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yi el ds reconbinants in which. the reporter gene Is* fused to the reE ory
el enrents of an-endogenous gene. Transcripts- generated by these fd%

encode fqg héjggcated cellular protein which has |ost 'ti‘f‘?
function Ince selection for a gene tgap event relies on e expression

P emoved BE9%00PaliRE  ghie SHrfete, nreMs | i MREOD o R e ca Ly 16751 K 187852 i n
r econbi ﬂatégs'aﬁebeféc‘iﬁnﬁlﬁbtldﬁr\@cdtﬁ@métw&ﬁraﬁ a8 attédhe?rérﬂv Qité eﬁreégntcel s

operatignal process the conditional gene trap |Is transduced I nto
After sdhenphage genome:ang apiattl aittafgemmtum mhﬁ’teobamepaegeadrr@erléhothecz

cassot 1 S1F5 are HBKRATAE fhe s P BHInelie R S8 Giéntaioncr igencror

f unct i ointegratiom,sthe iNMeNEniNg DN BEgement iDakMtéd irods the ?a?éh'tl%"l 'dlecule.

cassett are used to create transgeni c nouse strains. nouse Stl’al ns

are cr ORLOPURASL tRcR- G IHRJOXPHgensustems tatth @ad: &Bmltﬂmamubhgdaltmakgam c

(sence) SHare'S6ine, scifuciitealntity B A TR BFIdIRG e FAGRR” A Y3rvba pher " ©
provi deef aecsyit tnbncsaaj]uma@ flahkihg YSE€ (cBFe Pﬁbnsﬁrﬁéﬁ s &Pd rﬁt SHESFOPRe ' N O

all genes. This is i eved by repl acing e elenents o orlglna
sel ect | BECESSOER RrOtEIRS JAHF, Fis a5 Xgerlép@mamtqggamm gecombinatiarpbetween an

constit \Vi O e site or
(Zamor otite Sihd BEENSIEE pRhe sitet WML RN A elif B8 defiekfed. Since Ehese  ap
i s depesitesit apen ohly aegombinedn aghiranbatid age nsivs attP)/ e e pgiatfoP N eS@NGE CE
whi ch occurs, b ﬁé#ﬁgg%&ef the selection cassette to the donwstream exons
of the recerRpee ProfEIniERiesent.ahe -TeheYsier tsomidirectional in its

Rr onot ehhseifdecCtion for gene trap integrations is independent of target
gene expression. As with the other conditional gene trap, a favoured

oper at i 'Dhatl the dcdnt systémsréquinsdticd iIOIF akcssoRP pretéin alsd foieingegmitiid on-
of nmutant nouse strains. Thus, -as a preferred enbodi nent the preSent

i nvent i copkipatien F@F‘P&C@?@ﬁdﬁ|Q;ﬂtﬁchng&mécalremlqagoeohsmamaﬁaremlag f or
I nt egr S r nct I onal
segrrenfﬁ?) et‘agféy conpr i sesg@%‘}dcég’ta@é’g%?%% %d%rh'}bg‘ 9I MPNA
Sequenoﬂesd'iwﬂmlhmahvﬁelﬁliﬁbrﬁchaeif ar s34, Mot %t&IPQQBf '1‘17511fﬂ§’1'g ? capabl e
of of -unidirectional inversion of a double stranded se S

def i nedmgentgast taa-Int, thentegrase rafithe phage B3l ﬁh%@imﬁemﬁ3bhht)s}myrent

( ?géﬁgtﬁnﬁﬂﬁﬁf@&@#ﬁﬁéﬁéﬁw $ BCBal SR f&resﬁﬁ%%%éaﬁtﬁ?@as'(sgm@ﬁ?%
1 st s o iy s S
ori ent aéf 0 %(f?éﬁ drint Ay I@%mmbmehendﬁeéem aprintegragive
Provi deeabBbn af the o itdihred plstel’ 610 bf J?&gﬁe f}ﬁ&u@E&n{EﬁS&J foh! J@eg{?ﬁ g6 the

integrations into all genes. struct e function
segmentinteyvening: PNA ifsthie sieemane presentnoh the pah}eamw-y hadleaniesacghensame
flankeq F¥|% Jte eC|f re capabl e of of
uni di rec gg"%@f’%%ﬁ’ eSﬁEF‘F aﬁ g%&ﬁt R‘%Bﬂ'ﬂ@da
above. pF Of QAR sitey, t‘ae;bteeemhbm an ma@b@m@ﬁt%SﬁEmawﬁﬁdZOM
WO 41t 292 PCT! EPOU110162 12 sel ecti on cassette) which conprises a

r epor t ePiH, Joge (Nafle Acafikércig e §508 0~ éﬁlﬁbitlpgﬁm:cﬁl%trﬁawolveis

pr onot &jniaRdciodaES ] A R . a tte peing
flankeﬁjnby two RRSs ¥ a secohgssi éﬁsﬁécﬁ'ﬁmaﬁ F%!:so}?ﬁ'% ﬁéée%?ﬁ&%m Ta%db
or i ent adleletion lof BNAdmplesiites inchembodietisn{Grotinet RRSProt. Nbtl. deadnScRi9Z,
speci fi nay be any conventional RRS provided , however, that
tey do %‘r’e%ﬁ@@? the RRSs of the first reconbi nase: The cell of
enbodi nent (3) of the |n\_/e_ntion can be prepared by conventional nethods

i ncluding el ectroporation or retroviral infection. In a preferred

. enbodi rmm-.;ﬁaryhﬁm@gﬁeén(ﬂn of the invention the nutation in step (v) Is

effected by a site specific reconbi nase capabl e of unidiretional
.Inversion of the functional DNA of the gene trapping construct. The

procesThe)okiject 4ai babkelvidr by ethwriavehtiomnel ehe SMSEN: | a/mil%ﬁhbhc'is?clhe

or cpar 1R VER of 8 0o o R, 6k R ol MRebti arabinisane

construct is installed in an ES cell. The above process possesses the
foll om ng advant ages over current technology:. (i) nmutations are inducible
in prespecified cells and tissues and during prespecified time intervals;
(ii1) nutations can be induced in all genes, including those,for which doped
sequences are not avallable (1) the functlonal anal ysis of the. nutant
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gene; filled rectangles: exons; filled triangles: [oxP recognition sites,
| oxp: vm | dt ype | oxP site, 1ox66: single nutant lox site, |ox7l1 BSGIPRQD[E
mut ant KXB }] .. lox 66/71: double mutant -lox site; shaded tri angl es:
recognltlo & (frt); thick continugus Iines: mRNA t r arPé/ERIDAE 1“@hln
continuous lines: Intron; thin stippled” |lines: reconbinase nedi at ed

del et i orellow lswwwwmmmeﬂﬁnélogeﬂbmeé%ﬁ@en'@nﬁs 1CWad ?Sﬁﬁ@ t’ﬁ%fethe': LP:
FLPrngJﬂH as ngllrvrlb sonal entiy site. ure

f avour ed opera I CPBr S Yr SceSENG e¥'§’cﬁ nEPASSTUCt esiBgt |5ﬂ$§iﬁ¢:gene
t Irap t (r]I Jﬂ%ﬂ@nﬁ%jre&tmbmsasmo?mmweesmh%s(e@ Qert?§terﬁsld?ﬁﬁbﬁ¥

pl asni r t t on, of .a condi tional gene t
provi rusmlaﬁrg an | n@-'%gg Tegsgﬁ'tg'x rgiet?%gdﬁagh aq"’\w Al "’P@T ‘?‘E%a&ngﬁﬁ@'@l}R
medi at ed"ﬁtﬁ!’ﬂb&aﬂ@hsﬂtamr&bﬁlb@er{eew isvert)iomly oaseette in U3 between

mutant | oxP sites in both 5 and 3' proviral LTRs. Mreover, it places the
sel ecti cassette .l nserted mhp the body. of . the virus betvveen two frt

sites. 2PN EPERY InYEnRtion, combines l@"&’&qquﬁ' afepe olrrgetingr with $¢l’l&3ctrap t he

sel ect i td SN usi o
di srupts an Lnact ﬁfpgg&{d@t%r get tﬁgiene %Cﬁﬁ?g{:ﬁ &Egﬁ% 5?t rEﬁ.P"
nedi at eWithast nberfeﬁnelwvtrp gene rfunctionu Howevep) actwhtlon oEtivegenkeap itly a

t L d f
G o1 upt b6 SRl T bplRRst VRibecgBhe fiFbREoncnd o5 ebita functinnobislive of
t he. | ox Cohditiokal gens Qatgeitﬁmg,&he%&gy%%dtrlméa 08 KRBWH bgﬂ%s hgg ke o

di sruption cassette into a nutagenic~. sense orlentation

01/ 2920Yse< 1P cigsupt gllgenes inLartemmmiy ond/drspiatialpeestricted mahnemi que

regi on of the retroviral LTR, "R = repetitive region of the retroviral

LTR: U5 = 5 unique region of the retroviral LTR  SA = spike acceptor [
si gnal _'thwmasmt inbentienlthae piloviddessequence; pA = pol yadenyl ation
sequenlc:f Puro = urorgm n resistance gene; 1Xx | oxP recognition. sites;
frt jp) FPEW%F?\P%U&%%"Q ICﬂédltlﬂnalhtl‘nbt&UGHSI in genesppl ed

l'i nes -wﬁﬁ_qp%ﬁ% 35 89h g
.transcriptional o%ggr?t ati on. @ i gur e (gi\%sinasiﬁe@“ﬁ} e%CFHBgﬁﬁ't"?'oﬁél P8t 'm of
the proisetionsl anamen, dinasemnsndirt anhsénmmﬂr&tiep telathasl teeehéddyene to be

| ect ol ft t f
condl ¢ SRbPete ki, BRGEL "D CScineft Beingr Natkednby Pwanderpmbinase
initi atnmgnmdm%ehﬂém(tﬁéiemﬁftei”mﬁ'ivtﬂéﬁ”éi‘%ssﬁéﬁﬁc R4’ 3MYieé rEpeciﬁc

resi stance gene after splici i nto downstream exons to acquire

pol yadeieFrPaitinase '@Pab\%l védirsmiaﬂemmwm ofplai d@UMmostranqeﬂénDNA

I nsert rHeypst ream of pgkpuro. The fusion of the selection cassette to
downstream exXons inactivates the target gene. B: Mdified allele after FLP

medi at dd)cbpeefmd)émﬂummhecmma FERSTLpPIngLeistni® defirRY ) hHBGS on.
1 on

C. Tar ene after Cr nedl at |nverS| on of the gene disrup casSsette
whi ch %@gs Comrises ta‘[’? al ‘F‘ tor si gnal sequence SD: splice
donor si gnal(ayesl e ONA nﬁﬁty&ﬁﬁw _
bet a- Gal act osa?dase puroge[g)uronym n resi s‘t%jnce gene bgﬁg %ﬁﬂ% /

exons; grentatiop TQ!?F@‘PQ;@ tlhcxtransmpqmm. orientation, of the I@ene/vtdr dse/pﬁdpéﬂD
t | tant | t |
56 71: ‘S Beirt) Afhked "o KRS Wifich, =Pf shecsctd .6Re, SRAME Freambinass

(fit); aapableofirﬁnnﬁnglmasublermandﬂ\bmmﬁéhpt&dthl n continuous |ines: -

I ntrpn;f t hi rh?Sti ppl ed ,lines:- reconbi nase nedi ated del etion or inversion
bet ween | ox Rge‘:%'?‘fe%e grgeRt (Sw%&éﬁ’éﬁtﬁ%lsd’ﬂmmoﬁbpneécme
Ires: Idiketion rélhtiee etthe Arhhsc r & rom)ter
Figure 4 shows a favoured operartﬁ:mﬁ)nal orm ta@ c(}%sgo Sér@%ﬁ

condi t iksiag ﬂga#edttmpvemdnm mmeeinm\tatmnes to capture al | genes A:

Ret r ovi I vector -1 1.6 APR 20 01 8 PCT/E -0/ 10162 15 .
B. Tar éé? g é}lf‘éé&'tpgi? tle'? oraR tiapeing éﬂrf"\g?%? Jgg gdin £}3) ord¢) @bevent o an
i ntron (@) the gsecof Yhe ucell oPl {Pakbbove afeft EhERIdEHR d S

t he gerfe di sruption cassette&?n U3 bet ween nut anftﬁiagggPHQ?{@?%&%@%ﬂ&g
and 3' 95&%rral LTRs. Mreover, it places the selection cassette inserted
into t Vit U Transcr tS|n|t'ating
in theqlgngaegﬁe{r#g%ﬁ% t.Fg{;kﬂ-'re en??&rﬂ@rg"b r@@l‘;' hggfpﬁh&é o 't"e? ESHE% eflB
af t er sywpavismy comprisilmgwnst ream exons to acquire a pol yadenyl ation site.
Splicing is nediated by a splice donor sequence inserted downstream of
pgkpuro. The fusion of ‘the selection cassette to the downstream exons

i nactivates the target gene. C. Mdified allele after FLP nedi at ed exci sion
of all- proviral sequences placed between the frt sites. This restores
gene function and | eaves onIy one copy of gene disruption cassette behlnd
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site. The. fusion disrupts and inactivates the target gene. The splice
acceptor - p- geo cassette is flanked by two nutant |ox sites i qm’,‘te
orientati g ot rrow Indicates the trancriptional di rec;,' &ngme
13-geo gene. B: Conditional gene trap vgct or after Cre nediated 1 nversion
of the | fla kgd_ ﬁen trap. eb%rrents(égene di srupti on .cassetqt;g. Gene
trap i nAt si dﬂ&ﬁ abel ofls & FENE HRPHR'D S8AStGH s febbedbnobdb aboverin @l i ce
acceptor- andjtasieebly A- sites into the antisense orientation which is
non- nutageni c. The recombination of 1ox66 and |o0x71 sites generates one
| oxP vvi(lllgtyﬁ@lmfmfecﬂibdblWhhﬁhﬁ@mt«uﬁﬁis?ihcei’pm’atemn sjeneg accept or
si gnal uence. DA . pol nyl ation sequence; f-geo: . fusion gene of
f-gal acts(ﬁgi dé@%‘%#oﬁﬁﬁh'&gwm SH@? ag%'?efﬁ\ Ivéla'cF‘eE e ngpnstrud, is:
triangles: | gcorpepgtedti on sites, loxP: wldtype |oxP site, |ox66: single

mutant |ox site,” lox71l: single mutant lox site; lox 66/71: double nutant
1ox sitdiv) t ideletionaf the selection cassathe from the trapped geme,st i ppl-ed | i nes:

e 6 shite TRlchicRor sBtaudH o Ehe igbegtiadhe Biinefomm ot hBcRBeIPRS s
done GI'DNAsegméngestion with BanHl and Xml, and a segment of the ‘

neorrycir& s)hosphotransferase %%ge as a probe, the integrated pRK57SA-p
vector (B} pdEansoenic grganismolipinpble byithe pethad ef telisbeves antler si on t he

band is S§ . e I f |l]s at -6
days af t(ZF%fe%ﬁ ibgn% ?ﬁﬁéaé?'%e&éa@e?%}%%ﬁé %02?52\,?6‘?0[}% %‘%ﬁé‘ﬁ&?@ﬂe, '
t he ' cofumction/at vangis\BEvelopmental stages. were not treated with virus. The
band indicating Inversion of the gene trap vector appears only in the
sanple treated with the Cre expressing retrovirus. Figure 7 shows the test
vector SHortDederiptibai of Biguraer si on, pRK73, and the product of

i nversion, pRK73-lnv. A Plfasmd pRK73 contains the 1.1 kb cassette of the
codi ng region of the " puronycin resistance gene and a pol yadenyl ati on

