 4l %, % qf or al.e ]
pmmGS% of theﬁgérﬁtég%’g‘% ?@g%f Yo o%%ﬁ%%%ﬁ?s{go%%tg Ea%gtgé%ggcf Sgéﬁ}eastE he efl-o

gene, Pob B g ghifeitinaMedstapsrristions gees sir.dodhbpasistsiscombination
site TURRESAOp@VInast I UnRhtheaenes g abisast BRYeef he0enes,%idke specific
I%ast 9 %.oftghemglenes, or.at least 99% of i

promoter resulis in the nils-expression of genes in specific cells or tissue.

[0086]  Mis-expression can be regulated through the use of a Gal4/VP16 transactivator, a Tet-
on (rtTA) transactivator that would activate transcription upon doxyeycline induction, or a Tet-
off ({TA) transactivator whose constitutive activation could be shut off by addition of
tetracycline. Yeast and bacterial derived enhancers are used not only because these modules

provide versatility, but also because enhancers that can be recognized by vertebrate transcription



the genes, or 100% of the genes contain a mutation. [0098] On the basis
of the draft of the zebrafish genome, it should be possible to identify
which gene is disrupted by sequencing less than 50 bases of DNA
arkiGg e insert. The sequences produced during the chaPadus 26121
of the inserts, provide a means to identify and WO 2006/124001
PCT/SG2006/000121 32 catalogue the genes mutated in each sperm
sample or in each fish of the library. Such a database provides both an
factorinulex fEctbesprbsdiitly disctosienk|ibkares,canc apesotitte dcusingithe, veriebrate
j . ibrary ¢an;be used to identify. the functi n(s}) f.genes.of .
e S i ey e e R A PR AT e s
includgg deeniyeyoscieeproryeresfitn dnaysirrootectivs qubteingliacting &y endogenous
intronSKEERS AfAFHAR AR FTHASI0XING aNdAihen CRERICAS,2 %@dﬁﬁ%@me expressed

5
co_meounds for modulating effects on proteins encoded by genes o

under  diferant pebradiie ViR s BoMilsFi st dambemu lsesvebipe zebrafish
promdibigrysdaiab ase sesueneeofnB-apth@thesGeauanss-daiahase as Waldherein, 2

» e familiar to those practiced in the art, [0099] The novel utility of the ,

hom%t?lgarﬁieas ¥l ?i‘?éca Gllﬁ v 3o E%qi?cql? e I?Hfgéw olgt%%%@‘f&tﬁ ﬁéﬁ’é Bycleic acids or

rolypéptetestibesed sipgh spenieknowviedgethbithe huclaiclaicidott anpisiopagitie obtained
rnative t could be searched for a gene of

from B e ey from o

differqsEreRingl Mutaonmin knpossibletolidbaisbabierosemipkondaishromoter or
its orBOMYANINGABASSEHRN R ANY-SSRE WHIE IS KRWARF theughLigprod WGS-cxpress

a, disease condition. The identified sperm can be used to breed progeny ‘
genesiith uabinginR WithaBsrnsra iemsy ShaBRr§sTivmito ey vinee expressing

neurogglistokinpctien-Atlosatinivnciien.oipifierenavdesd igense Modile excluding other
élternativeI%/ the id%ntified.fish an be used to study the gain-of-function
areas thal may coi &5

orfos Y 6F %ﬁ%%%??ﬁg’%ﬁ@&& §1§;ene product. The library can be
[0087kurvEye dridpsimatatfondanspieific: gepasdbypabineaseahaiimaationy be very
£t j [ cleoti rimer.specific for the designated gen
e e Ry, L S R PR T Boraprea
by 2 tepshAsAiie ipseibamvdrpararn b sasastne destprddee neshimatddyhusingne flanked
by lox$taneasdFitA Sstish- o, 16 A Base FomRQSEEL O LAl IR NS IShe gene

Alternately, the library can be screened to recover all insertions within a

by insggpe %Pﬁ@%‘?‘%ﬁ@c OhERETb et RFRaEsinT BT s Brefiizedaspect, these

gene podditiorrincagdised, dhddibimyreanaB:sad fearnatale siesRetiiites of these
zebraéjs%leggxrﬁ% tlé?ing irradiation, for example, where the identified retroviral
inserton IS focated near the gene, butis not disrupting the gene. Oncea .
[00885eqdenvy iglidemtifieciithie spduific spensusitheatpecificsfishein theditaly, strong
poiya&@@lgﬁcﬁlcﬁ'?esﬁ? ﬁx@%? %%ﬁg (ti%é ,%%n{g%gggcfu Q%ho n%ﬁ h%fuL% rgless g fi:rum of alleles
_intérest, (b) screen c?r genes that may encode tsefulor putative drug
varyng, et cpefls dpedesiab lfeimesothatsifitajienicatiés thsirsiteinscautimgras library with

complete (Rsel-agtianishdmgsigxins epd %H@ﬁ&b%?'%g&ﬁ%ﬁ%}%@ﬁﬁ? sites and a

compaounds for modulating effects on proteins encoded by genes o

polyaqemyiatpniigay shotidsior e EBPABIEHRY 3yl dasrstiamriiiarcltrrsali in truncated
transcfipastioad iff the arterfiansgenic reRiafishargdiasit, aenacirdimamihgould be
inolnd B O N BT A 8 e e e e products are

expressed under different zebrafish promoters or under orthologs of these zebrafish promoters.

[008%]  Enhancers often determine the regulation of expression of a gene. This effect has
been seen in so—called enhancer trap constructs where introduction of a construct containing a
reporter gene operably linked to a promoter is expressed only when the construct inserts into the

domain of an enhancer {O’Kane et al., 1987; Allen et al., 1988; Kothary et al., 1988; Gossler et



[01001 Genetic mutations often correlate with disease (e.g., breast

cancer, Parkinsons, obesity, ataxia telangiectasia, etc.). Given that the

present invention allows for directed gene WO 2006/124001

W EP0H6/000121 33 discovery, additional embodiment$ 6T {#&2006/000121

present invention include methods for identifying the genetic basis of

disease. For example, genetic mutatigns can often contribute to the

disease state by altering the normal regulatory processes of the cell. As
al., 198961 IQRGEhASVENHEARBESIBIRAN far b AfFeGUIAaNI RSB IaMPESthe pattern of
the e SOC|atedtr€\i/¥gh ai.;{éven isease, the entire protein, or a relevant domain

R BT P B S o 13y GRS AR S LR GeHgE Byt 5 &

carp fiketiprpteimotswdidh irieraet péils tha proiedd. CanseryeRlnibR RIeEeMreet fish.
invention may be used to identify the yarious proteins involved jn a given

e S e es SaR A AL o P B B T B s o ol

2004)are not limited to: autoimmune disease, systemic lupus erythematosus,

tovsof e SRR AR TIATRIA. EIRONRE RAPLARAIBRIRPGRRY Berrective in
inflammatory response, bacterial or viral infection, infammatory Bowe

order dpsgEiicaistsble drapsaminelishierdbes teanéaranspena, ventec fdartransgene delivery

facilitghéstrony Ak helserin disgane dememtis.and UhehaeUroPRIBRIOUES untike the
un[Spef';ky%er,tenS|on, hemochromatosis, porphyrias, galactosemia,

e 000 SRR G S i ASHi APfGRITIRSE gRY hthtersttidbrgadsm positions
withimyasihenjacgrayisndcangenilyy bearieisens aaaystitfresiteANE0eSONA are

In addition, given that.the,present invention allows for, directed gene i
B & aa%l&f'ff}oﬁ% Cégp bt gﬁl@of%ﬂgﬁﬁ%ﬁt%ﬁ%ﬂoﬁeﬂ%ﬂ. surrounding
regionmdtisous TorlidEniRying gent Faiktien] [0hed khitadditanioydispase, iheptimal for
stable%rﬁﬁ’é&?é!nd&%ﬁ@@gg%% QQ&@%@%Q@%%%{% equally well suited for

ecular

identifying the molecular basis for genetically determined advantages
10091, cHThe rRsR jadaméesan, henviehdlstérstriivna cotdagessisre, Jowcan produce

somaf@REE LI WHADRIESANCANERININRNE AR RV BIOR R SEYE Y Aliike rotroviral

revention of all inflammatory disorders, including, but not limited to ‘
or po "&P&ﬁ&‘ﬁ@ JHE s EEEPRTIT RIS Qe rsasbifizeinididia manifiR! pstersposase is
suppliethust enyithematasuspaddds fiasamaioninonkdisease. J03R2lAdaiionallyrhe Ds
elemall® agne?uen(%fe infl%rrpoaté rgcrtgafxrb% usﬂe%ﬁ&genera{e a gﬁh%,a%eciﬁc i
brobe for fsofating both genomic alones Trom. eXietiny TRrShASe L RL /g rapping,
enhanger 4rhpipieh qene ity prechvwcdagyingr Seuilateticdeqrenetismown to skilled
artisadrdditionally, the probe may be used to isolate the homologous gene from

sufficiently related species, including humans. Once isolated, the gene
10092 ay b s a5 638 dBicsFAR St rEbrerhtEva targstetl Rnoeitiutivactional DNA

sequetitat raYReitIses 13208 NETAIRERISABHAN MAISEh Al BFEAAMARYIRUSIOT or non-

fn t.the mutation of jnterest. Such animals and cells are deemed to be .

BB EHAT s SRS AREY AL PRUHEIITR. &1 ccerRasgasetiLab RETARi5zmsposor
tagginklDSs etey), dopldve Bpmapial Sy siassad GcNiY SeeRIRiID QR et a1,
ficacy of t eutic agents, and as host ior ene delivery and therap
1 . X A .
o8 T SR P B LOFb s B Bt DA i
delivegedefot dnlisio) MO 20061824004 RO TYSEZABE/EN0ERE vating them by insertional
mutagenesis. In the process, the inactivated genes are tagged by the transposable element which
then can be used to recover the mutated allele. Insertion of a transposable element may disrupt
the function of 2 gene which can lead to a characteristic phenotype. Becauss insertion is
approximately random, the same procedures that generate insertional, loss-of-fimction nmutants
can often be used to deliver genes that will confer new phenotypes to cells. Gain-of-function
mutants can be used to understand the roles that gene products play in growth and development

as well as the importance of their regulation.



34 [01031 With a library of insertional mutations, it is possible to identify a

sperm sample or a fish containing an insertion in any gene which is

known to produce a disease condition. The identified sperm can be used

WO B HYgeny fish bearing the mutation, thereby enablingP& Trh@21is/ 460121

study the gain-of-function or loss-of-function of the encoded gene product.

The fish can be used directly to study,the gain-of-function or

loss-of-function of the encoded gene product. The library can be
[6093purvEEd fos Bavialionsyp spaeificaenrsiy.RelymeIase AaiReEeackianc DNA is
. thods ysing an oligonucleqgtide primer specific for the designated gene
isolat o 6ol Oy BB SHEIAE fO7 (HETHEG AR AR egisntional tschaiues

(whiclAltemyative ditfieditiraiyscan heiseaiiehil byrseqbenceihanalegy sisiag:8siriction
alignment analysis of the database .composed.of all librar ,
o g e SRS LSl e i

at a kepigpritein thechendintobymirstiscpatiwayp|brpérieticettryflopdietioplasmids or
phageﬂf&tt%@f&hﬂéﬁtiﬁc%ﬁ'aﬂ'H%ré’\g}'%§ hows Hgﬂ%g&%eﬂfb%dkﬁ?%%ﬁﬂg g,né%e Kaiser
icul ge initiate y %y

liver disease. While it is difficult to study dam Indirect

et al, [|§He ko HpmRtttEsisotis SRYArCHR RiaRtrRasti fiep dr smefonaas weprafisihave used
the LIMEARRiS EOMIUIMIByaNAN RNBSMOIDRBAET FIHINRKIKIA BOISINGTE: a1, (1995)
d ﬁl%@ﬁ% sm_ulgélé a tlﬂ% mutaﬁlons in paralo ous enes and to study the
e g B S B AN Ry B T SSBRSRE R i AL Al Ve by dfoele inverse-
PCR (Erandgimiteaniniald Preduegt-sRgIhe fformationisvaiable fromribeively, other
e .described library are useful idgntify the fupctign(s)_of .
et T L MR 5 LB comin. e
identi%@dgﬂ@@edm@mm@q@dscﬁmmng@eﬁmmmmam protéhes inserted
DNARSNS.a8SHR(S) of astipnal.duany RS ARdAIher éi@x%@ﬂﬁa‘gﬁ%d%ﬁgaces can be

screen  compounds for modulating effects on proteins encod enes

combigedhgarblien Haeb RnirTars dhe mIgsiaseidl dareanscstden Bhensomsiiagivah other

previcRsgensesianttdisaages RGludintnhHbReY HHed AR o AEIRG:IRRNESHS that encodes
utoinunune disease, immune disorders, alopecia, glandular disarder,

som Kooy RGP A B2 BRHIERS Aigh 8160 reua . 1t becomes o

new Samenosdte_mhis’_f; cahdovait blarotisense, Wh&maﬁwﬂi&@&&ﬁ,w_ﬂl be the center of

furtnef SYSNRIANNE A ASES, LSS L SBE R M Sleneier

iIsease, Parkinson's !ease, elopme Isoraers or
- [0094honFhnaesitatugbespitisttion cdleniorfsr ateemicabbigknetic analysis of the

genonRRAEROGGRESS. TH10R1.QN6 YRRl ihe %Eﬁ&ysfgcm?g REGSEAL ﬁ’%\@ﬁﬂgﬁcﬁé&nﬂqm&

rapidly identify the function of genes. Fish containing mutations of genes

or predfitbrely duifietace FaRdRs e ditve RAintlAmag i deseaibrebrrains pddificinjected

embrypbeRotResd pritaslackadimicendsartiidind RidelehnineIRSaRR at day 5.
This aIn rglc?grdance with t%ﬁg%%ei%of the invention, this use of the library is
ERIE5M B BB ARG S HuIRCHBR D GRALT Hhe BT Bk S apigeent per gene

a
in the milssddhusing conventional and currently available cloning techniques. By

oS00 S B S S AT A N
sequepgpidipidentfieticthelmopdine emsdie dbydhioselgemes heachaiselulthood and can
produce significant quantities of sperm (about 4 months). Briefly, two days before sperm
collection, each injected male is mated with wild-type females. Successfully mated males are
kept individually for two days in disposable 16 oz cups while the overall health of their clutch is
examined. Fecund males then have their testes removed for sperm freezing and storage. DNA
from the S-day old offspring of each male is extracted and analyzed using conventional

techniques, such as TAIL-PCR, inversed PCR and the like.



as, among other things, human therapeutics and diagnostics and as

targets for drug discovery. [0106] A "known" gene is directed to the level

of characterization of a gene. The invention allows identification of genes
WM Yden characterized, as well as identification of gerREHRER0MEAS121
not been characterized. Different levels of characterization are possible.
These include detailed characterizatipn, such as cloning, DNA, RNA,
and/or protein sequencing, and relating the regulation and function of the

[00sepenCoathieiolonBebgeauans théDArdangnitian ofprenaten andrenhancear vields
o SE ces, functions of the open reading frames, introns, and the like)., .

o o e RO o L, B Mo AU BB fiogen

Sfﬂfagﬁelél_ﬁéd ﬁm@éﬁym‘%ﬁag @qbaﬁaka&ﬁm@litiﬂmgmw@eéﬂdnumﬁqmréd @itrogen

units. h@m&ga‘:’s‘éﬂﬁﬁg i@ REENBNEARCSE _ B ed L'ﬂaccﬂgﬁ u?e'&%%‘%ﬂ'z%% 'Ritization on

[
y be minimal, as when a nucleotide or amino acid sequence Is known

ma
eggs Bpa SriltehinsaSmates tSonsnsarbufithethah badioistuniasied. inathathisly, multiple

freczd MR QPCIBAY DB AN LI NGRS I RELPRO IR @H@éﬁ@&'&@ﬂs%&% EREfles are
gﬁoﬁ_ knoﬁ"i{rn fon% is known but has not been correlated to the function.
gener: £y 9

O S B RRAF T oh ABFF i BT efTacE #idherdor The library

allowgdoe trddtsnblatitinnodremeirsaovgendite sdréemdionEloWsridentdigation of set or
¢ y of these or other. specific degrees of characterization. )

P A Ga b TR (oLt B ROt oo mutation

m at lepthfereegiiy tnd geneet haverptiiomeéretEaishnplesmotobitettathlecomprises at least

15% &hes §S@QHQ£%%%£%Q'ES@Q%‘Pu@,ﬁ%%‘hé%%?&#%‘%%‘é?%‘%% least 30% of

growth, coiony formation, cellular differentiation ntidtion into a

the gemes; o) leatt tnuselctbe reasivss et 48k piihe merageomuidprsndsi or at least
50%, GraVIEAsESSMASIOROE60]| Rk asiarsie & adnases. HFanRGHPEOD IA%Rr Senes, or at
east T Ietaflf.es, ,Zég ), gﬁgressmn of cell surface receptors/proteins goaln or

cast 1< Breail-Cerb St g Alert SRl iR #afb I deBhenagpids grnes, or
at leadli8@4sef chnditimnsotde itiicaton of e nedty ehien sl ATttheeatise or at least

o tein_engagded by the gene or the gene itself is presumably

9% Jr%?sﬂg r%l I’e(_j $01f6 §1’8 %%seFj e ﬁﬁgﬁ&fp%%%ﬁﬁlsl; the protein encoded by

[0097the g‘é??@é?m}é’g@ﬁé_t iesebnvdstioe ah fisipergenerabet diventibedfogderdisiy or their
progel SRR H @RtlIng oF m%ﬁ&m%lg QEEE{I%&QQ@M%BE&X’&&%%%%&%@%%% lg)rary of

. use of the library can identify all of the genes and protel

the ingerisic G BERAPGH Bresste®n SaFiyTBRBRsh alyautnasiad sqTHEm system,
Thesel (%ﬁtliqﬁ@ﬁt@@i@f _sucghge&eﬁxgg@a;iq‘@cs adﬁ@ﬁﬁﬁti%%‘iﬁ@d%ﬁ %;svgiaﬁp FAEIRSred in
which. ar tive drug, targets for the pathway or disease of interest. )
aPPm@Fﬁ%‘“S‘%ﬁ@%@%%ﬁ&% b ﬁmaﬂ%@p%fﬁ < EsHaRGSpETRRABTIREN e Library
allowthidtibharyonpletigenid fisinprepargshascdesesbed Mpeeiiear homsaetoa set or
: jal drugs for use. in_treating or preventing the disease of . . |
o S A B B e o
Jeast Eereens arditberst sereamigmetodsades collediveleimtieitransipesid 5% of the
genes i8NaBEROIING 5@%@%@&@& l{c}sﬁ HL04 FEFEsEeR %%1%&,'9? GTRERIRE of the §enes, or

screened using a number of assays. Depending on the characteéristics

at leaghdSpRERGE B ETThEFest pash A BaHothe v T detiulabo prowtites thRYs, or at
least JHMA0Y hapdRsseiagnade0hiae nRIBiGRL AGIMIK QAN HIG ASUNIY (I8 Rast 70%,

at least 75% of the genes, or at least 80% of the genes, or at least 85% of the genes, or at least
90% of the genss, or at least 95% of the genes, or at least 98% of the genes, or at least 99% of
the genes, or 100% of the genes contain a mutation.

[0098]  On the basis of the draft of the zebrafish genome, it should be possible to identify
which gene is dismpted by sequencing less than 50 bases of DNA flanking the insert. The

sequences produced during the characterization of the inserts, provide a means to identify and



regulation, phenotypic characteristic(s) and activity of a disease models,
e.g., is the cell or organism resistant to an inserted transgene associated
with a disease model. Other assay formats can also be used as known in
VOIS HHsan. In addition, the screening can be performed SR/ SGHEASGP121
genetic states of the fish. In one embodiment, screening may be
performed on fish produced by fertilizing zebrafish eggs with at least one
sperm cell of the zebrafish sperm insertional library. In a second
catalogmbivd raentrscaeeningaiay beperipimedoeadl RdstDite ifbtirdesfishafatabase
Y ny Qf th brafish insertignal Jibrary. In one aspect of this . .
Provi B e e, e TR i e torry.

The librancrtimentstvetplogdsntifaveetiseetionée) wf igerivomidinygote, (b)thireen for genes
that nRPRRAIRERLIRE SETERRIAG %B&Efofégeﬁx%haﬁlegéﬁéﬁnm%de code the

embryo. Haploid embryos may be prepared as describéd by, for example,

protelifyciiRfefs (3ER5). 9 AR TBEHIHRRStHE S dsAiINg e and (3) soreen
compcg_ﬁifliggﬁﬁﬁ%@ﬂ!u@éﬂﬁgség)@@s gmqg%mi%@@agwd@gngﬁm @ymfalf'éé@ti%emaﬁvay,
. _diploid embryos may be prepared as desgribed by, for example,
VAR SeterfErg éﬁﬁ)@és’ﬁ&%%%%‘?ﬁ} stgf’e é‘ﬁ fRY SRR ST EaaRy ofher
sequenfeiesbaembeadirhthtsfaas iwetbahdsotatetdoedlls tresaetreted or excreted
ro ' t i d is.iatended to incl in viy
oS S U P B M o
gene gkilderastibasssl (OO0 prntrakmeelvitetishl Havimydeieneiéf ontenaisbcaridecquence.
AlterrBXROSLHLEGAMRAURHR I-a38R R4 R £UEcL oF iﬁt%i%%%@%a%% Pmowledge of

.__modulation of the protein encoded by the gene of interest and the
desiref; phrRRES) pRIHIVAPTATINC FnaseiprRstemiEaticnael By essddadoidsrifse sperm
samplksdﬂ‘doﬁ&ﬁ%c!ﬁﬁfﬁﬁxgmpiﬁsiﬁﬁrﬁmﬁ?%@é %ﬂ%@@ﬂﬁ%ﬂ%‘?@f%ﬁo@ghﬁ to produce a

.___transgenic rboring the gene of interest. Alternatively and )

cicas SRR T8 SSTRERCRGF S0 B0 dBSER i RAREP RO g eing the muaton
and thesghsyericiifish, witnthe fishivakiogip-sthsiainesviasthelrfgillsiobhs the encoded

o uR 1. also,pe. indhe water halding the haploid embryos
L L T A R
of-fungipe @ (hrotetadsdceed st Jereliraistrexposevryedibst vutmpouid specific
genes @yt %@ﬂe%&@?&iﬂ%ﬁ%&ﬁ%@%@ﬂg@r@i@@ﬁﬁ@f@:ﬂﬁﬁeo&ﬂ%%r specific for the

modulation of the protein encoded by the gene of interest can be

designated geay! potigeRvektifs spedfindPiifbisrstinnaanianses Oftgreatively
the ligene cim this seaonel, BpiwoLRcs NeNebaredssalul ag.daias X NSatRGAY of the

reventing .dise conditions assocjated with gene of interest are
e IR SR (RIS SR G B ned o esover
all insghigonicefdhianr lgerscfaeiiedarsivigdhepr esanblibiafystodidentibntiBdW® 2 disease
: 6/124 TISG2 1 37 site of action of.these compounds .
oA} hee B o (18 gEh i Ak SR R el wine
iradighigre Entinyhaeplisives By Viuefetl agpedificintetatnnsdeentsthtion()s wene, but is
not dilPRAST: FBSRERM tBALANRAINL. & ARBEARCMINgG the: pratain B ;@&&ﬁc fish in

the action of said compound is identified. [0110] The invention a

the Iibgoi s as desesest b Hatbiidrbidsali B dBayeiome)iat amrnabintaest, (b) screen
for gepanMpauRds exobitmgrheapilipiie aler QFRAIes! RHeRHYPESRIRAIMNEH encode
w%th the various . - . . .

the proieins acting as site(s) of action of drugs, toxins and other chemicals, and (d) screen
compounds for modulating sffects on proteins encoded by genes of interest. These studies are
accomplished by means familiar to those practiced in the art. Transgenic zebrafish are directly
generated from the sperm found in the Iibrary as is familiar to those practiced in the art.

(0100] Genetic mutations often correlate with disease (e.g., breast cancer, Parkinson's,

obesity, ataxia telangiectasia, etc.). Given that the present invention allows for directed gene



genotypes identified and constructed using the present methods. Such
model-based assays can also be used as a standard to assay for purity
and potency of the compounds, including recombinantly or synthetically
Wbt Htbteins or compounds. [0111] In addition to the z@rEfiERN06/000121
based systems for identifying compounds of interest, other in vitro

systems can also be used to identifyifrg compounds that inhibit, activate or
bind to proteins encoded by a gene of interest. The identified compounds

discovegy akliteah cfdseiampies! ihdneidaingde-achvibaohyuiicb R aaeiakying the

mutant gene products. In vitro systems may also be utilized to screen for
s et o ROl UM L REAR Lo Ao e e s
by aliggod theidomifyl cepnpdendpriivasdsindiichprotiinstinwabte preparipyé transcription
factorrgﬁg:_?ﬂé@%%ﬁ@ﬁpkﬂy%@eﬁr%g&i%q (ibﬁ}{eﬁéﬁ%:? %%%Qsde u&%eér%ﬁre protein, or a
iflo llow t S10

condifions and for a time sufficient to a two compaonént

releva dparaiateBRAMhRSY Seipi docideniibiamme icenLsber iaditredior mamlted by the
proteifl feRIgdH It EeAGHOMEMIYLR: TOSRIGRIMYSEd caRyRM Aepending bﬁ used to

the.goal of the screening,assay. For example, where agonists of the

. . n

ﬂeﬂ“ﬁﬁ?&?arfﬁa b BBt gRY R e gt By tisnisers risrspcppathpy. Diseases of

particulentdinéngsta jakadteis) drpolypeptiddithhtaftordsupdvaniagesdtbe aasdtic Tupus
em. (e.g., labeling, isplation of the resulting complex, etc.) can he

émheutﬁéﬁ’ln&aé |t?§cr)11,r(l|n %é%sa@%@a?ﬁ\%lv%e %‘gt%nc%%%tﬁﬁ%‘fyan‘fas‘mﬂ

inflampyatike mebmr‘@ﬂeﬁﬁrmlh@ﬁshqwhinﬂmm drseyledisfAdd fiabetes,

multipl S RARRNIG RS %ﬁﬁﬁ%%&ﬁ%%ﬁﬁ A/l%ﬂgl%e% WAYS: eF%remﬁntia and other

example, one method to conduct assay would involvé anchoring

neuropRth s, polyBptERSIpRptide tmResispiesisin or Prenbwtisubstargelctosemia,
hyperBpéprassiabchRagqanthdaiesinaRn dingRetvyeapitheaien alﬂ?a%a gravis,

cot% ound(gr mutant cell. |n one embodiment of such a method, the
CORECHER B’(%%r RN IR Be GHC BRI oNtda28diidosy ralen At the present
inventiest dbrmp dundiradidhgennatianckerediditiasbenabelpfnaithetditetbh Ofuvention
includ@g{%]ﬁ%l tl&:fl e%t[kf £ ?mggé’%%”% of the method, the test protein is

anchored onthe s

oN olidphase an |}sl'complexed with labeled antibody (and
10101}y here addvidpio totistaantitodydscug dieicishproterthblis spadificaftssangivamally well

suitedr%iom@ﬁ&@ﬁﬂg%%%&%ﬁaﬁ st %m?gt%%%gqgwgeé?gn%%%%y%gJ%éges such as

abilig{ to disrupt the association of the p ntibody complex.
7

prolongsddifesensy W TIRTEGWBI0NYL PlogB Mrsaurp Alesrresigely iakscastidinbetes, low
obesitpame:tondicied inadalidPhasenthe ragliampraddls sgpaate %Uﬁﬁ?ng, but

not iirlrjﬂre(;:\iacted components, and complexes detected; e.g., using an )
OIS Ba Ay Shrecife P RIS SSkeprSteiF B RA taliispftrdeatc Tupus
erythefugiosupratéimonthetestbeoiniiaung to anchor any complexes formed in

0102 qut;yQ 85‘19 aE]eIed antibod ecLi.fic for the other component of the )
L Eosslb%?comp 6x to 3%288 ?n%r%&%%ln%%xgg ) %‘??be’ﬁ‘éesi% highly specific
probe demisipriing fritagezgrdystonss doed ¢olidoptifydastpoundsiihatafarieseth cDNA
or profiftoed @@@9_@@%&%@@4&&9@,&%&99&5@@%ﬁg&%%ftmﬁsf OL RAINE Sotate the
involves preparing a réaction mixture contairiing the test prgteln,
homolggRisegsntc Tt SRS ISR fRriss dedlefiidachumans. Once isolated, the gene
may be over expressed, or used to generate a targeted knock-out vector that may be used to
generate cells and animals that are homozygous for the mutation of interest. Such animals and
cells are deemed to be particularly useful as disease models (i.e., cancer, genetic abnormalities,
AIDS, etc.), for developmental study, to assay for toxin susceptibility or the efficacy of
therapeutic agents, and as hosts for gene delivery and therapy experiments (e.g., cxperiments

designed to correct a specific genetic defect in vivo).



above, and the binding partner under conditions and for a time sufficient to
allow the two to interact and bind, thus forming a complex. In order to test
a compound for inhibitory activity, the reaction mixture is prepared in the
WHeXnde8Hd absence of the test compound. The test comFSiTrtGaeHs/ b 121
initially included in the reaction mixture, or may be added at a time
subsequent to the addition of the testprotein and its binding partner.

Control reaction mixtures are incubated without the test compound or with

[0103 placehn aliederaratien AN neamniexess BelwsrNINeRsE N QRINaRthsie or a

bindin§&partner is. then detected. The formation of a complex in the

th . Tt o
fish CoRIPRPFoBRUBTETBER AOETY (BE TR RIS CoRESHHRG bgse condiion. The
identifmhppemd pmdhmtfssdhatbtgmmmgrﬁbm!ﬂééﬁfgstﬁwthzﬁmi:&ﬂﬂﬁ@éﬁﬁ} ehabling a
eln.ang. inding partner. [011 rther details concerning
e e I & A T o R R D SR a iy he ft
can UsetagndiractyStopgitsin tio. 51060576101 17] lasvaridtpcidest S ompowodsd gene

duean hecydluaiedinRce ey ; ' jon. In.certaj :
B L e chn

reactign.methods Ui A8 SRy itecerms rRaiopR EendorisaastdiBeasad Branother

oligoeides ipueic establishad onbeyathec8 W IRANNIAIS HRAUF RGN be searched by
devgg)rggld which have allowed.the production qof mixtures of other

S poundsY SUEH A< TRINZoHAHEmTEL B ahdtinitkasavunpesedwniiady ibrary
insertinms1 998) epepiiddnffuckdrndng M@dnolig deatbrenates @hanehab in the heme

i . antoir eWitt et al., 1993). An approach for the_ . )

B B B e ool O SR i i syt
depergenblacnobysis pebH deisisee (Bhilllibisalifloe Qatelimtals iBgad)indirectly
by 1AL 18] TRecompAnds of the RIesent | QY‘?th%ﬂs?@i@ be QRIAINEA MSING ARV i

.0f the numerous approaches in combinatorial library methods known in

condifion o2 Rl HOIgREA! BHEhesh Srmsaihjededdsasap Mmpiariatospiomutations
in paphaseopaeiitiad phase it ries syathRis iR MBRAES JSIHUINGChilds ef o,
2000)deconvolut|on, the 'one-bead one-compound' library method, and

Synthetic library methods using affinity chromatography selection. The
[0104piolodivaslibraryaapmebaptvisitiediteds WOI200GAHR40Mailable from the presently
deser&l R ide libraries,.while the other fau
oo e R e o S i) scroen fo
genes st et ompreitsdiuarta 299 7y Gthen ke gyl yhaiethgdscode the
protefity HEnBYRINGRISPTIalpeiiaribiaries rambe found,in the. Akt for

examp|eg in Ergt?éé?f%l. é’1994)’ Horwell et al. éjége)gan%gc;&fﬁ%é%ﬁ%@d @ sereen
CompPYEEs YT RIS Fiiia AHECET YR RIHIRE RIS bey b interewiufbnsteagimals are

also ustupRiethetakiy B2k Obis10 headsdleains hal didAd) iRsHE PH0h 8 timited to,

agi al. 19093), baﬁ%teria U.S. Pat. No, 5,223,409), spores (U.S. Pat. No. )
gmgS,beE,Zbg)?’% JEHIERS U RP%., TYEH or Bropiaye MSRShiandetentifar disorder,

inﬂm%mnd@,aﬁa&%ﬂ; it ctigh blAADpfeeligieeblerdRAkHsin Stilltiovascular
T T TR
ﬁsea@etﬁMQEe%m@y@ﬁ@pmnitéedelopmental disorders or abnormalities, infertility,
epithelial uicerations, and microbial pathogenesis.

[0105] One use of the library of the present invention is to rapidly identify the function of
genes. Fish containing mutations of genes of interest, generated as deseribed herein, may be
examined for specific phenotypes, much as knockout mice are studied to determine the same. In
accordance with this aspect of the invention, this use of the library is capable of identifying the
function of genes that have been or can be missed using conventional and currently available

cloning techniques. By using the lbrary described herein, unknown and/or uncharacterized



to, peptides, nucleic acids, carbohydrates, small organic molecules, and
natural product extract libraries. [0121] The goal of rational drug design is
to_produce structural analogs of biologically active polypeptides of interest
WP 8P SAAIMHolecules with which they interact (e.g., agonistsPEhR&GoRH4E8121
inhibitors) in order to fashion drugs which are, for example, more active or
stable forms of the polypeptide, or wasich, e.g., enhance or interfere with

the function of a polypeptide in vivo. Several approaches for use in

genes gribigitdimginesign heoluddlnidayificof Threprolivnermsioniid biruotseeencs have use
f j Iyl ihodi hese
as, mt@jﬂ%tﬂ_ﬁe?%ﬁés ,@%Qlﬁéﬁﬂ%@ﬁgygrﬁ%%ﬁgsm:@%d gs%%%%%deﬂgﬁ%g%%%cwery.

echniques are well known to those skilled in the art. S
10106}, 5y fhCTOEYBroirRg Sirsrine tedbrdrsted abmnierisativactingensichs invention
aﬂowﬁ&dﬁﬂg&aﬁlﬁﬁ Mgﬁﬂﬁé ﬁﬁmmw(d _ H@M@&l&ﬂ_@éj raf Mm@gg&ﬁﬁ%ﬁ@gms that

second polypeptide, and designing, or selecting compounds capable of =
b R HE AT DERHSe & M BN AREE GocBhepe nclude
detaiigbhjpepticiziéeg e saidoatngDNaoRMAiemdd1 22)E0llowiRgeing, and relating
the el ificati hich modulates or affects pol tide

=T B S e R Phargrmgter ana

enhangshn §PEEEHESE adidieionsedfin threprieriorsadéngmnukectuigrons, and the like).

. = H ; ol .
Charaf¢Hdidi0Ra0h8 LANRASIHAN SHENas,8/medicament, g%@%%{%&%&%fuﬁcuon, or

composition_or drgg{.3 These may be administered to individ

having gipartist STHEN ARLOE SUcleRidsi SRR BB oNdE R UmEES A PralpiBend ascertained

a fundpieptidereroanizpapiide-nbaatiirenhorsReRtide nsnailimoleciless aka1Atehknce is
kn{}W][l)referre fo m%)ré% in v'ivo ??r‘]&?:‘igl?a eutjcal uses. Accordingly, a mimetic or
' S I

oL & pr THEg ?Eg célmﬁ éf)m% éét?fggﬁﬁ’ﬁgﬁ §dpuction may

mimic o %Hle Sals,l
be knphahwiabe utisadissd 0144 briheldesigning afoninetitasoa NeWhown but has not

bee Q%mg%tiﬁ@hﬁﬁ\&i\é c ng is a known approach to the
e‘_an development of pharﬁgcm ba%rgdntl)ﬁ’\ell%'ﬁe%‘%‘pié%rﬁ’?p%hzﬁ%%ﬁ% that both the
existeREiPE Hehapie PO06T franio: e s BRO06/(lsiatemBmutbéldesiadien of any

gone WWhEFehR-ACHYSEAIRRUAd SAfiCUL AL SRADSG O Synthesize or where

[t is ynsuitable for a particular method of administration, e.g., pure
10107 e ptitted B tritRtEhISACvedeydingd Toretaanmpeanioes eifeyddidhe gene
havingothe aickly Begrateddnysaeotesisesisntigralimaniasy caana Mimetifion, growth

__design thesis and. testing is generally used to avoid randoml o
B R 00" MIRTS B OIGERELT & MTCREHOeyE {6128 aittion nt 2
neuroghk gshammechphdile trthded edtiurd, jissthuwhye isdnedeiad aesatdiagition of
TuidiSeRhysiea pr ies ster mistry, bonding,.size and/or charge
e e A R R B S 8 oo
recepigpfiRzetinsdatalaner NIFR. ofrberaliondicsinaly sisgsitivitarielintpping vation and
phenofyfRich masals-thethasae antiormolvmeRT a-RharmarePhog, 1a t"?_rbté}:%gse the
in this

.the bonding between atoms) and other techniques can be use

Proteif, ST Protsgeasuen therimmussshoinde e lisermsagiieUts. the observed
phenoBatentTias, 6EB8 Q5% [(H2abd toraae M leenieds aBepelasiede O Gmportant

therap\el:\ﬁmg C%eorp 'd%%'ggc%?g&sfép %gépiilnéigrtg%ucing the observed phenotype. In addition, this
use of the library can identify all of the genes and proteins involved with a particular pathway or
disease condition of interest, e.g., diabetes. The identification of such genes provides a
collection of genes and/or proteins which are putative drug targets for the pathway or disease of
interest. Since these genes are associated with specific zebrafish sperm or fish in the library,
transgenic fish prepared es described herein can be used to screen potential drugs for use in

treating or preventing the disease of interest.



pharmacophore can be grafted. The template molecule and the chemical

groups grafted thereon can be conveniently selected so that the mimetic

is easy to synthesize, is likely to be pharmacologically acceptable, and
VoL Hét¥8rade in vivo, while retaining the biological activRy B @e0feeng121

compound. Alternatively, where the mimetic is peptide-based, further

stability can be achieved by cyclizingBtgwe peptide, increasing its rigidity.

The mimetic or mimetics found by this approach can then be screened to

[o1083e€ Whethehthayhavmdnsiiarastedia %%Bﬁé%%@%&?(%&mfhg (t)rlfﬁl%enic fish

exhibited. Further optimization or modification can then be carrie

baTb oL e R B DI ST BTSRRIy R 6P enensdastingy [BTotRy of assays.
Depediitiy tegtie doatatesMention; iRypeaaney odsidueh (Y erse sy dsRest At Reliular

.give notype or gxpression of any. gene jn vivo and which modulates
pmtel%? tglhr‘?gigﬁ{n é ocr%inglnacr\?v‘?ﬂ%}’g)ié%ﬁr:%% ‘f‘% S Ehotiametic activity, gene
rewlmsiﬁh@ed%ﬁmahdﬁd@;@sﬁp@uathbadéﬁalommﬁisaﬁs@%ﬂﬁﬁl uSe,ifs the cell or
organﬂﬂ{'?@ﬁﬁa%aa%%sghﬁs&%%%% & B?e %iﬁﬁrg'&%g bé/ ggcég%]%é%ir Rgsay formats

dose-response curves using methods well known inthe ar

can alsphftrer; Hdmevmingrakilediavisatorihaddiien teswritrdingithorbteperfosned on
differéfr Zekiadsler sonmveniancen Ibis upaerinog thatather fish %@%%&iiﬁﬁd on fish
a e

4 anjmals_can he used in place of zebrafish. Thus, it is understoo

produged o U EATEn 25 RIS t54h v ikeTbrinaet rns, ePABIDS I A she sribkatish. sperm
insertikes 1'%@ Véﬂﬁ)@mﬁi;&ﬂwmgll&@l@@ﬁﬁ @'ﬁ‘h@i’hgé fi@?ﬁﬁﬁem‘?ﬁ'd@%aﬁ one
mammals. Vertebrate cells,can alsq.incorporate modified Ds element )
foundgf tﬁ%’g ir?\llﬂe%{tgloﬁrﬂ%?ﬁg %rjggn%g%gﬁ%ﬁ?é %@&{A FraRspolhipratBfst of this
embodwitstrthn fisk sy de dettoiectniiaseandespeseds asscanboaliadignhe progeny

have SR&MRRAIsJRclyding Dot limiad to, redents, such as rats or mice,
s B L R P emed oo

least Qoheplsed Potnme. PHATSE2e0BBTORRY brl HoTREY Reiegshedriansfer cxample,
Westesiste e obahis inventien tasnadified Ac é%ﬁf?ﬁé%ﬁ@&%ﬁcﬁﬂ%ﬁb& at least one

introdﬁﬁ? 0,into the cell as a protein or as nucleic acid encoding the

BYROgSRSHS oS h ETERIBo T ERE TR R aRRPEYRSORIMY th & TsRatemhas denaibed by,
for examglin hothdisithe2000)eid.acidd oA sdresthes inuaieie-a6ii8RsadiBgh of these
dified Ac_ tran se.protein can, be incorporated _into a cell |
em"?‘?ﬁ?égl‘ggh S RS R e St waniRbe i gescrioed futhr
hereingpaehatsendeihic dniinge lsctropendtiomior partoimb amhatine it usedd berein and

as weB bkanoticLalls: Bellowing introduction of nucleic acid encoding modified
Ac transposase, the modified Ds element of this invention can be

[0109] o du BaBsHRE FHESE dimense . osne plamierst e rho ¢ifisd B se ementnfs to assess
the effiisofnventignsanicn MERMEAMMO Ms.cabsinuiansaus Wil ihe ipterost and

the bi{)?pﬁgme Ac fransposase, protein or nucleic acid encoding the modifie

SHEERE BB, Y0P ML hecadpl dy the BepeiftiniviaidsApiplyed. For

exampifansposahte eldment deseribietabay e 4ise TUHRARRR INBBRM I interest,
abqve described gene

L U LTt p—
fish, viHpHaydthdabimicad substmes ofaribely gliseaThs cinahudings 0ane&is bbYiosed in the
water tﬁ@ﬂﬂ@@ﬂ@ ﬂgﬁﬁﬁe&ﬁlﬁr%@% o g@]ﬁ&&%% g %Iilg‘loid embryos. By comparing the
expression of the gene or protein encoded by the gene in fish exposed to g test 'campou.nd 10
those that are not exposed, the effect of the compound on the modulation of the protein encoded
by the gene of interest can be assessed. Test compounds can act as either inhibitors or activators
of the gene. In this manner, compounds which are useful as drugs for freating or preventing
disease conditions associated with gene of interest are identified. Similarly, toxins, potential

therapeutic products or other chemicals can be screened using the present library to identify the



including tumor cells, or normal host tissue. Gene transfer into tumor cells
or tumor-associated stroma is being employed to induce tumor cell death,
stimulate anti-tumor immune response, inhibit angiogenesis, and control
Wihibredet§towth. Viral vectors have been used to achieve tRETSf6H@00121
principle in animal models and, in select cases, in human clinical trials.
Nevertheless, there has been considgrable interest in developing nonviral
vectors for cancer gene therapy. Nonviral vectors are simpler, more

site ofimvtinahit tiedargenpoalaimanutasting, ane-potentisibnaatar tf@%@ﬂé@@il proteins of
Cl

use. Ngnviral vectors.were once limited by low gene transfer efficiency
e Rt neibat e T N e SR R PRA 8RS mo longer
Tespofid pcvesmaoisnih plasmichcbdsediventarsnarnddaliyv iy ireibndsArgid compotnd is
idepti®ilgUMventing these obstacles. Nonviral vector technology for use in gene
therapy includes transposons (Liu et al., 2006; Ohlfest et al., 2005;
{Glméssngz%ﬂ%‘fﬁ%@}wmﬁﬁﬁ 2gosfihompdridetd| 3520645t itheidntification

of corpRftadgakuanhIViesh2004. KRGInskigLa! p@&%%m@é%@&ﬁﬂ@d i 'the various

..the gene transfer system with the modified maize Ac/Ds

2002), Thuys

gemt%f%?*?s{%%*é%?éi STEhTORETHVISE MSEtS s dfmsehseathady. gBvehmedebyaped assays can
also bertsb@aﬁe_saé@ﬂa&ﬂi}(;fﬂh& pﬁm@c@oﬁfﬁm@rgﬁarmrﬁdgﬁﬁgt@p & @@?{ﬁoﬁlﬁ%gpﬁmmdmg

1 ise indicated,.. conventignal techniques of chemistry, molecular
mcon&&%%w, %i%%}eo%fggwperggeﬁ%fg TREBRA “GeReHedS -immunology, cell
[2113biolody asditionlttr slendetrarisy emiscbislogyn whichdare it rctag SlaHsobf interest,

her N&RL : intis, etsal, ; Molecular Cloning. (Cold Sprin .

o i Joot Jhaot B o ItiAR Bl or o
proteipg, (esdeth § - asBe Naniorik) Thaidertbrdesanptosd; MotdoulseBlofingsample,

in mod0thig #letiSRIRY WIRgRd- ring Har
o tE%Sambréﬁzi[lf;;\nd Rusggllégggi%gl\{%%rc%li%? %Cl%grﬁ% g?d”é%;_) %@%ﬁl\{nw also

York); 4
be ““%fﬁ% HETBor T ABBIRRABR PHES Sl nSBRal go pripioeY, iNswetions); Ausubel
[9112%t 'at,m9&)sa@$é neesl gemﬂmkslr iBoMpReUtatHBIolRY @qﬁ?téﬁél},%v&&%?epaﬁng a

.ncludi igdic_updates); Glaver, 1985, DNA Cloning (IRL Press, )
reamb(glx%%gg%\pngafn% & XS%Q’;%%%% aglg i‘?ﬁ SRR IR FRP RS Pagdgior a time
sufficigptifodies] (Co Speingadentsop inaberatod/HréstnuE dehSpsing timskarwhich can
be reNEWIRH; aNucleic Acid. Hybridization (B. D...

i L T

the 29abLph dRe §ozeoning 3iA%. o eomleCHhercaeinigimatiCalyRl Higand are sought, 2

full 1EHgShReyteMNaRRa Lﬁ&&m%mﬂe%?%ﬂfa&nﬁbi'kzﬁ;&&ﬂ%“ ORRAYIES (i erords
adv Pr%ss, 1986); B. Perbal, A Practical G,wde?l’o olecular Cloning 51984);
AHRETH AAIES CRTBVNDEETH Feriy OTBRS (Adalemi Breteuliias kevn)iogeie) can be

utilizélradsfeiditentpis FaroMssnsatian iGallsd dubbtMiter a88NbsPat WRIRISvhich are

ld- Spri arbar Laboratory); Methods In Enzymology, Vols,
Secret%%%é%%gfgg %@ga"F al e gl.l),as Fﬁ?r%‘%nochemical Methods In Cell And

§0113M0IeEbfaﬁ®¢§Iﬁgg gerayercandby\athéncedsn AcasitmicoPress, LovteRample, one
L T e
fusiorgpifiish, BIkdFRIPERtnenmubickdiohescuibidicbtss bidyabatvalen the protein
and tdviasipblaAcoNeMaNSRIEMArYR. (LRIkaRIRYHarkor method, the receptor protein
reactant may be anchored onto a solid surface, and the test compound, which is not anchored,
may be labeled, either directly or indirectly. In another embodiment of the method, the test
protein is anchored on the solid phase and is complexed with labeled antibody (and where a
monoclonal antibody is used, it is preferably specific for a given region of the protein), Then, a

test compound could be assayed for its ability to disrupt the association of the proteiu/antibody

complex.



