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mutations requires laborious and slow positional cloning efforts. Insertional mutagenesis using
refrovirus, on the other hand, 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



2 this way, researchers could save a great deal of time and money by
ordering mutations of interest instead of random screening. An even more
powerful use of the library would lie in forward genetic screens. [0009] To
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into z%ﬁmoﬂ]tﬁ& 1000- to 2000-cell stage when the germ cells are still dividing (a
necessary event for retrovirus integration). This requires more work up front than the fraditional
ENU mutagenesis method to create mutagénized 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;



3 Amstemam et al., 1999). Results of this work have shown that all of the

identified disrupted genes have homologues in human, but approximately

20% of these disrupted genes do not contain any obvious motifs or
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resultant protein (Golling et al., 2002). In contrast, the genes so far cloned

from ENU mutants show little degree-of novelty. [0008] One approach
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ability to perform suppressor or enhancer modifier screens would also be limited with
mozpholino oligonucleotides as each embrvo in the screen would nesd to be injected with the
oligonucleotide, a very time consuming effort.
[0010]  Recent advances in producing high-titer retrovirus 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



4 embryos for a period of many years to generate 500,000 inserts. As

seen in Chen et al. (2002), new retroviral vectors have significantly

reduced this time frame. Now two people injecting retrovirus could make
WhatYH FélHder fish to harbor a half-million inserts in two MOPEASGANs/006121
(Chen et al., 2002). Furthermore, the efficiency of the retroviral system

now allows more than 25 different inggrtions on average for each founder
fish. These fish can easily be raised, tagged for individual identification
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[6012] The most time consuming aspect of cloming genes disrupted by insertional
mutagenesis has been 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,



5 unpublished result). This will no longer be a problem as the first draft of
the zebrafish genome will be completed soon and it should be possible to
identify which gene is disrupted by sequencing less than 50 bases of
YENRUGHAKIRY the retroviral insert. [00131 Reverse genetic apisioaches/imo121
‘mouse have provided many insights into human diseases. Researchers
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would give an insert density on average of 1 every 1800bp, essentially at least one insertion for
every gene. Space requirements for housing the frozen library would be smaller than \ﬁrhat 18
needed for most cDNA or genomic Iibraz;y arrays.

[0014] Forward genetics has been an invaluable appfoach 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 alieles. 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



6 disruptions. For instance, in one large scale screen the predominant
retroviral vector used had a gene-trapping cassette (Golling at al., 2002;
Amsterdam at al., 1999). Of the founders injected with this construct,
WheEtH02002) found there was at least one trapping eveRERISERS06/000121
germ- line of each fish. While the trap vector itself did not prove to be

more mutagenic than the previous nog-trapping vectors (Chen at al.,

2002), it did show the possibilities for other creative screens in the
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1984HGralndoy susl e bBiatiemandiraelin) FetavitabmRIepRSISREWve been drug

: viable resaurce for functional genomics research. .
s DRI PRSI MES B LI SIS P compai

(Halfggdn8@line development of quick, large-scale approaches towards gene
go18nd gene Ta ificatign. ' . significantly large space
[@6133Nd € funpehion t!grﬁ @ﬂﬁ@@f B3 %B@? ?dé@l@ﬁgc? i %%sl g(%%é%) g?grf {gran genome

requirements, small litter sizes, development in utero,

have 590 EMIIEISPEREASIS 2hos/ 6bmader ¢t al, 2001; Venter et al, 2001). The ability to

rapidly examine the biological roles of these unknown 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



7 breeding and maintenance, and vast regulatory/animal handling
requirements. In zebrafish nearly the opposite is the case concerning
these issues. Zebrafish have the added advantage of being transparent
Wi GO St of their development, allowing easy visualizati®Coktimos/000121
morphology and function of internal organs by light microscopy using a
variety of techniques involving fluoregcent, luminescent or colorimetric
labeling. Thus, developing zebrafish as a forward genetic model would
breedsignifidantiynesihangeie undetianding.ohvar ehiale o eaf f0d-REOte sebrafish
nearl 31;utﬂgt€i)onQL(i)[O]}:SG]CDFéeC%(En'[{l%nan effort.has been ma%e %y at least two
" companies 1o gencrate a seB At SpEir orafy ari: TS dheopided advantage of
being|desperfatantctibroggnenivas béchegpulishirgifran thiklitngreadNasevititition of the
H lj ade from fish mutagenized with .
o o g e o S e T ol e

involyigtierraderie Wiastowsipy cpbarbvisicidskstinnal Thusagensiaping delasfiyh as a

forwaif® @@e@&hﬁ@@%ﬂ%i@ﬁiﬁ@aﬁtﬁe@fﬂﬁ&'iéﬁ@%d%?é&%ﬁgg@f‘%ﬁ%%%%”gm and
proteig;fﬂ% éﬁsed by researchers. Stored as sperm samples and/or as

ﬂ‘?\'ately 20,000 or fewer fish, possibly as few as 2,000 fish or fewer,
[0016his Reeriitnah bfftathactupiosdiiesnacesT RSERHPERNRIER 8k a zebrafish
spe e%%;lxggge r%cqns#;[&teg iQtP living fislg.for stud%?s qgﬁgene ad/or protein . |
runction. e fish can easity é}?%ﬁ? A0 ER FoPETUMES BRYhed Jfefothis Library
(Nasepieitsintdritiden. 2005 Sapodierjboirglonsdusteofrsal Al atinagnAewith ENU,
' r.the study.of the function of a .
o e S SR PSRy v

retrovigrliseriionsd BTRErIS HRNId YAt imoey Yartheteptod wilesiind theeliba@sly library

couldfayefigbridiatedo 2t 18sROREIORIRICARAEUISHOXINS,Q fsggﬂﬁr_%%ogzé%a dfor as
sSp a eéz r%’e&glfy thg gene an_d protein that are the site(s) of action of such
eDPIOZHTRIS ML A TGP B AR TP B RIS SRR gt atE Pl his insetional

librarprpressiolitde aptivity Dh&kBpsmn HiBgISe @RNASIP LIS AR Okish for
o .[001,7) DNA transposons, are mobile elements that can move from
e T SR P T
and/opRistigin fragtiare dulatgcthenpsitoneni chtsed/ittinvianthbefeenig eromestish would
be o VERRHGIISAAY folisRO ANSPOSRRATIA0US [orboth.dene deliveryand
¢ insertional mutagenesis or gene taggin%%ir{%ﬁév& ?%%r%gfée ﬁ{altpﬁlféf’i%bﬁﬁreenmg

the liygry, JorunbprebasayteinvoaitihrdiaeaseT ranspdsoitsniiéy roletitiet dmgplergets, for
screei@@P BUCIRHEIO NS, SANBISHAE AHSRIEICRAHESRIHEACEOMNICH D er chemicals

inv%rte terminal repeats and a transposase enzyme that acts to cut the
80 as 0 ident 0#‘8 6ﬁ§

ralispd GEBF 81 ERIrEL BISReA s iYL &F RHew &6 sHskrooRpeunds, and for

screerseg| fencer(Riasterial 293N AutchO MEHEsHBNSPASARECAFMHEN disease genes, or

other %&r& gsase gene &r&g{de the transposon whereas non- autonomous

ansposons require another source of transposase for their mobilization.
i0017\n O DYH61RA05L R G SERIO 6100612 thi can move from one position in a gencme

to another. Naturally, transposons play roles in evolution as a result of their movements within
and between genomes. Geneticists have used transposons as tools for both gene delivery and
insertional mutagenesis or gene tagging in lower animals (Shapiro, 1992) but not, until recently,
in veriebrates. Transposons are relatively simple genetic systems, consisting of some gonetic
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,



[0018] One well known transposable element is the maize Ac/Ds element

(Shure et al., 1983; Fedoroff et al., 1983; Pohlman et al., 1984). Maize

Ac/Ds elements can transpose in a wide variety of plant species

YOsi96#ie+8Hd Baker, 1995). Moreover, successful Ds transpbsitien2006/000121

catalyzed by modified transposase was demonstrated in Saccharomyces

cerevisiae (Weil and Kunze, 2000), irgplying that plant-specific proteins

were not essential for transposition. Transposition in heterologous animal
[601$jostOnashidnsendriedianblauimberof HberiRNEPDsUMSE:O (SABFNGTAL, 1983:

fr : hila_maurij in zebrafish (Fadool et al., 1998), . i
i A L S R R
vatiehpbfamight sperivetiOsboroposeh Bkeeping BedMiyréovaammedisng ddiransposition

tatgRlratish (B avi l:2003; Balciunas et al.,.2004). .
B Ay R A R R S e e eV SR
Kunzgy 3880, icaiNyiegnibet flancpecifawarisinb angmiouy 26emtislc for transposition.

Trandposi@ueln RORE QIO KaRWNEA$RAOSLES LBe e ARRRFERAEO I s osons
transgoie in b%h é)éz)nts and animals. [0019] The use of heterologous
&8 HEHED oS ORET AL B el ABHHE MAHSE RS B SRR B EafeRtiftatln hR5Er Bmatode

ranspo
Caenprbdbi giveciasi (P afrforcietahs 1099, Spadingst &l 23898k [ Renthetic transposon

Sleepﬂg,y%}t@\lgﬁ ?1{ %ﬁm&ngﬁggtgoﬁﬁog&?iggﬂe@%Eetﬁgtﬁ;:%‘@iib’:ﬁgﬁaé{‘s;%?ﬁﬁ 2003;

In"a new host once inserted a genomic copy offio
Balcipgian el abild05dh.cEpl & mobitizén ikipesiposasefishdilivered imidritseeswakami

ot o 00501 Methadmaatroshirng BRI ACRL A S0AR. THESENE e of me
but are not limited to, DNA condensing reagents such as cal¢ium

knowgrasRosensTis ot esredgienTtalsd tndanmrosdividatbntaiting fomients,

[e019guchias liposomesomtidamelacuasiclos ANt elke 13 %or cenctic research in a
virus-me Eted str %s. These methods all have their limitations. For

M B R S AEOL S Slrah T a SEEIERE LIt EAIN coiereimjage of using
heterobages tdearmhisiisithan datid ednstiategiessE  WeEnt e s ek AUS BiGomic copy
G introduced into.a cell is limited in. virus strategies. Not all |
o T oA R A o it RS oA i e

cells:nucleic acid and while DNA condensing methods and lipid-containing
[0020PA0ENUB S felatively. @ NN ERRE, the HE&Q&Q&J{%F'%QE r."i"%'?'&ea%gt are not
... into vjral vectors can be labor intensive. Moreover, viris-mediated
limited 1o, JAi%4 CARIRRSEIIRASETS? Hadduastyileispaninenints theltiedixine glycol, and fthe
Iike},}Aﬂ;ﬂ_émﬁ(f)ﬁ%iﬁgfﬁ@t@@é@%mnasqag&@;ﬂ&%ﬂ&l@%ﬁf%ﬂ%@ﬁé%h%%[%m@ and
. in Vivo, erg remains g n or new methods for introducing .
e iy o BT MOt ARASHER A fogpatoniae e siz
constriimieissaciakéragitte DS dbvadyintnsizesdntoaheviuciainingid ataLelh. Further, the
R the i ration of info the genome of a_cell. There also
e rerélqgt({llgf é?%egcéqg rt}(i)%ge%&éls a ggﬁl\l{t%g#a?é{%e%c.? a%&%ﬁ&f%@?@fﬁ@e& Not all
methods degiiaieritestiova fonci 2006 R K00 bRTUTIS GZR0G GR0ER1aQdhal while

DNAZ%%%&?%%%%%O%@EE fl%i@-%gﬁﬁ?nﬂﬁ;f%@emss%g Y H50%EY femstfrtgsgirte%are, 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



useful for treating or preventing a disease condition associated with a
gene of interest. SUMMARY OF THE INVENTION [00221 The present
disclosure is directed to the use of the modified maize tic/Ds transposable
VAR vertebrates, including fish, birds, and other animRETIHRRIBAg0121

mammals and humans. The transposon system of this disclosure has
applications to many areas of bioteclgnology. Development of
transposable elements for vectors in animals permits the following: I)

that cmfiichertderb ertiomeok on gtictitatefmtinto anitakehto MDERRES, 15IREEE for drugs

S Ol in thi lication; 2).identification, isglation, angl,

T B oS B g

the use of transposans as insertional mutagens; 3) identification, isolation

IFRYARNGHHANSCcriptional regulatory sequences controlling

]'growth and development; 4) use of marker constructs for quantitative trait
0022]oci T pEemalsitsBrideitifeationofgeteiclosiiat eeonormicaliynsposable
elemedfia PRI tRatdbaes D esties IR Oseh, et vl apthde uRlaRMe Nhdreifli SERRGnals and

resistance; and 6) nonviral vectors for gene therapy. 9a [0023] Thus, in a

humangy ding SRRSPOSHIEHE RN S ACHR 8T SARERUSPSIOTIBY AtFdtitice a
biotechuijomcleDivelntmtne SMNLasippsbitchiaie-ae/ fOMPHENY A RAMIRIREt: the

A : eic.acid encoding.the modified Ac transposase,
Tl R, PO A, oo matods
gven m@h@m&m@m{aé immaﬁm atelccAm-draadnaikace’ mﬁm{ﬁved with

it L eﬂggggpo ition. reacti the nucleus of the..
gréw%e%rate ce a_r?é'[pwherein th?t%u%égte%tﬁc ra %Spoélssasgsco}r%f;%%nsﬂlanm“mgM;
3} 1denfiRtEdeigisdation canthy Migrasiuiastienyogfe munstoisigalD rhiSmmd sequences
conoffig! 6 i e a3(aliag2he A9\aL e GHuR R QAN AP URHAIEAR it 10ci

and a ng%elc acjd fragment comprising a polynucleotide positione o
(QTL) s | Jéﬁ-’é‘bg‘i%‘b%@ SRRCESOBH RS RPamemisHincRertam SRS abesides those
for grah0BI2RA Havetopenand as/abekst REismpE vikies) 3 orotRa d dorRt LGRS Rrapy.

polynucleotide into the DNA of a vertebrate cell comprising the steps of:

introducing into the cell a nucleic acid fragment comprising a

polynucleotide positioned between inverted repeats that can bind to a

modified Ac transposase; introducing a modified Ac transposase or a

nucleic acid encoding a modified Ac transposase into 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 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; and




culturing the cell to stably incorporate the polynucleotide into the genome
of the cell to produce a transgenic-vertebrate cell. [0023b] In a third
aspect, there is provided a transgenic vertebrate cell line produced by the
method as defined above, whereindlhe genome of the cell line comprises
the polynucleotide flanked by Ds 5" and 3' ends. 9b [0023c] In a fourth
aspect, there is provided a method for producing a transgenic non- human
vertebrate comprising the steps of: introducing a nucleic acid fragment
comprising a polynucleotide positioned between inverted repeats that can
0023 ind to a modified Ac transpgjsase into a vertebrate cell, introducin% a
odified ACtrANSPOELER ST HHE TR REch SonT R owfien Roirtroduce 2
polynyeinssgosusehinidia vertetmreiteteetl) wivepeimthe modified Ac transposase
compris r Jocalizati ignal. (NL the N-terminus of .
mbaton A e BT I ML e he DA g o, modified e
redetny$asthevhesisub o mhdiVeddsr atansplisamed: whprsis thevtrimcatediization signal
A . i i [ nce having at_least 809 .
o N e e i SN Yocalies e
papRERISHHTErSprBAD | NZARE imgloestortie coliclmaltidel) the vartediratke tuncated Ac
c ' t lypueleotide intq the genpm e cell to
P o e R TR S0P o 520
vanebt ad salaives sthansemnitonerfebrale 0ol ima Ditaspectrtebrate cell: and
there is I 8 identifving the function af.a gene which .
o g R el g nvenec
a fpnsetsihairedn tind pothauéified tomprigesaportion 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
[e023fagmenticampeisingRepelyRUSIBRIKR PR SHIONAGREIVEERINVE NS nucieotide
into thrg ﬁ%t%éhai;eﬁ%a?ﬁgrégﬂtgo?nrg‘llgi%iﬁ&g QC trg'nSposase; (i) introducing &
modified AC ransposase or a clef¢ Bt ‘encoding a modified Ac
transposaseducitheimvellfwherBin thesleadified Ae tinBspesasRieRMRIISEEmuclcotide
a_nuclear lqcalization signal (NLS) at the N-terminus of g truncated Ac
e e S bR e e e
nucleus oftthéuwertebnatsl el afdmheseinshetiinaated AGdransRasasemodified Ac

c r(ﬁl%is%gsgnig,[rgi%eagi s%%llé?&ce gvinﬁ 8al | ?%80% identity to SEQ

ID NG'8 and catalyzes the integration of the' 8@ cIEBHRP SO EAMYTTS @ nuclear

verehrzasoetiignal (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: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.



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

genome of the cell to produce a transgenic vertebrate cell; 9c (b)

screening the vertebrate cell for an insertional mutation for a phenotype or

biochemical characteristic of interesgtand (c) correlating the phenotype or

biochemical characteristic with the nucleotide sequence of the gene,

whereby the function of the gene is identified. [0023e] In a sixth aspect,

there is 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 comprises a portion of the inverted
0023 e P o B K POLLY RFRFGHE Rifagrgenic non-

répeats that CRAD
humayevteibbrdie cutingsprephareebbyti(i) introducing into the cell a nucleic acid

fragment gemmiisiio @ Rajleiclentidexesiioneshiyaiwgeninveifadeieotide positioned

re e%%é%%\ggr@eglpg é%:sa tﬂlt(t-)ggﬁe ifféf: térarﬁ?g&%ﬁ:sfﬂg It)ral.rr]l%r?of:ds%(s:clﬂ%t% a veriebrate cell;

modified Ac transposase or a nucleic acid encoding a modified AC .
transposdBE ARSI LEIRiAT el IFRRARSEARSIOAR fREFISHo3sIdeBeRibrB asmodified Ac
a ﬁu@é@&&d@@aﬂmth}h@i@baﬁé\&eﬁ) a_trﬂaeeﬁirt&ﬁmiﬁmﬁi_@_fea tﬁmﬁ@t@d&ﬁse comprises a
g&gﬁ&%a%&aw%f&&” N Rasalizes thaUANSHASIUOR Leaction A e ransposase,

eus of the_vertebraté cell and wherein the truncated Ac transpaosase

coMiBFISH B Mrhin P eRiFSEa USRI deacRR 80 8hs duRiRY 6 ISRy ertebrate cell
ID:N@ﬁlmnel’meﬁglmﬂt@imeymmmsmemmlmtmmmmmace having at
veriabraigoceli=gincultafing heeekia S0l iRcINRLAlR B8 ion of the polynucleotide
polynucl ptlde into ttgje enome of the cell to produce a transgenic

ver‘%&B fé%é]ﬁa(ﬁflﬁf Fitify fie>a vertebrate cell o having an insertional

mutation foraphgribtyperiobisischeinisalstitdradtenntic ot interastiyandi¢oyide into the

idesdifying grrkclegtidessesiuenceskihensngahdanamipg acid
sequence of %h;?r%gein encoded b% @r% en?%f.or, the identified vg[t%brate

cell, WhergEg/ a a?i\tfé%?%?&‘%é’r@ge% S ident ilen(.)ggf%?%ﬁﬁﬁe g R%%th

aspect, there is provided 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
16023k tion of he fifhertesdtrdppeatstoaidedrs bistiad farndedificdg e fransposasgne
whicBREheEein the vertebrate cell is prepared by (i) introducing into the cell a
nucleic a?ic} frae%ment comIQr'si a . e . : .
a) preparing a veriebrare cell having a polynucleotide insert in 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;



polynucleotide 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 the cell, wherein
the modified Ac transposase compris@g 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; (iii)
culturing the cell to stably incorporate the polynucleotide into the oenome

of the Cﬁﬂ}tgo?é%ﬂﬁetﬁet@é}%ﬁig verterale Galk (-EXRERIBGR for 2 ;t{henotf,fpe or

vertebrate cell having an insertional mutation to a compound of interes
(&) eshsoiveg herawpEivaiapiErs'cemeo the compound of interest; (d)

assess"@% theRllRaOHb epﬁ@HbebH‘ SR MeHebrAe cElRAYING:AN the nucleotide

insertional mutation and the wildtype vertebrate cell; and (e) identifying a
nsaslBeniteos depuesnte vhargenhmitmetienebithtceat kadiensidadinsertional
mutation which does not respond to the compound compared to the
0023 wildtype vertebrate cell, whé'r‘ebé/ a site of action of the compaound is
*hdentifidl *[BEE RN SEGHRIPUEHLIIHRICT BIovng 2 Rerpte et
comprismgertionéd)mraptiong ibregyicbier eiellcbahimpeamméyofdhetitie dnpdrasnaa gene, wherein
pQlynucleotide insert in a.gene, wherein.the polynucleotide comprises .
e R B R Y e B BB i e modises
antt whespindieatidremhetras thepalymucieotielé insemdredtteast 15% of the
genes of the ve&?br%%ég%nom%t%e %02(%{1] Ina niféth asggcti,rthere its -
provided a met dYor enltrﬂ‘%ing a fuhetion of : a%%cnelccc?rﬁprisﬁcﬁi:nen cotmpnsing a
sgrebming @tidastoeimmanimwotthevertebratedasethimnakmbtation 2 modified 4c
Iib,{raa% aOSSQS%ﬁned above for a phenotype of interest; and correlating the '
phenotype of interest with a DNA sequence of the gene of said library,
whereby the furicfiomtod daithgenenislidedtifledrf2Ridda artenthdsipestid encoding a
there js-proyided a method for.identfying a putative d rget -
o B A RS Trensmomoe comrses =
libranjeas defihiestmpovenal (NLS) at the N-terminus of a wumcated 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 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.



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. [0023]] In an elev@rth aspect, there is provided a

method for identifying a site of action of a compound comprising:

exposing at least one member of the vertebrate insertional mutation library

as defined above 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
[0023the compbuffycEdrhase dhes: therwiideyrenesrasratdantividuaiss efrdtion of a
compd@@nitiringaddNA sequence of a gene in the identified member of the

library, whereby a site of action of rbeﬁ]compoun is i(lfﬁent%i%ied. 0023K] In a .

twelfth 48pSEEPHLHE Fs‘fﬁ%?}c’i’a%‘a S AMARGSr REERIRG G RSO i feEly: Wherein

CEHOPHEAQ: IseteRNddtprambersaich o Verabraitchsartignatauiationd 1o a modified
library as defined éab ve for a char cteris%iof interest;_correlating the

pfEEARE B e ST ETe ST B e Sfic FriiTEr OP the library having

the characteristip ofifteiesti;anstidendfyiog the geneofdsieresidsam themprising a
DNA se uenée of the gene associated Weig the s e(%gjic memper, of the dified A
BRI SR RSP RS I BN S AR XD TR hIERBISHRENtS fBmoditied Ac

trapgaesiien in vertebrates. In one embodiment, a modified Ds element

contains a polynucleotide of interest, W(%Jcan be used to prepare, . , ,
transgenic verteh HEEHERS atﬁﬁoéb%n Ao JTRISRASHYE st Aufifjc acid encoding a

inteeated i itsaepame. itatsecendwibed menmatimedifiedBsposase comprises a
element can be used to prepare insertional mutations in vertebrate

oRULFALJARHEFAC He HeBAHIEA Y dfernt (HRTRAGWA a8 arﬁgc%fsﬁ's%c?)amposase:

camprisesihepslypuaiestide efdnsseriopasiionedbaiweaandie & ti@ntertebrate cell
3'-ends of the Ds element [0024] Disclosed are transgenic vertebrates that

CORATSTRS: HFOUREE A ABIRASNESS SPRPROGHFY BEMdticnte e having at

infegrateddndhei-geneme. P0ESDisclesed ae methads:itbn of the polynucleotide
transpasition in vertebrates Esing modified maize Ac/Ds transposable

e | BReR A iPdhEsEmBettent, the : -

~ (iii) culturing the cell to stably incorporate the polynucieotide into the
genome of the cell to produce a transgenic vertebrate cell;
(b) expesing 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) identifving 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
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.



modified Ds element or a vector containing the modified Ds element is
introduced into a vertebrate. In one facet of this embodiment, the
modified Ds element or a vector containing the modified Ds element is
introduced into a vertebrate along wit %the RNA for the modified Ac
[0023phnsposdseé. mnth aeegntidede privated adlifieHoD Soelemne iy AWRSIAT of a gene
compgRf@ining the modified Ds element is introduced into a trans genie
veggerfl::)erate C{)ptaitniné; a modified Ac transposase gene as described
herein Stably HEoBOrafBPTheS e gErehRe MssrHiaral rttiondhmodifiedtfined
Deibterient rheztvectdiioentainidg the modified Ds element is introduced
into a verebs lorg prithdhRe WD 2R06/124001 PGE/SG2006/000121 ,
1Q modified Am;;r@ns oliyét,se %ﬁ)te_in. Inggitpét%%a%%%‘ﬂi%%ﬁl %do%lst%e gene of said
element OF avact ORiRG THE Brawifieddmrridiednent is introduced into
a vertebrate along with a vector containing a modified transposase gene.
o0 %[Leach instance, the modified Ac transposase protein drives
100231} hspositioh ErthEs Y DE Ridrentrinek vedetiies [0ORS]vInag target
comigeoand embodiment, the modified Ds element is stably incorporated into
th make a transgenic vertebrate. Trausgenic
o e B ST QU ohd bR deBess abore
ASSOUHEhBHIS FESRATBRPhEYEIRFLIBNe facet of this embodiment, the RNA for
CORHAEg T D e seond o o SUBGALAE of . roei
ifi : , 8 [
o e LoE T TS TSP U EdRAA G Rereby @ puaive drog
tranegsasdentifbity.incorporated in its genome is crossed with a trans
genie vertebrate containing the modified Ds element. In a third facet, the
[0623gnodified MariravepasagepreeinIpipiadus atkinie the JansaeNiGite of action |
gr%rtoeut}lr&t:% rgor?st}%irjing the modified Ds element. In a fourth facet, a vector
coﬁtamlng & modified transposase gene is introduced into the transgenic
vettepta orrainingnbrbnoditisdBebiementiived chunstaritesrthe defined

aboveROARG AGdAnsBRgSASE protein drives transposition of the modified Ds
element ip yertehrate [].Disclosed are insertional mutations in.
genes of tﬁ%;tt%r’:get \%’?e%b}fé?g%%%%% glguha%(ﬁ%%% ﬁﬂfpé)ﬂ}lafkjé’?ﬁ%tﬁﬁ%ﬂ‘iy
altered cisitssaimg dmmiisci THshprasepbdistlostire alspsovitipbmetaate wildtype
o@g&gp&@qgﬁ%ﬁg&s and animals into an easily manipulated and
[ ib

characterize rary. In one embodiment, the genetically altered cells are

a vertebrimdifsing agneshvafist, taiidrerprodicedibystreatingserielyate compound
e O s f0) i@%ﬁﬁm%&% 10 %lciéjl_\tffdggg‘coll cting the adult

vertebrates. The adult vertebrates con]talnlng * fi&rtional mutations are

termed foientiérivertebitesseimensecdhe embadinhenti¢hagenatieaht of the iibrary,
a ells.are v r m cells,that.are produced by treating

vg‘r%t{egt})‘%a e%ﬁ?%%%}%%g%ﬁ%@%?%%%& t%gnag&}gﬁ and collecting sperm

from adult males. Male vertebrate containing insertional mutations are

also termed founder males. In a third embodiment, the original sperm

j0023k] In a twelfth aspect, there is provided a method for identifying a gene of interest

ofac

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.



from a founder male is thawed and then used for in vitro fertilization on
eggs from wild type females to generate vertebrates that harbor the
desired inserts. Secondary sperm sagg)les are collected from all of the
newly created males once they haveTeached adulthood. Using these
methods the library allows for the completion of numerous genetic
DisclosSER€ SdiFRae ibrarypsomprises a set in which each member of the set

e I tggsi o i least one. gene, and the se -
coliect%\tj‘e y%%r%%%ses' ?thg_as% %03)’%%? € ggheg/\?BSZ ﬁ%ﬁﬁ&& & modified Ds
slemerP GHISBY O FGivo0diatide[0DEBTES clad auishih ussaimprepactiganegthiz vertsbrates
having BREEyRdetas oA iRRRAIRGAN] %E%%%a%iﬂg jRRerg odim
w_ngDisclosyent;I%is a sequence databa?se. e sequencgé%%daﬂt%bggeag%%ége%ﬁgﬁtly o 8
modifieddpy elgragratirigarsbiotbreniby inerlives ser@ne veryrspene. debdinenandfomt,

the mot@EBA S \@EiebileROLateREng theseatindbelipianids indvidalMeotide of interest
... catalogued %sglr%g the ésﬁe uence ir#grmation. The resulting sequence is

pﬁm{’?ﬁ&?%’?&? s8R 'a%}%?gﬁ}i’) De IR database, a gene of

[o024]intereSisciasederddentifect @nRasddeaiifiednihe corresponding mutant

. sperm. cell or fishH may be withdr, from the'libr based on cross
sither e e Y SR RERISA S e

{0025]ide rmifysingethecfnadtidn fof genpssititertebrates containing mutations of

e e e i o) may be-.examined.fok. :
veriso SR Rl o S SRR Yl I R Stlimen,

modifigd it plemeiddereligciphesmaipes ddromedifinsti Al aetot tiebiptroduced into a
verteb8Litablg il Q2 aell oraaNsMHRatisEans ot %ﬂ&%‘%m&'&ﬁnm«g the

action of at least one gene or mutant_gene. [0031] Disclosed are methods

modifigsl P PSS JBTEARCSE BN REStSHTRSe Sloma i Mhethags, for the modified 4e

transpMEEE DIRE SQnVEEOR] #e AR IAS SR UAE dDERM Y HRSILAHS BB odified Dy
may. be ysed, or alternatively, sperm is thawed and then used for in vitro
slemen] iBERRROEH B8 FOERTY KPE TENnFAT TR & RREHL A mipaRas: gene a
descrithdrhercihastdsisinedomsents! Ripldid geaxialyalesniayd ecalaboesbii@Rd Dr element
fispring of the injecte les,with the .mutations in either th .
o = VR T P SR TR 6 S e i e
haploid embryos, known to survive and develop for three days post
fertilization. Vertebrates homozygous for the mutation may be created by
conventional breeding methods, creation of haploid embryos, or creation
of gynogenetic diploid embryos. These methods are all well described in
‘the prior art (for example, see Westerfield (2000) with respect to
zebrafish). The vertebrates harboring the desired inserts, prepared using
any of the methods described above, are used to study gene function by
studying the effects of the insertional mutation in to. In this manner,
phenotypes can be associated with the insertional 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
149932 Disclosed are methods for screening candid RET/SG2006/000121
compounds. Vertebrates that harbor a desired insert, i.e., vertebrates that
have a desired mutation, are generajed as described above. These
__transgenic vertebrates can be exposed to WO 2006/124001
modifpd HS GR0P6H00 2etel2 cdmpotmuthitdassetistheoai@al dbih@iement or a vecior

contait @R AAUNG ARAPhBROLYRE OF 35S tcome of interest.. For example,
test compounds can be %ﬁn%ﬁe%g% frans%(%eeni% JE’E‘&BF% s Oy 2 veetor

contaipiRg foRIpSifish JErRENORBEPREIRING. Shehdnipments. By surdidinnglanensposase protein
drives StHRSESHIBO pAdeNHfyRg MErie @f&ﬁtt%%et%}‘éégjﬁef a specific mutation

002 or mutation(s), no longer respond to a compound, one will have identified
106261, gerlé &icerirg thdipesteir reediffetBortewdtisnbaf said compound.

incorpdtd dorm tiei et scbral gehofe i et bilRRs AR ACHMABESO! TRIYSIR: vertcbrates
are re%og%dc%g thg ene of interest In tr%% anner, compounds which are
p. SeTul Bs rﬁréseg)r?}-g]éjtiﬁ% %’Fe?é’ ' gﬁ%ﬁ@%éﬁ?ﬁﬁ?a&s@%ﬁte@ one facet
of thisvemb dw setiv Ribheiretie el laﬂA@&%ﬂ&ﬂ?@b@ﬂzﬁoﬁ HR4E®e the transgenic
oL IRRIZeACiDs RS PS elements for gepe therapy in -~
e PR OB THE: IO 8100 Fefgarale varstrass
CODtANS € XHRE émt&m@wﬁﬁg&mmmmmssmmm its genome
is croskdfl-with 2RANEHEESHRBALCORSHUG:CRY %o%ﬁ%%%?%%&ga%ng 5 d facet, the

..(EGFP gene under the zebrafxsh keratin 8 prom Inserted betwe
modifigd 4¢tAnsRORRSES BERIECAS IDTPIBRRE IR Hisp tresrEsHIO MtiNiGHyAIB knkaining the

modifiay dwhelegisndicate faartlimers forexeisiosRGR RV AN ) |
introd 3 S %imers for TAIL-PCR. Fig. 113 shows a Tease constru%%quome geme 18

SR RN <EBSSBRSoYETehr2th ARt medifeting demeahcinformh instance,

the mordificdteld Aertsposposastei Rabejo Faaphiisad & A YAURBHEINEEQRment in the
verteni@galization signal. Dashed lines represent 5'- and 3'-UTRs of Xenopus i-
globin gene. Fig. IC shows the N-terminal amino acid sequences of the

[0027}NL$>$W@%HNQMU‘5§@5@M§@MIS are shown in bold and
rarge: Dot RS REOMERRIN Nt Y Qul BN 2l ML ARG 200,
sequence sh%wn.for NLS is shown by am r%%l& ?’egll ues fe% %’g - The
preseni ghsqjopgp alFpEreegeraneddsr NoSEnigiSRR tEIINOGiTesfuticeamiasisnd
manipsiadence cEase-iardNESISE i5:58awaN-aming a6id residues 1150 '
vartebnsaEQsLD NO:44. Th sigéqence for, NONLS is SEQ ID I\%%ﬁ:Sl, ar% eeu§ T d
reﬁresg}ﬁtgs tﬁSETfFﬁ‘abu hifS BRAPRSYi e eiing Jsaterats erabgyos, growing the
embryainoasnits reaitluediddid disSEQUDMIRRA:HI0ITHEIAHDS FhediraflOWntaining
. m&gg 25853 ecific excision and insertion of Ds element. Fig. 2A showsa
B o7 y%s.o%ﬂgé‘é%ﬁ?f?e &rgo v%%adgrm‘ﬁ'}t/% re B SREGRA FRES gt jbe @sgetically
altered cells are vertebrate sperm cells that are produced by treating vertebrate embryos, growing
the embryos to adults and collecting sperm from adult males. Male "veriebrate containing
insertional mutations are also temmed founder males. In 2 third embodiment, the original sperm
from a founder male is thawed and then used for in vitre fertilization on eggs 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
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



NONLS-, NLSr - and NLS-TPase RNA (lanes 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
‘?’r?ezﬂ'g’&%‘ﬁ%{: site. (M) | kb DNA Ladder (NEB). Fig. 2B showsPCT/SG2006/000121
predominant excision footprints from two different donor vectors. Missing
and changed nucleotides of the flanking donor vector are in bold or
underlined respectively. Lower case WO 2006/124001

[0028CTI5E29061090 2kl ElIRIP RElcAlgR (he borders of the D
oo pIEQUENCE. F%rﬁ\%ef%rg cision o? Donor 1, the nucleotide sequence is the
& TR Wi %@%%ﬁﬁfﬁucleotide 29 to 3917, inclusive.
[002%or afterrxcisionsfanddeneikatherterdingrsequence is the sequence
| ID.NO:3 and.the hot ine sequence is the sequence_
oM R NG 1 P e SRE P o1 Briores, e ekag) fine sndo
foundgsqystRiearoPDofEBIEE DNOL68, trdiibenutediite &eayeasnidsabdssing the
ance shgwn in SE

' .68, The iDs; ce is the.sequ Q1D ,
o RS BN A B T AR
databSe CoRBI2 LRSS PRD Rscideniéed Mocsddumtifed shownriesBERiHR mutant sperm
cell NP AR wﬁfﬁﬁﬁmﬂ'ﬁ%ﬁ%yﬁ%%m%?ggo%c%%@gﬂg In 2F I%ﬁlgeﬁ% data,

0:6. Fig. 2C shows representative exam sequences flan

1003, s Ditripredias mewrtn e armsieiicraREEc FI fish, demonstrating
- funciBpefiistanspasiionsneshRRisn fRsBBASEOHERE 0T 1S SN OWNINNE Seseribed
abovga%% fI%ijcg{gn%eB%#e ices - in pggr case. Classic 8 b%di'rect arget ‘

dup o T BT “Sh PRRARR FORRE e SR CaSSXBPEOW: titctoprtirudied to
dﬂeﬁé@mcmnmmgggE@ﬁlaébé@%ﬁag%?ﬁw%w&%&@& ifﬂgﬁkﬂtﬁble trait

a2 40P Upg, n :33..The sequence 5' of Ds

* ® Chihe botiom Iir?géi{sq?h%%seql}% c%e (f%\?ﬁci% %@Wﬁ@f@ﬁ%ﬁ%?ﬁ% gene or mutant
gene.sequence 3' of Ds in the bottom line is the sequence shown in SEQ ID =

003INO: 35, 'Ds" ce.is.the sequence shown in SEQ ID NO:1 from -

{ E\Iucle%%is-gg%ﬁ %?g%gg)'ﬂﬁ%ru%%gn %SB%HEféures 3A-3F show the effects of
SCreeRA S A NS SR AN SR MEBIRdhevritPRERAL (@F YotalzeitoRisb TR astngiys library), or
fociz SABEghamssubcalbal dpcaliaiendsf, (366 s AERL VBT WS Cheed for in vino
femug%gzlr%gPase,ﬁI&IﬁS' SE-TPasg and NLS=TPase zebrafish epithelial cells. _

‘ otpgrapeﬁé'!5 Wara: oV e mSs ST GRIGTCHaE CetrtaRFastaIer pryBor the desired
mnsertg D Bipisirbweinttaeetiutons! deatizatnedof NODESHNLSER. iARbted fomales with the

S 10 ins.in zebrafish epithelial cells. [0037] Figure 4 _

B S o S B o SHSSOIE A o1 LY B oot i
baplojs} priyeadieePtie it SHEIDNMdrdeveprdmdtindy delecpes: GEREPASHIVE/ eriebrates

hy opMas Ysedior sauther Is. The DNA samples were |

h:mog%ggsted with EcoRl (the S’ﬁiﬁﬁ%ﬁfk@ﬁ%ﬁ%ﬁ%@e co @ﬁ%)%&reanon of
Pl"lﬁ%ﬁdﬁ%@&»ﬁh FresphelepRrIsadr diplsic rmbogse tes¢ anthbed) are all well

descripedgentes @i dourtdifierenidnifiskeir om daess ily-(from the sam

ve rtebfo%'dfr Fgﬁ};gl_tgnms 5- 11) progenies of FI f?ﬁ]@%@%@é&%&%?lgg %raﬁsh) - The

Shoinated from %I%Fé’ BETouRTRREyd(1sine 2y afithe weefhdde dsntivtd 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

ho
e

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 insert, i.e., vertebrates that have a desired
mutation, are generated as described above. These fransgenic vertebraies can be exposed to



[0038] Figure 5 shows transposition of genomic Ds insertions. Top:
mock-injected transgenic fish with a single Ds insertion in genome

Ibiti ven and weak GFP expression pattern in the skin epithelia
ﬁ%@gﬁg Middle: a representative example of a fish carryﬁ%ﬁﬁgz%ogf?%m
Ds insertion injected. with TPase RNA demonstrating ectopic GFP
expression in the brain, spinal chordi2ars, muscles, gonadal region, and
variegating mosaic expression in the skin WO 2006/124001

compeimngy s 580%) Gt TEECH19f (BrecRmRIBRAde ot Be ¢essHyepwbome of interest,

For cXRRiee B Qisaiom@ B0 hantaueL XRes inR. Rt iMachamond ik desired
mgeneratlon - eé%;esslon in ngtochord is notﬁ?resent in the control;

£85 Tt % SFrecTing andharberaventlzidentSyipaseetrbrstes that,

by virthe éflafipledifitieating othed the-Hen) Dk (oRYISHRBbAN NG SARSHARIIIORE will have
; den’dg)e%sga] Fé%gresc%%i-gc %réow the results g{éﬁ?e apalysis of Ds in three

examples of Tanapased HEKIDFEBREST HE DL SSHARNRE SHwimPRigd  Test
comp@Byis they et aeeiches uhibitirsSE QeidaD: 30 2 fronteiuleofiete bl Alte gene of interest.

] ide ' iye..The D er case letters) in these three .
B by ol DIVA T e, 161 HEF by thoaping e
condifipupassapiatabmat) theganyof dnteres MrsidsmtiBedide immediately adjacent

(63310 theDs end gqgg@&c&.&l&il% Semonstrates that Ds integrated into

human genome via transpo_sa:f,e-medlat.edv mechanism. In case of DNA 2,
EnSpRA eI AT SR SR dYPRRRESIESS bp direct repeat that is often

created when hAT transposons integrate into new locations. DETAILED
ON [0040] The present invention

Bmﬁé%‘%m%%% #@{Jﬁ%émaize Ac/Ds transposable elements in
[0034Y ertéhgates | ihel (UgWisiopbinttss andioheranitaals el diRg-raamMmdention. Fig
1A S rein, fi s o an er of the classes cgl%e lyely .

S}%?“é%rgg)tg%{?&sé%g%% pre rrégg %161 fiSTH B %nl‘élﬂ”%’ﬁli S%Lg &g under the
zebrafglyibgragin NS Eonmetid tatweteniit et 87 Bt bi-ssgubnSu¢hMiskp and 370 by
comes i .tﬁf&ﬁ%iﬁwm&%ﬁé%&érﬁf& by ish -

,%Zﬁe}sxégg%#ﬁmedaka carp, tilapia, goldfish, an I(%rc%?g%é%masi%ﬁﬂo wheads
speciii; pmers fof hitdt TR d it 18, P oREaol soteiriog Sitthraemoter for

in VitROWEGEDtRS NRAME sBiHnaN doP IMARS U 39RPSKEYSTRRES A0S fused 1o 2
hlén}}%ré?.a[p Aé . The use of the modified maize Ac/D§ trans psable .
yHOZR e éﬁﬁgﬁc%%ﬁlh SRS IDAE FRPSRRiSh hasRdshyrifiERRof Xenopus £-

e Aein A
giobiraguant@ge T ttopothechonmiiambigge it GHIGALRHEQIT the NLS-, NLS®L. and
oS I B SO L e oo
ID NGrgq sk b rameingiasiy sesnencte shfrem fon &8k s fislowyil byeatistadeld indldess 1-15
o SEEE b LR SO (A S R0
showzfar ik ripti%rﬁbﬂ%%mava@, geid aepidues bfithoREQ IO NEdesThibeduence for
NoNLSi{B SEQ ID NO:31, and represents the first four amino acid residues of TPase; 05807, e.g._,.
ammo acid residues 12-15 of SEQ ID NO:20.
i0035]  Figures 2A-2C show the TPase-specific excision and insertion of Ds element. Fig.
2A shows & s excision assay. Zebrafish embryos were injected with Ds construct and
NoNLS-, NLS™%. and NLS-TPass RNA. (lanes 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




reference to zebrafish for convenience only. It is understood that other fish
and other animals can be used in place of zebrafish. As demonstrated in
the Examples, the present invention is applicable for all vertebrates
WahHIPy A/ fish to humans. Thus, the modified maize Ae/DBCT/SG2006/660121
transposable element of the present invention can be used to introduce
DNA into both WO 2006/124001 PCT{§G2006/000121 15 pluripotent

(i.e., a cell whose descendants can differentiate into several restricted cell

lettety I'f}ﬁﬁﬁiﬁﬂ@ﬂlﬁsdﬂ@ﬁ” : Wﬂ?@iﬁs‘é’&ﬁﬁh@@'@&f e §£%EEE&? He)rnd: Ili the nucleotide
qtipetent cells (i.e., a cell w escendants can become any cell type
e D Tl LBl OB, A e e 8, meaive, For
afier seipien, fenBonand, tndoprimosequetisedt dre embeyocaieMsnEBSIUR RGN and the
bottdRISiRVERtQ S he_raadifi lize Ac/Ds transposabl
° eIemer%%f'tﬁ%egi&%gé%% nglgér%ti%)ﬁr{;‘ggﬁn rl:?eg %sggﬁérﬁﬁgg%ﬁﬁﬁ% 63 of Donor 2,
the niclgpiid e aamvpea B 0hfAets SEOrFARSQFlisuubbe Suitrblalcetigusnch Rasflilt is SEQ

ID NG&aottipitesita, - IS Ils, .
varéeté §(éf hlood 53‘??%?5 ﬁ&?fasﬁéae%%@ ::%{Fl%§f:’ffr1]§rig ?%%%?r? fo%é%ﬁﬁ%&de s4to

nuclealids 53R e MRS iU SESH RO AL BRERT The FoRs irsoiemismeiarihs sequence
showneito SE@EEAGKD: Armamhin brensiiely ReRURE SXBRY el aniRal $iNSEo  No:6.
. ave many of the advantages of populgy inverteprate experimenta
Fie, S R AT B A bty SHprion shes rom two
diffeyrttbibragssiotofisby dgnifisantimgiyantageratgebiaismiskhakdikes end sequences
&aeno itis, they rgel arent (Kimmel, 1989). General ..
e ,zeékfﬁ};lfﬁ?gg’réfacr%g’m%%%ﬁgggﬁ?gesclrl é@pgzy gat%lsﬁ%%esrm(lggﬁ’) diget target
dupligotiate Hidtd toidomyd [oierinadacEbedsneuenasit!i thd Preietitdnveritienisiise sequence
showiaASIEISILOND. ishia griveRkya Med| bgen. . ;
B)O e %mrated earlier that a[%runcated fﬁ%@%ﬁ@%&;ﬁt@gg’é&@%ﬁ%% m SEQ
-‘%’rm | SRR ciae P Hsthe B8tom fneis by RrodercarBayisnighl) ID NO:34
and thethegbion b_;a-b{eg!?:_‘eﬁd e, HARD). ﬁﬁ%&@g@@ﬁ&%%ﬁ%&%@%@é NO:35. The
wry sl QY n, this modified Ac tran is further madified to containa
e o T .0 B BN Sefhdeetesve
1003¢he NEigwraindé ST Fasers-sdRaFhebyiffretie NNIS isagddchindrdBE tBtracellular
locailogali ngpESItQN ' ueleus. In one.embadiment, the .
e L . ol o et R ST LR B R e Verions of
‘ No%gé%)ﬁ%fa éﬁ@odﬁl’ﬁgfﬁ? tARst SHhireien LS brafsthenainihe acidssatuenmephs were

overd/iaRIKK IHRHM BN SEQ UM Rkiihersyndiete NERS 620,08 M8el i aton of
NoN.ggc gg@_ gt\E/n h ic NLS analogous to the SV40 antigen. In one
potment e Syetic IS REUHRS Ml i B#hdtfiment of a

{005 Thod iFiepi KS e W Sttt e AEBHInAGIHESAUCIGR. Individual F, fish were
. Mg%f %Ré\/E %Eg\ NQ.9). ,%Dn cleotide se uence coding for the

oSyt At RS Be2 e B otk CEIBHGE Ry was used fo
Southpprilei08:807it0 Bheddivd amgdingyseqliente fatthBoRRAAGonstruct contains
2 sindl8RR0RTAE) QLESHPRIING gﬁ RN FRBERESORLED

éFl?asela?,-SO)? is se% forth in S[él % :%0?80?1%%:?2 %E@w@?? TEESlfrgne 14
progeg;é%@g%}aﬁfﬂgggj@ fish from the same family (from the same founder Fo); (Lanes 5-
1) progenies of F; fish from different families (originated from different Fp founders), (Lane 2)
GFP negative control.
[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



TPasel03-s07 is set forth in SEQ ID NO:36. [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

VB Y& Ably at least about 70%, more preferably at leasPaBEGEETH121

and most preferably at least about 90% identity WO 2006/124001

PCT/SG2006/000121 16 to the nuclegtide sequence of the modified Ac

transposase discussed herein when optimally aligned (with appropriate
(prespmadptithe iHaPeETISSr watdtore) copbiiliedBatisom Frogrizes thabtkieexpression

patteRUEIGRY rgu?{‘%%rfé?ﬁigﬁ modified an {he, bagis.of EQ%Q?(?%S&I&Ode ¢ control;

produce a different” nucleotide sequences that encode the identical
mO‘-“@BYBEéh‘? dRifefpaftan onbaibuind dha conzpishusitseotrsssttin the Fvéshidicating
that thealoavesan@Miesegidiseaqeseaithal is at least about 75%, preferably

t least abo 85%, mor referab t least about 90% and most
mﬂﬁgrefe%f %& §§{ F@Ftﬁflﬁ%shsrﬁﬁ%%&%%‘ﬁ%%% of transposed
Hﬂmoﬂmﬁed 'ﬁtsfé‘iﬁsfbsetq'&medlﬁwdlm fﬁgnSBQsaﬁe se[@%ﬁ[: Mﬁm&wmsm NO:70

from %fé@gfﬁe}{ 9f tge%%@&%ée@tﬁd %&%s?%tw O {y (;[%% gh clﬁ these three

polynucleotides sequences as’determined yt 8 |

exampless dipkierdsbrinbianes Stk Jegpemerss. H@rmsummm veadilyDNA of the donor)
startig@lGriaieeh Vhile therg st ﬁrﬂHéﬁQ@&?&ﬁﬁ RIRQHS {9 ﬂl@eeﬁyr%ﬂg dgéﬁ%n,ge This

between two palynucleotide or polypeptide Sequences, the term "

demopstiptey WY t@%@@dﬂ@éﬂ%&ﬁﬁ%ﬁ.@ﬁaﬁ%@ﬁ%@%@ rr_le@t@rusm In
case 4.1 ATl HOXfQeekiddnikte isituRrastdNRWIYRIK s 1988 WIRGs ofien created
Whenlngf atics anle eli:rcggct Smith, D. W., ed., Academic Press,
r'f?ef%% rgdféf’ W%@E%’FSequence Data, Part I, Griffin, A.
M., and Griffin, H. G., eds.,’ Humana Press New Jersey, 1994; Sequence

DETmﬁﬁﬁggcﬁﬁl%&g&@ , G., Academic Press, 1987; and

Sequence Analysis rlmer ribs ov and Devereux, J., eds., M
1004080 celsnpeeans. IMesitivsrkessivey, tetsocf dhmmeodifie@mployelbADs transposable

lem&RISHNBEHSRINLREMEE T u cluge, 0
emthé;gse disclosed in Gwdegtéggﬁbgzz (S%{nw%%ér% artilgliljtl% Hgtxﬂg%ﬁ%% As used

bereith A& RiEPPeLy] ARt § sen FRlleAITbY FHeERd Gﬂﬁﬁﬁ"@ It is preferred
that B ObApIRled M&Eﬁgé&&&%ﬁﬁﬂ&aﬁﬂ £ @ﬁ&fﬁﬂ’&hﬂgﬁ%@% ﬁ@leﬁﬁﬁﬁr@ﬂﬂ%&st be used.
identity, are designed. to giv st match between the tw
SuChsgeS%ueér{%cés’ tges%% nef i teﬁ Fi‘é’?&%’dﬁﬁéﬁ% eBlRBLEA R Borebrdish, medaka,
carp, P@mre@@hm&éﬂw@gr&ﬂmﬂoﬂslﬂdeﬁmem Bt Qiﬂ[ittt& bﬁﬁ\j&ﬁﬁ tWRh as rats
C m t GCG enetlc
and x&ﬁg ﬁé@ H‘&gﬁ aQL&to@Jse I%(%tg é:}k 81‘ Blg\/éreu é{s? alsu u%? %nnkeys apes

adison Wis.) program pa
and Kéﬁéi Research 12:387 (1984)), BLASTP BLASTN FASTA (Altschul et
[00413/. (BORO):ABSGhY Hﬁ(ﬁhe@-% AEJ&%V&%}&%%%%EQHQA%%? Qdance with the

algorithm may also be used to determine identity. [0047) As an illustration,

Pres“’%"y“éﬁﬁ% RS Ghisfe ARG %4 Friraga iae té@qﬁ@%élﬁwﬁ gfakifegmtomdy integration,

ie, diamgiagohio ﬂdﬁ%ﬂﬁe@@i@ﬁm%ﬁ welealids.s8ausRCa Pl S dNe e da tivity -
th tthe nugle%tl?ﬁke {%&B rice of the onnucIeotlde is identical to the
ce Exeep

Z--L_

pmdurcee erb i fo8tie tH&F’?ﬁE s of the TolZ element originally 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



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%
VTSP 8% reference nucleotide sequence, up to 5% of thePfilitleatidoss121
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

plurifoayiIg dnsestadhnted escieran carseanenitid RSeMHANARS ALdREI types, such
ference.sequence r at the 5 or 3 terminal positions of the

as homstonasatic angt ealn e OCF&% %?5
TR RS A AR ER S U SIS GVehy Rtk eARE RIS R s 6ot rifirgal 2 cell whose
descqpdsition®) tinterspensedtiityerinaividgalisaraenenusieatidasHclie). Suitable cells

: f in.one or more contiguous groups within the . | .

e O BB R R e e
For eganéanefyrindiesrodifiadatieeséaiisrivmsphsaig dabstanifzhsiissityitvention can
be ushieRadiad ADNANGNO$ASEHUCIEOHAS, Sae'géﬁé}geog'&%ﬁﬁeoq JASLELN- ?%table cells

"supstantial similarity”, it is meant herein that thé nucleotide sequence |

includt, fieRBoL P ddo harsRamieh e ney e gaerm seliatmuiernpBicizeriety of

bloodhkeliewith ureestNotesmielyastiagasi.conditions. This method of
art to which the invention

etermining similarity is.well known in the | _ .
00 R L TSR B TS SFECHEANGR TS B reri.
Zebradtshl. eVl ete dotaraSlogingrohdlab exptatynddad uatidaE eindéokhdy Dlwe many of the
d 10 re Laboratory Press (1989)) as including the .