2 P EL RO o el 0, ol D ol
opposi t eellsy each other' (thick black arrows), as conpared to the

orieritation of attB and attP before the integratjon ,of the phi C31'. phage
into t hEltsast{cnditionalfetraviral gengdrap yectorte adiyexpresseriganesd by two Cre

r econbi e3! ERioAAqené ! ) v i S [ i t

ot her. @‘;better oﬂr@eﬂ?géitgﬁgt“%&hgﬁd @@@o#éﬁigﬁ%%@ﬁgﬁge& gﬁgn

| abel | egxpressioi kewet incthe {argehcells.ow) and nunbered 1-4. The 3 bp sequence
w thin the atr sites _at which reconbination occurs is franed by a box, The
posi t 1 of ot GaRtubiOPal hestBVirr afRE Yo YestoR ho Gy aghe Hidependeptly o3
vect or ghéir eRpiessiordd by an arrow, pointing into the Y direction of both

ol i gonudeotides. 16 APR 2004 WD 01129248 PCT/ EPOQ 1b162 17 B: The

i nver si 5ig-gx $haws tyreonditigpabgene tap vedor pREKSESA-Bnt nedi ated -

reconbi pat i . i of pRK73. .T econbination bet n a-
pai T b SRR SHoutbent piot pbaive of gehpmic IuR ERET HiE e PRMCES) e
ifnvert ecloneGTRY AN cassette. In this. configuration the priners P64-1-and
P64-3 will _anplify a PCR product of 608 bp. Hgure 8 shows the structure of
t he @lfﬁqﬁmgﬁ'%ﬁe%mrpf@%@lﬂ% megiated inyersign, PBK7Sy andjithbe is -
express o, _IAPr  expression. in mammalian. cells. A 300 bp

L) . N €SS
hybri d Fntrontoget ween pronoter and coding region provides a splice donor
and accEig. & showsthe suctrernf thediIhr-Int expressipmevedtpr pRIGSL het i ¢ :

pol yadegy| g} i,0n.si.gn uence. The expected transcri | s icled . as a
Phinol; L phlys R Tt BRGIGE aehirafRih Plthinel pafeds B84:1 and B4k Ao
and P64a3eqbBfic@ conpirizon oFafRPCR prodictshe PCR products. A Anal ysis of

PCR products_on an agarose gel from PCR reactions using the Priners P64-1

and Pe64Ei8. 030 pshows the: (regombinatisn ssubstate s vestans f use@dfor €8 smediatede
wth plﬁ.ﬁlgﬁggn_RKn alone (lane 4), with pRK73 + CW-Cre (lane 3), with

- pRK73 + p (lane 2), and fromnontransfedted cells (lane 1). The
products with an apparent size around-650 bp, as conpared to the size

mar ker used, from |ane 2 were excised fromthe agarose gel and purified.
The PCR products were Cloned into a sequencing plasmd vector and gave
rise to the plasm ds pRK80b and pRK80c. The insert of these plasm ds was
sequenced using reverse priner (seg8C and seg80c) and conpared to the
predi cted sequence of the pRK73 vector after C31-Int nediated inversion of
the att flanked cassette, pRK73-Inv. Both PCR products show a 100%
identity with the predicted attR sequence after inversion. The generated
attR site Is shown-in a box, with the same sequence designation used in
Figure 7B. The nudeoti de positions of the conpared sequences pRK73, seg80b
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A plasm d vector containing a splice acceptor sequence followed by a fusion
gene of B-gal actosi dase and neonycin phosphotransferase (SA-8- 1 §A8R 2004

fl anked byyd i fferent nutant lox sites in opposite orientation, vvas
constructed and Used as a gene trap in ES cells. Cell | i nESTERPYINIG

B- gal acbﬁa%actl Vit wer infected®wth a retroviral vector for
express SSFB'H Inveatiomact i vation of the gene trap vector
by reconbi nase nedi at ed |nversi on of the lox flanked DNA segnent. A
Construction of the gene ,gyp vector pRK57SA--B: As the first step of

vector Tbe ngemeldt‘amngaceysnrhem €1y Zerieb (DNArkr REr@RaREF (desefiféd YR Rsbre X2
ends é?{] lal ni ng a 1ox66 and .a |ox71 Cre recornbi nase recogniti on SI te
I n oppo W= orientation (Al bert et al.,. The Plant Journal, 7, 649 - 659

(1995)), separated by a Xho site, was ligated into the XbaI site of the
- pl asm d pNE8193 (New Engl and Biolabs) resulting in the vector pRKS7. The

synt het The gmmmtmas parbvuiesed sitg speaifit i rutoﬂ'iblhbﬁoﬁ“%sﬂﬂi heh
oi i gon W Céfﬁ GATAA TCGTATAGCA TACATTATAC GAA
CGAGAT egces fiankedpbyORREL sites! cﬁot 5

- CTAGATéGaple] T T TAES SRS A T
81/ 29208 1 'elpgggﬁq%cz@ooﬁgmz 19 Jé&%ﬁ %ﬁgﬁ% %\gq | D
NO: 12) .reqembingtien nbetwesrs 7 nvtant uloxPuiretogriition esites c{e.gn

SIYIEE rtAint
Sepno= Sk Yol ol 5 e R R i, 3, 16 Lt
fragrrer(ﬂws)ﬁseelsmm INDS:Ze8RE S3) g eﬁéihﬁe-.wca&jble\tﬁ? ritd IC% eg&X 3 kb

DNAfr@nE ol ated fromthe plasm d ROSAbet ageo re .,
Genes&rRY Ishﬁ %EQ]IPIBOJSS‘?@"@@DW othone Of)ﬂ'lmlmtedtedophm @iaté on

witht oo X t [,O ends a
descri [)tgld eétjhrfa‘bl I gati gdrrzgir;%%ugﬁb vec'ﬁgéé pégﬂg%wo J@éﬁ%‘?&’@l%ﬁ Cr8nt ai n S‘
a cassdecembinase, tbe doeersion iss*unidice@iorail.ce aceeptor fromexon2 of the
major late region (SA, pos: 525 to 628; SEQ ID NO 1), a fusion gene of
E.coli 8- gal act osi dase and neonyci n- phosphot r ansf erase (8-geo, pos 667 to
4548) @ drecohbihstion CE t el Ridicti n om

t he bovi ne grow h horﬁgpggnebm A, pggal‘i %p&t&% %'!F‘ﬁ és%? SBE)
casset taventian ik seaptionrf a sitecsperiific récombinake cnptespenamgegu ohe (RIGSs 446

to 479 e \Y r ne ene sequences
(pos. - YABUR, BR eotAdee-bidilyses e henBd gaiiug sned hRG, in &n

ori ent a’mmnttof geedtept30%h, proferublyt Greabél<pSG) Moré Prefirasi at,
the pogi i StRﬁ'; 503, 673 gd 3123, single erwgl y@gat?;s??gﬁ 6788,
and a &f tﬂ"@ %P@%FOHB ed PNAssegment.s 'on o ,.  viral Meiftam
A 1.1.kb Nhel fragnent carrying the coding sequence for Cre-reconbinase
(Cre) with an N-termnal nuclear localization signal derived fromthe

|SI| ng? Inversion of IaaﬁgltﬂblmhtD%Arsegmenmmeadddvedltthmdgh ﬂahm;ggbdr.sBlsid&scrl pt
ed Wt rC n._enzyne al an

dephoséﬁd@%ﬁbﬁqﬁtbﬁ n?'ag'?@ﬁ'gr' %‘ﬁ%‘i’!ﬁ’ua‘%‘%g% '“Tﬁ@ﬁo"ﬁé%‘iﬂ twitly thel asni d

Was Cupresent tnlventneﬁt inchid noeew»&oﬁmtéaeeaoeahgwwg,w% g.é I?"{ﬂ A

-intes”gl ph hat se and - the 5 protruding en
Desoxy HRP&"‘UM&'?Q%W& mmm-vm isitgasand AttPFARE sitéA

I SpeSh cdfb d d t o
Egn%/g?ﬁﬁgu%ehgﬁglr onot eé q.Eaegl or't*éo%aﬁ{ l',l:g)é blﬂg (g'né'cﬁ'&at?ﬁs n'( PCK)
la geRecfefiied RREa are topstrdats whenéiaithe taomnsetate sl rﬁtbt%nf’i%&rp%ﬂg’t o

is

and the cod‘a’% '% gce in the backbone of pBluéscript
casset P@el{wggbl ox7% sie (eRQ IPN@shand (3)| orean AﬁtPasna!I@mt\ttBed and
| NSer t SieigH® CIP asf il inTFighat & Yz
mal oney | cuktnya virus base veétaorﬁi E%ABE rpge q&ofégdé’x’g‘?ﬁ é aq{dd’
Nucl ei €32¢respeRbively8; 3587- 3596 16 APR 2004 WD 01/ 2920* --PCr./ EPOO’ 10162 -20
(199Q)) creating the retroviral cre expression vector pBABE-pgkCre (SEQID
NO 14). A control vector pBABE-Srf (SEQ ID NO 15) was produced,. which
cont ai i§ adpidferredP@mBoditheht fdl f !

YR BR6A I rERAEN SETENE ¢ SRS, o

pl asm d forms of these retroviral vec
el enententspuct (1;)|fu§tihqu aesummserond @ntrnoed oft thepNBEMng dunctRNIFePsHiEREs

posi ti ary 36-,402 V US, 403-480 MWLV

Do e st 5ol apie” AdBar.paintetialo GPGRAmaL RITY mie: o dIRES ] ce
donor and 5' end of gag codi ng sequence W th nutated ATG start codon)

481- 1374 nouse PCK pronoter 1417-1921 cre codi ng sequence 1972-3024
pronot er/ enhancer deleted MMLV U3 3088-3168 MWV R 3187-3253 MWV U5
3284-3332 p BE-Srf: partial MMV U3 8-335 MWV R 336-402 MWV U5 403-480
NNLV pri mer b|nd|ng site and extended packaglng S|gnal (incl. -nmutated
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total of 100, pg-of the plasm d forns of the retroviral Vectors ;ﬁs&%ci he

cal cium phosphate coprecipitation technique. Two days after tr 0Dlon

the tissu Ho 1004 WO O1/2920a PCTI EPOQ | el62 21

super nat aﬁ?éo\%re harvested, filtered t@rough a 0.45 pmfi H:g
rene to,a final concentration” of 4 pg/m. This virus su ernatant

wth poI
was e@@%@f’@?%f%{”@geca IgeE'Poﬁ%@"gTﬁ)rdétr@rﬂm pritein, er

BABE- t t
hor o uscatie; 2h A el bBling ¥ A JURLRT et f%ﬁf“"ffa%éﬂ%aﬁ%%% '&9
( Buchhol aaceeptrs intludegbut Ace dmtRnnltedéto, mmaﬁalmé&?& )2 eplicet abieditop
i nt egrat Succ. ful 0 thtrﬁgﬂ r ssiogn virus leads to
exci si orf%df ef 558%'3\72% ?b 'ggvief't"@ f putRreshot imited do,
concon Bt dderddvirtsPeResH qns,gfcet BSn&etﬁJr%I@QKES' ﬁleﬁgraq s ng& E‘h?ﬁ"“??g L

this marker was nobnitored two d séter I nfection
st ai ni ndo, what of the cﬁﬁldmgcmsbowobm S&QaID»l@;sB and suitable polyadenylation

ot o oo et BOHAL 8 the VA SIS, of8, QAP W3 Bdund lrome Hirprons

ori gi nal(bph) ¥ thateRowh I SEG D NOf6.i nfection: The titer of t he
pBABE- pgkCre virus supernatant was determ ned to contain 5000 infectious

particles per mlliliter of supernatant. C. Establishnent of

1 hoar i SRR RepREr eRd, BRI, iy BREhor KR, ., EEDE pBfRiplsidace ! ©

enbryonr(sestﬁQ(ES)NOelO),m flqultmﬁeealseiSﬂdmteble(i)drtedfslmk 1, @FP) amd ence

254, 7-710 (199 ft th |
for 7 adyuan plassnia plkeine PhosghotrseELAP) oBuk éof(%@ﬁ%géﬂef‘eﬁmﬁlé ect |
fOr cl opge e wor Nmired' & eﬂebhﬁaﬂeﬂﬁoéﬁlﬁhﬂﬁﬁéfﬁse' ’B%ﬁf&fiﬁ V\g e

The ' conconmitant expression of the B-geo fusion gene a Iones
to gr owNG:9) mhvmafm|$lgtahle1furﬁ1anésemndiesil@<§pm&c pecorhbiniase @reraiki n