Laboratory Press, Cold Spring Harbor, N.Y., 1986); Westerfield, M., The
zebrafish book. A guide for the laboratory use of zebrafish (Danio rerio),
(4th Ed., Univ. of Oregon Press, Eugene, 2000). EXAMPLES [01321 The
WrekEh i itlntion is described by reference to the following BPXAYRGResG/000121
which are offered by way of illustration and are not intended to limit the
invention in any manner. Standard tgghniques well known in the art or the
techniques specifically described below were utilized. The Examples

[o114demonsiraia bR thecpvention isappicrile 9 angiuagions, ih&teaction products

vertebrates as shown by studies utilizing zebrafish and a human cell line.

SePar IR B ARSI AREF It AB0 s (o P ARFRIECE GristriitiRe @p gigpruobilized

antibofiye spevigicusicantaininpidRhE (Clopipahel aheraiories ki) PRAGR2 &5the test
omaoter of keratin.8 (kr ene (GenBank accession number X

comp b o LR N W0 BB S AR B g for to

other agnerEhipldie GonipirorornthsNatitnal Bimbersityb@ingapore. The 3.1kb

j¢is ra: ﬁ@fﬁa&f@%é%l@’@? @9%&?&95%&56593@ k@'g%é?g; %}ﬁﬁé{g ﬁlsl ﬁlrs]xg interfere

. unze, 2000). ] The NLS-TPase cDNA was using
mth@ﬁ,ﬁgq:?cg%-bfmg@w@%@d its binding partner or partners involves preparing a

reacﬁ%@@%&%%&&%@@%ﬁgﬁ%g%T ACAGRIR BRI as described
b NO:%A%aﬂigl"AcB": GTATCGAT AAGCTTGATATCGAATTCC s;%m

aboven &9 Af g BB SR ARRsitions FRdroe, 2 be6) suéist W Hfige two to
interapredditimiahusedrag:g teoaptpiexin the:gecondanxRERYSID RIS Bory activity,

the oo SR pes e PR, Ot PSR S AREIRA AT ARSI The test

compAB{ B 1D 0iAlb) dmduitd3lin CRATGEHT AKGEET GATAT OGAMBEGE a fime

e s

are Myl il B RbsaRReHercE Wns Pliebed WithfBamatnn afdmy complexes

betwealoneddstprBel site ot thaRSPidhoasiariwagand Melion, 4284 4 BSmplex in
KSE-.TPﬂge was optained by chance during cloning of the

N
e oL ALY NI AR 55 B LB P RBPOpof, nicates tht

the coprpourebitihelobivBictiedtnscictiva cptie RO PehgdNn BeGUeiae Miafer.
01167EMOY Sj uik-ChangeTm Site Directe utagenesis Kit o .
[. ﬁStrat%qebr?% )H;e%a : p{lznorill;]%ermg:i %\%ﬁ.f{&scngey in 91157'0 systems and additional in
vitro FEWGAFOECwaie CASTEGOTRT. T PTEATGAACCACAACC(SEQ ID

10117NO:38) AL G GF test compound b luated i i
TGTGGTTCATGAACAATAGCCATGCTCECEEATE FERERRA L (oot

Imventigps 3 [SeRHE: $5)0 pOIRBY o i SORROTRdS tpPstettad gl derived from libraries
(Le., Mt SHBBA s BHEP wsj&ﬁmyctwﬁﬁﬂh@mﬁﬁmw&éﬂ&?%m is well
NLSKSE-TPase fragments using primers AGAGGGATCCAGCTC .

establ&llggﬂ%&@éﬁg &@'(@g@%arﬁ%%flgfﬁéoped which have allowed the production
of miN@AGAGHEG CHOLTHIEAGAGCAE MG HIGETAY SRIEIRMNO Ub) andwitt et
al., 1%%518965{5%9 &@cge%:a%&'%ﬁﬂﬂ gxgggar%gaxaﬁ[a‘tezso ouggnﬁﬁ%eés}, and hydantoins
(DeWitt et al,, 1993). An approach for the synthesis of molecular libraries of small organic
molecules with a diversity of 104-105 as been described (Carell et al., 1994a; Carell et al.,
1994b).

[6118]  The compounds of the present invention can be obtained using any of the numerous
approaches in combina‘goriai iibrary methods known in the art, including: biological libraries;
spatially addressable paraliel solid phase or solution phase libraries, synthetic library methods
requiring deconvolution, the ‘one-bead one-compound® library method, and synthetic library
methods using affinity chromatography selection. The biological library approach is limited {o



and BamHL To produce NLS-EGFP and NLS1SE-EGFP constructs the

Ac TPaselo3-807 CDS sequence was deleted from the

NLS-TPase-EGFP and NLSKBE-TPase-EGFP constructs
B BhHihgly using QuikChangeTm Site Directed MutagePf@BRGi6/000121

(Stratagene) and primers:
AGAAGAAGCGTAAGGTAGAAATGGJ GAGCAAGGGCGAGGAGC (SEQ

ID NO:42) and
peptié:é(h"ﬁfaﬁél'd;@ﬁl@;Cﬁ@'ﬁfﬁ@'ﬁ'ﬁiﬁ@ﬁﬁo‘%ﬂ’e@ﬁ%@@ﬁEﬁ%@ﬁéﬁ@ﬂg Qa_n(@?@i&hgomer

31 A Preparation ecf] [0138] The TPase plasmid
= Snvg\égrgﬁ\%%%&e%%ﬁ%ofngﬁp&& gz; AS '#1@2% Ty R0 aiﬁd’l?é]é?ﬂs for the
synthgssiaimedeseulas liptites ofichp fethdramtposs SorRhnplh o Fid EGHEAGEL), Horwell

et al. %%%él\@gu 4 it (A glon) was used. The product was purified using
Neasy Mini Kit (QIAGEN, Germany) 5-10 pg of plasmid DNA with

(91155 g H5BITh Vit SRR B e aeBkusE RRKin (reze Bougiibutetanta992), or
on: beagb(RisteembNms plthes IidwalksRgeodhemasiugl g Uﬂﬁ%]%@@ﬂ:}gg} spores

irically adjus roduce 50% embryo survival rate. WO
U8 e e SIS oOBTO AL £ 2l 15139157 1 RGHT (DA B, 1990;
Devliwag ahaumame@vacxaoed ialg @es;m?ﬁ]ed nro@cﬂs mlaﬂqemsﬁie@gﬁ@éﬁmm the
n Sit wo primers flanking the
comb Qéé %%lc?)rﬂg%éé] encc? g %nngLlo hd 120 by of the flanking
[0120eq u@ﬁfééw@fréoa@mgnéwﬁm prinbersiraveithie folowingdedyences: not mited
to, pdpledMicdic @asT T62do ET é%ﬁé‘ %ﬁ%ﬁ—@lﬂg 85%:%1636 mral Oduct extract

i GCGCATGAACTCCTTG R eBAiOnS
1 rarV?‘ﬁ‘thout extension and with a short annealing time were used to prevent

[012:3mplifizatigniobthedens dRRrdREHH: @4koltk 3036520 RRIGOLA Biologicany
sec, for 35 cfyc Under thgse conditions only the 120 bp Ds-excision

S.
N S i %eﬁ%ﬁysbﬁf o539 Qﬁq]ﬁﬁ‘&?foﬁzfgps‘ff@ﬂkfa%énfﬁ’@é’éﬁﬂ fir agonists,
antagem@ssnﬁmmtmdersepmmem drsingvihR% agaf@se;@ﬁiplér hﬁd@@a&% or stable

foms%?rﬁé:é&f{@g}t QQ JF Iwﬁl% fled usr&%.g%eAgw G,E\I%edﬁ';ﬁé ﬂeﬂ@f a polypeptide

ermany), an S ’uen using
i vweh §?H§’i’r‘*}/ FREOAHsHa RIS PStetinsaGiN)e dngl minBide m&nhy@ib@:ﬁ&mettﬁmansmnal

tru t&z@%\féﬁh%@h@%% I S e U
e upplied by the produ%i%?t[igﬁ%%{%% ses g?%is%nﬁlﬁg eq@%ﬁ%ﬁ?ﬁm qHes are

well [y PathosT Rkl rﬁél%’%yﬁﬁ*méﬁ‘%*lﬁf‘éthP@%) wrrdugerfemisingsatomic

cooréﬂﬁwlbeﬁamgeulwmmm@ﬂﬁ%&gﬁ% BRHBRV ShH1eL W SN seid first
oIIo et of rs Ds5'-1: CCGTTTACCGTTTTGTATATCCCG

Polyp f) S0 P AT AT RS e e seleeieseoEsmoungs capable of
interfmm)ﬂﬂéﬁ mte@@@ma@aamsﬁ%ﬂsa{% &@d&dﬂ@g&;)pep@@e based on

said agﬁé'g&%&;@\TTTATCCCGTTCG (SEQ ID NO:24); Ds3'-2
CCGGTATATCCC GTTTTCG (SEQ ID NO:25); Ds3'-3:

[0122F A ABqtig R AlE G B PAGAGGT (SEQUD N6 noliflates or affects polypeptide

tivitd/ CHEGINA 2 .
ac 1v1% CAGNT(%IVQ\&/%' i T%g%%é(%%%&? yﬁ% 2124 %%re it may be manufactured and/or

used B-PRBRFFHICST O TRANSECYE Or| B IRolativg., AD 2 CNTHRSI GV YE NCEWedicament,

pharmaceutical composition or drug. These may be administered to individuals,

[6323] A substance identified as a modulator of polypeptide function may be peptide or non-
peptide in nature. Non-peptide “small molecules” are often preferred for many in vivo
pharmacenfical uses. Accordingly, a mimetic or mimic of the substance (particularly if a
peptide) may be designed for pharmaceutical use,

{0124]  The designing of mimetics to a known pharmaceutically active compound is 2 known

approach to the development of pharmaceuticals based on a “lead” compound. This approach



CAA (SEQ ID NO:30). Products of the secondary and tertiary reactions

were separated using 1.8% agarose gel. The individual bands from the

"band shift" pairs were cut from the gel and purified using QIAquick Gel

X AIGARit (QIAGEN, Germany), and sequenced with Ds3¢E/3#06/000121

Ds3'-3 primers using ABI Cycle Sequencing chemistry (PE Applied

Biosystems, CA) and an ABI Prism 320 Genetic Analyzer with Data

Collection Software (PE Applied Biosystems, USA) supplied by the
mighthroderiebl ovisr Southtive Blotmayivtici Zaffonljot46pEcoR] digestedize or where it
is unsIRRANIGRNAWAS-IrACIRnIShLE% 95k RleGrapho gé%gﬂﬁ@rg?g&%?%uﬁtable active

positively charged nylon membrane (Roche’ Applied nce, US/ _
agentExinaH, PIBRATE(RarR bheBkeat 4 bpopankdy degsdsrrtrenrpipases in the alimentary

canal.INfaEhRteHCd B8, BNARIO e Bl R MR M HAAB/14A80n domly screening large
PCT, SG]20§6/0 0121 45 labeled with digoxigenin (Roche Applied

numbery of MRIEGHES IIE i BE BRIy nthesis kit. We used DIG EasyHyb DIG
[0125WashardtBiosieBuftepinet faahpbsidisationitalkalicepHospbashsedaedad to its
- anti- tihody and CDP-Star chemiluminescent substrate. (Rache
Bt R o R R R e SRt elom o ramge
of sogesyidiZatiepeeimbuwicctivhnigassarriey diffrastivesdaibeshih NWMR. Computational

analydTRARHRGINE MSBE B OUIdRIE HAMEL B cﬁé&%ﬂﬁﬂwl\r@mndp ;‘lizgllaénacophore,

two-component system consisting of a donor construct with a

rather (502 6 NGRS PrEWErSHissAfeh PthssSerbiaren AaBnbediprfian this modeling
procedNOMifiedARIARS @%aa&e t?&@% mua@@gmm. @%ﬁ@z@t%ﬁéﬁ@&
insertions in the zebrafis nome. The Ds construct carried EGFP gene, | :
10126] e A )l T e At fa Y8R pPOHBLEPTEISAY BPRRS SubBimic the
phamneenfined betwe enBedarths'tenglatissieguiiedise itenieas of nziifdrafted thereon
le (Weil ze 0).(Fig..1A). The second copstruct . ..
o e A LR o eeb o DURELolf AR e AL S is ikl 1o bo
pharmaep lpsaelyseetiiblib aandediree et , 149980 \ifusad, tovailanimalispabifibiciogical
activiSY S elC RuEleaRianalizatignHaRALINL M GRPKKKRKYE #H%%Qenlﬂ%sed, further
g

..NO:2)) analogous to that of SV40 large T antigen (Fig. 1B). Tl ene =
stability, <5HiRG SGeH seHh SHEINIDS - s Rgtides duoraeit e (ML Seitifise) Thagmimetic or
mimeﬁt@nmmyrh@}m%@%aapla@m@e' %w@o?ﬁ&é\die&og%el%%@h@mmgaﬁéh%e target

P6 promater for in vitro transcription.. This plasmid also contained the 5'-
ProPeRty u’iﬁfﬁ%‘b?’fﬁ%’%éﬁ%ﬁ&%‘%%ﬁfwamp FGRSS HtgRicaiion gt then be
carriedinilde TiPsseiconsirustsanere addittinsally imaste ¢FigmitBlangitg): one

ontaini the : 103-507 sequence without NLS (NoNLS-TPa .
EGl?ﬁgnd ?I‘@%%ﬁg r ‘go@r(ﬁ%r%ﬁ‘z%ﬁg %fnflio% 3% g‘d%%ltﬁ |](L)Cr%|Jl 62‘5[%1‘ )%hagpgﬁ% Osfe‘)i gtven
PhenobtRInBPIPRsINL SF (NIYSSesE-PPéwe pndowkRh Tabdalateh pwdeinerctivity or binding
with aleetideseanensr offhadnedifigdiAcdanspasageco @&trﬂﬁjtﬁar-rﬁ%%ﬁnem or

shows the NLS-containing construct and Table IB shows the
potenfifl &3 BYRFfPsesrshliEstPIsEtianss feckvesinadshv Weriing dope-response
curve£aseg hiehO RGN0 (Auklagtides 70-89 of SEQ ID NO:11 or 37) is

hown in lower case bqld jtalics. The Kozak sequence (nucleotides
[{}128? zgs previously notag, tﬁe present invention hgs been described with reference to

zebralish for convenience. It is understood that other fish and other animals can be used in place
of zebrafish. Thus, it is understood that the present invention pertains to the use of the maize
Ae/Ds transposable elements in vertebrates, including fish, birds, and other animals including
mammals. Vertebrate cells can also incorporate the modified Ds element of this invention in the
presence of the modified 4c transposase protein. Cells from fish, birds and other animals can be
used, as can cells from mammals inclading, but not limited to, rodents, such as rats or mice,

ungulates, such as cows, goats, sheep and pigs or cells from a human.



152-157 of SEQ ID NO:ll or 37) is shown in caps preceding the coding
sequence for the synthetic NLS (upper case, bolded and underlined;
nucleotides 158-190 of SEQ ID NO:ll or 37). The coding sequence for
WhneetediMe TPaser03-807 is shown in upper case and boldsa/sG2006/000121
(nucleotides 191-2305 of SEQ ID NO:ll or 37) and the stop codon and
3'-UTR of Ac transposase is shown iq upper case (nucleotides 2306-2477
of SEQ ID NO:I I or 37). The 5'- UTR o} fi-globin is represented by
g1zmucleqt 2 A : - t%ﬂ%r;' .
oo b o e D4 To e of L NOr A e proten oo
be iSEsPed 4B Be 9RGE0GEIRID Pt 45 [DuYlor Taileenceingstiveraniito In one

_ emb?%tdeaemaz@r@abﬁat tggdr?d&dﬁ%ﬁxﬁ{gg&% {@%@@%&&%‘}%@@%&m acid is
Sg an e shows the SE-AC ase. e synthetic .

s (T et %T@Bﬁé‘%d‘ﬁ?‘%@ 26) BrRACSRS B RdRIERR Brifgrporated

into acidl thidnghi SEQADWINAA}dtoftisaibid) HRahie dibediidasedde:8607 mechanisms

: il 00Q0; Houba-Herin et al., 1990; aming acids 12-716 _
Tncmg{}{E% %%%%?%4% 'PE@IEE 1‘3%{8 e%ﬁa%t §lesg]% e%ée S b fifidy adollowing
introduelitspeSasedonsthreroing redBataifvingrGpwsteidhe. modified Ds element of this
invertiéadgeliiasaldaingiagaacysegaiagaatinaiagaacrlaldiaiealasfeacd: of this

) art : ] . . .
tnverion, 020 Derdigdursdaliir dhe ko singlanrorgbicaihdbm apdteh dadyasposase
proteagéﬁct:méléic acicé eézcoéiémg éhéz modié‘ied AGc traxésgéocgase prGotém. G GG
T TCCT AAGAA TAAGGTAGAAAT TAT
[013 GT% &%ﬁg{@&p&@&k&@%@é&g&&ﬂﬂ@tﬁmposable elements described above

are umm&m&w&%ﬁéﬁﬁggiﬁ@rﬁﬁffﬁg W@Mﬁ&%ﬁbe&i gene
e ST P SRR TR i omsr e gshonsoome

of meny AdiESEsAA AGRNANE ABGTFCING CAMFGEE BGapeutic genes into diseased cells,

inclulAd thiabrRGs! I S AALIGEHACRE, %ﬁ!ﬁﬁé%%%ﬁ&% %glo-r(;aps‘.sociaied
TCATGGAACAAGCGGATTTCGAAATCACTT

stroma AHNIE AFE REUTR GRtRTA P PA ARG G AGTTET GTETRANANGIG Rsponse,
inhibA Augiagdht6d) 1eaGOADAAGAEALR T CAal vectors have been used to achieve this

TTGAGCCTTATAAGTACGATGAAGTGGTTAGCCTAAAGAAGCTTCATT
proo SRERRIE R PRl R mﬁﬁiﬁ@s, in human chinical trials. Nevertheless,
there ApT ATRGTABRALIA TBAST ACTH EBTEGAGTTA G TR GRCREES G therapy. -

a:m } () 3 I GUERS e i
N V%c% }:’%ﬁg,{?ACAST : TATCQ%%%%%C?%%&P@%A“A‘@R%WS EoR RR(RRiplly safer
for chpiqeh FEG ANANE ARG ATGT PakGEGEE by low gene transfer efficiency and

AT C TG CACCATCAT R RNET g e oot G AALA biasmic

baseds YoPISR TR CHBTET RSt AR AR STHING Glspy obwtreiesT G Npoaml vector
technGlGKy G GSLAE Abnt Qa3 ARARIST thAESRSA (Liu et al., 2006; Ohlfest et al., 2005;

CCT. CAATCATGGTTAAGTGGAACATTGAGAAAAAATTGTT
Essn%@é@%%e@é é%g&?ﬂ‘(ﬁ% BA 2004; Liu et al., 2004; Izsvak and Ivics,
2004 N ANETAEC TERCRIAGEACT AT, AATIRACIEAY TG fandEA Skfed frith the

T/ GGTGCITICTIT o ,
s EAICTORTTRRISONCSISSLYISITR hoe. b et trco i
Vet S GC TG TAATTGCAGGAACAATTGAGAA ‘

AATCAAAGCGATTGTTCTTGCTGTAAAATCTTCTCCTTTGCAGTGGGA

AGAACTAATGAAGTGTGCTAGTGAATGTG
0137} cTTER ATacHoeT F ARA GERSAT GISAHNT CRATICYEC TORHAC TRGHIG Gadicated,

convohfidaNfchalds bGAnlshio ARabileiiGGSogy, microbiology, recombinant DNA,
TTATATT TAAG%&: %&CgéﬁTAAGGCTTAAAACAAGT ATCCTCGC

T,
geﬂeﬁ'&f\; Gymunalpey & 11%? RUpe apdsiransgenic biology, which are within the
skill FOMGHEGGABGAESCRATTAACIC TITR TAAGES TOHMAN CAAGTTIIS Harbor

TGATCTCACTGAACTCCTATCTGGTACTC
AATATTCCACTGCAAATTTATTTTACAAAGGTTTCTGTGAGATAAAGG
ATTTGATTGACCAATGGTGTGTTCATGAA




AAATTTGTCATTAGGAGAATGGCCGTTGCAATGAGTGAAAAGTTTGA
GP~ATATTGGAAAGTGTCTAATATTGCACT
AGCTGTAGCATGCTTCCTTGACCCTAGGTACAAGAAAATATTGATTGA
PP AYRT GAAAAA2TTTCATGGTGATT PCT/SG2006/000121
CATACAAAGTTCATGTAGATGACTTTGTTAGGGTCATTAGAAAATTGT
ATCAP.TTCTATTCTAGTTGTAGTCGTTCA
GCTCCAAAGACAAAGACAACTACTAATGATAGTATGGATGATACCTTG

LaborAb(3 G ABAIG Bpsiad T dGCRNAT Whekiv8Mibrook ef al., 1989, Molecular Cloning,

2nd Eé@%@%ﬁ%ﬁﬁa@%ﬁ%éﬁ%@é@%@T o R A Kb ook and
RusseRGONT AGGRGETCAGIET BA FATICHTANCAE HETG G AGRGSRMES CI Spring

BERG TGl CARRIT ; 3 ile
Hart %G_GGATG GCTX%(%A%}?A@(%AGTGTE%@%W&%%"%%%@%Q@@ Wiley
& SongrinelntPEReTiUis TRBrOGTRTFGHPHE PG loning (IRL Press, Oxford); Anand,
1992; TEAGERCHAATEG TOHT Glaldé GRABAI TEHEE CAMGSITET GATA BGSA Garbor

AAGATTGGGTAGCAGCATCTAGAAAAG
Labosl ! ERkt AT ST ARRATE TP PR FesGlesesT E7PA gt deid
Hybri@Z(G& (8.6 CIRGESTEH C AR CRging GAT BR®; Transcription And Translation (B. D,

o A TAATGOATAGACAACACECANACAATTITCTANGRATART

198Dy BorhilicT CriT AT ETITETIRACASATERAD GCFHGAE T GFAAIAGYide To

ec ; GIGC i 1O i ;
o L T - ——
Gene FignF RO RETS K PdmermierT CalbdFa Miller a;ad M. P. Calos eds., 1987, Cold
Sprin€> 8403 abehale ), CAbHaAE0BNAGRABRAACERICGEAAPOREICARIAAIY. eds.),

I B S A e Beigioss DGRt Vliininghgedomic

Press,dgttidtn, 1987); Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and

t a a agdaagdagaaa addaaaaaaacC GCCCccceeececeece

C. c.leagalclpagaa ; e

" Tcaggtcgaé... Sg%% %Eﬂ “E‘?’f\fﬁg?fg’ﬁ‘fégﬁé’aigfﬁ é‘i’ﬁ’?tr% et Bhientific
Publicatigpsggefitph datigthegmgiabybiuirabsittaitobmaadothtgtalCatdchnaia Glarbor
Labor8@ty Press, Cold Spring Harbor, N.Y., 1986); Westerfield, M., Th :

"~ taggtgacattatagaatacaagetgcit ttctitt*_gc)égagsgsctcggéatahacéc"‘i‘é%&%g@mk 4
guide gg chzg@-atmy use of zebrafish (%arzia rerio}, (4th Ed., Univ. of Oregon Press, Engene,
2000)GCCACCATGGGTCCTCCAGAGAAGAAGCGTA?1GGTAGAAATGGCTA

TTGTTCATGAACCACAACCACAACCACAACC WO 2006/124001
PCT/SG2006/000121 47
ACAACCAGAACCACAACCACBREGRAISACCTGAACCCGAAGAAGAA

C GGGCAAAGAAGTGCACAT . .
012 o P R R R R Pleine Fesmlg o e
offeres AT CBAARAGAAIAC BT TOAGS TABBEGGGimit the invention in any manner,

- T T AG!
S o A T S Ll TGl G5 b were
utilizegs p Glon EeTnke ATReprTata G Ms ATSTen G TPeieic IAANARGTIENA in all
vertebfuboh @GR v e ANMGA A ERvAYINh G Chuman cell fine.
TTGAGCCTTATAAGTACGATGAAGTGGTTAGCCTAAAGAAGCTTCATT
TGGCAATAATCATGCATGAATACCCTTTC
AATATTGTAGAACATGAGTAGKAIGIGAGTTTGTTAAGTCTCTGCGC
CCTCACTTTCCAATAAAG%’ICC%T%
TGCTAGAAAATATATCATECAP T BT AT PPEGAAGAAAAAGAAAAGTT
031331 TARIBBARBASTINAAGATGTTCAGTCTC

CTRRAGLAGAA T TCITGICAAAATAAGTCA
muﬁcﬁ&%m&%@%o NROEE (OB Bt MR s 1o
promogshgfererin STE 1D pee ARpRaRcaT T GTTEbE HFHITOA TG Fighukd fiom

GGGCGCCACACTGGCCAAAGGTTATCACA
AACCTTCACTGCAATCATGGTTAAGTGGAACATTGAGAAAAAATTGTT
TGCCTTGTCTTTGGATAATGCTAGTGCAA
ATGAAGTAGCTGTGCACGATATAATTGAGGATTTGCAGGACACTGAT

TCAAATCTAGTTTGTGATGGTGCTTTCTTT
CATCTCACCTCTCCTTCTCACATACTCAACTTCCTTCCAAACCATCC



GGAGTGGAAGATGGCATTAACTCTTTTTAAGTGTTTGAAGAAGTTTTT
TGATCTCACTGAACTCCTATCTGGTACTC
AATATTCCACTGCAAATTTATTTTACAAAGGTTTCTGTGAGATAAAGG

W TPERIPGACCAATGGTGTGTTCATGAA PCT/SG2006/000121
AAATTTGTCATTAGGAGAA. TGGCCGTTGCAATGAGTGAAAAGTTTGA
GAAATATTGGAAAGTGTCTAATATEGCACT
AGCTGTAGCATGCTTCCTTGACCCTAGGTACAAGAAAATATTGATTGA

Dr. 6740 Tl AR GAARARAIRT QAT &6) 6ATithgapore. The 3.1kb kr8:EGFP fragment

ATACAAAGTITCATGTAGAT TTTGITAGGGTCATTAGAAAATTGT
s B S e R Y B gnse, 2000,
(01355 CT CBAN S AN ADNCRa ETROTABTGATAS FAMGS S ATACCAAGGAAG

R e Sk AR CRAT A R R AR g "™
GTAESHAAMAFTATAFAFATERALTRSETRRRIR NO:15) and pWLSO plasmid (Weil and

Kunz&GOU] A6 (efad il CTHl 26TV AT AL AT SEL G5 MIGR CLAREF PER using
. GCEAE%QA%@%A TCTCACCCAAATTGCA

PIEGGERATGT ARECAAG FOTECAREFETT G e AGREACTFEEAAGGT

AG GEQCHD NECIEPGhé CACKST GTABTEEM EGCTTGATATCGAATTCC (SEQ ID

o RS IR ST HERIALEEAT cao
ID NG5 ERaCRTATRFTSCAATIRAT GAT TR GRBATECICHA GaT GERAGMTT BamHT
c A T i Lo & & &k TPase
o %E%CE%EG G%%%%Q ATGA%AA\%A%JIC%A{%A%%&RH?‘UF%WA&A% T
was gsiRinedAprhase dning dondecd the NESAPase construct due to a random mismatch

in the' YA TEHoded it RRRLEGIdseal AR AL GAR ] AT LGRAATAS Temoved
M GCATLRCIAAGTGCTCCAGATGTGAG

. T / ACH \
using BT ATE AP RTGY B PRIANAL (SBe Ry e s EFTRCTTTG
' GCATAGTEGACATAARGGCIAMGTTATGTIA CCACAACC (SEQ ID NO:38) and GGT

TG TEATER SO AT EATSHRBERNTCLATRINEE ", o

agtctctaagctaca
NO:38pcaacttacactttacaaaatgttgtcccccaagatgtagcecattcgtatctgctectaataaaaagaa

[013A9MCEs produce NLS-TPase-BEGFP and NLSE2-TPasc-EGFP fusion constructs PCR
Icacattctaaaaaaaaaaaa daaaaaaaaaaaaaaaaaaCCcCcccccccccceccecclg

amplified fllgad P25 RO -FHarA Bese e ARG EqAEHEE GENECCAGCTCA
onleticsiondiage S SwBpog MHSACEATE T
TTG%%@%%EﬁM@%Q% ‘ @%srgtd {Gong et ai.?EOOZ) using Agel

and A4FERICRAYRAGGHISGTTS RRNNLETSHSEV KGREGIKEEKPHEKRIN,, DS
PYKY LKKLHLAI | FN G o
Seque\E}LE%H %}és \ggg\;f? s%ﬂ%HLﬁﬁl%ﬁﬁ%ﬁ%@%@kﬁm@&aﬁ%@%ﬁm@m

NS C\BTHINERD Mutagenesis Kit (Stratagens) and primers:

o LA TAN N B e o
TR ASH N VAR B AL TR IRAN LA GCSS P OIS EQ KE NSEGD L

(013K SHEU YDV STRMVNSTYAMHR DALY
KPALI TSDPRRYDAICPKAEEWKMALTLEKCLKKFFDLTELLSGTQ
10138 57 A Y

R%ﬁ@gﬁ{cbffﬁjwyﬁémﬁh BamHI (cut downstream of the polyA tail)

and uNVZRBRNANAMMSEREIrP KA KIS PAL AN A BRAY KK RO K KERGDS 1NE
( RVIRKLYQFYSSCSPSAP . . N

S A STD B M BOREON L PIEe Pt RSREL ARTMEIIAGEN,

Gempripi SGO PR 1 EVMAMRERNABNRILTARDS in vitro synthesized transposase mRNA
VAN STHASESARSAGERYVERYRN, RLGSEIVEALICTKDIIVAASRKG .

were ey I]:QF?TMIGDLEVLDSVIA%%XFN%I ItEhﬁRHil\b%%ﬁ;%age. %e actuall amounB or mjected

RNA pieseppibsihr sl merdes SPSEEr D Noid)se.
NLSL'5E-Containing Modified Ac TPase
NGPPERKRKVEMAIVHEPQPQPQPQPEPQPQPQPEPEEEAPQKRAKK
CTSDVWQHFTKKEIEVEVDGKICYVQVWGHC
NFPNCKAKYRAEGHHGTSGFRNHLRTSHSLVKGQLCLKSEKDHGKDIN

LIEPYKYDEWSLKKLHLAIIMHEYPENI
\/EHEVV\\/EFE\/K<I| PPHEPIK<SRV/TARKVIMDI VI EEKEK! VCRI KDVVO<PR




WO 2006/124001 PCT/SG2006/000121 48 YKPALIRLKTSDPRRYDAIC
PKAEEWKMALTLFKCLKKFFDLTELLSGTQYSTANLFYKGFCEIKDLIDQ
WCVHEKF
WARLIN YR SEKFEKYWKVSNIALAVACFLDPRYKKILIEF YN REGFIHG DB 121
YKVHVDDFVRVIRKLYQFYSSCSPSAP
KTKTTTNDSMDDTLMENEDDEFQN¥LHELKDYDQVESNELDKYMSEPL
LKHSGQFDILSWWRGRVAEYPILTQIARD
[0139V/LAIWSTIWASESAFSAGGRVVDPYRNRLGSEIVEALICTKDWVAASRK

e R AT R RN E SR L iGR 5 b res Pl e
[0141ihe ndwsdoritie/sbellsiBeisiomiterodified Ds construct. The EGFP gene

o0142ynderzghiafish ' t '
{ g'-Ds endti}r sequselﬁggﬁgﬁgggﬁgeaﬁ%gggggg eggggéég%bl%?\lﬁg?l r?g%a?@t%o bp of

the flagking-sequenacs Jirsn dssignsdic Sha e asshavs tisHollny psay et dRd GAATTT
CACKIGEEG2A0D)GhoED oldest gndedinedcunpassaseretarsaEResedwasg m

.1 Qs end uences are also called "minimal DS" implying that. shortening it
O B D G L o 1R o o PR i QB woed o
preve@r@%liﬁq@@sc@t@rht&@i&ﬁﬁﬁb@ﬁﬁﬁ%@ \seddaeselerion Offor 10 sec for 35

ledrasgeNiglsh 18- - EGFP (lower case) was confined
o between ‘Des 5'-%%%%%&%%%3 Thé g}tc'éoﬂrgrnqo étr Cﬁw‘%éalggrf&y but not 3.7
kb-long donstigie heb 1T seg BneDeRiO Aol e coding gsqued osigr IERSFRarose gel.

The HREO0S:NBEICRHHLS2669- 3040k %’g‘é?é::%bk%l&cg AR08 Pkt (Qracen,

G Coswstruct Carrying k7-t8-promoter - EGFI _ _ _
TIEEAFECFEBEEAE SriTEAsIETRG e RE SmnEimaas, CA)

and BAABIARANE QR Cisheh AAAIPAE GGl ADAA ICollection Software (PE Applied
C [TCATATTTAACTTGCGGGACGGAAACGAA

. CCT. CCGITTICATT
Bmsy%i?fe@‘?%?k‘éd’é Rﬁé‘&?EAAACGAAC
[014315 G GITAAA TARCIGTANE CEAdeACCGATACGATCCGGTCGGGTTAAA
TCEAAL TATTTIT .
B YR
previopsix Ak ia aric hitine AKX EFamY &1FL, 2004) using the following set of primers:
Ds5’- TAAACATAGKTAAAAES L ATAT SEAPRIE
G;TT% T%GTGATAAGTC,T %&g@@%&%%’% titerrrrc
g%@(i% INERAGCBRTATRAE T RETAS L R EREG S (S BRCERINO:23);
Ds3’- btabBRFIOYICAT ATTTATCCCGTTCG (SEQ ID NO:24); Ds3’-2: CCGGTATATCCC
| GTT@%S&?‘@%%%%%%@@%M%M@%%%f&?@%ﬁas%%g%gia\rto-.zs};
AD-1citgdicidasasdiciebideigy (REQIMatagH ApACHIa HTDYCINGERUCS (SEQ
b e DG (RE AR B AR RSN o
CAA {ég@gg) NO:30). Products of the secondary and tertiary reactions were separated using
1.8% W&wg&?gﬁﬁ&%ﬁ@ﬁiﬁfﬁtﬁéﬂig%%%a@ﬁ&tagﬁ%%&t%%%ﬁ?%ﬁt%%%el and
Purificd sits IR SR it AT Grmac etk teraeanglaDss -3

and Degtt3 primers using ABI Cycle Sequencing chemistry (PE Applied Biosystems, CA) and
an Aﬁf%%a%a?@t%%g%%m tttagagat tgtzicttttactttcccttga tacatttttagtgcagt

gtigglacttttaticactic act é?é%c tecHom et (A Gyatisd Rasystems,
USA) aspoligidurditgattodigtoraatcaaattgcacatagaaggtaaatcacatcataatgaactacctt

10145929860 ern Biot Hybridization |
gggccatttataattgcagcaaactgtitgccagcattaaaagaagatgtcaaaaatatttacacgcatt

{0146]aace@ggfef~digested genomic DNA was fractionated by gel electrophoresis transferred to
positixggiggfge@a&&f&&giﬁ%ﬁ%&a@@%@%ﬁgﬂéﬁg%%@t%éﬂﬁ‘cﬁ?a&%&ﬁ%&’ﬁ%mﬁng
(Sambgogls fhatedO5chandctresiskigdey R dHgdistieniabe dabidy caghg Jou RGEP was

tgcattttgtt




tagaaatgaaaattaggttgacgtcagaactcaacgtcaggtcgatgtcaatgttcaacatccaatcta
aaatcata

taucaatgtctaatgatgttacagcttgatgttatgcggatgttacccctatgacgtctatcagacgttggat
\{Jé} 6906/] 24001 PCT/ISG2006/600121

gttgccatacctgatgaataaatgtcattatttgacgttggtttaagatgttggttcgacattggattttggtcg

ct 45
ttecaac acaacctaaatcCaccaaatattaacttcctatg acC atcgttattg g acgtcaaaataacaat

labeledtedtbadigoxigenin (Roche Applied Science, USA) using PCR DIG synthesis kit. We used
DIG %%65%%9&%9%%&9%%‘Htﬁ%%ig%%%?e%as%%%%t%%%aa%é%%}}?%&%‘fﬁ%cg A abetea
anti-Difg enjthpcdaaad ERRaM e dgmingstaoytithcasadRigthadtpatiatyfaratgcalS A) for

detectf@96Htne hybridized probe. Hybridization and detection was carried out as desoribed in
tcacagcataatactcactacttactactctigagtacttitaaaaaagctacttticactcatactttgagta
the magufacture user's guide.

titacaactgatacttttactcgcactacatttttaggcatgtattgatatttttactatgatttttcagtactctt
tccactactgcagccctccccatacataatcgtatgtitacacatatggtggagtttagagccataatcta
cattag gcag E&AﬁPLEZ ggtggagtitagag

. CtttgttagccgctagcattactgtgcagaatigigiaigiDesgattticcaatatcaatacagaaggaaa
tgtg .. )
0147 A two- t syst -
J tooctgticoctgtanatelcs asc%lgt%%l}ésés’%%ggac A RSTSR AR ARangasgous Ds
elemeghasggomessenger RNA encoding a modified Ac transposase was ntilized with an aim to

duld9saaaatignaidaaaaraagcrtycaiiaat ¢ ataaa
o a0ageagag WO STty PCT/S%%%%%%@%%%Q%%%%&W%MB tnder the

caga
Zebfa@%%g éc’ferefa&ég(&ﬁ&@a@ee%%@%aaa%@aaa@a@cab@mééagax 3’.end
cis-re@@te@0RgGnces of miniDs element (Weil and Kunze, 2000) (Fig. 1A). The second

const 3 RIS ROQISCggRgor gl canglcleangectacetigeatcictoatice,

Herinceggyigda8a0c cosagetgnotgitgabameifitatiinedaciticleiel (laacighoiaagand (NLS;

o D A e e R AR g bR gl e
gene gﬁg@éi@g such a chimeric NLS-TPaseigsg07 fusion (NLS-TPase) was cloned into the
pSP6ARANARIGATPRAAEIGIARIAIREACISRERIBRARITIARRICIHYIR0SARCCRECSE 1irro

actcactc _ ]
transcEipfeft atfig Arsarid relsteentanetciigHacrh dagiche af darclanepetodedalin gene
and a GAQHRERG, tail. Tv:ot Esimﬂar TPatse ctonsimc{ts vitreret aciditict)naily made (Fi%s. 1B and 1C):
caa cgaggagc cacc Ccccaltcc cgagclagacggcgacgiaaac
one cag@gigggg J t%e Pasem%g(grgsge?uegnce withc?u% Nng (NgNL -T ascg and the other
contaigeggtcanyeIRgdgaBatYIc AURIBE M IRgSIARGHBAGTAIUARUHNAILITEANE R ).
cgg clg . .
wmgiccg?ggcgcl%tégsc}:lgévascE%?C%‘fﬁlgggg%cggf]dlggg?a%&egfﬁegﬁiﬁ%tﬂfagéﬁﬂlq%&%ﬂwmcm

Tableab@a@mgadhe NLS-containing construct and Table 1B shows the NLSK5E~—contajniI;g
consnggé‘gilgg%g(ﬁ@&%%%%g%ﬁm ﬁlcg)%%g%gggc qtﬁg %g’%a]gfggﬁ%grc 1%1?&8&?3&%%—89 of
SEQ E&?g 1hb @& dgotragyindaytt gawgedd dtdisct ity daveicspgagetaaipotides

152-199GHEERTYD NO:11 or 37) is shown in caps preceding the coding sequence for the
aagga gacggcaacatcctggdggcacaagc;ggagtacaagtacaacagccac%ac tctatat
syn_thcgg:t é&ﬁ%@ case, bolded and underlined; nucieotides 158-190 of SEQ ID NO:11 or

37). @ag&ﬂg@agg?m@&gﬁﬁﬁﬁmaag%9@%&%9@%@%@9%%6@%9&%@%@@
ctegec
(numgtgggsgcqagg?gzg)’&asccocfc(%gg&gg%ééc%g%&t@%‘%g%ﬁ&&éé@éﬁ&a?@@tg%&é@gc of de

transposgctysioetgr in upper case (nucleotides 2306-2477 of SEQ ID NO:11 or 37). The 5'-

UTR gg,ggggg%&g&&%&%%ﬁg%%%%%E%&%aé@%&%%%f%?@&?f TEPU99 TR of

ca

CIrR aakgtdgcedrgacctagspatmsagtaiegracattigtagagy
ttetacttgc :
{fttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgtigttaacttgtt
tattg
cagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcatt
ctagt

tatantttatcecaaacteatecaatantcaanonateta T TG CACTOCATCCCOCAATTACAAN
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ID NO:1) EXAMPLE 3 Co-Injection of Ds Donor Construct with TPase
MRNA Causes Specific Ds Excision [0151] In vitro transcribed, capped
and polyadenylated TPase mRNA was microinjected together with the
WBAUIRR9%Ed Ds donor plasmid, into zebrafish embryos at tHeI5Heepea21
stage. The embryos were incubated for 10 hours at 28C and the genomic
DNA was analyzed by excision PCRywith primers flanking the Ds
sequence (see methods for description). The excision products were
10145 ete Xebl b Ishivwth éhemhiyo sdijeetpanvith bt theiTibase TFRNA Table 2A shows
the NOS-RI 9B AR ALIO a}{ﬂﬁﬁs%%ﬂsm 72 FARSIVGh MISHERR IS (bolded;

control embryos injecte s constrict a one p
amingrgifadntd of HRQEID SR eorgifiss (Figb@idyd; Suriprsivighy g msaqzaasiéo 44) is
fal o) [
f““ﬂ%ﬁ%é%&c‘fé”?ﬁs’ﬁg e o IR0 e P BB 3880 acice
12"71éRFA§) REEkeIH at a level similar to the NLS'SE-TPase. Based on
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TPase-mediated excision of the ént from its donor site was further

confirmed\uylncifedsp oegudics g «fi flad B@Rﬂ\@@j@hﬁw@t@m
A, Nieriv, &H\“(ﬁﬁl?em Qf these sequences revealed that excision occurred

specmca he Ds-termini consistent with transposition. Since excision
tatcat T tt
tnoat gﬁﬁ@@g@tﬂacmgc pREteOTt o Miagré vitpdfietigtateatacacatacaa

ceCAC SRR AR B VS ARNSIHAIa I TR S T é@i@?ﬁ%ﬁéﬁﬁ%&éﬁiﬁéﬁiﬁié

ACAARIBGRHTTRT B4 ¢hsqm&m.midfmaw&mtxm K0Qd2krceacar
gggiﬁmcmmmm %%? WWW&WWMW&WTMGGG@G
caca VRIEQRREE @gﬁa‘;@mgﬁmg A A LGRS G ﬁmi@i@i

TTeARRGUeRCeTcitatyRotRreRy =N
AATR RGO ARG WﬂS'ﬂﬂm@emamw

TEOT Sy s bl ‘ erore
e s ﬁﬂ@@é%fm

Mccmﬁm@mmcmmmmmmmm@wmaa@m

CCTTIC

AQTGECAR

gigG G e é@'@?-@?ﬁé‘?@ﬂﬁmmmﬁ?@gﬁ%@mmmmm‘PGTGCTTTCMT

E 5D TTGAGAR -

S 5 Wﬁ%%&“isi AA] Gmewécmcmmmm

ACTTM@MG QFR - W Here@bcenrace

gﬁgﬁm@&@@ﬂ&y&Wp&h@hﬁ&mﬁhﬂmmmmmﬂﬂaﬁm&&mﬁsecsa
P& PR OEDeR h@@@c

mmm g p upieg %Ggwr FCTGAGAT f@ﬁl‘f‘F cmﬂrcgggiégg

mwﬁ%é&&’ﬁ@dﬂ@ﬁd@&%%ﬁk g&%&k@i&ﬁﬂ@ﬁéﬂﬁﬁ A K A TTGCACT

mcwmmmaﬂmﬁmﬂdm 1Rt EXRSSIBR- Qb aaream

o Wmﬁwmmawmmmmcwm
s R N Sy

AGCATAGTGGTCAGTTTG&TAETTTATCATGGTGGAGGGGAAGGGTTGCEGAAEhTCCTAETCTCACCCAAATTGc&
AGGEATGIGCTAGC AT ACAA TG T CAAC TG TG C P I C S AR P C T G I T CAG T GO GO TCETCTIGTTEATCS
T ACCECAR T COTC T TEE T CeE A AT I G T T A AGC I I I G AT A GO ACA A L A AT T G T AG T AGOR I C T A CAR ARG
GO T ACA AT T T A R CA AT G A T G T G A C T C e AGE TG T A AT O T AP D e COTCCARCAMAT CATGAG
AATCATATGEATGAGGATGAAGACECARTAGAATTTHCTAAGABMAATEA AGATETAGCAAGTEGCTCOTOTCCATS
AGCAATETGTCT AT TG I TGACAGATGAGCCT TaE T TE T AR T A T P T A TGO A TGO TAAGTCOTOCAGRTETGAR
CAAGTGATTATGAATATCTGTTTTAAACT T ATAT I GTGTCATCTETEC TAGTA GAC T AT ATGECTTCTTATGTTA
GCCAA?GGGGCCCCGGgatctggttaccactaaaccagcctcaagaacacccgaatggagtctctaagctacataat
aCCaacttacactttacaaaatgttgtcccccaagatgtagccattcgtatctgctcctaataaaaagaaagtttct

tcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccccccccctgcaggtcgac
{BEQ ID NO:11)

B. NLS™*_Containing Construct

..attaggcttgtacatatgtngttagaacgcggctacaattaatacataaccttatgtatcatacacatacgatt
taggegacactacagaatacaagcttgcttgttctttttgcagaagctcagaataaacgctcaactttggcagatcc
GCCAQCAEGGGTCcTCCAGAGAAGaaGCGTAAGGTAGAAA&GGCTAETGTTchmGAACCACAACCACEACCAC&ACc




of development and the surviving embryos were mostly devoid of
krt8-specific GFP expression. Injection of 3 pg of plasmid produced

mainly GFP-negative embryos. We assumed that expression of high
VO Vidile by GFP fluorescence) amount of the TPase fuBloHsrRawig121
was toxic for the cells. Nevertheless, in each case we found a small
proportion of GFP-positive cells that4etained their epithelial shape, thus
aIIowmg the |dent|f|cation of the intracellular localization of the
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(SEQ EEPY58ditive progeny. The ratios were counted at 4 dpf to avoid possible
maternal expression (Parinov et al., 2004). This was also considered as
an indication of high transpositio&ﬁéi\ggranq it also suggested that
Ac/Ds transposition probably occ ly in development. Founders
injected with NoRi$:T RasbSarpdncedisignificsimdy loweraseansgenesis

A N@tgo\ggmgwg& sq Xr?t XE) FP-positive offspring in the control

s construct alone (integration of circular

0 ulatlon hjecte
T el e TS e S e e oo
" vEREvDHi{RRL 1 Has Q@ﬁﬁw&ﬁm\?ﬁ‘?@; %@gﬁgﬁgﬁwgﬁ TEWIDDD