: va%tg%eé)[f (ﬁfpgr;g\)%s in%ggo %d%%%é of %P%%gag <SJro%ﬁgfrsnm%hI%‘)i?‘ldell%cgJ mie additional

advantaestdhab gy T BHebtitam doodcy S e s B8RtV athwpifsteis that, like
ginspingte i ' brighizatio in
Caen EHRGE &@%gg@w%i% q%ﬁg%g%if?ggéz AR08 care and

. conditions of 55 C., 5 X SSC. c transposase may

mAniGRAnee aredasmiad &y Ritisssr dokteand eaerisld d¥¥%Bource. Such
[0044netiiadsohaynteesintant ipabatianarewsll Kopwaietaiskilgdmlisativen by 2
mo di{_pchQ T@gﬂmggailg‘aed_ét(z d%ran%posa eis introduced_ into fish. In one
embodimant: a modified Re FERspELAR Bt efitilan ittt ciumpta s Hom of dc
transppisesplotkingst itietevethabtenfish seiby TRanvenioN 6 ECIDINES 7 SHeheqss highly
s IMErainjeet 5 a mbodiment, RNA for the modified Ac _,
e P e beffp iied Ac

trensppg iR dtfeth Al pd dasonaiserprintobeisipmthiesiautimdtenad(NLS). The
synthisRlated fromadielogicalisaures, 4p PR ATPECH B - eﬁgi%lﬂg g &'Eédsm order

o 10%&%‘%,61 ed_which contains an RNA polymerase promoter and the coding

BRI AFRELCA O tHan BB ES e r B RImb pmenss sksesynthetic NLS is
analopoasniotétaiscireie Gl thesSPGRigiotes. Hawrwerl SRIARNA this syathetic NLS

hag ﬁ1%0I %eor%a%-@golrp%%r l@ﬁ%ﬁg&ﬁ#he TZ promoter. The

nuicleic’ acid cohstrtct furthe i PO RIS EHsyANEs can be
used Arplse @yﬁd@-&ﬁiﬁh@tiﬂdﬁl&@é@ot&lﬁiﬁﬂ@hﬁif@ﬂpﬂﬁf@éﬁd 0 Wse aehodiment, the
synthgﬁcaﬂ‘iég i Bﬁcﬁﬁgdoﬁjﬁlé\ t@hg %%o%ﬂ%?e%? (534 2/131}%)'8%2% is NLS™¥ that has the
amino acid sequence MGPPEKKRKVE (SEQ ID NQ(:8). A nucleotide sequence 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 fransposase 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



Alternatively, 5'-and 3'-UTRs native to fish may be used in place of the
5'-and 3'-UTRs of the Xenopus fi-globin gene. Similarly, a polyA tail
native to fish maybe used in place of the polyA tail of the Xenopus
W4 51881 &he. One embodiment of such a nucleic acid condtféiGEa000121
forth in SEQ IDNO:11. A second embodiment of such a nucleic acid is set
forth in SEQ ID NO:37. WO 2006/124@01 PCT/SG2006/000121 18 [0052]
in a third embodiment, the modified Ac transposase gene is stably
to thdroigotidte deiptonthenfishegendified odmakespdsansgeniadish hdsiisesen optimally
: o ddEFEL ic fi 1o fish. or p ny of a fish,.into which an |
e e AR o UERT i SRR 2 dcizs tha
the nygirofde peritroemicar hecrubEakpnihicirtiavd thevaiogidodatembiyonicdifferent

nucle&@US iR NbBichihe %§Hy%@aﬁlgﬁ%1i%%géfﬁ._ed'ﬁ%ﬁﬂ?&%‘%}ﬁg. % Hodified Ae

exo enq,us constryct is a nucleic acid that is artificially intro , OF was
u‘anspgﬁzﬁg i

HE e R BN ERRTCEEY RS eAT sminapcThecqerns iRt least about 75%,

preferstiipdu dinn dbdnt@I96Mhio RN AUHEH0R 61 290aN SN GhARI QeBrably at least
about'® gpadl re rgd&ction.or egetic crossgs. That is, the original introduction
outo? s 1Aenty @s

A’gene or trait into A AT BRRTS SPalRRTAREy R Gl syl transposase.
[0046interdedity reansctclddgidowbvendirt prackitessinetiransion peBpeiides or two
iRl Rreedi f.an us. consteuct (that js, a construct that was .
po yﬂoriginalfljyg/ gﬁ#@%ﬁg f%tr%gﬁ%%%})%ro%%eﬁ’s e%% tg’ljldlgl% 1{%%%%‘0%%??’38?5%0 strings of
such gegHEnTsFediRR BN e barrwdiycrmbutatahStrbile Swoh disk arepnbgens wtthods to

ishdehaveh s SYEURIpHS RORSU ! i d.AS used . . .-
o erein, progeny of  fish e any fjshﬁrmﬁ%ﬁgs%gnag‘&ﬁ%@m&ﬁs‘ﬁem’ is

well oway i ralrd e oF erarmieand Hofrowic R iglrmiid altetiabhasd., Oxford

~ Univebagriirserited: o:thismsm Bxicaipminger aigsiemoduetonsha sepeicalin, b,
w.. eddeqtical fisi%,it%om}?e% ,glge{b?or_c lis of tfg fish. The fish from which _
' “Ghother Hsh'is descended Ts retetsd B 4% 4 Hayemiorsrersarime Rt A Gritfin,
A Myseaiih@réifn.d&lefdpmént tlardish fPoasaNelt Feealls (EInbrySu3igeRedisidal sis in
Sxampl r ng-of @ cell or cells int ish, refers to the
Mff!e develoé%r)ﬁ%%tgré é‘f&?@?ﬁﬁw&‘fﬁ%ﬁ iz%é"?fségg%énsa‘%r éleﬁ%’r?"d:ﬁic’iggﬁ’gw Primer,
Cribskghd\hedoRsyergrgfovedaiideS taridasifarenthite Wofbyrioan)altiethbish commonly

emplolRIS8] AclERRRUSNRRORNSHAMG LANN NG ALAIINNRRAYEDCGIOL NS  mited to fhose
discl mgdm%%,Ac t?tpsposase is used to prepare transzeﬂnlc fish. Transgene
iscloge 1

ESh e E e B MR b EisheR oRflicbeadstaieSrers, Sadiisgo, 1994,
and Carifian$henid fishmSuch constuctsareanifigiale intreduced)int fished Bthods to

deternANNEL pé,intro ction,and, .oft e structure of a transgene construct, :
render su halge'g‘]é{"|$11 S%aetocgﬁ‘é?r%ﬁét [o%ﬁg(g?(to %ﬁé‘gﬁ% ¢, Witherayrnges tested.

Such athafsnaconsifict darctemadeupoianyaictel asithaRHULpERs: Pkthods to

deternyaE iﬂéﬁﬁt@%@%ﬁ Uags &1@3@ ﬁ[ll% Bref rred that thLe ia e% i
constructs’ combine. prresglon sequences %f:)te%‘bllﬁcﬁn 135{?é1 2 sedtehfgenetics
Compgise Samiy eMadigere $isn pradee PR geeiayeriecdnstrats Medeprefaribitysearch
12:38includes, atiecsompanenisihelaid\exression: stabiByr fRaralion.of ooz,
tlﬁe construct into the genome of a fish. As used herein,
The well-known Smith Waterman algorithm may also be used to determine identity.
[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
sequence 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



components of a transgene construct referred to as being operably linked

or operatively linked refer to components being so connected as to allow
them to function together for their intended purpose. For example, a
WELHIBEHAHd a coding region are operably linked if the pronRSi&#SEan6/000121
function to result in transcription of the coding region. WO 2006/124001
PCT/SG2006/000121 19 [0054] In a pne aspect, the transgene construct

is the RNA polymerase promoter construct described above. In a second

nuclagiectymttr GA60E ties constnucicoadniaining: a«ioring Seqguareedsf thenserted into the
ified Ac transposase,is prepared to include expression sequences. .
e o e e e B e A RUP R B 3 o 5 el
postinsresdhsrrphrueist andodads ppdhenconstrngtvikseube che rtioscenprassigositions,
interSRARNGERINEHIRIAMAIRE: HRSY Sleme %?er@ﬂ&%% 520 . gne or more

response elements. It'is preférred that the expression sequences use
contignous ELRYba I HBis the Rl BRI BIBSUS expression sequences. As used

[0048IereindHHGINS GBI RATBENEN S AL SFARR0BER: GRRSIEEALISRAIRIBE sequences
us indicates that the component is

. disclosed transgenic fish, homolo _
havig RSt SR RO e éBB@%g@OEdo#ﬁ/Hé“EPﬂé??‘?n%%& oigEraepy discussed
hereihet@pdlsgmtmtiﬂcﬁhammaﬁﬁlﬂemmmmﬁ&atﬂ&fmﬁh@bmﬁﬁe tequenddarethiciently
o ies or.type.of fish_invalved, [0 s used herein,
sl e e o B, O D et

stringsih Q?FE@F@BA p_iniﬁmetht_gigé detelyisisesinslacieyds sefiiencesiofiA thatich the
invedHBCURRHREN 18 ane I AVRLIG dsi!r?ﬁ%fﬁ %Hﬁ&%&gﬁj %E@S%ﬁ%ﬁsfﬁngg%gmok et al.

start site. A promoter contains core elements require I nasic

(Moluder Gitsrise RNATSSRAiRsY @i FanBériplion Fastors0 hi@in&pleSnriig Harbor
Laboupstiepraselaomnis:anctiesnanae flemeii-FRancebgebaTalY R186-1: sodium

a.sequence of DNA that functions at no fixed distance from the
Cmorffiaenssgcri%ﬁoﬁ%%?t g%é’té cHr Be TRERe FoSEr a1 E (B ek furddopthyiene

diamiocietreate tanETpan fpohBrganhy ipratddinisn Rahanearsqalsa®@iieR of 55° C.,

5 3 &@Rtain response elements that mediate the regulation of transcription.
Promoters can also contain response elements that mediate the

[0649p guiEhe metifedsérpronr [sesoiep hexglessiontbésmebdedipeptidesiaed from 2

bioloefélatﬁéeﬁrc%.tﬁeﬁgﬁ&ﬁd&%?é&'ﬁ&é&%&ﬂ&%&ﬁﬁ%h&%%&ie@%% &k siilled artisan.

transcribed into RNA, mediate translation of the enco expression

1005, o JER mSGERPE et BARBD 51 SoiEReiRP iR fsthels uistmaristdtagnt, a modified

Ae ueginnat tpossibediitNaeucddis e iR, CorRspands tthedeaian ORtNSish using
constry% ?k?utween th%;[ranscrirtjon,initiation site and the translation
e

CORV RO RCEIE WA TE°HHE FHIFERIBIFE8®on). The 5' untranslated region of a

{OGS.QCL r:iiﬁjgssf;;mgbe:xﬂmﬂi&dﬂt,qumé@ 'Fhmiﬁﬁﬂ'ﬂ’ia&dcr&@i@ﬁoﬁlﬁéﬁ@%oduoed into fish.
in vifsesdieelaled Sonne dislegictlregiovs.ofa genenmretated ¢ thadprompiet Brprepared
Whicﬁﬁi&g%ib?aﬁ fg%@%%é%%@ﬁm%@%tmgrc%ﬂxgris%cﬂ;emc%s%? the modified 4c
{ransposase. The RNA polymerase promoter is preferably the SP6 promoter. However, other
RNA polymerase promoters can 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.



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. WO 2006/124001
WEISEHO06/000121 20 [0057] Transgene constructs for uSE TsGrRe06/600121
disclosed transgenic fish may encode a reporter protein (for detection and
quantitation of expression). As used Rhgrein, a reporter protein is any
protein that can be specifically detected when expressed. Reporter
[005%rotdins a[ﬁrdjsmﬁbﬂdﬁnedetﬂmiﬂ@cﬁfliaﬂailatii’aﬁg;gl;.@?@%@ﬁ;qg gflg(g[y dincorporated ito
pression sequences. For ex e, operatiyely. linking nucleotide
e A A R BHLY te a0 e TE b BENE B AL s o fish, or
progasgpichtel allowbichencrogeiolly stuslyulibkagbede velodmendt. W Sstckito which a
constAIAIES, $B& GRAVIGER] QIR SRTYRR @%&m%e&f\pﬁﬁy SR Linbryonic cells into
evelopmental processes, such as cell migration. y reporter proteins

. d .
Whichy (BRI B Rreb TP ditsd foh sipaid hptaipose ST gsthIs rgatisrhis a nucleic
acid fhRERaIHGHIERy %ﬂ?&&ﬂ@&i,%ﬁsof}uﬂﬁi@cﬁ?m% IHGHRIRSE, R8an animal. The

; alk?Jir.,r]%phos(ghatase, that can [%ro ce specific detectable products, and

e STSHHRS TEP DR HiratiRr b tocalngs apamPuspp ot irreaTiee Hetely nommal

- reprodettotect tgfymm,g;cmexamf, mm@mar]ﬁﬁd@@mi&alm %}@@m-t@f?@% a line or
- T porter proteins that are direc etectable without requiring

ir

® amtt?éea ﬁtﬁ%rl\; %?%ﬁ%é%%eg%%gfé%tlo%tgngﬁg g e%egrr ﬁb‘{eé)et ﬁW&VSF’afggéé’gi’Hﬁced by

transiganibrerghe ssioradbrregizebrefiish ewimymnicdeuslapiiantisA 4ransgaRiCthat was

origir?a?ﬂi’fr gﬁ?ﬁbﬁ@?@ﬁ&o&%%mﬁ'&lcgqgﬂ%%hﬁﬂ%%%lﬂ% %0{1(38-8&%5@ r0t1165|1 o33 contain
tissue-specific expression sequences, can provide a rapid real time- i Vivo

A CXOSERNT RAPAIEN ziRy SpBtiapERreamporaliel rts ibisip dttesnegshions construct has
been deveiopmenialissetelalednaenes of0D8S The,fisalgsesiirns0888 ended from the

constructs preferably include other sequences which improve expression
fish 3 TR CORBIT U721 GFEtR ERF B A ERRIG QTP has been mberte. T

this cpuliyedeloyiatoefsigtaprofutieconstsunisangocingoal T aia:a TSNIeS At or celis

ranscripis f e transgene is processed and transported as mRNA. |
of thérﬁgﬁ'de%%iégﬁﬂ;égﬁ use o?lﬁot%gggnylfa ion Slghars iﬁ%ﬁﬁgeégiﬁﬁa progenitor or
foundgp disttucts gsabhusiabliehdopmds pfefibditbat hoetiobogells (embryonic cells, for
examPRly3FeRYALLN Si982Ls beiysedin ihe grﬂgﬁgﬁ%ile%sc%ngéu&etxsf IL%(I%%e%elxpprocess by

. _accordance with the above principles, the coding sequence for
whichieriitizer k& iralis po Sabaerdparin KN ket trosprainosy, Arwderendodiferentiate
to foractivadnaitimeHish species may be used. Since most mammalian promoters

re found not to work well in fish, then the genomic_regulatory sequences _

10053 i SRBPATAR OB SRR HER LGRS BRETR G2t 6 TEcTahy asposase i
used tﬂmnq:hmngmmﬁtﬂkn Tanak @ﬁw mﬁmm&@g%ﬁcﬁlﬁﬁ%%ﬁ is introduced
into flE%Ere foéﬂ@gh ay he. omplished rocedures routine to those

skilleé? in the art. [096 i %Oélrs%r‘rg% %8&%@??&"’2%&&8’8%‘?%13% fish. The
manneg s 4pRpiaRkden. temhotfienntistestideure of = transgene construct, render such a
transgene construct an exogenous construct. Although a transgene construct can be made up of
any nucleic acid sequences, for use in the disclosed transgenic fish it is preferred that the
fransgene constructs combine. expression sequences operably linked to a seqguence sncoding 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.



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

WiA§Oprortete transcription of the coding sequence. OperablyPhrikeeo0s/000121

means WO 2006/124001 PCT/SG2006/000121 21 that the DNA

sequences being linked are typically ggntiguous and, where necessary

join two protein coding regions, contiguous and in reading frame. Since
{0854nhancernmaypéanationraiiemsepanatedifran theDruneierY seMBKE:r construct

ilobases and intron sequences may be of variable lengths, some

s B s el oA oo tomsmp fo e
modifipdApnserposisetharerefet dhipdodeprisesdomarkemoea BROSYT GRS, deuences

a-prefenel. grg}ag}g' - | eded reporter gene,
e t.lsuch as a flaoresceérg%%%é%? ggﬁggﬁgg@‘%%e%&@%%ﬁﬂn%ﬁg off’s used
hereifyR3RISSHY SCARTREPASEIVE eI WRATEsibasHRR efernts eoiyseisent] response

elemdhie. markeniserbanced greem Rueras e dE Gk (4NaNA&R! Blnstructs be
996). EGFP,is preferred because of the high sensitivity of the reporter

h"'m‘%?%?eﬁw?ﬁfﬁ?éﬂb‘?e%fﬂl&aceém B PR s B FF TR Pl ESnQase of transgene
constonrtogesnkiis tbmri&t&ﬁbl %ﬁﬂlﬁ@%&l?&%ﬁ@ﬂ@&suﬁdﬁﬁﬁﬁgﬁ% ﬁ{et"él%mpgmnt is

..o, ter Although, the use, of specific markers hags been disclose
maty G P S R R WAL Sy AR hn e crologous
ndicpedntdly civaposent ivarkishsy Mg solditiodetveepboter throtpingcare type of fish
invol#own and have been used for similar purposes. These include enzymes,

such as [3-galactosidase, luciferase, chloramphenicol acyltransferase,

(00555, q| e B SR TarfeK PATRBIRRES PSS pra e &l iad i prodlupsispissiffs, promoters
and efeiaeiables. pf@w&gi@g@l@ww&gaghmge?@{ﬁeglxﬁs@ﬂ%\ﬁm%w when in

120 g;rgteiég gan be directl ?d1ete ted by using, for example, specific _
2 el B R et HERRRIPE B Heacily RBMeeiedcaigins core
elemdpés usegulin plackaskc thefaGioR oAtditio palyimarker s@neasspriatefictors, and may

ibiati re suitable for either positive or negative selection of
Conwgﬂggér%%%% ée S%Fse |§Cﬁ%8§)§3,s‘?n%rmaﬁ%,'irﬂggar%%%%}gwgﬁ{? B e aguence of
DNANfstebmgiamaing, SreEdisiasid BpringeHonroriptbomtaryiRress, Golte in either
onent@ﬁ’&i{‘g E@{Q%rbl %O‘CY&{ I‘%(} qggl‘ égé %I‘S&%Iﬁlm(ilg‘ 8@ ’Dgélﬂgﬁ %tég r%tt%%)l;ﬂé;hancers

Molecular Biology, John Wiley & Sons, including periodic ates.

also ofien fuiHBdgSRIRseFe MRt SirhEedin derismHarthel Aransarinyibe. LRwthters can

also cpradicesthmiy eRaniin eatien:I08H Franseaniedish aisarerared using
{OGSGﬁ:e nstructs descr edgi?ercfln. In one embodiment, a method includes
htroducing the RUCTEiEREHS. 8PS R RTOISHRRtSr HRKETBE CWEFAIT, Mip needs

sequenciar tilize dwisin agoftbeih chidliBgva fisfeaimbriahasiam uitfendizaslish @ggtession
B et B i R R R
This fegitogirespoRris @ Honrigitilizad g gotheuntethoe:dn chedesferijizingilttation site
and ﬂ?@ﬁaﬁ@ﬁtﬁﬁvﬁﬁﬁm%@‘ef@%@m%oi%%%ﬁr%gé&ﬁpi%‘ﬂg 23 -ll;lqga%s'"ﬁltglcf region of a

construct can be derived from the 5' untranslated region normally associated with the promoter |
used in the construct, the 5' untranslated region normally associated 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.,



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 electroporation. Exemplary mechanical

WLthB4Ethtiude, for example, microinjection. WO 2006/124861/5G2006/000121

PCT/SG2006/000121 22 Exemplary chemical methods include, for

example, use of calcium phosphate opddEAE-Dextran. Exemplary

lipophilic methods include use of liposomes and other cationic agents for
{0051ibid- Tredieted wanstettitn. Sudn thetlisde skt wengeally il witéadhereporter

t described in, for.example, Gene o

B e L ST ane A Pien s ny
protern Kpgft6AtakE Ereifab, delectagiovbonnipressBie s& 006); mnttiRuerentseful for

detedﬁi@%?@%ﬁﬂﬁiﬁ%uﬁbﬁﬁigﬂyﬂﬁﬂs Letal Re5endan Yiley qgsziﬁeraﬁvely

I .Microinjection techniques involving fish are furthér more fully described |

kiR DI GHIE SEISRC AP PNt SRBT0 PERBT fotR HeFusr P IS HNASTPOB SN Sequences

allovislentrapesadiotiieahniqirsdavetdngdshan fuphenmeredulbseasriBetdin serves

as ai&,aztﬁrreéarnﬁ%ge (I;’r?vgersev% al. gl%%zréﬁ?nd Lu at al. (1992). Techniques for
introducing RIS fiSiely 08 Or embRoS by o P Wit PEtHS R aMany reporter

protejiicur knewoliad ipantiopicustidur alnidatprepasesiin b deseibeekinTieke include

~BHI . . 5] T. tor.or other nucleic acid .
O e e T R S gy speis

deteoighii 2aaduGt- oK qusirde shigewr bevitepinetnteMedtipléivuetorsngauhiein can be
direcEp@Rcipglifarant transaanss, apdescHbed heein may hgised. When -

005 sin ferti“%?ﬁ egg, or embréo, it is preferred to introduce the nucleic -

[ id int§ Wie RO RY feccestipdetr et mequiring the addition

of e}ddm?ue @Hmmm@qémmiﬁdﬁ&ycw&ﬁth% @Eﬂmﬁﬁfﬁ%ﬂé%ﬁ@&@éﬁ%ﬁ&i@ng zebrafish
opment, including.the twa-cell stage, foyr-cell stage, etc. Therefore,

@b gé\ﬁ %u(c?gfgoﬁ%ﬁ 1#1'ayAbteI alﬁ?%%%éﬁ%ﬁﬁﬁ@#&ﬁia%ﬁgfﬁli SROSEfe fcoding 2

repoigeistimethutiksiecapietifio equtesinc sepomting dheppbade-gdegddabed time i vivo

g Steggﬁﬁggggiﬁg%s i ipFraoducsd into ote. Additionally, when the

4 nucleic acid is'introduced into gn egy gt %%9 s?tg%feergsofo 5131\?&%% né?ﬁ%ﬁ?’ regulated

&% east one isolated nucleic acid molecule incorporating the

[005$ibOVETdeBeribag kansgRniconenaliy ohRUNTOMIGREL IBIR-ALIGASE A& improve
of the _for example, morula, blastula, etc. [0066] Fish eggs may be o
XD P i e Lo P Ty S0 TR RS armpbmdmesigion signa

on theeondtepty r@kmié@@%ﬁf&ﬁ%ﬁﬂmg@ﬂghtf@m&ﬁ%w l@mxﬁ&h&@ﬁﬁ%&ﬁ%@ B essed and

tajned. ethods known to the art. For example, a )
R R U —
consteihis Wahestad fisd, Withreefasitthantionfimnalpsiiadoajésids WOmas be used in
the 1 L dbhaaayoe placed in an appropriately sized container, such as a

tank. Eggs may be collected by, for example, placing the fish in a nuptial
10068 antberhivifiarnkiterian aispopriatéolamdafradinatingreushias Bisoubdified 4c
transpdbd6: 60 spELbEs Haneh i ethRAs.ae %&f%@&ﬂdf&f%%aﬁ Rig: ﬁ%’ﬂ %&EQA 'may be
S

91). Alternatively, fish eggs may be atrtificially fertilized by metho
O dnammalian promdters are found not to work well in fish, then the genomic

used.(k R T
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



skilled artisan. One skilled in the art is familiar with other methods of
obtaining such fertilized fish eggs. WO 2006/124001

PCT/SG2006/000121 23 [0067] After introducing the nucleic acid
VEBREAIE o the fish egg or embryo, the fish egg or embry8§iSkepiectgo121
with an environment conducive to development into an adult fish. Such an
environment may include, for examplgy growth at 28.5 C. in E3 egg water
for 15 days followed by introduction into circulating system water by day

that {16 PWastedfietc2060): [RQ63] ishyBRIAINI 068805 ABACWRAD ecessary join two

identified by any suitable means. The,use of repaqrter proteins that, like .
Pt TR S S e vy mgagon e
separgpd diveetihc orosiabie Withoutr b drilioirgeh ematidition GEexagenons/fdet@s variable
lengtiR SoRIERRHRAHQY defesiing ﬁ&ﬁ%@%e%%l’aﬂzg%%%ﬁ@{tesﬁ'QQn%““E‘&?ebraﬂsr‘

embryonic development. A transgenic zebrafish embryo, cfr‘%ylnga
if*“@éons#@&%%aﬁ seprHErRbtemsitsprovtkenor apbesist Gave.idvavpreferred

embo8BERN e GRAyERA SpAIRLAN G FMRRFRS RS UM RRULHIS Ahcent protein gene

, opmentally regulated genes. Alternatively, the genome of potential
(e, E%@g i =W§%%e%?oﬁé&%%ﬁ% BréduRtEreieaBRigingeRR olichBwst preferred
embodimmentify trarisgeniedishagiuaiyerpessiog et TBgams, tMang et al., 1996).

expression product ¢ ea ed. Several techniques
F L L A SRR S s
embodigsieanibe appfiétetoarsmsgenibfished2rmleiig ot motentimhothacthalfused gene is

under$BRROEAHGHISR {RIJAUCIeic acid sequences present in or characteristic of a
tran??%h?ne construct.is preferably accomplished by Southern or Northern

(0063 orinihonigly HherBsecerisngatfie forrkamyas diyaredisstostrhimdedistiorsed herein, the

preseiPaRhE6OHRGH SRAVNEnABE efieBugieisiasit ampliicatnnieshNigUes aaditional
' Preferred tect]nlques for identifying transgenic_zebrafish are described in

FepOTIE PRSI RLE R SR RGBS G A0 SRR RIS A aPR vERts? fBplude enzymes,

such delipegyladivgdios, dadiesheiHibanthRBikBOWB IR IRerakk etel8 (O fonidase and
alkcali MG icS: %d co st{uct thaténcludes. enetic mg{erial designed to direct
Tahsformaton (e e Brotse SRR t%tﬁ%‘ﬁ FoRTRSALTS, B RTRIGIAathaE can be

directheddedtéredirbpihcarppration efiebodiracs RNAdD B/ iiB@enaNe)Bhfte, specific
tinda@geted,cell A vec ntain .multiple genetic elements positionall

P and se up%t?ally or%ﬁ%%%ope%bﬁ?ﬂi% é% %ﬁfﬁo fer %Iggés%%ﬁegr“ypm% of

the B(ERrfldidorahmeaskan tinst aneopiatadiontibidtined basewtraitariedr cither positive or

negatiFanseriRes andidfr ﬁ%‘éiist@@%ﬁé@&ké'a}bﬁe%‘if&i%%&ﬁﬂxé&géﬁeacﬁﬂssen (2001),

M f%t{iliz d embryp. [0070] Recombinant expression vectors may be
olecul RS by incorgoriinging Beker. Febresony destdedd firsing Blarbor, New

York, withineswietter sccosding darmetdsonsl knawnioithesskiled RES8RRI% Sons,
il e B oo teon fcClane ol
may belnsshich pesties thiratasestonseritictuding retrovirus vectors (e.g., see Miller

[0064Ft a@%%%%ﬁi@dﬁ&ovﬁgsﬁ/r%g A3 (%'s%igs%i?e Eé(Z)lIJlg Thts described herein. In one
enbodiment, a method includes introducing the nucleic acid, i.e., construct or vector described
herein, into a fertilized fish ege (i.e., inclﬁding 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.



et al., 1993; Zabner et al., 1994; Davidson et al., 1993) adeno-associated
virus vectors (e.g., see WO 2006/124001 PCT/SG2006/000121 24 Flotte

et al., 1993&, herpesvirus vectors (e.g., see Anderson et al., 1993), and
Wehirht(498ktors (e.g., see Lever, 2000). [0071] The disclosSterEEanaag! 21
and methods can be used with any type of fish. As used herein, fish

refers to any member of the classes egllectively referred to as Pisces. It is
preferred that fish belonging to species and varieties of fish of commercial

Exempiayientificatertsodended:, Suehfighdnelsde clidtaenailimites t5AE-Dextran.

o . tuna, halibut. catfish, zebrafish, medaka, carp, tilapia, .
Exe L R T ipntgeones or tpic
mwlﬁ@c%@@&é%ﬁ%ﬂ@@ﬁﬁ@mmmm&hﬁ Barvio teribe Zebsafishaare of such
meth@i} IRSraagingby HQPFH?%Q%&B?M“@%@I AURLSIRGE Jhey haye many, of the Living
advantages of popular invertebrate experimental organisms, And inclade

Celis (R Harsrsr adlantadiotion: meylark-\isehredes Ripstheiaignificant 2000); and
CurradvEntagRBt 1eblabpisihatidike, Gassasbphditiy, they argdardeley & Sons).
Micrgrﬂgpaézgt Klr{mlggel, 1 89% éa nergf,lﬁzfgbraﬁsh care and maintenanceé are
descrBed By EiraRIRgRY ﬁgﬁ’f‘? SRR SssCTiEdn o capple, Chen
and PQW%}?MWMM‘&@@%Qi@f%gmi&fi@ﬁf@ﬂiﬁn@d&ﬁﬂc{ﬁ@SQvoMng fish are
tegjgtic nig. zebrafi ryo, carryi onstryct
o ESURUCSA0PEF WAL U SDTRBECIRIIS o . 10

Techrighepripvitniraceging iabiintoifishivgssystemiinronimiyding spedial mndviral vectors,
such 46 BIRGFNE¥HESHION BAHAI NSO Asyelopmeially f&gé%ﬁhg%ggﬁ&%#alih Ggo3).

addition, embryonic development of the zebrafish is extr rapi
[9963) oL rSBEVERDIYE CRRTSIBPISIA R SRTERBIEIE e ieesrymas, indhididerad info an
unferfilizetiong &eal’fa':lﬁﬁﬁ'ticéégﬂ_iﬂ& @&Q@d%&é@('ﬁﬂﬁ%ﬁﬂ%@% %ﬁ[pfliec‘ri'ré@{ms, each
enco o(r,nﬁ rgrlllt f ;Qse same c%lesw%%[ characteristics are also preferred.

C{%’U Zﬁ“‘[f)f:éentl R the Pattarn SEL B R s e isins sy Brilineg egg, or
embrygrithe peefeomiplishen dycentbasuripg: acidentfisgaspre ssionmofithene-cell stage of
ne a.di Nnttis .(tissue-specific expression), at different
devel%%%s i;rintgogic}ag\z%éptr%%r%h ? gi\ée%o%f)ﬁgir?%llﬁi §8gu?at%§ng£%?5%%i %iarter stages of
develppiperspirdnding thgdvapeeltisiesqioasiont) stagdifface ritletibrgabesydelb acid may
be inifAAEET SRECHIE SHERESI U A RESRASRESEMETR.CanAls] lﬁﬁc‘f&g;l?ilcq olecute

i ba/, for é)é(rgmple, measuring expression (and observing changes, if any) in
ICOTRORRHT in &G e TING FEVERSp eRtETHE rPafiEist fie Biadissibniplodist zygote.
AdditioraEi Jetbetetheandidvadn sfiacbanctacadiabily af ReMaQheSEevelopment, at
Jeast Q@!X&%& donrﬁ qnoe level dlfég{fgnt tissues of a fish can be dissected and

ALl (R EATG SR K ephsgonic construc

~_ expression can be assaye
1s intrgduesshintortt dassompeclbniithe, idremansing aloacial BlayExRESSION

0066PTO0EGH This Jgehnidus,is, o only used in tr enic animals and i

[ 6'85er| for éggseg;lsing tissue-%rpﬁgél %ygxagpggg%%%g%rg §|8ﬁ%¢1%@££& Many of
the ﬁ%{@%ﬁmgmm@miaﬂy from, for example, pet stores. Fertilized eggs may be

obtained by methods known to the art. For example, a desired number of appropriately aged
fish, such as about three to about twelve month old fish, with a desired ratio of females to males
(such as about 2:1) may be placed in an appropriately sized container, such as a tank. Eggs may
be collected by, for example, placing the fish in a 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.



enzymatically, phenotypicallly or in a model fish. WO 2006/124001
PCT/SG2006/000121 25 [00751 This technique can also be used to
assess expression during the course of development by assaying for the
WOFEedRIH%Broduct at different developmental stages. Wher@Caeeationwf 21
the expression product requires fixing of the sample or other treatments
that destroy or Idli the developing emRryo or fish, multiple embryos must

be used. This is only practical where the expression pattern in different

[066RMbrybe ihespediadite hadbe %am@@@&&@ﬂ'&&oﬁﬁiﬁﬁ%%%%%%ﬂ@%ﬂthe fish egg
or emlé%irg)gisth%ocy%ggse transgenic fish having stable and predictable

Expresdion Kmore BeTaHERTAY Sreusossing avs paenh Bl gp Adadidish. Such
an enyiranpamsgene tuiin,dfretepment iSotatuae 2H¥xpressien produgkil@t 15 days
f i livi nd_animals.. [0Q761 In zebrafi e
R e R e R D e

100684 1| gk drirsiFies thdrpemtyareaisparisientifbdatisheamnoldeveteps The use of

reporRHIpiAiEE %ﬁ"q{kéhﬁugfégé@@rﬂ&@&@awkpfﬂnE@ﬁ@’,p@ﬁ?ni@{?‘f%ﬁ}fa@ﬂ’, or
dsREfé monitored by following expression of an expression product in

hsBenfEHEHY IKSIaERISR, Wbosh drarsiner hiepdditiopenio ermemius factors are
prefestddieddasbibse fishsdQQTELkha dasekiem BOGHRRL AR LRLEMHRIBNG Byment.

A ene.en giﬁlgla odified Ac trans((gb%sase is infroduced into fish. Inone =
Aspect, the gene encbdifg 2 Mo fifiss Rty &dROL; FFiGNEAn provide a
rapid cebtinet Suchies dpgenibdar abaleidnystithhiad eetgiorl] cxglie®Migatierns of
develNEiQom AL d ke e used to introduce the modifie%i!?
o (o e Ry o e
probegh RF i au gm0 sTpE alissperiton Tn fiinidiatoosgplishBsh btually expressing

the triERoiCingG amedified s element, Carrying %%é%&%}ygﬁr@&é%gﬁ&%ﬁiques for

polynucleotide) of interest and the modified Ac transpoSase Into Ti
such b‘%g

BEAnGE L RAE T BRI EP D L8| SRSEEUE visetty ahiaipihgamde applied to
transgerddifisd DsoidlemenioisiaiosuaethintantisthiNRATARREIOLINSsequences present

. mbodiment, the modified Ds element ar a .vector containing the modifie

o B W /B SR AP A R TOFI BT PRorher

blottingandiessprodernechiscleomti aspsoy thtymaeifiet Hs elemen(fIR) R ePer sequence-
" eciﬁ@ﬁ@!%i@%ﬂ?a{@&ﬂg j:%go[as&%ﬁmﬁgg.is introduced into a transgenic fish .
i containing a coqm% sequence for a mglu iec (i?:e éamn %%szgel geé%%nansg fransgenic

zebrafglu s sledonibrs fradeporated into its genome. Ina third aspect, the
[eo6omodified-Re plermenl Heangeior sontalBingihemodified R gleme QE%& herein and

introduced into fish along with the modified Ac transposase protein. In a

2 kngsiiif 48 e o AifEA DS ek AT bé Sslesheantig terial designed to

directmankfiechBive|€reenhispriseduonetdpiozis bl aRGWHNGE MOBIRY RARIANTING altere
by ind modgied trans osase}__%grne. ln each ins%ir%ﬁ% the modified Ac .

tra ISPOSASE Protam Hrives iAo e FRERAYELEIS efelifElst may contain
multigisteiB0izF cmeatsgeoitibestip adihventsthel iy odifieddDsec | e prestiisibiaddywith other
necesiIFPRARCH B0 IBG I8 h that the nucleic acid in a cassetie can be transeribed and, if

desired, transiated in the microinjected, single-cell fertilized embryo.

[0070] 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



genome to make a transgenic fish. Transgenic fish are prepared as
described herein using the WO 20067124001 PCT/SG2006/000121 26
modified Ds elements described herein. In one aspect of this embodiment,
WA the modified Ac transposase is introduced into & F&asgeniu21
fish containing the modified Ds element. In a second aspect, a transgenic
fish containing a coding sequence fopihe modified Ac transposase is
crossed with a transgenic fish containing the modified Ds element. In a
Flottetiolrdl a0t tbip emddified A trenspesasedueteirisintiody; e dniodheas vectors
(e.g"g%&ee@i%' containing the modified Ds element. In a fourth aspect, a
vector containing a modified transposase gene is introduced into the
100714 an dheridstilsisesoreaiting tradodified Dechenert. witbacly instantdisthe As used

hereilmﬁﬂlfi%@eﬁ(i&rﬁf%ﬂm bf %@@%@é’seéqﬁm(i?' g@%&t{}?@wﬁ&gd P& preferred

ement in fish. [0080] The Ds element is modified to contain a

e
that fﬁ%@ﬁ’&é@&ﬁd@ Brarifsraet Tistsdafidehos cormenidrscrismifisdntemstde used.

Such BshdackidechcamposEmihe ROlyiHEROksR ahinleRNROSIIRRE Y NS NV SR edaka,

c Eﬁg 153:- a{)qgﬁgﬁeerl\g&of q native Ds element. The Ds 5'- and 3'-ends contain
P, sea’uéﬁces réquwe%laf:olr‘ transposition including two short terminal inverted

[0672{e peBhsenueprésraddisie furaneesitititht daoibied thesmegified A6thods is zebrafish,

AT 0 A=nllowing. ition, the polynucleotide that is
Dam%npc%%o %ge%f#égog%h@é%%ﬁ%ﬁ%é&ﬁ o 253 %}%%e%%tﬂan a-lesﬁ%cs? SRy e many
of theyafyiantaerstio RIPWRE reSETRRt AR Splbachba taegenishrsmidd dvdude the additional
advar@POGRIMERY the $BRLhigrpIn o2 18O P&3%at 5
T%ATCC%TG (SEQ%%O%%%% -termiﬁ%ﬁ?’e%gaag% OB e, e
Caenophap@lig (BHTATIEGSD NOP8Ih GHiemsbS8henEorarsdifcatidiss shre and
mainttherb and@cabels bofIheiwildly pe s slemesiaseimadedhat are useful
[0073§°r t@erg)srggﬁition gvith the modiggd Ac tfr@ sposase or native Ac _
randposase, The polynticuiEbtdasFiHmre Pt AP Ebnt Hinsrmmer Given these
charagteriipsusatitensemie mistioriskampleoT W@EQiﬁl@;ﬁﬁﬁt&wadﬁg@riﬁ&mr protein
.Qne | s 5'end cis-required sequence.is shown
e e S Re Pl P e o
analyzing gbialicah dRmpasah RiBtEses IeBINSIE3dsh SIBMIDIAIY: fednigné genes. In

additi6MRMIMERL HeRHBANECiE AR ILWRBARIS SHOVNID 2PEQID. embryo

d 1NO:4§’, In a second embodiment, the Ds 3' end cis-required sequence Is
Cevel R WRRS R et Ay A RS Ees S Rec: oot epg | A pikpirculating blood

cells @mboeimasonf Gkprasentinweation; heDedsand &ends Willzeg-nthe .re aiso

Preferirré}{ention may have a nucleotide sequence that has at least about 60%,
preferably at least about 70%, more preferably at least about 80%, and

10074 moskdensidiablyiat |pattabodt 8Q%es9680 iar SR odistdndity totheauclantidean be
2CCO Hen %@gﬂgﬁl%@(&@ﬁ% d 3' ends discussed herein when, .

_ n%%%m'alﬁligneq (with appropr'qt% nutleotide ﬁ’ﬂsg}ﬁoqﬁ%ngg%lglelﬁoﬁg%rem tssues
(tissuongiumtibnapraseosbqictiébesnt theepsBinmdesthpasenidgdinclopteentally regulated
expreﬁ%@%&%ﬁ%ﬁ%%@@éuﬁgﬁﬁg%ﬁﬁ%@ioﬁjmaﬁi%&%r}pgeﬁslﬁéfg%g (?é'eil lineage-

,ﬁends nucleotide sequences discussed herein. The Ds 5" and 3" ehids
specific expression). These assessments can also be combined by, for example, measuring
expression (and observing changes, if any) in a cell lineage during development. 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.



are capable of being recognized by the modified Ac transposase
described herein. The modified. WO 2006/1.24001 PCT/SG2006/000121
27 Ac transposase binds to the Ds 5' and 3' ends and catalyzes the
WHSYPEHBIBS the nucleic acid located between the Ds 5' an@®C3/&mug61i06121
the genome of the fish cell. [0083] The Ds 5" and 3' ends may be either
synthesized in vitro or isolated from & biological source. Such methods of
synthesis and isolation are well known to the skilled artisan. [0084] The
[667Fjolyridie otidmighintesesumaytee @elatke hee£E PORETRNC BREIR de course of
described herein. Alternatively, the polynucleatide of interest may _be any
devel B A Y B et TSR R MO TR e RGP e Wher
detectimyef thsherSrrsni potyedute otigieres finbresf danshepkete ctibeforataeis that destroy
r [ -trappi - ing, activation.taggin L
o oty Sumresaoa e SEBE L RRbRE AR prootca
whergthe cpession agiisrpie, dHErsoh probTaotiticespinteddethn dyetseraccadingilar. This is
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the f1;ar%$t transgenic fish made in accordance with the present invention, .
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XPIESERFh BEIBEIE OF RterBit E5hid B idiiipambiHIsceitiioNe seaprsifie gant can be
studi&bin Bessid for activation tagging such as disclosed in U.S. Patent No.

,709,863,.[0085] A Ds construct useful for insertional mutations contains
wﬂﬂtie r?gcgsg%lfﬁkfeé@?%@%ﬁ%ir‘édv FE1oM SRIBIRHRNR L8 tFRFRPEEap|anodified Ac
trans;sj&tmistirﬁmﬂu&ﬁiﬁmmﬁdsandz}&hmib@@ft,thﬁ:d%@;mlﬁ?ﬁﬁ{g_&rlﬂ?ﬁi;ﬂ@%@lﬂl&sposase
. rker, suc ose described herein. itio unctional elements
fs o LG ORI RS %rs%%%e%g%f%%‘{ﬁta@é%i%“%gglgb‘fﬁ*ﬁ%’& Sfcrpquasmid vector, a
viral jypgirgiotech e idspeesdiernstd dovinistrieaentiye mesti ButH atditipnadse gene into fish
usingbEHaRBha BRGNS ARl gtdiaspe specific promoter, Gald

s ba

operators, tetracycline operators, Xenopu sal promoter, such as the
100781 a efiansResiBBR dugfevintinacnmmiisidahscrgvsrainsaasmeiigicbypr clement
carryQIIONO0GIS FRECHRBIAALOR poilanldl B REMRALASERTATRIS RASA: transposase
it é[aﬁT bo>é.eT e‘g.se of ?bhcell 0 ,%s ue specific promoter results in the )
into F I SR R SR LR A e REBPHeS e YROG R RB e rifed Ds
elemaqdishetrafuiatént dhigughthes usgeof of Gixl4h¥Bdi6 BiangacivaiflodDERnt or 2

r sactivator-that-would activate transcriptiop upqn doxycycline
e R R e oo v, o e
modifgdrieipasesd. bl adgitiod efpeetr doyulinkfidteAs thnibbacteriakidetiasining the

modiSANANCEENRIR &Sﬁgr@@}c%ﬂlmgﬁa&%égﬁﬁeﬂ&og&l&%mng a coding sequence for a

modified Ac transposase gene as described herein 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



provide versatility, but also because enhancers that can be recognized by
vertebrate transcription WO 2006/124001 PCT/SG2006/000121 28
factors may decrease the titer of the virus. However, in appropriate
Wt itde4ftles, vertebrate transcription factors may also be PER£S300m 80121
second intron of the rabbit (3-globin gene is included to enhance the
expression of the downstream genes;gnd to splice out any endogenous
intron where the virus may integrate. In a preferred aspect, these gene
modifeddictsementxdesssbell hadén different zebralishipsomoletahNEERNA for the
: logs.of these zebrafish promoters, as they may be in
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.is disrupted by a transposable insert could have its expression restore

requisgd g%ﬁ@‘t%%%%%“&é‘ﬁefﬂ@rﬂk@at f5yEsad segosigrere Jesnsiembsdguences
that Crmaj?ﬂ pﬁssﬂglaﬁ@@xarﬁm@sgg@s&ienmﬁgrﬂ& ébﬁ&ﬁ&ﬁ? %Eﬁﬁﬂi’d HBGAR that is
. oxPflanked,GFEP. reparter. As described previou in a preferred aspect, _
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interegk theiceeopthold gs tofetinedenzebrafistepiodiatens. fR088) tenainal sepas: sequences

. 4SE nc tr ot u ife gnd g synthetic, strong _
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of théIRBIERRIE 1OCORRIEHE LR IRERTY Wit LOMPIRIS PSS RRGHON AN RIS dificd 4c

The addition of transcriptional pause sites and a polyadenylation signa

TS PO P I e i SRR at The RRISPHEYCLRtdM 9 dsigne sicenaigin another

transpiseatterpiscay dor ARG DN STass;E MiFans:a thisimanner, all |
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reviously, In a preferred 4Spac

In 2 sgpofet chfferdimensbitadishy fromdtels aruinebsarntbnlegs sfidsheseszaiiiafishes 3657-
3903 BFOIR ~E90q89 ten detegmine the regulation of , ,

expre%tgfg nN(E?g gﬁ%%%%e%&%&gﬁ %zségng;eeéllra\ fﬁws%e- e SEAResep shown in

SEQ {RpNebhdtrdes werend ismbedistont. dhea Ssristrenst contaiming] serppoctets shown as

nucle@@ite pPafally §nkedi@;promoter is expressed only when the construct

'knserts into the ) i .
[0082]  In a further embodiment of the present invention, the Ds 5’ and 3° ends wutilized 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%, 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



domain of an enhancer (O'Kane et al., 1987; Allen et al., 1988; Kothary et

al., 1988; Gossler et WO 2006/124001 PCT/SG2006/000121 29 al.,

1989). In such cases, the expression of the construct is regulated
VRRZ8PEiHGYY the pattern of the newly associated enhancer. PRESGRID&000121
construct having only a minimal promoter, such as a carp (3-actin

promoter, and a reporter gene can besed to identify enhancers in the

target fish. The Sleeping Beauty transposon has been used for exon

Ac treemppingsibinébtafish [Baltiunng’ edndl a0 04h JOOOHSimplatbiCtIinjecivic acid

locate%fbr% Igejg %ci?% @tgl{és?% ts)qgl S.is eneralleiﬂleﬁ tive in order to

produce stable transgenicﬁﬁsﬁ. he" e(:’f'l%rf“taranspeo ¢ nc\e/egt:tor for
[ﬂﬂgﬁanﬁéh@d@ lisveyB’ fa@;ihtamstgemh&mfmﬁtegzaﬂon ofriherpsijatadifotice Wblogical
soummt;@&c@ghlé@@ae%g{%@% tha ;WsReCUlE DLRArations (SITBlg;Dhelelc acid

microinjection) that occur at random positions within vector sequences

100841 g The melumrlsotidatefiarecsh apep 88 onmrsketion SIPOBeToSDNNres described

hereix?hsqﬂiyﬁkﬂﬁ@ﬁﬁﬁ%ﬁmﬁﬁ@gﬁiﬂﬂg%@snﬁh?i%)%% 'R ”a‘ikféﬁﬁ?#'ib%id that is
. Ir.surrounaing regions (usin - inverse and other
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selectrdnoposenitr gnemiitesttsaptge nebaiRaihipeHresentipmntonctanida tagging,

u .Jnsertional mut nesis. Ds can produce somatic ng eritable
RNAgerrgﬂr- ?r%éwrﬁ%%%%ﬁ%ugpl})gr?%s%%%na‘lsnﬁ'r)e&gﬂﬂ%ﬁng‘%eong feot n%ﬁ et ligT For

exmkn@hesyémlggédﬁo@f;mrmpmb@m ddiremokilized ibfeetiveliifitoked to a
prom$¥E: 8P SRARASR 1S SH RS hoaR g@gé?%qﬁgggﬁ%dﬂgﬁ AREIRNR N usce with the

surrounding genes or deletions. The Ds elenient can carry various

PresCRORGRIIE foF ua&Higak sk sitpeatedricipraaisionnbipredimapgignee from the Ds

constRithaBeR! tHeRRINgicgoNenHARRINEL! ARINAIRBHAGMNG WM MBS 86 conid
well known to skilled artisans.i,or%%] A Ds element can integrate into

be 2, MK SIS SPERTOMRtH HFCtiBShA DREAY sBHRAIEE s iRtherah s yrapping.

Alterhwively,déletenbusidffetidud ininsertional suuldgbaesismenepefussionakhont a
omadi re it may.not. have. much of g consequence. Thjs power, of

prom e AT ) AR Sl (R ot

to a5 pERRgenBRRERRIes (Biyliarvetht. pal 98] BéieréiukicE089)ld be a 3-frame His-

tag DNANSHASAR @AQ01Rd iR ARG echigys, nich rans0anis RIS TS, Patent No.

delivered to cells so that it will integrate into genes, thereby inactivating

6,70%K8Mn by insertional mutagenesis. In the process, the inactivated genes

[o0s5are taggnd Mynihedranspasabteilement Whithidhen-6a0iRe WL dlessary features
recaver the mutated allele, Inserti%l of a transposable element ma

) ' 1y
T ATt RS RIS B R B RIRAN CERTEE Y% ATdRecterigi¢ 2 -ends of the Ds
elemqphomotypelcBabiuserinsesticnas lapp ipsiriata yaridomidiiesamectional elements

e OB SIS SO R IS U 0. o
downgdeeipo BFOAB STich atdiionsd fibstived themedtrstapdittiedolesdiatrgémes specific
prom@!’éi’gl@ﬁﬁi%&m&@%@amg@@l&ﬁ%ﬂ%nopm basal promoter, such as the efl-a
gene, a rabbit f-globin intron, MAZ transcriptional pause site, loxP homologous recombination
site T7 RNA polymerase promoter, basal TATA box. The use of a cell or tissue specific
promoter results in the mis-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



as well as the importance of their regulation. WO 2006/124001

PCT/562006/000121 30 [0093] There are several ways of isolating the

tagged gene. In all cases genomic DNA is isolated from cells from one or

WibH084348E of the mutated animal by conventional techniqisg/wttiet000121

vary for different tissues and animals). The DNA is cleaved by a restriction

endonuclease that may or may not op in the transposon tag (more often

than not it does cleave at a known site). The resulting fragments can then
factoreitimyr becctinectiyecivnedfitito vlasmisvosvahageprectoisdeindemtificedion ericbrate

' e osen DNA, (for references, see Kaiser. et al., . .
S e RN R DR B o
includgd th b usedhthexPIRPOR Htbe ddurstofapsgalcantd Wesp{ito98) and andogenous
intronR@RHcRLoR Y ey %E%Eﬁl: (]Ig%sﬁnﬁggé&i %@S%@?tﬂé@ét%é})ébé&%é?&({g r%rteoeximeIsse:d

the transposon probe. Alternative methods include inverse- .g.,

under AR AP TA S0 PTRICIPE 91 R Wil 20 05) OEko pdto wfatiedy, 7ebrafish
Pmm{ﬁfﬂ@raﬂﬁaﬁ%pﬁﬁi?ﬁﬁﬁﬁﬂgiga% ﬂl‘%aﬂtﬁlﬁf %@@ﬂ@h@é&%@ﬁ %@E&n‘?_ﬁ%@@i@@%&mi& a
“ method for cloning, the identified clong is then sequenced, The | ,
hom(ggauelﬁcaésnﬁ?g?ﬁa%?%h{ér tpe?cigfr?é’%?ﬁ el rSaHEF DR A gleic acids or
prolypégiénsienidngtheinglossicdetjyutbah Eoirseliiphalclementclher RGHRIPEES obtained
fom 580 i d arch the nucleic acj% datahases.for

_Om eﬁhg&}]{gﬁgﬁgﬁﬁ gvit oft{i%ll(:i%rB "g‘rge?\%égﬁg%ﬁ’g‘éct%r%{é 1§e%cé sfr cfarepg)r?f%lstfd% from 2
differes¥ iRsiigy tOREGEARRIE st R BERYOH et dnebieyreomd fdnctidasd promoter or

its orBeMHBsCaBRS d-AaRR RASNBBRMOIAK IR AN KR Il iheso M express

a, new sequence to which others will be compared. The encoded protein

genes, i FEPIREHioReVER firuiarmivERtrgaionbARsRee fresiusidydixylase expressing

newrofif) eiliotype tiat indutedits weaver/ 16094 cFheprasentiyHesalibedcluding other
invention alloi/.vs for Iar%e-scale enetic analysis of the genome of

areas zeaﬁ%%ﬁ?ﬁlﬁelﬁ%?gr%? i té%’hcs?ﬂf é‘&'by transfecting embryos by standard
{8087 echhiguasiusopreferaleiy? ytinfectingeadbiyaswiibuhe:Rembiempatsnay be very

. i ' in| d [ Iso receive proper care and. ..
s SRR, e SR SRS R STENE O S I g
by 2 tEsResRBle dpRstigtPRkhheY halberprssinvereriersthbreutiam thnavids oiengent flanked

by loxPei@eagd Orthezebsalish. [P99a) cagerizaton.of é@ﬁ'éz@ﬁg{{[ﬁa{%}% Whe gene

. of where in the genaome (i.e., specific_sequence) they have landed, takes
by insgipg 82%%Ptﬁiéli‘g5?ﬂ16'}glprﬁ%8’§qﬁa\/ésr§%ﬁ§ﬁé%Hﬁﬁﬁ%‘éb’»dﬁcﬁdﬁ?ﬁeﬁ%@d%ﬁ@éﬁs these

gene Bigdikicantdupnities aiskerariabauthmemhabRielystwa dRYSREINE of these

erm chlection, each injected male is mated with wild-type females.
zebra, Jes]

0 8. . .o . .
ugcess?u?fy mated males are kept individually for two days in disposable
[0088]1 6 02 mAysalshilecthectiviermlinebalthaofrtheiriptitehl isaexasitinect Eesutigtic, strong

S T T
varyingsiRSEERIEntrofRairtbEh igiRses SithAtesT AllisREfaiiversediPGRt antititey with
complék€. foss-of-function mutations. The addition of transcriptionéi pause sites and a
polyadenylation signal should stop the transcription at the insertion site and result in fruncated
transeripts, even if the insertions are in introns. In this manner, all essential genes should be
included in the library. As described previously, in a preferred aspect, these gene 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



WO 2006/124001 PCT/SG2006/000121 31 [0096] Completion of
sequencing the DNA flanking the inserts for all the founder fish, yields a
library of the inserts. These samples are easily contained in cryovials in a
WEAePHFHYEn storage unit. For safety purposes, each sampl€ 16 6ptitdioe0121
storage in multiple liquid nitrogen units. When a sample is needed for
testing it is thawed and then used fonin vitro fertilization on eggs from

wild type females to generate fish that harbor the desired inserts. Since

al,, 19eltipiesdenezedav eyslesiean-dar eastrthe Mahilityief 18.s@8Eo the pattern of

sample, secqndary sperm samples are generated from all of the newly
the e R HOATELE BRI they P LGS A AR5 P& PR MG Foruch s &
carp fikethomplaten ahdunesous genetesbesRs. bHedimrytoneriseSReSateet fish.

r population of zebrafish sperm in l?ich each member of the se .
The S B R e R e B A S lcumas ot ol

2004)population of zebrafish sperm collectively comprises at least 15% of the

en 0% of ] 25% of the genes.or.at .. .. .
oSS A RIS LR TS ISR e
order foergeiss, Hrkie|Eassaie, thhat Tustiss 0% Fensieasy 6805 Sitiengares delivery

facilit@fedt J2ARlIGRYGQEhREENES RE AIRASERANGIO he 9enes. OfAkdSAst untike the

>

70%,.at least 75% of the genes, or at least 80% of the genes, or at least

unspeggly, BB e SipP 5 S O 3o o P S AT hrlea’iy s, BRdsen positions

withiigease; sfatinashis% ohdhaigenasaematiteasinfle: 0l @S oost DNA are
100%.0f the genes conta utation. [Q09 lternatjyely, a set or

sl S B TR 1L TOUP AL oy o Ry, Sprrounding
regiongHietinn & 41 P EBL tokbestiv@PRomprisisrassifablanticilyipas)piabansiyemal for
s U704 08 (156113, Th Y51 AU BEILRIRED are easily maintained in

an automated aquarium system. These fiSh can easily be raised, tagged
100910 iddiwidtraridcmamatioe reay seenysethdostineerenapprairienadsly 200 fish produce

somafidRka, hehiehlisa-amalk SiEedisau Al BRI fOtAS eReat ReholRe IFALY rotroviral

allows for the completion of numergus genetic screens. The librar
OF DORSRISHiRTROT, BRRRIER 61y o6 A RARHIATIdA BEcHREAbefcotREPosase is
suppligdt piissesbesisddeastodecs Hatiabnn atoleasbene Yepenanst tRESRIOI The Ds
ulation of zebrafish collectively co ises at least 15% of the genes, .
e R BERR 10 ORI AR I SPRES O RSP R YPInS
enhangfnisppnasgoe-tinfedsy G59tnhthe gaew. obatl eashd®otrefithit lgernasto skilled
artisay at least 45%, or at least 50%, or at least 55% of the genes, or at least

60% of the genes, or at least 65% of the genes, or at least 70%, at least
100927 5040 fth&lgerBS ot dirsatiedot Bftraeiies haratibabiaBYiofitnetional DNA

sequefi@ResiRrAteast, 99% of the-aenes. o%at least @5%39&%9%%8{6% or non-
e

fam Jea?f;%% of tf&;{genes, or at least 99% of the genes, or 100% of
OGBSI B A TSR bR R e basinatHener afl bis s plaliemsposon

taggimgeriambsdh shhpldiiddeiponaiie igodienityemhich SRR ifWdigaatiRE BYingham et al.,
b T R T R ——
delivenydansctdlidentifgtanavill integrate into genes, thereby inactivating 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.