- phosphag ay el ectrqporation '.60 6418 resi st ant

cl ones \Xé?%"%'ﬁ%ﬁ% Hhé‘ﬁ'dcﬁou ‘ﬁe eéfﬁS iﬂ‘ C}ﬁfgi EJE#S of the | 9ene Lep Rﬁfge
tested tonsteuel,essi on of B-gal actosidase -activity- by X-Gal staining,
resulting in- 23- positive clones showing 1% - 75% positive tells. These
cl ones were anal ysed further by Sout hern bl ot hybri di satlon for t he nunber

of i nt egp 3l §OrKEF e nént BE tfné ﬁrl BRE it v&)l)

mul ticopy I nt egrat an vvere exc%uded rom urther ana ysr s

si ngl e further |mmg'risnsea seieztiand DBV, segment shitable for seledting fpr ayeErids .on

of B- g Iactosrdase ositive cells were chosen fo fu ther ysrs 16 APR
2004 BOMESrBRepL e JoHIE SRPING ey 5P e B e
retrovi E:atn vsngeSregiEméreat resitdnt® gaﬂel% ﬂbnmgsr-é&brﬁrfnnhbe mi%?.

cassette W|th| n the integrated PRK575A-6 vector in cl ones and GT6,

cel |'s ofitgHiIm same@emkattpn- rrditakia r@m@m& REC @h@se mentionediabove,

SEREESEW% ng the 'Cre Eg@gb eHétré:\ﬁgﬁ ySFéSSi%t?hg'ggé‘élﬁpgsqj&ase- |

eéépreslslﬁmmﬁo ‘DA swgrhéntl)f Suitable ?&rﬁh}gbaﬁmemgmﬁb?t sites N9 ¥@Ines Of
48- we C Fal co one da efore vir i pf ection. For _

i nfecti OHeR J HH%M&@@?%EW@HI@Z ??‘R/\Pf‘ﬁ @B@lﬁsw tEP"QR f(gee&ER 4Pning
super nang:s, i G a3Y) 1 AOr ad tmiiBiits| tHérebf Qe PSER QbeiNO‘}')e prNided

infection rate of 30% and the cells were further cultured for 4 hour's.
After 4hnwent Hhat.dhese \RR2s fda net interfere wisbotha RREs wfethe dundtional
incubatg? grnight. At the .follow ng day the supernatants were

conpl ete?/ rep'I ‘aced with fresh cul ture nediumand grown for furthér 2 or 6
days untid the analysis. of 6-gal actosidase act|V|ty For the later

- | ysi f the_ DNA d GI2 t ted
Gocct | bAheAssYBHIRIAEEDaRRR) Ok AOBRNABPNAl Geht tbeischmsart BNARe, M OF Fur o
pl at es gjt@Néhddifid reCombinasOfey. fe \or Fib) &P%@ér@' diéﬁtﬂﬁr SahAdéd DN

*(cont ai ni ng about 3000 infectious particles; 1.e. an infection rate o
10% . Geegmept lﬂmkﬁd¢pt\spaﬂ%'as (erg;ripxhsa'eﬁ’e)awpeeedam oppositey osentationst | on.

Sal gl:ts ggﬁ%ﬁ@ﬁ?&ﬁgs‘r@ﬂ #ﬂel _eﬁ@ t%’t"é' n%u%a;j ttﬁ'f"erﬂg‘ﬂan%t?%r s

at | ow 4gensihgg (1084%; Allest b aﬁaﬂ'hbméhﬁ%utﬁalsm@ﬁ@ 6@996(19%15)9 Wetded dtowi ng
day the culture nediumwas renoved fromthe wells, . the wel . owere

washed :once with . phosphate buffered saline (PBS) and the ceI s were
fixed for 5 mnutes at room tenperature in a sol ution of 2% f or mal dehyde
and 1%:qgl ut aral dehyde in PBS. .Next, the cells were washed twice with. PBS
and finally Incubated in staining solution for 24 hours at 37C. (staining
solution: .5 nM K3( Fe(CN)6) 5nM K4( Fe(CN)6) 2mvi NgCI 2, lng/m : X— Gal

1 ™" A A1 N\ - ™S s\ o DY T B o T [ T P I L D N

/10162
r and m xed




sequence followed by the B-geo gene (SA-B-geo), between two gﬁiagg bng
sites, lox 66 and | ox7l. These recognition sites of Cre reco é re In

opposi te ayheftabs on to each other and allow to invert the c.splice
acceptor-B-geo cassette within the vec r upon expression SHWE‘LI% 5).

Upon rego a QX 71 site one wildtype | oxP and one
doubl %ﬁu%p F&&ge‘g‘ﬂ’a s%‘? ?I%!‘ S@I»e?é%d- (Rﬁﬁefw&ﬁ))allf xg‘ps)ns tli!tel:hin the
Jour nal ,cohteXt48f ( | oxP .and 66/ 71

si tes lscorruch Ies%%I cﬁ}ﬁﬁéﬂoﬁgo% Red % tﬁgﬁ 'QtﬁqFFe oQBBeand
| ox71 sieXpEessipn @wbcesutes\epotvaaengiaunnrmlswana)eshrgftt;ﬁgt,,rt

reactlor\:ﬁaﬂgh%ﬁ a esecr}tr gg Pa % gg reconbl ned nol ec% ( bert

et al ant 95?'73- ¥ kasidingson thiee nome of

t wo opphmrisehbemomtggdma Itﬁé ] d i nver sj on
woul d | %ﬂ(‘j to an equilibrium #?é@éﬁﬁ?ﬁmﬂ% on %e% égﬁﬁq‘a“ﬁcﬁ'éﬂ%o

i nver si SYPENEYEE R Whetever a ciene disriptioRl isndesivedn dveriorb 46 mdﬁé@d by

(1995)) | i earlsd5tothe lox66 site and
i nt roduceé | nwg’ wrﬁ?ﬁﬁ%?ﬁﬁ%}e&f&ﬁ IRR¥€¢-s by el ectroporation.
Stabl e transfected dones which integrat ed the conditional gene trap

vector-_jinto genes which are actively | 6v APR, MJ WO 01/29200
PCT/ EPO§0 FYRESs Of IMBI:nnESﬂtfelrIesmr éootiteiineention serec Plasiid n

(418 co Fsng I Vi Vi n cl d to express the
pr onot eﬁ.%gs B- gée"gt!l %‘)ﬁgll'on gene %3#% 'Ieﬁs ?P‘fr}é ?Bﬁb@%e’t% fome
spl i ce integratioss st intobns Selbitian i based OAATIROERPIRASRNAHCa R q”eg}e
accept e.nce the g&ite tr@ﬁevector | ocat e% in an |?1t rEOﬁQ'kf the

est abl i g Tneﬁomﬁtere(ﬂmm%gmesg (Figlinaest bsirdbs e
of IS’&I’%“ﬁ 22‘?2&%?“%’?’3?2202% 't SHoBuESGs  BaRtaTRG atdminagion

var yi n Pobadesylatinr)ssignsl (Figures|3 andf4)i ndi vi dual cl ones. In addition,

these clones were anal ysed for the copy nunber of the i nt egr at ed
condi tional gene trap vector by Southern blot hybridisation. Two ES cell

cl ones, THeT principalCEfemetscet a LoRRID ?eﬂ@ URtd ct or
and a Ik ir;gr oggrt i on of B;égétngi)é?ll ase tS%'g| ti vem%egﬁ%dﬁﬁgﬂgttggéﬁ
furt hel4 epfiobethat integrations rinta: expressed gdries ahé q) aal

t/ﬁgt ?(ratdrbgel ral cont roFﬂ?eﬂ(i:t or %%E@@W}ngl 55@ ﬁ@og%@?:g;saeﬁf@g&gnt "

casset (9A; see SEQcIRiNO: b)Y ardnleal pﬂyaﬂbﬁﬂl&ﬁdnsée&um it Gee \ t ed
twa an fiter inf I stocherni cai " stai g or
B- gal amgdggééﬁ‘it 59#503&@&& ﬂ%ﬁw%ﬁospeaﬁelmmhima@r(mr) DhA.  As

h lopposite NoriéRtatioh, ! t &E?n |
Zxﬁml ti-ng blue stai rﬂhng?ﬁgﬁoﬁgq éeﬁ c?ﬁsgég@ves @@ﬁ‘gl P&?’S?SI ng e
r educe§elgrtable_mapker, gene flankednby @n mlpstrearrsaﬁpl asd a n‘bmisﬂééamtﬁb Wle Cre

Tabl o PRE THE RSO ARV IR inD BB RS S Skiasoese opmmioncc

apBABEwhi¢th pRAREcomifed:byseond tetdmbindie

bl ue Cﬁa’;ﬁ % decrease. Cl one GI273% 59% 14% /6% 4%% gé;% ne %H!H%nﬁfﬁéﬁ% 48%
199%6 7% 2808 GiErepyon sasseste (Bgnres 20w SDCﬁ@mnlﬁar@er& expredsiome
done @ Mﬁ%%l % t resse

B- gal Sz%om dase in the %%ﬁ?@ﬁpﬁe E% g%kguggl@ﬁlegf SEAMARY cel | s
by 27wlqm%ﬁ@f@rzeaﬁmyo@uena. Il‘anmnﬂiﬁgehecbtpdﬂaﬁfﬂe%b fusfori eRcodé th

tlane. TRGA RARSLED LLiaP pYBHLIA vioh TRBCRSE i rittmasl finclion (Sinse Sé.eét?éﬁ' "
cor r.es foma gene ttraptds\aentoelaéslloa{ Bk eRpAsssion of thé iec%ﬁ’ &sdel g‘ne( 3\” th
i

t he pB BE Cre virus _ supernat ant under the con |t|ons use ove)
this cBY¥r AIBRAERIC; it eeds tonhe ramoved to Hecreatesgené duhctiom This he Cre

Vi rus I rsion of the conditional
gene t?gge?/g%t&gr% he ogserve %Fﬂeﬂaég&?’ngerlt%#egt%fm e gag AMkarationssc
negat i e adevburedsopemationap proesssditecoommiiodnal gere traptis tramddiciids |

S
the-1o I d_SA- ssette wthin its genomc integration site: the
SA- 6- gé%l cgl{s}ks(egrt '*%Q?‘E 3 ﬁ%’ @%ﬁﬂ&h%ﬁz'fﬁﬂ&hﬂMO% ofrexprersed igeoaseed s t he

sane ttransientlpt eopriicced N iRdiviiatSclbhes 48908R18Ufhe & %m—:i_{i g‘adl ag ?&o t he
expression of B-gal actosi dase froma fusion transcript. Up h 2 Gt on
of this cassette the transcript of the endogenous gene is not any nore
interrupted by splicing to the SA-B-geo cassette which, in the inverse
orientation, is not any nore translated into B-gal actosi dase protein. In
addition, the inversion reaction of the SA-B-geo cassette upon treatnent
Wlth Cre expressing retrovirus was directly tested by Southern bl ot
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rC& nal62 26 likewise, if the Sa-B-geo cassette would be initiald%
Integrated into an endogenous gene in its non-nutagenic orientat APR e
medi at ed iy g{/edag? Would allow to switch its orientation ﬁ;ﬁ’dﬁ%ﬁ?”y to
the nutagenic form Exanple 2 A pI asm' vect or was construc al | ows
to test for the inversion of a ment flanked by the att8 and attP

r ecogni TESHPTE QRN Feactian.: Hhe ﬂ‘ﬁﬁ@ﬁ'ﬂgpﬁ'&Q@S ceataining only ghesger(eCaisruptipn

Thi t tor f hi C31
't ogr acasseltE orel g0ed 96, ol el bR SR Rugh ridied siahis BHewms
det ect edréssed tpeecl iexpRéssing anbuse strbis 20TdbthircdobBly tidRERAlC %?gﬁﬂ ed

and its ence deterni ned. The obtai ned sequence confirns that rase
medi at ea"ﬁTeﬂV £oHeBE OIREUPHRD Fagselte olsc pverseda to mitarmuhittagerit | (dense) and
t hat thg,-feg,&?ﬁ@,lI nation occurs at the known breakpoints wthin the attB and
attP sites. las id constructions: Construction of the reconbination test
vector pRK73 (SEQ ID NGO 16): First, an attB site (Thorpe and Smth, Proc.