WCLQKZ@VGFFHVEGRHTGQRLSQTFTAIMVKWNIEKKLFALSLDNASANEVAVHDIIEDLQDTDSNLVCDGAFFHV
RCACHILNLVAKDGLAVIAGTIERIXKALVLAVES S PLOWRELMECASECDL DESKGISYDVSTRWNSTYLMLEDALY
YKPA&ERLKTSDPRRYDAICPKAEEWKMALTLFKCLKKFWDLTELLSGTQYSTANLFYKGFCEIKDLIDQWCVHEKF
V*RRMAVAMSEKFEKYWKVSNIALAHACFLDPRYKKILIEWYMKKFHGDSYKVHVDDWVRVIRKLYQFYSSCSPSAP
KTKTTTNDSMDDTMMENEDDEFQNYLHELKDYBQVESNELDKVMSEPLLKHSGQFDILSWWRGRVAEYPILTQIARD
VLAIQVSTVASESAFSAGGRVVDPYRNRLGSEIVEALICTK@WVAASRKGATYFPTMIGDLEV%DSVIAAATNHENH
MDEDEDATEF SENNEDVASGSSP (SEQ ID NG:20)

B. NLS$*%.Containing Modified Ac TPase

MGPPEKKRKVEMAIVHEPQPQFQPQPEPQPQPQPEPEEEAPQKRAKKCTSDVWQHFTKKEIEVEVDGKKYVQVWGHC
NFPNCKAKYRAEGHHGTSGFRNH&RTSHSLVKGQLCLKSEKDHGKDINLIEPYKYDEVVSLKKLHLATIMHEYDFNT
VEHEY“VEFVKSLRP&FPIKSRVTARKYEMDLYLEEKEKLYGKLKDVQSRFSTTMDMWTSCQNKSYMCVTIHWIDDD

CLQKRIVGFFHVEGRHTGQRLSQTFWAIMVKWNIEKKLFALSLDNASANEVAVHDIIEBLQDTDSNEVCDGAFFHV
RCACHILNLVAKDGLAVIAGTIEKIKAEVLAVKSSPLQWEELMKCASECDLDKSKGISYDVS”RWNSTYLMLRDALV



F. producing 2 52 12 GFP-positive F1: Transgenesis rate: 8% 57% 60%
Highest F1 GFP ratio: 14/67 (21%) 133/138 (96%) 250/250 (100%)
Transgenesis rates are calculated as percent of founders producing
ngéé‘m% offspring among the total number of screenedHodii@ras00121
The last row shows the highest ratios of GFP-positive embryos among
the F1 progenies. EXAMPLE 6 Integgtion of Dissociation Element into
Zebrafish Genome [0154] We isolated DNA sequences flanking Ds
YRPAIREERTS AR BTE FIRSR IR LRE Nl - apyrrmerinismrdaced R CRET AtorcvrExs
PR S e PR YRsfRifg O vsscspene
e e
VILAT GRAYEBEES: RGPS G04&REAH DSVIAAATNHENH
HDEDERJEEATeENvNEBIGCesidank aobEnsembi databases. The match in each
instance started from the first nucleotide WO 2006/124001
PCT/SG2006/000121 52 adjacent to Ds 5'- or 3'-termini. Moreover, Ds
[0150}, ekl ietbommtbsdnylentida ssarercn P Bt madisinshfvonconshactar gée EGFP

gene SiideFyRIBRINSRGRPIIPARYIRISN amMseiiansJpRlaniS-anckothey %Bf 5’-Ds end
transposons éFi%ézs%) Therefare, Ds integrated into the zebrafish genome
L@ fi

sequepee R AR Ao DE e R A A& OSitRR rdRnkmish 3inks fend Fequence

lémhjeadIstlated SEOKINYNEegeMWeR @dr R 00 Shewar IGiNRIRa, underlined
e dgggﬁllg&&tsor t.?@t were, Bowe;e(rrwaccompaniqd bé/ %ci?iljonal 0 -y,e.ct(;? ,er 12:1;
upI-mflanking Sequence in the same ﬁqﬁgﬁ?afv%%ﬁ/%nea i oﬁ%‘?‘% fgHtepLymg tha
shortgimtificty Dsfunbertivill siegstivelre Sieridwitpios fenesffmigrestiVacofmanced green

' ' t ' regi 01551 Sauthern, blot 3
o ey i S O B A0S, BB HE R o

EGFE {devifofein) dittsrerrimesrbgerpnrly. 5. T Topyl memisaesangee froth gromoter

includes matIdIR:sinsertigns persEdish wit.an %r%%h?% é‘é&&éﬁ%&éﬁir}%‘% includes
esce

eno Ifferen rogeny from the same famil
nudeﬁ%@%?rﬁ%%%%tﬁ{d%ﬁﬁ?eﬂ%&rried different indepgndent insertions (Fig.
4, lanes 1-4). [0156] Such an unusually high frequency of germline
transposition suggests, firstly, th iginal host factors are dispensable
and, secondly, that the new host environment does not suppress Ds
transposition. EXENIP CRpiueiispodhioh ¢ ther@enefiGErs Elements

ceardOiaschochutneryalidate ianspostion aehdbent AN AR Wea s cearccemananT
SRR BedRNTHCARRT Iecoairsdas Aot GRe aBET CGAAC

GGEAT, G@ﬂmﬁ": AR BCO G ACGRATCOGG H g e S e T LR AR
TTCGE‘: C‘h.&ﬁ.éfﬁﬁftz‘h'ﬁ‘ Eli) \fﬂi"'?" ............ O B
Th AR OO T FT ORI LA AR

4 PANTE L A L AGTCA! CTTEGEECTCT
reechecemborasaaentechentit NESa I ased i SR 0k 85¢ A N Eoiobi- I aSE oottt
taag QﬁyggﬁqﬂangQggﬂgﬁﬁﬁytggagctgattactcatctcaaacacccatacaaagggatgattgccgtac
catgatctcagacett cacacctggtttatactatgatagttgtagacgattgcgtaatgctattaaatgcccatc
agtgctggctgtgacacccaactgctgccatttcgtgttgacttgcacgagaaatgagaaattgtctgactatgcag
ggtgtctatgcgtgggaacatttatcagtggtcattaaatactatagtttacagttagaccaaagtgﬁgctgtattt
ttgtgtﬁagcttagctgcagtttttgtgtgtgaagtaacaaatgacaaatactcaaactattgtaattaagtagttt
ttctcagaaattgtaatttactaagtagtttaaaaatgtgtacttttactttcccttgagtacatttttagtgcagt
gttggtacttttatttcacttccttccttcaacctgcagtcactactttatttattcttgtctatgtggattagaca
aatcagtcctgtgattcctgtccaatcaaattgcacatagaaggtaaatcacatcataatgaactacgttaagacat
gggccatttataattgcagcaaactgtttgcaagcattaaaagaagatgtcaaaaatatttacacgcattaacccag
agactgcttagatgcatgtcactgatgagaagatgatggatgtttactgtatgatgaccgaaataactttaaacgca
cacaagacggcacaagacgtcaacatggcgttaggttgacgttgtaccccaacgcagtggggacgttgcattttgtt
tagaaatgaaaattaggttgacgtcagaactcaacgtcaggtcgatgtcaatgttcaacatccaatctaaaatcata
tatcaatgtctaatgatgttacagcttgatgttatgcggatgttacccctatgacgtctatcagacgttggattatg
gttgccatacctgatgaataaatgtcattatttgacgttggtttaagatgttggttcgacattggattttggtcgct
ttccaacacaacctaaatccaccaaatattaacttcctatgacatcgttattggacgtcaaaataacaatatcctta
gatgctggctagactttgaatttaggtcaccacaacctatatttaacctaatattaacatcttatgatgttgtgtgc
ctgctgggcaataactaaatgcactacagaatgttacgtttacacacatgtaaattacatgtaaatgcatcagcttt
tcacagcataatactcactacttacﬁactcttgagtacttttaaaaaagctactttﬁcactcatactttgagtaata
tttacaactgatacttttactcgcactacatttttaggcatgtattgatatttttactatgatttttcagtactctt
tccactactgcagccctccccatacataatcgtatgtttacacatatggtggagtttagagccataatctacattag
ctttgttagccgctagcattactgtgcagaattgtgtgtgtgcacattttccaatatcaatacagaaggaaactgtg
ttccctgttcccttgtaaatctcaacaatgcaactgttcagctcagggggaaaaatgccctgccagatccaaacggc
tggcaaaagtgaatggaaaaaagcctttcattaatgtgaaagttgctgcgcgccccacccagataaaaagagcagag




ectopic EGFP expression in various organs including brain, spinal chord,
muscles, heart, liver, gonadal region etc. (Fig. 5). Ectopic expression of

the EGFP reporter could be attributed to the enhancer-trap effect created
e Aeyiselluence of the successful re-insertion of the excis@d DIGIORYI21
each instance. No such effect was observed in the mock-injected control
embryos. For mock injections we usggd RNA of 7612 transposase
(Kaeakami et al., 2000) that apparently does not recognize the Ds
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GCTT H BN 7, I <ch NSDINT B AN mTii‘Iz%*i ! ETic;c: (SEQ
ID Noete we observed frequently altered GFP segregatlon ratlosAf’l-’ab & By:

One out of the thirteen founders produced GFP segregation ratio
significantly higher than 1:1 (the expected ratio for an outcross of a single
allele heterozygous parent) maR¥SiiFghe increase of Ds copy number.

Five out of thirteen foL@gﬁﬁ{fﬁgﬂpgpﬁgg{j@&%ﬁsﬁﬁg{egaﬁon significantly
lower than 1:1 ingigative-efharigs okihg 9pagsDss Allogather in 11 out of

3 (85%) screened founders we were able to detect the TPase activity by

[Olsltbsell\’/l U7 th & BPEEERT PR aPE PRl sy dalih FRatermBahavey microinjected
togethaiteriill Segregéitionireddd ABbEgadied THanspesition aasrless Wdshe-cell stage.

me Y Bhe mmgeeie ipoleer N BT OIS RO R R
- excisign FIOR +gihsutpies ivwrsiaget® 120/48Ten2dosscothods for description). The
excision products were detected only in the embryos injected with both the TPase mRNA
(NLS™E.TPase or NoNLS-TPase) and the Ds construct, whereas the control embryos injected
with the Ds constract alone producéd no PCR fragments of the expected lengths (Fig, 24).

Surprisingly the NLS-TPase failed to produce Ds excision products in contrast to the NLS*E.
TPase that produced the highest vield. The NoNLS-TPase required 5 times more RNA to induce
excision at a level similar to the NLS***.TPase. Based on these preliminary excision data the
NLS“£.TPase was selected as the most productive, and it was used in the majority of the
experiments. The TPase-mediated excision of the Ds element from its donor site was further
confirmed by nucleotide sequencing of the PCR-amplified excision derivatives. Analysis of
these sequences revealed that excision occurred specifically at the Ds-termini consistent with
tfransposition. Six;ce excision PCR products were expected to contain a mixture of various

excision-repair events, we anticipated mixed sequencing patterns beginning at the junction of the



6 55/314 - loss of Ds 7 56/170 +1 loss of Ds 8 41/122 +1 loss of Ds 9
225/201 +1 10 74/253 +2 loss of Ds 11 165/172 12 126/124 +2 13
153/134 +1 Transgenic embryos carrying a single heterozygous Ds insert
WRALHHEMBH with NLSxsE_TPase, raised to maturity and oBEEExBe/e)121
wild type fish. In FI generation we observed the occurrence of novel
expression patterns and altered GFRgegregation. WO 2006/124001
PCT/SG2006/000121 54 EXAMPLES Ds Transposition of Human

Ds aridniifzryaiicdsidreyot dlldvisect) HofliNie: RayeeateopdemensiEaleshReved in products
" from %g%%o |t|on.||E|1 ?1 ar}}l tc_%gs We, utilized a different strategy compared to
IS

8 tsed i e Mstead Bt 5 1hESauTRSEr RARIRRSiRG Sibtiserison (Fie

the one used'in
2B). tldnsposdenineusetiaipiasimtbDiiA condtett delataining QRAaE nucleotide
immeBRRIe NS RRAC HANSRESASE HAder e MV, promoter, The D .

16cons ruc{ was also different: T@%@ﬁg‘#&%‘% ?ﬁépé%%ogfean%m&ﬁﬂgﬁudemde

at thei@er fiyPBromoter, it also contained a blasticidin-resistance gene (BSD)

and internal plasmid replication origin. Two plasmids were co-transfected

into human embryonic kidney cell line HEK293, selected on blasticidin.

The cells were harvested and thetr DAS there analyzed by TAIL-PCR

and sequencing for thalptRsenee-gkdiRasiznadiamaDs integrations in

the human geintmmelivite havatisuiaessilyPhkainadisuesy fanking
p1525€du Igﬁ'% fectly ma GB hum%gsnucleotide equences starting
E rom_?f?g1 %?gt s e%éﬁc%%igﬁ?n‘}etglgt%ffnadjac%r?fl t0 LS P}%r GRPARAT, A8 TPase-
BGFH Higiva apnvivreisvér; inlbribroasiPisesDVNniSeRiorisiferarftaikes By thinse) were
produ@@%’goﬁlg’&d)&@gt(ﬂ%léC&B?&s%ﬁ%t@ggfgtlé'f%’ety BF%%%%%%P%@Q lhrzlg.consists of

hAT transposons. Therefore, intracellular environment of human cells'is

large gid Satdplls oiehaD Y traneISRISH: ToisD] i alesrels aabuisetiusdbzation. These
constf§tt6 Of creangteesto b AN GilE e 93 Gellhing (1644 @S X103 cence was
obse ké%lég?‘f.%% Tg:C# #%’;‘1573) cells per 6-well plate were seeded 24 hours )

"BEtre transtesion R SR AERIFESSHE S Sohe e iBar spesitets was toxic
to thevweste - thajestected 15itp @ Eptagreachuptasonia GoRsaMNL B Ul Bed 24 hours
Lo AL T T Y -
Injectigmptotol. (o2 68] Brsmifiopreindast trainiie GHBR; migyivecethbiyted Gellawered that
expreSSQUeinPeNal PlaiadRy Grp fluorescence) amount of the TPase fusion proteins was
toxic for the cells. Nevertheless, in each case we found a small proportion of GFP-posiiive cells
that retained their epithelial shape, thus allowing the identification of the imtracellular
localization of the GFP-tagged TPase therein (Figs. 3A-3C). The NoNLS-TPase-EGEP was
found to localize mainly to the cytoplasm, whereas NLS-TPase-EGFP and NLS*Z.TPase-EGFP
were predominantly nuclear. The NoNLS-TPase-EGFP and NLS-TPase-EGFP showed a strong
tendency to form aggregates in the cytoplasm and nucleus respectively (Figs. 3A-3C), that
resembled the Activator TPase aggregates reported in plants (Boehm et al., 1995; Heinlein et al.,
1994). On the contrary, the NLS™? rarely gave rise to aggregates even at visibly higher
expression levels. To confirm that both NLS and NLS™ are functional in zebrafish cells, we
analyzed subcellular localization of NLS-EGFP and NLS® E_EGFP fusion proteins in the similar
experiments (Figs. 3D-3F). We observed a gradual increase in the nucleus to cytoplasm ratio in
the distribution of NoNLS-EGFP, NLS**.EGFP and NLS-EGFP respectively.
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DMEM/10%FBS containing 10 mg/ml Blasticidin (Invitrogene; #R210-01).

The antibiotic selection of resistant to antibiotic colonies was continued

during 6 days. After selection, the media was changed to

WRALMHEAEBS and GFP positive colonies continue grow tilPGRfenees121

in 6-well plate. [0164] 4) DNA from the cells was obtained using

phenol/chloroform extraction followed;by ethanol precipitation. [0165] 5)

Flanking sequences were obtained by TAIL-PCR. WO 2006/124001

PCT/SG2006/000121 55 [0166E&angiuets Used in Human Embryonic

Kidney Cell Line jJi6 [3% onstruct (pDS-CMV-EGFP-Ub-Bsd) (SEQ ID

NO: 70) [Oéé%i& °L}£g BUPOsIse ndnsre Hieb Rateeel [0169]

CAGGGATCRAREA RE RARTEECETAE besal TATCGTA

[0153T AAGEGINETET GMFAGTWIEAaised to adulthood and out-crossed to the wt fish. We
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R AT A AL LA G AR (g umiancs o e 17 il m th
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, GCCAATA%%_QAICI _| CCAT'I%% i%gwéé%@ﬁﬁdﬁ%éé’&lﬁmﬁ of
high reRSRESH 5 CENETG @ CACTABATERAGTEOF transposition probably oceurred carly
in dATCARATCEGAART ARGEEC G ATTRACELEAAT, CLafRL _
e CCCOCCT CATTATGCCCAGTACATGACC %’.%&’9 SO tower
TS RT CEGA RESPITE GRABTARRCT AGETRT TR GGG otpulation
njectATWIRCBATPGOINEACT €6Ks Gt Irhfafe AGIMar DNA being incffective in zebrafish).
CATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTC
TCCACCCCATTGACGTCAATGGGAGTTTGT
TTTGGCACCAAAATCAACGGGAREEIEGCAAAATGTCGTAACAACTCC

GCCCCATT elele GC
GTACGGTG%%%%%%’%@E%%&%&%%%C%@%%@?%ﬁ%ﬁl&%\ACCGTCA
GATCCGCTIAGCGCTACNENIAT TCAGARIEESE NLS
FoapeseFCAAGCTTCGAATT CTGCAGTCGACGGTACCGCEIRGCCCGGG
F oI GCCACCATGGTGAGCAAGGGGGAG
G s e S FTCACCGGGGTGGTGCCCAT TGGTCGAGGTEGACGGC
Traseeassit At GGCCACHEETTCAGCGTEIREGG 60%
HiglsREcETEAGE GCGATEETNCE TACGCRAAGEIGAC BTGNS
— ATCTGCACCACCGGCAAGCTGCCCGTGCCCT
ThaRESEACed Gl TGREGALGL g&&%@lﬁ%ﬁ%&? SR CE T Shs5ive
ofiptale NG & G569 Jast éx égeég%}egt
AT GRS e AR AL T E R B
TCTTCTTCAAGGACGACGGCAACTACAAGAC
CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCAT
CGAGCTGAAGGGCATCGACEFGANGEAGGACG

GCAACAT CAAGCTGGAGTACAACTACAACAGCCACAA
CGTCTAT@%%%%%%%&&% e@&%&ﬁ%%braﬁgém’m
(015416 G CRT GRlAcE PHAACTRE XA GATOQGBCACARGATOEAS GG GG thermal
ymn e HREAGEPECCHGA GA .
* ,CACCCCCATC%C@;lgCQAng%gé%%ST@C\;C; 5@%@@%@0@;&%%\%%%@@1:
flanking T esARSeoRE HEATPEDECTUTEXGUARNG AGGHish nucleotide sequences from

GenBAIE AAE AR ARCAGHT : T c. .
CGCCGGGATCACTCTCGGCA%G%%%%%\%%&F%%% Br? B e Rlctcotice

TACAAGTAAAGCGGCCGC (SEQ ID NO:46)




[0172] bp 1688-3403, pUBBSDI plasmid fragment (bp 1917-3632)
containing blasticidin- resistance gene (BSD): [0173]
GATATCGCTAGCTCGAGATCGGGAGATCTGGCCTCCGCGCCGGGTT
WBEEHEECCccceeaaaeaece PCT/SG2006/000121
CCTCCTCACGGCGAGCGCTGCCACGTCAGACGAAGGGCGCACGAG
CGTCCTGATCCTTCCGCCCGGAC&GCTCAGGAC
~ AGCGGCCCGCTGCTCATAAGACTCGGCCTTAGAACCCCAGTATCAG
adjacpAe A8 S CACATETIIE CEAOSE GAGFHGGS Were flanked by the classic § bp direct
e e R e W
transpeReTE IR 26T Ceioe 85 BREsEr DBATG ATTATA TANBE ARBHGCspecific
TPasef @@ & ko fGACLIARIIC GO I CRERCES we isolated j uences
GGGATTT GGTCGCGGTTCTTGTTTGTG’éATCGCTGTGAT%@?&%&
corres?@gnfl% E’Gt g@g@@@pﬁ@@@@ﬁk@i@m@wwm accompanied by additional

non-v&GEAMIGE FEGRGGE 66 GECEGET RakEHe AR GEARFEIETIGS ied Ds

‘ AGACCGCCAAGGGCTGTAGTCTGGGTCCGC _
insert Q00 SR e PN COF L At LR PRl B BiERISRoA AR acively
transcing GRIGETGTTCCCGAGTCTTGAATGGAAGAC

01556CT G T GAAACAAGGTGGGGGGCAT,

i 5. gGT%%%EC%C?&i%%%%%%@%T%%%%é%% probe revea, e% predominantly
multipterpesesionsin et EnrpesoTEETAT TEGAB TEAGARGBGHBTCIAE Gor more

insertioMGler G RIRaN aletakCHUGTEAMS DL Glome. Different Ty progeny fom the
ACTG CTG%@% CTCGGTTTGTCGTCTGTTGCGEGGGCECERGT

same MG SEcp &g caesTBCREeg phten carried different independent
mserti@GTHEGGEAS CECGCGCCCTCGTCGTGTCGTGACGTCACCCGTTCT

101565 o Rk PSR R e P meResiRe ateata G, ta

otiging Gt ECTRGBGIAGEOTCTCCECMATCEAGHRe new host environment does not

supprR S G ERGAGCTCTGGTGAGGGGAGGGATAAGTGAGGCGTCAGTT
TCTTTGGTCGGTTTTATGTACCTATCTTCTTA
AGTAGCTGAAGCTCCGGTTTTGAACTATGCGCTCGGGGTTGGCGAG
TGTGTTTTGTGAAGTTTTTTAGSCASGTTT
GAAATGTAATCATTTGGGTCAATATGTAATTTTCAGTGTTAGACTAGT

AAATTGTCCGCTARRPIEIEGERGIPPic Ds Elements |
[0157G G ClioT i haiG/EEAEACEGB GRICE GliGTT S ARALTTANEGATSGFREATAenomic

o o RAIROEIAGIIR HERACHEEET o ottt s

Ds inspeinr FopirGAEE ANCG GO TACRATE ARielia and the gut (Fig. 5). Over 90% of

the enBSATECGCATERETS T GGGCAGCTCTCICT .
v ,Agése CGGCCGCATCTTC %%?%ﬁ%ﬁﬁmm 3 siral ) Gapined

eolopigs FEFA PRSP TP AT TRUQNS eI ETINETC BAG ANDIICBTG GTSET.GEE, liver,

gonad€lAégldn GIEGERCS TR dpfe cARGISAGEALESEP report 1d be_attribut
GACTTGTATCOTCGOGATCEOAM TGACAACACOEE ENE b lsted to the

enhan('éﬁgpec & TE & CWRGABETE B aoeessiul re-insertion of the excised Ds
copy A TRTEGEATECNG GEATTANNE CEATACT GRARISARAGICATRPARARS. For

modk B R RS ST LB RSl sty Wb prosragly coss

not reM@@M%,S@t@nm‘g. Vistiossiragm éntcontaniNg 0o mid e phigakdoN much lower
e ORI R QAL e AR PORRA e nd

K5 )
NLS“ Readds navd prtrgrindmpaed by NoNLS-TPase were simpler, usually affecting

nly sANERAMGEANT / T, it S(deh
only GCATTCTA TT%?% oTT GT@%%%@I’%M é%&i%i%x%ﬁ;@gt;g_ng em&:ance that

TPase Faguirad- AYolepe 15 Ealians T TEsRomiY Cermsitena The POPNGABREGT with
CAGACCAAGTTTACTCATATATACTTTAG WO 2006/124001
PCT/SG2006/000121 56
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCC
TTTTTGATAATCTCATGACCAAAATCCC

TTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGA
TOAAACCATCTTCTTCACATCCTTTTTTTC




GGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAAC
TGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGC
HEEEREEETCGGAACAGGAGAGCGCACGAGGG PCT/SG2006/000121
AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTT
CGCCACCTCTGACTTGAGCGTCGATTTTTG
TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACG

NLS*CABEEWERTRAGGS THHAEGRECETITIGCHTG fish. We found F; embryos with

o 1GCCT'[TT‘{:?}%:I' CACATG%I’ GGGCCCAGCCGGCCAGATCTGAGCTC% )
Ve CBECEEEATAT CERPASETEEKEY (82 9bli ferarioreies (77%) (Fig. 5

and TAhB6383EtO¢hat-dhel tistrequired ceauepoeitifiis’ flould be higher since we only

o0 U A S AL

equences amlgii-igc-d from

the Fi pey i3 oS ra A S RO ACRATBIGSAIPT TISTIG TAVES TR A TINAGANOTH GTilat were

not prédehMaARe St dihIATA TihE Gehbd MM Aodified de transposase is_clearly ca ble of
,'I'TTTGAATATATGTTTTCATGTG"I'G‘ATTTTACCGAAC?AAAAATACC?GGplz1

effwtﬁv%@@qsw@ﬁﬁqef@@lj,{éﬁerﬁqA@@gbm the vector construct supplied via pan-

embryomésitifeci{onh AL GitoTthe Ts CerhACEH Akt MRS Gl oE Gk LA fenome.
ACCGGIATATCCCGTTTITCGTTTCCGTC

I GURECRALT TRRNFIT CRR AR TESRAN FESG TR CREST A Fpftisntin @ligeed GFP
segre@BBTTAGRE QMEGIHMT%;&TMEQQ@MP@&@GM &jipsegregation ratio
signif%%@&l%gﬁerqﬂﬁﬁnﬂ Iv?t%té) E}H}%g{yt? pa'ftﬁnopotza N3N Cc;kl 'n gglsgj et%ﬂgfe gsegg:zeo:zygous
pareﬂt%@@%w@ﬁ@méwmmmmmm@mmemma@ammed

GFP s@éﬁéﬁﬁ%ﬁ?ﬁ%ﬁl Gk Gfn 1:1 indicative of a Joss of the donor Ds. Altogether in
TCCATAGTTGCCT ACTCCCCGTCGTGTAGATAACTACGATACGGG%\

H oS BATTACERTS G e PAB e RIC Aiert the TPase activity by observing the

presefSd\dAL OGP dapredsioNb#bed 6rAaOG kel SdGAATTMALGAGCAATAA

ACCAGCCAGCCGGAAGGGC
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTESEIEAGTT

CGAGCGCAGAA

AATAGTTTCCCCARL BTGB S TERGIATAGREATCCTCGTGTC
ACGCTCGTCGTTI 1A %&I ALIGAG o A
CTCCGGTTCCCAACGATCAAGGCGAGT TACATGATCCCCCATGTTGT
GCARRSIAGCCERRABHTCATTEEGFER TC| GFP segregation
CGATCGTITG TTGHEBEBCAGTIGTTATCACTCATGGTT
ATGGCAGCACTG TCTTACTGTC

ATGCCATCC TTCTGTGACTGGTGAGTACTCAACCAA
GTCATJCTG TGCGGEGACC o

GAGTTGCTC [CAATACGGGATRATRECEECACATA
GCAGAACTT ATCATTGGAA | (0559148 .
AACGTICTT( ACTCTEAAGGATET FACCGCTGTTEAGA
TCCAGJTCG TCGTGEACCC|

AACTGATCT] ACTTICACCAGRE TP Taa6TaAGEA
AAAACAGGAAGGGAAMATGECGCAMAAAA | 1 o 1
GGGAATAAGGGCREACACGGAAATGT TGAATACTCATACTCTTCCTTT
TTCAATATAATTGARGREATTTATCAGEGTT
ATTGTGTCATGAGEEBATACATATTIGAATGTATTTAGAAAAATAAAC

AAATAGGGGTTCCGCGCACATTTCCCCGA

rGTG C%%C TQQATTGEA?CA?% GTTAAZ-I;;%TTT GTEAﬁAAATTCnggT
T Qus LS rﬂ' Il Were miecie
%@2&%@2‘% i

Sz

TTGGAACAAG

CTTETECA

CCACTATTAAAGAACGTGGACTCCAACGTCAAAG

GGCGAAAAACCGTCTATCAGGGCGATGGCC

CACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGC
CGTAAAGCACTAAATCGGAACCCTAAAGGG
AGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGCCGAACGTGGCGA

GAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CCCTACCCCCCTCCCAACTCTACCCCTCACCCTCCCCCTAACCACC,



[0181] DNA construct carrying NLSE-TPase ORF under CMV promoter
was made by cloning the PCR amplified NLSKSE-TPase fragments using
primers: Ac5Bam: gogcGGATCCatacgatttaggtgacactatag (SEQ ID

WO IAHEIAC3Not: cgatcgatgcGGCCgCCTT GGCTAACATFLRGANG00121
(SEQ ID NO:52) into Ban Il and Notl restriction sites of the pEGFP- NI
construct. [0182] bp 1-665, pEGFP-N] plasmid fragment (bp 1-665)
containing promoter CMV: [0183]
tagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcegttacat
aacttacggtaaatggcccgcectggctgaccgecccaacgacccccgceccattgacgtcaataatgac
gtatgttcgeg ggcccgectggelg EX%;MPLESQ g gacg g
atagtaacgcciatbggeadiitienatffhegiesiggeigiaiatitacygiasactgcccacttgg

0158291362 ition i ilizad 2. dj

[ caagtgtg?ggtg%aocggglggggé%%c%ﬁﬁm oﬁ%ﬁ%ﬁa@é@?&aﬁ%@c@@gﬁ@@ﬁ@é‘tﬁ erent
strategyceemapered to the one used in fish, Instead of a messenger RNA encoding a modified Ac
transpBSALIIRCHAIGO BRI EHOY calanAICIAcAIRHAgISRic A qiaccatantgalgCrss .

ttt 55
ﬁwsP%%Wﬁﬁa%c@f@@%@cgé?t@é@&‘ﬁ%’g@ M;@é@aéifﬁ@@&tc’&haﬁwdement

carrie@BGFR Gene under the CMV promoter, it also contained 2 blasticidin-resistance gene

e L e -

embrygrag §oitgtactidiog Fg A atbagehoabigigiiag (URa cePicASRIGEBIIABCIRE their

D t tcaggcttcgaatictgcagicgacggtaccge ccgggatcc
N T 1 S B R e dtstea s

ntegrafiosyndie- raae ommseHiehee: §0a8STully obtained such flanking sequences that

erfecBiPROAHA0UIIRAGR C ! gataaacge ..
o tcsgacttt gcagqtccggéggac%ATgG%%éé%é%%%?A%%%@%?ﬁﬁ%&@“ﬂy
adj aceﬂfégﬁﬁ%G@éTﬁm@r(fMA Adoregver, in one case the Ds insertions were flanked
by theCRARGAL SRGCABRARBACALGRAGRAGHATNACGACARGGAGAAG osons,
Theref-'r G%C%%AAGAAGAAGC CCACAGAAGAG . o
CECRRRCAR STECRERT FETRFGse Mebloripr tha B mamermityn
GAAATTGAAGTGGAGGTCGATGGAAAGAAAT

(0159 cqﬂgégsea%g%%ﬁ%gCATTGCAACTTTCCTAATTGCAAGGCTAAG
ATAGGGCTGAG ATCATGGAACAAGC

(01681 G Afrorptegimn Af-GAR TG AEKAB KrE MEATAGTTTAGTTAAAGGTCAG

6161]T TGHG B&1 640 CRA X o

{ -}CAA}A}\GACATAAATCQ-I%ATTGAGCé%l‘%ﬁ?&ge%gcmgﬁ‘?%m%?ée&@&é hours
before AP RRIE AN R Y I EBAN PACREA

[0162]T GCATBAATAE CETATEART AGITARAMLA FRAGIASTL AV TRAS Ub-Bsd

TTAAGTCTCTGCGCCCTCACTTTCCA
o G s B e R R ACTRPRT A R 6 TEPAE6) was
used 1@ AACRAAAAGHAMA G THG EATEEARAANGT:ol.
o163 A A A A G AT SRR ATRT B3RS Gate 1
D ERFERSATPGEAET OATE/AT GHATGHT GTOTQRAAARAMGHMATTRT Ikbiotic
selectibpCoF TrEdidtdie AT %%%@%ﬁ%&%%&d d_%%%gr% gan% A%&f é&&eﬂou, the

. GGCCAAAGGTTATCACAAACCTTCACTGCAAT
media yasTehaRgAN A AAFMH OV EBE Tand TEFPT positive colonies continue grow till
confluéaGAT AAEGEIERGTGCAAATGAAGTAGCTGTGCACGATATAATTGAGG

ATT GGACACTGATTCAAATCTAGTTT )
W“}Gmg)\%(é% EMW&%W@&@@%W?W@%WM@%ﬂ by
ethanoNBGITSBAAAGGATGGCTTGGCTGTAATT

e R S  paTorToc T

GTGTGCTAGTGAATGTGACTTGGATAAATCTAAAGGGATCTCATATGA
TGTCTCAACTAGATGGAATTCAACCTATT
TGATGTTGAGGGATGCCTTATATTATAAGCCTGCACTAATAAGGCTTA
AAACAAGTGATCCTCGCAGGTACGATGCA
ATTTGTCCTAAAGCCGAGGAGTGGAAGATGGCATTAACTCTTTTTAAG

TGTTTGAAGAAGTTTTTTGATCTCACTGA
ACTCCTATCTCCTACTCAATATTCCACTCCAAATTTATTTTACAAACCT



AATGGTGTGTTCATGAAAAATTTGTCATTAGGAGAATGGCCGTTGCAA
TGAGTGAAAAGTTTGAGAAATATTGGAAA
GTGTCTAATATTGCACTAGCTGTAGCATGCTTCCTTGACCCTAGGTAC
RSP RNTATTGATTGAGTTCTATATGAA PCT/SG2006/000121
AAAATTTCATGGTGATTCATACAAAGTTCATGTAGATGACTTTGTTAG
GGTCATTAGAAAATTGTATCAATTCTATT
CTAGTTGTAGTCCTTCAGCTCCAAAGACAAAGACAACTACTAATGATA
{Glﬁ@TAt@@ﬁTﬁ%&&@m&Tﬁ%ﬁﬁm Cell Lme

O A NP BRI AE O 1 NO7 " TEA TR

[01GSBTCWGQE@?EMT@‘AA@@@de@@E@@TCAGTTTGATATTTTATCATG

6169 TG&@&%B&@& T%g%@%&f@%ﬁ%ﬁ TTTTA
Sy ye GABACG

reccchTEEhEACE AN LEDG AN
GMAC@Q%@T%T@A@E&'E@@@:EE@J@E&@E@&@%AMCGGGATGMCCCGTTTCGTTACCGTA

TTTT S P E I R T IR A EC TR GO TG EAGKRTRET  (SEQ
- Narg AGCTTTGATATGCACAAAAGATTGGGT
[0170AGCW@%T@VAMR:&@@M@@WM@AWWG@MWMTM%FP:

g%gmgﬁeﬁﬁg%ﬁ& -. T Y RE f AAAACTGCC‘CACTTGGCAGTACATCA%%}'I;?Z .

TTATG@@\E@@@MT@E@@M P Yoron: IRE Iy SRR ey ey N e eritney iy
CaTCHay 8§WWWATC'I.‘CCACCCCATTGACGTCAATGGGAGTTTg'I‘
T AL S \ ; mﬁé iﬁg@ﬁ%ﬁﬁ? gég GECQT
GaGe AL @m@q; ﬁ AG%CA’I‘CGCCACCATGG’I‘GAGCEGGggggg
sézgﬁﬁémﬁﬁﬁ&z@mm&wﬁm@@

e e
G

GCAAQ 'r,s-v TR (aslnle e ORI 3 toHgtiaactitgitiatigeageta.canc
GGCA&%%GTGAAC TTCAAGATCC GCCACAACATCGAGGACGGCAGCGTGCAGC TCGCCRACCACTACCAGCASAA
CACC

CGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAG CCAGTCC Cc GACC
CCAR mgcamgmmﬁmm %ﬁgﬁﬁ@cg afﬁgg Q%@%ﬂ;cscm
TACAP{E&‘FLAAGCGGCCGC (SEQ ID NO:48}

[0172F aaalpcbibasttataftaBBG et adaltgith g ggianiBitigtaarsaig geatagatitihtiicidin-
resistde gene

SDhy:
atcagctcgtttttt?aaccaataggCegaaatcggcaaaatcccttataaatcaaaagaatagaccga
{0173} ata CGCTAGCTCGAGATCGEEAGATCTGGCCTCCEGCECCERGTTTTGECECCCCCORCaGECECCT

o C O A A A R R e AR i AR R S

ACTC‘I&QQ@@GGTTTTCTTTCCAGAGAGCGGAACAGGCGAGGAAAAGTAGTCCCTTCTCGGCGA’”‘TC’I‘GCGGAG

e T

GGG
GECTIYCatEEaatCCEEECCECTCEETGEEACGRAAGCATETERAGAGACCACCAAGEED TG’I‘AG’E?C TGGGTCC GC

sa&s&&am&m&mgmmg& S rrencec

CTTCCRYGARYYG aagm’rcTTATTCGGGTGAGATGGG(:TGGGGCACcA'rcTGGGGACCCTGACGTGAAGTTTGT
CACT e AE / BACCOTR
ccm%gmgg%@%spﬁ@ggggcg czs.c GECTA AATGCAGGGTGGGGCCACCTG
CCGETECCHES

G«C’“’I‘T‘I‘CTCCGTCGCAGGACGCAGGG‘I“’“CGGGCCTAGGG’I‘AGG’“'I‘C’I‘CCTGAATCGACA
GGCG% g Tg sTeiertarite acElytgogcgyasrenetattgitattrerra
AGTAGTt% GCTCCGE M CGEOETTACCGAGTOTE T TG TGAAGT T TT T TASGCACCTITTT
GAAR A’I‘TTGGGTCAATA’I‘GTAATTTTCAGTGT’I‘AGAC'I‘AG’I‘AAATTGTCCGCTAAA"“TCTGGCCG‘I‘T‘I‘TT
GCCTTRYG AL a@gmme:gmu:a&g 7 alaaa: \2BEGHI 2 ACCT
GAGG M’PGGC AAGCC‘I‘T‘I‘GTCTCAAGAAGA.A’I‘CCACCCTCA‘I‘TGAAAGAGCAACGGCTACAATCAACA
GCAT GAAGACTACAG"‘GTCGCCAGCGCAGCTCTCTCTAGEGACGGC GCATCTTCQCTGGTGTCAAT
CTATARJQ gaaigigtglcagitagggt a gee6 cer

aeeraret
GACTT@%@&% TCGGARATGAGAACAGEEE AT M T GAGCCOC T GCGEACGETECCGAC AGSTEOTTCTOR
ATCTG

T G OO T SRRATICSTRTCTG

[0174P923G13ILE 4465, 1 tor fragment cont tion origin:
EaaS‘%étgcatctcaaﬁga%gsgggg&a% o cqrninmRleyid estontin ceeiaen
[0175 @%GccGAGGAGCAGGACTGACACWCGACCTCGAAACTTGTTTATTGﬂAGCTmATAATGGTTACA

AA‘I‘AAP A AT ACARAT A

ATCANRSECEaRoHCdE R RS0 SR ST e S Ry A TG
gagct
attccagaagtagtgaggaggcttttttggaggcctaggcttttgcaaagatcgatcaagagacaggat
gaggatcg
tttcgcatgattgaacaagatggattgcacgcaggttctccggecgettgggtggagaggctattcggct
atgactg

nocacaacanacasatecanctaoctetaatneceaccatnttccanctotecancacananacocccnatt



35

60
gcccgacggegaggatctcgtcgtgacccatggegatgectgetigecgaatatcatggtggaaaatg
gccgctttt WO 2006/124001 PCT/SG2006/000121 58 ctggat

Wetdge et ccggetgggtgtggeggaccgctatcaggacatagegttggcBeEsgtefateiog 21
ct
gaagagcttggcggcgaatgggctgaccgcttegicgtyctttacggtatcgecgctecegattcgeag
cgcatcge

ATTG2EE gastcingggticgaaatgancgaceasgegredaarcoc
T’.{‘AACG’I‘GAGT TCET CA A AGCG'I‘CAGACCCCG’I‘AG}AAAAGATCAAAGGA’I‘CTTCTTGAGATCC'I“'P’I‘TTTTC

TGCeCHTAds GCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGG’I‘ TETTTGECC CAAGAG"TACCA
%ﬁ@ﬂﬁ@gﬁa gerrace

ACTC (olelsTe
CCAC%%E@' TCT GTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGC"I'GCCAGTG
GCGR!

cGTrgg GTCTTACCGGGTS%%%%&@MGACGATAGTTAC%%%ATAA%;CGCAﬁggggéﬁgg&i "’GGGG

CGCC%@%EWGGGAGAAAGGCGGACAGGTA’I‘CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCG"‘AE’.‘GAGGG

AGCT CGCCTGG'I‘ATC’T‘TTA"‘A ’I‘CC‘I‘GTCGGG iy TTTTG
e G e F R SRR T e SRR

TGAT {8 il Ts I
GCCT?@@%@@%@FTGGGCCCAGCCGGCCAGATCTGAGCTCGCGGCCGCGATATCGCTAGCTCGAGG {S5EQ

tcataaac C g%gttcggtcccagggctggcactctgtcgataccccaccgagaccccattggggc
0176} 5 5thp 3, Ds 3'-end cis-required sequence:

[01770ColiskeelHocRcacerearecaeeradliogagldaadacceagagelodcagecaacale. o

TGTGC@:%%%% A‘I‘GGA’I‘T‘I"I‘ATCTA‘I‘G'I‘T’I‘AATTAAGACTTGTGTTTACAA’I‘TTTT‘I‘ATA‘I‘TTGTT’I‘TTAAG

cagal e e e

CGGA
CCGC2ORT TARATATGARAATGADLALCGETAGAGGTAT T TTACT GACCETTACCGACCGTTTTCATCCOTA (SEQ

P NO36daagatcectttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcaga
[0178Eccclp 4836-6495, cloning vector fragment containing ampicillin resistance gene:

acaaaaaaa
[0179}6‘9a@é@ﬂﬂg'@&?c%%%%%%ﬁa&a%%gg%%ggﬁggggg%g%% cC% gg g&%mq‘cmﬂrwwm

’ TCCA’I&G@@C@)TGACTCCCCGTCGTGTAGA'I‘AAC‘I‘ACGATACGGGAGGGCT’I‘ACCATCTGGCCCCAGTGCTGCAAT

g%gé%mg%gg{\g%gCCAGT : 'I‘A ’I‘AA’“’I‘GTTGCCGGCAGAGTAAGTA%’I‘TCGC%?&S?‘%

AATAGEH CGTTGTTGCCATTGCTACAGG\.ATCGTGGTGTCACGC‘I‘CGTCGTTTGGTA’I’GGCTTCATTCAG
cTee arfgggéa@ﬁa@ @g{g@g cytag cacticaagaactaigiageacsgesirocrce
CGATC TCAGRAGTEAGTTGEE GTTATCACTCATGGT TATGECAGCACTGCATAATTCTC P TACTETC
A’I‘GCC@ QAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAG GTA’I‘G GGCRACC
GAGT ClEatestutizcuagigmatecta A racnn
AACGT GECGARA C'I‘CTCAAGGA‘I‘C”‘TACCGC'I‘GTTGAGA‘I‘CCAGTTCGATGTAACCCACTCGTGCACCC

AACT GCATCTmTTACTTTCACCAGCGTTTCTGGGTGAGC CAGGAASGCALAAT
T et T T T T Y YT YIS et L1 i

AGRROTALRGIGI0 caaabAgaRa Ty
T‘I‘GGAQW@ TTAAAGAAC G’I‘GGAC 'I‘CCAACGTCAAAGGuC GAAAAACCGTCTATCAGHGCGATEECL

CACTA C‘I‘AATCAAGTT’I‘TTTGGGGTC 8GG
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herein, is intended merely to better ijgminate the invention and does not

pose a limitation on the scope of the invention unless otherwise claimed.
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transposase, wherein the modified Ac transposase comprises a nuclear
localization signal (NLS) at the N-terminus of a truncated Ac transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the
Wortétratdteell and wherein the truncated Ac transposase CORIBISSE80E006121
amino acid sequence having at least 80% identity to SEQ ID NO:8 and
catalyzes the integration of a polynu%lgotide into DNA in a vertebrate cell;
and a nucleic acid fragment comprising a polynucleotide positioned
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8. The gene transfer system of any one of claims 1 to 4, wherein the
nucleic acid fragment is part of a vector. 9. The gene transfer system of
any one of claims | to 4, wherein the nucleic acid fragment is stably
incorporated in the genome of a non-human vertebrate. 10. The gene
transfer system of any one of claims 1 4, wherein the polynucleotide
comprises at least a portion of an open reading frame. 11. The gene

WHAtTaIsster system 1¥:claim 10, wherein the polynucleotide comprises a

L}

promoter operably linked to at least a portion of an open reading frame.
12. The gene transfer system of any one of claims 1 to 4, wherein the

polypacteptiddecopiises atleastoneepiassioRicanbaheDion. d8a Megebrate cell
gene transfer system of claim 12, wherein the expression control region is
se1eCd™ em the group consisting of a promoter, an enhancer or a
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(d) inverted repeats that are part of Ds 5" end cis-required sequence having the
nucleotide sequence set forth in nucleotides 3657-3903 of SEQ ID NO:1 and part of the
Ds 3’ end cis-required sequence having a nucleotide sequence set forth in nucleotides 43-
412 of SEQ ID NO:1; and

(e) inverted repeats that are part of a Ds 5° end cis-required sequence having at
least 80% identity to the Ds 57 end cis-required sequence of (¢) or (d) and part of a Ds 37
end cis-required sequence having at least 80% identity to the Ds 3° end cis-required
sequence of {c¢) or (d), wherein the Ds 5° end cis-required sequence and Ds 3° end cis-

required sequence can bind to the modified Ac transposase.

- The genetic transfer system of claim 2, wherein the NLS comprises an amino acid

sequence set forth in SEQ ID NO:2 or SEQ ID NO:9.
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nucleotide sequence set forth in nucleotides 3657-3903 of SEQ ID NO:1

and part of the Ds 3' end cis-required sequence having a nucleotide

sequence set forth in nucleotides 43- 412 of SEQ ID NO:1; and (e)

inverted repeats that are part of a Ds 5' end cis-required sequence having

at least 80% identity to the Ds 5' end €fs-required sequence of (c) or (d)
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of.the nucl tide into DNA in the er tebra ece l. 19. The metho

afw@j oré?a Gf ¢ éllsﬁn.;r f%stonié) fvl?/%lgreﬁweé) hudeic ém énc]:%1 i hGIETREH (hgdmdiﬁed Ac

Atdrapgposase is introduced into the cell and stably integrated into its

genome prior to the introduction of the nucleic acid fragment. 20. The

method of any one of claims 15 to 18, wherein the modified Ac

trahsposaseassintrodisce s itoytivecefl dMniEhhtrnéth@ﬁlcbf@tmgqu$ahe nucleic acid

Clgll%%ljn%ttgel %O\A’ rc?mc%rnus%%%s%ud Ode!,n ﬁge i e(iic ec?d 15 an RNA or DNA,

transposadse Is introduced into the ce Rerein the nucisic acd is an

RNA or a DNA. 22. The method of any one of claims 15 to 18, wherein

t ic.acid: t t clor. ethod of an

o L b o ey (e bucleic acid

perieriog aheopedifealdihy tframmes2xt. Aittetinethotof alalns Zaablxyhermgmttel into the

eoti oter operably linked to at least a portion

gg{l{qb%%ée%fggé u?’%%fg%ggg? e method of any one of claims 15 to 18,

wherein the polymucleotide comprises at least one expression control

reﬂ{gﬂ;dg £ %%ﬁt@ﬁ?@q Qlﬁ '855@‘0%%1%(1’%???& SRR AR on Cglngléoamd fragment

region Is selected from the gr up consisting of a pr’omotrer an enhiancer

alsiletef 22ECfhe method of any one of claims 15 to 18, wherein the

DNA into which the polynucleotide is capable of integrating is the cell

genome. 28. The method of any one of claims 15 to 18, wherein

infrel gensg s fso stor ofide o e fodiisonipioséswisingratimethddic acid fragment

S%%%‘Bﬂz%’éﬁrﬂb@a%@% tﬁg%%lr%ﬁg F Migre %8%{9 Dertebrate.

