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mutations requires laborions and slow positional cloning efforts. Insertional mutagenesis using
refrovirus, on the othér 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 2 bank of retroviral
insertions in zebrafish sperm, a library can be created where at least one insert into roughly
every gene is housed in a small freezer space. Characterization and determination of the
genomic location of all the inserts will make it possible to easily performr reverse genetics in the

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



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. [0005] To
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necessary event for retrovirus m:egraﬁon). This rec;uires more work up front than the traditional
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 retroviras is
less than that of chemical mutagens (1/1 ENU mmtagenized F2 families produce a visible
recessive mutation compared fo 1/7 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 genes were cloned (Golling et al.,, 2002;



genes have homologues in human, but approximately 20% of these

disrupted genes do not contain any obvious motifs or features that would

allow one to classify the biochemical function of the resultant protein

WEHINHE0al., 2002). In contrast, the genes so far cloned fraTEEG06/000121

mutants show little degree of novelty. [00081 One approach which has

shown a great deal of promise for reverse genetics in zebrafish is the

generation of gene knock-downs using morpholino based oligonucleotides
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[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 F1
progeny (Lin et al., 1994). The number of inserts carried by these F1 fish was also 'Iow, usually
one insert per gamete and fewer than 5 total insertions per germ-line (Lin et al., 1994). To do

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



retrovirus could make enough founder fish to harbor a half-million inserts
in two months time (Chen et al., 2002). Furthermore, the efficiency of the
retroviral system now allows more than 25 different insertions on average
Werggchr4inder fish. These fish can easily be raised, taggeBCTasG2006/000121
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[0012] The most time consuming aspect of cloning 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 linked insertion is
identified and its flanking sequence is cloned, it is no longer than a few kilobases in length due
to the meffectiveness of PCR to amplify larger fragments. In previous work, it was found that
gbout one-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,



[00131 Reverse genetic approaches in mouse have provided many

insights into human diseases. Researchers have been able to take a

gene of interest and disrupt its expression by homologous recombination
WY B8oCeH4lthen re-introduce those cells back into an embrypaeyscrmase0o121
-targeted transgenic knock-outs. While this approach has not yet proven

successful in zebrafish or other verteprate model organisms other than

the mouse and rat, another method, called target-selected mutagenesis,
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{0014] Forward genetics has been an invaluable appi‘oach in many model organisms;
hpwever, almost all of the forward and reverse genetics taking place in zebraﬁsh are in the form
of loss-of-function alleles. Forward genetic approaches based on the proposed retroviral
zebrafish Hbrary would be enhanced with the addition of fumctional genetic elements.

Refroviruses can provide additional functions aside from the obvious loss-of-function gene



previous non-trapping vectors (Chen et al., 2002), it did show the

possibilities for other creative screens in the zebrafish that have

previously been performed in Drosophila. Among these are enhancer trap
W pts(ietgWWhere fish could be screened for particular gene BRp&EHIGi000121

patterns, and promoter-containing vectors for
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re 1%I¥ml%d the develgpment of guick, large-scale approaches towards 'gene
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(Half%ﬁp%%?ﬂé-is the case concerning these issues. Zebrafish have the added
[{}Giﬁﬁdefﬁgﬁﬁfaﬁﬁ 'ﬂﬂttfﬁ%@@fﬁgéﬁéglf@%g?égﬁtigftg%eﬁrr&e&% BP tﬁg uman genome

allowing easy visualization of the morp gy and function of intern
have R5guRSISY IRERe oSy (Teinges varibn26Ptechmituies dhvaMtly The ability to
rapidljﬂlﬁ@ﬁﬁﬁﬂﬂl&ﬁiﬂl@gﬂ%@ﬂ&&é&@?@ﬁggrm%ﬁgy% QL%/%IQH%? many research

. éebrafis[,p as a : .
mstitutions ana pharmaceutical companies. Currently, the best vertebrate model organism for

conducting these genetic studies is the mouse. Homologous recombination and random
refroviral 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 function identification. These include

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



forward genetic model would significantly enhance the understanding of
vertebrate gene and protein function. [0016] Recently an effort has been
made by at least two companies to generate a zebrafish sperm library

Ve &G gt lone loss-of-function gene has been published freotdusdiara 21
(Nasevicius. and Eldcer, 2000). Since the library was made from fish
mutagenized with ENU, several thou§and PCR and sequencing reactions
were required to isolate the lone mutant. Using retroviral insertional

breedifptageRfMRUIG YRSk m&ypyf@gﬂiﬁﬂ%ﬁﬁﬁ@dt%ﬁhﬂﬁ{% &S RFASRAIDI Y s ebrafish
’ ctg%d besgener ted and then used by researchers. Stored as sperm
nearly o PR R dPoPE S28h FERFRLRRIRo% ¥t sr résherfitnhossdipgddedradyamasge of
being Zraffishtotifewe, thisinserienaldilopreagupiRsvitie SRACOIENG ation of the
erm.s les can.easily be reconstituted into living fish for studies of = |,
o o Al AL1h LA, BHETy W TabvBa Ao o S i
involvistey Ererearrtforipruteise dunotionloitesyis riapekiitary Tiwlotedhgtiayirabrafish as a
forward W31iaRs R e @%@g%tﬁl\ﬁgéﬂ%y hedyalygh lﬁn@e%%%‘fréoy}yq xgex%te%gé{eoéene and
.the function of a specific’gene of interest, for screening tfte library tor
proteim, figlffbes relevant to disease so as to identify putative drug targets, for
[o016]scraesiagithanlibrary has ehithald,nak RRRORA thaigificant géﬂ&%te a zebrafish

o emltgéins or o(}herc emicals so ags to identify the gene and protein that are

perm HRUEfe () b Hotiih ot SU P EBHDBERRIS SRE 5 SerBetivy Y dinmothimdibrary

{NasestivatsnaighCiiter, th@&é)(p@mb&@ﬁihﬁyi@@fﬂﬁa@wﬂﬁﬁﬁéﬁ%&i},@M& with ENU,
apﬂ&{ gen roteins. of interest. [0017] DNA transposons are mobile .

sever R S O i S ID R U touant. Using

retrovipgh el ne mplasons wiadrhst imspoiuticheaspeedewith of thvain zebrafish library

could ROVEMEAISIVIEN (and REIVEEN,GeNoMES. C]pglisists Qﬁg’ﬁi%% les and/or as

transposons as tools for pboth gene delivery and insertio nesis
approxgngletio 1449 ¢ infrsie ahimassibhhapifey 12992 Bitfisht on fiFrecdhidyingertional
libraryweidebiateisi]d 5pASH OTRB SRk Qlathiel Y SHARle P80 eliG SUPIRRISHEO TR UNkD for

. of some genetic_sequence bounded by inverted terminal repeats and a
studies of B0 ST el Rpihs (5L EHE R SASBB LB BURUG oSt sene
and/or Pidiarfungtiste itiltgangibeDNA deattnte(Riastadtich8 98 he zebrafish would
B Ao r sSQNs C the transpgsase gene inside. the )

°e Vtransp(cl)l(lé%&rlgh\slcv g(lr;gé&s% ﬁ%%iyaﬁ%eo%ﬁ%%&soﬁggsapsggong EHGiR Gy for soreening

the libggyrdarophenesponsaseiTerintdr dissoiizations WOREOH/ 19480 drug targets, for
screeniﬁ@ﬂ§ﬁ%¥@@5f&0§§@éxa§ 48 %@LQ%W%' éfggl\ﬁ% Q,Sﬁ%k%seé%@%g} ei:%emicals

the maize Ac/Ds element (Shure et al., 1983; Fedoroffetal., 1

50 25 10, iIANNEY, BF ACD A\ PIAIPRE s Bre Mkt ek ieinepsuchisompaeeds, and for
screeniugrfetycofrplanipeeiasifsheinga8e-Ralkeh @%M%P&Y%&E%E@s%é&éﬁes, or

other ggﬂsegarr&%gnciglgpg ¢ ecat lyzed by modified transposase was demonstrated'in

accharoinyces CefeVisiae (Weil and Kunze, 2000), implying that
[0017] plamMepevifisppsoteinswersiinel @ssestibhfontransp Ao ncTs8AERRSHIO Fenome
to anoti:DEiGIQIQS! u&ﬁg | hasts has been reported for a nu %er of other o
transposonsg’e.g. a%rr_l% ﬁe%\éﬁ%eﬁq’t fom Drosoph; éersﬁlguolr}ftf R3O SBRRfR Fthin
and be@%bé?@@ﬁ%-l%ﬁﬁﬁ@ﬁé@@gusad transposons as tools for both gene delivery and

insertional mutagenesis or gene tagging in lower animals (Shapiro, 1992) but not, until recently,
in vertebrates. Transposons are relatively simple genetic systems, consisting of some genetic
sequence bounded by inverted terminal repeats and a transposase enzyme that acts to cut the
fransposon out of one source of DNA and paste it into another DNA sequence (Plasterk, 1993).
Autonomous fransposons carry the transposase gene inside the transposon whereas non-

autonomous fransposons require another source of fransposase for their mobilization.



Caenorhabditis elegans Tc3 element (Raz et al., 1998) in zebrafish,

synthetic transposon Sleeping Beauty in mammalians and zebrafish

(Horie et al, 2001; Davidson et al, 2003; Balciunas et al., 2004), To12
WitbI O3S latipes in zebrafish, Xenopus and mouse (KawaKeisdz@wak)121

2000; Kawakami et al., 2004; Kawakami and Noda 2004) etc. However,

none of the known transposons has yet been demonstrated to transpose

in both plants and animals. [0019] The use of heterologous transposons

[0018has Deewdldoweriutingidanbpenetiedeisanschai a4 pwRBRAAHIEEs): ot al, 1983;

species (Parin al., 1999; Spradling et al., 1995). The advantage of .
P e Toselon SO A e o MBS €4 RCIn 8% PR Vide
varietpiderinst seetizsgéDdmitecapy Rakaont 22dbn dvinusvele mertisim e ilesposition

ili i ' iyered into the cells. [0020 .
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Kunze, £O00Mitcirrd s Abgb riferisieriBagantsinscivas cultigmephissghatansposition.
TranspRiyRnHantelcRlnansthe hﬂgﬁ)h&@%www&ﬁ%%ﬂ%é WER®@Sr transposons
ne i

lippsomes, mtgéi)éla ellar vesicles, and ke, and virus-mediated
©.2 ML SIS S G A RE AR T ARRHORE, (B e H9pe momatode
Caencphelsites etpstails ashaiate@uvitbtDINA DY) ensingreRgenisn@fic transposon
virus-mediated strategies. Fyrther ount of nuclei id that can be
Steep If\{r#"trg %lé%dzﬁlt%n%l%ne%%iinﬁltﬁef ?nf\z}%?é rg{leegi%ts.aﬂlo%ﬁf; ?%Sﬁwga%t‘ et al, 2003;
Baloiufagsilitarb. inBedratiold dfuine tetive fetnwa derctasiisinaetulaaminieisafidwakami

et al.,@@@()‘," @1@”%@%?%@9 @E&Qﬂ%ﬁ&%'%&d&%‘@@i%.reﬁ%%%%%rarx‘%one of the

relatively easy to prepare, the incorporation of nucleic acid into viraf

knows, uRRSPEORA B B GFTREHERRSIRIBT dovenspREsihatiantats andagiewisan

fo019pe crlbtyReonhiesMB Y Re BRGNS AN BEHISOFIRIB e URE etic research in a
strategies can, create immunplogic problems when used in vivo. [0021] .
nnbe o FT SRGISE CCRAPRST Mk P oGRS e DA Bt B of using

heteropaticudanyenisathibdsthoat prampiesfoexeffiisientintegration plsatelaigagichic copy

fr ts_of I IIE sizes into,the nucleic agld f a cell, particul r,. the. .
f - A ) )
© IlOIli @%ﬁag%%?}%%& ansto H ;eﬁ i:’gléer'l%iltl I%a%l#)ae Cé) ﬁ}l egr&fﬁp%?ﬁ%}ﬁg % Yﬁggg into the
cells. to develop a vertebrate (e.g., a Zebrafish, mouse, etc.) insertional

[eozoimutetion; ibraty MR 2006/134001,RCT 1862008/000124 A thatcauidhe o o

used to screen for genetic defects, to study genes of interest, to scréen for

limited; R NS M eRFRatrig BispTede Aty d o Bhew ke Adrmre sdersasbieabinnd the
like), Spgﬁaen@iﬂﬂﬁ%resﬁgﬁéaé, @%ﬁr BE 1&%&%!%&?@(?%3&1@%}5@&@,%& the tl)like, and
. disclosure is directed to the use e modified maize Ac/Ds transposable
Vius1g g?ﬁ%ntg %fl?f%lﬁseb&ﬁé?@%ﬁﬁ%ﬁ ﬁ%{ %@ﬁ? BRAE T EEoRE E0t PR cRisiRgre size
constraivasrassabiznd WHtinlENA. cbhéstrang pasentsyatevirof-thigidiselassee Basurther, the
amounfRPIGAYQRS, 19 many, areas of biotechnology. Development of .
uHtransp_osa ?% elerr)en{'tlgL or 1\%&%@% AT %l%esﬁrﬁ}%ﬁén OBt AiTgicgjes Not all
methodstiataliiatasategntshgehbtcniverid nintsiakmdicrosickomesitisingdhmd while
DNA B&ﬁ&t&ﬂgﬁggm_@ﬁéﬁst%@Bﬁlkﬁ@ﬂ&d&i&m%&%@ﬁ@'91% &%?Aﬁyc%} Q?.Qs? to prepare, the
, characterization of C?_enesilnvolved with
mcorporation 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 immumnologic 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



growth and development through the use of transposons as insertional

mutagens; 3) identification, isolation and characterization of

transcriptional regulatory sequences controlling growth and development;
WE) 20 4% arker constructs for quantitative trait loci (QTL) aPER/8#208§/000121

identification of genetic loci of economically important traits, besides those

for growth and development; i.e., digease resistance; and 6) noreviral

vectors for gene therapy. 9a [0023] Thus, in a first aspect, there is

that coplbigesbd igenectn fofereayitcatiat e dineeydenly rclackide 1819cdBen for drugs
A of a vertebrate cell comprising;.a modified Ac transposase.or a
st e TG 0 Ra TR K PP A R B
Ac transposase comprises a nuclear localization signal (NLS) at the
sm@M@%‘%ﬁﬁmeé Ac transposase, wherein the NLS localizes the

transposition reaction to the nucleus of the vertebrate cell and wherein the
IB022] truncatqaedunt HAHSPOS ASEreQRIRFISRIANHAMING-ATIHSRAHENOD NBNINGAble
element8an! F0YerHenl Ol Hn %,a%ﬂ&%ﬁl%%ﬁ&%ﬁ@%ﬂgﬁ;@ Of & mmais and
polynucleotide into DNA In a vertebrate cell; and a nucleic aci rggment
humansc GhaprasinesenFoReTa Slebitdispesitions gnplisvéen inmaredresséats that can

B o ot L et s 3 (i Bebhits e
_ .pro a method.for introdycing a palynuclegtide into the of a
A o RN R ——
given im i fpmfinac piésiﬁﬁcam;féacgawi dedpdlaiionadbe RERdnveRRGived with
: repeat in odified Ac transposase; introducing a
R T P N —

modifie ransposase or a nucleic acid enco it
3) identiiprtionsatrelivionhame|l chvivestsinzatiom ool cthaActipiispals asgwainriseguences
controlfifd g6t 6 aaaRsianl ()13 At eNILTRINS O AUUICRIRAAS, it 1oc
transposase, whereinthe NLS localizes the transposition reaction fo the
(QTL) mealnsifs oF ifrentiSautiva el matitolovh sfcomminaisdmpoxut amipo sesides those
for gro®AARKISeSRAHAIBNNG aCigi Ao RBRARYIRaIRY) east BR 4 4Rty Y.
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. [0023Db] In a third aspect, there is provided a transgenic
vertebrate 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. 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 bind to a modified Ac transposase into
a vertebrate cell; introducing a modified Ac transposase or a nucleic acid
encoding a modified Ac transposase into a vertebrate cell, wherein the
modified Ac transposase comprises,a nuclear localization signal (NLS) at
the N-terminus of a truncated Ac transposase, wherein the NLS localizes
the transposition reaction to the nucleus of the vertebrate cell and
wherein the truncated Ac transposase comprises an amino acid sequence
having at least 80% identity to SEQ ID NO:8 and catalyzes the integration
of the palynucleotide into DNA in a vertebrate cell; culturing the :

100231 crvcor A & S e D R HEFolS RGBT R e b of

polynughpeisksl o hodbidecd dransyericalieralpraiecell; and growing the
transgeqic ygitalrate &%Mﬂg frangge ic rate, ,[0023d] In afifth ..
aspect, there is provided a n_?éﬁod for id%nlt){%fngggthé%fgngf?gﬁ ora agﬂé"hemomﬁed Ae
VirABspestEpriseee(n) e epedifighAe ebratsaslideavingca polycgetcotielézation signal
ITREIS 2 Sene-uRie oihe RAVAAIEANAL.ComRHse < A BATIARONDE jocatizes the
inverted repeats that can bind to a moditie transposase and wherein
tivenapesibe aaseh s pecibarauchsug pih trodveitapiato ¢bk eefl svinereleichacitincated 4¢
f@ﬂ@%ﬁ&é’%‘ﬁ?[}@ alypcleotide positi between inyeste :
repeats that can bind to a m%%ifl%\eC Ac @?g%%%%%gsge‘g fﬁ) maf?!%gﬁt(%n%%mty o SEQ ID
mMdificadeatriivrssobaseiegratinnciéic peitnenbodidg mwniobificd Asertebrate cell; and

transpo | [ ' / ified Ac transposase comprises .
e e A R SR S8 imverteg
trgnepeshgiecanbiarbin themNidied iz twtbpotasesposition 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

[0623alD NO:8randecatalyzes: theiniegratiandof thanealynusaleatidasinthRNARR.
. vertebrate cell: (jii) culturing the cell to stably incorporate the
o thep% ynﬁfl%g?ﬁéﬁ%?oc%ﬁécorg ToMRe SF 8§I to produce a transgenic
vertebraterosiicitg (nfsdteenitig thewbiehedte taltenarciispiional polvnucieotide
mutation for a phenot r_biochemical characteristig.af interest; and (c)
e S B e S B ot e
sequencerofithengeneodifere by thenkmetion @f theugkie asidlentifigtle 2 modified 4¢
[ 9}_[213e In asixth aspect, there is provided a method for identifying a .
p% atve %gr@uént%rgtg? 88%@&’5%’8’3‘(%5 %ré?)%r}ﬁgga o & B Re S ﬁ&%ﬁﬁ&%s a nuclear
piobghimténtidigﬁa&%é?ﬁ%h egehe,mmmgth@fpotymm@im CRYISES Awherein the
%ﬁ%opoggﬁge% @x\éetga%%ﬁggg%gr@a%ggg obltrﬂg ;[1?10 erng ch}l Iﬁl% 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; and
culturing the cell to stably incorporate the polynucieotide 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, wherein the genome of the cell line comprises the polynucleotide
flanked by Ds 5° and 3’ ends.



Ac transposase and wherein the vertebrate cell is prepared by (i)

introducing into the cell a nucleic acid fragment comprising a

polynucleotide positioned between inverted repeats that can bind to a

modified Ac transposase; (ii) introdusing 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
(00238 nd Whe{elnfthe truncgte Ac. trans s se ¢ ‘? ses amino acid )

quence Kavikg &Pt E095 P&en ’§‘“|'§ES %?Ht? CaRRFE AR

humaintestplrtisroithsingchirieotide into DNA in a vertebrate cell; (iii)

culturingiﬁlﬁe,@@&ﬁﬁe stabiicigicoseid afedheanlyeuslaaide iﬁlt@:ﬂbﬁn@ﬁﬁ@m@ positioned

oL fhe g o %%gﬁ (A aasaangpUs e Rl ) WENIMOR o & vensbrse cel
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e or_
biochem{BEPEHSIBE f FRUE B InférBeR SHATRS Richikitg Caaﬁtfﬁ g 2 modified Ac
sefuepcesf theogeneasoan aninowvaeitisedguencedified pfoteimepeadecomprises a

bxlﬁﬁfe&e ne-fertheid %t[%tt g nersebrate.cell Wharehy aPUatNRAIME 4o transposase,
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In a seventh aspect, there is provide
S SR Ut ST B At LB BRLSHE Cghe verisbrate cel
praghringraivahebrateaedl Havirngsppolyn gomptitesirsertima ggldesequence having at

whereinoihe RalRulest rpasd PRRICH: o the ineHed 8PeRLSHolynucieotide
that c blnd to a n%gdlfle B&c transposase and wherein the vertebrate

celt TRt Sa ting into the cell a nucleic acid fragment '
comprismgl’alrpcgy?hﬁfcl‘é%‘tﬁﬁﬁ%élﬁ@n%d sahiveencierperse thperaivisiciie mto the
bigghion mogifies e ffansnosasasfhiatiegieingamodified Ac

transposase or a %EU%_EIC acuéi.c ie%%g . fpadified Ac és ng@g%ag%{nto

the cell, Wwherei the modried AG transposase comprisesa nucle
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
[0023ginino adilaskiinamee. by eroveladagoobiddatigers BEQHIDNOIgaid gene
whiclC&AMERS: the integration of the polynucleotide into DNA in a vertebrate

cell; (iii) Iturln gcel 0.stably incorporate the pol nuc otide into the ;
genomego ﬁ) pr(%éﬁgreg[a )éagl(;’%eenlcve efnr% cleol “ 2 msert 1 & gene, wherein

the polynucleottde comprises a portion of the mverted repeats that can bind to a modified
Ac transposase and wherein the vertebrate cell is prepared by

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

(ii) introducing a modified Ac transposase or & nucleic acid encoding a
modified 4c transpoesase into the cell, wherein the modified Ac transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated 4c¢ transposase,
wherein the NLS localizes the transposition reaction to the nucleus of the vertebrate cell
and wherein the truncated 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 in & vertebrate cell;

(iii) culturing the cell to stably incorporate the polynucieotide 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; (c) exposing a wildtype vertebrate cell to the
compound of interest; (d) assessing the effect of the compound on the
vertebrate cell having an insertional $rutation 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. [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

po'Y”U(‘(‘ﬂog.&i@eﬁQ{E Rise-afdon Al the VAIESHEREAUS A L35 r{ﬁlenotype or

to a modified Ac transposase and wherein the library has a
potpheelisstickerasier sHab{éBETE504%4 the genes of the vertebrate

gen0m§c)9&£%§@] {Heaﬂﬂ%@fﬁge&t{ thergeisreevided amehoditar he nucleotide

identifying a function of a'gene ‘comprising: screening at least one
FRaEE of the SartebibeEchsBrtidnat homatithe |Rsmaysddersiiietl above for
a phenotype of interest; and correlating the phenotype of interest with a
0023 DNA sequence of the gene of said library, whereby the function of said
I gene id"iASHHHERSTBOIEN TP tetith dBRFERE, fdrenRIREHY FriSHRSE 61
comprisigientifyif) arporetigeadveygdbrgiet cebrhprisigg: fedyifyingtalmemdreint thee, wherein
Vﬁ{ée%ﬁat%é ?o‘?{éﬂé’@&'p”gﬁg%? %”R'c%i%% 6%6/{%{{;%%&?%’ %afssﬁf’a%'éﬁme WIR B, modified
phenotype of interest; and identitying a sequence of the gene and an
adiinouagicssspehshatn phetearsbnaeded bythpgeddfor the identified
member of the ipray. 4hgiehy, puiative iruo fargetis dentified, 100281 ;..
In an eleventh %spec , thereTs provided a method Tof Idént ing=a'site o prising

aptipmuofeatgmpounched mpriviery expasing mpleasttbae cagnbiet of themodified 4¢
v%rtebrate insertional mutation library as defined above to a compound of

. Tansposasc . . . ..
in ereg?; exposing wildtype vertebrate individuals to the compound of
interest; asseséingthedifent of thedtiethdundaospitesnembenwfitibraryd encoding a

g e T T
verebratéomdizddonlsigmd (NLS) at the N-terminus of a truncated Ac transposase,
wheremn the NLS localizes the transposition reaction 10 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 polynucieotide
into DNA i a vertebrate cell;
(iti) culturing the cell to stably incorporate the polynucleotide into the
genome of the cell to produce a transgenic vertebrate cell;
(b} identifying a vertebrate cell o having an insertional mutation for a phenotype
or 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 putative drug

target is identified.



identifying a DNA sequence of a gene in the identified member of the
library, whereby a site of action of the compound is identified. [0023K] In
a twelfth aspect, there is provided a method for identifying a gene of
interest comprising: screening membars 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. 9f Disclosed are modified Ac and Ds transposable
elements for transposition in vertebrates. In one embodiment, a modified
190231Ds  elenfiehtontaiseel phiynia cleotidd ofeateditr arwtdaindesisedation of a
compoRf@RekpiEANsgenic vertebrates having the polynucleotide of interest
stably integrated in its genome. In a second embodiment a modified Ds

element BaFFERAIBE d! (EPFd e GRS HIBIA beatRGATS faRrHdR Agene. wherein
qHe Snkrdimet. hemedifiedbaelament (Mee i aWR:asRPSEEE #EY modified

comprises the polynucleotide of interest positioned between the 5'- and

e RAusPPIAL BEREINBAEHE oo to ettt e tRared BRic vertebrates

that contain either;aroadiied Aadranspesane onpRdifiad Dmelemetfomprising a
stably intogmted. in their genome. [0025] Disclosed are methods for

(PAREPRRRRS I RRTaINSSe STRRT MBURTEY mepsa A IS fihdppdalfier modified Ac
_ in one embodiment, the modified Ds element or a vector
containing the modified Ds element js introduced into a vertebrate. In one

I

facet of this en{HodHERECIRE ABMIRELD <8I SRRIMCSRSS VAR DRIaffify sncoding a
thesdrdified Bs lemantis I Eogucedinte R ¥ teb@RalaRaMithdbe comprises a

RNA for the modified Ac transposase. In a second facet, the modified Ds

Nelent dcaliwtion HERaInIAGthe #hodkficd ESErdmhetit i TtRSaLCed infiansposase,

ajfansgenic verabrale cotainigR Mmasified Aedransrosasegefia@svertebrate cell
described herein stably incorporated into its genome. In a third facet, the

nABdiERPISE iENTEICHRS 6 HIORIATAIRIRRTIRE Rb SRS dfdfharfugnee having at

intadyeed intod-vesterateraaugsituthe N O-2Q06/H24080d0n of the polynucleotide
PCT/SG2006/000121 10 modified Ac transposase protein. In a fourth
1488 Bhebribafietdebi&Igfient or a vector containing the modified Ds -

element is introgyiceditaioha vestebrate alaBp Witbodpeeslorheopt@iingeatide into the
modified trausposue gene. In each instance, the modified Ac transposase

pESRARRAABS Fethih BEIRYACG RESHTRITSarSerate skt in the vertebrate.
[0026] Inw sepencembedipent dbe madifieshDaRlement isusiably 1o 2 compound of

interest;
{c) 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.
[0023¢g] in an eighth aspect, there is provided a veriebrate insertional mutation library
wherein each member of the library has 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 library has a

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



incorporated into the vertebrate genome to make a transgenic vertebrate.
Transgenic vertebrates are prepared as described herein using the
modified Ds elements described herein. In one facet of this embodiment,
the RNA for the modified Ac transpogﬁse is introduced into the transgenic
[0023pkrtebrate eontéhininertitbernddifiedd®s eleatentfinidesebonc fagetion of a gene
comprik@f}sgenic vertebrate containing a coding sequence for the modified Ac
transposase stably incorporated in its genome is crossed with a trans
gSRIEVEREDIHY EBNTATAING eSS dnsrairart mpationibmares dedned
madifiethrotramnspo sdsespratend is introduced into the transgenic
vertebragereantaining Higd Mg | ourth facet, a vector .
3($nairf1ir%§na %oég}]fie %}gr?gt)%%ase é}gf% intrngu?gt‘c#ngt%qt e %réaﬁg/g%]e%i%ene of said
P IahY Y EGHR R RTE MRS Banslénidertifiedach instance, the
modified Ac transposase protein drives transposition of the modified Ds
element in the vertebrate. [0027] Disclosed are insertional mutations in
(06234 nes ofifheteatyaPreri@sririe el e akrh s idatifieny ptgérretioaltyrze:
compadteged cells and animals. The present disclosure also provides methods
of. izing the cells and animals into an easily manipulated and
e S e S AR e, Ty detodang dheve
associgtegartdtsy ahsneiliehoainizatsiafish, that are produced by treating vertebrate

embryosidgroifineg th®Membryosrice aduile gepcaleatingih® Aflequence of 2 protein

- veptebrates, The adultvertebrates containing insertional mutations are )
te[meé f%eL?r‘ic-l%hr“ \i%er?gtt)flgaftg? rd?eél éﬁg nd SRS At e e fidtreahy 2 putative drug
alengd selfsmiBedertebrate sperm cells that are produced by treating

vertebrate embryos, growing the embryos to adults and collecting sperm

f0023jfrom adult maleseiilalgeveriehratercotaini REHPSSSHRALFMELIONS AM&tion
ofa Coalsgu%edrrrg)emd founder males. In a third embodiment, the original sperm

from a founder male is thawed and then used for in vitro fertilization on

e fragrainitebtygme niemirlesthgeatrbies/msabrate sithatdnaibarthe defined

above gj)easj{@;gpm%r@ﬁ%igﬁndary sperm sampleﬁ aC;e colllﬁct%d from allhof the
newly cig C Ve jea adulthood. Usi ese
methods?{%%%@arj%ﬁé%w%}ger tﬂ%gég r%l ol fégtlildﬁns &% htns: 8%%%u8§ rgéfeteresm
screenszsFssiligreny efmiprisés asepmmhich @achendmbel Vithe et the wildrype
R%?fe%?ﬁ%siﬁik%ﬁ&ﬁne mutation in at least one gene, and the set
collect

ively comprises at least 15% of the genes WO 2006/124001
PCT/SG20081009 2 hhepibfo 028 hbisbiase dhisithedcharacterizatiat of the compound
[ 9. cing. of the DNA. flanking the inserts. [00291
DQ%C o%srgg % ?‘éﬁ@e@&%ﬁ%ﬁ%&?eﬁ‘é@%%ﬁe%ée database subsequently
serves adeanfindgefoMNre siorancd méssene invieyidpatificdethintanefate library,
Quadas veebiates;on s heeq’in g biary is individually
catalogted using the sequence ftormation. The resulting sequence is
specific for the insertional mutation. From this database, a gene of
interest can be identified. Once identified, the corresponding mutant

[0023RF™M  In a twelfth aspect, there is provided a method for identifying a gene of interest
comprising:
screening members of the vertebrate insertional mutation library as defined above for a
characteristic of interest;
correjating the presence of the gene of interest in & specific member of the iiﬁrary

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.



cell or fish may be withdrawn from the library based on cross reference to
the sequence data. [00301 Disclosed are methods for rapidly identifying
the function of genes. Vertebrates containing mutations of genes of
interest, generated as described ab8\e, may be examined for specific
phenotypes, much as knockout mice are studied to determine the same.

Dmclosé%%‘é%ﬁ&'dlﬁ’e%eﬁ} afgnotype” denotes a definable detectable heritable trait

or sm that lS caused by the presence and actjon of at leasy,
msp%ﬁ%’ %@Wﬁﬁs oA Y VTS alf R THCIGFRER i ed Ds
elemengeuﬁﬁnmsarpehmuébcmwstfmprmthadmﬂnMwm@mém@aﬁmbmtes

. nco ing th hei ffs be us
havmg rg%\q/% w%g%?rg IS ge%% %é?ﬁpuse RRviice i%r?’ls zZation onbment‘ &
modiﬁechggs frome wmwedfmpalmetmgﬁmmmmwb fatesitbatdarbatth@bodiment,
the modIBSHES: MsEHS RRidverieraesinayhe seesned f{@é;%%gaeaﬁgﬁf e tBeinterest

injected females with the mutations in elther the’homozy

positioned BEsFHER s Statdndr serdepfibey A satiormed in haploid embryos,

[0024] knovmgg@wwera@geg@\@%@&tm@@cm post fertilization. Vertebrates
hom ous for the mutation may be created b conventlonal breedin
either QW@Q Y 4 y d

SRRSO HAARP EMBH/SS e ishisigratyehatitheiprsrrme.
[0025] embiyasscEhespsmetbedsratealiisrindescribed in the prior art (for
example, see terfleld 0) with re ctt zebrafish). The
vertsbries o raﬂe&:ﬁ%ﬁ%n & e%‘%ecﬁan%?% ep PR Sing Bn Qb (Fabodiment, the
modifissh efvodsmescibed wmremdﬂm mmmmﬁmmmmsw&gzed mto 2
—" e ALl 67 RRe HONRMHE 180 Maakeed HNSMARTE", DOSRONREAning the
- the msertlona

can assoclated wit utation an sequence data

modifiafhss glrswmigishiatednesitiiors foriskantp koot il thel Biibforothe modified 4c
transpoldHR1YE ARUCLIRIgels, FemsERIRE SRIAAISE-IdqRLfes 1HR.0808 8 modified Ds

interest and is used to search for homologs or orthologs _in other

element it FHIOHS S SRR GRS B SY (OB e rsRIsisERe & ane@ifrstid gdpansposase gene as
describSCIRGBINGEBRINIHGAMBPABGS MerteRrates thatrharher adasbathlasest ciemen:

e., vertebrates that desired mutation, are generated as described
or & vegE FOPRRE 1B HE PRGBS AT ARGt

PCT/sGZOOG/OOOlZl 12 compounds to assess the effect of the
compound on a phenotype or assay outcome of interest. For example,
test compounds can be administered to transgenic vertebrates harboring
the desired insert or representing all the inserts. By screening and
subsequently identifying vertebrates that, by virtue of a specific mutation
or mutation(s), no longer respond to a compound, one will have identified
a gene encoding the protein required for the action of said compound.
Test compounds may act as either inhibitors or activators of a protein
encoded by the gene of interest. In this manner, compounds which are
useful as drugs for treating or preventing disease conditions associated
with the gene of interest are identified.




[00331 Disclosed is the use of modified maize Ac/Ds transposable
elements for gene therapy in vertebrates. BRIEF DESCRIPTION OF TEE
FIGURES [00341 Figures 1A-1C show constructs made in accordance

WRithtt43fesent invention. Fig. 1A shows a Ds donor constrBEEEKH§ee121
3.1 kb reporter fragment (EGFP gene under the zebrafrsh, keratin 8
promoter), inserted between 5'- and g-Ds cis-sequences (250 bp and
370.bp correspondingly). Black arrowheads indicate the primers for

modifigkeisicreRBagrapreistuwh@ads fospicifiepyirter sioaEdd- H3CdRariig: B 2 vector
. a lease co struct containing SP6 promoter for ip vitro .

e ' t'r%\ggﬁp%c{?n, codif% sééiaﬁgﬁ%ésfoIFg?%iJ”ﬁggtéﬁt%catrgﬁgﬁ?ng%@lmg with 2 vector

containiup aJerebawy rnspostscog syt trach detnkag dhzatiodi Sighal: Rasheskse protein

drives BARDESRIGPER R mPALA A AARROAUS s glall 9ene: Fig. 1C shows

the N-terminal amino acid sequences of the -, NLS'E- and
[0026] N oNing- Reambeicgisighats axsiishoim debeldiansbhighlighted. The

incorpo?e@d QARSI Eh18:S Bédoth: Nadid He:tiil 1%&%%‘ Qégfgt%ﬂ gﬁggﬁ i Wirtebrates

are for ELSC% sh%vg b% aminp acid residues 1- ] |
PrREHERCETE N ST SBRE PRSIt O memmS derrdeguemeis. In one facer
of tiis sinbevdifemh /NS shows Moaifbdoacithiesitgsil tha BB the transgenic

O} seguence. for NLS is SEQ ID NO:31, and represents the
vsm?ri#fst%%é%}r% %ggcﬁﬁ%gaﬂesso#w%%ro 7 33“%1%?@%&d%@%% vertebrate
containiy 23eAiBE qEENO 20 19 086difig ute sr2deiEash ewtiheidddaseraaaifies genome
. isi ' i 19, 2A shows a Ds excision
s o SIS0 O I A R B e
modifiegndNEEIHosaE FRpietaAsclzodiard kot fonegegly) wntbBete containing the

difie@onBisieinaRly flane i ipiscle :
mo AN AWAS SRR A B RIS L 91%&%% 2 ?%%t%%ggﬁsg gene is

. hours post injection and subjected to PCR using primer
miroduerd XA R FRSEREO KA AR Op R ReRe @a‘%&wwmm dnteach instance,
the modiftisiofr featprbtassaffotse difesentaepaaNestersuMissiigeRdrshanaed: in me
vertsbr g‘cleotides of the flanking donor vector are in bold or underlined
respectively. Lower case WO 2006/124001 PCT/SG2006/000121 13
[6027] letBisindicatassihedardgrsehiheddsseemence. For before excision of
, zleot is the sequence shown in.SEQ .ID .

rarget vﬁ%&%ﬁgé]@ r%%gc%dgeg%af%%%e , IncIusive. %Hocr 5?&5#%?&?5?8 f ?}DS‘HW The
present ghsinspriiplscprquidacmithtide deggremegshovelisiarS BQDs MO 8xanslthe
manipulRRHO BRI NB-SAHUSRCE IR SeRU IR SEQ RNQ; efar

? excision of DqQnor. 2, tﬁ%cl?&i%ﬁ%ﬁggﬁ%go%gs IS SE%%%%? are 2
vertshreln S RS HEBRRIR It e B O eptpe N Brabh emisyos, growing the
embryoseguesaltsisiiie sslenge BRoIN REhIRNO: THOMAMICIEQULE B4 Qontaining
nyc e'gtige 3892 igg%gri%[e. For after excision for Donar 2, the top line

msertiond HERECTE e SERTEASEAROVRIRSIED 15 REFerRA FIROBIRGHh fiogenstically

sequence is tne s

altered dijuen veristiuespenenciistonmd e dDUY @ dhiiliCRershe Mibrvos, growing

e e Bl oL N st o
insertionakErRuFions Ds dne wogedfossder males, In a third embodimen, the origina! sperm
from a founder male is thawed and then used for in vitro fertilization on eges from wild type
females to generate vertebrates that harbor the desired inserts. Secondary sperm samples are
coliected from all of the pewly created males once they have rsached adulthood. Using these

methods the Hbrary allows for the completion of numerous genstic screems. The Hbrary

comprises a set in Which each member of the set possesses at ieast one mutation in at least one
gene, and the set collectively comprises at least 15% of the genes



are shown in lower case, flanking sequences - in upper case. Classic 8 bp

direct target duplication is in bold and underlined. The sequence 5' of Ds

in the top line is the sequence shown in SEQ ID NO:32 and the sequence
WO B %he top line is the sequence shown in SEQ 1D NCPEE/SH6/600121

sequence 5' of Ds in the bottom line is the sequence shown in SEQ ID

NO:34 and the sequence 3' of Ds in fhe bottom line is the sequence

shown in SEQ ID NO:35. The "Ds" sequence is the sequence shown in

[0028SEQURNG & B anclealids Be 10. 3834, inclusive. [0036] Figures 3A-3F
show the effect%sﬁ(ﬁéglfferent, NLS sequences on the intracellular

°& DY SEqHAHTR o AFFEORR B IS subcellular localization of the
[0029GFP-taggadiversions et MoblsS-TiRasgudMeS E-TPase and NLS-TPase
fish epithelial cells. Phatographs were averexposed to highlight the
databed it aér%\ﬁ?ﬁﬁg Figs: 3D %ﬁ%ﬁ%%fé\éﬁ%&mmﬁoﬁvw NioTiRsell line and/or
foundey| BGREEatgnEN L FEBRPhesion frdteinshinge s afisivihidisliahotlisued using the
el 90 AhFEIGHS 418how ' Ds.copy. Jumber jn Ftfish. . ,
e Individual Eﬁlish were ou -%rgéi?é}é%gt%]t é’%ﬁ%ﬁ% éﬁ&%{rﬁj %‘ﬁ%%%yﬁom this

databage) S gERCHE PulsBeT Fete hstifaslids Qned iftaniFtadhismdolwesnoaliisis mitient sperm

cell oM nsanHRl Qs LR gestadWith.500RLAHE DSCQBRLE |

0030 single EcoRl site) and hybrideiz_ed _\/vith_D]G-IabeISéd probe ;8315% QE%‘%B% data

100300 | Riesdosadaane Metbpds iSEeanidl BersiiyiBsfent Ft fish from the same

- functidaraflgdftam Vieersinaes festnsains ahiufbanasos-oladdseuasies: Al -fish JOMscribed

abovedi%‘rflgreggf%jrpil'ese%gz'@inateeg con}gdifferent Fo founders), (Lane 2) GFP ]

’qeggtive CORtror 0038 Bigire BERGHE FarriPtRifSnkaPEEBnmicpare studied to

deternijpsetiio samF.ophensek-hyette plisansgehiddirhew thiatbitigle Reinaaetioniiable cait
f a2 cHERPTS £XHIPIENGY £VEn & k GFP expression pattern in the skin

e cepith(-é‘lmli% and ti%ﬁgft. Mldcﬁgozy}éﬁr% réagg%%gt%??gf%ﬂ?p? & ga‘?igsthOESﬁ)slﬁ?gm mutant

EeDE. the same Ds insertion injected with TPase RNA demonstrating ectopic

[0631]GFPexpiessionindhe. brain,. spinal chord, ears, muscles, gonadal region,
anc%%/ar'e ating ,mosai?: exprigggl‘%nulltr%%ﬁ%tlgkin WO 2006/124001
SGI‘GGH.%, §

(BB 3B 19 g SEHFRIEE (R (eRR e enaomIsEing the Iibrary), or
their affipieisy, Boiton: mxednRe AfanatvelespRasian iR UL AMIE! i viro

. generation - expressign in notochord is not present in the control; .
il S he oM DA ARTRUPSin GFAHE CoH OGBS o dsied
insertsth@ipldishvirdibatiog taat bheaened Fooopffistont difiRgiHROGEOSHAMs with the

tatib3039) Figur - results of the analysis of Ds in three .
o “examples of%ﬁgi%r%% ?‘I%E%%e “Cens The eg..%e%caee%gsm%%pﬁ&rmed m
hapioig SbTHes sEROWRCE SHEVIFe IBRGVEoN o7 Cifeordayaglestifetization. Vertebrates

omo ' ! . reate ; r. h Eo creation ©
homoZPpetROfiA QB A heiehSE, TheDs ﬁ?&%&&ﬁ%ﬁﬁ%ﬁﬁf% g&%ﬁ%ﬁe& tion of

xamples is flanked by human DNA (upper case letters vector

haploid) REACEY e HoF5AHGEAin SROHTAE 1SRRI Ieoheomm Pestaistoafiacentall wel
descrivieithetRsafst sen(fenesadibis, demnnsiraias ihabhsinieugied iﬂaﬁcQBbﬁaAﬁséh); The

hyes an}enona%v&a transposase-mediated mechanism. In case o
i siteé

vertebigles AN IR U S A BSParRd S R e Ehe Spsihe dn dessrited ebove, are

used tecsbaipgene function by studying the effects of the insertional mutation i vive. in this
manner, phenotypes can be associated with the inserfional mutation and the sequence data, thus
aliowing the identification, for example, of novel collections of putative drug targets, . The
sequence data also idenfifies the gene of interest and is used to search for homologs or orthologs
in other organisms, including humans,

[0032] Disclosed are methods for screening candidate

compounds. Vertebrates that harbor 2 desired insert, i.e., vericbrates that have a desired
mutation, are generated as described above. These tfansgenic vertebrates can be exposed to



when hAT transposons integrate into new locations. DETAILED
DESCRIPTION OF THE INVENTION [00401 The present invention
describes the use of the modified maize Ac/Ds transposable elements in
WO including fish, birds, and other animals including FatfRt4&00121
As used herein, fish refers to any member of the classes collectively
referred to as Pisces. It is preferred that fish belonging to species and
varieties of fish of commercial or scientific interest be used. Such fish

compeimadade absssn b eiiinitddito comipoand teat, thesctyaliit aea#fislircome of interest.
fi ilapia,.goldfish, and loach. Mammals include .
For oS  L ARRE A coie
mSert GOVIRT GBS SHES BIsps, Rinecprminmend adbsaguamthyiidyatifying vartebrates that,
by virtl B 8nd004 TG HSR ﬂfu@ﬁdﬂgﬂ 'ﬂ@qdzﬁ@?? %@ s %”étﬁﬁﬁ&gi one will have

.. .. elements in accordance with the present invention has a significan
1dentifiggy &n g8 ROBET oHGCRBNIGH SR e fomtaantelpation, sris, compound.  Test
compoelifitnaing:{he ditico et iRRS BOSOROE SCORBIBRNIANSHR 18, the gene of interest.

. transposase activity produced by the host, For example, insertions of the
In thisy RS SORPONBe FPICH: 26c A O 2 R G HAAFE |HoRTETRA iscase

conditioasrefsinivd caiib dlef ghe: hd shirmnspeddsaifiedga et al.). Maize AciDs
peszielements have no significantly similar homologs in vertebrates. [00421 In
5 e d%és‘gr‘i)ﬁ‘ffioﬁ WhiER ¢ CHHBAESEE of the invention are described

transpagiiple e rarerie o rm dkmipion osmebrimace only. It is understood that
other fish and other animals can be used in place of zebrafish. As

wdemonstrated in the Examples, the present invention is applicable for all
Bm@ﬁé@%%gl%g%w umans. Thus, the modified maize ACIDS

[bo34]trarsigesable. alerBRSk QAR SAREIMOINIBEAR RE 1SR Q4RO o, Fig,
A BhDNAalr}éo oth WO 2006/124001 PCT/SG2006/000121 15 d%l,lél otent
V8, 4 CRIAR G s S WEENEH FATE R Ean-di ke PRI it Emeat iR cafer the

zebrafigplespsuchpasioeripinpaietiGstesarcs!isaan GthEk $isrEeaedsaNds0 bp and 370 by
otipg r{ét Is {i.e.. a cell whose descendants.can beco ny cell type_
con?il%n an gq aﬁ%%ge%?%% ryonﬁ?sécs %ﬁ%@ﬁﬁ%tﬁ?&ﬁ’é“&ﬂﬁﬁ%ﬁﬁy atrowheads
specifip pEgmss EygsAlind’CRe Fignbbesbells of Blasncbnsrarecalsainimsithérpabinoter for
in vied WBeRian. bag Redastet Me.marlliof maRSAClD Fansposalg
element of the‘pr(_a_s%nt_lnv‘ention can be usedto int o%ﬁé% ?er?% tShed 1o ¢
synthelis ARFL R lRCHEGARY R o f e Sipptisemressi® italitedcB TRl od Sidpapus /-
globin F@ACEIMICdsioviyiRh aCyiasi-ReRAIREY IR RENahCE!IS RISRIECENS &, g
N NL%%%%@I oigg#oo.d cells, and a varigt;i of cells of an organism. [00431 The
ONhtsPreterred FRHTET T RPWRARRED AR EHE6n T3 epmmsr, ouiflS is SEQ
ID NQreri@he it afisinaeednsegopasisghd SRUNILS XD SRR E BRiMASINFRidues 1-15
£ Vg m of the adva of :ﬁgg .ertebrat%il;(perlmen_tal A
of 5B %ﬁ%yr%,.an includs the ra&gg%ﬁéf %%@ ét%aﬁﬂ% gmino acid sequence
ghown \f@?ﬁ@ﬁﬁ?eslsﬁh@mbxigmﬁﬁmmﬁém e-0f m&mﬂmli@e sequence for
NoNLS RERINEhAIERs 1M e Al GEl A RRR RN LN TSk 008 G e s, s
ammo acid residues 12-15 of SEQ ID NQ:20.
{0035]  Figures 2A-2C show the TPase-specific excision and insertion of Ds element. Fig.
2A sbows a Ds excision asszy. Zebrafish embrvos were injected with Ds construct and
NoNLS-, NLS™®. and NLS-TPase RNA (anes 2, 3 and 4 correspondingly) snd Ds construct
only (lane 1). DNA was isolated from injected embryos at 10 hours post mjection and subjected
to PCR using primners flanking the Ds donor site. (M) 1 kb DNA Ladder (NEB). Fig. 2B shows
predomimant excision. footprints from two different domor vectors. Missing and changed

nucleotides of the flanking donor vector are in bold or underiined respectively. Lower case



maintenance are described by Streisinger (1984) and Westerfield. (2000).

[00441 In accordance with the present invention, Ds transposition in fish is

driven by a modified Ac transposase. It has been demonstrated earlier
Vhavestiiteehated form of Ac transposase lacking 102 N-termidal/seaiteocei21

acids (TPaseto3-807) (SEQ ID NOs:7 and 8) is highly active

(Houba-Herin et at., 1990). In one embodiment of the present invention,

this modified Ac transposase is further modified to contain a synthetic

letters itelRatdotRliBativn 900R) Mlejudhs. SWPthatitcNlSdeAdderdi8:thehe nucleotide
N-terminus of TPaset03-807 ghe synthetic NLS is added in order to .
sy e SR LRI Bt e R4S P8 2 Sotiertcbieve. For

after eyeitietibNDEns Briatogpimecdainnt tehs Vi arge lbRAIGSROTE NO:3 and the

iment, thi theti i id
ot e R U N8 S B S o
the nyqlselidst sprueyrrieoE NS S5 00366, thesl Shve40:ciatigénsdnuenes 3’ of Ds is SEQ
D N@EB@.O@*H&%*%@XH&Q%%% ANl Nes R eMPRdINE N Ofide 54 10

modified NLS is NLSE that has the amino acid sequence
nucleREAHHE kR SR 3EeRRscdsion 5 Slentiie. Setinaries comsacfoistihe sequence
showSYHERQCIN IS addenkiadhend |88 dhig-GRAIN0:SQMIRRGRIRN in SEQ ID NO:6.
, ahset03-807 to grodUce a coding sequence for the modified Ac
Fig. 30, SIS TR AL SVALOATATR B SRLS SaiBiitop Ningertion sits from to
differiP a0l g348 07 shetitontnsrBRQsHIND: HAnPoetmboeimanhof Bscodinguences
C ~E; el03-807 is set forth in SE NO:36. [00451
e e e e R by et caer
dupliqpias s dadwldineé duidettivahy Shitosemaychdveod Audle diidepdiuenscie sequence
showitASIRS 1@ 1685t PhUEEQ%yRrleraliyatanst ARG L 8% s NG . spown in SEQ
0

DN (%referably at least about 80%, and most preferably at least about 90

antity A S BIHET 12 AT PE HiStsionsionss S FetergresheestidEQ ID NO:34
and ﬂ&ewga?lﬁeealf’tlae dIDH)d‘iL'Hﬁé PeANSROSASR d&ﬁj@@@@mﬁi&ﬁm D ?re:gs. The
«m. Optimally aligned (with appropriate nucleotide insertions_ or_deletions). A
s R Bl T METh s e onvee Mabedive

S
[6636hn tiechesis3éf-Bie hemetibecotiects prodititecat diffefentgntrgleotitiethe intracellular

localiSRRaNoes hate &%%ﬁ%l%%@%i&@é&fﬁa?ii%-céﬁtzea%'ﬂ%%?%et%‘%ﬂ%diféﬁ%é}&ons of
transposase LLIJ% d In the Invention may have an amino acl SGQ%%I’]CG

- NoNIprfRasgs RaSt abbbesrsosd préfrEivgeatsbeaiishbenit'859%, rabise Prefozaiplys were

overefd@astARUHI AN dMASE BIRfREAblY A leastaboNt 9p0a Identv IS on of
N in i sequence disclosed herein for the modified Ac transposase.
ONL%'@Z@} d

ﬁﬁﬂﬁﬂ MEARETHE Gisipemsicdetindste fstredhelia seliween two
[0037polyPeptidesiarweyaolitcieaides saaHenees:as Q?Wi@&ﬁgﬁi&uﬂl% fish were
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[0038] TFigure 5 shows transposition of gepomic Ds insertions, Top: mock-injected
transgenic fish with a single Dy 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



A. M., and Griffin, H. G., eds.; Humana Press, New Jersey, 1994,

Sequence Analysis in Molecular Biology, von Heinje, G., Academic

Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux,

Wi 2861812108 tockton Press, New York, 1991). Methods commPGaiyG2006/000121

employed to determine identity between two sequences include, but are

not limited to those disclosed in Guiglg to Huge Computers, Martin J.

Bishop, ed., Academic Press, San Diego, 1994, and Carillo, H., and
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nucleotide sequence at least 95% identical to a reference nucleoti
when bad isHtseotntduseg e dnoesdetilicgsin the reference sequence may be
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4 / %O 17 nucleotides up to 5% of the total
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transposase gene may include nucleotide sequences having substantia
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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 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 ranging from fish to humans. Thus, the modified maize 4c/Ds

transposable element of the present invention can be used to introduce DNA into both



5 X SSC. [0049] The modified Ac transposase may be either synthesized

in vitro or isolated from a biological source. Such methods of synthesis

and isolation are well known to the skilled artisan. [0050] The modified Ac
WEbH$p03489@ is introduced into fish. In one embodiment, a madified2086000121

transposase protein is introduced into fish. The protein is introduced into

fish using conventional techniques, Slé‘*Ch as microinjection. [0051] In a

second embodiment, RNA for the modified Ac transposase is introduced

pluripfiafigh., %@H%@%H&HH&Q&%@I&?QP&%&%&&%E@‘?g%@%cted cell types, such
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blood M) bedised:iaplaceof treSsansdidsUTRs of the Xenopus f3-globin
eng, Similarly, a polyA tail native to fish maybe used in place of the polyA
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Zebrafighd @enstylatisseidirtpopuiet Harhandl MNisrtoHdeMBeFIMRRt fany of the
ych a pucleic acid is set forth in SEQ ID .NO:37. WO 2006/124001 .
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th Nﬁ%l{gt'on of. 'cag%tide tical fis%fr m Dg},%ge C I#eor cellspf the

Syn. e%%h. e flésﬁl?é)lﬁie%ve&gg'ano gﬁﬁgfﬁ% 3?&?88 i‘?ﬁr of a that has the
ammo geyg eetpnor MGPPEKKREVE (SEQ ID NO:9). A nucleotide sequence coding for the
synthetic NLS is added to the 5’ end of the coding sequence for TPaseygs.sg7 to produce a coding

sequence for the modified 4¢ transposase. One embodiment of a coding sequence for NLS-
TPase;03.507 is set forth in SEQ ID NO:10, One embodiment of a coding sequence for NLS¥%-
TPase103-807 15 set forth in SEQ ID NO:36. | -

[0645]  In a further embodiment of the present invention, the modified 4c transposase 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



founder fish. As used herein, development of a fish from a cell or cells
(embryonic cells, for example), or development of a cell or cells into a
fish, refers to the developmental process by which fertilized egg cells or
Wéhibtgadmeotells (and their progeny) grow, divide, and differePgiatas 2 éerm 21
an adult fish. [0053] A transgene construct containing a coding sequence
for the modified Ac transposase is u§§d to prepare transgenic fish.
Transgene constructs are the genetic material that is introduced into fish
to thelauiestige afianseasTishodusticapsiieisaie anificially radueed it many
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about i iigrEiRrduths HainQenid wonsnerctisslerrd durrisbrihg ropdidislydinkedposase.
[0046]0r OpREANY ket BeiREdQEQBRRNSNSNEINGSBEMREASY AT IR or two

i 1:Ec g(r)’rgiél% function to(%etger for,tgc&rlr intended purpose. For examplé, a _
PO R P AU EE it § TR &% st ABRy ket tharmaip lefsavo strings of
such shgnetices.tdwsitit tudrbasedpiipratibrcaodinglsagian. SN 200688400k ethods to
000121 19 [0094] In a one aspect, the transgepe construct | "
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well kagmt? Fiilipd getiennoiStrapteoitedlint kaddmBiskguehesidorthia., cd., Oxford
Uﬂveﬂﬁ%&%&,’of@eg@?ﬁmsfﬁ%f%%&ﬂ%ﬁgﬁg %%Ll{gt%z?épégé I a9 rcra}%g 3, Smith, D.
The expression sequences are used to mediate expression of an

W., edoxipradaiyh Piedubieantsted WPt terstr e s uetidensinDesep iasibfri ffn,

A. M.segdeteEsiNgilde pramotensmupsteady) @lﬁmej&%eﬁ,nhwﬁ:je@q%@%e Analysis in
. It is preferred that the expression sequences used in

Molecyz) B0l eleme in
e dii8ad"BnEfiits B ASATSTBRohE S pta8LioMdethnusnes HehigsPrimer,
Gribskherdih, amirBfererce, tb, cdmpbhBriskaf:i g aner CORKrusts JeaeiRdb@ommonty
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expression sequences are divid to two main classes, promoters an

determng 14eRiiy RefisMEBed i© gENe iy laget areh beisugadhedsef DEaNgraLtested.
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Compugstioamm dledientSiEnd W&Wﬁv&%@%ﬁ%ﬂ%ﬁﬁi&@f@&% Wesearch
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The well-known Smith Waterman algorithm may also be used to determine identity.