Nat | . Acad. . Sci SA 95, 55 - 55 (1998)), generated the anneal | ng
of the Mﬁé’%?h 'Eﬁée gﬂﬂ%? H@@'@S@U Owrov'desmwé gamatm: cec

GGT GOGv&ESHr /g@ﬁ_.@:@o;r
CCA TCT GGT %t SEQ 1 D N(Gji)?t elgratidhli a'%%e%%%%
TGG AGTthecelenmentsast tbe®igical szelecﬁ@m 3S¥etBEbyCGETepiiteCGenE Mt T fEed €53T

TCG A LD was |,i gated, i nt the restriction
e orefibeesm constnliE prothioteinang' € e dow Sabliee 'sita, (spiios

4256- 426an¢r1)9(§sra.broﬁuc@fetl 415, P99TYFibUres’ 3 3nd.4Y) ‘E@tpﬁ’eﬁ‘ﬁ"ﬁw thi¥* 5%'% Yap |

giving rise to plasmd pRK52 The sequence and " orientation o

att B siSedgRENdenk omihe RCquisition of rare endegepbus polgadenylationt Bequence

J oot obil YRl af iyl Rl RAAEH S 1 AWt Sops atine -

Gooeeocmgaeeﬁ@a:sm mTﬁfksa&eens drivehby\&! dcﬁistmﬁkr@%i:oﬂ-m%en( Gheleiehtlér
ATGTCGGCGA a% G GTTACCCCAG ' TTGGGGCACT
cooene °3'E<i>5l 'S 98?%

AGT dargefageqe; %M‘eﬁﬁ@ﬂBaﬁilem the

011 292ithtr Codihiggl e REHES.CH) ffbdRed bpeh SELAICHIGHL fﬁﬂ&%
pRK52, downstream of the puronycin resis ance e an SI'te

rise tdnge mmmﬁgenelratlwhbsnmtammusbestrmMy cl oned att B and attP
sites are in the sanme orientation flanking the puronycin resistance gene.
Next, a 260 bp Hindll + Nrul fragnent, containing the attP and a | oxP

site, Viws, w8 alpreferredenBsiiment thé?ﬁ’dérﬂ:ﬁh@énﬁi&ﬁ ®roﬁl:ié§fﬂ:F' gp%ﬁﬁ?o | ch
t was

was opened before with BanmH + Nrul he protrudi ng BanH en ed

with Genfirappingeonsiuck selestingJor integratinas intecexpeassedtgenes. dimsaig t he

pur ony &onoent T ctil R Bema Rl olfibrises f?'@%ﬁ%&ﬁ?“ "

ori ent @& i pelyadenylationa sequence sﬂahkdtd)xﬁ’yst\tms RRSsomfosa tRrser isiet

(Fig7A), .. Th sequenc an |en f the newy cloned attP site |n
PRK73 8o} ﬁk‘; BEW SHH@ °§ﬁ I"}‘é‘?@mms? rdRuble stsanded DRNA | nt
¢Xpressyegmmh§rdﬂﬁk@§ab‘65@ 162i0Qonbrudt! filith r@%% ég&e O(f,s Rhage
phi C31 was anplified by PCR from phage DNA (* DSM 915 rman co Fectlon
of m crSSMENt (srlegtion sasselte) which comprises odteporter orcselednble marker

& a““%@e@%ﬂ"gg&w%%& JebebeaE Yadyente, 3P4 4 ??“oﬁgs%%? |

- ATAAGHOTY ssleEidatae A‘f&;mﬁtd;e&aTcACselﬁfﬁoiﬁTCéﬁﬁﬁtt%elﬁg NavikQd!
The end duct we digested with Notl and the product was
| i gat ecf%PH?Bb E%g [?gmdrpg't g‘f@ﬁ E'W‘? AN §3me OQFOE?@O“-H se to

pl asm w%@ﬂnﬁé}e priifersediUeRbdimehb uie gn aand
found to be identical to the published C31-1nt geﬁgehjbﬁ toss andqﬁao .
Bicanditional -gene YEPPING Tonstruck sejactingr famindegratians inte all q;enesddn h| s

| 00. bp f f | d
.SrRkZB S8 coRSECE I inCloRaE tNA SBohiheCbopbliapl 4 sRIEE RoorPBRaNG & Seo
| D NO: péjyadenyiatfi séqiéice mmmm r&sm C

TTCCGT EQ.] D NQ 25), which provide a corrected Stop codon.
The ené}?él?'eii"'-’tCC¥ '?SGR"?F iueEsien gté‘s?edoublﬁhsu'aadgm Dm]csenmentam t he

fragnme at. nt FoMst @R p h_E Xhal to
rennveraephggdea?eéﬁveggitaop cogf)dr? ﬁﬁhefeg P\%gp a%gnfégk @QA E5RPEMNs t he
correct: C31- Int gene as confirmed by DNA sequence- anal y5| s. The gene was
i solated from pRK55 as 1.85 kb.fragnent by digestion with Notl and Xhol
and ligated into the plasmd pRKSV, opened with Not! and Xhol, giving nse
to the C31-Int expression 1 6 APR 2006 WO 01/29208 PCr, Epoonol 62 28 vector
pRK65. PRK65 contains a 700 bp Q/torregal ovi rus |rrrred| at ed earty gene
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l Di agnostics). PCR products were separated on a 0.8% agaroseO gel, extracted
" with QuiaExx (Qulagen) and cloned into the pCR2.1 vector using {BAPRAIN

cl oni ng Kivwo@hasigkr ogen) resulting in plasm ds pRK80b andlj,gﬁﬁ}g?g,1 Tpe
sequence of the inserts - determ ned usi:gg the reverse seq ?ﬁ‘ mer
shown in SEQ I D NGs: 28 and 29,

and st angard . net hods .Biotech) - a
respecti &E’Vﬂ%‘ c%‘sbe‘géq%h sovwzsewcmnorter rorcsalertablerwdackergedi¢rfused

| nver si m netfelt t e rihed in A above,
PRK73 cgtnbt glhﬁé a DI\lAd":sDegrrent 3e%‘%{ﬁ %Ebarnlg%edj?ﬁse&%%ﬁi ﬂa'CPeﬂ?W B'Ee't faid
pur onyci seledinnst cassetigenbginghiftanked By atw@dRRSsbyft be sddohB @iteB spedife DY
the 84 b@gg{ttl? recognition. site of C31-Int (Fig. 7A); These attB - and.
attP si t'SSonpingse sme NN e (o each other, allow ng inversion of

the fl arggeshi - | : 'g inversion
o a5 eSS b i RS RRSERIANS selohl S S Sl
al | ons iMa¥deasny copventional BRSopravided hagweayenotieat wyads et ifterfereSwitRR

1004 WO 10162 29 .vector pRK73 contains in addition two
Cre recﬁ%g@ggﬁ%mﬁm&?ﬁ' sites In opposite orientation next to
the att sites. The predicted product of C31-Int nediated inversion of pRK73
is shown_ in RK73-inv (SEQ I D NO 30). As the second conponent of the-
desired W@scelgﬁt@mbﬂdlm@ntt(ﬁl)cofema inventinnl ican b prepareh byeetiveritivnal
C31-1Int, i i ntains, the A CW-| E-Pronoter upstream of the
C31- I nt TEBANG 'ﬁ%‘%ﬂﬁ@&%&gﬁyaé’rﬁmgﬂ recion; adenyl ati on si gnal
(Fi9.8). The reconbi nation substrate vector pRK73 was transfected into the

murine _fibrobJast, cell line MEF5-5 either alone, or together with the
C31- I nt IE@P&{?FW embadimentyef the, procrss: (Rr ofithe: inventign theimotatiori ¢n f or

Cre rec i e e Ehy T, y L er” ection S epar e
fromt h;gEétBhr e issarrpl es%n%y %\ggﬁgd%ﬁﬁfh@%@@ﬁ%@né%%élaiﬂ%%e ‘
or C31- Invergencefdhediunctional DNA of tivel gehe bsapping e6hétirGel? f@%&sqggig :
reactiog ﬁﬁ?fo L#si ng r"rrers 64-qug@d P64-3 for anplification a é bp
product “¥ e Bt ‘G't%é“eﬂ" il ¥riesticted jpactivation of &k genepdhaten

t he | oxconstittite 3 i i ' jupction. 5 of .-
t he puronycin r?si'g?‘%g'?%@%? %Pcr??ﬂfs}hggt‘ﬁa e% EJ@ aﬁt@??@ﬁ@?t Wﬁ"’t"& )
vect or PteR7()-the gepedzapping cansitenctds installes] inan ESscell.t e: woul d .be L
reconbined into an attR site. As shown in Figure 9A such an anplification
product was found only in the sanples cotransfected with the Cre or

C31- | nt The abowe precesx possesses thedbéwing ddvantsyés b Wt

f ound a&&er cotransfection of plasm ds gRK73 and pg%gﬁr?ggfesents ndeed
the i nvE?si oMYtPBENZ: Atk Ingucibie jn:dirgspecified ceplis mnd dissuesi snBNAUriragnent
was cl oned iwl%%biyﬁg lg:and its DNA sequence determ ned. Two

i ndependent ¢l ones, pR an pﬁK8OC, were anal ysed and showed exactly

t he seg{idncemstationsitcoR betiedasedxipeall gukniesp indidding! tHoseefbraivbich doned
reconbinati o&%@orge and Sm'tﬁ@ Proc. Nati. Acad. Sci. USA 95, 5505 -

5510 (1998))7 g ot ayailables,, cr si on of the -attB/attP flanked

pur onycfiy r eies i iorad NEhdiviig. _ &&qﬁ Qb i re,. it
foll owg( )1f romthe know ed eﬂoig acgih?ﬁ*t‘ me ig%}%rg%t 'ri%@%é%?ﬁﬁ%%elsand
Smith, Procelatiyely fﬁ@*a@)gsbﬁapUSA- 95, -5505 - -5510°(1998)) that. the:. -
junction located 3' of the inverted puromycin resistance gene represents

an attL site. WO 91/29208 16 APR 2004 PCT/ EPAM 0162 30 In concl usion,

t hi s exPet bppended figoses firdbet eaplair tippeddene invernitiygrt in a mammal i an

cell liine a DNA segnent flanked by a pair of C31-Int attB/attP recognition
sites, ‘generating a pair of attR'attL sites. As the conbination of - :
at t R/ atfiquies NOoEhdws OF DR I ( e m Proc. Natl.
Aeng, - ddquie 1 95,‘6%5%2 Radlrey %5%%“%%%@?‘8% Ateselrblaring 96 a

r epr escsdlitienal\genetreprirensdugeadiby electroparation to sapturefeXpréssabgenes..

Exanpl 1.4 V. ted which allow to test for th

o 1 ci axoyarse e SHbF riebibf of H Eirdifbel steltinivatbor into BAtagyeh:

f | ankedarbpxpkeisked genes IngransapenhitbaNgitithAe taRTARAEE'S Bromusesip? of the
sane D%é?g nme, flanked by a, wildtype | oxP sit'e and a double nutant | ox
site. 3 %@gﬁ ¥y RUEEPKCID nesistapee genes (wledion\rassestedrareduped saithe vect or
into a nurine cell line and the relative inversion efficiency was

determ ned through the expression of 8-gal actosi dase as a reporter gene.

A. Vector construction: Construction of pRK74 (SEQ ID NO 31): starting from
plasm d pRK62, which is identical to plasmd pRK57 (see exanple 1), except
that a pair of (irrelevant) FRT sites has been inserted into the Pnel

site, a 4.4 kb Xhol - Notl (protruding ends filled up) cassette was
ligated into the Notl site of pRK62 (ends filled up). The 4.4 kb cassette
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31 pRK50, resulting in plasm d pRK75. PRK75 was co-t ransforrrec‘ éhnw []'Eﬁ coli
DH5 cells wth the Cre expression vector p705-Cre (Buchhol z et It\ l

Nucl ei ¢ AGj nbggearch, 24, 3118-3119 (1996)) to invert t

0- gal act og\iw as]e cassette In bacteri a. %)ﬂe of the invertedq’g{fmﬂ%’gv\as
desi gnat ed pRK76 (SEQ ID NO 32). To gé erate the Cre expression plasmd
CW- Cr e UPSHE@2E0 €x0ps dntja splice acceptor sitecdhbifusion disrsipts anddnadtivates dhiot !
and Xho lﬁiett?e of plasmd pRKS0 (SEQ ID NO 33). B. Transfection and

measur ene g: o gal act osi dase activity: MEF5-5 nouse fibroblasts (Schwenk
et al ., B\iMbgified/slicle dﬁ%&ﬁ@cﬁwdf’eﬁed Hetetioh'sPtHel S88tion &&&1&& BlcisioR e’

wel | of a 24 well Iate on)) were transfected wth pg PpRK74 or
PRK76 aPbfieauencest aﬁly:d esﬁuértr@mrwéeqowamh mcuzﬂmgmet spliceratoeptor

oo ekl cEERREL BRI BRI S3) sl iihetel e i O he

8- gal acCosTdaypet_gerieepftet Cregnediated Ryver£10a [uf the IgP AhhRED gepedrahng - Lo
t he manu{ act urefs gaj del i, nes using a Lumat LB 9507 | um noneter (Bert hol d) .
C. Resuf rassedie) Genedgep miw@t@nﬂm

f1 ankedy, itesah t he

i nver si oﬁwéo%t ?ﬁgmwggmn?ﬁ%ﬁéﬁééegﬂa\%ﬁﬁd%qg gfag&[n ‘and a
doubl e &#t asplidetmcceptor signal sequencepSnaplice dormrt signal Vseueneep KR4 and
pRK76 (Fi 0 PJ asm d RK74 co S, - ronoter for expr ession in
el | E6Y Seveiss 15c2S BefarBaiadarilbed SR churodydn resistance

B- gal ac g&qum e t q@gp:q.ehg% r ri ation
to the %M\/ pronoter. Thi ?cﬁdg??em#s&f | an Ie‘%"eb he 1 ?(ig%ﬁaﬁgeg l@?ﬁ

si ngl e wildtme loxP ste.elg’tﬁﬁr single soutant Joxrsite, Flbm singlemytant tox6site; 1®59

cassel | S/ZIPAGTIE kR VoL 6L snfed, FARGRSE FRY, Geoghtior SRR (B0 diuex <
measur ecarftiritRaus hneﬁblmﬂm\on'ahisémphserthm cBhtifobal Rk 6 imﬁ'oﬁ fi1 %9gléd ke

pRK74 except that the inyers al act osi dase cassette is Ianked
| 0X66/ #f q?meﬁﬁtm?% t%ff ¢F inversign detween dox er @Be@eshemoxea

A bort e BsRbiSe; 3’%?"‘?‘83?% ipsR, B! 1Rtern o desgman By AL o

(Al bert et al., The Ptant Journal, 7, 649 - 659 (1995)), the corrparison of .

the 6- osi ti nerat e 0 09 16APR1 | EPOO 10162
N e R e SR PERESSS. rPIEing, tade

al I ovvs donditionplgend bap Bhabduced nglretreweus@ttd/\& ré eRpréssed o/ /1 0x71

or 10x66/71//|oxP sites are reconpi ned. PRK74 and pRK76 were transiently

transfe&t Bﬁm‘@ RIagrpidwestohr obl ast cell line either alone or with the

Cre exmg 9&5%5 f nr‘n}fﬂn d the
| evel s of B- gal act osi dase %?l \??‘ta; I n sat espjagulﬁése!wetrbea n%%?

chenol wan expressed. gere. Vious replicalibhearizl BER mediatted duplicakipnqslacwuié Cre

co- oxprd fsPPYen sS3benE in AL Plwstey ButenklonP Sres nbath Sty i nor ease

df  755rolirEl LTRs! Morksvésit wcuemésde&.aﬁct 35ethé8 indBrEEcirtd heddyofy of
1, pl asmd pRK74 is r econbi ﬁed with a 2.64- faold hi gher efflctlﬁgncy oF

(Tabl eZhe vigss bebween Swofst mmapmmtsmmnerle thricRlulsRIremMoteriare; i b'