The gene transfer system of any one of claims 1 to 4, wherein the polynucleotide

comprises at least a portion of an open reading frame.

The gene transfer system of claim 10, wherein the polynucleotide comprises a promoter

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

The gene transfer system of any one of claims 1 to 4, wherein the polynucleotide

comprises at least one expression contro! region.

The gene transfer system of claim 12, wherein the expression control region is selected

from the group consisting of a promoter, an enhancer or a silencer.



14.

15.

i6.

electroporation, combining the nucleic acid fragment with cationic lipid

vesicles or DNA condensing reagents, and incorporating the nucleic acid
fragment into a viral vector and contacting the viral vector with the cell.

29. The method of any one of claims 15 to 18, wherein the vertebrate is a

fish. 30. A transgenic vertebrate cell ling produced by the method of any

one of claims 15 to 18, wherein the genome of the cell line comprises the
pdiageleotidesfiankedehy dsiby and 3F dagss 31toAl metbadfolpraducing avhich the
transgenic human_vertebrate e steps of: introducing a

G cugcﬁ%rglfd;d?ncéa %%rﬁﬁps{far%aﬁ%% ynuclgecﬂ1 € pc{)%smoned between

inverted repeats that can bind to a modified Ac transposase into a

vertebr, te Il |ntr ducin odlfed %lc transpo oranu ic acid..
er‘é(::o r%g acfr‘?toéL i8d AC. gtraH%B%‘élé‘seé)th '8 Siﬁ ;f;gfg‘ Seﬁ‘e%?’é Cifiel! comprising

mibeifiedsAd:transposase comprises a nuclear localization signal (NLS) at

the N- terr’ryn %C%f] at}rl ncated ctranC posase, é{\éherg}llrg the NLS localiz IZ8S cleotid

the transposition reac lon to the Hucleus of the VeRebrats CellT'aRg @ poynucicotide

wheseinntibbroneatechvAdddanppusdse caniprides amamfmd deid-seguenee

having at Ie 1 80% |de | D NQ:8 and catalyzes,the integration

ofthe pTHCIISEAE THo B A VBB doll Gt e Tt & ROdified e

vértebpateseelhto stablyelhcoriporate tve poliifiudlettideinimthe gempneofa nuclear

t | roduc sgenic tebrate cell

A e KBRS S S g opherein the

claibd 3Q9a:hhesreh¢ thanipesrted repdats aréhselectad fmﬁmdhergﬂmatf cell and wherein

cofle ' a?éd@l)clrt]y ol gsggg a3 th%t aretl %%rgl%f %cnds F%Ienggget t?a]ifng at least 80%

inverte repeats that a e part cis-require sequence

padensfiyHe BIS@1BNY©is- aeqmwﬂyzeqttmoeeg(ta)tnweﬂﬁw mﬂgmtslﬁwﬂaneto DNA in
part of Rs.p. % required sequence having the nucleotide sequence

set fort{ng?ﬁ %E ijl {§ O 45 and part of the Ds 3' end cis-required

sequenceuliavirg @m@mﬂﬁe@tidebsemxempet@etﬁm@ﬁyxﬁﬁ@ot@m@t@%e@ﬁmme of the

In&g{tﬁ’gﬁ’%% sdt[tltglt ?B"’% gﬁ‘ld cis-required sequence having

the nu eotld&!;sequeS Eé set ort% in nucleotides 3657-3903 of SEQ ID

NO:1 and part of the Ds 3' end cis-required sequence having a nucleotide

sefiience e [LLUICAes T4 d 1A RE QRN ALEY from the group

inverted repeats that are part o Ds 5' end cis-required sequence having

atcqasistiBevd identity to the Ds 5' end cis-required sequence of (c) or (d)

and hert @ Ry RRdRAUIsd el AcalRYRg Al east 0% dentty

to the Ds 3' end cis-required sequence of (c) or wherein the Ds 5' end

cis-requitedisegjieheerasd et remdreiet the Ds 5° end cis-required sequence and part

of the Ds 37 end cis-required sequence;

(c) inverted repeats that are part of Ds 57 end cis-required sequence having the
nucleotide sequence set forth in SEQ ID NO:45 and part of the Ds 3° end cis-required
sequence having a nucleotide sequence set forth in SEQ ID NO:49;

(d) mverted repeats that are part of Ds 5° end cis-required sequence having the
nucleotide sequence set forth in nucleotides 3657-3903 of SEQ ID NO:1 and part of the
Ds 3’ end cis-required sequence having a nucleotide sequence set forth in nucleotides 43-
412 of SEQ ID NO:1; and

(e} inverted repeats that are part of a Ds 5° end cis-required sequence having at
least 80% identity to the Ds §” end cis-required sequence of (¢) or (d) and part of a Ds 3°

end cis-required sequence having at least 80% identity to the Ds 3° end cis-required



17.

18.

19.

22.

24.

required sequence can bind to the modified Ac transposase. 33. The

method of claim 32, wherein the NLS comprises an amino acid sequence

set forth in SEQ ID NO:2 or SEQ ID NO:9. 34. The method of claim 33,

wherein the modified Ac transposase comprises an amino acid. sequence

having at least 80% identity to SEQ IBNO:20 or SEQ ID NO:44 and

catalyzes the integration of the polynucleotide into DNA in the vertebrate
celg@nicehd nethod pfahgrandlef ClaimsiBl ¢&34qunkdretqemcteid Asid’ end cis-

eneading (e modified A [1aRSRAsase lsdntiadused ino the cell and
staﬁfil mtegf']ate' Into its'genome prior to the in Foduction of the nucleic
acid fragment. 36. The method of any one of claims 31 to 34, wherein the
m?lgéﬁl%gtﬁ‘%t(r) %%e?hgf R ,e ' ell‘ngxrmog%ﬁsﬂ@ct On%h%s%e"au? gm]ﬁ%earqg tsr(]-:og Ofoe set forth in
any one of claims 31 to S\X, wherein a nucleic acid encoding the moditied
ABitfanBpshgersSin@deudét Into the cell and wherein the nucleic acid is

an RNA or a DNA. 72 38. The method of any one of claims 31 to 34,

wherein the nucleic acid fragment is part of a vector. 39. The method of
afronedibd a8t (7 34 hadsarahs the g bithycl catideoencodesaideast amino acid
p8§ Qn.0f 80.0pen rRad %@%%Hé%ﬁ@PmTéE%ﬁﬁﬁ%-% %'raﬁﬁé%v}&hﬁﬁ 0 atalyzes
polynucleotide comprises a promoter operably " linked to the portion of an
ofleningcaditigrahibe #0lyTisel endtivod tofl AN onéhefatdims 8k ¢d.34,

wherein the polynucleotide encodes an expression control region. 42.

The method of claim 41, wherein the expression control region is selected

frate thietigrdwh sansisting @hiaprohiotés, wheeginancerloic asilervendisg the modified
T , ' in:the vert eds afish. _ .
T oy WA e ee HATHE BafSfe pror o
piépaninersorenealrdie willtaving Eagolyniucleotide insert in a gene,

wherein the polynucleotide comprises a portion of the inverted repeats

that can bind to a modified Ac transposase and wherein the vertebrate

cdlhis prthedeel Byngi) dnerodudizigninte’ the £8d whvaeleithacidodilggdeft transposase is
COMRIASING %t?QiY@&E‘ﬂ.eOtide positioned between inverted repeats that can

bind to a modified. Ac transposase; (ii) introducing a modified Ac

transposase or a nucleic acid encoding a modified Ac transposase into

thﬁi%%ﬁmgg r@f %Q%H%ng@ﬂlﬁ&c ltg%sﬁe %&“&8@91{15%?63210%] %l?c%ﬁlgg the modified

localization signal’(NLS) at the N-terminus of a truncated Ac transposase,
whereiihespeSscetiidesethéntratspediiorradetion thehuelasiausiosthe RNA or a

vektelrate cell _ :

The method of any one of claims 15 to 18, wherein the nucleic acid fragment is part of a

vector.

The method of any one of claims 15 to 18, wherein the polynucleotide comprises at least

a portion of an open reading frame.

The method of claim 23, wherein the polynucleotide comprises a promoter operably

linked to at least a portion of an open reading frame,

The method of any one of claims 15 to 18, wherein the polynucleotide comprises at least

one expression control region.



26.

27.

28.

and wherein the truntated Ac transposase comprises an amino acid
sequence having at least 80% identity to SEQ ID NO:8 and catalyzes the
integration of the polynucleotide into DNA in a vertebrate cell; (iii)
culturing the cell to stably incorporate the polynucleotide into the genome
of the cell to produce a transgenic vertebrate cell; 73 (b) screening the
vertebrate cell for an insertional mutation for a phenotype or_biochemical
chatadietiait 8f irifdfest? andi e othel StRts T b RERERpE BiFBidt et from the
chavaptevististinith fherumteatjde shguence afsthmgene, whereby the
function of the gene is identified 45. The method of claim 44, wherein the
cro%elatioa?é: mprises identi the ne W|{h the msertlonal mutation;
CaBtEmnhiNg e ntitfe ehicedf the JERE 46! B RiRtHBE ofhich  the
claﬂh’mlpbpﬂmm&bhi@éd@@mphsesﬂﬁ@ stdpgshswarching a sequence
database for homologs or orthologs of the gene. 47. A method for
tifying a, putative drug target compyisin pr ertebrate
B e R N il onice o e
c@ﬁibﬁ@@@ﬁﬁ@érﬂ@ﬁ%ﬁtﬁ@%@rt@deﬁé if@lfhé]tl‘%:&ﬁqmoPtW%Sﬁkiwmﬁ@HA@m}eCflOn

transpopaseiandonhpreifcthic: verikiaie Cathispig paa AR50 dnEadueinges or DNA
'”E%ﬁﬁ&%ﬁi%"ié& glgic ﬁ?aoiﬁg%gegaggtis%om@ﬂ%i&% 2 POV Ag%agsg a viral vector and

ositioned Between inverte hat can b|n to a
tr&ﬁ’%ﬁﬁgﬁgé NeiiTArGHNG R 8 dRibd Ac transposase or a nucleic acid

encoding a modified Ac transposase into the cell, wherein the modified

AGHERSPRRASEFYIRISES IR ME sy 1ecalizationisianal ke at the,

N-terminus of a triincated Ac transposase, wherein the NLS localizes the
transposition reaction to the nucleus of the vertebrate cell and wherein

thé transuteld Ay whrasposidineaniiised bin dminetheidodeqyencedialings 15 to 18,
atvieasiBAadHBLIIREQ I g pRd calalyZR IR HHAIFRIRBOE 8 5> and 3°

polwucleotlde into DNA in a vertebrate cell; (iii) culturing the cell to stably
mcorporate the polynucleotide into the genome of the cell to produce a
transgenic vertebrate cell; (b) identifying a vertebrate cell o having an

ingetitahad fautatidndena pheniykenqr-hischenicabchataaipristitohe steps of:
interest; ﬁ%éﬁlﬁ@fr&'f}{m&”éﬂ&'c?oﬂggn%%‘i”@&% r?sfxr:é ?gjﬂﬁ ?Lﬂgl de positioned

amino acid sequence of a protein encoded |den
vERBETERS DA SHHEPSY RpAREVL G iR fa?&éiffé bl spas into a Vertebrate cell

introducing a modified A4c transposase or a nucleic acid encoding a modified Ac
transposase into a vertebrate cell, wherein the modified 4c¢ transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated Ac transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated Ac transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:8 and catalyzes the integration of the polynucleotide
into DNA in a vertebrate cell;

culturing the vertebrate cell to stably incorporate the polynucleotide into the
genome of the cell to produce a transgenic vertebrate cell; and

growing the transgenic vertebrate cell into a transgenic vertebrate.

The method of claim 31, wherein the inverted repeats are selected from the group
consisting of:

(a) inverted repeats that are part of a Ds element;



Lad
L)

37.

48. The method of claim 47 which further comprises the step of searching

a sequence database for homologs or orthologs of the gene. 49. A

method for identifying a site of action of a compound comprising: (a)

preparing a vertebrate cell having a polynucleotide insert in a gene,

wherein the polynucleotide comprises/a portion of the inverted repeats

that can bind to a modified Ac transposase and wherein the vertebrate

cell is préparediyd(ieintmodhaingdntarthe detl Bnbicteid asidefiagadeiquence and part
c%rp%rés&g}a dilﬁé)lémucleotl%esgosmoned between inverted repeats that can

bind t6 & modified" AL tr%lrr{fspoggg}é(;:e(ii) introducing a modified Ac

transposasemrcanucpizadihencogng af ModifiegtAdstianspodasquatoe having the

the cell, . wherein the modified .A e comprises nu?e [ . .
o ) Bl Th R R o (U EATea G epogbgisreauired
wheretndhbaNIng tocalizes dhedracsposititntteacia tithaOd@leus of the

vertebra clepllve%g \}/_\éh%‘g1 gn[ﬁgte t[émc te c1'§ranrsl osase com rises an havine the
amino acid sequence P]avmg'atafea%? 0% |(§enti€fy 0 gl‘—_%l]llﬁ O FHAGE® j_z_“mg ¢
catatjﬁzﬂm) ﬁT@Q&t@g;fasiﬁrlf@ﬁhhﬂ p.'}otymtmdle' otide 7iﬁw}ﬁ)| mﬁi@@mmﬁd part of the
cell; @ii). cylturing the cell to stably incorporate the polynucleotide jnto t o e
o S R e SR B A Seoriaes -
vértébratd Cellhbting amdinsertional mutation to a compound of interest;

(c) exposing a wildtype vertebrate cell to.the.compound of interest; éd -
asosa I e B bt GG g dfmce having
inBeriGHab ndatatiphoathd heSwildtype-verntatodte pelicand (&) ddédtifyihgat of a Ds 3°
n%ﬁ'&%ﬁ?eﬁﬁ%% %%gu%glgegﬁgx%ﬂn tetlltelr{:e/aesrtt %teid%eltli' A Ls!ns’elétlla%ngzlﬁ—required
mutation which does not respond to t ecompounélcgmpared o the

wiltitypeca/efiébratel dellivhdrenstyeal 5ité’ ofralctiorrafuiedcomppouadisl Ds 3° end cis-
deniied-£0,7he methed @ dAmASWch fuher comerises the step of
searching a sequence database for homo 0gs or ort?ﬁol’ogs of the gene.

75 51. A vertebrate insertional mutation library wherein each member of

thﬁﬂ!p %’ﬁg@%iac&%y%lid\%ﬂg&%f W€ E?tﬁ,rhk %(%le’\l}r:])lelsgv %%r%'%‘i{%e cid sequence set forth in
polynucleotide comprisés a portion of the inverted repeats that ca Bind

tod R ddifted: AentFrgdpbsdssBnd wherein the library has a

polynucleotide insert in at least 15% of the genes of the vertebrate

genome. 52. The library of claim 51, wherein the modified Ac transposase
corhpriseb el micieam [ptatization Sigrab@iNies).at threddemminuspiss an amino acid

tryg ﬁ&%ﬁ&{egapf&%@@g{a%gés{ﬂghs N H&%&?&P@@@e@%aw&m catalyzes

reaction to the nucleus of the vertebrate cell and wherein truncate

Athg aniggusimecddheprdesiaieaindin onbcioNsaquehcedrebireacibast 80%

The method of any one of claims 31 to 34, wherein a nucleic acid encoding the modified
Ac transposase is introduced into the cell and stably integrated into its genome prior to

the introduction of the nucleic acid fragment.

The method of any one of claims 31 to 34, wherein the modified Ac transposase is

introduced into the cell,

The method of any one of claims 31 to 34, wherein a nucleic acid encoding the modified

Ac transposase 1s introduced into the cell and wherein the nucieic acid is an RNA or a
DNA.



38.

39.

40,

41.

44,

identity to SEQ ID NO:8 and catalyzes the integration of the

polynucleotide into DNA in a vertebrate cell 53. The library of claim 51 or

52, wherein the members of the library are vertebrate sperm cells. 54.

The library of claim 51 or 52, wherein the members of the library are

individual vertebrates. 55. The library7f claim 54, wherein the vertebrates

are heterozygotic for the polynucleotide . insert. 56. The library of claim 54,

whikesin:thedvel tetyr atescdid Hhmnd zyg Gic fandhénpblynudidotidel finaatiefis part of a

ng I,Eict))rary of claim 51 or 52, wherein the members of the library are

hapfou%‘vertebrate embryos. 58. The library of claim 51 or 52, wherein the

members of the library are vertebrate gynogenetie diploid embryos. 59.

The library qof claim 51 or.52 which further comprises a DNA sequence for

the geenﬁ% 1¥8§SC§JC?§ e 1vevi?rfl €ac Spo )}I‘(I)L?(;' é(g%1 éél-i)ri?seret.p? %61 eﬂgél qiﬁ?ﬁﬂﬁ%sf at least a

clpimiibd @ B2vpkichefiditieefroomprises an amino acid sequence for a

protein encoded by said gene. 61. The library of claim 59 which further

comprises an amino acid sequence for a protein encoded by said gene.

64 LiEhadibrarodfctiaim¥] ehbiwhiergiltheviertetiratenpadisha H3nfoter operably
et for.identifying.a function of.a gene comprising: screening at least

gqu]lgﬂr%grtﬁb{g? of fl)énv%efr"fjt‘ae%(r)gﬁf:-l fﬁgg}%gr%nrlﬁmation library of claim 51 or

52 for a phenotype of interest; and correlating the phenotype of interest

with a DI equence of th ne of,said Jipbrary, whereby the function of

S TS e B AP IED8 ncodes an

cemprsasthendteprofisearching a sequence database for homologs or

orthologs of said gene. 65. The method of claim 63, wherein the members

of the library are selected from the group consisting of vertebrate sperm

cdlls; vestbbratd ivldividéiblsteterozygoticpiosthe polyriclegtideiinsdeted from the

% Ingjvi S gotic for the polynucleatide insert,

vgﬁ%{%&lﬁ% 6’(?(? ﬁe%%%@%ﬁ8?{/§?£[}aagfg%egé%é%g%eertic diploid embryos.

66. The method of claim 63, wherein the vertebrate is a fish. 67. A

methaddenidsrilviog.putaiive 4140 aragl complising. RNl

member of the veftebrate insertional mutation i rary of claim 51 or i

associated with a phenotype of interest; and

A method for identifying the function of a gene which comprises:

(@) preparing a vertebrate cell having a polynucleotide insert in a gene, wherein
the polynucleotide comprises a portion of the inverted repeats that can bind to a modified
Ac transposase and wherein the vertebrate cell is prepared by

(1) introducing into the cell a nucleic .acid. fragment comprising a
polynucieotide positioned between inverted repeats that can bind to a modified Ac
transposase;

(i1) introducing a modified Ac transposase or a nucleic acid encoding a
modified 4c¢ transposase into the cell, wherein the modified A4c transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated Ac transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated Ac transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:8 and catalyzes the integration of the polynucleotide
intc DNA in a vertebrate cell;

(itl) culturing the cell to stably incorporate the polynucleotide into the

genome of the cell to produce a transgenic vertebrate cell;



45.

46.

47.

identifying a DNA sequence of the gene and an amino acid sequence of a

protein encoded by the gene for the identified member of the library,

whereby a putative drug target is identified. 68. The method of claim 67,

which further comprises the step of searching a sequence database for

homologs or orthologs of said gene. 773 69, The method of claim 67,

wherein the members of the library are selected from the group consisting

of vertebiiatespermgéils, wersbratedidividuals heterezygaticiter thea phenotype or
p%:%r&ggleloct?ilgghigr%%{tﬁ\/ ,ge?ora%e.ingividd.lals homozygotic for the

po ynucf%otlde INsert, verte 1%%%3%@. embryos and vertebrate
gynogengticcdiptbad remibry pbe i@y fhemethddofcalaimbtiavkdreinithehe nucleotide
verebrate s 4 fish, 74 Amethod for identiving & site ot action, of a

cqupound comprising: exposing atleast'one mémber 8 t%él\?grtebrate

insertional mutation library of claim 51 or 52 to a compound of interest;

exposing,wi dt¥ .verﬁbra}te ind'%iduals fo the com[[)ound of interest;
C 1l h(% Q ?all%] WHSTCIN 1he Corre ’-ilﬁ()l’l COmB 1Ses, .
assessing the effect of the compound on the member of library and the

wildtype id@rtébragetingivid vald; fdkentifyingal merabien;ofrtthe library which

does not res ond to E]he C (%Oé%nd compare( to éﬂg wildtype vertebrate
[

individua(?g;eanlénllélgr;[ Illr%lg(;(?fzé1 Ses%%eﬁlgnce of agene in the identified

member of the library, whereby a site of action of the compound is :
'd%ﬂgf &hgg-&*&?a{{‘neﬁﬁogr %Civai%?lh7 m%gtl'cgo];%rtrr%s%r% i 'E',I}')S'e% gger%%p Oafsequence
searching a sequence database for omologs or or%hoFogs of sai geng.

73 aEhesmethbohoflokxin pithwlogseih degarembers of the library are

selected from the group consisting of vertebrate sperm cells, vertebrate
individuals heterozygotic for the polynucleotide insert, vertebrate

indivigtiald Formbzygptigfoptheipolynuyciegkidedngeitingertebrate haploid

embryos rat genetic.diploid embryos. 74. The method of .
claim 71,(%{/1#é¥§f(rﬁgtﬁe%e ecetrbt?sgta%sg%tfgshgg z§% 38?(? %Crr%%% %ﬁ%sr%:tlenri%t%:m’ wherein
athenmpyrmec e phdnotypeiersa ransgené ZsnThrethathadschalaim Fihd to a modified
wherglndbeyerehialgda A (R0 A adaliod dridentlying a gene of

interest comprising: 78" screening members of t EVertebrate insertional

mutation library(of ehaiedsdingr B2ofothg otvdbaeterisiic of dntérdistgment comprising a

C ' p f intarest | cific member of the,.
T R A g B g o o hoified e
intevesitofienel the DNA sequence of the gene associated

(i} introducing a modified Ac transposase or a nucleic acid encoding a
modified 4c¢ transposase info the cell, wherein the modified Ac¢ transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated Ac iransposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated Ac transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:8 and catalyzes the integration of the polynucleotide
into DNA in a vertebrate cell;
(1ii) culturing the cell to stably incorporate the polynucieotide into the
genome of the cell to produce a transgenic vertebrate cell;
(b) identifying a vertebrate cell o having an insertional mutation for a phenotype
or biochemical characteristic of interest; and
(c) identifying a nucleotide sequence of the gene and an amino acid sequence of a
protein encoded by the gene for the identified vertebrate cell, whereby a putative drug

target is identified.



48.

49.

50.

with the specific member of the library. 77. The method of claim 76, which
further comprises the step of searching a sequence database for
homologs or orthologs of said gene. 78. The method of claim 76, wherein
the members of the library are selected from the group consisting of
vertebrate sperm cells, vertebrate indi¥dduals heterozygotic for the
polynucleotide insert, vertebrate individuals homozygotic for the
polynucleotide insert, vertebrate haploid embryos and vertebrate

gyhagenetic diploid embryos. .7 4%& method of claim 76 Wl}lereir_l he
R P B B RS B a1 et seaquence
SEQUENCE h4SHING ox biOnIFemdsbk ¢dfeSciences Laboratory Parinov,

Sergey Emelyanov, Alexander <120> Transposition of Maize AC/DS

Elements in Vertebrates <130> 2577-171 <150> Us 60/681,447 <151>
2006:@5etifor idom fying krdte Phtetitin vBrsiomBoBnd 260mprisk21 1> 3998

<212>D a 1%(%%1%?1 Ac{t%%%{)é%g 9511 E%Xzfl%g %3)0 iﬂﬁgg&tdﬁigg&t%ﬂ a e, wherein
ccatggtg Ba cgglgct cgactctaga ggatcccega catagggaty aaaacggtegeo
gthacydroyJeasdatavonorrscypricattttt dicattteattthrepgrgatgyaanlidod to a modified

acgaaaacqg gatataceod tagegaaaac. gaa ata aat taa tcgaaaaccg
L A C oo Sfart gtcggtaaa
240 atcacacatdixaiadteliatagicadaatit acdbhacaaat eitagaadaftagiaascacaaprising a

gggl}gﬁlﬁgg‘ggeaﬁgg@&%@ RaRlccRtal Ranlety tga&l%gaéglgtbt}gg t tagcmodiﬁed Ac

acataagtgataagtcttgg gctcttggct aacataagaa gccatataag tccctcgacc
42QnEpREgeticy aattccctte cettctactt ttgacgtect tttaagagct tgtgcatgaa 480

e e S AR OB P i
modified 4c transposase into the cell, wherein the modified 4c transposase comprises a
nuclear localization signal (NLS)} at the N-terminus of a truncated 4c¢ transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated 4c transposase comprises an amino acid sequence having at
least 80% identity to SEQ ID NO:§ and catalyzes the integration of the polvnucleotide
into DNA in a vertebrate cell;

“ (i1} culturing the cell to stably incorporate the polynucleotide into the
genome of the cell to produce a transgenic vertebrate cell;

(b) exposing a vertebrate cell having an insertional mutation to a compound of
interest;

(¢} exposing a wildtype vertebrate cell to the compound of interest;

(d) assessing the effect of the compound on the vertebrate cell having an
insertional mutation and the wildtype vertebrate cell; and

(e) identifying a nucleotide sequence of a gene in the vertebrate cell having an
insertional mutation which does not respond to the compound compared to the wildtype

vertebrate cell, whereby a site of action of the compound is identified.

The method of claim 49 which further comprises the step of searching a sequence

database for homologs or orthologs of the gene.



51,

54,

35,

58.

39.

ctattaaatg cccatcagtg ctggctgtga cacccaactg ctgccatttc gtgttgactt 660
gcacgagaaa,tgagaaattg tctgactatg cagggtgtct atgcgtggga acatttatca 720
gtggtcatta aatactatag tttacagtta gaccaaagtg tgctgtattt ttgtgttagc 780
ttagctgcag tttttgtgtg tgaagtaaca aatgacaaat actcaaacta ttgtaattaa 840
gtagtttttc tcagaaattg taatttacta agtagtttam aaatgtgtac ttttactttc 900
ccttgagtac atttttagtg cagtgttggt acttttattt cacttccttc cttcaacctg 960
cayteantacditaittadtieitgictalgdggatitgas aahteagtoatgtgatiestd Q20MW Gbrary has a
200 /124%001 dPCT/SGZOO6/0001 1 2/4 tcc atc étcacata

g ARG gtAR S LAt ASTA A g B SR e§8 SHiPHGAggon of the

aatgﬁtg&bmgmﬁaﬁaacgaagaﬁmoaraa@ﬁkam@c lﬂéﬁp@m@aﬁaa}ﬁ@sag@g alrary has a

e S SR s o g

acgttgtacc ccaacgcagt ggggacgttg cattttgttt agaaatgaaa 1320 attaggttga

(o act ca gatgtcaa tgttcaa tctaaa 1380 atcatatatc
e e Bt F b 5 tgses 2 muclear

aégd:t@wttﬁg@@tc@«lﬁa&ptgatgaaMtaaaigtsadf&tttgaﬁgnch@@ ttgeitaag, wherein the
atﬂtﬁ%glttc acat ?t %]tS g}Ct ttccaacaca acctaaa

accazatatt. adct cta ACGRARGGAL GRS leaﬁla‘fialéaal E?c}é?{a@é’é?ffé’z‘éi and wherein
gctt@gmagmeﬁtgaam:a@@txzaeoamaﬁsehataﬁtaaaﬁ@taat@ Ltaa&a@ttlﬁﬁﬁ% at least 80%
at t t t aa aat act aat caca 1740.

% tigatgg%% ggcga ct%aécc%fl @%ﬁ?:%%ca tac? c{tag ﬁ%f @666 info DNA in
ct&gag@cmttaahaaag ctacttttca ctcatacttt gagtaatatt tacaactgat 1860
acttttactc gcactacatt tttaggcatg tattgatatt tttactatga tttttcagta 1920
ctctttccac tactgcagcc ctccccatac ataatcgtat gtttacacat atggtggagt 1980
ttddegcoat patCtaaatt agctitiittavdecgotagecanttadigigod taditgtgiga2040ricbrate sperm
tgfgpacatt ticcaatatc aatacagaag gaaactgtgt tccctgttce ctigtaaatc 2100
tcaacaatgc aactgttcag ctcaggggga aaaatgccct gccagatcca aacggctggce
2160 aaaagtgaat ggaaaaaagc ctttcattaa tgtgaaagtt gctgcgcgcc
CGACC t 2220 .aaa ca-gaggttaaca,tgctctctac 9¢
S e S ey v imaividna
aoacteftottatccaaagtt tctactggaa 2340 tgcectgtect cacatctcaa gectctectt
gcattctctc attccacctg gggaaaagec 2400 ccaggetggg tgtgacaaca tttatcttac
cactttctct ctgtacctgt ctaacaggta 2460 gggtgtgtgt gagagtgcgt atgtgtgcaa
gthbetgberogt agagcodgiehgeiodi25 20 tdretiswad gagtgtgtat @amattggtdynucleotide
aggcgcagctge tgagagacac gcaaagggac 2580 tttgactctc ctttgtgagc aacctcctcc
actcactcct ctctcagaga gcactctcgt 2640 acctccttct cagcaactca aagacacagg
atccaccggt cgccaccatg gtgagcaagg 2700

The library of claim 54, wherein the vertebrates are homozygotic for the polynucleotide

insert.

The library of claim 51 or 52, wherein the members of the library are haploid vertebrate

embryos.

The library of claim 51 or 52, wherein the members of the library are vertebrate

gynogenetic diploid embryos.

The library of claim 51 or 52 which further comprises a DNA sequence for the gene

associated with each polynucleotide insert.



60.

61.

62.

63.

64.

65.

066.

67.

68.

gcgaggagct gttcaccggg gtggtgccca tcetggtcga gctagacggce gacgtaaacg
2760 gccacaagtt cagcgtgtcc ggcgagggeg agggcgatgce cacctacggce
aagctgaccc 2820 WO 2006/124001 PCT/SG2006/000121 3/48 tgaagttcat
ctgcaccacc ggcaagctgc ccgtgccctg geccaccctc gtgaccaccc 2880
tgacctacgg cgtgcagtgc ttcagccgct accgegacca catgaagcag cacgacttct
2940 tcaagtccgc catgcccgaa ggctacgtcc aggagcgceac catcttcttc

adggaidpacy 30@Mgcaactacizvgackcycdee gaggigasgiicgagggaga sequence for a
caccctggtg agccgceatcg 3060 agctgaaggg catcgacttc aaggaggacg

ggégtcea ceﬁcggﬁé%gcsg%%%%egagtaca 3120 actacaacag ccacaacgtc

tatatcatgg ccgacaagca gaagaacggc atcaaggtga 3180 aottcaagat

ccgecacaac a agcgtgea getcgecgac cactaccage 3240 .
AR LRI SR R R S Spsmgaor @ prorein
330Co@gtbegetdtegagcaaagac cccaacgaga agcgegatca catggtcctg

ctggagttcg 3360 tgaccgccgc cgggatcact ctcggcatgg acgagctgta

caagtaaagc ggccgcgact 3420 ctagatcata atcagccata ccacatttgt agaggttcta
ctigctlideagaabciioc ¢ B4802 achcotocdr ctgasoeatgasaatigdiaaaat gaatgcaatt
gttgttgtta acttgtttat 3540 tgcagcttat aatggttaca aataaagcaa tagcatcaca

aatttcacaa ataaagcatt 3600 tttttcactg cattctagtt gtggtttgtc caaactcatc

aatggtdgabfggatetyiiy 8366 ueagicaiCeggrattagmasmtacggtaac

gaaacgggat catcccgatt aaaaac 37 Ogéccc a ac a ST
o S T ROt o0 oAt Ee el Hegedibrry of
actiogdgtiocgadatcyphoggyptaddat83840 asthacaaaat cggttatacg

ataacggtcg._gtac {t ttcccatcect aetttcatce 3900 tc tatcgagctc .
goatianoR A ROCHIEAE St g0 U gt iegene of said
ttatamaatiatgdty ch8F0Bc @1 05:2id 2dde-id IdenBfi2d PRT <213> Artificial

<220> <223> Synthetic Nuclear Localization Signal <400> 2 Met Gly Pro

ProLys Lys Lys ArgLys Val Glu 1510 <210> 3 <211> 27 <212> DNA
<218>matfificiabf claim 63 which further comprises the step of searching a sequence

database for homologs or orthologs of said gene.

The method of claim 63, wherein the members of the library are selected from the group
consisting of vertebrate sperm cells, vertebrate individuals heterozygotic for the
polynucleotide insert, vertebrate individuals homozygotic for the polynucleotide insert,

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.
The method of claim 63, wherein the vertebrate is a fish.

A method for identifying a putative drug target comprising;

identifying a member of the vertebrate insertional mutation library of claim 51 or
52 associated with a phenotype of interest; and

identifying a DNA sequence of the gene and an amino acid sequence of a protein
encoded by the gene for the identified member of the library, whereby a putative drug

target is identified.

The method of claim 67, which further comprises the step of searching a sequence

database for homologs or orthologs of said gene.



69.

70.

71.

72.

74.

75.

76.

WO 2006/124001 PCT/SG2006/000121 4/48 <220> <223> vector DNA
<400> 3 gaggatcccc gacggtcggg tatcgag 27 <210>. 4 <211> 27 <212>
DNA <213> Artificial <220> <223> vector DNA <400> 4 gaggatcccc
gactgtcggg tatcgag 27 <210>5 <211> 26 <212> DNA <213> Atrtificial
<220> <223> vector DNA <400> 5 tgtfagctccc cgagtcgggt acccaa 26
<210> 6 <211> 28 <212> DNA <213> Artificial <220> <223> vector
DNA <400> 6 tggagctccc egacggtcgg gtacccaa 28 <210> 7 <211> 2115

> (1)..
<%%%>m%mt$d gg %ﬁxﬁnzg% NRYRin Zeolilcfm elrg 0 thse i%%a%‘y g}g sgélcltga from the group
consisting of vertebrate sperm cells, vertebrate individuals heterozygotic for the
polynucleotide insert, vertebrate individuals homozygotic for the polynucleotide insert,

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.
The method of claim 67, wherein the vertebrate is a fish.

A method for ideﬂtifying a site of action of a compound comprising:

exposing at least one member of the vertebrate insertional mutation library of
claim 51 or 52 to a compound of interest;

exposing wildtype vertebrate individuals to the compound of interest;

assessing the effect of the compound on the member of library and the wildtype
vertebrate individuals;

identifying a member of the library which does not respond to the compound
compared fo the wildtype vertebrate individuals; and

identifying a DNA sequence of a gene in the identified member of the library,

whereby a site of action of the compound is identified.

The method of claim 71, which further comprises the step of searching a sequence

database for homologs or orthologs of said gene.

The method of claim 71, wherein the members of the library are selected from the group
consisting of vertebrate sperm cells, vertebrate individuals heterozygotic for the
polynucleotide insert, vertebrate individuals homozygotic for the polynucleotide insert,

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.

The method of claim 71, wherein the effect is assessed on a biochemical characteristic,

an enzyme, a phenotype or a fransgene.
The method of claim 71, wherein the vertebrate is a fish.

A method for identifying a gene of interest comprising:



77.

78.

79.

<400> 7 atg get att gtt cat gaa cca caa cca caa cca caa cca caa cca gaa
48 Met Ala lle Val His Glu Pro Gin Pro Gin Pro Gin Pro GIn Pro Glu 1 5
10 15 cca caa cca cag cca caa ccCt gas ccc gaa gaa gaa gca cca cag sag
96 Pro Gin Pro Gin Pro Gin Pro Glu Pro Glu Glu Glu Ala Pro Gin Lys WO
2006/124001 PCT/SG2006/000121 58 20 25 30 agg gca aag aag tgc
Sea tog gat gta tgg cag cat ttc acc aag aag 144 Arg Ala Lys Lys Cys Thr
Ser Asp Maé&rmgsmemlke%eﬂhé bysdbyat39rderdbrgasnath0aaaBra30dtElaim 51 or
g a aag aa; t;;l gtt ta.tgg ggg 192 Glu lie Glu Val Glu Val Asp
Gly Lys iysaﬁlr VA r% Gly 50 55 60 cat tgc aac ttt cot sat tgc aag
get aag tabla@glgﬂit @agn@gm&t el Cys ifsneRie Prpadsic @S of the library
Al Ala Glu Gy His 65 70,75 80 cat gga aca agc gga ttt cga
Pa % ¥ é]agrgg}f glé{“ccg mt? ’2%%%1 His Gly Thr Ser Gly Phe Arg Asn

HIS Lau AdenTityiGetdigSer dfain@a0fRbn gHcabA ot RAGHLS ot 8ia @ar associated

cat a 336 Val Lys Gly Gin Lau Cys Leu Lys
Serﬁ%l Eg ngﬁ/rlf)ys% 11866 105 110 ate aat ctc att gag cot tat

aag tac gat gaa gtg gtt ago eta aag 384 lie Asn Leu lle Glu Pro Tyr Lys

Tyr,As u aI Val Se au ) 120 125 a cat ttg gca ata atc

at{%:hcea ]g%% t%./C cot? i oz att% CEgﬂ)Ii—ﬁé%L 1§ AlPIEN ISR ieYgs @ sequence

Gdafﬁya@rﬁjﬂmwmuez\,{aﬂiﬂﬁbkiﬁ éafi»ﬂ) ga®.cat gag tac ttt gtt gag ttt gtt

aag tct ctg ego cot cac ttt 480 Glu His Glu Tyr Phe Val Glu Phe Val Lys

Ser Lau Arg Pro His Phe 145 150 155 160 eca ata sag toe egt gte act get

agéaaxthodtd atggatitgiat-528hP rodiebeys S el val %brséélﬁ:‘{éﬂgﬁl@y‘ﬁ the group

:aléra egtla al Agf; t g t%%%{t%) 6%%‘%19 1c7e q:[ t%g%&?ﬁ? alggi\%?i%a?sa gh rtc?7ty trc for the
polynucleotide insert, vertebrate individuals homozygotic for the polynucleotide insert,

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.

The method of claim 76, wherein the vertebrate is a fish.



Lau Glu Gin Lys Glu Lys Lau Tyr GlyLys Lau Lys Asp Val Gin Ser 180 185
190 cgc ttc agt aca act atg gat atg tgg aca tot tat caa aat aag tea 624 Arg
Phe Ser Thr Thr Met Asp Met Trp Thr Ser Cys Gin Asn Lys Ser 195 200
WORGHeI At gt gte acc ate cat tgg att gat gat gat tgg tgt cte CRETBTRTa/p00121
Met Cys Val Thr lle His Trp lle Asp Asp Asp Trp Cys Leu Gin 210 215 220
aaa aga att gtt ggc ttt ttt cat gtt gaa qgggego cac act ggc caa 720 Lys Arg
lle Val Gly Phe Phe His Val Glu Gly Arg His Thr Gly Gin 225 230 235 240
agg tta tea caa acc tte act gcagteraty gtkaag:tgg aac att gag 768 Arg Lau
Ser Gin Thr Phe Thr Ala lle Met Val Lys Trp Asn lle Glu 245 250 255 aaa
<1mﬁaaggﬁ?igééftg%ﬁft@e@a‘ﬁ%’&f@é%! gca eatgaa gta 816 Lys Lys Lau
Phe Al kel SarauAsp Asn Ala Ser Ala Asn Glu Val WO 2006/124001
PCT/SG2006/000121 6/48 260 265 270 get gtg cac gat ate att gag gat
<12z0%tg Engrgaesattgatttdiadtcta86d Wemvaf HisAsprHedhte Gl Asp Leu Gin
<13GASB_J_;1]L§§9 Ser Asn Leu 275 280 285 gtt tgt gat ggt got tt(_: ttt cat gtgagg
tgt got tgt cac ata ctg 912 Val Cys Asp Gly Ala Phe Phe His Val Arg Cys
<150AlarE€ysokEs 1let Lau 290 295 300 aac ttg gtt gca aag gat ggc ttg got gta att
<131iyca Gy deatatt gag 960 Asn Leu Val Ala Lys Asp Gly Leu Ala Val lle Ala
<1508y, Thr lle Glu 305 310 315 320 aaa atc aaa gcg att gtt ctt gat gta aaa tot
tat cut ttg cag tgg 1008 Lys lle Lys Ala lle Val Lau Ala Val Lys Ser Ser
<170ProPkberGin TRo825 380 335 gaa gaa cta atg aag tgt got agtgaa tgt gac

«210lld gat aaa tat aaa 1056 Glu Glu Leu Met Lys Cys Ala Ser Gin Cys Asp

<211dedsp Lys Ser Lys 340 345 350 ggg atc tca tat gat gtc tca act aga tgg
<z12aatea acc tat ttg atg 1104 Gly lle Ser Tyr Asp Val Ser Thr Arg Trp Asn
<2138ePThFyitku Met 355 360 365

220>
<223> Dsg Construct
<400> 1
ceatggtgge gaccggtgct cgactetaga ggateccecga catagggaty aaaacggteg 60
gtaacggtcy gtaazatacc tctaccgttt’ﬁcattttcat atttaactty cgogacggaa 120
~acgaaaacgyg gatataccgy taécgaaaac_gaaégggata aata;ggtaa tcgaaaacag 180
atacgatceg gtegggttaa agtogaaate ggacgggaace cggtattttt ghtoggtaaa 240
atcacécatg aagacatata ttcaaaactl aaasacaaat ataaaaastt gtaaacacaa 300
gtdﬁtaatta aacatagata aaatccatat aasatctggag cacacétagt ttaatgtage 360
.atataagtga‘taagtcttgg getotigget aacataagaa gocatataag tcooctegace 420
‘tetagetteg aattcoctte cottctactt ttéacgtcct tttaagaget tgibgeatgaa 480
agcagattty gagotygabtta ctcatctcaa acacocatac maagggatga titgoogtace 540
atgatctoac accttitcaca cchggttiat actabtgatay ttgtagacga ttgogtaatg eC0
ctattaaatg cceatcagtg ctggetghga cacccaactg ctgocatitc ghtgttgachtt 660
' geacgagaaa, tgagaaattyg tetgactatg cagggtgtct atgogtggga acatttatea 720
gtggtcatté aatactatag tttacagtta gaccaaagtg tgotgtatft ttghgttage 780
ttagctgeag ttitttgtgtyg tgsaghaaca aatgacaaat actcaaacta ttgtaaﬁtaa 840
‘gtagttttte tcagaaatig taatttacta agtagitttaa aaatgtgtac ttttacttte 9G0o
cottgagtac atttttagty cagtgttogh acttttatit ecacttcottc cticazcetg 260
cagtcactac tttatttatt etigictaty tggattagac aaateagtec tgtgattcer 1620



ttg agg gat goo tta tat tat aag cot gca cta ate agg ctt aaa ace 1152 Lou

Arg Asp Ala Lau Tyr Tyr Lys Pro Ala Leu lle Arg Leu Lys Thr 370 375 380
agt gat cot cgc agg tac gat gca att tgt cot aaa gcc gag gag tgg 1200 Ser
WBPYEAKY Arg Tyr Asp Ala lle Cys Pro Lys Ala Gin Gin Tr885@B06396121
400 aag atg gas tta act ett ttt aag tgt ttg aag aag ttt ttt gat etc 1248 Lys
Met Ala Leu Thr Lou Phe Lys Cys L§y4l5,ys Lys Phe Phe Asp Leu 405 410
415 act gas etc eta tat ggt act caa tat too act gcasat tta ttt tac 1296 Thr

gteckEitebolsk ey S Gy s G TYeSaE Jdw-Ala Asnd-auPhe.Tyr 420 425 450
430 aaa ggt tic tgt gag eta aag gat ttg att gac caa tgg tgt gtt cat 1344 Lys

Ieca BiAPh e B I le A8 RSB TCaR e AP i THFCYSV Al 3ars 285-440 445
cacgg@.asag%m@tgg@@@gg@gaa@&9@&,9&99%%9&%@@&@9#&%%@& Gly 64
Lys Phe Val lle Arg Arg Met Ala Val Ala Met Ser Glu Lys Phe 450 455 460
act ol dad WP I5G Hda - FREsar att geeretr g atayergrse iy o tte: 444G eGin 12y
ogrdJFeLIP dis VAL 36T Asdle Ala Leu Ala Val Ala Cys Phe 465 470 475 4
gttc t%a%nca aggthac aag aé!"a gte,c‘{?g,g Sﬁgé\é% ttc%tié%té‘tatga&égaaa 1383 L&ggo
attagm@ Rrofrgafyrdty stysgtesbeuthieGht Bhe dymMet-kysdoys 485400 4350
Jroa €At 9ot gat tca tac aaa gtt cat gta gat gac ftt gtt agg gtc 1536 Phe His
o RS e o Ly SO 1S ValAGE RCD P A VAPWE =con 1140
dgt 20064 . 2400 RET/5620:06/0 ( £:-32:1+ 7448500:505:510: Atk aga;aaa Hep

tat caa tic tat tot agt tgt agt cct tca got cca 1584 lle Arg Lys Lau Tyr Gin
CEOTBE Y PSRRI Cy L SR P15 S NI A5 5 13 570 575 sy et Biefy acko°

acca@Gla6l eatgalagt %Q&%ES&@QQ&%@&Q%%Q&%%H@‘ I@J‘t&@c}a‘y Thlr620
Thr Asn Asp Ser Met Asp Asp Thr Lau Net Glu 530 535 540 set gaa gat

ItogRigAa T CaATAAE RITIGRUPGaBRRE 4] Gal tACLBB0-SASPRGIRAS ASpSS0-
atgagﬁkkgi"%é%%hgﬁﬁkJySJAEQQQ§%§3ﬁkk@&%%¥§§A§Q§l¥Egtta cgtttacaca

1740
catgtaaalt acatgtaaat geatcagett ttceacageoat aatactezct actiactact 1800 |
cttgagtact titaaaasaag ctacttttea cteatacttt gagtaatatt tacaactgat 1860
acttttacte geactacatt tttaggeatg tattgatatt tttactatga tttttcagta 1820
thtttccac tactgecagec ctecccatac ataategtat gtttacacat atggtggagt 1280
ttagagecat satctacatt agctttgtta gecgctagea ttactgtgea gaattgtgig 2040
tgtgeacatt ttocaatate aatacagaag gaaactgtgt tecetgtice cttgtaaate 2100
tcaacaatge ;actgttcag ctoaggggga aasatgecet gocagabteoca aaeggctgge 2160
amaagtyaat ggaaaasage ctfteattas tgtgasmagtt gotgegeogeo ccaccocagat 2220
aaaaagagca gaggtiaaca tgctctctac ggctgtccag ccaaccagat actgaggrag 2280
agacacaccc getggeagat ggtgagégct acactgtett ttccagagtt totactggaa 2340
tgcctgteot caagtetcaa geocteotectt geattotete attecaccty gggcazagdc 2440
ceaggetygy tytgacaaca tttatottac cactttetet ctgtacectgt ctaacaggta 2460
gaggtgtgtgt gagagtgcgt atgtgtgeaa gtgogtgtgt. gtgtgagage agtcagetoco 2520
accecteteaa gagigtgtat asaattggte agccégctgc tgagagacéc goagagggac 2580
Itttgactctc ctttgtgage aacctecteo actcacteot ctctcagaga goactotogt 2640
acctocttot cageaactca aagacacagg atccaccgght cgocaccatg gtgagoaagg 2700
gogaggaget gttcacceggg gtggtgocea tectggtega getogacgge gacgtaazcg 2760
'gccacaagtt cagegtgteo ggegagggoy agggcgatge cacctacgge aagctgéccc 2820



545 5150 555 560 gat caa gta gag tca set gaa ttg gat aaa tat atg tct gaa
ccc ctt 1728 Asp Gin Val Gin Ser Asn Gin Lau Asp Lys Tyr Net Ser Gin
Pro Leu 565 570 575 ttg aag cat agt ggt cag ttt gat att tta tca tgg tgg agg
V§9a%46/424%76 Len Lys His Ser Gly Gin Phe Asp lle Leu SePTHSFp0Ap00121
Gly Arg 580 585 590 gtt gca gaa tat Oct att ctc acc caa att gca agg gat
gtg cta gca 1824 Val Ala Gin Tyr Pr%{l@ Lau Thr Gin lle Ala Arg Asp Val
Lau Ala 595 600 605 ata caa gtg tca act gtt got tot gag tct gcg ttc agt get
tgaa@Oi-agt 1872 daGinyaksarthr MaLAla SerGin SerAla RheserAla Gy,
Gly 610 615 620 cgt gtt gtt gat cot tac cgc set cgt ctt ggt tcg gag att gtt
LIECHRLAD IO ATYNVAF VACASEPED FYFCAYgASNCALG12aa:Cly Ber GirrHe Vapao
I 4 t aaa ga ta gca gca tct a
o T ot 190k A Lo T s T B Aahs Vel AT LBt Arg 38
geaaGReAfa BG4S BBOB5 52 aceydatitttcoaBeryatgartggivgat cicgagigiyg ctacso
aget %%tct gtt 2016 Jhr ;'%raPhecProclgéahggggle Gly Asp Lou Gin Val Leu3A2p
er Val 660 665 670" A1 46t Fet Gia aca aal T8 G55 Sal EAF A Gat gag 2"
actag@aicggacgaca20o4dc [le:Ada Al dlactheAspHign&l-Asr-HisdMeliAsp Glyizo
Asp Glu Asp 675 680 685 gca ate gaa ttt tot sag eat sat gaa gat gta gca
A 5§ TR TR TR T 2> R A E T P RECSET 1y § A KSR GRIFKEF AP Ala™84?

agaa@&c%rﬁeéﬁgcﬁg%&%%g k%@t?é@c395ca§?eLQEt§c€?thL§cZQ§c <2%%60
PRT <213> Zee mays WO 2006/124001 PCT/SG2006/000121 8/48

<400> 2

1

<2i0> 3
<Z2ii> 27
<212> DNA
<213>

Artificial

Met Gly Pro Pro Lys Lys Lys Arg Lys Val Glu
5

10

agtecgecot gagcaaagac cocaacgaga agogegatoa catggtecty ctggagtteg 33860
tgaccgeege ggggatcact ctcggeatgg acgagoetghta caagtaaage ggoeogoegact 3420
ctagatcata atcagecata ccacatttgt agaggttota cttgetttaa aaaaccteocce 34890
acacctoooe ctgaacctga aacataamaat gaatgeaabt gttgttgtta acttgtitat 3540
tgecagettat aatggttaca aataasagcza tageatcaca aatttcacaa ataaagcatt 3600
tttttcactg cattotagtt gtggtttgtc caaactcatc aatggtegag gﬁatctgttg 3660
cagtcatcec gaattagaaa atacggtaac gaaacgggat catccogatt aéaaacggga 3720
toceoeggtgaa acggtoeggga aactagetbet accgtttoey ttteceghtita cegttttgta 3780
tatcacgttt cegtteogtt ttegttitttt acctcgggtﬁ cgaaatogat cgggataaaa 3840
ctaacaazat cggttatacy ataacggtceyg gtacgggatt ttcecatoot actttecatce 3900
ctgegteggg Tategagetc gaattaaget tgatategaa ttoctycagy sazasaaaac 3560
aattagaatt sattttatat ttatacaatt tatggtge 3598
<Z10> 2

-<211> 11

<212> PERT

<213> Artificial

<220> .