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

rovides both an index for the presently disclosed libraries, and a
"?&%ﬂﬂ?@éﬂ’ﬁ using the library. The library can be used to (a)B6&/E0HRE00121
function(s) of genes of interest, (b) screen for genes that may encode
useful or putative drug targets, (c) scygen for genes that may encode the
proteins acting as site(s) of action of drugs, toxins and other chemicals,

[0093pNd TEdSCiRE eI RANB LY fgsmpduirtingeffecls,on BIYIRINR QNEQRBI YN A is

. epes of jnterest. Alternatively, varigus comparisons can be made )
olat e o o e SR o HEF i, "B epsegonal teohniques
(whicklatatyaderadifetsiet béstamiliardostlinstspractiee N thaarsidRRAbTNE restriction
utility of the library lies.in the ability to search the library databas ,
e R et S b I SRR R R B ncg o clave
at a keeiincisvid SequendEngiftesmativelynttienl sitivase cividiebeaiched ftrmids or
phagedRBR QI ISIERI AOHG Basls Albkaow |ﬂ@ﬁaﬁggg§§{r%%h§89 NPSMIN e Kaiser

library of insertional mutations, it is possible to identi perm sample or

cOHEAG K T BRIGrem 8R Y GBranrh i i ane 0 Ao BayPt W have used
the LYIFPAuCEracslisrase ondition. T idevtfiedspensuaanis useadeolrees. (1995)
d .d%]g en% fISth %%%ﬂg the mtﬁ%tlon and thereby enabling a means to study
anc *%%ﬁ AG) B96SS- BErHARARIS R En o arp e Pt plude mverse-
PCR (@lteradionety cthe. |desj eDATSRRGR (awise tviitsisidly 906)gain-offnalinRly, other
loss- of-function of the encoded gen dugct. The library can .
e ARy e B By omine. e
idemiﬁ@_éthb@s iﬁsih@}w@l@@ﬁ&clé‘bﬁdeq_umneﬂr §p¢dlﬁd{dh¢hm®ps&gna(tecb@mnmserted
DNAVER aogibst alioapyclsorde sessificd Qﬁéqﬁs@ﬁgﬂ?gﬁx‘?‘#ﬂ@ n’?ﬁe sequences can be

Alternatively the library can be searched by sequence homology using a

combigedhant dhsp A dRerpihibe Butitaseidotrpbarg Satitisrargindegtionih other
previobigTRaieMeinrdibEar(5 a8 e:SeIaRARI O TREQ RN AN BSAILIRAS YMERIN A encodes

some gg}r:glfa ily for which gne member is known to contribute to a disease
Tt

I SORRITSRS 2 RERRNAEAR BeTReS oY aRL iRV aaesutifilt becomes a

new sdghetion sousingh irmhdiatioll] fer exapaplé, Wheredbeiidentificd relovirahe center of
' ion.i d near the gene, but is, nat disrupting,the gene. Once a
ﬂlﬁhegleggég{r?%e ?sl{)i(gi%r%i 5’28 %fhcea%spe‘%n |g g%%nrOt 7 aé%}snpaél&%%:lﬁ's gcfﬁv?% library

- [00941_:an Hecapresgsién deaptibed ovealinteniiyrthdduristionésdiof grengs ehalysis of the

genomBleF eSbrARNSCIRRNIHRL- PRNGRINAL AN ANERARMRC LALAL PURING GIHG; o chniques,

targets, (c) screen for genes that may éncode the proteins acting as o
or predpEy oPHcibFr BreEEIYakiNdEtO the reramiGarssarbe(d hewigen The injected

ermbry0Q RIS AR EoirbRed ulal Rfdeifettss b f 18iNE:00 eRUeERY SRR A yolk at day 5.
interest. These studle%%%e%éc]%mé)hshed by means familiar to those
|

TS SRR B RE AT BFafi I e B GamersOd Hemrti@cr sone

in the gplmafistound in the library as is familiar to those practiced in the art.

01 netic.mutatiqns eften carrelate with disease (e.q., breast . .
0095 i ) . \
{ Lan%%}r% %?ﬁf%&é%)or?s,o%%%%ﬁ?%&%x% té?gﬁa|8£ta‘?§1?§€eefg.)i%l\%ﬁ%§t Eh%" specific
sequepASanaY irmrsritodedl ke iplacironte thgdmender males have reached adulthood and can

produce significant quantities of sperm (about 4 months). Briefly, two days before sperm

et al

*3

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.



WO 2006/124001 PCT/SG2006/000121 33 discovery, additional
embodiments of the present invention include methods for identifying the
enetic basis of disease. For example, genetic mutations can often
V%@ﬁﬂ‘?ﬁ&?é"?é the disease state by altering the normal regulaf§i§/SG2006/006121
processes of the cell. As such, once a given transcription factor or
regulatory protein has been associatggd with a given disease, the entire
protein, or a relevant domain therefrom, may be used to identify genes

[0096Hire Ciyrpidticirecyqegulatetidmpihe fipnateinies wkieh foteraeavBinthe fish, vields
. _protein. Consequently, the present invention may,be used tq identify the .
R SIGTGINS IO e T GidEi dhebaCe 57 MSosE Fatlay. DiuSayoeen

V rlQUS proteins invoive e ei SC
storagefupirtifotagaiivtarpetnnesisdesch iangnot $iriitdor tetoago im nuktipthideasé nitrogen

units. SW&E‘E%AH@@&S&!&BS@RE%&&é W'@@Wég %H]{ﬁtéﬁ dEé!?‘me% T fertilization on

response, post-analoplasty vascular inflammatory response, bacterial or

eges Gipm iwikctiay, famatntiespeeisciidhsbasbadion e sleshedtiplecssleMisies; multiple
freezePRRRETy SN EoRBEY e AN S ORNYE A HRIMELRAIRCaSnASI SRl A ples are
otl%e% neet%ogta%ﬁlolo%%, S, hypertension, hemochromatosis, porphyrias, )
gonerget dRdmial Hype .ero thBkis Gutiiftehattdrashendeliieod  The library
allowplételétedisangbrsomydstiverid gy ayiscticongesital Negst Hiseas @eyste a set or
Prosi esity. In addition, given that the present invention allows )
P RSB YR By Bt b mutation
in at irwvepmoactacindeimetiodpforidéntiffingbydive fpaotionl@LOLl nadditenat least
15% 59&1@;&%@; Hﬁ%ﬂé%%@Q&%%%ﬁ@%%ﬂe@)%%%a@@ﬁ’s%@{kﬁf géﬁeﬁ%‘rgikyle"%%'mva of
a [ly determine

suited for identifﬁ/(ing the molecular basis for genetica
(1

the gengy,dmagEastdekead Bromsnge @it lsparOfove E i astsro bl ahienesiots %, or at least

50%, Preasake sh anegkhiak olow 1diabetes ofaue £hRsity ANd alterualian Qknes, or at

east 18 erl%orglgg)/e tﬁgn of all mflammatogy disorders, including, t_;ut not

st vl B8 ﬁggf {67y TSR A5 2Ph A IIRT LRReBRTS; PhaUiatSiel arhiiggenes, or

at leagy¥temit theppsncerytheniedase s, arfdliafiamsmatosy Ibawbeiseaate (8402 or at least

999, &qgét B?}!% tl @ggyﬁ%ceeirégor@%{gg Qﬁ%tzbc% used to generate a highly
specific p’roBe or S0 atlr%g oth genomic clonés from existing databases,

[0097hs whltearetvielly.| entfthos DALasioprofritters grotated doutatbryfsegisefichor their
progeﬁ@@f@%@ﬁh@?epﬁ?%m&%@dlﬁgdﬁﬁ@ggtg 169 ! tcg)gﬁﬁ%‘gl%g&%ohrgrary of

. sufficiently related species, including humans. Once Is e gene

the inggrs, 1D Gish R BSe Braseis 8t erEbheRitéied fete dRoBEked Vet ton system,

Thesetifatmay kesusepioapenetaieccells: andisnimpalRithatasg oNeEYIoMs T A ored in
the interest Szgsc}g anim?ls and cells are deemed to be

s A DSBS QAEASE RIS MM aloHRaLe
allowAIDS fietochrhiptadievelo mentadisiugtnetiz asseshior (0K Bbseepithilinies theset or
om0 RS0 A o P O e TR
least AEfEsN Y Gl)e \ApOoR GO 2180 BT/ 8G 20064006 Aomprises at least 15% of the
genes, or at least 20% of the genes, or at least 25% of the genes, or at least 30% of the genes, or
at least 35% of the genes, or at least 40% of the genes, or at least 45%, or at least 50%, or at
least 55% of the genes, or at least 60% of the genes, or at least 65% of the genes, or at least 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



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 whichis
known to produce a disease condition. The identified sperm can be used
W8 BreEE BBgeny fish bearing the mutation, thereby enablind & Tei&/ep121
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
catalogue\iby genfsnmutdtiicns icls getific gepie Sbin palyniciasttich dbrareastion a database
. ds usi n_oligonuclefi rimey.specific far the designated gepe ..
P e el d SR S vy
The lipgeeyrrativiedyrsse Hibfanidsatibdisefratisadoy ofeguencé nmeseloth) ssiem dor genes

that RIS %@W%@tﬁ%ﬂw é%@&@%@?%&g@ﬂpﬁﬁe&%@%mrﬂﬁ/y encode the

.insertions. For example, humans bearing mutations is ferrochelatase, an
PIoteigh AGHIS iR thtREI 8T iAo tRE TEusatHREDS ek ithrie r5aNFSISoiang () screen
comp@iedomerphytaagoRaiEion whishshewsdiah depgatenthamelysis Atnatively,

. liver di . While it is difficult to st mage initiated indirectly b
vaio B AL b3 B T Sl L TP pLRBIgE O HER LRy othr

sequestadytthsceanditibhiin amiieny dsivepnatioe! iftidher, it is possible to

jdenti imi ti ' . in. | tq.stud
o SO £ R P e o
gene gidnisgestidaaimastprogue daasindethelinfermuatioir avidlabievnbr teéd sequence.
AlterrRERSS Y. dentrbec iMay QreHse il da)ideatifihe fupction(s)e fcnowledge of

. _genes of interest, (b) screen for genes that may encode useful. or
dewe&&%%ﬁmg Wie SRy serdefrioPrpbiastanial erieea®indo pswifis 2 sperm
samplacling @ sitesined 26HRLHINES AoXBs Rt RISl RROMICHInaRE{D) produce a
diseasgcc(ge(ﬂﬁgo%ounds. r modulatlnggeffec s.on proteins encoded by genes

SETERA THe AR aIRA PSR RRSTUSHIPoP TS Broa5 ST BsReBiIB Giednutation
and therece ssebimgcadiseasds istotlydihg ghint-obfdintimd 4o joagifupatictef the encoded

. inu f €4l isorders, alopecia, glandular disgrder, .
s e e e U R

of-fungtivargEEherortededaovasediar dibedibearpwrndranyrdivedder mutations in specific
genes ARORNSIAMEdipeasSRs A dheRAINE 951&5%@1@8&&%@%&&?&%@? SSecific for the

disease, Parkinson's disease, asthma, developmental disor or

destenatoRrRRITILE, RGN/ SaBRFentst RRscatio e Hisdmreromiapauence. Altematively
the lipathogenesisciedRdlwnedisadc henbbaryelihe:piesaptdnEenion isde; of the

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

e ok P ot ALFETAToa) B0 s e P Epets reoovs
all ingsHemstypésn mgeheatianbckouyhivbeoatenstndiaditddeterminetiehaame .z disease

aith acc]gr%@ﬁ% itlajghi a of the invention, this use, of the.library is .
'Con ,Ica%able of iden%?lfying tﬁ% %ﬁl(%:%i%nbgf %Sgﬁigotr%é raa\t/ee Ié%rslpg?:%llacn?%%emm usmg
irradigtipss der \pspigRéo rivessoRaliaerttiGadresithy vbitsbig ol onincptet hinig tles g8, but is
not dibSiNchi@diBERRY dpscribechharain. siewn BRI HACKALAGISIARAWO: - s ;

_2006/1%%0 1 PCT/SG2006/000121 phe Qﬁé S}W o
the library can be accessed and used to {a) identify the fumction(s) of genes of interest, (b) screen

for genes that may encode useful or putative drug targets, {c) screen for genés that may encode

the proteins 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



35 genes and their function can be rapidly identified. The proteins

encoded by these genes have use as, among other things, human

therapeutics and diagnostics and as targets for drug discovery. [0106] A

Vith#iH 2d¥He is directed to the level of characterization of a REHEGTE000121

invention allows identification of genes that have been characterized, as

well as identification of genes that haye not been characterized. Different

levels of characterization are possible. These include detailed
discochgy adtitiaad amissdim asClTHRIpIANA;, IRNAL G EHO BEQIRIR SBURL NEREFing the
ganehaorfa%sriglo id e§93e 'i?&ué;%tionlgnde}}é{]Ctioq of the gene to the ¢loned .

Sequence (6.0 réCogniion orprSridTaT AHES SARAREE LB &y the disease state
by alttahgtiresoiithel opmvaterdimgdesseesititrare]. add thelikejce a given transcription
factor hABEIHERABCANIE 1237 ACAERL AR 3 ARMAIROPRE BOR0GANE, or o

related function, or having a partial amino acid or nucleotitle sequenge, or

relevapb g HrER A steinberiek ke ifaniEy sarfendiion]\Charditeribatigniated by the

proteifiay-ag dRiniEabt 351 18 R e AR QHLATMIN ARG SEAURDER IS KIOWE used 1o
. .Qr g protein has been isolated hut the function is unknown. Alternatively, a
1denti%n%g @%::ﬁﬁgses of

oF Y BERHEWITBLY e b slaRedipToteiAotistre aithradques
particiganotrkmesvninclislndwn brd has nohikeemcomeiaiodi:thedpeliastemic Tupus

eF' lly. th ay be no ﬁh racterization in that both the existence of the
1y gegr?é%%d ?t%%ﬁklaé%{%aﬁ are no Sknomwﬂrzla.mmaeqme B B fowROtieEieRiady ofascular

inflamggfogenesaerary btk or otivel specifimdégfiessiataiyatacterizatiar:, diabetes,
multipflQ1d-AQ0oRGQf 1 Eﬁ&%ﬂs@ﬁé@ﬁ%@&g@aﬁ Sha-P es%Ot%Tgemenﬁa and other

conferred by the gene having the insert. EXamples of selecta

neuroppheisgies incliRSEaIRify prolitsmaerogrdagts. factamoméapiandent galactosemia,
hyperipopiicieelony deSﬁﬂﬂiﬁféré%ﬁlhﬂ%ﬂ%”%’i%@@ﬁ%(&&-&éﬁf‘d&@}ié}ﬂ%}%&?‘ gravis,

al cell, etc.), anchorage independent

neurqnal cell, muscle cell,_epitheli [
congeﬁlrtoéw?ﬁeagca%%% &fy%atﬁhﬁ%iﬁtéﬁd(éa??’ﬁnas?&ﬁﬁ@ﬁg&ipﬁiéﬁ?ﬂféé%r@,e present

inventiucldises fetdicexdrgsstotiabeellysudtden i eoMOTEHIALCIISH YRRt invention

mcludgg%ga(dtg%%g&%g esion??rgigfrﬁactglo@n,. cellular ac_tiva_tio_n and phenotypes of
isease conditions: Atification of gene function is important because

[0101ihe prowdiitiendodisbisy e gevrentivtiesoiime! itsetiiddspred litnatiby are equally well
suited'§8PANSHAEIRF the aRsavAL: %%O%Pege &'i'éalf?ed@{é) (i sneadec a(%\{sigsuch as

the 3%9ne or the gene itself may be an important therapeutic drug or

proloniged HiksiRrBaltY GRHRHTERIg I Shasshusesprentsypeanveadskionytiibetes, low
obesityisendl dhenliardiy g Idanlitr ghakiinosres andaraieins Rvalved Wih&ne, but

.particular pathway or djsease condition of interest, e.g., diabetes. The
mot e SHBIPF TRy e r UL S SO SFEEA S B, peiems upus

erythewlatobusrenglitetarentinegytacgedtdifesdhe pathway or disease of interest.

O e B S8 o oy it
probe derderiavorhail eruemiforionesifiotreatingpgrdeteventing thelliseaial tingth cDNA.
or pro%ﬁé%%r%@eg%%%%@géqﬁ&l@ﬁ&ﬁ%@&%}@z&)ﬁgnbe may be used to isolate the
homologous gene from sufficiently related species, including humans. 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).



[0108] For such screens and other screening methods described herein,

the transgenic fish harboring the desired insert or representing all inserts
can be screened using a number of assays. Depending on the
WRaMeteretits of the protein(s) of interest (e.g., secreted verRUESG2006/000121
intracellular proteins), the library can be screened for biochemical activity,
enzymatic activity, gene regulation, ghenotypic characteristic(s) and

activity of a disease models, e.g., is the cell or organism resistant to an

[0103nsertatiransgencassasiaied with-sodisease,metel R1BsiassaRINaS e or

sl caQ also be used.as known in a skilled artisan. In addjtion, the screening,

ST ORI B Befor et Bh e SF G 1S(ERY BrithB fidtrart Ghgase condition. The

identiéimh eptimentnsbecesin gontayeiepedoyniet beafish Meodlcabhy derizingabling a
%‘)r g With. st ane sperm cell of the, zebrafish sperm

e Ty s O R NG ) i ) Sarp oo i

can bsnugededieetie thoawdsr hshasirteftiogtny of thesebfafisivinsditionahcoded gene

produé@ramhd Qiﬁﬂﬁ;a%&?%oé&ﬂiéy&i%?q{mﬁ%ﬂ@%p£g§§ﬁg @Eﬁ%ﬁggﬁ%ﬁg}g&?ﬁe chain

In a second aspect of this embodiment, the prog ave

reactigs Wothody Gt 1 tireurseiinernten snseife dpghn dysianped srmewtigh another

oligogicleaiiconedipipitRabeyaidd aplpicham es ey PeRBRAIS A #Sve searched by
desgribe % far exam sterfield (2000). In a fourth embodiment

le, W
 seauepes BamRCla Rl VEtng 4 RSt ALEPBI A TEARP 545 s A gREROmpABHY of ol orary

€ screen

insertembryirGynogén dtivipl dickembryastinay bapregaietes desarad Byihe heme

: e ield. (2000). As used herein, screening.is intended to ..
B Rt oh RO EA e T S PO B B it
depergiepbhrmeld Proaddizasivessibblfiariherdiifeoiniastddy datengeihivated indirectly
by 1iRElusle.iR Wiva-RBASINMItD SErRanin ribed herel Sdy thi

Y ,%yﬁell known to ski!lgd g%tisans. [010%%%2%2‘3%%%&#%:@ ‘hga%_in%%é%g%ﬁg %f&Udy this
condifitn st QR B SkEOSEIE cEmnGs Rewibleds ittatiiebngntheacting mutations
in pacorapeuBehen she madulating ekthe:p r@i@ﬂ@%ﬁ@xﬂﬂ&%&’ 1he.a8988f (Childs et al,
interest and the biochemical pathway in which the protein encoded by the

2 \ ) g
ng)gene of interest is involved. For example, test compounds can be

0104 dmifistssuiio semsge piodisied atoginbetiefgeneiof istefesle from the presently
descrBUSBa g’y&l&gqg feraply..the co und can be.dosed in the wat

ose hoIdirllg the transge;?eﬁ:%3 i? Eghl%%‘}t%i%h@{s?ﬁﬁg%@u% B0 a%@é%?ﬁ%?h@pr screen for
genesgiRl. PEAe WRTSOLRTAY eanwsy bérup Sedsts, t swaterhoktings thethapfoideode the

protei@§ YRS Ofthagynegensiis diplid ambryes. %ﬁﬁ%@&@gﬂgﬂﬁ%& and gd screen

expression of the gene or protein encoded by the gene in fish exposed

compaURs WS MSSURITS SHede v aiemsarefrstRY eoHfcetarthe These animals aro
also wsefuphunianthesmodidaion atihgracaigin m%ge@bﬁ&hﬁiﬁ%%ﬁm limited to,
n

interest can he.assessed.-Test compounds,can act as either inhibitors or

:&gm ghcﬁ(r“/%(fgrfs_, SHREgeRe. M mARREreoMPSURds WHfBRcke WwWwtdrig disorder,
inflanginade Yotismedting dirprieventingidisaaskleahdiians-aasosiaigevwid) 8e8Rvascular
discadl INIRIGS (dentified. Similarly, toxins, potential, therapeutic produc o
e Eale Earthe S LSt ) I BHGLL M TR (OB boimers

diseaspe RFE1P00E/ 1287003 ROTISG 20061008024 @iForders 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



site of action of these compounds and to effect of these compounds on
the genes or proteins of the library. By identifying fish that, by virtue of a
specific mutation or mutation(s), no longer respond to a compound, a
%Er"fg(}gﬂ%@g%g the protein required for the action of said corfpatiferig6/000121
identified. [0110] The invention also encompasses zebrafish model-based
assays for the identification of comp&unds exhibiting the ability to alter or
correct phenotypes associated with the various genotypes identified and

genes @gAdheie faaalisingah beprpsdintideatHous Tachakoteinbadetiastays gars have use

as, 0 R a5H ASiRuiangereh I ARSAY R MLl.8 dipa%t&%&@sofog]gmo% discovery.

compounds, including recombinantly or sgnthetlcally produced proteins or

(0106} o sbUFMSTRO EERT 1 ditieftrsriachn&venbrbaranigdrtgstehsssime. The invention
allowideaiityingicn ﬁﬁ@ﬂ@ﬂﬁzﬁkfﬂﬁt@ f;ﬁé’ﬁb}bﬂhﬁéﬂéﬁﬁg&? a%}‘\ﬁg@lf% i9eRRISRiBE 6?,%}1% that
1o Identifying compqunds that inhibjt, activate or bind to pl‘OteI[]S encoded,
have AR, ThE TR B AR b Rambley These mlude
detaiiekeapeterinatiog atings thierdntyIDNeE, i Ay pedAndies o aLERAE:, and relating

t I ay also .be utilized to screen for campounds
e o L s A R R E R By e nd
eﬁmmnﬁﬁﬂmuﬁw&mﬁ birfd tb9prensims fendihge prepasingaraenctiod the  like).
CharabMisHEa 29iVeNREQieinand e %Sﬁmﬁpﬁﬂﬂﬂeﬂ@%&@ Qg%'%%ﬁ?ﬁp %L%Eion, or
nd, tnu

a time _ sufficient to allow the two components to interact an

having s BAH LCESRMISIRRIRI EaAd b EcrRRRST cor iRTTBE Rutiind @ prefricrsadHarertained
a funambgiUreha e praiein uegdeanvantidepanding HRABoEae 80akAIdNRId sequence is
Ino er,%geaenlgt%.a%?l?ﬁfor egzl%rﬁge,t\gh re agonists of the natural ligand are
D LG Ut e GTh B STa D Y A S RO B S B R RS KR AT A5 H8i ? Groction may
be knpoh/peptidestvetadibpdscadvantagesdn she assay systaswied islBheiR®ut has not
| ' the.r ing c X, &tc.) can he utilized. In addition, in vitro
boen [SRUBHRRN I e SonR AR B B0 TR, R SRS ol e
existepsRltHee SRS WK dradtieans saystoTol 1 Bha v adierallvgvaséaysicaion of any
gene NALOHCNCIBGINANAIBIHRIWENS, FPLEXATRIg e method to conduct

uch an assaéyvould involve ancharing the protein, polypeptide, peptide

10107, fUi GRS Stelfteicth st dosislsatifind tined @uaiatmaseasaniersetihy the gene

havinpitigingsbeiwERarie-prof e - amel desh GRRPOH LRI U L0 RAR8on, growth
diment of syich a method, the regeptor protein reactant ma

ho e be
factor® , ! : o
et T A R T8 CLTFROUAUE i & pptiaion o
neurogg chibbethusviaych, lapihelaleitibr dirgctychoinaghractbpclnianogherth, activation of
celui£mbedimer .Pfcﬁqg'sé@eégﬂ I#?gtﬁa?ﬁ pratein is anchored on the solid

phase a%r.% complexe v%f't labeled %I%ti 8 %a(séaﬁﬁ%v'ér%}%mrsﬁéoﬁiogﬁ)%e} surface
receplaFIFOlRIS ustl, s prefaiissispitifiditoriongiveizmsigion oflthempratém)ion and
phenofhpes.o¥ deskeomneuisheouidReMssRYed: QLIS m&%ﬁoig'%@% because the

.association of the protein/antibody complex: WO 2006/12400
pmte%é%%%@d@%}@@@?f gigthe gene’ itself 15 presumably responsible for the observed
phenotype. Thus, the protein encoded by the gene or the gene itself may be an important
therapeutic drug or drug target for treating or inducing 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.



[0114] Alternatively, a reaction can be conducted in a liquid phase, the

reaction products separated from unreacted components, and complexes

detected; e.g., using an immobilized antibody specific for the test protein,

VR RIenEHEL peptide or fusion protein, or the test compoundRETAHENB/000121

any complexes formed in solution, and a labeled antibody specific for the

other component of the possible complex to detect anchored complexes.

[0115] The basic principle of the assay systems used to identify
fo10spompyndshatdateriareoithdhe. IRty AcHAnReINESH A Hé?éﬂntﬁ‘g%ﬁgenic fish

hinding partner or partners involves preparing a reaction mixture

harbopgR (iR GRS RSr b IERICT B e B (RS e SaRO P TirsRS BREIRTMENber of assays.

Depentisg rineticabaveiangichbind g il erruntdesc paditians a0Vt & it celinlar
hus farming a complex. In

sufficient to allow the two to interact and bind, ] ]
proe S i TorIT o TR S AR A g
rewlﬁﬁ@pwhﬁlmt@@i?ésgp@amFmﬁgWhﬂ t@ﬂmﬂ&pﬁmﬂdis:rbg.éeﬁt the cell or

£OMmR n the reaction. mixture, or. e
o 5 M A T e o
can algo by shamisrorn it 6l Fatled Gitismxtuiie eddidomdbb steeewith cat thegesormed on

differ@@napstnd-onwithranl apabomT hes formatianaf %%%Hg“lﬁ%&%ebﬁ?wmd on fish
4 thg %?trprotem and the binding partner is then detected. The formation of
Produge I plEst i e XSRS S88HOH B A atsh e Fesemosehinfuike zebrafish sperm

insex“titr;aat_aﬁi&imgyt_helﬂefsthmmiabeﬂﬁo_mﬁi%wﬁ:i%@ﬁé@%m@oﬁ%%?&fﬁﬁmﬁst one
the interaction of the test. protein, and the binding partner. urther - ,
f"‘mdﬁretﬁu S ggn%:%rﬁfr?&?% é’égvg g’?&?‘%ﬁd Pt sﬁém?ancphd?ﬂﬁo‘iﬁf:ﬁﬁ of this
embodimponsydte megsany b foerdipgdis. RateetoNd 26,6805 s i diAva B brogeny
have @e&?ﬁ{% %9%@:?099@0@66. VARG E%c%%’?gz{g %Cg%\rég%%ﬁl%%%%e%%%gggmed on at

invention. In certain embodiments, the compounds

least epsriheRiaid rnbrgtielaploidasehmniess be piipaed ok clasmpberds). Mhitsample,

Westéxﬂ'&lﬂ%@ﬂdjbr%i%sf@m%ﬁﬁﬁﬁﬁﬁﬁlI_th%%t&lgg ! 5;% PdrBEMEG on at least one
technlgg)e@%ave been developed which have allowed the production of

EYROgRTHGr {HEP 6 SORREE Ll RO e FRbETAS SpfRids (BapAredrfg described by,

for exEﬂpia,mﬁbEb@&z?ﬁﬂéggEU@); atls xﬂls;gg glbr@i@gﬁaiéfrﬁﬂg' @k@f}gﬂsvaz t@)Qﬁéﬁlhde::L S%% of these
arpamales et.al., an antoins eWitt et al., : .

embo %%glgsﬁrggc etgra hlgosﬁtr?&mggllié o) r%éb ee&ﬁ-la&(li%’f%ﬁ@@o%ﬂ%ﬁ%@aﬁﬁmﬁed further

hereingpatbéuintended o diviedity ofit04nli06 vgbeerabssiutth(€ aselbetdkd herein and

as well 8241 Gateihigh ki 1294b). [0118] The compounds of the present
invention can be obtained using any of the numerous approaches in

(0109 o msin&EBFEaiBrEsY): heiRedsaenewh ifsrssiaanihel atagebiologiebunds to assess

the efftoraifen: anadialiyasddmsaaiienrialie hfé?ﬂ%@ﬁ%éﬁc%é?w&{é Q&?esgfbmteéest and
the bi“ raries, synthetic, library methods  requiring deconvolution, the ‘'one-bea
B f&b%d%ﬁ%iﬁﬁ&i’amﬁ%tﬁadzrawwﬁm{@gc%%ﬁmﬁm@ra&rx@,mvolved- For

exam;ﬂéf,i_mmz chngroatdg@pl e seiectior-dhe higlasiaal MIARYBORAGAARD Sne of interest.
Aiternleji%tﬁg E%%Qe%gzgﬁﬁ%ﬁg %c])'n?p%ﬂl '%gnogg/ggs%%% t%% water holding the transgenic

fish, with the fish taking up substances via their gills. The compounds can also be dosed in the

water holding the haploid embryos or the gynogenetic diploid 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



peptide libraries, while the other four approaches are applicable to

peptide, non-peptide oligomer or small molecule libraries of compounds
(Lam, 1997). Other exemplary methods for the synthesis of molecular
ViBritied 4% be found in the art, for example in Erb et al. (1994 F/$46Meqbo121
et al. (1996) and Gallop et al. (1994). [0119] Libraries of compounds may
be presented in solution (e.g, Houghten et al., 1992), or on beads (Lam et
al., 1991), chips (Fodor et al., 1993), bacteria (U.S. Pat. No. 5,223,409),

site ofjpoties dftisPatripouhis 23X ANrabasMisks ¢ Cothfé @l ds IR M W08 PRI eins of
the Hg?cott nqﬁ%rrﬂi%]d 19?% t% véin et al., ]§990; Cwirla et al., 1990; Felici et

a mfmgfr) A stifl ARother 32‘1 SRR HRSPEGHBIRABRAP G5 HPEHIRNSS) dha longer
respopiod dcedniponnd epbik tivading@ieMlokke replarydclmpeuntsiétishCainpound is

identipgSCreened for activity include, but are not limited to, peptides, nucleic
acids, carbohydrates, small organic molecules, and natural product extract

[9110] praride joyetionsgoaicompnriseardagdemioelsbrsqsroshaye Sirubeuiddntification
of coBip|AES @iﬁ@ﬁ%@aﬁﬁ@%&&%{:’%P@gﬁéé?fﬂﬂéﬁ@ﬁégra%&ﬁ%h WEch the various

molectéjles with which they Interact (e.g., agonists, antagonists, inhibitors

BeO Do AP A AT ARTTE A s s eseanpre i reSictvasiel st assays can

also hanmd)fzﬁ;ex mi?qﬂemi %e, asmh i@hélﬂ}_gty ?ﬂﬁaggﬁ,ﬂ@i rﬁfg HeEe it dhss, | including
of a eptide in viyo. Several approaches for use in rationa

mcon{dgr%%ﬂggs%ﬁyfﬁ%%épgﬁa{’ﬁ%ﬁ?/s%ceo PR I EHSRI R S tructure, alanine

8113 candy midgmnatontbe efthpfsid usedofaitdivisl funtildenisginkhesepounds of interest,

other RCRAHONRS-ATE el doni L9 Ihopg skilled in the art, such technigue ~
may inc udz prgviding atom%c coo?%f?]ﬁg% cé)erﬂﬁ?r?élcgst ?gé’lléﬁrﬁtéﬁ&%’ﬁgﬁ or bind to

proteigf GREgHS b PRt PEsH RSk fainddeniisdiddimpoypuly peptide watis i example,
in mosRERRG RRlRERliderafiudosioningChesigcling ??5‘&99(‘3.” 95 Qﬁ)gffz%]&&% may also

b t.’nte ferin%wit the interaction between a first po épept_ide and con
© U BB PR STFE S S BROWRA b HE B Sraral S Ty FRETRSiNRg
[0112dentfoatissupf assdbstddesivhiginmoaubatng diadfestpRRReRdRe preparing a
.actjvity, the substance may be further investigated. Fyrthermore, it may be
ream%(fa{r}\%%uéteur@daaﬁgﬁ)nr SHG ﬁ%%%%ﬁ&ﬁ%ﬁ?lﬁé% TG Sfons e for = time
sufficigphialatiow, e &sorepusitionssciase additadnént fphatmacestipil which can
be rera@PRRGSHIOR Qi ] BESEIPAVRE; inistered to individuals. [0123] A.
substance identified 1as a modulg'?ﬁn?){ia;pgb?%gp%gg%ﬁ%%%ﬁ%gflj[geéepénﬁmg upon

the 2938 gfidfes SPETERInEESHRle IRoh SHNBDIROHbEEERRISHTR] Hm slsveibErare oftenught, &
fuli iphgferredtian many invive ﬁ%@é@%%ﬁ&@%e%r&%?@nggfyﬁaﬁ@éeﬁﬁpraffords

mimic, of the substance gjrticularjy if a peptidé) may be designed for

advaniaaes v J5, ASSAY SE 951 g TARCHRSI dFRHGOH Riiriistresulsingewnex, ete) can be
utilizqghalmaktititinally eiotivassompeungis R amManaRPRache, the the tike which are

o EAASTRERSEL AR Ecas bpocd on o e compoind. This

j6113] Thg screening assays can be conducted in a variety of ways. For example, one
method to conduct such an assay would involve anchoring the protein, polypeptide, peptide or
fusion protein or the test substance onto a solid phase and detecting binding between the protein
and test compound or mutant cell. In one embodiment of such a 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.



might be desirable where the active compound is difficult or expensive to
synthesize or where it is unsuitable for a particular method of
administration, e.g., pure peptides are unsuitable active agents for oral
VB3RS as they tend to be quickly degraded by protead$g i§E0e6/000121
alimentary canal. Mimetic design, synthesis and testing is generally used
to avoid randomly screening large ny bers of molecules for a target
property. [0125] Once the pharmacophore has been found, its structure is

[e114modeledraseesding 1eat8 R GRl %ﬁ@&ﬁ@@sineagﬁq%'ﬁr%ﬁ%@i.t?tfé{action products

bonding, size and/or charge, using data from a range_of sources, e.g., B
SePaf"%ﬁ@ BB ERIBE Ry r%@ﬂalﬁ’&e&té%fﬁ&w@g-csm@anaﬁa}oblhzed
antib@iyalysisfiei rﬁﬂarﬁw mﬁmﬁr?gtc(whhiﬁhlmde_ﬂei%th@;ﬁiﬁg& ameien \MBE Qfrathe test

acophore, rather than.the handing between atoms) and other .
R R
other prstpdaatioddidipoksded doruhBx FatettcNwcBid80 S7h1fa:26] A template
crisinolegyles henselpeted i (62 GBS AL DI 18
{ qnhagrmacop?wofglllcﬁa:gr?ai be grg%%g’. hﬁé%g:gt%@m%lggﬁyg}c? t%?emgﬁ&esrﬁ%élmteﬁere

with ol stirrebeifieraon Peaifib arb Hydrnding putester serinerstiny oliasaieparing a
reactilfh @RS SMﬂﬁﬂﬁﬁiéQhEStgﬁeﬁ)‘oq@iﬁep(ﬂ@ﬁéﬁﬂ@é?Mﬁé@%@%&%sﬁ% described
w

does not degrade in vivo, while retaining the biological activity of the lead
0w G A A A0Sy PG PTG B Gt oy e two to
interastalbiityefrithe fohitved tynipielizing shéeepaptide aivergasing fts HGIUMy activity,

th ]; imetic or. mimetics.found by this appraach can.then be screened t

© e B R S SR SRR SR R e e

compeyiib el Irutiealbptinsizdtidrimrtiodificitiomisinthenrbmagahdedddet tet a time

subseRHEYEE HANSIARRO S HRALRINNGHES foi iﬂ;g)’z ﬁlr Elg}kﬁ@%.teé&ﬂgdl[gelagfg n mixiures
ith regard to intervention, any compounds w é reverse any aspect of a

are ingghaipd HERER Sheoict rensian or anlyeatanshavoThedfavmietomofletatesmplexes

betweRFOIRINCBCHN Y QLRI Bintsl BIRIRG PRENBEALME OSNORI R8N of 2 complex in
C nflder%%asgcandldat s for further development or potential use in
5

the oA 158 BYR°bF 1P ST TS Rt biFticrARgUnd, indicates that
the cajgsemé sperisecscuitetesirgampthotihwel: nowin ibdaatin 28k ts:.

011 revig n t(—gd the present invention has been described with reference ,
[_ 0 zebra Férh%feora %%r?\?eﬁ?emﬁlcl .kﬁ(’isa%cr’lv ergsetsocgl(g ?F?azfi otHE? HLFARY %‘iﬁeal&d%mml m
vitro gisirmedsenbeiowsktis I pldetendNee6t88¥A7Thus, it is understood that the

f6117presentinvention %t%%ﬁgm%%et%m&% ACTRRL O%ARIE e present

elements in vertebrates, including fish, birds, and other animals including

invenfion o sRrtayie ERGlEEEIS S WEEIHEGT poratettNied s sddDRvelbfemnt ibraries

fie., szfethi&i{w@ﬁminﬁﬁey I@@&%ﬂﬁ@uﬁ'&gﬁ]e wedified ﬁ%t@‘@ﬁ‘é?@%%@%ﬁi@es is well
estabiz s from fish, birds and oth%rﬁ?ncllgnals can be used, as can cells from .
FRarnmarei ARG B BETiARE P Es e RRed ek hshens Biawrdethe production

of mizkugesl atbsthstchmasoonds sgdats, shesgiangdinlgvidel it @nneehuman. Dewitt et
al., 15‘)@8, %%8%&52 @9&(5’%—&[14%(;1%9 ,/g 1%3"02&3: a4m1ates (Cho et al,, 1993), 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



[0129] In the gene transfer system of this invention the modified Ac
transposase protein can be introduced into the cell as a protein or as
nucleic acid encoding the protein. In one embodiment the nucleic acid
VERastiAgHie protein is RNA and in another, the nucleic acidA§ TISSRR(6/000121
Further, nucleic acid encoding the modified Ac transposase protein can be
incorporated into a cell through a viralgvector, cationic lipid, or other
standard transfection mechanisms including electroporation or particle

peptibohipadsnentluseel diicefaniaticnals aolsing 14t pepcion of-BUsRIColigomer
id ing.modified.Ac transposase, t dified Ds element of this

o e L ot A MR e A AR Vot o o

synthepiseiémelseeiptiibrariventioheciubsbiintroduced mtanthie aelirb et al. (1994), Horwell

et al. ﬁ@gﬁ@ﬁg@lﬁ%ﬁ@%ﬁ@g’g@ﬂiﬁed Ac transposase protein or nucleic acid
encoding the modified Ac transposase protein. [0130] In a further aspect,

10119} e idlHEasRA RIS S PR Do SpsRIISI incatutitastrib el atsbien @irel., 1992), or
on beade{Lhfaregene tdoenashiph HdsPEates.1898)) Bihiayahsthe,use, of ,%,409}, spores
s alp(%v de§cié eﬁ%?r;ﬁ tra sfgés stem for gene therapy. Gene therapy ™
has the potential 1 i m\’%t ificabol AeomE Bk dRedkaad Smith, 1990;
Devlimciuling $2thceverlayetrahsfesingrétiapeiltjci 9o Np Iinia 0iseasadeaeiifiiment, the
combiﬂﬁlHHHT%Jé%‘ tz‘ﬁ%g%rg I t;lrgeadbﬁggt éigf)lﬁeA??e transfer into tumor cells
-asso P oyé

or tumo lated stroma IS being em #©'induce tumor cell death,
{0128 m U Ftemmi nempierdembicdsporizesciegibit fangityéys sidudsn Goontrabt Himited
o, pd¥ias, ek GTOW:V b Y CRLANE HEIRCAIR AHISVE IS, DIOLL ¢ crirr
" principle in animal models and, in select €ases, fn HUMAR CliNCAl Hriale.
1q':’mrﬁt“—,*vezrtheless, there has been considerable interest in developing nonviral
[0121yectorsdogeancergene: tharaes Nonvialvegiees ﬁf@cﬁkﬁp'ﬁaﬁgér%f biologically

amenable to Iaigqgg%gale m ufaiture and potentially safer for clinical

0

active RiRRI TEF DB REPRT oW et hse iemasaess-. agonists,

DTS

LB RBWFAI Ve
antagemdtstranhshdiors) ristealityie éciiingigerexdxgiessiaoy EOMWRVEmIQeekive or stable
forms DRAQV. in.p id; based vectors and delivery methods, are )
‘Om‘l circu mge%ngﬂt%és% Sﬁl}s%tgt?é%ﬂ’ R%hr%lﬁeap\r/é%g%r(}e’f%gﬁﬁbr%ﬁ FR8eh gebweptide
i viven P gYRI dhennaes brsrfop sso nsrationel diig 200@n Ohifedt etaiysi2008iree-dimensional
structEeSBRNn Ak a2 00 EIAgke flRhe 200%: s a3Q04r kiU et al..

%04; Izsvak and lvies, 2004, Ka%%%s%sgiqﬁfégzgﬁ%ﬁ%g%%? gff?,%mqueg are
well BET FhuLofse e tiindher &stehshvitprimésurro difed inrdivds AvtDising atomic

coordiranspashiiie;elementsisiessibersharainis Haei 4o ARS IDCRRYR by said first
ol ge&%b%%?%. 1831éz;l' e #\;%ctic% of the present invention_ employs, unless
? P herwise in icated, ¢ B AR ERR G rEnsIRRiRg Rrokeeungde capable of
interfgsiop yyiintler dhiciominm debmbinai-D Nélypgpresiesdin Baniomty feitide based on
said aRIRIRA 6L gulture and transgenic biology, which are within the skill of

the art. See, e.g., Maniatis et al., 1982, Molecular Cloning (Cold Spring
[0122HarhBeiveizn admifonior of /S GEB0610061Hdh 4Rddaboratory #Piess, polypeptide

activi@,otﬁesﬁﬂﬁﬂzﬁé‘ﬂ%}r’ﬂy %ﬂ&rﬁéﬁﬁgﬁp %%n%?e?% M&%IT%%U%% ac%?gl and/or
used in preparation, i.e., manufacture or foﬁnuiation, or a composition such as a medicament,
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 a known

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



2nd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New

York); Sambrook and Russell, 2001, Molecular Cloning, 3rd Ed. (Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Ausubel

%Eﬁ%@w,lcurrent Protocols in Molecular Biology (John W&}/ % 208e00121

including periodic updates); Glover, 1985, DNA Cloning (IRL Press,

Oxford); Anand, 1992; Guthrie and Bink, 1991; Harlow and Lane, 1988,

Antibodies, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
might e weviorde vakobihaadiPastanpdonds Nidttelt eropbhgbridizatiothg@zdur where it

is unsiHAPEFE 2 pdrddignNSad%: 4P §&ﬁﬁ§i§%ﬁ8ﬁp9%ﬁg};&l %53%3%%:'%@ BsdRabie active

Hames & S. J. Higgins eds. 1984); Culture Of ‘ _
2genifuIsPabgompasiONSias they tend e fitiabhbyilHassrded| S pre Eaeey ivelbgpiimentary

canal. PrESStLBE)ZB shiereak M tastioalsGuidailPudolecsidtipaing{R84king large
the t ealtise M?thods In Enzymology (Academic Press, Inc., N.Y.); Gene

numbezs o ORGSR PBRL AR Cells (J. H. Miller and M. P. Calos eds.,
[0125]19870@e|dhSphing rtaghord abotatoryfiubie thodshotipzymeldgied\iisrding to its
. 5 (Wu .eds.). Immunochemical Methods In Cell And
P B8y sy AT\ AL et Lt o « o
of sourgey)eidariptneOpExsehiniaraal rmmuditiogliov clatmesd-INMB. MCWhgintational

analyﬁ% dsﬁﬂ&t?lﬁ%\ﬁ/ﬁllé BdgicH 985 Rinlh Gssentalimmunalogy, qualilarmacophore,

Edition, Blackwell Scientific Publications, Oxford, 1988; Hogan at al., .
rather\flan it bREHRE PROTSEEHBRTD AEMPSpinsEimasoraR d5oratdrjrPiiiggnodeling
proceﬁﬁlghapfﬂahﬂdr@ﬁ@’ . Q{mM&%-ﬁibQ@ﬁiédM%ﬁﬁﬁE@JQ, Mieﬂ%h@c%@%f@j?hd?o‘)k- ?

uide, for the laboratory use_of zebrafish (Danio rerio), (4th Ed., Univ. of | :
0126 ¢ 8 Veshhl? ETIEE 50605 ERARRP OB YOI CPldSaRRS ha mimmc the
pharniacarition dsndesgritfied. by iefergpiee tadhede! miitg Exampie sroubichrated thereon

ff llustration and, are not intended to limit the invention.i
s o S e P B e Ry to be
pharmgsektfisalily desepiobls betowinrsrawutilzaselicT e Exampléls detmioistréte biclogical

activithaifhg.Invantiomis aRplicamle-to:aad, fupetiang,in allwarsbr iﬁﬁ@e%based, further
..Shown by studies utilizing zebrafish and a human cell line, EXAMPLE T =
stabililyataRag areetnBuS i bramddcomsiwreiagoisaieitis coRbegaimetic or
mimetion t@inagtl GIEP {&lantechdabeiyissbhad ksinds rv&@@;&bt}%@m@ﬁle target
f keratin 8 (krt8 ne. Geﬁggng3 cession number AF440690) was

Propefihdt N 015 2008 TR L TR BUBUORE10h PO My then b
carrieGorgdrmnythe dletionabdtd rivel sitynofiSifigapoves dhelidild) tBug GFP

0127\ Q0N W laced inio a Q.6kb miniDg construct (Weil and Kunze .
o LB T S HBLSE CHUA WAs LR HRINe S phAelsct @ gven
phenotxpe 01 'SXpEHAGAMNT gene in vive and which modulates protein activity or binding
with binding pariner in vitro should be considered as candidates for further development or
potential use in humans. Dosages of test agents may be determined by deriving dose-response
curves using methods well known in the art,

[6128] As previously noted, the present invention has 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 including, but not limited to, rodents, such as rats or mice,

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



AAGCGTAAGGTAGAAATGGCTATTGTTCATGAACCACA (SEQ ID

NO:14) and "Ac3": GTATCGAT AAGCTTGATATCGAATTCC (SEQ ID
NO:15) and pWLSO plasmid (Weil and Kunze, 2000) as a template. The
BfbHwetiddast used as a template in the secondary PCR usingPQriRtensi6/000121
"Ac5'-2":
CGCGGATCCGCCACCATGGGTCCTCCAAAGAAGAAGCGTAAGGT

AG (SEQ ID NO:16) and "Ac3": GTA (]JGATAAGCTTGATATCGAATTCC

§SEQ - ining; calizatio nce . .
e o U AL i o

be ingodueat 3180 FisnePl GaR SEBlEEhEE Wadltiliietaeidvrncding tharptotein. I one

embalonad intoRgltisiieiefdhoasd GhToyeeiarnikied and MeltRiml o84 nlli8e acid is
' E-TPase was obtajned by chance during cloning of the

N ) .
DN R RS it IR DR P RBrAIHA FeRRACHAE BRAiGER o be incorporated
into proeilidbrongiNa NSl consiry chtibe cdirebponcing NaSdsalWRASRWMNAES mechanisms
: 0 i ik-ChangeTm Site Directed Mutagenesis Kit :
%nclu%ggaé‘%%tﬁ%gb%%x 1% E)rrn é)r%ﬁ%%_ C%}ggléﬁx%&% usé\(q %9 euiaryotm cells.  Following
intro Aferisic eAt opThEORAIRG HT CAFGALNE CHeCARKIRISEQIHment of this

inverdN6% 38) MRAd#Giced into the same cell. Alternatively. th dified D i
TCTGGTTCATGAACAATAGCCATGETCaCaE AT s ERUAT R slrmg of this

inverydga £4p BqARSSR Rt BT s SatlcEtgrepisle wiiF adodified 4c transposase
protehil B Kt RoiserGaiR uroaonst ueteRER.apRiigd NLS-TPase and

{913%;'%\?%%\%@%#5@% %ﬁ%&%%%ﬁ@ﬁ@%%ﬂ%@ggg'g\ign%;?spc\iesczi‘bed above
are UAGAGASRE GHEGTIH CABGABEAGECA Gird i GEALS EQUD NEYAdds8Atkd gene

it i z P plasmid (Gong et.at., 2002) using Agel__and .

R IO —
of mimy; ditemgo Achdingeepsatse hingrdntémih chetieic SeFRasavE GlisBased cells,
including MoK 6a8eE5 FBCRRREUCRAEQLESRODAINGLY, MSIAg s or tnmor-associated

QuikChangeTm Site Directed Mutagenesis Kit (Stratagene) and primers:
SOMR EANEIR AR AL S ARpor SETEAE CANEBCOEADTABTISE @sponse,

T G CE T e gt Vieel vestons e beon st afiove tis
TCCT TT ACCA CTTCT,
pro0l i DR 55 FRGAL B10SSL5 A B R OB B s cgtciss,
ﬂl?%&@ﬁeﬁﬂﬂear@@iﬂwﬁﬁﬁmmtdm dowlosireanawfithie oty tail) canebtigesk therapy. -
Nonies iR gse. t ipt nsposase RNA. The mMESSAGE .

o B P R e O e R A gty safer
for cluied FMinPRRCIAGENT Gainengy, Bulitep ot st DiNbsvitte fficiency and

transiéht 2 REALID HM&X%@%@%M&Q&QSW@GG%rm?Q ?&éﬁgd it Diasmid-

basméebrafish embrygs at the 1-2-cell stage. The actual amount’of injecte

KRG8 528 STFICETY Sifilnst (& prouchB sotpe isspo Suterias ratblowyal vector
techﬁﬁ@&/%@h%@ﬁ%ﬁ@@ﬁ@@ﬁﬁ%_hﬁﬂsé{&&@](Elﬁpé\%lﬁbi@fééigéfz%%%r?{lgﬁ 2005;
wa, I ccor stablished protocols (Westerfield, : ]
Essn%i%%égrsr}g%:%?t%ﬁé %&é@ég@ﬁ‘%ﬁt al., 2004, £1u et al., 2004, Izsvak and Ivics,
2{)04; Kaminski et al., 2002; Richardson et al., 2002). Thus, the gene transfer system with the
modified maize 4c/Ds transposable elements described herein is useful for gene therapy in

vertebrates.