128267%M%e5e resuﬁpgla\?‘t\eb%%léc#ﬁ&ﬁﬁ?ﬁa ﬁgg%ﬁw%ﬂ%ﬁ‘%ﬁ?ﬁ 5252

| 0x66/ Histuipss Rrel hmﬂ&ateqﬁi@@'geagenae reconbi ned (by inversion)-by Cre in
manmal i, rec |tion ites is ahout 3-fold
oae oY Mo oltie SRELELP rRedidia Srcisits o7 Bl prshiral seiences RintF D)
Thus, URdweep itid frbsites) TRIRVestoras, e?fe%héb@ﬂ ahd 128VeY Bhiy'Sné ¥y off Cre

-reconbl nase, a plasm d contai ni ng one of the two lox site conblnations,
shoul d 9ene dissuption cassette iehindibout 75% of the nol ecul es contain the

lox66/ 71/ / optain the

" | ox66/ Iéox?llé}égﬁgg %%tpé}w?%?ﬁﬁecon |8¥ Frégf%){p)@aeﬁﬁ'fé 'ﬁ%g'a‘\/at i on
obt ai nedeinentt LETR inversion positioRt ane gkaemdruptiontetisetté5Atd A Mblagemic! ant
cells and copfirns that unequal reconbination between nutant | ox sites

al so ocXei™E HEabtinn i ne cel | line. 6-gal actosidase activity (relative
l'ight units(RLU) i WD A /2920* 1 6 APR 204 PCT/EPOQ 14162 33 In
conclusion, this reaction can be used to shift the equilibriumof a Cre
medi ated inversion reaction to the side of the product containing the pair
of 1ox66/71//1oxp sites. 16 APR 7094 34 Clains 1. A gene trapping
construct capabl e of causing conditional mutations in genes, which
conprises a gene disruption cassette conprising a pol yadenyl ation site,



inserted in a nutageni c or non-nutageni c manner, in sense or anttﬁ%)ﬁ%m
direction relative to the gene to be trapped, said gene disrupti cassette
bei ng fl angg@ipdesWo reconbi nase recognition sequences (RR%%%ﬁgfﬁd from
mutant | oxP sites, nutant frt sites anq AttP/AttB sites, which are present
in oppﬁgae Pri entation and which are épecifiq to a, the site specific

r econbi § ‘ohg: tenminal Fgpeat, V3= a3 gupiquet region df sthee repovirél £TR, R =

reconbi 8pétti ' b a\; I dicr eGgt,i gnal | nver s of ,a double
str andeg gene"g édl}?gt)‘?? Oﬂ@ﬁ%ﬁé@éﬁl évgégj%"ﬁ é‘ﬁ'@ﬁe B’%‘P'%i‘lﬁ?‘ﬁo’eﬁ&’gf#hm

i n oppoSA e= osplizet atteptor asignal iseuenoell Smg=t bsliden\doniopdsaqubh& ;S ppanded
gene digryption cassette in an_anount of greater 75s/o, relative to the
starti n&oggﬁi&f'g nfSREnges r BYEQ off RUGEBCIN Tesistanee corper ubt acdoxBi ng

toclainéoqﬁm@,ﬁ' i lpe R I ddeGe t Gid St i fic .recomnbinase
pr oduci gg the in%’etrats'e doﬁ?gﬁﬁﬁggd{ﬂggheﬂa?s@’b& f"gﬁgq' &5t ﬁ“{’h
anount SHppledatimeso6, sequenidese excisede byt anRNAg procidsing) I aneed  iB@RkRAte

di srupt cassette. .3 The construct according to claim2, wherein the two
RRSs arb%@?ﬁﬁ?@"?ﬁh‘wﬁ"ﬁ%w sites, preferably a |ox66 and a | ox7l site
(SEQ ID NGs: 2 and 3) or an AttP and an AttB site of 0 C31, and the site
specific reconbinase is Cre or ¢cD C31 respectively. 4. The construct
accor di Figure 3| shews @r favouredr eperationajeformii of tbei processs eelating tof lzanked

by two ' | ' rientation. 5. The consfruct according to
any one o# '@P@%‘WF@B@%&ﬁg‘*‘%’&'?é’?anﬂ?%mﬁ?mﬁeé@ss?% further :
conpri sAs Tergetogerspaften indertioh @flaovermditionsl deiRe tra VARESY intd Rin MRrdiPBPL

i nt ernal I‘I%&t[ site, a lgene coding for a reporter _(d_).rotel n, -a
resi st 29ER€g "ﬁiﬁ"&!mﬂwg ndependent; pok pramotersexpiess dher econbi nase
16 ‘API?,,},QQAV@ sﬁiﬁecgé'iﬁ 2 ' ' 1 to 5,

whi ch further ég%p'rl ses séﬁ%ﬁfﬁﬁﬁ“@i@@?‘%@“@&#@ﬂ%ﬂsﬁ gtﬁg?iang for
genes fmlvagewlaﬁnnoitpoS@iieidlgjsnaedlat_eqbpiyragspIMGnm%ecﬁdrﬁESﬂhmonrrb .
cassett [isi reporter. or resistance. gene an anki ng reconbi nase
r ecogni %?é’s%@' (TF‘FJHF'&H @S@eﬁe'ﬁé’%%%@ dewpsHeAR t o any
one of dmaéﬁﬁa@ﬂm&ﬁ@ é.ses, (a) a gene disruption cassette. being
oriented to be inserted in antisense orientation relative to the -

~ transcrBptodifiad alfele afteri AP prediated geletion ofthe selpptian cassetteiwhjchl anked by
t wo RR$§=¥}E gtﬁqe?{e Lfic to a first site specific reconbinase capable
of of unirdirectiona Eﬁﬁbérsion of a doubl e stranded gene disruption
casset &, Tange( b¢ne after €rei mediated tversion oftheagerid AiReGpticn Tass@téi rection.
rel ativ'(;I .tﬁ t he %@nscr 'b_g’tional orientation of the gene to be trapped and

being f1 éi?“ﬁ?s malon,t 5 second site specific reconbinase in the )
same Orsl&msﬁlib@rbcc%ptﬂ?hgigiﬁl‘sééd{fénéfcﬁbg'iﬁﬁc&odﬁﬁéf 'S nal“@@@ﬁé ngagene

| yadenyT dt

di sruption cassette conprises a splice acceptor and po
sequend®lyadenydationy seavenceclacErbetatGalactosidase; pure: ppeamiycin resistepicaase,

and th l.egtlon e A a,..reporter. or sel ectabl e marker gene

fl anke? Ey'aﬁhggsprteﬁaﬁ@%%ﬂ i%g chgggrm%gﬁﬁ%‘ni%x%ﬁcggﬂ S osep: 9.

pol yadawildtygpe doxB siteclox66: Single tnatdntuok she] kix7a: sisylei rhbfaiR! loRSdife;tbPPi Ny

COHSHW?@%& enn fO;'E‘Og?eF%'aélons Hgo ex%ﬁésed gene:;i.it 9. The

constr c 8"‘% i, shipladtripngles: repegnition sites {431 thick '

CONpr i TRtiRudS | Inks? THRAAC tratRerptd Othf \ T4 sai d
s ?PO A rﬁbbgr\ilﬁq%ﬁygﬁge@ﬂw& ,

two RRSs of the first site speclfi'c reconbi nase, and t
casset toesprgeombinase mediated deletiore be inedrsionnbetnarerglaxcorf FRTdsites. Cre:’

const  GF TREppipSdes P FIR Eeputinade. JRNCIneERR Higsbmal ety Sisef pok:
I nt egr ghosphoglyceratekingsegromotéfl. A cel |l conprising the gene trapping

construct as defined in claims 1 to 9. 11. Use of the cell of claim10 for
the identification and/or isolation-of genes.”1 b Pit Dual 36 12. Use of a -

gene tg NG ChHoWs Ut '!ﬂ%"a ' Ol e .or [ he
gener at%?‘ condi t:%nfglgalrjmﬂfgat | onst'laﬂggﬂ)ﬁg'erli%stﬂ(#] %Eé‘gghﬁﬁiﬁ{\%r&nﬁ’sm
conpr i sengitiangl gepe Arap tiansduted byanetrdvirases g captureralbgenes def i ned in

cl ai s ‘lﬁciggiir\ﬁ su(ita le cell, (ii) selection of cells in which the
constract TLOY R B%Té 8 a gene, (iii) identification and/or isolation
of the gene in which the construct is incorporated, (iv) deletion of the
sel ecti:on cassette fromthe trapped gene, (v) induction of a mutation in
the trapped gene by inversion of the gene disruption cassette. 13. The use
according to claim 12, wherein the nutation in step (v) is effected by a
site specific reconbi nase capabl e of unidirectional inversion of the gene
di sruption cassette of the gene trapping construct. 14. The use accordi ng
to claim12 or 13, which is suitable for tenporarily and/or spatially
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<141> <160> 33 <170> Patentln Ver. 2.1 <210> 1 c211> 120 <212> DNA c213>
Adenovi rus PCT/ EPOON0162 c400> 1 gtgacctgca cgtctagggc gcagtagt qe APR 2004

agggtttccg“s?@,g@ gtc atacttatcc 60 tgtccctttt ttttccacag étcgcgg)tiég

aggacaaact cttcgcggtc tttccagtac 120 <% 0> 2 <211> 34 <2

Artificial Seguence c220> <223> Description of Artificial Sequence: mnutant

| oxP siftef@rg Bﬂsaedgﬁrﬁnéefa’%eﬁ@&endamebgeaearan BrONiGisintg @naingrbncefl 0> 3
<21y 1232 L1 A<213> Artificial Sequence c220> <223> Description

of ArtificCial Sequence:nutant |lox? site - |ox71 <400> 3 taccgttcgt -

at agcat Mjeus repligajengnd ETR Sdediaticti-ddplidatibhpladesitie §eAPRBigBfioHO 01/ 29209

PCTI FP' Oq(a%%erlgmz <2$2> DNA <213> Artificial Sequence <220> <223>

Descri pt ¢ U3 petwesn mutant l0xXPitas iB bathan@nd 3xproyimeé LTRsox66/ 71

"<400> 4 ' te et PE SRR 34 210 > 34 <212>

DNA <213§&§gg%§ﬁ?g£%£gﬁgl <400> 5 at g%g'{' g%g?dzﬁtggca égtiy f’f i%é&'ﬂ?fég ttat 34

<210> 6 bebaeen twp it site TrNscripiSInitiatingl indihel inBepentent @ prometas >

Descri pt| f.Artificial Sequence: poly-A signal . sequence <400> 6

Lot agag bR e Ruppmvdn sesittinseatne. ik Splfiag intoRewnsiream exenssty

ccct ccC%Qui‘re%CMl?ﬁaénﬁéﬁéﬁtsﬁ‘&@@#ﬂ&fr@cﬁ%-iﬁiafé‘tﬁﬁ?q gﬁlfc_et &&ﬁ&raéécﬁ?en}%g
ttctggg gggt ggggtg

aat gaggaaa ttgcatcgca ttgtctgagt aggt gtpaft cta g
gggcaggieertrcbdownsgeagyeat pgigoure. Q'g@lww@wf thecseledigy cassettr gy tige 240

ggctcta cq.agcet 277 <210> 7 <211> 48 <212> DNA
<213> AWW%ME%%&%@%&%%’E@&E% ption of Artificial
Sequenc €: MAdified allel)fter FUR Médiatédexdsibh Of A 38§0énéds Oﬂsgg&t a
ggaacttg 48 <2é8€9§ .<211> 585 <212> DNA "'<213> SCM virus <400>

ctctccc isitege dhisxestores grneungtion @ngleares oply: gne gogy ofo

tttgtc Wiy t G4, gccgtctttt ggcaatgtga gggcccggaa 120 -
gcct ggc?ﬁegt et Fg??g%s%gggcattc% taggggtctt tcccctctcg ccaaaggaat 180 2 1-6

APR 2000: WO @rger @ree RORBYEUrd rhédiated dggession tafotiat Joxm ﬂeﬂﬁﬁ@ﬂ@éﬁ& trap
agttcctc ageticit aacgtctgga gcgaccctfit geaggcagcg gaccccccca
cct ggcgﬁ%&'%gg‘i&a@ﬁrﬁf‘&'&gﬁsﬁls a‘rngFB% &egawgséeg@ae@am;:ema
t gt gagt sersetbBéitaliiony aaagagt caa atggctctcc tcaagcgtat gct gaaggat
gccaagaagg taccccattg tatgggatct gatctgggge atgctttaca tgtgtttagt

cgaggt t kHA adens gierminggmpeate 483 = § quique cegiont ghdhe aretemdat JAR, R =
2gCt t 9CHAetRRE Segion 8 the réroviralifR, US = 5° unique region of the retroviral LTR,
SA = splice acceptor signal sequence; SD = splice donor sequence; pA =
polyadenylation sequence; Puro = puromycin resistance gene; Ix = loxP
recognition sites; frt = Fip recognition sites;. thin continuous lines = intron; thin

stippled lines =. sequences excised by mRNA processing; pgk =
phosphoglyceratekinase promoter; arrows indicate the direction of transcript
{ elongation. |

Eggfg_s shows the conditional gene trap vector pRKS?S_A-_ﬁ

A: Original configuration of the conditional gene trap vecto;’ after ingertion into an

in;ron of .an expressed gene. In transcripts _initiating _at' fhe target gene’s

promoter_the p-geo gene is fused to the upstream exons by a splice acceptor

site. The.fusion disrupts and inactivates the target gene. The splice acceptor - p-

geo cassette is flanked by two mutant lox sites in opposite orientation. The arrow

indicates the trancriptional direction of the p-geo gene.