[0047] ~ As an illustration, by a polynucleotide having a nucleotide sequence having at least,
for example, 95% "identity" to a reference nucleotide ssquence of is intended that the nucleotide
séquenoe 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 polynucieotide 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 2 npumber of



orientation. Enhancers function to increase transcription from nearby

promoters. Enhancers also often contain response elements that mediate

the regulation of transcription. Promoters can also contain response

WaeeitdiHat mediate the regulation of transcription. [0056]HEGrSG2066/600121

expression of encoded peptides or proteins, a transgene construct also

needs sequences that, when transcriged into RNA, mediate translation of

the encoded expression products. Such sequences are generally found in

nuclebidds' wntoastzl At sesigmot Henss! et MArentbisHRGINR saasPRESSDInto the
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string;;{epndﬁ@bmroﬁﬁs (f@ﬂﬂéteﬁﬁdnrmmﬂmgjaauiammm}imﬁsmﬁm) té&amsefzhich the
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ni ,ﬁ;()oressmn se uencles allows one to carefully stu Ilne%gg development.
chlorifie/sodmma, Aieate 15elREEBHeP protsriEm dedswh er foPMonitBrimg?t ethylene
diamitigretloptitental PFDCRSFEsHSICh asiCellbmigaiian aMaryeRetehdpioweias ss° C.,
sx $%e known and have been used for similar purposes in other organisms.
ese include enzymes, such as (3-galactosidase, locierase, and alkaline
[0049phodpisanemtifitiati cdrapypehase spedificeithete sratiiespradictsrand: proteins from a

biolo éﬁﬁf sanheispcHyLste 8&%&@&%&%&&{&2&@ &R OVgH ?gti!lye[ 816%15? artisan.

detected by using, for examiple, specific antibodies to the protein.

100503 e Thipapdiissiier promepianin ifdnedinwelicshiablowithobe dsganinymodified

Ac wihgaddiignoefexoasneustaciars agrrefarednOelecingiQl-AS3RsSHE using
ene fxp ession during zebrafish embryonic development. A transgenic
convelippa iﬁmof"i@r?ﬁiﬁﬁcéot‘}@ﬁ%t encoding a reporter protein and a

[6051}issue-specifit exprassion, Raquabeas Radifsdidaankapiddenl meatinaiveo fish.
tem for.apalyzi atial and temporal expression patterns of .

I e R S} B st Py ey b sohesized

in Vifreméﬁ@@ts%ﬁ@mraﬂﬂ@imﬁemr $equenspscty hishoiRipreié coxpiressioprepared

Whichf%g{ssélﬁWAQEJﬂﬁg%gtwg}n&% %@%I%b@ﬁéugéﬁge%ce for the modified 4e

polyadenylation signa ,
transposase. 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 f-globin gene.
Alternatively, 5’-and 3°~UTRs native to fish may be used in place of the 5’-and 3’-UTRs of the
Xenopus fS-globin gene. Similarty, 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 NO:11. A second embodiment of such a nucleic acid is set forth in SEQ ID NO:37.



on the constructs encoding a protein ensures that transcripts from the

transgene is processed and transported as mRNA. The identification and

use of polyadenylation signals in expression constructs is well

WakeAtisHOd! It is preferred that homologous polyadenylationpsigisaizeoo121

used in the transgene constructs. [0060] In accordance with the above

principles, the coding sequence for thg modified Ac transposase is

operably linked to a promoter. Any promoter active in the fish species may
[0052pe usedhSinesvoashmamMMANGH RONOIRIsBHRRURSNDL Lo Malbidted into
the ﬂsf'shé;rtlherét eélg%nomic r%%ulaé%géseqéjence of the zebrafish, fugu or

OUST TN SHECTES GriEHTRTRF & pechib) ErSHb dapSIr T RitRffsagfish, or
progeowistisanmaf trigdoging sgaouencemstrintciesteahichsdaystie A fish into which a
constAECRIBRIRheh by RRaSAIERI DG o 41pR% Skdber e A [0CHL A s into

defined herein, a nucleotide sequence 1S "opera Iyﬂ% ed™8 Shotner

whichrfhe eeriercségesnee rdriel piceerhbarhinciinmad getamershigirittis 2 nucleic
acid (RRANNSAMUGIRPHHR SRUICBE Sk A SXAMNIR:ALR SO IR RRAHENGE I8 ﬁnimai. The

operably linked to a promoter sequence, this genérally means that the

term LG At PR oSt drtEAed BB B e EetinirReplia feasosé dpnyeh normal
- reprodinkes m@@ﬂfﬂ%@%@ﬁ@%@éﬁ@%@l SR8 20G002dr 2 Ehab @I 2 line or
. sequenc eing linked.are.typica ongguou , ere necessary
st G o 1y - B E SEA Feread i g G REptuced by
transfesn Hanuehs mayafuhctidmpheh as epagiedifroondhecpr@haotalr bysevenal that was
. N a .of variable lengths, som _ .
S B PSR SR o
an CXOPRROES FeTEEE Furthishpfshersb i ersmip A slnintarkbichriberepugtergesmstruct has

been iAuiefesredaemRadiBgn!. JhR QRCOOERRHSRI GEEIRH DY AHSPOHEIG8NS. from the
such as aﬂugrescent protein gene (e.g., EGFP, GFP, RFP, BFP, YFP, or

fish by SexEH PR dAeHIR i P teifrG R IR h SSDpHefasaiab s dumhdnberited. In

this co&t@ﬂ&;ﬂdﬁﬁﬂ@ﬁr&f&?ﬂ@?ﬁdc%f%ﬁm ﬂﬂ@%ﬁ&?@ﬁ@ﬂﬁéﬁ%ﬁﬁ%ﬁ%@%‘%ﬁ, or cells
6).-EGEP is preferc ecaus i i nsitivity of the reporter .

of theé}g‘f’) éinTEeﬁ 5%1 p%r(g er?%ﬂcehefar%%%ﬁ?n Slgt,lg %@?%?ld%?tf‘f‘er REr‘Gf dharogenitor or

foundesisdgene ispldpariad duchotiaethefusixh geme iscaihderdin(enliofthés cells, for

exampRPWOLRL JABERL Althoudh. dhewse,0f sPegific.markers has %f%%” gﬁﬁq%%sgess by

. and discussed herein, the present invention is in no way mi o the
which &ortilined pamirslin sa gmbvavreie chiiadyrddbiio pelcrapomrerp Eiwiles and differentiate
to fornKag\wdBMEHave been used for similar purposes. These include enzymes,
such as (3%- alactosidase, luciferase, chloramphenieol acyltransferase,

19953 3. ot BARGRTIE SO LIRAIMTE B SHRAERE S danhi SR Spéeignsposase is
used tuiptepiabienppedicclishardpteinsdhaheansbeddiesily dateetad (Mrtdalfoduced

o Y BRSPS I SSSSoO RS oG S e
mannepeolisadddyskios edhefEGFheAsiditional ciarkesas@nd assetiatedender such a
s B L U LA S PSR o
any nucleic acid sequences, for use in the disclosed transgenic fish it is preferred thet the
ransgene constructs combine expression sequences operably linked to a sequence encoding an
expression product. The transgenic construct also preferably includes other components that 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 allow them to function together for their intended
purpose. For example, a promoter and a coding region are operably linked if the promoter can

function to result in transcription of the coding region.



Molecular Cloning, 3a Ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, and Ausubel et al. (1992), Current Protocols in
Molecular Biology, John Wiley & Sons, including periodic updates. Any of
WheWitidad markers, as well as others known in the art, n&fiSe1se0bt021
practice the present invention. [0064] Transgenic fish are prepared using
the constructs described herein. In opg embodiment, a method. includes
introducing the nucleic acid, i.e., construct or vector described herein, into
[0054p fetilizeddiakpegg (e udnglusingastish enbeyRINL 2B1iGHIEZEA Hsh e8hstruct
descrigu&:laﬁlgveac .anhcerIll & fertclél_zed fish e??g is used, the method includes for it
developing the fishre At it A SR SERTTE AR ARG th & Rg SRangnge for the
modifisdmtrduiuspobinto apmeratal titi ZadEg grthessst bsegudnctad Fhdertitizinipthequences
elopi ish e Nt sgenig fish. The nuclei
o e oo e e Loty LARTIR Y RGO, s ec
hereing @xpR4EIGMh §esH B anRAPAsctUEStcsh amitreem eslroeRntfipedtiticcrsethd dkssponse

clemeABIrOVIra pgreHen Mainads. ndsRie LoRMHAIOR X EMALARY MES @RIl ucts be
methods include, for example, microinjection. WO 2006/124001

homolpgoR; SBBTRATO LRSS EXEIS M PRI AIHRERRRSI irserIaenspis of transgene
constréxane, ishotibeloisd phogphiate D DEAGIIeXramickxeMplaNe component is

._lipophilic methads include use of liposomes and other, catipnic agents for
mt“’elig’id%rmaéaéﬁ‘é?édgf‘r’énng%cﬁ8%9“§u?:ﬁ e “’é’l#éf'r%ny%?’éﬂ’%?%s% BHrriogous
indicdgst tat thrapyrafswoh imettisdsiaiizedsorbderinedofrexatimppeGener type of fish
invoivadansfer Methods: Introducing DN.4 into Living Cells and Organisms, (P.

A. Norton and L. F. Steel, eds., Biotechniques Press, 2000); and Current
[0055]p ot grsthiorsiEc G BRNSg e AEISEb dr e diTided dnta diie Witky dassengyromoters
and erMligseinjeAtipRtRABNG S IaNOling (ishare %Haﬁaé%ﬁj}ﬂﬁy A8SEHREEdWhen in

for example, Chen .and Powers (1990) and Fletcher. and Davis (1991).

2 reiaféi@é&ﬁﬁiﬂ%ﬂi?&% IEEY IR ONiTGTSHRHER Riffetimord RINPAESHAnS core

elemeiity feqﬁmhibiebd%ﬂWﬁﬂ’e&ﬁt’tiﬁh &M)\myh@bﬁig?mﬂm%chﬂiﬁmﬂfﬁ&lﬁﬁsf Qed may
.Introducing .DNA into fish eggs oy emhry infection wjth retrovira

contatt & tsc%%&ms%lc SAHaR rgepsﬁ%%ﬁg\ﬁrr%?%séct %‘/‘3?3%5?&‘? %Yh’eg% o fhsfgpence of

DNA BaarmpldiBermismst fkqd 998)ncf0066] Thamestoptrotiert siieleiciarid be in cither

oﬁentﬁﬁ@ﬂpriﬂﬂgn@%?st@ﬂég&p%%eg?ei@Q%&éﬂ?ﬁﬁﬁ%%ﬁéﬂ%%feg@ OfShancers

fertilized egg at a desired stage of deve ctors, each

also R ERIHEPIFRRIISE FiReih bataasdinte frtr s psipnm i anscuinsien\Premoters can

also conSingrasiRAlizedRaas OlaerRBIMe tiisprefeses: i nERguss the nucleic
aci%into the embryé? I.e., at the gne-cell stage of development).
C

10038l 100 P RIS TR Bl HERA AR PBISE b el e fodr ARHEY SQIBYGralso needs
sequertiey elopnveinty incindidigethenta R oRY| stagetfoumaslitingd, gie.chbefedospression
e lejc_acid may. be introduced into the. morula, blastula, etc. At leas
e e AR et R BBt o
This r@@émgeﬁﬁﬁ_mmdﬁlisw@mwﬁd wenthecyoieenidditionathiptidueimifeion site
and th@YGIRIGAGIGISRpdUceinio.an, e gﬂt%tﬁl.&{ecroﬁ esglLdevelopment %gion ofa

least one isolated nuclei¢ acid molecule incorporating ﬁwe
construgh G Rfederreh e dbe Al cnbrrtiaied 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' uniranslated 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,



is introduced into at least one cell of the, for example, morula, blastula,
etc. [0066] Fish eggs may be obtained from the appropriate fish by
standard methods. Many of the fish may be purchased commercially
Wbt déte%ample, pet stores. Fertilized eggs may be obtairksdisg2006/006121
methods known to the art. For example, a desired number of appropriately
aged fish, such as about three to abgyt twelve month old fish, with a
desired ratio of females to males (such as about 2:1) may be placed in an
[005APPropfisiehs sigechteri@nerSHChaadRNd FagRmay (e CoNeERIuRY, reporter
; forfex%(c@glf,ﬁri%acén the fish ing nuptial chamber in the tank for an o
Protelg {00 Srista Ry AHRR O ST S Yot 85 A RiTh free astreprotein is any
pl‘oteiméﬂabakamﬂt&: mcfﬁ]ﬁﬂyndwcmamﬁ, e@uﬁ%ﬁiﬂ maﬂt}f})ﬂf@fM“@W useful for

' artificially fegilized by methods known tq.the skilled )
et B e etoaL 5t SERAimgeveratively
linking pis sty ERHUTSI Yy NN 2608122004 C T ISBR096/000 ¢ 21re@80n sequences
allowE0QR I AHRAMOGHEING: %ﬁ@@lmﬂtp%{%ﬂdﬁtQ%égetﬁ@pg%%%grprotein serves

embryo, the fish egg or embryo is provided with an environmer

as a (RIS YR ISR EHPIRGHA ZERNIESRSH. BisdhanAelnyientient Aapy reporter
pmtei?iﬁhﬁﬂ&g&fﬁh@ﬁ;&f%ﬁl&i_ Eé@‘;wtﬁaea.tfaﬁl s?;ﬁlaﬂ‘pﬁ%@% i%i%%fef?ré%%@ﬂé These include

ollow introduction into cGirculating system water by da )
o R 30 {00 BaT EEF R o G PSSO S B AR RIRGeBgoecific
detectablp suitdble,nnednsoiihe ubst ehirépottercfioteirsttdat, Vilke:HNoreseemsicin can be
: ' F , BER. Y,EP, or, dSRED?2), are directly

e WAL 2t i B AP P SERICE P e
[0055prefdhedsor trortieiporens dhsinge girmetbxfrassible duthngzelrafish the addition
of exSERRIYORIESRVAIOBRERN . riFaneaeRlE sehialish, by %xﬁlaéé%ﬁl&g fring zebrafish

construct encoding a reporter protein can provide a rapidreal time in. Vivo

embr e T YEIORMER Zzing s BARSICRI TERRRETAl SPRES SR Pilte ingptruct encoding a
reporigeyeiepmedtalisseguiaict gonesshkienpiuely 1ag SRIMBE elnateatiale in vivo

transgenic fish can.bhe probed for,the presence of construct-sequences.
et A S i GRS BFEEig T FogUe oty regulted
genespresence of an expression product can be assayed. Several techniques
{0(}59f0r %8@1'&?5@%0@5&9%&{5? &%9%@%9#%91{;01&&%?% ?{lelzg saﬁnhrgﬁacl%sai;vn}%ch improve
most can be applied o transgenic fish. Probing of potential or actual
cxpreffifsHemico Sl uricteeaasgagueherexgrazienintindinsha radserstidoica signal

on thd62ASEENES SROSIHICE i Rrsierahikageempliched %&%@Eﬁﬂs@é&qgg%&ssﬁ and
o bl%tf%g . Alsoégreferred is detection using polymerase chain reaction” ‘

ansp T%OP’S%N -setfferttdsatinmg Mikie atiadnsrmyiion wennly deexpression
constrBrafarved ecibligues fofsidamtifidagiansesnicorahsafishanatdeaseribad 12 used in
the mgge examples. [0069] The transgene may be included in a vector for

ce CONSITUucts. - .
e%lvery. vector, as used herein and as known in the art, refers to a »

[0060hucleicemitl sorstmiidt thatimoladengeiatichnateliag designed for dieegiodified Ac
ranspH@0stargation. (ks Jpe P er enetic material of an individual

ElnSpce'II is aﬁge}re%y inporpor%cl[(?ﬁ? Sggxog%gﬁos tke[ al%%gﬁt]sngéﬁo%r%%)s%ﬁcées may be
used. tgF@‘@té’_éP%@ﬂm&@? pigRpeisTitaig found not to work well in fish, then the genomic

regulaiory 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, a nucleotide sequence is "operably linked" to another mucleotide
sequenice 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 hinked ‘means



multiple genetic elements positionally and sequentially oriented, i.e.,

operably linked with other necessary or desired elements such that the

nucleic acid in a. cassette can be transcribed and, if desired, translated in
wWheattiddhjected, single-cell fertilized embryo. [0070] Recorf@iiHr006/000121

expression vectors may be constructed by incorporating the above-

recited nucleotide sequences within 21vector according to methods well

known to the skilled artisan and as described, for example, in references

that tHeitBtAesgiBeIdeINATRIY-A MEGIHRAIF ROV IRakRavE; Hee R i, join two
.invention. Suitable vectors include plasmid vectors. vira[ vectors, ]
Proterfithh G FRHEviFTE VBT 8. &7, Sed Mifnet abes oy aeRowtdunction when
separai@Ctipos (¢hg. ps@adisz e vetdl kilQd3: ahnehieslscdQ8keD UISEN &t variable
I, 1993) adeno-associated virus vectors (e.g., see WO 2Q06/124001
et RO oo it P RS H T DA O VERTSs (e 0.
[0062]see Thndersonas fulthagesfemhly lentiviies vectoksr (2.9 epoedrexar, 2000)referred

embod DAL &B%ﬁéﬁg@ﬁe{! %‘P&%&H&tﬁﬁg‘?é&%&o%én%?gﬁ Hﬁ%d B AP ein cene

of fish. As used herein, fish refers to any member of the classes

- (o8, RGHBtHRlyREFe R 107 B8 PREeRER e fapiSerasn artisin asionging most preferred
embodsResiemandavreieliesobiishioleemmercirker salenlifiginierperRmpsedt., 1996).
BGEP Such?f#sh | %Ilude, but are nl%t imited to, salmon, trout, tuna, halibut,

CAHEH "FEB AT FnBlidftca MERrBSHHASHY, GOIHRoRRIEP ORI S o0 72] trRgreforred
embodinost prcfiedreddisthdanusenvitld the dinclgsedicongimealssand MmethRomdsd gene is
under g%glfigpﬂmDanio rerio. Zebrafish are an increasingly popular experimental

animal sinc %ﬁrenf Tave many of the advantages of popular invertebrate

[0063]expétihnastal tbegessisrisparidisnoiuierthma dditiodatlashiamtd gl shastheherein, the
ignifi fish is.that; H .
| presenPIRMEHGPIRIES, AR S SIRAIHG IR %S@ﬂ&@ﬁ&ﬁfsé%@%g%%?eé Ivk'%fj additional

Caenorhabditis, they are largely transparent (Kimm ener
reporicy IBPARISR Bar kDA ARiAEITaRREE APeESCHDEaTIIIessing&rta 984y dmenzymes,
such Wesiaields(2000) 110073k cbrafishanekions ﬁﬁ@ﬁﬁ%&%%%mmm and
€

._hearly transparent. Given these characteristics, a transgenic zebrafish
alkaling RRPSBNEATY NG 2 EBRIPEEE© AREUG dersirePpeisln #itproteins that can be
directlﬁmf@.ed.i’ﬁﬁtﬁ[xm&ﬁ@9&_&?&@@1@@@%@5}3@5@%@%@%@@@@%@'fh%.ﬂﬁbl’é}’@peciﬁc
. st or _analyzing spatial and temporal expressjon pafterns o _
ambo{%%/eﬁfope ﬁgfﬂl/ ré‘%‘%ﬁ&%’é’ Ené .gﬁﬁcp%gﬁiﬁ?#{g%é%?é Fehspriahipplace of
the EGRR zbiditdisial srextrenalydragsichidte@ 4dbirscantam bry ouilshielfpsither positive or
oativAIMEE joLargans. including a functional heart an
e M S (R s e A RSSO et coon

MolecgrnclawasaBle Bargeldritmismbtation Lshotetrerl HOeT4 ré fufiing Hagbor, New
York, RRllRikafe¥pressionit he-Aisclosed Uansognic lish R85, robn Wiley & Sons,

el .accomplished by measuring or identifying expression of the transgene in
includiggmrridifs Updichidens LB lisrdstinksrat el rstptasdlmmg i the art,
may baesed| appessiicid@eainpee iiabyiegulated expression or developmental

[0064] Sta%éggg%%{éc %él?r%%g iopnl)égjgrgciff%g%lrg C l&! liggn%%gtgcecyeég]neb% e_hereinA In one
embodiment, a method inciudes introducing the nucleic acid, i.e., construct or vector described
herein, into a fertilized fish egg (i.e., inchiding 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 introduced into a non-fertilized egg, the method
melndes 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 ast, mcluding
mechanical methods, chemical methods, lipophilic methods, retroviral infection methods, and

electroporation.  Exemplary mechanical methods include, for example, microinjection.



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

wieteetadietin have an effect on the suitability of some of thes€ Tataysann121

On one level, different tissues of a fish can be dissected and expression

can be assayed in the separate tissmﬁ samples. Such an assessment can

be performed when using almost any expression product. This technique
Exem{f£0RHBANY 4S@HA: FAN8E S .RIMBlS 8808 Lng i I 8388 SSINGEAB -Dextran.,

tissue-specific expression. Expression can be determined biochemically,
Exemgfq%ﬁ]g%

RS BITERRSS pREMAF o o ririerirsh 200 0 Beb sAiag pgents for lipid-
mediaRG TSE2E06{0001a] n2Ehi@R 74} Thistethriguckearals0 B8 u8eshOmany of such

me SEess ession during the course,of dev ent by assaying for the

o ScHEey AU Jper o CIERS, D Eee s b Fvine
Cells thed Spmersision FodciNeqeiresdiling’ o thd, satnplBiotcothbquesdtrants000); and
CurrelRPAERNON O KikdRR develaping embrya,ar fish,multiple %%}Rryﬁﬁ@us& Sons).

o ; Wi
be used. This is only practical wrhiere the expression pattern in different

MicrogpesHpgstrshbipussdar el iesthehsamBrahasimnay. frHisdesatibedase wherample, Chen
and Peising (1900l selosesddransaenis fish m\}inglééﬂ%k?o@dﬁﬁﬂé‘&iﬁ}%@@ involving fish are
eSS ‘r)eg?%;‘(l)ﬂ. %eemqg)e é)r,efeéred way %assessmg the pattern o egé)ressmn

of A HranSgene e dBvefBpfidiPe, houEEaRt eXprEssioh prduetthad: (1992).
Techngarddditectadiig VMY ambfishegacoasiialsn s 00 thfitisekvalisbutheal vectors,

system: and other organ rudiments gppear within 24 hours of

o SR AN AL RO R AR AL oo
[0063bytslde itecinpthertitronoriginaittionigration tidineagemprogerboimelnesnint an

unfertSAUEALY bydelowing eXnIeRSI ?:Ea%@ RSN RONRIN vectors, each

transgenic fish. In addition, the regulation of a specific gene can be

encodie diligrntriessanass poderrrivelberin ampbainsedt, Wieewsinoatiniiced egg, or

embrygeiiéseRending @ Mesiind A nisRAPOSASHISHIEANNSEEIBIAfEN. N0 stage of
modified Ac transposase is a transgene

aspect, the gene encodin >
dsveloggg% %tu ct Slﬁ%ﬁeg%rﬁ @éﬁriﬂ%??eéfb&?é‘.i AT sitabROvedisinisiged, Hlakintqstages of
developowtot, iackidaty dotawandithadikefoante used sacintrbeucedhemnagifiedacia may
be intfiliRASAQ ne.into fish_,using cqnventional techniques, such as b
_e mmicroihjeet?fr?%%?gjl %so?frlgsntg%és?#dn%ﬁ }%ﬂs{isoggclosr?”lﬁ i%%él C‘g §'a5id tholecule
meorpiiigRicthy bsvdifletrireé|chasgedarrgimyiDINA {alsotrefenst totas Ge  zygote.

AdditipAYRUGgatide) pfdpierestiandihsamedifigd AC inta fish, n__
hone embodiment, tr%%ﬁgi&?iged Ds g%egggﬁgﬁ 5%%%?2?‘??%%#% tﬁ%&ﬁupm&m, at

least o et R R RS & MERHR B TR AT YR 1R B ersiseritdiansgenic construct

is intreeimdaddimestidne snedificdr B slareentok Anvesioneaniainigg the modified
ent is introduced into fish along with the RNA for the modified Ac

{0066}[)8 %&%rlne S TRAY ge % é (o) [.ah s. M f
transpos s T Lo BRTSL St the HRmmrdDEsa bnsandrd Rethgrs. Many o
the fistonexihingutibaseddifiechBsi alignfient, isontseusediaferarraregeniedishes may be

obtainSP i Q ac J)%S enc ra Qnod'fied Ac transposase gene as.
desgi&%e(? %esrgg stat%/q%cc?}%o&?g et ﬁgi?ﬁsaggei%%ﬁ%e.nﬁﬁn g" ?ﬁi?&g appropriaely aged
fish, such as about three to about twelve month oid fish, with a desired ratio of females to males

(such as about 2:1) may be placed in an appropriately sized container, such as 2 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.



aspect, the modified Ds element or a vector containing the modified Ds
element is introduced into fish along with the modified Ac transposase
protein. In a fourth aspect, the modified Ds element or a vector containing
VWHeWoth#iYd Ds element is introduced into fish along with a R&b&F2006/000121
containing a modified transposase gene. In each instance, the modified
Ac transposase protein drives transpesition of the modified Ds element in
fish. [0079] In a second embodiment, the modified Ds element is stably
[0067incongFRatesbinieitpaifishudeRome RIhake fiAMsaemGlshy TENSECRIS fish ege

g%@rareépreggared_ s descrjbed herein using the WO 2006 124001

oF e} FOUBTA® 98 HSERTEH SRS R S HELRBEY Hufeit. dnsh. Such

an eneispeotof thiy encholdinfene:therRiNAvtortther pRostified AcBangpesasefis 15 days
Ingr, into the transagenic fish. containing the ified Ds . el t. In

tottow A S R SR Y SRR S SRR

{0068 o dfiid hatbarmisposensedncrassbe Wihtiditdahygenicshishidentaming (B use of

reportRQsiiethOmelementalnadhid aspect RiedifiedAC ¥ARSRRSASERr . vFP, o

rotein is introduced into the transgenic fish containing the modified D$

dsRE Rt direstho st sreErngnthe addidamc wanspetsdactons are
preferBRnRiSidRIOEL ceAdRiGHhe Jeansaonisslish ceniaining: g Bediigd Dfvelopment,
At %I%mgnt. Ing%(;hﬁg)stance, the modified Ac transposase protein drives )

TRETRR SERIBH Br TR O AABER % RO PR REOR ST PR DY it pEovide a
rapid meelified tércoivainyai@olyioncheelidmpf spidee sind hermodificskRestemenktms of

r a construct) comprises the polynucleaotide of .

e R R P A eahggni i o e
probedrfig the Broggdelobentstveritsiausagerente ddretllireenfgetiarfsbositioiy expressing

the 4RGN NG SRAELISIRINALIVESIRO FEREA SEOHENEES apd §%§p&%ﬁniques for

that can bind the modified Ac transposase. Following transposition, the

such iGERANFRRSL A RO AR B aEY iRt BRISSRAENS (B preEsdathDapplied to
transg&ficafish> Febbis 206 ibRmRlyeL el daabdmie Ml halwasnlaRedquences present

. etween them. In one embodiment, the shart terminal repeat sequences
i or o P eATon T3 SR B O TR0 S G  fraorbern

biottin@pé_és_to mafe&mr@@@awc(ﬁm@mm&)selqmtheeam@(ﬁmnms: other sequence-
speciﬁ@ﬁg@gi@t%ql& OI??}%?&ﬁ@H%%H%é&%.OfP}% arv%il I%Bﬁné%%e%l?cﬂ%%%%}?g %nsgenic

that are useful for transposition with the mo ransposase

zebrafighiye deectilipd jodusesantidesolynucucleotide of interest may contain
[o06912NohRr - HARSROSRA) S £ 18RIRING IR £XWP IBr Tdéery eRAIG BeAUNANL cin and

the like. [0081] In one embaodiment, the Ds 5'end cis-required sequence Is

as knoxffifiriih k& I NOMBICIficPE MBI HISHiISHIER € DSt Bxeprial designed to
direct isnEGRUIIRBEQRICHREISHSHOWhasSHUEIaekd a5 R6RT o B 3REIER RINPaltered

b incl' In o%e; e‘gbodirgent, MS 3'end cis-requged sequence is shown in _
Y CSEQIDNG T ERE Ee BIRBBARSMARE DEHEIEIL- réqlfiRy may contain
mﬂﬁp@g@r@ﬁo@immmaﬁimﬁwmiﬁ e@d&éﬁ&@&ﬁﬁ@J Re\ @pérz{ﬂ@&ﬂildé_ﬂ_ &vith other
necessiIREEMBPdIment ot ihe present invention, the Rs > and 3 q%”tgs Lo nd, if
. in'the Invention may have a nucleotide sequence fhat hadat leaSranoy ’
desue@@%mmy mrfezigieshwshsingle-cell fertilized embryo.
[0076] Recombinant expression vectors may be constructed by incorporating the above-
recited nucleotide 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
Imown that have use in the invention. Suitable vectors include plasmid vectors, viral vectors,
including retrovirus vectors (e.g., see Miller et al., 1993), adenoviras vectors (e.g., see Erzurum

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



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
VWippiropriaééinucleotide insertions or deletions). Additionally, 8a8/5G2666/000121
sequences of the Ds 5' and 3' ends may include nucleotide sequences
having substantial similarity to the Dg;5' and 3' ends nucleotide
seqguences discussed herein. The Ds 5' and 3' ends are capable of being
Flotte r@mgﬂiﬁﬁﬂ,m@fb@iﬂi@@ ifiegtohe (ansResant-aRsCHbad Nesein add&ntivirus vectors
(g rgeoglef{%g %}é%gOOG/lMOOl PCT/SGZOOG/OOOlZl_ 27 Ac_ transposase
& 5iha€' 6t $ 5'and 3' ends and catalyzes the integration of the nucleic
(0071 pcidtecdtetb betwerrirthes Bedbhatich3s eatddintgdhiengiinamephtbe fish As used

hereimcﬁgh[%géé]tg QI%D/%’?egﬂ%g%tsth%%qgs@ Y, I?Ieec?f.t% [ 20 rE:% ?(?%9 ly?sgciatr.ol(t)ris preferred
isolated from abiological source. Such methods o synthesis an
that Aghdraipsigiastovanerise et yatietisking disridaerjonsdpTtrespisiyrific motidst b used,

Such #RIEFRSHLIAY RSB RRTKRIAN SRR QNR UG FERRCHRES NRIRINeh, medaia,

Alternatively, the polynucleotide of interest may be any gene or nucleic
carp, tpmipyEalqhs ohbe inserted into the genome of the target fish. Such

{0072 jpolyniuciestide-gidprterebtisansbevisetpetas-fosddsimRIaneie HikaRRINg. zebrafish,

. _enhancer:trapping, gene-trapping, activation tagging, RNA or, protein
Danio J0, ZErEH 116 TRADISTIRHRTHLED DO OHE LR PR (o pave many
of the exvanidecthe polyriacizotideboitintenesimeaibergsabding seljiieheR: the additional
dvan@PETAtvehLlinke mojer L expre sion of a protein.in the target .
S i e e ARSI S0 A M BB s, i

CaenophpfditisHisiybjeetdergslirdraposiash GtimadedifgfseqtencairomfziDsare and
maintGRASIME ASIB he adified.Aq lansRasasesAlRinatyehy, the

polynucleotide of interest could be a marker sequence operatively linked

10073k aARRAK P oFHUTR o Bh HERHE IRSEIMTE AMbrASINEjrapwarent.  Given fhese

characpolyitsclectitiepehintaraatigeRmba e Ann arkehsamy eRESIMENOWRrter protein
and ti r%moée{i{gré}gergtgf%iggsa revious%tunch acterizeife%%im.oter element

the TechniguereTarrad 10 e promoter rappifig) A Ry, Fharvo system. for
analyzpiysnitislotiné simperést:queidibe padidname Hisvdagiidlseqaarisedhgines. In
e 6%%%%&%0%5%% ﬁgés{%%r%%%gfgﬂsegul?gr%r?s%el%?g’ngﬁpr#ma |o§ane%%ur€ a‘?ﬁsembry ©
develogsariipassaif iéhiliremaierorasasonaieking 2 fiustvonbheahspé sitsidating blood
cells (Elament: syeh axthemh ang 38043 ofi heRsuRlenait.fodselesalle . also

; m?felrker, such as those described herein. Additional functional elements
Pretetigle included as desired for specific mutagenic capabilities, such as
[0674]ind Gddniefpiver-gxpressian of deweshitamoanesiiSisleadeiiopalic fish can be

fL]L tional elements may. i c%r;i}g a cell or tissue_ specific romoterq%?m .
a(?'com f)géﬁr% :}r)g, Fé??glél)‘/igﬁngrofo%la N TS LY ?oﬁ‘?@f’gﬁngu% fifent tissues
(tissue efienifire neprassidoit 48 dyfbrmmiritnars, MAZtduvsiriptianaldpateemialox Pgulated
expresﬁgmg}%%ﬁﬁﬁﬁ%@gp@%@ e%ktﬁcTe &é&ﬁ]%@%ﬁ%&g%&ﬁ%ﬁ%a%?g&n lineage-

._TATA box. The use of a cell or tissue specific promoter results i
speciiipn REREHOSIion Be e nsssHIspiCiHiy ciiie be tisgokined 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. Omn 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 useful for

assessing tissue-specific expression. Expression can be determined biochemically,

enzymatically, phenotypicallly or in a model fish.



[0086] Mis-expression can be regulated through the use of a Gal4/VP 16
transactivator, a Tet- on (rtTA) transactivator that would activate
transcription upon doxycycline induction, or a Tet- off (tTA) transactivator

Win98e/ édfstitutive activation could be shut off by addition ofP¢atsseyelines21
Yeast and bacterial derived enhancers are used not only because these
modules provide versatility, but alsozl%ecause enhancers that can be
recognized by vertebrate transcription WO 2006/124001

[0075P CTIS{e 20080001 24 28ifackysuny deciaase heeinf BeiisShe course of
Howevgr, n %ﬁﬁ%(;%ﬁ!a e clrcumstances, vertebrate tranSCHptK)n actors

develoRmyHILS BE c SBESROTRIBA'GH MG rams gtslapratiel ages. Where
detectinglufige toeebbncertinaxpieisiofixdidhe thewnsiRadn dBRaS-antkis that destroy

-Spli ny.e enqus .intron where the virus may integrate. In a .
- hig%{eﬁf?%%f@gggctﬁ%%geoagﬁ% ggggﬁc@seg}gr&%%gss@ag Hﬁ??er? &8ty practical
whereZg reflBRspronRatess dr diffuetiomolngs iereapttmiugs bt thesemelmadisiilar. This is
the ca@é%ﬁi?(éh%?tﬂ%%ﬂ@é’e@%ﬁh@é%?fﬁﬁﬁI&t@iﬁg‘é%fé{%ﬁ?p%‘fr&’&gb Plilession. A

As used herein, a "homolog" is a nucleic acid or polypeptide similar i

more RESFREFLYHY Blifsrsitiiibupriiss opewsesintealanfonegeansidyiingsiseriepment is
to useARGARcRIIGlagits Saudet-aRid KR YReRdRbRIRR  figmone

0076 pi?Iilesé’hFaé&EhtB%e functional counterpart of a nuclejc acid or polypeptide .
A N %8‘&%%‘&‘%5*%%%&%%‘3%% FRARGEHE BP0 24 hours of
fertilizgtiosineShydr they laselpromeperear H#bhofkblogdrRy &xRIESSIBEER1As mother, the

. I3 i oter it.is possible to mis-express genes, in .
o L A i s S g ggsion of an
expressigiray st AeUrersseaifofihg the slkantmationreguissue-specifiedffeqtsnn can be
studielhg fishwhile excluding other areas that may complicate phenotypic

analysis. [0087] The inclusion of a loxP site for targeted homologous

19077} o c IR nFPRERER): FsaRAN CRafABIREz PN EBIrdinghe modified Ac
transpiaestiohatdiiesy iORKAMPIN-2GRRE thabindisiuied P¥adified 4c transposase
s a t;lasmgxg)é)ggble intsert coul ha,\{)eé'ts %(pre sion restored by using the wild

R R R AR By SYECEREE BT & PR RS s G pESiflevector, a
viral wterxanuihéhexiressiohoqaiterns nithingetie bydidetting waexBirnkete into fish

using GEP reponer As %?,Csr IEJreferred aspect, these gene

éi!%ﬁ%s% Vioéjr%@ép A

groducts are expressed under different zebrafish promoters or under

10078 brthBbogerespatéisen debfislisis mowpmisiqdIssrtmbiialsobeeéhd tBs element
carryidBaBIGE B EaRSRIIRICDAIPANSERIL-AAMR SYRTBLC o SH M modifed Ao transposase

olyadenylation site in the o;q)ﬁosne orientation of transcription. Although a

o fighe Bir BT BPARSIIE =i irBan AR R tR T aRisHab Mo SRTSSMRaTIEASAdiSied Ds
elementeisitaiie:io-aonRimeL aHibkia ysywih crampletedess-at iwaction AudtaliQiSyent or a

v [ SR o Pl P st v, paderyn sep "
modiﬁﬁéﬁsd@lmcsasm ithedneettiopegibdmiaiidas IR disenesneredibr containing the
modifigd dertemprprsasy sbrafis Hosroibrstdran snblrivrthptogsdithesegeabradisin a third
aspect PHRMBIAISed Ds element or a vector containing the modified Ds element is introduced
into fish along with the modified 4c transposase protein. In a fourth aspect, the modified Ds
element or a vector containing the modified Ds element is introduced into fish along with 2
vector containing a modified transposase gene. In each instance, the modified Ac transposase
protein drives transposition of the modified Ds element in fish.

[8079]  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



[0089] 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

Vistaptiotéri8lexpressed only when the construct inserts into tRET&GaierT 21
an enhancer (O'Kane et al., 1987; Allen et al., 1988; Kothary et al., 1988;
Gossler et WO 2006/124001 PCT/S&2006/000121 29 al., 1989). In such
cases, the expression of the construct is regulated according to the

modiffedtiprneinthes nisdyinssaeisied BNbancepedihois DS HRRSHMNE MRYIREIA for the

. only.a minimal promater, such as a carp (3-actin promoter, and a reporter,
o T B T N M e T R QU TS & B oihed D

clemeBeduty stavspasonihas begmisGchfoomxnmiz apmiig rsegafisior the modified 4c
[ 20 ] 8l icroinjection ugleic acids into . .
e S cr I heociun A s Wb FE e e e
aspectfithy mRditied 47 HapmIeaB PRt ifdredisgd intd dlivsmnsgrilitdiels containing the
modiiige rms|5}%§ﬁg rati an&irrth ! %%@%&%Qﬁﬂﬁiﬁﬁisé M&iﬁ%@&aﬂ%@é@%we is
. unspecifi¢ integrations (simple nucleic acid microinjection) that occur at
mmd‘ﬁa?ﬁdsﬁ?ﬁ%%iﬁmgw R SRR B HREt whemAy cdRcsrehriariance, the
moﬁmammpdmrmﬂmm@m&m? ﬁlﬁﬂ@bﬁcﬁﬁ@éﬂ BRdibavearsperiic
boungdaries.. It simplifies identjfication of their surrounding regions (using,,
080 B P e e B e ot ised Ds
clemetd (abtaméegﬁ_@ fession/af thestrari3posamiseartmittéshirdnsidnes 1f@08t positioned

. produce somatic and heritable germ-line mutations upon insertion into
requirgkfop brpResitipnikechedingirar Somoisspelfisvegedtiopestisagepisensdsgruences

that cAeniamaRilized fcthamedified As tmﬁﬂ%@s&a&%ﬁ%iﬁ%g ;9@18;1%%19&@& that is

to pr ducet#esgggfms into surroundin &gnes or deletions. The
C f

noorpiBliteHt R c A YAHb IS EBTEH RA G uSe ARRRIABIBtelie polynucieotide of

interese Xpressioplaped Mateselr dppingin enb anﬁﬁj’diiﬁétﬁj NBe %TF‘BHMEMG@EB% sequences

ctivation tagging. re wn to skilled artisans. . ‘

%6é§%1%%srge%an%erm§$rﬁg§g?§ nt%gggéie%%f rti\\/]vf(g'fée%(fc rOREYRE  repeat:

TTTCW A Ebé{iéﬁébshvhér@ mﬁmmﬁmm_ efféet Huartd 3°-ends

of the'ﬁ%%@@%@éﬁ@ﬂ&ﬂeﬁjé &%@Q@EJH%'QQ&P?&?%&%M@&E I&/l%a&noﬁlodiﬁed Ac
have much of a consequence. This power of “transposon tagging has

transpesas, Axpidivedrin ErnmesassodébsyrebmaTeisrsideyafviigrashdesy (Btiaranother

transp@hBle, ebBeki Bt enafind,, A8 Di-d5anRspasey 189¢ingis an old technique _

0081 in \,qféquh trang _nic D%?i d@livd%red to cells so that it will integrate into ‘

10081 o 8<% STRBS Sy i TR TR S TP A RERS EhBhaEm AyEQ ID NO:4s5.

Ina S@mbsmbtbmctiﬂm@g gened aietegged h&éﬁhc}&ifﬁﬁsﬂﬁﬁﬂb&ﬁiﬁfmides 3657-
] an ke used to recover the mutated.allele. Insertion of a )

3903 o R S B S P e feeRe dnghown in

SEQ IR H@H&raderstisphkaulypimBetdbsdin Sértnh d&-sppiednatetyce is shown as

nucleofﬁ@gﬁﬁﬂﬂb%ﬁgﬁ@ Rrgggdures that generate insertional, loss-of-function

mutants
[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 hersin when
optimally aligned (with appropriate nucleotide insertions or deletions). Additionally, the
sequences of the Ds 5° and 3’ ends may include nucleotide sequences having substantial
similarity fo 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



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
VST it édlation. WO 2006/124001 PCT/SG2006/000121 BUI[8G0IB}/066121

There are several ways of isolating the tagged gene. In all cases genomic

DNA is isolated from cells from one gy more tissues of the mutated animal

by conventional techniques (which vary for different tissues and animals).

Ac naﬁmﬁﬁﬁﬁoiﬁﬁﬁﬁ\tﬁgby & Eﬁﬂ@et@ﬁs %%@%t&l&%@i@ﬁ@ﬁif%i@ﬁ @!@g&@ﬁﬁcleic acid
t in the transpqson tag (mare often than nat it does cleave at a known

tocate ettt hE D s ki i donmie bl e g - o o

[0083piasThid©05° phids vedtonsfoe iddnifisationinsing probes toled from a biological

tr references, see Kaisey, et al., 1995). Altetnatively,

soure O S RIEm e A VEl Bl I ISR

EGOS‘@LM-’ﬁ@RJ%m@M@GMEMRSWWiéQ ¢1sedcard eepoudifigeniorFip as described

hereinpeﬂﬁ&ﬁtﬁ}d@%é)p&?‘lﬂdg%ﬁ'&'@g%{@egy %ng@é"aﬂ C%é:ﬂ@ BPRSARROd that is

. probe. Alternative methods include inverse- PCR (e.g., Allende et al.,
desireq {RB§ MRS LG Eovomet hrogrgeichisha B areRdembfenbinsemst can be
select@f ds0plicatiopreanibettsnthl) Rlacaek RerhiRegasiessalinethaddfn tagping,
RNA cloning,. the_identified ¢ o??le 'ﬁéthen sequ nced. The sequenk([:ﬁs hat flank .

& fAREhSEBIT B DIAET RSttt NAY SRR ilfe i by m the art. Yor
exampig ntheeptitynio teiirs eftioneksl emgnbel hecséijige papsnsn derapralyiriaded to a

[ 1e nuelei id databases for either homolo .

P L e TR 0T, AORRARE i e
presenp sy iahceembtirashtich sulesieddmicafunetivion afsbee dasesthengefiem the Ds

constrB@SR N O AUSEN AV KIRGMBAREOIRIR. L BREAMER 3o RRNREMIE I8 rest could

which others will be compared. The encoded protein will be the center of

be 2 ARk ndRIBRT ST o ARSFHE FbYe TinksthisiRg the BRenBpme i alaid GRBRIAT -trapping.
Aliernegieeigryh{Opihlbiequesentinteseribat invantion allowsifer lagensealithout a

e A B O AP By At (O ki e

to as mnmwm:m}a D'dtetentionts, dhc;pribemkﬁeméﬁe mmmtmiémmme His-

tog Dﬁﬁ%égﬁf&%’@ IPRE! sargsandfeeding.on ‘e%gﬂ%#%ﬁea;u %c@gs%%%@ eALNBIE 1t No.
lk at d u I ar

olk at day 5. This approach generates e shto or, on
6,709, @%rage, more than one Ds element per gene in the zebrafish. [0095]
[oossiChasagterigationaf thednSestSidsiamma Ghwhese N iIR98N e URssary features
specific sequence) they have landed, takes place once the founder males

requirg(h {or PRak e BYHOBY Srasearrbis itreighti anthtamites S-spinef the Ds
elemeigbattbenonibis) nRBfiefysdrroadaysdetaraisraseinol loglivnn saehdniReietbments

. le.is mated with wild-type females. Successfully mated males are kept |,
e g o i S B HEALD BT e DU AT ESson of
downsgkteigaiatchSackadiited! Fectiodahelesdhismhgvintheie testds semwuedpecific

@{S@gﬁh %%%6'?9 age r the 5-day.old offspring of ea )
pronmméle IS eggacted hﬂ%%%ze #s%%%%%rﬁ%ng 4 pmmostgr’ Rt & %Qe eil-o

gene, a rabbit -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 2 Gal4/VP16 transactivator, a Tet-
on. (rtTA) transactivator that would activate transcription upon doxycycline 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



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

WHSEME!ZFHEse samples are easily contained in cryovials in aPliguiei2006/000121

nitrogen storage unit. For safety purposes, each sample is split for

storage in multiple liquid nitrogen unis. When a sample is needed for

testing it is thawed and then used for in vitro fertilization on eggs from
factorswuilehtyjpertemalesticeg efidiatefish thakbeshon therttesieed ihsenistabiBgevertebrate

ltinle freeze/thaw cycles.can degrease the viability.of the r . )

e e B Sl P Mo e i
incldetdarethrmatebonspreatigthef eedmhett srulgrood aithe |ipiary oatlews dodogenous
intron. WEAOMPIGHEN QLR 'ﬁ?g%?&?. GENEHGREIGE Q@e@ﬁ%@@&r@%@@? ﬁesgcpressed

or _population of Zeb h sperm In which each member of the set

under Siferand czehrafsiat BIERIERRITH URASE |BARIOME gen erlinipgse abilase zebrafish
promofRepUlatingyohagafish-spesmigoligrtivobicamprisasat 1eash 19% afdheerein, a
“h ?Oer,ges, or at I?ast 20% of th];%gen, S, Qr at least 25% of the genes, or at .

OMORE 300 EF e HaReY BPHPRELSE BTG e TSR A ESE HidF pracids or
polypetficlgemesy pe atiglasp46s, ardilcasthd06856,i0n auldasthidoaidhegeidesbtained

ratl %.0f the s,.0r at least 65% of the genes, or at least.

fom B S R BT oF RS 0 & B Rligp rom
differegpeeitth yerragnuticatteens B69%.df the wrdnelsioyadeadn@Besdishpromoter or
its ortiHINES, B AHIGASIARV Rl NG OeResn AL akl %ﬁ%rgg\%? of EQ%Q&%@’tBrnﬁs-express

€
100% of the genes contain ‘a mutation. [0097] Alternatively, a set or ‘
genes, Jp CORIBGIHERTSHIR Gunepamaliveryeksdndbetrshesineibygrogdase prpressing
newronWhilibwhex sk odfighiaollacivelyseempezas FrebRSEAMNA I ORRECBRISING: other

library of the.inserts. The fish and their progeny are easily maintained in
areas it rgg%?ﬁré%%c %ﬁ”@&ﬁﬁ?ﬁ)’gﬁ?@%ﬁﬁsh%e fish can easily be raised, tagged

10087} for ihdividelatidtentfficdtioP sitstéomn tagdtsiohethirio gpprosdomabelyiRROfish be very
usefinl }ﬁl@hﬁta\g@%eﬂ%?ﬁ?p il gﬁrllizoﬁf)% %%%%gng?%t fqrﬁog%%%mar%eegi I%Eagrt%gﬁg%ismpted

allows fort f numerous genetic screens. y
by 2 trapsppiablssiaseetmld dptitatio ot sssismatistiaredvhichstactheeiidepotte flanked

by loxBekROARESEE FeBbigRRb AN eMUIRNRINAL 18331086 Qﬁfx%sﬁgg DESRL N ihe gone
. population of zebrafish collectively comprises at least 15% of the genes,
by inscgjing foleat’

PSR D EFRAIISr ot Ielsstrsssh ISPIRRIg s 2 P afeTasstpesh these

gene peddhagaresymesaddaaaisdaitraliic genes drahlrast 40% eitbeiarnasos these
r at IeaitéS%, or at least 50%, or at least 55% of the genes, or at least

brafi .
2o 01 the genes, or at least 65% of the genes, or at least 70%, at least

[0088] 75% ofahelgemesywrfidt fedsti808motthegeinem] qraatdedrt 80da aftiiestic, sfrong
: % , least. 95%,0f the genes, or at
rsaE1ER 0 3L L U S S BTG e
varyingygh &S Wsiftaih deAiEleon. 10008TBHite, Bhdisdskitibldrirt wittieideprifishy with
compl@eNBRSARSNWE Beurassible o denify;yhigh Q%ﬂ@%ﬁ'gfhpfﬁgﬂgysites and a

sequencing less than 50 bases of DNA flanking the insert. The ‘
polysdgEieR. SR AR HOR A TEREPHER: At BFRE o, oW de tmuncated
transcripteapseioi fudptisami@dns 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.

{0089]  Enhancers often determine the regulation of expression of a gene. This effect has
been seen in so-called enhancer trap constructs where infroduction 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 32 catalogue the genes mutated
in each sperm sample or in each fish of the library. Such a database
provides both an index for the presently disclosed libraries, and a
Wegbiweadbr using the library. The library can be used to (apitertityudienoi2:
function(s) of genes of interest, (b) screen for genes that may encode
useful or putative drug targets, (c) sgreen for genes that may encode the
proteins acting as site(s) of action of drugs, toxins and other chemicals,

al., 1989d fessaeanCamreprdsiaroneduating afectsanRIe N8RG8 ¥tern of
enes of interest. Alternatively, various comparisons can be made

the n S SBARE RBPARY HataBEe CHCRIBERE ARty i FISEaapEEoter, sch as 2

carp partabpssnaseyyetitbefomiliaetie Hhase preticerdidnthe 100994 fhearget fish.
Tt Slnov,el ility of the library lies in the abjlity to search the library, database
e %F”&g;ge"r‘i‘é‘%fﬁfﬁ‘i’é?8§?‘6 & QTP Eoife BBy B IFE tsB S gps of ol
2004).amino acid sequence. Alternatively, the database could be searched for a
[GﬁQG}gerQﬁf #Q E%%t & tggnbgf Ixﬁxgifml%ngggck% d1 q{sge%%edcgqgn%tﬁ/&gﬂ V\{%hffeotive in
library ot inserio a?mutatlons, It'is possible to identify a sp%rm sgmp?e or
order g fhspdoentsithisgemsgsdetifehin ahy geheliitfstristmoneior ougherse delivery

facilitREOIHER AindiSERSLCRAIKIORJ he idenifigtispermyeansbe usRiIRarettiike the
progeny fish bearing the mutation and thereby enabling a means to study

unspecifis JiPEBHAMCHBRIDR I5sslecarid SHBPiNetad Jbd gers plorwdom positions

within Aeraliyebictiaddentified isheanbeese O onsiedy he: RO Hi IR DNA are

or loss- of-function of the encoded. gene product, The Jibrary can be .
sl s ARG GRISH T SR o e by B R GERHRR e promning

regionsn@ting STUSIng @R, oligenud duliRle primehspadifibifordtimigesignated getieal for
ith her.okigonucleotide specific for the insertion sequence.
stable %ére%&lz O?Iﬂ?[%':egaﬁléggsgg-{gmgﬁ% Geaab ol

ernatively th ary can be searched I§/ Séequence homology using a
[0091]starddgraBicnSRysigrotahebl ateale doteposet] whtdktibreisy insertmgroduce

somatiCHeANRIaeI e HRIAR GARRERGIEENERJRiISRGRVEE SHINSRHIONS Wil Retroviral

gene_family for which one member is known to contribute to a disease )
RGN T eSO rp L AR BEmebdlres gersanedified plcgnsposase is
suppligieleliaag usingedriadiasi@ieclofexampatyvheiedhgidoniiechreitditdls. The Ds
61ﬁmez{pg,&(\enrticon isvlocated ne?r tlge ene, bu%ﬁﬁxnot disgu tinr?Pthe}gene. Oncea .
SeqUSACe S TERtReY e spedific & SF RS SHR CFEHER Th RREREFar7PPme.
enhanceafir ffwage essed anuingsechtt atjdd emgfinth Siwhctietiie)sofrgevdblabwn to skilled
artisaninterest, (b) screen for genes that may encode useful or putative drug

targets, (c) screen for genes that may encode the proteins acting as
[0092]sitefsY ¥f dletshitotady iRjsetaxinetasiisthef Bherhipeisoaptrqaiptordanctional DNA

sequen@MRRLRAS farnedulating £ifeston LEpteins eRCRASH Y 08N8SRhesis or non-

. interest. These studies are accomplished by means familiar to those

_ hed
functiogal chremai e R RS dBRERSR A rOHFERRC e HERREN Fofh frasposon
taggin@PRiEHiaMnapthel liBranas imbaikastathpsepiacticrd daciaesaBingham et al.,

-J01001 Geneti tions often correlate with disease (e.g,,.hreast | ,
1981, R B o S BB, BRI o1 I ASOBhc il DA i
deliverpdesentlinvention ialoillsiforetitedied gare, \ME2Q06/A24004g them by insertional
mutagé?lgsﬂsg%gg S(QQe%%,%%e mmactivated genes are tagged by the transposable element which

then can be used to recover the mutated allele. Insertion of a transposable element may disrupt

OF nNor

the function of a gene which can lead to a characteristic phenotype. Because insertion is
approximately random, the same procedures that generate insertional, loss-of-function mutants
can often be used to deliver genes that will confer new phenotypes to cells. Gain-of-fimction
mutants can be used to understand the roles that gene products play in growth and development

as well as the importance of their regulation.



33 discovery, additional embodiments of the present invention include
methods for identifying the genetic basis of disease. For example, genetic
mutations can often contribute to the disease state by altering the normal
Weghtatonpiirocesses of the cell. As such, once a given trangaripHGeN06/000121
factor or regulatory protein has been associated with a given disease, the
entire protein, or a relevant domair(llatgerefrom, may be used to identify
genes directly or indirectly regulated by the protein or which interact with

foos3jthe ﬁ&&t@iﬁe‘%%ﬁﬂ%%%'yoff&%ﬁﬁ&eﬁh‘ei@é’geg%ﬁogeﬂé@}’lﬁeaﬂs&geﬁo Y DNA is

] the vanousEroteins involved in a given diséase€ or disease pathway. .
isolateg) famceedlt (s 8t B MesFdiie| 08 1 puuivehatimaliby ronuentinnphirshniques

(Whichdiﬁ&%%ﬁ)ﬁl@éﬂiﬁﬂ%&cﬁ%ﬂ&emﬁiﬁiﬁbﬁ rhﬁﬁ‘}ﬁ@@f?ﬁtmﬁ%ed by & restriction
inflammatory response, post-angioplasty vascular inflammatory résponse,

endom L e AR T TP BEARP B oAt AR Eoh i loave
at a krsolerests, Cincers@stpmagmascutan diistrothy; Bdztietnbr 'sicisdaae; plasmids or

' . neur hologie ertensi emochromatosis .