10131} The practice of the present invention employs, unless otherwise indicated,
conventional techniques of chemistry, molecular bioclogy, microbiology, recombinant DNA,
genetics, immunology, cell biology, cell culture and transgenic Biology, which are within the
skill of the art. See, ¢.g., Maniatis et al, 1982, Molecular Cloning (Cold Spring Harbor



[01421 Two primers flanking the Ds donor site that enclosed 3.7 kb long

Ds and 120 by of the flanking sequences were designed. The primers

have the following sequences: GAGAATTT CACTTGTTGACTAGA (SEQ
WE }&18%d GCGCATGAACTCCTTGATGAC (SEQ ID NEETS§2q06400121

PCR conditions without extension and with a short annealing time were

used to prevent amplification of the lgng donor product: 94 C for 30 sec

and 55 C for 10 sec for 35 cycles. Under these conditions only the 120 bp

LaborBtergvisigrpiddiretrgobiat tam sy by Mot Satitkbolo BgA0N 98 Siternatl WA loning,

r . excess. Products were separ using 1,8% agargse gel. The
e ROR o oo
RusseQ PRCTE W0 lemdnmaipningdsd dukriCotil Sxirig g iGycleiSesoendirss, Cold Spring

i . L j ABI,Prism 310 Geneti .
i O ORI ) AR S0 o e
& Soug, iniiluding weEqsHs drdatesh (AR YeAnE§ 8B Y I miaakiRd Sugtre fidard); Anand,
1992; [GuddTAME-PER (thermaiarmmetric.iptedaged BGR)Was %g{?r%ga%larbor

described preyjoysly (Liu and Whittier, 1995; Parinov et al., using
LaborEry it Sl SF R o Bablelt Soar Bt SW TP tetic Acid
HybriBE@B O 20 5. CATEGRGTI. TP CTIALFPAGCARERM N arion (B. D.

a8 B8 SIS B IR IS 0T e e
1987 clmaelriizzi T cAGT Eipee (SEQIBNO:2%)); D83Ra&bal, 4 Practical Guide To
Molec@%%%ﬁé@%&é%e—r AGAG SRR Ilplglﬁ%igi%))gﬁ@{é‘ademm Press, Inc.,, N.Y.);

WGTGNAGNANCANAGA (S_EQ ID NO:27); £
Gene \femEnTesierNGTiergisEg ol Hote)iller.gad M. P. Calos eds., 1987, Cold

Sprind HRGMT ASENEGTNT GarkSEIDND2NADANCAS GAWASNGSW o1 cds),

C SEQ.| :30). Products of the secondary and tertiary reactions _
o M A, CHlhg G e P AR AL o e cadonc
Press,-bm@shmsm(immf@mm@e&émzm;@q ual&m@lﬁwighd%lwar and

' it (Q N,.Germany), sequenced wijth.Ds5'-3. a
L LA L S S —
Publl%t@@;s@ﬁﬁ@dcmﬁnﬂoamm ASeniBLloiBeitid/Awe Foeliryit(@adeS pring Harbor
Laborgﬁge@@%,s@&waééﬁr&%ﬁm&?q@@§¥§m ééi.% Eten ,e(?'flz)ey thberaﬁsfz book. 4
out -digested

[
.. producer. [0145] ern Blot Hybridization [0146] EGoRI
guide UdBA PBIIW ¥t oAt Grgerraiion (iih SésidnrarndiOrragndress, Eugene,
2000)positively charged nylon membrane (Roche Applied Science, USA) by
capillary blotting (Sambrook et al., 1989) and crosslinked by UV
irradiation. The DNA probe for EGFP was WO 2006/124001
PCT/SG2006/000121 45 labelegsminiriigsxigenin (Roche Applied

01325CIeRgE. ing.PCR DIG esis kit. We used. DIG EasyHyb DIG .
O o B R e B R e peiehich
offereg riti D¥ay apifibbesranenCDP-Smmohdntiuterinesdenit shbstratat{Rodhemy manner,
Stand ANPRUGERERNGEH WRANIGE the art or the techniques specifically described below were

utilized. The Examples demonstrate that the invention is applicable to and functions in all

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

EXAMPLE 1
Materials and Methods
10133}  Plasmid Constructs
[6134] The construct containing EGFP (Clontech Laboratories, USA) under 225 kb
promoter of keratin 8 (krt8) gene (GenBank accession number A¥440690) was obtained from



detection of the hybridized probe. Hybridization and detection was carried
out as described in the manufacture user's guide. EXAMPLE 2
Experimental Design [0147] A two-component system consisting of a
WersreEBetiuct with a non-autonomous Ds element, and a BEBSEAEEN06121
RNA encoding a modified Ac transposase was utilized with an aim to
produce Ds insertions in the zebrafish-genome. The Ds construct carried
EGFP gene under the zebrafish 2.25kb keratin 8 (la-t8) promoter (Gong

Dr, Zbiatan 2867 feonfibetbting &by &-Shgapiid equ et S8 gWaNEe P fragment

1ZiniDs, ele and Kun e second construct
was aa‘sr{i)éoDre %%%dgﬁ'g" gaGUence &fﬁ égé%‘zﬁ@?ggslsposase
[0135(}rpa§&1@3«1é57§limmﬁﬁ%wm REBHaupU800 )bise driman aAiHalpeciie AGAAG

ous to that of%m%@%égﬁ@;gg %ﬁ}%&ﬂ% and “Ac3™

AAGRE. %)
GTAZR #ana@ﬁ TGS (e ST 362057 R (o0 93 PSiag)awail (Weil and
Kunz6| M)l ROt hempRR 64T, pladnic: (hegsan gs'\éelléﬁﬂﬁétg §4)e0 Qé%% &%R using

SPG6, Qter 0 _transcription. This plasmid also contained the 5
primgi B TS R o HEHE Tk RGPS GURTAACGT
AG SBQalDPhEE m;nstmctsmee’re @@m@@m@e@eﬁmﬂﬁm@&)rm (SEQ I

ly the TPase1Q3 thou -TP
oS RS e S DRl oo
ID Npobitibrof ther mmﬂ%mﬁﬁ m&izmbﬁﬂeﬁ&mw&tﬁ@ested with BamHT
and P Ridess2aURRGE pltherked 'Usééd“%g@% HRPRRAER P géiﬁts THERESS? TP ase

shows the NLS-containirig construct an oWsS

was qQtagiedrb cehanssiAYring rieniee. o Hiid Sddqtren constmessionie imtowlem mismatch

in theCAS@ed TR SRRSO m@n%mt%%ﬁl@&]tﬁe&%ﬁés&ﬁ@ﬂg RIS ls"etﬂfa’r)lZQ Fas removed
in lowgr cas](_aN]é)c‘!d italics. The Kozak sequence (nucleotides

“Smgl@é‘ SESH NGO MR AS IR gsreL elthBr e S0 BIRGAACTTTG
- GCASLEAGE (A CRATHEETIE NG ((ppeG saseCchadedandsuadeningsizs) and GGT

roriteln S SRR ER AR T T TEE Plg

NOG:3fjucleotides 191-2305 of SEQ ID NO:ll or 37) and the stop codon and

01383 -UTR, g ' [ REGE tides 2306-
013 T e O e L AR

fSE
amP‘%%ﬁélé\ﬁr?fé? ¥%. #56 %%EQTBN@#%P@#S v%&pmw@ﬂ%@ﬁmﬁ%ﬁcméx
GAAmRprosecetddyAucisslites 240886 240 heRQ N NAsFEEFSE QGG AGCCAC

TG@?%G@%@%%@@CJQ%}& 8?6/000121 46e[E 1491 Table 2 shows the amino

acid $eq o} SHREG AR PPESETEB B UhRaaRbakn 2R using Agel
and PEpdde dhd mﬁim@%ﬁmmermusm@mwa;aasﬂwssmtb@tlmmw CDS
Sequeé%%i%gs 1 ]?_Qf%' EQC#dS 1 |s§%§5 rugcorgdﬁklgg%Pa a_lt%e #" Gonstructs
corregyyedingly ngé&@@@bam §1£¢éﬁmeetdl Miga@nesinntia@dstagene) and primers:
AGAAGAAGCGTAAGGTAGAAATGGTGAGCAAGGGCGAGGAGC (SEQ ID NQO:42) and
GCTCCTCGCCCTTGCTCACCATTTCTACCTTACGCTTCTTCT (SEQ ID NO:43).

[0137]  RNA Preparation and Injections

[6138] The TPase plasmid were linearized with BamHJ (cut downstream of the polyA. tail)
and used for in vitro transcription of capped transposase RNA. The mMESSAGE mMACHINE
§P6 kit (Ambion) was used. The product was purified using RNeasy Mini Kit (QIAGEN,
Germany). 5-10 pg of plasmid DNA with 25-50 pg of in vitro synthesized transposase mRNA
were co-injected into zebrafish embryos at the 1-2-cell stage. The actual amount of injected

RNA was empirically adjusted to produce 50% embryo survival rate.



12-716 of SEQ ID NO:20 or 44). TABLE 1 Nucleotide Sequence of the
Modified Ac Transposase Construct A. NLS-Containing Construct ...
attaggcttgtacatatgtngttagaacgcggctacaattaatacataaccttatgtatcatacacatacg

WH 2006/124001 PCT/SG2006/000121
taggtgacactatagaatacaagcttgcttgttctttttgcagaagctcagaataaacgctcaactttgge
agatcc 44

GCCACCATGGGTCCTCCAAAGAAGAAGCGTAAGGTAGAAATGGCTAT
[0139T GTEEnTBAACCACAACCACAACCACAACC

L A R R el oty CRRRAEE Yoo,

[0141E G GAPETA T BEREEATITERCCAAGAAGGAAATTGAAGTGGA.GGT

{014zPGAT@&§)%%&ﬁM fad He GG A GEERG0sed 3.7 b lone 1 20 bp of
CATTGCAACTTTCCTAATTGCAAGGCTAAGTAT AGGGCTCRSE &K

the fapEiRg SERACARETE T EbsoRmre heveithe following sequences: GAGAATTT
CACTONTAGAETABLASAC TDHTNGT R AAMGEICACTA SIGTETAMR FGAED D

) ATGGCAAAGACATAAATCTCA, o
N0 R B Xy o AP S M PR ARSI Erp cierused f
preveMGBOKATIMTE ARCEATBAAPACRE TRTC for 30 sec and 55° C for 10 sec for 35
T G TGTIGAGITTGTTAAGTCTCT C
CYCI@%g%% éﬁ%&éﬁé@%ﬁ% A@%@é@?&lﬁ&g&gmwn proquct couﬁ ampgf%r: (bz‘ut not 3.7
kb-longsionos €k AR AT NFSATE GATET BTATHT GEAABAMAARSG AR AGTose gel.

The bhEAFEEEAR RS E%E%g AT%ﬁCk Gel Extraction Kit Q'[(AGEN,

&x
GCTTCAGTACAACTATGGATATGTGGA TTGTCAAAATAAGTC
CermTEa P FEIHEFERREATER A Yofetsarreipgrchomistry (PE Applied Biosystems, CA)

and BATBIAPHEHS BET CIGEAAAAMGANTT GTEE COlTLE TSATEL TEAAApplicd

BiosﬁGG‘iﬁ% ACACTGGCCAAAGGTTATCACA
ARECTTOAE E&%ﬁlg%ﬁf FFAAGTGGAACATTGAGAAAAAATTGTT

[0143] G COTHEHFCT DF CBATAAEGLTASTGCAA
O AT EHL AS R e YOI W timal o described
previqusiy @ A ST tee 1957 ERTBAT AGEGANET TG TGO IARGRT GGrimers:

Ds5*-CIIGHGTEEAGTTORNGGAMEOAE T :21): Ds5%-2:
S AT Cr AL R ACTAERTTT e

AA CGATTGTTCTTGCTGT
T L A TN QP B A eI GHEaH e ACGGGATTTTCE (SEQ T NOw23);
Ds3’- ACTIAIGATASATA TAAACGGATCTGAEA TBATGIS TEAACTAGATEGA TCCC

T RS AR A CT ARG E M AL AR RS EER B A0:2),

AD-1AGCTRCERAT SOPNATA TORT BANGCOGAD-2: WCAGNTGWTNGINCTG (SEQ
5 - S TGTTIGAAGAAGTIIT

D N e LT O ATt (S p 0253 AD S NERSEAW A v

CAA (SRRNPTECROT Gowdapty v i FropadiyAme GTHFC RETGUCATARAGE:d using

1.8% Aehiok& Al TERAGEAAITGEIEGE GLICGAT DAY shift naj
A?TT‘%GTCATTAGGAGAATGGC%@%TGCRWG W5 IRR SR op g eel and

puificd Seipe R Gk ARG P PRASAER GERG Germany), and sequenced with Dss”3
and DAGE pErhaE Giid K BTGkl Nedilehen b AR NG ARG AU BIERALECA) and

m ABT R A KA ST CA F RN e rARIts et N Appliad Rippystens
USA) ampplidd. 15T OF ATHEGEAGTTGTAGTCCTTCA -

{0145]GCT§5%%§@?%%% AACTACTAATGATAGTATGGATGATACCTTG
ATGGAP.AATGA TEAATTTCAAAA ,
10146]C T AFPRE CETEA GTTE NS BATFATGATERA BT AS AGTOAMTE AAFEred to
positi@&%ﬂﬁ@éﬂ_@@ﬁg Gl &AL &T-'A}%% Science Eéé)GErAxaggg%_lbiotﬁng

AGCATAGTGGTCAGTTTGATATTITTATCATGGTGG

(Sambgogla &t ARSE T prevdimed A NATIFGdiation. The DNA probe for BGFP was
AGGGATGTGCTAGCAATACAAGTGTCAACTGTTGCTTCTGAGTCTGC
GTTCAGTGCTGGTGGTCGTGTTGTTGATCC
TTACCGCAATCGTCTTGGTTCGGAGATTGTTGAAGCTTTGATATGCAC
AAAAGATTGGGTAGCAGCATCTAGAAAAG

GTGCTACATATTTTCCAACAATGATTGGTGATCTCGAGGTGCTAGACT
CTCTTATTCCTCCTCCAACAANATCATCAC



CAAGTGATTATGAATATGTGTTTTAAACTTTATATTGTGTCATGTGTGC
TAGTAGACTTATATGGCTTCTTATGTTA
GCCAAGGGGGCCCCGGgatctggttaccactaaaccagcctcaagaacacecgaatgg

Wttdatacataat PCT/SG2006/000121
accaacttacactttacaaaatgttgtcceccaagatgtagccattcgtatctgctcctaataaaaagaa
agtttct 45

tcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccccccccctg
labeledagititadiacxigdGi (RUDN QirlieB ShikSi SES Lonain PORCONS yethesis kit. We used
DIG Egsé?éﬁ%qSf@}t%géﬁt%ﬁggﬁ)%ﬁaf?%%é??%aﬂt?bartﬁ?z%%?oan‘fCﬁﬁ‘é RS abeled
anti-R¥g gugibedrtand dlataStmgbrodtomivtsreny st (Baghatappidgt RbantiiGos A) for

e APt i R R AN SFIoh XS FARARY Greraiot o

the mempETHESATE ABEEACAACCACAACCACAACC WO 2006/124001
PCT/SG2006/000121 47
ACAACCAGAACCACAACCACAGCCAGCAACCTGAACCCGAAGAAGAA
GCACCACAGAAGAGGGCAA FEEACAT
CGGATGTATGGCAGCATTEGAGEASGDAGESAAATTGAAGTGGAGGTC

O P TR A ARG RPRBIE Qo ReSCpeggoss D

elemere ATGORACESFCETCATIHIGEARATIRAGF Transposase was utilized with an aim o
dulhysz. - GTGA
e A TSI ST AT IR o
zebrafishg ASkbdergin Al tA vonrTeAReEcEET ABRCToRANG AageT AT 37-end
cis-requatiCAAINOECAY ThasBE GRAEACEGLT THE Kunze, 2000) ggi : m&. The second
AATATTGTAGAACATGAGTACTITGTTGAGTTTGTTAAG CEI'CT CGC
consua%]i:ér&ar & % %%%%W@Ac transposase {TPaseigs.g07) (Flouba-

Herin TG @I AGRRAATRT AJ GA EGBATPIGEAK RSB AACAAASAGARMEER (NLS;

T GATGTTCAGTCTC . .
GPi% CE:T?ETECEAE é"%@(%&@?ﬁ@g@ ﬂ%@&%&%&iﬂfﬁé%& PEER A2 HRSEAF g AP The
gene  pEpdieT o FCAOBAT CEATTTRBG AT GAFon (NLS-TPase) was cloned into the
- GT - TEITT. TTGAA .
pSPGgé%%%TgC CE%%(S(W@Q%%%@%%G GLTERd &M&er %1 n vitro
transcppliopTHiR i drcATETrTAAET o0 AAUART CRNGAXARPUSTH@/PFin gene
and a BRG SIS A TTHE GARAATPRE LA ARre additionally made (Figs. 1B and 1C):
ATGAAGTAGCTGTGCACGATATAATTGAGGATTTGCAGGACAGTGAT
one CPERRRT CHACT TE1UATCEIBEPT Tyt NLS (NoNLS-TPasc) and the other

contailibg Gnl£aAds Gl fib&itdilod RMLAT AGTOA e Tie(HF Ie CARPGRAFGBase).

TT TGTAATTGCAGGAACAATTGAGAA .
[@14%@2\% A ég‘aﬂsr ﬁf&?@&f@%ﬁ%ﬁﬁ%ﬁ@éﬁw@&e,%s’fmcm-
Table NGARCTARECANCHGTBET AGFEAATE Cable 1B shows the NLS“-containing

o A ARG A SRISIARE TASSIE o
SEQ PrNeATRPAAE CBTGCA BTAATAA BBOEIMARE AACECATERE CBEicotides
152-1 KGEF TG T RBAA T TG L GEAMAGR G Aprecedin the coding seguence for the
GGAGTGGAAGATGGCATTAACTCTTTTTAAGTGITT CAAGAAGTITTT
synthefis, NES-(EpRerT¢8sca belded Erd endsdirode resieotides 158-190 of SEQ ID NO:11 or

37). ﬁ?}aﬁﬁﬁ@%@%ﬁ@%@%@%ﬁﬁ?&ﬁﬁgHm‘@mﬁ%%é\% bolded
(IR T TR T S AR S o i iRes Pion RS PR, of e

{ranspEARAT AP TG Gruph G TESECTANTAET GXOAQET7 of SEQ ID NO:11 or 37). The 5'-

S A S B TSP CA e o

F-glolDAT ADreshBT FCATEIABATGACTE HEITAGBIETI CAFTTAGCAAAATTGT
ATCAATTCTATTCTAGTTGTAGTCCTTCA
GCTCCAAAGACAAAGACAACTACTAATGATAGTATGGATGATACCTTG
ATGGAAAATGAAGATGATGAATTTCAAAA
CTATTTGCATGAGTTGAAGGATTATGATCAAGTAGAGTCAAATGAATT

GGATAAATATATGTCTGAACCCCTTTTGA
ACCATACTCCTCACTTTCATATTTTATCATCCTCCACCCCAACCCTT



50

TTACCGCAATCGTCTTGGTTCGGAGATTGTTGAAGCTTTGATATGCAC
AAAAGATTGGGTAGCAGCATCTAGAAAAG
GTGCTACATATTTTCCAACAATGATTGGTGATCTCGAGGTGCTAGACT
O AP GCTGCTGCAACAAATCATGAG PCT/SG2006/000121
AATCATATGGATGAGGATGAAGACGCAATAGAATTTTCTAAGAATAAT
GAAGATGTAGCAAGTGGCTCCTCEECATG
AGCAATGTGTCTTATGTTTGTTGACAGATGAGCCTTGGTTGTAATAGT
[0149T TATIBCAT GOFAAG RRED GEAGATGEGAG: modified 4¢ TPase. Table 2A shows

the N%é\gt gﬁg%& ?%ﬁ\g é}%ﬁ%{%ﬁ}g@ﬁﬁ AR CHE TN RLE Golded:
amin @EdNKE GEBECDAEEEY ardG At tmited nevinr etidatdd caRBQAR Y0 44) is

fused IIEIGEARQCIACHPARL, 1 o07 (Weil and Kunze, 2000; Houba-Herin et al., 1990; amino acids
accaacttacactttacaaa4at)gttgtcccccaag atgtagccattcgtatctgctcctaataaaaagaa

12~71gé)é§’f3
tcacatictaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaccccccccccccccccecctg
caggtcgac... (SEQ ID NO:37) T 5?%1% Amino Acid Sequence of the
Modified Ac TPase A. NLS-Cont %dlfled Ac TPase

MGPPICMudite tdd S Qi GF Bl QREPQ At P R ERARRQKRAKK
A N%Té&YM}REE%&EVEVDG KKYVQVWGHC
FPNCKAKYRAEGHHGTSGFRNHLRTSHSLVKGQLCLKSEKDHGKDIN
ai‘ﬁﬁﬁ%& ?E;g@ga@[&{gﬁﬁﬁ‘?qwﬂ@?m?ttaatacataaccttatg‘tatcatacacatacgatt

ceor g eV ol R S AR L L R BRI PR TSR

Ammmw NS DAL AR G CCACAGA ACAGEGCARAGRAGTGCACAT

- WWWWWWWGWTM@T@GWM%@GG

YOGS ATTTCGAAATCACTT
R AL SRS ARE IR Es 5 Wishiaenia zoTa
rreadeCiAi HNAMVAKR YA a bR KA RS ﬁ cTTIC
MT&%R@KWW%‘Gmmmmwcmcacccwcmmmcmmmmcccam-rczac

SRR AO PP EASGIECAGTCTC

SRARPFTTIR
AAGTcm*mmmmmcaccmccmmmw@m
Tc-s*ru:msescscmmcngcmsgwmcnm

Mccwmmmmﬁw
ATGAAZRABCOS A BRI PRCTGATTCAAATCTAGT I TRTGATGETGCTTTCTTT

CATG o TGAGAR -
= PR,
ACWM&%@EM&MWB&M&\&B&! TGEARTTCAACCTATTTGATGTTGAGEEATGCS
WATWN@V@W%E@RWWMWM@E@HWCCGR

GCAGTRGA, .} ; .-5 WEW&A%‘FW@Q@A@?TTWGA'J.‘cwgggigﬁTCCTATCTGGTACTC
2 FEETETETTCATGAR
§§§§Eﬁ§¥§©%Zé%ﬁ%@iéEﬁi§ﬁ§é&@i@§§§§§§33TGGAAAGTGTCTAATAETGCACT

plgi Ll ysls A @'EGATTGAGT’I‘C‘I‘ATATGMAAMTTTCATGGTG&TT
gggg%@ﬁmﬂmmwwmm@mmwcmm
Cn ! ke 2 b B LT 2, B B i) 3 s 7% i {ESGMMTGE?%TGATGMTTTM
ATk o TTDGR

scendlbTobck e YEA R i et ot E@%& R R e S Nerroon
AGGG-HZ@BWN’@EWMKWWﬁ‘]ﬁ‘E’MAGTCTGCGTTCAG‘I‘GCTGGTGG‘I‘CGTG’!.‘TGTTGATCC
T A E N P E B R SR A E A RB RECT AT KA AR PER EREY BRIACDN QS RALAC

GTac
PO S B IR 0 1TSS A AR 1101 N sl
ACCAMBESIKRNG NV G et Riaa 6H fﬂﬁ%ﬁ%&%ﬁé@f@fmm
CAAGTINEN ANVAHD R EDE O DIFBSNEVE DG eder AN G T TGO TAGTAGAC T T ATATGGCTTCTTATGTTA

jggipﬁ &%‘?H?Eﬁwﬁmemwmqfﬁmf@@mmmgm%mg@ﬁsmwizaat

toac EiiEﬁziiiii@é&@ﬁﬁiiﬁié&@iﬁEigﬁaagﬁiiccccaﬁbsﬁééEcc22t§2§§§§2322 o

{sEq RETSER006/000121 48 YKPALIRLKTSDPRRYDA
PKAEEWKMALTLFKCLKKFFDLTELLSGTQYSTANLFYKGFCEIKDLIDQ
WCVHEKF

B. NAFRROmAIS EREERYWKVSNIALAVACFLDPRYKKILIEFYMKKFHGDS

at\f@ébﬁé@%yﬁ\{m\f@éX%&%Eﬁ%&&taatacataaccttatgtatcatacaca»acg&tt

;ggggﬁs%ﬁwmmmpmmmﬁmwtﬁmwﬁwa&wmKaav&s,@agatcc

VLAIQVSTVASESAFSAGGRVVDPYRNRLGSEIVEALICTKDWVAASRK

GATYFPTMIGDLEVLDSVIAAATNHENH

MDEDEDAIEFSKNNEDVASGSSP (SEQ ID NO:44)




[0150] Table 3 shows the nucleotide sequence of the modified Ds

construct. The EGFP gene under zebrafish keratin 8 (krt8) promoter was
confined between 247 bp of 5'-Ds end sequence (nucleotides 3657-3903
VOP 3N O:1) and 370 bp of 3'-Ds end sequence (nucleoBEESER0F{0P0121
of SEQ ID NO: 1) (Weil and Kunze, 2000), shown in bolded, underlln_epl
upper case letters. These two Ds endgsequences are also called "minimal
Ds" implying that shortening it even further will negatively affect

ACAAGEAGAACCHIOACERIAE RS e BCRERBEACESITME@RPIcCACAT
CGGATGTAT GCAGCA‘I".I"I‘ éﬁ% gﬁ S ASATACHITCACGTATCEEEE
cwr&%@‘é%@éc‘iﬁﬁgr M L C AR GCGEAT I TOGAAATCACTY
GAGA&@&R@M@TM&@%M&@Q&L&E@& &ﬁgﬂéﬁlﬁﬁ%mmcmm
TTCACRSEINIQAS EM@@WGM@H@&WMMSE@d&WGM&MWC
AATAR YE g% E%ﬁ%@ﬁ%%ﬂ@ﬂ%ﬁ%ﬁ@@mm@c
TGOTA LT b SCARGRAAR ma.c,- mwcmmcmc
GCTTCM&AGZM PROGS J-k.-.i. ™ -L mﬁ TRGAT
RGO CATGCTABERA £ ﬁ@iﬁ&ﬁ@ﬁ%{@m&%E&@&@@ﬁ% TCACA
AACCRERE BCRT EASHGAL SRR wwccmewcmwsc;mmmcmmGcm
ATG 5 FEATCTTT
cam :i Gc%%wmmmﬁm@mm
anTcrAAEC G Cafk SR NCA R GAA CT A AT CA A GTGTECTAGTGAATCTE
ACTTOGIIEHT Wﬁéﬂ%@@ﬁéﬁﬁﬁd&ﬁiﬁ%ﬁ@ﬂﬁ%&mw
wmi@ﬂjﬁ e rr Ty ISP ESAGGTACGAT GCART T TRTCOTARAGCCRA
GGAG ; ACTC
anmanhbbros 1 mmﬁmmﬁﬁm

MWMGEXM%W&EE&EAMGmsmmmmgcmmewcmm‘mmcz:.cw
B A AT T A R T AR T P SO A C CACAEATABITTARE Goraars

camm&mm ' ‘% ¥ GTATCAN P OTATTCTAGI TG TAGTCCTICA
GORC el e, cmc-:ms%ﬁ: B RGAIE CRARR
e M TTPGA

crarriGEaLchAMNG Al Ak

AGCA ATTT‘I‘A‘I‘CA‘I?GGTG CAGGECAACGETTECAGARTATCCTATTCTCACCCAARTTECA,

mﬁi%gﬁééﬁ%é@%é §W&§%§%§Mﬁ%ﬁﬁiﬁ@ﬁmﬁiﬁﬁi

GTGC TCCMCAATGATTGGTGP,.‘I‘CTCGAGG‘I‘GC‘I‘AGAC‘I‘C‘I‘GTTAT’I‘GC E ggé@h TCATGAG

¢ CRTG
AGCARTD %TCTTATGT‘I’TGTTGACAGATGAGCC'I“E‘GGTTG’I‘AA’I‘AGTTTA’I‘GCA‘I‘G;.TA&GTGCTCCAGATG‘I‘GAG

CAAG BRI RTCTTA
s R GE EAREHaRt R Cae AT R R gaRamegEIg sk oTTa
accaé@tlﬂ@@@ct%:tacaaaatgttgtcccccaagatgtagccat tegtatctgetoctaataasaagaaagbttot
teacaygtgistatgegtgggaacattiatcagiggicaliaaaiactalagittacagitagacaaragiatgely, |
{8ED tgi?ttN 0:37)
ttgtgttagcttagctgcagtttttgtgtgtgaagtaacaaatgacaaatactcaaactattgtaattaagta
gttt
ttctcagaaattgtaatttactaagtagtttaaanAigtgtacttttactttcectigagtacatttttagtgeagt
gttggtacttttatttcadtivickichtick®epigergit detditdattatiettDbetatgtggattagaca

A m@%ﬂ%&%ﬁ&@%%ﬁg cac atag aag gtaaatcacatcataatg aactacctt
MGPP RS EHaWaHT
NFPNM%&%%%@@V@%& KSEKDHG%gINLtiEggégEWSLKKLHLAIIMHEYPFNI

’ VEHEY@'@@@@@Q&RPHFPJ_KSRVTARKYIMDIJYLEEKEEYGKLKDVQSRFST‘I‘MDMWTSCQNKSYMCWIHWEDDD

HCLOKRgMEt el A e D ATty Aty Agaa gRtg AAE SEg ARSI 0taaE L ARAMARER A rory
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VLAIOWR]SASEjaB st Ry TR Tagmataanyioaggtcgatgicasigienasaiot ottt mm
MDEDEB%%?@&{%INEDVASGSSP (SEQ ID NG:20)

taucaatgtctaatgatgttacagcttgatgttatgcggatgttacccctatgacgtctatcagacgttggat

Gz
B ggtfgcgatacg%m 1% dhodified de TRatfgacattggtttaagatgtiggticgacattggattttggteg

MGPPEF{{RKVEMAIVHEPQPQ}'PQPQPEPQPQPQPEPEEEAPQKRAKKCTSDVWQHFTKKEI EVEVDGKI{YVQVWGHC
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WCLOKATGCHAm EGRETGQRLSQTFTAIMVEWNI EKKLFALSLDNASANEVAVHDT ITEDLODTDSNLVCDGAFFHY
RCACHGRIfGEIGGGCtdyasBIgaatitagyleateacaaciniatitaacot axtattagepictaigaigtaitnar .y

tgc




ctgctgggcaataactaaatgcactacagaatgttacgtttacacacatgtaaattacatgtaaatgcat

cagcttt
tcaca cataatactcactacttactactcttgagtacttttaaaaaagctacttttcactcatactttgagta
WO 20087124001 PCT/SG2006/000121

tttacaactgatacttttactcgcactacatttttaggcatgtattgatatttttactatgatttttcagtactctt
tccactactgcagccctccccatacataatcgtatgtitacacatatggtggagtttagagccataatcta

cattag
YRPATF tgeagasitigigtgigracatiio el caa taCagBRgPaadHEKE
VIR SEKFE SNIALAVACFLDPRYKKILIEFYMKKFHGDSYKVHVDDF’VRVIRKLYQFYSSCSPSAP
RTRTT MDD‘I‘LMENEDDEF NYLHELKEDYDQVE LDK SE?LLKHSG F QIARD
vrazdteseigtions! cad e arE e R e ey

MDEDmaeggmNEDVASGSSP (SEQ ID NO: 44)
tggcaaaagtgaatggaaaaaagcctttcattaatgtgaaagttgctgcgcgccccacccagataaa
aagag a ag WO 2006/124001 PCT/SG2006/000121 49

[015¢ttaa &Eégfct tEhaisgthy edlaeidm ceaipanscrfabg ongdifiedabs cougbicaljet EGFP

gene QOBAGRBLIIsh keratin 8 (a18) promoter was confined between 247 bp of 5°-Ds end

acac tticca tactggaatgcctgt tcaa tctcaagcctctcctt cattctctcattcc
sequepice { { t1% g %%tgt? ab gg fa gE % g'}’{) bp of 3’-Ds end sequence

(nuczmggggémagomtmmmtgmammmmmt@ﬁmcgmcwemmd
13990 ”

oppe gtgtgtgegglésgtg%%%?g% gzgglaegnt%csa?g? 5tatoto ggaésgocgﬂtlgg Rl flicdmphgpe that

8 oﬁ@y@@m even further will negatively affect transposition efficiency. The enhanced green

fluorR8aHYILEA(ERASY CIRIPLAFAORIAIIACIGAC!S éeﬁg:t%&agfﬁa%c% (;:)tr%%neter -

actcactc
EGFE {deeen gagsl geat eaafnsdchettetaade atic eah Agod congyanseacchgtoet avomoter
includ@ig@tgadides 436-2674 of SEQ ID NO:1. The coding sequence for EGFP includes

geigttca tggtgcccatectggtcgagctagacggcgacgtaaacy

1‘111016(6{2 %%%%a%ggﬂ g %%%} 59989
gegtgtccggcgagggcegagggegatgecacctacggcaagetgaccctgaagttcatctgcacca
ccggcaagctg
cccgtgccctggcccaccctcgtgaccaccctgacé%acggcgtgcagtgcttcagccgctaccccg
accacatgaa The Ds Construct Carrying kr t&-promoter — EGFP,

ccaT@nagcanganiitiicaagiccoLenlgrocaarnasiacaacRE A RCaEACEAIAIIGRAEO8 A a T

ACCTREEE tmwmcmmw'rmmcwgcsGGACGGmcmcmawawmcsmmcmcs&c
GEEATLAATA "("'r*rr-zszw { 5 b T 7 " A 3

T
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taag%p;gg@j;&@gaaagcagatt:tggagctgattactcatctcaaacacccatacaaagggatgattgccgt:ac
atctcacatat

2323&%9@9%% @@?éié%é@%é??@ﬁfﬁé@ LB A e et gt agren

gotgtcgesgaceach catttatcagtggtecattaaatactatagtttacagtiagaccaaagtgtgetgtattt

ttotgteagtagaataestecateggcgacgyteecgtgetgcigooegacaaccastaceigageast gt
ttctﬁg@ﬁ@t tactaagtagtttaasaatgtgtactt ttactttcocecttgagtacatttttagtacagt
a

2 coRdcaRs0a LA ORI ORORRCAC DR CE Rt ato gt cegpateosce

gggcdé&(ﬁ:ﬁﬁeggﬁﬁcagcaaactgtttgcc:agca:..taaaagaagatgtcaaaaat:atttacacgcaL.taacccag

agactyggatgerfelgtachogtadsgrggecgtgacictagatcataateagecataceacatiigiagags cgea
Eaca g@g@ :agaggtcaacatggcgtt:aggttgacgn,tgtaccccaacgcagtggggacgttgcattttgtt
agasa aggttgacgtcagaacicaacgtcaggtoagatate T
R PR G e S T g R R E LG e el (o 9
gttgctaatt:gicctgatgaataaatgtcattatttgacgttggv.ttaagatgtt:ggttcgacattggattttggtcgct
ttcca@&@qtaggcmﬁ%mgéamageameagmmamamagmmtmmctta

gatgctgh gaatttaggtcaccacaacctatatttaace taatattaacatcttatgatgttgtgtge

g A TR A AT AR

tttaqqﬁpm@@@:'ﬁﬁ\m@ﬁm%attt ttaggeatgtattgatatttttactatgattttteagtactott
teca T CECEATTARRARE SR GCATRCCECTCMRACBRTICERBARAat tag

iiiiigﬁéﬁ@ﬁéiz@ﬁiﬁﬁ@ﬁ%g vt e

togcaFAAT oA T AEECE T RO G mb b T e L Ao A et Eaacase
GAAATCGATCGGGATAAAACTAACAAAAT
CGGTTATACGATAACGGTCGGTACGGGATTTTCCCATCCTACTTTCAT
CCCTGCGTCGGGTATCGAGCTCGAATTAA
GCTTGATATCGAATTCCTGCAGGAAAAAAAAACAATTAGAATTAATTT
TATATTTATACAATTTATGGTGC (SEQ ID NO:1) EXAMPLE 3

Co-lniactinn of NDe Dannar Conctriict




with TPase mRNA Causes Specific Ds Excision [0151] In vitro

transcribed, capped and polyadenylated TPase mRNA was microinjected

together with the non-linearized Ds donor plasmid, into zebrafish embryos

WOtHGRA8EIl stage. The embryos were incubated for 10 hdrs' st 884300121

and the genomic DNA was analyzed by excision PCR with primers

flanking the Ds sequence (see methozﬁiﬁ for description). The excision

products were detected only in the embryos injected with both the TPase
gutam%&:c@%ﬁ:%@lﬁfﬁP@%&fa&l&ﬁﬂb&I&@@@%@éﬁ&@@a@§c@ggggﬁamgﬁé§gagct
acac%ﬁéc@@ﬁmﬂ@mg@s jeatedtyvithdher D gonsttuetatereqaodideeddi0tcattecas

cteogy {HEYER %‘?ﬁ‘éﬂtl ‘"st @C?Ajc‘%G%%ﬁ‘iﬁ?gﬁﬁaacaggtagggt
t caa a ata
iaiiﬁggg &a@f%@@ﬁ@ Q%Eigéﬁﬁ 55?:%5 @@@é&ﬁ%?ﬁ?égaﬁﬁcgiciziiicic

ctct N SKSEscEPase: ﬂﬁabptcdtm&ﬁébeﬁ@ﬂﬁ&hwﬁlgeéﬂd@ g‘ Mccatggtgag

;ggg%‘agﬁéa%ﬁﬁéWMAtwméa@@tg@x@mmdemmmmmemama
cecg ggjjgéégcﬁg\?g?c‘iﬁc@ﬁ& DIETRRS eReiSi0TPtEa tHeo caccaccoocangete

soasdlfucs ;ﬁ%ﬁ%ﬁﬁ@ 54;5&5%%@3 ﬂge&’ﬁ ﬁﬁ@iﬁ%ﬁ@@@%ﬁégﬁ

9‘5@@ xperimentsyddae sbPases tetpch exeasiony i dhe: gactteo
scas ElIeDLICL 15 JEABT e WASTERtTer "confimmred thyntrtgbtitecs eatssecgacaa
acoaFRRHERERG LTI F0 R A BITIAC PGS O %ﬁﬁ%ﬁ@é%ﬁﬁ@g@%ﬁiﬁ@é@%ﬁéEZi‘éé
agcagRRuences:eyeateddhat exeision Lecdbed specitically At Bhecggoat
ggac%Fﬁéﬁ?%‘fﬂa@mégmt@HB@W%G@QQ@@R@MQS@vmaggttctacttgc

tttazaaaac CACH
cagc%@gﬁ%égea%gﬁgﬁa gcaa age cacaaa i?@ﬁi@iﬂ %ggﬁ?ﬁgtWCtggzzz:z;g
tgtganteinaiad B&Q@Q&@@ﬁ&'&@% faleris g H@&iﬂﬁ%ﬁg CGAAACG

Gsmmczzgwmmmw S 0OGOGRE? &G@O@&* @@E&E;wmccg

TITEC '.’.- e 'G 2 :.-'..’.:-"-ﬂ S At e R ARSI EPESTHSCA R :.‘ -‘. g a n..& GAEELAXOTAS

CGETTA A BATAA Cee A COAGAT I T CEATCOTACT I TCATCCCR gﬁ AGTSE AATTAA
GeTTANG VOLITS WHB G SUSEI SN IS T i Fgfr TGD (SEQ
Ip Keexgision (Fig. 2B). The predominant excision ootprlnts |nvo ve F%on

of a flanking nucleotide immediately adjacent to one Ds-end
accompanied by change or deletion of a flanking nucleotide at the other
Ds-end. EXAMPLE 4 Nuclear L&ati&tidn Bignals Affect Intracellular

Localization of Ac TP@@@&@MQ@QM@&alz&%gnvestlgate the

effects of differentillyPsphiRtaceliias pcalizatng Kig TPase- EGFP
usion constructs fQ three TPases (NONLS-, NLS- and NLSKSE

all
01 e RS BRem ey RS ATBR SpressoR T ohefegeieced
togethof epithtkatdissneatiatdcOngistsofldarge, and Aaeals SAMk8e MABE one-celi stage,

i er, ceIIuIa caliza These constructs were
the & inje tge%giﬁ%égg %‘?%afpﬁtgsmt%\pso At ¢ c{eﬁ)8 g Haﬁ%e EE R iESe Tk \fadyzed by
- excisigp AR gvithonimpdrstdgekiaiy thie vt chexpression efimydof dle dbg@eption). The

TP GoR In ection of o)
exelsi l?fgg ovgfvgé%/id }éeét@%iﬁg%ﬁ%%%g?ws 4 ho rs% cé:‘ det%e g&méﬁt%ﬂne mRNA

(NLS the dRsrih ety bR P eonitiustknBespadific ©FRol embryos injected
with @B¥DRSS#@BEruct alone produced no PCR fragments of the expocted lengths (Fig, 2A).

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



Injection of 3 pg of plasmid produced mainly GFP-negative embryos. We
assumed that expression of high (easily visible by GFP fluorescence)
amount of the TPase fusion proteins was toxic for the cells. Nevertheless,

WPS4EH 124 we found a small proportion of GFP-positive ceRST{Ha2006/000121

retained their epithelial shape, thus allowing the identification of the
intracellular localization of the GFP-tagged TPase therein (Figs. 3A-3C).
The NoNLS-TPase-EGFP was found to localize mainly to the cytoplasm,

Ds mmzma&@-&r&mﬁﬁ%%ambh&kﬁiﬁ%%@ﬁ@@%ﬁ%ﬁ v Bbserved in products
redominant

" from RIS Ver‘%om %hngﬁjt%?r' tTBe %%LS-TPase-EGFP and NLS-TPase-EGFP _
showed & strong. tenderncy A% S54IEY SRR IR T pidpieErstisd excision (Fig.
2B). rilhsle peerospioetivety(iigs. Jso@Ehithatvobsamididetitie ActivatpsdRasenucleotide
: rted j l.,.1995: Heinlein et al,, 1994). .
e e KL S S b it R S Sl Rucoriae
at the\adipDisighdr expression levels. To confirm that both NLS and NLSKSE
are functional in zebrafish cells, we analyzed subcellular localization of
NLS-EGFP and NLSKSE-EGFP fusion proteins in the similar experiments
(Figs. 3D-3F). We observed a gw &ase in the nucleus to

cytoplasm ratio in thextistelutisnipiNeNtiSrae ER:NLSNE-EGFP and
NLS-EGFP rdspectibeiy. WI2A064102400 PRE TS G20RGH0RA121 51

XA ified ra sas ces.High Rates of Germinal
onsep e AT s LB O Lol
EGFPerﬁE%Wﬂéﬁs&rt@lhqﬁMOES@@ﬁﬂ ONioITEH5 XIS -thendvNIBE WeTPase) were
produ@éﬁd?xﬁﬁﬁ@@r‘tﬁ%rlﬂi_@@éfteﬁgﬂ&gﬂﬁq{itg Ql%ﬁ%nﬁggfe%c%% IR LRt éttggnsists of

GFP signal in the injected embryos: all the injec ryos were raise
large and figE c6'5t it wEpesxpreREBientApptskittatblrBBosBiulae focsiitetion. These

constiife®) Wwjastedwita Mhis-78ase:ar MupioSk-TPase predused OHsPANGMfellce was
obse ccgwé@ﬁ% fIG!fP-fI r icer]rtﬁempryos, (Table 4). The ratios of _

"EGEP-poRiivEs® &S hR5 FES ISP GERRM A &5 BB SRR corstatelp was toxic
to thepgﬁitba&f@jnd@vg pfdduygest ptageidiesuedriading meneipaeRiomé first 24 hours
of devBEnRosiives, g%gwl iple expression patterns in Iugj ng one FO fish .

_ yvi?igh prod uce§l 1 @gf&%ﬁ)ﬁﬁe@rﬁr%%é%%“%grg io}as'%vg?%ob%% gpression.
Injectipygti o apsi®pplestbid mradierd expréssOriPHRegItior enalryBR0M e Thisumed that
expref¥dB @lﬁﬂé}P{bﬂszf QL ARYY @ﬁfcﬂﬂgf'bﬁe&'%rﬁﬁﬂﬁpgﬂﬂg Z‘%tévf&)éigg %rlcgteins was

X ggo suggested that Ac/Ds transposition probably occurred early In

toxic JBFo?ﬁﬂ% e hgdedaimth NoMmS Traloprutios o Eightipasitiye celis
that demigedtransgenesisirateniye, diRonnbsaiye:any:SERRIs Ve, PSRN A N cliutar
10%&% 00051 [ﬁl{;@#%ﬂm éfrg%cted F\‘/]vith‘the Ds construct anrgiéi&rQe ration of
O DA Betng higtective iRFentddey. Sadivk Fher Pedigse-EGEP was
found Effioimiicies:ahBifte thot iPplsenC oneinse sl NoMNESEAISSE LS E. TPage-BGEP
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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F. screened: 26 91 20 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

WEREAE e fBunders producing GFP-positive offspring among A €t/ 006121

number of screened founders. The last row shows the highest ratios of

GFP-positive embryos among the F1Qrogenies. EXAMPLE 6 Integration

of Dissociation Element into Zebrafish Genome [0154] We isolated DNA

sequences flanking Ds insertionginuthg it fish using thermal asymmetric

interlaced PCR "TAIL .PCR' (Liu and Whittier, 1995). Twenty-eight

nonredundapt flgﬁfﬁ?{é@%ﬁ%%%ﬂﬁﬁiﬁ%ﬁé&?ﬁﬁi[a}tched

zebrafish nugieotida sequeness ol 36 BERBMIeH mselimbiraatabases.
[0153The rRbecimiectsdotnibstan cestareetiftomdiiehficst micleatidesOio the wr fish. We

§ 000121 52 adjacent to Ds 5'- or 3'-t ini, .

D b e s Rty TSRS e O Menal i he
injeoted sHEBRIGH: ot HEaiRjeeteftecrapionl iy erecorinodnyigry dAastD b eirtiGRP iexpression.

Appradanisangoother ﬂﬂé‘-foﬁfﬂ@%o%%?@ﬁégtgi ok peredore, %%ﬂgeg %sit[,]%%oduced

afish genome through a specific TPase-mediated transposition

the r
otfsprig. aib?1iSWtW%@Iﬁ”%wa%&%%?hﬁF%%ébu@h%égtiﬂs of EGFP-positive
embrcoreespontiagioste origiapbReEaRe r%@%%ﬁ@%%iﬂ%efoﬁﬁ&\é?élﬁfoduced progenies

C ied dditional non-vector flanking sequence in thé same Fi
o e e e e one
fish WhighcbwidniergdRey; Siestivrobmpatentiabpreferenae iuacdivelys dpf to avoid

possiﬁf@ﬂﬁ&%ﬁge?ﬁﬂggﬁn[ag&%§%'tjgf.e%?

St ylrelgsion wib CCEE specie
probe revealéd predominantly” miilfiple’insertions in different | 6§3§e’ﬁ§§ma’t’"‘m of

high frpRspopitivh actbply Audibalspaiigaestrdina thDotmispesitise piohshhenéiurred early
in  déiatlopitnan deaeesofidiinpertionsPatgenere, Diffsrent Ehprogeny from ;o

r the same f%]nily (descendents from the same FO founder) often tarrie
S B ER AT L S e APt i QBT &G ER -napiéy e ufspomseinsiencantrol population
injecterhwithaty Bigiofrerueaky o ligapriinm tasspesiiDN S tRcHERtYe Bcbrafish),
original host factors are dispensable and, secondly, that the new host
environment does not suppress Ds transposition. EXAMPLE 7
Transposition of the Genomic Ds EAd#h&nts [0157] To further validate

transpositionagivity o HarelRS. N3 RGeS, e genomic

No NLS NLS®* NLS
F, screened: 26 91 20
Fo producing N
GFP-positive Fy: 2 32 12
Transgenesis rate: 8% 57% 60%
Highest F; GFP ratio: 14/67 (21%} 1337138 (96%,) 250/250 (100%)

Transgenesis rates are calculated as percent of founders producing GFP-positive
off_sprmg among the total number of screened founders. The last row shows the highest
ratios of GFP-positive embryos among the F progenies.

EXAMPIE 6
Integration of Dissociation Element into Zebrafish Genome
10154] We isolated DNA sequences flanking Ds inserfions in the F; fish using thermal
asymmetric interlaced PCR “TATL-PCR" (Liu and Whittier, 1995). Twenty-eight nonredundant
flanking sequences thus obtained perfectly matched zebrafish nucleotide sequences from
GenBank or FEnsembl databases. The match in each instance started from the first nucleotide



Ds insertions by injecting TPase mRNA into the embryos of the transgenic

fish carrying a single Ds insertion showing EGFP expression in the skin

epithelia and the gut (Fig. 5). Over 90% of the embryos injected with

YPHLLY (80 out of 85) and NLSKSE-TPase (69 out of 7 5EhpiReg000121

ectopic EGFP expression in various organs including brain, spinal chord,

muscles, heart, liver, gonadal regionsetc. (Fig. 5). Ectopic expression of

the EGFP reporter could be attributed to the enhancer-trap effect created
adjacgy i dnSequeéndervfithe\buroess ik iadatienion ot st ibpthDsl.e8pg Bh direct

3 ' : bserved. in.the mogck-injected contyol
e o T S R S BB Sner nar

transpgegs kit 2¢ 1 Thombyeh dsaisseawinty idtse $hnethedthngzedine Dsough a specific

TP%%H%%H@%@M'%%&H. Oifnl\lé)l}gwsﬂpﬁscﬁ %@??ﬂa@e@&ﬁgﬁ% Yequences
rate of ectc}gc GFP ex_%gessmn (9 out of 168 Injected embryos) compdre
n

corresRORGIRE 0> 16 ANy dpBoISECCTH v VR PTSa BENRY Ridefssanpynied by additional
non-vbitddfBakigsequeresimplesaus B Vialf achngyaHy &8 RO S Pidentified Ds
inse r@%ng%tgsel‘lﬂ;%%e Jugg % egment is additional sipportin evidence that )
ase requweé uclear IotahastiofBr ervmic franititisnetpirace for actively
transcgifgryesondected with WO 2006/124001 PCT/SG2006/000121 53

0155NLSKKaRnlRastovare raisat 9 mafrbapd out-crossed to wi fish. We, .
i “found F;lembr ‘85 w%)w nove%ﬂexprgssmn patterns among tﬁegeﬁ%ge%ri%%og?nanﬂy
multipip igsgreprasia Fourersey(Figof (FTgeSonaTable Bhghtbfmth attthBor more

inserti@al I PPAEIOHHANSPARIHRRS8AQHId RN '%Eleééﬂ%%vﬁfﬁggﬁt %?é%%tgeg&%om the

i sertio%? thatcgener ted new distinguishable patterns. Sequenc _
SAmC i PR 8’?’?1bﬁ}%§¥ﬁ?rﬁhgf@%ﬁeﬁﬁé&p?é’§ﬁén%ﬁ%ﬂﬁsmdep@ﬂd@nf
msertiese@led4dauelsDsdnsertion sites that were not present in the original fish

ine. Hence, the modified Ac.transposase is clearly capable of effectively
[G?Sﬁrans%{c%gll n%’ln%%ugﬁ?y Yh?él s T ﬁ%@%ﬁ 3 r CBTRP S eLu TR ditstly, that
onginphhosrfisipenhirnjBepionablat midp stremiye dntetiis stablyointegratashinio does not
suppr&8iatishpueigar genome. In addition to the unusually high re-insertion

rate we observed frequently altered GFP segregation ratios (Table 5).

One out of the thirteen founders produced GFP segregation ratio

significantly higher than 1:1 (thepgxpegied fatio for an outcross of a single

allele heterozygous, parent) manifesting the increase of Ds copy number.

Five out of thirteen FerifrstreramiesRpidegmbation significantly
[0157JoweT thémttiet intitatveniadnke abihetdonahd g ALogethahddiiboMfenomic

ol B S L R Bl R R e TE e
Ds insgréon dlyeging BIGTP raxioreRBLE teRki epitbphisition tAadhtoFE0BNOver 90% of
the en@?ﬂﬂ iR dhe %&%ﬁﬁﬁl’@%@té@l&ﬁtﬁ? g’gstgn%%@ﬁﬁga%:@; /(%tF (I?f_ ’)y,)e\é%hibited
.GEP _GFP segregation patterns
ectopic EGFP expression in vartous organs including brain, spinal chord, muscles, heart, liver,
gonadal region etc. (Fig. 5). Bciopic expression of the EGFP reporter could be attributed to the
enhancer-trap effect created as a consequence of the successful re-inserfion of the excised Ds
copy in each instance. No such effect was observed in the mock-injected control embryos. For
mock injections we used RNA of Tol2 transposase (Kacakami et al., 2000) that apparently doss
not recognize the Ds sequence. Interestingly, injection of NoNLS-TPase caused a much lower
rate of ectopic GFP expression (9 out of 168 injected embryocs) compared 1o NLS-TPase and
NLS*E.TPase. The novel patterns induced by NoNLS-TPase were simpler, usually affecting
only @ single cluster of same cell type. This experiment is additional supporting evidence that

TPase required nuclear localization for genomic transposition. The embryos injected with



1144/151 270/78 +1 3118/130 +1 4 175/93 +3 Ds copies increase 5
120/187 +2 loss of Ds 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
WO 209E1EM L2 13 153/134 +1 Transgenic embryos carryingBE Sifighaos/000121
heterozygous Ds insert were injected with NLSxsSE_TPase, raised to
maturity and out-crossed to wild typesfish. In FI generation we observed

the occurrence of novel expression patterns and altered GFP

NLS*Segregatiose \W2c2006/24001aRCIHEGA06/R0M 24h SWEXANPEESWAbs with
Transposition of Human rfrt}%%/onip Kidney Cell Line [0158] We have a

Iso
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and Tabktely Nomptredie tieelanenbsedindfiskpdsisiead hbalmesseper BNA we only
i 0difi S we U a plasmid DNA construct
oo O PIEE SRR DI A s o
the F1ysi5hatee CarmenD SUshmsn exmees iafspatiiffes eencalb@royed Brrimtrtiar sies that were
not plsfefFh@NeNERA 1BeGMY, BIGIOERY. halRALLAIMNE Rsase is clearl?é capable of

blasticidin-resistance gene_(BSD) and internal plasmid replication origin.”
oTechiFgly SARTARTG 1t Rttt damiechBIndle aRgRyTesiiunies eplisingia pan-
embwﬁiag&tﬁ@leet.ﬁcbma gia{giﬁifag%&Rﬂ@s@fky w&&a&@;&wﬁ&hﬁm&g genome.

s were analyzed by -P nd sequencing for the presence o

o ad%gge%é%?at%noﬂ/ £5é %tglg%ti'@ﬁglwgqg Ha¥haR S SRETREAWESAuRRily altered GFP
segregaticoessiod!y tbteirie dGuc hiflariking hatpee foesdtatppeifect\Girmtelagation ratio

o ides rting from the first nugleotide immediatel
O s A B e Y o
parenthBERiGsEREdhe fRETRe WyheRssiv IS h Fidivent of fiictesofottiestdeyenstated

GFP SifeduRicallyAccOmRABYRAT taNsRABDS T THRLEIPIR. MIRESIHIAY  cether in

environment of human cells is also suitable for the Ds transposition.

11 out@{ %é](ﬁﬁg{féﬁ(éqgegﬁﬁ Dfuggeve were able to detect the TPase activity by observing the

presence of novel GFP expression pattern or/and by altered segregation ratio.

TABLE 5

Re-Transposition and Loss of Ds Donor
in the Transgenic Line Injected with RNA

Fy fish GFP+/GFP- New GFP GFP segregation
patterns

1 144/151 -

2 70/78 +1

3 118/130 +1

4 175/93 +3 Dy copies increase
5 120/187 +2 loss of Ds

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
i1 165/172 -
i2 ' 126/124 +2
13 153/134 +1

Transgenic embryos carrying a single heterozygous Dy insert were injected
with NLS*%.TPase, raised to maturity and out-crossed to wild type fish. In Fy
generation we observed the occurrence of novel expression paiterns and
altered GFP segregation.