<223> 3ynthetic Nuclear Localization Signal



<400> 8 Met Ala lle Val His Glu Pro Gin Pro Gin Pro Gin Pro Gin Pro Glu
151015 Pro Gin Pro GinPro Gin Pro Glu Pro Glu Glu Glu Ala Pro Gin
Lys 20 25 30 Arg Ala Lys Lys Cys Thr Ser Asp Val Trp Gin His Phe Thr
WOLHas1238 10 45 Glu lle Glu Val Glu Val Asp Gly Lys Lys Ty\ralcGine\ded121
Trp Gly 50 55 60 His Cys Asn Phe Pro Asn Cys Lys Ala Lys Tyr Arg Ala
Glu Gly His 65 70 75 80 .His Gly TQJ; er G1y Phe Arg Asn His Leu Arg
Thr Ser His Ser Leu 85 90 95 Val Lys Sly Gin Lou Cys Lou Lys Ser Glu
<220kys Asp His Gly Lys Asp 100 105 110 lle Asn Leu lle Glu Pro Tyr Lys Tyr
<223Asp&lucvalVal Ser Leu Lys 115 120 125 Lys Leu His Leu Ala lle lle Met

<4oa|>'”536|u Tyr Pro Phe Asn lle Val 130 135 140 Gin His Glu Tyr Phe Val Glu

gagggmyglglaxggﬁgg&g%ﬁrg%ggo His Phe 145 150 155 160 Pro lle Lys Ser27
Arg Val Thr Ala Arg Lys Tyr lie Met Asp Leu Tyr 165 170 175 Lou Glu Gin

Lys Glu Lys Lou Tyr Gly Lys Leu Lys Asp Val Gin Per 180 185 190 Arg

:g%g h 4J7—|er Thr ThrMet Asp Met Trp Thr Ser Cys Gin Asn Lys Ser 195 200

<212205kyr Met Cys Val Thr lle His Trp lle Asp Asp Asp Trp Cys Leu Gin 210
<213215:220¢i0i8Arg lle Val Gly Phe Phe His Val Glu Gly Arg His Thr Gly Gin

<22‘o§25 230 235 240 Arg Lou Ser Gin Thr Phe Thr Ala lle Met Val Lys Trp
<223ASNlg.Glu 245 250 255 Lys Lys Lou Phe Ala Lou Ser Lou Asp Asn Ala

Ser Ala Asn Glu Val 260 265 270 Ala Val His Asp lle lle Glu Asp Leu Gin

<4¢00Asp Thr ASE Ser Asn Leu 275 280 285
gaggatcceee gactghtoggy tategag . 27

© 210> 5

<2il> 28

- <212> DNA

<213> Artificizl

<220>
<223> vector DNA

<400> 5
tggagctcoe cgagteogggt acccaa 26

<210> 6

<2li> 28

<212> DHN&

<213> Artificial

<220>
<2Z23> wector DNA

<400> ¢
tggageboce cgacggtegy gtacccaa 28

<Z10> 7

<21li>» 2115
<212> DNA
<Z13> Zea mays

<220>
<221> (DS )
<22Z> {1} .. {2115}
<400> 7
. atg get-att gtt cat gsa cca caa cca caa coa caa coa caa coa gaa 48
Met Ala Ile Val His Glu Pro Gln Pro Gln Pro Gln Pro GIn Pro Glu
1 5 10 15
cca caa coa cag cca caa cct gaa coc gaa gaa gaa gca oca cag aag 96

Pro Gln Pro Gln Pro Gin Pro Glu Pro Glu Glu Glu ‘Ala Pro Gin Lys



Val Cys Asp Gly Ala Phe Phe His Val Arg Cys Ala Cys His lie Leu 290 295
300 Asn Lou Val Ala Lys Asp Gly Leu Ala Val lle Ala Gly Thr lle Glu WO
2006/124001 PCT/SG2006/000121 9/48 305 310 315 320 Lys lle Lys
in2lesN 0 eu Ala Val Lys Ser Ser Pro Let Gin Trp 325 330r83% Glan€alen121
Lea Met Lys Cys Ala Ser Glu Cys Asp Leu Asp Lys Ser Lys 340 345 350
Gly lle Ser Tyr Asp Val Ser Thr Arg r%Asn Ser Thr Tyr Leu Met 355 360
365 Lou Arg Asp Ala Leu Tyr Tyr LyS Pro Ala Lou lle Arg Leu Lys Thr
370 375 380 Ser Asp Pro Arg Akg Tyr Asp Ala lle CysPro Lys Ala Glu Glu
Trp 385 390 395 400 Lys Met Ala Leu Thr Lau Phe Lys Cys Leu Lys Lys
o9 g;?e Weiﬁgpg_géu%@5%}!0%I59%rt@|uqééuceéutsérs@ty T4 &ia Tyr Sénr4
7 It AlE ASE L0 PRé Ty 436 425 438 £33 diy P& CY8 GIF IfF'Eys Asp
Leu lle Asp Gin Trp Cys Val His 435 440 445 Glu Lys Phe Val lle Arg Arg -
gaz Riét Aa Vabk Adadvist-SerGivd ysRhead 50245514602 lit b ysadyaabrp Lys Val
Gla SEt Ash ﬁélA'I%}‘I‘_e‘i?%@;@a‘FW&@?&W@HG‘?S&?@&?‘S@SW&@&%Sp Pro
Arg Tyr Lys Lys lle Lou lle Gin The Tyr Met Lys Lys 485 490 495 Phe His
cat Giy Asp Ser Byr Lys:ValHisYalAspAspPheyyalArgalab 00505 510-e
Bis Ayg Bys 1588 Fye GitrPhie TfybrSS&ESér-‘CI%slSérPﬁé)lse?lAI&BfrdiiSB 520
®> 525 Lys Thr Lys Thr Thr Thr Asn Asp Hér Met Asp Asp Thr LB Met Glu
cat 530 535 240 ASNGIUASPAsPLAUREEGINASNTYr LU His Giy Lou Lygg
His Abp Tyr S5 650 8555 560 2AsFEGINVal Gl Ser Asn Glu ked Asp Lys Tyr
Met Ser Gin Bro Leu 80 . 95

gtt ama ggt cag ttg tgt cta aas agt gaa aag gat cat gge asa gac 33¢
Val Lys Gly Gln Leu Cys Len Lys Ser Glu Lys BAsp His Gly Lys Asp
100 108 110
ata aat ctc att gag cot tat aag tac gat gaa gtg gtt age cta aag 384
Jle Asn Leu Ile Glu Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys
115 120 125
aag ctt cat ttg gea ata atc atg cat gaa tac cot tic aat att gta . 432
Lyz Leu His Leu Ala Ile Ile Met His Glu Tyr Pro Phe Asn Ile Val
130 135 140
gaa cat gag tac ttt gtt gag Tttt gtt aag tet ctg cge cet cac ttt 480
Glu Hie Glu Tyr Phe Val Giu Phe Val Lys Ser Leu Arg Pro His Phe
145 150 _ 158 , 160
cca ata sag tee agt ghe act got aga aama tat atc atg gat tkg tat © 528
Pro Ile Lys Ser Arxg Val Thr Ala Arg Lys Tyr Ile Met Asp Leu Tyr
165 170 175
ttg gaa gas aaa gaa aag ttg tat gga aaa cta aasa gat gtt cag tot 5?6
Leu Glu Glu Lys Glu Lys Leu Tyr Gly Lys Leu Lys Asp Val Gln Ser
180 i85 190
cge tic agt aca act atg gat atg tgg aca tot tgt caa aat aag tea €24
Arg Phe Ser Thr Thr Met Rsp Met Trp Thr Ser Cys Gln Asn Lys Ser
1e5 200 205 ‘
tac atg tgt gtc acc atc cat tgg att gat gat gat tgg tgdt ctc caa 672
Tyr Met Cys Val Thr Ile His Trp Ile Bsp Asp Asp Trp Cys Leu Gln
210 215 220
aaa aga att gtt ggc ttt ttt cat gtt gaa ggg- cgc cac act ggo caa 720
Lys Arg Ile Val Gly Phe Phe His Val Glu Gly Arg His Thr Gly Gla
225 230 235 240
agg tta tea caa acc tto act gea atc atg gtt aag tgg aac att gag 768
Arg Leuw Ser Gln Thr Phe Thr Ala Tle Met Val Lys Trp Asn Ile Giu
245 250 255
maa aaa tig Lttt goe ttg tet ttg gat aat got agt gea aat’ gaa gha 8lé

Lys Lys Leu Phe Ala Leu Ser Lev Asp Asn Ala Ser Ala Asn Glu Val



565 570 575 Leu Lys His Ser Gly Gin Phe Asp lle Lou Ser Trp Trp Arg

Gly Arg 580 585 590 Val Ala Glu Tyr Pro lle Leu Thr Gin lle Ala Arg Asp
Val Lou Ala 595 600 605 Ile Gin Val Ser Thr Val Ala Ser Glu Ser Ala Phe
WerMHIGRP Gly 610 615 620 Arg Val Val Asp Pro Tyr Arg ABRA$GAaaioeo121
Gly Ser Glu lle Val Gin WO 2006/124001 PCT/SG2006/000121 10/48

625 630 635 640 Ala Leu lle Cys Tf*g/ s Asp Trp Val Ala Ala Ser Arg Lys
Gly Ala 645 650 655 Thr Tyr Phe Pro Thr Met lle Gly Asp Leu Glu Val

Leu Asp Ser Val 660 665, 670z¢ke Ala Ala Ala Thr Asadis Glu Asn His

Met Asp Glu Asp Glu Asp 675 680 685 Ala lle Glu Phe Ser Lys Asn Asn

get gs PSEF BI0TBIETO0" MY 70 £pt0ste <21186¢
A :gi% %ﬁ%zﬁ §E%§F%§Krt}; %%‘ 25,34 Migifiet Sythetic Nuclear

Locallzatlon Signal <400> 9 Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu
gtt 395 PT<PADSR0 K21 1512 ¢48 R 299DNA e 33tArEficial 220> <22352
Val Eﬂﬁ@SAﬁ’a l&&é%ByeC% %d‘gllérg Cys Ala Cys His Ile Leu

300

aac ttg gtt gea =2ag gat gge ttg get gta att geoa gga aca att gag 860
Asn Leu Val Ala Lys Asp Gly Leu Ala Val Ile Ala Gly Thr Ile Giu
305 316 3is 320
aaz abtc azma geg att gtt ettt goet gta asa tet Lot cot thyg cag tgg 1008
Lys Ile Lys Ala Iie Val Leu Ala Val Lys Ser Ser Pro Leu Gin Trp

325 330 335
gaa gea cta atg aag tgt got agt gaa tgh gac ttg gat aaz tob saaz 1056
Glu Glu Len Met Lys Cys Ala Ser Glu Cys Asp Leu Asp Lys Ser Lys '

340 3458 350
ggg atc tea tat gat gtc tea act aga tyy aat tca acc tat ttg atg . 1104
Gly Ile Ser Tyr Asp Val Ser Thr Arg Trp Asn Ser Thr Tyr Leu Met
355 360 365
ttg agg gat geeo tta tat tat aag cot goa cta ata agy ctt aaa aca 1152
Leu Arg Asp Ala Leu Tyr Tyr Lys Pro Ala Leu Ile Ary Leu Lys Thr
370 375 380 .
agt gat cct cge agg tac gat gea att tgt cot asa goo gag gag tgg 1200
- Ser Asp Pre Arg Arg Tyr Asp Ala Ile Cys Pro Lys Ala Glu Glu Trp

385 390 395 400
aag atg gea tta act ctt ttt aag tghb ttg aag aag ttb tht gat cte 1248
Lys Met Ala Leu Thr Leu Phe Lys Cys Leu Lys Lys Phe Phe Asp Leu

405 410 415
act’ gaa ctc cta tet ggt act caa tat toc act gea aat tta tit tac 1296
Thr Glu Leu Leu Ser Gly Thr Gln Tyr Ser Thy Ala Asn Leu Phe Tyr

420 425 430
aaa -ggt tte tot gag ata mag gat thg att gac caa tgg tgt gtt cat 1344
Lys Gly Phe Cys Glu Ile Lys Bsp Leu Ile Asp Gin Trp Cys Val His
435 440 445
gaa aza Lttt gtc att agyg aga atg geoeo gtt gea atg agt gaa aag ttt 1382
Glu Lys Phe Val Ile Arg Arg Met Ala Val Ala Met Ser Glu Lys Phe
450 455 : 460

gag ama tat Tgg aaa gty tct aat att gea cta get gta goe tgo tte 1440
Glu Lys Tyr Trp Lys Val Ser Asn Ile BAla Leu Ala Val Ala Cys Phe
465 470 475 480
ctt gac cot agy tac aag aaa ata ttg att gag ttc tat atg aaa aaa 1488
Leu Asp Pro Arg Tyr Lys Lys Ile Leu Ile Gilu Phe Tyr Met Lys Lys

485 4380 : 485
ttt cat ggt gat tca tac aasa gti cat gta gat gac tit gtt agg gtc 1536

Phe His Gly Asp Ser Tyr Lys Val His Val Asp Asp Phe Val Arg Val



att
Ile

aag
Lys

aat
Asn
545

gat
Asp

ttyg
Leu

ata
Iie

cgt
Arg
525

get
Ala

aca
Thr

att
Iie

gea
Ala

cca
Pro
705

atgggtcctc caaagaagaa gcgtaaggta gaaatggcta ttgttcatga accacaacca 60
caaccacaac cacaaccaga accacaacca cagccacaac ctgaacccaa
agaagaagca 120 ccacagaaga gggcaaagaa gtgcacatcg gatgtatggc
Vigatiréattaagaaggaa 180 attgaagtgg aggtcgatgg aaagaa&faBSG2006/000121
gttcaggtat gggggcattg caactttcct 240 aattgcaagg ctaagtatag ggctgagggt
catcatggaa caagcggatt tcgaaatcac 30 ttgagaacat cacatagttt agttaaaggt
cagttgtgtc taaaaagtga aaaggatcat 360 ggcaaagaca taaatctcat tgagccttat
aagtacgatg aagtggttag cctaaagaag 420 cttcatttgg caataatcat gcatgaatac
cctttcaata ttgtagaaca tgagtacttt 480 %ttgqgtttg ttaagtctct gcgecectcac
SBpcia Rl oingE 10 dutdd s ggages >
adagpaaagt tétatggaaa acg%rx@aagat 600 WO 20 é Abot "
PCT/SG2006/000121 11/48 gttcagtctc gcttcagtac aactatggat atgtggacat
el GLEGELY t(ﬁ?iﬁBOﬁﬁg@ {igt%?c@g*ic@&ﬁg; atﬁgal?ﬁ%a’ﬁggtgtc 1632
Hecaniaady adtgtggt 20 ttica tigd8o§iRo ECatatygt Glagottat
cacaaacctt cactgcaatc 780 atggttaagt ggaacattga gaaaaaattg tttgccttgt
chtggataz tgetag 840 2aatgabgtag ctgtgoacga tataatigay gatttgcaggso
G&(‘:‘a@f‘é‘aﬁﬁpaﬁé‘fc% 960 “ittgatg g}ﬁ‘btg@ztt‘éé”tg‘t@%g}g‘t@t;&é’ttgﬁéaca
: 5 a0
tactgaactt ggttgcaaag 960 gatggcttgg ctgtaattgc aggaacaatt gagaaaatca
@agggattgbtcitgctgta 1620 anatottete-ctigcagty ggaagaasta atgaagtgtgrzs
%g}i@h@t@lt%@étt@@rat@@s@egﬁe&Etéaag?ggaﬁetcémrt@e\tgt%t@aWagatgga
attcaaccta titfatgttg 1140 agggatgett tatattataa gectgcalts ataaggcetta
sAgacaagiga leeicacnae d 200 facgatgcaastiigicciaa agecganary 1776
Ilggddgatgy cattaabtcrtittafagigl k260w tlgaagaagtdttttgatot cactgaactc
ctatctggfd ttcaatattc cactgcaadfi320 ttattttaca aagdftictg tgagataaag

e attigatig.accaatgolg Jaticalgaa, 1380 aaatligica fiaggagaat gaceatigeg,,
1 ratgagigasa aghtgagagsatatiggaan 14401 gtgicicata tiggagkage igtagcatgce

ttccftgacc ctaggtacaa gaaddfattg 1500 attgagttcttatgaaaaa atttcatggt

Jaticataca aagttcatgt agatgactft 1560 gttagggtca ttagaaaait gtatcaattc
Tohclags iaateode Adsiocanag T 20: abanagacel ol iAgL Botatood!

gjataccttga tggaaaatgacagatgatgaa 1680 ttteaaaact atttgcatga gttgaaggat
ggggga%gcaagja}:%agtc%aa tgagt%g%at 174}CO agagg*tatg; ct aac%cct tttgaagca%20
e T ey
acccaaattg caagggatgt gctagcaata 186@zcaagtgtcaa ctgttgcttedgagtctgcg
ttcagtgctg gtggtcgtgt tgttgatcct 1920 taccgcaatc gtcttggttc ggagattgtt
SRADITGE A g poaGciia 1980 oagtaldt BRnoR i
ccaacaatQa t{ggtgatct cgaggdtgcta gactctgttagttggtg aacaaatcat
gagaatcata tggatgagga tgaagacgca 2100

tat Tht cea &ca atg att ggt gat ctc gag gtg cta gac tet gkt 2016

Tyr Fhe Pro Thy Met Ile Gly Asp Leu Glu Val Leu Rsp Ser Val
6860 665 670

gct got gea aca aat cat gag aat cat atyg gat gag gat gaa gac 2064
2la Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu Asp
€75 680 685

ata gas ttt tet aag aat aat gaz gat gta geoa agt ggo teo tot 2112
Ile Glu Phe Ser Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser
£90 . 695 700

Z115

<210> 8

<zZ1l> 1705
£212> PRT
<213> Zea mays



atagaatttt ctaagaataa tgaagatgta gcaagtggct cctctcca 2148 <210> 11
<211> 2687 <212> DNA <213> Atrtificial <220> WO 2006/124001
PCT/SG2006/000121 12/48 <223> Modified Ac Transposase Construct
VO 208622945 misc feature <222> (1)._(2685) <223> n may BETAY2006/000121
nucleotide <400> 11 attaggcttg tacatatgtn gttagaacgc ggctacaatt
aatacataac cttatgtatc 60 atacacatac E%a ttaggtg acactataga atacaagctt
gcttgttctt tttgcagaag 120 ctcagaataa %%;ctcaact ttggcagatc cgccaccatg
<4gpog0tectccaa agaagaagcg 180 taaggtagaa atggctattg ttcatgaacc
acaaccacaa ccacaaccac aaccagaacc 240 acaaccacag ccccaacctg
“fet Ahecblndga dgaagencea cigadyaddy caaagaagty300n cacateygat
gtatggcagc afttcaccaa gaaggaaatt gaagtggagg tcgatggaaa®360
pro gaAAIACYIL £agPaigRtRgYCallocas dilcciaat 49caagacta agiataggge 420
tgagggtcat catggaacaa gcggatteeg aaatcacttg agaacatgac atagtitagt 480

aaggtcag ttgtgtctaa aaagtgaaaa ggatcatggc aaagacataa atctcattga 540
PR L gé'% Ji gﬁc‘é?%%%é’a@g’btﬁéﬁt@@ﬁ&” t&¥fcatiea 600

A r
9 Gectadaay tacyatgaag g

tgaataccct ttcaatattg tagaacatga gtactttgtt gagtttgtta agtctctgcg 660
Glu ééptCaettt ceadtadidgt depgtjtcdy tyttagdanavtatattatgg atttgtattt v/ 20
aagaaaaa gaaaagttyt atggaaaact aaaagafdtt cagtctcgct tcagtacaac 780
His Gal0gatale:lgacalcl altaagataa gicatacalg fgigigacea fcgattggat 840
65 tgatgatgat tggtgtctec aaaaaagaat tgttagotit tttcatgttg aagggcgaga 900
His g§ct%%gcaa aggttatcac aaaccttcac tgcaatcatg gttaagtgga acattgagaa 960
aaa gtt?gegcggg'cﬁlfag%%ﬁﬁ% Za‘hﬁ‘t‘éa%’bﬁaﬁ%?g%% aft1020
aattgaggat ttgcaggaca ctgattcaaa tctagtttgt gatggtgctt tctt (:Datgt 1080
Val gegdtgtgétigleacatac tgaatttggitycaiagygatggeiiggaig taatigeagg 1140
aacaattgalfaaaatcaaag cgattgtt€ftgctgtaaaa tcttctcc g cagtggga 1200
r1e AgRAGAalo-aagiolgclagloaatalaa ciigdataag etaapagga fetcatataa 1260
tgtctecaact agatggaatt caacctattt gatgttgagg gatgegttat attataaggc 1320

tgcactaata agqgcttaaaa caagtgatcc tcgcaggtac gatgcaattt gtcctaaagc 1380
Lys ﬁ%u His Leuggia Ile Ile eg His Ggu ég% Prg Pge Asn %le-Valg
130 135 140

Glu His Glua Tyr Phe Val Glu Phe Val Lys Ser Leu Arg Pro His FPhe
145 150 155 1860

Pro Ile Lys Ser Arg Val Thr Ala Arg Lys Tyr Iie Mer Asp Leu Tyr
165 170 175 '

Leu Glu Glu Lys Giu Lys Leu Tyr Gly Lys Leu Lys Asp Val Gln SBerx
18¢C 185 18¢

© Arg Phe Ser Thr Thr Met Asp Met Trp Thr Ser Cys Gln Asn Lys Ser
185 200 205 -

Tyr Met Cys Val Thr Ile His Trp Ile Asp Asp Asp Trp Cys Lieu Gln
210 215 220

Lys Arg Ile Val Gly Phe Phe His Val Glan Gly Arg His Thr Cly Gln
225 239 235 240

Arg Leu Ser Gln Thr Phe Thr Ala Ile Met Val ILys Trp Asn Ile Glu
245 250 , 255

Lys Lys Leu Phe Ala Leu Ser Leu Asp Asn Ala Ser Ala Asn Glu Val
260 265 270

Ala Val His Asp Ile Ils Glu Asp Leu Gln Asp Thr Asp Ser Asn Leu
275 280 285

Val Cys Asp Gly Ala Phe FPhe His Val Arg Cys Ala Cys His Tle Leu
250 295 o0

Asn Leu Val Ala Lys Asp Gly Leu Ala Val Ile Ala Gly Thr ile Giu.



cgaggagtgg aagatggcat taactctttt taagtgtttg aagaggtttt ttgatctcac 1440
tgaactccta tctggtactc aatattccac tgcaaattta ttttacaaag gtttctgtga 1500
gataaaggat ttgattgacc aatggtgtgt tcatgaaaaa tttgtcatta ggagaatggc 1560
WG ReBBM24001 PCT/SG2006/000121 13/48 cgttgcaaty agigEaGaays/000121
ttgagaaata ttggaaagtg tctaatattg cactagctgt 1620 agcatgcttc cttgacccta
ggtacaagaa aatattgatt gagttctata tgagg@aatt 1680 tcatggtgat tcatacaaag
ttcatgtaga tgactttgtt agggtcatta gaaaattgta 1740 tcaattctat tctagttgta

305 gtccttcage tccaaagacta aagacaacta ctaatgatag 1800 tatggatgataccttgatgg
@gaaﬁgga}g%t 3zi%gagt{tthaaaact(%}tt tgcatgagtt 1860 gaaggattat gatcaagtag

ayftcadatga atigyataad ?éftftb?ctgaég%&?ﬁ 1920  adgeatagt Gotcagtitg
atattttatc atggtggagg ggaagggttg cagaatatcc 1980 tattctcacc caaattgcaa

Glu §ggdigigtithgematacad gigteaatly tiyetietga2048sgttitgegtic agigctggtg
gtegtgttgtfdatccttac cgcaatcgtcttggticgga 2100 gattdhgjaa getttgatat

cly 9cacanaaga ugalagcagcatctagaaaaogigctac 2160, afaliiicca acaatgattg
gtgateiega ggtgctagac tctgitedtg ctgctgcaac 2220z gaatcatgag aatcatatgg

gs:ga %at a agacqcaata gaattticta agaataatga 2280 agatgtagca

@gggg‘ tccr érccatgadc ?@gﬁfet‘?‘é"[gﬂ@tﬁf‘é@ﬁgﬁ@%é%&@s ctigottgta

atagtttatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400 tgtgttttaa

Ser aettt&tattigtgteatytytyctagtiga Cltatatg gerticttatght: 2460: agecaagggy
385 gececgggat ctggttdéla ctaaaccage ctcad§daca ccecgaatgga 2320

Lys Hificlaaoclacaiaalac eaactiacac fitagaagat gioteecas aagatgtage 2580
cattcgtatc tgctactaat aaaaagaaag tticttcaca ttCtaaaaaa aagaaaaaaa 2640
aaaaaaaaaa aaaaaaaacc CCCCCCcecee cceceectgea ggtcgac 2687 <210> 12

| TR G 18 180995 BINATET S e hiaySd0022 ittty 1l <210>

13<211> 11 <212> DNA <213> Zea mays <400> 3’ tttcatcect a 11

Lys €2d(Bnd4ys Glu Ile Lys Asp Leu Ile Asp Gln Trp Cys Val His
435 440 445

Lys

Leu

Glu Lys Phe Val Ile Arg Arg Met Als Val Rla Met Ser Glu Lys. Phe
450 455 . 480

Gle Lys Tyr Tzp Lys Val Ser Asn Ile Als Leu Ala Val Bla Cys Phe
465 470 475 A 480

Leu Asp Pro Arg Tyr Lys Lys Ile Leu Ile Glu Phe Tyr Met Lys Lys
485 490 485

Phe His Gly Bsp Ser Tyr Lys Val His Val Rsp Rsp Phe Val Arg Val
500 505 510

Iie Arg Lys Leu Tyr Gln Phe Tyr Ser Ser Cys Ser Pro Ser Ala Pro
515 520 525

Lys Thr Lys Thr Thr Thr Asn Bsp Ser Met Zsp Asp Thr Leu Met Glu
530 535 540

Asn Giu Asp Asp Glu Phe Gln Asn Tyr Leu His Glu Leu Lys Asp Tyr
545 550 555 560

Asp Gln Val Glu Ser Asn Glu Leu Asp Lys Tyr Met Ser Glu Pro Leu
565 570 575

Leu Lys His Ser Gly Gln Phe Asp Ile Leu Sex Trp Tzp Arg.Gly Arg
580 585 580

Val Bla Glu Tyr Pro Ile Leu Thr Gin Ile Ala Arg Asp Val Leu Ala
595 630 605 -

Ile Gln Val Ser Thr Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly
610 615 620

Arg Val Val Asp Pro Tyr Rrg Asn Arg Leu Gly Ser Glu Ile Val Glu



<211> 47 WO 2006/124001 PCT/SG2006/000121 14/48 <212> DNA

<213> Atrtificial <220> <223> PCR Primer <400> 14 ccaaagaaga

agcgtaaggt agaaatggct attgttcatg aaccaca 47 <210> 15 <211> 27 <212>

02#8Y Artificial <220> <223> PCR Primer <400> 15 Gk s/ 000121

gcttgatatc gaattcc 27 <210> 16 <211> 46 <212> DNA <213> Artificial

<220> <223> PCR Primer <400> 1fyggcggatccg ccaccatggg tcctccaaag

aagaagcgta aggtag 46 <210> 17 <211> 27 <212> DNA <213> Artificial
625 <220> <223> PCR3Primer <400> 17 gtztegataa gcttgatatc gaattcc 27

Ala mgl} OI>lg' 8C3</g 1T]B>:: 2L3y:s<2%g'§ ?I‘z%N\'TAé <£ 15? Eﬁrtggﬂa;&rg Lys Gly Ala

645 650 G655
Thr Tyr Phe Pro Thr Met Ile Gly Asp Leu Glu Val Leu Asp Ser Val
660 665, 670
Ile Ala Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu Asp
€75 680 685
2la Ile Glu Phe Ser Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser
620 695 700
Pre
705
<210> 9
<2il> 11
<212> PRT
<213> Artificial
<220> _ -
<ZZ3> Modified Synthetic Nuclear Locdlization Signal
<4Q00> &
Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu
1 5 10
<2:0> 1C
<Z21i> 2148
<212> DNA
<Z213> Artificial
<220> .
<223> NWLS-TPz2sel03-807 CbS
<400> 1¢
atgggtectc casagaagaa goghaaggta gaaatggeta titgttcatgs accacaacca’ 60
CaaCCcaCa®C Cacaaccaga aCcCacaacca ©agoeacaas ctgaaccoga agaagaagea 120
ccacagaaga gggoaaagaa gtgcacatcg gatgtatgge agecattteac caagzaggaa i8¢0
attgaagtyy aggtogatgg maagaaatac gitcaggtat gggggeatty caacttitect 240
aattgcaagg ctaagtatag ggctgaggoh cétcatggaa caageggatt tegaaateac 300
ttgagaacaﬁ caeatagttt'agttaaaggt cagttgtgte taaaaagtga aaaggatcat 360
ggcaaagaca taaatctecat tgagecttat aagtacgatg aagtggttag cetaaagaag 420
cttcatttyy caataztcat geoatgaatac cotttoaata ttgtagaaca tgagtacttt 486
gttgagttty ttaagtctet geogccctcoac thitceaataa agtcceghgt cacktgctaga 540
aaatatatea tggatttgta tttggaagsa aaagaaaagt tgtatggasa actaaaagat 600



<220> <223> Primer <400> 18 gagaatttca cttgttgact age 23 <210> 19
<211> 21 WO 2006/124001 PCT/SG2006/000121 15/48 <212> DNA
<213> Artificial <220> <223> Primer <400> 19 gcgcatgaac tccttgatga ¢
, W@ 20134000 <211> 716 <212> PRT <213> Artificial <2202 CIZZZH06/000121

NLS-TPasel03-807 <400> 20 Met Gly Pro Pro Lys Lys Lys Arg Lys Val
Glu Met Ala lle Val His 151015 @juyRro Gin Pro Gin Pro GIn Pro GIn
Pro Glu Pro Gin Pro GIn Pro 20 25 30 Gin Pro Glu Pro Glu Glu Glu Ala
Pro Gin Lys Arg Ala Lys Lys Cys 35 40 45 Thr Ser Asp Val Trp Gin His

gt tephetTheqtysagie GREAEGIEA ab Gitr BOB5 60 MabkAsp GuLystays Tys60

N 1n Val Trp. Gly His Cys Asn Phe Pro 65 70 7580 Asn Cys Lys
e L e A Gl PR Te Ter Sor Co M B0 B8 BiheoRry ar”
ittt tevArg sHan Serckis SerdauatakblysGly {shnbewt 11084352810 Cysise

at %%g yS Sagr C?__[éj Lys Asp Ht|§ G'IT)%L S @%) lle Asn Leu lle Glul15 120 125
ST BES Ty PEYS Ty Rsp G Val Val Sar Tl LyE [ySrsiHistagmia 840

aatgaagtag ctgtgcacga tataattgag gattigeoagg acactgattc aaatctagit g0¢
tgtgafggtg ctttetttca tygtgaggigt gettgteaca tactgaactt ggttgeoaaag 860
gatggettgy ctygtaattge aggaacaatt gagaaaatca aagcgattot tettgetgta 1020
aaatcttete ctttgoagty ggaagaacta atgaagtgty ctaghgaaty tgacttggat 1080
zaatetaaag ggatctoata tgatgtetoa actagatgga-attcaaccté ttgatgtig 1140
agggatgcot tatattataa goctygcacta ataaggetta aaacmagtga toctegeagg 1200
ﬁacgatgcaa ttitgtectas ageegaggag tggaégatgg cattaactet titttaagtot 1260
ttgaagzagt thittgatct cactgaactc ctatctggha ctceaatattc cactgeaszat 1320
ttattttaca aaggtttety tgagataaag gatittgatig accaatggtg tottcatgas 1380
aaattitgtca ttaggagast ggeegttges atgagigaas agttigagaa atattgg%aa 1440
gtgtetaata ttgcactagc tgtagcatge ticcttgace ctaggtacaa gaaaatattg 1500
attgagttct atatgaaaaa atttcatggt gatteataca aagttcatgt agatgacttt 1560
gttagggtca ttagaasatt gtatcaatte tattctaghi gtagtcctte agctccaaag 1620
acaaagacas chtactaatga tagtatggat gataﬁcttga tggaaaatya agatgatgaa 1680
tttcaaaact atitgeatga gitgaaggat tatgatcaag tagagtcaas fgaattggat 1740
aaatatatglt ctgaacccct tttgaageat agtggtcagt ttgatattti étcatggtgg 1800
aggggaagygyg ttgcagaata toctattcete acccazatty caagggatgt gotagcoaata 1860
¢aagtgtecaa ctgtigettco tgagtctgég tteagtgety gtggtegtagt tgttgatect 1820
taccgcaate gtottggttc ggagattgtt gaagetttga tatgeacaaa agattgggta 1880
gcégcatcta gaasaggtge tacatatttf ccaacaatga ttggtgatot cgéggtgcta 2040
gactctgtta ttgeotgectge zacaaatcat gagaatcaté tggatgayga tgaagacgca 2100
atagaatttt ctaagaataa tgaagakgta goaagtggot cototcca 2148

<£210> 11

<211> 2687

<212> DNA

<213> BArtificial

<220



130 135 140 lle lle Met His Giu Tyr Pro Phe Asn lle Val Glu His Glu Tyr
Phe 145 150 155 160 Val Glu Phe Val Lys Ser Leu Arg Pro His Phe Pro
lle Lys Ser Arg 165 170 175 Val Thr Ala Arg Lys Tyr lle Met Asp Leu Tyr
WO Lys Glu 180 185 190 Lys Leu Tyr Gly Lys Lau eygAspontaloo: 2t
Gin Ser Arg Phe Her Thr Thr 195 200 205 Met Asp Met Trp Thr Ser Cys
GIn Asn Lys Ser Tyr Met Cys Val quyx 2006/124001
PCT/SG2006/000121 16/48 210 215220 lle His Trp lle Asp Asp Asp Trp
<223Cy bl ok hySrAsgdie MakGlyn225:230 235 240 Phe Phe His Val Glu
Gly Arg His Thr Gly Gin Arg Leu Ser GIn Thr 245 250 255 Phe Thr Ala lle
<ppoMet Val Lys Trp Asn lle Glu Lys Lys Lau Phe Ala 260 265 270 Lou Ser
<221Loqn£§p Asn Ala Ser Ala Asn Glu Val Ala Val His Asp lle Z75 2B0 285 lle
<z226luAsp. LeseGin Asp Thr Asp Ser Asn Leu Val Cys Asp Gly Ala 290 295
<223300* Phe PhedisiVal #aig-€ys Ala Cys His lle Leu Asn Leu Val Ala Lys
<ap0309,310 315 320 Asp Gly Lou Ala Val lle Ala Gly Thr lle Glu Lys lle Lys
attadadie 328330335 oVald-euplayallys Ser SelRradaucin Jup.Glu Gly,
Lou Met Lys 340 345 350 Cys Ala Ser Gin Cys Asp Leu Asp Lys Ser Lys
ataceiyhe SeFTTAL) B55360 V65 VA=Ser THCATgTAY ASH SeeTmeTyr 120

creabitMetley Arg.Asp Alalau 37937338 § g%é Chys B Pfo fakeulle ,
- Arg Leu Lys Thr Ser Asp Pro Arg Arg 385 390. 395 400" yr Asp E\Ia lle
taag@yy R LyscAkd GlU-BlacTrpdoysMet Adeebouciha k85 4 ER dEgaace 240
'acaaccaﬁag ccacazcctyg aacccgaaga aygaageoacca cagaagaggyg caaagaagtg 300
cacatcggat gtatggcage atticaccaa gaaggsasatt gaagliggagg tcgatggaaa 360
gaaatacgtt caggtatggy ggcatitgeaa ctttcotaat tgcaaggeta agtataggge 420
tgagggtcat catggaacaa geggattteg aaatcactty agaacatcac atagtttagt 480
taaaggtcayg ttgtgtectaa asagtgaaaa ggatcatgge aaagacataa atctcattga 540
gecttataag tacgatgaag tggttagoct azagaagohbt catttggeaa taatcatgea a0
tgaataccct ttcaatatiy tagaacatga gtacttight gaghttgtia agtctetgeg 660
ccotcacttt ccaataaaglh cccegtgteac tgcoctagaaaa tatatcatgg atttgtatit 720
ggaagaaaaa gazaagttgt atggaaaasct aaaagatghit cagtcteget tcagtacaac 780
tatggatatg tggacatett ghtcoaaastaa gteocatacatg tgtgtecacca tcoccattggatb 840
tgatgatgat tggtgtetcoe aaaaaagaat tgttggettt ttteatgtig aagggegeca S0
- cactggecaa aggttatcac aaaccttcac tgcaatcaty gttaagtgga acattgagaz 9860
aaaattgtit gocttgtett tggataatge tagtgoaast gaagtagetg tgcacgatat 1020
zattgaggat ttgcaggaca ctygattcasa tcotagtttgt gatggtéctt tettteatgt 1480
gaggtgtgct tgtcacatac tgaacttggt tgcaaaggat ggeottggotg taattgoagg 1140
aacaatitgag aazatcaaay cgatigttct tgetgtasaa tettctectt tgeagtggga 1280
agaactaaty aagtgtgcta gtgaatgtga ctiggatzaa totaaaggga tctcatétga 1260
tgteteaact agatggaatt caacctatit gatgttgagg gatgecttat attataagoco 132¢
tgeactaata aggottazaa caaglgatcc togeoaggtac gatgeaattt gtoctaaage 1380
cgaggagtgyg aagatggeat taactotttt taagtgtttg aagaagtitit ttgatctcac 1440
tgaactcota tctggtacte aatatitccac tgoaasattta ttttacaaag ghittcoctgtga 1500
gataaaggat ttgatigacce aatggtgtgt tcatgaaaaa.tttgtcatta ggagaatggc 1560



Leu Phe Lys Cys Leu Lys Lys Phe Phe Asp Lou Thr Glu Lou Lou Ser 420
425 430 Gly Thr GIn Tyr SerThr Ala Asn Leu Phe Tyr Lys Gly Phe Cys
Glu 435 440 445 lle Lys Asp Lou lle Asp GIn Trp Cys Val His Gin Lys
VPR &LUeAHR0A50 455 460 Arg Arg Met Ala Val Ala Met Ser GREES Pg000121
Glu Lys Tyr Trp Lys 465 470 475 480 Val Ser Asn lle Ala LauAla Val Ala
Cys Phe Leu Asp Pro Arg Tyr 485 Aj%(]‘) 95 Lys Lys lle Leu lle Glu Phe
Tyr Met Lys Lys Phe His Gly Asp Sér 500 " 505 510 Tyr Lys Val His Val
Asp Asp Phe Val Arg Val lie Arg Lys Lou Tyr 515 520 525 GIn Phe Tyr
cgttdderiSerQys SewProtSeraAka Prockysakbtd ys-ThutEbe ViR 2096412400k 20
acca PC;I'/SGZQOG/OOtoml 17/48 530 535 540 Thr Asn Asp Ser Met Asp Asp
IS T ea MSE Git AsTEITTALY AR BiRT B5 550 555 560 SpHe it Ast B8
toatdo@idaHis: Eltakebaly s ASPEXE ASR G MakGly 36565 570,575 Asn Gl
Leu Asp Lys Tyr Met Ser Gin Pro Lau Lau Lys His Ser Giy 580 585 590 :
teRatE i Bhd KEF T 1o F SEF TTp9F ) BRI TSRFAIGVAFr RS GG R Prer 5951600 -
tatgg@@éaueaggjétgmg%”&y%%%d%@ &%Qéé@lcl,—? Ll:é‘i%au:et&@ M;?(‘Ja%?g Tth 6]1% 60
615 620 Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly Arg Va Val Asp Pro
9RAGBILFIOBIE BAG S T3FARGASH Al Lou Gl ScraGit dta \falGlatAla Leu 30
h 5 Asp T al Ala Ala Ser Arg Lys Giy Ala Thr Tyr
G T o0 B0 Mot 12l K (s GO A Sor v Tl
tattoklpAtachle ThrcHy 5680 88t AsprklisaCla Askaddis:Met Asp-Glt-dsp Gheo

Asp Ala lle Glu Phe Ser

<211> 47

gktctgegtte agtgctggtyg gtoegigtigt tgatcocottac cgcaategte ttggttegga 2100
gattgttiyaa getttgatal gcacamsaga tigggtages gcatctagaa aagghtgcotac 2160
aﬁaﬁtttcpa acaatgatiyg gtgatctcga thgctagac tetgtiatty ctgctgcaac 2220
aaatcatgag amtcatatygyg atgaggatga agacgcaata gaattttota agaataatga 2280
agatgtagca aghggctect ctocatgage aatgtgtcett atgttigitg acagatgage 2340
cttggttgta atagtttaty catgectaagt getocagatg tgageaagty attatgaata 2400
tgtgttttaa actttatatt gtgteatgtg tgetagtaga cttatatagge ttettatgtt 2460
aéccaagggg geccocegggat ctggttacca ctaaasccago ctcaagasca cccgaatgga 2520
gtctotaage tacataatac caacttacac fttacazaat gttgtceoosc aagatgtagc 2580
catteocgtate tgétcctaat asaaagaaag tttecttcacz ttctaszazaaa azaaaasana 2640
aaaaafadnd addaasdace cocecoorer coeoocctgea ggtegac 2687
<210> 12
<211> 11
«212> DHA
<213> Zea mays
<400> 12
tttecateceoct g 11
<210> 13
<211> 11
<212> DNa
<213> Zea mays

_ <400> 13
tttearteocot a 11
<210> 14



690 695 700 Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser Pro 705 710
715 <210> 21 <211> 24 <212> DNA <213> Artificial <220> <223>
Primer <400> 21 ccgtttaccg ttttgtatat cccg 24. <210> 22 <211> 22
VEO Z90S/EPMIRT <213> Artificial <220> <223> Primer <400> 2 2E¢Etceguty0o0121
tcgtttttta cc 22 WO 2006/124001 PCT/SG2006/000121 18/48 <210> 23
<211> 20 <212> DNA <213> Artifici'%l/.4 20> <223> Primer <400> 23
cggtcggtac gggattttcc 20 <210> 24 <211> 24 <212> DNA <213>
<21 Artifigial <220> <223> Primer <400> 24 cgattaccgt atttatcccg ttcg 24

<213> Artificial

<Z220>
<ZZ3> PCR Primex

<400> 14 .
ccaaagaaga agegtaagght agaaatgget attgtitcatg asccaca 47

Co<210> 15

<211> 27
<212> DNA
<213> Artificial

<220>
<Z223> PCR Primer

<400> 15
gtatcgatas gettgatatc gaattec 27

<210> 16

<211> 46

<212>  DNA

<213> Artificial

<220>
<223> PCR Primer

<400> 16 : _ .
cgeggatocg ccaccatggg tectocaaag aagaagogta aggtag 46

<210> 17

<2Lix> 27

<212> DNA

<213> rtificial

220>
<223> PCR Primer

<400> 17 ‘
gtatcgataa gettgatatc gaattco 27

<210> 18

<211>» 23

<212> DNA

<213> Artificial

<LZ220%
<223> Primer

<400> 18
gagaatttea ctigttgact aga 23

<210> 19
<211>» 21



<210> 25 <211> 19 <212> DNA <213> Artificial <220> <223> Primer
<400> 25 ccggtatatc ccgttttcg 19 <210> 26 <211> 21 <212> DNA <213>
Artificial <220> <223> Primer <400> 26 gaaattgaaa acggtagagg t 21
VOR300 11> 16 <212> DNA <213> Artificial <220> <ZX3HSBAME#00121
<220> <221> misc_feature <222> (1)..(16) WO 2006/124001
PCT/SG2006/000121 19/48 <223>g;may be any nucleotide <400> 27
wgtgnagnan canaga 16 <210> 28 <211> 16 <212> DNA <213> Atrtificial