Phage O e RS I IR g e e
et al, kﬁgé}asé,ltpméreqlniﬂmm riyest R Rerguelifisd bongenitatdwaraliseeses ve used
the LIMYEHR HRSOSIS- B RDERIMANARAIERR-giveD AL S RESTENY VRSN, (1995)

., allows for directed gene discovery, additional embodiments of the present
and idspiilpdi By i iibaidisrtion i e TaRMmARGGhAe Airenuivonshods mekdpinverse-
PCR (&oggis;ja];aﬁe_e tétegpr_a;w??ymﬁacﬁt%gd%m@r&o%ﬁﬁ@rliblsflslfs‘?ase%,e QQ@%@M@&, other

uited for.identifying the malecular basi netic termine i
metio RN RS T S BURTESS T v, LRSI G BBt cloning, o
identifjpreskumeeislohwcaspennsk, [Dhediehetess tat fbasitye andspienuadioniod inserted

pNa) SEY IRty §0tian oAl indammatary disorders Jncluding, But not o or

“limited to coronar%/ artery%sease, mu%pile sclerosis, rheumatoid a it |sS, can be
combingd gadh it fppiss dely thremhtsusueiat infidrdatcharssbiow bitlme dsen¢din2ith other
previo BRI 188 SEAUSNEE MREANMRARIBMPLE MR 0GNEAS BN AN encodes

specific _probe for isolating both genomic clones from existing databases,
some fachiem 48 SPHOR REAGHIACTORE BRspPerhemalosy S kaersionPiatudhbezomes 2
new sefjieliionaliyhitie arebe wiRybbesispektd. sl iedfDPIsleRoHS B &l dhter of
sufficiently related species, including humans. Once isplated, the gene
ﬁlﬁherr%%f;elsgg%lvgrogtgrigzgé%?%‘fsﬁﬁ%%‘%’ %eéﬁ%?e%ttgf BEHRHSERYSTE vector
[00941thaﬁhmyzb®nré§diwcgmmn§ds afidvanifoalatbatere homaizy gatlsdar of the
zenoml/ 52 PUUIRHAD GHEIRIES! SUSRBRINAB AN SR AEHROME) St secmiques
articularly useful as disease models (i.e., cancer, genlguc abnormalities,
or prefRrapdy; cby )inGins cioprentaituidy, {5 slsapttr degimibeddegytiilitydetimiected
embry&flicaculy pulic age e dARbASINSIS IRk 9ene daliveiviand L ?@ﬁ@gyday 5.
ic

. experiments (e.g., experiments- d°esigned to correct a specific gene
This appueaeh iﬁewas?%ﬁf@%go%ﬁéaé@ﬁbﬁfem@z%ﬁﬁa/@@m@fnwm@sﬁevwm ger gene

in the Addrafiglof insertional mutations, it is possible to identify a sperm sample or
[0095] a Characterization of the inserts, in terms of where in the genome (i.e., specific
sequence) they have landed, takes place once the founder males have reached adulthood and can
produce significant quantities of sperm (about 4 months). Briefly, two days before sperm
collection, each injected male is mated with wild-type females, Successfully mated males are
kept individually for two days in disposable 16 oz cups while the overall health of their clutch is
examined. Fecund males then have their testes removed for sperm freezing and storage. DNA
from the 5-day old offspring of each male is exiracted and analyzed using conventional
techniques, such as TAIL-PCR, inversed PCR and the like.



fish containing an insertion in any gene which is known to produce a

disease condition. The identified sperm can be used to breed progeny

fish bearing the mutation, thereby enabling a means to study the
VigaioefiidMdtion or loss-of-function of the encoded gene proddstSThessigbni21

can be used directly to study the gain-of-function or loss-of-function of the

encoded gene product. The library gan be surveyed for mutations in

specific genes by polymerase chain reaction methods using an

[0096]oligonuireibde PstmemeRaciic fauiha.Aesigneder:eR0 WD ROANR e fish, vields

ollgqégicleotlde specific for the insertion sequence., Alternatlvely the_ library

a libragy o i dB3eHRd Bﬁfe&"ﬁ’éﬂ&é HSriBTTY,PBFG4 dBIEREALS g disrrd dltzogen

storagamalysisof thietgatelpasescompaaaniaf @lkfitir oy sﬂﬁ&gﬁQﬁ&nEMpW&mﬂlEmtro gen

units. @Vﬁ%ﬁg gféqg eéﬁgg%nrstégggrr&(:h%ﬁta%e aE'P ﬁnzi{mg %n tzl;]zevz ;on}grtiﬁzation on
|osynthes pathway, experlen e erythropoietic pro oporpf‘u

eges femnaitiish v clirs Rlew oligenerdbp sl st Hemholy $is aﬁwsiﬂaﬁendm@aséﬁnce multiple

ﬁeezewmecycﬁsdémp&!gcf'@a§$%ﬂ¥ dam lﬂﬂ@%‘f)@ﬁﬂdé ¥ @64%&&0 erim saénpies are

non-cutaneous organ in mammals, it IS possmle to use zebraﬂsh to stu

generaipil Trogh altih e LHBH.IFRAIST SHHER S8R HIFTHBRVE Eoprhes) m@i&m@nuﬁhe library
allowsSifaHlaly a@ﬂ@geﬁaﬂtadfoﬂam&&ﬁag@&m& ﬂ,@é&% ango el th@setiing set or

isea es |n z fish. (Childs et 2000). [0104] Transgenic
PO O BT S i, SRR, A AP GRS ity e Ttation
in at IGaGSGI)Itbgchbbaa@/thE&&iS&‘f pbiml@:)otdeﬂhﬁbﬁiﬂﬁwmimﬂ(smﬁft@emﬁfpnses at least

15% ow&% hegbmﬁggg OhgeResihal may e %@ef% e rf’%%%@é'vgrdgtugast 30% of

ar els, C screen 1or genes maf enco e pro
the gongte (3) 5fleastian %fcdrtﬁpggmn@aﬁémhé@wrﬁmegsnmm(dg lsaseéﬁ%, or at least

50%, ZoRRRYRds for iﬂ@g&@é”& &ﬁ@&é?d@%ﬂf@@é’%%&é&%ﬂ&ﬂ&x&%@e%ﬂﬁe enes, or at

interest. These animals are also useful for the study of basic biologica

least 7ty B 42 BHA Dfidhageemonditigs bR el fhiesas, OB %@séaﬁée@f the genes, or
at leasaptoinRMEB e cisgaseatippmunsl @pﬂﬁi@g@n@doaﬁsﬁeéﬂmi@% s reRk, or at least

o ammator r diabetes, arthritis, high blood pressure,
% O%eigoscfé?os%&%argggvﬁgﬁaf) THiLR 448U EP%’\onary disease,
[0097]degbHermtivelsise ages: of i atieunraf cﬁsskelgéahmtsﬂeﬁmanaes fish or their
prooengf'siﬁ%cf)ﬂ{@g&% ?ﬁsﬁi\%%ﬂégﬁ\?r;;h ra <\3/se :Ia.ogu@ gaﬂlsor%jn%rrse}?ernswe library of

bnormalities, infertility, epitheli ions, an micre

the mssﬁ%hﬁ@n@ﬂ@q@ﬂ%q mﬁgeawr@feml:ﬁ eaiyidhetdrprosateirehtgueiito system.
These raRidbaidentify e fuagiion of-genesniisheaniaining Muiaionsof gﬁ@es?ored in

of mterestgﬁenerated as described herein, may be examined for specific

approxgpaishiddishirak s Slsitish el si4fd WHS ST isEm TR tResnThe fibrary
aliowslﬁoﬁ@ﬁ@rd@ﬁp&ﬁi\dﬁﬂ &BI&Q@E%OE&@@@\@%@@J thisb BN SREYEIS a st o

ti t that h b b
ronuefRE5 SLISTUDR e nclonel cenee e habe besp LA b
least ousgﬂglmalh&ﬂwyedes@dpaﬁiﬂmfemzm&ﬁmmmw rohargeiear RAM®% of the
eene, 000124504, BETISCR00I000121, 32 gefie and el Mgt ca0RE v, o

rapidly identi e proteins enco &5e génes have'use "as,
at leaslapitingiolrerenasger Rutpesh ﬂ@&aﬁéﬂn@m@agmtléé%mm fangef%, or at

Jeast 550 Srugk QISCRVEF¥t 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 genes, 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 disru_,pted 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



[0106] A "known" gene is directed to the level of characterization of a

gene. The invention allows identification of genes that have been

characterized, as well as identification of genes that have not been
wdhatt@te#iped. Different levels of characterization are possibie THR&ES66/000121

include detailed characterization, such as cloning, DNA, RNA, and/or

protein sequencing, and relating th%iegulation and function of the gene

to the cloned sequence (e.g., recognition of promoter and enhancer

cataloSRONENERS: fnations eidheRRaReRMling HamesIntins. aBrhibe §68) » database

. .Characterjzation can be less detailed, such as having mapped a gene and_
Provides B TS (BTG paitrip st it sPAddietIer dbt deRadhpibrary.
The iimwngl:pugf@eedatm@;aﬁeﬁﬂf@ awlaﬁ%iji@qs)adpgéimﬁhw&@%eq@aii%n for genes
may be minimal, as when a nucleotide or,amino acig sequence is known
it g L e RO U Dl orfoli ek SHIoA feAh gt e

a protéin has beeR 1&0iate
pmteizgjmqﬁi@g masilekrdwastbut Wi dsesciateiprotéintenutieotiod: seqdeescreen
compolfll®! AP AL EIDUR AR AL HBENERTSIAIeEIOR ROy,

: ernati
Finally, there may be no characterization in t & ehstence of astvely,

variougy GREHAASRESTIREER AradsobwiveswR. tindibreantibitehiieny sogemgticativh afy other

sequerRBYiaB@RAc:ak HBhRI thenginnahal-3peeifig degrags ok characterization.
[01Q7] A gene of interest can be jdentified based on a pheno

lder S type
10099T o REF AT YS) e Grle Rl G Hie ER U IS oH SR Al datebase for o
gene qihmnatypasdaciugdencedarnpesifesatiat, growihidrcieidndepentienicid sequence.
rowth..colony formatign, cellular differentiation. (e.q., differentiation, jnto
A SIS CEte - ARt T R s of
desiredy phwmlotarstivaiiath. dforeeii uifiiteotorsaergutiinased, trapswiltion faetdis; a sperm

sampwep'@@aﬁsm%i}ﬁﬁg%ﬁﬁﬂ%ﬁ gell sy %&e WRERRIOLSRILING, SR O produce a

) loss of cell-cell adhesion, migration, ‘c€llular activation and phendtypes
diseasqipemdiiioBohanibivatiffshuirsaiorn drgase foheavhicrapy fishiisedag dee mutation

and théhebypeaiBimencananshy hisigane pritherganailselt HRSIUNRABY of the encoded
onsjble for.the %‘g%e,rved phenotype. Thus, the protein encoded b

re Y
gene DR /A BTN GohdESFHEGP IS R SRR Ui A B 7 g o loss-
of-funddogeifidiireatidelaramopriog-therhbsitndes AR enrotypeyba ddditionstis in specific
se_ of the libraty can identi of the.genes and proteins involved with. a
Eenes g o B RPNl O 6 At e or e
designigrshgfieaioth ehotich géemmigrotidespacitullotibn biganessandiorepratbinstively

the HHMACRAMGPULALNE.AYY E%E&%L%é%&ﬂﬁ»i&%@‘é(&){gora"&%ﬁﬁz%?dohi%%‘ﬁ?gﬁﬁg of the

Since these genes are associated with specific zebrafish sperm or fi

databasp cqERRRPd RhALJRRRIEHBHOpar et israilyribedberairambbicteseettty recover

all ins&EkORNRORN Aledeugsfor BReWRidieainganRieYeRing:te disRase:Ols a disease
mtereﬁ \g/%%t2006/124.001 PCT/SG2006/000121 36 [0108] For such

conditignye o e e BRI ST tRE IS S SERRFRFe T TR i Geifidons using
irradiafish, foarboringdhehdesiteddaseficareeprent itingtivhi RSRIESEARRE the gene, but is

o HTERRE A b Sl R R e e
the libiiinyangndureiresscreanibusédribies htmmitulthe fivityt arigy ofatinactiVityergen ) 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 effects 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 library as is familiar o those practiced in the art.

[0186] 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



regulation, phenotypic characteristic(s) and activity of a disease models,

e.g., is the cell or organism resistant to an inserted transgene associated

with a disease model. Other assay formats can also be used as known in
whsiilliezeitisan. In addition, the screening can be performedorvsdiféesenti2:

genetic states of the fish. In one embodiment, screening may be

performed on fish produced by fertilizing zebrafish eggs with at least one

sperm cell of the zebrafish sperm insertional library. In a second

discoveRbaRimen] seIRKRIRLINAY e ﬁﬁrsf&(mﬁ@egﬁo%ti&@ﬁﬁgﬁﬁtﬁe&wﬁ(ﬁf iHshi®ing the

'itﬁﬁ%m(%ﬁ?g of therebrafish insertional library. In one aspect of this
Eonel G B i TRt T amP G S RALT S GEREI Rea Sleb Aaradpdephpidiscase state
by alteinpabiimentyshecpudgeny phavesbeen Bieeddo be hemazyaetes |G#i dranscription

mbodiment, the scteening may he. performed on at,.least one haploid
fotor e o e S B N v oo aTplE o o

relevansraielect2800). mantfoustd émidoniifepméheserdpningdhaytheregulated by the
proteirP6F RHRAARE2L GRS @RS S¥R0Y %ﬁggqg@xlgﬂgd%%B{%{s%nﬁéﬂggt%ggne&%y be used to

diploid embryos may be prepared as descri or examp

identifyy e erHaRI{ O ekt hre i 2hvsR cHifitgse Mitstivresroafitliade daishases of

particupirthieseeqMiberiseeie: agdvabasinalated cella Amsanieteskoexcraietic lupus
h % ductslﬁ descrihed further herein, and is intended to include in vivo
Syt THS i S SEREN g?‘ﬁ%’fﬁﬁds IR RETRISnd PAE RRIBIBTIN tgascular

inflamsiaites acipams:, (020814 transgehie fistidiavingagene-piistesestieasbetiabetes,
LinERes6d o compo ds. to assess .the effect of the compound on the ,

o RS GO AU IS LI TR i s e

neuropgibeledififcal paibhipraiensiothich tHeproteimeteoded bydnshysng of ingatastsemia,

hyperi!ﬁdﬁ?é@éﬁ?gmﬁprﬁﬁﬁ?rﬁ%?sﬁﬁﬁf qgﬂé;pQﬁrégsce,c%a?ﬁe@dﬁgm%?éﬁ%&%sthenia gravis,

transgenic fish harboring the gene of interest. Alternatively ¢
congenitals bearly A torfipBiin deafibetadsaberitine Warddifigaingivee that the present

inventisANSBOR Gofighssith hadishdadng Uadmuhstppess Hiadheibols. JB&nt invention

. compounds can also be dosed in the water holding the haploid embryos
mch‘d%‘rn%%"éjﬁf%@‘é‘?‘%%ﬁ%’&%%?aee%ﬁﬁ%%. By comparing the expression of the

[0101] genénordditteincedisededty theapdneinditee xpobett tha eshtanposniily well
oo 1L : ar, { ed, the effect of the.compound an the
ted Br105G
s médylatié oﬁf@%%&%ﬁ%s&r{c% ed 0)5 tﬁ%naté%%l%f?n#%%&egiaﬁ %vea‘n tages such as
prolongak didesgan depcshapenimab de abeak mitharenhibitormer attivakons dobties, low

obesinyJ 88 IS BIAORSE G R WRLRMINE N Als USRIl AS: G %39«5&?,6}39@&& but

mﬁ}reventing disease conditions associated with gﬁene of interest are .
not Iimifed, 8 P TR A Ho SFR2SpotRiRIc Rl pEBE BB HEE BiBiHersystomic hupus

erythernb@ Bl alsdcafidesa@enad Lsngdhe present library to identify the WO
2006/124001 PCT/SG2006/00Q121 37 site of action of these compounds |
101621 RSERERA A SBRB LN e e BE PPl AT PR specii

probe [Byiméaiiifgihgthigethatichyovictufeont axdpogif kﬂ:afﬁﬁbm ﬁs&ﬁéﬂ?ﬁﬁﬁ%(ﬂeﬂg@h ¢DNA
ool SR RO S TR LR B e i o
homologaus epnesies ssfalisklinsiutd ssetcassmpsdio thevidentifatiasolated, the gene
may be over expressed, or used {0 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.c., 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 experimments {e.g., experiments

designed to correct a specific genetic defect in vivo).



of compounds exhibiting the ability to alter or correct phenotypes

associated with the various genotypes identified and constructed using

the present methods. Such model-based assays can also be used as a
WiahtiErd 8 assay for purity and potency of the compounds, BealsGiHg6/000121

recombinantly or synthetically produced proteins or compounds. [01111 In

addition to the zebrafish based systems for identifying compounds of

interest, other in vitro systems can also be used to identifying compounds

[o103fthat Wwhibit Btivalerondindia RrRIeNs eneoped %gﬁgﬁtf?{/_iﬁ‘%%ﬁ'smﬁie ora

identified compounds may be useful, for example, in modulating’the

fish copAih S PVRF BRI ARABY SRaGITIRNES KRSILES. TFodies 3ydisshte feagition. The
identifid€oseenytiizebeta s ee hieydCorRyNGshtBatisl upd RAMAACHYMA ¥nabling a
interactions, [01121 The. assays used. to identify compoungs that bind to
meaﬂLsptrgo ﬁl’% ﬁl\? aglboréglélﬁ%ﬁanaorre%séf?oﬁ T fﬁ’rleog/fﬂéegeﬁ‘é?igﬁ‘fo%’ﬁ’? BFRfeRE The fish
can beeusasbdipwihydiantted e dhligansodifbitioa iméosuffidientitm atibthéhentwded gene

produ&?mﬁ%ﬁgﬁrgp é@%ﬁ%%&@gy@w%ﬁ%i%%% %;9&%8'%%&’%5‘ igh égpgrétl)grase chain

. removed and/or detected in the reaction mixture, The protein us n
reactiqppyethadanting tipeHemmackuiidsinimecreesifin fas Say drbgketgsies with another

oligort¥1esaRARISE bR 1atFAbHIBNLAE SRHERLR YNNI QRched by
;()égteln containing a protein or po[%ge.ptlde that affords advant%ges
t

fusjon
sequong oK USiaR A IR UG TL BRI P ke |G CORRBRSS, el brary
insertioan HEotiizedldnhaddiiio Deinvil i RASEayS 8 ayriRMe: 8RS ANEESe in the heme

. t the like which are secreted from.the fish, which are the )
BB 1 GBI S 2 R B BB SRS Jeeh s it
dependyay semobeiaangd|Byondseaeth odtite dondilici suithoamdgshynam idi favaliedirectly
by lighnehARGEREE R BRIYPERLIdE, RERTAE Qr. gl??l'é) %’D [lein.pr e t?os.tsmdy this

_substance onto a solid phase and defecting bin ing between the protein
condition ficspeRiyatiNe Bretakredr ih s mesilsoaiiferifbfsbudarly maihp gutations

in paril6CQRIRE PEAIGN sHERCIARLERAY; &%Qr@eﬁ%éﬁﬂligﬁ%ﬁe(@ﬁﬁds et al.,
2000 the test compound, which is not anchored, may be labeled, either directly
)'or indirectly. In another embodiment of the method, the test protein is

[0104janclioredgenithendmlits phragecai chisngorhplexfeehwiiblabeleshantihod y{antdesently

. cl antibody.is used, it is preferably specific for a given
s B SO PO B B B P P D o
genes Bisflimyato dierap LisEihss potativn dfithiengrote(n) antisody: conpltt W encode the

proteir0964A 2400 Jsifé@w_%g&gﬁlqg%&]gs3%9&&%4\'5%55@9{1%%@@%%@%

can be conducted in a liquid phase; the reaction products separate

compoyps £etdnadnpbn sHESta Al RS RRccdeddrtasnesl indimgsanThese animals are
also udeAMeRiizeduantirasiisnesifiador thedastk RIRIRIRLRYPRRNASy NRRUAE Bited to,

fusion protein, or the test compound to anchor any complexes formed in

2gIng, o GRICSH, SACHIEHEE  SRTSEuy SPEtc UFTFTBthaloesHHborrMdHaRe disorder,
inflampegsipléicorinpiexdibdeteattanthditg ¢cosanlexesutd1dbd-dRRRagiCcardiovascular

diseasd) %ﬂﬁ&%ﬁa?{r t&%e%s?é a&»’egsélr%l%@ﬁc’e see%stc% Ic()jfe trﬂte!, e%?;ﬂ] g? we(festép g&sjtrf]:tnelg%?zheimefs
disease, Parkinson's c{isease, asthma, developmental disorders or abnormalities, infertility,
epithelial vlcerations, and microbial pathogenesis.

i6105] Oune 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 described herein, may be
exarnined 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 uvsing conventional and currently availablie

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



with the interaction between a protein and its binding partner or partners
involves preparing a reaction mixture containing the test protein,
polypeptide, peptide or fusion protein as described above, and the
ViiiraMgséittner under conditions and for a time sufficient to EFGVEERAOe0EN121
to interact and bind, thus forming a complex. In order to test a compound
for inhibitory activity, the reaction mixture is prepared in the presence and
absence of the test compound. The test compound can be initially
genes andltidadiindhienreactio namitiuiésroifista ¥ heprdiid aheotisach stlese guentiore use
the addition of the test.protein.and ifs bindi artner. Contral reaction
s e R R e R SR R e rme
[0106]formatibnosirdrgeroin pliesesd e thekndhe Wt prstgiatamdofive geimdirge invention
allowsRASREH: AL gelectrt th0e totmation. At 2 oM R 16,6800RMn of sones thar

reaction, but not in the reaction mixture contalning the test compoun

have npidheateshfriatiwhetorhlifartinteriereschamdireation aro Rusibis teBhese include
detaileRrEi@incRpEAhenD RN GsNAGNRE, IONBOIHKhek dstails RN 6eIIRGIIBe and relating
i g?bpg,ve %neg%'rf’ﬁigqén %uélrlg ggstem%aqd additional in, vitro systems can be

° TS ETAPD SOPUYR At KIS 2588, 576 BT RS G SRR IR ot RERnoter and
enhancean equevadsatddnciiancorsfarthe witerthedpitsgntfrinventionrdascedadn the like).

' 0 unds to be tested can be derived from Jibraries ..

s BT 18 el DT fon. o
havingepaitiebamine hoibrablishetids Sequaryneniechsinuesddeerbeen and ascertained
a func§Y e@ﬂﬁ%&ﬁ"ﬁﬁi@ﬁ%@'%ﬁ%&i?&?%% AN es oLaibekia sequence is

compounds, such as bénzodiazepines (Bunin and Ellman, 1992; DeWitt
knowngr apyeisin hapRaes il Pwdha fatian sigdesmamblesrineg bafnction may
be knokQB3), tApdsBydarivms R eMilb Rl 1R 3In A SRR RAGRI Ok 1R HMNRSIBas not

- of maolecular libraries of small organic molecules with a diversity of
been PrTIAGE  HECTHRG b R Rr It A1 9640 CAPBIPEFARIcTogut both the
eXistenj@14f8hd penecmp gu o téthedreskntinyefbomearibe dbiainaiudiogtan\s! any
r s in combinatorial library methods known in
gene at?r%‘é@agrﬁ%ﬁ%%Eé%?ﬁ%%a.gﬁﬁﬁ%%’g‘%%ﬁ%% yaélggfessable parallel solid
10107} phade gingolitioiishasenlibraidentiSyhtbrastid libyarpheativies craduindgpy the gene

havingd@EoRYAItIaN Jheiongrhead one- 9%@%‘1}9@9}%@@& %@m’@p’ﬁggferaﬁon, growth
cnr

synthetic library methods using affinit omatography selection. The

factor idsBdantigraRasoeathos e G HeiepissoD (o 6. ditfrentiston into a

neuronBCEElEGﬁﬁ&@/Q@@}B%ﬁfﬁiﬂewg%ig%mo%&éﬁﬁﬁhﬁﬁf%m, I9|~ctiva.1sion of
approaches are applicable to peptide, non-peptide oligomer or.sma

Celmarm%%%ﬁl eri%rarle%%gf’(%?’%(}&?ﬁ%g (‘%‘é?‘?{s ’15‘@%?. ThéF ek HIBIRRIh Sh Gl surface

receptofispiuteisyntiesisof meleotarelibretiesihesidne fatndtimtheditifor activation and
i b (1994 rwell et at. (1996) and Gallop et al.

Pheno O] TRt e vt Rt SO pegose e

protein-gaggiterbet Bie, 8882prothoadeatsii nresamnabbo Kswhigbl-Gaofhet observed

phenotbe, 1993b, RACBHALY Sicbaa NG- BL 23209 EPUES (HeFr Bal NOnp important
,223,409), plasmids (Cull et al.; 19927) or on phage (Scott and"Smith,
therape]}ggé’mg 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 condifion of interest, e.g., diabetes. The identification of such genes provides a
coliection of genes and/or proteins which are putative drug targets for the pathway or diseass of
interest. Since these genes are associated with specific zebrafish sperm or fish in the library,
transgenic fish prepared as described herein can be used to screen potential drugs for use in

treating or preventing the disease of interest.



Devlin et al., 1990; Cwirla et al., 1990; Felici et al., 1991). In still another
embodiment, the combinatorial polypeptides are produced from a cDNA
library. [0120] Exemplary compounds which can be screened for activity
wieridd 28t are not limited to, peptides, nucleic acids, carb@ayidsarsss/ 006121
small organic molecules, and natural product extract libraries. [01211 The
goal of rational drug design is to prograce structural analogs of biologically
active polypeptides of interest or of Small molecules with which they
fo108)NterAgt (8- sAY0RISIRY @M@%&%ﬁn&@?&éﬁ% )&Qs(a{:%%ﬁtﬁefr%‘?h' Ik 11%41%%611& fish
which are, for example, more active or stable forms of the poqi/pep ide,or
herboripgiths degired irsrce sPaFREIERe Witinseesiorthioraterpbligep i daniheviohassays.
DepenSaveiaknp BranchasRk: usaip ;%@H@)%P helesio @e'%cil Wee ANRYSR Olntraceliular

e tf}reﬁt—di ensional structure, alanine scans, molecular modeling and use
POl -i(i%%fi%o?ﬂjés. T HRSEEPRSEn A U Hranigad 1B toRrYRatsKingdvity, geme
regulatioe, arheSetghite chaiaptessihaly) inatUdeiptovising dlmic BOQMINAELSis the cell or
.defini three-dimensjonal structure of tein complex formed by saic
oream ws%e%lc?ﬁ/%g%)tl & an esa{]”&‘?%%%éssp% fpeedgﬁ%gg,aa#aeaﬁes%ﬂéﬁgﬁ Bi&iRgormats
can alseobrpisehas Segieblinct slitadeningmvith thidifiteraidtovioetivesrua i sterformed on

differeROMRRANAS, ARG 2 SRCRR pﬁ’!y&%pé{ﬂﬁoﬁﬁﬁgﬁlt,O&régéﬂln%%cb%oﬁ)er&&%gé on fish

[01221 Following identification of a substance whic ates’or a

producsd e fitilizingtorit dhe seasstaride mdgesie surteivestigefelie zebrafish sperm
insertidrialthideaRore. I Maydadnanvirahied RRan Jsed, IBPERAAHAN dreat teast one
foundegn #:%cture or formul%lon, or a camposition such_as a medicament, )

ph a(_:eﬁﬁcgﬁ%ﬁ%o itiths O%BBFEI@}*F%&W B EENiniSte B taspect of this
embodindividthalpr{ediR8dr Aistirstagoe identified /bapaadaiatierafanentite progeny

i e peptide or.nan- peptide in nature. Non:-peptide, "small

T e GG G .
least OAQ:é@Fﬂ%vaétmiméﬂi‘@ém’énﬁm’@'mahaeasdbstanpa@midaﬂriiadﬂa‘aype’pﬁidn@mple,

WestelR@Y PR6@SIgRed f@&ﬁh@ﬁ%@‘fﬁfﬁiﬁ?@&r&&%ﬁ%ﬁﬁe@%&%&g fon at least one
undis a known

mimetics to a known pharmaceutically active comp

gynogensir.LpiPid aRb By lSpRtSRRSiptiainih catiear Bas &g Brepartsas described by,

for exa0iRPORGLTIBIS SIDMACRWEROGH 24RB4i KT /SERG0A e 40h of these
might be de%'irable v¥her the active compound is difficult or expensive to
embod ki, & B VIRGTER ff%&ﬂ%ﬁ?&f%%%mfgﬁ Bt es described further

synthésize or Whér
herein, adrhinisteation te psipdrerpeptides aremo suitehlegeiiveRgenisséemedalersin and

as we11€8{6199%$t@@ﬁeﬁs ggngend to be quickly degraded by proteases in the
alimentary canal. Mlmé_tic design, synthesis and testing is generally used

0109110 atoltrvasrmdeifisdisning targeoinateisersaof heotspated foreatangetis to assess
the effdRATRHY cHrl@ @ﬁqﬁg%BE@HH&?QPE@?IQ@E%%QJ@&JQQ il ngeﬁg%tfjﬁﬁé%st and

modeled according to its ggysma[ properties, e.g., stereocheniistry,

the biopjupt RGEYaN Aol EHEr i DIRY FaRe Aot v hingRneovistatstess jeigvolved. For
examplSPRSIreSeePin R Peaginminy A RCHML SRR #RE NMB it LMPYREMBLtcrest.

Alternatively and preferably, the compound' can be dosed in the 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 i fish exposed to a test ‘compound o
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 car act as either inhibitors or activators
of the gene. In this manner, compounds which are useful as drugs for treating 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



analysis, similarity mapping (which models the charge and/or volume of a
pharmacophore, rather than the bonding between atoms) and other
techniques can be used in this modeling process. Such techniques
wifcid 3#wde disclosed in U.S. Patent No. 6,080,576. [0126PATiearplateno121
molecule is then selected, onto which chemical groups that mimic the
pharmacophore can be grafted. The{emplate molecule and the chemical
groups grafted thereon can be conveniently selected so that the mimetic
site ofiSARBYCIOIBWBESIESuIdikRY PR PhaHDacAlagicalliasc e AR Lroteins of
i I.bdoes %ci’t gleg{i%%e In_vivo, while retaining the biological activity of the lead
® O p S R R o R TS e e TS UL, S8 A AtAR(S), no longer
resporstab it nmnbe achipvesdyipyctizingote pepiee, ifceastioitsMigidiBsmpound is
identiﬂ—g?ie mimetic or mimetics found by this approach can then be screened to
see whether they have the target property, or to what extent it is
[0110lexhiBednFenidenr byt micaitiprsses maddichtimndabibeh dsenycafsietioidetdification
of corfb bl @%Qﬁ?o%@&f@ éﬂﬂmm{égsbp&@e kv%@flﬁ 'gsalaggg ﬁg%d[%gnh various
ith regard to interventiori, any compounds Which reverse any aspect of a
genotypoiteprard asecoperpisd oo e eenmetinds afushierintdustdtessays can
also bRrQERMD ACTH ilya BB RN AN G DINGIRG P AN SR & BRAMId DG ounds, including
ons“él ered a%ican dates for further development or potential use in
TeCOm AT CTSHRRGREAGY I HGRHRE R BERBIERHAAS by deriving
fo111]d os@re@dﬁtme tm:ul*wesé:hSiﬁ@iaﬂtﬁih@pk@%@ﬂskﬂﬁWﬂeiﬁMgfbo@&&ldﬁsof interest,
ther ATEV noted, the present inventign. has been described with reference
ot O S B oM oty o bind o
proteingrinsaieé Aty Bestredimpioast Fhedtratiihd Tompoitidsundpistaseithafohesample,

in modIBARRLRVRRISG 8?%@%%%?%9&%%%&?0@%951% %QI?B%?C%%%% énay also

_.elements in vertebrates, including fish, bir er animals i
be utilizpdiorareen/ Gt sppare sl fisTest mrigHpoEashiRHEdoDS element
[o112]of thiminuenyeruiedhe FesEHRRAbHEMRiiedACl SRANASR RIS paring 2
" Cells from fish, birds and other animals can be used, as can cells from ,
reaction, ZIRHRfs ShctuBiig: BERIRG: itk {55 Sommeind ehdst ordtiiontcand for a time
sufficigmigulalies; suchvascompspguats, isheap antihbigh duceiaitemeabumanwhick can
b WR520) ) 2006/000121 0129] In the gene transfer..
< e A e R RARE PR P S Ea igending wpon
the gognpbiscsecieiresesll Houcpiomin vhes ageteitsacitheneouidighed are sought, a

full leRERREIolBIONG: eMRRCimenLBS nugeisacid epcagdin %@%@%@g%@&%_%a'\'ﬁaﬁms

and in another, the nucleic acid is DNA. Further, nucleic ac oding

advantages i HRAFRYE BEiRBdSSelphetisn isfebenidisorereling romplah, eic.) can be
utilizedhrowghdsnaky eater ssatienic:lnicharoihssstandand ra0sfeetian: ke which are

chanis in lu(ﬁin lectroporation or particle bombardment used for
Secretegﬁ%%y%’ﬁc@é%éﬂggg I%’%i 1iEf¥Bdction of nucleic acid encoding modified

[0113]Ac tidnsposasesthesaysdifiedbOseitmedt iof shiariayesfiorgan Per example, one
thodnivoduged 'QI&JQS me cell. Alternatively, the modified. Ds element of .

me_ 0this (_%nvention can 6§§; i tr‘galﬁllge Yﬁ?get ecggﬂz%r%ﬁtgﬁ%%lﬁsﬁo RRRiES: peptide or

fusion pipkeicer i trshePissanns 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 protein/antibody

complex.



protein or nucleic acid encoding the modified Ac transposase protein.
[0130] In a further aspect, the modified maize Ac/Ds transposable
elements described above are useful for gene therapy in vertebrates,

Vg epoasirough the use of the above described gene transiarsystom 06121
gene therapy. Gene therapy has the potential to improve the clinical
outcome of many diseases, including,cancers, by transferring therapeutic
genes into diseased cells, includingtumor cells, or normal host tissue.

[o114f5ena fransfekinta Wﬂﬁeé%%et%}ﬁu@éﬁoﬂa&%lﬁ r%!ﬂ%és #8109, ction products

employed to induce tumor cell death, stimulate ‘anti-tunior imMmune

Sepafﬂﬁsgp%ﬁ@eu%%ﬁdaiﬂw@ﬁé@ps 2Bh FRBRIPSPRUAROIEE rewtRsivEran immobilized

antxbodﬁrcb@@lﬁavﬁ)be:ﬁ@ w@@dﬂ@@ﬁhlwﬁﬂﬁn@éogeﬁﬁﬁé'wpﬁsﬁﬁﬁ'ﬂm or the test
Is a%S in select gases, in h man

linical trials, Nevertheless,
compqng be%’ﬁ TS RIHES oSt @*&?{g ﬁ%%ﬁﬁi)?}géta?@?af‘%amféfw for the
other gemmtisarabyhc Nossibialcvanits taréesion ptehomdresampkiable to large-scale

ror1sfransfactute, andopientall.salor Ioccinical se NUNIALNCCIBE HElG e

“"once limite ene transter eficiancy and transie
with- f%%éﬁ#@ﬁﬂgﬂ@érf@mssimelﬂ@n@v@rbm@%tpmpmvemmnﬂmm madtmdprepanng a

reacti RPSRELMR IR AR AR INERY IRRIOTR RIS SHE PYSMING, tRESS ISIAHSS described

Nonviral vector technol for use in"gene therapy includes transposons

above, pd the binging nefts %W%é@n%%hé%mm%eﬂi%wetﬂ%@w the two to

interac? QA8 HaaNVRIS € hdthg EQ%hp\L&i etiRlorZRQ4; ks inko A M ie Sor %@Qﬂttory activity,
minski et al., 2002; Richardson et al., 200 Thus the gene transfer

the ol T RO A RS i abSSBIot e e STBERg The s
compdwnblcazs bsefhitifdlygenduthdrdpythe vertdbratasciidd3 b} Trh@ypt:&cﬁeeeﬁf e time

dicat: d
subse &ﬁ%‘ttﬁ@ ﬁ%&'ﬁ% %rpﬁlg ¥é:'st'#xec Lflasln%%; I{)Vg\algzer(r{l?c Ica C%Q}ng:n reac ?11 mixtiures

echniques of chemistry, m ogy, FeCOMDIMA
are ingyRpted geiffeishiminat ﬁ@@gylr@burbvor@gypmww@mmsmy complexes

betwed URMYst saavithinthg, L ihenaet 56859 TMABIANSEL 8Fa complex in
1982 Mo ecular Clonlng (Cold Sprl,&%pHarbor WO 2006/124001

borpagtiomisRiwressitaieshritryisameraneindicates that
the cofﬁpdﬁk)xdﬁﬂﬁtﬁfﬂé kwﬁm&he 38Qchielecuiandsioniign dRdddhilanld SprRg
Har Press,.Cold Spr arbqr, New Yoric); Sambrook and
L1 S T b GRS (LAt Sy PO A et
Vitro spiess, C@mhbﬁpmqunl%ﬁbﬁa,tmwQY@%QAméubel et al., 1992), Current

[ﬁll?jPrOt%CQJ&“f&rso Qfeféé a&ﬁh JQQIQ |Ie¥ a’cc'é%n%ixltgngUd )&ﬁa erl %9%53? present

updates); Glover, 1985, N onlng ress
mvent’@%rtﬁﬁémmm@q@gmnwéﬁ@wwmt@swwm@ ibg d(mmﬂgpmgxbmnes

aRashanbbakaratapy: g
e Pastan, 1979; NucIﬁﬁ%&%gﬁgl@atFgﬁﬁgq%ﬂﬁgriqsﬂ%&é%g?%%%% is well

establighed 1ol AR PR BT RR BB, Hifh a8 Sioveh gefrasoduction
of mixedss b@%@@éﬁiﬁ@l@fﬁﬁﬁﬂ@éﬁﬁﬂﬁ&&&ieﬁ&ﬁmﬁﬁﬂ @Hﬁiﬁ% 199?;, DeWitt et

. 33ERapEbled Cols M repmes (WL mers Ao et

(DeWiBretymhol0RfiB [Adadgmiodehess, the shite}is of molecular 11brar1es 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 conlhinatoriai library methods known in the art, including: biological libraries;
spatially addressable paraliel solid phase or solution phase libraries, synthetic library methods
requirimg deconvolution, the “one-bead one-compound” library method, and synthetic library
methods using affinity chromatography selection. The biological library approach is limited to



Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos
eds., 1987, Cold Spring Harbor Laboratory); Methods In Enzymology,

Vols. 154 and 155 (Wu et al. eds.), Immunochemical Methods In Cell And
WasIKei#PBiology (Mayer and Walker, eds., Academic Pre$¥; T/8muoa000121
1987); Handbook Of Experimental Immunology, Volumes I-TV (D. M. Weir

and C. C. Blackwell, eds., 1986); Riag§, Essential Immunology, 6th
Edition, Blackwell Scientific Publications, Oxford, 1988; Hogan et al.,
peptidel Hbiptitalingithehdetiseftm biyes {baichSRHipd ddsider péﬁhﬁmggﬁ? oligomer

Id. Spri arbor, N.Y., 1986); Westerfi M., The zebrafsh book.
of Smg%_l?i e g?l%ﬁeﬁgf)a&%dtoorg/ %%%PS&%‘E%@%H (ggr?é re RO 4FCER e rigethpds for the
synthe@iseefondireser Hugspecag000puaX ANIRESI{NE82hTihenEasenilinyemipMorwell
of al. €§9@@§ﬁﬂ@ﬁ%@é®@§i§?9§4@ th_e following Examples, which are offered by

way of illustration and are not intended to limit the invention in any

[0119} anhdprasiza nd srerrodmAfgues Wataselon in shivben de theHeetimiquesal., 1992), or
on beaRqTifeAlbadepssiBeshhrl o NeTe aﬁ’.&”@@%,}@@t&?ﬁaﬁ'ﬂﬂeﬁa‘%ﬁ@ @?55%5209}, spores
g atvége \é%ri;tlon IS aippllcable to and functions in all vertebratesas =~
(US. {ty %3’ iSRG SeliritisF hd 1 Rahfincgenhige, Esothmd Smith, 1990;
Devliri\/latarja[wa@;dCMéﬂaol@tSaﬂng%ﬂaﬁmiétQQDSi@QQ}.S éﬁ%ﬁﬂ] &Eglspeﬁ%%mm, the
. ining EGER (Clontech Laboratori under 2.25 promoter
comb%x?%ﬁ%ﬂ t#ﬂ%é@%%%ge are epf(?ge&r? %bé)om 2 c%ﬁqg ?xg

gen Bankadcéssion er AF440690) was
[0120bbtaiesmipbamy VWOIR006£12400 LRCT ASGR0MI008T Rt y48cRideZ hiyuadnot limited
io, pe&ﬁ@ﬂ H@H&f@ gc'i\h@}@ﬁ@hh’y@a@@“&ﬁgﬂsé?gﬁﬁg E%Oi[aga%élﬁ%cﬁ %gﬁ%gzl;%?oduct exfract

_ fragment was placed into a 0.6kb ininiD3 construct n
librariefn0). [0135] The NLS-TPase cDNA was PCR-amplified using primers

[0121]'AcSFhs GEAMARAAA] drug design is to produce structural analogs of biologically
” A%GCGT{?AGGTAGAAAT?GCTATTGT-IPCATGAACCACA _(SE% ID '
SCUVE QRVEAT UHE NS TE TATE SR NROIOHPE KA TRSAArCE TS (rip: 2gonists,

antagoigts] ShlahidopiVir8erfiasnickiweitiand Wuazer2000kambieMAiacii€or stable

sormas PO SRR AR AR AR LIRANS SR SR SRR B e S potypeptias
in vivoc OGS APH CTEE RCTA TGBOTL AT CAIRA GRAGLASGE PARGGTimensional
structPSARER RNOIG AN ARG TAT GEAT, %@%ﬁgﬁg%eé\égh%%m are

(SEQ ID NO: 17 .. The product containing nuclear localization’ sequénc
well Iﬁ\ﬂ_“g’) GM@W Rk (sE @t S K5 1uipgtometrunciidd Awviding atomic

coordindtasedisios anecknaaksemiancRwasaigestadivithBamHhand vy said first
ol eclo%ed ig_tro B{fil siteé)ft e pSP64T vector (Krieg and Melton. 1984). Tﬁe
POLPREG SETRAS SR B Yy ARG s atiS Ok SRIFRSIBE thempehdpeageble of
interfegogstriicttbl tnteractiandemvests mdich pslihe:pamerd TeaaduesHBeptide based on
said atMQfé”cio&%ﬂ% ucet, the corresponding NLS sequence was removed using
QuikChange T'm Site Directed Mutagenesis Kit (Stratagene) and primers:
10122] c TGl oy Gdentification of a substance which modulates or affects polypeptide

activity, the substance may be further investigated. Furthermore, it may be mamufactured and/or
used in preparation, i.e., manufacture or formula,tion, or a composition such as a medicament,
pharmaceutical composition or drug, These may be administered to individuals.

[0123] 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 i vive
pharmaceutical uses. Accordingly, a mimetic or mimic of the substance (particularly if a
peptide) may be designed for pharmaceutical use.

[6124] 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



GCAGATCCGCCACCATGGCTATTGTTCATGAACCACAACC(SEQ ID
NO:38) and GGT
TGTGGTTCATGAACAATAGCCATGGTGGCGGATCTGCCAAAGTTGAG
WO EB4ND:39). [0136] To produce NLS-TPase-EGFP andPCT/8G2006/000121

NLSXSE-TPase-EGFP fusion constructs PCR amplified NLS-TPase and
NLSxsE-TPase fragments using pringgrs AGAGGGATCCAGCTCA
GAATAAACGCTCAAC (SEQ ID NO:40) and

might GAGHARICRHTCRETAHA CApGAD @@i—fﬁcﬂﬂ' & @ﬂiﬁr(ﬁf@d @yﬂtﬁh&lﬂé angthere it

ed.it into krt8- EGFP Gong.et al. usin .
s e R R SRR S € oo i vt scive
agents T@asel@@@@mﬁtmsa‘séwemé twie deldibddegrddrebiIpBsERwsasBEBFRimentary
canal. MM 5195% E %&Een%%ﬁ E%@&H?Qﬁo ly screening large

QuikChange m ite Directed Mu agenesis Kit (Stratagene) an primers:
mumbepsoAmal pAsERTAREE PRBAKATGGTGAGCAAGGGCGAGGAGC (SEQ

[o125j1D “@é@lﬁ‘ﬁhmacophore has been found, its structure ig modeled accordmg to its
CTCCTCGCCCITG TCACCATTTCTACCTTACGCTTCTTCT (SEQ

Phymﬁ@fa%ﬁj T8 75 RRCCRTRPERReR %,é’c?ﬁo?ﬁd{@fﬁaf%él%é@mﬁgm.a range

of souvsese diggasiretositpBardhibitedownairdiiiaotithe oy AnthiivaRd \Geddektional
in vitro,transcription o ed transposase RNA The mMES

amalys e R S e b S = o7 A Harmacophore,

rather RiNedby Mindidit (DIRGENoGDrashyihe- 1@ mgofeslasmint DiNgAl vithhis medeling

proces2 SSRGS B YU ESzed dnapapase BRNAaIBgedpected into

zebrafish embryos at the 1-2-cell stage. The actual amount of injected

(01261 B BB OIS sl 515 S OSSR e TP dbaDiic the
pharmZPE6E 409 %fﬁ:ﬂ&ﬁ 20600 % 1mAT [0 394 debeplishulf %Z@Q@é‘mﬂeon

was malntalned dlng 0 establlshed protocols (Westerfield, 2000

oan bo oM PRFENS Eidin SR 0 13 2P pPBS fiEnking ?iF?é( to be
phann@sldgmaﬁ@ﬁ:dsbﬁhhi&gl@ﬁ@d&ei hbtl@i&gr&& anthvh) hisé tbﬁiﬂél@(n’h@ biological

actmt% gc\iuti%%#v &b d;f_\?:"é %lThe ave ﬁ\e]e foIIO\{v %l{%fg ased further

stabilitg CRCOXKT @M@@WM@A@ (w@dﬁb mw@am)gmemm;co nbigomemetic or
mimetMthoRt £ e RsionARd Wit A Shokt aonelingtimeyers used 19, épﬁ%%e target

amplification of the long donor product: 94 C for 30 sec and 55

propere Ofof 3B ey SIS U de e Lot B AE T b esifisatiiopan then be
carriedecidcirEioulst ampliinbry ﬁkﬁﬁl@nﬁ%ﬁc@ﬂ@ SaRes sierthskwaspgesent in
oIS le SR ot Lot aqtose ol The bt v
phenot@ermaemp)reanidsef uap@dmﬂingmahﬁyﬂiaﬁemmagp@hﬁmwmaﬁx binding
v REBIES IR T SO A SR SR T e o
potentlp}@@gegrhlﬁgmglﬂm%%eg éﬁSD%meﬁg ‘®ed|@te)m;e@d by deriving dcse—response
curves using methods well known in the art.

[9128] As previously noted, the present invention has been described with reference to
zebrafish 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
Ac/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 Ac 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.



[0144] TAIL,-PCR (thermal asymmetric interlaced PCR) was performed as
described previously (Liu and Whittier, 1995; Parinov et al., 2004) using
the following set of primers: Ds5'-1: CCGTTTACCGTTTTGTATATCCCG
WERWRND:21); Ds5'-2: CGTTCCGTTTTC GTTTTTTACCHSE G ID6/600121
NO:22); Ds5'-3: CGGTCGGTACGGGATTTTCC (SEQ ID NO:23); Ds3'-1:
CGATTACCGTATTTATCCCGTTCG,(SEQ ID NO:24); Ds3'-2:

CCGGTATATCCC GTTTTCG (SEQ4 NO:25); Ds3'-3:

AAAT, T, 26). JAR5L :
R A LR e fheaftdedo wansposase proein an

be 111%@;3@(1\'%%}%@%1,\'@1%1{@@@ ) mgg)a’igg@cgi_ encoding the protein. In one

embo@hERINTADIENG TN Ghct3R QD tHe PoXl)isADA: NMEASGAWACNCSWeic acid is
C SE II? dary and tertiary reactions

' NO:30). Products of the.secon )

DNA, Lt SEparated &%%f% n_c[(.)gl%ga ﬁr%‘é’glggﬁ %13 RIS HBrhetgorporated
into a'lsel disteifighpairamlereaot, frativtie Geldard qrhefietnbing QEAGRHGKNGabchanisms
. raeti ' E r d enced with Ds5'-3 and .
o AR SHRINSE Y CAT ATV TARBRI 2 sotoin
mtrodpgHgptEmslangcad anenting nRdsisB 10 Genetinsniiyzeedifiediitgloment of this

inventfeRlloEtion Retwae @i ARNISLBIOBYHEDE:VSA)ELRRIGR LY MCiement of this
produceg. [(éf%fa%é@outhern. Blot Hybridization [0146] EcoR7-digested

imventiih SAfic TaltonTeavy gerdrarspiorstis tharsaiied de transposase
proteipositivelychadgeddine v ebipnc RestgAprligdiSeience, USA) by

apillary blotting (S rook.et al., 1989 d crosslinked by UV .
[Oigefrradla %%@%ﬁ%ﬁ? ’%%%?%%%Eﬂ% mﬂﬁ%%mm described above
are usPICTIS 20061800 Y11 B dhbttedswithaditnaighrin: (RecifeApiad described gene

' , ' C iskit. We used .DIG EasyHyb.DIG
ook Batky ot by o A e Greame
of magyidsessantieH g CDEES Y chitsiurin dbeumeutipspenes (Rotilssased cells,
includhRPliachSEBRCE: dbafiifabsdeiaction aftheRyhridizedREP R8s or tumor-associated

Hybridization and detection was carried out as described in the

stroma, {5 RRE SRR IREAs g il or: P el Sioptkp shimeiata pidigaoninampnae response,
inhibitwepcgspeReMbysiest eansisisiteadwEoNRAICRRSIH GhWtHean used to achieve this

nen-autonomous Ds element, and a messenger. RNA encoding .a
P00t LRGN0 SR 8 bl ST AHG P Gica s Neverthles,
there h@@é?@i@fn§%@ﬁ@g‘@br&ﬁ§ﬁ§émo®g¢ﬁﬁe@smﬂsﬁmeb@mri@d EGEP ganetherapy. -
NonviHldetihe 48 Qﬁﬁiﬁ@r,zrg@ébahﬁ@af@eaﬂ{H@?&Q&ﬁ@%ﬁ*{u@c e%ﬁ%%gt%gégﬂy safer

confined between 5'- and 3"-end cis-requfred sequences of mi
for cligfephare(WRIPRHERK UpfErs 000y @Ties IitRHebsetoRdeensnbunsfien affoiedy and

Hmsi&ﬁ%OﬂmiQEQHﬁﬂﬁﬁ§%@n€l%1?§é§ﬁdﬁ9 UANSPRASELRPARBARRHAAE in plasmid-

based Houba—ﬂHﬁri tal., . 19990) fused to an animal-specific synthetic nuclear
3500 YRR M o AT NS PR IRV ETHSE SN e epalobiomsitg. vector
technofgy dbSMeGagge: Tharigendhids Baifinoge 6L 8catinassichaehiqenic 2005,

Essner'%}f' %,T f(ﬁ’)%?ﬁastéﬁgilt feL{SaiLEPZgH% ,S éEE%%Se g‘\sl gf, %IS&E%H[& ta E 2004; Izgvak and Ivics,

2004; Kaminski et al., 2002; Richardson et al., 2002). Thus, the gene transfer system with the

modified maize Ac/Ds transposable elements described herein is useful for gene therapy m

vertebrates.

{0131} The practice of the present invention employs, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA,
genetics, immunology, cell biology, cell culture and transgenic biology, which are within the
skill of the art. See, e.g., Maniatis et al, 1982, Molecular Cloning (Cold Spring Harbor



pSP64T plasmid (Krieg and Melton, 1984) containing the SP6 promoter

for in vitro transcription. This plasmid also contained the 5'- and 3'-UTRs

of the Xenopus 63-globin gene and a dA32 polyA tail. Two similar TPase
WebHBKrizt80vere additionally made (Figs. 1B and 1C): one cetitaiGasgesaip21

the TPaseio3-s07 sequence without NLS (NoNLS-TPase) and the other

containing an amino acid substitutioQZ(K to E) at the 5th position of the

NLS (NLSK5E-TPase). [0148] Table 1 shows the nucleotide sequence of

Labordfdey Pashiia0oRCIRRSPAsARR, SaRetiuels, Jatleodd Shawsdbe rMolecular Cloning,
ond E(J;I&E-ﬁgtamm%onstruct and Table IB shows the NLS~sE-containing
. SHCP SIS SqRaMYS ArasshoNf PTBkei¢hek Nafe Yipl); Sambrook and
Russelprosoo)de¢iusalentidesi 8881 afd SEQd B Mamar L ishshaw 1deyvebid Spring
case bgld.italics. The K guence (nucleotides . 152-157 of SEQ )
Harb-DrN%e:W%?%dfg’is %%%v%inefn%%l%g@é@r iﬁngt(%{g ‘868 g’ ééf?ﬁ ﬁ’ﬁ%@ ‘%??ff‘% QLBhn Wiley
& SongyimtiedapbSiadipepdass); Biidet APRF LA |iTiedi zuRDiRtess] 68£80); ofnand,
. : T in tr ted A !
1992; SREIP M@ Har 36b1The.aed &éeﬂéif‘e’,m%g%e ; %95 old Spring Harbor

TPasel103-807 is shown in upper case and ucledtides

Laboraigrg ety (Geidi 8pting lnabete Nop dogoh sy omRRssme. tHR&pduaktc 4cid
o e e
- U I K. 01/1-glo representied ny nucieotiges - 0] .
Hames\ (L 11 890 e OIS GO e by REEBALE . Liss, .
1987); 2dirieo B2 40 CSEQINT Wy dks0(IRT. Wés2Q08632800rbal, 4 Practical Guide To

PCT/5G2006/000121 46 [0149] Table ows the aminq acid seguence
Mool AL T Soe e M, RS TGRS BRI o
Gene Drnsfoweee NESx Moot asd dhd syntidiiteNus (eblfedalamids. atdds, Cold
Sprineds : Lec ; ino-acids. k- f I o

pmgN%#E% %%%igd o’tr%t%égaﬁg% %czlgégs%% -B?)}?gi(gwgﬁ an &K%J%lsfe(%%%é ;I%I' ds.),
ISR T 658 A e aeds Binlvee QYiswEcos NTBe, criadybcademic

Press, E&Eﬁ% R%J?l%ﬁ%&ﬁﬂ?ﬁﬂﬁﬁe%ﬁ%ﬂm%ﬁgvﬁ%ﬁﬂ%wwmn and
-Contain onstruct.... . . s
G /%\{?ggg8!%téééatﬁg%ﬁ%té@%é&a&&é@mﬂs@a&&&@f%@%‘ﬁ%&a‘%@mﬁc

Publicatons, Oxford, 1988; Hogan et al., Manipulating the Mouse Embryo, (Cold Spring Harbor

Laboraggg%%g%%gg,c&tﬁg ’S‘g}failcga%%rctgtc%?ti\gg’c:[ t%%%ig%ae%%%g&aﬁaaﬁg tge%%g}gg glg:ook. A

guide j@CieACerimaeT eTFCURARGINCGAACEETAAGEHT ACDRETERET Bugene,

2000). TTGTTCATGAACCACAACCACAACCACAACC |
ACAACCAGAACCACAACCACAGCCACAACCTGAACCCGAAGAAGAA
GCACCACAGAAGAGGGCAAAGAAGTGCACAT
CGGATGTATGGCAGCATTTOACGAARGAAGGAAATTGAAGTGGAGGTC

mm}GA GAAAGAAATACGTTC_G&TAT GGGG ) _
CATTE B RRETHIEoPAR e E ARy ARk P Al orins Exmplesr eRich are

offered TRAFRCAHADAAGHE GAT BRCAAAATGACH T limit the invention in any manner.

s G ST M SSIEAS IR B8l i e

utilizedT TERGGETHAT ARGTAGE ARG ARGTGBIPIAGC GO likARGAAGICTHEGATT in all
vertebrdt2GEAMA g@ﬁqg@gﬁl Iﬁ%&lﬁg%uman cell i

AATATTGTAGAACATGAGTACTTTGTTGAGTTTGT E(GTCTCTGCGC
CCTCACTTTCCAATAAAGTCCCGTGTCAC
TGCTAGAAAATATATCATGGETATBTATTTGGAAGAAAAAGAAAAGTT
GTATGGAAAACTAAAAGATGTTCAGTCTC
aterials and Methods
{01331  Plasmid Constructs
10134] The construct containing EGFP (Clontech Laboratories, USA) under 2.25 kb

promoter of keratin 8 (krt8) gene (GenBank accession number AF440690) was obtained from



GCTTCAGTACAACTATGGATATGTGGACATCTTGTCAAAATAAGTCAT

ACATGTGTGTCACCATCCATTGGATTGAT

GATGATTGGTGTCTCCAAAAAA.GAATTGTTGGCTTTTTTCATGTTGAA
WOGBEZROACACTGGCCAAAGGTTATCACA PCT/SG2006/000121

AACCTTCACTGCAATCATGGTTAAGTGGAACATTGAGA AAA

TTGTTTG CCTTGTCTTTGGATAAT@CTAGTGCAA

ATGAAGTAGCTGTGCACGATATAATTGAGGATTTGCAGGACACTGAT

Dr. ZHGAASAET Aéa] THEGRGMLC I Yefeilyl diddapore. The 3.1kb /¢8:EGFP fragment

ATGTGAGGTGTGCTTGTCACATACTGAACTIGGTTGCAAAGGATGG
was DR e RN R RESEIA AR KRR, 2000)
[6135pAT CRANGER AT RO RNICTEGCRGIAARA TCTEGHRET TAGCAG TBGGAGAAG

T @ %,
A R G S CTEATATERAS SRR P ety
GTATCEAIMMECS BRI EATETAEIRSC CRBGECNO: 15) and pWL8O0 plasmid (Weil and

Kunze] 260003 ATW@C@W%MQQIE%@QQ&G@J&%% using

GGTACGATGCAATTTGTCCTAAAGCCGA

. AG
primers, 5 RS G AREAT BB A AT T RACHS R ARG TAACGT
o AATATICEAC T GO AT T AT TTTACAMAGG T T TG CACATARRGE > 17
o A A A AT LA OIS RAGALAAS S o
ID NORARFIGP QATIRAGE AG ARTEE G Gill IGLANEGRIEEGAAARGET MG SamH!
T CI ;
s A A Bl S AT
was oiained PX TSR MRS APTiPe AT BEIFER Fitase construct due to a random mismaich

in the Sl ACAYMGERIEN] IR T Hd THEHAGE R AN IAGAAE WS fomoved
. ATCAATTGLATTCTAGTTIGTAGTCCTTCA _
using %%@%‘%&AGﬁ@@&ﬁ@%ﬂ%ﬁ%¢ﬁﬁ@ﬁ¥%ﬁ?@bﬁ7@m@@%ﬂTG

- GCAGWIGGHASATCARGATATTEMATETCAMMIT ACAACC (SEQ ID NO:38) and GGT

O AR A CrEARIA R PR TEECMASTHAE ™8

NO:3GCATAGTGGTCAGTTTGATATTTTATCATGGTGGAGGGGAAGGGTT

GC - C .
[M%.jAGggA é@g%%%gggﬁ%@ﬁﬁgﬁc B EERT AR R R ags PCR
amplifisd NERGT ese PRIGHEE T GBS FPETTGATDE primers AGAGGGATCCAGCTCA
GAATRECREEAARCGEED TENF UG CASATTGTAGAASGCE e ATAIGES CAC

T. AGCAGCATCTAGAAAAG _ ,
TrGCEh D NG Trre e Mo R BerFplermidBoms e b R ABTE Asel
and BGIGT TR Hi6GEC VLS EANC AMANTCR TGP constructs the Ac TPasepsgy; CDS

B LRI T O
correspREtireh TGN TRIKARGT T T SRIBACACNIGAGSE RIGGTREEAA TAGT mers:

AT A CAATATETC T AAC T PR TRIRAEG SRR o
GCTCE AT AR A A S R TFETARFEIARGCTTCTTCT (SEQ ID NO:43),

[0137]CCRAR s afol i Blraalslggttaccactaaaccagcctcaagaacacccgaatgg
01 agt(:é&téa Ctaci%% . . . )
[0138] 5 caatic bR R gt lieEsd il dgrddtigtatorpatoemnh oA i)

and useyficts vitro transcription of capped transposase RNA. The mMESSAGE mMACHINE

SP6 KiC ctaaaaaaaaaaagnaaaaaagaaaaaaaqaqaaaacceeCccccceceeceect
T R0 N0 115 6 NGk B B i St Kot (OTAGEN,

Germagyla gotitytachrigmitibbacyty§stat aatsbiacataccaithtgiait atacaoatac gnR N A

were cBlnjected into zebrafish emb t the 1-2-cell st inj
tagtgacactatagaatacaagorgetg e tgcagaagcicagaatasaty RSBk RigRiected

RNA %ﬁg@i@@ﬂy adjusted to produce 50% embryo survival rate.
GCCACCATGGGTCCTCCAGAGAAGAAGCGTAAGGTAGAAATGGCTA
TTGTTCATGAACCACAACCACAACCACAACC WO 2006/124001
PCT/SG2006/000121 47
ACAACCAGAACCACAACCACAGCCACAACCTGAACCCGAAGAAGAA

GCACCACAGAAGAGGGCA"GAAGTGCACAT
CCOATOCTATCCCACCATTTCACCAACAACCAAATTCAACTCCACCTC




TTGAGCCTTATAAGTACGATGAAGTGGTTAGCCTAAAGAAGCTTCATT
TGGCAATAATCATGCATGAATACCCTTTC
AATATTGTAGAACATGAGTACTTTGTTGAGTTTGTTAAGTCTCTGCGC
WOCTEABPTTCCAATAAAGTCCCGTGTCAC PCT/SG2006/000121
TGCTAGAAAATATATCATGGATTTGTATTTGGAAGAAAAAGAAAAGTT

GTATGGAAAACTAAAAGATGTTCALTCTC
GCTTCAGTACAACTATGGATATGTGGACATCTTGTCAAAATAAGTCAT

[0139]ACAKG EfEsFGTCACCATCCATTGGATTGAT

[014056A?§é%§f%¥g3%§§ AA@%%? %‘%&G&%E o1 (7 ostorela> 2600).