[0160] Transfection of Ac/Ds into HEK293 Cell Line [0161] 1) 2.5X105
HEK293 (ATCC# CRL-1573) cells per 6-well plate were seeded 24 hours
before transfection in 2 ml DMEM/10%FBS at 5%C02. [0162] 2) Cells

e r8led M sfected with 0.5 mg each plasmid (pDs-CMV-EGEPE0ReBgdo121
and pCMV-Ac). The GenePorter2 transfection reagent (GTS, CA, USA,;
Cat. #T202096) was used for transfggtion according to the recommended
protocol. [0163] 3) 24 hours after transfection, single-cell diluted cells were
seeded in 96-well plate in DMEM/10%FBS containing 10 mg/mi
Blasticidin (Invitrogene; #R210-01;. The antibiotic selection of resistant to
antibiotic colonies was continu Ei}lays. After selection, the

media was dhafigedniesifiMENTHOME Bhanehlc FRdpesitivg calenies

ti il conf in 6-well plate. [0164] 4) DNA the cells,
s SRR D e S el salio) B = Geeen
strategyt eefpRena o [0 63Es)sFlankiish. Sedemsnubs merergtaied bycddite PERdified Ac
transp¥VR3:2QR0M2A QO R TSEQARIAL Lo B O B OBSTHE bl e 5%

Human Embryonic Kidney Cell Line [0167] Ds Construc
transpasse wday e ERIY pIsRtes BB PN ensDycioTEsElsp differnh Bt gl element

carrie€iBGEQUFEE SeYEEe (G Promoter, it also contained a blasticidin-resistance gene

Sp CAGGGATGAAAGTAGGATGGGAAAATCCCGTACCGACCGTTATCGTA
(B P J.iirr&elﬁ.qomongm. Two plasmids were co-transfected into human

embryFECH BT COANT HEBAKC GLGAGR DAAANAACEAAANGEEAACRB AR their
G TAAACGGAAACG
R L A DK AR PR R R Yo avsesess At aRerapadined D

integragigpsic ¢ BATG ATOOECYT 106 TRASGAY Abtained such flanking sequences that

perfeczﬁma@;ﬁ@fﬁﬁm%%B%%E@%@s%ﬁ%g%@}%@%‘f@%@@_@g@g&imw

. AAACGCGTTAACAATIGGCCAT (SEQ IDNO:4
adjacepiEie A5 NP sIFmRA GHEHE Bp\6o1r0s) doAnsinnsg HEMYIBGHMS [0ar? Fanked
by the%?%GIM%T CA@EE&%@&@%%Tﬁﬁsﬁmﬁﬁ%&%ﬁﬁfﬁ&%ﬁs&sm.
Therefof e AT Rt P ele b i ikl e e Qe et
CGTCAATAATGACGTATGTTCCCATAGTAAC

[015916C%ﬁg@&&%@g@%%@gATTGACGTCAATGGGTGGAGTATTTACGGT
AAACTECCCACTI R GTACATCAAGTGT

[0168)7 T CRensfeston RAGTROEC BEEST AHT GACGTCAATGACGGTAAATGG

[0161]CCCHEC GEAIIA TR EEGARTA y
-TT,SI%GGACTTTCCT&CTTGGCAACg?E ?Aé'}rg &Ll e fqedad e hours

before At ERTE GREAYENES T e SBARTA
[0162]CATHARTS GEE I aaAIAI GRS DETEAGIE ALGROCGATIRCAGS TG, Bsa

o2 POV A SRR TR RO RS P SO AEAE0) vas
used G COSOAIDT GAQELEABAKGEEEEHEIAGGOGT

GT TATAAGC AGCTGGTTTAGTGAACCGTCA .
[6163] GAT g@%%g%g g%g%@@% Xﬁ%ﬂ%@ﬁﬁd&eﬁ; were Seet%d in 96-well plate in
DMENS K& ERE pmageiring GRATEIET GHABTEGAGEOIACCHERERIGL QGE Gfibiotic
selectionl i} 7 TS ing r ion, the

. GAGCTGTTCACCGGGGTGGTGCCCATCCTGC
media SHE SHARAT G EIRKIEFRE ABE GFETEBE® colonies continue grow il

confluence 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,



CGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTC
ATCTGCACCACCGGCAAGCTGCCCGTGCCCT
GGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAG
WEHETACE CCGACCACATGAAGCAGCACGAC PCTISG2006/000121
TTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCA
TCTTCTTCAAGGACGACGGCAACTACAAGAC
CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCAT
[0166C GAGRIBAAGRS CATRGACTHS AN AT Bine

7R R R R A RSB RO 70O

(01685 G CTICRAGE TEAA CTTERIAIATOBGC CACAACATCGAGGACGGCA

6169 CGJ%%QAA%%@ %@& A7 g%@%@ﬁ%&ﬁ TTTTA

reccdafdcife S

GAAAC@GTB%W@A@ﬁ@@@@@&mm&@@@mGGGATGMCCCGTTTCGTTACCGTA
T AR RERA S ESATCRCATCETCETCTTETAGTHEBATGATTGC (850
C &CGGGATCACTCTCGGCATGGACGAGCTG

[0170F AC KR P ARRG ST ECE cl{SEO BN OMBY [B1 72} bpoli BE:RAOIV-EGFP:
[6171pUB m&@ﬁ%}iﬁwﬁ@%&%&&@@rﬁWcﬁ%%k EQ&@H&'Q&AQ]&%&%Q&TACMAACTTACG

ggCAAzrwsmce CCCCGCCCATTGACGTCAA’K‘AATGACGTATG’I“’"CCCATAGTAAC
GTGT .
chm&ﬁfﬁﬁﬁgé%@iﬁ@ R e v
ole CTGGCATTATGCCCAGTACn.erAcc
TTATCECEGHGTAGCIGE s AG’I‘CATCGCTAT’.{‘ACCA‘I‘GG’Z‘GATGCGG’T‘TTTGGCAG’I‘A

i of 44 %@%%3%&2 AP A A
T
aracdetad %mm%%ggGCTAGCGCTACCGGACTCAGATCTC
g-iggT §T§§C§ AAACGGCCACAAGTTCAG“GTGT%S%S
CEAG &%&T@Eﬁmﬁgﬁm GCACCACCGGECAAGCTECCCATEOOOT
SCCCACTETAGCBCATPECETIXCTIICCACAGAGCEGAAGAGELGAGEAcacexc
C
R e RV e N e e T e wa fwp gt ee ey Téiﬁéé‘?@ﬁ@é“g"mmééiéé
GCM@@A@G@@@I@@@G@W@M@@@@M fi&ém@m
o CAGCTCGCCGACCAC’I’ACCAGCAuAA
T L) PICREE Iy SInf revi ey mpshvies
AR P BRI RC E3E ECIEETGGGCTGGCCGG

[017215 G OPTTHE & TEGQUBBEEGEHEERE G160 TECOAC SBAAGRRET Gt cidin-

resmté%g% X%CAAGGGCTGTAGTCTGGGTCCGC
CAAGGTTGCCCTGAACTGGGGGTTGGGGGGAGCGCAGCAAAA
{0173 CEEGAAT OB ARGACIET I TTGECECCCOCENEEACECCT

iégéﬁiﬁﬁéﬁﬁﬁ%%mﬁﬁﬁéﬁ%&%éﬁm el con

ACTCIRGTRCGEGECAACGANCESAAGETERTE WAGTCCCTTCTCGGCGA’”‘TC’I‘GCGGAG

GGAT
e e e
ggggm%ﬁ@f%@@ﬁ@%@@ ACCGCCAAGGG“TGTAGTCTGGGTCCGC
T SO0 e COGEHEEECGRAGTAAGAC
GCTT% ggg? ] e GCRGCARCAACCCALGETCTTOAGS
CTTCGEQM%Q;%% motanba W TCTGGGGACCCTG%G%@A}LLGT%TGE‘
Séﬂﬁggﬁgf@@@%@@m o o
GTEEEECCACCT
slelee: W&ﬁ@m CCTAGGG’I‘AGG’“TCTCCTGAA%CGACi
iggig TAGCH S TGEGECIMREGGREITCIC B TREEAGEACHACAGGETtreTT
TTPTGTGAAGTTTT T
éﬁ%&ﬁé@mﬁ%ﬁgﬁmmhmm aﬁmgmﬁ%
gggg @@@GNE@E@?’I@@TM@@& @:ﬁﬁAﬂ' %% zéﬁg% CAAGGT
GCAT%%&@%@?@%@ iR IR A‘I‘TGAAAGAGCAACGGCTACAATCAACA
* 4\

gg%’?l‘{gﬁ%@m et MCTGC%CGGTGchACEaGG%E%TT%Eg

CCeTceaAd ﬁ%@?% R R ST TABAC AT oo
CGTTTTT.

O PP AT AACC AL BRTG MR RIdEpraisa el

Ay %75 TAT R GG PAG T A RA N AT GACAAG G T IO T T TAT TGO AGCTTATAATGETTACA

ATCWM@ﬁW%@M?ﬁ@%W%ﬁm%
TCATTGAAAGAGCAACGGCTACAATCAACA
GCATCCCCATCTCTGAAGACTACAGCGTCGCCAGCGCAGCTCTCTCT
AGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGG

CACTGCTGCTGCTGCGGCAGCTGGCAACCT
CACTTCTATCCTCCCOCATCCOCAAATCACAACACCCCCATCTTCACE,

iw g\
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ARG AR A LT

55 [0175]
TTCGTGGCCGAGGAGCAGGACTGACACTCGACCTCGAAACTTGTTTA
TTGCAGCTTATAATGGTTACA
A TREREEIAATACCATCACAAATTTCACAAATAAAGCAT TERITSKRGRAM 1 21
GCATTCTAGTTGTGGTTTGTCCAAACTC
ATCAATGTATCTTATCATGTCTGAAFTCCCGGGGATCCTCTAGACTGT
CAGACCAAGTTTACTCATATATACTTTAG WO 2006/124001

ATTG WW@IMT%AAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAA’I‘C\,C

TTAAC
T LE AR ot L AL o ﬁﬁ@é@?ﬁ%ﬁ;@ e RS

é\gTCWT’ﬂTT@A@M@E@@T@A@@Mb&A&E@& AAA’I‘ACTGTTCTTC’I‘AGTGTAGCCGTAGT’I‘AGG
CCOATh S T S e d Ll o i
AT. GGATAAGGCGCAGCGGTCGGGCTGAA"GGGG
ggggc@%&%@ﬂiﬁ@&ﬁ@&ﬁ = TGAGATACCTACAGCATEAGC TATCAGAMAS
HOPGETATACTANK ARG GCANRECRAGRC AcrEEE

AGCT ﬁ@ﬁiﬁ@x §§§%ﬁmw&m&s&mcTCTGACTTGAGCGTQGATTTTTG
TeaTEEINE s Adddad:. GCCT T I TACGETTCCCEGCCTTITEOTE

eeert OA P I e SRS C IR ACTECCRICACCAGCARE B CACKTEACGAAA (520
TGTTCTTCTAGTGTAGCCGTAGTTAGG
[01T%CA@@A@W@M@&AQIMMWA@@@%TACATACCTCG CTCTGC

0177 TAAEGGT Gl FACEAG:
éGTG%@MTMM@@T@R@%E%E%%%@@@%Q&@&E&WMACTTA}%&@W S

TTTT%X%%%% ARA AREACEREEF CCCETCCEGATTTICGACTTTARCCCGAL
b R R Ao,
D NOHZAGATACCTACAGCGTGAGCTATGAGAAAG

[0178C GORACTEETIE COGRNGEHD ACAPAGEEHEAGARETA TEGEREAMSC

e A S S epcspapsoramgazeomes

GATAC%%%WWA@FWA@@@T@@WW@CC‘AGCCAGCCGGAAGGGCCGAGCGCAGAA

e e e e e Tele e el

BATAG
CTCCGETY WM@G@GM@G@@&@E@KE@@@'MHMAM@CGGTTAGCTCCTTCGGTCCTC

gzgg%mﬁéﬁ%m@ﬁﬁmw Rashcaacc
iﬁggg&%%@ g%@ﬁg@ﬁg@q% . : 3 f CAB TCGATTAg%gg%ggﬁgé?

CCErACACTTAIATGEO IO EIA, oA AS , YA 0l i
A A § ;‘ TTTAGAMAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA

ALCCAT G EECTGEACATATACATCEALIT LA e AL G Ak LA e T o
gig% A%%W EICAAAGGGCEARAAACCGTCTATCAGGECGATEGCC
Agccodd EhbbiLATGI e AT AR L RAC AR e accs

CGCTA %mmmmmCACACCCGCCGCGCTTAATGCGCCGCTACAGG

crcac T TR e SR S S e SR NS SR e

CTGEC
CACCOTRETEG TRTATECOBTRTICEERTOCETALCCEACE (SEQ ID NO:50)

{01 SG]CCGQ%E%%J@(%ME ﬁéﬁgﬁ@ }@GAG GTATTTTACCGAC
0181 GTTACCGACCGTTTTCATCCCTA (SEQ ID 110:49) [0178] bp
I ] 382BY DS OBRIHIFCOEABE frilghent BashiRAg i GINA raseratee yenaade by

clomng)l'tﬂe} PCR amplified NLS™ETPase fia gments  usin rimers:  Ac5Bam:
G TCT C GTTACC ES%'DI"E\IAATCAGTGAGGCEC TATCTCAG
gogc 0:51) and Ac3Not: cgategatgeGGCCeCCTT
GGCTP@@ATA@W%W GOG(Z)Gﬂi@ B PN A PfedthEHoR JiAe e ARGEP-
N1 cof2@@CTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAA
[0182]oc ARG 6N CLEB AR ABSBE LGREOT GEAGH) containing promoter CMV:
[01831GTGGHCCTGGAACTITA EAJ&Q%% éQICE%‘IQC@GTCTATTAATTGTTGCC
aact: GGEAACLTAGAGTAAG EAGEEcoat toneotonssan tonoarer raos

atagt GGTE
tcaagﬁ%?@g@ﬁ?% @Egﬁm%%@taaatggcccgcctggcattatﬁgzzgi

acatgdk@%ﬂ'@&ﬁ:@ﬁ tcatcgetattaccatggtgatacogttt
CGACTTACATGATCCLCCATGRIGTaatgg

aciin W

gag tt% g ca AR é%: é C?%cﬁé%\fa:éﬁaé@sé%%caactccgccccattgacgcaaatgggcg
CGATCGTTGTCAGAAGTAAGTTG GCCGCAGTGTTATCACTCATGGTT
ATGGCAGCACTGCATAATTCTCTTACTGTC
ATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAA

GTCATTCTGAGAATAGTGTATGCGGCGACC
CACTTCCTCTTCCCCCCCCTCAATACCCCATAATACCCCCCCACATA
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AACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCA
AAAACAGGAAGGCAAAATGCCGCAAAAAA
GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTT
WG RKE AP AATTGAAGCATTTATCAGGGTT PCT/SG2006/000121
ATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAAC
AAATAGGGGTTCCGCGCACATTTGECCCGA
AAAGTGCCACCTAAATTGTA.AGCGTTAATATTTTGTTAAAATTCGCGT

gtag CATTRET R otgaacegteagatecgectagegetaceggact
o gagﬁ%ig&gmﬁa g cE aA‘Z&?@% Ea%ivﬁ&ﬁ&‘if&%cﬁ%ﬁﬂitﬁéAﬂ%Mﬁé
0184} ccbpertTiSamritsd&rernorreang NLS™ - TPase ORF sequence:

[01851TG @AA@%@@&&E&QA@I&EEWQ &I&@&QE&Q%Q %Itcaéa%gaaacgc
tcaa@ﬁmwmmff@%@ﬁﬁﬁ@@ G GO TAGARATGGC TAT TG TCATGAACCA

CAACCAONA AN T AN A CACTTIART GG BGTCEAGC TGS

%@WW@@M@WN@@W@H@@%@M@M@CTTCATTTGGCAATAATCA

TGCAT gggg%ﬁ%%gﬂéfﬁéﬁ%@@mﬁ@mmmwe@mmm
ATAAA GARAMACAA A AGTTETATEGAARADT

GTCAAAATAAGTCATACATGTGTGTCA
ccMo@@@mm@@@mﬁ@@@@kﬁmm&maﬁ%@mﬁ@m%mmn.:

e AR T S B S AT TS OB TR TG GG OAG TCAGARRRAATTGTTTGCCTTGTCITT

GGAT TERARGEATE RS EIERACTTT
GTGA: Wﬁ%@% GGTTG%GGATGGCTT@GCTG@MTT
GeACEABGCRETTCCCALTEAC AR CECCTTTGCAGTGGCARGAACTAATGAR
GTGTGGW@@@@WT%M@C@T@A@‘W@A@@@ﬁ&é&@f@ﬁﬁ‘-’ﬁéﬂ@&TATT

TGATGE SSRGS SETHDATCCA
AT 62 %ﬁﬂT é

R Sl e ﬁ@:ef oo
ARTGEIEIer WasAatedy: Aattmag: @6&@1‘@@@% TBRO 20 TATTEGAR

GTGTCR E?ﬁg ﬁ?ﬁ@@§ﬁﬁ@gﬂg§ﬁT@A€CCTAGGTACAAGAAAATATTGATTGAGTTCTATATGAA
EGUQN?TT éﬁgi

C’I‘AG‘IQ@'Q g@%@g %@ %ﬁ MCAMTCT@E
GATGAG@&E@@@&Q@% Q&IJGA@@@ m@%m;mm
GTCTGB&WWW%@G%@&Wsmcﬁm Erd&tmnmmd@i&%hhpmmmccm

TTCTC C@ @%{‘P gﬁ%ﬁ &qFéQ TE. rf? ERTCRIITCMIVECTGET
GGTCEIE i TTACCGCAATCETCT GGTTC GAGATTCTIGAAGCT T IGATATCCACAAAAGATTEEET
AGCA GAAAAGGTGCTACATATTTTCCAACAATGATTGGTGATCTCGAGGTGCTAGAETCTGTTATTGCTG

cTecmmaﬂamwmgﬁ@@gmmtmﬁ@@&Q@ﬁiﬁi@ﬁ%@@ﬂﬁi@.&@%@%@mm@&

AGTGGH CERREEFE 0 cashtEtEcTCyCCoaigEUgiTaatantgaeracTa
AGTGggr%@% GAGCARGTGATTATGAATATG TR T T TTARACTTTATA PTETATCATC TG TGO TACTAGACTTA
TATG TTAGCCAAG (SEQ ID NC:54)

atagtaac ccaatagggactttecatt acgtcaatgggtggagtatttacggtaaactgcccacttgg
{Glsﬁ}sagtgl‘i’a?' 67-6400, pEGFP-N1 plasmid fragment (bp 1400-4733):

{0187}0aag@@é@g&@@&&@g@%@%@e&%@QQ@Q&EQ@&@E@&E%}&Q9@9&9&%@&%éé%Eaacc

teog agqccctgaacc tygaaacataaaatgaatgcaattgttgtigttaactrgtttattgeagottataat
a

gg‘éi’é@e e et e ST els e ot (48 IO e e o e g

atcag& mt&ﬁtttaaccaataggccgaaatcggcaaaatccctta’caaatcc:.aaagaatagaccgag’at:agggtt

Bl e i L R LR L e T e e

atcag
cggaag Hﬁi&ﬁﬁgggagcccccgaLttagagcttgaCQgggaaagccggcgaacgtggcgagaaaggaagggaagaa

agcga@% @Q'fﬁ%@ EaE E%%é@ﬁw@aa%ﬁe mae%cgacatt gotta
e e s LB PR e oo o s

— ctattibeTTagagetyytitaglgaaccaicagatccgataaagthaaag
s T ﬁ%%%é@@ﬁi&@éﬁﬁmﬁ%gﬁgﬁmegﬁgﬁ dnee-ace:
ﬁﬁﬁ@i& cctetgaget

tecge I NO:583 {0484k b 665:0066.2a
attccgaggégﬁgggigg ;éééggggégg g ag@ggggtgcaaagatcgatcaagagacaggatgaggatcg
tttog ég £ g@&c ccqcttgggtgga aggctattc% ctatgacty
ggCcacy a @a&gmjtgﬁt&g g@@@;@& g“@a_ga tttgtca
agace gﬁ@ggg €g ef‘e;ﬁ\ BT TECATACARGAACEGTAAGBGTocot t
ccttyg g%_ £§§$ 2LA) aagggactggctgctattgggcgasagtycegygocagga
cetco AGARATGGSE %Ez%atcatggctgatgcaatgcggcggatgcatacgcttg

c tott
gggg%ﬂ@gﬂéw @@&@WA@A@&Q%A@@W@% CCAGBANCE e

tgtt t

seceodEsBdiabde CAMSAAGIALEN EACHEHRALEA Z‘??agcaiggiggggaﬁggggg??i??
GGCAAAGAAGTGCACATCGGATGTATGGCAGCATTTCACCAAGAAG
GAAATTGAAGTGGAGGTCGATGGAAAGAAAT



ACGTTCAGGTATGGGGGCATTGCAACTTTCCTAATTGCAAGGCTAAG

TATAGGGCTGAGGGTCATCATGGAACAAGC

GGATTTCGAAATCACTTGAGAACATCACATAGTTTAGTTAAAGGTCAG

WO G TETAAAAAGTGAAAAGGATCATGG PCT/SG2006/000121

CAAAGACATAAATCTCATTGAGCCTTATAAGTACGATGAAGTGGTTAG

CCTAAAGAAGCTTCATTTGG CAAT3‘§ATCA

TGCATGAATACCCTTTCAATATTGTAGAACATGAGTACTTTGTTGAGT
;gggZth@Wq%A@Tﬁ-ﬁ@g@%@@@E%@J@E?@Aﬁg@‘acatagcgttgg}c taccegtgatastgct
R e e AT CATOOA TR PAT TG
gecatGIRAEANAAAGCHAAAGIC G;%AA;& ggctteggaategttttcegggacgeegget
A IS O U ATATO TS aR e G

B AACECAT égﬁea.téﬁﬁﬁ g gecacgotgttgggtegttigt

teatadddgd: ﬂg@ cecaccgagaceecattggggeccaatacgoos

gcgtt{:ﬁéﬁg{’gE%?gmmq@mcew@mmwmm@gmmmmaa@m@cma
o e Ta AT LGRS AL GLIEACAC T ostae st e ety
g2g22?@@@%@&@@@%@#@)\%%Tﬂ@ﬁ@ﬁmﬁkﬁﬁb&ﬁ%@iﬁﬁé@é&%ﬁ%caccg
catactd 1AL AN BRI TSI DR LB FE R ooonasatanctogecteageagagogea
oaC LR PARTGE TACTO /AR TGRAG TG CEGT G LA CALAIJAAL: Saces
Caccobib s e A L e L AR EOPARS P Jo cacacancceagettygagegaacgaccta
cootaBTEATRGTECEFI G IkCAECEOABET ool fddad sobbahd Ao dde Al case
gggggggm@@%%mﬁggg@ I@g@cgtcaggggggcggagcctatggaaaaacgc
attct GEAGHAACANREGA T&%%&%@@Aﬁéﬁﬁféﬁgﬁﬁ%ﬁﬁf}iﬁf&ﬁéﬁmw\
{OISS}TCT@@-&EMM%’%%QQMg:MEQ les R%t&t&fﬁ\a?%drgﬁﬁ%l’bc'&ﬂs are

GTGTGCTAGTGAATGTGACTTGGATAAATCTAA
Shownrigs s On CRIRGATEB R RICIRATY T thse three examples is flanked by human

DNA Tp#oF Gilst Goler® Givt @6 GIRA TN AAFARG Aol REAGIARTARS ES T e otide
—_— AEA CA@G%}?AT}%@C@CG AGGTACGATGCA ‘ _

T CPEETAARE O8 SRCHRETG GHALRraEansThal At faiseratvd igiochuman
genonFGENTTGMAB AT MEATGRC ACHSA T DNA 2 insertion site is surrounded by
shssid e R A A R AR PR TRIGTIARSAAC B o
locatiogd TGGTGTGTTCATGAAAAATTTGTCATTAGGAGAATGGCCGTTGCAA

TGAGTGAAAAGTTTGAGAAATATTGGAAA

GTGICTAATATTGCACTAGCTGTAGCATGCTTCCTTGACCCTAGGTAC
[0189] 5 A cIbR Aser A the Jormpes G M PAT AN the” and similar referents in the context of

descriditgNAd 1hi ExAbE GIfeAT MDA CAMAELE AT RN BRALEACHT T L EAGtued to

TCATTAGAAAATTGTATCAATTCTATT . . _ .
eover g‘%&%‘r aéf@@?? Rﬁlc‘@%mwﬂe@@&ﬂ@wewﬁwgwdmwd
by coBPATCLATEAFACOTTRGAES CAANETGARIuding,” and “containing” are to be

ACTATTTGCATGAGTTGAAGGATTATGATCAA
L e O S R S
noted. Qe A GO Pl TP BOAT AS TEET CAQTAING AFATE ERATGATG e thod

£ rofBHGG BGGET TEGTS wiey i
e T ————
indicated-hesein et AR FERRIAE Y RING AGINGIRGET into the specification as if it were

individodH} C4oitéd hbkeh] QA HeethbdfGeSbALE HinthkGG ol GENAN L& die order
AAGCTTTG TGCACAAAAGATTGGGT

- T
s N B X A RA TS GO CRTATP T esiod AT Bl Fsof any
and allRERAQBACCHEOHAGABTGEEE BA TRGEZS) provided herein, is intended merely to

TG ATCATATGGATGAGGATGAAGACGCAATA
better %ﬁ%@%&%ﬁﬁ% g’%xs Al&?{?&s? &é%éhon or: the scope of the mvention
unless ABTGECHSTES THC APGRSOAATRCPSTEHIATGITT 63 TGRAGAGATGAting

any no@@ﬁ:iﬁfg@Qﬂ&?ﬁl&ﬁﬁ?ﬁ%ﬁ&&%}_&e i i
AGTGCTCCAGATGTGAGCAA GATTATGAI\]XLFKUID&TGTTTTAAACTTT
ATATTGTGTCATGTGTGCTAGTAGACTTA
TATGGCTTCTTATGTTAGCCAAG (SEQ ID NO:54) [01861 bp
3067-6400, pEGFP-N1 plasmid fragment (bp 1400-4733): [01871
acggccgcgactctagatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacc
tcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagctta

taat
nAattacaaataaanecaatacacatecacaaatttecacasataaanacatttttttecactacecatiectanttatnot



atcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaa
gcactaaat
cggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaa
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is stably incorporated in the genome of a non-human vertebrate.

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.
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consisting of:

(a) inverted repeats that are part of a Ds element;

(b} inverted repeats that are part of 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
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wherein the NLS localizes the transposition reaction to the nucleus of the
vertebrate cell and wherein the truncated Ac transposase comprises an
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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.
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signal (NLS) at theé N-terminus of a truncated Ac transposase, wherein the

NLS localizes the transposition reaction to the nucleus of the vertebrate
cell Hatbudesainteleateurrthiog Atothagispbsdke methpdisdsian eminhcmias 15 to 18,

seguepiselnayingat lepelaRolidentibpin SRR RINQAGAnd CAlAZes N 5° and 3°

mtegratlon of the polynucleotide into DNA in a vertebrate cell; and

cuell%urlng the cell to stably incorporate the polynucleotide into the genome

of the cell to produce a transgenic vertebrate cell. 16. The method of
claimédbowhersiodingrip vatted gapeatsmaterseleatadiirnecthargranp te steps of:

consisting.ofy(R),] vsra%raeeééﬁt*ﬁégﬁs&a&ﬁr HLs e'&fg%&&&@?mde positioned

inverted repeats that are part of end CIS requ red uence and
&ﬁt%‘?‘eﬂ[’]é‘l&‘% éﬁ]&eéfétf ﬁﬁ%g@gdg @ﬁegmﬁed Ac transposase 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.

(c) inverted repeats that are part of Ds 5' 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) 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-requiterisequehogpbayitigtaant pleotdelsefuencadetsoethuifed sequence and part
nu%ﬁlotlge§ 43n d4cls~2 r%f g}%(a ég 1I}IOcl and (e) inverted repeats that are
5 end cis: equire sequénce having at least 80% identity to
the Ds 5{@nohoisteé qujradssdguenceoaf (d) Ds (ﬂ)m@dcmaréqﬁ@eﬁ)s@uam having the
cis-reguir d seqguence having.at d to the 3'
clsmr%g%lr(gdsgg esneceuseenc%ler(g1 n)é‘i%%t)l v(\)/@ré&;nn Basrt er%: CPES r§i oilifefsrequired
sequence hnd s 3ieheh Gike sremwned seeiuﬁhae A bineNto:48e modified
Ac transg%saseem]ég }Thga{n d of ¢ her |n the NLSig %Brlses] ine th
an amino acid Sequence se orfqﬁ nP of SEGYDNEF: having the
Thlacri@ethhdsmitcdaum &7 fwhemmud:ieomnwlf%d ﬁﬁ%ﬁnﬁ@@@sﬁﬁcﬁmﬂrlm part of the
am,lno cid sequence having at least 89% identity to SE ]LD ll\IO:ZO Ol - e 43

SR O b S S R R S g <Foices -
DFR[L& wfﬁ%@éﬁé‘ﬂfﬂaie gell. 19. The method of any one of claims 15 to 18
wherein g puclei Cld enc the fie transposase
introducefidﬂnqVe he ce eél%dqg?aby |f‘:1)ftegrc§tedg %.?s%eﬁo?%%‘%? orto the® having at
inteashiition ety utiei®atickhrdgmentuod Eheumetholl of anid paeiqfart of a Ds 3
cl wherein th mOdIfI Act is_introduced in

R e PR e s reauired
a@mﬁ&m@mdﬂfgﬁhenﬁdﬁjlmreﬂn ti'an@pdSaseilszmteqdueécteqt@ﬁhe aell Bnd’ end cis-
whersindneqelere acdis ARNAGIR DA S8, the method of any one
of claims ereln the nucleic acid fragrientis part of a vector.
23. The method of any one of claims 15 to 18, wherein the polynucleotlde

comp gaﬁoa& &%ﬂl% 99%%1% anoRareading. é@aafﬂ%nﬁﬁoy& Sﬁuence Ofet forth in
claim 23

wherein the polynucleotide compris sa promoter opera
linke@ & a¥(Bdstras berionNsP &n open reading frame. 25. The method of
any one of claims 15 to 18, wherein the polymucleotide comprises at least

one expression control region. 70
The method of claim 33, wherein the modified ¢ transposase comprises an amino acid

sequence having at least 80% identity to SEQ ID NO:20 or SEQ ID NO:44 and catalyzes

the integration of the polynucleotide into DNA in the vertebrate cell.

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,

26. The method of claim 25, wherein the expression control region is

selected from the group consisting of a promoter, an enhancer or a

silencer. 27. The 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 13 to 18, wherein introducing the
polynucleotide to the cell comprises using a method selected from the
gfbupoethsistidiguof mickdinjestion,] elctiroparationcambiringithgapuedeics part of a
ac‘:;idcig?gment 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 js a fish. 30. A transgeni _
e R S e I e PR S e et o
wherreim tifeig epemreaditadrasikline comprises the polynucleotide flanked

by Ds 5'and 3' ends. 31. A method for producing a transgenic

non-human vertebrate comprising the steps of: introducing a nucleic acid
fragmenttbodnpfisihgra polymbctentite poditiorécbthietweeprisverdepromoter operably
rqt%q{atg ttgl%}'{ecag r,[bci)ndo a mglggé% i@c ftrraanrilgposase into a vertebrate cell;

in rOcFucmg a Moditie C?Pansposa or a nucleic acid encoding a

modified Ac transposase into a vertebrate cell, wherein the modified Ac
tr%%p%séﬁ%adcgfn RO ﬁu(%gfax{sloﬁal%a’yg n\%f%@&' (%Lsgét Hlli% gotide encodes an
N-terminus of a truncated Ac transposase, \Wherein he NPSI0CaIIZEs he
transpositionaeactioyitoithe 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
pdipauvoksbtideofinte:DNA irvdesite bhatexgeltsooiturng thesgrebratelesltd from the
o,siRRnsarmaTala e Ralrerde g e genpme of the cell to

producte a transgenic vertebrate cell; and growing the transgenic

vertebrate cell into a transgenic vertebrate. 32. The method of claim 31,

Wi i i re.selee ) roupn. consisting of:
iR R S VB E S

that are part of the Ds 5' end cis-required sequence and part of the Ds 3'

end.Gi i : i ted repeats.that are part of Ds 5' end
e B I s

ID NO:4%aamecparngf aheDebBiterrd!tisardumireebsegtlencéehavimyia a gene, wherein

”%Hé%?&i?ﬁa%?&%ﬁf&%ﬁ%ﬁ%&% ﬁgoﬁl':og éPﬂll\éQﬁ%%ﬁed 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.

(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: I; and
(e) inverted repeats that are part of a @3 5' end cis-required sequence
having at least 80% identity to the Ds 5' end cis-required sequence of (c)
or (d) anthpactaidnDsly endvisteagliréd sequencehdvingaidedst 80fhenotype or
'dﬁpt'tr}/e tolct:gﬁggrgc engluglg frm%{légd %gqulence qf (c) or (d), wherein the
Cis- requwe sequence arid Ds 3' end cis- required sequence
can blnd(to theraiatdifie thd plicanspesasci 3 éhhieainebacd wfistaimyaR, the nucleotide
whereln the NLS compr ino acid uence set forth in SEQ ID
NOP o1 SEQ O NG E%g}%tﬁ}r#; ﬂCtGD ﬁﬁ%’l e&\?ﬁ%éret ﬁtée modified
Ac transposase comprlses an amino acid. sequence having at least 80%

|d? gt1 1 CI% n%? rSlE IDCQI%}M and catalyzes the integration
oft e po ynuc de into T ﬁﬁ R Verte Tbrate CEI'35. The method of

any one mlbnta*i}fm%et(gem \wtte‘rhnm&molmtmutdtmmcradmg the modified
Ac transgotsase IS mtgoduc to the ceII a?qhstab(lf%integrated into its
eic

genome prl%rrn o the |r€1:t1r1<§1 uctlon or the ue ragment. 36. The

method of any one of claims 31 to 34, wherein the modified Ac

tr [ ed| 0.the;cell. 37. The methad of an
SRS B TR QIR B SRS Mo cira A hing  sequence
tréﬁﬁb@%ﬁ@ iscmtrbeiiscedbithoits cethawherein 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

aryondot daimen8ivioB4 puthereidthetpulsinicheotidezencodes at least a

portion ng f meth d of 39, wherein the
polynuclgg1 %%ﬁz%qrﬂ r%s%s%@%n%@grhgper%glf “linkec e&qﬂem%er lon &N wherein
openneadirndefradseatipiNee apettioo of dryionatof clairms Blate@dhind to a modified

whereln e RRDUCIaRUds sncaen Al expressian,coyol redion 42

e met claim 41, wherein the expressi n e reglon is selected
from the group(Consistitiesvia ipfonidtercelh ennadesy orcal sifermrerndomprising a

ng gﬁ%@g&ﬁfeaﬁ%se q?é)ci ‘H@tw&eﬁ %ﬁge:%t%'{l\;vl% e%ltn % Vgar&le %H—:‘ tg %flx%%diﬁed Ac

method fo ing the function of a gene w comprlses:
{ransposase;

(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.

(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 prepared by (i) introducing into the cell a nucleic acid fragment

comprising a polynucleotide positionéd 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

the cell, wherein the mo 'fieﬁ. Ac trapnsposase comprises a nclear. . o

o S B T P R A arsblag g seauence

wikgrbis¢He oS tdcadize stifheltranspusittonaeaction 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

catalytbsdierintegifition ofitltepalyivuciE otiden oD Manpriaivgrtebrate

cell; (iii) gulturing.the cell to,stably incorparate the polynucleotide into the .

genome & HlO Ll s o I MR M2 B, wherein

s¢heanihythviedtetirate et égroanoimsé tional enigthtigre forthaphenbiypeoor modified

bi Ctﬁ%@ic ,chaarlzf\&te istic q interest: and (c) correlating the phenotype or

bl'gf:hemsi a%%sﬁarac%%%t%énwillt%\{ﬁre%?l)a%i:e%%gles %138 ﬂleerclpcgeyof the gene,

whereby the furittiontoidiengemetds ientifiéda4sudibie nethobtaghotaimeddyprising a

WReKFInE R BIRIR0.COTIRHsES, ARG gene I 6 NseTonAliica 4c
tation; and détermining the nucleotide sequence of the gene. 8. The

migghsiebetselaim 44 or 45 which further comprises the step of searching a

Sequenqe _dataﬁ%sﬁé%rdﬁ& plz? gﬁo(alif?&ﬁhglgo%%ﬁ)% %s%e&‘e.a A%cfé@%g}]g %ncoding a

for identifying a putative drug target comprising: B preparing a vertebrate

cellddaliin4r polysnisiestigtitizedcih abene; Wisoreidifité polymustestideomprises a

COMALSESRAHAN Olitheinvaried fencats that 6an.bind a4 madified, 4

tranqusage ané{ vﬁerz(_eg% thn((a vegr?ebrqtg cglt}é prepsérgd %;{1 I wﬁr%d%n%gns})osas&

inveheiiele licalHutlsieaticis thegimaspeonmprisiagian poleutiebtide! the vertebrate cell

p%ﬁ'%%@é@ﬁ?@(@%ﬁlﬁl\é‘?é&eﬂcf %%ﬁ%%?g%%&g&ﬂ&i@&tgnaamg%ﬂz%gqpﬁ%quen&e having at

transposase; (i) introducing a mo transposase or a nucleicaci

enersilifg’a ifeotiticd AEQARsPBSseniniertaly ol iihwHnrairition wtifiewlynucleotide
Aﬁl‘i@ﬁ%?&?ﬁ%%%ﬂ%@%%ﬁ nuclear localization signal (NLS) at the

N-terminus of a truncated Ac transposase,
(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.

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; (iii) culturing the cell to stably incgrporate the polynucleotide into the

genome of the cell to produce a transgenic vertebrate cell; (b) identifying a
vettehratbrarl o favinglaminsgstionblanuiatierfioradhenaiype o the library has a

biochemical characteristic of interest; a entif |ng a nucleotide
segUehte 8 TG B S R e éﬁ%ﬁ&g B L promRTaTcR fagtion of the

nce ofr the gen
byithe-tge neptardheaidentified veﬂematﬁsdeﬂcmﬁsebya@emm@m@mghe library has a

tar ts ntified. 74. 48. Th th of claim 47 which further
Lyt b ot T R -

orthologs of the gene. 49. A method for |dent|fy|ng a site of action of a

nd con sm ) arln aver te cell havin
o@nua} onde’| |ns §§ @ &t Wh Slﬁn é Iyﬂﬁctll@ %bscf’mcﬁ’ll%%résﬁs a nuclear
pé@tr@hzaﬁd‘tﬁsmgmrtédlrﬁpeathetﬁ@ttmmdaanatmr&dlf&dAAﬁét&@Sﬁtﬂsasﬂlerem the

a erein th vertebrate cell |s pare introdycin o the
nﬁe\é@ acw%tzfara%ghmer?tn ?ﬁ’%ir%llrltaaa 1%3)f)9n S@B(F]&élsp%gﬁt&t’g %’ é%? and wherein
|nﬂ@rt@dm&p@ht&ctham:@n%mdmtmﬂmdIﬂedaﬁn@mtraﬂﬁb%@mcﬁl)havmg at least 80%
mtdgt} Cg[éqoﬁé;l%g);%eclg Ons sas Orze%tega:%tcl‘gé%% c1enc ae%tide into DNA in
tran&pm:b&se cdinprises a nuclear Iocallzatron 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
th&heunoatedbAcltiansSposasz, cdmprisescanantias afithsédpencadhayit@rate sperm
at I ast 80% identity to SEQ ID NO:8 and catalyzes the integration of the
poFynucIeotrde into DNA in a vertebrate cell; (iii) culturing the cell to stably
incorporate the polynucleotide into the genome of the cell to produce a
tr vertebrate c b 0 a rtebrat cell
R Lo e ooy e ndividua
vertgbratéeeell 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

The library of claim 54, wherein the vertebrates are heterozygotic for the polynucleotide

insert.

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.

(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. 50. The method. of claim 49 which further
comprises the step of searching a sequence database for homologs or
orthologs of the gene. 75 51. A vertebrate insertional mutation library
wihieeiibeaghomenibersof shesoraioh hasteepalymieleatide wsard incaigeneence for a
Wherteln theé’cf'a/%“c'zﬁfé“de comprises a portion of the inverted repeats

hACcan B modifed Ac transposase and wherein the library has a
polynucleotlde insert in at least 15% of the genes of the vertebrate

52. The libr of clai wherein the modified Ac, transposase .

cc??npﬁ;%é%r RuGIEar aF(r)ca |za%(r)}‘;|11 g%géngf) RS tha N2 Al %#)ﬁc’ or a protein
trancaded Acstridnspresase, 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%
idéhtitybta:SECQIRN O ahtl cdtalyrehtheririagtation ifithe
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.
Thertibttary Gfr ctiinti 6Angr H62wiherein-thenmembeising the library are
individual vertebra%els 55. Eh%flebrgry Otf &alm gg x erem%he erte g{ates1 brary of
are heterooygoiic for the: polynuciaonde. nSert: Bo tha TSRy %f YA By, oAy ©
whlgreir the \‘iérfebaqth@mtgmmﬁﬂnygmtlcaﬁdr the polynucleotide insert. 57.
The I|brarg of clalmt ol 5«351% Wheﬁm the ber%%he I|brar¥ are, ¢ said
haploid verﬂtre%)raltig em ryos rary 0 cﬁéum %erqg?lwher f the. O s
memberswbbthevitrafyrateovedehihtengynopenétd diploid embryos. 59.
The library of claim 51 or 52 which further comprises a DNA sequence for
the gene associated with each polynucleotide insert. 76 60. The library of
claim Bictho82whidhifurtifemdochpfissarnaminecacitiecsegpent edarhing a sequence
p@t‘%@agengoq%ed b sald gepe 61. Tfhsaldbrar of claim 59 which further

Y a3 arorthology o
comprises an amino-acid sequerice for a‘bro ein encoded by 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.

62. The library of claim 51 or 52, wherein the vertebrate is a fish. 63. A
method for identifying a function of a gene comprising: screening at least
one member of the vertebrate insertional mutation library of claim 51 or
52 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. 64. The method of claim 63 which further
comprises the step of searching a sequence database for homologs or
orthalogs, of said.gene..65.. The method of claim 63, wherein the me e}gers
o e S o O B D P oA et the eroup
celissienmebrdteviedibicoalsfreterazygoticfostihe: poljividlestideinsesgotic for the
vertebrate individuals homozygotic.for the polynucleatide insert s
T O L A T e T koo inser
66 cThiranebapth of aldiny @Xndhertihithe grertebrate idipl fishenthty .
method for identifying a putative drug target comprising: identifying a
member of the vertebrate insertional mutation library of claim 51 or 52
asSecimtdthwithdapherotyperafhimte restpbrukidentififing 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
tafgeteihideotifiécht88iibhesinetiedtofioldiac6mpanch furhésrimamprises
the step of searching a sequence .database for homologs or orthologs. of ..
o Gene 03 o e S S 0 A e TR S gh rary of
libramnn are selédted fromahedgrbupecentsisting of vertebrate sperm cells,
e 3 DS RN of RO O P Fnterest:
vertebrate individuals homozygotic for the polynucleotide insert,
vertebratsdtaplaidheribegosiaihd vengbratt gy fegeretiedigdidrambrygbte wildtype
7Q"@§Q§I’ ?}Q&’l@i%&]@im 6_7, wherein the vertebrate.is_ a fish. 71.. A method
for identifying a site of action of a compound comprising: exposing at least
one memdberiofithe yengbbatedhsketivhalrmutatibndiosanpiofegiaind 54 te compound
52 i9.a.componnd of interest: exposing wildtype yertebrate individuals to
the cl mpoungHof irlltetlr%%st; assgggégﬁe%%é%taé the compound on the
memberigeliBraneandiNg wildtypes wérteprateiintividimaisfimentifyibg af the library,
mepmhek of (e pran i bieh Ao Rt respantl g he compound

d to the % i @raé@%%d%@e ek

compared to wildtype verte uals; and

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.

identifying a DNA sequence of a gene in the identified member of the

library, whereby a site of action of the compound is identified. 72. The

method of claim 71, which further comprises the step of searching a

sequence database for homologs or orthologs of said gene. 73. The

method of claim 71, wherein the membagrs of the library are selected from

the group consisting of vertebrate sperm cells, vertebrate individuals
heterozygetierfiop thenpelynucldetideitisats, wseelratedndiigyalsrary of claim 51 or
ho,gl?zygo}ic fog thet,pol nL%cIeotide insert, vertebrate haploid embryos

and verte Fgfgcg%}hsoﬁeonelﬁceael%ﬁbid embryos. 74. The method of claim 71,

wherein therefiéetithagsessed ofithdiechemicalehdracterstic @Bmber of the library
enzyme, enotype or a.transgene..75. The method of claim 71,

w %%é?ﬁ %ﬁ%p??]earrt% Xr%tgéllcsgg istfl:lr.e ’62.1% method for identifying a gene of

interest ddempifigimg 178 gsareehing:reanihersibé el westepraie inserionale associated
m‘%%ti nelg;bra};ri}c1 r?En %% er5(;tf%r ‘II:% for a characteristic of interest;

correla mg%e presence of t %g} &0f interest in a specific member of the

library having the characteristic of interest; and identifying the gene of

in reslg]fg m tl‘(l) » Ialélsﬁg]ue%c o{ tgg ene associtted with rﬁhe sple,cific

membar ot the ibrary. 77 The methoa of SRS, WhidKRiRhepareing a sequence
cohuphisesfthidistep @fssearchiriga séeuidneaedatabase 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; vertebiatbdadividhialcbeter drygetichtar dfahpolynucleatidgdnsétom the group
vertebrate indjviduals homaozygotic for the palynucleatide insert, _
vecﬁgglrsg]tlzgh éjgo\ljg{%% ar?ffoécjparl%1 Ver esbré]t%ggé)?/}#%%elrrll(eatli‘éi%ilﬁ%ioﬁgw{ﬁzyy&’?m for the
7PoThechethdd iofolaireiéterel v iheale hahraterisia fishthd/Golynucleotide insert,
2006/124001 RCT/SG2006/000121, 1/48 SEQUENCE LISTING <110>
T Rl SR SR e e ag) ek

Alexander <120> Transposition of Maize AC/DS Elements in Vertebrates

< %‘%ﬁ%ﬁ@d %?%133%595 R l\JN 1661%{9%634\!%;&&&’{@ is a fish.



<151> 2005-05-17 <160> 71 <170> Patentln version 3.3 <210> 1 <211>
3998 <212> DNA <213> Artificial <220> <223> Ds Construct <400> 1
ccatggtggc gaccggtgct cgactctaga ggatccccga catagggatg aaaacggtcg 60
Wb HlsgEdHtYtaaaatacc tetaccgttt tcattttcat atttaacttg cgggacR§aEsG2@6/000121
acgaaaacgg gatataccgg taacgaaaac.gaacgggata aatacggtaa tcgaaaaccg
180 atacgatccg gtcgggttaa agtcgaaqugggacgggaac cggtattttt gttcggtaaa
240 atcacacatg aaaacatata ttcaaaactt aaaaacaaat ataaaaaatt gtaaacacaa
300 gtcttaatta aacatagata agateeatad aaatetggag cacacatagt ttaatgtagc
360 acataagtga taagtcttgg gctcttggct aacataagaa gccatataag tcectcgacc
<110ﬂ2@ fcg%t%&fé’éﬁ?é cethtattPgacgtect titaagagct tgtgcatgaa 480
agggfgq Eq gcgetpatctcaa acacccatac aaagggatga ttgccgtacc 540
atgatctcac acctttcaca cctggtttat actatgatag ttgtagacga ttgcgtaatg 600
<lz0rtaftrergreétarcagly BiggetdiydTRicomacty tigteatttbgtyttgactt 660
<1309C3L0a03aa,tgagaaattg tctgactatg cagggtgtct atgcgtggga acatttatca 720
gtggtcatta aatactatag tttacagtta gaccaaagtg tgctgtattt ttgtgttagc 780
<LsoMtageigeatftititgigtg tgaagtaaca aatgacaaat actcaaacta ttgtaattaa 840
<1Siytagtiiticteayaaattg taatttacta agtagtitaa aaatgtgtac ttttactttc 900
<1 gpSCltgagtac atttttagtg cagtgttggt acttttattt cacttccttc cttcaacctg 960
cagtcactac tttatttatt cttgtctatg tggattagac aaatcagtcc tgtgattcct 1020 WO
<1702006/4:24001vRPST8GR2006/000121 2/48 gtccaatcaa atttcacata |
«21p92a00taaat cacatcataa tgaactacct taagacatgg 1080 gccatttata attgcagcaa
<2118actgtitgecc agcattaaaa gaagatgtca aaaatattta 1140 cacgcattaa cccagagact
<21zgcttagatgc atgtcactga tgagaagatg atggatgttt 1200 actgtatgat gaccgaaata
<213actitaBbdg Edkcacaagac ggcacaagac gtcaacatgg 1260 cgttaggttg
<2pg@cgttgtacc ccaacgcagt ggggacgttg cattttgttt agaaatgaaa 1320 attaggttga

<z23£0teagaasicaacgtcagg tcgatgtcaa tgttcaacat ccaatctaaa 1380

<400>
cigtggtégc 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



atcatatatc aatgtctaat gatgttacag cttgatgtta tgcggatgtt acccctatga 1440
dgtctatcag acgttggatt atggttgcca tacctgatga ataaatgtca ttatttgacg .1500
ttggtttaag atgttggttc gacattggat tttggtcgct ttccaacaca acctaaatcc 1560

Ve cAYAtatt Hacttcctat gacatcgtta ttggacgtca aaataacaat atcctBAtABHRE000121
gctggctaga ctttgaattt aggtcaccac aacctatatt taacctaata ttaacatctt 1680
atgatgttgt gtgcctgctg ggcaataact aaajgeacta cagaatgtta cgtitacaca 1740
catgtaaatt acatgtaaat gcatcagctt ttcacagcat aatactcact acttactact 1800

gteceigagtact itaaannagLlgciiiica aicatacit gagiaatati-tacaactgat 1860 1050
acttttactc gcactacatt tttaggcatg tattgatatt tttactatga tttttcagta 1920

secabiEttce s tAEHGEAT RS cataatdget geticaratggtggast 10801140
cacgiAgagceat aalclacatiagetiigia gecoctagsa taclataca gaattgiatg 2040 4,

tgtgcacatt ttccaatatc aatacagaag gaaactgtgt tccctgttce cttgtaaatc 2100
actoteadeaaigecqactftcag -cleagggoerrassaigectl geeagatcoa &acgyetggei2 60
cgttg&gqctl_ gaggz?t,g:t %tcg Q@%%%%g@ %tégcgqé&%%ttgtgggtatqgétgccggg CaC]an%aaa 1320

ccacccagat 2220 aaaaagagcCa gaggttaaca tgctctctac ggctgtccag
attagghlaccagatastigaygeag 22800 dageacacee, getggeagat ggtgagagel 1380

cactgtctt ttccaaagtt tctactggaa 2340 tgcctgtcct cacatctcaa gcctctcctt
e TCoAtg TN A SR0CE P R a0 T oA A WALcttal”

dgtctacitigleaigiacaigl £igacagaia 2464 [EgI0YIghgagagigegt atgiglgcaa sce
tgcgtgtgtgtgtgagage agtcagetee 2520 accctctcaa gagtgtgtat aaaattggtc
ttgg‘gggcﬁgg&%&%’%gw@&éwgag@‘g%% fitGaeRR LR e Bacctcbiée

acca@bleactecl-eicicagaga aeastateot 240 ,AcCtealict cagcaactca aagacacage,
atccaccggt cgccaccatg gtgagcaagg 2700 gcgaggagct gttcaccggg

It HgCEE A eI bc AT CRIgAEyRCGAR AR OTEB tgcthzaRTIttE 1680

atgal £6H9EY Agdgcy acqge gageloacee 2820 WO
R R 2006/000%%&%%%8%%9%%&2&5? ?ﬁgc B Lo

catgerfeddg etgc cogigecttgtgeccatcticgtgactacor- 288G ctgacetaggg et 1800 |

LLatgcagtge ticagecget ac acca catgaagcag cacgacttct 2940
ot tg%(%aatccg ¢ catgecegaa g é%%éqcagt%%cg%é%a% c?g Eac CatettcuE HEG§580hcg 14 *°

actt 30008 cgganciacaa gaccegegea gagyigaagt lcgaggonaa caecelgiig: 1920
aacc%c%gcchBOGO agctgaaggg catcgacttc aaggaggacg gcaacatcct

S G0Gcataay CTJGagTACa TR0 AlATHRA] CCaCAARTRS tatagRpt 1980
ttagfggannageargaagaacggeaioaagetgadlin aolicaagat CeOGGaARARE 2040

atcgaggacg gcagcgtgca gctcgecgac cactaccage 3240 agaacacccc

FIIRate b CYat B G tieiTec A THACEACtAC EigatractE 33Ba e 2100
tcaa SEGHCHLLRAAERRANAG FAFAACYANR-B0CHCAAICA,GRIAICEINLEIAUATNICT, ¢

aaaaéiﬁzit ggaaaaaagce cttteattas tgtgaaaght gotgegogeo ccaccooagat 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 cagegtgtoc ggegagggeg agggegatge cacctacgge aagetgacec 2820



tgaccgccgce cgggatcact ctcggcatgg acgagctgta caagtaaagc ggccgcgact
3420 ctagatcata atcagccata ccacatttgt agaggttcta cttgctttaa aaaacctccc
3480 acacctcccc ctgaacctga aacataaaat gaatgcaatt gttgttgtta acttgtttat
VBB 2054t Etttat aatggttaca aataaagcaa tagcatcaca aatttcac®E BEGaecE121
3600 tttttcactg cattctagtt gtggtttgtc caaactcatc aatggtcgag ggatctgttg 3660
cagtcatccc gaattagaaa atacggtaac gg:l%?cgggat catcccgatt aaaaacggga
o

3720 tcccggtgaa acggtcggga aactag

t accgtttccg tttcegttta cegttttgta

tgaa$8Q clalogaoit-ccoticeatt HEgHttlt AcCicagot Coaaategal caggataaaa 3840

ctaacaaaat cggttatacg ataacggtcg gtacgggatt ttcccatcct actttcatcc 3900
tyzcetjegtcfggAEreyap b jaatEtycraanconattteigeory cumaaabeac 3960

tcaa

lagaalt gatittatat
PRT <213> Artificial <220> <2

ggg%t@a%%%&t

a%%g;;%gg%%%%;@c%%zt%c<%%1>a%1ac<212>

ynthetic Nuclear Localization S

3000
ignal

geaaZ3@> ZidetGlrPreaPoodayst yedysegel ysdtak Gty hied@ec230> 3060

2

> 27.<212> DNA <213> Artificial| WO 2006/124001

<211
B B eI S368616001 3T 998> S H53 25555 ENIFIREE ShEpYgea

actagaggatcece gacgyicggy tategageddacitiz. dasdddydy ac2d2NA 3180
<213> Atrtificial <220>

- actteaagat cocgoeacaac atcgaggacg

agaacaccoo
agtcogooet
tgaccgeege
ctagatcata
acacctccee
tgcagettat
tttttecactg
cagtecatcec
tceceggtgaa
tatceegttt
ctaacaaaat
ctgegteggy
aattagaatt
<Z10> 2
<211> 11
<212> PERT
<213>

<220>
<223>

<400> 2
1

<210> 3
<21i> 27
<212>
<213>

DNA
Artificial

catceggegac

gagcaaagac

cgggatcact
atcagcocatsa
ctgaacctga
aatggtlaca
cattotagtt
gaattagaaa
acggtceggga
cogtteeghtt
cggttatacyg
tategagetco

sattttatat

Artificial

ggcceeghge
cocaacgaga
ctcgéaatgq
ccacatttgt
aacataaaat
aataaagcaa
gtggtttgtc
atacggtaac
aactagotot
ttegttttit
atzacggtcg
gaattaagoet

ttatacaatt

geagegtgea
tgetgoeega
agogegatoea
acgagetgta
agaggttcta
gaatgcaatt
tagcatcaca
caaactcate
gazacgggat
accgtttocy
acctcgggtﬁ
gtacgggatt
tgatatcgaa

tatggtgce

Synthetic Wuclear Localization Signal

Met Gly Pro Pro Lys Lys Lys Arg Lys Val Glu
5

10

getogecgac
caaccactac
catggtecty
caagtaaage
cttgectttaa
gttgttagtia
aatttcacaa
aatggtegag
catooogatt
tttecgttta
cgaaatcogat
tteceatoct

tteotgeagy

cactaccage
ctgageacec
ctggagittey
ggcegoegact
aaaaccicce
acttgtitat
ataaagcatt
ggétctgttg
aéaaacggga
cegttttgta
cgggataaaa
actttecatce

agaaagdaaac

3120

3240

3300

3360

3420

34890

3540

3600

36640

3720

3780

3840

3800

3960

3598



<223> vector DNA <400> 4 gaggatcccc gactgtcggg tatcgag 27 <210> 5

<211> 26 <212> DNA <213> Artificial <220> <223> vector DNA <400>

5 tggagctccc cgagtcgggt acccaa 26 <210> 6 <211> 28 <212> DNA

WOPBIS/AHIfidial <220> <223> vector DNA <400> 6 tggagCtaeCT/SG2006/000121

egacggtcgg gtacccaa 28 <210> 7 <211> 2115 <212> DNA <213> Zea

mays <220> <221> CDS <222> (1).4@&15) <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
<220Pro Gin Pro Gin Pro Gin Pro GIn Pro Glu 1 5 10 15 cca caa cca cag cca
<223gaavectgasitiéc gaa gaa gaa gca cca cag sag 96 Pro Gin Pro Gin Pro Gin