<212%2208 <223> Primer <220>
<213> Artificial

<220>
<223> Primer

<400> 18 .
gogeatgaac tecttgatga ¢ 21

<210> 20
<211> 7186
<212> PRT
<213> Artificial

<220>
<223> HNLS-TPagel(3-807

<400> 20

Met Gly Pro Pro Lys Lys Lys Arg Lvs Val Glu Met Ala Ile Val His
1 5 i¢ ‘ 15

Glw Pro Gln Pro Gin Pro Gln Pro Gln Pro Glu Pro Giln Pro Gin Pro
20 25 30

Glr Pro Glu Pro Gilu Glu Glu Ala Pro Gln Lys Arg Ala Lys Lys Cys
35 40 45

Thr Ser Asp Val Trp Gin His Phe Thr Lys Lys Glu Ile Glu Val Glu

50 55 80

Val Asp Gly Lys Lys Tyr Val Gln Val Trp Gly His Cys Asn Phe Pro
65 70 15 - 30

Asu Cys Lys Ala Lys Tyr Arg Ala Glu Gly His His Gly Thr Ser Gly
85 80 95

Phe Arg Asn His Leuw Arg Thr Ser His Ser Leu Val Lys Gly Gln Leu
100 105 110

Cys Leu Lys Ser Glu Lys Asp His Gly Lys Asp Ile Rsn Leu Ile Glu .
115 120 125

Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys Lys Leu His Leu Ala
130 . 135 140

Ile Ile Met His Glu Tyr Pro Phe Asn Ile Val Glu His Glu Tyr Phe
145 150 155 180

Val Glu Phe Val Lys Ser Leu Arg Pro His The Pro Tle Lys Ser BArg
185 170 175

Val Thr Ala Arg Lys Tyr Ile Met Asp Leu Tyr Leu Glu Giu Lys Glu
180 - 185 180

L?s Leu Tyr Gly Lys Leu Lys Asp Val Gin Ser Arg Phe Ser Thr Thr
185 200 . 205

Melt Asp Met Trp Thr Ser Cys Gln Asn Lys Ser Tyr Met Cys Val Thr



<221> misc feature <222> (1)..(16) <223> n may be any nucleotide

<400> 28 wcagntgwtn gtncta 16 <210> 29 <211> 16 <212> DNA <213>
Artificial <220> <223> Primer <220> <221> misc feature <222> (1)(16)
VO 2886M2MBY be any nucleotide <400> 29 sttgntastn ctntgc RE/SZA06/080121
<211> 16 <212> DNA <213> Artificial <220> <223> Primer <220>

<221> misc_feature <222> (1). (16) 5223> n may be any nucleotide

<400> 30 ncasgawagn cswcaa 16 WO 2006/124001
PBT/SG20061000121220/48 <210> 31 <2142 4 <212> PRT <213> Zea

mays, <400> 31 Met Ala lle Val
Ile gléyTrp Tile Asp Asp Asp Trp Cys Leu Gln Lys Arg Ile val Gly

225 230 235 240¢

Phe Phe His Val Glu Gly Arg His Thr Gly Gln Arg Leu Ser Gin Thr
245 250 © 258

Phe Thx ZAla Ile Met Val Lys Trp Asn Ile Glu Lys Lys Lau Phe Ala
260 265 . 270

Leu Ser Leu Asp Asn Ala Ser Ala Asn Glu Val Ala Val His Bsp Ile
275 280 285

Ile Glu &sp Leu Gln Asp Thr Asp Ser Asn Leu Val Cys Asp Gly Ala
259G 285 360

Phe Phe His Val Arg Cys Ala Cys His Ile Leu Asn Leu Val Ala Lys
308 310 31s 320

Asp Gly Leu Ala Val Ile Alz Gly Thr Ile Glu Lys Ile Lys BAla Ile
325 330 33s

Val Leuw Ala Val Lys Ser Ser Pro Leu Gln Trp Glu @lu Leu Met Lys
340 345 350

Cys Rla Ser Glu Cys Asp Leu Asp Lys Ser Lys Gly Ile Ser Tyr Asp
‘ 355 ' 3860 365

¥

Val Ser Thr Arg Trp Asn Ser Thr Tyr Leu Met Leu Arg Rsp Ala Leu
370 375 380

Tyr Tyr Lys Pro RAla Leu Ile Arg Leu Lys Thr Ser Asp Pro Arg Arg
3835 3380, 385 400

Tyr Asp Ala Ile Cys Pro Lys Ala Glu Glu Trp Lvs Met Ala Leu Thr
405 410 _ 415

©-Leuw Phe Lys (Cys Leu Lys Lys Phe Phe Asp Leu Thr Glu Leu Leu Ser
420 , 425 430

Gly Thr Gln Tyr Ser Thr Ala Asn Leu Phe Tyr Lys dly Phe Cys Glu
435 449 445

Ile Lys Asp Leu Ile Asp Gln Trp Cys Val His Glu Lys Phe Val Ile
450 455 460 ’

Arg Brg Met Ala Val Ala Met Ser Glu Lys Phe Glu Lys Tyr Trp Lys
465 470 475 480

Val Ser Zsn Tle Ala Leu.2la Val Ala Cys Fhe Leu Asp Pro Arg Tyr
‘ 485 490 495

lys Lys Ile Leu Ile Glu Phe Tyr Met Lys Lys Phe Hig Gly Asp Ser
‘ 500 505 510

Tyr Lys Val His Val BAsp Asp Phe Val Brg Val Ile Arg Lys Leu Tyr
515 . 520 525

Gln Phe Tyr Ser Ser Cys Ser Pro Ser Ala Pro Lys Thr Lys Thr Thr



1<210> 32 <211> 25 <212> DNA <213> Artificial <220> <223> Zea
mays Ds flanked by zebrafish DNA <400> 32 catgttgaac tgactaggga

tgaaa 25 <210> 33 <211> 25 <212> DNA <213> Atrtificial <220> <223>
Yea el Ds flanked by zebrafish DNA <400> 33 tttcatccct pynactgaeeosi21
gtcat 25 <210> 34 <211> 25 <212> DNA <213> Atrtificial <220> <223>
Zea mays Ds flanked by zebrafish 31}1 <400> 34 tatatgcttt tctttaggga
tgaaa 25 <210> 35 <211> 25 <212> 6 A <213> Artificial <220> <223>
Zga mays Ds flanked fyszebrafish DNA <4QQ@z 35 tttcatccct gcttttctte tgetg

25 <210> 36 WO 2006/124001 PCT/SG2006/000121 21/48 <211> 2148
Thr Asn Asp Ser Met Asp Asp Thr Leu Met Glu Asn Glu Asp Asp Glu
545 550 555 %560

Fhe Gln Asn Tyr Leu His Glu Leu Lys Asp Tyr Asp Glpn Val Glu Ser
565 57¢ 515

Asn Glu Leu Asp Lys Tyr Met Ser Glu Pro Leu Leu Lys His Ser Gly
580 585 590

Gln Phe Asp Ile Leu Ser Trp Trp Arg Gly Arg Val Ala Glu Tyr Pro
595 600 805

Ile Leu Thr Gln Ile Ala Arg Asp Val Leu Ala Ile Gln Val Ser Thr
610 615 620

Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly Arg Val Val Asp Pro
625 630 635 €40

Tyr Arg Asn Arg Leu Gly Ser Glu Ile Val Glu Ala lLeu Ile Cys Thr
645 650 555

Lys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala Th¥ Tyr Phe Pro Thr
660 665 670

" Met Ile Gly Aép Leu Glu Val Leu Asp Ser Val Ile Bla Ala Als Thr
675 680 685

Asn His Glu Asn His Met Asp Glu Asp Glu Asp Ala Ile Glu Phe Ser
€30 695 700

Lys Asn Bsn Glu Asp Val Ala Ser Gly Ser Ser Pro
705 710 715

<210> 21

<211> 24

<212> DNA

<213> Artificizl

<220>
<223> rimer

_ 400> 21
coghttaceg ttttgtatat ceog 24

«210> 22

<Z21l> 22

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 22
cgttoogttt tegtttttta co 2Z



<212> DNA <213> Artificial <220> <223> NLS(K5E)-TPaselO3-807 CDS
<400> 36. atgggtcctc cagagaagaa gcgtaaggta gaaatggcta ttgttcatga
accacaacca 60 caaccacaac cacaaccaga accacaacca cagccacaac
VetyHedeyiiagaagaagca 120 ccacagaaga gggcaaagaa gtgCeCaRigRoos/000121
gatgtatggc agcatttcac caagaaggaa 180 attgaagtgg aggtcgatgg
aaagaaatac gttcaggtat gggggcattg caactttcct 240 aattgccagg ctaagtatag
ggctgagggt.catcatggaa caagcggatt ljcéb/ﬁ?é\atcac 300 ttgagaacat cacatagttt
<s1g:agtiaaaggt cagttgtgtc taaaaagtga aaaggatcat 360 ggcaaagaca taaatctcat
<211tgagcttat aagtacgatg aagtggttag cctaaagaag 420 cttcatttgg caataatcat
<2lZycdlffaatac cctttcaata ttgtagaaca tgagtacttt 480 gttgagtttg ttaagtctct
<213ycdeciicHt friccaataa agtecegtgt cactgctaga 540 aaatatatca tggatttgta
<220ittggaagaa aaagaaaagt tgtatggaaa actaaaagat 600 gttcagtctc gcttcagtac
<2233actatggat atgtggacat cttgtcaaaa taagtcatac 660 atgtgtgtca ccatccattg
<400 Qatggatgat gattggtgtc tccaaaaaag aattgttggc 720 ttttttcatg ttgaagggcg
GGAGACtggC caaaggttat cacaaacctt cactgcaatc 780 atggttaagt ggaacattg% 0
gaaaaaattg tttgccttgt ctttggataa tgctagtgca 840 aatgaagtag ctgtgcacga
tataattgag gatttgcagg acactgattc aaatctagtt 900 tgtgatggtg ctttctttca
<2 230tg4ggtat gettgtcaca tactgaactt ggtigcaaag 960 gatggctigg ctgtaattge
<212-80@RAcCaatt gagaaaatca aagcgattgt tcttgctgta 1020 aaatcttctc ctttgcagtg
<213ggaagaaicta:atgaagtgtg ctagtgaatg tgacttggat 1080 aaatctaaag ggatctcata
<220 >tgatgtctca actagatgga attcaaccta tttgatgttg 1140 agggatgcct tatattataa
<293 9CCigcacta ataaggctta aaacaagtga tcctcgcagg 1200 tacgatgcaa tttgtcctaa
agccgaggag tggaagatgg cattaactct ttttaagtgt 1260 ttgaagaagt tttttgatct
<400xact@jaactc ctatctggta ctcaatattc cactgcaaat 1320 ttattttaca aaggtttctg
coathgatftaddd Yetficatiq #caatggtg tgttcatgaa 1380 aaatttgtca ttaggagaat 24
ggccgttgca atgagtgaaa agtttgagaa atattggaaa 1440 gtgtctaata ttgcactagc
<z10tgtagcatgc ttccttgacc ctaggtacaa gaaaatattg 1500 attgagttct atatgaaaaa
zgg%&ttt%:%tggt gattcataca aagttcatgt agatgacttt 1560 WO 2006/124001
cﬁj@gg{gp&q/oomzl 22/48 gttagggtca ttagaaaatt gtatcaattc tattctagtt
gtagtccttc agctccaaag 1620 acaaagacaa ctactaatga tagtatggat gataccttga -
~<220tggaaaatga agatgatgaa 1680 tttcaaaact atttgcatga gttgaaggat tatgatcaag
“223%agEgitaaa tgaattggat 1740 aaatatatgt ctgaacccct tttgaagceat agtggtcagt

<sppitgatatttt atcatggtgg 1800
cagatatate cogtttteg 19

caght

<213

<210> 286

<211> 21

<Z12>» 'DNA

C 213> CArtifigial

<Z220>
<223> Primer

<400> 26
gaaattgaaa acggtagagy © 21

<210>. 27
<211> 16

<212> DNA

<213> Artificial

<220>
<223> Primer

<ZZ0>
<z21> misc feature
<2z22> {i;..{1e)



aggggaaggg ttgcagaata tcctattctc acccaaattg caagggatgt gctagcaata 1860
caagtgtcaa ctgttgcttc tgagtctgcg ttcagtgctg gtggtcgtgt tgttgatcct 1920
taccgcaatc gtcttggttc ggagattgtt gaagctttga tatgcacaaa agattgggta 1980
Veabratetdyaaaaggtgc tacatatttt ccaacaatga ttggtgatct cgagRFta2p0u@ 0121
gactctgtta ttgctgctgc aacaaatcat gagaatcata tggatgagga tgaagacgca 2100
atagaatttt ctaagaataa tgaagatgta gc:il?jgc@gct cctctcca 2148 <210> 37
<211> 2687 <212> DNA <213> Atrtificial <220> <223> Modified Ac
<z23¥ranspgsaseLapnsireh 220> <221> misc feature <222> (20)_.(20)
<223>nis a, c, g, ort <400> 37 attaggcttg tacatatgtn gttagaacgc
:;gggggna caalt aatacataac cttatgtatc 60 atacacatac gatttaggtg acactataga
atacaagc?tt gcttgttctt tttgcagaag 120 ctcagaataa acgctcaact ttggcagatc
cgccaccatg ggtcctccag agaagaagceg 180 taaggtagaa atggctattg ttcatgaacc
zgfgéca”d;ccacaa ccacaacctc aaccagaacc 240 acaaccacag ccacaacctg
<n1z@aGGg0aaga agaagcacca cagaaga.ggg caaagaagtg 300 cacatcggat
<zl3gtaiggeage:atitcaccaa gaaggaaatt gaagtggagg tcgatggaaa 360
gaaatacgtt caggtatggg ggcattgcaa ctttcctaat tgcaaggcta agtatagggc 420
:ézgigag%tggt catggaacaa gcggatttcg aaatcacttg agaacatcac atagtttagt 480
taaaggtcag ttgtgtctaa aaagtgaaaa ggatcatggc aaagacataa atctcattga 540
gccttataag tacgatgaag tggttagcct aaagaagctt catttggcaa taatcatgca 600
<2z0gaataccct ttcaatattg tagaacatga gtactttgtt gagtttgtta agtctctgcg 660

Zgééﬁccrfé Citt Fradtaaagt accgtgtcac tgctagaaaa tatatcatgg atttgtattt 720 WO

<2232006/:24001.RE FHISG20Q6/000121 23/48 ggaagaaaaa gaaaagttgt
atggaaaact aaaagatgtt cagtctcgct tcagtacaac 780 tatggatatg tggacatctt
<40°§tc§éaataa gtcatacatg tgggtcacca tccattggat 840 tgatgatgat tggtgtctee
a%gawagaaié%cf“tcéttggcttt tttcatgttg aagggcgcca 900 cactggccaa aggttatcac 16
.- aaaccttcac tgcaatcatg gttaagtgga acattgagaa 960 aaaattgttt gccttgtctt
<2%0ygataatgc tagtgcaaat gaagtagetg tgcacgatat 1020 aattgaggat ttgcaggaca

zgiéﬁtgéﬁgaaa tctagtttgt gatggtgctt tctttcatgt 1080

<213> Artificial

<220>
<223> Primer

<220>

<Z22l>» misc feature

<222> {1}..{16)

<223> 10 may be any nuclectide

<400> 29
sttgntastn ctntge 16

<210> 30

<211i> 186

<212> DHA

<213> Artificial

220>
<223> Primer

<220>

<221> misc_feature

<222> {1)..(16)

<223> n may be any nucleotide

<400> 30
ncasgawagn csweaa ] ' lé



gaggtgtgct tgtcacatac tgaacttggt tgcaaaggat ggcttggctg taattgcagg 1140
aaaaattaag aaaatcaaag cgattgttct tgctgtaaaa tcttctcctt tgcagtggga 1200
agaactaatg aagtgtgcta gtgaatgtga cttggataaa tctaaaggga tctcatatga 1260
WitatadetUgatggaatt caacctattt gatgttgagg gatgccttat attatadfeySE3p@/000121
tgcactaata aggcttaaaa caagtgatcc tcgcaggtac gatgcaattt gtcctaaagc 1380
cgaggagtgg aagatggcat taactctitt taggigittg aagaagtttt tigatctcac 1440
tgaactccta tctggtactc aatattccac tgcaaattta ttttacaaag gtttctgtga 1500
<2io0gataaaggat ttgattgacc aatggtgtgt tcatgaaaaa tttgtcatta ggagaatggc 1560
<211€gf%ipaatg agtgaaaagt ttgagaaata ttggaaagtg tctaatattg cactagctgt 1620
<21Z»
<n71340 §cz%ygvgttgacccta ggtacaagaa aatattgatt gagttctata tgaaaaaatt 1680
tcatggtgat tcatacaaag ttcatgtaga tgactttgtt agggtcatta gaaaattgta 1740
<400tcaafictat tctagttgta gtccttcagce tccaaagaca aagacaacta ccaatgatag 1800
Mot ﬁtg%%tg%t %ccttgatgg aaaatgaaga tgatgaattt caaaactatt tgcatgagtt 1860
1 gaaggatta"fL gatcaagtag agtcaaatga attggataaa tatatgtctg aacccctttt 1920
gaagcatagt ggtcagtttg atattttatc atggtggagg ggaagggttg cagaatatcc 1980
tattctcacc caaattgcaa gggatgtgct agcaatacaa gtgtcaactg ttgcttctga 2040
<21§§tctﬁcgttc agtgctggtg gtcgtgttgt tgatccttac cgcaatcgtc ttggttcgga 2100
<z1o6attgiigaa gctttgatat gcacaaaaga ttgggtagca gcatctagaa aaggtgctac 2160
<213atatttctaiacaatgattg gtgatotcga ggtgctagac tctgttattg ctgctgcaac 2220
< gaatcatgag aatcatatgg atgaggatga agacgcaata gaattttcta agaataatga 2280
<223898iglagea.aglagelest atocataage aatgtglett atgtitgttg acagatgage 2340
cttggttgta-atagtttatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400
<400tgtgifttaa actttatatt gtgtcatgta tgctagtaga cttatatggc ttcttatgtt 2460
cat ok HadEnr§eesR giffatetggttacca ctaaaccage ctcaagaaca cccgaatggazs
2520 WO 2006/124001 PCT/SG2006/000121 24/48 gtctctaagc
<zi0tacataatac caacttacac tttacaaaat gttgtccccc aagatgtagc 2580 cattcgtatc
<2‘i§§gct%%taat aaaaagaaag tttcttcaca ttctaaaaaa aaaaaaaaaa 2640
<2133284433aaa aaaaaaaacc ccceceeceee ceecectgea ggtcgac 2687 <210> 38
<211>50 <212> DNA <213> Artificial <220> <223> Primer <400> 38

<220gtcaactttg gcagatccge caccatggct attgttcatg aaccacaacc 50
<223> Zea mays Ds flanked by zebrafish DNA

<400> 33
tttecateoet ggaactgace gteat 25

<210> 34

<211> 25

<212> DNA

<213> Artificial

220> .
<223> Zea mays Ds flanked by zebrafish DNA

<400> 34
tatatgottt terttaggga tgaaa Z5

<210> 35

<211> 2B

<2i2> DNA

<213> Artificilal

<220>
<223> Zea mays Ds flanked by zebrafish DNA

<400> 35
tttcatcect gettttotte tgetg 25

<210> 36



<2'0> 39 <211> 50 <212> DNA <213> Artificial <220> <223> Primer
<400> 39 ggttgtggtt catgaacaat agccatggtg gcggatctgc caaagttgag 50
<210> 40 <211> 31 <212> DNA <213> Artificial <220> <223> PCR
WPPiaees/ 12400> 40 agagggatcc agctcagaat aaacgctcaa ¢ 31 R9c24kib/600121
<211> 32 <212> DNA <213> Artificial <220> <223> PCR Primer <400>
41 agagaccggt cctggagagg agccactg%%t% 32 <210> 42 <211> 42 <212>
DNA <213> Artificial WO 2006/124001 PCTISG2006/000121 25/48
<2115220> 223> Primer <400> 42 agaagaagcg taaggtagaa atggtgagca

<21l2aggegagga gc 42 <210> 43 <211> 42 <212> DNA
<213> Artificial

<220>

<223> NLS{KS5E}-TPaszel(3-807 CDS

<400> 36.‘ '

atgggtecte cagagaagaa gogtaaggta gaaabtggeta ttgttcatga accacaaceos 60
éaaccacaac cacaaccaga accacaacca cagecacaac chtgaaccecga agaagaagea 120
ccacagaaga gygcaasgas gtgcacateyg gatgtatgge ageattteac caaéaaggaa 180
-attgaagtygy aggtcgatgy asagamatac gttcaggtat gggggecattg caactttect 240
aattgcaagy ctaagtatayg ggctgagggt catcatggaa caagoggatt togsaatcac 300
ttgagaacat cacatagttt agttaaaggt cagttgtgtc taaaaagtga aaaggatecat 360
ggcaaadgaca taaatctcat tgageettat aagtacgatg aagtguttag cctazagaag 420
cttcatttgg caataatcat geatgaatac cotttcaata thgtagaaca tgagtacttt 480
gttgagttty ttaagtctcet gegoectcac tttccaataa agiccogigt cactgeotaga 540
aaatatatca tggattitgta ttiggaagaa éaagaaaagt tgtatggaaa actaaaagat 600
gtteagtete gottcagtac aactatggat atgtggacat ctigtcaaaa taagtcatac 660
atgtgtgtcea ceatccattg gattgatgat gattggtgte tccaaaaaag aatigttgge 720
ttttttecatg ttgaagggeyg ccacactgge caaagghtat cacaaaccort cactgcaatce 780
afggttaagt ggaacattga gaaaaaabtyg titgeocttght ctttggataa tgotaghgea 840
aatgaagtay ctgtgeacga tataattgay gatttgeagy ascactgatto azatctagtt 900
ﬁgtgatggtg ctttctttea tgtgaggigt gettgtcaca tactgaactt ggtidcaaag 860
gatggéttgg ctgtaattge aggaacaatt gagaaaatca aagcogatbtgt tcottgotgta 1020
aaatcitcte cittgeagtg ggaagaacta atgaagtgtg ctaghgaatg tgacttggat 1680
aaatctaaag ggatctcata tgatgtctea actégatgga attecaaccta tttgatgttg 11490
agggatgcect tatattataa gectgeacta ata;ggctta aaacaagtga tcctegeagg iz206
tacgatgecaa tttgtectaa agecgaggag tggaagatgy cattaactet ttttaagtgt 1260
ttgaagaagt tttttgatet cactgaactc ctatctggta ctcaatatte cactgeaaat 1320
trhattttaca aaggttfctg tgagatazag gatttgattg accaatggtg tgttecatgaa 1380
saatttgtoa ttaggagaat ggcoogttgea atgagtgasa agtttgagaa atattggaaa 14490
gtgtctaata ttgractage tgtagecatge ttecttgacc ctaggtacaa'gaaaatattg‘ 1500
attgagttet atatgaaaaa atttcatggt gattcataca aagttcatgt agatgactit 15890



<213> Artificial <220> <223> Primer <400> 43 gctcctcgcc cttgctcacc
atttctacct tacgcttctt of 42 <210> 44 <211> 716 <212> PRT <213>
Artificial <220> <223> NLS(K5E)-TPaselO03-807 <400> 44 Met Gly Pro
VBPRWHII4Y8ILys Arg Lys Val Glu Met Ala lle Val His 1 5 10 PETGH2M@00121
Gin Pro Gin Pro Gin Pro Gin Pro Glu Pro Gin Pro Gin Pro 20 25 30 Gin
Pro Gin Pro Glu Gin Glu..Ala Pro Gj )z;¥s Arg Ala Lys Lys Cys 3540 45
Thr Ser Asp Val Trp,G1n His Phe Thr Lys Lys Glu lle Glu Val Glu 50 55
gt tadfy¥al Asp G Ly tys-Tye MakGinVal drpGlyddis Cys Asn RhgPro; 65
70 75 80 Asn Cys Lys Ala Lys Tyr Arg Ala Gin Gly His His Gly Thr Ser
acaaygRrgs 9rghRPHe ARG ERSA TS ERIPAYY ThitSerdis Serbetovalasys GREO
' 1 ' IS Gly,Lys Asp |
e T e G T8 12020 PP Cyd Ty han B VAl VAP et
aaatiydysiearblisdteatAta 480 1 35140 cHetl le Met His-GlatEyr RrovPhe 11

- Tie Val Glu His (ﬁ‘alu Tyr Phe 145 .150 155 160 Val Gin Phe Val Lys Ser
<o SRl Prs H Prie P TS Ber s WO SBBBpagoL oot | e

caagREIHS C2O0GO001 12k g 26¢4851 65k F0LE5 MalThsAla Argrbyschyr llelbet
Asp Leu Tyr Leu Glu Glu Lys Glu

taccgoaate gtatigghbbte ggagattgtt gaageotittga tatgeacaaa agattgggha 1980
geageateta gasaaggtge tacatattitt ccaacaatga ttggbgatcoct cgaggtgeta 2040
gactetgtta ttgetgetge aacaaateat gagaatcate tggetgagga tgaagacges 2100
atagaatttt ctaagaataa tgaagatgta geaagtgget cctotcca 2148
<210> 37
<211> 2687
<212> DHNA
€<213>» Artificial
<220>
<223> Modified Ac Transposase Construct
<220>
<ZZ1> misc feature
<222>  (20)..1(20)
<223> n is a, ¢, g, or t
<400> 37
" attaggetitg tacatatgtn gttagascgo ggctacaatt satacataac ctbtatgtate 60
atacacatac gatttaggtg acactataga atacaagétt gottogbtett tttgeoagaag 120
vtecagaatas acgcetcaact ttggcagate cgecaccaty ggtcoctecag agaagaagog 180
taaggtagaa atggctattg ttcatgrace acaaccacaa CCACAECCAC AARCCAGAACT 240
acaaccacag ccacaacctg aaccogaaga agaagcacca cagaagaggg Ccamagaagty 3400
cacatcggat gtatggoage attteaccaa gaaggaaatt gaaghyggagyg tegatggaaa 360
gaaatacgtt caggtatugy ggcattgeoaa ctttcctaat tgeaaggeta agtataggge 420
tgagggteat catggaacaa gcggatttég asatcactty agaacatcac atagtttagt 480
faaaggtcayg tigtgtctaa zaagtgazaas ggatcatyygo aaagacataa atcotcattgs 5490
goottataag tacgatgaag tggttagecet aaagaagett catttggceaa taatcatgéa 600
tgaataccct ttcastattg tagascatga gtactttgtt gagttigtta agtctctgeg 660
coctcacttt ccaataaagt cccgtgtcac tgcfagaaaa tatatcatgg attitgtattt 720



180 185 190 Lys Leu Tyr Gly Lys Lou Lys Asp Val Gin Ser Arg Phe Ser
Thr Thr 195 200 205 Met Asp Met Trp Thr Ser Cys Gin Asn Lys Ser Tyr
Met Cys Val Thr 210 215 220 lle His Trplle Asp Asp Asp Trp Cys Lau Gin
WOSEAENO0al Gly 225 230 235 240 ?he Phe His Val Gin GyrAeédigoen 21
Thr Gly Gin Arg Leu Ser Gin Thr 245 250 255 Phe Thr Ala lle Met Val Lys
Trp Asn lle Glu Lys Lys Leu Phe Ala ; 0 265 270 Leu Ser Leu Asp Asn
Ala Ser Ala Asn Glu Val Ala Val His ,&s lle 275 280 285 lle Glu Asp Leu
ggaaGaifeAsn, IiN-Hep;SarAsnbeu:Val Gys Ask Gl,Ala 20 295 300 Phe Phe,
His Val Arg Cys Ala Cys His lle Lea Asn Leu Val Ala Lys 305 310 315
FAtON A SPIEAGAER TARE icRE I PG tRRR tle Slbdtysdie LysAtadte 825 380
+ \Y . r Pro Lau.Gin Trp. Gin Gin Leu Net Lys
s T o s e e e AL e A T S T 16 ser °
cact UACABPE BB5B60B65= MaltSer THuarg JapsAst:Sercibs Bykogalat Lousso
rg Asp Ala.Leu 370 375 380 Tyr Tyr Lys Pro Ala Lau lle Arg Leu Lys Thr
e e B Ao A S S ot S0 ATy e AT T 8 PR By A20
aatt@Bly@luttredys ddetAlactesnlhe 40540t 4h8ohasbBhe dys Gysten Lys
" Lys Phe Phe Asp Lou Thr Glu Leu Leu Ser 420 425 430 Gly Thr Gin Tyr
gagg"s‘%ﬁﬁr‘ﬁFa’?fs?ﬁafa&ﬁﬁ%tf%iy“sg@ﬁwﬁ%tc%%ﬁagﬁ% AT BB e Ly 40

aacam@ageumm@Irbagptgv@\/aif_!,éi&:,@Qalay%cl.%ka@t\éél;#etééé)géé%%éig 5%@}

Arg Met Ala Val Ala Met Ser Glu Lys Phe Glu Lys Tyr Trp Lys 4

agaagﬁﬁ§§ﬁy§agtgtgcta gtgaatgtga cttggataaa totaaaggga tctcatatga 1260
tgtctcaact agatggaatt caacctattt gatgﬁtgagg gatgeettat attataagec 1320
tgcactaata aggcttaaaa caagtgatoca tegeaggtac gatgeaattt gtectaaage 1380
cgaggagtgy aagatggeat taactetttt taagtgtttg aagaagtttt.ttgatctcac 1440
tgaactecta totggtacte aatattccac tgeoaaattta ttttacaaag gtttotgtga 1500
gataaaggat titgattgacc aatggightgt tcatgaaasa tttgtcatta ggagaatggoe 1560
cgttgeaaty agtgazaagt ttgagaaata thggaaagtyg tctaatattg cactageotgt 1820
agcatgcttc cttgacecta ggtacaagaz aatattgatt gagttctata tgaaazaatt 1680
Lcatggtgat tcatacaaag ttcatgtaga tgactttgtt agggbtcatta gaaaattgté 1740
feaattotat tctagttgta gtcoottoage tecazagaca aagacaacta ctaatgatag 1800
tatggatgat accttggtgg azaatgaaga tgatgaattt caasactatt tgeatgagtt 1860
. gaaggattat gatcmagtag agtc&aatga attggadtaaa tatatgtctyg aacccctttt 1820
gaagcatagt ggtcagtttg-atattttatc atggtggagy dggaaggghtg cagaatétcc' 1980
tattctcace caaattgeaa gggatgtget ageaatacaa gtgtcaactg'ttgéttctga 2049
gtctgcgttc agtgctggty gtegtgttgt tgatcettac cgeaategte ttggttegga 2106
gattgttgaa gotttgatat gcacasazga ttgggtagca geatctagaa aaggtgctac 2160
atattttecca acaatgattg gtgatctega ggtgctagac totgttattg ctgctgeaac 2220
zaatcatgag aatcatatgyg atgaggatga agacgcaata gaatttteta agaataatga 2280
agatgtagcé-agtggctcct ctecatgage aatgtghett atgtttgttg_acagaﬁgagc 2340
cttggttgta atagttiatg catgetaagt getecagatg tgagesagtg attatgaaba 2400
tgtgttttaa actttatatt gtgtcatgtg tgetagtaga cttatatgge ttottatgtt 2460
agcoaagyygy goccogggat ctggftacca ctaaaccagc ctcaagaaca ccogaatgga 2520



Val Ser Asn lle Ala Lau Ala Val Ala Cys Phe Lou Asp Pro Arg Tyr WO
2006/124001 PCT/SG2006/000121 27/48 485 490 495 Lys Lys lle Lea
lle Glu Phe Tyr Met Lys Lys Phe His Gly Asp Ser 500 505 510 Tyr Lys
WRPHMEIA Asp Asp Phe Val Arg Val lle Arg Lys Leu Tyr 51BGE28630%/000121
GIn Phe Tyr Ser Ser Cys Ser Pro Ser Ala Pro Lys Thr Lys Thr Thr 530
535540 Thr Asn Asp Ser Met Asp Aspdhr Leu Met Glu Asn Glu Asp Asp
Gin 545 550 555 560 Phe GIn Asn Tyr Leu His Glu Lou Lys Asp Tyr Asp
gtct@iﬂa\dal BiteSerb65:576:575 AsniGhuieu Asp dys-dor Maf-Serl Proseo
u Leu Lys His Ser Gly 580 585 590 Gin Phe Asp lle Len Der Trp Trp
catt/“-\?aaé‘fy R PR ?f%aar%aﬁ?o 558 660 605" T ERRF TGRS Hla AFGC
aaaa e Vald-QuAR He GinvalSer I&%@&S&%Q y@' Ala Ser Gin Ser 6@87
Phe Ser Ala Gly Gly Arg Val Val Asp Pro 625 630 635 640 Tyr Arg Asn
<210§ IBou Gly Ser Glu lle Val Gin Ala Lou lle Cys Thr 645 650 655 Lys Asp
<211 rpé\{al Ala Ala Ser Arg Lys Gly Ala Thr Tyr Phe Pro Thr 660 665 670 Met
<212He @iy Asp Leu Glu Val Lau Asp Ser Val lle Ala Ala Ala Thr 675 680 685
<2L3AsHIsTERIFAsN His Met Asp Glu Asp G1u Asp Ala lle Gin Phe Ser 1690
<220895 700 Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser Pro 705 710 715
<22352103 46 <211> 292 <212> DNA <213> Zea mays <400> 45

<400> 38
ctcaacttty gcagatcege caceatgget attgttoatg aaccacaace 50

<210> 3%

<21l> 50

<212> DNA

- <213» Artificial

<220>
<223> Primer

<400> 39
ggttgtggtt catgaacaat agccatggtg geggatctge caaagttgag 50

<21CG> 40

<211> 31

<21l2> DNA

<213> Artificizl

<220>
<223> PCR Primer

| <400> 40
agagggatec agctecagaat aaacgeteaa c 31

o<210> 41

<211> 32

<212> DNA

<213> Artificial

<220> o
«2Z3> PCR Primer

<400> 41
agagaceggt cotggagagg agocacttge ta ‘ 32

<210> 42

<21i> 42

<212> DNA

<213> Artificial



cagggatgaa agtaggatgg gaaaatcccg taccgaccgt tatcgtataa ccgattttgt 60
tagttttatc ccgatcgatt tcgaacccga ggtaaaaaac gaaaacggaa cggaaacggg
120 atatacaaaa cggtaaacgg aaacggaaac ggtagagcta gtttcccgac
WEthaeE¢?180 ggatccegtt tttaatcggg atgatcecgt ttcgttaccy taRioRiER006/000121
ttcgggatga 240 ctgcaacaga tccctcgagce gcettaagttt aaacgcegtta acaattgguc
at 292 WO 2006/124001 PCT/SG20Q6/Q00121 28/48 <210> 46 <211>
1395 <212> DNA <213> Artificial <220> <223> pEGFP-N3 fragment
<220x400> 46 aatagtaatc aattacgggg tcattagttc atagcccata tatggagttc
<223ggcgttacat 60 aacttacggt aaatggecceg cetggctgac cgeccaaaga ccceccgecca
<spottoacegtcaa 120 taatgacgta tgttcccata gtaacgccaa tagggacttt ccattgacgt
agaa§2al6g 0lgeL 8L Ag0talitaca gtaaactges.cactiggcag tacatcaagt gtatcatatg 4,
ccaagtacgc 240 cccctattga cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag
<21 placaigacct 300 tatgggactt tcctacttgg cagtacatct acgtattagt catcgctatt
<2118ccatggtga 360 tgcggttttg gcagtacatc aatgggcegtg gatageggtt tgactcacgg
<zlzggatttccaa 420 gtctccaccc cattgacgtc aatgggagtt tgttttggca ccaaaatcaa
<213pgdgackic¥80 caaaatgtcg taacaactcc gecccattga. cgcaaatggg
<220800taggcegt gtacggtggg 540 aggtctatat aagcagagct ggtttagtga accgtcagat
<223£CQGtagegc taccggactc 600 agatctcgag ctcaagcttc gaattctgca gtcgacggta

ccgcgggccc gggatccatc 660 gccaccatgg tgagcaaggg cgaggaactg

;iggctt ng%gggg tcgc%tagccccat cctggtcgag 720 ct%gacggcg acgtaaacgg ccacaagﬁtg

{gtCCq°Gcga00Gcaa Ggcyatoce 780  acttacggcea agetgacccet
gaagttcatc tgcaccaccg gcaagctgcec cgtgecctgg 840 cccacccteg tgaccaccct
<210@ac9étacggc gtgcagtgct tcagccgcta ccccgaccac 900 atgaagcagc acgacttctt

jgi;“z aagét%cgcc atgcccgaag gctacgtcca ggagcgcacc 960 atcttcttca

<213:A008a6gacgg caactacaag acccgcgcecg aggtgaagtt cgagggcegac 1020
accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg caacatcctg
<2203 cacaagc tggagtacaa ctacaacagc cacaacgtct atatcatgge
<223> NLsg _TL?ﬁfc?
cgaca gcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca
<400tcgaggacgg cagcgtgcag 1200 ctcgccgacc actaccagca gaacaccccce
atcggcgacg gececgtgct getgeecgac 1260 aaccactacc tgagcaccca
et %ltt‘fcg’f:%c?ﬁc’ Q&Hdéﬁaéé%éﬁécgéﬁaf {FycHeyditad 1820 akgdtécrc
tggagttcgt gaccgccgcec gggatcactc tcggcatgga cgagctgtaéL 380

Glu Pro Gin Pro Gln Pro Gin Pro Gin Pro Glu Pro Gln Pro Gln Pro
20 25 30

G&z&ﬁGh:HOGhJ@uGhLMaPmamﬂlgsAmJuaLwiﬂsCﬁ
35 40° : 45

Thr Ser Asp Val Trp Gln His Phe Thr Lys Lys Glu Ile Glu Val Glu
50 55 60

Val Asp Gly Lys Lys Tyr Val Gln Val Trp Gly His Cys Asn Phe Pro
65 70 75 BG

Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly His His Giy Thr Ser Gly
85 80 95

Phe Arg Asn His Leu Arg Thr Ser His Ser Leu Val Lys Gly Gln Leu
100 105 , 110

Cys Leu Lys Ser Glu Lys Asp His Gly Lys Asp Ile Asn Leu Tle Giu
115 120 125

Pro Tyr Lys Tyr Asp Giu Val Val Ser Leﬁ Lys Lys Leu His Leu Ala
13¢ 135 140

Ile Ile Met His Glu Tyr Pro Phe Asn Ile Val Glu His Giu Tyr Phe
. 145 150 155 160

Val Glu Phe Val Lys Ser Leu Arg Pro His Phe Pro Ile Lys Ser Arg



aagtaaagcg gccgce 1395 WO 2006/124001 PCT/SG2006/000121 29/48
<210> 47 <211> 1716 <212> DNA <213> Atrtificial <220> <223>
pUBBSDI plasmid fragment <400> 47 gatatcgcta gctcgagatc gggagatctg
WeAMEges Eggoattttgg cgccceecge 60 gggegecccee tectcacygRQyAtenone 21
acgtcagacg aagggcgcac gagcgtcctg 120 atccttccge ccggacgcte
aggacagcgg cccgetgcte ataagactcg gggtyagaac 180 cccagtatca
gcagaaggac attttaggac gggacttggg tgactctagg gcactggttt 240 tctttccaga
gagcggaaca ggegaggaaa agtagtcccttctcggegat tctgecggagg 800
atctccgtg gggcggtgaa cgecgatgat tatataagga cgcgecgggt gtggcacage 360
val t%arbrttél‘é‘gg[c%é@a%&sc gga’ttodGtc{C gttt 1ty béqu@giaﬁgg&mo
acttggtgag tagcgggctg ctgggctgge cggggctttc gtggeegeceg ggecgetcgg 480
Lys tggydcagasygbptgiggagragdaedtcagigggetgtagt elgggecqegageaaggtt
540 Yttctgaact gggggttggd®Yggagegeag caaaatgdeg getgticceg agtcttgaat

wer GO0 @02393CHCL t9lgagacad OGigIa0gtegiiganqea agatgaqagy.
catggtgggc 660 ggcaagaacc caaggtcttg aggesitcgce taatgcggga aagctcttat

tcgggtgaga 720 tgggctgggg caccatctgg ggaccctgac gtgaagtttg tcactgactg
st JRiasctony 780 ittt ﬁ%éfj@gaa%ggggab%fa%@acwgwg geagtg

cacccgtacc 840 tttgggagcg cgcgcccteg tcgtgtcgtg acgtcacccg ttctgttggce
Phe ffatadtgcad90G1goatggygce acctyecygt aggtgigcagdaggcettiia teggtcgcag
gacgcagggt 966° tcgggcctag ggtaggeiet cctgaatcga caggétiéegy
ene B6C1619919,2009030908,1020, taqatgagae gleagiiict tagtegatt tatgtacct
atcttcttaazgtagctgaag 1080 ctceggtttt gaactatgcg Ctcggggttg gcgagtgtgt
tttgtgaagt t'ttttaggca 1140 ccttttgaaa tgtaatcatt tgggtcaata tgtaattttc

o heu §§fg@$§a%s%§t§h§&§ f?ﬁ&é%c@%‘ﬁaﬁja‘f tﬁfdg%@tt;’@ggééﬁtﬁﬁatﬁ@acc

ggaccgtgtt gacaattaat 12602 catcggcata atatatcggc atagtataat acgacaaggt
Ile gaggeactaauactatggecmmi 32 agecidgtcdcangnagaasecanGCica:
_ #t§aaagagc aacggctacéd%tcaacagea 1380 tc&%atctc tgaagactac
Phe @999@990991939839%%%&%0%@9 ggccacatel 1440 Igacgalgl caatgtatat
305 cattttactg ggggaccitg tgcagaactc gtggtgetgg 1500 gcactgctgcdggstgcggcea

ctggcaacc tgacttgtat cgtcgcgatc ggaaatgaga 1560 WO 2006/124001
Asp %ty-r é%@fﬁﬁ Alz Gly Thr Ile Giu Lys Ile Lys Ala Ile

330 ‘ 335

Val Leu Ala Val Lys Ser Ser Pro Leu Gln Trp Glu Glu Leu Met Lys
34¢ 345 350

Cys BRla Ber Glu Cys Asp Leuw Asp Lys Ser Lys Gly Ile Ser Tyr Asp
355 360 ‘ | 365

Val Ser Thr Arg Trp Asn Ser Thr Tyr Leu Met Leu Arg Asp Ala Leu
370 375 380

Tyr Tyr Lys Pro Alas Leu Ile Arg Leu Lys Thr Ser Asp Pro Arg Arg
385 39¢ 385 400

Tyr Asp Rla Ile Cys Pro Lys Ala Glu Glu Trp Lys Met Ala Leu Thr
405 410 T 415

Leuw Phe Lys Cys Leu Lys Lys Phe Phe Asp Leu Thr Glu Leu Leu Ser
420 425 _ 4390

Gly Thr Gin Tyr Ser Thr Ala Asn Leu Phe Tyr Lys Gly Phe Cys Glu
435 4490 445

fle Lys Asp Leu Ile Asp Gln Trp Cys Val His Glu Lys Phe Val Ile
450 455 460

Arg Arg Met Ala Val Ala Met Ser Glu Lys Phe Glu Lys Tyr Trp Lys
465 470 475 480

Val Ser Bsn Ile Ala Leu Als Val Ala Cys Phe Leu Asp Pro Arg Tyr



30/48 acaggggcat cttgagcccc tgcggacggt gccgacaggt gcttctcgat ctgcatcectg
1620 ggatcaaagc catagtgaag gacagtgatg gacagccgac ggcagttggg
attcgtgaat 1680 tgctgccctc togttatgtg tgggagggct aagcac 1716 <210> 48
VO 2986/13891 <212> DNA <213> Artificial <220> <223> CloR{ikjo@sete00121
fragment with plasmid replication origin <400> 48 ttcgtggccg aggagcagga
ctgacactcg acctcgaaac ttgtttattg ca%“gt taa 60 tggttacaaa taaagcaata
gcatcacaaa tttcacaaat aaagcatttt tttcactgca 120 ttctagttgt ggtttgtcca
aactcatcaa tgiaicttat catgtctgaa ttcgggggga 180 tcctctaggg:stgtcagacca
agtttactca tatatacttt agattgattt aaaacttcat 240 ttttaattta aaaggatcta
lgGtgd&gate. cifttgatn Actchtgaictahemtecet B3G0izabgtygagr tegttcca
ctgagcgt‘rf:gef3 gaccccgtag aaaaga?é’aa aggatcttct 360 &gatcctt tttttctgcg
1glaalctge JoeitgcanacRaaRaarccaccysiagaa 420 acogigatitgtitgccgga
tcasgagcta ccaactcttt ttccgaaggt aactggcttc 480sz@cagagcgc agataccaaa
cin AActgtictt ctagigta cce é%ggadg% cg:rcac‘_:Lc;;Iacttg 540 9agaactct§ tagcaccgcc
dacatacct getcige aagggtgﬁacc Aqtggeiget éﬁﬁ@) Jecafydey atfagtegty
tcttaccggg ttggactcaa gacgatagtt accggataag 660 gcgcagcggt cgggctgaac
Hgobeptiey tYehcatndercagcligydigegiacgaccc720stacdascgaac
tgagatacct acagcﬁ?@ag ctatgagaaa gcgetacgct ttccgaaggg 786°

Agaasydcagacaggtates, 0giaageoac,agggdieddag: GagyadaqcCy. .
cacgagggag 840 cttccagggg gaaagycctg gtatctttat agtcetgtcg ggtttcgeca

ctctgactt 900 gagcgtcgat ttttgtgatg ctcgtcaggg gggcggagcc tatggaaaaa
G@"&cé’%ﬁc%?% @‘(fg gggngﬁ%%tﬁ ta gét cce bﬁé&ﬁ‘fg&%@gﬁ@tﬁﬁ%tﬁ%atgct
gggcccagcec 1020 ggccagatct gagctcgegg ccgegatatc getagetcga gg 1062
B2 Bsp49le2id> 370 TR 120 DNAGKP F3% Xea mays1<400> 4WO
2008724001 PCT/SG2008/000121 31/48 gactiititg gettcttatg ttagccaaga

grcepagact tatcagttatgtgatacaft 6Q.cu ata Tie cin val Ser Thr
610 615 620

Lys

Tyr

Thr
b45
Phe
Asn
Gln
Ile

Val Phe Sexr Ala

625

Ala Ber Glu B&r Ala

630

Pro
640

Gly Gly

635

Arg Val Val Asp

Arg Asn Arg Leu Gly Ser Glu Ile

645

Val
650

Glu Ala Leu Ile Cys

6535

Thr

Val
660

Lys Asp Trp Ala Ala Ser Arg Lys Ala

665

Gly Phe

670

Tyr Pro Thr

Met Ile Gly

675

Bsp Leu Glu Tle Ala

685

1 Leu Asp Ser Val

580

Ala Ala Thr

His Glu Asn His Met

"690

Asn Glu Ala

00

Asp
625

Glu Asp Asp Tle Glu Phe Ser

Val
710

Lys Asnlﬁsn Ala

705

Glu Asp Ser Gly Ser Pro

Ti5

£5

282
DNA
Zen

<210>
<2ll>
<z2lz>
<Z213> mnavs

<400> 485

cagggatgaa
tagtittate
atatacaaaa
ggatocegtt

ctygcaacaga

agtaggatyg
cegategatt
cggtaaacgg
tttaatcggg

tocctogage

gaaaatcong
togaaceoga
azacggasaac
atgatcecogt

gettaagttt

taccgacegt
ggtaaaaaac
ggtagagcta
ttegttaceg

azacgegtta

tatcegtataa
gaaaacggaa
gtittccogac
tatttictaa

acaattggen

cegatittitgt
cggaaacygy
cgtttoaceg
tteogggatga

at

60

120

1860

240

282 .



aaactatgtg tgctccagat ttatatggat tttatctatg tttaattaag acttgtgttt 120

acaatttttt atatttgttt ttaagttttg aatatatgtt ttcatgtgtg attttaccga 180

acaaaaatac cggttcccgt ccgatttcga ctttaacccg accggatcgt atcggttttc 240

WarseHttatccegt tegttttegt taccggtata teecgttttc gtttccgtce BOUSG2006/000121

cgcaagttaa atatgaaaat gaaaacggta gaggtatttt accgaccgtt accgaccgtt 360

ttcatcccta 370 <210> 50 <211> 16 12> DNA <213> Artificial <220>

<223> Cloning vector fragment witih Amp resistance gene <400> 50

tgcattctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat 60
<21Gttcgttcatc catagttgcc tgactcccceg tcgtgtagat aactacgata cgggagggct 120
<211§aoc§§5¢§gg ccccagtgct gcaatgatac cgcgagaccc acgctcaccg gctccagatt 180
<z1otatcagcaat aaaccagcca gccggaaggg ccgagcgcag aagtggtcct gcaactttat
<21324(rocgaetccat ccagtctatt aattgttgce gggaagcetag agtaagtagt tcgccagtta
<220:;00 atagtttgcg caacgttgtt gccattgcta caggcatcgt ggtgtcacgc tcgtcgtttg 360
<223gta%gﬁttggg%%% Jggttcccaac gatcaaggca agttacatga tcccecatgt 420

tgtgcaaaaa agcggttagc tccttcggtc ctccgatcgt tgtcagaagt aagttggecg 480
<400gagtgttatc actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg 540
aatagRgaty i terpeRet ggigagiac eaaseesde Attuyaghrtantgiatgc600 60
==ct8CACCARBHIICIENaE Cea0e0icag acaagaa laccacgeeg calggcagan 64

ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca ag%atg ac 720
taatggeag gt BtceatRtc Mgtaasecascegtgeac cpaactgatet teageatett’80 180

tactttcac cagcgttict agcaa aaacaggaag gcaaaatgcc gcaaaaaagg -

agta%ﬁ%acgagc%gggé%ccaa%ggg ggaéégtgtt?ﬁgg‘fﬁgég{%a%ﬁ%{c‘i? %%?%ttﬁ‘é%a%f’aoé’t‘fgaa 240
cccc@@O:gyeatitatca gogtatigicieatgagsa-gajasatatidgaaiglatiiagaaaaata 966,

aacaaata}jgc% gctjttccgcgc acatttcccc gaaaagtgcc acctaaattg taagcgttaa 1020

P oEigta aaatcg et AL AHIR G e AL P A ttfitaoAC e ARG HREIOBTF WO 360

' tgcg&@ﬁ@d%@@@aB&y$%%@%O%gga&%@ Ctgfaa:@_l% aﬁ%@%a 420
ataaatcaaa agaatagacc gagatagggt tgagtgttgt 1140 tccagtttgg

IECtEatHy SOt Cactattdaa AL Gig Gt sty Rer aRRUgegaameioos e 480
ceaaBB0CGICIAL C20G0CT5IE go00aCtacy taaagealea coclaalean gittttagg 1260
gtcgaggtgc cgtaaagcac taaatcggaa ccctaaaggg agcccccgat ttagagcttg
aggtigﬁgyt aagcagagol ggtttagtga accegtcagat cegotagege treooggactco 600
agatctegag cteaagettc gasttctges gtogacggta cecgegggece gggatooate 660
gccaccatygy tgageaaggg cgaggagety ttoaccgggg tggtgeccat cctgghogag 720

ctggacggey acgtaaacgyg ccacaaghto agcgtgteeg gogagggega gggegatgec 780

acctacggor agetgacedt gaagttcate tgcaccaccg geaagotgoe cgtyoccetgg 840
‘cccaccctcg tgacocaccet gacctacgge gtgoagtget tcagecgets coocogaceac 800
atgaagcage acgactitctt caagtcegec atgoccegaag gotacgtcca ggagogoace 860

atctteottea aggacgacgy caactacaag acecgegecy aggigaagtt cgagggegac igz20
accctyggtya accgeatoga gotgaaggge atcgacttea aggaggacygg cascatcctg 1080
gggcacaagce tggagtacza ctacaacage cacaacgtet atatcétggc cgacaageag 1140
aagaacggca tcaaggtgaa cttcaagatc cgocacaaca togaggacygg cagcgtgeag 1200
ctegocgace actaccagea geracacccoo ateggogacy gccccgtgct gotgoocgac 1260
aaccactace tgagecacccea gtocogocctyg agcaaagacc ccaaggagaa gogogatcao 1320
atggtectye tggagttegt gaccgocgee gggatcacte teggoatgga cgagctgtac 1380

aagtraagoeg googo 1385



acggggaaag ccggcgaacg tggcgagaaa ggaagggaag aaagcgaaag
gagcgggcge 1380 tagggcgctg gcaagtgtag cggtcacgct gcgegtaacc
accacacccg ccgcgcttaa 1440 tgcgcecgcta cagggegcegt cccattcgece

etealgey

gctggcgaaa gggggatgtg ctgcaaggceg 1560 attaagttgg gtaacgccag
ggttttccca gtcacgacgt tgtaaaacga cggpgagtga 1620 attgatacga ctcactatag
ggcgaattgg gtacccgacg 1660 <210> 51 <211> 33 <212> DNA <213>

<z1O0Artificial <220> <223> PCR Primer <400> 51 gcgcggatcc atacgattta
Scta tag 33 <210> 52 <211> 34 <212> DNA <213> Artificial
2: £223%> PCR Primer <400> 52 cgatcgatgc ggccgccttg gctaacataa

<211%
<21299t
<21352

caactgtt gggaagggceg 1500 atcggtgcgg gectcttdc (oo 21

gaag 34 <210>53 <211> 665 <212> DNA <213> Artificial <220> <223>
-<22GPEGFP-N1 plasmid fragment <400> 53 tagttattaa tagtaatcaa ttacggggtc

<223

attdgieal adeeSHita iEGhtcy 60 cgttacataa cttacggtaa atggcecgee

<soofggetgaccy cccaacgacc cccgeccatt 120 gacgtcaata atgacgtatg ttcccatagt

gatapargecaata gugactiecaitgacgicadBRWE 200612409 1cgcccccage
PCT/SG2006/000121 33/48 atgggtggag tatttacggt aaactgccca cttggcagta

gggc%%ﬁccc

caag

60

f At afdig 8 Ty "85 tacH et e Stg AT e gy taakiggect2?