B: Conditional gene trap vector after Cre mediated inversion of the lox flanked
- gene trap elements (gene disruption cassette). Gene trap inversion positions the



<212> DNA <213> Artificial Sequence c220> <223> Description of Artificial
Secl uence: Puranycin resistance gene gaagacaaac240 ggt gcet ct gBBAPR 2004

agt gccacgt@ﬁqnmcaagggﬂo ct cggt gcac480 accacggggas540 585 <400> 9
at gaccgagt acaagcccac ggtgcgcctc gccacc&gcg acgacgtccc ccg Y62
cgcaccctcg ccgecgegtt cgccgactac cccgcec C gccacaccgt cgacccggacl20
cgccac atﬂg'cﬁg%'gﬁa’ﬂ!'a@ ndothecPlY-A- gies tnto gle antiseysecotientgtiontwhigh id $dn-

240
o 0005l HRARGHES) SN AL S SERASE e
{ Cccgocwittypg e dooblsgaant U S6/71 Gecaccoaccy Geccaagea 300
ageqceg T gleececisptiy igilosgayetes o rlimmision raaieocen Bao:
002 R B R RS eSS0
10 - <2lekondSErangfes:2 TP coghitonESRES! 116182 vﬁtﬁctygé%% %lgﬁ'aé%x“: single

at gagcgaaaaat acat cgt cacct gggac agccgact gat gect a-acaa

gt accgg BNy dey stea lpxdds Adaale mutant lpgsitest loxgei/igaiodde cogtant lox site:
cctggcg oAtinbb c ~ 9 caca cqcectttce.

cgettt gt(l::{':itﬁzggt Tt ccgg%g@agégggﬁ%%giggﬁ%%ﬁ%cf %QQ!’B{C”&QSG mediated
at &t aCa@iseersiont beteveien 10Eitesa Ore e Cpa Geaa@nbiidsect cgct . cacat t t aat
acgcgaattatttttgatggccgtaagccg gt cggtt acggccaggacagt cgtttgecg

gccggagaaaaccgcct cgcggt gat ggt g gat caggat at gt ggcggat gagcggceat t

AR e e R S OOATLR, e oo e
S e Pyt AT Rk A
et PEURAEIEABRAPSRNERS: AL Sd B ek ued BERIISATE vecor
gt caat cgiRsGid th bandBf 3906 IB2 updhdtid Fr?éafateh%gg.gsg&a@ the. B&.g(g ?éc éggge&éj

ttccgtgacg actcgcttta gagttgcgt agcggcaccg gt
gat gt egtp @ size gEldat kb. Shewpoarecsamplesyft Gt2 gells at SyxmcssfteninfectBec agth .

cegogant CEaBRvERsnn r@rbpih 268ARER K yEc dhe)chntElMivs RARRESH Y or
ctt t cgcwhich weng oot greated with virus. The band indicating inversion of the gene trap
vector appears dn!y'in the sarﬁple treated with the Cre expressing retrovirus.

Figure 7 shows the test vector for C31-Int mediated inversion, pRK73, and the
product of inversion, pRK73-Inv.

A: Plasmid pRK73 contains the 1.1 kb cassette of the coding region of the
puromycin resistance gene and a polyadenylation signal, which is flanked 5 by
the 84 bp attB and 3° by the 84 bp attP recognition site of C31-Int. These attB’
and attP sites are oriented in opposite to each other: (thick black arrows), as
compared to the orientation of attB and attP before the integration of the phiC31’
phage into the bacterial genomeé. In addition, the cassette is flanked by two Cre
recombinase recognition (loxP) sites in opposite orientation to each other. For
better orientation the half sites of the att sequences are labelled by a direction
(thin arrow) and numbered 1-4. The 3 bp sequence within the att sites at which
recombination occurs is framed by a box. The positions at which the PCR primers
P64-1 and P64-3 hybridise to the pRK73 vector are indicated by an arrow,
pointing into the 3" direction of both oligonucleotides. :



9ctggctgga tgcacggtta taaactcgca 60 - tggcggtctg 120 tgcccagegt éB@
ct gggaaaac 240 ctggcgtaat 300- tggcgaatgg 360 gtgcgatett 420 8928%0

480 cacggy 0 ggaaggccag 600 cgggcgctgg 660 atttt 720
ttatctggaa @gy&”géclataaaccg 840 cagccgaget 900 ggtaacagtt%’%"“’fﬂ’ 3¢haaat t

1020 c gi‘ccg 1080 gcacaccgcc 1140} gCggattgaa 1200 ccgtcacgag 1260 3
1 6 APREQ WBQVMWWE&BE?@tWtWMg@he C31-Int mediated

Gucat ot ceompneta Befed 81 b 68T 4E bRl aRE SF B htted berrean e mic cga

gt gt gat ofit atthgtthsitgs 1gérerabe ant gaint of ateRLRA SitedC HARKMAC tHaC M&%
atcgctg at caaat ctgtc 1620 gatccttccc gccgggt gca gtatgaagdc ggcggagcc

acaccac ettesdp '&'ﬁt cgeligycetion 4bgcpdmery)t Rpmhilgandy #6423 casll

tcccggctagﬁ | @p@ﬁt&gd%tggf §al caaaa aatggctttc gctacctgga gagacgcgec
cgct gatcct gcgaat ac gct acgcga tgggtaacag tcttggcggt ttcgctaaat

.act ggcaggc gtttcgtcag 1860 tatccccgtt tacagggcgg cttcgtctgg gactgggtgg
atcagtc aat 20 at gaaa caacccgtg gtcggcttac ggcggt gat t
ttggcgaM@ﬁ% g’%‘efgw '%g%'%i@egg ﬁ'ﬂ: ¢l PRIGS. gccgaccgea
Cgeeycathe SEEIUHAcI-IAN CodiRg JedidHGis 2 t t g
ccgggcaaac catcgaagtg 2100 accag gaatclsagc gttccg c%iea%g?p}gi\'&ﬁ%ﬁ

t gcact gguPresgicsy iy cogmpiaian gellsyoha30@ by bybodaintrong betwed @rﬁﬁidﬁéﬂﬁiﬁcg

;Sgg;gfgﬁa@g%@&iﬁﬁo ttg:at tggaac ilt{i‘g:‘gct gaact accgcagcca gagﬁmggggég

ggcacatmwwmmﬁécbolm 66h sigH %ﬁﬁéﬁcéeﬁ?éa& ed 495 &fp&g
ccgcgtcgcca cgccatcccg, 2400 cat ct gacca ccagcgaaat ggatttt gc atcga
gt aat aa c‘&m&f&%?t R aaccgccagt caggctttctttcacagatg t ggat t ggcg

At adaaaaca actgctgacg 2520 ccgctgecgeg atcagttcac ccgtgcaccg ctggataacg
acattggcgt aagtgaagcg 2580 acccgcattg accctaacgc ctgggtcgaa cgct ggaagg

c?gcgg?&cm%tsbaggaheg%ad prgdagmgegeratgﬂtgnhtgﬂhgcm@mm ﬁ'f?ﬁ[ {pgmtts
atgcgg attacgacc gc cagcat ca ggggaaaacc a atca
gccggaa %%’85' "g‘?ﬁégﬁgé%rga at ggc. gattaccgtt gat gt t gaag
t ggcgagag C(QCPCRZWUC@WQQQQ # 9 q:fcﬂ:%? a9
cagagcgggt aag%t&g)gctc 2880 ggat aggggacégga g';g‘?g" ctatcccgac cggﬁaqq%{ﬁ

‘ccgcect gxtracted) frony MERS- 5§ tcells tansfedteéd 2 dibisc

Geogcqaerane Yl piiia K73 SO PRNECA Y RS BHCS | GHIICG Dope ot St
A S ok o g e wg‘fg%ﬁ“a@e'ggggﬁ??ggﬁﬁ i
gt cgct a %38@%!&!'? “&t%ig o &tﬁ&ﬂmequQdEMC
t gcccgtiahe zmtéwe@ thed Bk dpd Ui pihhba 23h8 5’%3@% '

tgttcggttt attctttttc 3360 ttttactttt  ttatcat ggg agcctac
cgat t t gdened intogaciaquensing plasovdteeder @odagans gmetmcmpmmtﬁmtmg

qaact t g PRKERES 3?#‘3'"3@%00* Q%% BliRAcs e sanithcrd Sgiog, cevede avimen.

daat aae(geqsobtérid o thelpredicted lsegneacd ?flﬂﬁ
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sequences pRK73, seq80b and seq80c are indicated.

Figure 10 shows the recombination substrate vectors used for Cre mediated
inversion. '

Plasmid pRK74 contains a CMV promoter for expression in mammalian cells
. followed by casselle containing “the E. coli p-galactosidase gene ang 32
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cctccgatcg ttgtcagaag ctgcataatt ctcttactgt tcaaccaagt cattctgaga
atacgggat a ataccgcgcc tcttcgggge gaaaactctc actcgtgecac ccaactgatc

t gcaactB+Gonstruction of retrovial ¥eckors: Attd dedr Nbgl fragaentocareyingathgccading
at t gt Cticheniea t t cal.c acaggaa, ggcaaaat ge
egcaaaaaag n?tecg{&g% ccrtt %a&é{?gtﬁﬁt gg h@%iﬁﬂﬂ%’?&“q?a%a tion

t t agaassignal dedvexdhdtorn e singiang viras adQ darges T-ARI5EH avo8 ieSe6d iRkd theot e
c210. Sequence gtatttggta )

tfgat ccéé@%ﬁ"z %%E?é@%u&égﬁaA;%@ha&@t regrichpncenayme

ttaccatxXh@l and dephosphorylated with calf intestinal phosphatase: The' resulting

plasmid was cut with the restriction enzyme Spel, dephosphorylated with calf

-intestinal phosphatase and- the 5" protruding ends were filled in with
pesoxynucleotide—triphosphates using the Klenow fragment of E.coli DNA -

polymerase 1. This vector was ligated to a 0.6 kb blunt-ended fragment

¢ontalning the promoter region of the mouse phosphoglycerate kinase (PGK) 1la

gene. The ligation product contains a cassette with the PGK promoter and the cre

coding sequence in the backbone of pBluescript II KS(+). This cassette was

excised as a 1.6 kb Notl fragment, filled in as described and inserted into the

ﬁlled in Snabl site of a derivative of the mouze malongy leukemia virus based

. yector pBABEpuro (Morgenstern and Land, Nucleic Acids Res.18, 3587-3596




ttatcagcaa tccgcctcca aatagtttgc ggtatggett ttgtgcaaaa gcag;?t? i
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gecccagt ge 9240 taaaccagcc 6300 tccagd®tat 6360 gcaacgttgt 6420

cat t cagdi@90¥B&reatigg oUid FetoVHAl aracerpiesgiont§@etort pBABELSFCIROFEEQ 1D
gttgctct (S 6720 tgeteateat gatccagttc ccagﬁgtttc cgacacggaa agcatttatc
. ce't

agggt t atNG 14acf a5aPHB! geastet RRABE-RIT a(ER cHD t YR 46) Juas armeducedsovhisboo
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Sequencer vector. ctgcag

aat at ggfeasafaduseatetrgvigslt vectogs contaginatirg foiipiag FURcHonillbRUGERBARC 3
t cct gceceggct cagqgecaagaacagat ggt ccceaga
tttctag &’3‘%&@@?@% &E‘E‘E’&Sé&? 8@6@58&8@*
ttattt gpRARFRaaKkEAs.CAgt tcgcttctcgettctgtt pociion
gct caat aaaagagcccacaaccccicactcggggegeca
gcccgggpaci MMM B3aat aaaccctcttgcagttg 8-335
-tgtt ccwggt ct cct ct gagt gat t gact acccg
336-402

gg9' ggr ggat Cgggagacccct gcccagggacc

caagct gmmMpgesact tatctgt gt ctgtcegattgtet  403-480
t gcgcct gtcn?t c99t act Slzgjt t agct aact agct ct gt at

Ct gac gahtiMley rirege ddpding) sike ¢ygended packaging signal (incl. mutated splice -

gtetc: : ;ggggggggg%t%éf@@gggﬁ%%%awﬂ mutated ATG start codon)

ccgtctgaatttttgetttcggttt gggaccgaa9cegcy 481-1374
agcat cgttctgtgitgtctctgtctgactggatttctgt

eagact gﬂ%?ga'gégg%fﬂ'?%t&ft t gacctt aggt cact 1417-1921
get cacagrCasdingHefidngbcaadaagagacyt t g9d. 1972-3024
t ggccaacct t t aatgt cggat ggécgcgagacggcacct

caggt t apgumoterdeohancercdeleteshMMigt Bggac  3088-3168

atcgt ga aagccttggcettttgacccccct ccct ‘ ,

cct aagcm'g'g ctectettcctecatccgceccgtcte g%%t%?'t%ccccggct ca60

ggat at cMMIgoUgagcagt 120 t geggt eaagccct cagcpE$BFypet gaaat gaeeet gt gee240
cgcgcgcttc gtcctccgat catccgactt tcagcggggg. accgacccac agtgtctatg

ct 99c99acc - tcccagggac ttggactctt acctaaaaca ccgcgegtct atttgtctga.

ggaaagaphfhpFiggccttct g
partial MMLV U3 ’ 8-335
MMLV R - 336-402
MMLV us 403-480

MMLV primer binding site and ‘extended packaging signal (incl. ‘mutated splice
. donor and 5' end of gag coding sequence with mutated ATG start codon)

| . 481-1374
-promoter/enhancer deleted MMLV U3 1451-1531
MMIVR . - '1549-1616
MMLV U5 : : : 1617-1695
MMLV U5 cw 1617-1695

Infectious retroviral -particles were produced by transfecting 2x10’ Phoenix eco
packaging celis (http://www.stanford.edu/group/nolan/phoenix_info.html) with-a
total of 100 ug-of the plasmid forms of the retroviral vectors using the calcium-

- . phosphate coprecipitation technique. Two days after transfection the tissue



ttaaccgaga acccagacca gggtcaagcc tececcttga tgC CCCC9a 300 gég ?ﬁlqﬁu?
360 gtggtctcgc 4.20 ¢tctttcattt 480 caccgggagg 540 actgatttta (9

cgt ggt ggaawagg) cgggggcc 720 tggtgcaccc 780 gttcccgcect uclit ct getge
900 gaattagggc 0 cgagcggatc 1020 ctctgcagaa 1050 cct
ggtcccctac 1200 ctttgtacac 1260 acctéktcgt 1320 7 wool/29Mtegaccecgc

;:t cgat cwtur?supeamt ntsgg:e{whanggstedx Eiltemrbﬂgogghgﬁ Otmtam ﬁ&t@t- GMIChtixed
ggcct cqge cCc C cgcgec ctc caggacg gt cagcacc
0o agcath pohEpd e a inal IEGHtratas 61 Acbd/ Mbg HHevites sUpesatantwas
gcacgt Cefén ubed 2059t FRUSIE ABRag. aagaagagga aggtgtccaa gat gcaacga
gtgatgaggt ttttctgagc atacctggaa aagttgaata accggaaatg tatcttcagg

cgcgeggtct  atgettcatc gteggtccgg atgcggcgga ttcgaacgca gatatacgta

att gccagga, ,at t ggcagaa,. ta aa acctgtttt tcaa gat gactct g
cgagat aﬁggdetgﬂ'g@%ﬁp ut ﬁi aﬁABE' §cYigus g”&&ég g'ggnst e@gﬁgc@&s
tectt gca%ﬁaﬁﬁ.sgcgaﬁeﬁaﬁmt a@réaage@%gml 90066 WAHFTSO cefig %Z@gagccg

accgt aaaaa ~aaaaaat Cg cgtttccccc acctgtccgc atctcagttc
Bu

act t at c pliasmidREVpatl gomlthOajc, Ngclahabadadlesga’aha%m;ﬁ&cmtas
ot t gocafr SRS TISRIRA, SOGESAN Jhfectln ARCHIE CREPIIESION visgeeodato
Ccgaaaac gxéision0 BfC 3HeC Pac/SV40polyA-cassette from the pSVpaXl construct and
concomitantly to expression of the beta galactosidase gene. Expression of this
marker was monitored two days after infection by fixing the cells and staining
with the chromogenic substrate X-Gal (5-Bromo-4-chloro-3-indolyl-beta-D-
galactopyranoside). The number of beta-galactosidase positive cells was used to

—

estimate the titer of the original virus suspensions used for infection. The titer of
the pBABE-pgkCre virus supernatant was determined to contain 5000 infectious
particies per milliliter of supernatant.