<4anro Glu Pro Glu Glu Glu Ala Pro Gin Lys WO 2006/124001

520oPGTASGR006/0001 21 5/48 20 25 30 27

<210> 4

<2iLl> 27

<212> DNA

<213> Artificial

<220
<223> vwegtor DNA

<400> 4
gaggatecce gactgteggy tatcgag . 27

© €210 5
<211> 26
<212> DNA
| <R213> Artificial

<220>
<223> vector DNA

<400> 5
tggagctcoe cgagteogggt acccaa 26

<210> 6

<2li> 28

<212> DN&

<213> Artificial

<220>
<2Z23> wector DNA

<400> ¢
tggageboce cgacggtegy gtacccaa 28

<210> 7

<21i> 2115
<212> DNA
<213> 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



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 Val Trp Gin His Phe Thr Lys Lys 35 40 45
gas att gaagtg gag gtc gat gga aag aaa tac gtt cag gta.tgg ggg 192 Glu lie
BhewaliayVal Asp Gly Lys Lys Tyr Val Gin Val Trp Gly 50 55 60raddgeoi21
aac ttt cot sat tgc aag get aag tat agg get gag ggt cat 240 His Cys Asn
Phe Pro Asn Cys Lys Ala Lys Tyr Arg/dega Glu Gly His 65 70 75 8_0 cat
gga aca agc gga ttt cga eat cac ttg aga aca tea cat agt tta 288 His Gly
Thr Ser Gly Phe Arg Asn His Law Arg Thr Ser His SegJ.au 85 90 95 gtt
aaa ggt cag ttg tgt eta aaa agt gaa aag gat cat ago aaa gac 336 Val Lys
a9 &l GiT 1°&d (g § 1364 It %éFC%ﬁ?L ASFPHIS TG EyacAsprI08:205 11044
"9 5t el ot At gag eot Tt aay tac gar §ai G it Ao Bta 443 383 lie Asn
Leu lle Glu Pro Tyr Lys Tyr Asp Glu Val Val Ser Lau Lys 115 120 125 aag
gaz efitcabettgefcarata ditc algf catyaadagaeotic gat athgtad32atysrbeu Hisisz
Gla Cat At leHé el ?ﬁs@@% Fyr PYS PFe Asn Tt vl 31 3571 48 gaa cat
gag tac ttt gtt gag ttt gtt aag tct ctg ego cot cac ttt 480 Glu His Glu Tyr
cat Phe Mal Gt Rhe Vat Liys: Sewl atcArgoPraHis;Phed 4k d 534155460 ecayo
Bis Gy S tBecefrgtésactyetatfe Haatat decafy gatitgdat 528 Pro lle Lys
®> Ser Arg Val Thr AI§ Arg Lys Tyr lle Met Asp Lau Tyr 165 170 95 ttg gaa
cat @38 232 gaa gad Hertalga-aaa-etaana gatgll cag ol 576 LawGlu Giggg
His Bys Gl 19ps 1@y TreGlybysshabikys<AspryatGirs Serz180s285:.200 cgc ttc
agt aca act aﬁj" gat atg tgg aca tot t&f caa aat aag tea 624°%Arg Phe Ser
gtt oS EQE MQ& %%B M& Ut{%Tﬂas%tcééaGAQgA‘EQtLXEtSSQ«} 9&%% 0%(‘.:2 05 ta0336
vai aig tglgteiaccaieceat 1gg aipatgatgatigyigs cieLaa H s TagMet Cys
Val Thr IEPHis Trp lle Asp Asp A8p Trp Cys Leu Gin 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



210 215 220 aaa aga att gtt ggc ttt ttt cat gtt gaa ggg.ego 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 gca ate atg gtt aag tgg aac att
WaGPe8248¢¢ Lau Ser Gin Thr Phe Thr Ala lle Met Val Lys TrecAsE Hed@he121
245 250 255 aaa aaa ttg ttt gee ttg tot ttg gat aat get at gca eatgaa gta
816 Lys Lys Lau Phe Ala Leu Ser ngl}hﬁsp Asn Ala Ser Ala Asn Glu Val
WO 2006/124001 PCT/SG2006/000121 6/48 260 265 270 get gtg cac
gat ate attsgag gat ttg cag gac aet gat tca aat cta 864;AjJa Val His Asp lle
go II% GIuT,tA%J&tLeu GintAsp Thr Asg%Ser Asqnclg_)%;g\g%S%ZSS %;;gt gat ggst64
N tre ttt aggtgitgo C A8 Ala Ph
A Igf’#e Eﬁ% Vil Erﬁg 3% %? |§ﬂ|§?a&%395 Yo B0 Hac % git'gca aag
gat ggc ttg got gta att gca gga aca att gag 960 Asn Leu Val Ala Lys Asp
gz gﬂg Egﬁ éﬂiﬁ \g&FIIétAIetGIyC’fhrqré? GlE305 390-316- 320 ada atcgaaa gcglz
steot Bt gt o8 444 thpTat tut g CHy t56°1008 s feLysAkeYe val
Lau Ala Val Lys Ser Ser Pro Lau Gin Trp 325 330 335 gaa gaa cta atg
aac g tytgotagiaadyt gac tigpgatiaaadat @aayddasmaGluGht i eadVet Lyso
' ig? B3 WA 8kt GIR Gie RSP &4 ASp I'ys Sbe |A/s 38ty 385 35¢r g%g atc tca
tat gat gtc tca act aga tgg aat tca acc taﬂfc’g atg 1104 Gly lle Tyr Asp
aaa ¥al Ses B Arg: TaprAsaSetl bt I Waeudvlet355-360+36 9440 2@y gat e66s
Lys figetatrmatiaagicot Geh et didaafgicthoadace 4l 520 LbanAFgnASrAla Lau
Tyr Tyr Lys Pto"Ala Leu lle Arg Lew’B§s Thr 370 375 380 3t gat cot cgc

caa 884 lac gatggaatliotLat aga ges 9ad gag tgg,1200 .SerAsp.Rro Arg 4y,
Glu Ty Asp Ala lly €Y Probys=Al& GBI @GIREfpLew 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 BArg 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 got gta geos tgo tte 1440

Glu Lys Tyr Trp Lys Val Ser Asn Ile Ala %Leu Ala Val Bla Cys Phe

465 470 475 480

ctt gac oot agy tac aag aaa ata tig att gag tte tat atlg aas aaa 1488

Leu Asp Pro Arg Tyr Lys Lys Ile Leu Ile Gilu Phe Tyr Met Lys Lys

485 4380 : 495
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



385 390 395 400 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 Lau Lys Lys Phe Phe Asp
Leu 405 410 415 act gas etc eta tat ggt act caa tat too act gcasat tta ttt
WAL2999649%r Glu Lou Leu Ser Gly Thr Gin Tyr Ser Thr Ala ASiTIS&300¢eno121

Tyr 420 425 430 aaa ggt ttc tgt gag eta aag gat ttg att gac caa tgg tgt gtt
cat 1344 Lys Gly Phe Cys Glu lle Lyg fsp Lau lle Asp Gin Trp Cys Val
His 435 440 445 gaa aaa ttt gtc att agg aga atg goo gtt gca atg agt gaa
aag ttt 1892 Glu Lys Phe Val HesArg Arg Met Ala Val Ala Met Ser Glu Lys

. Phe 450 455 460 gag aaa tat tggC aaa gtg tat sat att %ca eta gat gta gca .

i1e 78 BLAID i 135 137 T LYS VEASETASHIC e Eeutie 8 Ala CE
P %%@5 470475 480 cttgac cat agg tac aag aagsate, ttg, atF gag ttc tat
atg aaa aaa 1488 Lou Asp Pro Arg Tyr Lys Lys lle Leu lie Glu Phe Tyr

as9 arett sﬁ?s%%ﬂ%%ﬁcﬁ%@%ﬁ%aﬁéaﬁ% as@a §tvcatgtagat gacitibz
e Sgh@ a4 gtc 1536 Pheilis R ASp Sér 1k 3 VA HIS VAPASE Asp Phe

Val Arg Val WO 2006/1.24001 PCT/SG20 06/0 00 12 1 7/48 500 505
aat BrOTEtt e oFm Y- takeaasttc tat tot agttytagt cebteagaekecasts584 Iless0
A=t CATg A7 dU TV Eifi Phe ¢ Sers SEPHESEY ARPPIEE15 520

545 5
525 aag aca aag aca act act eat gat agt atg gat gat acc ttg atg gaa 1632

gat daysciar bys Ty BAE ThraAstuAsf: SersMet AspoAsi: Tdt=L adNetGlu 53025
Asp H35VBA0536t Her gavgherttbeadaaditat HytcdeyalitgPaaglgat tat 1680
Asn Gin Asp &gp Glu Phe Gin Asn5f‘9r Leu His Gin Lau -L537§ Asp Tyr 545

ttg =2abo6:959:860¥akeae-gia;gag i¢a-sal gaa tgpataaalatalo ghgaa cee; ¢
Leu Igte MSggsp?GimvalE@mf&@r f:g Gin Bav Asp tys Ays Met SewGin Pro
Leu 5390

gtt gca gaa tat cot att cte ace caa att gca agg gat gtg cta gea 1824
Val Ala Glu Tyr Pro Ile Leu Thr Giln Ile Ala Arg Asp Val Leu Ala
595 600 605

ata caa gtg tca act gtt got tebt gag tcot geg tic agt got ggt gogt 1872
Ile Gin Val Ser Thr Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly
610 ) 615 620

cgt gttt gtt gat cct tac cge aat cgt ctt ggt teg gag att gttt gaa 1820
Arg Val Val Asp Pro Tyr Arg Asn Arg Leu Gly Ser Glu Ile Val Glu
‘BZ5 €30 635 G40

‘get ttg ata tge aca aaa gat tgy gtas gea gea tot aga saa ggb got 1968
Ala Leu Ile Cys Thr Lys Asp Trp Val Ala ARle Ser Arg Lys Gly Ala
645 650 655

aca tat Tttt ceca aca atg att ggt gat cte gag gtg cta gac tot gtt 2016
Thr Tyr Phe Pro Thyr Met Ile Gly Asp Leu Glu Val Leu Asp Ser Val
’ 6860 665 6§70

att get get gea aca aat cat gag aat cat atyg gat gag gat gaa gac 2064
ITie Rla Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu Asp
675 680 685

‘géa ata gas ttt tet aag aat aat gaz gat gta geoa agt ggo teo tot 2112
Ala Ile Glu Phe Ser Lys Asn Asn Glu Asp Val Ala Ber Gly Ser Ser
620 . 695 700

cca ‘ ) 2115
Pro .
705

<210> 8

<zZ1l> 1705
£212> PRT
<213> Zea mays



565 570 575 ttg aag cat agt ggt cag ttt gat att tta tca tgg tgg agg gga agg
1776 Len Lys His Ser G1ly Gin Phe Asp lle Leu Ser Trp Trp Arg Gly Arg
580 585 590 gtt gca gaa tat Oct att ctc acc caa att gca agg gat gtg cta
Vgeaors2246¢al Ala Gin Tyr Pro lle Lau Thr Gin lle Ala Arg Aspd/eibdaugcAia 121

595 600 605 ata caa gtg tca act gtt got tot gag tct gcg ttc agt get ggt ggt
1872 lle Gin Val Ser Thr Val Ala Ser_Gin Ser Ala Phe Ser Ala Gly Gly 610
615 620 cgt gtt gtt gat cot tac cgc sef;/c‘d@;t Cctt ggt tcg gag att gtt gaa 1920

<4gcArggvVal Val Asp Pro Tyr. Arg Asn Arg Lau Gly Ser Gin lle Val Glu 625 630
635 640 got ttg ata tgc aca aaa gat tgg gta gca gca tct aga aaa ggt gat

Met 2OBgllAld teritie Gys Thr Gys Asp 13%@ VabAtaAlarSertArgdaysGly Ala

1 645650 655 5ace, tat ttt cca ace, atb art ggt gat ctc gag gig cta gac tct gtt

pro 203 GrbhekyrRheRroelhirdVietdle GhuAsi Low, Gin Vall ey Asp Ser Val
660 665 670 att get get gca aczaat cat gag eat cat atg gat gag gat gaa

c 2064 lle Ala Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu
nrs S5 T8 0 S s 316 Y ot g it B3¢ LY B B0t g
tcc tot 2112 Ala lle Gin Phe Ser Lys Asn Asn Gin Asp Val Ala Ser Gly Ser

Giu Skt 600 595 70O Fed 2305 Proy95ve21P> 8 X214 >vZ05r<2 525 PRT
2513> Zee mays WO 2006/124001 PCT/SGF006/000121 8/48 <400> 8

His Cys Asn Phe Pro Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly His
65 70 75 B8O

‘His Gly Thr Ser Gly Phe Arg Asn His Leu Arg Thr Ser His Ser Leu
85 a0 85

Val Lys Gly Gln Leu Cys Leu Lys Ser Glu Lys Asp His Gly Lys Asp
100 105 11¢

Ile Asp Leu Ile Glu Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys
115 120 125

Lys Leu His Leu Ala Ile Ile Met His Glu Tyr Pro Phe Asn Ile Val
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.



Met Ala lle Val His Glu Pro Gin Pro Gin Pro Gin Pro Gin Pro Glu 15 10
15 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 Lys Lys
V86 29454 lle Glu Val Glu Val Asp Gly Lys Lys Tyr Val GirPUEEGepo@#po121
50 55 60 His Cys Asn Phe Pro Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly
His 6570 75 80 .His Gly Thr Ser Gy £he Arg Asn His Leu Arg Thr Ser
His Ser Leu 85 90 95 Val Lys Sly Gin Lou Cys Lou Lys Ser Glu Lys Asp
308 His Gly Lys Asp 100 105 110 lle Asn Leuslle Glu Pro Tyr Lys3kyr Asp Glu
. Val Val Ser Leu Lys. 115 120 125 Lys Leu His Leu Ala lle lle Met His Glu
S 1VF PrS Phé é% I¥ J\/%FES@E@?&A@%?&%I%&’@|ar?ﬁ?§h$l@a‘¥@|u Phe
Val Lys Ser Leu Arg Pro His Phe 145 150 155 160 Pro lle Lys Ser Arg
Glu Gab Her AlatAty 1 3T yrike Met@Aspdveurbyr 165 450 JvéS skou@u Gin Lys
Glu Lys %8¢ Tyr Gly Lys Leu Ly$#Asp Val Gin Per 185485 190 Arg Phe
c1y Her Thr ThMel Asp:Mel, Tep.Th Ser, Cys GinAsg Lys, Ser. 195 200 205
Tyr Mgt Cys Val Thr lle Hlsa'arp lle Asp Asp Asp J¢p Cys Leu Gin 210 215
220 Lys Arg lle Val Gly Phe Phe His Val Glu Gly Arg His Thr Gly Gin 225
beu 23@ ﬁ@% 510 Ky THu %@r Bih Th Phe Tht Iﬁllzérﬁ/lé’ﬁ\’/&lﬂ_syg'hlfrp Asn lle
Glu 245 250 255 Lys Lys Lou Phe Ala Lou Ser Lou Asp Asn Ala Ser Ala
Ser Asn Biu YWed 260 265 270 Ala VakHigsAsmolledie [Glu Aspdieutein Asp Thr

385 Asp Ser Asn Leu 399 3588 400
Lys Met Ala Leu Thr Leu Phe Lys Cys Leu Lys Lys Phe Phe Asp Leu
405 ‘ 410 415

+ Thr Glu Leu Leu Ser Gly Thr Gln Tyr Ser Thr Ala Asn Leu Phe Tyr
420 425 430

Lys Gly Phe Cys Glu Ile Lys Asp Leu Ile Asp Gln Trp Cys Val His
435 440 445

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



275 280 285 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
WOSHEEIM% a 1le Val Leu Ala Val Lys Ser Ser Pro Let Gin TP T58EB®8000121
335 Glu Glu Lea Met Lys Cys Ala Ser Glu Cys Asp Leu Asp Lys Ser Lys
340 345 350 Gly lle Ser Tyr Asp Val §gg Thr Arg Trp Asn Ser Thr Tyr Leu

Met 355 360 365 Lou Arg Asp Ala Leu Tyr Tyr Lys Pro Ala Lou lle Arg
625 Leu Lys Thr 370 3256 380 Ser Asp Pro Arg Arg Tyr Asp Ala lleys Pro
Met Ala Leu Thr Lau Phe Lys

Y% (02 e PRE ASp Lol i A 3%5 AThrich

Ala

cys

Ly Al

eu

Glu Glu Trp 385 390 395 400 L

utéu Ser Gly

Thr Gin Tyr Ser Thr Ala Asn Leu Phe Tyr 420 425 430 Lys Gly Phe Cys

Thr Gfy [Re¢ Ry AL SleterASEBIRTrICYsiVal His U35440s445vGIU Lys

Phe Val If8%Arg Arg Met Ala VafAta Met Ser Gin LysPi& 450 455 460 Glu

11e bys ByeTap-Lys.VaboenAse llealakeupla Yal Ala, Gyg Rhe 485 470 475

480 &&u Asp Pro Arg Tyr legs Lys lle Lou lle Ginggbe Tyr Met Lys Lys 485

490 495 Phe His Giy Asp Ser Tyr Lys Val His Val As
g

A2 vl 500 505 516 ﬁsm@gg‘ﬂ

VST e

é Asp Phe Val Arg
&t Ty Se SeftySSer Pro

Ser Ala Pro 515520 525 Lys Thr Lys Thr Thr Thr Asn Asp Her Met Asp
sgg Asp Thr Leu Met Glu 530 535 540

<210> &
<211 11
<212> PRT
<213>

<220>
<2Z3>

<400> &

Artificial

Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu

1

<210>
<211>
<Z212>
<21L3>

10

DNAR
<220>
<223>

<400> 1¢
atgggtecte

caaccacaac
ccacagaaga
.attgaagtgg
aattgcaagg
ttgagaacaﬁ
ggcazagaca
ctteatitgg
gttgagtttg

aaatgtatcea

2148

5

Artificial

caaagaagas
cacaaccaga
gggcaaagaa
aggtcegatgy

ctaagtatag

cacatagttt

taaatcteat
caataatcat
traagtctct

tggatttgta

NLS~TPasel(3-807 CDsS

gcgtaaggta
accacaacca
gtgcacatceg
aaagaaatac
ggctgégggt

agttaasaggt

tgagecttat

gceatgaatac
gegcectcoac

tttggaagaa

10

gaaatggcta
cagccagaac
gatgtatgge
gttcaggtat
cétcatggaa
cagttgtgte
aagtacgatg
cottteaata
titocaataa

agagaaaagt

Modified Synthetic Nuclear Localization Signal

ttgttcatga
ctgaaccoga
agcatttoae
gegggraitg
caageggatt
taaaaagtga
aagtggttag
ttgtagaaca
agtceegtgt

totatggasa

accacaacca

agaagaagca
caagaaggaa
caactttccﬁ
tegaaatcac
aaaggatcat
cetaaagaayg
tgagtacttt
cactgctaga

actaaaagat

60

120

180

240

300

360

420

486

540

600



Asn Glu Asp Asp Glu Phe Gin Asn Tyr Leu His Giu Lou Lys Asp Tyr 545
550 555 560 Asp Gin Val Glu Ser Asn Glu Lou Asp Lys Tyr Met Ser Gin
Pro Leu 565 570 575 Leu Lys His Ser Gly Gin Phe Asp lle Lou Ser Trp
VTR BIYIArg 580 585 590 Val Ala Glu Tyr Pro lle Leu Thr@iiGhsoslepe121
Arg Asp Val Lou Ala 595 600 605 lle Gin Val Ser Thr Val Ala Ser Glu Ser
Ala Phe Ser Ala Giy Gly 610 615 629,,4rg Val Val Asp Pro Tyr Arg Asn
Arg Leu Gly Ser Glu lle Val Gin WO 2006/124001 PCT/SG2006/000121
10/48 625 630 635 640 Ala Leu lle Cys Thr Lys Asp Trp Val Ala Ala Ser
gttcagigiy IR AIA 2645 650 855 THITyrRhe RIG Tinahtet HeGlyAsp Leusso

cgrdeMalleu Asn
= gAél}l\clélisa Me%?é\sp%

00,588

fu Asp

@Ia Ala Ala Thr A

AT I P

n His Glu
& Eer Lys™’

ttttAsptAshGlasaspeVat Ale-SercGly 8oy Ser 680685400 «Rrogé0h:<2107:9

atqariasds 11 <212> PRT <213> Ar'gificial <t220> <223> Modified Synthetic
I\ teTeal Tocalizaton SigRar 2400 S st Gy PR Bre SIFESE e Arg 143

aatgdat Gllethhydfe21022240:62d I 2348agy acactgattc azatectagtt

tgtgafggtg
gatggettgy
aaatettate
zaatctaaag
agggatgect
ﬁacgatgcaa
ttgaagzagt
ttattttaca
aaatttgtca
gtgtetaata
attgagttct
gttagggtcea
acaaagacas
tttcaaaact
aaatatatgt
agggygaaggy
caagtgtcaa
taccgcaate
gcégcatcta
gactctgtta
atagaatttt
<230> 11

<211> 2687
<212> DNA
<Z213>

<220

cttteottbca
ctgtaattge
ctttgeagtyg
ggatctcats
tatattataa
ttfgtectaa
ttittgatct
aaggtttety
ttaggagaast
ttgcactagc
atatgaaaaa
ttagaaaatt
ckactaatga
atttgeatga
ctgaaccect
ttgecagaata
ctgttgetto
gtcettggtte
gaazagghtgc
ttgeotgetge

ctaagaataa

Artificial

tgtaaggtgt gcttgtecaca tactgaactt

aggaacaatt
ggaagaacta
tgatgtectea
gectgeacta
agoogaggag
cactgaactc
tgagateazag
ggeegttgea
tgtagcatge
atttcatggt
gtatcaattc
tagtatggat
gttgaaggat
tttgaageat
tectattete

tgagtctgeg

ggagattgtt gaagebtigs

tacatatttt
aacaaatcat

tgaagatgta

gagaaaatca
atgaagtgtyg
actagatggs -
ataaggctta
tggaﬁgatgg
ctatotggta
gatttgatty
atgagtgaas
ttoctigace
gattcataca
tattctagtt
gataﬁcttga
tatgatcaag
agtggtcagt
acccaaattyg

tteagtgetyg

ccaacaatga
gagaatcakta

gocaagtgget

aagcgattot
ctagtgaaty
attcaacctﬁ
aagcaagiga
cattaactet
ctcaatatteo
accaatggtag
agtttgagaa
ctaggtacaa
aagtteatgt
g;agtccttc
tggaaaatga
tagagtcaaa
ttgatattit
caagggatgt
gtggtegtgt
tatgcacaas
ttgatgatct
tggatgayga

coteteca

ggttgeaaag
tettgetgta
tgacttggat

ttgatgtig
tecctegeagy
ttttaagtgt
cactgcasaat
tgtteatgas
atattgg%aa
gaaaatattg
aqatgacttt
agctecaaag
agatgatgaa
fgaattggat
étcatggtgg
gotageaata
tgttgatceet
agattgggta
cgéggtgcta

tgaagacgca

a0c

860

102¢

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1520

1980

2040

2100

2148



<212> DNA <213> Artificial <220> <223> NLS-TPaselO3-807 CDS
<400> 10 atgggtcctc caaagaagaa gcgtaaggta gaaatggcta ttgttcatga
accacaacca 60 caaccacaac cacaaccaga accacaacca cagccacaac
efyededilagaagaageca 120 ccacagaaga gggcaaagaa gtgCRCHasieR006/000121
gatgtatggc agcatttcac caagaaggaa 180 attgaagtgg aggtcgatgg
aaagaaatac gttcaggtat gggggcattg caagtitcct 240 aattgcaagg ctaagtatag
ggctgagggt catcatggaa caagcggatt tcgaaatcac 300 ttgagaacat cacatagttt
<22380liasag cagitgigiciaraaadtgasaaaggatcat 360 ggcaaagaca taaatctcat
tgagccttat aagtacgatg aagtggttag cctaaagaag 420 cttcatttgg caataatcat
<appdcatgaatac cctticaata ttgtagaaca tgagtacttt 480 gttgagtttg ttaagtctct
<271 9cqeccteac tticcaataa agtcecgtgt cactgctaga 540 aaatatatca tggatttgta
<zzz2#itggangaa @édagaaaagt tgtatggaaa actaaaagat 600 WO 2006/124001
<2Z3pCT/SG2006/000121 <2148 gttcagtctc gcttcagtac aactatggat atgtggacat
<apoSitgicaaaa taagtcatac 660 atgtgtgtca ccatccattg gattgatgat gattggtgtc
attalfeRdgaaag aallghoge 120 dtttcaty 1igaagoaca ceacactgoc.caaaggttat p
cacaaacctt cactgcaatc 780 atggttaagt ggaacattga gaaaaaattg tttgccttgt
atacEfiggatdatgeditgcacedbr war) fugeny etgty catgatterant gy trutiycagg 20
creaBSRGIGAIG AARICIAON 900 tatgatoatg, clticiitca (qtgaggtat getigleaca g,
~ tactgaactt ggttgcaaag 960 gatggcttgg ctgtaatigc aggaacaatt gagaaaatca
tasggbgrgakytictigeigta 1020 2asatettetc cittgeagtg ggaagaactacatgaagtgtg 240
2c220199310 92c1d09L 1080 agaletanag ggatcicata tgalotetea actagatgg,
attcadccia titgatgttg 1140° agggatgect tatattatan gectjeacts aaaygctta

cacafaagaagtgadectegragg:1206: taggaigean titgtcciagrage cgaggagaaa 360
cattaactct ttttaagtgt 1260 ttgaagaagt tttttgatct cactgaactc

t aagatg ( it
gaaa%%gﬁﬁgg‘fs AT SR IR TR 6 ettt 464 4G Gt R TG 5BHE8ag 47

tgagfattigatig ogeaatggig-talicatgaa 13802 aaaltigicaiaggagaat,ggecgitgcas gg
atgagtgaaa agtttgagaa atattggaaa 1440 gtgtctcata ttgcactagc tgtagcatgc

rasaggrtitface Ctaggtat aah §aaa g 3500 et dtcratatfaddahcatttcatggt 540
gect falicataca aagiicatatagatgacttt 1o0Q. gitagagica ffagaaaatt glatcaatic o,

tattctagtt gtagtccttc agctccaaag 1620 acaaagacaa ctactaatga tagtatggat

tgaa'@a%aeétfg@@@a%%t‘g@awemgaﬁaaggg{ptt gagtttgtta agtctctgeg 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



tttcaaaact atttgcatga gttgaaggat tatgatcaag tagagtcaaa tgaattggat 1740
aaatatatgt ctgaacccct tttgaagcat agtggtcagt ttgatatttt atcatggtgg 1800
aggggaaggg ttgcagaata tcctattctc acccaaattg caagggatgt gctagcaata 1860
Veaaeteidddietgttgctte tgagtctgeg ttcagtgetg gtggtegtgt tgttgat@ETIR006/000121
taccgcaatc gtcttggttc ggagattgtt gaagctttga tatgcacaaa agattgggta 1980
gcagcatcta gaaaaggtgc tacatatttt cc%g%gatga ttggtgatct cgaggtgcta 2040
gactctgtta ttgctgctgc aacaaatcat gagaatcata tggatgagga tgaagacgca 2100
atagaatttt ctaagaataa tgaagatgta gcaagtggct cctctcca 2148 <210> 11
cottg@ity 26872232t Dl Aa=c22 30t Astificialc<220xWO-2006/1240010 1620
N CatPCT/SGZQOG/OOt0121 12/48 <223> Modified Ac Transposase Construct
ICEI50S SHFTE TRist POARIT 5053 T S 5h a8 L 09R— n hag sy 1680
teatqitgleotide t2400% Ik aliaggetio-pcatalgin ageacac ogalacaalt: 1740

aatacataac cttatgtatc 60 atacacatac gatttaggtg acactataga atacaagctt

teratrtgticitifCagaad 120 Ry daCaL A R g geagessgetagcatge oo .
ratoEROAICCa-2gRagARMACH. 180, Jaagatagaa atggelatig ticalgaace. . .

1860
acaaccacaa ccacaaccac aaccagaacc 240 acaaccacag ccccaacctg
Jrasgacetgaakr agaag eaeearcagaaagyyteanatragie- 800 cacatcggat 1920
Jiatggcagc atticaccaa gaaggaaalt gaagtggaqgg tegatggaaa 360
i gaagtacgtt césggtgtggg ggcattéc%ag%tt%(%f%%t ggggag%%a?&aaat%ﬁbcﬁc 476°°

tattdyaggytoatcatygaacasegcygattiegraaatcactty agaacatcac atagiiagt 48040

. taaaggtcag ttgtgtctaa aaagt
e e g tyoh
gattdgaptaceet ttepataitgdagaacatga giastigt-gagtitgtaagteicigeg-660

ccctcacttt ccaataaagt cccgtgtcac tgctagaaaa tatatcatgg atttgtattt 720

t

aaaga%ggécatggc aaagacataa atctcattga 540

A CH ARG TERa TEETgea 600-°°

CCl'aaagaa

2160

At L SRR AR A G R Al A HATAG At FIC AR R g AR R Bac 750
aaatclAlgEAlAlgJOgACRIGI gicaaaataa.gicalagatg lgtgteacca teeattagay 840, 4,

<211> 47

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



tgatgatgat tggtgtctcc aaaaaagaat tgttagcttt tttcatgttg aagggcgcca 900
cactggccaa aggttatcac aaaccttcac tgcaatcatg gttaagtgga acattgagaa 960
aaaattgtttgccttgtctt tggataatgc tagtgcaaat gaagtagctg tgcacgatat 1020
Vaaitggatftgcaggaca ctgattcaaa tctagtttgt gatggtgctt tetttcaREO8HI06/000121
gaggtgtgct tgtcacatac tgaacttggt tgcaagggat ggcttggctg taattgcagg 1140
aacaattgag aaaatcaaag cgattgttct tgqtg aaa tcttctcctt tgcagtggga 1200
agaactaatg aagtgtgcta gtgaatgtga cttggataaa tctaaaggga tctcatataa 1260
<214gtctegact agatggaatt caacctattt gatgttgagg gatgccttat attataagcc 1320
<zl3lgcaktaafaaggcttaaaa caagtgatcc tcgcaggtac gatgcaattt gtcctaaagc 1380
<2o£9ag9agtgg aagatggcat taactctttt taagtgtttg aagaggtttt tigatctcac 1440
<2z igaagtecta fgtggtactc aatattccac tgcaaattta ttttacaaag gtttctgtga 1500
gataaaggat ttgattgacc aatggtgtgt tcatgaaaaa tttgtcatta ggagaatggc 1560
<4080 006/124001 PCT/SG2006/000121 13/48 cgttgcaatg agtgaaaagt
AR RFAGEARE HHBREH RF ToRERy THAALRGE 1820248 catgcettc cttgacccta 47
ggtacaagaa aatattgatt gagttctata tgaaaaaatt 1680 tcatggtgat tcatacaaag
- <2ltcatfiaga tgactttgtt agggtcatta gaaaattgta 1740 tcaattctat tctagttgta
:gi@ccg@ggc tccaaagaca aagacaacta ctaatgatag 1800 tatggatgat accttgatgg
<21@agfgq§ggigg.atgaattt caaaactatt tgcatgagtt 1860 gaaggattat gatcaagtag
agtcaaatga attggataaa tatatgtctg aacccctttt 1920 gaagcatagt ggtcagtttg
<Zz2@tattttatc atggtggagg ggaagggttg cagaatatcc 1980 tattctcacc caaattgcaa
“?2Hggatdtgctdgeaatacaa gtgtcaactg ttgcttctga 2040 gtdtgegtte agtgctggtg
<4o@icgigttgt tgatccttac cgcaatcgtc ttggttcgga 2100 gattgttgaa gctttgatat
gtaigestaaaaga ftgggtagea geatctagaa aaggtgctac 2160 atattttcca acaatgattgy
gtgatctcga ggtgctagac tctgttattg ctgctgcaac 2220 aaatcatgag aatcatatgg
<01 §lgaggatga agacgcaata gaattttcta agaataatga 2280 agatgtagca
<z1Bgtggetcct ctccatgagce aatgtgtctt atgtttgttg acagatgagce 2340 cttggttgta
<21ztagittatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400 tgtgttttaa
<2 Hcuftattyfjftatgtg tgctagtaga cttatatggc ttcttatgtt 2460 agccaagggg
<25@ccccgggat ctggttacca ctaaaccagc ctcaagaaca cccgaatgga 2520
<22 pictetzrageinaeataatac caacttacac tttacaaaat gttgtccccc aagatgtagc 2580
cattc%tatc tgctcctaat aaaaagaaag tticttcaca ttctaaaaaa aaaaaaaaaa 2640
A0 ad 1232234CC, CCECCCCCCC ceeeectgea ggtcgac 2687 <210> 12
cgc%%?%ggj?%%caa%ggg a@cc%ccaaag aagaagcggca aggtag 45

<210> 17

<2Lix> 27

<212> DNA

<213> rtificial

220>
<223> PCR Primer

<400> 17
gtatcgataa geottgatate gaattco 27

<210> 18

<211>» 23

<212> DNA

<213> Artificial

<LZ220%
<223> Primer

<400> 18
gagaatttea ctigttgact aga 23

<210> 19
<211>» 21



<212> DNA <213> Zea mays <400> 12 tttcatccct g 11 <210> 13 <211>
11 <212> DNA <213> Zea mays <400> 13 .tttcatcccta 11 <210> 14
<211> 47 WO 2006/124001 PCT/SG2006/000121 14/48 <212> DNA

WO 2889/ Idial <220> <223> PCR Primer <400> 14 ccaaag&a§#2006/000121
agcgtaaggt agaaatggct attgttcatg aaccaca 47 <210> 15 <211> 27 <212>
DNA <213> Artificial <220> <223>RGR Primer <400> 15 gtatcgataa
gcttgatatc gaattcc 27 <210> 16 <211> 46 <212> DNA <213> Artificial

<21.2%2208 <223> PCR Primer <400> 16
<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



cgcggatccg ccaccatggg tcctccaaag aagaagcgta aggtag 46 <210> 17

<211> 27 <212> DNA <213> Artificial <220> <223> PCR Primer <400>
17 gtatcgataa gcttgatatc gaattcc 27 <210> 18 <211> 23 <212> DNA

VO 2OYINHITidial <220> <223> Primer <400> 18 gagaatttca GiGRisGEH0age121
23 <210> 19 <211> 21 WO 2006/124001 PCT/SG2006/000121 15/48
<212> DNA <213> Artificial <220> 223> Primer <400> 19 gcgcatgaac
tccttgatga ¢ 21 <210> 20 <211> 716 <212> PRT <213> Artificial <220>
2203> NLS-TPasel038G7 <400> 20 Met GbzPro Pro Lys Lys Lys Arg

Lys Val Glu Met Ala lle Val His
Ile %Xs Trp Iie 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



151015 GluPro 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 3540 45 Thr Ser Asp Val Trp Gin His Phe Thr Lys Lys Glu lle
OR2RLAIISIPI50 55 60 Val Asp Giy Lys Lys Tyr Val G1n Val Fep/Shpdekaoci21
Cys Asn Phe Pro 65 70 75 80 Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly
His His Gly Thr Ser G1y 85 90 95 P? @rg Asn His LeuArg Thr Ser His
Ser Lau Val Lys Gly GIn Leu 100 1b 5110 Cys Lau Lys Ser Glu Lys Asp
$is Gly Lys Asp lle Asizd eu lle Glul115 120 425 Pro Tyr Lys Tyr Asp Gin
Val Val Ser Leu Lys Lys Leu His Leu Ala 130 135 140 lle lle Met His Giu
Thr A7 BF5 PRE Agh HEEVATGRIHB G H<Fy £Phé P45 E58°P585260 Wal Glu

o43 Phe Val Lys Ser £ad Arg Pro His Phe PO lle Lys Ser Arg 165°f70 175

phe &fal Tkt Alp-Argal yssTytdleMetAspiew Fyrdudiniu tys @y 180 185
190 Lys Leu T8F Gly Lys Lau Lys AsfPVal Gin Ser Arg Ph&Eer Thr Thr

95 200 205_M Met, Trp Thr Ser Cys GlIn Asn Lys Ser Tyr Met C
o Al T WIB 20001154001 BC s 500000 F 31 Tb/Baer T2 5220 e

His Trp lle Asp Asp Asp Trp Cys Lau GIn Lys Arg lle Val Gly 225 230 235
Gln By Aphd Phé#isSval'Glu Gy 21g Fis PMICGIyIGIA AR ketySér6In Thr
245750 255 Phe Thr Alaite Met Val Lys Trp AsifTle Glu Lys Lys Lau Phe

1le 7da REORGS 2E040u:Ser Lou-AspAsnAla Ser Ala Ash Glu- \ialAla Val
#is Asp lle 615 620

Val Rla 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> Primer

_ 400> 21
coghttaceg ttttgtatat ceog 24

«210> 22

<Z21l> 22

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 22
cgttoogttt tegtttttta co 2Z



Z75 2B0 285 lle Glu Asp Len Gin Asp Thr Asp Ser Asn Leu Val Cys Asp
Gly Ala 290 295 300 Phe Phe His Val Arg Cys Ala Cys His lle Leu Asn
Leu Val Ala Lys 305 310 315 320 Asp Gly Lou Ala Val lle Ala Gly Thr lle
YaElriyys Hediys Ala lle 325 330 335 Val Leu Ala Val Lys Sersar¥enmdsaaei21
GIn Trp Glu Glu Lou Met Lys 340 345 350 Cys Ala Ser Gin Cys Asp Leu
Asp Lys Ser Lys Gly lle Ser Tyr Asp 355 360 365 Val Ser Thr Arg Trp
Asn Set Thr Tyr Lou Met Leu Arg A%B’I a Lau 370 375 380 Tyr Tyr Lys
<210:PreAla Leu lle Arg Leu Lys Thr Ser Asp Pro Arg Arg 385 390. 395 400
<211yrAsp Ala lle Cys Pro Lys Ala Glu Glu Trp Lys Met Ala Lou Thr 405 410
<21291%%eu Phe Lys Cys Leu Lys Lys Phe Phe Asp Lou Thr Glu Lou Lou Ser
<213928%25 W36 Gly Thr GIn Tyr SerThr Ala Asn Leu Phe Tyr Lys Gly Phe
<220:Cys Glu 435 440 445 lle Lys Asp Lou lle Asp GIn Trp Cys Val His Gin
<223} yeRheNal lle 450 455 460 Arg Arg Met Ala Val Ala Met Ser Glu Lys

<400>Ph§ Glu Lys Tyr Trp Lys 465 470 475 480 Val Ser Asn lle Ala LauAla Val

cggtélgtg:y%ggﬁ%@sp Pro Arg Tyr 485 490 495 Lys Lyslle Leulle Glu
Phe Tyr Met Lys Lys Phe His Gly Asp Ser 500 " 505 510 Tyr Lys Val His

Val Asp Asp Phe Val Arg Val lie Arg Lys Lou Tyr 515 520 525 GIn Phe

zéﬁjyl;@er Ser Cys Ser Pro Ser Ala Pro Lys Thr Lys Thr Thr WO

<2122006A124001 PCT/SG2006/000121 17/48 530 535 540
«<213> Artificial

<220>
<223> Primer

<400> 24
cgattacegt atttatceceg tteg 24

<210> 28

<2il> 19

<212> DNA

 <213> Artificial

<220
<223>» Primer

<400> 25
cagatatate cogtttteg 19

<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)



Thr Asn Asp Ser Met Asp Asp Thr Lea Met Glu Asn Glu Asp Asp Gin 545
550 555 560 Phe Gin Asn Tyr Leu His Glu Leu Lys Asp Tyr Asp Gin Val
Glu Ser 565 570 575 Asn Glu Leu Asp Lys Tyr Met Ser Gin Pro Lau Lau
WO19¢638¢1Gjy 580 585 590 GIn Phe Asp lle Leu Ser Trp TRpRI§ 281000121
Arg Val Ala Glu Tyr Pro 595 600 605 lle Leu Thr Gin lle Ala Arg Asp Val
Leu Ala lle GIn Val Ser Thr 610 615,620 Val Ala Ser Glu Ser Ala Phe Ser
Ala Gly Gly Arg Val Val Asp Pro 625 630 635 640 Tyr Arg Asn Arg Lou
<2236lynSes;Gha [y allsMackeu lle Cys Thr 645 650 655 Lys Asp Trp Val
Ala Ala Ser Arg Lys Giy Ala Thr Tyr Phe Pro Thr 660 665 670 Met lle Gly
watohsf Lau Glu Val Leu Asp Ser Val lle Ala Ala Ala Thr 675 680 685 Asn
gbghagnail canagsa. 16
His Glu Asn His Met Asp Glu Asp Glu Asp Ala lle Glu Phe Ser 690 695
700 Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser Pro 705 710 715
<21022f%> 21 <211> 24 <212> DNA <213> Artificial <220> <223> Primer

<211>

<212§4®§i 21 ccgtttaccg ttttgtatat cccg 24. <210> 22 <211> 22 <212>DNA
<2132 b3e:Atidicial <220>

<220>
<223> Primer

<220>

<221> misc_featurs

<222>  {1)..(16)

<223> n may be any nucleotide

<400> 28 .
- weagntgwtn gtnctyg 16

<2i0> 29

<2il> 16

<212> DNA

<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



<223> Primer <400> 22 cgttccgttt tcgtttttta cc 22 WO 2006/124001
PCT/SG2006/000121 18/48 <210> 23 <211> 20 <212> DNA <213>
Artificial <220> <223> Primer <400> 23 cggtcggtac gggattttcc 20 <210>
W4 W99/13404 <212> DNA <213> Artificial <220> <223> Priff8rS&2p0/500121
24 cgattaccgt atttatcccg ttcg 24 <210> 25 <211> 19 <212> DNA <213>
Artificial <220> <223> Primer <40%§ ccggtatatc ccgttttcg 19 <210>

26 <211> 21 <212> DNA <213> Atrtificial <220> <223> Primer

<Zi0» 31

<21i> 4

<212> FPRT
<213> Zea mays

<400> 31

Met Ala Ile Val
1

<210>» 32

<211> 25

<2L2> DNA

<213> Artificial

<220> .
<223> Zea mays Ds flanked by zebrafish DNA

<400> 32
catgitgaac tgactaggga tgaaa 25

<210> 33

<211> 25

<212> DNA

<213> Artificial

<220>
<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



<400> 26 gaaattgaaa acggtagagg t 21 <210>. 27 <211> 16 <212> DNA
<213> Artificial <220> <223> Primer <220> <221> misc_feature <222>
(2)..(16) WO 2006/124001 PCT/SG2006/000121 19/48 <223> n may be
Ve adrsstide <400> 27 wgtgnagnan canaga 16 <210> 28 r21/4&206/600121
<212> DNA <213> Artificial <220> <223> Primer <220> <221> misc

feature <222> (1)..(16) <223>n ma,/ylf
wcagntgwtn gtncta 16 <210> 29 <21

<211$228>2<223> Primer <220>

<21l2>
<213>

DNA
<220>
<223>

<400> 36 .
atgggteccte

caaccacaac
ccacagaaga
~attgaagtgg
aattgcaagy
ttgagaacat
ggcazadaca
cttecatttgg
gttgagtttyg
aaatatatca
gttecagtetc
atgtgtgtca
tttttteaty
afggttaagt
aatgaagtag
ﬁgtgatggtg
qatggéttgg
aaatcttcte
aaatctaaag
agggatgect
tacgatgcaa
ttyaagaagt
trhattttaca
aaatttgtea
gtgtctaata

attgagttet

Artificial

cagagaagaa
cacaaccaga
gggcaadgaa
aggtcgatgyg
ctaagtatayg
cacatagttt
taaatctcat
caataatcat
ttaagtctet
tggatttgta
gettcagtac
ceatccattg
ttgaagggeg
ggaacattga
ctgtgeacga
ctttectttca
ctgtaattge
ctttgcagtg
ggatctcata
tatattataa
tttgtectaa
tttttgatet
aaggttfctg
ttaggagaat
ttgcactage

atatgaaaaa

NLS{KSE} -TPasgel(3-807 CDS

gcgtaaggta
accacaacca
gtgcagatcey
aaagaaatac
ggctgagggt
agttaaaggt
tgagecettat
gcatgaatac
gcgoeacteac
tttggaagaa
aactatggat
gattgaigat
ccacactgge
gaaaaaattg
Tataattgay
tgtgaggtgt
aggaacaatt
ggaagaacta
tgatgtotea
gectgeacta
agocgaggag
cactgaactc
tgagataaag
ggcegttgea
tgtagcatge

attitcatggt

4

gaaatggeta
cagecacaac
gatgtatgge

gtteaggtat

-catcatggaa

cagttgtote
aagtacgatg
cctittcaata
ttteccaataa
éaagaaaagt
atgtggacat
gattggtgtc
caaaggttat
tttgeeottgt
gatttgeagg
gottgtoaca
gagaaaatca
atgaagtgtyg
actégatgga
ata;ggctta
tggaagatgy
ctatctggta
gatttgattg
atgagtgaaa
ttecttgace

gattcataca

ttgtteatga
ctgaacecga
ageatttcac
gggggeatty
caageggatt
taaaaagiga
aagtgyttag
ttgtagaaca
agtccocgtgt
tgtatggaaa
ctigtcaaaa
tecaaaasag
cacaaacctt
ctttggataa
acactgatte
tactgaactt
aagcgattgt
ctagtgsatg
attecaaccta
aaacaagtga
cattaactct
cteaatattc
accaatggtg
agtttgagaa
ctaggtacaa

aagttcatgt

g any nucleotide <400> 28

accacaagses
agaagaagosa
caaéaaggaa
caactttect
tegaaatecac
aaaggatecat
cctazagaag
tgagtacttt
cactgecltaga
actasaagat

taagtcatac

aattgtigge

cactgcaatce
tgctagtges
aaatctagtt
ggttgcaaaqg
tottgotgta
tgacttggat
tttgatgttyg
tectegeagg
ttttaagtgt
cactgcaaat
tgttecatgaa

atattggaaa

gasaatatty

agatgactit

>"16 <212> DNA <213> Artificial

60

120

180

240

300

360

420

480

540

600

660

T20

780

840

800

860

1020

1680

114¢

1206

1260

1320

1380

1440

1500

1569



<221> misc feature <222> (1)(16) <223> n may be any nucleotide <400>
29 sttgntastn ctntgc 1.6 <210> 30 <211> 16 <212> DNA <213> Artificial
<220> <223> Primer <220> <221> misc_feature <222> (1). (16) <223>
WraeBe 4y nucleotide <400> 30 ncasgawagn cswcaa 16RFTSG2006/060121
2006/124001 PCT/SG20061000121 20/48 <210> 31 <211> 4 <212>
PRT <213> Zea mays <400> 31 l\éﬁ%%la lle Val 1<210>32 <211>25

<212> DNA <213> Artificial <220>"<

3> Zea mays Ds flanked by

grrad@pafish DAA 400332 caldtigaac tdactagoga tgaaa 256210233 1620

acaaagacaa
tttecaaaact
aaatatatgt
aggggaaggg
caagtgtcaa
taccgeaate
grageateta
gactctgtta
'atagaatttt
<210>
<211>

<212>
213>

37
ONA

<220>
<223>

<220>
<221>
222>
<223>

<400> 37
" attaggetig

atacacatac
vtecagaatas
taaggtagaa
acaéccacag
cacatcggat
gaaatacgtt
tgagggteat
‘taaaggicag
gecttataag
tgaataccct

coctecacttt

2687

ctactaatga
atttgecatga
ctgaaccect
ttgcagaata
ctgtigette
gtcttggttc
gaaaagygtgc
ttgctgeotge

ctaagaataa

Artificial

misc feature
{20)
n is a,

L. iz20)

~
wr

Iy

tacatatgtn
gatttaggtg
acgctecaact
atggctattg
ccacaacetyg
gtatggeage
caggtatugy
catggaacaa
tigtgtctaa
tacgatgaag
ttcaatattg

cecaataaagt

tagtatggat
gttgaaggat
tttgaageat
tectattete
tgagtctgeg
ggagattggt
tacatatttt
aacaaatcét

tgaagatgta

or T

gttagaacgo
acactataga
ttggcagateo
ttcatgaace
azccogaaga
atttcaccaa
ggcattgecaa
gcggatttég
aaagtgaaaa
tggttagect
tagascatga

cocgtygteac

gataccttga
tatgatcaag
agtggteagt
acccaaattg
ttcagtgétg
gaagctttga
ccaacaatga
gagaatcata

gcaagtgget

Modified Ac Transposase Construct

ggctacaatt
atacaagett
cgecaccaty
acaaccacaa
agaagcacca
gaaggaaatt
ctttectaat
azatcactty
ggatcatyggo
saagaagett
gtactttgtt

tgcfagaaaa

tygaaaatga
tagagtcaaa
ttgatatttt
caagggatgt
gtggtegtgt
tatgcacaaa
tlggtgatet
tggatgagga

cotckcoca

aatatataac
gettgttett
ggtcctecag
ccacaaccac
cagaagaégg
gaagtyygagy
tgcaaggcta
agsacatcac
aaagacataa
cattitggcaa
gagtttgtta

tatatcatgg

agatgatgaa
tgaattggat
atcatggégg
gectagezata
tgttgatect
agattgggta
cgaggtgeta

tgaagacgcsa

cttatgtate
tttgcagaag
agaagaageg
aaccagaace
casagaagtg
tegatggaas
agtataggge
atagtttagt
at;tcattga
taatcatgéa
agtctoetgeyg

atttgtattt

1680
1740
1800
1860
1820
15880
2040
2100

2148

60
120
180
240

1300
360

420



<211> 25 <212> DNA <213> Artificial <220> <223> Zea mays Ds

flanked by zebrafish DNA <400> 33 tttcatccct ggaactgacc gtcat 25 <210>
34 <211> 25 <212> DNA <213> Atrtificial <220> <223> Zea mays Ds
Warkee Byovebrafish DNA <400> 34 tatatgcttt tctttaggga tgaRa PSGaRE0s0121
35 <211> 25 <212> DNA <213> Artificial <220> <223> Zea mays Ds
flanked by zebrafish DNA <400> 38’-}2’{?5&00& gcttttette tgctg 25 <210> 36

WO 2006/124001 PCT/SG2006/00

21/48 <211> 2148 <212> DNA

ggaagekdz AHificial 5220352232 NLSKBE)TPasal03:807.CDS <400> 36,
atgggtcctc cagagaagaa gcgtaaggta gaaatggcta ttgttcatga accacaacca 60
FatogAHtchCAgRCACAACE Y BtcHcaace AT cal Schebait-atyaatceget ggat

tgat %ga@%@ccgggg‘gﬁ%%%

agcatttcac caagaaggaa 18

cactggccaa
zaaattgttt
aattgaggat
.gagétgtqct
aacaattgag
agaactaatg
tgtctcaact
tgcactaata
cgaggagtgyg
tgaactoota
gataaaggat
cgttgeaatyg
ageoatgotte
tecatggtgat
teaattotat
tatggatgat
. gaaggattat
gaagcatagt
tattcteace
gtctgcgttc
gattgitgasa
atatttteea
aaatcatgag
agatgtagcé
attgghtgta
tgtgttttaa

ageclaagygay

aggttatcac
geettgtett
ttgcaggaca
tgtcacatac
asaatcaaag
aagtgtgcta
agatggaatt
aggcttaaaa
aagatggecat
totggtacte
tigattgacc
agtgaazagt
cttgacecta
tcatacaaag
Ltectagttgta
accttggtgg
gatcmagtag
ggtecagtttyg
caaattgcaé
agtgctggtyg
gctttgatat
acaatgattyg
aatcatatgg
agtggctcet
atagtttatg
actttatatt

gooctogggat

zzaccttcac
tggataatge
ctgaticaaa
tgaacttggt
cgattgttot
gtgaatgtga
caacctattt
caagtgatca
taactctttt
aatattcoag
aatggtgtgt
ttgagaaata
ggtacaagaz
ttecatgtaga
gtcectteage
azaatgaaga

agtcaaatga

atattttatce

gugatgtget
gtegtgttgt
gcacazaaga
gtgatctega
atgaggatga
ctecatgage
catgctaagt
gtgtcatgtg

ctggttacca

tgeaateatg
tagtgesaat
tetagtttgt
tgeaaaggalb
tgctgtaaas
cttggataaa
gatgﬁtgagg
toegeaggtac
taagtgtttg
tgeaaatita
tcétgaaaaa
ttggaaagtg
aatattgatt
tgactttgtt
tecazaagaca
tgatgaattt
attggataaa
atggtggagy

agcaatacaa

Tgatcottac

ttgggtageca
ggtgctagac
agacécaata
aatgtgtett
getecavatg
tgetagtaga

ctaaaccage

gttaagtyga
gaagtagctg
gatyggtgett

ggcttggetyg

tettcteott.

tetaaaggga

gatgccttat

gatgcaattt

aagaagtttt
ttttacaaag
tttgtcatta
tctaatattyg
gagttctata
agggtcatta
aagacaacta
Ccaaaactatt
tatatgtctg
ggaagggttyg
gtgtcaactg
cgeaategte
gcatctagaa
toetgttatityg
gaattttctas
atgtttgttg
tgagcaagtyg
cttatatgge

ctcaagaaca

9g9caaagaa glacacateg galgiatggc,

acattgagaa
tgcacgatat
tetticatgt
taattgcagg
tgcagtggga
tctcatatga
attataagec
gtectaaage
thgatcteac
gtttctgtga
ggagaztgge
cactagcorgt
tgaaasaatt
gaaaattgté
ctaatgatag
tgeatgagtt

aaccoctttt

cagaatatce

“ttgcttctga

ttggttegga
aaggtgctac
ctgctgcaac

agaataatga

‘acagatgagoe

attatgaata
ttottatgtt

cocgaatgga

840

9500

960
1020
1080
1140
1200
1260
1220
1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460

2520



attgaagtgg aggtcgatgg aaagaaatac gttcaggtat gggggcattg caactttcct 240
aattgccagg ctaagtatag ggctgagggt.catcatggaa caagcggatt tcgaaatcac 300
ttgagaacat cacatagttt agttaaaggt cagttgtgtc taaaaagtga aaaggatcat 360

V9 2aUAGAH taaatctcat tgagccttat aagtacgatg aagtggttag cctBEAGERGI4BIN121
cttcatttgg caataatcat gcatgaatac cctttcaata ttgtagaaca tgagtacttt 480
gttgagtttg ttaagtctct gcgecctcac tttccagfaa agtceegtgt cactgctaga 540 |
aaatatatca tggatttgta tttggaagaa aaagaaaagt tgtatggaaa actaaaagat 600

gtergticagicte gottcagtac aactaiggat aigiggacat citgiearaadaagicaieso0 250
t tgttgtca ccatccattg gattgatgat %att% tgtc tccaaaaaag aattgttggc 720

a
Attt atg G ARG GEg TRRRERTTGC THRAGGRER dachaaRRitcaRtgeaate 7802640
aaan@iggHaagiggassailga graaasatigtitgectiol cifogataa tgctagtgca 840 5444
aatgaagtag ctgtgcacga tataattgag gatttgcagg acactgattc aaatctagtt 900
<1 Oggtg%tggtg ctttctttca tgtgaggtgt gcttgtcaca tactgaactt ggttgcaaag 960
<p119atggcttgg ctgtaattgc aggaacaatt gagaaaatca aagcgattgt tcttgctgta 1020
<21zaaatstictc ctttgcagtg ggaagaacta atgaagtgtg ctagtgaatg tgacttggat 1080
<213aadctadagigdatctcata tgatgtctca actagatgga attcaaccta tttgatgttg 1140
<nzp@d9gatgcect tatattataa gectgcacta ataaggctta aaacaagtga tcctcgcagg 1200
<2z23tacgatgeaa tttgtcctaa agccgaggag tggaagatgg cattaactct ttttaagtgt 1260
ttgaagaagt tttttgatct cactgaactc ctatctggta ctcaatattc cactgcaaat 1320
<i°0ﬁatt?t'§aca aaggttictg tgagataaag gatttgattg accaatgglg tgttcatgaa 1380
S Aty Ea AG G Ay st §gecHitdca %ﬁ%%ﬁ@%%aa?ﬁfﬁ@%?@ﬁa atattggaaa 1440°°
gtgtctaata ttgcactagc tgtagcatgc ttccttgacc ctaggtacaa gaaaatattg 1500
<210attgHytict atatgaaaaa atttcatggt gattcataca aagttcatgt agatgacttt 1560 WO
2;%520(@&24001 PCT/SG2006/000121 22/48 gttagggtca ttagaaaatt
<z13gtatcaatie faftctagtt gtagtecttc agctccaaag 1620 acaaagacaa ctactaatga
' tagtatggat gataccttga tggaaaatga agatgatgaa 1680 tttcaaaact atttgcatga
<220?ttgpaaggat tatgatcaag tagagtcaaa tgaattggat 1740 aaatatatgt ctgaacccct
“223%1gARbEET agtggtcagt ttgatatttt atcatggtgg 1800 aggggaaggg ttgcagaata
<4 ootcctadtctc acccaaattg caagggatgt gctagcaata 1860 caagtgtcaa ctgttgcttc
ggttifagictgey-teagigetg giggtegtgt tgtigatectt 920 d@eegeaatc gtettggttc 50
ggagattgtt gaagctttga tatgcacaaa agattgggta 1980 gcagcatcta
<210928aaggtgc tacatatttt ccaacaatga ttggtgatct cgaggtgcta 2040 gactctgtta
<211#gctgctgce aacaaatcat gagaatcata tggatgagga tgaagacgca 2100 atagaatttt