“atcogoeiggcaibplgeeeagiasl0f caigassita tgggasticcaactiogca gigcatctac | g,

gtattagtca tcgctattac 360
ceceagtatea gecagaaggac attittaggac

tctttecaga gagcggaaca ggegaggaaa

gatctecegty
. tagttoogte
acttggtgag
tgggacggaa
goectgaact
ggaagacget
ggcaagaacae
tgggctgggg
thtgtegtet

ttitgggageg

9ggtggggee

tegggectag
taégtgaggc
ctocggttot
cettttgaaa
tecegetaaat
éatcggcata
'agcctttgtc

teeceatete

. tcactggtgt

geactgetge

gggcggtgaa
gocageooggga
tagcgggety
gegtgtygay
gggggttggg
tgtgaggegy
caaggtctig
cacaatetygy
gttgcggugy
cgcgccctcg
aogtgoeggt
ggtaggctcﬁ
gtcagtitet
gaactatgcg
tgtaateoatt
tetggeocgtt
gtatategge
tcaagaagaa
tgaagactac
caatgtatat

tgctgeggea

cgeogatgat
tttgggtege
ctgggctgge
Agaccgacas
gggagcgcag
gctgtgagot
aggecttoge
ggaccctgac
cggcagtiat
tegtatogtyg
aggtgtgeygy
cotgaatega
ttggteggtt
cteggggtty
tgggteaata
tttggetttt
atagtataat
teccaccectea
agegtogeaa
cattttacty

gctygoaaco

gggacttggy

agtagtecet
tatataagga
ggtbettgtt
cggggctttc
gggctgtagt
caaaatggcg
agttgaaaca
taatgeggga
gtgaagtttyg
ggcggtgecy
acgtcacceg
taggetttte
caggegceegy
ttatgtacct
gegagtgtygt
tgtaatttic
ttgttagace
aegacaaggt
ttgasagage
gogcagetct
gygggaccttg

tgacttgtat

tgactectagg
tcteggcgat
cgcgergggl
tgtggatege

gtggeegeey

‘ctgggtccge

getgtteceg
aggtyggggay
aagetcttat
tecactgactyg
ttgggcagtg
ttotgttgge
tecgtegeag
acctcotggty
atcticttaa
ttigtgaagt
agtgttagac
ggaccgtgtt
gaggaactaa
aacggotacsa
ctctagegac
tgcaganctc

cgtogeogate

geactggttt
tctgeggagy
gtggoacage
tgtgatoghe
égccgctcgg
gageaaggtt
agtcttgaat
catggtygggc
tcgggtgaga
gagaactogg
caccegtace

ttataatgca

gacgeagggt

aggggaggga -

gtagetgaayg
tttttaggea
tagtaaattg
gacaattaat
accatggcca
atcaacagea
ggoocgeatet
gtggtgctyy

ggaaatgaga

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260

1320



catggtgatg cggttitggc agtacatcaa tgggegtgga tageggtttg actcacgggg 420
atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcace aaaatcaacg 480
vggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggeg gtaggegtgt 540
JY§364 gtetatataa gcagagctgg tttagtgaac cgtcagatce getRgBgea®ono121
ccggactcag atctcgagct caagcttcga attctgcagt cgacggtace gegggeccgg 660
gatcc 665 <210>. 54 <211> 2401 DNA <213> Artificial <220>
<223> Amplified fragment with NLS(K5E)-TPase ORP <400> 54
atacgattta ggtgacacta tagaatacaa gcttgcttgt tctttttgca gaagctcaga 60
acagaraaatgeit wactiyy tagatcengicac catgggtc of woagagaaga agegiaaggt 120
ggat29ARAIYCL Allglicalg aaccacaace acaaccacaa ccacaacca agccacaace
180 acagccacaa clgaaccly aayaagaaye accatagadg ﬁé%ﬁ%ﬁ%aﬁﬁa 1680
. tgotagtgtacaie 248 ygatgiatggeageatitea ccaaggagga aattgaagtg gaggtcgatg
gaaagaaata 300 cgttcaggta tgggggceatt gcaactttce taattgcaag getaagtata
<>109906i0aggg 360 tcatcatgga acaageggat ticgaaatca cttgagaaca tcacatagtt
<z11tagttasagg 420 tcagttgtgt ctaaaaagty aaaaggatca tggcaaagac ataaatctca
<21zpgaytictta 480 taagtacgat gaagtggtta gcctaaagaa gettcatitg gcaataatca
<213fcAigaatLs 540 cectttcaat attgtagaac atgagtactt tgttgagttt gttaagtcte
<2aotgcgeectca 600 ctttccaata aagtccegtg tcactgctag aaaatatate atggatttgt
<223atttgyaagsy 66Lrananganang tigtatggaaraactagaaga tgticagich cgcticagta
caactatgga 720 tatgtggaca tcttgtcaaa ataagtcata catgtgtgtc accatccatt

<4002
te gg@i 7§8Q\ faattggigt ciccaaaaaa gaattgtgg ctiftttcat gttgaagggc
ngccagc%;(%%a iog%cacagag??a t€acaaacct tac%ct%%%ataggggézt?%g%t@:ﬁ%acattgﬁ 0

touthgamaadatig00: gitigeottg detitggata atgetagigepaatgaagia getgigeacg 120

R aatt%a 960 WO 200t6/1t24001 PCT/SG2006/000121 34/48 ggatttgcag
GAcAttgatt canteragtGiTATEt GEfcHic atgfGaghtg o206 tycagicac 180

tectatagtgnact tggtigeaaa goalggaitg getaiaatiy caggaacaat 1080 tgagaaaatls,
aaagcgattg ttcttgctgt aaaatcttct cctttgcagt gggaagaact 1140 aatgaagtgt

FErEaRtagtyAat G ATy G taaRHR iR GGt rARTSRIETS 1200 haeragatgsl?
‘raac@aiicaacet afitgalatt gadgoatacc itatatiata agectgcact 1260 aataagactt 5,

aaaacaagtg atcctcgcag gtacgatgca atttgtccta aagccgagga 1320

tgagatectt tttttctgey cgtasatctge tgctigeaasa caaaaaaace acegetacea 420
‘ - geggtgghbtt gtttgoogga tcaagageta ccaactertt ttecgaaggt aactggette 480

ageagagegc agataccasa tactgttett ctagtgtage cgtagttagg coaceacttc 540

aagaactcty tagcaccgee tacatacctc getetgetaa tectgttace agtagetgot 800

gecagtggeg afaagtcgtg tecttaceggy ttggactcaz gacyatagtt accggataag 660.

goegeageggt cgggctgaac_ggggggttcg tgcaéacaqc ccagettgga gogaacgace 720

| tacaccgaac tgagatacct acagogtgag ctatgagaaa gegocacget tceogaaggy 780

agaaaggegy acaggtatee ggtaagegge agggteggaa caggagageyg Cacgagyygayg 840

cttceagggy gaaacgoctg gtatotttat agtectgtog ggtttecgeca coctotgactt SG0

gagcgtcgat ttttgtygatg ctogtcaggy gugeggagec tatggsamaa cgccagoaac 960

goggecttitt tacggttccﬁ ggeottitge tggecttitg ctoacatget gggeccageco 1020

ggecagatet gagectogegg cogoegatato gctagctcga-gg 1062

<210> 49

<211>» 370

<212> DNA

<213> Zea mays -

<400> 49



gtggaagatg gcattaactc tttttaagtg tttgaagaag ttttttgatc tcactgaact 1380
cctatctggt actcaatatt ccactgcaaa tttattttac aaaggtttct gtgagataaa 1440
Vg(gattt att gaccaatggt gtgttcatga aaaatttgtc attaggagaa tggccgttgc 1500
Hfa8tga% hagtttgaga aatattggaa agtgtctaat attgcactag ctgtB§ERG2G8@0121
cttccttgac cctaggtaca agaaaatatt gattgagttc tatatgaaaa aatttcatgg 1620
tgattcatac aaagttcatg tagatgactt tgttagggic attagaaaat tgtatcaatt 1680
ctattctagt tgtagtcctt cagctccaaa gacaaagaca.actactaatg atagtatgga 1740
gactigdaisertty digyadaaty sagatgatgratiicaaaac tatitgeaty agitgaagga 1800 60
smacld %tc%a Cgfta af!%tcaz% aéggattgcg% ttgatatgtatg tctgaacccc ttttgaagca 1860
tagtygtcay figatatt [AICAtguty ga0gugaaGY gotagaRfatcittt@to20 120
acazCacctaaats goaaggoatgdgoiageaat-acangigtea actgtigelt stgaatetge 1989g,
gttcagtgct ggtggtcgtg ttgttgatcc ttaccgcaat cgtcttggtt cggagattgt 2040
acaaf‘g%%&@&tt‘fa%‘t%‘f@%%%a%?%ifggéﬁéﬁg‘f%ééaﬁﬁeﬁa%ﬁ@@t@ta%&%ﬁ*a%ﬁ 210840

sactiacastg alleglaaicleaacaligct agalclalt allaclyelg £4a622a162 21605
tgagaataat atggatgagg atgaagacgc aatagaattt tctaagaata atgaagatgt 2220
“ICE AT Ry R ICERAE cat RGEA Aty i tettatGttt giocagat Yagocigge 2280 360
wreoligiaatagtt tatgcatget aagtgctcca gatgtgagca agtgattatg aatatgtgtt 2340
ttaaactata tattgtgtca tgtgtgctag tagtcttata tggcttctta tgttagccaa 2400 g
2401 <210> 55 <211> 3334 <212> DNA <213> Artificial <220> <223>
jﬁigéEC% >-N1 plasmid fragment <400> 55 WO 2006/124001
«212RCH&G2006/000121 35/48 gcggecgcega ctctagatca taatcageca taccacattt
<2l3gaagaggtttiacttgcttt 60 aaaaaacctc ccacacctcc ccctgaacct gaaacataaa
<22 z;\tgaatgcaa ttgttgttgt 12108 éaacttgttt attgcagctt ataatggtta caaataaagc
' at cac aaataaagca ftttttttcac tgcattctag ttgtggtttg
<223§:c§§§§%§§ th%%%%atﬁi%eﬁ%agagﬁegt%m saﬁaiés%%ngﬁa%‘?%?u tgttaaaatt
<400ggcgttaaat ttttgttaaa 300 tcagctcatt ttttaaccaa taagccgaaa tcggcaaaat

LocatEtitatagaiicas5an dCs60= Hiadtgagetagg gty tidcay tittrpaacaast

rregldgiecaciadiaaggaacy 420 lggaciceaa cgicagaqag.cgagaaaceg . 4,
tétatcaggg cgatggecca ctacgtgaac 480 catcacccta atcaagiit tggggtcga

376

taccgprjeegtaaagtactadatygaaccem B oce acgetcaceg gotecagatt 180
tatcagcaat aaéccagcca geccggaaggy ccgagegead aaghtggtect goaactttat 240
cegectecat ccagtotatt aattgttgec gggaagotag agtasgtagt togocagtta 300
. atagtttgeg céacgttgtt gcocattgeta caggeatcegt ggtgtcacge togtoghttg 360
gtatggecttce attcagctéc ggttcccaac gatcaaggeg agtbtacatga tacoccatgt 42é
. tdtgcmaaaa agcggttage tectteggte ctccgatcét totcagaagt aagttggeoog ' 480
cagtgttatce actcatggtt atggceageac tgcataéttc ﬁcttactgtc atgccatccyg = 540
‘taagatgeott ttotgtgact ggtyagtact caaccaagtc attotgagaa tagtgtatge - 600
© ggcgaccegag ttgotcttge ccoggegtcaa tacgggatas taccgegoca catageagasa 660
ctttaaaagt getcatcatt ggaaascgtt cttcggggeg aaaactcotca aggatcttac 720
cgcﬁgttgag atccagtteyg atgtaaccca ctegtgeace gaactgatot tocageatett T80
ttactttoac cagegtttoct gggtgageaa aaacaggaag'gcaaaatgcc gcaaaazagy 849
gaataagqg? gacacggasa tgtigaatac teatactett cottttteaa tataattgas 508
goatttatea gggttattgt ctcatgageg gatacatatt tgaatgtatt tagaaaaata 960
aacasatagy ggttcegege acatttecce gaaaagtgoc acctaaattg taagogttaa 1020
tattttgtta aaattcgegt taaatttttg ttaaatcage teatttttia aécaataggc 1089



aagggagccc ccgatttaga gettgacggg gaaagecgge gaacgtggcg agaaaggaag
600 ggaagaaagc gaaaggagcg ggcgetaggg cgctggecaag tgtageggte
acgctgcgeg 660 taaccaccac acccggegceg cttaatgege cgctacaggg
%B%Pgégﬂl%gcacttttc 720 ggggaaatgt gcgcggaacc cctatttgttialiftfetpe/000121
aatacattca aatatgtatc 780 cgctcatgag acaataaccc tgataaatgc ttcaataata
ttgaaaaagg aagagtcctg 840 aggcggaaag aaccagctgt ggaatgtgtg

tcagttaggg tgtggaaagt ccccaggcetc 900 cccagcagge agaagtatge

cgaagaageatgea tetsaattagpicageaaces gtigiggassy by Qicceeaggetot 1140
tccccagca aagtat gcaaagcatg catctcaatt agtcagcaac 1020

ca
Feca gt gt es acgé*@@%&%&%%aeeaa%ceeﬁ?&@eﬁa&eeaafe%%?gﬁﬁ%@@aﬁc 1688°

aacctéegecceal ggeigasciaa-tititittat ttatgeagag gccgadgess coteggcete 1149, 60
tgagctattc cagaagtagt gaggaggctt ttttggaggc ctaggctttt gcaaagatcg 1200
gteuEh Ay dYRe MR AGHA R G tatiadaagatga atly- eattcdggtt 1280
acggfiaedgCeagigaatgoag aggeialted acialoactg ggcacaacad ACARICACt ; 54,
1320 gctctgatgc cgccgtgttc cggctgtcag cgcaggggceg cccggttctt titgtcaaga
tageq3Brocegarttgteegtigectigatydatige Tngacyaygeagegeggetaa 1440

cealCgtigqct 440 ccacgaca c%tgct%: cagctgtgc tegacgtigt cactgaagge )
gc{gg(;:g%aaggggl%q!e%c 500 g%cctgctg%t Sggcgc§ % %3&5%@%%%9 a?g cC ﬁ?g%(gctcgégﬂ
atcggeteotycry ks60sagaaagiats-cajcalgget galgoanigeggcogrigentacqcitged
attaSC ctac%a1620 ccctatttc a ccaccaagcg aaacatcgca tcgagcgagce
ACgtactig atoaagety 16 ag&?fﬁfﬁﬁ?&a@%tﬁ@%ﬁcgfggc_ggfjﬁ%gga 1620
attgRgeAicages golcgearnageagaastabiifcgeccaggcet caaggegage 1660
atgcccgacg gcgaggatct cgtcgtgacc catggegatg 1800 WO 2006/124001
<2152 CI{SG2006/000121 36/48 cctgcttgce gaatatcatg gtggaaaatg geegcttttc
<z11300a#tcatc gactgtggce 1860 ggctgggtgt ggcggaccgce tatcaggaca tagegttgge
<2lztacCugtgat attgctgaag 1920 agcttggcgg cgaatgggct gaccgcttee tegtgcttta
<213ggdiatégéegetcecgatt 1980 cgeagegeat cgecttctat cgccttettg acgagttett
<z2pltgageggga ctetggggtt 2040 cgaaatgacc gaccaagcga cgcccaacct
<z23gCaatraggangaltttcgatt ccaccgccge 2100 cttctatgaa aggttgggct tcggaatcgt
tttccgggao gccggctgga tgatcctcca 2160 gecgcggggat ctcatgetgg agttettcgce

<40050&ccta9§c%g&a%gctaa cég&aaagcacg 2220 gaaggagaca ataccggaag

gcgc%%%ggcécgc atgacgggqgg%taaaaasgc agaataaaac 2280 gcacggtgtt
gggtcgtttg ttcataaacg cggggttcgg tcccagggct ggcactctgt 2340

zigicgg‘%tacccca ccgagacccc attggggcca atacgcccgc gtttettect tttccccacc 2400

<»128CgGEcccca agttcgggtg aaggeccagg getcgcagece aacgtcgggg cggcaggece
<2132460ttgeeatagcc tcaggttact catatatact ttagattgat ttaaaacttc atttttaatt 2520

taaaaggatc taggtgaaga tcctttttga taatctcatg accaaaatcc cttaacgtga 2580
§tttg&ttgr%§ncggagcgt cagaccccgt agaaaagatc aaaggatctt cttgagatcc 2640

33

<220
<223

<40C> 52 .
cgatcgatge ggccgeetty gotaacataa gaag . - 34

<210> 53

<211l> 665

<212> DA

<213> Artificial

<220>
<2Z23> pEGFP-N1 plasmid fragment

<400> 53
tagttattaa tagtaabtcaa ttacggggte attagticat agcccatata tggagtitecg 60

cgttacataa cttacggtaa atggoccgee tggetgaceg cocaacgane ceogocoatt 120

gacgtcaata atgacgtatg ttccecatagt aacgecaata gggactttee attgacgtea 180



tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt 2700
ttgtttgccg gatcaagagc taccaactct ttttccgaag gtaactggct tcagcagagce 2760
cagatacca aatactgtcc ttctagtgta gccgtagtta ggccaccact tcaagaactc 2820
‘?&ﬁ%@ggé&%ctacatacc tcgetctget aatectgtta ccagtggety ctgcCHgtay 2Hano0121
cgataagtcg tgtcttaccg ggttggactc aagacgatag ttaccggata aggcgcagcg 2940
gtcgggttga acggggggtt cgtgcacaca gegeagettg gagcgaacga cctacaccga
3000 actgagatac ctacagcgtg agctatgaga aagcgccacg cttcccgaag
atgggyagaaagyc-3068: ggacaggial coggtragey gaaggaicgy aaanggagag 240
cgcacga agcttccagg 3120 gggaaacgcc tggtatcttt atagtcctgt cgggtttcge
aagt%a%%‘fggcgg%gt%&atéé%?’rﬁ*@C%%ttgﬁaagﬁgca%a?&abga@@ﬁg@gﬁ@a@ceef@tggaéao
catgRAGHLCage3-Acgeoseit324R  lttrcggtic slogeciit.getgocchiiacicacatg 54
ttctttcctg cgttatccece 3300 tgattctgtg gataaccgta ttaccgecat gcat 3334
catITHIRES SELIT 99599 EIEISApNATIETE IS ARRTIERI LD (R tep0B 9T ea 420
atrcRays:Dsdlanked by human DNAWO 2006/124001 PCT/SG2006/000121
- 37/48 <400> 56 atcggttata cgatacggtc ggtacgggat tttcccatcc factttcatc
J9acEEtgagtdagte0catictyacgy ceclyett toece acactigtyyaagigayggstccccas o
C cctacctgag.at tct ctttgtctac tttagacacc aggttccaaa
s a0 e e (o aG oA G ACo et AaEabroced”
ceggatttoaytay 246 catagtaacte eatttacea 259t <2d0n Sh <2 bEegdh3cs212>650
DNA <213> Artificial <220> <223> Zea mays Ds flanked by human DNA

92°2400> 57 agcacagggt ctttggaacc tggtgtctaaagtagacaaa gagactggca 8%

tctcaggtag 60 gagtgcaggc ttggggagcec ccaccttcca cagtgtgggg gaagcaggag
<210%cctcagag 120 tetcactcag ggatgaaagt aggatgggaa aatcccgtac cgaccgttat

<Z11>
<212§gt

<2138aC¢Qgaacg.240

<220>

<223> HAmplified fragment with NLS (KSE)-TPase ORF

g%éccg 180 attttgttag ttttatcccg atcgatttcg aacccgaggt aaaaaacgaa

<400> 54
atacgatitta ggtgacacta tagaatacaa gcttgctﬁgt tetttttgeoa gaagotcaga 60
ataaacgete aacttiggea gatcogocac catgggicet ccagagaaga agogtaaggt lZC
agaaatgget attgttcatg aaccacaacc atcsaccacaa ccacaaccay aaccacaace 180
acagccacaa cclgaacctg aagaagaage accacagaag agggcaaaga aghgeacate - 240
© ggatgtatgy cagcatttca ccaagsagga aattgaagtg gaggtcgatg gaaagasaata 300
. cgttcaggta tgggggcatt geosactitce taattgcaag gotaagtata gogctgaggg 360
tocateatgga acaageggat ttcegaaatca cttgagaaca tcacatagtt tagttaaagg 420
tcagﬁtgtgtrcfaaaaagﬁg azaaggatca tggeazagac ataaatctoa ttgagectta 480
taagtacgat gaagtggtta gcctéaagaa gettecatttg geaataatea tgoatgaata 540
coctttcaat attgtagaac atgagtactt tgttgagtitt gttaagtete tgegeootca 600
ctttocaata aagtcecogiy teactgotag aaaatatate atggatttgt atttggaaga 660
aaaagaaaay titgtatggas aactaaaaga tgttcagtet cgcttcagta caactatgga 120
tatgtggaca tctighbcasza ataagtcata catgtgtgte accatccatt ggattgatga 780
tgattggtgt ctccaaaaaa'gaattgttgg cttttttcat gttgaagggce gocacactgg 840
Ccazaggtta teacaaacct teactgeaal catggttaag tggaacattg agaaasaatt 800
gtttgectty tetttggata atgetagtge aaatgaagta gotgtgeacg atataattga 960



aaacggatat aca 253 <210> 58 <211> 260 <212> DNA <213> Attificial
<220> <223> Zea mays Ds flanked by human DNA <400> 58 gggcctctgc

Y&

tttagacata aaaggtatct gagagcacag ggtctttgga acctggtgtc 60 taaagtagac
é%fgﬁﬁ?:(f&lgcatctcagg taggagtgca ggcttgggga gecccacctt 191/5G2006/000121

ccacagtgtg ggggaagcag gaggccgtca gagtctcact cagggatgaa agtaggatgg

180 gaaaatcccg taccgaccgt tatcgtatpgsgcgattttgt tagttttatc ccgatcgatt 240

tcgaacccga ggtaaaaacg 260 <210> 59 <211> 265 <212> DNA <213>
ggat Nitiffeda b a2 a4 23 Zeg annys- D ankedibythuman BiNAJALg

L gctg 89:63/(3:," %%ggg' ggac.%:-!;/ée Zc
faaaaggtat ctgagagcac

06/000121,
aggatett’o

38/48
&

aﬁgctt <%£%E;§%%§
cctgytd tctaday

tgagtggeatCtca gaiaggagto-cagaeitygg-gageeecace-ticasagtgetisaact
. t%%gg aagc aggaggecgt cagagtctca ctcagggatg aaagtaggat gggaaaatce
2O HY gt RGAE gt At AHE cHR AT GGt R B fREgaSk e c 24RP0

aact M@%ﬁ@&cﬁﬁga@ﬁ@ﬁgﬁﬁ@@gaggéégs%?@]&>@giﬁjﬁiga2 2 Qcé%]ag 2:DNA 55

<213> Artificial <220> <223> Zea mays Ds flanked by human DNA

2CALHIOS BOUCHRTCAaCE TEGEERHG triERtoRa ttRiCagear ceatfanaanton

gaeSieiBgCca-e. Ieeltogige decataaatt tiactaat gaatgaataa algaaticat
gaatgaacag 120 gatggctagt gagactaggg atgaaaacgg tcggtaacgg

cctatg@gﬁ§aag§qﬁﬁﬁﬁﬁécggagggcaaa tttattttac amaggtttet

ggatttgatt
aatgagtgaa
ctitcettgac
tgatteatac
ctattctagt
tgatacettyg
ttatgatcaa
tagtggtcag
cacceaaatt
gitcagtget
tgaagetttyg
tccaacaaty
tgagaabcat
agcaagtgge
tgtaatagtt
ttaaacttia

g

<210>
<211>
<212>
<213>

55

DNA
<220>
<223»

<400> 55

3334

gaccaatggt
aagtttgaga
coctaggtaca
aaagttcatg
tgtagtoctt
atggaaaatyg
gtagagtcaa
tttgatattt
gcaagggaty
ggtggtogty
atatygcacaa
attggtgate
atggatgagy
tcctoteocat
tatgcatget

tattgtgtea

Artificial

gtgttecatga
aatattggaa
agaaaatatt
tagatgactt
cagctecaaa
aagatgatga
atgaattgga
tatcatggtg
tgctageaat
ttgttgatec
aagattgggt
tegaggtget
atgaagacgc
gagcaatgtyg
aagtgetceea

tgtgtgetag

PEGFP-N1 plasmid fragment

aaaatttote
agtgtctaat
gattgagttc

tottagggte

gacaaagaca,

atttcaaaac

taaatataty

gaggggaagyg

-acaagtgtca

ttaccgeaat
agcagcatct
agactctogtt
aaﬁagaattt
tettatghtt
gatgtgagea

tagacttata

attaggagaa
attgecactag
tatatgaaaa
atiagaaaat
actactaatg
ﬁatttgcaﬁg
totgaaccee
gtigeagaat
actgtigett
cgtéttggtt
agaaaaggty
attgctgetyg
tctaagaatsa
gttgacagat
agtgattatg

tggetteotta

gtgagataaa
tggeegtige
étgtagcatg
aatttcatgy
tgtatcaatt
atagtatgga
agttgaagga
ttttgaagca

atcctattet

ctgagtetge

cggagattgt
ctacatattt
caacaaatca
aﬁgaagatgt
gageccttggt
aatatgfgtt

tgttageraa

1020

ctttagaca

o887 HREgagHe?
1140

1320
13890
1440
1500
1560
1620
1680
1740
1800
1860
1820
lo80
2040
2100

2160

© 2220

£Z280
2340
2400

2401



ttttcatttt catatttaac ttgcgggacg gaaacgaaaa cgggatatac cggtaacgaa 240
aacgaacggg 250 <210> 61 <211> 218 <212> DNA <213> Artificial

<220> <223> Zea mays Ds flanked by human DNA <400> 61
Wacthsdatiiaccycctctt gttctectet atttccagea tccagaaaag tgtct§GEtE6B6/000121
atccttggty ctccataaat ttttactgaa tgaatgaata aatgaattca tgaatgaaca 120

ggatggctag tgagactagg gatgaaaacg gigggtaacg gtcggtaaaa tacctctacc 180
gttttcattt tcatatttaa cttgcgggac ggaaacga 218 <210> 62 <211> 44 <212>

geouBNAra< 2@ datificiakbaR280r=ca 223> insettion site ©f1Ds ecanstaidn

80

human DNA <40D> 62 WO 2006/124001 PCT/SG2006/000121 39/48

aaaaaag?aﬁcagagcéala@%%cgjt%%%aq TR ade Gy G ThGT a4 165658 <21¥%
taacddyt<2 120 Phdote2i3xahgtificial 2202052230 sedion sita ofRs: 180
aaaLtgaci)nstruct in human DNA <400> 63 accgttttca tccctagtct cactagccat
ceigticatt Calgf 47° LEF0565°22 115 275 L2 1 0P DINAC < S £33  AFfifieial 240
ttaaGedd éé%%%%éé@@l&Eﬁ@éE&%@@HKRQAQA£EHT@HE5¥¥£gat ttttgttaas 300
tcageteatt ttttaaccaa taggecgaaa tceggoaaaat ccocttataaa tcaaaagaat 360
agacegagat agggttgaght gtigtteocag tttggaacaa gagtccacta ttaaagaacy 420
tygactocaa cgteaaagyy cgaaaaacceyg totatcaggg cgatggococoa ¢tacgtgaac 4éO
catcacccta atcaagtttt ttggggtc§a ggtgeceghaa agcactaaat cggsacccta 540
aagggageece cogatttaga gettgacggy gaaagoegge gaacgiggog agaaaggaag 600
ggaagaaage gaaaggageg ggcgetaggg cgctggoaay tgtagougtc acgotgegeg 660
taaccaccac accogeoogeg cthtaatgege cgotacaggg cgegtaaget ggoactttte 720
ggggaaatgt gcgeggaace ccotatitgtt tatttticta aatacattcea aatatgtate 780
egeteatgay acaataacce tgataaatge ttcaataata ttgaaaaagg aagagtocty 840
aggeggaaag aaccagoetgt ggaztgtgbyg toagttaggy tgtggasagt ccccaggote 800
cccageagge agaagtatge aaagcatgea totcaattag tcageaacca gotgtggaza 960
gteoceagge tocecageag goagaaghat goazagoaty catctoaatt agtcagcaac 1029
catagteceg ccoctaacte cgoocatece gcccctaaét cogeaecagtt ccgcccatté 1080
toogecccat ggotgactaa ttttttttat ttatgeagag gecgaggeeg cetoggeete 1140
tgagctattc cagaagtagt gaggaggott ttttggagge ctaggettit gcaaagateg 1200
atcaagagac aggatgagga toegtttegea tgattgaaca agatggattg cacgcaggtt 1260
cteceggoege ttgggtggay aggctattog gotatgactg ggoacaacag acaatcgget. 1320
getetgatge cgecgtotte cggetgtoag cgoaggggey ccoggtiott tttgtoaaga 138¢
cegacctgte cggtgoocctg aatgaactge aagacgagge agegeggota tocgtggetgy 1440
ceacgacggy cgttoecottge ‘geagotgtyge togacgtigt cactgaagog ggaagggact 1500
ggotgetatt gggegaagtg ccggé%cagg atctootgte atctcasett gotectgong 1560
agaaagtatc catcatgget gatﬁcaatgc ggoggetygcea tacgettgat ccggotacct 1620
goeccatieoga ccaccaageg aaacatogea tcgagcgagc acgtactegy atggaageog 1680
-gtetigtega tcaggalget ctggacgaag agcatcaggy getegogcca gocogaactgt 1740
tegeecagget caaggcgagc atgeecgacyg gegaggatet cghogtgace catggegatg 1800



<400> 64 aatatgaaaa tgaaaacggt agaggtattt taccgaccgt taccgaccgt

tttcatccct 60 atatagatgc atgtttagag aggactgagg gggcaactga atgtgtttaa

titcaagctt 120 actatgtgat catgaaatac ccaacacatt atgctggtac aaatccagag
WeAAdt*B80 agaccgaggt ggcatatgca tttttgagag ttagcageat RS EReRga00121
attgaagcta 240 tgaaacagat gtgattaatt tggaggagaa taattagaga aaaataatag
gtcaaagaca 300 gactcctgag gaaccorgag attttaaggg acacaaaaga

ggttgaaaag agacagccag 360 agaggtaaaa ggaaaaccag aaatgcttgg

cetyagtgagasadgesaagtasagagugtatitai2Q - caagepaaagrtagicaasagdgtotiieet

aaacacgtgc agactgatt aa
o= 3058 AR S5005 <

a &
> >

cta

:

a 479 <210> 65 <211> 501 <212> DNA
BOTTEYS Ds TRITREATY RITEITBRA. 220

agct s Ghaighgactaetiigetigaalagestet Hactigget tiicicacte caageatttc:6Q,
tggttttcct tttaccactc tggctgtctc ttttcaacct cttttgtgtc ccttaaaatg 120 ttggggttce

g
A IG g adtet GiERTgacE At B ISR fiE CiE0AECPE0> Rtaiuat

cgaalCigiticat.adcticagit agtatciita toctactaac ictcaaatat 24Q 99&@%&%&@ 2100
cctcggtctc agtttacaac tctggatttg taccagcata atgtgttggg 300 W

CtECbT6A 2490 1P/ SSERGE/000 1 ICAQME tatiteatgadeatatagtacea

gcgcé@&&&@a§@££@8§9 %%é¥¥¥%98
gggatgaaaa cggfcggtaa cggtcggtaa aatacctc

C ccace

g9

CCC Ctca tE(i:ctc 360 tctg%acatgqacatctatata

$420° it

gaadgarttgcgygracgiaaaegaaaacgguaisataccggtaae 430 ganpacgaas:

c 501 <210> 66 <211> 393 <212> DNA <213> Atrtificial

at ircatattt

2040

2160

2220

228¢

gcacg%%% a%% tg ttcataaa Tt o ci

> $5553768 mays Ds fanked by Fimai BiNa L4862 66 tyte e

‘cgat aagitacatadgaaanigad aacgatagaggiatiface:gaceattacae 60. 9agegttttc, 100
atccctagtg agagtctgct cttctgtaaa cagacggctg aaattgctga 120 aaatcagaca

°ee LR gt Cratgtaatt Hitthatey CaRtgasa gy tac atgEk £ 18T SIocc

tgeceatagoo
taaaaggatc
grtticgtte
tttttttotg
ttétttgccg
gcagatacea
:tgtagcaccg
cgataégtcg
guggggetga
actgagatac
| ggacaggtat
gggaaacgcc
atttttgtga
tttacggttc
tgattctgtg
<210>
<21i>

212>
- <213>

513
258
DNA&,

<220>
<2Z23>

tcaggttact
taggtgaags
cactgagogt
cgcgtaatcﬁ
gatcaagaqq
aatactgtéc
cctacatace
tgtcttaceg
acggggggtt
ctacagegtg
cogytaageg
taggtatettt
Lfgctegteag
ctggeotttt

gataaccgta

Artificial

catatatact
tcctﬁtttga
cagacccogt
gebgettgea
tadoaactct
ttctagtgta
tegetetget
ggttggactc
cgtgcacaca
agotatgaga
goagggtegy
atagtcctét
gggggcggay
gectggoecttt

ttaccgccat

ttagatigat
taatctcatg
agaaaagatc
daadazaadaa
ttttoogaay
goegtagtta
aateotgltta
aagacgaltbag
gocecagettg
aagcgeocacyg
aacaggagag
cgggtttege
cctatggaaa
tgctcacatg

geat

Zea mays Ds flanked by human DN&

ttaaaacttc
accaaaatcc
aaaggatctt
ccacegetac
gtaactggcet
ggccaccact
ccagtggety
ttaccggata
gagcgaacga
ctteccocgaag
cgcacgaggyg
cacctctgac
aacgcoagea

ttetttectg

atttitaatt
cttaacgtga
cttgagataoe
cagcggtyggt
tcageagage
tcaagaactoe
ctgccagtog
aggogoagey
cctacaccga
ggagaaaggc
agettcecagg
tfgagcgtcg

acgecggeott

cgttateceec:

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300

3334



gcctcactgg atgtctactg ttaaagggag gacattgatt ggaaaagagt gggaccctga 240
aagttgagat ggggacacgt cgaggggccc taatgaagct gggaatactg agataataaa
300 ttctgatgag cctttttagc aagagggaat cgcctcceca cccccagtgg tagaaacatg
V83 Q?é]c‘gt‘f&'gcca tctactgcag taccaggctt tca 393 <210> 67 <2P$378§2006/000121
<212> DNA <213> Artificial <220> <223> Zea mays Ds flanked by
human DNA <400> 67 atatgaaaat gagaacggta gaggtatttt accgaccgtt
accgaccgtt ttcatcccta 60 gtgagagtct getcttctgt aaacagacgg ctgaaattgc
400tgaagatcag acacaagctg 120 ttactatgca agtgattgac ctgcaacgaa aggtacatgc
<29Yfcagéctcac tggatgtcta 180 ctgttaaagg gaggacattg attggaaaag agtgggacce
s e o e agigooecs
actctigagataat adgtictgat gagestitit 3t -2968a3RQ390R3L606EIGE gEASCCCCad o
ggtagaaac atgcccttgc ccatctactg 360 ca 362 <210> .68 <211> 25
S BRNARAS 2006719406 PEHECTO6AT0E21° A BRIgoEglss> 180
corchyiificial £220% 5223z 4easnays.Ds flanked hy vector QM&%&% 68,40
tggagctccc cgactaggga tgaaa 25 <210> 69 <211> 25 <212> DNA <213>
acagpatifictaF&29@s ¥ 223> Zea mays Ds flanked by vector DNA <400> 69259
tttcatccct gecgtcgggta cccaa 25 <210> 70

<210> 57

<211> 253

<212> DNA

<213> Artificial

t
cota

<Z2Z20>

<Z23> Zes mays Ds flanked by human DNA

<400> 57

agcacagggt
gagtgragge
tecteacteag
attttgttag
aaacggatat
<z21a>
<211>

<212>
<213>

58
260
DNA

<220>
<223>

<40C> 58
gggeetctge

_tagagtagac
ccacagtgtg
gzaaatcoeg
tegaaccoga
<210>
<211>

<212>
<213>

59
285
DNA

<220
<Z223>

ctttggaace
ttggggagec
ggatgaaagt
ttttatecceg

aca

Artificial

tttagacata
azagagactyg
ggggaagcay
tacogacegt

ggtaaaaacg

Artificial

tggtgtotaa agtagacaaa
ceacctteca cagtgtggog
aggatgggaa aatcccgtac

atcgatttcg aacccgaggt

Zea mays Ds flanked by human DNA

aaaggtatot gagagcacag
geatetcagy taggagtgea
gagycegtca gagtctcact

tategtataa cogatbttgt

Zea mays Ds flanked by human DNA

gagactggcea

gaagcaggay

cgaccgttat

asaasacgaa

ggtcttitgga
ggcttgggga
caggygatgaa

tagttttate

éctcaggtag
gcégtcagag
cgtataaccg

aacggaacgg

acctyggtyte
gooocacctt
agtaggatygg

cecgatogatt

60
120
18d
240

253

60
120
180
240

260



<211> 6495 <212> DNA <213> Artificial <220> <223> Ds Construct
<400> 70 cagggatgaa agtaggatgg gaaaatcccg taccgaccgt tatcgtataa
ccgattitgt 60 tagttttatc ccgatcgatt tcgaacccga ggtaaaaaac gaaaacggaa
g4 8Y 120 atatacaaaa cggtaaacgg aaacggaaac ggtagd: 20067000121
gtttcccgac cgtttcaccg 180 ggatcccgtt tttaatcggg atgatcecgt ttegttaccg
tattttctaa ttcgggatga 240 ctgcaacagagigectcgagce gettaagttt aaacgcgtta
acaattggcc ataatagtaa 300 tcaattacgg ggtcattagt tcatagccca tatatggagt
tccgegttac ataacttacg 360 gtaaatggcc cgectggetg accgeccaac gaccceegec
<4°G§att§§§gctc aataatgacg 420 tatgttccca tagtaacgcc aatagggact ttccattgac

O AT G G oaDtatta 48T T tassty coca gy Wt atcas Witdtcata 50

acaawgﬁ@@mtﬁﬁ@&ag%%@g&%g%a&mgggm&?&&atg CGG g
agtacatgac cttatgggac 600 tttcctactt ggcagtacat ctacgtatta gtcatcgceta

COSIF AR Ty GRYCTIIE 85 i CaGlEa 168y goR Y- b gatageerp argactcac 180
cgtag8ggattico-aagiciccac £20. cecatigacy icaatgggag HHgLttigg caccaaaatc,

aacgggactt tccaaaatgt 780 cataacaact ccgccctaftt gacgcaaatg ggcggtaggc
9R99GHIRRY GRPBRARTGECta® 840 ataagcagag ctggtttagt gaaccgtcag atccgctages

gctaccggac tcagatctcg 900 WO 2006/124001 PCT/SG2006/000121 42/48
<z10agctgaagct tcgaattctg cagtcgacgg taccgcgggce ccgggatcca tetgcaccat 960
<2liggtgadfcaag ggcgaggagc tgttcaccgg ggtggtgecc atcctggtcg agctggacgg
jgglo@“‘cgfacgt%aac ggccacaagt tcagegtgtc cggcgaggge gagggegatg

rti1Tic .

ccacctacgg 1080 caagctgacc ctgaagttca tctgcaccac cggcaagctg
<220eccgtgccct ggeccaccct 1140 cgtgaccacc ctgacctacg gegtgcagtg
<223gttcaRe ey taBecEimeeadatgmagea 1200 gcacgacttc ttcaagtccg
<appGCatgcccga aggetacgtc caggagegca ccatcttctt 1260 caaggacgac
acto@BEAACtaca-29aG16000C coaaqtdaag dicgagaacg acaceetag 1320 . ¢

gaaccgcatc gagctgaagg gcatcgactt caaggaggac ggcaacatcc tggggcacaa
oot 1980 YeRfgaghac aactaaaa g seat aartclatatcatF gogataagg 120
5803023600144, calcaadalg aacticaada tccaccacaa calegadgac

ggcagcgtgc agctcgecga 1500 "ccactaccag cagaacaccc ccatcggcgg
ttrtegfeeecgtepttyetge doy acaaccacta 4GB0z ectgageact cagictatoma 240
anc ggql%gggaaga ccccaacgag aagcgcgatc acatggtcct 1620 gcetggagttc

gtgaccgccg ccgggatcac tctcggcatg gacgagcetgt acaagtaaag 1680

cggccgcgat atcgctagctcgagatcggg agatctggcec tccgegecgg gttttggcac 1740
<210> 61 . ‘ '