(0141 JAACUFICAQ TREALRCATCHTTAAGTGGAACATTGAGAAAAAATTGTT

TGGLL T,
O TR e e IR BB nclosed A K ome Re g A0 o of
the flagkdng spapenseerars dopizasts Siraorprdnyerthe following sequences: GAGAATTT
CACT%TQTM@EG@QT@ﬁ@ﬂ@ﬁ&%@@@éﬁ@@%ﬁ%ﬁ%&@m D

TAATTGCAGGAACAATTGAGAA
NOMS A FE R RRIE THOTH TP KT E e reiesAircisesed t
prevenA&yNGIAAT GAETHG GlndAeddad IS T or 30 sec and 55° C for 10 sec for 35

cycles A%;% 5 g@%ﬁéﬁ%&@f?@ %@&?%é%%%ég (;';’J;guc cou dTaén%f\ ut not 3.7
kb-long §AIPA TRATAAGE BTEBACTAATARGCHOT T saC G TEAT CERGGMHse geol.

The bé@&%@r@%T%ﬂég %ﬁﬁ% %Qﬁq'éqmck Gel Extra é A R GI%J.E__F(IQ GEN,

GGAGTGGAAGATGGCATTAACTCTITTTAAGTGTT TGAA
Germagg e Ropeered Asios BT ArtssarramEchemistry (PE Applied Biosystems, CA)

and ad BT T PRLEAGTE CRAGE T MdiiAet A APes ThitcliGd GHFRAEAMPE Gpplied

ACCAATGGTGTGTTCATGAA
B“’SYS}EE&% R%?‘f@é‘%ﬁ‘@}wf“ébCCGTTGCAATGAGTGAAAAGTTTGA
[0143] GAMATINET GOAAAGTRT SHANEATTGCACT

e A T CHOACCETA LA M PTATIOAT i

GTT
previowspTihrond GiTtiaT CINCRFBACT TG INMEG wgcwmwﬂmﬁmm

+ 1 A A »
A CACAACE G TACTAA TR NS PR G SPAESFE T

CTTTINTAGRARAR GAAGCRRY D& AA PERIAGT ACGGGATTTTCC (SEQ ID NO:23);
Ds3’-1 CTOATTRCATCASTTIGAACEGATIA TGAT GANB AR MF GAMAESAATL TocC

T R R s 1o o P A e BT RACEE ARRBBO26);

AD-1: BCAGNATNPCEPATAGA CHROQCARATIGAOA2: WCAGNTGWTNGTNCTG (SEQ

10 NO R Sk SRR AT LHER B2 Ao NESE W RGveswy

CAA (35R JCHORRF CBIETFOGTT CEBACATRETTEAAGCPHT GATATREAC using

0 AT
A AT AT L AMCAR AT L Al s SR
purifie4spE (PRI 08 FELIATANA RIAGER GFenmany), and sequenced with Dss’-3
and DsAAT sd AT 20 TOACGAT SAMEALEAMIACRA TALETCT ARKABTEAATA) and

-

USA) siEﬁpﬁEtB@A]I@;ﬁJMQTG CTCCAGATGTGAG
[0145] TGAATATGTGTTTTAAACTTTATATTGTGTCATGTGTGC
é‘%&? c% K”ré‘é‘&’f‘fCTTATGTTA
[0146] Gc@mammkwtmammmmagmeﬁem@med to
t
pomtweggcaac aca%%?ét?%ealg%)grﬁ%ﬁtcg{ 88%%9%8%&33&85%%&%& gséﬁfgclfgataggé a%loma
(Sambrgalﬁt%ft al., 1989) and crosslinked by UV irradiation. The DNA probe for EGFP was
tcacatictaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccccccccctg
caggtcgac... (SEQ ID NO:37) TABLE 2 Amino Acid Sequence of the
Modified Ac TPase A. NTLS-Containing Modified Ac TPase
MGPPKKKRKVEMAIVHEPQPQPQPQPEPQPQPQPEPEEEAPQKRAKK

CTSDVWQHFTKKEIEVEVDGKKYVQVWGHC
NEPNCKAKVYRAECHHCT<CERNHI RPTCSHS<I V/KCOI Cl KSEKDHCKDIN




RCACHILNLVAKDGLAVIAGTIEKIKAIVLAVKSSPLQWEELMKCASECDL
DKSKGI SYDVSTRWNSTYLMLRDALY
YKPALIRLKTSDPRRYDAICPKAEEWKMALTLFKCLKKFFDLTELLSGTQ
WESPRN YK GFCEIKDLIDQWCVHEKF PCT/SG2006/000121
VIRRMAVAMSEKFEKYWKVSNIALAVACFLDPRYKKILIEFYMKKFHGDS
YKVHVDDFVRVIRKLYQFYSSCSPSAP
KTKTTTNDSMDDTLMENEDDEFQNYLHELKDYDQVESNELDKYMSEPL

labeled KIS b [TV (MUK RYAIY RUidHUABRER ) using PCR DIG synthesis kit. We used

DIG Eé%%ﬁ%@%%%@%%@%&%&%%%%%& é&é%ﬁﬁ,ﬂﬁﬁ%@%@p %Tl:zslé labeled

anti-DMDEDRDAIES SRRSED SSRGS EQUB: D ZRp&heNlBlicd Science, USA) for

detect o B O D8 SR e e i susin digioed in

the magufaeroreidE sK&E IEVEVDGKKYVQVWGHC
NFPNCKAKYRAEGHHGTSGFRNHLRTSHSLVKGQLCLKSEKDHGKDIN
LIEPYKYDEVVSLKKLHLAIIMHEYPFNI
VEHEYFVEFVKSLRPHFPIKSRYTAREHIMDLYLEEKEKLYGIOJKDVQS

RESTTMDMWTSCQNKSY M&AATHBALDDEi o1y

15147]WC KR_IVGFFHVE%%HT\(C;;%‘gr-s?&l;ﬁg'I'gél/'{f«|MVKWI\tlrluEléKl_iE ALSLDNASA
NE HOITEBEGD BN O Aonor consiruct with a non-autonomous Ds
elemeRGATHMMU K BEILATRETIRKHAIRNAIAM S S RO REE MK2ABEEDI aim to

produc%é@/%%é%%%/\é%%\%’%%ﬁyﬂ-E@hggﬁlfﬁe\%? U2 0Y%ea marp gene under the

zebrafigh AVR PSP ARYDAEPRAESRMAL R Corfrdberrer SE Pl 3-end

cis-req¥ DAL 0z FEENSRDIDOMWEY HKE and Kunze, 2000) (Fig. 1A). The second
VIRRMAVAMSEKEEKYWKVSNIALAVACFLDPRYKICILIEFYMKKFHGDS

cons gﬁ%%l’s\gﬁ %Wg%@cg’lm@t@d-zéc transposase (TPaseigsg07) (Houba-

Herin KIT&T TIPS MBEAT toVinN I ESRIN ktHeRY RQMESNELRAGY SR (NLS;

MGE R A S MO GO el e R oo ) T

gene en@sThnEPspvh GDHENy eSS W AARPRRIENH fusion (NLS-TPase) was cloned into the
p‘.SPGﬂWI %BA@E%%W%%S%@S %&MQ%& [%'éo[pg&ﬁ!gé %}39 Wi vitro

the nucleotide sequence of the modified Ds construct. The EGFP gene

transcrifipgy Zdby ARedlin S HwBIDDernaE SoHRned BetWerepnd Fgladin gene
and a &DEPA SRAVGRCERLEIePINES RGRES %eqﬁgn@ﬁ%%&%m%& Y% bR 1C):

of 3' Ds end sequence (nucleotides 43-412 of SEQ ID an
one CRREE20Y) Hh oA eI AT RTE HEPUL SPES CAleNEReFE 2Tttt other

contai@ﬁg&lf;dtﬁﬁﬂﬂ@ﬁ.?&&t&tﬁnﬂiﬁﬂ Galled) miniasah p&ii]glp@kymgetﬁﬁts %N%rgéfﬁrdaga&se).

eve ther will negative ect transposjtion efficiengy. The enhance

0 Bt ol (LSr P UEN i B o AgHgpane Consrot

Table transyemictiis INIBed&Tdl8qy anoterct BGFRgoweBcsiseywar qoniifBcontaining
t ' 3.~ ences. The kit8 promoter includes .

conseE A S B B S e R R D s oo

SEQ TihdiGhés anfolbitiseer2680i38ayces SEGE NE: 1 TFABLER Fedbs: (nucleotides

152-15GQiFstiot PRrgmng Kaf- {Q@Q)@ﬁ'iEG%g%Tecedin%\ the coding sequence for the
CCATGGTGGCGACCGGTGCTCGACTCTAGAGGATCCCCGACATAGG

syntheisAHSaRRRCE esesr beldst ard trderbesds maplpoties 158-190 of SEQ ID NO:11 or

37). %ggﬁﬁﬁfr@%ﬂdél%@*ﬂ%&%@é@ﬁ@%@@ﬁ%%@é@%mw

(rucledie AT A AP T PAAT AERAARC SR AT S ATRICESS T B8 G HiRAOf 42

iranspoGIFC B ARNIGE GAEGHE ARCCBET ATIETIG of SEQ ID NO:11 or 37). The 5'-
CGGTAAAATCACACATGAAAA TAT TT AAA

O o A AR BT A R PP ARTES T N0 60, mhe 3107 of

F-globii AT A EsEAGIORARMIRTIEE/IAT AN C TERCAGCACAGATAGTTTAATGT
AGCACATAAGTGATAAGTCTTGGGCTCT '




50

TGGCTAACATAAGAAGCCATATAAGTCcctcgacctctagcttcgaattcccttcectt

ctacttttgacgtccttt

taagagcttgtgcatgaaagcagatttggagctgattactcatctcaaacacccatacaaagggatgat
wig Gepga001 PCT/SG2006/000121

catgatctcacacctttcacacctggtttatactatgatagttgtagacgattgcgtaatgctattaaatgcc

catc
agtgctggctgtgacacccaactgctgccatttcgtgttgacttgcacgagaaatgagaaattgtctgac

[01451atgchibl@atgictaigtgiggarpsatliicagiaoicatiaamalicd 4c TPase, Table 2A shows

e N A g LR ot bt S rae TRttt TA ML et

aminogitids 1-11 of SEQ ID NO:20) or NLS™ (boided; amino acids 1-11 of SEQ ID NO:44) is
gt

e HSSRORRASMBCLBOK BRSO G SEH GeoHang oA aglosal i

acttttatttcacttcc%tcct caacctgcag caic g?gga tagaca
12'718 c%@c@diﬁéﬁ@étgfédaatcaaattgcacatagaaggtaaatcacatcataatgaactacctt

aagacat
gggccatttataattgcagcaaactgtttg ccagBattaaaagaagatgtcaaaaatatttacacg catt

aacccag

agactg cttt&gat@ﬁm@mwmmme@@tgm&@tﬁm@tgaﬁag@@ataacttta

cacaagacgécacaagacgtcaacatggcgttaggttgacgttgtaccccaacgcagtggggacgt

%@ acata\.gtngttagaacgcggctacaattaatacataaccttatgtatcatacacatacgatt
cesrpacics SR A e S R D A B AR R s e
GCCAC Qﬂi @@@%@ﬁ CACAACCACARCT

ACMCW&CAACCACAGCCACAACCTGMCCCGAAGMGMGCACCACAGMGAGGGCAAAGMGTGCACAT

aCytgrratbaces

CATTS ‘I‘T’I‘CE!TAATTGCAB.GGC'I‘MGTA‘I‘AGGGCTGAGGGTCA‘I‘CATGGMCB&GCGGAT‘I‘TCGAI&A‘I‘CACTT

g T A P T o e Y Sy e s T oo i) e
rreacEtEGEARGGCIoMIaAL

M‘I‘AT%‘L‘AGAACA%GAGTAC‘I".E“}.‘G’I."l‘GAGT‘I"I‘GTTMG‘I‘CTcTuGGCC_'CTG&CTTTCCRATAAAGTCGCGTGTCAC
TECTARRIA AR A AR T TABTECRAE RS R ERE? GANETEEHETCTC
GCTTCAGTA CTATGG&TATGTGGACZL‘I‘CZT‘I’GTCMM‘I‘MGTCATACATGTGTGTCACCATCCATTGGATTGP.‘i‘
careaftEEl&rerceananancanmrarraeoTTTTTTCATEIIEA L GEECECCACROT

AR AGOIEACONRANG B AL oA A AL A LT e s

ARCC
A'I‘GAA%@T&GCTG’I‘GCACGR‘E‘ATMTTGAGGAT‘I‘TGCAGGAC&C‘I‘GA’I‘TCMTCTAGT'I.‘TGTGZ&'I.‘GGTGCTT‘I‘CT'I‘T

B R e e e

&CTTG@@@@EL GTAAAGGG.E&‘C'.ECATA‘I‘G&‘I‘G‘Z‘c‘1‘CAACTAGA‘I‘GG%AETTCMCCTAT‘I‘TGATGTT@AGGGETGCC
rraTaltataguataatacteactacitactacisiigagaoiitascaargeianiiiica A
GG&G’.E‘ GATGG{Z&TTAACTCTTTWAAGTGTTTGMG&A@T@TTTTGP.‘Z.’GTCAC‘I‘GMC‘I‘CCTATC‘ZEGGTACTC

i

mmwigcacm@% TERCTGRCACRT: umﬁ;ﬁﬁﬁﬁg TCATGAR
AART .E{(:ML(:&LL@'LJ.L:LAE& L A G‘I‘G 'I‘ wsczacm
AcCTeiROoRIRCBCREsEEIReEcRIAAl RIS ARG ACRIIBERY caTy
CATA cm@-mc;mmcmmGTTAGGGTCAMAGMAMTGm'rcm'rmmmcmewmmmcchCA

e e TR
CoAS GAGTTGARGCATTATE TAG MTTGGATAM‘I‘A’I}ATGTCTGAACCCCTTTTG&

AGCA’L‘ZQ;Q&‘I‘CAGTT‘I‘GATA.TTTTATCA‘I‘GG«TGGAGGGGAAGGG‘I‘TGCAGMT&TCCTATTCTCRCCCMATTGCA
3 i 3 BITCC
TTACCHBAE Eg'g(!TTGGT‘l‘CG‘GA,GA’I‘TGTTGAAGCTTTGA’I’A’TGCAC.&&MG&E‘TGGG@AGCAGCATCTAGZ&AAAG

GTEO §§m TR0 ﬂ(ﬁimpmp&v[n[arév_[n : agg TOAG
ARTCH! b AT Y kg GCARGTEECICCTCTCCATE

tad ¥
AGCAARARGAGERGAG WD I%i@ O L L34 DR/ ATGCTAAGTECTCCAGATGTEAG
cmewmamwmmggmmgm@m@gmc@a@g@m@@ g6ta96a8RcTTA

GCCAA atctggttaccactaaaccagcctcaagaacacccgaatggagtctctaagc:tacataat
accaac ttet
tcaca At %&iﬁé@@ﬁ ORiCEGORRTiR TR aRAcaRpE R Rg catte dnee™
{sBQ BCNo:11y
ctggggcaaagccccaggctgggtgtgacaacatttatcttaccactttctctctgtacctgtctaacagg

.t

B. Nléfg‘?gi‘gagmgm@majtgtgcaagtgcgtgtgtgtgtgagagcagtcagctecaccctctcaagag
..at L{gﬁgEﬁs@;tacatatgtngttagaacgcggctacaattaatacataacc‘ctatgtatcatacaca cacgatt

taggtp@atiggieagocageigaigagagatacyeagrggganiigagictonilgigageancaigstetatr co
GCCACCATRGERECTCCAGAGAAGA AGCETAAGGTACAAATGECTATTGTTCATCARCCACARCCACAACCACAACT

ctctctcagagagcactctcgtacctcettctcagcaactcaaagacacaggatccaacggtcgecac
catggtgag
caagggcgaggagctgttcaccggggtggtgcccatcctggtcgagetggacggcegacgtaaacy
gccacaagttca
gegtgtccggcgagggcgagggcegatgecacctacggcaagcetgaccctgaagttcatctgcacca

canacaanctn




actacaagacccgegccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagcetgaag
ggcatcgacttc
aaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatat
Viaigeetyatha PCT/SG2006/000121
gcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcegtgcag
ctcgccgaccact 47
accagcagaacacccecateggegaeggccccgtgetgetgeccgacaaccactacetgagcac
ACAACG@ Ci gEﬁQgACAGCC&CAACCTGAACCCGAAGAAG&AGGACCACAGAAGAGGGCRAAGAAGTGCACAT
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{SEQ HedEripfion). The excision products were detected only in the embryos
injected with both the TPase mMRNA (NLS'E-TPase or NONLS-TPase) and
the Ds construct, whereas the control embryos injected with the Ds
construct alone produced no PCR4fgfents of the expected lengths (Fig.

2A). Surprisinghnthe MeS-SRasadaiethionsediaePeexgision products
A NTO &N astt L X5£}% TPase that produced the highest yield. The
ﬁﬁ\?ﬁé%%se reg é% fiifes more RNA to induce excision at a level
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MDEDERS&GFEceROVESAERN admixtirevof ¥arious excision-repair events, we
anticipated mixed sequencing patterns beghming at the junction of the
Q 006/124001 PCT/SG2006/000121 50 Ds and the adjacent vector.
B. NL BRigtieMediiydedBassatterns were observed in products
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from two vectors with different Ds flanking sequence, indicative of

preferential excision (Fig. 2B). The predominant excision footprints

involved deletion of a flanking nucleotide immediately adjacent to one
Wos2eded Heebmpanied by change or deletion of a flanking nuéledtceemtaie21

other Ds-end. EXAMPLE 4 Nuclear Localization Signals Affect

Intracellular Localization of Ac TPase and Aggregation [01521 To

investigate the effects of different NLSs on intracellular localization,
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constructs were injected into zebrafish embryo at 1 cell stage and GFP
fluorescence was observed at 24 hpf stage. High level of expression of

[015Chny (fatiie thebewsPthsencdestidetsywradoxit the thedArarymscdmigelion ofhe EGFP
| S r 50% lethality during the first 24 hours of
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(easili/ visible by GFP quoréscence) amount of the sion protéins
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upper \gase {EEStoriis S ANS, Recadkisemusace ascHnsalind founinal shsalimplying that
shortepinp (@ éomofueiid? -RUSivecods, tiakieipiosskinel SRithela! shape,thls.q green

allowing, the | {fication of the intracellular lgcalization of the
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EGFPf6iomcttciocnlizs wmifihedottteraytaplasm anhereasi Negriase Fifs P& Rebmoter
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nucleatiifsy APy 4féd aeSHR ENPEdplasm 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 NLSKSE

rarely gave rise to aggregates ev@’%%%@i%ibly higher expression levels. To

confirm that botthdNbSCGeneiNLS kS asefsnstinnskin zetrafish cells, we
e :
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ttctcaga&attgtaatttactaagtagtttaaaaatgtgtacttttactttcccttgagtacatttttagtgcagt
gttggtacttttatttcacttccttccttcaacctgcagtcactactttatttattcttgtctatgtggattagaca
aatcagtcctgtgattcctgtccaatcaaattgcacatagaaggtaaatcacatcataatgaactaccttaagacat
gggccatttataattgcagcaaactgtﬁtgccagcattaaaagaagatgtcaaaaatatttacacgcattaacccag
agactgcttagatgcatgtcactgatgagaagatgatggatgtttactgtatgatgaccgaaataactttaaacgca
cacaagacggcacaagacgtcaacatggcgttaggttgacgttgtaccccaacgcagtggggacgttgcattttgtt
tagaaatgaaaattaggttgacgtcagaactcaacgtcaggtcgatgtcaatgttcaacatccaatctaaaatcata
tatcaatgtctaatgatgttacagcttgatgttatgcggatgttacccctatgacgtctatcagacgttggattatg
gttgccatacctgatgaataaatgtcattatttgacgttggtttaagatgttggttcgacattggattttggtcgct
ttccaacacaacctaaatccaccaaatattaacttcctatgacatcgttattggacgtcaaaataacaatatcctta
gatgctggctagactttgaatttaggtcaccacaacctatatttaacctaatattaacatcttatgatgttgtgtgc
ctgctgggcaataactaaatgcactacagaatgttacgtttacacacatgtaaattacatgtaaatgcatcagcttt
tcacagcataatactcactacttactactcttgagtacttttaaaaaagctacttttcactcatactttgagtaata
tttacaactgatactttﬁactcgcactacatttttaggcatgtattgatatttttactatgatttttcagtactctt
tccactactgcagccctccccatacataatcgtatgtttacacatatggtggagtttagagccataatctacattag
ctttgttagccgctagcattactgtgcagaattgtgtgtgtgcacattttccaatatcaatacagaaggaaactgtg
ttccctgttcccttgtaaatctcaacaatgcaactgttcagctcagggggaaaaatgccctgccagatccaaacggc
tggcaaaagtgaatggaaaaaagcctttcattaatgtgaaagttgctgcgcgccccacccagataaaaagagcagag
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injected embryos: all the injected embryos were raised regardless of their

GFP expression. Approximately 60% of the founders (FO) injected with

NLS-TPase or NLSKSE-TPase produced offspring (Fr) containing

VORPUfBHEEcent embryos (Table 4). The ratios of EGFP-pogitives Gavbomos2

among the progeny was also striking: -10% of positive founders produced

progenies containing more than 50%_.0f GFP-positives with multiple

expression patterns including one Fo “fish which produced 100%
gttaa&l%aqaesaaeaﬁ@@@h@%g@@gga\y@é%@ge&g,qaadtcé&@fc@@e@&@ag@@%}@&%gagct
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nucleot i (SEQ
instance started from the first nucleotide WO 2006/124001
site, typically ac@ﬁ@@@@éé%%@&%ﬁ&é@ﬁﬁ%@ﬁi@t@é@ﬁ&&ﬂﬁ other hAT
togethmtwmmmﬂém&m@mm@rmﬁnﬁp HERSD@BAINGH Ie-iRE QLIRS BiSe-cell stage.

agcaaa'g’aﬂ@gﬁﬁes&éama;ﬁetﬁﬁ @&d&%@ﬁ_{ H¥hctetegocat
992CIRIE PIpRsiteE = sty tth@at@taimmcetweemed;magd@smtacttgc
==k
tgtag e&bae&g&a&&@é é’?ﬂx CGAALCE
CEATCEHISICH T RO RTEC PP rCCGTTTACCE
: ! ORI R AT R AACTARCAARRT
COGTTATACGATAACE
AR AT
ID NOSEQUENces thus obtained perfectly matched zebrafish
sequences from 30 GenBank or Ensembl databases. The match in each
PCT/SG2006/000121 52 adjad&é®fid3gEs- or 3'-termini. Moreover, Ds
insertions were flanked, hy;the £lassic BORAKEEL. duplication of the target
0151 tran osons (Fig. ?ﬁ% Therefore, Ds integrated into the zebrafish genome
roflh BIVH & R e o SEERAE R AR tRsh TResh aWRIH: IFa favppinjected
Th rﬁg ar ector. that were, however, ace ni d&ﬁy addltlonal non-vector
°e lﬁ, |n§’s%equm§r%%t?%t % gﬁlr?%euﬁ fié shi)% STRBITENY BR§hnalyzed by
- excisiogdiiRe®ilis primers flanking the Ds sequence (see methods for description). The
excision products were detected only in the embryos injected with both the TPase mRNA
(NLS®E.TPase or NoNLS-TPase) and the Ds construct, whereas the control embryos mjected
with the Ds construct alone produced no PCR fragments of the expected lengths (Fig, 2A).
Surprisingly the NLS-TPase failed to produce Ds excision products in contrast to the NLSE.
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®2 TPase was selected as the_ most productive, and it was used in the majority of the
experiments. The TPasc-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-fermini consistent with

transposition. Since 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



insertion sites were found within genes, suggestive of a potential
preference for actively transcribed regions. [0155] Southern blot
hybridization with EGFP-specific probe revealed predominantly multiple

WRSEMOAYA different Ft progeny (Fig. 4). The copy number PSITeRHG900121
to 7 or more insertions per Ft fish with an average of 4 insertions per
genome. Different FI progeny from tg‘? same family (descendents from
the same FO founder) often carried different independent insertions (Fig.

Ds and tiRNE§ kb 183R6] BuraRn WBHsHAlYDigR 1L PeRAY: Al 98 IR ¢q i products

transposition su ests, firstly, that original host factors are dispensable

B DN R i ST rFBRRerdisaE Yopufestdexcision (Fig.
2B). ﬁi’hmspmsiﬂmlm&i(ﬁdﬁd&h&7 foapspesitionrttheidenamisiDs BRMSNS nucleotide

ofur erval ate ransposition actiyity of the Ac/Ds, we ) .
unmec%%ﬁarbléach%hé} 81elﬁck)9m'i%n S m%t i ns%X/ %‘%@F 19 %@m%ﬂmude

at the efhyd)oswt.-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 NLS-TPase (80 out of 85) and NLSxsE-TPase
(69 out of 72) exhibited ectopiER&FFERgression in various organs
including brain, spinahslpsg, IBLSEIeSN 8Bl 8lr-gonadal region etc.

(Fig. 5). Ectommnmmﬂ&mﬁm%T@Ewtﬁrmgg%égﬁtﬁiﬁ”buted to
the fghanc%r tra eff tcre gfasa nsequence of the successful
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constri QFHE3NeRed:RbEYeH FOBRARI 10 Ncgﬂ-rg‘é e 30 GFP fluorescence was
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fét bRE stamy- skngeloripassing ofsmee ﬁ@erha@ec"éﬂagm@wrs was toxic
to the @UPBIGE) eﬁyvetslaﬂ Qition gL MRAHIND-ide Beerhey; Telﬁ?a‘-’zﬁyr%ﬂi %@h@lﬂ%&@% hours

calization enamic transposition. The embryQs injected wit
of v P e A e i B T WU P RS i i epresion.
Injectignaadrily padodulesosdeprodurtdishaile FGHREEimbryndwih Nwa{ssumed that
eXPfeS§6Hr&$ﬂgp f}’r Qﬁﬁ[@%%%ﬁ?ﬁ@[g&gmes t%%% OLéto?f 13ﬁ§;ree sjon proteins was

ounders( %) (Fig. 5 a e real number o

toxic ferAheselRidNRY sbtiRshéntetierasineie fershiysdeliastambthienindéiFBrmtitite cells
that r@aﬁ@&a‘@&f‘eé&di@ﬁ@ﬂ%Mﬁb'%aéﬂeﬁi%u%e%gnﬁ%ﬁtﬁ@%%d ffome BB lutar

embryqs.c such new expression patterns revealed nove

In
localizgfion &St ‘é?té%yi’ﬁ’m 1558t T hafeptee (Fighe dgheal it INeNUESHERashEGEP was
found mbmifiee Andnansposasedsisieaheepaiienieiiestively franspesing gt rGrp

e B o AL BB ATER s
tenden@eﬁmrﬁem aggregates in the cytoplasm and nucleus respectively (Figs. 3A-3C), that
resembled the Activator TPase aggregates réported 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 fimctional in zebrafich cells, we
analyzed subcellular localization of NLS-EGFP and NLSh “_RGFP 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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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 (the
Vigkpistedddtio for an outcross of a single allele heterozygouBCpaeik)s/ooe121
manifesting the increase of Ds copy number. Five out of thirteen founders
demonstrated GFP segregation sigr%i{icantly lower than 1:1 indicative of a
loss of the donor Ds. Altogether in T1 out of 13 (85%) screened founders
we were able to detect the TPagsagliuity: Ry observing the presence of
novel GFP expression pattern or/and by altered segregation ratio. TABLE
5 Re-Transposiididitd eds-arpsavohsiugestHisiRnisgefic Line Injected
with RNA %ﬁﬁ?ﬁlﬂié‘#%ﬁm RenRsapreNpolagleopalisatigntterns 1
[0153]144/Th4. 12} bdd Eernbrybd 1&L3Qikek] 40l {BRBHA RSICORIRSINEHEASBhePwr fish, We

/ | .Ds .6 55/314.- | f Ds 7 56/170 +1 loss of Ds 8 -
made JEARIAY B0 SRBHOT Sassd S ity bles ADTAETes Bt GRE Aigpal in the

injectegipenttaypay alp t11§ ibﬁ@&@kﬂrjcansgmi@i&@ﬂbrygﬁdi@ﬁﬁym@ﬁif@f@ expression.
Appro?ﬁﬁ%f ; YOS PEIN PSR ?F‘(I)? ?&th%(%efa,v ﬁﬂﬁl’\ﬁ&%gsaesgf ﬁ%@gﬁ—g‘é’r%dpmduced

‘maturify and out-crossed to wild type fis generation we ob
offsprifi Gadioatiiaing (Sibosressibnmpbesntlshit dlefBe GERs of EGFP-positive

i 4 064000 . :
R MR OIS FES Toe

containig 0L He LU SR D SREH RSt e weraeion pattare farltding one F
fish whirhtegydacedpeiet tGRRe osituseR dafisripsiens HfAmessraoar RN to avoid

possibl%%ggﬁglaezgﬂroe%gr{gg @grinov et al., 2004). This was also considered as an indication of
high transposition activity and it also suggested that 4c/Ds transposition probably occurred early

in development. Founders injected with NoNLS-TPase produced significantly lower
transgenesis rate. We did not observe any GFP-positive offspring in the control population

mjected with the Ds construct alone (integration of circular DNA being ineffective in zebrafish).

TABLE 4
Transgenesis Efficiencies of Different TPase Constructs.
No NLS NLS** NLS

F, screened: 26 o1 20
F, producing :
GFP-positive Fy: 2 52 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
offspring among the total number of screened founders. The last row shows the highest
ratios of GFP-positive embryos among the F; progenies.

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



transposase we used a plasmid DNA construct containing ORF of the
modified NLSESE-Ac transposase under the CMV promoter. The Ds
construct was also different: The Ds element carried EGFP gene under

withe@Mpromoter, it also contained a blasticidin-resistance genec{B8sm)N121
and internal plasmid replication origin. Two plasmids were co-transfected
into human embryonic kidney cell ling HEK293, selected on blasticidin.
The cells were harvested and their As were analyzed by TAIL-PCR

adjacealeh I9A5ENGINIGHRE RIBREREE %TES@&?&HQ%&%%B&&“&B‘?&@H&Q&J% bp direct

-the human genome. We have successfully obtained such flanking

duplicafem 6 di5s THES: SRR R RRUPRERNENE HifdebiRfersentahelastandrgher BAT
transplrams (EdiraO)uTleatdedmacdiaieleadiaceny tahehh QERolR MiRlugh a specific
TPaselEIGHIe. )&Mor%g. er, in g%e Caseh{ge D |n§erto s were flanked by the

classic 8 by direct dupltatisR &t t%gfé‘f ite 18i 4y SR iietn HaRK ey sequences
correspoiflitra s he omgintthére faneyrivtraioe fhdameny) ommeeat, olcboimanise ls/isdditional

_ i ition.,.[@159]. Material d Methods., ..

e o ALTE e HEia0 S Gl DI TG LLAY B Etpientited Ds
msertipf RS YAPCOWE RYiREY Breeiisspeesiivel gl tepwisrdise poeidrath dursactively

transchbd@r@d@psfection in 2 ml DMEM/10%FBS at 5%C0O2. [0162] 2) Cells
were,co-transfected with 0.5 mg each plasmid (pDs-CMV-EGFP-Ub-Bsd

[0153]3nd BEIFEAC) BB ER e afSEEitrrreig ariphe TSTRlRd Uspdominantly
muitip@éhsmﬁgﬂggﬁfﬂ;ﬂgj ?%@W@fgﬁe@?%@&@ﬁ%}‘ﬁﬁ%ﬁﬁgg&g@%ﬁﬂﬂ?@r more
. -protocal. ours after. transtection, single-ce lluted cells were

e B VAT Bt b M ENGHAP & Seh e LT SvaggRicfpm e
same (raityo géasesiRB0OEN Thve suntibiBticfosatizndiorfieh resisiahtdiffantibigiiependent

insertiGRIQPIESMVBS LONYRued during 6 days. After selection, the media was
changed to DMEMI10%FBS and GFP positive colonies continue grow till
Wlﬁﬁlconfﬁ?@hc@w@i%iﬂtht& [GeGansy DA Actrolinshasefiosition chwierd firstly, that

origind1Shogt Rhenal/ahlospipem SXiragion.faliawednly £Ihane IIQCRUAlI ent does not
%16@5}]15 Flanking sequences were obtained by TAIL-PCR. WO
SUPPTE306 BE#BT/SG2006/000121 55 [01661 Constructs Used in Human

Embryonic Kidney Cell Line [01671 Ds Construct (pDS-CMTT
EGFP-Ub-Bsd) (SEQ ID NO: 7%)‘&!%@ p 1-292, Ds 5'-end cis-required
sequence: [01691 %9
CAGGGATGAAAGRAGGATE GURARATOC CEFROGBACCGTTATCGTA

TA C . . - . .
A AT AR L A AR A BN AR o

Ds insotiontits Avorne RRosa B M bowivyRe e the transgenic fish carrying a single

Ds insEAAESETRAGHE CIAGTH GLECACCHRETC ACGRGEAFLCE T 0% of
e emTAAT.C.G(ggrAT %CCGTTTCGTTAC GTA ... s
T EIrRER ’1‘3% ATCACF S BARCA RS AES TCERRSTE ot ARG rpeibited

ectopi ANXACCEGHTAA CAATHBOREATIH SR dBMNE 4Shal chord, muscles, heart, liver,
gonadal region ete. (Fig. 5). Ectopic expression of the EGFP reporter could be attributed to the
enhancer-trap effect created as a consequence of the successful re-insertion 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 does
not recognize the Ds sequence. Interestingly, injection of NoNLS-TPase caused a much lower
rate of ectopic GFP expression (9 out of 168 injected embryos) compared to NLS-TPase and
NLS™#_TPase. The novel patterns induced by NoNLS-TPase were simpler, usually affecting
only a single cluster of same cell type. This experiment is additional supporting evidence that

TPase required nuclear localization for genomic transposition. The embryos injected with



[01701 bp 293-1687, pPEGFP-N3 plasmid fragment (bp 9-1403) containing
pCMV-EGFP; [01711
AATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGT
WICOECETTACATAACTTACG PCT/SG2006/000121

GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGA
CGTCAATAATGACGTATGTTCCC@EJ}'AGTAAC
GCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT

NLS“AARLT G GhAded TER5MN T Al TEAMNEEGT wr fish. We found F emb os with
ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTA %

novel exprassiep-patiprps,amons dhe pregeiea el PG uieE 13 screened founders (77%) (Fig. 5

and TABIA L Glo Gk TEEC FACTTHCHACRAGAEobA GEolAT BAGTRA ER&CHe onty
TTACC TGG GATGC TTTT
detect A“Fc)&i\%&% %8@&?% @ﬁw&ﬁ@w@&&héﬂﬁnﬁw&% from

the F) 0@ AE COCAT FBACST CARTHBE GABTIE@Rled novel Ds insertion sites that were
C ATGT A T

o OB SR TSR LGLGRIAC AR e o

effectiyoiy, EEeyPEIECHRS e T Rr ATich & Ge TCEF TINETCARDEET Gt pan-

embryépisliafedtor Azt TR GlaAICMER Thid&ated into zebrafish nuclear senome.
G CTCAAG CTT%C -AATTCTGCAGTCGACGGTACCGCGGGCCCG

In ad ARe BpysugHx ﬂ@G*@W@Eﬁ‘A@@G@Gﬁ@ewed frequently altered GFP
segreg@zé@ @ﬁ&TCII@AéZ&)GG@GJﬁG@ e GhiEA] Gt HeddAL TBE Agfetafion ratio

seni N HAY IR L SRR S AR acutota b Hoaeprosns

parent WIEHiSEAOTABCSSCAAS GG 0OOSTHGOBTof thirteen founders demonstrated
GFP s S}A&@ﬁ" RACCACGATEAGETAGG REGTGEAGTCAT TGRAG
%@g& CTAC CCGA%CACATGAAGCAGCACG o' Kitofeter in
11 outpf Brpeiahtrrendbexies @9@@%@%@%@@@@%@@@@@@% the
presenddof hovbl GPAERE(A b4 bl Orilad INeABG e gregation ratio.
CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCAT
CGAGCTGAAGGGCATCGACTTCAAGGAGGACG
GCAACATCCTGGGGCACAAGG?]SBIE\GTACAACTACAACAGCCACAA

CGTCTATATCAT GACA A
GGCATCA_AGGTGAA ?i; TCGAGGACGGC
AGCGTGCAGCTCGCCGA

mc%@mfc@@&téﬁ@&e cc:&@rr%@’rec THEGEBRaitoRCCACTAC
CTGAGCACCCAGICCGCC TGmt&mmGA"C
CCAACGAGAAGCEBATCACATGGTCCTGCTGGAGTTCGTGACCGC
CGCC6EGG TCAC%SCGG ATGGAEGAGQATG
2CUGC (BEQ ID'NO:46) [01721 bp 1688-3403,
mid fragrijent (b 1917-:%632) con%ﬁﬁ%ﬁl%ﬁﬂ‘?n-

resistaice gene (B los

AGATCGGGAGATCTGEECIEEGCGCCGGGTT
/GGCECCC |

GAGSCGCTGCCAC TCAGA%?&M%EGGCGCACGAG
CGTC{TGATCCTE4GCCCEGACGETCAGR,
AGCGGCCOGCTGERGATA GACTCGGCCTTAGA/&CCCCAGTATCAG
CAGAAGGACATTBEAGGACGGGAGETGGGTG
ACTCTAGGGCAGEGGETTTCTTTCGAGAGAGCGGAACAGGCGAGGA
AA'4GTAGTO00TTCTCGGCGATTCTGCGGAG
GGATCTCCG GGGGCGGTG GCCGATGATTATATAAGGACGCGC

C A %ﬁ-ﬁ PeleseRK S msert were injected
G Eaf’éKICT
T é %gg&gggggc C?‘@E&W(ﬁ 6&€bexpress1on patterns and
GGCTTTC CGGGCCGCTCGGTGGGACGGAAGCGTGTGG
AGAGACCGCCAAGGGCTGTAGTCTGGGTCCGC

GAGCPAGGTTGCCCTGAACTGGGGGTTGGGGGGAGCGCAGCAAAA
TGGCGGCTGTTCCCGAGTCTTGAATGGAAGAC

GCTTGTGAGGCGGGCTGTGAGGTCGTTGAAACAAGGTGGGGGGCAT

GGTGGGCGGCAAGAACCCAAGGTCTTGAGGC
CTTCCCTAATCCCCCAAACCTCTTATTCCCCTCACATCCCCTCCCR




AGTP_GCTGAAGCTCCGGTTTTGAACTATGCGCTCGGGGTTGGCGA
GTGTGTTTTGTGAAGTTTTTTAGGCACCTTTT
GAAATGTAATCATTTGGGTCAATATGTAATTTTCAGTGTTAGACTAGT
WORARTIGH CGCTAAATTCTGGCCGTTTTT PCT/SG2006/000121
GGCTTTTTTGTTAGACCGGACCGTGTTGACAATTAATCATCGGCATA
GTATATCGGCATAGTATAATACGACAAGGT |
GAGGAACTAAACCATGGCCAAGCCTTTGTCTCAAGAAGAATCCACCC
TCATTGAAAGAGCAACGGCTACAATCAACA
GCATCCCCATCTCTGAAGACTAGAGCGTCGCCAGCGCAGCTCTCTCT
AGCGACGGCCGCATCTTCA%&Q EAAT
GTATATCARTTFAGT GG EACE THHTHEAGRAS TGS THE TGCTGGG

L e T

strategy coop@eic ke 66 TSE G ABGETRE TIET@Eer RNA encoding a modified ¢
wanspde HRCALCLHAGRO PRAMAIGA TAGIGANBRAGH B HLFEARAS 2 4.

CCOACGGOACTTOOOATTCOT O TaE ‘
transposase Fedees e FATG PrsTS e Alsds cormsimt Aes( S difiweia Tpp Dr4glement

cmﬂedbp@@gg-?éﬁlﬁlﬁﬂmﬁﬁmcﬁxﬁﬂﬁfﬂﬁﬂi captabiRgrRIa G FERIGAtIRstance gene
arigin; : . - . :
D) e R SRR RARFESA T AR iy R

embrydiGONSCTELARANBEEIBT Adlwkted on blasticidin. The cells were harvested and their
DINA, %}I’Mﬁ é\% Aﬁ\%ﬁ TTITCAC TAAAGCATTT. T1:CA T

. 8 GC ATT%@%GT¥ oFE GT@@%@%&%&%%’%%@ presenice of ’I-Z(I;I;Lse e&ated Ds
mtegrapqns pAha IFTED BEATEA TG TeTGARTF OB @GS ISTOCTOEAG AQT®Gdes that

) T. cq .
perfectgé%%ﬁ%i&%o%%&%ﬁg %ﬁ%g& s-{fﬂ:(ﬁ% W&nzﬁg%}&%%eoude immediately

adjacet r T THRAAAREIRT GASRI DTNATP TR AR RS GRT EPAB GFaligis Kve Ganked

by the dldskik BCA Hivéct GflitakcA AN ALAet GifeCypically accompanying hAT transposons.

TTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAG
i T

Therefarr& A ﬂrﬁw & suitable for the Dy transposition,
TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCG

10159] C TREIER bhiREHGRA TCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAP

[0160] 7 pGgefrreor PCARBTE P ABE S TREFTAGG

CCACL T $ e ours
i A R

ARG TES P TN B B 1 FEBACTCAAGACGATAGTTACCG
[0162] GATALES Gl AC il t6i6d Gl TOAAE G Fasmid (pDs-CMV-EGFP-Ub-Bsd

TT GCACACAGCCCAGCTTGGAG TACACCGAAC
o SN RS R S R ST
used HoOSCEROBETPBDRENAGCEGARSNAGEBGEACAGGTATCCGGTAAGC

o100 O ARSI e st
DMENAGBERE eontsnaneC T oretd Glatadir TirGrogene; #R210-01). The antibiotic

selectioh@A Fafsthft @ eMBlaRGaletiG GASHIALE %@%&C%&] %é&gig%, the
CGGCCTTITTACGGTTCCCGGCCTTTITGCTG

media Was-PhapERdCieC NAENE EPEBE cnt ABR qusite ARnET caticTceow il
confluefi® GOGRGAEATCGCTAGCTCGAGG (SEQ ID NO:48) [0176] bp
4466- DS 3-end cis-required sequence: [0177] _
164] g B R B S R RV e iesnectetotive adeyed by
ethanol NRGPBEFACATTAAACTATG ,
TG TGGATTTT TTTAATTAAGACTTGTG
o8] e Rlshodt M SRl e L LR
TTTTGAATATATGTTTTCATGTGTGATTTTACCGAACAAAAATACCGGT
TCCCGTCCGATTTCGACTTTAACCCGAC
CGGATCGTATCGGTTTTCGATTACCGTATTTATCCCGTTCGTTTTCGT
TACCGGTATATCCCGTTTTCGTTTCCGTC
CCGCAAGTTAAATATGAAAATGAAAACGGTAGAGGTATTTTACCGAC
CGTTACCGACCGTTTTCATCCCTA (SEQ ID NO:49) [0178] bp

NAQRRA_-ARAOE c,laninAa vector franment containina ampnicillin recictance Anene-
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TCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGA
GGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAA
WARORGBEAGCCGGAAGGGCCGAGCGCAGAA PCT/SG2006/000121
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGLCAGTT AA
TAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCAC

[0166|GCT /ety Ifm@z@ﬂ fet Eliblobrlid Rideey Cell Line
{Msnmﬁ Ag%TTCCC ATCAAGGCGAGT ACATGATCCCCCATGTTGT

RE e CreCTTeder D N
[01ﬁsyceﬁom@vm}ﬁ@éﬁae@maﬂamﬁeCAGTGTTATCACTCATGGTT
01697 TOGGAGCACTGCATAATTCTCTTACTGTC —
rocea iRt e G A L B o e e P e A AR e
Garac&STAATI R T AGAMEACTTEr EAJEa 606 Cha s A TCGERATGATCCCST T TCGTTACCETA
TITICERATTT COTEANTACGGCATAATATCEEGCGARATA (S50
D NOLBINGAACTTTAAAAGTGCTCATCATTGGAA

[0170]AACR EYE TIN GECHCEAASAGTEECAA GE ATIGTTHACEGGTL T NGAGAEP:
01711 TC%@I&Q‘ TTACG
03
e
r1aTG Mﬁ%ﬁ@@%@%ﬁ@%ﬁﬁ ChoTA

%ﬁgg A TR R T F S AN ORI A AGEET T TCCACCCCATTGACGTC AR TGERAGTTTGT
oTACoOE BT AR G A AT 1 L G B A A AR AR SCc o
gggggwm@fﬁﬁ@@@@@mf@@;@@@@mCATCGCCACCATGGTGAGCAAGGGCGAG
S e e v ey L N e T SR Y R e e e
g%gggﬂ(ﬁA‘RﬁT@mf@fﬁfmm-’5&-&1‘EAGCCGC’I‘ACCCCGACCACATGAAGCAGCACgic
cooes SRR REECENERRITE ‘ g&@@%@&%&%@%@@%@%ﬁ&mﬁé

GCAAC@@@&@& dadBA (A GO AT ATCATCECCGACAAGCAGAAGARC

A%@@Qﬁ@@;p@"@ CCARBOTFCRANGCACAR
GCACCC‘AGTCCGCCCTGAGCAAAGACC

GGGATCACTCTCGGCATGGACGAGCTG
TACM@A@FA@G:FG @CNT @?\@@CTAATCAAGTTTTTTGGGGTCGAGGTGC

[0172) CGMMS@Q&IWE@ﬁGM&@%Q% 1917-3632) containing blasticidin-

esisiaP CCCéE%TTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGA
LRRAG GGAAGAAAGCGAAAGGAGCGGG

for T3]CGCIAGGECG0TEECAABTGTACLORICACGETGEGLETAABEAG oo

Agcggﬁ%ﬁﬁﬁﬁﬁﬁﬁmﬁ%ﬁﬁ% % G%gi@%g%ggg%g@ﬁﬁ%&

ACTCT@GI@%E@@@T‘E@@@@MC ﬂﬁ € GAAL GGAG

%E% e i e ecs
gﬁggé AﬁﬁGCTGTTCCCGAGT“TTGAATGGAAGRC
cmgmmﬁmﬁﬁmﬁ%ﬁ%@mﬁ@ﬁmﬁ
CACTEAT FacFRasECoTSItuct (pCleMdsAcA{BIER-ccaTa
@%%ﬁﬁgiﬁ@@%ﬁ@éﬁ%&’é&é@@ﬁwﬁwmse@%@%sﬁi@%ﬁ;%ggzi

iggféw ﬁ@ﬁ%%%mgmm@cwms GT TTG GRA s
TETTTTGTGRAGTTTTTTAGGCACCTTTT
cGorrmeget mmmmgmmé%i@%@ﬁﬁé%“ﬂ&% Notccacracer

GAGGAR 6ATCAACA

oo R %ﬁ%&%@%ﬁ &ﬁ%@&é@ﬁf%%@ﬁ@%&@%ﬁﬁ

GRCTT SR IDEEA665) COMEMITREDIONTOEICCIMYITCICE
ATCYG %g%ﬁ GATCAAAGC ATAGTGAAGEACAGTEA GGAC CGACGGECA GEGATTCGTGAATTECTG
CCCre GTGTGGEAGGGCTRAGCAC (SEQ ID NO 47)

tagttat taatcaattac ttc Cccatat ttc ttacat

(0174] aa?ct %%g%a gggccg %%%ﬁi;gg- %é 6’5](’:%(? 6%%%% &aﬁﬁ’[ﬁae

[6175] gtat u@emgcCGAGGAGCAGGACTGACACTCGACCTCGAAACTT@TT@ATTGCAGCTTMAATGGTWACA

ATCEAME%W : J <HiG
cagtaca
tcaagtgtatcatatgecaagtacgccecctattgacgteaatgacggtaaatggcccgcetggcatta
tgeccagt
acatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgc
ggttt 55

tNocaotacatcaatnancotaoatancaatttoactecacononatttecaantetceaccceatinace
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57 gtaggcgtgtacggtgggaggtctatataagcagagctggtt
tagtgaaccgtcagatccgctagcgctaccggact
cagatetcgagctcaagcttcgaattctgcagtcgacggtaccgegggcccgggatcc (SEQ ID

WIS eH84] bp 665-3066, amplified fragment containing PCT/8G2006/000121
NLSK5G-TFase ORF sequence: [0185]

atacgatttaggtgacactatagaatacaagcttgettgttctttttgcagaagctcagaataaacgc
%TTGA@@J@AAG’*@@@iﬁ?ﬁTﬂﬁMﬁ%@@émmemccTTTTTGATAATCTCMGACCAAAMCCC
TAAD PO gxg;gmgm;q TTTTC
TGCGC%@%%&A ‘\ G‘I‘TTGT@%CGGATCAAGA%TACCA
P NSRS L,
NP A IR GECAGTS
@WM&GCGCAGCGGTCGGGLTGAACGGGG
i:f' Ve GATACCTACAGCETEAGCTATGAGAALG
CGCCAQAT OATTGCAACTTTCCTAAT TR ARGHLREIAA A
CCCT T GATIPCGAMAT CACTTEGAGAACATCACATAGIGCEAL (520
1B MO TGTCTAAAAAGTGAAAAGGATCATGG
[0176]C AAMGATABAA ARG TOA TFGAGRO FIATAAGTACGATGAAGTGGTTAG

tcaactttggcagatccGCCACCATGGGTCCTCCAGAGAAGAAGCGTAAGGT
'E‘G'I‘TCTTCTAGTGTAGCCGTAGTTAGG
AGCTT cac GAGCETCE
T@ATG?ﬁ%ﬁéﬁé@éﬁ%&ﬁ%@ﬁi&ﬁﬁ@é@%@ﬁfﬁ%@gC%T%Szfﬁéé”é%céﬁ&%{;@@é@%ﬁ
[0177]CCT@@%%&%IJ&§AEE &gﬁ%‘fg&%ﬁ% _ b CTATG
TGTGC'ﬂ_C@%TﬁA‘ﬁA-E‘A@@ﬁ‘_E‘IE _ Wﬂ%@

ggg’[‘g EAGEGTTCCCGTCCGATTTCEACTTTARCCOGAS
ui
A e e éﬁﬁﬁmﬁ%‘ﬁ%ﬁﬁﬁ%@ﬁg “ane

1D WO GAAGAAAAAGGTTGTATGGAAAACT

{01 78] AAAAGATIETE AR %&TEWA&MA&%MN&{M{&M C
TTGTICAAAATAAGTCATACATGTGTGTCA

- éﬁﬁlﬁﬁgﬁméﬁ%%ﬁ@ﬁﬁiﬁ@ﬁéﬁww Soant

CC@H 2 CCAGCCAGCCGGAAGGGCCGAGCGCAGAA

R AR TRTCARSAREE Y ELTERETREAAT T B R R rrcac

CTCCG@M’E@;@@E@MM‘E@@X@&@.@@E&E@E@‘H J.GCAAAAAAGCGG’I‘TAGCTCCTTCGGTCCTC

CGATC AAGT A Tl OTETC
m@cﬁ%ﬁéﬂﬁmﬁﬁgﬁ@ ] X AT TCA@TCTGAGAATAGTGT%%%CGACC
GAGTTG@TG’%@A@L@A@%X@@&A AL 9 A A GCAGAACTTTAAAAGTGCTCATCATTGEAR
AACCT & L ORa o T T G‘g F@mg;wc;ﬁp@m ACoC
AACTGE??’%%@S% ey %T‘g@ éﬁg AAAAACAGGAAGGCAAAATGCCGEEAAAA
GGGAATm d'cﬁ@ﬁ ) A gégi TTCARTATAATTEARGC AT I A TCAGEETT
ATTCTQEE WWMTWT@ET@E@@@J@EWT@TCCGA
AARGT : iﬁi TTAAATTTTTGTTAAATCAGCTCAT T
aaccanh ee ok '“' & GACCGAGATAGOETTEACTGTEGTTCCAGT
TTGEANGHNS: GTGAATETGARTTCGATrAAATCTAAAGREEAT CACATATGAC:

Eé%@é‘%ﬁéﬁﬁéﬁ%@éﬁ%%ﬁ%iﬁiﬁé\ﬁ@ﬁé@iﬁéﬁéﬁi&é%ggﬁcCm‘é‘é@ii
CGCTAGBW@F@@A’@@@@@@@@G’C‘EA@’G@ETM JM@&% CAGG

SCGECE™ m A Th TCGGTGCGGGCCTCTTCGCTATTACGCCAG
s R R e e

[0180] TGT-ET%%%E& %Qi:% (ﬁégKAATTTATTTTACAAAGGT

ACTCCTATCTGGTAC
[0181] T7AONGY eE T in CAAYEES ATH:@;A@@F under CMV promoter was made by

cloningANHGG PORG THGATGAARAATTIGECA T AGGACAAT G CGREITCCAA B,
TGAAAAGTTTGAGAAATATTGGAAA 7

gogel PRHTREFECRERA S S A NEAT st FedireaAretnEEFAeCTT

GGCTAAGRPANTAATGEAT] CAST:FSTALAT A and Not restriction sites of the pEGFP-

N1 conb /él‘ﬁTTTCATGGTGATTCATACAAAGTTCATGTAGATGACTTTGTTA

g% CATTAGAAAATTGTATCAATTCTATT
[0182] CTAG FFET ABTECT MU AGRTBEASA GACAENGAGAAET ACTABTRATA
[0183] GTAJ&@@I% E?QQcaa t&%ﬁ%’a\ AATC@&@@@CCCatatatggagttccgcgt tacat

aacttaCT&sA @éd&fr tgacgteaataatgacgtatgttcce
atagta@éq%@% 3 TAGCKRCTCAFATGANTFTREHREAMRTAEATugcagtaca
a

scacgabeted @@&ﬁﬁ%@féﬁ%ﬁéﬁ%ﬁ@ﬁ@ﬁ@@ haces

LogcagEF @A@@@@@E@@A@A@Eﬁ@@:ﬁccaagtctccaccccattgacgtcaatgg

gagre t%’ﬁ’ifr%f’/iﬁf-‘c”:ﬁ%ix?ff‘ﬁ?&%/i@é@ﬁ%@%&%&@éﬂﬁ%ﬂ%ﬁm@ﬂa@mgcg
GTTGCTTCTGAGTCTGCGTTCAGTGCTGGT
GGTCGTGTTGTTGATCCTTACCGCAATCGTCTTGGTTCGGAGATTGT
TGAAGCTTTGATATGCACAAAAGATTGGGT
AGCAGCATCTAG_AAAAGGTGCTACATATTTTCCAACAATGATTGGTG
ATCTCCACCTCCTACACTCTCTTATTCCTCC




[0186] bp 3067-6400, pPEGFF-N1 plasmid fragment (bp 1400-4733):

[0187]
gcggcegcgactetagatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacc

Vtecoasapwidcccctgaacctgaaacataaaatgaatgcaattgttgttgttaactigtitatiyeageii 2 1
ataat
ggttacaaataaagcaatagcatcacaaatticaggaaataaagcatttttttcactgcatictagttgtggt

ttgtc
gtaggeaMQMcaammcﬁmggegbaaaﬁg&agg@gﬁa@abaﬁﬁg&a&mﬁeg@g&m@timﬁggwt

cagatcétécgagctcaagcttcgaattctgcagtcgacggtaccgcgggcccgggatcc (SEQ ID NO:53)

{6184]atcabp tosftffitadcrapiifigd fegazatoggtsasa dECE A aRca AP 3adagarcga

taggatt
{GlSS]ga QA trea gacactatacaat cttgettghbotttttgoagaagote taaacge
ccancORQIGHOILCEARNIGNaRGeRUROHCCABIAIA AR ACOOU G ARG S AR R s

CAACC CCACAACCAGAACCACAACCACAGCCACAACC‘I‘GAACCCGAAGAAGAAGCACCACAGAAGAG
GGC % 6 é—@ﬁf@é@ o PTG A A GALAT
ACGTTCAGG TTGECAAC CTAATTGCAAGGCTAAG TAGGG GA GGTCATCATGGARCARGT
GGA’I“I‘ TTGAGAACATCACATAG’I‘TTAGT’I‘AAAGGTCAGTTGTGTCTAAAAAGTGAAAAGGA’I‘CATGG

CArRGRgUAASCCanagogegaesecgaiiagaaelidacsesurladecancdracatqgedatadn e

TGECAT A‘I"I?GTAGAACATGAG‘I‘AC'I‘TTGTTGAGT‘I‘TGT'I‘AAGTCTC'I‘GC GCCCTCACTTTCCA

T e

CCATC@WEF@ATGMTGGTGTCTcCAAAAAAGAATTGTTGGCTT@TTTCATGTTGAAGGGCGCCACACT

GGCCAZRGEUECHRACagyYTgayicaggloynartiiogyogeanigigsgeggancoestatitghtaiic ooy

GGATAZtﬁ GTG@AAA'V‘GAAGTAGCTGTGCACGA’I‘ATAA’I‘TGAGGATTTGCAGGACACTGATTCAAA’I‘CTAGTTT

Gencch T%%%ﬁ%%ﬁﬁ%ﬁ%%é%ﬁﬁ

GTGTG@&@@E&@GTGACTTGGATAAATC’I‘AAAGGGATC’I’CA‘I‘ATGA’I‘GTCTCAAC‘I’AGA‘I‘GGAA’I"I’CAACCTATT
TCATGTHBMEHGaa ey ecagCigleaatitytgtoagtia B : ]

ATTTG @ o GGAGTCGAAGATGGCA’I“I‘AACTCTTTTTAAGTG’I"I‘TGAAGAAGTTT’I‘TTGATC‘I‘CACTGA
ACTCC R 1 A T A T CCAC TRCAAAT T TAT T T TACAARGE GACC
T A R R R P U L S ey

G‘I‘GTC ’Eﬁg@TAGCTG’I‘AGCATGCTT"‘CTT”ACCCTAGGTACAAGAAAATA’PTGATTG.&GT’“CTA‘I‘ATGAA

f’fﬁ%‘ﬁ%ﬁ SERERE CEESESEILET ' ‘

CTAGTTGT TC CAGC'I‘CC GACAACTACT TGA'I‘AGTATGGATGATACCTTGA’I‘GGAAAATGAA
caTaatdl CTA’I‘TTGCATGAG’I‘LGAAGGATTATGA‘I‘CAAGTAGAGTCAAA‘I‘GAAT GOATAAATATAT
erorciecgecsaiteicsgeoacaigasisastaaitiittatiiatocagas ﬁ&ﬂ?{gﬁ%@@%&ﬁ COTR

TTCTC%% TTGCAAGGGATGTGCTAGCAATAC‘AAGTGTCAACTGT’I‘GCTTC‘I‘GAGTCTGCGTTCAGTGCTGGT

coac A o

AGCAG
craca A0 atey GAGAATCA’I‘A’I‘GGATGAGGATGRAGACGCAA’I‘AGAATTTTC’I‘AAGAATAATGAAGATGTAG&.A
AGTGCHCYCAgE IgAacaagAtgUAtigcacge: gocgctgagiogacagactatiegddftcors
AGTGCT&W TGAGCAAGTGATTATGAATATGTGTT I AAAC T T TATAT TG TG TCATGTGTACTAGTAGACTTA
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WHAT Ié CLAIMED IS: 1 ene transfer,system to introduce a

polynuc a%%%% %t%rﬁgﬁ\ﬁa%?rg ﬁgr%g%ﬂﬁmgg?hprising: a modified Ac

transposasevergeducteinadid encoding fhieembdifiedd\cistransipodaseyence and part

wherein.the madified Ac transposase comprises a nuclear localization

s?ggfé? ?ﬁ%ﬁlﬁ the le\ﬂgé}?%%%%{ueo%cag truncated Ac transposase, wherein

the NLS¢dcalizesdtheptrnspositiopagadiion o thel nuiclsysioédhequence having the

V&&E@Q&ﬁ% %%H&%@ews%?rf%yﬁxtbﬁ gﬁ@cﬁseﬂgé(ﬁ 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 37 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 57 end cis-required sequence having at
least 80% identity to the Ds 5° 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 37 end cis-required
sequence of (c) or (d), wherein the Ds 5° end cis-required sequence and Ds 37 end cis-

required sequence can bind to the modified Ac transposase.