C. Establishment of B-galactosidase expressing ES cell clones: 100 pg of vector
pRK57SA-B were linearised with Kpnl and electroporated into 3 x 107 celis of the
embryonic stem (ES) cell E14, cultured as described in Kihn et al., Science 254,
707-710 (1991). Two days after electroporation the cells were grown for 7 days
in medium containing 275 mg/ml of G418 {Gibco BRL) to select for clones which
integrated the gene trap vector into an expressed gene. The concomitant

( expression of the B-geo fusion gené allows such clones to grow’ in G418

containing medium due to the expression of the neomycin phosphotransferase.
-At day 9 after electroporation 60 G418 resistant clones were obtained and further -
expanded. Aliquots of all ciones were tested for expression of B-galactosidase
activity by X-Gal étaining‘, resulting in 23 positive clones showing 1% - 75%
positive cells. These dones were analysed further by Southern blot hybridisation
for the number of integrated vector copies. 11 of the 23 clones proved to obtain
multicopy integrates and were excluded from further analysis. The two single
;:opy integrants, GT2 and GT6, which showed the highest proportion of B-
galactosidase positive cells were chosen for further anélysis. ‘ ‘



tg
cc tca ccctggaagg gtcagagata CCCgcgctgg ttggcacgaa aag
tggcgggtagtg ggaatgg agtcctccga gcatcegact gtcangggqtatttacat EPCR%W*

t -t9gaa tec
ctifotcec™ MM Boate clacaccita actggeagca ot Lot t gang POTATBAGA
caceget g ot aaggg . eae t 3?33& ﬁ%ggg;ﬁed
Ei;ﬁ? o ZersentcgctgetsA-ecgeafda@.ge&e ﬁi‘éﬁlh%@%&gf??t%?@ﬁ&ﬁ%%}& E%@%ﬁ@gﬂh@e
et cagagg g cc cgcgct gt tc cgtcaacagc
aat gct t cf eg %é]c%‘@g a@oﬂjec'gﬂfsti?'gfe Zgggg ggﬁtherggt&tﬁ?mgggre
0009 ik o5 h e BT PRI SEECA o
{1t gact oBABESHclackingy thecOric e 2R6Y GHECHiter IIREHELCHY BISRALALERD.
{ eoggt adoPresTBaIINn sel/yall gt clones: 619t and GTE pesg W IES WERS bhas.
attttggtyen QirkopRtks (%S?éo%sea}?% ad§ 8851 Wrus infection. For infection the
culture medium was replaced with 300 ml of virus containing supernatants
(containing about 1500 infectious particles; i.e. an infection rate of 30%) and the
cells were further cultured for 4 hours. After 4 hours the wells were filled up with
300 ml culture medium and incubated. overnight. At the following day the
supematants were completely replaced with fresh culture medium and grown for
further 2 or 6 days until the analysis of B-galactosidase activity. For the later
analysis of the genomic DNA of clone GT2, cells were essentially treated as
described above, except that 30000 celis were plated into 24-well cuiture plates
and treated with 600 m! of virus, containing supematants (containing about 3000

_ infectious particles; i.e. an infection rate of 10%). Genomic DNA was prepared

from these samples at day 6 post infection.

E. Histochemical detection of B-galactosidase activity: To quantitate 8-

galactosidase expression the ES cells were plated one day before analysis at low
density to be able to easily observe single cells. At the following day the culture
medium was removed from the wells, the wells - were washed once with -
phosphate buffered saline (PBS), and the cells were fixed for 5 minutes at room
temperature in a solution of 2% formaldehyde and 1% glutaraldehyde in PBS.
Next, the cells were washed twice with PBS and finally incubated in staining
solution for 24 hours at 37°C (staining solution: 5 mM K3(Fe(CN)6), 5mM
K4(Fe(CN)6), 2mM MgCl2, 1mg/mi X-Gal (BioMol) in PBS). Blue stained, B-
galactosidase positive celis were detected and distingqished_ from - negative
(transparent) cells in .a cell culture binocular microscope under 200x
magnification. For each determination a minimum of 200 cells was counted.

E._Southern blot_hybridization: Genomic DNA was prepared from retrovirus
infected ES cell dones following standard methods (Sambrook, Fritsch and
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agt agcagytyodgsnest t 99 9ggaagggat aggtcctccc tcctcttcct ccgca
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gceggt gaac tcactcat g gctt at aaca ct gacg gcaggtgtag gtctctggtg
gt t gccgddan ar Clopingyaf de @@gg&@aua CQidSptigga'ﬂarbogr:@.gbo@tagy
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ccggcet c 9ghetap: yeetor: (D 'ngﬁ%d%@égwaég%&mtﬁﬁ mt@aﬂ-&&@cagamse@t gehagnd

tctacgg aaee ggcag
gggt ccgg'gag‘“%g%‘gg@%é"ﬂ? B5 (Gers g‘gf"ﬁ?‘agfusaﬁﬁcﬁﬁ‘f £ Alkgine
ggt cgt ggeaditiehs tfoe A60RoURA CRHd fiftes w&Cﬂﬁé&%hlt hybHdISEd #6¢ is HotHS  RIE5E
ccctgtt ac;g_. gt g gagaat agaaggcact gct gat ga
representing the 3° part the neomycin phosphotransferase gene
(~600 bp Pstl - Xbal fragment of plasmid pgk-neo (Soriano et al., Celt 64,693-
702 (1991)). The probe was radiolabeled with P32-marked o-dCTP (Amersham)
using the Megaprime Kit (Amersham). Hybridisation was performed in a buffer
consisting of 10% Dextranesulfate, 1% SDS, 50mM Tris and 100mM NaCL,
pH7.5). After hybridisation the filter was washed with 2x SSC and exposed to

‘o BioMax MS1 X-ray films (Kodak) at — 80°C for 3 days.

G. Results: The plasmid vector pRK57SA-B which serves as a conditional gene -
trap was constructed by placing a cassette, consisting of a splice acceptor
sequence followed by the B-geo gene (SA-B-geo), between two mutant loxP
sites, lox 66 and lox71. These recognition sites of Cre recombinase are in
opposite orientation to each other and allow to invert the mutagenic spiice
acceptor-8-geo cassette within the vector upon expression of Cre (Fig.5). Upon
recombination of a lox66 and a lox71 site one wildtype loxP and one double
mutant lox66/71 site is generated (Albert et al., The Plant Journal, 7, 649 - 659
l (1995)). As the combination of loxP and 1ox66/71 sites is much less ‘efficiently
recombined by Cre than a pair of lox66 and lox71 sites the outcome of the
inversion reaction is shifted towards the reaction products, representing 80-90%
of all recombined molecules (Albert et al.,, The Piant- Journal, 7, 649 - 659
(1995)). In contrast, the use of two oppositely oriented wildtype loxP sites for
Cre mediated inversion would lead to an equilibrium with a 50% proportion for
each of the two inversion products (Albert et al., The Plant Journal, 7, 649 - 659
(1995)).
The vector pRK57SA-8 was linearised 5'to the 10x66 site and introduced into
murine embryonic stem (ES) cells by electroporation. Stable transfected clones
. which integrated the conditional gene trap vector into genes which are actively
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varying between 1%-75% of the cells of individual clones. In addition, these
clones were analysed for the copy number of the integrated conditional gene trap
vector by Southemn blot hybridisation. Two ES cell clones, GT2 and GT: 6, which
showed a single copy integration of the vector and a high proportion of B-
galactosidase positive cells were choosen for further analysis.

These clones were either infected ‘with the retroviral vector pPBABE-pgkCre,

designed for expression of Cre recombinase, or with the retroviral control vector
PBABE-Srf which lacks the Cre expression cassette. The inversion of the lox-
fianked SA-B-geo cassette- was tested two and six days after infection - by
histochemical X-Gal staining for B-galactosidase activity and by Southern blot
analysis of genomic DNA. As shown below in Table 1 the proportion of 8-
galactosidase expressing cells, exhibiting blue staining, among both ES cell
clones was significantly reduced by 14 - 27% at both time points in samples
infected with the Cre expression retrovirus as compared to samples treated with

control- virus.

Table 1:
2 days post infection " 6 days post infection
pBABE-Sif pBABE-pgkCre pBABE-Srf pBABE-pgkCre

% blue cells % blue cells decrease] % blue cells % blue cells % decrease

Clone GT2 73% 59% 14% 76% 49% 27%

Clone GTd ~ 67% 48%  19%| 67% 47% 20%
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In addition, the inversion reaction of the SA-B-geo cassette upon treatment with
Cre expressing retrovirus was directly tested by Southemn blot analysis of
genomic DNA of the clone GT2. Upon digestion of genomic DNA with BamHI and
Xmnl the gene trap vector gives rise to a band of 3.06 kb in its original
configuration using a-segment of the B-geo gene as a probe. Upon inversion of
( the lox flanked SA-B-geo cassette the fragment detected by the probe is reduced
to 1.17 kb (Fig.5). As shown in Figure 6 the expected band demonstrating the
-recombinase mediated inversion reaction is specifically detected in-the sample of -
the gene trap ES clone GT2 treated with Cre expressing retrovirus but not in the
controls. The relatively weak strength of the band indicating inversion
corresponds to the inefficient infection of the GT2 cells with Cre virus (10%
infection rate) under the conditions used for DNA preparation.
We conclude from this experiment that it is possible by the use of mutant lox
sites to invert the DNA segment of a gene trap vector, which is initially
mutagenic' for the trapped endogenous gene, preferentially (>50%) into a
. configuration which is not any more mutagenic and allow its wildtype expression.
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ccecgt Ca@%g‘i esbontegreset {63171nb). This vector was transfected together with an
expression vector for phiC31 integrase into a murine cell line and recombinase
mediated inversion was detected by a specific PCR reaction. The amplified PCR
.product was cdoned and its sequence determined. The obtained sequence
confirms that integrase mediated inversion of the test vector occurs in a
mammalian cell line and that the recombination occurs at the known breakpoints
within the attB and attP sites.

lasinid_constructions: .
Construction of the recombination test vector pRK73 (SEQ ID NO:16): First, an
attB site (Thorpe and Smith, Proc. Natl. Acad. Sci. USA 95, 5505 - 5510 (1998)),
generated by the annealing of the two. synthetic oligonucleotides C3i-4 (5 -
CGTGA CGG TCT CGA AGC CGC GGT GCG GGT GCC AGG GCG TGC CCT TGG GCT
CCC CGG GCG CGT ACT CCA CCT CAC CCA TCT GGT CCA; SEQ ID NO:17) and
C31-5 (5°-CG TGG ACC AGA TGG GTG AGG TGG AGT ACG CGC CCG GGG AGC
CCA AGG GCA CGC CCT GGC CCA CGC ACC GCG GCT TCG AGA CCG TCA; SEQ
ID NO:18) was ligated into the BstBI restriction site of the vector PSV-Pax1
('sumno;z et al., Nucleic Acids Res., 24, 4256-4262 (1996)), 5' of its puromycin
resistance gene and loxP site, giving rise to plasmid pRKS2, The sequence and
onentatlon of the cloned attB site was confirmed by DNA sequence analysus
Next, an attP site, generated by the annealing of the two synthetic
ojigonudeotides C31-6-2 (GATCCAGAAG CGGTTITCGG GAGTAGTGCC .
CCAACT GGGG  TAACCTITGAG TTCTCTCAGTT GGGGGCGTAG GGTCGCCGAC
ATGACACG;, SEQ ID NO:19) and C31-7-2 (GATCCGTGTC ATGTCGGCGA
CCCTACGCCC  CCAACTGAGA  GAACTCAAAG - GTTACCCCAG TTGGGGCACT

. ACTCCCGMA ACCGCTTCTG; SEQ ID NO:20), was ligated into the BamH?i |
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t t at cagggi-Imt erie of phatl pHEIRY wascanplifiedtbyc PER>from phage DNA (# DSM
49156; German collection of microorganisms and cell cultures, Mascheroder Weg

16, 38124 Braunschweig, Germany)'-"using the primers PC31-1 (5°-ATAAGAAT
GCGGCCGC CCGAT ATG ACA CAA GGG GTT GTG ACC GGG-3'; SEQ ID NO:22)

and PC31-3 (5 -ATAAGAAT GCGGCCGC ATC CGC CGC TAC GTC TIC CGT GCC-

3%; SEQ 1D NO:23). The ends of the PCR product were digested with Notl and

the product was ligated into plasmid pBluescript II KS, opened with Notl, giving

rise to plasmid pRK40. The DNA sequence of the 1,85 kb insert was determined

_ and found to be identical to the published C31-Int gene (Kuhstoss and Rao, J.
( Mol. Biol. 222, 897-908 (1991)), except for an error in the stop codon. This error
‘was repaired by PCR amplification of 300 bp fragment from plasmid pRK40 using

-{the primers PC31-8 (5 -CCCGTTGGCA GGAAGCACTT CCGG-3"; SEQ ID NO:24)

and PC31-9 (5'- GGATCCTCGA GCCGCGGGCG GCCGCCTACG- CCGCTACGTC
TTCCGTGCCG TCCTG-3"; SEQ 1D NO:25), which provide a corrected Stop codon.