<2ii> 218

<212> DHA

<213> Artificial

250

<220>
<223> Zea mays Ds flanked by human DNA

<400> 61
. gactggceaac avegectett ghtchectet atticeagea tccagaaaag tgtotggett 40
atecottggtyg ctcoceataaat ttttactgga tgaatgaata aatgaattca tgaatgaaca 120
gyatggetag tgagactagg gatgaasacg ghtcggtaacg gtoggtazaa tacchotace 180
gtttteoattt tcatatttaa cttgegggac ggaaacgs 218
S <z10> 62
<211> 44
<212> DNA

<213> BArtificial

<220>
223> Insertion gite of Ds construct in human DNA

400> 62



cccecgeggg cgeccecctee tcacggegag cgctgecacg tcagacgaag ggcgcacgag

1800 cgtcctgatc cttccgeecg gacgctcagg acagcggccc getgctcata

agactcggcc 1860 ttagaacccc agtatcagca gaaggacatt ttaggacggg

v%\%ﬁ&‘&@t%@“&tctagggca 1920 ctggttttct ttccagagag cggaacagd&T/8G2006/000121

gaggaaaagt agtcccttct cggcgattct 1980 gcggagggat ctccgtgggg

cggtgaacgc cgatgattat ataaggacgc geggggtgtg 2040 gcacagctag

ttccgtcgca geegggtttt . gggtcgeggt tettgtttgt ggatcgetgt 2100 gatcgtcact
992adggigagiageyggetgoty ggciggeeggfgetitegtg.gecgccgggc 2160 44

cgctcggtgg gacggaagcg tgtggagaga ccgccaaggg ctgtagtctg ggtccgcgag
<210222Q caaggttgcc ctgaactggg ggttgggggg agcgcagcaa aatggcggct
<z211gtteecgagt 2280 cttgaatgga agacgcttgt gatgggggct gtgaggtcgt tgaaacaagg
<2l2>tgg% gcat 2340 ggtgggcggc aagaacccaa gggcttgagg ccttcgctaa
“213%9c00gaadyiicttaticy 2400 ggtgagatgg getggggeac catctgggga
<220:£Cctgacgtg aagtttgtca ctgactggag 2460 aactcggttt gtcgtctgtt gcgggggcegg
<z23cagitatggegytgoecgitg ggcagigeac-2520 eegiacaiit gggagcgcgce geectegteg
<400 >tgtcfgtgacg tcacccgttc tgttggctta 2580 .aatgcaggg tggggccacc tgccggtagg
aceqigidcgolagagtiicloe dlegeaggas 2040, gcaggqticg ggectagagt aggetete,

gaatcgacag gcgccggacc %ctggtgagg 2 3006/124001

PCT/SG2006/000121 43/48 ggagggataa gtgaggcgtc agtttctttg gtcggtttta
j;%gjgtﬁégtatc ttcttaagta 2760 gctgaagcte cggttitgaa ctatgcgete ggggttggeg
<21 2-a0tgtgtttt gtgaagtttt 2820 ttaggcacct tttgaaatgt aatcatttgg gtcaatatgt
<z13aattttcagi gtéagactag 2880 taaattgtcc gctaaattct ggccgttttt ggcttttttg

ttagaccgga ccgtgttgac 2940 aattaatcat cggcatagtatatcggcata gtataatacg
<220>
QZ%&\C@.}@gg{tﬂggg gaagiaaace gO%Om%t %% aagc ctttgtctca agaagaatcc

accctcattg aaagagcaac gg%tacaa ¢ 3060 aacagcatcc ccatctctga
<40C>gga&etacagc gtcgccagceg cagctctcte tagcgacgge 3120 -cgcatcttca

aataCRRtGtCAA A RTIEIGHIY Feragrye ammecyie318Cagtgetgggca s
atat%gcgg&%ggag&%agg%gg Cg%g‘cgé Icagta(t: gét%qzc Q‘}:%%ggtgg gg ?9 8ct*{ 120
N ‘aatgagaaca ggggcatcit gagccectge ggecggtget gacaggtgct teicgatctg
actaltzlEgt certetgggactcaaagecat agigaagyaccagtgatggacageegacgae 180
agacagitgggatt 3360 cg ftgc t ccggct ttatgtgt agggctaag cacttcgtg
gaccc?c%g gggg%%ccaé: %%1(32&6 é%%%gg%%c tc§ ggggggg é%égﬁgﬁg[?ﬁtt?g?ébﬁ?ﬁ T&%tggtt%%o
tgaagaataagyearl480: aagoateas agalttcacaaatasageat Httitcaghgeattctagios
ot ctggg?ttt t 3540 ccaaactcat caatgtatct tatcatgtct gaattcccgg ggatcctcta
¢ CAgA 3600 “cehayiA At atac i itisaaetcednttgat 360

agagdtaaaaggak3666h L1203gaag atestittig-.ataaicical gaccagaaic.cottaacgty,,
agttttcgtt 3720 ccactgagcg tcagaccccg tagaaaagat caaaggatct tcttgagatc

CRAIRRARTC3TBY oG Gtaaic tgEiy Atge acaasagta BéGacegrIa ey cygtda
tttgtttgce 3840 '

<210> &5

<211> 501

<212> DNA .
<213> Artificial

220>

<223> Zea mays Ds flanked by human DNE

<400> &5

ctgttgacta cttttgctiyg aataccctet ttacttgget tttcteactc caagoatite &0

tggttttect
tiggggticc
attaatcaca

geatatgcca

tttacctcte
tcaggagtet
tetgttteat

ccteggtete

tgygctgtete tthteaacet
ghettigace tattatttit
agcttcaatt agtatcttte

agtttacaac tctggattig

cttttgtgte
ctetaattat
tygctgetaac

taccageata

ccttaaaatyg
tctectocaa
teteaaatat

atgtgttagg

120

i8¢0

240

3C0



ggatcaagag ctaccaactc tttttccgaa ggtaactggc ttcagcagag cgcagatacc 3900
aaatactgtt cttctagtgt agccgta.gtt aggccaccac ttcaagaact ctgtagcacc 3960
cctacatac ctcgctctgc taatcctgtt accagtggct gctgccagtg gecgataagtc 4020
‘g?dﬁ??é@&&@gttggact caagacgata gttaccggat aaggcgcagce ggtRgGetyosoi2i
aacggggggt tcgtgcacac agcccagctt ggagcgaacg acctacaccg aactgagata
4140 cctacagcgt gagctatgagaaagcggpag gettcccgaa gggagaaagg
cggacaggta 4200 tccggtaagc ggcagggtcg gaacaggaga gcgcacgagg
tattgpgfettcdagygggaaatyc 4260 t ctggtatathtatagigetgteggottiegsteacetctgas so
cttgagcagtc gatttttgtg 4320 atgctcgtca ggggggcgga gectatggaa aaacgccagce
tma%%%%%@étg ﬁﬁ%%%agt?%f%a%gc%gc c fgf%tﬁﬁg%ﬁ?ﬁ%%ﬁéécﬁﬁﬁ&@w@cca 420
cegtgttggcoagadeigagciag 4440 £ogecgcatategetageh egaggaact-RAlatggciis
ttatgttagc caaga%ccca 4500 WO 2006/124001 PCT/SG2006/000121
93277928 2 §ERIHIRA Cttdtgtgct acattaaact atgtgtgcte cagatttata tggattttat 45661
ctatgtttaa ttaagacttg tgtttacaat tttttatatt tgtttttaag ttttgaatat 4620 atgttttcat
<z10gtgtgfatttt accgaacaaa aataccggtt cccgtcecgat ttcgacttta 4680 acccgaccgg

jiigétcgﬁ cgg ttttogatta ccgtatttat cccgttcgtt ttcgttaccg 4740 gtatatcccg
<21 3tittegtttccgtcGegcaa gttaaatatg aaaatgaaaa cggtagaggt 4800 attttaccga

ccgttaccga ccgttttcat ccctatgcat tctgacagtt accaatgctt 4860 aatcagtgag
<zz0gcacctatct cagcgatctg tctatttcgt tcatccatag ttgcctgact 4920 ccccgtegtg
. “223fagAPAabit YGgchaera BRygcececa gtgetgeaat 4980
<sc0cgatagcgcga gacccacgct caccggctcce agatttatca gcaataaacc agccaaccgg
- teogbOAQcaagggcegag cgeagaagiy gieugeans tiatcages decatccagt clattaattg
+ 5100 ttgccggtgaa} gctagagtaa gtagttcgcc agttaatagt ttgcgcaacg ttgttgccat
92 B BY I OB AT ARGt St EACTTIEHRE SRitgGrART SRttcatea eyt 120
aaatb22-CeaaggaicR-29gegata clgalscce. catgligloc aapaaageag tageteett,
5280 cggtcctceg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggce
gect BT CagcactyRat adtteRIE QGtCatket atcEgpmgaagrIttcleptyactygtga 240
=aq-8400-OiRciRARG aaglcalil gaoanlagladalogggena cegadiidc clideccads,
. 5460 gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca
tret geAfng an 5526 9acRpICOy Ty cyasizas tetcaaggatttiacegete tigagatccsso
ccct%‘&gﬁtg@é@@gc a%c%%%ggcgqjtcggagggaact gatcttcagc atcttttact ttcaccagcg 393
tttctgggtg 5640 agcaaaaaca ggaaggcaaa atgccgcaaaaaagggaata
agggcgacac ggaaatgttg 5700 aatactcata ctcttccttt ttcaatataa ttgaagFatt
‘zigiat%ggtt attgtctcat 5760 gagcggatac atatttgaat gtatttagaa aaataaacaa
<21 cataggggttc cgcgcacatt 5820 tccccgaaaa gtgccaccta aattgtaagce gttaatattt
<2istgttasaatt €gogttaaat 5880 ttttgttaaa tcagctcatt ttttaaccaa taggccgaaa
tcggcaaaat cccttataaa 5940

<z1z2> DNA

<220>

<223> Zea mays Ds flanked by human DNA

<4C0> &7

atatgaaaat gaazacggta gaggtatttt accgaccygtt accgacegtt ttcatcoota 60
gtgagagtcel getettetglh amacagacogg ctgaaattge tgaaaatcag acacaagcetg 120
ttactatgca agtgatigac ctgcaacgaa aggtacatgce tecagocteas tggatgtota 180
ctyttaaagy gaggacattg attggaasag agtgggacos tgaaagttga gatggggaca 2404
cygtegagggyg coctaatgaa gotgggaata ctgagataat aaattctgat gageettttt 300
agcaagaggg zatogoctco ccacceccag tggtagaaac atgecettge ccatotacty 360
ca 362
<210> 68

<211> 25



tcaaaagaat agaccgagat agggttgagt gttgttccag tttggaacaa gagtccacta 6000
ttaaagaacg tggactccaa cgtcaaaggg cgaaaaaccg tctatcaggg cgatggccca
6060 ctacgtgaac catcacccta atcaagtttt ttggggtcga ggtgccgtaa agcactaaat
892844 cccta aagggageec cegatttaga gettgacggg gaaagBEd§&2006/000121
gaacgtggcg 6180 agaaaggaag ggaagaaagc gaaaggagcg ggcgctaggg
cgctggcaag tgtagcggtc 6240 acgetggaeg taaccaccac acccgecgcey
cttaatgcgc cgctacaggg cgcgtcccat 6300 WO 2006/124001
<213 PCHSGE2006/000121 45/48 tcgccattca ggctgegcaa ctgttgggaa
<29 >‘gggcgatcgg tgcgggcctc ttcgcetatta 6360 cgccagctgg cgaaaggggg
<223:A1040C19Ca agacgaliaa gt&ggta%%% 96eagggtit 6420 tcccagtcac gacgttgtaa
aacgacggcc agtgaattga tacgactcac tatagggcga 6480 attgggtacc cgacg
<400°6498 <210> 71 <211> 6400 <212> DNA <213> Atrtificial <220> <223>
LIAIRECPE P BGIIEFECt 923D0> 71 tagttattaa tagtaatcaa ttacggggte attagttcas
agcccatata tggagttccg 60 cgttacataa cttacggtaa atggcccgcc tggctgaccg
<2l0xce@acgacc cccgeccatt 120 gacgtcaata atgacgtatg ttcccatagt aacgccaata
<211@g%§ctttcc attgacgtca 180 atgggtggag tatttacggt aaactgccca cttggcagta
<2123 ° DNA
<z13cattdagigl atcatatgce 240 aagtacgccc cctattgacg tcaatgacgg taaatggccc
gcctggcatt atgcccagta 300 catgacctta tgggactttc ctacttggca gtacatctac
<220>gtattagtca tcgctattac 360 catggtgatg cggttttggc agtacatcaa tgggcgtgga
<223}aRefy iy actéaditfyrd 2t areicaagietccacceca ttgacgtcaa tgggagtttg
<4pgititggcacc aaaatcaacg 480 ggactticca aaatgtcgta acaactccgce cccattgacg
trtoCARat)ggeg-gtagacatghs40 acggtgggag gtctatataa gcagagctgg tttagtgaag
cgtcagatcc gctagcgcta 600 ccggactcag atctcgagct caagcttcga attctgcagt
<210:L936ggtacc gecgggeeegg 660 gatccatacg atttaggtga cactatagaa tacaagcttg
<211:Ctt@Hett ttgcagaagc 720 tcagaataaa cgctcaactt tggcagatcc gccaccatgg
<2lzxgtowvtecaga gaagaagcgt 780 aaggtagaaa tggctattgt tcatgaacca
<2131 adEtaEa®atacaaccaca accagaacca 840 caaccacagc cacaacctga
<22p-ACCCgaagaa gaagcaccac agaagagggc aaagaagtgc 900 acatcggatg
<zz3tatggcagoafilcaccaag aaggaaattg aagtggaggt cgatggaaag 960 aaatacgttc

<éoo>agg}tatgggg gcattgcaac tttcctaatt gcaaggctaa gtatagggct 1020 gagggtcatc
Caggg%ggg(iaaagggggggggéttgggag tcacttgaacgaacatcaca tattttagtt 1080

cccg gaccgt tatcgtatda cegattttgt 60
tagttttate ceogatcgatt tcgaacccga ggtaaaaaat gasaacggas cggazacggy - 120
atatacamaa cggtaaacgyg aaacggaaac ggtagageka gtitccegae cgtttcoacog 180
ggatccegtt tttaateggg atgatcoegt ttetttaccg tattttotaa ttogggatya 240
ctgcaacaga teoccteogage geottaagtit azacgegtta acaatiggcoe ataatagtaa 300
tcaaitacgg ggtcattagt tcatagcecea tatatggagt teocgegttac ataacttacyg 360
gtaaatggcec cgcctggctg accgcocaac gaccccceger cattgacgte aatastgacg 420
vatgttcooa tagtaacgeo aatagggact ttcocattgac gt;aatgggt ggagtattta 480
cggtaaactyg cccacttggc-agtacatcéa gtgtatcata tgceaagtac goccoctatt 540
gacgtoaaty acggtaaétg geecgectgyg cattatgeoee agtacatgac ctitatgggac 600
ttfcctactt ggcagtacat ctacgtatta gtcategeota ttaccatggh gatgeggttt 660
tggcagtaca tcaatgggeg tggatagegg tttgactcac ggggatttee aaghtetceac 720
cecattgacyg tcaatgggay ttigttttgg cacca#aatc aacgggactt tccaaaatgt 780
cgtaacaact ccgccccaté‘gacgcaaatg ggcggtagge gtgtacggtg ggaggteotat 840
ataagcagag ctggtttagt gaaccgteag atccgotage getaccggac teagatehog 800



aaaggtcagt tgtgtctaaa aagtaaaatg gatcatggca aagacataaa tctcattgag 1140
CCttataagt acgatgaagt ggttagccta aagaagcttc atttggcaat aatcatgcat 1200
aataccctt tcaatattgt agaacatgag tactttgttg agtttgttaa gtctctgcgc 1260 WO
‘886%9?%6& PCT/SG2006/000121 46/48 cctcactttc caataad§isG2006/000121
ccgtgtcact gctagaaaat atatcatgga tttgtatttg 1320 gaagaaaaag aaaagttgta
tggaaaacta aaagatgttc agtctcgctt cagiagaact 1380 atggatatgt ggacatcttg
tcaaaataag tcatacatgt gtgtcaccat ccattggatt 1440 gatgatgatt ggtgtctcca

agctaaapagaaitgtiggeltitdtealoitge ageasganac a0 actggecaaa . gattatcacs;,
aaccttcact gcaatcat%%tttaagtggaa cattgagaaa 1560 aaattgtttg ccttgtcttt

99t YRR AR AT BT 8T RECGatat 16207 (e gttt tgeaggatae

ogacigaticaaaiclagiiigio-atgaacitcliteatalg, 1680, aggiglactt glcacatact
gaacttggtt gcaaaggatg gcttggctgt aattgcagga 1740 acaattgaga

caaggEEREa fHGe YatGRcHGE faRaarenete et O caygigraa 1 860 caactaatgel 4 0

+g20igIgCctag 1gaatgigac ffggaiaaal claa at ctcatatgat 1860 gtctcaacta
e g At Sloeb A (EAaoteri 846 et hatan
geacgrpittaabiberadgtgatcotEgeagitatpatgcaattigiosigaggcedOBR terr 1260
aggagtgga agatggcatt aactcttttt aagtgtttga agaagttttt tgatctcact 2040
Caagg%%%t%c?%%ac‘?gg?a%tc%?%?ﬁﬁ%%%%t° e g?ﬁég? HaC ARG HRTEEG P00 1320
gaacefasaggaidgaitgaceaatggiotgti-ealgagaantdigicaliag 0ageatensts21605,
. ttéctcaatgaa gtgaaaagtt tgagaaatat %%aaagtgt ctaatattgc actagctgta 2220
9% g%& et YRRt GaRasYa s B GaRg HGRR AR g Aa2RRRatE 2280 440
catcbiggigali-catacaaagideatgtagat gactiigita agoicatiag aagatigial 2340, 5,
caattctatt ctagttgtag tccttcagct ccaaagacaa agacaactac taatgatagt 2400
ceachifrigatd Tigaty fadaataagel R ARt C ERriactttt gcatgagtiy: 24606 60
cotgR@guatialg alcaagtaga gicaaalaa tagatanat atatgictga acceetittq 2520,
aagcatagtg gtcagtttga tattttatca tggtggaggg gaagggttgc agaa%%tcct 25
JCLogREteacasattfcaggaygatgrycteryeaatacaan tgteractytigettetgagy 2648s0
ggﬁgttgg tgctagiag teatgttait gatcettace gcaatcgtct tggttcggag 2700
99 a%tgttgaagc%tttggtatggg3%’51%35%8ag‘%1 ?96‘5%3%%%9%51%{35‘5 SgotgisEa 2764 °
cece T ad caatgatty g dgatotegag gigotagact cigitaligedgoigeaaca 8201800
cate gtatggégggta atcatat%gt;a t%g%gatgaa gacgcaata% aattttctaa gaataatgaa 2880
7 Gatgtagtas giggctecte fecatghn cS AHtERaty G tRFATHgEE 29468 0
ttagitggitgtaadagitiaigc algaiasgly eleoagalghgagcaagion ttalgaaial 3000, o5

1080

gtgttttaaa ctttatattg.tgtcatgtgt gctagtaaacttatatggct tcttatgtta 3060 WO

e O061 S 661 P T/ SEPA0B6001F 24748 agteccttot cogegattct 1980
geggagggat ctcegiggoy cgytgaacge cgatgattat ataaggacge geogggtgtg 2040
‘gcgcagatag ttcogtogoa geoogggattt gggtcogeggt tettgtttgt ggatcgctgt 2100
gategteact tggtgagtag cgggctgctg‘ggctggccgg ggctttegtg gcoogeoggge 2160
cgeteggtgy gacggaageyg tgtggagaga cﬁqccaaggg ctgtagtetyg ggtecgegag 2220
caaggttgeo ctgaactggy ggﬁtgggggg agcgca@caa aatggegget gttcecgagt 2280
cttgaatgga agacgcttglh gaggeggget gtgaggtegt tgaaacaagg tggggggoat 23490
ggtgggeggc aagaaccoaa ggtottgagy cottcgotaa tgegggaaag ctetbatteg 2400
ggtgagatog gotggggoac catctgggja ccoctgacgtg aagtttgtca ctgactggag 2460
aacteggttt gtegictgtt gogggogegy cagttatgge ggtgecegttg ggeagtgeac 2520
ccgtaccttt gugagogege gocootogtcog tgtegitgacg tcaccegtie tgttggetta 2580
taatgoaggy tggggocace tgocggtagg tgtgegghag gotttiotec gtegeaggac 2640
gcagggtioey ggectagggh aggetctect gaatcgacag gogecggace tctggtyagg 2700



gccaaggcgg ccgcgactct agatcataat cagccatacc acatttgtag aggttttact 3120
tgctttaaaa aacctcccac acctccccct gaacctgaaa cataaaatga atgcaattgt 3180
tottgttaac ttgtttattg cagcttataa tggttacaaa taaagcaata gcatcacaaa 3240
‘fﬁ%g@é&é{“ dagcatttt tttcactgca ttctagttgt ggtttgtcca aactcatcE2/5G006/000121
tgtatcttaa ggcgtaaatt gtaagcgtta atattttgtt aaaattcgcg ttaaattttt 3360
gttaaatcag ctcatttttt aaccaatagg cpgaagjcgg caaaatccct tataaatcaa 3420
aagaatagac cgagataggg ttgagtgttg ttccagtttg gaacaagagt ccactattaa 3480

y9acagaesy igga siccaacyictaaaggg cgaahaacegigta {eagggcoalggsscactag; o

ot 3540t cgtga%%%zgtc accctaatca agttttttgg ggtcgaggtg ccgtaaagca ctaaatcgga

¥ IBRB0- Acditaaa gy g AHUHEUS ARSI Gatg e y &Ggeghte 2820

ttaggtggegagag 366 aggRA0H9AR £233856223.8039¢999Cg-£6a999¢aCt 544,

‘ gcaagtgta gcggtcacge 3720 tgcgegtaac caccacacce geecgegcetta

taaagt&égeca%“f?@&@@5%?&é@@?g@%ﬁtsmgcﬁﬁeggwaaaqg@gegtgac 2540

aattdG8aGC %@c@@@%@tt@@é@@@é@ac %@Q@Qﬁ&é% 9 & at %%%g:a%g Cta%%%%g'ggg aa 3000
taaccctgat aaatgcttca ataatattga aaaaggaaga 39 gtcc%gaggc

aty9gErRRRfg aaERCAGRIgtggaRTRATtgtcag ttaggbtgty gaaRgtocen 396Bate 3060

C cagaa gtatgcaaag catgcatatc aattagtcag caaccaggt
R R LS R R

cgcatrHattagtcd8t-ay caactatagicocgreeee §aa6ieege6 G CCEUREG staacteege
agttccge 4140 ccattctccg ccccatggct gactaatttt ttttatttat gcagaggecg

. (o U
gtgcga c%agg%t%cﬁﬁbﬁcgﬁ%%?%agﬁ lHEtHa Gy At o Geti e g ey
aatogGititgCagA26t-ngategates agagacagga toagaaleal ficacatgat igaacaagat

. ggattgcacg 4320 caggttctcc.ggcecgcettgg gtggagaggc tattcggcta tgactgggca
ca 08

BEHYACABPA38Y RYTERME TgGeR e HtgRecarRIRftcacysantt

3360

cgtgggggm@geg&t@gg@ttgﬁﬂé@gggea&@ggg@aggl%28995995??%“&%%%99&9C%%
cgaggcagcg cggctatcgt 4500 ggctggccac gacgggcgtt ccttgcgcag

ITRCEHITICHF R ERFAAGE Yy aa 860t gy Jactgyttgctatigygaaca

atag92aQl0CRAT ggcagoalet cotatcatat. cacctige
atggctgatg caatgcggcg gctgcatacg cttgatcc

s

ccangabRpigaaakrattytategageyay catyitactegyatay 44402 apgecaeiats
lgtcgatca fgatctgg acgaagagea tcaggggctc gcgecagecg 4800
ccaa&qg%£ té%ég%gk ggta gtég tbagaaé¥% cat Eﬁﬁiiﬁcéﬁ?tﬂag%@bamfGGO

aactgttcgc caggctcaag

cgagcatgc ¢cgacggce

ctag486 VA 2006¢12400b REILS G2086/0001 22+ 48/48-gcaatgeclg«

cttgccgaat atcatggt

"G50t

3480

%(%% a& g?gé[atccatc
S ek

3600

3720

g aaaatggccg cttttctgga ttcatcgact 4920 gtggccggct

J

00CT GGt Agaatat St gy Titaie Cotgatattg 4980t ktgaagdgét

gegoilgegecgradegaeioant galiceicat gelttacqotaleaccasic 8040, cogaticgga,
gcgcatcgcec ttctatcgcec ttcttgacga gttettctga gecgggactct 5100 ggggttcgaa

992t HiGate gacC TG Gathicc EagrT iRt At gagteasgatecae-548G:0c 3900
aaatactgtt ctictagtgt agoegtagtt aggocaccac ttcaagaact ctgtagcacc 34860
goctacatac ctogetctge taatcotgtbt accagtgget gotgeecagtyg gegataagte 4020
gtgtcttacc;gggttggact caagacgata gthacoggat aaggcgeage ggtogggotg 4080
aacggggygt tcegtgoacac ageccagott ggagegaacg acctacach aactgagata 4140
ccﬁacagcgt gagctatgay aaagcgccan gettcoogaa gggagaaagg cggacaggta 4200
- tcoggtaage ggoagggteg gaacaggaga gcgcacgagy gagottocag gggdaaacgc 4260
ctggtateott tatagtectg tcogggttitcy ccacctotga ctigagegibe gatttttghg 2320
atgotegteca ggggggcgga gectatggaa aaacgccage aacgcegygcoet ttttacggtt 4380
- cecggecttt tgetggectt thgetcacat getgggooea geeggeeaga totgagoteg 4440
cggecgegat ategotaget cgagggactt atabggottce ttatgttage caagagcocca 4500



cgecgcctte tatgaaaggt tgggettcgg aategttttc cgggacgecg getagatgat 5220
cctccagege ggggatctea tgetggagtt cttecgeccac cctaggggga ggctaactga 5280
aacacggaag gagacaatac cggaaggaac ccgcgctatg acggcaataa aaagacagaa
‘%%58”%?5‘3 gcac ggtgttgggt cgtttgttca taaacgcggg gttcggtccAdtfereiygeai21
5400 ctctgtcgat accccaccga gaccecattg gggecaatac geecgegttt cttectttte
5460 cccaccceac cccccaagtt cgggtgaagy cccagggete geagecaacg
tcggggegge 5520 aggcecctgec atagectca.g gttactcata tatactttag attgatttaa
agachigdttcattt 5580 gtih atttatier aggatetaggrtgaagaiest titigatanietoatgacca 4560
564% cgt a?ttt tcgtttctcact tagaa aagatcaaa

tcectta a agcgtcaga cccc
Ctatggt}t%?t%t% B700 “agatecttt tietgcgey ?ﬁgﬁ‘c g?:‘t%tgiﬁﬁ%laaga a'Hsaa5Eccad 8

stgtogotaccags 5760 t0giggigialig eaganlsaagageiassaactgiil 669aagalag
ctggcttcag 5820 cagagcgcag ataccaaata ctgtccttct agtgtagccg tagttaggcc
B R A R AE B BB Y AT A G ACE Rt Ca R b Bt gt taatE Tgftacddd O

stat486tgCige BOAQ cagigacaal-angieaialc.iacaagit agactcarga.coatagiias,
cggataaggc 6000 gcagcggtcg ggctgaacgg ggggttcgtg cacacagccce

=L RfCHiGo ST GAsRTacoR BUBT cacEtRrf abptaeetat agegtgagets 4860
aatcAORUAARICHCACICLE £C0AA0990, 6120 qaaggcgdac agatateeag
taagcggcag ggtcggaaca ggagagcgca cgagggagct 6180 tccagaggga

ceccgrsecpgratettiatacpictgiogg gutitcyceace totgaatigaH24A0-0eaiegatttaoso
LHatgatgcet cotea cqg ccatat agaaacg ccagcaacgc 6300
g2t g%’égcgttttga&t %ég:l:gatct:é%%g g gcccgfﬁ%gg t?t%cgc%?é% & %aéc%?%ft%? HEG T E566°
aagg@tcoegtgaticigigunte-acegtatactegacatgeat 6400042:2006¢/124001.. 5100
e PCT/SG2006/000121 1/8 . SP6:. '++?kYaa.~0a -Pa,LyA -+e S ~
ST LA BB RIAT P O TR BB 326V Higiier 1902 60i67129%400151 60
£got REIISGROPG/PON1 21248tk +TR3se A NS efiislon produe s. spieks M
12 34 B onorl Before oxcJslon:
ceaACIRY EB G ATTOOE G AC M R D S-THHEaECCEgC CPECCGTALEGA

cggtéétccg

5040

atcgtigtca gaagtaagtt ggocgeaghtg ttatcactea tggttatagge 5340

agcactgcat aattcteotta ctgtocatgec atoegtasga tgotttictg tgactggtga 5400
| gtactocaace aagtoattet gagaatagtg tatgeggega - cogagttget cttgeoegge 5460
gtcaatacgy gataataccg cgecacatag cagaacttta aaagtgetea tcattggasaa 55290
;cgttc&tcg gggcgaaaac tcteaaggat chttaccgetg ttgagatcca gttégatgta 5580
acccactegt geacecaact gatqﬁtcagc atettttact tteaccageg tttctgggtg 5640
agcamasaca gygaaggcasa atgccgceaas- aaagggzata agggogacac ggasatgttg 5700
aétactcata ¢ctetteoottt ttecaatataa ttgaagﬁatt tatcagggtt attgtctcat 5760
gageggatac atatttgaat gtatttagas asaatasacaa ataggggtte cgegeacatt 5820
tecececegaaaa gtgocaccta aaﬁtgtaagc gttaatattt tgttaaaaﬁt cgegttaaar 5880
ttttgttaaa tcagctcatt ttttaaccaa taggecgaaa teggeaaaat cecttataaa 5940
tcaaaggaat agacegagat agggttgagt gttgttocag tttggaacaa gaghccacta 6000
ttazagaacyg tggactccaa cgtcaaaggg cgaaaaacog tectatecaggy  cgatggococea 6060
ctacgtgaac catcacccta atcaagtttt tiggggtoga ggtgecegtaa agcactaaat 0120
chaacccta aagggageos cogatttaga gettgacggyg gaaagocgge gaacgtggeg 6180
agaaagdaay ggaagazagl gasaggagog ggogctaggy cgotggeaag tgtageggte 6240
acgetgegeg taaccaccac écccgccgcg cttaatgege cgotacaggg cgeghcoacat 6300



After exdslon: GAGGATCCCWAC W GGTATO3tc...

...OAGGATOOOC>FACT

Before e+o Islon:
WORHIARPH ccce3actagggatgaaa-DS-C2CCatece CgrXREEEISRNOH0H 2!

R. .. After ezclslon: ...1 aaceracccGA GTCGGGTACCCAA...

CPCCCGVA.........

GACtagggatgaaa-Da-CCtcatecCtgGAACTGACCCITfCAT...
LegccaTICFATGICRCEC <tagggatgac Q8 duat CLeigBfR TCREECTEG Cl ¥R 40
cgccgg}ggrezwo 2006/1%\%[)0%PCT/SGZOOGlOOOlZl 3/8H Id Ps m Lx1

g9
~a~

G0 16°R8

SGTORYHPACCCAA... C:..CA

teccREIIS GRCHE/G001 21 c4dB 22415yt B0 1424k 42RO A WEY -
2006/124001 PCT/SG2006/000121 5/8 :1 "~, ~1 lll. 111 ,,, lI""No

attg%$F

<210>
<211>
<21i2>
<213>

71

DNA

<220>

<223>

<400> 71

tagttattas

cgttacataa
gacgteoaata
atgggtggag
aaétacgccc
catgacctta
catggtgatg
atttceaagt
ggactticca
acgytgggag
ceggactcag
gatccatacg
tcagaataaa
aéqgtagaaa
caaccacage
acatcggatg
gaatacgtto
gagggtcétc
- aaaggtecagt
cothataagt

gaataccctt

pos

6400

[

Artificial

tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cetattgacy
tgggactitte
cggtitigge
cteocacacea
aaatgtogta
gtctatataa
atctegaget
atttaggtga
cgetcaactt
tggctattygt
cacazcctga
tatggeagoa
aggtatgggy
atggéacaag
tgtgtctaas

acgatgaagt

tcaatattgt

Se%Figure 5

An~TPase Construct

ttacggyatc
atggccogec
ttecoatagt
aaactgccca
tcaatgacgg
ctacttggea
agtacatcaa
ttgacgtcaa
écaactccgc
gcagagctgy
caagcettaga
cactatagaé
tggoagatce
tecatgaacca
acccgaagaa
tttcaccaag
geattgecaac
cggatticga
aagtgaaaag
ggttagecta

agazcatgag

attagtteat
tggetgaceg
aacgecaata
cttggoagta
taaatyggece
gtacatctac
tgggegtgga
tgggagtitg
cecatitgacy
tttagtgaac
attctgeagt
tacaagettyg
gocaccatyy
caageacaac
gaagcaccac
aaggsaattg
ttitectaatt
aatcactitga
gatcatggeca
zagaagotte

tactttgttg

agcaccatata
cccaacgace
gggactttcce
catcaagtat
gectggeatt
gtattagtca
tageggtttg
ttttggeace
caaatgggég
cgtcagatce
cgacggtacce
cthbgttetit
gtcctocaga
cacaagcaca
agaagagggc
aagtggaggt
geaaggcetaa
gaacatcaca
aagacataaa
atttggeaat

agtttgttaa

toggagtteog
ceegeeceatt
attgacgtca
atcatatgec
atgeccagta
tcgetattac
actcacgggg
aaaatcaacé
gtaggcgtgt
gctagegeta
gegggeceyy
ttgcagaage
gaagaagcegt
accagaacca
azagaagtge
cgatggaaag
gtataggget
tagtttagtt
teteattgag
aatcatgeat

gtetectgege

aGTCGGGTATCGEG... Oonor2

“ENTEKEENLS Flgdre S W 2066728001 ¢42°

6480

6495

&0
12¢
180
240
300
360
420
480
540
600
660
720
780
840
200
2690

1020
1080
1140
1200

1269



WO 2006/124001 PCT/SG2006/000121 6/8 -DNA 1 Homo sapiens
chromosome 17, clone hRPK.294 J 22, AC005921.3 61:4982556 A7
véDSS'-122331-.., +\-): &'

PHYAtA Y atacggtcggtacgggatttteecatoetacttteatccctgAG TES A HRETEoYs21
ACGGCCTCCTGCT
TCCCCCACACTGTGGAAGGTGGEH s TCCCCAAGCCTGCACTCCTAC
CTGAGATGCC

cetcCTCTERTHRETC TAGTE FAGACASLE ARG REECAAAGACGCRKGIGCTER

CAGATACCT
ST P AT E O T AR RO ARG B PR C A ERETC COERTEFEAGTA?

atggaci&)@,,gcggme&t@%;ameﬁ%&s&gahg&\@gg@méa(t--&%@%985' 1440
+\+): S'rev, ‘
IR IR BT AR B T T T C ARG CICE T FE TAAKG TAS ACTARGAGACTE

actg@%lcé%@caca aacctteact gcaatcatyg ttaaghbggaa cattgagaza 1569
: GTAGGAGTGCAGGCTTGGGGAGCCCCACCTT CACAG'F qI'GGGGG

éaatmm%’@/q@@tt ggataatgot agtgeaaatyg aagtagotgt goscgatata 1620

- anegdaGRT GAGAGTCT CACTeadgdatgaaaaiaggatgggaaaatecegtacegacegtial
egtataaecgatittgttagtitta

aggt qegetfateyattegadcteyadygtddagaacgaaaacggaargganacggatataga(SEQ o

acaatl c[i\l(;:57 D5 ...-122%%3 -Ds5' +\+): 5'rev :
OGGCCTETECI TIAGACATARRAGETATE T ERGHE CARSABEETCTH?

gaactBBAAGEIBEstay tgaatgtgac ttggataaat ctaaagggat cheatatgat 1860

TGTCTAAAGTAGACAAAGAGACTGGCATCTCAGGTAGGAGTGCAGG
gtctcaﬁrééé‘@g‘%gétc aacctatttyg atgttgaggy atgocttata ttataageet 1820

gcactgjﬁﬁéggagt@g%é\@wﬁ@&%@é@g%%éﬁ%@gg&é&%@q%
eagggatgaaag
- 999 gatg GRS JRCGaR Yt ataar coRrg tapttttaretTatty attisya
gaacie88920018ARaAC0(SEQ IRNO:58) D6 (.1 122331-Ds5. +\4): Srev, .
, GCTTTAGACATAAAAGGTAT TGAGAGCACAGG&%’CT‘T K%CCZF &
ataagQqas TCPARAacca atggtgtgtt catgzaaaat ttgtecattayg gagaatggoc 2160
seeo A ACAAAGACARTACCATCT CAGGTACGARTECACECTICCASA
goat COACACFETGECHE BAAGCABGAGBEE GTCAGAGTCECAGTEAJggaY
catgg%%gg%agggégggaa aa ca agat Lot o1
AttCegtaccyacogtateytatadceg Rt Gl p i AeteGatiaticyactehagdisd
caatt@AAACHARAAGERACEAL (SRQIR NG N 7122324 -Ps3t gk t)3 €Y 00
ACTGGCAACACCGCCTCTTGTTCTCCTCTATTTCCAGCATCCAGAAAA
atggaé%%c:fazéﬁgga aaatgaagat gatgaatttc aaaactattt geatgagttg 24690

aagga%%%%g@a@g CICCATAMELIEIACTGAATGAATGAATAAATGAAT
32gCAEMAL ACBATEE CRAE TEAG ACTAgTMY asaacgteggtaasygteggtaaasia

ctotCEielaceoliticatit

R e R R e T e

et G0 DS todk22324 BB'vt b yBlrevface goaategtet tggttoggag 2700
%ACTG AACACCGCCTCTTGTTCTCCTCTATTTCCAGCATCCAGAA

attgtA%\aégi_é E: &tétg cacazsaagat tgggtagceag- catcoctagaaa aggtgotaca 2780

tatt tEIRATGEIECGT GERCCATAAAIEIFIACIGAATGAATCAATAAATGAA
TTCATGAA ’

B T ERACACCRTECET AG TEACACISIGaasa ARt gr difta bRy gtaiiaa

gatglagaiclacegiiteatiicatalilaactiocaggacegaanseaSEQIRNQED  4o.g
;tggttgtaa tagtttatge atgctaagtg ctccagatgt gagcaagtga ttatgaatat 3.(}(}@.

gtgttttaaa ctttatattg‘tgtcétgtgt gotagtagac ttatatgget tottatgtta 3060



Figure 6A WO 2006/124001 PCT/SG2006/000121 7/8 DNA 2 insertion

site:
GGAAGCAGGAGGCCGTCAGAGTCTCACTcagggatgaaagtagg...5'-Ds-3'.
W I cctaGT CTCACTAGCCATCCTGTTCATTCATEGEEGS195/000121
NO:62...5'-Ds-3'...SEQ ID NO:63) -DNA2- Homo sapiens chromosome 17,
clone RP11-219F9 AC046170.6 G1:17488726 1A2-1 (Ds3'-23951-... +\-):
3I
geCe g asaEtgaREacgtagatrratitartgdeegttacogacegtitteatccctaATAG A
toct TGGATGTITAGAGA

¥ GGACTGAGGGGGCAACTCARTETEFTT ARTIFERACETPAETFATGTE?
Lot tXTEATCGAANECLy cagettataa tggttacaaa taaagcaata gcatcacaaa 3240

‘ACC AACAC@CETATGCTGGTACAAATCCAGAGTTCTAAACTGAGACC
tttc%z\ﬁ _laé%géat t ttteactgea ttetagttgt ggtttgteoca aactcatcas 3300

tota RATGCACAEEIGAGAGTIAGGAGECATAAAGATACTAATIGAAGCTATG
AAACAGAT
S T AT AR T T CREG A RA TART TAGA GRRANATAATAGG TCAAAGR

aagaa@é@AQg%taggg ttgagtgttg ttccagttt(% Jaacaagagt ccactatﬁGAé&AB&

TGAGGAACCCCAACAI"I'TAAGGGACACAAAAGAGGTTGAA

agaa%ég@e%%aacgtc aaagggcgaa aaaccgteta tcagggegat ggoocactac 3540
st5a SR TAMRAGGAMACCAGAMATRGITOCACIGACIARMGECANGTR
aCCCRFIRCAACTARAAGTAGTCAACAGTRTG TIFGEEAARCACHIGCAGAC
TGATTGGA AGCTAGA (SEQ ID NO:64) 1A2-2 (..:23951-Ds3' +\+):
aggaagcl,:;ég\a/tg gaaagcgaaa ggageggdeqd ctagggegdht ggoaagtyta gocggtaacge 3720
_ tgcg?gﬁi‘g&éﬁjﬁé@%T&E&@&_ﬂE@%E@&%IQEIJ@%%EG@%EIJJ&TCME
O G T 1 T P T AR T TE TS T TE T FCRACETCTTT IO
tgtaﬂaa-&eca-gﬂ_ﬁ@écaa tzaccctgat asatgettca ataatatiga aaaa_i_qlg_lalla a 3800

ATGTTGGGGTTCCTCAGGAGTCTGTCTTTGACCTATTA ‘CTCTA
gtcctﬂwﬁ?wacc agctgtggaa tgtgtghteag ttagoghghtg gaaagtcococe 3860

aggctg%%ﬁfkgggc@réga@%&&y&@é&%&%TJa ARTILCTIATCTTTATGET,
tgga EG%WAW%WPAF@%M@T@@@WE@A@E%’Q&@AA&%&E%ATTT@B

acadl e St e, teantasas CRUCRMRY FRMGTTGIRATFATACAEH

ceattPIEAGEEGCagct gactaatttt ttitatttat gecagaggeceg aggecgocta 4200
CCCCTCA(ECTCCTCTCTAAACATGCATCTATAtagggatgaaaacggtcggtaac

ggcctEtgag ctatbocaga agtagtga ¢
gg?cggtaaaatacgteta gtgagg aggetttittt ggaggectag gottttgeaa 4260

agatc@@gﬂﬁcﬁﬁm@waﬁﬁg@gg@%gﬁa@a@g@&aaggmg@%g&@&%aaa@ﬁ@

__cgggataaatac (SEQ ID NO:65) Figure 6B WO 2006/124001

AT BT BFUEI0001 519 BFIBN AL 18RS Sdiietig etromosermects, cldgeo

teoggdRbttE-8L3BLLAC09033Q22 612413 (087 9% g@g@;}-gl?ﬁ%g;c.&g +}: 34" 0
tccgtcccgcaagttaaatatgaaaatgaaaaeggtagaggtatt taccgaccgttacegaccg%t%tc

tcaagéf%a@rr@ﬁ@ge'pecptgaatg aactgcaaga cgaggeageg cggotategt 4500

ggctggc%rg%%;g@%%@é%@a%G&;%é%ﬂ%&z%fé@ﬂ%é\%’;%C‘é’é&%

9993 FGCAATFEATIGC ACETEEAARCAAAGE FAGATGETCAGEERCACTES

'ctgccéa-ilz_;c.a;;- %1;‘

T
'tb‘ac‘;.ccatc atggetyaty caatgeggeg getgeatacy cttgatcogy 4680

ctaccitgeee attegaccac caagcgaaac atcgcétcga gcgageacgt actoggatgg 4740
-, Bageoggtot tgtegatcag gatgatobgg acgaagagca tcagggygctc gogocagecog 4800

aactgttege caggetcaag gogageatye cogacggedga ggatctogtc ghtgaccecatg 4860



GTTAAAGGGAGGACATTGATTGGAAAAGAGTGGGACCCTGAAAGTTG

AGATGGGG
ACACGTCGAGGGGCCCTAATGAAGCTGGGAATACTGAGATAATAAAT

HERG

PCT/SG2006/660121

CCTTTTTAGCAAGAGGGAATCGCCTCCCCACCCCCAGTGGTAGAAAC -
ATGCCCTTGC CCATCTACTGCALRIACCAGGCTTTCA (SEQ ID NO:66)

B10 (Ds3'-17490-...

+/+): 3

Iesa st dagatgasety @fé@é@@%&ﬁtmeegﬁawgmguacme@cm&mA@.rﬁzo
ERARATCAEACRERE SR TFAETATE®

ctya@ANG TGATI R cgaa tgggetgace gottecteogt getttacggt ategecgete

gragebbchCh
AACAGA

e ga&ACCTGCAACGA

ca %:éca écgcc
gggg&A@ATat@#chaﬁAAM%&TG@&%@&QT&%AQH CARATEGGGAG,
ACGTCGAGG
SECCEETECHRRTUAA CEFECEART ATTEAG ATAIRTARA FRERBECAGEE
cetedabbdd Afpfglictoa tgctggagtt cttegeccac cctaggggga
AGAGGGAATCGCCTCCCCACCCCCAGTGGTA&
aacafggieﬁcﬂ%QEFF@$qupggﬁﬁgq{y¢Q€ggngz@ﬁgea@qgcaataa agagacagaa

tazaacgcac
ctetgtegat
coeacoooac
aggecetgee
ttaatttaza
acgigaghtt
agatcetttt
ggtggttigt
cagagogeag
gaactctgta
cagtggegat
geageggtoy
caccgaactg
_R!aaggeggac
Tecaggggga
gegtegattit
ggecetttita

ateeccctgat

ESEETERAR

PR

tatc

ATTGCT

ggtgtitgggt cgtitgttca taaacgoeggyg

aceecaccga gaccccecattg gggecaatac

coccecaagtet
atagoctoag

aggatctagg

tcgtteooact

tttotgogeg

ttgccggaté
ataccaaata
gcacégccta
aagtoegtgte
ggctgaacygg
agatacctac
aggta£ccgg
aacgectggt
ttgtgatget
cggtiactgg

tetgtyggata

cgggtgaagg
gttactoata
tgaagatecct
gagegteaga
taatctgetyg
aagagctace
ctgthttct
cataccteoge
ttaccgggtt
ggggttegtg
agegtgaget
taagcggeag
atctttatag
cgtcagggayg
cotittgetg

acegtattac

ceccagggeto
tatactttag
ttttgataat
ccecegtagaa
cttgcasaca
aactcttttt
agtgtageeg

tetgcetaate

ggactecaaga .

cacacagcco
atgagaaagc
ggtocggaaca
tectgtegay
geggageceta
geetttiget

cgccaﬁgcat

gtteggtece.

gecogoghtt
gcagacaacyg
attgatttaa
ctcatgacca
aagatcaaag
aaaagaccac
ccgaagygtaa
tagttaggtéo
ctgttaccag
cgatagttac
agetitggage
gecacgetto
ggagagegea
tttegerace
tggaaaaacg

cacatgttcet

RERTEEEETTEE

5340
agggctggea 5400
ctteoctttte 5460
teggggegge 3520
aactteattt 5580
aaatccoctta 5640
gatettottg 57400
cgctaccage 5760
ctggetteag 5820
accacttcaa 5880
tggetgotge 5949
cggataaggc 6000
gaacgaccta 6060
cogaasggag 6120
cgagggagoet 6180
totgacttga 6240
ccagecaacge 6300
thtectgegtt 6360

6400

5040

GTACATGCTCAGCCTCACTGGATGTCTACTGT
atcgee ttottgacga ghtottotgs geogogactet

5100