~ The genetic transfer system of claim 2, wherein the NLS comprises an amino acid

sequence set forth in SEQ [D NO:2 or SEQ ID NO:9.
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11.

12.

transposase comprises an amino acid sequence having at least 80%

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

into DNA in a vertebrate cell; and a nucleic acid fragment comprising a
polynucleotide positioned between inverted repeats that can bind to the

modified Ac transposase. 2. The gengtransfer system of claim 1, wherein

the inverted repeats are selected from the group consisting of: (a)

inverted repeats that are part of a Ds element; (b) inverted repeats that
egparole s 8.end ds:reguired sequence and part, of he DS 2 &0 prises an
cis-fequired sequé ce,’(c inverted repeats that are part o BEEPERY
cisaiequiredssgaelenrcahagng et B0tlcukde segueiCelBeNOrY ior SEQ 1D NO:44
ID NO:45 and part of the Ds 3'end cis-required. sequence having a

R e S e e R S A R e e et

are part of Ds 5' end cis-required sequence having the nucleotide
sepluenge setiorinn pudiealides 30313009 pf SEQIR NG A0d PRI O iied e
the OS5 en ms-n‘équwe sequence having a nucleo iGe Sequence set
forthsposuseleotides 43- 4120fSEQIDNO:1;and (e) inverted repeats that are

part of a Ds 5' end cis-required sequence having at least 80% identity to

the Ds 5' end cis-required sequence of (c) or (d) and part of a Ds 3' end
cidqweguicachseluensehaMingableast 8@d¥tideértity teltlvd Deigierd the nucleic acid
cisdeguired seanenes of(elor (. wherain he bs, 5 end eisrequiied \ o pa.
sequence and Ds 3 end cis- Pequwe sequence can ind to }%e modified

Ac transposase. 3. The genetic transfer system of claim 2, wherein the

rise ino.aci t farth,in SEQ ID NO:2 or ..
I8 SRBTE Stk AP RS R e mocric s
muocdifled Aetrandjoshde cemprises andthinowditcsagdensabavinggatted into the
least I%Q%ofigﬁﬁgg%}% %EV(Q#QJ]N%ZO or SEQ ID NO:44 and catalyzes the

ifitegration of the polynuc eotléé into DNA in a vertebrate cell. 5. The gene
transfer system of any one of claims 1 to 4 which comprises the modified

Aﬁletr PTG *s-mﬁ BN t() S(E?rc %{%grﬂt%f @;r%,]?%rl) e E}%l%im%ilttgcf]d fragment
Ing the moditie

which comprises the nucleic acid enco Ac transposase
dngaxingreivetiernucleic acid is an RNA or DNA. 7. The gene transfer

system of any one of claims 1 to 4 which comprises the nucleic acid

encoding the modified Ac transposase and the nucleic acid is stably

infey eatedtipneltieygenomanf amontklnmah vértébrdiered) Tisengelses acid fragment

teansfor Systen of 2 one Lh6laime L 1 A:nyherein. the,ucleic acid

fragment is part of a vector.
The gene transfer system of any one of claims I to 4, wherein the polynucleotide

comprises at least a portion of an open reading frame.

The gene transfer system of claim 10, wherein the polynucieotide 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 control region.

The gene fransfer 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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15.

16.

9. The gene transfer system of any one of claims | to 4, wherein the
nucleic acid fragment is stably incorporated in the genome of a
non-human vertebrate. 10. The gene transfer system of any one of claims
1 to 4, wherein the polynucleotide comprises at least a portion of an open
reading frame. 11. The gene transfer gystem of claim 10, wherein the
polynucleotide comprises a promoter operably linked to at least a portion

of g8 epRNIeANG fiameo A 2nyT BE.aenadransfab systams-ahamy ene0fnto which the
claims | to 4, wherein the polynucleotide comprises at least one

eRPPERSA SIERAGIS T 18I R LR Rt R T ete8988Em of claim 12,

wherein the expression control region is selected from the group

consisting of a promoter, an enhancer or a silencer. 68 14. The gene .
trér@f‘é}e%%f?ér%@ﬁw%% RERRERHE AR ARFN e DR THRBI Rk comprising
the-pelypudeieotide is capable of integrating is the cell genome. 15. A

method for intro,ducjnfq%a polynucleotide into, the DNA of a vertebrate cell

compristife e B R R EHURIRYSIHS TP GETHRIE Eghmeplynucleotide
cpmplisiag R paynuclestidecpasifivnechbeivees inveer depeaiadhadgan

bind to a modified Ac transposase; introducing a modified Ac transposase
or a nuci¥O AP eIt SRR FanE foREsE it theceffing a modified e
wherginstie meglitied Atliranspasage comprisas. & Nuelephsigealigaii®Res a nuclear
sl\i'%nil (NLS) at tgle EH minlﬁs %La truncated Ac transposase, whereinthe
E1BEHRPYIHR trArspolitoh reSERIAD thé nTHISHS bithd VEReEtitte Wherein the
cell.andeathereine thentpincatedActiranspbsane LoNrisRSyan-AMIBR ACikhd wherein
sequence having at least 80% identity to SEQ ID NO:8 and cagalyzes th% oo
intSgPAtA'St the PERWASHEGLIEIRTEDNAR P R0t tEhrse cRAC AHying at least 80%
cidemting:therglitorstalyidcatpletatebenelyatcietide b thelganmeaoc DNA in
of the cell to produce a transgenic vertebrate cell. 16. The method of
c‘ilaYﬁ{ti%ﬁa\iﬁhcég if'the inverted repeats are selected from the group
consistinghofifa) tivestedrepeBisihaparapart pbayhs rledentitdthe genome of the
inv r%ed _reCPeats ghat are. i1?art o&the D l5' end cis-required sequence and
p%le OthE 1§ 3 6! 'evcffﬁﬁ? Ea?e%e ence; (c) inverted repeats that are

part of Ds 5' end cis-required sequence having the nucleotide sequence

forth in SEQ ID NO:45 and t of the Ds 3' end cis- ired
ST T A o e B i e ety S St g he sroup

invesiednepats that are part of Ds 5' end cis-required sequence having
the nuﬂéo.tldel%?e?%uence a§t forth in n%lglgotl es 36{57-3903 of SEQ ID

NO:1 a 6%¥FO repedts Thiat are part o s element;

(b} inverted repeats that are part of the Ds 5° end cis-required sequence and part
of the Ds 3 end cis-required sequence;

(c) inverted repeats that are part of Ds 5° end cis-required sequence having the
nucieotide sequence set forth in SEQ 1D NO:45 and part of the Ds 3 end cis-required
sequence having a nucleotide sequence set forth in SEQ 1D N(O: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 37 end cis-required sequence having a nucleotide sequence set forth in nucleotides 43-
412 of SEQ ID NO:1; and

(e} inverted repeats that are part of a Ds 5” end cis-required sequence having at
least 80% identity to the Ds 5° end 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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21.

23.

24.

25.

Ds 3' end cis-required sequence having a nucleotide sequence set forth in
nucleotides 43- 412 of SEQ ID NO: 1; and (e) inverted repeats that are

part of a Ds 5' end cis-required sequence having at least 80% identity to

the Ds 5' end cis-required sequence of (c) or (d) and part of a Ds 3' end
cis-required sequence having at least80% identity to the Ds 3' end

cis-required 69 sequence of (c) or (d), wherein the Ds 5' end cis-required
seguence and Ds 3dendleisiratuifed Sequiencereanbiheetpithecmadified3’ end cis-

Ai% t{rgrréaposase. 17. Thecmg od of clai wherein the NLS comprises

16
an mlnosg%?gnscéaqct?é]n%lel set 6%?%?1 & ?[S*NBPE%F’ eSEQ ID NO:9. 18.
The method of claim 17, wherein the modified Ac transposase comprises
ap, amino acid. sequence having.at t 80% identity to. SEQ.ID NO:20 or L
T L T B S D B e 3t forn i
DN i Ov2 e Bitate] EeN(19. The method of any one of claims 15 to 18
wherein a nucleic acid encoding the modified Ac transposase is
introduced into the cell and stably integrated into its genome prior to the
intheduetiod of Heimutleivheidfrdgmenti Gl Ahéramstosasofcamposes afi amino acid
claim 18 rein the. ified 3SE. |SciHr d.into
e I R D RS S S coratyes
abidl istrgoding tHehnpdifiedcAcidansiooddisk iis ihtrodudadtintelthe cell and
wherein the nucleic acid is an RNA or a DNA. 22. The method of any one

of claims 15 to 18, wherein the nucleic acid fragment is part of a vector.
2BheTmetnetivddyf eny ondafclaints 18 whes;iwhereitethegpblymediegtide modified

Cﬂ%ﬁﬁs%%?atsge %Sﬁﬁéﬁ%é%nl 0%80985‘ iﬁc?%%ﬁgig?ﬁ?&n%dﬁﬁ% q}glzg'&%&fe prior to

claim 23, wherein the polynucleotide comprises a prorrioter opera

lifkedttodicieaspathomicrcof andpegmesiding frame. 25. The method of

any one of claims 15 to 18, wherein the polynucleotide comprises at least
one expression control region. 70 26. The method of claim 25, wherein

tHaexmprassion contrenreglosidsmelbrtesd Forvtisecgrobp condigtinglof ansposase is

RIemeLeL@nEranser 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 15 to

1%%%%%@ B}tgﬂ %&@%M‘i’aﬂﬂb’ Pﬁl%e?éi%hté}éﬂ?a %%'&189&7&8{!158%8&11%@ e modified

method selected from the group consisting of microinjection,
Ac transposase is introduced into the cell and wherein the nucleic acid is an RNA or a

DNA.

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.



20,

27.

28.

29.

30.

electroporation, combining the nucleic acid fragment with cationic lipid
vesicles or DNA condensing reagents, and incorporating the nucleic acid
fragment into a viral vector and contacting the viral vector with the cell.
29. The method of any one of claims 45 to 18, wherein the vertebrate is a
fish. 30. A transgenic vertebrate cell line produced by the method of any
one of claims 15 to 18, wherein the genome of the cell line comprises the
pblfniREheTISEdy PESBCHhEIS CERESSIR AOFHERhGREISR prostleigrlafrom the
transgeniasistindwingrorecehrate chmpeising tiksteps of: introducing a
nucleic acid fragment comprising a polynucleotide positioned between
rgerted Teg that can bind tgada modified gtransposase into a

Reois IIO nfiBduSHg % nidtifed Ac fah8potBes Br Hfubibic atitp which the
epeydingdeatidodifiedahts ofanéposase intbeacvBreebeae.cell, wherein the
modified Ac transposase comprises a nuclear localization signal (NLS) at
t Ntemlu of a truncated A nsposase Wh nthe LS loc .
P BT A SRR S b oL O e UM P modientice o the
visEreRMRESeaAEHB PAB P peiessedc Biprites gieuneesitinsequaieinjection,

helving périciast SOUbideiptitycimBR(Q HoilN@iBans Miﬁ'ﬁ%}ﬁﬂ%@ﬁ?@é@ﬁ% or DNA
053%@{19%"&? g@ﬁ@e t%@&g%tatﬁ%%ehggﬁ{%ﬁ% bL& @H 0 a viral Jector and

vertebratecell to stably incorporate ynucleotide e genome o
LRt RS dliEE % hé@ékhﬂ?fi/%‘? Ebrate cell: and growmg the

transgenic vertebrate cell into a transgenic vertebrate. 32. The method of

claim3dnwhereln theipreriedrepeatsargsrigciad Jomye (auRn.

consisting of: (a) Inverted repeats that are part of a Ds element; 71 (b)
inverted repeats that are part of the Ds 5' end cis-required sequence and
partrasigvaiDy Stenacieclehuirgtodugeehpahécniibedied aopemnts ehataans 15 to 18,

pafealiR e RAdikiSoRaiEed BREUERERI NAVINI IR LRI SRAHENCH; 5> and 3°
setJorth 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
thenriclddidesaqriancesesierh ibndaleciides 3653903 aEBE QdBeps of:

NO 1 ang:partofihg B&@;@%ﬁsﬂgﬁﬂgﬁp & gﬁ&%% @&sa&g&@s&@d&mned

1uence set forth in nucleotides 43- 2412

eyt fﬁa?%?éfﬁaﬁaaf%lﬁécsa@%ﬂtﬁ@#éﬁx@&mw@ gItRprate cell;
at least 8094udegtityntodiiedd & tendpoisise quircthsbiuenckent (d)imar fdhodified Ac

anshRartaba s 3 redisisdequirediRequente Naying Aldeash 83K ddentiyprises a
t%&c %al;r) ﬁoca?&gt%% rs%gglﬁe?I\ILS) 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 trahsgenic 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;



(O8]
A

36.

37.

sequence of (c) or (d), wherein the Ds 5' end cis-required sequence and
Ds 3' end cis- required sequence can bind to the modified Ac transposase.
33. The method of claim 32, wherein the NLS comprises an amino acid
sequence set forth in SEQ ID NO:2 or SEQ ID NO:9. 34. The method of
claim 33, wherein the modified Ac trafisposase comprises an amino acid
sequence having at least 80% identity to SEQ ID NO:20 or SEQ ID NO:44
and catébyzesctive irtegratibat afthepalynuclBetideinte®DNAuNdheequence and part
Vefﬁ%brﬁte@%hd?’c? ;I'ehe mgthod of any one of claims 31 to 34, wherein a
nucleic acid encocilngqﬁ're moditied Ac transposase is introduced into the
ceII and(s)abheinte gratedsinbatits g @aoneé Emd’tenﬂwezsrﬂeqdme@rcsncmbﬂme having the
id fra ment..36. The ny-one, of clai toﬂ,3

e‘r%rgr[r Cie o%nf: e& c%%né%?sﬁ Egg‘];‘ll)s?\llr@trécigl%Iucedp m%o ge cell 3 aﬁ% is-required

meqhonbeﬂaamylgaelmictmdtsseqﬂml@mwmelmaSﬁ(@:[é}d\Kc},réi%ncodlng the

modifie ctra osas i troduce Il and Where n the

e franePesas BT TSEREINAS SRl ARSI 0Rence having the
cimmsdeteeanﬁmhaﬁérfoﬂtie inutlelecaicies fRagme Rt s Eartal D weltdraddpart of the
TB? mgnla 0d.of %nf’fe% %{e%l%rﬂgv%% tg 1%&1'6 eo%(#&e Isrg: tﬁg ]g 1%/ I%%‘li']lﬂdle ucjeotides 43-

encodes at least a portion of an opén rea ing fram
crﬁlﬁpégﬂﬂr@éﬁﬁ)theapdlynucleotide comprises a promoter operably

linked t?eg%%’g%'} an apeneading frame. . the methad ol an nceehaving at

of claims 31 to erern the po nucleotrde encodes an expres
censtcl Vegiden iy 1T He Methothdfciainquicdvdsgraincthes é&meéé}mmd:@m’r@lf aDs 3’

r it 3 P ting,0 fepApeahanger; .
I RO S AT DN e

\/@qebma@e)é(a)f@(d}lmhcmﬁemb@E@rid@ﬁifydhg‘@h@f@@@ﬁ@eoﬁ@sg@r@s 3" end cis-
%8@9&5&&?& (3 BIRRPASING %ﬁéﬁﬁ%&'%&?&l} nPéé’AQ@ 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 yertatrate call is prepared pydNREodycing dotg the cell.a. auc 4@'&1@99& forth in

fragment comprising a’ polynucleotide positioned between inverte
repbats thial:ean bird I Addified 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 comprises
al'he method of claim 33, wherein the modified A¢ 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 claimsg 31 to 34, wherein a nucleic acid encoding the modified
Ac transposase 1s mtroduced 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 is introduced into the cell and wherein the nucleic acid is an RNA or a

DNA.



40.

41.

42,

43,

44,

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 integratior7af the polynucleotide into DNA in a
vertebrate cell; (iii) culturing the cell to stably incorporate the
pbhmuekdotide’ ity dhe ofeframe If thé Leltiorproduceualtiansgéicgment is part of a
veétebrate cell; 73 (b) screening the vertebrate cell for an insertional
mutation for a phenotype or biochemical characteristic of interest; and (c)
correlating the phenotype or biochemical characteristic with the nucleotide

i NS %ﬁ %f tt‘;e ene El;.ler?l k{ c]:U'QP 0}” %itnhg%ge 1'1511% & qtcilegllcoﬁes at least a

e met A Wierein he coftrelation co 488"

gmremwmecmeramhagrﬁamﬁon, and determining the nucleotide
sequence of the gene. 46. The method of claim 44 or 45 which further
comprises the step of searching a sequence database for homologs or
oTﬂkmlmgﬁaoﬁthé gene. 27, Wherethodhdopadientifigioigda putapiiecdraigptargeter operably
Cﬂ@k@&% a prep in oaé/ﬁte rgte ceII havmg a polynucleotide insert
in'a gene, wHerein t(he polynuc Eoti &e comprlses a portion of the inverted
repeats that can bind to a modified Ac transposase and wherein the
Vﬁltebr%%ﬁo%e%fsaP re%%gegfglgl%nnt cmg '%%gtlh%e i " a']])% Cle C?(flge encodes an
fragment compr|S| a polynuc eot e posmone Stwee erte
reppassitratearobinditma modified Ac transposase; (i) introducing a

modified Ac transposase or a nucleic acid encoding a modified Ac
transposase into the cell, wherein the modified Ac transposase comprises
al mucteahddcalizdtion $ignah¢his et theyNstepmicnisrof adgircasestlacted from the

tran aocali th tr ition reaction to the
n% Ige%%%gii %teg\égr%t(e%@a(%%?%%#%a%d? iy e%réelln$ e%f}éﬁgg{éd Ac trahsposase

comprises an amino acid sequence having at least 80% identity to SEQ

'%&%émdo 2 AbgredhadmRdRIeR L INSRANAL dlaelide i ROV n 2

vertebrate ce 1) culturing t to sta y Incorporate t
polynucleotlde into the genome of the cell to produce a transgenic

veiabisle &8 B IGEIINIG AusHeiaLs el plipving apJncertional

mutation for a phenotype or biochemical characteristic of interest; and (c)
identifyiff) arapelisstide séepiaiscectf iheigeacahtanicamdnomseid in a gene, wherein

Sﬁg%rﬂﬁ%lefeﬁtide comprises a portion of the inverted repeats that can bind to a modified
Ac transposase and wherein the vertebrate cell is prepared by

(1) introducing into the cell a nucleic acid fragment compﬁsing a
polynucleotide positioned between inverted repeats that can bind to a modified 4c
transposase;

(11) mntroducing a modified Ac transposase or a nucleic acid encoding a
modified ¢ transposase into the cell, wherein the modified 4¢ transposase comprises a
nuclear localization signal (NLS) at the N-terminus of a truncated A4c (ransposase,
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;

(11i) culturing the cell to stably incorporate the polynucleotide into the

genome of the cell to produce a transgenic vertebrate cell;



45.

46.

47.

protein encoded by the gene for the identified vertebrate cell, whereby a
putative drug target is identified. 74 48. The method of claim 47 which
further comprises the step of searching a sequence database for
homologs or orthologs of the gene. 49. A method for identifying a site of
action. of a compound comprising: (ay preparing a vertebrate cell having a
polynucleotide insert in a gene, wherein the polynucleotide comprises a
portion th}tseriwe‘ﬂt@daﬁepeta:te;ﬁtatceahfbtnaht@radmmtﬁiemu@mitnarfspcasﬂs@otype or

\3vhere|n the vertebrate ceII Is prep red by (i) introducing into the cell a

o 1611119%1 fhdrac erttstlc of inte c?
nuc eic acid rragmen comprlsmg Sy polynucleotide positioned between
inverted(c¢ peats! that; chr Ipmmwamdﬁtedqémmaangpmsest(n) with the nucleotide
|ntrodu0| madified ase or ucleic aci ding a

RORRAAL I SBMTRS e SEh it B et s
transposase comprises a nuclear Iocalization signal (NLS) at the
Nrferm ) offa frun ted,Ac transposase.. Whereln the NLS localizes the
1C met \?frl%erema’t?ae COI‘ ation co I‘BJF)
transp05| fon reacton to the nucleus of the Veriebrate cell and wherein
the trunctedi Ao drévegposaselcom prisesoani amindacidrsequence having
at IeastPSQ% |dent| to Sg%lg) NO:8 and zes the integration of the
1de SHce 0

polynucleo ide in Aina ver%e%ra e cell %}mécuﬁturlng the cell to stably
incorporate the polynucleotlde into the genome of the cell to produce a
.tt:ﬁ? > 1c:nhc é{er{ t?arlanttedl e" ) ef(P %an F.qhmy %tae%gria tee %ell sQchr)]psela chmg a sequence
insertiona ation'to a compoun Interes fc% exposing a Witdi
véatebratdoodibtodhe conmpbuhg:obimergstie(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

génedﬁnmﬁéméﬁemﬁ&tmgelmwimg dmgitmerionatpristagion which does not

h t Idf tebr |, .
herey L B e NS MR B g whoren
cthﬁp(ﬁglwhh@buﬂmtten}mmmsestt@e s of satedhimgassbguenckind to a modified
Aaiabasg JoLIomelaqs ar orhalogs o Ne SR 5. ah, A vertebrate

|nsert|o mutation library wherein each me library has a
poIynucleotlde(Basertrndacg@entvhé}ﬂelmﬂhle polymlslectide dorprises@mprising a

g&gﬁt&&@&% Eﬁ)‘?}éﬁpﬁ&@ ‘Qfﬁﬁ@ @H‘%‘F’e@t?‘ﬁ%‘ﬁ"%%Btttén%ogsﬁ»?oedtﬁed Ac

erein t rary has a polynuc eotlde nsert in at least 15% of the
genepoiatise vertebrate genome.

(11) 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;
(1i1) culturing the cell to stably incorporate the polynucleotide into the
genome of the cell to produce a transgenic vertebrate cell;
(b} identifying a vertebrate cell o having an insertional mutation for a phenotype
or 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 putative drug

target is identified.



48.

49,

50.

52. The library of claim 51, 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 a¢id sequence having at least 80%
identity to SE Q ID NO:8 and catalyzes the integration of the
polynucleotide into DNA in a vertebrate cell 53. The library of claim 51 or

5 wherein th I are vertebrate sperm .cells. 54.

CIBTARPO1 SRR Bt b SR SRSt S B FadgFapite o sequence
|mﬂmiﬁﬁsalioﬂ[teb@atggo%rﬂ{dﬂegmmy@g@balm 54, wherein the vertebrates
are heterozygotic for the polynucleotide insert. 56. The library of claim 54,
wherein the vertebrates are homozygotic for the polynucleotide insert. 57.
TAediohatyfof clainifbihoea EBewfmra‘edm thien embensdafdinediitary are
hapI0|dI(\/g rtebrate embr YO8: % ?Ilbr%ry of i‘ialm 51 %652 wherein the ;
member & oF tHE BFary A6 Vet te brate: gyRoy SRt ipiBidt eisH 8 dsgne: wherein
Tthe ﬁbkwyodﬁ@iﬂm&ﬁmrgﬁ?aﬁmﬁmmm covepridesgddiNAasequenckifor modified
t/i%(f]r ne_associate Wlth eptelg/ra eclc% tide insert. 7b6 60. The library of
cdiaim BIrer SAahich Tu er comprlses an amlﬁo ]acmdseyquence fora
proteln encode(d)bwsmdhgmge 8. Tine bbhary ofuclaim 58idvHiciyfuntihecomprising a

r amln uence for roteln en oded b id gene.

;ign T%Orggr[y eﬁ?ﬁ 1 o?\g “Wherain the EPerte ebra e 8 a)ésnr% d[é)g @ giodified de
metispdsoeidentifying a function of a gene comprising: screening at least
one member OE/E Tt E){I?tealqgeétl rJn }gtlg noél brar 03]‘ n(t:llaf acf% encoding a
52 for a pheno hteres correla |ng {8 ﬁeno ype of Interes &
wﬁhdéfENAcqunm%escﬁﬂae @ens hfwhuﬂeﬂmthcmwﬂl&@bydhmﬁspcﬁm obmprises a
31%59:19 IS dz%%%%edz %ﬁl @%@Etp %geOfI\FI%m o2 Wh%c h f‘H {?:[r?c?at d Ac transposase
comprises tﬁe step earchinga sequence database for homo 0gs or
ovrthoiogsiof baid gmab;fﬁﬂh?heimgﬂsndmﬁ”mmmﬁﬁy Whmmm@memsbmte cell
ofthe %E%VX ale f?,ele c& e;%]se 4P ci%nslléet%n 02{11\{161 rtebcr te Séoer}rge having at
ce}% vertebrate in eter zygotlccf the ynuc?eo% ée insen g

viersbiate iddmictualsﬂ’iﬁé@nﬂi%@tﬂ: for tb@qimnubheoﬁdgmmf the polynucleotide
into DNA in a vertebrate cell;

(1i1) 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;

{c) 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,

52.

54.

L
L

56.

39.

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.

66. The method of claim 63, wherein the vertebrate is a fish. 67. 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

geneéﬁéﬁfmddﬁ@&iﬁﬁﬂih@ﬁﬂb&fo&f Iﬂﬁali?rafﬁewtier@i@ﬁ afuBtve Aig library has a
t |s élfled 68, The meth d of cI , Whic er comprises

LB 2 <biinct SRS R RO i SPGB oon of the
Sﬁldegﬁd&eﬁ@atﬁ%dfh@fbﬁtﬂ@d oheldifie6 7 whareiodhe menmbrisiafttRgibrary has a

BB ) R AR e Ro g iSOG R o

vertebrate individuals homozygotlc for the polynucleotide insert,

%te r te ha(g) ogj nd vertebra§% %rgenetlc dgplmd embryos.
7 & ethod of Thi Wﬁg}e ARV R ﬁas?lc%Wé%ﬁ%& nuclear
fd@udb:mtfymg@mﬂte}@tﬁmomef}ammmpmngrtﬂ@ompmatﬂg @(g@ﬁﬂ@gﬁséeaﬂterem the

og?r gmber o htgl(terv%rtebrate insertiona V&ﬁnutatl n Iltgaf&of cI%m 51 d wh

S a corpound Gf eTest: SBEERSCWGaPe e SSHARAESR 3‘1 wherein
thieeconmpetaddaf intespstasssessingdh erefiechnof ﬁhﬁicmmmmeda@miﬁgeat least 80%
O S o o o
conpatedttoctiie wildtype vertebrate individuals; and identifying a DNA

sequence of a gene in the identified member of the library, whereby a site

of action of the compound is identified. 72. The method of claim 71, which
fliteditvarpprisdsithe btepAf seanching.a sequencef datdiiase /fare vertebrate sperm
ho ologs or orthologs of said gene. 73. The method of claim 71. wherein

the members of the library are selected from the group consisting of

vertebrate sperm cells, vertebrate individuals heterozygotlc for the

pﬁi%énlrlgleotld Iré§ert rtebrsaie InPIVI at'l?ehg{re]l%%% ot rgé%p:inary are individual

ynuc ide msert ver?ebrafe ha fold embryos and Ve
gwoﬁd;meac diploid embryos. 74. The method of claim 71, wherein the
effect is assessed on a biochemical characteristic, an enzyme, a
phenotype or a transgene. 75. The method of claim 71, wherein the
vehebhatevishdisin ¥6. whenathta foridentifying dgeneafintef@sthe polynucleotide

%gép{ising:

The library of claim 54, wherein the vertebrates are homozygotic for the polynucleotide

insert,

The hibrary 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.

66,

67.

68.

78 screening members of the vertebrate insertional mutation library of

claim 51 or 52 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 withsthe specific member of the library.

77. The method of claim 76, which further comprises the step of searching
aBeglbnee datdbase foshomologs birdrthelogsifesait ganeo 7&id kequence for a

method of clgilg 76, wherein the members of the library are selected from
tﬁn‘otem SNCode

e group consigﬁéalofg\%lﬁebrate sperm cells, vertebrate individuals
heterozygotic for the polynucleotide insert, vertebrate individuals
hamozygotic for the polynucleatide insert, vertebrate.haplo.ig embryos . .
AV EH R b DG L A S roeH A ot SPUERT fgr @ protein
wdnereielthe ssddtebate is a fish. WO 2006/124001 PCT/SG2006/000121
1/48 SEQUENCE LISTING <110> Temasek Life5ciences Laboratory
Parinov, Sergey Emelyanov, Alexander <120> Transposition of Maize
ADIBElgméntsiin Mestefitatdser«ih30e *5%HHETLi<A5B8h. US 60/681,447
<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
céaggtggd gadeggtyotcgdotctagaqggatesecganpatagggatg aaaacggtcg 60
ataacqaleg giaaaataes.clagogit tgaiea) attaadig, 090936008R 130, oy tibrary of
acgaaaacgg gatataccgg taacgaaaac gaacgggata aatacggtaa tcgaaaaccg
188im 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.

The method of claim 63 which further comprises the step of searching a sequence

database for homologs or orthologs of said gene.

The method of claim 63, wherein the members of the library are selected from the group
consisting of vertebrate sperm cells, vertebrate individuals heterozygotic for the
polynucleotide insert, vertebrate individuals homozygotic for the polynucleotide insert,

vertebrate haploid embryos and vertebrate gynogenetic diploid embryos.
The method of claim 63, wherein the vertebrate is a fish.

A method for identifying a putative drug target comprising:

identifying a member of the vertebrate insertional mutation library of claim 51 or
52 associated with a phenotype of interest; and

identifying a DNA sequence of the gene and an amino acid sequence of a protein
encoded by the gene for the identified member of the library, whereby a putative drug

target is identified.

The method of claim 67, which further comprises the step of searching a sequence

database for homologs or orthologs of said gene.



69.

70.

71.

72.

74.

75.

76.

atacgatccg gttcggttaa agtcgaaatc ggacgggaac cggtattttt gttcggtaaa 240
atcacacatg aaaacatata ttcaaaactt aaaaacaaat ataaaaaatt gtaaacacaa 300
gtcttaatta aacatagata aaatccatat aaatctggag cacacatagt ttaatgtagc 360
acataagtga taagtcttgg gctcttggct aacataagaa gccatataag tccctcgacc 420
tctagcttcg aattcccttc ccttctactt ttgacgtcit tttaagagct tgtgcatgaa 480
agcagatttg gagctgatta ctcatctcaa acacccatac aaagggatga ttgccgtacc 540
atgatctcac acctttcaca cctggtttat actatgatag ttgtagacga ttgcgtaatg 600
ctattaaa catcaqtg-ctaggcetgtga cacccaactg ctgecatttc gtgttgactt 66
o R e o ecown
gtgutcaite aafactatalyr tiacagita gactaaagtg bgatgtand tgtgitaghd80zygotic for the
tt o ot g aca aatgacaaat actcaaacta ttgtaattaa 840 Dl
e e P Al o ocleotid nsert
cetigelytae titad tgndagigtigdtacttitattt otigettetctibabodtgraiB@os.
cagtcactac tttatttatt cttgtctatg tggattagac aaatcagtcc tgtgattcct 1020 WO
2006/124001 PCT/SG2006/000121 2/48 gtccaatcaa attgcacata
gahgutethat cd catoataa, tghastachetaayevatggs k0B gccatttata attgcagcaa
actgtttgcc agcattaaaa gaagatgtca aaaatattta 1140 cacgcattaa cccagagact
gcttagatgc atgtcactga tgagaagatg atggatgttt 1200 actgtatgat gaccgaaata
abtnadbod foatdwrdHyae gottcaberiyiobacatgop 126 @ougitaguitg
acgttgt c att a ttaggttaa .,
coitaaa e e e L SRR ROAR by of
aglgretahpyaigivacee uyatda teystgtt accectatga 1440 dgtctatcag
acatooalagaidata Accigalon.Alannlalca Ualigace Ar0nd'oetiiand.

attggat

atgttggttc gac ggtcgct ttccaacaca acctaaatcc accaaatatt
aacttcctatsgsitagcimactigoaeita sompacdaratbetragabts20 ligeiggetatythe wildtype

ciiigafilt aggicaccan aacctatatt taacctaata ttaacatctt 1680 atgatgtigt
gtgcctgctg ggcaataact aaatgcacta cagaatgtta cgtttacaca 1740 catgtaaatt

acatgtasdtigduteagemundsagatimativtescvhiiinderst 180®sprghgtabe compound
t%@@ﬁ%&%ﬂ%%@@&[&%%&%&@@%@mgﬁéﬁgat 1860 acttttactc

gcactacatt titaggcatg tattgatatt tttactatga tttttcagta 1920 ctctttccac .
tactgcadéensictegatde At ansyencgteacasenaiggioyadniovd magdgeedtthe library,

2RIRRGA AR CIYRIAIRGIAISOR BARGINND 2040 tgigeacat

ttccaatatc aatacagaag gaaactgtgt tccctgttcc cttgtaaatc 2100 tcaacaatgc
aactgttcag ctcaggggga aaaatgccct gccagatcca aacggctggce 2160

aPRAGIYARI00ARAARYS CIIRRIARIAIEARBHTGSI0GEE9GE £ CACEERERE22 Qequence

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 transgene.
The method of claim 71, wherein the vertebrate is a fish.

A method for identifying a gene of interest comprising:



77.

78.

79.

aaaaagagca gaggttaaca tgctctctac ggctgtccag ccaaccagat actgaggcag
2280 aaacacaccc gctggcagat ggtgagagct acactgtctt ttccagagtt tctactggaa
2340 tgcctgtcct caagtctcaa gcctctcctt gecattctctc attccacctg gggcaaagcc
2400 ccaggctggg tgtgacaaca tttatcttac cactttctct ctgtacctgt ctaacaggta
2460 gggtgtgtgt gagagtgcgt atgtgtgcag gtgcgtgtgt gtgtgagagc agtcagctcc
2520 accctctcaa gagtgtgtat aaaattggtc agccagctgc tgagagacac

gcagagggas 2p80ntigaaicte cHtgigneBrarCEIsSIssaCgReM R CIEAYad:[aim 51 or
g ggtctcg 2640 acctcctict cag%paactca aagacacagg atccaccggt
cg b

QEEAPRESHEHAGY 986~ ycgaagagcet gttcaccggg gtggtgecca
tcctggtcgargdiggaeigpaaeataadabelioR gueasaadit aagestgic®ember of the library
ggcgagggcg,agggcegatge gacctacgge aagctgaccc 2820 WO 2006/124001
P%%g%?g@gg?g@‘g‘i‘éﬁ?%? VG5 ctgcaccace ggcaagctge cogtgecctg
gcccacciiangiagcake 28801 igractadaecIteCRMGC J66REFEYCH the gene associated
accgegacca catgaagcag ¢ citct 2940 tcaagtccgce catgcccgaa
g&’é@é ?&8%@%&&&%&%@6&%@%@& "4dggacgacg 3000 gcaactacaa
gacccgcgcc gaggtgaagt tcgagggcga caccctggtg aaccgcatcg 3060
agctgaa catcgacttc aaggagga caacatcct ggggcacaag ¢tggagtaca
B R R e, et oo ggeenie @ sequence
attadggtgai3idto hoicaagatdtogeodeaidgaiegaggacyg gcagegtgca
gctcgecgac cactaccage 3240 agaacacccc catcggcgac ggccccgtge

tgctgcccga caaccactac ctgagcaccc 3300 agtccgcecct -gagcaaagac
ctbtaanghgd afchyigaica chtggicey niggagttcg IB60bigacegcegdected from the group

cgggatcact ctcggasg acgagctgta caagtaaagc ggccgegact 3420 ; o
RIS AlbaCh AR G auBn S e PR b crasugpric for the
apalcicceotilgdasaigy aadataaaai gahigedathgiigiigia fctigitabBpd0leotide insert,

tgcagcttat aatggttaca aataaagcaa tagcatcaca aatttc ataaagcatt 3600
ROl I Dt A Ane Rl SR by Jp Gt Haso
cagtcatccc gaattagaaa atacggtaac gaaacgggat catcccgatt aaaaacggga
3420 tcccogtgaa acggtcggga.aattagcetct accgttteeg, tttcegttta cegttttgta
Siﬁf)ﬂ%g&%%égﬁgf %é&%%’gﬁ&%ﬁlﬁqtt ea%%lﬁggéagtﬁqggaa% 1%i:gat cgggataaaa 3840
ctaacaaaat cggttatacg ataacggtcg gtacgggatt ttcccatcct actttcatcc 3900
ctgcgtcggg tatcgagcetc gaattaagct tgatatcgaa ttcctgcagg aaaaaaaaac 3960
aattagaatt aattttatat ttatacaatt tatggtgc 3998 <210> 2 <211> 11 <212>
PRT <213> Atrtificial



<220> <223> Synthetic Nuclear Localization Signal <400> 2 Net Gly Pro
ProLys Lys Lys Arg Lys Val Glu 1510 <210> 3 <211> 27 <212> DNA

<213> Artificial WO 2006/124001 PCT/SG2006/000121 4/48 <220>

WP ABS Mrdetor DNA <400> 3 gaggatccce gacggtcggg tatcgag@is&€2m0moad 21
<211> 27 <212> DNA <213> Artificial <220> <223> vector DNA <400>

4 gaggatcccc gactgtcggg tatcgag 2
<213> Artificial <220> <223> vecto

7/< 10> 5 <211> 26 <212> DNA
}6 A <400> 5 tggagctccc

cgagtcgggt acccaa 26 <210z&imddl s 2815412> DNA <213> Artificial

<220>
<11i0> Temasek LifeSciences Laboratory
Parinov, Sergey

Emelyanov, Alexander -

<120>
<130>

<150>
<151>

<1e0> 71

<170>

<21lo> 1
<211>
<212>
<Z213>

DN&
<220>
<223>

<400> 1
ceatggtgge

gtaacggteg
~acgaaaacgg
gtacgatocy
atcacacatg
gtéttaatta
acataagtga
tetagettey
ageagatityg
atgatctcac
ctattasaty
T goacgagaaa
gtggtcatté
ttagetgeay
‘gtagttttte
ccttgagtac

cagtcactad

35898

2577-171

Us 60/681,447
2005-05-17

Artificial

bDs Construct

gaccggtget
gtaasatacc
gatabtaccgg
gtegggttaa
aaaacatata

aacatagata

‘taagtcttgg

‘aattocctte

gagctgatta
acctittcaca
cecatcagtyg
tgagaaattg
aatactatag
tttttgtgtg
tcagaaatig
atttttagty

tttatttatt

PatentIn version 3.3

cgactctaga
tctaccgtttq
taécgaaaac
agtocgaaatc
ttecaaaactt
aaatccatat
gcotcttgget
cetictactt
ctcateteaa
cetggtttat
ctggectgtga
tctgactatyg
tttacagtta
tgaaghaaca
taatttacta
cagtgttggt

cttgtctatyg

ggatcocoga
tecattttcat
gaaégggata
ggacgggaac
aaaaacaaat
aaatctggag
aacataggaa
ttéacgtcct
acaccecatac
actatgatag
cagccaacty

cagggtgtet

gaccaaagtg

aatgacaaat
agtagtttaa
acttttattt

tggattagac

catagggaty
atttaacttg
aatacggtaa
cggtatttet
ataaaaaatt
cacacétagt
gccatataag
tttaagaget
aaagggatyga
ttgtagacga
ctgecattte
atgegtggga
tgotgtatit
actcaaacts
aaatgtgtac
cacttoctte

aaatcagtcc

Transposition of Maize AC/DS Elements in Vertebrates

azaacggtay
cgggacggasa
togaaaaccyg
gttcggtaaa
gtaaacacaa
ttaatgtage
tecotogace
tgtgeatgaa
ttgeegtacco
ttgcgtaatg
gtgttgactt
acatttatea
ttgtgttage
ttgtaattaa
ttttacttte
cttcaacctg

tgtgattcet

180
240
300
360
420
480
540
GOOV
G660
720
780
840
800
260

1620



<223> vector DNA <400> 6 tggagctccc cgacggtcqg gtacccaa 28 <210> 7
<211> 2115 <212>DNA <213> Zea mays <220> <221> CDS <222>
(2).,(2115) <400> 7 atg get att gtt cat gaa cca caa cca caa cca caa cca
Vigheeazga 48 Met Ala lle Val His Glu Pro Gin Pro Gin ProeGiitsReoo@ine: 21
Pro Glu 15 10 15 cca caa cca cag cca caa cct gaa ccc gaa gaa gaa gca

cca cag aag 96 Pro Gin Pro Gin Pr
Gin Lys WO 2006/1.24001 PCT/SG

in Pro Glu Pro Glu Glu Glu Ala Pro
6/000121 5/48 20 25 30 agg gca

gtccARPA28106-8ca1C0,0a1018.190 cRY Cak UG ace 2ad aad 144 Arg Ala Lysg,
Lys Cys Thr Ser Asp Val Trp Gin His Phe Thr Lys Lys 35 40 45 gaa att

gccatgéat@tga5%@”—@%@@@@‘@@%&@0%@%*@tﬁeaggg@mggtgggakgat@ttu:he Glg4o

croocd L EILYA ASR IV LS Ly, IVL Val Gin. Vat

ttt cot sat tgc aag get aag tat agg get gag gg £ cat

B

0 e

L 19c 336,

sn Phe

actgtRrgASHACYsHays At ysFyrArgAdasGin Ghy His 6550 #5:86-taliggaiaca

cgt taﬁ%&%qra ttttggs sat cac t;g

atcaajg

a aca tca cgt agt tta 288 His Gly- Thr Ser G
FSEEIS &L

U 856695 2§ a5 %60t ca‘g3
attaddgtieh Gigtaa@aagt gmmgﬁ €atgge-aaa aact3dbcMallysGhGin Latko

cotctEYEdYS I ARG | Ht\é@lzt\_/gﬂcge{aiﬁ%@éﬂ\@a ataaatgtca

ttggtitaag
accasatatt
getggetaga
atgatgttgt
catgtaaatt
cttgagtact
acttttacte
ctqtttccac
ttagagecat
tgtgecacatt
teaacaatge
aaaagtgaat

aaaaagagca

ABACACACQC

tgectgtect
coaggotggy
gggtgtgtgt
accctctcecaa
tttgactcte
acctocttot
gecgaggaget

‘gccacaagtt

atgttogtte
aacttcctat
ctttgaattt
gtgectgcetyg
acatgtaaat
tttaaasaag
gecactacatt
tactgecagec
aatctacatt
ttccaatate
aactgttecag
ggaaaaaagce
gaggtlaaca
getgacagat
caagtotcaa
tgtgacaaca
gagagtgegt
gagtgtgtat
ctttgtgage
cagcaactca
gttcaceggyg

cagogtgtoc

gacattggat
gacatecgtta
aggtoaccac
ggcaataact
geatcagett
chacttitea
tttaggcétg
cteooccatac
agetttotia
aatacagasag
cteaggggya
ebttroatiaa
tgotetetac
ggtgagégct
gootcteott
tttatettac
atgtgtgeaa
aaaatiggtc
aacctcctec
aagacacagg
gtggtgccca

dJgcgagggeyg

tttggteget
ttagacogtca
aacctatatt
aaatgcacta
ttecacagceat
ctecatacttt
tattgatatt
ataatcgtat
geecgectagea
gaaactqtgt
zaaatgcccet
tgtgaaagtt
ggctgtacag
acactgtett
geattetote

cactttctcet

gtgogtgtgt.

agccégctgc
actcactoct
atecaceggt
tectagtega

agggcgatgo

ttccaacaca
aaataacaatb
taacctazata
cagaatgtta
aatactcact
gagtaatatt
tttactatyga
gtttacacst
ttactgtgea
toectgtice
gecagateca
getgegeogee
ccaacgagat
ttcecagagtt
attccaccty
ctgtacctgt
gtgtgagage
tgagagacac
ctcecteagaga
cgccacecatyg
goctggaogga

cacctacgge

ttatttgacy
acctaaatee
atoctiagat
ttaacatctt
cgtttacaca
acttactact
tacaactgat
tttttecagta
atggtggagt
gaattgtgtyg
cttgtaaatc
aacggetgge
ccacccagat
actgaggeay
toetactggaa
gggcaaagoc
ctaacaggta
agtcagctce
gcagagggac
geactetegt
gtgagoaagy
gacgtaaacg

aagctgacco

s Lau Lys Ser Glu Lys Asp His Gly Lys Asp 100 105 110 ata eat ctc att
ot BPAS T C %ﬂaft%aa*’@fg Tt BYPELR PRSI ASATHKE IR GIUHPYD

1500

1560

1620

1680
1740
1860
1860
19820
1880
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2820



115 120 125 aag ctt cat ttg gca ata atc atg cat gaa tac cot ttc eat att gta
432 Lys Leu His Lau Ala lie lle Met His Glu Tyr Pro Phe Asn lle Val 130
135 140 gaa cat gag tac ttt gtt gag ttt gtt aag tot ctg cgc cot cac ttt 480
Woipee4i828I Tyr Phe Val Gin Phe Val Lys Ser Lau Arg Pro His Phe2ddkBo00121
150 155 160 cca ata aag tcc cgt gtc act get aga aaa tat etc atg gat ttg tat
528 Pro lle Lys Her Arg Val Thr Ala Arg Lys Tyr lie Met Asp Lau Tyr 165
170 175 ttg gaa gaa aaa gaa aag t?datft gga aaa cta aaa gat gtt cag tot
[y L T s Asp Val Gin S
TR 106, car e St S ack S o T e o B haciSat aag 163
tgacg2dsAry Phe B8or THcEheddet AspdvtstcFep FiuSer-Gysc&inaastckys 3es0
tcaag%gggZOQa%OQCtacagt tg% ﬁgctct%ccaatcacat ct:%g att tg:%t g%t: at tgg tgt ctc caa
672 QI'yr Met &%/s Al Thr Tle f—lisg?rﬁcfﬁa spc%sp tAsp raba?gﬂ(/%sc A Gin 210
gcaac2iba?2@raassagacatiagtitggedtt tteaigitgoageg6gs €ac-actgaegaa 2
Lys Arg lle Val Gly Phe Phe His Val Glu Giy Arg His Thr Gly Gin 225 230
asct5348ds, A6 T TeA A HOCHE SR YA B A i aanGE°aae 4ty ag 768
actacAi@anaHoSB&a@.tﬂ:JmaEmIﬁgA&é@:MgEyﬂéaﬁég@;é‘%M@a@gj@ggél'S 3580
255 aaa aaa ttg ttt gcc ttg tot ttg gat eat get agt gca aatgee gta 816 Lys
- aCtEORSR L P REPATA T AT TEFYRAT ASH IRSRIER SECARSIRSN BT AFaPWO 3240
agaact008/124001 RCT/S(2006/00Q12l, 6/48,260. 265270 9GLgLg cac gabaia
att gag gat ttg cag gac act gat tca aat cta 864 Ala Val His Asp lle lle Glu
agtecpaprt P GircASPCTHFGASPISET Agndceat27 5280285 gttdgtat-ggt got3iec
tgtg.aqq tgt got tgt cac ata ctg 912 Val Cys Asp Gly Ala Phe Phe Hi
g A oy TS Fors 305908 2 4eee et S 1S

<213>

Artificial

ctagateata atcagcecata ccacatttgh agaggttcta ctigetttaa aaasacctoce 3480
acaccteoece ctgaacctga aacatazaat gaatgeaatt gttgttgtta acttghttat 354¢
tgoagettat satyggtltaca aatasagoaa tageatcaca zatttcoacaa ataaageatt 3600
ttttteacty cattctaghbt gtggtttgte caaactcatc aatggtcgag ggatctgotig 3660
cagtecatocs gaattagaaa atacggtaac gaaacgggat catccegati aaaaacggga 3720
toceggtgaa acggteggoa azactagetet accegtttocy tttocgttta cogtittgta 3780
tatceogttt cegttecgtt tteogtttttt acctegggtt cgasatcgat cgggataaaa 3840
ctaacazaat cggttatacg ataacggteog gtacgggatt ttcccatcet actticatcoc 39260
ctgegteggy tatcgagetc gaattaaget tgatatcgaa ttectgoagg aaaasaaaac 3960
aattagaatt aatittatat ttatacaatt tatggtge 3298
<210> 2

<211> 11

<212> PRT

<213> Artificial

<220>

<223> S8ynthetic Nuclear Localization Signal

<400> 2

Met Gly Pro Pro Lys Lys Lys Arg Lys Val Glu

1 5 10

<210> 3

<231> 27

<212> DNA



aac ttg gtt aoa aag gat ggo ttg get gta att gca gga aca att gag 960 Asn

Leu Val Ala Lys Asp Gly Leu Ala Val lle Ala Gly Thr lle Glu 305 310 315

320 aaa atc aaa gcg att gtt ctt got gta aaa tot tot cot ttg cag tgg 1008 Lys

Wiz 2096 1a480lle Val Leu Ala Val Lys Ser Ser Pro Leu Gin Trp 325/38%&3mo121

gaa gas cta atg aag tgt got agtgaa tgt gac ttg gat aaa tct aaa 1056 Glu

Glu Lau Met Lys Cys Ala Ser Gin CX @sp Leu Asp Lys Ser Lys 340 345

350 ggg atc toe tat gat gtc tca act agg tgg aat tca aoc tat ttg atg 1104 Gly
<2z203dle Ser Tyr Asp Val Ser Thr Arg Tip Asn Ser Thr Tyr Leu Met 355 360 365
<223:tgegggabysc tta tat tat aag cct gca cta ata agg ctt aaa aca 1152 Lau

Arg Asp Ala Lau Tyr Tyr Lys Pro Ala Leu lle Arg Lau Lys Thr 370 375 380
MOO}qg gat Lol 09, g&tﬁ%& gca att tgt cot aaa gcc gag gag tgg 1200 S
gag@aAsE) Pro ArgArgggyr Asp Ala lle Cys Pro Lys Ala Glu Glu Trp 385 390 3%75

400 aag atg gca tta act ctt ttt aag tgt ttg aag aag ttt ttt gat ctc 1248 Lys
:gigj\/leitﬁla Leu Thr Leu Phe Lys Cys Lou Lys Lys Phe Phe Asp Leu 405 410
<212>41BwACt gas ctc cta tot ggt act caa tat too act aca aat tta ttt tac 1296 Thr
<213:GiadtauilaniSer Gly Thr Gin Tyr Ser Thr Ala Asn Leu Phe Tyr 420 425
<22‘a>430 aaa ggt tt(? tgt gag ata aag gat ttg att gac caa tgg tgt gt.t cat 1344 Lys
<2301y Phe Cys,Gin lle Lys Asp Leu 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 1392 Gin
<400>Lyg Phe Val lle Arg Arg Met Ala Val Ala Met Set Glu Lys Phe 450 455 460

92993450 Ra Pt At SR §EGI0Y eat att gca cta got gta gea tgc ttc 1440 Glu 1Bs
Tyr Trp Lys Val Ser Asn lle Ala Leu Ala Val Ala Cys Phe 465 470 475 480
- <2l10>Cttyac cot agg tac aag aaa ata ttgatt gag ttc tat atg aaa sea 1488 Leu

<21%> 9
<212>As§)§§ro Arg Tyr Lys Lys lle Lou lle Glu Phe Tyr Met Lys Lys 485 490 495

<213> Artificial

<220
<223> vector DNA

<400 5‘
tggagctooe cgaghegggt acccaa 26

<210> 6

<23il> 28

<21Z2> DHNA

<2Z13> Artificial

<220>
<223> vector DNA

<400> ¢
tggagcherce cgacggtegy gtacccasn 28

<2i0> 7

<21i» 2115
<212> DNA
<213> Zea mays

<220>

<221> DS _

<222>  (1)..(2118)

<400> 7

aty get-att gtt cat gas cca caa cca caa coa caa cca caa cca gaa 48
Met Ala Ile Val His §lu Pro Gin Pro Gln Pro Gln Pro Gin Pro Glu