<212 :
<2_1Sgttagg?ia%(‘j;tglit_&glaagatgta gcaagtggct cctctcca 2148

<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



<210> 37 <211> 2687 <212> DNA <213> Artificial <220> <223>

Modified Ac Transposase Construct <220> <221> misc feature <222>

(20)_.(20) <223>nis a, c, g, or t <400> 37 attaggcttg tacatatgtn

WYftagrtgeodgctacaatt aatacataac cttatgtatc 60 atacacatac (PANEGIY6/000121

acactataga atacaagdtt gcttgttctt tttgcagaag 120 ctcagaataa acgctcaact

ttggcagatc cgccaccatg ggtcctccag agaagaageg 180 taaggtagaa atggctattg

ttcatgaacc acaaccacaa ccacaacctc aaccagaacc 240 acaaccacag
<22Cgcacaacctg aacccgaaga agaagcacca cagaaga.ggg caaagaagtg 300
<223tacattifyat gtatggcagce atttcaccaa gaaggaaatt gaagtggagg tcgatggaaa 360
<spogagatacgtt caggtatggg ggcattgcaa ctttcctaat tgcaaggcta agtatagggce 420
agaadgagggteal salggancaggeggalticgaagicastig-agaacatcac atagtitagt 480 4,

taaaggtcag ttgtgtctaa aaagtgaaaa ggatcatggc aaagacataa atctcattga 540
<21 p9CcHiataag tacgatgaag tggttagect aaagaagctt cattiggcaa taatcatgca 600
<211igagdaccct ttcaatattg tagaacatga gtactttgtt gagtttgtta agtctctgcg 660
<212eccgacttt ccaataaagt accgtgtcac tgctagaaaa tatatcatgg atttgtattt 720 WO
<2139066F4003-PCT/SG2006/000121 23/48 ggaagaaaaa gaaaagttgt
<«22g@lggaaaact aaaagatgtt cagtctcgct tcagtacaac 780 tatggatatg tggacatctt
<223gtcagaaiaa gtcatacatg tgggtcacca tccattggat 840 tgatgatgat tggtgtctcc

aaaaaagaat tgttggcttt tttcatgttg aagggcgcca 900 cactggccaa aggttatcac
<4S°%1taéécttcgg tgcaatcatg gttaagtgga acattgagaa 960 aaaattgttt gectigtett
It goataatgc 1agtgcaaat gaaytagcty Weacgatat 1020 aattgaggat tigcaggada

ctgattcaaa tctagtttgt gatggtgctt tctttcatgt 1080 gaggtgtgct tgtcacatac
<210ygagikttggt tgcaaaggat ggcttggcetg taattgcagg 1140 aaaaattaag
j;i;“;aa%éﬁcaaag cgattgttct tgctgtaaaa tcttctcctt tgcagtggga 1200 agaactaatg
<213Aa0tgtgeta gigaatgtga cttggataaa tctaaaggga tctcatatga 1260 tgtctcaact
220 agatggaatt caacctattt gatgttgagg gatgccttat attataagcc 1320

>
<223> NLS(K5E)-TPasel(3~807
<400> 44

Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu Met Ala Ile Val His
1 5- 10 15

Glu Pro Gin Pro Gln Pro Gin Pro Gin Pro Glu Pro Gln Pro Gln Pro
20 25 30

Gin Pro Glu Pro Gilu Glu Glu.Ala Pro Gin Lys rg Ala Lys Lys Cys
35 40° : 45

Thr Ser Asp Val Trp Gln His Phe Thr Lys Lys Glu Ile Glu Val Glu
56 55 &0

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



tgcactaata aggcttaaaa caagtgatcc tcgcaggtac gatgcaattt gtcctaaagc 1380
cgaggagtgg aagatggcat taactctttt taagtgtttg aagaagtttt ttgatctcac 1440
tgaactccta tctggtactc aatattccac tgcaaattta ttttacaaag gtttctgtga 1500
Waraadat tigattgace aatggtgtgt tcatgaaaaa tttgtcatta ggagaREg§&1B6000121
cgttgcaatg agtgaaaagt ttgagaaata ttggaaagtg tctaatattg cactagctgt 1620
agcatgcttc cttgacccta ggtacaagaa aajgifgatt gagttctata tgaaaaaatt 1680
tcatggtgat tcatacaaag ttcatgtaga tgactttgtt agggtcatta gaaaattgta 1740
tcaattctat tctagtigjta gtccttcagc tccaaagaca aagacaacta ccaatgatag 1800

tatggatgat accttgatgg aaaatgaaga tgatgaattt caaaactatt tgcatgagtt 1860
val gggg%%%tﬁgéa%&’ﬁaﬁég%ﬁt a?ﬁa%@é g‘ﬁ@g“ﬁfﬁa%ﬂ’a@tbt?@a%&&éﬁtt 1920

gaagcatagt ggtcagtttg atattttatc atggtggagg ggaagggttg cagaatatcc 1980

Lys tatcttaceaabttytaa Gggatgtyfragehatesad gigitaasty tigettctga 2040
gtctgtytic agtgctggtg gtegtgftit tgatccttac cgeaatéfc ttggttcgga 2100

wet G3QHOAR.grttgaal geacaanaga tgggtagea.gealriagan aagalgetac 2160
atattttcta acaatgattg gtgedotcga ggtgctagac tetgttattg ctgctgcaac 2220

Tl %%gt%atga aatcatatgg atgaggatga agacgcaata gaattticta agaataatga 2280

40 Agatgtay %ﬁtﬁb@tﬁtﬁﬁcyfﬁaﬁ?aﬁ?@t H¥§tttgtigacatiatgAtic 2340
cttggttgta atagtttatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400

Phe @jtgttitaa Ectttalattgtgtaigtadgoiagtagaccitatatgge dtcttatgit 2 460
agccaagggg géccecgggat ctggttacca®®aaaccage ctcaagaaddcccgaatgga

pre 2020:40:2000/124001 RCT/SG2006/000121 24/48 gistgtaags,

tacataatagscaacttacac tttacaaaatsgttgtccccc aagatgtage2580 cattcgtatc

tgctcctaat aaaaagaaag tttcttcaca ttctaaaaaa aaaaaaaaaa 2640

- H°" A3RaHhadH adBabdadtt dadeéetebttiediged %t&bﬁ@%@?e<21o> 38

<211580 <212> DNA <2132 Artificial <220> <2%3> Primer <400> 38

Ile ctoadetitg.geagaticege tRccaiggoi-atgiicalg aaccagaace 50 ,<210> 39

<591> 50 235 300

Phe Phe His Val Rrg Cys Bla Cys His Ile Leu Asn Leu Val Ala Lys
305 310 315 320

Asp Gly Leu Ala Val Ile Ala Gly Thr Ile Glu Lys Ile Lys Alza Ile
325 330 ‘ 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 Sér 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



<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 Primer <400> 40
Vigafpgatdelagetcagaat aaacgetcaa ¢ 31 .<210> 41 <211> FTRSLIA66/000121
DNA <213> Atrtificial <220> <223> PCR Primer <400> 41 agagaccggt
cctggagagg agccacttgc to 32 <210 z%%<211> 42 <212> DNA <213>
Artificial WO 2006/124001 PCTISG%% /000121 25/48 <220> <223>
Primer <400x:42 agaagaagcg taaggiagaa atggtgagca agggcgagga gc 42
<210> 43 <211> 42 <212> DNA

Lys Lys Ile Leu Ile Glu Phe Tyr Met Lys Lys Phe His Gly Asp Ser
5060 505 510

Tyr Lys Val His Val Asp Asp Phe Val Arg Val Ile Arg Lys Leu Tyr
515 526G 525

Gln Phe Tyr Ser Ser Cys Ser Pro Ser Ala Proc Lys Thr Lys Thr Thr
530 535 540

Thr Asn Asp Ser Met ARsp Asp Thr Leu Met Glu Asn &lu Asp Asp Glu
545 550 555 560

Phe Gln Asn Tyr Leu His Glu Leu Lys Asp Tyr Asp Gin Val Slu Ser
565 570 - 575

Rsn Glu Leu Asp Lys Tyr Met Ser Glu Pro Leu Leu Lys His Ser Gly
580 585 580

Gl Phe Asp Ile Leu Ser Trp Trp Arg Gly Arg Val Ala Glu Tyr Pro
595 600 603

Ile Leu Thr Gln Ile Ala Arg Asp Val Leu Ala Ile €ln Val Ser Thr
610 615 620

Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly Arg Val Val Asp Pro
625 €30 £35 640

Tyr Arg Asn Arg Leu Gly Ser Glu Ile Val Glu Ala Leu Ile Cys Thr
645 650 655

Lys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala Thr Tyr Phe Pro Thr
660 665 ‘ 670 ‘

Met Ile Gly Bsp Leu Glu Val Leu Asp Ser Val Ile Ala Ala Ala Thr
675 680 685

Asn His Glu Asn His Met Asp Glu Asp Glu &sp Ala Tle Giu Phe Ser
690 695 700

Lys Asnlﬁsn Glu Asp Val Ala Ser Gly Ser Ser Pro
705 730 Ti8

<Z2i0> &5

<21%l>» 292
<212> DNA
<213> YZea mays

<400> 485

cagggatgaa agtaggatgg gaaaatcerg taccgaccegt tatagtataa ceogatitigt &0
tagttftate ccgatcgatt tcgaaceega ggtaaaaaac gasaacggaa cggaaacggy 120
atatacaaaa cggtazacgg aaacggaaac ggtagageta gtticcogac cgtttoaceg 180

ggateccgtt tttaateggg atgatcecogt tteghttacey tatttictaa ttogggatga 240

ctgcaacaga toccctegage gettaagitt aaacgegtta acaatitggeoe at 292



<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
WRFEHHY8ILys Arg Lys Val Glu Met Ala lle Val His 1 5 10 I8 TG#@2Ri@o00121
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 Giggﬂ/gs Arg Ala Lys Lys Cys 35 40 45
Thr Ser Asp Val Trp,G1n His Phe Thr Lys Lys Glu lle Glu Val Glu 50 55
60 Val Asp Gly Lys Lys Tyr Val Gin Val Trp Gly His Cys Asn Phe Pro 65
70 75 80 Asn Cys Lys Ala Lys Tyr Arg Ala Gin Gly His His Gly Thr Ser

0 95 Phe Arg Asn His Leu Avg Thr Ser His Ser Leu Val Lys Gly
<2126ingdg@au 100 105 110 Cys Lau Lys Ser Gin Lys Asp His Gly Lys Asp lle
<213Asmbtalrlleiglu 115 120 125 Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu

<210
<211§Iy1

<220

Lys Lys Lau His Leu Ala 130 135 140 lle lle Met His Glu Tyr Pro Phe Asn

<223‘Iiegé@g§_ly3H§a lu Tyr Phe 145 .150 155 160 Val Gin Phe Val Lys Ser
Lau Avg Pro His

<400PCF¥ASG2006/0001.21 26/48
aatagtaate aattacggge tcattagttc atagcccata

aacttacggt
taatgacgta
agtatttacg
accctatiga
tatgggactt
“tgcggttttg
gtotecaccee
caanaatgbeg
aggtetatat
agatctegag
gccaccatygyg
ctygacggeg
acctacggca
.cccaccctcg
atgaagcagce
atcttcettaa
accetggtyga
gggeacaage
aagaacggca
ctecgeegaceo
aaccactacg
atggtocotge

aagtaaagog

aaatggoceg
tgttceccata
gtaaactgeoc
cgtcagtgac
tectacttgy
gcagtacatc
cattgacgto
taacaactco
aagcagagat
ctecaagette
tgagcaaggyg
acgtaaacygg
agetgacoct
tgacoaccct
acgacttott
aggacgacgy
accgecatega
tggagtacaa
tcaaggtgaa
actaccagea
tgagecacecea
tggagttegt

googe

cetggotgac
gtaacgcecasa
cacttggcag
ggtaaatgge
cagtacatcet
aatgggegty
aatgagaght
gocccatitga
ggttﬁagtga
gaattctgoa
cgaggagety
ccacaagttac
gaagttcate
gacctaéggc
caagicegec
caactacaaqg
getgaaggge
ctacaacagc
ctteaagate
gracacccaoc
gt.eegecctyg

gaccgoogee

cgaccaacga
tagggacttt
tacatcaagt
cegectggea
acgtattagt
gatagcggtt
tgttttggca
cgcazatggg
acegtcagat
gtcgacggta
ttcaccggag
agcgtgteeg
tgcaccaccy
gtgcagtgel
atgeeagaag
acgogegeoyg
atcgacttea
cacaacgtct
cgccacaaca
atcggogaayg
agcaaagacc

gggatcactc

tatggagttc
coccocogecca
ceattgacgt
gtatcatatg
ttatgeccag
categetatt
tgactcacgy
ccaaaatcaa
cggtaggegt
cegetagege
cogogggocs
tggtgececat
gegagggega
gecaagotgoe
tcaéccgcta
gctacgtoca
aggtgaagtt
aggaggacdg
atatcatggc
togaggacygy
goccogtgot
ccaacgagaa

toggeatgga

he Pro lle Lys Ser Arg WO 2006/124001

cgogttacat
ttgacgteaa
caatgggtyg
ccaagtacge
tacatgacct
accatggtga
ggatttceaa
cgggactttco
étacggtggg
tagoggactc
goggatceate
cotggtogag
gygegatgeo
cgtgeectgg
ccoogaccas
ggagogeace
cgaggygcgac
caacatecctg
cgacaagcoag
cagcocgtgeag
gotgoocgac
gegegatcac

cgagectgtac

60
120
180
240

300

480
540
600
660
720
780
g4¢
3040
860
1620
1080
1140
1200
1260
1320
1380

1385



165170 175 Val Thr Ala Arg Lys Tyr lle Met Asp Leu Tyr Leu Glu Glu Lys
Glu 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
WOPRREBYY val Thr 210 215 220 lle His Trplle Asp Asp Asp GFFE3pacrtp21
Gin Lys Arg lle Val Gly 225 230 235 240 ?he Phe His Val Gin G1ly Ara
His Thr Gly Gin Arg Leu Ser Gin Theg4b 250 255 Phe Thr Ala lle Met Val
Lys Trp Asn lle Glu Lys Lys Leu Phe Ala 260 265 270 Leu Ser Leu Asp
<210Asr Ala Ser Ala Asn Glu Val Ala Val His Asp lle 275 280 285 lle Glu Asp
S22 Ted Gif Asp Thr Asp Ser Asn Leu Val Cys Asp Gly Ala 290 295 300 Phe

<2123
<z13Phe

is:Val Arg Cys Ala Cys His lle Lea Asn Leu Val Ala Lys 305 310

315 320 Asp Gly Len Ala Val lle Ala Gly Thr lle Glu Lys lle Lys Ala lle 325
<220330 335 Val Lau Ala Val Lys Ser Ser Pro Lau Gin Trp Gin Gin Leu Net
<2237y PBRG34B 355 E yEFRBSRr Glu Cys Asp Leu Asp Lys Ser Lys Gly lle
<so00SenrTyr Asp 355 360 365 Val Ser ThrArg Trp Asn Ser Thr Tyr Lou Met
gatatorra gAispidarkend§d0:-3250380cTongtye Ly ProcMa Lakdle-begeleu oo

Lé/s ThrtSeI Asp Pro Arg Ara 385 390 395 400 -Tyr Asp Ala lle Cys Pro
i G T B s NA AL LRI FA08°4 7655418 T PREYYs Cy0
‘atceterdyshysaRPhe PheAspdoy Th@deey ker:565:420,425.430. Gly Thy,

Gin Tyr Ser Thr Ala Asn Lau Phe Tyr Lys Gly Phe Cys Glu 435 440 445
ceeagtatea gcagaaggac attittaggac

FEY Vs Rla

tctttecaga gagcggaaca ggegaggaaa

gatctecegty
. tagttoogte
acttggtgag
tgggacggaa
goectgaact
ggaagacget
ggcaagaacae
toggctoggyg
‘tttgtegtet

ttitgggageg

9ggtggggee

tegggectag
taégtgaggc
ctocggttot
cettttgaaa
tocgetaaat
éatcggcata
'agcctttgtc

teeceatete

. tcactggtgt

geactgetge

gggcggtgaa
gocageooggga
tagegggety
gegtgtygay
gggggttggg
tgtgaggegy
caaggtctig
caccatotgy
gttgcggugy
cgcgccctcg
aogtgoeggt
ggtaggctcﬁ
gtcagtitet
gaactatgcg
tgtaateoatt
tetggeocgtt
gtatategge
tcaagaagaa
tgaagactac
caatgtatat

tgctgeggea

cgeogatgat
tttgggtege
ctgggctgge
Agaccgacas
gggagcgcag
gctgtgaggt
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
CaggagCayy
ttatgtacct
gegagtgtygt
tgtaatttic
ttgttagace
aegacaaggt
ttgasagage
gogcagetct
gyggaccttg

tgacttgtat

tgactectagg
tcteggcgat
cgecgeogagt
tgtggatege

gtggeegeey

‘ctgggtccge

getgtteceg
aggtyggggay
aagetcttat
tecactgactyg
ttgggcagtg
ttotgttgge
tecgtegeag
acctcotggty
atcticttaa
tittgtgaagt
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



lle Lys Asp Leu lle Asp GIn Trp Cys Val His Gin Lys Phe Val lle 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 Asn lle Ala Lau Ala Val Ala Cys Phe Lou Asp
YFRAGFPIWO 2006/124001 PCT/SG2006/000121 27/48 R8T /400a060121
Lys Lys lle Lea lle Glu Phe Tyr Met Lys Lys Phe His Gly Asp Ser 500 505

510 Tyr Lys Val His Val Asp Asp P
520 525 GIn Phe Tyr Ser Ser Cys

M@I Arg Val lle Arg Lys Leu Tyr 515
er Pro Ser Ala Pro Lys Thr Lys Thr

Thr 530 535 540 Thr Asn Asp Ser Met Asp Asp Thr Leu Met Glu Asn Glu
acagpaprAsy GirB45 550 B55E60 RlveGhvAsydyrteseHisiGhatotrdys Asp

ggatlggééﬁs

Ser.

Sin ValGin Ser

Pro %

65570 575 Asn Glu Leu As

7

cu Ted 1ys Fis €eF Gl 580 58858067

Lys Tyr Met
PheR5p e Len®®*

- tgetPeretep thipr Mgyl yrAtg MabAlaGardyr Pro 595 600 605 lle Leu Thr Ghy
lle Ala Arg Asp Val Lou Ala lle Gin Val Ser Thr 610 615 620 Val Ala Ser

<210@INger Ala Phe Ser Ala Gly Gly Arg Val Val Asp Pro 625 630 635 640

<211FyriAeg Asn Arg Lou Gly Ser Glu lle Val Gin Ala Lou lle Cys Thr 645 650

<212553N8ys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala Thr Tyr Phe Pro Thr

<213860*665°670*Met Ile G1ly Asp Leu Glu Val Lau Asp Ser Val lle Ala Ala Ala
<2203 hr 675 680 685 Asn His Glu Asn His Met Asp Glu Asp G1u Asp Ala lle
<2236incRbe Servk690-695: 72001 ys AspAsiiGludspiat AlaSesGly Ser Ser

Pro
<400> 48

ttegtggeeyg aggageagga ctygacactcg

tggttacaaa
ttotagtigt
tectetagac
ttttaattta
 taascgtgagt

tgagatcctt

 goggtggttt

ageagagoge
aagaactctyg
gecagtggey

gegcageggt
| tacaccgaac
agaazagycgy
cttececagggyg
gagegtegat
geggectttt
ggocagatel
<210>
<211l>

<Z212>
<213>

49

370
DNA
Zea

<400> 48

taaagcaata
ggtttgteca
tgtecagacea
aaaggateta
trtegtteea
tttttetgeyg
gtttgoogga
agatacraaa
tagcaccgee
afaagtcgtg
cgggetgaac
tgagatacct
acaggtatee
gaaécgcctg
ttttgtgatg
tacggttccﬁ

gagctegogg

mays -

gcatcacaaa
aactcatcaa
agtttactoa
ggtgaagatc
cfgagcgtca
cgtaatctge
tcaagagecta
tactgttett
tacatacctc

tettaceggg

‘ggggggttey

acagegtgay
ggtaageggce
gtatctttat
ctegtcaggg
ggeottttge

cogegatate

acctcgaaac ttgtttattg cagettataa

tttcacaaat
tgtatecttat

tatatacttt

otitttgata

gacceegtag
tgetigeoaaa
ceaactettt
ctagigtage
getetgetaa
ttggactcaa
tgcaéacaqc
ctatgagaaa
agggteggaa
agtectgtcg
gggeggagec

tggccttttg

gctagctcga-

aaagcatttt
catgtcotgaz
agattgattt
atcteatgac
asaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tectgttace
gacygatagtt
ccagettgga
gegecagget
caggagageg
ggttteogeca
tatggzaaaa
ctcacatget

g9

tttcactgea
tteceggyga
aazacttcat
caazatdeet
aggatottes
accgctacea
aactggette
ccaceactte
agtggetget
accggataag
gogaacgacc
tcecogaaggyg
cacgagyggag
cchetgactt
cgecagoaac

gggeecageo

&0
120
180
240
300
360
420
480
540
500
660.
-120.
780
840
SG0
960
1020

1062



705 710 715 <210> 45 <211> 292 <212> DNA <213> Zea mays <400>

45 cagggatgaa agtaggatgg gaaaatcccg taccgaccgt tatcgtataa ccgattttgt 60

tagttttatc ccgatcgatt tcgaacccga ggtaaaaaac gaaaacggaa cggaaacggg
W930% At Haaa cggtaaacgg aaacggaaac ggtagagcta gtitcc S G2006/000121

cgtttcaccg 180 ggatccegtt tttaatcggg atgatccegt tiegttacey tattttctaa

ticgggatga 240 ctgcaacaga tecctcgagggcttaagttt aaacgegtta acaattgguc

at 292 WO 2006/124001 PCT/SG2006/000121 28/48 <210> 46 <211>

gact];?,WKmecDNﬁe <21 BechArtificialoc220et<228upEGERN3thagment  &¢
400> 46 ata taatc aattac {cattagttc atagcccata tatggagttc
aaacéaéaﬁ% a@ 6 Rhcttacqor agﬁgg%cccg c% St N aégﬁéga%%%§%gcc&50

acaaztigacgicas 1 20 taatgacgiaigiicecata gigacoecan fagagasttecatigacyt 1 go
caatgggtgg 180 agtatttacg gtaaactgcc cacttggcag tacatcaagt gtatcatatg

acaa&‘é35@%‘5%%‘5%?%%é”t‘:’(%aﬁﬁé%thc%%?@%%cﬁ@?aﬁﬁf@@é%@@céf@@@éﬁf&fgccc&@0

sattiacatgacet300-datggeactt tegtaction caatacalct acgtattagt categefatt 54,
accatggtga 360 tgcggttttg gcagtacatc aatgggcgtg gatagcggtt tgactcacgg

“gcaggEific car A2t AgicteeatteiehrgERyteahhigggagie ity grr eTemAatcaa 360

wreafOggactttc 480 caaaatgtcg taacaactcc gccccattga. cgcaaatggg 370
cggtaggcgt gtacggtggg 540 aggtctatat aagcagagct ggtttagtga accgtcagat
ccgctagege taccggactec 600 agatctcgag ctcaagcttc gaattctgca gtcgacggta

<210
<211

§cg§§ggccc gggatccatc 660 gccaccatgg tgagcaaggg cgaggaactg

<21-tiCagEYUIQ9y tggtgcccat cctggtcgag 720 ctggacggceg acgtaaacgg ccacaagttc
<2l3agcgtgicegigagagggcga gggegatgee 780 acctacggcea agcetgaccct

aagttcatc tgcaccaccg gcaagctgcec cgtgecctgg 840 cccacccteg tgaccaccct

. <220
<22393CC13600C glacagtcticageegela,cogegaceac 900,
400> 50
tgeattetga cagttaccaa tgcttaatca gtgaggoace tatctecageg atctgbetat 60
ttegtteate catagttgeoe tgactceceg teghbgtagat aactacgata cgggagggets 120
taccatctgg ceccagtget geoaatgatac cgcegagacce acgotcaceg getecagatt 180
tatcagcaat aaéccagcca geccggaaggy ccgagegead aaghtggtect goaactttat 240
cegectecat ccagtotatt aattgttgec gggaagotag agtasgtagt togocagtta 300
. atagtttgeg céacgttgtt gcocattgeta caggeatcegt ggtgtcacge togtoghttg 368
gtatggecttce attcagctéc ggttoecaac gatcaaggeg agttacatga taeecoatgt 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



atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca ggagcgcacce
960 atcttcttca aggacgacgg caactacaag acccgcgcecg aggtgaagtt
cgagggcgac 1020 accctggtga accgcatcga gctgaagggc atcgacttca
“é\%ég% &Yy caacatcctg 1080 gggcacaagc tggagtacaa ctac&datfe006/000121
cacaacgtct atatcatggc cgacaagcag 1140 aagaacggca tcaaggtgaa
cttcaagatc cgccacaaca tcgaggacgg gagegtgcag 1200 ctcgeecgacc
actaccagca gaacaccccc atcggcgacg gccccgtgcet getgeccgac 1260
cyaadageActact:tigagecaceca gteegecety agcaandaes eoprRegagas gegagatcac o
1320 atggtcctgce tggagttcgt gaccgecgcec gggatcactc tcggcatgga cgagcetgtac
t“"ai%*é@gaa% E] gg%tgc g%%‘&é‘??@% I3 0887 T2 40057 BETI S FO06/RIT0 1 220°
aaccdO8: 2l05-44{1523dxdflh <)z ANA s2i3zAdificial 52202, <2233
pUBBSDI plasmid fragment <400> 47 gatatcgcta gctcgagatc gggagatctg
It U RREEC oY EGBT tGG T GCEERE cHR 60 T FEE ERE IR CAEY T i g Ciged
acggeggggag@@;@@&ggcgg@&gmtggggg%%ga@tgggg%%%9&9&%%%8 tge 1380

aggacagcgg cccgctgctc ataagactcg gecttagaac 180 cccagtatca
tagegREidagaeroattan Jae Fggacgyytytrictagggcactygtit@A@ctotitecagd 40
5o 9806902822 90cgaggaaa a lagicect tetcggegat fe j9a 300 ‘

gcggatctccgtggg%ggccg%tgaé{acg c(::cgf;:gtfj:1 at %ggégtgagé%cggé‘gtggqgégggggt%%’é’gggagcl§8?)

ategtagticegicgeagesggge thoggtego-ggitoitgt tgiggeicgedgioaiagtad?0 1560

acttggtgag tagcgggctg ctgggetgge cggggctttc gtggecgeeg ggeegetcgg 480
atta?@égﬁ%&ﬁc Cg%%igg%%gt §°§agéég%%’a%c§%“ Ygta5t GG cCTE B g git®?°
attgbéd{ogceetganct §gaQeHe99 §9drgegeq-gaaaatggey getgttccecg agtettgaat

600 ggaagacgct tgtgaggcgg gctgtgaggt cgttgaaaca aggtgggggg
<o10Satggtggge 660 ggcaagaacc caaggtettg aggecttcge taatgeggga aagctcttat
<z11icg8gtgaga 720 tgggctgggy caccatctgg ggaccctgac gtgaagtitg tecactgactg
<21lzgagaactcgg 780 tttgtcgtct gttgcggggg cggeagttat ggcggtgeeg ttgggeagty
<213gacktitab®i840 tttgggagcg cgegeccteg tegtgtegty acgtcacceg ttetgttgge
<sclifataatgca 900 gggtggggec acctgceggt aggtgtgegg taggctttte tcegtcgeag

<zz3ga0g6agggh&60 tcgggcectag ggtaggctct cctgaatcga caggcgcecgg

<qboagccstgﬂ:tggtg aggggaggga 1020

gegeggatee atacgattta ggtgacacta tag ‘ 33

<210> 52

<211> 34

<Z12> DNA

€213> Artificial

220> ‘
<223> PCR Primer

<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



taagtgaggc gtcagtttct ttggtcggtt ttatgtacct atcttcttaa gtagctgaag 1080
ctccggtttt gaactatgcg ctcggggttg gcgagtgtgt tttgtgaagt t'ttttaggca 1140
cctittgaaa tqtaatcatt tgggtcaata tgtaattttc agtgttagac tagtaaattg 1200

% c@%%égé? {ﬂtggccgtt tttggctttt ttgttagacc ggaccgtgtt gacaattalt 1968006/000121
catcggcata atatatcggc atagtataat acgacaaggt gaggaactaa accatggcca

1320 agccttigtc tcaagaagaa tccaccgtigagtigaaagagce aacggctaca
atcaacagca 1380 tccccatctc tgaagactac agcgtcgcca gcgcagctct
atggeteiagegact ggeogtateihiddirdeantggigh eantgiatakeatittacig.ggggaccttgsz 4¢
aagtg%c%ggactga%tggtgct g 1500 gcactgctgc tgctgcgtgca gctggcaacc tgacttgtat

gicgcoatc oy

S5fgaga 156 WO TH06FL2 4661 BETIS GogoRI0Br21 300

catg30448-0eagg00eat Cigagecee10600ac9dt gceaacaggt gaticicgat clgcatesty
1620 ggatcaaagc catagtgaag gacagtgatg gacagccgac ggcagttggg

catOgHIRtG RITEREI4G CRYE R ERE TARIRBIG LA GggeE S geae L P65 %z1 0> 480

vector

attt&%‘a%% %Q@ga&?cls?t'?&&%g%jﬁﬁqéﬁ%gﬂ?é g<%%g%8q<c%g§>a§a!gg !:ggcg

fragment with plasmid replication origin <400>

480

ttcgtggccg aggagcagga

ggactijaeacteq Etcaate ARty cagtivtan 69=ygtaraaadagageaata 540

aat aa?!gé:gagttt% gtctga,cctg ca

fcca

gealcacaaa ficaca gca 120 ticta ttgt ttt
.acggagc cgtga%% fgtatcttaf catgictgaa feecgggga f%catg?:&??ca é’g %fgga?lcca 600
ceggggttiacteadatatacttt agattgatitaaaactigai 24 Qg tittaniita: apaggatctay 660

ga

tcggtgaagatc.ctttttgata atctcatgac caaaatdcct 300 taacgtgagt tttcgttcca
Ctgagcgtca gacccegtag aaaagatcaa aggatcttct 360 tgagatcctt tttttctgeg ©°°

cgtaatctgc tgcttgcaaa caaaaaaacc accgctacca 420 geggtggttt gtttgccgga

<212

zéiigggg{fg

cta ccaactcttt ttccgaaggt aactggcttc 480 agcagagcgc agataccaaa
t ctagtgtagc cgtagttagg ccaccacttc 540 aagaactctg tagcaccgcc

<213tacatagetc.geictgctaa tectgttace agtggcetget 600 gccagtggceg ataagtcgtg

tcttaccggg ttggactcaa gacgatagtt accggataag 660 gcgcagcggt cgggctgaac

<220
<£229099001tcg tgcacac

tgag

accC

agc ccagctt

atagedisag clatga

%%;a{ g_ggaacgacc .720- tacaccgaac
SRS

gcéatgctticcgaaggg 780
<¢ovAgamaggcyy acaggtatcc ggtaagegge agggtcggaa caggagageg

atacg@ﬂkﬁ;gggggﬁgd@ﬁa tagaatacaa gettgetigt tebittigea gaagetcaga 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
aaaagazaag ttgtatggaa aactasaaga tgttcagtet cgottcagta caactatgga 720
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



cttccagggg gaaacgcctg gtatctttat agtcctgtcg ggtttcgcca cctctgactt 900
gagcgtcgat ttttgtgatg ctcgtcaggg gggcggagcc tatggaaaaa cgccagcaac 960
cggcctttt tacggttccc ggccttttge tggccttttg ctcacatgct gggcccagec 1020
"8‘&%@%&&6&’{’ bagctcgegg cegegatate getagetcga gg 1062 <218STA8209¢440121

370 <212> DNA <213> Zea mays <400> 49 WO 2006/124001
PCT/SG2006/000121 31/48 gacttataiggcttcttatg ttagccaaga gcccaagact
tatcacttat gtgctacatt 60 aaactatgtg tgctccagat ttatatggat tttatctatg

ggat fd ety cretigrtt tResaraattittttatatitgitt-ttaagtitty aatatatgiidteatgtgtgo2o

«qcr AttitaCCYa 1§0 acaaaaatac cqgttcccgt ccgatttcga ctttaacccg accggatcgt
¥ aleggttttc 24 aﬁgcﬁ%%%%agﬁ?a%:c%ﬁ%%%?ﬁ gt(;‘tha19 G§taa t%%%‘bat‘?ﬁégt Soso

tgaggitietgtee30Qacycaagitag-ataigannatgonnacqytagaggipitit ascgaccyit 4o
. a%c%ggaccgtt 360 ttcatcccta 370 <210> 50 <211> 1660 <212> DNA
2TORIES KRGl 02859855857 CIBRRTS VeGP IRRG RTSAt vittipeAmgte 1200

aactE@skagrgxtgEHMac64£¥¥%§ﬂl&9639559@d%agHa€€§%aH¥QE§aQ§@é¥§EHEECacfz60
tatctcagcg atctgtctat 60 ttcgticatc catagttgee tgactccceg tcgtgtagat

A A N AP CARY R GGCF 12T R e ig§ Seec cagtgtrgtaatgamseagsa 1320

gt ggQQc_?eg;%g @QQE@QQQEC%%QQ &%@E&gﬂq g]a%%a L%tC%C&%thQQQ:Cga%%%%a ct 1380
gccggaaggg ccgagcgcag aagtggtcect gcaactttat 240 ccgcctccat ccagtctatt

cetapgffiftigectgogbrigctaerattaagtayt tegttamtta 300 tatagtityeg caaegttgtt £ 40
sgac BEEANIGI. cagRAtogL qalgieacdc Legtcalit 360, glatgacic atteagetee )
et A IS

ggttcccaac gatcaaggca agttacatga tccc catgat X3 gcadaaa ga%g
aatgigtiieggiewicegategt igtcagaagt=aagtiggecyg 480, cagtgitateacieatgatt 1560
cagcac tgcataattc tcttactgtc atgccatccg 540 taagatgctt ttctgtgact

t
o Bt TR AN R oA O BHAC BT 52 setteestas 1620

tgatteatac aaagttcaty tagatgactt tgttagggte attagaaaat tgtatcaatt 1680
ctattotagt tgtagtoctt cagotccaam gacaaagaca, actactaatg atagtatgyga 1740
tgataccttyg atggaaaaty aagatgatga atttcaazac fatttgca£g agttgaagga 1800
ttatgatcaa gtagagtcaa atgaattgga tasatatatg tcotgaaccce ttttgaagea 1860
tagtggtcag tttgatattt tatcatgotg gaggggaagg gtigeagaat atcctattet 1820
caccecaaatt gcaagggaty tgctageaat acaagtgtca actgtitgebt ctgagrterge 1980
gttcagtget ggtggtegtyg ttgttgatee ttaccgeaat cgtéttggtt cggagattgﬁ‘ 2040
tgaagettty atatgcacaa aagattgggt ageageatct agaazaggtg ctacatattbt 2100
tccaacaaty attggtgate tegaggtget agactetgit attgetgetg caacaaatca 2160-
tgagartcat atggatgagyg atgaagacgc aaﬁagaattt tctaagaata aﬁgaagatgt © 2220
agcaagtgge tcoctetecat gageaatghtg tetiatgbtt gttgacagat gageottgot 2280
tgtaatagtt tatgeoatget aagtgetcoa gatgtgagea agtgattatg aatatgfgtt 2340
ttamactita tattgtgteca tgtgtgetag tagacttata tggettetta tgttageccaa 2400
[=4 4 2401
<210»> 55

<21i> 33234

<212> DNA :

<213> BArtificisl

<220>
<223>» pEGFP-N1 plasmid fragment

<400> 55



ggcgaccgag ttgctcttgc ccggcgtcaa tacgggataa taccgcgcca catagcagaa 660

ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca aggatcttac 720

cgctgttgag atccagttcg atgtaaccca ctcgtgcacc paactgatct tcagcatctt 780

cited &% cytitet gggtgagcaa aaacaggaag gcaaaatgee gcBEES&Ay/000121

840 gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa tataattgaa

900 gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata 960

aacaaatagg ggttccgcgc acatttcccc gaaaagtgcec acctaaattg taagegttaa 1020
geogtatitigitar eattegegt taanttitigetianatcage:teatitita-accaatagge:-3080: WO  s¢

aaaagg%@/g%%gg%cEgE/%ggtoo§/09:0121 3%/48 cgaaatcggc aaaatccctt
ataaatcaaa agaatagace gagatagygt [gagigugt A0 teddfifggttes 20
taacBiagaagagiocaciatiana HRRegi0gasdesancicn 2390960881200 . 180

aaccgtctat cagggcgatg gcccactacg tgaaccatca ccctaatcaa gtttittggg 1260
" Hegandig chtaasgtaT taaiRth jad Bt iHaa GGG agE et chitrttaGay 240
ttaadid? 20680083389 6699284340 {99£0A03a.H9aRAA03a7.8330C0A3aT 54

gagcgggcge 1380 tagggcgctg gcaagtgtag cggtcacgct gecgegtaacc
Feaggditaclc G agr ta%r AgeReRR EaRRfGgt g ectartcgoRat 360
2s2cBHERA9C1S FacARR YL a00a090ca J ) 2'90glaeqd dodlelions Taacoos

gctggcgaaa gggggatgtg ctgcaaggeg 1560 attaagttgg gtaacgccag ~ _
tovagffitteccatgieacgac gt igimaacgactgycoagigard 620 catigatacgagateactatagp
cate cgzchca}attg%zgtggg g%gg 1660 <210> 51 <211> 33 <212> DNA <213>

Artificial 3 BER Brifier <4605 B1°GS5edyatceaticghfta 40
aaggggigacacitag 83 200 52:¢20ke o521 Ny cs2d g Atificial 600
<220> <223> PCR Primer <400> 52

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



cgatcgatgc ggccgccttg gctaacataa gaag 34 <210> 53 <211> 665 <212>
DNA <213> Atrtificial <220> <223> pEGFP-N1 plasmid fragment <400>

53 ta@é{tattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60
aetaY Bitacggtaa atggecegec tggetgaceg cecaacgace coRgEEERH0E2121

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180
WO 2006/124001 PCT/SG2006/00Gl4d; 33/48 atgggtggag tatttacggt

aaactgccca cttggcagta catcaagtgt atcatatgcc 240 aagtacgccc cctattgacg
cetgtidatyacggtEiaatggceegoecigyeait aigcccagtagdor calgagcita tgggacttica so
Clct(:aa;Ectttg%ca tacatct%ctgitattagtca tcgctattac 360 catggtgatg cggttttggc
Joetatatat gg%agcé:gﬁtggaa AGCG T ActCA8YY IF 2X tattc Caagt (Feaacecte®
aget ighegican iggaagitigaiiggance aanalonacd 480.00actieoa-28a101Cata o5,
acaactccgc cccattgacg caaatgggcg gtaggcgtgt 540 acggtgggag gtctatataa

C 8 g ST At G R EHCAG At e ARG LA 6B TGy S R Tetcgadtto

cgaaQa@gqtggaﬁug@@agggm@%ggggg«%gcggéﬁgggﬁ%@@@? 5240> 2o
<211> 2401 <212> DNA <213> Artificial <220> <223> Ampﬁfled

S CHEHGITR RERA T INCS (RSBRTPESe ORPISAG0 s B4 otbugrattta gotgacactaz 1 60

gcgc@ggﬁag%gggtgﬁ}t%tg@cth%Cgac gcac?‘a%%tc aa%% 6% gtaa%ggcé?: aaég[ctzg ca 2220
gatccgccac catgggtcct ccagagaaga agcg aa%g? ffﬁ agaagfaggct afttgttcatg

JaadaarracalecycaaCcacad cuasasctag@agcecacaaca Bl agagegacaa 2280
cct%tggccc aagaagaagc accaca aagaagggcaaaga agtgcacatc 240

et atgtatyy CAgCatttca CeAAggagTE Battgaagty TAGEICEaty Titagaaata? 34
‘egat30fkegtcaggiactgggogesadbgcaantticstantigcang-getaaotata 99g9cigaggdoo
ccacgﬁgica agttcgggty amggcccagg gotegoagec aacgtcggog cggcaggecoe 2460
tgcecatagoe teoaggtrtact catatatact ttagattgat ttazmaacttc attttgaatt 2520
taaaaggatc taggtgaaga tcctﬁtttga taatctcaty accaaaatec cttaacgtga 2580
gttttegtte cactgagegt cagacccogt agaaaagatc aaaggatobt cttgagatee 2640
tttttttetg cgcgtaatc% getgettgca aacaazsasaa ccaccgotac cagoggtyggh 2760
trgttigeeyg gatcaagaqg taccaactct tittocgaag grtamctgget tcageagage 2760
gcagataccoa aatactgtéc ttotagtgta geegtaghtta ggecaccact teoaagaacte 2820
:tgtagcaccg cctacatace togetctget aatootgtta ccagtggety ctgccagtog 288¢
cgataagteyg tgtottaceg gygttggactc aagacgatag ttaccggata aggcegoagey 2840
gtogugetga acgggggott cgtgcoacaca goccagettg gagogaacga cctacaccga 3000
actgagatac ctacagegtg agétatgaga aagcgecacyg ctltococgaag ggagasagge 3060
ggacaggtat cogytaagceg gocagggtegg aacaggagag cgcacgaggy agottccagg 3120
gggaaacgcc tggtatettt atagtcctét cgggttioge cacctcotgac ftgagcgtcg 3180
attittgtys tgctogteag gygggucgoag cotatggasa amcgocagea acgcggeatt 32490
tttacggtic ctggoeotttt getggecttt tgetcacatg ttetttecty cogttateeece 3300
tgattctgtg gataaccgta ttaccgocat gcat- 3334
<210> 56

<21i> 25%

<212> DHNA

.,<213> Artificial

<220>
<zZ3> Zea mays Ds flanked by human DNA



tcatcatgga acaagcggat ttcgaaatca cttgagaaca tcacatagtt tagttaaagg 420
tcagttgtgt ctaaaaagtg aaaaggatca tggcaaagac ataaatctca ttgagcctta 480
taagtacgat gaagtggtta gcctaaagaa gcttcatttg gcaataatca tgcatgaata 540
‘%Qc%{]éé{%f% gtagaac atgagtactt tgttgagttt gttaagtctc tgcgccctalGtierers/000121
ctttccaata aagtcccgtg tcactgctag aaaatatatc atggatttgt atttggaaga 660
aaaagaaaag ttgtatggaa aactaaaagastgligagtct cgcttcagta caactatgga 720
tatgtggaca tcttgtcaaa ataagtcata catgtgtgtc accatccatt ggattgatga 780
tgattggtgt ctccaaaaaa gaattgttgg cttttttcat gttgaagggc gccacactgg 840
Zfi Oobca%g%ttattcac%gacct fcactgcaat catggttaag tggaacattg agaaaaaatt 900
oG e I AT TEETAGTa: ARACTRAGH GAOTGoaR s aTA eG4 960 WEP
actc2006/d 24004:RET/S96:200640004:2:42:34448 ggabitgcag.gagastgatt.-+ 120
caattctagt ttgtgatggt gctttctttc atgtgaggtg 1020 tgcttgtcac atactgaact
cetagehift S48 GG atgoc iy ettty CaggaacaforoRe-tyageasatetas 180
cotcA@Agcoatg Hettactot-aagatcitst cetitgcagt gagaagaact 1140 aatgaagtat
gctagtgaat gtgacttgga taaatctaaa gggatctcat atgatgtctc 1200 aactagatgg
acagaarftda et BtagRRgtt gagggatgcec ttatattata agectgecact 1260 aataaggctt 259
aaaacaagtg atcctcgcag gtacgatgca atttgtccta aagccgagga 1320
<z1ogtggaagatg gcattaactc tttttaagtg tttgaagaag ttttttgatc tcactgaact 1380
<2llpct&fctggt actcaatatt ccactgcaaa tttattttac aaaggtttct gtgagataaa 1440
z;gggﬁ@?& gagcaatggt gtgttcatga aaaatttgtc attaggagaa tggeegttge 1500
aatgagtgaa aagtttgaga aatattggaa agtgtctaat attgcactag ctgtagcatg 1560
<z2z0gttccttgac cctaggtaca agaaaatatt gattgagttc tatatgaaaa aatttcatgg 1620
<ZZ23afieataeyaabyticar tdgarg aentagtiigggtc attagaaaat tgtatcaatt 1680
<sppSlatictagt tgtagtcctt cagctccaaa gacaaagaca.actactaatg atagtatgga 1740 '

agcalgglaectigratggasaatygagoatgatagatiicaaaagtatiiocatg agitgaagga 1800;,
ttatgatcaa gtagagtcaa atgaattgga taaatatatg tctgaacccc ttttgaagca 1860

9ag- gEEHYGtCag TaERatt 1EREatGERT JRT§HasH Grigeagant aeetaney®020 120

cocckBE6ER3AN9Caag00a1a Igglageaat acaagiotea aclatigett claagtetge 1980
gttcagtgct ggtggtcgtg ttgttgatcc ttaccgcaat cgicttggtt cggagattgt 2040

attifgahpgetiigtataracascaalatigy grageagedietragaaemggty ctasatatt 21000
Iccaacaatg attggtgatc tcgaggtgct agactctgtt attgctgctg caacaaatca 2160

aase ggégataat atggatgagg atgaagacgc aatagaattt tctaagaata atgaagatgt 277
agcaagtggc tcctctccat gagcaatgtg tcttatgttt gttgacagat gagccttggt 2280

zfigigteg%tglgtt tatgcatgct aagtgctcca gatgtgagca agtgattatg aatatgtgtt 2340

<212> DMA

<213> Artificial

<220>
<223> EZea mays Ds flanked by human DNA

<400> 58
gageetcotge tttagacata aaaggtatot gagagcacag ggtottitgga acchggtgte 650

tazagtagac aaagagactg geatctcagy taggagtgea ggottgggga gocccacctt 120

ccacagtgtyg guggaageadg gagyccegtca gagtctcact cagggatgaa aghaggatgg 180

gaaaatceeg tacegaccegt tategtataa cegatttigh tagttttatce cegatogatt 244
tegaaccega gghtaaaaacg ' 260 .
<210> 5¢

<211> 285

<212> DNA

<2313> Artificial

<2z2Q0>
<223> Zea mays Ds flanked by human DNA



ttaaactata tattgtgtca tgtgtgctag tagtcttata tggcttctta tgttagccaa 2400 g
2401 <210> 55 <211> 3334 <212> DNA <213> Atrtificial <220> <223>
FP-N1 plasmid fragment <400> 55 WO 2006/124001
%*%@%@%/000121 35/48 gcggecgega ctetagatca taatcagRed tadede 21
gaagaggttt tacttgcttt 60 aaaaaacctc ccacacctcc ccctgaacct gaaacataaa
atgaatgcaa ttgttgttgt 120 taacttgtit ajtgeagctt ataatggtta caaataaagc
aatagcatca caaatttcac 180 aaataaagca tttttttcac tgcattctag ttgtggtttg
tccaaactca tcaatgtatc 240 ttaaggcgta aattgtaagc gttaatattt tgttaaaatt
<40 G ﬁaaat ttt;%ttaaa 300 tcagctcatt ttttaaccaa taagccgaaa tcggcaaaat

gcm CHataaa a5 023807 3y cddanat Hlo giGrgte tHtag Mnaacaat®
acaa@@@@ﬁ%ﬁ@&&&agﬁaﬁg %g@ %ﬁtﬁ@@@&}%@ﬁﬁgg&ga@@&%@%m 120
tctatcaggg cgatggccca ctacgtgaac 480 catcacccta atcaagtttt ttggggtcga
“999G8tGec gt HgCaE ST R GRAR CEIE TS AdRaGeEe Ecgamagat e 180
cgta@6HEACGHY 4A320CCAGC 9ARCYIYE6Y AYARRG0RAY.000, AR 240
gaaaggagcg ggcgctaggg cgctggcaag tgtagcggtc acgctgcgeg 6
gs99fHReEaceageaRBEEY CHETitaatgcge cgctacaggyg cgcegtcaggt ggcacttttc 7205
ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc 780
<2z10€gctgatgag acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtcctg 840
<2llaggtfgaaag aaccagctgt ggaatgtgtg tcagttaggg tgtggaaagt ccccaggcetc 900
jgg (5@ AgJ¢ agaagtatgc aaagcatgca tctcaattag tcagcaacca ggtgtggaaa
gtccccaggc tccccagcag gcagaagtat gcaaagcatg catctcaatt
<22 oagtcagcaac 1020 catagtcccg cccctaactc cgeccatcce geccctaact
<223gcgéerativ edicdCané<t089 tougockéat ggctgactaa ttttttttat ttatgcagag
<appdccgaggccg cctcggectc 1140 tgagctattc cagaagtagt gaggaggctt ttttggaggc
actoGtaggstiti-geanagated 4200 -alcaagagas agqatgagga feqiitcaea fgattgaaca
agatggattg cacgcaggtt 1260 ctccggccgc ttgggtggag aggctattcg gctatgactg
tecthgRERaacag AcaatcGEEr IR0 getelgmuegrbtgticeyguigtoageag 120
gatoGUEARI946Y Ceeagtiett ttgicaaga - g%;@Qa&ng%%%%%99@88«&%%‘9330%%
aagacgaggc agcgcggcta tcgtggctgg 40
thtteatttt catatttaac ttgogggacy gaaacgaaaa cgggatatac cggtaacgaa 240

aacygaacggg ‘ ‘ 250 '

<210>» 61 .
<211> 218
<Z1lZ> DA
<Z213> Artificial

<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



ccacgacagg cgttccttgcgcagctgtge tcgacgttgt cactgaagcg ggaagggact 1500
ggctgctatt gggcgaagtg ccggggcagg atctcctgtc atctcacctt getcectgecg 1560
agaaagtatc catcatggct gatgcaatgc ggcggctgca tacgcttgat ccggctacct 1620
“é‘gc?@%\(t?ﬁﬁﬁoécaccaagcg aaacatcgca tcgagcgagc acgtactcgg Bfgtjdfatfiegoo121
1680 gtcttgtcga tcaggatgat ctggacgaag agcatcaggg gctcgcgeca
gccgaactgt 1740 tcgccaggct caaggggagdc atgcccgacg gecgaggatet
cgtcgtgacc catggcgatg 1800 WO 2006/124001 PCT/SG2006/000121
99aaBEHE: cotgetigcesgaatateatt: giggasaaigggcgeititc tggattcatc gactgtggcec 44
1860 ggctgggtgt ggcggaccgc tatcaggaca tagegttgge taccegtgat attgctgaag
<210-192Q agcttggcgg cgaatgggct gaccgcttce tcgtgcttta cggtatcgec getceegatt
<211:198@ cgcagcgcat cgccttctat cgccttcttg acgagttctt ctgagcggga ctctggggtt
<21220482cgaaatgacc gaccaagcga cgcccaacct gecatcacga gatttcgatt
<213>cc§€5d§€:§(’: 00 cttctatgaa aggttgggct tcggaatcgt titccgggac geecggetgga
<zzodgatcctcca 2160 gcgceggggat ctcatgetgg agttettcge ccaccctagg gggaggctaa
<223x¢tghwsacacy 2 220- ganggagata AlacCcgyarg Haakecygcyc tatgacggca

<400>ataaaaagac agaataaaac 2280 gcacggtgtt gggtcgtttg ttcataaacg

63
accg&QQQgttQQ&E%%%%gg%é %%g£0t9ét%’%%ga€t¢%a%acccca chagaCCCC 44
attggggcca atacgcccgc gfttcttcct tttCcccacc 400 ccacccecca agttcgggtg
aaggcccagg gctcgcagcec aacgtcgggg cggcaggecc 2460 tgccatagcc
j;igjca tact catatatact ttagattgat ttaaaacttc atttttaatt 2520 taaaaggatc
<21zdaggtgaaga tcctttttga taatctcatg accaaaatcc cttaacgtga 2580 gttttcgttc
<z13xcactgagagieagaccccgt agaaaagatc aaaggatctt cttgagatcc 2640 tttttttctg
- cgcgtaatct gctgcttgca aacaaaaaaa ccaccgctac cageggtggt 2700 ttgtttgecg
<223 091£889306 aCCAACict Mtcogang gigactagct tcageagage 2760
gcagatacca aatactgtcc ttc agtlgtla gccgtagtta ggccaccact tcaagaactc 2820
<400xgtagcaccg cctacatacc tcgctctgct aatcctgtta ccagtggcetg ctgccagtgg 2880
" cgattad iy gRiBiceg yetiggeicteaagateate tavtyyata sggegeagcy 2940
atat H9a:2cd009qglt catgeacaca ageeagelig gadcgaacga celacaccga, |,
3000 actgagatac ctacagcgtg agctatgaga aaggggcacg cttcccga?ag
actalggaghocyge 8080 gyacaggtat ecggtaagny geaggyiegy aacaggagag 180
cacacgaggq cttccagg. 3120 gggaaacgcc tggtatcttt atagtcctgt cgggtttcgce
agaccg%ggtctaac tt%%%t%%ggi%%qagtt%ﬁg Ja ?ﬁ%fcﬁtgcgabagcgtgag% g ttatggaad

tgaazgaggtcagse acgoggoct3246-: tHacgaiteeiggestitt gelgoecitidgaieacatygsog
tt tttcctg EES(a:lgttatcccc 3300 tgattctgtg gataaccgta ttaccgccat gcat 3334 '

gactqg iﬁi cccaac at?ttaaggg acacaaaaga ggttgaaaag agacagccag 360
agaggtaaaa ggaaaaccag aaatgotiygy agtgagaaaa gccaagtaaa gagggtattt 420
caagcaa;ag tagteaacag totgtttoe: aaacacgtyc agactgattyg gaagotaga 478
<210> &5

<211> 501

<212> DHA

<213> Artificial

<220>

<223> Zea mays Ds flanked by human DNE

<400> &5

ctgttgacta cttttgctiyg aataccctet ttacttgget tttcteactc caagoatite &0
btggttttect tttacctcte tgyctghtote ttttoaacst cttttgtgte cchtaaaatg 120
ttggggttee tecaggagtet gtotttgace tattattttt ctctaattat tctectocaa i8¢0
attaatcaca tctgttteat agottcaatt agtateottta tygctgectaac tobeasatat 244

geatatgeca ceteggtete agtttacasc tetggattiyg taccageata atgtgttggg 300



<211> 259 <212> DNA <213> Artificial <220> <223> Zea mays Ds
flanked by human DNA WO 2006/124001 PCT/SG2006/000121 37/48
<400> 56 atcggttata cgatacggtc ggtacgggat tttcccatcc tactttcatc
VERHGtHAY'60 actctgacgg cctectgctt ceeecacact gtggaaggtgR§gareaeseanoi2i
agcctgcact 120 cctacctgag atgccagtct ctttgtctac tttagacacc aggttccaaa
gaccctgtgc 180 tctcagatac cttttatgtcsgaggcagag gecctaccee agcactcece
atctcagtag 240 acagtaactc catttacca 259 <210> 57 <211> 253 <212>
tat tPNAsx 2E8cafrtificialoc2 2022 282 Zaa mays B s flarkedtay dusman DNfsc

<400> 57 agcacagggt ctttggaacc tggtgtctaaagtagacaaa gagactggca
o e A RS e Cet T EA T QRS Shtigcagodf

fctcaggtag 60° gagt 999
cegtgeegicagag:4 24 deteacteag 4gatgalagh ag0alggagAaiaccaian cgaccytial
cgtataaccg 180 attttgttag ttttatcccg atcgatttcg aacccgaggt aaaaaacgaa
9 YA dEgg 2aD adacygatat aca 253 <210> 58 <211> 260 <212> DN#P!