1 5 10 15

cca £aa CoR cag cca caa oot gaa coo gaa gaa gaa goa cCa Cag aag 96

Pro Gln Pro Gin Pro Gln Pro Glu Pro Giu Glu Glu Ala Pro Gln Lys



ttt cat ggt gat tca tac aaa gtt cat gta gat gac ttt gtt agg gtc 1536 Phe His
Gly Asp Ser Tyr Lys Val His Val Asp Asp Phe Val Arg Val WO
2006/124001 PCT/SG2006/000121 7/48 500 505 510 att aga aaa ttg tat
Wea 208 1eabdt agt tgt agt cct tca got cca 1584 lie Arg Lys Laedys@nvdAinel21
Tyr Ser Ser Cys Ser Pro Ser Ala Pro 515 520 525 aag aca aag aca act act
aat gat agt atg gat gat acc ttg atg 934%5632 Lys Thr Lys Thr Thr Thr Asn
Asp Per Met Asp Asp Thr Lau Met Gin 530 535 540 sat gee gat gat gaa ttt
caa aacdat ttg cat gag ttg sag gat tat 1680 Asn Glu Asp Asp Glu Phe Gin
Asn Tyr Len His Glu Leu Lys Asp Tyr 545 550 555 560 gat caa gta gag
299 4e3 33f gad g YAdad Tty EgaaicEeTIEAT 28 AsprGindvad Gin Serl44
29 UREn %ﬁuggp'rf%sfeﬁr %@l‘% Eer GTU P Lot Bps 570 575 it aag cat
agt ggt cag ttt gat att tta tca tgg tgg agg gga agg 1776 Leu Lys His Ser
gaa Gy G Fie spdte Leat Ser Tapdl A GlytArgh8et585mogagtt gca gaa
Glu %éf Setatttitatc’ aftfit gtd 44 datoty %t%?c&%?&l\/%ﬂ‘%%}@in Tyr
Pro lie Leu Thr Gin lie Ala Arg Asp Val Lau Ala 595 600 505 ata caa gtg
cat tfga aet gitgoidctgag tot gogrtic-agigetggt gaf 18 2-dle &Gin Yat Ser Thizo
His Gyal e Bep Gt PerAtd PhesSei Ay SI)yG1¥-61 661 582G gtig gtt gat
6s cot tac cgc aat cg7tectt ggt tog gag att gt ?;aa 1920 Arg Val Vi Asp Pro
cat ghyr Arg Asn Avg ey Gly Ser GinlleYal 31y 625 630.63564Q (get ttg ajgg
His Gy doa saa Gat tHgegrergcesgoai totagahasarggt et 1968sAlakau lle Cys
Thr Lys Asp®fip Val Ala Ala Ser ArffLys Gly Ala 645 650°855 aca tat ttt
tt el g tcagg‘g tcg g4da L t cT TWaEhe Pr
gal L?brﬁifg G,?&QAS%S Lag;%uﬁpsvggigﬁwgsgég/;ﬂ%& :@6%5795@ get (;33'[6
gca ace'$dt cat gag eat cat atd Gat gag gat gaa gac 2064

ata aat ctec att gag cot tat aag tac gat gaa gtg gtt age cta aag 384
Ile Asn Leu Ile Glu Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys
115 120 125
aay ctt cat ttg gea ata atc atg cat gaa tac cct ttc aat att gta T 432
Lys Leu His Leu Als Ile Ile Met His Glu Tyr Pro Phe Asn Ile Val
130 135 140
gaa cat gag tac ttt gtt gag ttt gtt aag tot ctg cgoe cct cac bttt 480
Glu #His Glu Tyr Phe Val Glu Phe Val Lys Ser Leu Arg Pro His Phe
145 150 155 . 160
cca ata aag tee cgt ghbe act get aga aaa tat ate atg gat trg tat ' 528
Pro Ile Lys Ser Arg Val Thr Ala Arg Lys Tyr Ile Met Asp Leu Tyr
165 170 175
ttg gaa gaa aaa gaa aag ttg tat gga aaa cta aaa gat gtt cag teot 576
Leu Glu Glu Lys &lu Lys Leu Tyr Gly Lys Leu Lys Asp Val Gln Ser
180 185 190
cge Tte agt aca act atg gat atg tgg aca tet tgt caz aat aag tca 624
Arg Phe Ser Thr Thr Met Asp Met Trp Thr Ser Cys Gln Asn Lys Ser
155 200 205 )
tac atg tgt gte acc ate cat tgg att gat gat gat tgg tgt cote caa 672
Tyr Met Cys Val Thr Ile His Trp Ile Rsp Asp Asp Trp Cys Leu Gln
210 215 220
aaa aga att gttt gge ttt ttt cat gbt gaa ggg. cgc cac act ggco caa 720
Lys Arg Ile Val Gly Phe Phe His Val Glu Gly Arg His Thr Gly Gin
225 230 235 240
agg tta tea caa acc tic act gea atce atg git aag tgyg asc att gag 768
Arg Leu Ser Gln Thr Phe Thr Ala Ile Met Val Lys Trp Asn Ile Gin
245 2590 255
asa aaa ttg ttt goo ttg tet ttg gat aat get agt gea aat gaa gta 816

Lys Lys Leu Phe Rla l.eu Ser Leu Asp Asn Ala Ser Ala Asn Glu Val



got g
Ala

gtt
Vali

aac
Asn
305

aaa

Lys

gaa
Glu

g9y
Gly

ttg

Leu

agt
- SBer
385

aag
Lys

act’

‘Thr

aaa
Lys

gaa
Giun

gag
Glu
465

ctt

Leu

ttt
Phe

lle Ala Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu Asp 675 680
685 gca ate gaa ttt tct aag eat sat gaa gat gta gca agt ggc tcc tct 2112
Ala lle Gin Phe Ser Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser 690 695
WODeERAL15 Pro 705 <210>8 <211> 705 <212> PRT <PUBS@e65/000121
mays WO 2006/124001 PCT/SG2006/000121 8/48 <400> 8 Met Ala lle
Val His Glu Pro Gin Pro Gin Pro Gi 0 GinProGlu 151015 Pro Gin
Pro GinPro Gin Pro Glu Pro Gin Glu é%u Ala Pro Gin Lys 20 25 30 Arg
Ala Lys tys Cys Thr Her Asp Yak Trp Gin His Phe Thykys Lys 35 40 45
Gin lle Glu Val Glu Val Asp Giy Lys Lys Tyr Val Gin Val Trp Gly 50 55 60
Vlﬁlgs S§n51§ﬁea§>?ogﬁ§n tE SAREYS T F Al&*Gi3 GRFHis 65 76¢
S Gly Thi Biér GIyheArg Rshi His Lea 3 Thr S&r £i8 Ser Lou
85 90 95 Val Lys Gly Gin Lou Cys Lau Lys Her Glu Lys Asp His Gly Lys
LAépgafoegfoscrleqm%anéu Jle GlisPretTyrLyssTyrsspGirrMal Val S8
et 5B 1571207155, @&ﬁ%uvla—ﬁsplf@ucﬂ% éallgﬁe?“ﬁlsléﬁnb?yr Pro-Phe
Asn lle Val. 130 135 140 Gin His Glu Tyr Phe Val Glu Phe Val Lys Ser
tiegusArgdero His fe ct45tiSOytb5ii60RraHe bys Hes Arg \VlsThr Alaseo
%E?gWEQSpﬁﬁrHé@NﬁﬁRA%%WLBﬁ”T%Fa Val Ile Ala Gly Thr Ile Glu

3is- 320
atc aaa geg att gttt ctt get gta aaa tet tet cct ttg cag tgg 1008
Ile Lys Ala Tle Val Leu Ala Val Lys Ser Ser Pro Leu Gln Trp
325 330 335
gaa cta atg aag tgt got agt gaa tgt gac ttg gat aza tet aza 105¢
Glu Leu Met Lys Cys Ala Ser Glu Cys Asp Leu Asp Lys Ser Lys ‘
340 3458 350
atc teca tat gat gtc teca act aga tygg ast teca acc tat thg atg ‘ 1104
Ile Ber Tyr Asp Val Ser Thr Arg Trp Asn Ser Thr Tyr Leu Met
355 360 385
agg gat goco tta tat tat aag cct goa cta ata agg ctt aaa aca 1152
Arg Asp Ala Leu Tyr Tyr Lys Pro Ala Leu Ile Arg Leu Lys Thr
370 375 380
gat cct cge agg tac gat gea att tgt cot ama gec gag gag tgg 1200
Asp Pro Arg Arg Tyr Asp Bla Ile Cys Pro Lys Ala Glu 8lu Trp
390 385 400
atg geca-tta act ctt tti =zag tgt ttg asg aag ttt tkt gat cte 1248
Met Ala Leu Thr Leu Phe Lys Cys Leu Lys Lys -Phe Phe Asp Leu
405 410 415
gaa ctc cta tet ggt ach caa tat tec act gea azt tha $tht tac 12%¢6
Giu Leu Leu Ser Gly Thr Gln Tyr Ser Thr Ala Asn Leu Phe Tyr
420 425 430
ggt tte tgt gag ats aag gat thg att gac caz tgg tgt gtt cat 1344
Gly Phe Cys Glu Ile Lys Asp Leu Ile &Asp 6ln Trp Cys Val His
435 440 445
aaa ttt gtc att agg aga atyg geo gtt gea atg agt gaa aag Lttt 1382
Lys Phe Val Ile Arg Arg Met Ala Val Ala Met Ser Glu Lys Phe
450 455 : 460
aaa tat tgg aaa gty tcet aat att gea cta got gta gea tge tte 1440
Lys Tyr Trp Lys Val Ser Asn Ile RAla Leu Ala Val Ala Cys Phe
470 - 475 480
gac cct agy tac aag aaa ata ttg att gag thkc tat atg aaa aaa 1488
Asp Pro Arg Tyr Lys Lys Ile Leu Ile Glu Phe Tyr Met Lys Lys
485 430 . 485
cat ggt gat tea tac zaa gtt cat gta gat gac ttt gttt agg gho 1536

His Gly Asp Ser Tyr ILwys Val His Val RAsp Asp Phe Val Arg Val



165170 175 Leu Glu Glu Lys Glu Lys Leu Tyr Gly Lys Leu Lys Asp Val
Gin Her 180 185 190 Arg Phe Her Thr Thr Met Asp Met Trp Thr Her Cys
Gin Asn Lys Her 195 200 205 Tyr Met Cys Val Thr lle His Trp lle Asp
WASHRSpAep Cys Leu Gin 210 215 220 Lys Arg lle Val Gly Phe/Rhmddigno121
Val Glu G1ly Arg His Thr Gly Gin 225 230 235 240 Arg Lau Per Gin Thr
Phe Thr Ala lle Met Val Lys Trp As AA Glu 245 250 255 Lys Lys Leu Phe
Ala Leu Ser Lou Asp Asn Ala Ser A sn Gin Val 260 265 270 Ala Val
His Aspslig lle Glu Asp Leu GiggAsp Thr Asp Her Asg.lsau 275 280 285
Val Cys Asp Gly Ala Phe Phe His Val Arg Cys.Ala Cys His lle Leu 290
it 2995300 tAsFPE etPV dl Wlat By stASprGly teau Ala Vet llsAlacGlydhr lle Gig4
: AWC@%@&@)&Elﬁoilﬁé?fs%ééfoﬁﬁ’iﬁsgﬁﬁé3@§31??3‘1}533% Lys lle
. Lys Ala lle Val Leu Ala Val Lys Ser Ser Pro Leu GIn Trp 325 330 335 Glu
aag a@irrkalrMebtyseCyssAtadBeér &in Oys Asp deu Asp tiys Ser loys 340 34%
Lys g Grelyite Ber Wf g%r SEFTHFARG TP AT S éreFhiery fLeu Met 355
0 365 Leu Arg Asp Ala Leu Tyr Tyr Lys 16 Ala Lou lle Arg Leu Lys Thr
aat ¢34 37 T3BQSerAspkRroAfgrArg thy Asp Ma leCysPratyssAla Gin Gly
Asn GW&%SB%Q@%QQWOG»LW%SMé[tYAIéJ@ol&Iirshﬁ&euﬁﬁh@wg\@ys?&eu Lys Lys
>4 Phe Phe Asp Latr405 410 415 Thr GIt®Peu Lau Ser Gly Thi@in Tyr Ser
gat cg$rg6£ag%§nﬂeguéah%1¥r t4§09425aé§0tla¥5a@&’ Fhe &XSc@J}‘ de.Lys Aspog

2sp Glewde ASp Gin Asp Cys VahHisp Lys Tyr Met Ser Giu Pro Leu
565 570 575

tty aayg cat agt ggt cag ttt gat att tta tca tgg tgg agg gga agg 1776
Leun Lye His Ser Gly Gin Phe Asp Ile Leu Ser Trp Trp Arg Gly Arg
580 585 540

gtt geca gaa tat cot att ctc acce caa att gea agg gat gtg cta gea 1824
Val Ala Glu Tyr Pro Ile Leun 'Thr Gln Ile Ala Arg Asp Val Lesu Ala
585 600 505

ata caa gtg tea act gtt geot tet gag tet geg tte agt got ggt ggt 1872
Ile Gin Val Ser Thr Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly
610 ' 615 620

cgt gtt gtt gat cct tac cge aat cogt ottt ggt tecg gag att gttt gaa 1820
Arg Val Val Asp Pro Tyr Arg Asn Arg Leu Gly Ser Glu Tle Val Glu
625 630 635 540

gobt tityg ats tge aca aaa gat tgg gta gea yeca tet ags saa ggt get 1968
Ala Leu Ile Cys Thr Lys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala
645 650 655

aca tat ttt cca @ca atg att ggt gat ctc gag gtg cta gac tet gttt 201e
Thr Tyr Phe Pro Thr Met Xle Gly Asp lLeu Glu Val Leu Asp Ser Val
' 660 665 670

att get got gea aca aat cat gag aat cat atg gat gag gat gaa gac 2064
Iie Rla Ala Ala Thr Asn His Glu Asn His Met Asp Glu Asp Glu Asp
675 680 685

gda ata gaa ttt tct aag -eaat aabt gaa gat gbts geoa aght gge teco tet 2112
Ala Ile Glu Phe Ser Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser
690 ) 695 700

cca ' ’ 2115
Pro :
705

<210> 8

<211> 705
<212> PBRT
<213> Zea mays



435 440 445 Glu Lys Phe Val lle Arg Arg Met Ala Val Ala Met Ser Glu Lys
Phe 450 455 460 Glu Lys Tyr Trp Lys Val Ser Asn lle Ala Leu Ala Val Ala
Cys Phe 465 470 475 480 Leu Asp Pro Arg Tyr Lys Lys lle Leu lle Glu
Wehaopviziviet Lys Lys 485 490 495 Phe His Gly Asp Ser Tyrkysadahblisco121
Val Asp Asp Phe Val Arg Val 500 505 510 lle Arg Lys Leu Tyr GIn Phe
Tyr Ser Ser Cys Ser Pro Ser Ala Pro 515 520 525 Lys Thr Lys Thr Thr
Thr Asn Asp Ser Met Asp Asp Thr L Met Glu 530 535 540 Asn Giu Asp
<400ASR Glu Phe GIn Asn Tyr Leu His Glu Lou Lys Asp Tyr 545 550 555 560
Asp Gin Val Glu Ser Asn Glu Leu Asp Lys Tyr Met Ser Glu Pro Leu 565
Met 70 B7E5VEAULYSCHiIsTBer Gly &in Rhe Asp Herd auSerdmp-drp:Arg Gly
Arg 580 585°590 Val Ala Glu Tyr P1o lle Leu Thr Gin lle Afa Arg Asp Val
pro diOUA 95600605l Gin Yal Sat, Thr Val Ala; e GluSer Ala Phe Ser
Ala Gly Gty 610 615 620 Arg ¥al Val Asp Pro Tyr ArggAsn Arg Lau Gly
er Glu lle Val Glu WO 2006/124001 PCT/SG2006/000121 10/48 625
%?o%é‘sléfio%aﬂjﬁéusﬁé iR TR LY@ AST T VAP AT AIZ Sel g Lys Gly
Ala 645 650 655 Thr Tyr Phe Pro Thr Met lle Sly Asp Lou Glu Val Leu
Giu JAspBerval 860665267 GliteiAka Ata Al ThitAsoHis Gler-Asn His Met
“Rsp Glu Asp Gin Asp675 680 685 Ala lle Gfi Phe Ser Lys Asn Asn Glu
His (ﬁgpﬂ\éél Ala B! Gly, %?rs %%:rs 630 Qgé 7‘1(29 E{-S Ala Glu Gly EHis
70 75

65 g0

Arg

‘His Gly Thr Ser Gly Phe Arg Asn His Leu Arg Thr Ser His Ser Len
85 a¢ 85

Val Lys Gly Gln Leu Cys Leu Lys Ser Glu Lys Asp His 8ly Lys Asp
100 165 110

Ile Asn Leu Ile Glu Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys
115 120 125

Lys Leu His Leu Ala Ile Ile Melt His Glu Tyr Pro Phe Asn Ile Val
130 135 149

Glu His Glu Tyr Phe Val Glu Phe Val Lys Ser Leu Arg Pro His Phe
145 150 158 160

Pro Ile Lys Ser Arg Val Thr Ala Arg Lys Tyr Iie Met Asp Leu Tyr
165 170 175 ’

Leu Glu Glu Lys Giu Lys Leu Tyr Gly Lys Leu Lyg Asp Val Gln Ser
: 180 i85 ’ 130

© Arg Phe Ser Thr Thr Met Asp Mst Trp Thr Ser Cys Gln Asn Lys Ser
195 200 - 205

Tyr Met Cys Val Thr Ile His Trp Ile Asp Asp Asp Trp Cys Leu &ln
210 215 220

Lys Arg Ile Val Gly Phe Phe His Val Glu Gly Arg His Thr Giy Gln
225 230 235 240

Arg DLeu Ser Gin Thr Phe Thr Als Ile Met Val Lys 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 Ile Glu Asp Leu Gln Asp Thr Asp Ser Asn Leu
275 280 : 285

Val Cys Asp Gly Ala Phe Phe His Val Arg Cys Ala Cys His Ile Leu
290 285 300

Bsn Leu Val Ala Lys Asp Gly Leu Ala Val Ile Ala Gly Thr Tie Glu



705 <210>9 <211> 11 <212> PRT <213> Atrtificial <220> <223>
Modified Synthetic Nuclear Localization Signhal <400> 9 Met Gly Pro Pro
GluLys Lys Arg Lys Val Glu 1510 <210> 10 <211> 2148 <212> DNA
WERABs/ 1AstifiIcial <220> <223> NLS-TPasel03-807 CDS <400%/4&2006/000121
atgggtcctc caaagaagaa gcgtaaggta gaaatggcta ttgttcatga accacaacca 60
caaccacaac cacaaccaga accacaaccg gagccacaac ctgaacccga
agaagaagca 120 ccacagaaga gggcaaagaa gtgcacatcg gatgtatggc
305 agcatttcac caagaaggaa 180 attgaagtggaggtcgatgg aaagaaatac
ttcaggtat ggcattg caactttcct 240 aattgcaagg ctaagtatag ggctgagggt
Lys cﬁ%gg@ég caguddoatritdadatéac 3jo>fodfaachr cacaiitt agttaaaggt

cagttgtgtc taaaaagtga aaaggatcat ggcaaagaca taaatctcat tgagccttat
Glu Gaglacqatyg dagiggttagiectzraagaag42(rgitcatitggicagtaateatigeatgaatac
cctttcaatitftgtagaaca tgagtacttt 480 gttgagtity ttaagtéi€t gcgeectcac
s1y Hliccaatan agicecolat sactgpiaga p40, apatatalca,iggaltigia tiggaagaa
aaagewaagt tgtatggaaa aciagaagat 6%0 WO 2006124001
PCT/SG2006/000121 11/48 gttcagtctc gcttcagtac aactatggat atgtggacat
Leu z’tﬁ'}ggﬁﬁi’aﬁéatalﬁibﬁécgg_;@%ﬁg?ﬁf@t%?c&%‘fcééﬁ@@ﬁtfge&td&tsgg’f’t’ggtgtc
Iccaaaaaag aattgttggc 720 ttttttcatg ttgaagggcg ccacactggc caaaggttat
Ser Gacaaactthcactgcaatef8a: atggtaagt ggaacaitga-gaaaaaattg-ttgcctigt
385 ctttggataa tgctagffta 840 aatgaagtag éffftgcacga tataattgag ¢f#ittgcagg
Lys Dﬁ%aga%aggua%?tﬂg}t I%Qeo ngstg@%g g]tg uCt{tCstttEastg.;lgg g:'gltgtﬁ%ttgé%aca
tactgaactt ggitgcaaag 960 ‘gatggctigg ctxétaaﬁftgc aggaacagit gagaaaatca

aagcgattgt tcttgctgta 1020
- Thr Glu Leu Leu Ser Gly Thr Gin Tyr Ser Thr Ala Asn Leu Phe Tyr
420 425 430

(§33

Lys Gly Phe Cys Glu Ile Lys Asp Leu Ile Asp Gin Trp Cys Val His
435 440 . 445

Glu Lys Phe Val Ile Brg Arg Met Ala Val Ala Met Ser Glu Lys Phe
450 453 466

Glu Lys Tyr Trp Lys Val Ser Asn Ile Ala Leu Ala Val Bla Cys Phe
465 470 475 ‘ 480

Leuv Rsp Pro Brg Tyr Lys Lys Ile Leu Ile Glu Fhe Tyr Met Lys Lys
485 480 495

Phe His Gly Asp Ser Tyr Lys Val His Val Asp Asp Phe Val Arg Val
500 505 510

Ile Arg Lys Leu Tyr Gln Phe Tyr Ser Ser Cys Ber Pro Ser Ala Pro
515 320 525

Lys Thr Lys Thr Thr Thr Asn Asp Ser Met Asp Asp Thr Leu Mat Glu
530 535 540

Asn Glu Asp Asp Glu Phe Gin 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 Ser Trp Trp Arg Gly Arg
580 585 580

Val Bla Glu Tyr Pre Ile Leu Thr Gin Ile Ala Arg Asp Val Leu Ala -
595 600 605 :

Tie 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



aaatcttctc ctttgcagtg ggaagaacta atgaagtgtg ctagtgaatg tgacttggat 1080
aaatctaaag ggatctcata tgatgtctca actagatggaattcaaccta tttgatgttg 1140
agggatgcct tatattataa gcctgcacta ataaggctta aaacaagtga tcctcgcagg 1200
wacogatgesm tttgtcctaa agccgaggag tggaagatgg cattaactct ttttaagigt:3@6@oo121
ttgaagaagt tttttgatct cactgaactc ctatctggta ctcaatattc cactgcaaat 1320
ttattttaca aaggtttctg tgagataaag gatt&%{gg accaatggtg tgttcatgaa 1380
aaatttgtca ttaggagaat ggccgttgca at aaa agtttgagaa atattggaaa 1440
625 gtgictaata ttgcactgagg tgtagcatgc ticcttgass ctaggtacaa gaaaatgitg 1500
attgagttct atatgaaaaa atttcatggt gattcataca aagttcatgt agatgacttt 1560
Ale Htadggiéa ttddaanatt Yratchatt¥ahticadit ytagtcétte dgetciaaatrl1620
acaaagacaa e?ctaatga tagtatggat ?accttga tggaaaatga6§§atgatgaa
Thr 1£80nYlca3aRet aligcalga:gitgargoal talgalcaagdagagicaaasigaatiggat
1740 aa@détatgt ctgaacccct tttgaagcat agtggtcagt ttgettatttt atcatggtgg
800 . a gg ttgcagaata tcctattctc acccaaattg caagggatgt
the Zgalcata%]%%%g%%%% %&a&%g%% cighgctic ¥§59‘%§Fgc&%§té§é’tg%% gfﬁgtcgtgt
tgttgatcct 1920 taccgcaatc gtcttggttc ggagattgtt gaagctttga tatgcacaaa
Ala %gaﬁﬁgglfé@l@% yeadeatciangBaadggtde tathtaittc6aacimtgiettggtgatct
%gaggtgcta 2040 gacﬁ:ciatta ttgctgcetgce aacaddtcat gagaatcata tggatgagga
rro tgaagacgca 2100 atagaatttt ctaagaataa tgaagatgta gcaagtggct cctctcca
705 2148 <210> 11 <211> 2687 <212> DNA <213> Atrtificial <220> X 70
2006/124001 PCT/SG2006/000121 12/48 <223> Modified Ac
<2103 ransposase Construct <220> <221> misc feature <222> (1)._(2685)
<211x223> n may be any nucleotide <400> 11 attaggcttg tacatatgtn
<2lzytt&§dacgc ggctacaatt aatacataac cttatgtatc 60 atacacatac gatttaggtg
<2135 cddtEthE atacaagctt gettgttett titgcagaag 120 ctcagaataa acgctcaact
<zzodtggcagatc cgccaccatg ggtcctccaa agaagaageg 180 taaggtagaa atggctattg
<zz3ftcatgiisteacaattacaa ceartantataAaCeagancei 24

<4Q0G> 9

Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu
1 ) 19

<210> 10

<Z1l> 2148

<212> DNA

<213> Artificiszl

<220> .

<223> KNLS-TPasel03-807 CDS

<400> 10

atgggtecte caaagaagaa gecgtaaggta gasatggeta ttgtteatga accacaacca T&0
caaccacaas Cacsaccaga accacaaccea cagecacaac ctgaacecga agaagaagoa 120
ccacagaags gggcaaagaa gtgcacatcg gatgtatgge ageatticac caagaaggaa 180
attgaagtyy aggtegatgg aaagaaatac gtteaggtat gggggeattg caactitcoct 240
aattgeaagg ctaagtatayg ggotgagggt cétcatggaa caageggatt tcegaaatcac 30¢C
ttgagaacaﬁ cacatagttt'agttaaaggt cagttgtgte taaaaagtga aaaggatcat 360
ggcaaagaca taaatctcat tgagecttat aagtacgatg aagtggttag cctaaagaag 420
ctteatttgy caataatcat geatgaatac cctttcaata ttgtagsaca tgagtacttt 480
gttgagttie ttaagtctet gugecctcac tticcaataa agtccegtgt cactgcotaga 540
aaatatatoca tggatttgta tttggaagaa aaagaaaagt tgtatggaaa actaaaagat 600



acaaccacag ccacaacotg aacccgaaga agaagcacca cagaagaggg
caaagaagtg 300 cacatcggat gtatggcagc atttcaccaagaaggaaatt
gaagtggagg tcgatggaaa 360 gaaatacgtt caggtatggg ggcattgcaa ctttcctaat
W caagget@iagtatagggce 420 tgagggtcat catggaacaa gcggattregragatoaotia) 21
agaacatcac atagtttagt 480 taaaggtcag ttgtgtctaa aaagtgaaaa ggatcatggc
aaagacataa atctcattga 540 gccttataagetacgatgaag tggttagect aaagaagcett
catttggcaa taatcatgca 600 tgaataccct ttcaatattg tagaacatga gtactttgtt
gagtttgtta agtctctgcg 660 ccctcacttt ccaataaagt cccgtgtcac tgctagaaaa
gttcagstatcalgatigtatte 720 ggaagaatigasgatadgiigi-atggaaaagct @aaagatgtso
cagtctcqct tcagtacaac 780 tatggatatg tggacatctt gtcaaaataa gtcatacat
T e e A0 TG o B ce TR gt 20
ctrrttieatgigeaagggegeea Qo0 ggactggesna ag gitatcac-aaaceiteac igeaatcaigo
gttaagtgga acattgagaa 960 aaaattgtttgccttgtctt tggataatge tagtgcaaat

A 9T Rt G BGE A gAtAE TS0 Y abitagh AT tgtAg g At Brbt gt A Ragtttht ©

aatgaSRlOQteett- tettlcatot 1080 gaggtatoct dotcacatas tgaactigattacapaggaty g
ggcttggctg taattgcagg 1140 aacaattgag aaaatcaaag cgattgttct tgctgtaaaa

tgtgategetcCtt thREUEY A IP00 taf Rt Ettr aagig RiCRR g Gaatyiept ety atads
gatggéet%@agggﬁgg@@éa;gaala%%49&%%%%&@9%99@95&99@@9&%&?959agazo

gatgccttat attataagcc 1320 tgcactaata aggcttaaaa caagtgatcc fcgcaggtac
sastcigatgeadttt gtectanageab380t Tgdggagtggraayaiggeat daactetttidasytgtites o

) aagaagtttt ttgatctcac 1440_tgaactccta tctggtactc aatattccac tgcaaattt
L
g gtictgtg g gg gattg gglg g

agggattigicatiarggagaatgge doGa 1A Q200641 240031 REFSECRO06/M00%21 1200
: 13/48 cgtt caatg agtgaaaagt ttgagaaata ttggaaagtg tctaatattg cactagctgt
FaceaEss tagtc%i@%ifﬁacf‘t O Y gt IERRGIT A atalttgtt gﬁﬁfﬁ%aﬁé’éaaa]a%o

ttgaadhll icatggigaldcalacaangdicatglagaigactiigt agggicaliagaaaatigtas o
1740 tcaattctat tctagttgta gtccttaage tccaaagaca aagacaacta ctaatgatag

EERRRHE00 At AratettRitt ARty agA toprgaRtAnnEtaR tetatgakite O

=aattB00 gAAQMAlAl gRIGAAQIAY agicanalaa, altagalana 1alatgicty aacceatit
1920 gaagcatagt ggtcagtttg atattttatc atggtggagg ggaagggttg cagaatatcc

gtatctpgge thHefcAcE CadktgeHy gJdatioet ey caattaagigleaacty ttgettcigac

ategaddad QIGlOLQUC aglgetgatg gtealgligl gatceliag cocaatedte Haglicdoa 5 ¢,
2100 gattgttgaa gctttgatat gcacaaaaaa ttgggg{agca gcatCtagaa aaggtgctac

gttaoRE68 Htattttors: noaEtialy gigattcyaggtigstagac-totgttatty eigetgcaats20
acaaa%&écégt agtae; %;[at? %gzggg @g g%%ggagggagt ac:[:g*? gg:actgg% a gaéca %?a%g% gaé gaat%tég‘:caéaa 1680
ttteaaaact atttgeatya gitgaaggat tatgatcaag tagagtcaas tgaattggat 1740
aaatatatglt ctgaacccct tttgaageat égtggtcagt ttgatatttt atcatggtgg 1800
aggggaaggyg ttgcagaata tcetattcte acccaaatty casgggatgt gctageaata 1860
caagtgtcaa ctgttgette tgagtctgég ttcagtgety gtggtegbgt tgttgatect 1820
taccgeaate gtattggtte guagattgtt gaagettitga tatgcacaaa agattgggta 1280
gcégcatcta gaaaaggtge tacatatttt ccaacaatgs titggtgatcet cgéggtgcta 2040
gactctgtta ttgctgctge aacaaatcat gagaatcaba tgghtgagga tgaagacgca 2100
atagaatttt ctazagaataa tgaagatgta goaagtgget ccototcoca 2148
<210> 11

<211> 2687

<212> DNA

<213> Artificial

<220



agatgtagca agtggctcct ctccatgagc aatgtgtctt atgtttgttg acagatgagc 2340
cttggttgta atagtttatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400
tgtgttttaa actttatatt gtgtcatgtg tgctagtaga cttatatggc ttcttatgtt 2460
Wagstaagygy gececececgggat ctggttacca ctaaaccagc ctcaagaacarcrgaatggeoil
2520 gtctctaagc tacataatac caacttacac ttcacaaaat gttgtccccc aagatgtagc
2580 cattcgtatc tgctcctaat aaaaagy ;\ngtttcttcaca ttctaaaaaa aaaaaaaaaa

2640 aaaaaaaaaa aaaaaaaacc cccCcccccc cceecctgea ggtcgac 2687

<223:<200% 32,5201 Lh 52322 DMA-£213> Zea mays <400> 12 titcatcect g
11 <210> 13 <211> 11 <212> DNA <213> Zea mays <400> 13

tttcatccct a 11 <210> 14 <211> 47 WO 2006/124001

<2202

<521PCT/SG2QQ6/000121. 14/48 <212> DNA <213> Artificial <220> <223>

<222:PCR)PTimesss400> 14 ccaaagaaga agcgtaaggt agaaatggct attgttcatg
<223>gagcata 49 at@10welbok2dd > 27 <212> DNA <213> Artificial <220>
223> PCR Primer <400> 15

<
<400>
attaggecttyg

atacacatac
cteagaataa
taaggtagasa
‘acaaccaéag
cacatoggat
gaaatacgtt
tgagggteat
taaaggtcag
gccttataag
tgaataccct
cccteacttt
ggaagaaaaa
‘tatggatatg
tgatéatgat
cactggccaa
aaaattgttt
aattgaggat
gaggtgtget
azacaattgag
agaactaatg
tgtetcaact
tgcactaata
cgaygaygtyy
tgeactecta

gataaaggat

tacatatgtn gttagaacge ggetacaatt aatacataac ctiatghate

gatttaggtg
acgoteaaat
atggcotattig
ccacaacctg
gtatggcagc
caggtatggy
catggaacaa
ttgtgteoctaa
tacgatgaag
ttcaatattg
ccaataaagt
gagaagttgt
tggacatott
tggtgtotea

aggttatcac

‘gecttgtett

ttgcaggaca
tgtcacatac
aaaatcaaay
aagtgtogcta
agatggaatt
aggcttaaaa
aagatggeat
tckggtacte

ttgattgaco

acactataga
ttggragatc
ttecatgaace
aacccgaaga
atttcaccaa
ggcatigcaa
geggattitcg
aaaglbgaaaa
tggttagoct
tagaacalga
ccegtgteac
atggaazact
gteaaaataa
aaanaagaat
aaaccttcac
tggataatge
ctgattcaaa
tgaactitgot
cgatﬁgttct
gtgaatgtga
caacctattt
caagtgatee
taacteotttl
aatattccac

aatggtytgt

atacaagett
cgocaccatyg
acaaccacas
agaagcacca
gaaggaaalbt
ctttectaat
saatcacttg
ggatcatgge
aaagaageott
gtacttigtt
tygctagaaaa
aaaagatgtt
gtcatacatg
tgttggettt
tgcaatcatyg
tagtogcaaat
totagtttgt
tgeaaaggat
tgctgtaaaa
cttggataaa
gatgttgagyg
tecgcaggtac
taagtgtttg
tgcaaattita

tcatgazaaa

gettgttett
ggtecctecaa
ceacaaccac
tcagaagaggyg
gaagtggagy
tgcaaggcta
agaacatcac
aaagacataa
catttggeaa
gagtttgtta
tatatcatgg
cagtcteget
tgtgtcacca
tttcatgttg
gttaagtgga
gaagtagety
gatggtéctt
ggettggetyg
tecttcteott
tctaaaggga
gatgeotiat
gatgecaattt

aagaagttet

ttttacaaag

tttgtcatta

tttgecagaag
agaagaagoyg
aaccagaacsc
caaagaagtg
tegatggaaa
agtataggge
atagttiagt
atcteattgs
taatcatgea
agtetotgeg
atttgtattt
tcagtacaac
tceattggat
aagggogooa
acattgagaa
tgeacgatat
tocttteatgt
taattgcagy
tgcagtgygga
tctcat%tga
attataagcce
gtcctaaage
ttgatctecac
gtttectgtga

ggagaatgge

60
120
180
240
300
360
420
280
540
600
660
720
780
840
900
960

1020

1080

1200
1260
1320
1380
1440
1500

1560



gtatcgataa gcttgatatc gaattcc 27 <210> 16 <211> 46 <212> DNA <213>
Artificial <220> <223> PCR Primer <400> 16 cgcggatccg ccaccatggg

tcctccaaag aagaagcgta aggtag 46 <210> 17 <211> 27 <212> DNA

WepABs 1A¢tificial <220> <223> PCR Primer <400> 17 gtatcgatasG2006/000121
gcttgatatc gaattcc 27 <210> 18 <211> 23 <212> DNA <213> Artificial
<220> <223> Primer <400> 18 gagaatttca cttgttgact aga 23 <210> 19

<211> 21 WO 2006/124001 PCT/S

<213> Artificial <220> <223>
cottgldate? bQBlRaagt ttgagasata

ageatgette
teatggtgat
teaattctat
tatggatgat
gaaggattat
gaagcatagt
tattecteace
gtctgegtte
gattgttgaa
atattttcpa
aaatcatgag
agatgtagca
cttyggttgta
tgtgttitaa
agcoaaggyy
gtotoctaage
cattcegtate
aaazaazaaa
-<210>
<2Z11>

212>
<213>

12
11
DHA
Zea

<40Q> 12
tttecateceoct

<210>
<211>
<Z212>
<213>

13
11
DA,
Zen

. <4£00> 13
Etteakeget

<2i0> 14
<2ilx> 47

cttgacceta
tcatacaaag
tctagttgta
accttgatgg
gatcaagtag
ggteagtitg
caaattgcaa
agtgctggty
getttgatat
acaatgatty
aatcatatgyg
agtggctoct
atagttitatyg
actttatatt
gececegggat
tacataatac
tgétcctaat

a2aqazalzace

mays

mays

a

ggtacaagaa
ttZatgtaga
gteectteage
aaaatgaaga
agtcaaatga
atattttate
gggatgtgot
gtegtgttgt
gcacaaaaga
ghtgatctega
atgaggatga
ctcecatgage
catgctaagt
gugteatgtg
ctyggttacca
caacttacac
anaaagaang

CCCeCcaceee

6/000121 15/48 <212> DNA

Primer <400> 19 gcgcatgaac tccttgatga c

ttggaaagtg
aatattgatt
tgactttgitt
teccaaagaca
tgatgaattt
attggataaa
atggtggagyg
agcaatacaa
tgatccttac
ttgggtagea
ggtgctagam
agacgcaata
aatgtgtett
gctooagatg
tgetagtaga
ctaaaccago
tttacaaaat
tttettoaca

ceeoootges

tctaatattg
gagttctata
agggtcatta
aagacaacté
caaaactatt
tatatgtcty
ggaagggtty
gtgteaactyg
cgaeaatogte
gceatctagaa
tctgttattyg
gaattttcta
atgtttgttyg
tgagcaagtyg
cttatatgge
ctoaagaaca
gttgteccoe
ttctaaazaa

ggtogac

cactagetgt
tgaaaaaatt
gaaazsttgta
ctaatgatag
tgoatgagtt
aaccectttt
cagaatatcc
ttgcttetga
ttggttegga
aagghtgctac
ctgctgeaac
agaataatga
acagatgagc
attatgaata
ttettatgtt
cecgaatgga
aagatgtage

aaaznazaaaaas

1620
1&80
1740
1800
1860
1920
1980
2040
2100A
2180
2220
2280
2340
2400
2460

2520

2580

2640

2687

11



<211> 716 <212> PRT <213> Artificial <220> <223> NLS-TPasel03-807
<400> 20 Met Gly Pro Pro Lys Lys Lys Arg Lys Val Glu Met Ala lle Val His
151015 GluPro Gin Pro Gin Pro Gin Pro Gin Pro Glu Pro Gin Pro Gin
WRYeoR@128:80 Gin Pro Glu Pro Glu Glu Glu Ala Pro Gin Lys Acy/Adadogmioo121
Lys Cys 3540 45 Thr Her Asp Val Trp Gin His Phe Thr Lys Lys Glu lle
Glu Val Glu. 5055 60 Val Asp Gly Lys Lys Tyr Val Gin Val Trp Gly His
Cys Asn Phe Pro 65 70 75 80 Asti %gLys Ala Lys Tyr Arg Ala Glu Gly
<21 76is iis Gly Thr Her Gly 85 90 95 Phe Arg Asn His Lein Arg Thr Her His
<zi3Herdratis¥aldys Giy Gin Leu 100 105 110 Cys Leu Lys Her Glu Lys Asp
His Gly Lys Asp lle Asn Lou lle GIn 115 120 125 Pro Tyr Lys Tyr Asp Giu
22¥al yal Ser Len Lys Lys Len His Lau Ala 130 135 140 lie lle Met His Gin
Tyr Pro Phe Asn lle Val Glu His Glu Tyr Phe 145 150 155 160 Val Glu
<400Phel¥al Lys Her Lau Arg Pro His Phe Pro Tie Lys Her Arg 165 170 175
ceaay@ i MEIAFGI9Fs THACRE VR ASpateerTyraatrGim Gin Lys Glu 180 18%
190 Lys Leu Tyr Gly Lys Leu Lys Asp Val Gin Her Arg Phe Her Thr Thr
- <2103951.200 205 Met Asp Met Trp Thr Her Cys Gin Aso Lys Ser Tyr Met Cys
:gi;‘zalgl;f_gr WO 2006/124001 PCT/SG2006/000121 16/48 210 215 220

<213> BArtificial

<Z2Z20>
<223> PCR Primer

<400> 15
gtatcgataa goettgatate gaattoe 27

<210> 16

<211> 46

<212> DNA

<213> Artificial

<2Z0>
<223> PCR Primer

<400> 16 ] ‘
cgcggatoog ccaccatggg toctccaaag aagaagegta aggtag 46

<210> 17

<2il> 27

<Z12> DNA

<213> jArtificial

<220>
<223> PCR Primer

<400> 17
gtatcgataa geottgatate gaattce 27

<210> 18

<211» 23

<212> DNA

<213> Artificial

<220
<Z223> Primer

<400> 18
gagaatttea ctigttgact aga 23

<210> 19
<211> Z1



lle His Trp lle Asp Asp Asp Trp Cys Leu Gin Lys Arg lle Val Gly 225 230

235 240 Phe Phe His Val Glu Gly Arg His Thr Gly GIn Arg Leu Ser Gin

Thr 245 250 255 Phe Thr Ala lle Met Val Lys Trp Asn lle Glu Lys Lys Lau

WRNKIE24860 265 270 Lou Ser Lau Asp Asn Ala Ser Ala AsreGivi¥alobimo121

Val His Asp lle 275 280 285 lle Glu Asp Leu Gin Asp Thr Asp Ser Aso

Lau Val Cys Asp Gly Ala 290 295 329 he Phe His Val Arg Cys Ala Cys

His lle Leu Asn Leu Val Ala Lys 30 édi 315 320 Asp Gly Leu Ala Vval lle
<z212Alaptaly Thr lle Glu Lys lle Lys Ala lle 325 330 335 Val Leu Ala Val Lys
<2138ep8eriProdlau GIn Trp Glu Gin Lau Met Lys 340 345 350 Cys Ala Ser
<220>Glu Cys Asp Leu Asp Lys Ser Lys Gly lle Ser Tyr Asp 355 360 365 Val
<223>ehIfArg Trp Asn Ser Thr Tyr Leu Met Leu Arg Asp Ala Leu 370 375

380 Tyr Tyr Lys Pro Ala Lee lle Arg Lou Lys Thr Ser Asp Pro Arg Arg
<400:385.390. 395 400 Tyr Asp Ala lle Cys Pro Lys Ala Glu Glu Trp Lys Met
9eg S EEUFRT A05%416 415 Leu Phe Lys Cys Lau Lys Lys Phe Phe Asp L&k

Thr Glu Lou Lou Ser 420 425 430 G1y Thr Gin Tyr Ser Thr Ala Asn Leu
<210PhedTyr Lys Gly Phe Cys Glu 435 440 445 lle Lys Asp Lau lle Asp Gin
<2LLl71rp/ys Val His Glu Lys Phe Val lle 450 455 460 Arg Arg Met Ala Val Ala
so 2 MelSer.GluLys Phe Gin Lys Tyr Trp Lys 465 470 475 480 Val Ser Asn

lle Ala Lein Ala Val Ala Cys Phe Lou Asp Pro Arg Tyr 485 490 495 Lys

<220% ys |le Leu lle Glu Phe Tyr Met Lys Lys She His Gly Asp Ser 500 505 510
<223> " NLS-TPasel03-807

<400> 20

Met Giy Pro Pro Lys Lys Lys Arg Lys Val Glu Met Ala Ile Val His
1 5 10 ’ i5

Glu Pro Gln Pro Gln Pro Gln Pro Gln Pre Glu Pro Gin Pro Giln Pro
20 25 30

Glr Pre Glu Pro Glu Giu Glu Ala Pro Gln Lys Arg Ala Lys Lys Cys
35 40 45

Thr Ser Asp Val Trp Gln His Phe Thr Lys Lys Glu Ile Glu Val Glu

50 55 60

yal Asp Gly Lys Lys Tyr Val Gin Val Trp Gly His Cys Asn Phe Pro
g5 70 75 - 80

Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly His His Gly Thr Ser Gly
85 90 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 Glu .
115 120 125

Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys Lys Lep His Leﬁ Ala
130 _ 135 140G

o
]
o]

Ile Tle Met His Glu Tyr Pro Phe Asn Ile Val Glu His Glu Tyr Fhe
145 150 155 160

Val Glu Phe Val Lys Ser Leu Arg Pro His Phe Pro Ile Lys Ser Arg
165 170 175

Val Thr Ala Arg Lys Tyr Ile Met BAsp Leu Tyr Leu Glu Glu Lys Glu
180 - 185 180

Lys Leu Tyr Gly Lys Leu Lys Asp Val Gln Ser Arg Phe Ser Thr Thr
185 200 . 205

Met RAsp Met Trp Thr Ser Cys Gin Asn Lys Ser Tyr Met Cys Val Thr



Tyr Lys Val His Val Asp Asp Phe Val Arg Val lle Arg Lys Leu Tyr 515 520
525 GIn Phe Tyr Ser Ser Cys Ser Pro Ser Ala Pro Lys Thr Lys Thr Thr
WO 2006/124001 PCT/SG2006/000121 17/48 530 535 540 Thr Asn Asp
v&eriveAmp Asp Thr Lau Met Glu Asn Glu Asp Asp Glu 54p&H00e:560 21
Phe GIn Asn Tyr Leu His Glu Lau Lys Asp Tyr Asp GIn Val Glu Ser 565
570 575 Asn Glu Leu Asp Lys Tyr ‘Eger Glu Pro Leu Leu Lys His Ser
Gly 580 585 590 GIn Phe Asp lle Leu Ser Trp Trp Arg Gly Arg Val Ala Glu
Aiyr Pro 595 600 605 zHe Lou Thr Gin lle Ala-Arg Asp Val Leu Ala lle Gin
Val Set Thr 610 615 620 Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly Ara
St Va Vet Asp Pre ?gg 30 B35 640 “Pyr Ay Ash 2rg Lée By Sév Glu lle
Val Glu Ala Lou lle’Cys Thr 645 650 655 ys Asp Trp Val Alf Ala Ser Arg
Phe iys Bly Al T Tyr,PhesProsThh-660,665.648;Met:lleGly Aspd-eu Glu Val
Leu Asp Ser &4l lle Ala Ala Ala Th2375 680 685 Asn Hi&s6&lu Asn His
t.Asp-Glu Asp.Glu Asp.Ala eG'nP% S r67?106 5700 Lys Asn Asn
Fae 1(“34% z,és%p é%l AMA?E é%fll (%%@rp H%EE‘P%@? B ‘) %ﬁio@‘ilﬁéﬁlb 24
<212> DNA <213> Artificial <220> <223> Primer <400> 21 ccgtttaccg

Leu tATedoy Ale Ser Ala Rsn Glu Val Ala Val His Asp Ile
St&fg@? @ ) 280 285

Ile Glu Asp Leu Gln Asp Thr Asp Ser Asn Leu Val Cys Asp Gly Ala
290 285 300

Phe Phe His Val Arg Cys Ala Cys His Ile Leu Asn Leu Val Ala Lys
345 310 315 320

Asp Gly Leu Ala Val Ile Ala Gly Thr Ile Glu Lys Ile Lys Ala Ils
325 330 335

Val Leu Ala Val Lys Ser Ser Pro Leu Gln Trp Glu Glu Leu Met Lys
340 345 350

Cys Ala Ser Glu Cys Bsp Leu Asp Lys Ser Lys Gly Ile Ser Tyr Asp
' 385~ 360 365

Val Ser Thr Arg Trp Asn Ser Thr Tyr Leu Met Leu Arg Asp Ala Leu
370¢ 375 38¢C

Tyr Tyr Lys Pro Ala Leu Ile 2rg Leu "hr Ser Asp Pro Arg Arg
385 380, 395 400

[
bl
o

Tyr Asp Ala Ile Cys Pro Lys Ala Glu Glu Trp Lys Met Ala 'Leu Thr
405 410 415

*-Leu Phe Lys Cys Leu Lys Lys Phe Phe Asp Leu Thr Glu Leu Leu Ser
420 7 425 430

Gly Thr Gln Tyr Ser Thr Ala Asn Leu Fhe Tyr Lys ély Phe Cys Glu
435 440 445

Ile Lys Asp Leu Ile Asp Gln Trp Cys Val His Glu Lys Phe Val Ile
450 455 460 '

Arg Aryg Met Ala Val Ala Met Ser Glu Lys Phe Glu Lys Tyr Trp Lys
465 470 475 480

Val Ser Asn Ile Ala Leu.Ala Val Ala Cys Phe Leu Asp Pro Arg Tyr
485 490 495

Lys Lys Ile Leu Ile Glu Phe Tyr Met Lys Lys Phe His Gly Asp Ser
: 500 5058 510

Tyr Lys Val His Val Asp Asp Fhe Val Arg Val Ile Arg Lys Leu Tyr
515 : 520 525

Gln Phe Tyr Ser Ser Cys Ser Pro Ser Ala Prg Lys Thr Lys Thr Thr



<210> 22 <211> 22 <212> DNA <213> Artificial <220> <223> Primer

<400> 22 cgttccgttt tcatttttta cc 22 WO 2006/124001

PCT/SG2006/000121 18/48 <210> 23 <211>20 <212> DNA <213>
WaArtifigiak4«@20> <223> Primer <400> 23 cggtcggtac gggatttber g 2ei k0w 21

24 <211> 24 <212> DNA <213> Artificial <220> <223> Primer <400>

24 cgattaccgt atttatcccg ttcg 24 <2 a? 25<211> 19 <212> DNA <213>

Artificial <220> <223> Primer < 55 ccggtatatc ccgttttcg 19 <210>

536 <211> 21 535 ‘ 540

Thr Asn Asp Ser Met Asp Asp Thr Leu Met Glu Asn Glu Asp Asp Glu
545 550 555 560

Fhe Gln Asn Tyr Leu His Glu Leu Lys Asp Tyr Asp Gln Val Glu Ser
565 570 575

Asn Glu Leu Asp Lys Tyr Met Ser Glu Pro Leu Leu Lys His Ser Gly
580 585 5580

Gin Phe Asp Ile Leu Ser Trp Trp Arg Gly Arg Val Ala Glu Tyr Pro
585 600 605

Ile Leu Thr Gln Ile Ala Arg Asp Val Leu Ala Ils Gln Val Ser Thr
610 615 620

Val Ala Ser Glu Ser Ala Phe Ser Ala Gly Gly Arg Val Val Asp Pro
625 630 €35 640

Tyr Arg Asn Arg Leu Gly Ser Glu Ile Val Glu Bla Leu Ile Cys Thr
645 650 655

Lys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala Thr Tyr Phe Pro Thr
660 665 674

" Met Ile GLy Aép 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 Asp Ala Ile Glu Phe Ser

6a0 695 700
Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Sexr Pro
705 7L0 715
<210> 21
<211> 24
<212> DNAB

<213> Artificisl

<220
<223> Primear

_ <400> 21
ccogtttaccg ttttgtatat ccog C 24

210> 22

<211> 22

<212> DNA

<213> ArtiFficial

<Z20>
<223>» Primer

<400> 22
cgttecgitt tegtttttta ceo 22



<212> DNA <213> Artificial <220> <223> Primer <400> 26 gaaattgaaa
acggtagagg t 21 <210> 27 <211> 16 <212> DNA <213> Artificial <220>
<223> Primer <220> <221> misc feature <222> (1)..(16) W(r)
W20B861124801 PCT/SG2006/000121 19/48 <223> n may beramysG2006/000121
nucleotide <400> 27 wgtgnagnan canaga 16 <210> 28 <211> 16 <212>
DNA <213> Atrtificial <220> <223> Primer <220> <221> misc_feature

<222>(1)..(16) <223> n may be an&lgff’[jgc

leotide <400> 28 wcagntgwtn

<21050t0Gtg 16 <210> 29 <211> 16 <212> DNA <213> Artificial

<211i> 20
<Z1i2> DNA
<213> Artificial

<220>
<223> Primer

<400> 23
cggteggtac gggatitice

<210> 24

<211> 24

<212>  NA

<213> Artificial

<220>
<Z223> Primer

<400> Z4
cgattaccgt atttatcecceg tteg

<210> 25

<211> 19

<212> DNA

<213> Artificial

<220>
<Z223>» Primer

<400> 25
ceggtatate cegtttteg

<210> 26
<21ix> 21
<212> 'DNA

| <213> Artificial

<220>
223> Primer

<400> 28
gaaattgaaa acggtagagy t

<210> 27

<211> 16

<Z21Z2> DNA

<213> Artificial

<220>
<223> Primer

<220>
<221> misc feature
<222> {1}..{i6)

20

24

18

21



<220> <223> Primer <220> <221> misc feature <222> (1).-(16) <223>n

may be any nucleotide <400> 29 sttgntastn ctntgc 16 <210> 30 <211>

16 <212> DNA <213> Artificial <220> <223> Primer <220> <221> misc
weae 24822> (1)-(16) <223> n may be any nucleotide <408>T3@:2006/000121

ncasgawagn cswcaa 16 WO 2006/124001 PCT/SG2006/000121 20/48

<210> 31 <211>4 <212> PRT <213> Zea mays <400> 31 Net Ala lle

Val i<210> 32 <211> 25 <212> DNA®<213> Artificial <220> <223>

<223Z€a maysDs.flanked by zgbrafish DNA <400> 32

<400> 27
wgtgnagnan canaga 16

<210> 28

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<z21> misc_feature

<22z2> {(1)..(l1l6)

<223> n may be any nucleotide

<400> 28 :
© weagntgwtn ghnotg 16

<210> 23
<211> 16
<212> DHNA
<213> Artificial

<220>
<223> Primer

<220>

<221> misc feature

<222>  (1y..{16}

<Z23> n may be any nucleotide

<400> 29
sttgntastn ctntge ) ) 16

<210> 30

<211> 186

<212> DNA&

<213> BArtificial

£220>
<223> Primer

<220>

<221> migc feature

<222> ({1}..(18§)

<223> n may be any nucleotide

<400> 3¢
ncasgawagn CSwWCad ) ' 16



catgttgaac tgactaggga tgaaa 25 <210> 33 <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>
WAYtifiziab«B20> <223> Zea mays Ds flanked by zebrafish DRAr/s@ 057086121
tatatgcttt tctttaggga tgaaa 25 <210> 35 <211> 25 <212> DNA <213>
Artificial <220> <223> Zea mays Ds. flanked by zebrafish DNA <400> 35
tttcatccct gcttttcttc tgctg 25 <210> O 2006/124001
<210PCI/SG2006/000121 21/48 <211> 2148 <212> DNA <213> Atrtificial
<211x220> <223> NLS(KSE)-TPaselO03-807 CDS <400> 36, atgggtcctc
zggi(:aqg@amaa aa gcgtaaggta gaaatggcta tigticatga accacaacca 60
caaccacadcC cacaaccaga accacaacca cagccacaac ctgaacccga
<400:agaagaagca 120

Met Ala Ile Val
1

EXN

<210>» 32

<211i> 25

<212> DNA

<213> Artificial

<Z20> ‘
<223> Zea mays Ds flanked by zebrafish DHA

<400> 32
catgttgaac tgactaggga tgaaa 25

<210> "33

<211l> 25

<212> DNA )
<213> Artificial

<220>
<2Z23> Zea mays Ds flanked by zebrafish DNA

<400> 33
tttcatecet ggaachtgacoe gteat 25

<210> 34

<211> 25

<212> DNA

<213> Artificial

<220> .
<Z2Z23> Isa mays Ds flanked by zebrafish DNA

<400> 34
tatatgcttt tetttaggga tgaaa 25

<210> 35

<211> 25

<21z2> DNA

213> Artificial

<220>
<223>» Zea mays Ds flanked by zebrafish DNA

<400> 35
tttecatocet getttteotte tgetg ' 25

<210> 36



ccacagaaga gggcaaagaa gtgcacatcg gatgtatggc agcatttcac caagaaagaa
180 attgaagtgg aggtcgatgg aaagaaatac gttcaggtat gggggcattg caactttcct
240 aattgcaaag ctaagtatag ggctgagggt catcatggaa caagcggatt tcgaaatcac
wIDeotgagaacat cacatagttt agttaaaggt cagttgtgtc taaaaagtgarasaggmieains 21
360 ggcaaagaca taaatctcat tgagccttat aagtacgatg aagtggttag cctaaagaag
420 cttcatttgg caataatcat gcatgaatac cctttcaata ttgtagaaca tgagtacttt 480
gttgagtttg ttaagtctct gcgccctcac ttccdatia agtcccgtgt cactgctaga 540
<27 1-Aa3lgatca tggatttgta tttggaagaa aaagaaaagt tgtatggaaa actaaaagat 600
<z12:gtteagtctc gettcagtac aactatggat atgtggacat cttgtcaaaa taagtcatac 660
<2137atgigtgtEarteatccattg gattgatgat gattggtgtc tccaaaaaag aattgttgge 720
<anpdtititcatg ttgaagggeg ccacactgge caaaggttat cacaaacctt cactgcaatc 780
<oozAtggitaaelk ggaacaitga. gaaaaaattg titgecttgt ctttggataa tgctagtgca 840
aatgaagtag ctgtgcacga tataattgag gatttgcagg acactgattc aaatctagtt 900
<4°°’t9t§étg tg ctttctttca tgtgaggtgt gettgtcaca tactgaactt ggttgcaaag 960
rIsgatgyct aaagﬁg%%%?tg’é%ggﬂ&a?a Aaff YA EaAACA BaGRoat G RAfgeRfta 1020°°
caacARACLEHIESagIe 9gragaaCIa-al0ARgI0e claglgagto dgactiagat 1080 4
aaatctaaag ggatctcata tgatgtctca actagatgga attcaaccta tttgatgttg 1140
ccacaiiggatgeeriattatat Yoy tatiaramagetta amidaagfgateetegeayg 1200
artodBFORAI06AA tigicrlan 06c0a99a0 [agaagalg cattaaciel THaaglgl 1260,
ttgaagaagt tttttgatct cactgaactc ctatctggta ctcaatattc cactgcaaat 1320
aattqeafite ca azigtttgagiatnag Gatitgatee aceaatggig totteatgaa 4380 300
attiogtca tta aat.ggccgttgca atgagtgaaa agtttgagaa atattggaaa 1440
e Noe e Do o A HbAcE SPopSh a8 CHARAIANg 1500
gocamitgagttci-atatyedaagaiticatgyt-gaticataca aagiteatgi Agageaciiai560 YO
'cttcazt(?: 6/124001 EC;F/SG%OOGJOOOlZl 22/48 gttagggtca ttagaaaatt
Gtatcaatic FARCIAGH TRUTca It agcteeadig 1650° BtdEagaraeEhtaatga’
gtrgdegiaigged galaceligadgganaatga-agalgatgas el icaaaact-atilgcatga,
ttgaaggat tatgatcaag tagagtcaaa tgaattggat 1740 aaatatatgt ctgaacccct
222t 3R CAY Hythdttant 1yttt SRATRAYY 1800 EgatRasiaRrtegeagaatdd®
grrcdgelaticieacccaaatig.caagagatal-getageaata 1860, caaqigicaa cigttgctie,
tgagtctgcg ttcagtgctg gtggtcgtgt tgttgatcct 1920 taccgcaatc gtcttggttc
atatghgapatit grageatgatageaaas dgatgiytecto8dgeagehtoroge 720
=xv£:322830910C [acalalill ccaagaatga,tggigalct.coagaigela 2040 gacteigtia,
- ttgctgetge aacaaatcat gagaatcata tggatgagga tgaagacgca 5160 atagaatttt
atgotErrafadtaatyayatyergeatetgyciactictota2tdfyatas tgctagtgea 840

aatgaagtayg chgtgcacga tataattgag gatttgceagg acactgattc aaatctagtt 900
tgtgatggtg ctitctttea tgtgaggtgt gottgtcaca tactgaactt ggttgoaaag 860
gatggéttgg_ctgtaattgc aggaacaatt gagaaaatca aagegattot tottgotgota 1020
aaatettotce ctttgeagty ggaagaacte atgaaghtgty ctagtgsatg tgactbtggat 1080
azatctaaag ggatctcata tgatgtctcea adtagatgga attcaaccta tttgatgttg 1140
agggatgoet tatattataa gcotgeacta ataéggctta aaacaagtga tcctcgeagy 1200
tacgatgeaa tttgitcoctaa ageogaggas tggaagatgg cattaactet ttttaagtgt 1260
ttgaagaagt tttttgatet cactgaactc ctatctggta cteaatattc cactgoaaat 1320
ttattttaca aaggttfctg tgagataaag gatttgattg accaatggtg tgtteatgaa 1380
aaatttgtca ttaggagaat ggecgttgea atuactgasza agtttgagasz atattggaaa 1440
gtgtctaata ttgcactage tgtagecatge ttecttgace ctaggtacaa gaaaatattg‘ 15G0¢

attgagttct atatgaaaaa attteatggt gattcataca aagttcatgt agatgactit 1560



<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
wWittageasgelggctacaatt aatacataac cttatgtatc 60 atacacatac gatttegmig/ 000121

acactataga aaacaagctt gcttgttctt tttgcagaag 120 ctcagaataa acgctcaact

ttggcagatc cgccaccatg ggtcctccag agaagaagcg 180 taaggtagaa atggctattg

ttcatgaacc acaaccacaa ccacaacctc é&tgcagaacc 240 acaaccacag

ottagBGREAAGEI0LAAG6CYAA0].A0aR9CACCA £AJAG0a000.caaa0aaglg 300 g
cacatcggat gtatggcagc atttcaccaa gaaggaaatt gaagtggagg tcgatggaaa 360

acazagaceacyit caggatygy: guoatgcaacitticetaat tgeasgyet e agtatagggc 42080
tgagggtcat catggaacaa gcggatticg aaatcacttg agaacatcac atagtttagt 480
e R T ot S s e Saag At da A tdicaga 540
aaata@ectiatangtacgatgaag;tggitagcel anagaagcit gatiggeaa taateatgen 60k oo
_ tgaataccct ttcaatattg tagaacatga gtactttgtt gagtttgtta agtctctgcg 660
R99IIRREH Gt R R AGTEREN R AT tGERTad a2 EHRIE AT g HHRISHR 720 WAS®

caagt 0O/ 124003 RPLTISGA060001215:23/48 ggardaegaa gaaradiigt 1920

, atggaaaact aaaagatgtt cagtctcgct tcagtacaac 780 tatggatatg tggacatctt
taccogicigadita s gECAfaCERP RItoIE AcE Rt gHat BATRiGRy et tgretbtctcd 280

goagcdfaanagaat Jgtiggett tticatgtg &%QQQ&Q&CQQ%% aclogecaa.agglatcag, o

aaaccttcac tgcaatcatg gttaagtgga acattgagaa aaaattgttt gccttgtctt
gactcipjatadtyctagtgcasmtagasgtdgoty tgtacyatay 1020 vaatigeggat ttgcaggact

aragagidaUCRAR LEANIGL gataqiactt icticatdl 1080, gagglotgot tgteacatac
tgaacttggt tggcaaaggat gc ggc?g tadt cagg aacaattgag
aaaatcaaag cgattgttct tgctgtaaaa tettctcctt tgcagtggga 1200 agaactaatg
<210>aa§7c tgcta gtgaatgtga cttggataaa tctaaaggga tctcatatga 1260 tgtctcaact
S agaifbaatt caacctttt gatgtt tgccttat attat 1320 tgcactaat
<»12-20alggaatt caaccttttt gatgttgagg gatgccttat attataagcc gcactaata
<213>aggetiaaaasgaagtgatcc tcgcaggtac gatgcaattt gtcctaaagce 1380

2148

<Z2Z20>
<223> Medified Ac Transposase Construct

<220>
<221> misc feature
<22Z2»  (20}..{20)
<Z23> =n is 3, o, g, or t
<400> 37
" attaggettyg tacatatgtn gttagaacge ggotacaatt aatacataac cttatgtatce &0
atacacatac gatttaggtg acactataga atacaagctt gctitgttett tttgeagaag 120
cteagaataa acgctcaact ttggecagatce cgecaccatyg ggtectocag agaagaagey 1840
taaggtagaa atggctattg ttcatgaacc acaaccacaa CORECIACTAC aacUagaace 240
acaéccacag ccacaacctg aaceogaags agaageaccea cagaagaégg cazagaagtyg _300
cacateggat gtatggoage atttcaccaa gaaggaaatt gaagtggagg tcogatggaaa 360
gaaatacgtt caggtatggg ggcattgeaa ctttoctaat tgeasggeta agtataggge 420
tgagggtcat catggaacaa geggatttog aaatcacttyg agaacatcac atagtittagt - 480
‘taaaggtcayg ttgtgtctaa =aaagtgaaaa ggatcatgge azagacataa atcteatiga 540
gocottataag tacgatgaag tggttagect azsagaagett catttygeas taatcatgéa 600
tgaataccct titcaatattg tagzacatga gtacttigtl gagtttgtta agtctcotgeg 660
goctcacttt ccaataaagt ceceghtgtead tgctagaaaa tatatcatgyg atttgtattt 720



cgaggagtgg aagatggcat taactctttt taagtgtttg aagaagtttt ttgatctcac 1440
tgaactccta tctggtactc aatattccac tgcaaattta ttttacaaag gtttctgtga 1500
gataaaggat ttgattgacc aatggtgtgt tcatgaaaaa tttgtcatta ggagaatggc 1560
Wiytgoaatgiagtgaaaagt ttgagaaata ttggaaagtg tctaatattg cactagetgt:®2@o0121
agcatgcttc cttgacccta ggtacaagaa aatattgatt gagttctata tgaaaaaatt 1680
tcatggtgat tcatacaaag ttcatgtaga tgactttgtt agggtcatta gaaaattgta 1740
tcaattctat tctagttgta gtccttcagc tcca&% ca aagacaacta ctaatgatag 1800
ssaadiggatgal acetioatgg anaalgaaga, loalgaattt. caanacialt lgcaldagtt 1860, o

gaaggataat gatcaagtag agtcaaataa attggataaa tatatgtctg aacccctftt 192

tatgaghage diagp Gateag ity statitrc SittycEgy 'ggaagggtty tagaatatee 198040
tcaactg ttgcttctga 2040

fatictcace caaattacaa at t agcaatacaa gl
tgatggtc%gcgtgcg a%ct%%%g%a a&%%?&%%&%?@é’ﬁ%&é c%%gaa htctg§ieggT 2100 °°
cactugattgitgag getitgatat-gcacaaaagatigggtagcagealgtagas.aagaigeiac 2166o
aaaa+%ta}:ttt§cca %gczagtgattg t%atctcga ggtgctagac tctgttattg ctgctgcaac 2220
“adatcatyss éi’afcattatta%a fFag5atag HGaryc HATG At th9Ga5t atga 2580
aatt-agaigtagea-agtagctag)-clecalgage-aatgigictiatoitigig acagaigags2349,,
- _Ccttggttgta atagtttatg catgctaagt gctccagatg tgagcaagtg attatgaata 2400
93T it SRR GEGREHEIg tottagtagarcnantEoReRdtgtt2aeme 1140
aacaa@9668a00d9-deebcoanal elgattacca Glaaaceage G16AAgaaca Leedaatgga,,
2520 WO 2006/124001 PCT/SG2006/000121 24/48 gtctctaagc
ageaciFcAtA SRR et dag At ra sttt eeectakgatgtage 2580 teattcgtate 60
ratotigglecta aagaaag fticttcaca [iclaaaaaa agaagaaaag 2640
gtCtaaaaaa%tggg%aaaggga%cacC(?cggé E%gcggcgc%%%%%?gg2%:%8%%‘:5210%3@
tgcack @4l HfyccPdP= RDNAtIR13> Adctificiat <2285 g€2282: Rrtbera 400> 38a0

cgaggca:tctaact%% ca%g£cc C Ccta}:ccatg cat gtégit:tgiiatgagaccacaaCC 50 <210> 39

SOS B SBTS DNKE015S Afiificial w0 2a9aagttit ttgatcteac 1440
tgaactoeta tctggtacte aatattcoac tgoaaattta ttttacaaag ghttotgtga 15060
gataaaggat ttgattgaco aatggtgtgt tcatgsamaa tttgtecatta ggagaatggo 1560
cgttgeaaty agtgazaagt ttgagaamata ttggasaghg tctaatattg cactagetgt 1620
ageatgotic cttgacccta gytacaagaa aatattgatt gagtictata tgasaaaatt 1680
tecatggtgat tcatacaaag ttoatgtaga tgactttott agggtcatta gaaaattgté 1740
tcaattetat Lctagttgta ghtoecttcage tccaaagaca aagacaacta ctaatgatay 1800
tatggatgat accttggtgg aaaatgaaga tgatgaattli caaasctatt btgeoatgagtt 1860
gaaggattat gatcaagtag aqtcﬁaatga attggataaa tatatgtctg aacocctttt 13826
gaagcatagt ggtcagtttg‘atattttatc atygtaggagyg ggaaggyttg cagaatateg 1980
tattcteace caaattgeaa gggatgtgot agcaatacaa gtgtcaactg'ttgéttctga 2040
gtctchttc agtgctggtyg gtogtgttot tgatcoccttac dgcaatcgtc ttggttogge 23100
gattgttgaa gctttgatat gcacaaaaga ttggotaged geatctagaa aaggtgetac 2160
atattttoca acsatgattg gtgatctcga ggtgetagac tetgttattyg ctgctgcaac 2224
aaatcatgag aatcatatgyg atgaggatga agacgcsata gaatbbteta agaataatga 2280
agatgtagcé agtggeteet ctccatgage aatgtgtett atghttghtg acagaﬁgagc 2340
chtggtigta atagtttatg catgetaaglt gcetccagatg tgageoaagty attatgaata 2400
tgtgttttaa actttatatt gtgtcatgty tgetagtaga cttatatgge ttcttatgtt 2460
agecaagggy gecccgggat - ctaaaccage ctcaagaaca cccgaatgga 2520

ctggttacca



<220> <223> Primer <400> 39 ggttgtggtt catgaacaat agccatggtg
gcggatctgce caaagttgag 50 <210> 40 <211> 31 <212> DNA <213>
Artificial <220> <223> PCR Primer <400> 40 agagggatcc agctcagaat
wHaaegote@aic 31 <210> 41 <211> 32 <212> DNA <213> Artifivsabeid20w121
<223> PCR Primer <400> 41 agagaccggt cctggagagg agccacttgc to 32
<210> 42 <211> 42 <212> DNA <%gy3> Artificial WO 2006/124001
PCT/SG2006/000121 25/48 <2205¢933> Primer <400> 42 agaagaagcg

grotdaageiagan alggigagea 2goacdageadeA? s2102 43 5211242.52123 54,
DNA <213> Atrtificial <220> <223> Primer

cattcgtatc tgetectaalt aaaaagaaag tttotteaca ttctaaaaaa azazzzazaa 2640

aaapaadsaa aaaaAZBECC CCeOeocece cceccctgca gghcogac 2687

<218> 38

<2L1> 50

<£212> DNA

<213> Artificial

<220>
«<223> Primer

<400> 38
ctcaactttg geagatecge caccatgget attgtheaty aaccacaacc 50

<210> 39
<211> 50

<212> DA

| <213> Artificial

<220
<223> Primer

<4p0> 38
gottgtggtt catgaacaat agcocatoghy geggatotge caaaghtgag 50

<210> 40

<21i> 31

<212> DNA

<213> Artificial

<220>
<223> PCR Primer

| <400> 40
agagggatcc agctcagaat asacgctcaa o 31

<210> 41

<211> 32

<212> DNA

<213> Artificial

<Z20> o
XZZ3> PCR Primer

<4G0> 41
agagaccggt cctggagagy agecacttge ta ) 32

<210> 42

<211> 42

<212> DNA

<213> Artificial



<400> 43 gctcctcgcc cttgctcacc atttctacct tacgcttett ct 42 <210> 44 <211>
716 <212> PRT <213> Atrtificial <220> <223> NLS(K5Ey-TPasel03-807
<400> 44 Met Gay Pro Pro Glu Lys Lys Arg Lys Val Glu Met Ala lle Val
WizedsA24@15 Glu Pro Gin Pro Gin Pro Gin Pro Gin Pro GireBrsGimieee121
Gin Pro 20 25 30 Gin Pro Glu Pro Glu Glu G1u.Ala Pro Gin Lys Arg Ala
Lys Lys Cys 35 40 45 Thr Her Asp ¥ ISTrp, GIn His Phe Thr Lys Lys Glu
lle Glu Val Glu 50 55 60 Val Asp é y Lys Lys Tyr Val Gin Val Trp Gly His
<220:Cys Asn Phe Pro 65 70 75 80 Asn Cys Lys Ala Lys Tyr Arg Ala Glu Gly
<2Z23>HigHms=Gly Thr Her Gly 85 90 95 Phe Arg Asn His Lau Arg Thr Her His
Leu Val Lys Gly Gin Lau 100 105 110 Cys Lou Lys Her Glu Lys Asp

<400>Hej .
é'ytlﬁ(égé%aQeﬁg&gg&geaggc&;?ggz 125 Pro Tyr Lys Tyr Asp Gin
a

agaagE@% : )
Val Val Her Len Lys Lys Leu His Leu Ala 130 135 140 lle lle Met His Glu

Tyr Pro Phe Asn lle Val Gin His Gin Tyr Phe 145 150 155 160 Val Glu
zgigzPthal Lys Her Lau Arg Pro His Phe Pro lle Lys Her Arg WO
<212>2006{124001 PCT/SG2006/000121 26/48 165 170 175 Val Thr Ala Arg
<213>L yariyuclleibtet Asp Leu Tyr Leu Glu Gin Lys Glu 180 185 190 Lys Leu

<22G>Tyr Gly Lys Leu Lys Asp Val GIn Ser Arg Phe Ser Thr Thr

<223> Primer

<400> 43

gctectegoo ctigetcace attteotaceot tacgettett ot , 42

<210> 44

<21l1l> 716

<212> PRT

<213> Artificial

<220>
<223> NLS{K5E}-TPasell3-807

<AQ0> 44

Met Gly Pro Pro Glu Lys Lys Arg Lys Val Glu Met Ala Ile Val His
1 5 10 15

Glu Pro Gln Pro-Gln Preo Gin Pro Gin Pro Glu Proe Gln Pro Gln Pro
20 ‘ -25 30

Gln Pro Glu Pro Glu Glu Glu Ala Pro Gin Lys Arg Ala Lys Lys Cys
35 40 45

Thr Ser Asp Val Trp Gln His Phe Thr Lys Lys Glu Ile Glu Val Glu
50 85 e

Val Asp Gly Lys Lys Tyr Val Gln Val Trp Gily His Cys BZsn Phe Pro
65 70 75 80

Asn Cys Lys Rla Lys Tyr Arg Ala Glu Gly His His Gly Thr Ser Gly
g5 80 95

Phe Arg Asn His Leu Arg Thr Ser His Ser Leu Val Lys Gly Gln Leu
100 1065 . 110

Cys Leu Lys Ser Glu Lys Asp His Gly Lys Asp Ile Asn Leu Ile Glu
115 120 125

Pro Tyr Lys Tyr Asp Glu Val Val Ser Leu Lys Lys Leu His Leu Ala
: 130 135 140G

Ile TIle Met His Glu Tyr Pro Phe Asn Ile Val Glu His Glu Tyr Phe
. 145 -150 155 160

Val Glu Phe Val Lys Ser Leu Arg Pro His Phe Pro Ile Lys Ser Arg



195 200 205 Met Asp Met Trp Thr Her Cys GIn Asn Lys Ser Tyr Met Cys
Val Thr 210 215 220 lle His Trp lle Asp Asp Asp Trp Cys Leu GIn Lys Arg
lle Val Gly 225 230 235 240 Phe Phe His Val Glu Gly Arg His Thr Gly
WoIR0AFg2en Her Gln Thr 245 250 255 Phe Thr Ala lle Met \tatig@20a4§000121
Asn lle Glu Lys Lys Lau Phe Ala 260 265 270 Leu Ser Lea Asp Asn Ala
Her Ala Asn Glu Val Ala Val His Asgé}, 275 280 285 lle Glu Asp Leu Gin
Asp Thr Asp Ser Asn Leu Val Cys Asp &Iy Ala 290 295 300 Phe Phe His
Val Arg Cys Alg Cys His lle Lau Asirkeu Val Ala Lys 305310 315 320
Asp Gly Leu Ala Val lle Ala Gly Thr Ile Glu Lys lle Lys Ala lle 325 330 335
Val 73 Boe ARS VAPLYEHEHE Pe 40 GRY TrEEGIA'GIG LedWetiys 340
345 350 Eys Ala Her Glu Cys A%gp Lau Asp Lys Her Egc}g Gly lle Ser Tyr
Lys 18D T3b5:3060365 Mat.gendhrdry trp Ash Her Bhe Tag-l ew-MetLau Arg
Asp ¥a Leu 370 375 380 <Pgr Tyr Lys Pro Ala L&®flle Arg Leu Lys Thr Ser
sp,Pro Arg Arg 385 390 395.400_Tyr Asp.Ala lle Cys Pra Lys Ala Glu
Hes ﬁﬁ?%ﬁ L§§ I\%ré% A%%IL%ET r“4%55“4ﬁ5¥4i&‘?;r @é Phe @x(/’?, ??% 25 Lys Lys
Phe Phe Asp Leu Thr Glu Lou Leu Her 420 425 430 Gly Thr GIn Tyr Ser
ge Higr Rta ASh Bea Pae Ts¢ 1578 ClpPre Cys G 435 449 445 GleyLys Asp
> Leulle Asp Gin T?fE)DCys Val His Glu Ly§Phe Val lle 450 455 780 Arg Arg
phe Met:hla Val AlauMet SerGinl ysPheyGiud ¥s-J Welrpdy 146470 475
480 Val Ser &sn lle Ala Lou Ala V&bAla Cys Phe Leu AstpPro Arg Tyr

Phe Thr Ala Ile Met Val Lys Trp ZAsn Ile Glu Lys Lys Leu Phe Ala
260 265 270

. Leu Ser Leu Asp Asn Ala Ser Ala Asn Glu Val Ala Val His Asp Ile
’ 275 ‘ 280 285

Ile Glu Asp Leu Gln Asp Thr Asp Ser Asn Leu Val Cys Asp Gly Ala
290 285 300

Phe Phe His Val Arg Cys Ala Cys His Tle Leu Asn Leu Val Ala Lys
305 310 315 - 320

Asp Gly Leu Ala Val Ile Ala Gly Thr Ile &©lu Lye Ile Lys Ala Ile
3258 330 _ 335

Val Leu Ala Val Lys Ser Ser Pro Leu Gln Trp Glu Glu Leu Met Lys
: 340 345 350

Cys Ala Ser Glu Cys Asp Leu Asp Lys S8er Lys Gly Ile Ser Tyr Asp
355 360 ‘ - 365

Val Ser Thr- Arg Trp &sn Ser Thr Tyr Leu Met Leu Arg Asp Ala Leu
370 375 3890

Tyr Tyr Lys Pro Ala Leu Ile Arg Leu Lys Thr Ser Asp Pro Arg Arg
385 380 385 400

Tyr Asp Ala Ile Cys Pro Lys Ala Glu Glu Trp Lys Met Ala Leu Thr
405 410 " 415

Leuw Phe Lys Cys Leu Lys Lys Phe Phe Zsp Leu Thr Glu Leu Leu Ser
420 425 430

Gly Thr Gln Tyr Ser Thr Ala Asn Leu Phe Tyr Lys Gly FPhe Cys Glu
435 440 445

fie 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 Asn Ile Ala Leu Ala Val Ala Cys Phe Leu Asp Pro Arg Tyr



WO 2006/124001 PCT/SG2006/000121 27/48 485 490 495 Lys Lys lle
Leu lle Glu Phe Tyr Met Lys Lys Phe His Gly Asp Ser Soo 505 510 Tyr
Lys Val His Val Asp Asp Phe Val Arg Val lle Arg Lys Leu Tyr 515 520 525
WeipeRIedDyr Ser Ser Cys Ser Pro Ser Ala Pro Lys Thr Lys TheThGHB6/000121
535 540 Thr Asn Asp Her Met Asp Asp Thr Leu Met Glu Asn Glu Asp Asp
Gin 545 550 555 560 Phe Gin Asn Tyr Lou His Gin Leu Lys Asp Tyr Asp
Gin Val Giu Ser 565 570 575 Asn@fﬁ%lgl_au Asp Lys Tyr Met Her Gin Pro
Lou Lau Lys,klis Ser Gly 580 585,390 Gin Phe Asp lle Lﬁg Her Trp Trp
Arg Gly Arg Val Ala Gin Tyr Pro 595 600 605 lle Lou Thr Gin lle Ala Arg
Lys LaspgMallkeulAta He:GimeVal:Seed iy 610:/6 15:6 2¢ sVal AlasbesGin Ser Ala
Phe Ser®la Gly Gly Arg Val Y4FPAsp Pro 625 630 635 640 Tyr Arg Asn
Tyr ¥OLALGlYSer Gl H&Vﬁl@%ﬁ@rgr%ﬂeﬁgﬂ f&‘réf?@e%ol@% Lys Asp
Trpsval Ala Ala Ser Arg LysoGly Ala Thr Tyr Phed8ro Thr 6607665 670 Met
- lle Gly Asp Leu Glu Val Leu Asp Her Val lle Ala Ala Ala Thr 675 680 685
GLn PR His"eTuTREn s §1Bt Rsp BluAgp éﬁp Rra feclaPhB=Ser '690
695 700 Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser Pro 705 710 715

Thr AsRFEp 4b=221>r202:st2 12> DINAYt2E3> Zee maysss400>AS
545 550 555 560

Phe Gln Asn Tyr Leu His Glu Leu Lys Asp Tyr Asp Gln Val Glu Ser
565 570 575

BRsn Glu Leu Asp Lys Tyr Met Ser .Glu Pro Leu Leu Lys His Ser Gly
580 585 590

Gln Phe Asp Ile Leu Ser Trp Trp Arg Gly Arg Val Ala Glu Tyr Pro
595 600 605

Ile Leu Thr Gln Ile Ala Arg Asp Val Leu Ala Ile Gln Val Ser Thr
610 615 620

Val Ala Ser &lu Ser Ala FPhe Ser Ala Gly Gly Arg Val Val Asp Pro
625 630 635 640

Tyr Arg Asn Arg Leu Gly Ser Glu Ile Val Glu Ala Leu Ile Cys Thr
645 65C 655

Lys Asp Trp Val Ala Ala Ser Arg Lys Gly Ala Thr Tyr Phe Pro Thr
660 665 ’ 670 :

Met Ile Gly Asp Leu Glu Val Leu Asp Ser Val Ile Ala Ala Ala Thr
€75 680 685

Asn His Glu Asn His Met Asp Glu Asp Glu Asp Alz Tle Glu Phe Ser
"690 685 700

Lys Asn Asn Glu Asp Val Ala Ser Gly Ser Ser Pro
705 710 715

<2x0> 45

<211> 292
<Z212> DA
<213> Zea mays

<400> 45

cagggatgaa agtaggatyg gaamatcccg taccgaccgt tatcgtatas cegattttgt 60
tagttttatc cogategatt tegaaccega ggtaamaaac gaaasacggaa cggaaacggg 120
atatacaaaa cggtaaacgy asacggaazc ggtagagota gtiteccgac cgtttcaceg iso

ggatecegtit tittaateggs atgatccegt ttegttaccg tatttictaa ttegggatgs 240

cfgcaacaga tecctegage gettaagtit asacgegtta acaatiggeoe at 292



cagggatgaa agtaggatgg gaaaatcccg taccgaccgt tatcgtataa ccgattttgt 60
tagttttatc ocgatcgatt tcgaacccga ggtaaaaaac gaaaacggaa cggaaacggg
120 atatacaaaa cggtaaacgg aaacggaaac ggtagagcta gtttcccgac
wgtieacogol SO ggatcccgtt tttaatcggg atgatcccgt ttcgttaccg ta@ittiatadoos/eoni21
ttcgggatga 240 ctgcaacaga tccctcgagc gcttaagttt aaacgcgtta acaattggec
at 292 WO 2006/124001 PCT/SG2006/000121 28/48 <210> 46 <211>
1395 <212> DNA <213> Atrtificial €8¥8> <223> pEGFP-N3 fragment
<400> 46 aatagtaatc aattacgggg tcattagttc atagcccata tatggagttc
cgcgttacat 60 aacttacggt aaatggcccg cctggttgac cgcccaacga ccceccgecca
<zl0tgaeégtcaa 120 taatgacgta tgttcccata gtaacgccaa tagggacttt ccattgacgt
zzléiza iiggtgg 180 agtatttacg gtaaactgec cacttggeag tacatcaagt gtatcatatg
<213£C3agtacge 240 cccctattga cgtcaatgac ggtaaatggce ccgectggea ttatgcccag
tacatgacct 300 tatgggactt tcctacttgg cagtacatct acgtattagt catcgctatt
<2203ccatggtga 360 ~tgcggttttg gcagtacatc aatgggcegtg gatagcggtt tgactcacgg
<2239t cég%\34§f)a‘§‘t8{’§caccc cattgacgtc aatgggagtt tgttttggca ccaaaatcaa
<spccgggactttc 480 caaaatgtcg taacaactcc gccccattga cgcaaatggg cggtaggcgt
aatagil@ogytgyyb40Qoagptetataiaageagagekggittagiga accyieagateegetagcoes
anct ttggc gggtqC 600 Cagatctcggg ctcaagcttc gaattctgca gtcgacggta ccgcgggcecc
“§gGatceatc B0 §c R e Y ISR L THGERT RSB ggheee 120
taat JYEHECOGAICCIGAICONG /20 5109RCH959- acolaaacga-ceacaagiic ageatoteeg
cgagggcga gggcgatgec 780 acctacggca agctgaccbt gaagttcatc _
agtatt%%%?&é&é@aﬁéaa‘gcT@EE@@@&G@@B%?&c@é@@@&‘@?@a@@&@@mcgc 240
cccctRECIACHAC-AIGLAIGELICANECOEIA, CAo0aACeas 00 algaageadc acgactiglt

caagtccgec atgcccgaag getacgtcca ggagegecacc 960 atcttcttca

tatggggghegacgtadetacatgatetyegrey: bygtgesigitcgagygegacsdo@d 350
oeaiRClpgIR ARCACAleda 4010200000 aic0Rclica pOgRPacgn caacatecty
1080 gggcacaagc tggagtacCaa Ctacaacagc cacaacgt ata catggc
gtctaggacaagcagattd0 sagageggcaicaaggigaaccticaagaie cgocacaaea 489
caaaa';%;q:a gggggﬁg@gggt gg 12t00 ctcgccgacc actaccagca gaacaccccce
: a a ogdas t
ACYJCOACT JeCeegtget GeigeecHat 1760 %aaeeatidce ighgeacteds  54°
aggtgtiegCeaty APCRAAYACEEGAE0RERA BCOE0aIeaE 1320 tacoggacte 600
agatetegag cteaagetta gaatictgca gtogacygta cogogggoce gagatccate 660
gecaceatyyg tgagecaaggy cgaggagetg thcacoggag tggtgceeat ccotggtogag 726
ctggacyggeyg acgtaasacgg ccacaaghbtc agogtgtcocg gocgagggaga gggegatgeco 780
ecctacgygoca agetgacect gaagttoatc tgceccaceg goaagotgeco cgtgcootgg 840
‘cccaccctcg tgaccaccet gacctacgge gtgeagtget tcaéccgcta ccorgaceac 800
atgaagcagoe acgacttctt caagtecgoce atgoccgaag gotacgtceca ggagoegeans 96¢
atcttcitea aggacgacygg caactacasg acccgegoey agghtgaagtt cgaggsogac 1020
accetggtya accgeatega gotgaagygge ategacttea aggaggacgg caacatecectg 1080
gggcacaage tggagtacaa ctacaacagce cacaacghtcot atatcatggc cgacaagcag 11440
amgaacggea tcaaggtgas cttcaagatce cgocacaaca togaggacygyg cagegtgcoag 1200
ctegoegace actaccagea gaacacccoe ateggegacyg goccogtget gctgecegac 1260
aaccactace tgageaccea ghtocgeoctyg ageaamagace ccaacgagsa gogogabcac 1320
atggteetge tggagttcgt gaccgceogee gggatcacto teggoatggs cgagotgrac 1380
aagtaaagcy googe 1385



atggtcctgc tggagttcgt gaccgecgcec gggatcactc tcggcatgga cgagcetgtac 1380
aagtaaagcg gccgc 1395 WO 2006/124001 PCT/SG2006/0007.21 29/48
<210> 47 <211> 1716 <212> DNA <213> Atrtificial .<220> <223>
wiLB83Peplasmid fragment <400> 47 gatatcgcta gctcgagatggggegataien 2
gcctecgege cgggttttgg cgecceceege 60 gggegecccc tectcacgge gagegetgee
acgtcagacg aagggcgcac gagcgtcctg 120 atccttccge ccggacgcte
aggacagcgg cccgctgctc ataagactcg é%%tagaac 180 cccagtatca
<21 0-0C@gaaggac attttaggac gggacttggg tgactctagg gcactggttt 240 tctttccaga
<zllxgagetggaaca ggcgaggaaa agtagtccct tctcggegat tctgcggagg 300
<zliyafdtecgtg gggcggtgaa cgecgatgat tatataagga cgegeecgggt gtggcacage 360
<213>.ta6ﬁ53c%’tﬁl§2agccggga tttgggtcge ggttcttgtt tgtggatcge tgtgatcgte 420
<220sacttggtgag tagcgggctg ctgggetgge cggggctttc gtggecgeeg ggecgetegg 480
<22ixgggeegyaar yegtgtggageagaccgccaa gggcetgtagt ctgggtccge gagcaaggtt
<40 O>5487 gccctgaact gggggttggg gggagegeag caaaatggceg getgttcceg agtcttgaat
5240 0URR0RCAGI1000RA000 9I0A00L £0198020A. 809000000 . o
catggtgggc 660 ggcaagaacc caaggtcttg aggccitcge ?aatgcggga gagctcttat
S9gCHRYYItgagacF209tg ggctggygecascatetyg ggaccrigas-gtgaagttigdeactgactgo

: «gagaactcgg /80 ttigtcgtct gtge cggcagttat ggcggtgcecg ttgggcagt
avec ca“c%%g‘iﬁgé]aﬁSt‘i‘ttg%%%cga@éq %%cg%‘%c%t%%c%cgfﬁ%agﬁ%a%cc C%%’c%tcgga%?attgg 80
cecadtataatgea$Qag90i6000eRaccig6egeiAGOIY0YS tagustiia tergicgcag o

acgcagggt 960 tcgggcctag ggtaggctct cctgaatcga caggcgccgg
tcmt%%ég:atgggﬁ%%ga@@@aaéﬁﬁ ERicyiva tﬁ%’%ﬁ@ﬁ@“g% gteagice ity gteoeteaatgtacctoC

gatctatEicliag.eingetonag il siceaotithgaactalded £16999091g 8¢a3g19gt 6
" tttgtgaagt tttttaggca 1140 ccttttgaaa tgtaatcatt tgggtcaata tgtaattttc

- PATtraGHtaR tagiaatth - PI0brTEcaEtAaRt tetg jet R i tgttagiee. 420
acttgggeé?&g}g&geg@égﬂ%@g&&ﬁ%zg%a%%%@@Q%QEC&%%@%%%%E%%%%SSS‘C%Q%

gaggaactaa accatggcca 1320 agcctttgtc tcaagaagaa tccaccctca
toooeRgeRagagesadeggclacacatcaacageatt889: teteeatcttyaagastagtt 549

seocBIL0ICH0CR. 0EG0RORIEL Slolageaac ageeacalet 1440 doactagtyl captataigy,

Cattttacty 9gggacctly 1geagaacte giagtgctyg 1500 g
ggaagacgoel tgtgaggegg getutgaggt cgttgasace aggtgggggyg catggtggoc 660
ggcaagaace caaggteottyg aggecttege taatgeggga aagetcttat tegggtgaga 720
tgggotggyy caccatoctgg ggaccotgac gigaaghtty tcactgactg gagaactegg T80
‘tttgtegtet gttgecgggog cggoagttat ggeggtgocg ttgggcagty caccegtace 84Q
tttgggageg cgcgccctcg tegtgtegtg acgtc;cccg ttetgttgge ttataatgea 900
gggtggggcc‘acctgccggt aggtgtgecgy taggetittc tceogtcegcag gacgoaggot 260
tcgggcctag ggtaggctcf cctgaatoega caggegoocgy acctotggby aggggagggas - 1020
taagtgagge gteagtttot ttggtoggtt ttatgtacct atettettas gtagetgaag 1080
cteeggthit gasctatgog ctcggggftg gegagtgbgt ttigtgaagt ttittaggea 11406
cocttttgaaa tgtaatcatt tgggtceaata tgtaatitbttc agtgttagac tagtaaattg 1200
teegotaaat totggeeght thiggetttt ttgttagace ggaccogtgtt gacaattaat 1260
Cathgcata gtatatcgge atagtataat acgacaaggt gaggaactaa accatggecea 1320
agccttigte teaagaagaa tccaccoteoa ttgeaagage aagcggotaca atcaacageca 1380
tocececatete tgaagactac agegtogeca gogeageteot chctagcogac ggoogoatot 1449
'tcadtggtgt caatgtatat cattittactyg ggggaccttg tgcagaacte gtggtgetgg 1500

goactgetge tgctgeggea getggeaace tgactitgtat cgteogegate ggaaatgagsa 15a0



gcactgctgc tgctgcggca gctggcaacc tgacttgtat cgtcgcgatc ggaaatgaga 1560
WO 2006/1.24001 PCT/SG2006/000121 30/48 acaggggcat cttgagcccc
tgcggacggt gccgacaggt gcettctcgat ctgcatcctg 1620 ggatcaaagc
voategégaan gacagtgatg gacagccgac ggcagttggg attcgtgaat 1889/5G2006/600121
tgctgccctce tggttatgtg tgggagggct aagcac 1716 <210> 48 <211> 1062
<212> DNA <213> Artificial <220> <223> Cloning vector fragment with
plasmid replication origin <400> 483ﬁ/€§tggccg aggagcagga ctgacactcg
acctcgaaac ttgtttattg cagcttataa 60 tggttacaaa taaagcaata gcatcacaaa
acagdif@pnantaaggcaltiidicactgea 120, Jictagtiglogtitgicea aagicalcaa 1400
tgtatcttat catgtctgaa ttcccgggga 180 tcctctagac tgtcagacca agtttactca
g9 EATARC TP ARERTANt SRAECHCaE 2UT e gRagt tacaaayyeta Ygermagatc 1680
: tgctgm@ﬁt@gg%ggctggmgggté Q. laacgtgagt titcgttcca ctgagegtca 1716
gaccccgtag aaaagatcaa aggatcttct 360 tgagatcctt tttttctgcg cgtaatctgc
tgcttgcaaa caaaaaaacc accgctacca 420 gcggtggttt gtttgccgga tcaagagcta
<20 %cdciottt ticcgaaggt aactggcetic 480 agcagagegc agataccaaa tactgtictt
<z212:Clagigtagc cgtagttagg ccaccacttc 540 aagaactctg tagcaccgcc tacatacctc
<213ygctetgttdatectgttacc agtggetgcet 600 gccagtggeg ataagtcgtg tcttaccggg

<opptdgactcaa gacgataatt accggataag 660 gcgcageggt cgggetgaac

<223:0089001160 1cRORAAAG,AERA0TNNNA SeURREAARS 120, tacacedaac

tgagatacct acagcgtgag ctatgagaaa gcgccacgct tcccgaaggg
<400>3g4Baggcgg acaggtatce ggtaagegge agggtcggaa caggagageg
eI NG A IR BT cREBRTRITG D 35 AL gtEretitar Abtcerptey gtRcgecab?

t ggt%gaggaggga%g S'g E%E:gyag tg@éga%tg&t@a%gg&ggg @gg g a@g% aana.Z G
cgccagcaa0960 gcggccuntacggncccggccungctggccnng(ncacauﬂn

ttetagggeecagcc- 1020 ggetagaiet gatietcyiay ceycyatarrgtagenagy 1062

tcctc%%&gg égtgggfa]b%a?’ Za%tggg?:zc%? Iéléom‘tagazmgigc% Za%%trgc_a;r'g‘gtfigaggc%%cat

<&0C> 49

240
ttttamattta aaaggatcta ggtgaagétc,ctttttgata atctcatgac caaaatdect 300
tamcgtgagt tttogtteca ctgagcgtca gacccegiag aasagatcaa aggatettet 360
tgagatoetlt tttttctgeg cgbtaatctge tgecttgcaas caaaaaaacc accgotaccesa 420
‘ . goggtggttt gttigocgga tcaagageta ccaactottt ticegaaggt aactggetts 480
agecagagege agataccaaa tactgttctt ctagtotage cgtagttagg cocaceactte 5490
aagaactotyg tagecacégee tacatacctc gotctgetaa toctgttace actggetoet 600
gecagtyggeg ataadtegtg tcttaccggg ttggacteoaa gacgatagtt accagataag 660'
gegeageggt cgggctgaac_ggggggttcg tgcaéacagc ccagcttgga gogaacgace L7200
tacaccgaac tgagatacct acagegtgag ctatgagaaa gogocanget toccgaaggyg 780
agaaagyegy acaggtatee ggtaagegge agggtcggaa caggagagey cacgagggay 840
cticeayggyy gaaacgcecty gtatctttat agteetgteyg ggtttegeoeca cctotgactt 960
gagegtegat ttttgtgatg ctegteaggg gggcggaged tatggaaaaa cgocagcoaac 860
goeggeetttt tacggttcc§ ggcettttge tggectittty ctcacatget gggeccageco 1620
ggcocagatot gagetogegg cogogatatce gqtagctcga‘gg 1062
<210> 49
<211> 370
<212> DHNA
<213> Zea mays



WO 2006/124001 PCT/SG2006/000121 31/48 gacttatatg gcttcttatg
ttagccaaga gcccaagact tatcacttat gtgctacatt 60 aaactatgtg tgctccagat
ttatatggat tttatctatg tttaattaag acttgtgttt 120 acaatttttt atatttgttt ttaagttttg
waatatatgioticatgtgtg attttaccga 180 acaaaaatac cggttcccgt cegastcn@ec/000121
ctttaacccg accggatcgt atcggttttc 240 gattaccgta tttateccgt tcgttttcgt
tacgggtata tccegttttc gtttccgtcc 300 rl?g?agttaa atatgaaaat gaaaacggta
gagttatttt accgaccgtt accgaccgtt 368 tcatcccta 370 <210> 50 <211>
gact 40604 <2d2zBNA Eézﬁ%adgggkééééééggﬁt<§§¥%§é€k¥%"§l¥§%%95{%39n1e@%

witih Amp resistance gene <400> 50 tgcattctga cagttaccaa tgcttaatca

asacHAGHCAEE 1ateftageq fatcighcttat B0 taeptc dit leatdgtigee tgetieeteg 120
acaaftglglagat. aactacgata.cqaagoget- 120, Jaccalgiqg caceagigat geaatgatag,
cgcgagaccc acgctcaccg gctccagatt 180 tatcagcaat aaaccagcca
acasfErgyangg cegrgcgeaytaagiggtictgcasctttat 43 cocgettagat- ceagtctai 0
aattgttgc aagcta aaqgtagt tcgccagtta 300, -atagtttqcg caacgttgtt
R TN S R e T
cgcaggiteccabe-gateaaggcs agitacatgaicecceatgb420-dgtgcaanna-ageggttagm
Ctea écgggggtc ctccgatcgt tgtcagaagt aagttggccg 480 cagtgttatc actcatggtt
actggcagcac tgcataattc tcttactgtc atgccatccg 540 taagatgctt ttctgtgact
ggtgagtact caaccaagtc attctgagaa tagtgtatgc .600 ggcgaccgag ttgctcttgc
<21l0xcdggcgtcaa tacgggataa taccgcgceca catagcagaa 660 ctttaaaagt gctcatcatt
:gi;;’qg%@ cgtt cttcggggcg aaaactctca aggatcttac 720 cgctgttgag atccagttcg
<213 Atgtaaceca gicgtgcacc caactgatct tcagcatctt 780 ttactttcac cagcgtttct
gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg 840 gaataagggc

- <220hacacggaaa tgttgaatac tcatactctt cctttttcaa tataattgaa 900 gcatttatca

<223 g G Rttt ARy ¢ YRR At i a A e TG 5ARERMIE8B0 aacaaatagg
<400:ggti@cgcgce acatttcccec gaaaagtgcec acctaaattg taagcgttaa 1020 tattttgtta

tgcaggatiegoyt tematititg dtaaatoage ¢catittita accaatagge dD8Q Wedctat 60
ttcgt}QggéléggggkEQQJVEéggggggggcggg%g§§g§§ aactacgata cgggagggct 120
taccatetgy cceccagtget goaastgatac cgegagacce acgotcaceg gotocagakt 180
tatcageaat aaéccagcca gecggaaggy ccgagegeag aagtggtoct geoaactitiat 240
cegactecat ccagtetatt aattgttgece ggyaagetag agtazghtagt tegocagtha 300
atagtitgeg caacgttgtt gcocattgeta caggeategt ggtgtocacge teghogtity 360
gtatggctte attcagctcb ggtteccaac gatcaaggog agttacatga toecocoatgt 420
. tgtgeaaaaa ageggttage toctteggte ctccgatcgt tgtecagaagt aagttggcceg 480
cagtgttatc actcatggtt atggcagceac tgcataéttc tecttactgte atgcecateccg - 540
‘taagatgeott ttotgtgact ggigagtact caaccaagte attotgagaa tagtgtatge - 600
ggegacegayg ttgotettge ceggegtcaa tacygggataa taccgogeca catageagaa 660
ctitaaasagt goteatcatt ggasasscgtt oticggggeg aaaactctea aggatettac 720
cgctgttgag atccagtteyg atgtaaccca ctegtgecace caactgatot tcageatett 780
ttactttecac cagegtttct gggtgagcaé aaacaggaag'gcaaaatgcc gcaaaaaagg 840
gaataaggg; gacacggaaa tgttgaatac tcatactett cotttttcaa tataatigaa 800
gcatttatca gggttattgt ctcatgageg gatacatatt tgaatgtatt tagaazaata 960
amcaaatagy ggttccgege acatttocce gazaagtgec acctaaattg taagoghbtaa " 1020
tattttgtta aaattcgegt tazattittg ttaaatcage teatttitha aécaataggc 1080



cgaaatcggc aaaatccctt ataaatcaaa agaatagacc gagatagggt tgagtgttgt 1140
tccagtttgg aacaagagtc cactattaaa gaacgtggac tccaacgtca aagggcgaaa
1200 aaccgtctat cagggcgatg gcccactacg tgaaccatca ccctaatcaa gttttttggg
WP BB6gtagEggtgc cgtaaagcac taaatcggaa ccctaaaggg agccasCpat2006/000121
ttagagcttg 1320 acggggaaag ccggcgaacg tggcgagaaa ggaagggaag
aaagcgaaag gagcgggcgc 1380 taggf%%:tg gcaagtgtag cggtcacgct
gcgcgtaacc accacacccg ccgegcttaa tgcgecgceta cagggegegt
cgaa&g@r&cg99&@{5@9@@49&99@9&95&;999@&@99&%5&? 8%tQ9?%t9§?gcQ@§0tC£t£&9
tattacgcca gctggcgaaa, gggggatgtg ctgcaaggcg 1 g atfaagftgg
tecagjtaiy ceagrggittte cerr it Segacytagidesac jacggetagtgadhé20eaa 1200

~cAtigata Icactatag ggcgaatt taccegac 660ca<am > 51 <211>
== S S R N e oy
gteggryoggadteatacgatita ggigacactactag 33 g<2dir» b2 1123421 2>1320
DNA <213> Atrtificial <220> <223> PCR Primer <400> 52 cgatcgatgc
ARG R GRIAS At GRAY 349 LT 88 221IVRY DIBRA <21%
taggoblifigial 2zt <2 235-RELGEP ML Rlasinid kagmept <4002y 58 agttaiias
tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60 cgttacataa
I HAE G gt I ECC G EE XY FETR T RIS Gy SBE ECCGEECArT 2O e gtcadia
at cgﬁw @Qt@@@@@&a%%%%%@a&%%%ﬁc8@«5&}9@9{%3&%951aggcg 1560

attaagttgg gtaacgccag-ggttttccca gtcacgacgt tgtaaaacga cggccagtga 1620

attgatacga ctcactatag ggcgaztigg gtaccegacy L1660

<210> 51

<21i> 33

<212> DNA

<213> Artificial

<Z20>
<223> PCR Primer

<400» 51
gegeggatee atacgattta ggtgacacta tag ‘ 33

<Z210> 52

<211> 34

<212> DNA

<213> Artificial

<220> ‘
<223> PCR Primer

<400> 52 .
cgatcgatge ggcegeottg gotaacataa gaag . - 34

<210> 53

<Z11> 665

<2iz2> DNA

<213> Artificial

<2Z20>
<223> pEGFP-N1 plasmid fragment

<400> 53
tagttattaa tagtaatcaa ttacggggtc attagticat ageccatata tggagttecg 60

cgttacataa cttacggtaa atggccoccgec tggotgaccyg cocaacgacc ccogoccatt 120

gacgtcaata atgacgtatg ttecccatagt aacgocoaata gggacttice attgacgtea 180



WO 2006/124001 PCT/SG2006/000121 33/48 atgggtggag tatttacggt
aaactgccca cttggcagta catcaagtgt atcatatgcc 240 aagtacgccc cctattgacg
tcaatgacgg taaatggccc gcctggcatt atgcccagta 300 catgacctta tgggactttc
Vigtastgasgtacatctac gtattagtca tcgctattac 360 catggtgatg agortsgeme 600121
agtacatcaa tgggcgtgga tagcggtttg actcacgggg 420 atttccaagt ctccacccca
ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg 480 ggactttcca aaatgtcgta
acaactccgc cccattgacg caaatgggcg%t/él gcgtgt 540 acggtgggag gtctatataa
- g tce. cla.b cggactcag atctcga
R IS R e T

aagtac@tls 2404t RE2 > BN AracRd 3radatificiak<@20y <223 Aynplified 300

fraggnent with Nlt_S(KtSE%-TPase ORF_<400> 54 atacgattta ggtgacacta
t T t < :
S agaatacas getigettgt ICtitgea gaageteaga %Ba%ttg%%cggé:t%gﬁgé?‘t%t%@ca 360

catgJatooyCeat Oatggyiest ceagagangh ageginaggtdt: ngaaaigassaltoticatg
aaccacaacc acaaccacaa ccacaaccag aaccacaacc 180 acagccacaa
A A a CCCy HAG A R A AG Ry Bty Chh U At gearait 2040
gsgactggalolalgg-cageallica-canagangaa-.aaligaagla gagelcgala. gaaagaaatas
300 cgttcaggta tgggggcatt gcaactttcc taattgcaag gctaagtata gggctgaggg
3c99' 960 fe ACHY A 2 AGEG R Hc fabpac ety agrics teacaragacariraaady”
ccgga%%Qay@g&tgégggé@a@%@t&@@9@%9@&@%499C@%ga@a%@%%%cgg&ggggcctg%
480 taagtacgat gaagtggtta gcctaaagaa gcttcatttg gcaataatCca tgcatgaata
gateh4Q cectttcaat attgtagaac atgagtactt tgttgagttt gttaagtctc tgcgccctca 60665
ctitccaata aagtcccgtg tcactgctag aaaatctatc atggatttgt atttggaaga 660
<210-aa8agaaaag ttgtatggaa aactaaaaga tgttcagtct cgcttcagta caactatgga 720
<2ilxat@tggaca tcttgtcaaa ataagtcata catgtgtgtc accatccatt ggattgatga 780
leﬁgaﬁﬁgt t gtccaaaaaa gaattgttgg cttttttcat gttgaaggge gecacactgg 840
<213>9 R ial
ccaaagégt?a fcacaaacct tcactgcaat catggttaag tggaacattg agaaaaaatt 900
<z220>gtttgccttg tctttggata atgctagtgc aaatgaagta gctgtgcacg atataattga 960 WO

480

<2232200867122061 RETSG2008/00FL RIEBAHS:e ORF

<400>
atacgatiia ggtgacacta tagaatacaa gettgettgt tottttitgea gaagetcaga &0
ataaacgete aactitggez gatcegecac catgygtoct ceoagagasaga agogtaaggt 120
agzaatgget attgttcoatg aaccacaace acasccacaa ccacaaccay aaccacaace 180
acagccacaa cctbgaaccedyg aagaagaage accacagaayg agggcazaga agtgcacato 240
- ggatgtatgy cagcatttea ccaagaagga aatbgaagty gaggtogatg gaaagaaata 300
. egttcaggta tgggggcatit geaactttce taattgecaag gotaagtata gggcotgaggg 360
teatcatgga acaageggat ttogaaatca cttgagaaca teacatagtt tagttaaagy 420
tcagﬁtgtgt cfaaaaagtg aaaaggatca tggcaaagac ataaatctca ttgagectta 480
taagtacgat gaagtggtta gcctéaagaa gebteatttg goaataatea tgcatgaata 540
ccotttoaat attgtagaac atgagtactt tgttgagtit gttaagtete tgcgecctcea 600
ctttccaata aagtccegtyg tcactgctag aaaatatatc atggatttgt atttggzaga 660
aaaagasaag ttgtatggaa aactamaaga tgttcaghct cgettcagta caactatgga 720
tatgtggaca totigtcasa ataagtcata catgtgtgbc accatcecatt ggatigatga 780
tgattggtgt ctccaaaaaa'gaattgttgg ctttiticat gttgaaggge gocacactag 840
ccaaaggtita tcacaaacct tcactgceaat catggbttsag tggaacatig agaasaaatt 8ao
gtttgecttg totttggata atgetagtyc aaatgaagta gotghbgoacg atataattga 260



ggatttgcag gacactgatt caaatctagt ttgtgatggt gctttctttc atgtgaggtg 1020
tgcttgtcac atactgaact tggttgcaaa ggatggcttg gctgtaattg caggaacaat 1080
tgagaaaatc aaagcgattg ttcttgctgt aaaatcttct cctttgcagt gggaagaact 1140
wahrgaEgugt gctagtgaat gtgacttgga taaatctaaa gggatctcat atgagiese: 60000121
aactagatgg aattcaacct atttgatgtt gagggatgcc ttatattata agcctgcact 1260
aataaggctt aaaacaagtg atcctcgcag gt %gatgca atttgtccta aagccgagga
1320 gtggaagatg gcattaactc tttttaagfg gaagaag ttttttgatc tcactgaact
ggatth3B0g Celatlgglacicaatalt ceactgcaaa tiattac.aaagottict gtaagataaa ;
1440 ggatttgatt gaccaatggt gtgttcatga aaaatttgtc attaggagaa tggccgttgc
Lot I G0° oty akibRe abdiitina narrigyaatag e tdat Aty cacteRp ctgtag caty 0
tga0am200c Clioitgac cetaagiaca agaaaatall dattgagtic tatatgaaaa aatticatg
=9 1620c tgg%[%a%%c%agttcatg %gatgact? tgttaggcg,tc g%taaggaggg? ?ataéat%%attgme
aatgp@80t cadttctagttytagtectitcagctecasatgacaaagaca eciastaatgratagtatggas
1140 tgataccttg at aatg aagatgatga atttcaaaac tatttgcatg agttgaagga
g R A N S
aatadl@60: tagiggteaq dtigaiatitJalcatogie gaggogasgggiigcagaataleetatict s 2o
1920 cacccaaatt gcaagggatg tgctagcaat acaagtgtca actgttgctt ctgagtctgc
gtesapgah? g%féé:gﬁga&tggF&é%g\@@&‘@t%g%%aﬁaiﬁg%‘aﬁit&gﬁﬁfggﬁaﬁga@%&tgt 1380
cctat246: tgaagaitig-atalgcacaa-Aagaligggt-agcaacalet agasaaggtg clacatastt
2100 tccaacaatg attggtgatc tcgaggtgct agactctgtt attgctgctg caacaaatca
9925 980" tgACERCI atggattRi§ atrEiAt g adtdgaanictdayasts atgaadatift
aatg=2240. A0CARILIGE teclclceat.dageanlgly tettalglt diigacagal dagecttagt ¢,
2280 tgtaatagtt tatgcatgct aagtgctcca gatgtgagca aatgattatg aatatgtgtt
cttcc2349- thdactitatatigigtea tgtgtgetagrtayacttetadggoitcttadgttagaeera 24600

401 _<210>185 <211> 3334 <212> DNA <213> Artificial <220> <223>
tgatt$ lt% X 3
e N e AT O

ctattRGHS G2006/400124- 3548, gcggecgega-cietagatea iaaicagecastaccacatts
a%aggttt tacttgcttt 60 aaaaaacctc ccacacctcc ccctgaacct gaaacataaa
1t %& att

t
ﬁgaté% + : atga t ‘

s gagtgcéqgﬁ?gat gﬁg?algz‘ﬁg g caaaac tatttgeatyg agttgaagga 1800
ttatgatdaa gtagagtcaa atgaattygga taastatatg tctgsaccec ttttgaagea 1860
tagtggteag Tttgatattt tatcatggte gagoggaagg gttgecagaat atcctattet 15829
cacccaaatt gcaagggatg tgotageaat -acaagtgtca actgtitgett otgagtotge 1980
gtoecagtget ggtggtegtg ttgttgatee ttacegeoaat cgtettgght cggagatigt 20490
tgaagctttyg atatgecacaa aagattgggt ageageoatct agaaaagghyg ctacatattt 2100
tccaacaaty attggtgatc tegaggtget agactctght attgotgotg caacaaatca 2100
tgagaatcat atggatgagy atgaagacygc aatagaatitt tctaasgaata afgaagatgt T 2220
agcaagtgge toctcteocat gageaatghg tottatgbtt gttgacagat gagectbtggt 2280
tgtaatagtt tatgcatgct aagtgctceca gatgtgages agtgattatg aatatgﬁgtt 23440
ttaaacttta tattgtgteca tgtgtgetag tagacttata tggetietta tgttagecaa 2400
g 2401
<210> 55
<211> 3334
<212> DNA
<213> Artificial
<220>
<ZZ3» PpEGFP-N1 plasmid fragment

<Z00> 55



taacttgttt attgcagctt ataatggtta caaataaagc aatagcatca caaatttcac 180
aaataaagca tttttttcac tgcattctag ttgtggtttg tccaaactca tcaatgtatc 240
ttaaggcgta aattgtaagc gttaatattt tgttaaaatt cgcgttaaat ttttgttaaa 300
Wwioagetoathttaaccaa taggccgaaa tcggcaaaat cccttataaa tcaaspeyaat@6oo121
agacegagat agggttgagt gttgttccag tttggaacaa gagtccacta ttaaagaacg 420
tggactccaa cgtcaaaggg cgaaaaaccy g}‘:&ttcaggg cgatggccca ctacgtgaac
480 catcacccta atcaagtttt ttggggtcda ggtgccgtaa agcactaaat cggaacccta
goggde40,2a800agccsCegataga-gctigacndd:4aaagecuas 9aacatancs - 60
- agaaaggaag 600 ggaagaaagc gaaaggagcg ggcgctaggg cgctggcaag
aaaaHAGCH R aEHET CHREFBBEF tagTAAC Actcecgeg cttaatgegtat 120
taact€gElACag00.G9calcaggl ansacttic. 12Q. ggoqaaaldl gededdaace cotatiiglt

tatttttcta aatacattca aatatgtatc 780 cgctcatgag acaataaccctgataaatgc
aaatagegatabtd ttddaanayyadyagic o846k gy tggasay emdsagetgtate 240
tgigtg tcagtta t agt.ccccaggcetc 900 cccagcaggc agaagtatgce
e e e e 00 S aareo
tcagcfgecagcag=geagaagial gepaageaigcateicaat-agicageanc 1020 at 360
.cata%tccc &:cct%actc cgcccatcce geccctaact ccgeccagtt cecgeccatte 1080
AR e CaT § R TAcTAA TR (TAfgtSR355°y CRGLUHTY cLidgneeicd 140420

tggacigagetalie £agaagtaghgaggagocti-itggaggec slagactitt gaaaggated 12005,
atcaagagac aggatgagga tcgtttcgca tgattgaaca agatggattg cacgcaggtt 1260

cateAtfGyetaR GG btoGETPAaRIARY GetaiFac Ry G RrRc agReaaRtggCt. 540

aaggukgddt Qelpigatdc.Loceqialle cogelalcag.cacauaaed cocqact igicaaga
1380 ccgacctgtc cggtgcectg aatgaactgc aagacgaggc agcgcggcta