<213> Artificial <220> <223> Zea mays Ds flanked by human DNA
<210x408> 58 gggcctctgc tttagacata aaaggtatct gagagcacag ggtctttgga

ji;éccgggtgtc 60 taaagtagac aaagagactg gcatctcagg taggagtgca ggcttgggga

<2139CcCcLCacatt 120 ccacagtgtg ggggaagcag gaggccgtca gagtctcact
cagggatgaa agtaggatgg 180

<z1z2> DNA

<220>

<223> Zea mays Ds flanked by human DNB

<400> &6
- toegtocege aagttaaata tgaaaatgaa aacggtagag gtathttace gacegttace 60
gaccgtitte atcectagty agagtctget ctictgtaaa cagacggetg aaattgctga 120
aaatcagaca caagctgtta ctatgeaagt gattgacctg caacgaaagg tacatgctea 180
gecteactgg atghctactg ttaasagggag gacattgatt ggaaaagagt gggaccctga 240
‘aagtigagat ggggacacgt cgaggggcee tdatgaaget gggaatactg agataataaa 300
ttetgatgag ceottttiage sagagggaat cgooctococa ccecoagtgy tagaaacatg 360
coecttgeeca totactgeayg taccaggeott tea 353
<210> 67

<211> 362

<21Z> DNA

<213> Artificial

<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

<Z11> 25



gaaaatcccg taccgaccgt tatcgtataa ccgattttgt tagttttatc ccgatcgatt 240

tcgaacccga ggtaaaaacg 260 <210> 59 <211> 265 <212> DNA <213>

Artificial <220> <223> Zea mays Ds flanked by human DNA WO

BH38IT2 1961 PCT/SG2006/000121 38/48 <400> 59 getttadfeBSG2006/000121

taaaaggtat ctgagagcac agggtctttg gaacctggtg tctaaagtag 60 acaaagagac

tggcatctca ggtaggagtg caggcttggg aagggeccacc ttccacagtg 120

tgggggaagc aggaggccgt cagagtctca ctcagggatg aaagtaggat gggaaaatcc
<213¥ 8@recgfaccgacc gttatcgtat aaccgatttt gttagtttta tcccgatcga tttcgaaccc 240

<220>gaggtaaaaa acgaaaacgg aacga 265 <210> 60 <211> 250 <212> DNA

<22352332 Aulficial 2207, <2932.2ea mays Ds flanked by human DNA
<400> 60 actggcaaca ccgcctcttg ttctcctcta tttccagcat ccagaaaagt

<400tct§gctta 60 tccttggtge tccataaatt tttactgaat gaatgaataa atgaattcat

Lo Ay 4eAG 2By dtRftagt gagactaggg atgaaaacgg tcggtaacgg 25
tcggtaaaat acctctaccg 180 ttttcatttt catatttaac ttgcgggacg gaaacgaaaa

<210xgggatatac cggtaacgaa 240 aacgaacggg 250 <210> 61 <211> 218

:2%32~><222> DNA <213> Artificial <220> <223> Zea mays Ds flanked by

DNE
<21331UMR|§_&1<400> 61

<220>
<223> Zea mays Ds flanked by vector DNA

<403> 69 ‘ .
thtoatcoot geghegggta cocaa : 25

<210> 70

<211> 6495

<212> 'DNa

<213> Artificial

<220>

<Z223> Ds Construct

<400> 70

cagggatgaa agtaggatgg gaaaatccog taccgacogt tatcgtataz cegattttgt 60
tagttttate ccgatcgatt togaacocga ggtazaazac gaaaacggas 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
gacgtczaty 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

ataggeagag ctggtttagt gaaccgtcag atcogotage getaccggac teagatehog 800



gactggcaac accgcctctt gttctcetct atttccagcea tccagaaaag tgtctggett 50
atccttggtg ctccataaat ttttactgaa tgaatgaata aatgaattca tgaatgaaca 120
aat%gﬁt%? tgagactagg gatgaaaacg gtcggtaacg gtcggtaaaa tacctctacc 180
‘g e Aatttaa cttgcgggac ggaaacga 218 <210> 62 <21 PSHAGW94/980121
DNA <213> Atrtificial <220> <223> insertion site of Ds construct in

human DNA <40D> 62 WO 2006/1%&91 PCT/SG2006/000121 39/48
ggaagcagga ggccgtcaga gtctcactca gggatgaaag tagg 44 <210> 63 <211>

agctéﬁaq@ZlQégEﬁﬂ@ct@ZLgﬁtééﬂﬁﬁﬁﬂtﬁzggE@qﬁzzégbgﬁﬁeG@%néﬂg%égdg§%

construct in human DNA <400> 63 accgttttca tccctagtct cactagccat

960

99t IRGRE AT TR AT LPTHS64992 19599 CE 2 D PN AC < 23 SsopFHfiTial 1020

cgacEllR §EdRAEa m%@@%@%m%@ht%4gga> cgéac

aatatgaaaa tgaaaacggt agaggtattt taccgaccgt taccgaccgt tttcatcc

3?60 1080

cazggtaesgafie ekt an de ARGy Ggeastigacatyigtithacticaagett: 1201 140

cgtg9&&@&@%@t&%@at%ggﬁﬁ%@ga&@@%a%@%ggcaéggggca%é%?%éga

180

2&600

agaccgaggt ggcatatgca gagag ttagcagcat aaagatacta attgaa
geacggahbedgargtyataattiggaggmgaadaattagagengaantaaiagogteaaagaca 306
=20 §20166'980.9RREC0°000 A118R090. 8520237202, 901992909 2g2cR00%Y
gaaccgeate gagotgaagg goatogactt caaggaggac ggcaacatce tgggycacaa 1380
getggagtac aactacaacs gocacaacgt ctatatcaty gocgacaage agaagaacygg 1440
_catcaaggtg aacttcaaga tccgocacaa catcgaggace ggcagogtgo agectogocga 1300
ccactacoag cagaacacoo coatoggoga cggooonghyg ctgctgcccg acaaccacta 1560
cctgageace cagtccgoce tgagcaaaga cocccaacgag aagegegate acatgghbect 1620
getggagtic gtgaccgecg ccgggatcac tctcggcétg gacgagchtgt acaagtaaag 1680
cggcogegat atcgotaget cgagatoggg agatctyggec tocogegecgg gttttggege 1740
cococgegyy cgccccooton tracggegag cgectgcocacy tcagacgaag ggcgcacygaqg 1800
cgtectygate cticcgeccy gacgotcagyg acagoggosc gotgotoata agactaggeo 1860
ttagaacccc agtatcagga gaaggacatt ttaggacggy acttgggtga ctctagggea 1820
ctggttttcé ttccagagag cggaacagge gaggaamagt agteecttcet cggegattet 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



agaggtaaaa ggaaaaccag aaatgcttgg agtgagaaaa gccaagtaaa gagggtattt

420 caagcaaaag tagtcaacag tgtgtttcct aaacacgtgc agactgattg gaagctaga

479 <210> 65 <211>501 <212> DNA <213> Artificial <220> <223>

WRAMAEBs flanked by human DNA <400> 65 ctgttgacta cREt§E@3006/000121

aataccctct ttacttggct tttctcactc caagcatttc 60 tggttttcct tttaccactc tggctgtcte

tittcaacct ctttgtgtc ccttaaaatg 120 tiggggttce tcaggagtct gtctttgacc tattattttt

ctctaattat tctcctccaa 180 attaatcaca tctgtttcat agcttcaatt agtatcttta
ggadtgrtyetaactcigcagatai 240 cgeajatgesateeticggicte agittacaacdetggatity 2540

N taccac%catataé[gg%tggg%?:oo WO 2006/124001 PCT/SG2006/000121 40/48

S Rt Catg R teacatagta sy ITgA5at TERHGRESR CAGHEBEEE cREGREES60 2820
ttagiptasacalg alctalata-gogeatgaqan cagicagtag.cooicggtaa aataceicia 429,
~ ccgttttcat tttcatattt aacttgcggg acggaaacga aaacgggata taccggtaac 480
taaal e §aaReG Gt atR et B0 4TUS 66 < XL 2923930 ZEREDMNAC <2 2350
aatté&ﬁﬁg@%ég&%g%g2%%%%5@@’&9&2‘% %PQIB?&I man gal\altétai4a929> 6

tcegtecegc aagttaaata tgaaaatgaa aacggtagag giatiiace gaccattace 6
2LI9GERTHITE HiEketagt g HgapteyTtttctytada cagarggety aaattgetgad 203060
aalcagaca caagctgita ctatgcaagt gattgacctg caacgaaagg tacatgctca 180
aa(‘:agcctcactgg atgtc gctgg?tgfécgaaa%é%%% ?ﬁgttgéagg%fﬁgg JUTaCEERya 246°
cgcagagitgagat ggygacacgt-cgaggggece tagigaagol-gggaatasis agataataaa so

000

gtgcgoo Jetgatga tgcttt%ta(}gc gg%agggaat cgcctcc%ca cccccagtgg tagaaacatg
B0 Cecttgccca titacigeay taccaggir icaBes ey rocaategga 3240
aatgagaaca ggggeatcott gageocectge ggacggtgcc gacaggtéct tctegatotg 3300
catcotggga tcazagecat agtgaaggac agtgatggac ageccgacgge agﬁtgggatt 3360
cgtgaattge tgccctctgg ttatgtogtgg gagggetaag cacticgtgy ccgaggagea . 3420
ggactgacac tegacctoga aacttgttta ttgeagetta taatggttac aaataaagca 3480
étagcatcac aaatttcaca aatasagcat tttitttcact gecattcetagt tgtggtttgt 3540
ceaaactcat caatgtatet tatcatgtet gaatteooccgy ggatostcta gactgtcaga 3600
ccaagtttac tceatatatac tttagattga tttaéaactt catttitaat ttaaaaggat 3660
ctaggtgaag atcctttttyg ataatcotcat gacczaaate céttaacgtg agttttegtt 3720
ccactgagoy teagaccoccyg tagasaagat caaaggatet tocttgagate cttbttktet 3780
gegogtaate tgotgctige aaacsaaaaa accacogota ceageggtgyg thbgtttgee 3840
ggatcaagag ctaccaactc tttttcegaa ggtaactgge tteageagag cgcagatatce 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



<211> 362 <212> DNA <213> Artificial <220> <223> Zea mays Ds
flanked by human DNA <400> 67 atatgaaaat gaaaacggta gaggtatttt

acc

W

=T R

tt accgaccgtt ttcatcccta 60 gtgagagtct getcttctgt aaacagacgg
i¢thaaaatcag acacaagetg 120 ttactatgca agtgattga® CHGRARy 121
aggtacatgc tcagcctcac tggatgtcta 180 ctgttaaagg gaggacattg attggaaaag
agtgggaccc tgaaagttga gatggggaca2d cgtcgagggg ccctaatgaa
gctgggaata ctgagataat aaattctgat gagccttttt 300 agcaagaggg aatcgectce
aga%t:mmagttggmgmmgectt@ww&cmt@a3@&@&5&%5&’&&3*& 68 4560
A WO 2006/124001 PCT/SG2006/000121 41/48

<21

E5AE 6 haYE

DsTAARET DY VEESFERA <460

atgtﬁ&t@@a@ﬁﬁe@ﬁﬁgaCﬁa@ﬂgwaagéc&?g}cQ>c@%ﬁ%la%?tzétég%%gftgl\lkz 680
<213> Atrtificial <220> <223> Zea mays Ds flanked by vector DNA <400>
BB i af R GE Gy GOtAR AR S5 9L 3 Y Gt 1S6A95 LGP §PSe DN AL 740

gtatsk3y Atiicialttc

attttacecga
aatcagtgag
ceocgtegty
gataccgega
aagggocgag
ttgeegggasa
tgetacagge
ccaacgatca
cggtecteecg
agcactgeat
gtactoaace
gtcaatacgg
;cgttc&tcg
acecactegt
agcazaaaca
aétactcata
gagcggatac
teeceogaaaa
ttttgttaaa
tcaaaggaat
ttaaagaacg
ctacgtgaac
cggaacacta
agaaaggaaqg

acgoetgegeg

cegttacega
gcacctatet
tagataacta
gacacacget
cgcagaagtyg
gc;agagtaa
atecgtggtat
aggcgagtia
atcgttgtea
aattctetia
aagteattet
gataataccg
gggcgaaaac
gcaccacaact
ggaaggeaaa
ctettecottt
atatttgaat
gtgccaccta
tcagetcatt
agacogagat
tggactccaa
catcacecta
aagggagcec
ggaagaaagae

taacgaccac

cgteceygeaa
cegtttteat
cagegatetyg
cgatacggga
caccggctc;
gtectgeaac
gtagttecgee
cacgetegte
catgatceooce
gaagtaagﬁt
ctgtoatgeo
gagaatagtg
cygcracatag
teteaaggat

gatctitcage

gtgeocgeaas -

tteaatataa
gtatttagaa
aaﬁtgtaagc
ttttaaccaa
agggttgagt
cgteaaaggy
atcaagtitt
cogatttaga
gazaggageyg

acccgccgeg

gttaaataty azaatgaaaa cggtagaggt

cectatgeat
tetatttegt
gggcttacca
agatttateoa
tttatcegec
agttaatagt
gtttggtatyg
catgtitgtge
ggccgeagty
atoegtaaga
tavgeggega

cagaacttta

cttaccegetyg

atcttttact
saagggaata
ttgaagﬁatt
aaataaacaa
gttaaﬁattt
taggecogaaa
gttgttecag
cgazaaasey
ttggggtoga
gettgacygy
ggcgctagay

cttaatgege

tetgacagtt
teatecatag
tetggeeeca
gcaatasacc
tccatocagt
ttgcgoaacy
geticatica
azaasagegyg
ttatcactea

tgcttttetg

-ccgagttget

aaagtgctea
ttgagatcea
tteaccageg
agggcgacac
tatcagggtt
ataggggttc
tgttaaaaﬁt
Leggecaaaat

tttggaacaa

tctatcaggyg:

ggtgecegtaa
gaaagoeogygc
cgotyggeaag

cgctacaggy

accaatgett
étgcctgact
gikgotgraat
agecageegy
ctattaattg
ttgttgccat
goctcaggtthe
ttageteoett
tggttatgge
tgactggtga
cttgeoegge
tcattggaaa
gttégatgta
tttctygggty
ggaaatgttg
attgtctecat
cgecgeacatt
cgegttaaar
cecttataaa
gagitocacta
cgatggoeoea
agcactaaat
gaacgtggeyg
tgtagecggte

cgegtoocat

4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
GO6C
6120
6180
6240

6300



<220> <223> Ds Construct <400> 70 cagggatgaa agtaggatgg
gaaaatcccg taccgaccgt tatcgtataa ccgattttgt 60 tagttttatc ccgatcgatt
tcgaacccga ggtaaaaaac gaaaacggaa cggaaacggg 120 atatacaaaa
%%é?gﬂé%%ﬁlaaacggaaac ggtagagcta gtttcccgac cgtttcaccg 1BETGGA0000E 21
tttaatcggg atgatccegt ticgttaccg tattttctaa ttcgggatga 240 ctgcaacaga
tccctcgage gettaagttt aaacgcegtta acagtiggcec ataatagtaa 300 tcaattacgg
ggtcattagt tcatagccca tatatggagt tccgegttac ataacttacg 360 gtaaatggcec
teoceyftty iIgtacogee caat- gerrt Cuor gattgac gto aataat g acy-420: tadgticensr
tagtaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta 480 cggtaaact
cgcc?:%c%%c%tggagaaag agggtc% %%é%gt%%t%gggc gé:é%%ag %% Cetitt %?ﬁfgﬁg%@%caa 20
teccagggiaanigryeeogcaigeeatiatgCesagiatatyas aitaigaeae HAQyHteatactiasg
e % cagtacat ctacgtatta gtcatcgcta ttaccatggt gatgeggttt 660 tggcagtaca
A 9Yaatge6e thgatagegg tttgactcac ggggatttce aagtctccac 720 cecattgaég®s
tcaatgggag tttgttttgg caccaaaatc aacgggactt tccaaaatgt 780 cataacaact
<210rxcgbicctatt gacgcaaatg ggcggtaggce gtgtacggtg ggaggtctat 840
3}1;@ gag ctggtttagt gaaccgtcag atccgctage getaccggac tcagatcteg 900
<213W Q64124001 PCT/SG2006/000121 42/48 agctcaagct tcgaattctg
cagtcgacgg taccgcggge ccgggateca tctgeaccat 960 ggtgagcaag
<2zZ0ygcgaggagc tgttcaccgg ggtggtgecc atcetggteg agetggacgg 1020
<223:ég§€§%9§§8 JEE4ERAt tcagegtgte cggcgaggge gagggegatg ccacctacgg

<400108Q caagctgacc ctgaagttca tctgcaccac cggcaagctg ccecgtgecct

tagt gyoeeaceotdddiacgtgaooasecigacetacs gcgigeagigreticagepgt og 60
o tt&ggggccgatctc acaggaagcca 1200 gcacgacttc ttcaagtccg ccatgcccga

T AggCtacqtc 0080 cG e TP 126G “CAaacgatGotaaRtaatt 120
gacgEGACEQee €ga0gigRagdiedag 4ocg acaceciggl-1320. gaacggeatc: 180

gcatcgactt caaggaggac ggcaacatcc tggggcacaa 1380

“gagctgaa
%gaﬁ‘é?ﬁﬁaﬁ%%i:@‘é‘é%ﬁ@f} BtafEicats Gecgacaagcaaagaacyd 4o

"t ITYtgRadt
aagtMQCC%@QQQQQ@QQQQL%&CQQQQW@%QQQ&%@@%%%@SQQ&&

agctcgecga 1500 ccactaccag cagaacaccc ccatcggcga cggecccgtg 30
catartgetgecegachbteattactseocraifagatccajietRuctgageas@gac 360
catg&%@%@%@@@&& C%thcgg %gg E%%tgcl;gg gogag %%%ggctgt%%%%ggcg g 420

ccgggatcac tctcggcatg gacgagcetgt acaagtaaag 1 6 cggccgcg ?
attrefiegetagetcgagetegyoragatctggtodeegegaecgy gitbggcacidditaacy 480
o5ec §55959%999.£9500081ce 160000999 caclgceacy (cagaceaag ggcgeaceag
acggtgggag gtetatatas gcagagetgy tttagtgazc cgteagabce gotagegeta 600
‘ceggactoay atctegagot caagettega attctgeagt cgacggtacc goggoocogy 660
gatccatacg atttaggtga cactatagaé tacaagettg chigtitettt ttgoagaage 720
tcagaataaa cgeteaactt tggcagatco gocaccatgyg gteoctocaga gaagaagcegt 780
aéqgtagaaa tggctattgt tcatgazcca caaccacaac cacaaccaca accagaacca 840
caaccacage cacaacctga acccgaagaa gaagcaccac agaagagggce azagaagige 800
acatcggatg tatggcagea tttcaccaag zaggaaattg aagt'ggaggt cgatggaaag 260
aaatacgtte aggtatgggy goatigeaac tttcctaatt geaaggotaa gtataggget 1020
gagggtcétc atgg.aacaag cggatttegs aatcactiga gaacatcaca tagtttagtt 1080 .

_aaagglcagt tgtgtctasa aaghtgsasag gatcatggca aagacataas teteattgag 1140
cottabaagt acgatgaagt yggttagecta aagaagobtc attitggeaat aatcatgeat 1200
gaatagcctt tcaatattgt agaacatgag tactttgttg agtttgttaa gtctctgege 1269



cgtcctgatc cttccgeceg gacgetcagg acagéggccc gctgctcata agactcggec

1860 ttagaacccc agtatcagca gaaggacatt ttaggacggg acttgggtga
a 1920 ctggttttct ttccagagag cggaacaggc gaggaaaagt agtcccttct

i gttmikdos

4980 gcggagggat cteegtgggg cggtgaacge cgatgakiat/SG2006/000121

ataaggacgc gccgggtgtg 2040 gcacagctag ttccgtcgca gecgggtttt

gggtcgeggt tettgtitgt ggatcgetgt 210Qsgatcgtcact tggtgagtag cgggctgcetg

ggctggecegg ggctttcgtg gecgecggge 2160 cgcetcggtgg gacggaageg
cetcagtygageye Tegrcagggusttgtagtcty ggieegegag 222 scanggitgee g
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%ttcccgagt 2280
EERRRGT il
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1320

144¢

ctcttattcg 2400 ggtgagatgg getggggceac catctgggga ccctgacgtg aagtttgtca
sataRhgatig§ay aEtr "aavtegatt GreBteftt Yoo ddeebercantragarigatgccgieP
actgH06AGIGLRE 2220, Caglacatl G0gageasas goceicgicg fatealgacg feacceglic
: tgttggctta 2580 .aatgcaggg tggggccacc tgccggtagg tgtgcggtag gcttttctee
3T GEGCRAgHAE TEAE" FRGGIHEY gpEtiagItnggettiect gaatogasag ta
£ 500009868 I0fg0toaga 2700 WQ 20061124001 PCT/SG2006/000121
- eeadlels gg%%Sgitaa 5%%%39% agttt%tttgg]gtt%gag(t)t?t?gg% i.i%cc %olcfc%ﬁcﬁ%aqgta 1680
aggt ZIBOT getgaseictcggitttgaa ttatgegete ggggitggegeagty ottt gigaagtttti 740
scanias20 ttaa%gggca:gtg Ct:tt g&atgt aatcattt ?agtcaatat%t aattttcagt gttagactag

2880° taaattgtec gotaaatict Ggccgttit ggettity tagacey g eeightfac 2540

gaactaaitaatedt ygoatagiaiateggaata giataatacy acaaggigagdgaactaaacc 3996,
atggccaagc citgtctca agaagaatce accctcattg aaagagcaac ggctacaate

TECEI650° SHCAGEAICE RRACIE Y B atHTGteyeeagef eaticteragect 2920
geaci@gegacgeen3lile ocalciica clgglgicaa tgtalaieal (Hactgygo.gaccioigey,

L1620

agaactcgtg 3180 gtgctgggca ctgctgcet.ge tgcggeaget ggcaacctga cttgtatcgt

- g8g9 AtCYGAITPAD" SRFfRjahta JegEeatcargageseEtgtiydoeggtgect 2040
gaactg;%ci@g 9&98&&%@9&1“49 a%%gga &9t8 Egggg @ttacf_aa:%g%%g‘g ;9%[ g@t@%g 2 i00

, agtgatggac agccgacggc agttgggatt 3360 cgtgaattgc tgccctctgy ﬁa%gtgtzgg
ataazgggHy ctaayteactegtyerteyay agcaB420: gyanigacas tegasstegac 2160

at
caaadl

caftadithtafer 2%°

Jregdeigtita flgcagctta taatggitac aaataaagea 3480 atagcatcac aaatttcaca
act tgatiiat 3540 “Ccaas

aataaagcat ttttttcact gcattctagt tg

ftg

geatdgitatytct gaatices gy gogaiceteta gactgtcaga-0600: ceangiitac fcatatatagz s o

catg (}‘tcp?a%%ttggtté%%aatgagtttcg%ttttaag étaaaa%%gag 3660 cEa gtgaag atcctttttg
athatctcat gaccaaaatC ceitiacyty athtcyt SFIb Tattgatfay tehagaccces
caattagasaagal casaggadct tcigagateLHltHck3480caactac taatgatagt 2400
atggatgata cchtgatgga azatgaagat gatgaatttc aaaactatit geatgagttg 24690
aéggattatg atcaagtaga gbteaaatgaa ttggataaat atatgtqtga accocttttyg 2520
aagcatagty gtcagtttga tattttateca tgotggaggg gaagggttge agaatatoct 2580
attcteacce aaattgeaag ggatgtgota geaatacaag tgtcaactgt tgcttctgag 2640
.tctgcgttca gtgetggtgg togtgtiott gatccttaéc geaateghet tggttoggag 2700
attgttgaag ctttgatatg cacaaaagat tgggtagceag- catotagaaa aggtgctaéa 2780
tattttocaa caatgattgy tgatctegag gtgetagact cltgttattge tgctgeaaca 2820
aatcatgaga atcatatgga tgaggatgaa gacgcaatdg aatitttctaa gaataatgaa 2880
gatgtageaa gtggetecte toccatgagea atgtgtcetta tgtttgttga cagatgagec 2949
;tggttgtaa tagtttatge atgctaagtg ctccagatgt gagcaagtga ttatgaatat BBGO.
gtgttttaaa ctttatattg‘tgtcétgtgt gotagtagac ttatatgget tottatgtta 3060



gcgcgtaatc tgctgcttgc aaacaaaaaa accaccgcta ccagcggtgg tttgtttgcc 3840
ggatcaagag ctaccaactc tttttccgaa ggtaactggc ttcagcagag cgcagatacc 3900
aaatactgtt cttctagtgt agccgta.gtt aggccaccac ttcaagaact ctgtagcacc 3960
é%ﬁgoétcgctctgc taatcctgtt accagtggct getgecagtg gegatdagb& 2 9oh00121
gtgtcttaccgggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg 4080
aacggggggt tcgtgcacac agcccagctt ggagcgaacg acctacaccg aactgagata
4140 cctacagcgt gagctatgagaaagcgccac gcttcccgaa gggagaaagg
ECETYIECagger F200 - tECggraagR g geaguTtegrgaataggaga gegracgagy 3120
£ C cqc 4260, ctggtatctt tatagtcctg.tcgggtttcg ccacctctga
et gotiiotg 1350 agotealb GUOR0GREs bRtaTbboM Axbgecage
totteaegeggeet titatggtt=4380scecggectth tgetygeat dtactencalgelgggeccass 4o
cgcgat atcgctagct cgagggactt atatggcttc

‘gccggcecaga tctgagetcg 4440 cggc
o o e 000 J0iG5/ 1 001 P S 20061066221 2507
tota A agaojtaton ctintgigebacatiaaact algiotectc Gagatitata tagattitat 4560,
ctatgtttaa ttaagacttg tgtttacaat tttttatatt tgtttttaag ttttgaatat 4620 atgttttcat

gt E A BTG AT SR E L Hata Al HAT GO g R ORGSR e RA 4680 3t cegacCi0
sagadibgiategg dtitagatia coglatiat.ceeglegtt ficattacea 4,40 glatatceeg .,
ttttcgtttc cgtcccgcaa gttaaatatg aaaatgaaaa cggtagadgt 4800 attttaccga
ageagdiifactyaeegatte sivcecutgeat tetgacagttatcaadgetb 4868 caateagtgag 540
o= HCACCIAICE cagcgatclg tatatiicgt featccatag tigectgact 4920 cccegtegtg
e tagataacta cgatacggga gggc%tgagggct:g?gqggc cgggﬁ%ca}a%aaaq[ti‘@% ks
acccga gega gaceeatyot sactygotee agatitatoa-geagiadage;age£aaccyg e so

2040 aa ¢cgag cgcagaa tg gtcctgcaac tttatccgec tccatccagt ctattaattg
299 TE60 ttgg%c%g%gggagg8%&8?5%%t‘é%at?gﬁggcé:gt‘fgﬁ?ﬁaf‘i‘&fc@&ﬁ%@aﬁ@ﬁgcc%?tz0

. tgm@t@@ctgetaeaggcca@zgi@@jgffﬁ@g@w@&e@ﬂtgg@gggggggagt%%ggggtt%78 o
5220 ccaacégfatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt

g e R tEE] At G dgtaEgt HdcdGeantg thatcadte s ariatgge 40
tgtata240: agoagighal-aalicicia clgtealgec-atceatiaaga, IQelittely taactggtga,

3600

5400 gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccggce
TEeCHIABEC JiEAATARY G gARRARREEgCJeEat atag Cadanetitatmaagigeteace

aggca@@gag@@aggégga&ag@gegsgaggggg%ao@@&tgt%%@gaqgaécgﬂagggCéggggagat%%%‘o

gttcgatgta 5580 acccactcgt gcacccaact gatcttcagc at

Cttitact t
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dag
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cg

4080

=oca RAG0C0ACAE J0RROIANY 2790 AacioglR SECE L IR lRR HORR0P YL,
ceatteoteoeg coccatggot gactaatttt tthtatttat geagaggccg aggoogecte 4200
ggcctctgag ctattccaga agtagtgagg aggetttttt ggaggectalg gottttgeaa 4260
agatcgatca agagacagga tgaggatcgt tteogeatgat tgaacaagat ggattgeacg 4320
caggttetee ggeegettag gtggagagge tatteggeta tgactgggea cazcagacsa 4380
teggetgete tgatgocgee gtgttcegge tgtcagegea ggggegoocg gttetttteg 4440
'tcaagaccga cetgtoeggt gecctgaaty asctgcaaga cgaggeageg cggctategt 4500
ggetggocac gacgggogtt cottgegeag étgtgctcga cgttgteact gaagcogggaa 4560
gggagt?gctlgctattgggc gaagtgecgg ggeaggatct cctgteatet caccttgotc 4620
‘ctgccogagaa agtatceate atggetyatyg caatgeggeg gctgeatacy cttgatcegy 4680
ctaccitgeee attegaccac caagcgaaac atcgcétcga gcgageacgt actoggatgg 4740
-, Bageoggtot tgtegatcag gatgatobgg acgaagagca tcagggygctc gogocagecog 4800
*aactgt?égc caggetcaag gcgagcatgé cocgacggega ggatchbogte ghgacceatg 4860



gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc cgcgcacatt 5820

tccccgaaaa gtgccaccta aattgtaagce gttaatattt tgttaaaatt cgcgttaaat 5880

tittgttaaa tcagctcatt ttttaaccaa taggccgaaa tcggcaaaat cccttataaa 5940

Wgagé{)é{g@%i‘a% hgaccgagat agggttgagt gttgttccag tttggaacaa gadfeERERE600121
ttaaagaacg tggactccaa cgtcaaaggg cgaaaaaccg tctatcaggg cgatggccca
6060 ctacgtgaac catcacccta atcaagifitsitggggtcga ggtgccgtaa agcactaaat
6120 cggaacccta aagggagccc ccgatttaga gcttgacggg gaaagccggce

I HERGOYCY TTBO atjaraggey Fraagasty CYsHaYgag CY- gyoyetaggy 4520

at99C0G89Caa0 191ANCIgLC 6240, acgetgegeg taaccaccac acccgeege
** Cttaatgcge cg%tac%g%g cggsccgt%%ca g%(%%a%gog?g?)%ﬁi%ﬁ ¥ Gy aso
ctoapRTSG2006/0601 25946/48-tcgrtaticaggctgegeanstotigegassete 5040

cgatcag tgc tc ttcgctatta 6360 cgccagctgg cgaaaggggg
ccgag?é%gctg%%%%ggcc%%{%%acgt;?fg%;é:faé% BB Gott 6450 T 458848 Tatyttgtaal
JggyaEBgacgyse-agigaatiga-tacgactcasdiaiagegaga £43Q - attgggiace cgacg ; g0
6§095 <glé)> 71 <211> 6400 <212> DNA <213> Artificial <220> <223>
C-TPase CUisiict 92400597 tahTEitia tagreatcaaiasgtRtoatiagtiRo
cctcageepatpiadagagices-60, £attacatag cltacoglag algaccegec tggctgaccg, o o
cccaacgacc cccgeccatt 120 gacgtcaata atgacgtatg ticccatagt aacgccaata
A8 CA A T AtRFACGICA IBI IatGg BT 69 ittt crtyyioaabtgesese cliggeagEe 40
rasa£8ICRRQIGL AlCAA0CE 240, Aggtacacee cetatigacy tcaatgacgg, taaatggece
gcctggeatt atgcccagt%a 300 catgacct%gﬁgg%ggfgft% tacgﬁg%%{%\gg%ﬁgﬁ?ctac&mo
ctet gharigreecrycritac 868G ceatggtyatyeygititggcagiacateaadgegagioga « 6o
lageagtitg. actcacgggg 420 atttccaagt ctecacceca ttgacgtcaa tgggagtttg
““““Hitggcacc aaaéol?cga%gg%%aa&éa%fﬁégggacgﬁté{t%ﬁ5‘2355%018%5%9688%9a?fifO

agoccaamtygyeg gtaggegtgi-bdts acygtgggatkgiciatatargcagagatog:tagtaans
-+aaglcagatec getagegeta 600 ccggacteag atctcgagct caagcticga attctgeagt

Coacggtace gegggcelty 86 gatddarics atthagttgrreactatigaatttaagety
acor@itgiiettt dgeagaagcyd gy ieagaatana Caeicaacit 199cagalee9eeacsatag, oo

cgee

gtcctccagta gaagaa%cgt 780
o

agatcetttt ¢ gegey taatctgetg cttgcaaaca aaaasaaccac cgctaccage 5760
ggtggtttat ttgccggaté aagagctace aactettttt cogaaggtaa ctggetteag 5820
cagagcgeag ataccaaata ctgthttct agtgtagecy tagttagacc accacttcaa 5880
gaactctgta geoaccgecta catacctoge tetgetaate ctgttaccag tggetgotge 5940
cagtggcgat aagteghtgbe ttacegogtt ggactcaaga. cgatagttac cggataaggc 6000
gcagcggtey ggctgaacgg ggggtiegtg caéaaagccc agcttggage gaacgaccota 6060
caccgaactg agatacctac agegtgaget atgagaaégc gecacgettc cocgaagggag 6120
. aaaggceggac aggtatocgg taagoggcag ggtocggaaca ggagagcgea cgagggaget 6180
tecaggggga aacgoctggt atcetttatag tectgteggy titegocace tobgackttga 6240
gegtegattt ttgtgatgét cgtcaggygy geggagecta tggaaaaacg dcagcéacgc 6300
ggcctttita cggttectgg ccttitgetg goottttget cacatgttet ttectgegtt 6360
ateccoctgat totgtygata accgtattac cgccatgcat 6400



aaggtagaaa tggctattgt tcatgaacca caaccacaac cacaaccaca accagaacca
840 caaccacagc cacaacctga acccgaagaa gaagcaccac agaagagggc
aaagaagtgc 900 acatcggatg tatggcagca tttcaccaag aaggaaattg
%Qé’jgﬁﬁé%'ﬁ%gatggaaag 960 aaatacgttc aggtatgggg geattgcE6d/REcongaro121
gcaaggctaa gtatagggct 1020 gagggtcatc atggaacaag cggatttcga
aatcacttga gaacatcaca tattttagtt 1080 aaaggtcagt tgtgtctaaa aagtaaaatg
gatcatggca aagacataaa tctcattgag 1140s ccttataagt acgatgaagt ggttagccta
aagaagcttc atttggcaat aatcatgcat 1200 gaataccctt tcaatattgt agaacatgag
tactttgttg agtttgttaa gtctctgcgec 1260 WO 2006/124001
PCT/SG2006/000121 46/48 cctcactttc caataaagtc ccgtgtcact gctagaaaat
atatcatgga tttgtatttg 1320 gaagaaaaag aaaagttgta tggaaaacta aaagatgttc
agtctcgctt cagtacaact 1380 atggatatgt ggacatcttg tcaaaataag tcatacatgt
gtgtcaccat ccattggatt 1440 gatgatgatt ggtgtctcca aaaaagaatt gttggctttt
ttcatgttga agggcgccac 1500 actggccaaa ggttatcaca aaccttcact gcaatcatgg
ttaagtggaa cattgagaaa 1560 aaattgtttg ccttgtcttt ggataatgct agtgcaaatg
aagtagctgt gcacgatata 1620 attgaggatt tgcaggacac tgattcaaat ctagtttgtg
atggtgcttt ctttcatgtg 1680 aggtgtgctt gtcacatact gaacttggtt gcaaaggatg
gcttggctgt aattgcagga 1740 acaattgaga aaatcaaagc gattgttctt gctgtaaaat
cttctccttt gcagtgggaa 1800 gaactaatga agtgtgctag tgaatgtgac ttggataaat
ctaaagggat ctcatatgat 1860 gtctcaacta gatggaattc aacctatttg atgttgaggg
atgccttata ttataagcct 1920 gcactaataa ggcttaaaac aagtgatcct cgcaggtacy
atgcaatttg tcctaaagcc 1980 gaggagtgga agatggcatt aactcttttt aagtgtttga
agaagttttt tgatctcact 2040 gaactcctat ctggtactca atattccact gcaaatttat
tttacaaagg tttctgtgag 2100 ataaaggatt tgattgacca atggtgtgtt catgaaaaat
ttgtcattag gagaatggcc 2160 gttgcaatga gtgaaaagtt tgagaaatat tggaaagtgt
ctaatattgc actafctgta 222 gcatgcttcc ttg?a;c_cctag gtacaagaaa atattgattg

agacaactac tagtgat
~ aaaactattt gcallj i
atatgtctga acccettttg 2520 aagcatagtg gtcagtttga tattttatca tggtggaggg
gaagggttgc agggatcy ictcacee-aaaitgcaag ggatgtgcta
gcaatacaag tgteamet e Igety &g@ﬁéﬁsiﬁm:(}gttca gtgctggtgg tcgtgttgtt
gatccttacc gcaatcgtct tggttcggag 2700 attgttgaag ctttgatatg cacaaaagat
tgggtagcagcatctagaaa aggtgctacg 2760




tattttccaa caatgattgg tgatctcgag gtgctagact ctgttattgc tgctgcaaca 2820
aatcatgaga atcatatgga tgaggatgaa gacgcaatag aattttctaa gaataatgaa 2880

v?at ta?écaa tggctcctc tccatgagca atgtgtctta tgtttgttga cagatgagcc 2940

85%@ %ii‘(f%\]gtttatgc atgctaagtg ctccagatgt gagcaagtga ttatgastat So0g/ 000121

gtgttttaaa ctttatattg.tgtcatgtgt gctagtaaacttatatggct tcttatgtta 3060 WO
2006/124001 PCT/SG2006/000121 47/48 gccaaggcgg ccgegactct
agatcataat cagccatacc acatttgtag aggt t 3120 tgctttaaaa aacctcccac
acctccccct gaacctgaaa cataaaatga atgcaattgt 3180 tgttgttaac ttgtttattg
cagcttataa tggttacaaa taaagcaata gcatcacaaa 3240 tttcacaaat aaagcatttt
tttcactgca ttctagttgt ggtttgtcca aactcatcaa 3300 tgtatcttaa ggcgtaaatt
gtaagcgtta atattttgtt aaaattcgcg ttaaattttt 3360 gttaaatcag ctcatttttt
aaccaatagg cpgaaatcgg caaaatccct tataaatcaa 3420 aagaatagac
cgagataggg ttgagtgttg ttccagtttg gaacaagagt ccactattaa 3480 agaacgtgga
ctccaacgtc aaagggcgaa aaaccgtcta tcagggcgat ggcccactac 3540
gtgaaccatc accctaatca agttttttgg ggtcgaggtg ccgtaaagca ctaaatcgga 3600
accctaaagg gagcccccga tttagagctt gacggggaaa gccggcgaac gtggcgagaa
3660 aggaagggaa gaaagcgaaa ggagcgggcg ccagggcgct ggcaagtgta
gcggtcacgce 3720 tgcgcegtaac caccacaccc gccgcegctta atgcgecgcet
acagggcgcg tciggtggca 3780 cttttcggog aaatgtgcge ggaaccccta tttgtttatt
tttctaaata cattcaaata 3840 tgtaiceact catgagacaa taaccctgat aaatgcttca
ataatattga aaaaggaaga bgc ggaaagaacc agctgtggaa
tgtgtgtcag ttagggtgtg ga ) aggctcccca gcaggcagaa
gtatgcaaag catgcatatc a ccaggtg 4020 tggaaagtcc
ccaggttccc cagcaggcag jcatgcatc tcaattagtc 4080
agcaaccata gtcccgeccc grccegcece ctaactcege ceagtteege
4140 ccattctceg ccccatd ttttatttat gcagaggccg aggccgcctc
4200 ggcctctgag ctattcd pgraggctttttt ggaggcctag gcttttgcaa

- 4260 agatcgatca agagaGaggadgaggatcgt ttcgcatgat tgaacaagat
ggattgcacg 432 caggttctcc.ggccgcettgg gtggagaggc tattcggcta tgactgggca
caacagacaa 4380 tcggctgctc tgatgeeycc gtgttccgge tgtcagcgcea
ggggcgcececg gmm@ﬁéﬁ%@%‘ﬁﬁ@m&%mga&g aactgcaaga
cgaggcageg cogaialeat4n00. gdetggteac gaggaacaltt cctigcgeag
ctgtgctega cgttgtEAtt gaaitgggaa 4560  gggerRygErectatiggge
gaagtgccgg ggcaggatct 'cctgtca@fﬁg}tgctc 4620 ctgccgagaa agtatccatc
atggctgatg caatgeggeg-getgeatasy-siigateegg-463a--atacctgccc attcgaccac
caagcgaaac atcggategageg agcé?f@f”ﬁ’&i@gg@g%]é&, .

GTACCCAA. . .
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C
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aagccggtct tgtcgatcag gatgatctgg acgaagagca tcaggggctc gcgccagccg
4800 aactgttcgc caggctcaag gcgagcatgc ccgacggcga ggatctcgte

tgacccatg 4860 WO 2006/124001 PCT/SG2006/000121 48/48

"g Q’%@&%‘fg"&ttgccgaat atcatggtgg aaaatggccg cttttctgga ttcatbgReAYsFor121

gtggccggct gggtgtggeg gaccgctatc aggacatagc gttggctacc cgtgatattg 4980
ctgaagagct tggcggcgaa tgggctgacc gcttcctcgt getttacggt atcgecgcete 5040
ccgattcgca gecgcatcgcc ttctatcgec ttettgacga gttettctga gecgggactet 5100
ggggttcgaa atgaccgacc aagcgacgcc caacctgcca tcacgagatt tcgattccac
5160 cgccgccttc tatgaaaggt tgggcttcgg aatcgttttc cgggacgcecg gctagatgat
5220 cctccagcgce ggggatctca tgctggagtt cttcgeccac cctaggggga
ggctaactga 5280 aacacggaag gagacaatac cggaaggaac ccgcgctatg
acggcaataa aaagacagaa 5340 taaaacgcac ggtgttgggt cgtttgttca
taaacgcggg gttcggtccc.agggcetggca 5400 ctctgtcgat accccaccga
gaccccattg gggccaatac gcccgcgttt cttecttttc 5460 cccaccccac cccccaagtt
cgggtgaagg cccagggctc gcagccaacg tcggggeggce 5520 aggccctgece
atagcctca.g gttactcata tatactttag attgatttaa aacttcattt 5580 ttaatttaaa
aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta 5640 acgtgagttt
fcgttccact gagcgtcaga ccccgtagaa aagatcaaag gatcttcttg 5700 agatcctttt
tttctgcgeg taatctgetg cttgcaaaca aaaaaaccac cgctaccage 5760 ggtggtgtgt
ttgccggatc aagagctacc aactgttttt ccgaaggtaa ctggcttcag 5820 cagagcgcag

Figure 3



Figure 1 WO 2006/124001 PCT/SG2006/000121 2/8 + + + TPase + NLS
-etxlslon produc s -piers M 12 3 4 B onorl Before oxcJslon:
...(Ya6GATOO0CGACAtagggatgaax-DS-CttcaCCCetgCGTCCGGTALLGA
VO 20R6(8748%dslon: GAGGATCCCWAC W GGTATO3tc... PCT/8G2006/000121
...OAGGATOO00C>FACT .....cooevevnirnnnee, aGTCGGGTATCGEG... Oonor2
Before e+o Islon:
...1\3(IAGCTCCCC3ACtagggatgaaa-DS-£2CCateceCgrXRCGGGTAOOOA
R. .. After ezclslon: ...1 aaceracccGA GTCGGGTACCCAA... .......
CPCCCGVA...cccet i, SGTOO00CPACCCAA... C:...CA
GACtagggatgaaa-Da-CCtcatecCtgGAACTGACCCI{fCAT...
...TATATGg~TLCC~tagggatgaea-OS-tLtcatCCCtgCfLIRTCR TCTGCIYI..,
Figure 2 WO 2006/124001 PCT/SG20061000121 3/8H Id Ps m Lx1
~a ~x Gl

Figure 4



to to NONLS NLSKSE NLS Figure 3 WO 2006/124001
PCT/SG2006/000121 4/89224557 B 91D tl 42 Figure 4 WO
2006/124001 PCT/SG2006/000121 5/8 ;1 "~, ~1 Il 111 11 ,,, II" No
HRAMIELALT Figure 5 WO 2006/124001 PCT/SG2006/0001 2B 2BIK{A21
Homo sapiens chromosome 17, clone hRPK.294 J 22, AC005921.3
61:4982556 A7 (Ds5'-122331-.., +\-): 5'
atcggttataegatacggtcggtacgggatttteecatogtagttteatccctgAGTGAGACTCTG
ACGGCCTCCTGCT
TCCCCCACACTGTGGAAGGTGGGGCTCCCCAAGCCTGCACTCCTAC
CTGAGATGCC
AGTCTCTTTGTCTACTTTAGACACCAGGTTCCAAAGACCCTGTGCTCT
CAGATACCT
TTTATGTCTAAAGCAGAGGCCCTACCCCAGCACTCCCCATCTCAGTA
GACAGTAACT CCATTTACCA (SEQ ID NO: 56) D4 (...-122331-Ds5'

+\+): S'rev,
AGCACAGGGTCTTTGGAACCTGGTGTCTAAAGTAGACAAAGAGACTG
GCATCTCAG
GTAGGAGTGCAGGCTTGGGGAGCCCCACCTTCCACAGTGTGGGGG
AAGCAGGAGG
CCGTCAGAGTCTCACTeagggatgaaagtaggatgggaaaatecegtacegacegttat
egtataaecgattttgttagtttta
tecegategatttegaaeccgaggtaaaaaacgaaaaeggaaeggaaacggatataca(SEQ

ID NO:57) D5 (-1
OGGCCTCTGH
GGAACCTGH
TGTCTAAAG GGAGTGCAGG
CTTGGGGAG No tistisposase f§
CCCACCTTCH
CTeagggatgad P e
aggatgggaaaa
accegaggtaaa

ACAGGGTCTTT

TCAGAGTCTCA

atcecgatcgatttcga
"+\+): S'rev,

~teanisitivase.



GCTTTAGACATAAAAGGTATCTGAGAGCACAGGGTCTTTGGAACCTG

GTGTCTAAA
GTAGACAAAGAGACTGGCATCTCAGGTAGGAGTGCAGGCTTGGGGA
VKA RANETT PCT/SG2606/000121

CCACAGTGTGGGGGAAGCAGGAGGCCGTCAGAGTCTCACTcagggatg
aaagtaggatgggaaa
atccegtaccgaeogttategtataacegattitgtgagttitatecegategatticgaacccgaggtaa
aaaacgaaaaoggaacga (SEQ ID NO:59) D7 (..:122324-Ds3' +1+): 3'rev,
ACTGGCAACACCGCCTCTTGFBBIRCIGTCTATTTCCAGCATCCAGAAAA

Homo $abferk ehiofilsome 17, clope HRPR.294 [ 22, ACO0S021 3 GL4982536 1 17
A7 OFECHBSAAT 1) 5

a&g@@%%@%&@@%ﬁ&&@@&&%@&%@?@ﬁ%@ﬂﬁ@ﬁ@%@%@
TCCCCCIAMCQIM@EIEA@GTGGGGCTCCCCAAGCCTGCACTCCTACCTGAGATGCC
AGTCHREETEGTUDAC THOOYAY 6¥tcer
TTTAmemg}mmsmmecBfmc:ACTcCCCATCTCAGTAGACAGTAACT
CCATEINETBQERATABCBECTCTTGTTCTCCTCTATTTCCAGCATCCAGAA
AAGTGTCTGG

D4 (.. 43RO TEB TGETECATAAATTTTTACTGAATGAATGAATAAATGAA
AGCACAGOERATIGGAACCTGGTGTCTAAAGTAGACAAAGAGACTGGCATCTCAG
GTAGEAN AR AERT BN B (S ABEG5EC A EIGTOGEESYEINGIAGS
CCGT%&%@EE&%%%&%&gﬁm%g@ggmammmmgwma
e R RS O PR E 1 LT ERERT L 2 AT DINAQ IR site:

G AGG%CGTCAGAGTCTCACTcagggatgaaagtagg 5'- Ds 3.

gé t(:}c TEACTAGCCATCCTGTTCATTCATG (SE

TGTC ARt S NS e Ho %%%%%Tﬁw@?&
CCCJ;;E @ﬁ‘tc CAGTGTGGGIHGA Al G éi%TCTCACTcaggg&tgaaagt
;%g;‘@%a;?aas‘;%?gg%ﬁ?%? Gagor %%%‘“@éwg“ R AT CERBEPATRAEASEQ

TGCATGTTTAGAGA
D6 (... GRACTOAGGHCCEARCTCGAATGTGTTTAATTTCAAGCTTACTATGTG
GCTTMGAE@MAGGTATCTGAGAGCACAGGGTCTTTGGAACCT GT
CTAGACAGASBAGATOETAGTECAAGPAAG LEAGAGEH %’é‘g CCTT
%CAmmAAGCAGGAGGCCGTC%GAGTCTCACTO& gaaa aﬁ% gasa
atcoe e ARETRAGRGACLATARAGAIA E,ﬁgﬁzg
(SEQ BRACABAT ekl

GTGATTAATTTGGAGGAGAATAATTAGAGAAAAATAATAGGTCAAAGA
D7 (. GRBAEPSCH+):  3'ev,
ACTGREAGCARCEUIATAITCAACTSE AT MG CATEAAASBARATGC
TTAT@@%&C’ECCATAAATTTTTACTGAATGAATGAATAAATGAATTCATGAAT
GAA%@@TMK@@% CCALR 4 7 FeGadaibEEciflsifiicata

%Wg@@gaaaacgggatataccggtaacgaaaacgaacggg (SEQ ﬁ) NO 60)

Do ATTTCAAGCAAAAGTAGTCAACAGTGTGTTTCCTAAACACGTGCAGAC
(-pd2 i\ (SEQ IDNO: 6%1A2 -2 (.:23951-Ds3' +\+):
GACT AACACCGCCTCTTG CTCCTCTATITCCAGCATCCAGAAAAGTGTCTGG

_ AT ARG B RO A B TAGTONTGAA
LA LT A GAGACtagggatgaaaacggtcggtaacggtcggtaaaaiacctctaccgttttcattttcat
atttaach gcgggacggaaacga (SEQ ID NG:61)

Figure 6A



TCTGGTTTTCCTTTTACCTCTCTGGCTGTCTCTTTTCAACCTCTTTTGT
GTCCCTTAAA

ATGTTGGGGTTCCTCAGGAGTCTGTCTTTGACCTATTATTTTTCTCTA
‘%\q—%ﬂ'&ﬁ"%}faéc PCT/8G2006/600121

TCCAAATTAATCACATCTGTTTCATAGCTTCAATTAGTATCTTTATGCT

GCTAACTCT '

CAAATATGCATATGCCACCTCGGTCT FBAGTTTACAACTCTG GATTTGT

ACCAGCATA

ATGTGTTGGGTATTTCATGATCACATAGTAAGCTTGAAATTAAACACA
TTCAGTTGC DNA 2 inseriion site:

%M@M@W@@E@Kémm&m%@aa&ﬁ%@&ﬂﬁl@&@a@"f
CTCAQAHOGABAEDCETCATTCATG (SEQ ID NO:62...57-Ds-3"...SEQ ID NO:63)
ccgttttcattttcatatttaacttgcgggacggaaacgaaaacgggatataccggtaacgaaaacgaa

cgggataaatac (SEQ ID NO:65) Flgre BB WO 2006/124001

oo BSOS TR TR
1 A2~I (g‘gt_%;g,qaqgﬁajaatgtg aaaatgaaaaeggtagaggtattttaccgaccgttacegaccgttttc

aatatgadhataiRled GAabelittdcogacegttace &co catcceta TATAGATGCATGTITAGAGA
GGACBCAGTGCHEIAMGAGRE J&@&%%&«X%%&ﬁ%%%ﬂm
ACCCMGKEA@TATGCTGGTACAAATCCAGAGTTCTAAACTGAGACCGAGGTGGCA
TATGTS ARG TAAEIOAGGTEGOATOMAGATAGATECA SACLGTRAGIGGAT
GTGAATSATTRETAGGAGAATAATTAGAGAAAAATAATAGGTCAAAGACAGACTCC
TCAGGHIAALCESANTCATARGGAATAGAAAAGAGTCGRBAGBCRGABAGTTEGA
GAGGIBARBGCEAAACCAGAAATGCTTGGAGTGAGAAAAGCCAAGTAAACGAGGGT
ATTTAEAC G TEBHEBCECASTMATGINGTIC AW PAGTGAGARSATAART G A
AGCTAGHERARGHAENO:64)
CCTTTTTAGCAAGAGGGAATCGCCTCCCCACCCCCAGTGGTAGAAAC

1AZ‘EAT(%%?&:?T%@*@ECAWTACTGCAGTACCAGGCTTTCA (SEQ ID NO:66)
CTGTEGAG GCTTRAAFACCCTCTTTACTTGGCTTTTCTCACTCCAAGCATT

e R R
; R BT

égg@%g%eﬁﬁﬁz@g@%%iﬁg W{%ﬁ: ggtaaaa%cctcta
s ACAT@'%%%%%&%&%E@%@éﬁ@éﬂéﬁ&%&%@%ﬁ%ﬂ&&@&@m

ACGTCGAGG
GGCCCTAATGAAGCTGGGAATACTGAGATAATAAATTCTGATGAGCC
TTTTTAGCA -

AGAGGGAATCGCCTCCCCAGS Qé@TGGTAGAAACATGCCCTTGC
CCATCTACTG CA (SEQ ID NO:67) Figure 6C
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-DNA3-
Homo sapiens chromosome 18, clone RP11-813B21 AC090330.22 GI:24137587

B7 (Ds3%-17490-... ++): 3
teegtccogeaagitanatatgaaaatgaaaacggtagaggtatittacegacegitacegaceatittcatecctaGTGAGAGTCT
GCTCTTCTGTAAACAGACGGCTGAAATTGCTGAAAATCAGACACAAGCTGTTACTA
TGCAAGTGATTGACCTGCAACGAAAGGTACATGCTCAGCCTCACTGGATGTCTACT
GTTAAAG‘GGAG{}ACATTGATTGGAAAAGAGTGG{}ACCCTGAAAGTTGAGATGGGG
ACACGTCGAGGGGCCCTAATGAAGCTGGGAATACTGAGATAATAAATTCTGATGAG
CCTTTTTAGCAAGAGGGAATCGCCTCCCCACCCCCAGTGGTAGAAACATGCCCTTGE
CCATCTACTGCAGTACCAGGCTTTCA (SEQ ID NO:66)

B10 (Ds3-17490-... +/4): 3

atatganaatgaaaacggtagaggtatittaccgacogttacegace gittcatoectaGTGAGAGTCTGCTCTTCTGTA
AACAGACGGCTGAAATTGCTGAAAATCAGACACAAGCTGTTACTATGCAAGTGATT
GACCTGCAACGAAAGGTACATGCTCAGCCTC ACTGGATGTCTACTGTTAAAGGGAG
GACATTGATTGGAAAAGAGTGGGACCCTGAAAGTTGAGATGGGGAC ACGTCGAGG
GGCCCTAATGAAGCTGGGAATACTGAGATAATAAATTCTGATGAGCCTTTTTAGCA

AGAGGGAATCGCCTCCCCACCCCCAGTGGTAGAAACATGCOCTTGCCCATCTACTG
CA (SEQ ID NO:67)

Figure 6C