9922 SRAFIY GHETF 14T CACYETYLY CHIge T At gigTtoy acgtigt cattgaagey

£ 99@&@(,9 gggg 1‘;5 gggtggtatt(g cgaagtg cc ga atctcctgtc atctcacctt
7ee Cg ctcctgcecg %% Gq%%ag aaaég t%c%% C%%:ﬁa%%{ggafg%gggga% ngqé:gtcg%;% %gc g Ctt%%)t

ggggageggrtacetdB6R(Fcgcetaticga Cocastaageyg=aaacategcatcgagegages 780
acgtactcgg atggaagccg 1680 gtcttgtcga tcaggatgat ctggacgaag
R O L S A S e ST

aggegaigeaceact: §eaag antol ealgaigaes eatggeuaig L3900 Q20064424001 504
PCT/SG2006/000121 36/48 cctgcttgcc gaatatcatg gtggaaaatg gccgcttttc

oA a R T R 188 Got oG 66 chTRRTIE TacaGFaeE thg ottt
gtecclRgeegtgat-atigatgagsh 1920 -a06HA0C0d Coaatagaet gacsactice tegtgctita

cggtatcgcc gctcccgatt 1980 cgcagcgcat cgcecttctat cgcecttcttg acgagttett
catas s CHiTa TPy G TOAP-C FRAARTACE YACCRATRYE: cHeTesrittr

tccgcgé&ﬁcég%géégggé%%@é%c&%
fttccgggac gccggcetgga tgatcctcca 2

1080

Zﬁ%&&“&&%&%&%9%9995%&%%3&‘9%o

. tgagetattc cagaagtagt gaggagyctt ttttggagge ctaggctitt geoasagatog 1200
aﬁcaagagac aggatgagga tegtttegea tgattgaaca agatggattg cacgeaggtt 1260
cteeggeege ttaggtggag aggctatteg gotatgactyg ggoacaacag acaatcogget. 1320
gcﬁctgatgc cgeegtgtic cggetgteag cgcoaggggeg cccggtihett tttgtcaaga 1380
cogacctgic cggtgeccty aatyaactge aagacgaggc agegeggeta toghggotgg 1440
ceacgacgygg cgttecttge geagetgtge tegacgtight cactgaageg ggaagggach 1500
ggetgetatt gggegaagtyg ccggéécagg atctectgte atctecaceott gotectgeog 1560
agaaagtatc catcatggot gat@caatgc ggoggetgea tacgettgalt ceggetacct 1620
grecaticoga ceaceaagceyg aaacatcgea tcgagcgagc acgtactegs atggaageog 1680
gtcttgtcga teaggatgat ctggacgaag agcatcaggyg gctogegceca googaactgt 1740
tagecaggot caaggcgagc atgcecgacg gegaggatet cgtogtgace catggegatg 1800



gcgcggggat ctcatgetgg agttcttcge ccaccctagg gggaggctaa ctgaaacacg
2220 gaaggagaca ataccggaag gaacccgcgc tatgacggca ataaaaagac
agaataaaac 2280 gcacggtgtt gggtcgtttg ttcataaaca cggggttcgg tcccagggct
wypzaetctgw?2340 cgatacccca ccgagacccce attggggcca atacgaecygs @itiehooiz1
tttccccacc 2400 ccacccccca agttcgggtg aaggcccagg gctcgcagcec
aacgtcgggg cggcaggccc 2460 tgcczzé? cc tcaggttact catatatact ttagattgat
ttaaaacttc atttttaatt 2520 taaaaggag' gtgaaga tcctttttga taatctcatg
cctg@»‘cgeéaeggea%@@ggggeg%§§9tggtgtéggt}&%@gt%%%99&%%%%%&8&%33399&%
aaaggatctt cttgagatcc 2640 tttttttctg cgcgtaatct gectgcttgca aacaaaaaaa
SUCtIIEAEE et THYCYQtagr2T 00t §Htgot yayatCragageataccaactatditiccgasip o
taactgact tcagcagagc 2760 gcagatacca aatagtgtcc ttctagtgta gccgtagtta
I e 890 g b e LA A e ot G Atoctgtia”

cgcageagtggotgcigeeagigg-2880:- coaigagiog tgtaitaceg gatiggacigargacgaiag

ttaccggata aggcgcageg 2940 gtcgggttga acggggggtt cgtgcacaca :
502 a0ty GROCaies CAECalEoA 006" ARbASHIC CracagegiE” 2"
cttotag6ialgaga RRged ctassh aliese0aAg 4QRYA2R0ML30RA ggacagatal 2140

ccggtaagcg gcagggtcgg aacaggagag cgcacgaggg agcttccagg 3120
9e9CIg g aCGEE TG AEIGRT T RITGHIGH: Eaadetgat fyaatttegw3 188220
saagoRHHEIGR . lACICOlcag.00990c00Rg:CCla100AR AACACCAICA ACYCAOCCH o

3240 tttacggttc ctggcctttt ggtggcecttt tgctcacatg ttctttcctg cgttatccec 3300
geacgfsttCter§arastegta wACCGEEar Yt 3889 <2105356<@qdscREGt<212340

<213> Artificial <220> <223> Z7ea mays Ds flanked by human DN
o 00T 001 AT IR Do B 005 e aaata 210t
ccaccegatacggic ggisicygeattitcecatcctactitcate egtgagigay cOsantotgacggz460
. qcCa%%tcccﬂtggct:ta ceeecacact Egattga%%%gg%t:%a %%th_c%gc agcctgcact 120-cct§cctgag
atgccagicr ctttgictad tagacace aggﬁ%cc%aéé gacCaggE 86 ickEgatac>"
tazaagtittaigte jaaggoengaggeeeiapcoeageactes ci-ateicagiag-240: acagtaastso
catttacca 259 <210> 57 <211> 253

gtttfegtte cactgagegh cagacccoygt agaaaagatc aaaggatctt ctigagatce 2640
tttttttetyg cgcgtaatct getgetitgea aacaaaaaaa ccaccgetac cagegghbggt 2700
trgtttgeey gatcaagagc'taccaactct tttteocgaag gtaactgget tcageagage 2760
gcagatacca aatactgtéc ttetagtgta gecgtagtta ggocaccact tcaagaacte 2820
1tgtagcaccg coctacatace tegetehbget aatcctgtta coagtggetg ctgocagigg 2880
cgataagtey tgtocttacceg ggttggactc aagacgatag ttaccggata aggegcagog 29490
gtegygetge acggggggtt cgtgcacaca goccagottg gagogaacga cotacacoga 3000
actgagatac ctacagogtyg agétatgaga aagegecacy cttoccgaag ggagazaggo 3060
| ggacaggtat ccggtaaygcg geagogtegg aacaggagag cgcacgaggg agettccagg 3120
gggaaacgcc tggtatettt atagtcctét cgggtttege cacctotgac ttgagogteg 3180
catttitgtya tgetedteag gggggcggay cctatggaaa aacgocagea acgeggectt 3240
tTtacggtte ctggecttti gotggecttt tgeteacatg thetttoctg cgttatcecco: 3300
tgattctgtg gataaccgta tfaccgccat gcatA 3334
<210> 56
<211> 2589
<212> DRA
 <213> Artificial
<220>
<223> Zea mays Ds flanked by human DNA



<212> DNA <213> Artificial <220> <223> Zea mays Ds flanked by
human DNA <400> 57 agcacagggt ctttggaacc tggtgtctaaagtagacaaa
gagactggca tctcaggtag 60 gagtgcaggc ttggggagcc ccaccttcca cagtgtgggg
winageaggag gececgtcagag 120 tctcactcag ggatgaaagt aggatgyuBes2006/000121
aatcccgtac cgaccgttat cgtataaccg 180 attttgttag ttttatcccg atcgatttcg
aacccgaggt aaaaaacgaa aacggaac é40 aaacggatat aca 253 <210> 58
<211> 260 <212> DNA <213> Artificial <220> <223> Zea mays Ds
flanked by human DNA <400> 58 gggcctctgc tttagacata aaaggtatct
<400>gagagcacag ggtctttgga acctggtgtc 60 taaagtagac aaagagactg gcatctcagg

atcoqbliFagiyeasggettyoinfa gesctattticr2ot eedeadtytgadggyaageagay 60
aggecgica. gagictcact cagggatgaa agtaggatgg 180 gaaaatcce

acm%cc%%ccgt fatcgtataa &C:Sattttgtgt:ag&?tt %i%?:gg%cgga 24%)9‘?88%%%&% 120

cetaqgytagaaasy 2680 t<200m 5% a2 kb 266a <@ Bu DA ax 23 Artifigial 180

cote <220> <223> ZeaLma%s Ds flankeqt%human DNA WO 2006/124001 .
LB S G 006/600 17T “S871487 FUUS G Heiilgacs thasagy ctfagagtal
acaytAggEiCtig aacetggty tctaaagtag 60 acaaagagac tggcatctca ggtaggagigs
caggcttggg gagccccacc ttccacagtg 120 tgggggaagc aggaggcecgt
«p1g-Cagagtctca ctcagggatg aaagtaggat gggaaaatcc 180 cgtaccgacc gttatcgtat
<211-Aagggatttt gttagtttta tcccgatcga tttcgaaccc 240 gaggtaaaaa acgaaaacgg
<212>aacga 265

<213> Artificial

<Z220> :
<223> Zea nmays Ds flanked by human DNA

<400> &7

agcacaggat
gagtgcayggce
tetecacteag
attttgttag
aaacggatat
<210> 58

<211> 260
<Z212>
<Z213>

<220>
<Z223>

<400> 58
gggcectetge

DA,
Artificial

ctttggaace
ttggggagee
ggatgaaagt
ttttateceog

aca

tttagacata

tggtgtctaa agtagacaaa
ccacctteca caghgtgggg
aggatgggaa aatcccgtac

atcgatttcg aacccgaggt

Zea mays Ds flanked by human DNA

aaaggtatet gagagcacag

_taqagtagac azagagactyg geatctceagg taggaghtgea

ceacagtgtyg
gaaaabtcocg
tcgaacccga
<210>
<21l

<212>
<213>

59
2865
DNA

<z20>
<Z223>

ggggaagcag
taccgaccgt

gogtaaaaacy

Artificial

gaggeogtceca gagteoteoact

tategtataa ccgatittigt

Zea mays Ds flanked by human DNA

gagactggosa
gaageaggag
cgaccgttat

aadaalacygaa

ggtctitgga
ggcttgggga
cagggatygaa

tagttttate

toteaggtag
gcégtcagag
cgtataaccg

aacggaacgg

acctggtgte
goeeeasctt
agtaggatgg

cegatogatt

&0
120
180
240

253

60
120
180
240

260



<210> 60 <211> 250 <212> DNA <213> Artificial <220> <223> Zea
mays Ds flanked by human DNA <400> 60 actggcaaca ccgcctcttg
ttctcctcta tttccagcat ccagaaaagt gtctggctta 60 tccttggtge tccataaatt

whasctgaattgaatgaataa atgaattcat gaatgaacag 120 gatggctagbgagactagogizi
atgaaaacgg tcggtaacgg tcggtaaaat acctctaccg 180 ttttcatttt catatttaac
ttgcgggacg gaaacgaaaa cgggatatac %taacgaa 240 aacgaacggg 250
<210> 61 <211> 218 <212> DNA > Artificial <220> <223> Zea
mays Ds flanked by human DNA <400> 61 gactggcaac accgcctctt
<4o00gttctgctct atttccagca tccagaaaag tgtctggctt 60 atccttggtg ctccataaat
gett feRcR) da 1gastRhtataatyaate R tgaatyaacast 20 ggatyg getag tgagactag o
t a tcggtaa tcaggtaaaa tacctctacc 180 gttttcattt tcatatttaa
oAt GaaAcya 2 T8 SI100 e <IT1 A4 S5TAS DNR 20> 120
togadtHisiaka2R0ecs2 23y Ansertion:siteyei 25 consirughin ymandHNA 1380
cata C<g4(%9£ 6%tV\/tO 2096/1240(%1 F;:CT/S(32006/000121 39/48 ggaagcagga
7= HOCCGtchgA Gittcactes GEGatgadhy B 4a Fe AT 8 IH19a5°% 012340
gaggtdbhha acgaaaacyg aagga ‘ 265
<210> 60
<211l> 250
<212> ©DNA
<213> Artificial

<220>
<223> FZea mays Ds flanked by human DNA

<400> &0
actggcaaca cegoctettg ttetecteta tttccagecat coagasaagt gtotggotta 60

tccttggtge tecataaatt tttactgaat gaatgaataa atgaatteat gaatgaacag 120

gatggctagt gagactaggg atgaaaacgg toggtaacgg teggtasaat acctetaceg 1890

ttttcatttt catatttaac ttgeggoacyg gaaacgaaaaz cgggatatac cggtaacgaa 240
aacgaacggg ‘ ‘ 250
<210> &1 .
<21i> 218
<212> DNA

<213> RArtificial

<220>
<Z23> Zea mays Ds flanked by human DNE

<400> 61
- gactggeaac accgectott gthoctcectet atttecagea tocagaaaag tgtctggett 60

atecttggtg ctecataaat ttttactgaa tgaatgaata aatgsattca tgaatgaacs 120

ggatggctay tgagactagy gatgaaasacg gtoggtaacg ghtoggtaaaa tacctetace i8¢

gttttcattt tcatatttaa ctigegggac ggasacga 218
| <210> 62

<211> 44

<212> DNA

<213> Artificial

<220>
€223> Insertion site of Ds construct in human DNA

<4003 82



<213> Artificial <220> <223> Insertion site of Ds construct in human DNA
<400> 63 accgttttca tccctagtct cactagccat cctgttcctt, catg 44 <210> 64
<211> 479 <212> DNA <213> Artificial <220> <223> Zea mays Ds
wiaped Bythuman DNA <400> 64 aatatgaaaa tgaaaacggt agaggtatioe/ 000121
taccgaccgt taccgaccgt tttcatccct 60 atatagatgc atgtttagag aggactgagg
gggcaactga atgtgtttaa tttcaagctt 12 tatgtgat catgaaatac ccaacacatt
atgctggtac aaatccagag ttctaaactg 1 gaccgaggt ggcatatgca tatttgagag
goaaciagsagLal-apagalaca-Algaa0a;240. gaaacagat glyataatt tggaggagag,
taattagaga aaaataatag gtcaaagaca 300 gactcctgag gaaccccaac
attttaaggg acacaaaaga ggttgaaaag agacagccag 360 agaggtaaaa
<210>_ &
<z11-d0@aaaccag aaatgcttgg agtgagaaaa gccaagtaaa gagggtattt 420
<212>Caggcaaaag tagtcaacag tgtgtttcct aaacacgtgc agactgattg gaagctaga 479
<213><2A05 85520 1> 501 <212> DNA <213> Artificial <220> <223> Zea
<2205MAYS Ds flanked by human DNA <400> 65 ctgttgacta cttttgcttg aataccctct
<223>TaclgOG tictcacic saagealiic.60 ogiitiee fitaggtctc tggetgtetc tittcaacct
cttttgtgtc ccttaaaatg 120 ttggggttcc tcaggagtct gtctttgacc tattattttt ctctaattat
<400>tctBdtccaa 180 attaatcaca tctgtttcat agcttcaatt agtatcttta tgctgctaac

aceat iR AR AtET T4 "G AATGEEACHCHHIEE Hithta>ac tetggatttg taccagcata 44

atgtgttggg 300 WO 2006/124001 PCT/SG2006/000121 40/48 tatttcatga
<2l0>tcadatagta agcttgaaat taaacacatt cagttgcccc ctcagtcctc 360 tctaaacatg
<211>cy: %t%tata gggatgaaaa cggtcggtaa cggtcggtaa aatacctcta 420

<212>

<213>»> Artificial

geatatgeea

<Z2z20>

<223> Zea mays Ds flanked by human DNA

<400> 64

aatatgaaaa tgaaaacggt agaggtattt taccgaccgt taccgacegt ttteatecet 60

atatagatgc atgtitagag aggactgagg gggoaactgs atgtgiitaa tttcaagott 120

actatghbgat catgaaatac ccaacacatt atgctggtac asatccagag ttctaaactyg 180

agacogaggt ggeoatatgea tatttgagag ttageageat azagatacta attgaageta 240

tgaaacagat gtgattaatt tggaggagaa taattagaga aaaataatag gtroaaagaca 300

gactoctgag gaaccccaac attttaaggy acacaaaaga ggttgaaaag agacagccag 360

agagytazaa ggasaaccag aaatgettgg agtgagaaaa geocmaghbaaa gagggtattt 420

ceagcaazag tagtcadacag tgtgttteot aaacacgtge agactgattg gaagctaga 4789

<210> &5

<211> 501

<212> DNA

<213> Artificial

<220>

<223> Zea mays Ds flanked by human DNA

<400> €5

ctgttgacta cttttgctty aataceetet ttacttgget tttcetcactc caageatttc 60

tggttttect tttacctete tggetgtete ttttecaaccet cttttgtgto cottaaaatg 120

ttggggttee tcaggagtet ghetttgace tattattitt ctctaattat tetectocaa igo

attaatcaca tetgtticeat agotteaatt agtatecttta tgcotgetaac tocteaaatat 240
coteggtete agtttacaac tetggatttg taccageata atgtgttggg 300



ccgttttcat tttcatattt aacttgcggg acggaaacga aaacgggata taccggtaac 480
gaaaacgaac gggataaata ¢ 501 <210> 66 <211> 393 <212> DNA <213>
Artificial <220> <223> Zee mays Ds flanked by human DNA <400> 66
Wocytecrgeoaagttaaata tgaaaatgaa aacggtagag gtattttacc gagegtisceoeoosizi
gaccgttttc atccctagtg agagtctgct cttctgtaaa cagacggctg aaattgctga 120
aaatcagaca caagctgtta ctatgcaagt gfég%?cctg caacgaaagg tacatgctca 180
gcctcactgg atgtctactg ttaaagggag gacattgatt ggaaaagagt gggaccctga 240

tatc@agigagal.agggacacgt cgagaggece laalgaagetl gggaatacly agataataaa 5q,

300 ttctgatgag cctttttagc aagagggaat cgcctceccea cccecagtgg tagacacatg

tetaapRteceEeitts eIt e cagyctt ta 89y =240 6 2aR4k= 862 420
ccgttﬁ.%\l::%% Q%§H§>aégé@ I |g$32%9> a<aza%§a> Zeama %P%;%%%%%%%t 480

human DNA <400> 67 a%a gaaaa gaaaacg‘?ﬁ"gngaciI

gtatttt

yaaagggacegittieatcecta 60 gtgagagtct getcttctgt aaacagacgg ctgaaattgc so1
tgaaaatcag acacaagctg 120 ttactatgca agtgattgac ctgcaacgaa aggtacatgc

<z1picaggectcac tggatgtcta 180 ctgttaaagg gaggacattg attggaaaag agtgggaccc

<21lxgaszsygttga gatggggaca 240 cgtcgagggg ccctaatgaa gctgggaata

ivopn

<223> Zea mays Ds flanked by human DNA&

<212> DNA

taat aaattctgat gagcctittt 300 agcaagaggg aatcgcctce ccacceccag
sEE¢ Agceccttge ceatctactg 360 ca 362 <210> 58 <211> 25 <212>
<220:-DNA WO 2006/124001 PCT/SG2006/000121 41/48 <213> Atrtificial

<400> 66
- teegtecege aagttaaata tgaaaatgaa aacggtagag gtattttacao gacegttace 50
gaccgttttc atccotagty agagtetget cttctgtaaa cagacggetg aaattgetga 120
aaatcagaca caagcetgtia ctatgoaagt gattgacetg caacgaaagg tacatgetca i8¢
gecteactgg atgtotactyg ttaaagggag gacattgatt ggsaasgagh gggacccotga 240
aagtigagat ggygacacgt cgaggggece taatgaaget gggaatactg agataataaa 300
ttectgatgag cettittage aagagggaat cgoctcocca cooecagigy tagaaacatg 360
ccctitgecca tetactgeag taccaggeott tcoa 383
<210> &7

<211> 382

<Z212> DNAZ

<Z132>» Artifiecial

<220>

<223> Zea mays Ds flanked by human DNA

<400> 67

atatygaasat gaaaacggta gaggtatttt accgacegtt accgacegtt tteateccta &0
gtgagagtct gotettcetgt aaacagzegg ctgaaattge tgaazsatcag acacaagetg 120
ttactatgea agtgattgac ctgeaacgaa aggtacatgo tcagectcoas tggatgtcta 180
ctgttamagy gaggacattg attggaaaag agtgggacec tgasagttga gatggggaca 240
cgtegagggy ccctaatgaa gotgggaata ctgagataat aaatbtotgat gageottttt 300
ageaagagygy aatogoctoc ccacccoeccag tggtagaaac atgecoctige ceatctacty 360
ca 362
<216> 68

<Z11> 25



<220> <223> Zea mays Ds flanked by vector DNA <400> 68 tggagctccc
cgactaggga tgaaa 25 <210> 69 <211> 25 <212> DNA <213> Artificial
<220> <223> Zea mays Ds flanked by vector DNA <400> 69 tttcatccct
wWiegtegoptcccaa 25 <210> 70 <211> 6495 <212> DNA <RdBzcAtitioml 21
<220> <223> Ds Construct <400> 70 cagggatgaa agtaggatgg
gaaaatcccg taccgaccgt tatcgtataa ccgattttgt 60 tagttttatc ccgatcgaitt
tcgaacccga ggtaaaaaac gaaaacggd gaaacggg 120 atatacaaaa
<213>Cogiaaacgg aaacggaaac ggtagagcta gtttcccgac cgtttcaccg 180 ggatcccgtt
tttaatcggg atgatcccgt ttcgttaccg tattttctaa ttcgggatga 240 ctgcaacaga
<220>tccctcgagce gettaagtit aaacgegtta acaattggcec ataatagtaa 300 tcaattacgg
<2237 4 oteAttARt egtagtit P tat g Tt Yy ttac ataacttacg 360 gtaaatggece
<200>COegtggctg accgececcaac gacccecgec cattgacgtc aataatgacg 420 tatgttccca
tggagtagtaacgecaatagggastdtccattgac gtcaatgggt ggagtattta 480 cggtaaactgzs

cccacttggc agtacatcaa gtgtatcata tgccaagtac geccccctatt 540 gacgtcaatg
<210>acggtaaatg gcccgectgg cattatgcce agtacatgac cttatgggac 600 tttcctactt

<z11>ggeagtacat ctacgtatta gtcatcgcta ttaccatggt gatgcggttt 660 tggcagtaca
<212>tc@§%%gcg tggatagcgg tttgactcac ggggatttcc aagtctccac 720 cccattgacg

gatrtitgttttgg caccaaaatc aacgggactt tccaaaatgt 780 cgtaacaact

<213>tc§5

<220>CCgccccatt gacgtcaatg ggcggtaggce gtgtacggtg ggaggtctat 840 ataagcagag
<223> ctggtitagl gamccgteag ateggetagegetaccggac tcagatctcg 900 WO

20(996/124001 PCT/SG2006/000121 42/48

<4030>

tttoatcoeot gegtegggta cocaa 23
<210> 70

<211> 6455

<212> 'DNA

<Z13> Artificial

<220>

<223> Ds Construct

<400> 70

cagggatgaa agtaggatgy gaaaatcccg tacogacagt tatcgtataa cogatttigt 60
tagttttate cogatcgatt togaacccga ggtaazazac gaaaacggaa cggasacggyg 129
atatacasaa cggtaaacgyg asacggaaac ggtagagets gtttccogac cgttteaccyg 180
ggatceegtt tttaatcggy atgatccegt ttegttaccy tattittcoctaa tiegggatga 240
ctgeaacaga tocotcgage getiaagttt aaacgogtta acaattggece ataatagtaa 360
tcaattacgg ggtcattagt tcatageeoca tatatggagt tcogegttac ataactiacg 360
gtaaatggce cgcctggctg accgeecaac gacccecccgee catigacgbe aataatgacyg 420
tatgttcoes tagtaacgec aatagggact ttecattgac ghcaztgggt ggaghattta 480
cggtaaacky ceccacttgge  aghtacatcaa gtgtatcata tgccaagtac gecocotatt 540
gacgtcaaty acggtaaaty geccegoctgg cattatgeoecce agtacatgac cttatgggac 600
tﬁfcctactt ggcagtacat ctacgtatta gtcategeta titaceatggt gatgegghtt 660
tggeagtaca tcaatggueg tggatagegy tttgacteac gaggatitce aagtotocac 720
ccecattgacyg teaatgygag tttgtittgg caccaaaatc aacgggactt tccaaaatgt 780
cgtaacaack ccgeccoatt gacgcaaatg ggeggtagge gtgtacggty ggaggtotat 840
ataagcagag ctggtttagt gaasccgtocag stcogctage gotacoggac tcagatcteg S0¢



agctcaagct tcgaattctg cagtcgacgg taccgcgggc ccgggatcca tcgccaccat 960
ggtgagcaag ggcgaggagc tgttcaccgg ggtggtgcecc atcctggtcg agctggacgg
1020 cgacgtaaac ggccacaagt tcagcgtgtc cggcgagggc gagggcgatg
Wizagetatwg11080 caagctgacc ctgaagttca tctgcaccac cggcaagcigsG2006/600121

cccgtgecct ggeccaccct 1140 cgtgaccacc ctgacctacg gcgtgcagtg
cttcagccgc taccccgacc acatgaagca 1200 gcacgacttc ttcaagtccg
ccatgcccga aggctacgtc caggagcgcé’*%’é‘étcttctt 1260 caaggacgac

ager 29688C1A62.398C0C0CAG cAAGOIIARY 1legaddaea. acaccalgdt 1320, o4

gaaccgcatc gagctgaagg gcatcgactt caaggaggac ggcaacatcc tggggcacaa

99tgab388s grigrantar-abctacaass goracaacgt clatatcatgugcegacaages 1020
cgac ggggaa%%gcgyg gatcaagagég aacttcaaga tccgccacaa catcgaggac
TGcagCutge agetegccga tsnn” CCACHEEEHS CByI5RaTet CRalTaaEEa  10°°
caagtggecactigeiaotg Cectasanccactdhhl ColgaAGace:Cagleegeeer 1140
tgagcaaaga ccccaacgag aagcgcgatc acatggtcct 1620 gctggagttc
°gtgagfgaﬁecﬁéea%&aaaaﬁf&gs%?egac%%gc@aea%@gt@?%gfaéaatfea@m 1200

geacde@ge60cgRlategctagal:coasaicage-agalctoges Jcasaccag aitttggecac 14490

cceceecgeggg cgecccctee tcacggegag cgetgecacg,tcagacgaag ggcgeacgag

caag9EgPtr CHEtIGAtCHIRBTECEGFacaetsagrdcabeaRttrycgetcatost 1320

gaacc%Q%«ECQQ&&t@QQg t@@@g&&&%&%‘@%&g 3@99&%%@ ét%%%ggg aa 1380
acttgggtga ctctagggca 1920 ctggtttict ttccagagag cggaacaggc

1440

gctgogatrfadaayt agtcectictocggegattcta18806a grggaggogat Cicogiggggay
catcl aacgc coatgattat ataa acgc gce tgtg 2040 gcacagcta ,
: tcat?%gé cgcgt 50(%9aqéa%ﬁcﬁaa?c%%gg%%c%g?gggg%gtac%c&ﬁ%f@ﬁtg%ﬁ%ga?cac% 500
CcaCﬂwwgia@%%ﬁtgﬁgf@ﬂ@t@@cag@cggﬁﬁgg@ng&giﬁ&ta 1560
_ cgctcggtgg gacggaagcg tgtggagaga ccgccaaggg ctgtagtctg ggtccgegag
cotaagi 3&3%’9 %%gcfasa%%aaaagaﬁacgaﬁgaaga@aaegl% ﬁéﬁ@ﬁg&? 1620

geto@Heceqn@l2286- £11333606022086041104 08090096 GOACMIGTL A a ¢
tgaaacaagg tggggggcat 2340 ggtgggcggc aagaacccaa gatcttgagg

oI CEEREY AN G TTaa At R IR P2 BDT GGt Fagatgg Gt gidGeaeceatctglga
cagttatggc ggtgccgttg ggcagtgcac 2520 ccgtaccttt gggagcgcgce geectegteg
CtecfEirbftgAEt REREEEg HE WG ea 2 580 TerrgEHiY tg bg geeate dgeeggtagep
2q2i01959atag getitictee. 40, acaggattcg gacctagagt aggcetc
Tree gaatcg;%%g gcggchggg%%%[%%gg%%gggﬂ%%gvgg%%#G 24%(%% %gggag E%%to
ctostPG TS B20064060 121248489 gagegatas: gigaggogictagtitetity gteggttttao

1680

gcggaga&CtQE%é%Qggaagt% 27'691 gcégg aagcCtC (’::ggttztit aa ctalgegete ggg %ttggcgt}m
: ‘ a c [ola)
A0tgtgtitt gryaagtitt 2820 Haggeacel Htganatgt SAfCattgy gicaatatgt
geacagattiicagtgttagactag2808Qrtaagtigiesgetaarticbggepgtiit ggedtiity 2100
_ttagaccgga ccgtgttaac 2940 .
gatcgtedet togtgagtag cgggotgety gyotggecgyg ggctttogtyg goegecggge 2160
cgcteegtgg gacggaageg tgtggagaga cogecaaggg ctgtagtoty ggtoogogag 2220
caaggttgeo ctgaactggyg ggtitgygygog agogcagoaa aatggegget gttccogagt 2280
cttgaatygga agacgcttght gaggcggget gtgagghbogt tgeaacaagg tugggggeat 2340
ggtgggcgge aagaacccaa ggtottgagy ccttogotaa tgegggaaag ctettatteg 2400
ggtgagat_gg gotggggeac catctgggga cectgacgtg aagtttgtca ctgactggag 2460
aacteggtit gtegtetgtt geogggggeyy cagttatgge ggtgoecgttg ggeagtgcac 2520
cogtaccttt gggagegege gooctogteg tgtegtgacy teaccogtte tgttggetta 2580
taatgcaggy tggggeocace tgceggtagg tgtgeggtag gebttitcico gtogeaggac 2640
geagggtteg ggectagggt aggetctect gaatagacag gogooggace totggtgagyg 2700



aattaatcat cggcatagta tatcggcata gtataatacg acaaggtgag gaactaaacc 3000
atggccaagc ctttgtctca agaagaatcc accctcattg aaagagcaac ggctacaatc
3060 aacagcatcc ccatctctga agactacagc gtcgccagceg cagctctctc
Weagoegatyge1 3120 cgcatcttca ctggtgtcaa tgtatatcat tttactggggegaceitgtg®ooi2i
agaactcgtg 3180 gtgctgggca ctgctgct.gc tgcggcagct ggcaacctga cttgtatcgt
cgcgatcgga 3240 aatgagaaca ggggcatctt gagcccctge ggacggtgcec
gacaggtgct tctcgatctg 3300 catcctg %8tcaaagccat agtgaaggac
992 SEHOARGYACA0cC0AGaME Agiigagall 3300 , colgaaltge tgeeeiclgg Hatgiglgg,
gagggctaag cacttcgtgg ccgaggagca 3420 ggactgacac tcgacctcga
gctogactigtttattgcagetioctastygtitae daatabagea 3480 catagcateae aaatttcacaso
ataaagcat ttttttcact gcatictagt tgtggtttgt 3540 ccaaactcat caatgtatct
o el ShaCogh Sonib Lo S GteAg- 3500 A ghAC tohtHate™
taaatttegattigatitaaaactivoatititaat itagaaggai-3660: flageigaag eeettity 2040
amtt %tgggtcat ?aé:cataaatc ccttaacgtg agttttcgtt 3720 ccactgagcg tcagaccccg
1A gaHa 8GR Cadad g Htkr Tefig Y AP CRATRER Y8 Y EgREIAARC g RRGELgc3 000
atggBAAGAARAAFRLCACEHLIFLERYCHSIGOMIGHINGE 3840, 9081cRa08T. - 3040
ctaccaactc tttttccgaa ggtaactggc ttcagcagag cgcagataoc 3900 aaatactgtt

R RCagG Y RTHGEEER. G HTGERAE CAtCHE SRR A CRERI R BO6B cgeetacatas
eocadeasiciaedapleatot ARAAIACt 0cleaRio ASRIARYIC 4020, IINagS o,
- gggttggact caaga.cgata gttaccggat aaggcgcagc ggtcgggcetg 4080
IEICHIGEEY GGG ESG Acasgect agrth yeigeg abtgtacctacagcgaaactgagata 40
aatq2k49. Gelagagcgt gagetatgagaaagegcecac gettcccgaa gqga aaa
£ %gaacagg%%% 4200 t%%%c&%%a%ggc ggé%gg%g%a 8aacg§tg%§§3%é§8aéga%g 3300
catcqjagetiCoag guggaaangr 4260 ctggtaipthtatagicsigdegogiticg.gaacctctgac
cota: 29296 tgc tttttgtg 4320 atgctcgtca ggggggcgga gectatggaa aaacgccagce
gts §§g§‘gg cct% gﬁ%% gt 4386 ¢ c%%?’cg&fttfﬁ‘@tgﬁcc%f‘ffﬁﬁ%a‘é‘é?@@@ﬁ@cccﬁ’é20
gyactgeeggcoagadetgagateg 4440. cogecgegat alegelrgeheoagqaacti-atatggGiic
: ttatgttagc caagagccca 4500 WO 2006/124001 PCT/SG2006/000121
T2 REAE AGAtHEIRE CRAIGRFT A altRdACCARTtgtoRte CatrttiatarayFatitat 4560
ccaadciaigittaastigagastity tottiacaat fiilatalt giititaag ititgaatat 4620 atgtttteat,
gtgtgatttt accgaacaaa aataccggtt cccgtccgat ttcgacttta 4680° acccgaccgg

ceasaidgtatt oy ittt Cogritier dédgregtt ftegtitcey #7406 tatatatesty 3660

cragdtHEOIECOIGGGacA,0iAARIAl0 AaaRldaARa .coolagagat 4800, alittaccga, |
ccgttacega ccgttttcat ccctatgcat tctgacagtt accaatgctt 4860 aatcagtgag

ccactgpgeetamstieageatttgietattiycoatoratay ttgcotgast 492@ teeeegtcgtg7so

gcgcg%%@%%%%&gcaggg g%%%%%gggaé:&%g%tgqﬁgc%%ggé g(':% 86@%%%%@ 38 40

ggaktcaagag ctaccaactc ttttteegaa ggtaactgge tteagoagayg ogoagatacc 380¢
aaatactgtt cttetagtgt ageoegtagtt aggeocaccac ticaagaact ctgtagcacc 3860
gectacatac chtegotcetge taatovtgtt accagtgget gotgocagtyg gogataagtce 4020
gtgtcttacc;gggttggact caagacgata gttaccggat aagécgcagc ggtocgggety 4080
aacggyggggt tegtgeacac agoccageti ggagegaacg acctacach aactgagata 4340
ccﬁacagcgt gagctatgag aaagogoeac goticcocogaa dgggagaaagqg cggacaggta 4200
" teecggtaage ggcagggteg gaacaggaga gogcacgagyg gagcitccag ggg@aaacgc 4260
ctggtatcit tatagtectg tegggttteg ccacctotga citgagegto gattttfgtg‘ 4320
atgoetegtea ggggggegga gectatggaa aaacgocage sacgeggaect tittacggtt 4380
- cceggecttt tgotggeett ttgeotcacat getgggocoa gecggooaga tetgagoteg 4440
cggeegegat ategotaget cgagggacht atatggotte tiatgttage caagageeca 4500



gataccgcga gacccacgct caccggctcc agatttatca gcaataaacc agccagccgg
5040 aagggccgag cgcagaagtg gtcctgcaac tttatccgec tccatccagt ctattaattg
5100 ttgccgggaa gctagagtaa gtagttcgec agttaatagt ttgcgcaacg ttgttgccat
W31 80stgatacaggc atcgtggtgt cacgctcgte gtttggtatg gcttcattca getoagatisooor 21
5220 ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt
5280 cggtcctceg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggce
5340 agcactgcat aattctctta ctgtcatd@ atccgtaaga tgctttictg tgactggtga
agac: 2490, dledleaase.agleallel dag2a1a0ld Ja19¢90e0a, eLIAIC eLioCCqdgg
5460 gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca
ctataehitfiggaaeesso- gttt et gy gotaaass: teteaaggatk ettacogeigitgagatecan
tgta 55 cccactcgt gcacccaact gatcttcagc atcttttact ttcaccagc
R et R R g SR R
acccgaggggacac guaaatotigb7ot: aatpetcatarclaitentti-teaatataadigaagfatt o
tatattatcc;::'gl tétatt %cgcat 5760 gagcggatac atatttgaat gtatttagaa aaataaacaa
F-EEASEGGgottc Cheycact BEI6 cEEL it YT atiA altgiaatgttaat it

atttrigitaaaathegegitanat 988Q Migtaaadeagcicatifitaaccaa dagaregaasay g 5o
tcggcaaaat cccttataaa 5940 tcaaaagaat agaccgagat agggttgagt gttgttccag

st o fitGaat R G Attt atid BO0O- ttdsaBEHGy g hartccan syicaatgrt 4920
cecegedgdfaageddelalcagdycoatag 888@1:@99& %@Q&JQQ@& Cg&%@g gggaa Atcapgtt

80

ttggggtcga ggtgccgtaa agcactaaat 6120 cggaacccta aagggagccc

gatacegfatitatRrGRIRIc e gaatet cugt Yadcytggegt6186- agaaagyaag

99@%9
aagggacgc

g

%a@ggagg@g%q%gggcggg%@g@&gggt%gs@&% tageggtc 6240

cgcg taaccaccac acccgecgcg cttaatgcgc cgctacaggg cgcg

<tgecB800: WO 2006424003 -PGTS GR006/060 121 -4bM8dcoepaticat

tgctagg%[(‘g

C
agc

saa o gogncn

i

codft

cgtggcctc ttcgctatta 6360
Rty Ty R GG gttt22°

ccaachd2td toppagieac: gecgiigiaa aacgacggasagigaaiiga acgatecas: -
tatagggcga 6480 attgggtacc cgacg 6495 <210> 71 <211> 6400 <212>

COTLOPGAT E5 TS AT TIPSR < 99 RE PP Bt CHHSRUETTERTDS 1 5340

ageaciggiiatiaa tagtaricaa jtacagegtic.altaolicat agcecatata, tggagicsy 60

5040

5100

ccat

5160

5280

5400
gtactcaacoe aagtcattet gagaatagtyg tatgcoggega cegagttget cttgeocegge 5460
gtcaatecyy gataatacceyg cgcocacatag cagaacttta aaagtgetcoa tecattggaaa 5520
acgtictteg gggcgaaaac totbcaaggat cttaccgoety ttgagateca gttégatgta 5580
acccactegt geacceaact gatqﬁtgagc atettittact ttcaccageg titetgggty 5640
agcaazaaca ggaaggcaaa atgecgoaas aaagggaata agggogacac ggaaatgttg 5700
aétactcata ctetbeettt tteastataa ttgaagfatt tatcagggtt attgtctcat 5760
gagcggatac atatttgaat gtatttagas aaatasacaa atagggotte cgegoacatt 5820
tececogaaaa gtgccaceta aaﬁtgtaagc gttaatattt tgttaaaatt cgegttaaat 5880
ttttgttaaa tecagotcatt ttttaaccaa taggccgaaa toggeaaaat cecttataas 5340
tcaaaggaat agacegagat agggttgagt gttgttceag tttggaacaz gagtecacta 6000
ttaaagaacyg tgdactccaa cgtczaaggg Ccgaaaaacag tetatcaggy - egatyggeoeca 6060
ctacgtgaac catcacceotz atcaagtitt ttggggtogs gghgecogtaa agcactaaat 6120
cg@aaaccta aagggagooc cegatttaga geottgacggg gaaagocgge gaacgtggeg 6180
agaaaggaay Jgaagaaagc gaaaggaygcy ggcgctaggg cgotggeaag tgtagoggic 6240
acgctgegeyg taaccaccac écccgccgcg cttaatgege cgotacaggg cgeghococat 6300



cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgeccatt 120
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180
atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc 240
wany@cgeot: cctattgacg tcaatgacgg taaatggccc gectggcatt atgerosgiacsothizi
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 360
catggtgatg cggttttggc agtacatcaa tgggggtgga tagcagtttg actcacgggg 420
atttccaagt ctccacccca ttgacgtcaa tg tttg ttttggcacc aaaatcaacg 480
tegeddgaciicea:aaglalralasacaasiacye Locatlignag,caanlgdacg glagaaatat 49,
acggtgggag gtctatataa gcagagctgg tttagtgaac cgtcagatcc gctagcgcta 600
cgccagetftfaCiRiG Hetsy a§etcrageticer adrtyragitcgachepace gegggeregy 660
occRIARPAN0 IR0 0R. SRCIA0090 Iacnge . SUOEI L IoR0BR0e 120
tcagaataaa cgctcaactt tggcagatcc gccaccatgg gtcctccaga gac“_’e? aggcgte’f§8
~ attogrhgotag@e tggctattgt tcatgaacca caaccacaac cacaaccaca accagaacGa9s
840 caaccacagc cacaacctga acccgaagaa gaagcaccac agaagagggc
<210>8aagaagtgc 900 acatcggatg tatggcagca tttcaccaag aaggaaattg
<zil>aagtggaggt cgatggaaag 960 aaatacgttc aggtatgggg gcattgcaac tttcctaatt
<2iZycB¥ygcetaa gtataggget 1020 gagggtcatc atggaacaag cggatttcga
<23‘3>aa;‘?f§&tft§;‘él§gacatcaca tagtttagtt 1080 aaaggtcagt tgtgtctaaa aagtgaaaag
<z20>gatcatggca aagacataaa tctcattgag 1140 ccttataagt acgatgaagt ggttagccta
<223>aafaaetie atttggeaataatcatgcat 1200 gaataccctt tcaatattgt agaacatgag
<40 O>tagt tgttg agtttgttaa gtctctgcge 1260 WO 2006/124001
LLSGRA061000121, 49443 coleacile gaalanadlc coglgteadt gclagaaa,

tagttg C
atatcatgga tttgtatttg 132 gaagaaaaag aaaagttgta tggaaaacta aa%gatgttc

cgttaggtete gt Tattoaadtvd8 86y atgyatatgt ggacateitgdeaaaatagg-teatacatgtzo
. oo digtcaccat ceat t 1440 gatgatgatt ggtgtctcca aaaaac aatt gttggctttt
gaCgtttcatSttactagaa%%gatt:%‘%%ggcfg%ggcgtaa%%%aagagagﬁ’t?chcé:gé:%ac%[’fgﬁﬁ%%%atca{'t%%
atggdttaagigoaa cattgagaas-i b6i--aaatigitig.eatigicit ggajaalget aglgeaaat 4o
‘t aa tggct?t gcacgatata 1620 attgaggatt tgcaggacac tgattcaaat ctagtttgtg
B9t QG Cit Bhttea oty 18T gttt EEC AT FEttigfeGEaaEgyatg 300
catgagetiggeigiaatigeagga A4 acealigaga.aagicaaage.gatigiict gcigtaaasd,
ctictccttt gcagtgggaa 1800 gaactaatga agtgtgctag tgaatgtgac ttggataaat
cAtIgtERAd gt Ciaat At ABE A Gt ST At GHAeIRs BET ekt WERtgagghR
=ttredigeetiatadialaageet 1920 geacgaalaa ggaltaqaac.aagigatcet. cgcaggtacg
‘ atgcaatttg tcctaaagcc 1980 gaggagtgga agatggcatt aactctttit aagigtttga
goact g AR tgafienci 2040 g ceetat etgytastes atatiecastaycaaatttat 540

acgth%%QQaéEﬁli@&gigﬁgééggggtgg tttagtgaac cgtcagatce getagegeta 600
'ccggactcég atctegaget caagettega attotgeagt cgacgghtace gogggocegg 660
gatccatacy atttaggtga cactatagaé tacaagettyg cttgttettt ttgeagaage 720
tcagaatgaa cgetocaactt tggeagatoe geocaccatgg gtoctccaga gaagaagogt 780
aéggtagaaa tggctattgt tcatgaacca caaccacaac cacaaccaca accagaacca ~ 8490
caaccacage cacaacctga acccgaagaa gaageaccas agsagagogc aaagaaghge 800
acaﬁcggatg tatggeageca tttcacceaag aaggaaatig aagﬁggaggt cgatggarag 260
aaatacgttc aggtatgggg geattgoaac tttectaatt geaaggetaa gtataggget 1620
gagggtcétc atggéacaag cggatitoga aatcacttga gaacatcaca tagtttagtt 1080 .
. aaaggtcagt tgtgtctaaa aaghtyaasag gatcatggea aagacataaa tctecatigag 1140
cettataagt acgatgaaght gygttagecta aagaagobte atttogeoaat aatcatgeat 1200
gaatagcctt teaatattgt agaacatgag tactttgtty agtttgttaa gtotctgege 1260



ataaaggatt tgattgacca atggtgtgtt catgaaaaat ttgtcattag gagaatggcc 2160
gttgcaatga gtgaaaagtt tgagaaatat tggaaagtgt ctaatattgc actagctgta 2220
gcatgcttcc ttgaccctag gtacaagaaa atattgattg agttctatat gaaaaaattt 2280
watggtgatb@atacaaagt tcatgtagat gactttgtta gggtcattag aaaattgtatsg3ddddeoe121
caattctatt ctagttgtag tccttcagct ccaaagacaa agacaactac taatgatagt 2400
atggatgata ccttgatgga aaatgaagat gatgaatttc aaaactattt gcatgagttg 2460
aaggattatg atcaagtaga gtcaaatgaa taaat atatgtctga accccttttg 2520
cetca@RgCAtAgLY gicagitga tattitatca 19alg0adgo gaaaggtiac @9@%9%%%253 20
attctcaccc aaattgcaag ggatgtgcta gcaatacaag tgtcaactgt tgcttctgag 26
gaagargeyttcegtyetgatggdesigtigt gatcettatcgeaategtot tggtteggaga2f00 1380
tgttgaag ctitgatatg cacagaagat tgggtagcag catctagaaa aggtgctaca 2760
O ot S at0g (T she ST e Ctator A totauter Do Lie0
gatgaaatcatgraatcatatyge:tgaggatgaagacgenatag-aatiticiaagaataatgaa 2880
ot gt%tag%i:%a %tg ctcctc tccatgagca atgtgtctta tgtttgttga cagatgagcc 2940
- BCTINRGGt AR tAgttath ¢ MG EaAGy LERALRIEE JRGAEGRA thREEEER 50007 560
aaatt@igiitaos citatatiodlgicatgtgl-ocagliagas falatgaeticiatatta 3080 WO, ¢,
' 2006/124001 PCT/SG2006/000121 47/48 gccaaggcgg ccgegactct
- Btroagaaitatdar EeCatdtd B tAG WH AR F3 P09 fgc ftaahhraheticccagso
agot g@&QEQC%@%E th%%@ﬁéﬁ% Q&%&@Qt@é Qt&gttgg%cg&%gattq 740
cagcttataa tggttacaaa taaagcaata gcatcacaaa 3240 tttcacaaat aaagcatttt
acaatfgsgetgea treerpttg b gotigteta amticieas 3800 tgtaicitaaggegtaaatt 1800
asac:L30°01A ABLIOY anaaliegca Uaaallll, 3560, gtagaicag dleattty
aaccaatagg cpgaaaicgg caaaatccet tataaatcaa 3420 aagaa?ag C
gtetcggegataggydtgagigtigdtecagtitg gpacaagagiteeaetaitaa 34302 agaacgigga
gcactgtqc%%ac%tgc 2aagggcgaa aaacc%tcta tctagggc at ggg(\:ccactac 3540
glgaactalc Accetaatcn agtiitgLGEYAGTg eutanaftd RFiaategga 360
gaggaBtegiaaggygagecaacgaditngagalgaeggydana §6ea9caaacaiggedagan o
3660 aggaagggaa gaaagcgaaa ggagcgggcg ctagggcgct ggcaagtgta
gaact X tica %7%?6 Pgééég‘iﬁé& GCCRCAERE JEéGCHeRacatgiseagery 2100

ataaadRU096060,1cAG0IAG6R A (80 Ciitingadg.aaalglacac. gaaacceca titottiatt

60

tttctaaata cattcaaata 3840 tgtatccgct catgagacaa taaccctgat aaatgcttca

IrtocARiataftyratRGoaRER3IOT JRAIGRYUL gtmdgance agttgigusa 2220
gcat g&@g t@@gaﬁég&%t%gagééégéﬁcﬁﬁ a%:%@_;gt @9 %%[Eg gg g:g\(:: agagacaaa%%%t t 2280
gtatgcaaag catgcatctc aattagtcag caaccaggtg 4020 - tggaaagtcc
catougRgcrteaytadgeagtasgtalcas agcalgaatctodattagta408f8at 2340
caatt %%Z%ca%%%% @%&g gthCCQC(;CE%aggIECCg:%% e(a: c?atg gg ggggc%ga&gg Cga?a%gg égtcg ¢ 2400
atggatgata ccttgatgga aaatgaagat gatgaat{:tc aaaactattt gcatgagttyg 2460
aaggattatg atcaagtaga gtcaaatgaa ttggataaat atatgtqtga acceccttttyg 2520
aagcatagtg gteagtttga tatittatea tggtggaggy gaagggtiige agastatcoct 2580
attctcacce asattgeaag ggatgtgeta geaatacaag tgtcaactgt tgottcoctgag 2640
.tctgcgttca gtgctgogtgg togtgtigtt gatccttaﬁc gcaategtcet tggiteggag 2700
attgttgaag cttitgatatg cacaaszagat tgggtagcag catctagaaa aggtgctaéa 2760
tattttocaa caatgattgg tgatctegag gtgotagact ctgttattge tgetgcaaca 2820
aatcatgaga atcatatgga tgaggatgaa gacgcaatdg aatttitctaa gantaatgaa 2880
gatgtageaa gtggeotecte tocatgagea atgtgtctta tgtitgttga cagatgageco 2940
#tggttg_taa tagtttatge atgotaagty ctecagatgtr Jagcaagtga ttatgaatat 3000‘
gtgttttaaa ctttatattg.tgtcétgtgt gotagtagac ttatatggot tottatgtta 3060



ccattctccg ccccatggct gactaatttt ttttatttat gcagaggecg aggccgcectc 4200

ggcctctgag ctattccaga agtagtgagg aggctttttt ggaggcctag gcttttgcaa 4260

agatcgatca agagacagga tgaggatcgt ttcgcatgat tgaacaagat ggattgcacg
wWiB2@¢aaggttctccggecegcttgg gtggagaggc tattcggceta tgactgggeat/sG2o06/600121

caacagacaa 4380 tcggctgctc tgatgccgcec gtgttccggce tgtcagegeca

ggggcgcccg gttctttttg 4440 tcaagac % cctgtceggt gecctgaatg aactgcaaga

cgaggcagcg cggctatcgt 4500 ggctg‘é Sc gacgggcagtt ccttgcgcag

gco aa@@ﬁg@t%@ é&%@@%@@@s&%&% @Qg%\@@@a&gg@g@gE}E 915: t@g@%‘éa et 3120
gaagtgccgg ggcaggatct cctgtcatct caccttgctc 4620 ctgccgagaa agtatccatc

taCt ARRTC REEAAFGCo BRE GetFeAt aEg THTRT g #E8G t ctacttyees attcgaceac
tqttg239C0A3A¢ AICOCAlCgA 9¢0a0GaLgl actcggalgg 4740 aa %ngt%ta 3240
“tgtcgatcag gatgatctgg acgaagagéa tcaggggctc gegecagcg 4800
trrcagaendttegeTagyticaagrgeyageatycteggacygiga ggaieicgie gigacscatgzzoo
£gt2c4800,WO 2006/124001 PCT/SG2006/000121 48/48 gegatgcct
CtigeCgaat AlCatggtgy ARaatgcey chiclgya teateGace 4@?@%?36&99}?{60
gttasgggigtggey gacegctaic-agoapniaan giigactaacegtgatattg A980: clgaagaget

__tggcggcgaa tgggetgace gettectegt getttacggt atcgecgete 5040 ccgattcgea
aagaa bl Cl R A L R S LAY (AR A RS 0P GG atog o o°

agaacdtiaeCgace:a3gcgdacace fARCCIHNCa-16REY a%&&gagt@cé&éc]@& ac 3540
cgccgccttc tatgaaaggt tgggcttcgg aatcgttttc cgggacgecg gectggatgat 5220

gtoRaEERCAGEGE GG TAatea tEtggaga-caegeEt ot taggoy gE yrteantga 5280

==ccrEACONRR0.0R0ACAAIAGC008AANAYG AL Ac00CARlan, aan0acagRn
5340 taaaacgcac ggtgttgggt cgtttgtica taaacgcggg gttcgg%gcg.aggggctggca

2goacBagir clRIgRyataceeTarga gaceesatig-yggecaatac-gcgegeatti-eticctiivzo
- 450, qeeaceesac ceeceaagtt cgggtgaagg cccagggctce geagecaacy

| gCgctécggé:gcggc 5520 géa%%gc(?g%:c agt%%ccgﬁ% 9 g?%‘c%%%%ﬁ%tﬁ%ﬁ?ﬁﬁgﬁﬁ@atttgg\B0
cttitogattcatib 580 dtaatttaaacaggatetaga tgaagateat 4igataat eteatgaccasg o

tota tgga{;%ccgg 5640 a%%tgaggtt tcgttccact agcgtca%a ccccgtagaa aagatcaaag
? cltg 878 Fgatcstit fietgEGE§ Tttt g Ry tilfciaarac9a3a%accad l

gatct

gtecteggiaceagbdSl): gotaglighigcsagalc-aa0aaMlasc,RaCicdL ccoaaggtag,
ctggcttcag 5820 cagagcgcag ataccaaata ctgtccttct agtgtagecg tagttaggec

R 3 o Koo 15 0 15t3 YCHCAGECE B RBEEIG Bt GeBRTRIST tac 48]0

t952aigg6l0elee 5940 Caglgdsgal Aagingigle Jtaceagalt ggacicaaga coatagiiag
cggataaggc 6000 gcagcggtcg ggctgaacgg ggggticgtg cacacagccc
agcaagyittiy GAHTGastl ACRA 6060 Catcgantty ajatatcar agegiyagatc 4140

ccattéEQ@Q3&%%&%%089%38999999&%9&%9 ?%%%%86993%89958@%%%9 4200
taagcggcag ggtcggaaca ggagagcgca cgagggagc 1§0
ggectetgag ctattccaga agtagtgagg aggetttitt ggaggectay gottttgeaa 4260
agatcgatca a‘gagacagga tgaggategt ttegoatgat tgaacaagat ggattgcacyg 4320
caggttetce ggecgettgy gtyggagagge tattcggeta tgactgggca caacagacaa 4380
teggotgete tgatgecgeo gtgtteocgge tgtcagegea ggggogeceg gtitoctitttg 4440
tcaagacega cotgteeggt goectgaatg aactgeaaga cgaggoagog cggetatogt 4500
ggctggeeac gacgggogtt cottgegeag chtgtgotega cgttgtcact gaagogggaa 4560
gggagt?gct 'gctattgggc gaagtgecgg ggoaggatct cotghteatet caccttgebs 4520
'ctgccgagaa agtatceate atggotgatg caatgeggeg gectgcatacg cttgatoogy 4680
‘ctacctgees attegaccac caagogaaac atcgc}atcga gcgageacgt actoeggatgg £740
_ aagecggtet tgtcogatcag gatgatctgg acgaagagca tc‘:;!ggggctc gegeaageog 4800

@actgiteyge caggoteaag geogagceatge cocgacggoga ggatctegtc gtgacccatg 4860



tccaggggga aacgcctggt atctttatag tcctgtcggg tttcgecacc tctgacttga 6240

gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgce

6300 ggccttttta cggttcctgg ccttttgetg gecttttget cacatgttct ttcctgegtt 6360
vatcooetgatdctgtggata accgtattac cgecatgcat 6400 WO 2006/2246@bk00s/000121

PCT/SG2006/000121 present invention is directed to the use of the

maize Ac/Ds transposable elementﬁé?drgertebrates.

gegatgoetg cttgocgaat atcatggtgy aasatggocg cttttectgga ttcatogact 4920
gtggeagget gggtgtgyeg gaccgetatc aggacatage gttggctacce cgtgatatig 4980
ctgaagagct tggoggegaa tgggetgace gottoctegt getttacggt ategoogotco 5040
cagattegea gegoatcgee ttetategec ttettgacga gtteotictga gogggactot 5100
ggggttegaa atgaccegace aagogacgeoe caacchgoca tcacgagatt.tcgattccac 3160
cgeegeette tatgazaggt tgggoettegg aatogtttte cgggacgeey getggatgat 5220
cetocagoge ggggatctea tgctggagtt cttegeoerad cctaggggga ggctaactga 5280
aacacggeay gagacaatac cggaaggaac ccgogeotaty acggeaataa aaagacagaa 5340
taaaacgeac ggtgttgggt cgtttgtica taaacgoggg gttcggtece. agggetggea 54060
ctetgtegat accceactga gacceceatiyg gggecaatac gecegegttt cttectittc 5460
cceaceooac ccccgaagtt cgggtgaagy cecagggctc geagecaacg teggggegge 5520
aggcectgee atagecteoag gttactecata tatactttag attgatttaa aactheattt 5580
ttaatttaaz =ggatctagyg tgaagatcot thttgataat cteatgaceca aaatccocatta 5640
acgtgagttt togtteccact gageogtcaga cccegtagaa aagatcaaag gatcottettg 57400
agatceetttt ttictgegeg taatctgetg cttgcasaca aasszaccac cgetacecage 5760
gogtggtttgt ttgccggaté aagagetace aactoetttit cegaaggtaa ctggeticag S820
cagageygcag atagoaaata ctgtcgttct agtgtageeyg tagttaggec accacthcaa 5880
gaactcetgta geaccgecta catacctege toctgctaate ctgttaccag tggethgotge 5940
cagtggegat aagtegtgtc ttaccgggtt ggactcaaga. egatagttac cggataaggo 6000
geageggteyg ggoctgaacgg ggggtitegtg ca;acagccc agettggage gaacgaccta 6060
caccgaacty agatacctac ageogtgaget atgagaaégc gccacgette cogaagggay 6120
aaaggoggac aggtaéccgg taagoggeag ggtcggaaca ggagagogea cgagggagot 6180
toccaggyggga aacgoctggt atetttatag teetygteggg tticgovace totgacttga 6240
gegtegattt ttgtgatgét cgtcagggdg geggagecta tggasaazcog éeagcéacgo 6300
ggcctttita cggttoctgg cettttgetyg gootttigeot cacatgttot ttecctgoght 6360
atcccetgat tctgtggata accgtattac cgcca&gcat 6400
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2 present invention is directed fc the use of the maize Ac/Ds transposable elements in vertebrates.