The ends of this PCR fragment were digested with Eco47II1 and Xhol and the
fragment ligated into plasmid pRK40, opened with Eco47III and Xhol to remove

the defetive stop codon. The resulting plasmid, pRK5S5, contains the correct C31-

Int gene as confirmed by DNA sequence analysis. The gene was isolated from

:pRKSS as 1.85 kb.fragment by digestion with Notl and Xhol and ligated into the

- plasmid pRK50, opened with Notl and Xhol, giving rise to the C31-Int expression
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B.Transfection of Cells and PCR_ amplification: MEF5-5 mouse fibroblasts

(Schwenk et al., Nudeic Acids Research, 26, 1427-1432 (1998)) (20000 cells per
well of a 12 well plate (Falcon)) were transfected with 0.5 pg pRK73 alone or
together with 125 ng pRK65 or CMV-Cre using the FuGene transfection reagent
(Roche Diagnostics). After-2 days DNA was extracted from these cells and used
for PCR amplification with Primers P64-1 (5°-TCA GCA ACC AGG CTC CCC AGC.
. AGG C-37; SEQ ID NO:26) and P64-3 (5'-TAG AGG ATC ATA AAT CAG CCA TAC
CAC-3'; SEQ ID NO:27) using the Expand High Fidelity PCR kit (Roche
Diagnostics).
PCR products were separated on a 0.8% agarose® gel, extracted with QuiaEx®
(Quiagen) and cloned into the pCR2.1 vector using the TA cloning kit (Invitrogen)
resulting in plasmids pRK80b and pRK80¢. The sequence of the inserts -
determined using the reverse sequencing primer and standard methods {(MWG
Biotech) - are shown in SEQ ID NOs:28 and 29, respectively.

€. Results: As a test vector for C31-Int mediated DNA inversion the plasmid
PRK73 was constructed as described in A: above. PRK?73 contains a DNA segment
of 1.1 kb size (the coding region of the puromycin resistance gene) which is
flanked 5° by the 84 bp attB and 3~ by the 84 bp attP recognition site of C31-Int
(Fig. 7A). These attB-and- attP sites are oriented in opposite to each other,
allowing inversion of the flanked DNA segment (Fig.7B), as compared to the
natural orientation of attB and attP in the phiC31 phage and the bacterial
genome, which allows integration or deletion of the phage genome. As a control,
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in the vector pRK73; after C31-Int mediated inversion this site would be

recombined into an attR site.

As shown in Figure 9A such an amplification product was found only in the
samples cotransfected with the Cre or C31-Int recombinase expression vectors.
To prove that the PCR product found after cotransfection of plasmids pRK73 and
pRKGS represents indeed the inversion pfoduct of C31-Int mediated
-rgcombinat@on, this DNA fragment was cloned into a plasmid vector and its DNA
sjequence determined. Two independent clones, pRKS80b and PRK80c, were
analysed and showed exactly the sequence of an attR site as expected from C31-
Int mediated recombination (Thorpe and Smith, Proc. Natl. Acad. Sci. USA 95,
5505 - 5510 (1998)), which leads to the inversion of the attB/attP flanked
puromycin resistance gene (Fig.9B). Although not formally proven here, it follows
from the knowledge on C31-Int mediated recombination (Thorpe and Smith,
Proc. Natl. Acad, Sci, USA 95, 5505 - 5510 {1998)) that the junction located 3°
. of the inverted puromycin resistance gene represents an attlL site.
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Example 3

Plasmid vectors were constructed which aliow to test for the efficiency of the Cre

recombinase mediated inversion of a DNA segment flanked by differemt single

mutant lox sites compared to inversion of the same DNA segment flanked by a

wildtype loxP site and a double mutant lox site. These vectors were transfected

together with a Cre expression vector into a murine cell line and the relative

inversion efficiency was determined through the expression of B-galactosidase as_

a reporter gene.

A. Vector construction:
Construction of pRK74 (SEQ ID NO:31): starting from plasmid pRK62, which is
identical to plasmid pRK57 (see example 1), except that a pair of (irrelevant) FRT
sites has been inserted into the Pmel site, a2 4.4 kb Xhol — Notl (protruding ends
filled up) cassette was ligated into the Notl site of pRK62 (ends filled up). The 4.4
kb cassette contains a 120 bp splice acceptor sequence from from exon2 of the
major late region of adenovirus type 2, followed by the 550 bp internal
ribosomal entry site of ECMV virus and the coding region of B-galactosidase
(Agel-BamHI fragment of plasmid pCH110; Pharmacia) and a polyadenylation
iequence from plasmid PSV-Pax1 (Buchholz et al., Nucleic Acids Res., 24, 4256-
4262 (1996)). The resulting plasmid pRK72 contains the B-galactosidase cassette
between a pair of lox66 and lox71 sites in opposite orientation. Next, plasmid
PRK72 was opened with Pacl and ligated with a 850 bp Pmel-HindIll fragment
(ends blunted) from plasmid pRK50 providing a CMV promoter and a splice donor
site (Choi et al., Mol. Cell. Biol. 11, 3070-3074 (1991)), resulting in plasmid
pRK/4. To denve pRK?6, plasmid pRK72 was opened with Salt (ends filled) and
. ligated with the 850 bp Pmel-HindIlI fragment (ends blunted) from plasmid



gtataccccg ttatggccca gagagcgccg tcagaagccg acgctccccg atcgagctgg
tggattggcg ctgggaaaag cgctggaagg acacttgectg ttatttatca gatgt t1gﬁaﬂpR 2004
9090a99tagv ggf,%%actg tacgtcttcc caccagtgtc gccgaccccgl?2e0

acat t t gt agl30- cat aaaat ga1300 t aaagcaat ald40 ggttt gt ccal508C LERMMNE:c 2100
cacggagaat 2160 ggaaggceag 2220 cgggdlctgg 2280 atttttacgc 2340
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cgctgatcct actggcaggc atgaggtgct™ ttggcgatac
‘tgcact goraterine @recotite irpeprtedt subglongg ovas designater) pBKIECEEEQ TBNG2IRY

e agageqhOenEtae. Bk ftire SXHERabE. flasiif LHYecte. e oginsyseaushs of dre
.t gaaacorgombiRas Waso@onéd §8Ec 85¢ Nott InAL RESK Site$ BF @@@érﬂfdt RQQ@% gg
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ttgcgaatac gtttcgtcag .gattaaatat gccgaaegat. ag gac
got ggcNOY33Rggt aaacag gctcacagta cgectggcag cgccatcccg ttggcaattt
actgctgacg aagtgaagcg ttaccaggce

ion and measuy nt of fi-gala dase_activity: MEF5-5 mouse
fibroblasts (Schwenk et al., Nucleic Acids Research, 26, 1427-1432 (1998))
(10000 celis per well of a 24 well plate (Falcon)) were transfected with 1 pg
PRK74 or pRK76 alone or together with 500 ng CMV-Cre plasmid using the
FuGene transfection reagent (Roche Diagnostics). After 2 days the cells were
lysed and the B-galactosidase activities were determined with the B-galactosidase

reporter gene assay (Roche Diagnostics) according to the manufacturers
guidelines using a Lumat LB 9507 luminometer (Berthold).

C. Resuilts: The efficiency of Cre mediated inversion of a DNA segment flanked by
the single mutant lox66 and lox71 sites was compared to the inversion of the
same DNA segment flanked by a wildtype loxP site and a double mutant lox site
using the recombination substrate vectors pRK74 and pRK76 (Fig.10). Plasmid
pRK74 contains-a CMV promoter for expression in mammalian cells followed 'by
cassette containing the E. coli B-galactosidase gene and a polyadenylation
sequence in inverse orientation to the CMV promoter. This cassette is flanked by
t;l'ne lox66 and lox71 single mutant lox sites (Albert et al., The Plant Journal, 7,
649 - 659 (199%5)) in opposite orientation. Upon expression of Cre recombinase
this cassette can be inverted and allows the production of B-galactosidase as a
measure of the recombination efficiency. Plasmid pRK76 is structured like pRK74
except that the inverse B-galactosidase cassette is flanked by a lox66/71 double
mutant lox site and a wildtype loxP site. Since the lox66 and lox71 sites are
recombined into a pair of lox66/71 (named lox72 in Albert et al.,, The Plant
Journal, 7, 649 - 659 (1995)) and loxP sites (Albert et al., The Plant Journal, 7,
649 - 659 (1995)), the comparison of the B-galactosidase activities generated



gattacgacc ctaccggatt tacacegcat aaaetggctc tgaccgctgg cggtctgege
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Stagg expressiorcof Ceagth plismid pRK74 resulted in an increase of 20024 RLU while
co-expression of Cre with plasmid pRK76 showed an reduced activity increase of
7554 RLU. If the latter value is defined as an inversion efficiency of 1, plasmid
PRK74 is recombined with a 2.64-fold higher efficiency (Table2).

Table 2

Plasmids | B-galactosidase activity| activity increase| relative increase
(relative light units(RLU) | (RLU)

PRK74 1923 .

PRK74 + CMV-Cre 21947 20024 2.64

pRK76 : 5252

pRK76 + CMV-Cre 12826 7574 1

No DNA 1660

From these results we conclude that a pair of 10x66/71//loxP sites (in pRK76) can
be recombined (by inversion) by Cre in mammalian cells, but that this type of
recognition sites is about 3-fold less efficiently recognised than a pair of
lox66/lox71 sites (in pRK74). Thus, under equilibrium conditions, providing a
Saturaﬁng level of Cre recombinase, a plasmid containing one of the two lox site
combinations, should be recombined such that about 75% of the molecules
-contain the 10x66/71//loxP conformation and about 25% of the molecules contain
the lox66/lox71 conformation. This result confirms the similar observation
obtained by Albert et al., The Plant Journal, 7, 649 - 659 (1995} in plant cells and
c:onﬁrms that unequal recombination between mutant lox sites alco occurs in a

murine cell line.



Ccagcttgga gctccacgct ca99agagcg ggtttegeca tatggaaaaa_ ctCaCatgtt
-agtgagctga aagcggaaga gcagctggca tgagttagct tgtgtggaat tgagH

cagt gct gcowoag@amedaag tcgtt9 as tgtagcaatg ccggcaacaa F%% cetﬁgégéumk
cggtatcatt gacggggagt actgattaag "aagpctteat caaaatccc éﬂﬂg?@? ct

Fcccgangty Loy shis 32088 ahie TG sHt e EiNBe e o X bte pordigted
gcgcccaatnversigaaaggtibh tothetsidd bfthe prbAa@CEAtamiRA 5 gtgﬁ' (%Clgactééézyzi&xtpc

aggttcagg, aaatgtggta tggctgatta taggttaatg tcatgata gtg
ccecctatt é%aegacaataac ectgataaat «cttttccgtg tcgcccttat cgagaaacgc

atcgaactgg ccaatgatga gggcaagagc ccagtcacag ataaccatga 9agCtaaccg
ceggagetga gcaacaacgt ttaatagact gctggctggt gcagcactgg caggcaacta
cattggtaac ttttaattta taacgtgagt tgagatcctt 9COgt9gttt agcagagcgc
aagaactctg gccagtggcg gcgcageggt tacaccgaac agaaaggcgg cttccagggg
gagcgtcgat gcggcatttt ttatcccctg cgcagccgaa -cgcaaaccgc CCcgaCtgga
gcaccccagg taacaatttc t210> 17 <211> 86 <212> DNA <213> Artifici al
$CgUCQCC atcgccatct 99att9gt9g gtcgctacca tttgtgaagg



taaagctcta attgtttgtg O9ccagatcca gtgaaaaaaa aagctgcaat ggag9tgtg9
tgatetgegg aatggtttct tttatttttc gcttcaataa tccctttttt tggtgaaagt
aaaagat gct atctcaacag cggtaagatc gcacttttaa agttctgcta aact c9gdbgAPR 200
ccgcat acac aaaagcatct tacggatggc gtgataacac tgcggccaac cttttttgeca
caacat gggg atgaagccat accaaacgac tgcg¥aaact attaactggc ggatggaggc

ggat aaagtt ttattgctga-taaatctgga ggccagatgg taagccctcc tggatgaacg
aaatagacag tgtcagacca agtttactca aaggmiecta 90t gaagatc
tttegttcca"ctgagegtea tttttctgcg cgtaatctgc gtttgccgga agataceaaa
tageaccgce ataagtcgtg cgggctgaac tgagatacct acaggtatec gaaacgcctg

cttt scactiA SEREHARI0 BbLet PBavCREFRRIEY conpRional raar Rt atcFs
99ggggct CowhRMGOBpEI2Es a0géne Uidtptiod laksétté RompHshtly Go8aIYadediatibh tdte

taaccgtatt_ cagcgagtca gcgttggccg tgagcgcaac tatgcttccg cagcta_tgac'
c220> <22pseniedci R B i (Qrf PeNaMU JgBanper, nify sepseJor antisense
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gaagat cagt M5t t §REBgMUtBRh It $itRS FRE AP sites: wWhieh gaegwesent in
at gacagt agg, e bﬁéﬁfﬁtﬁiﬂgﬁnémm Gk CPedio59 e SHRIGHIRE Pe@MiBinases

gaactactta 6120 gcaggaeeac 6
Cre, Flp, ©® C31-Int and A-Int, said site-specific recombinases

(i) being capable of unidirectional inversion of a double stranded gene disruption
cassette being flanked by said two RRSs present in opposite orientation, and
(ii) producing the inverted double stranded gene disruption cassette in an

amount of greater 75%, relative to the starting double stranded- disruption

cassette.

2. The construct according to claim 1, wherein the RRSs are specific to a site
specific recombinase producing the inverted double stranded gene disruption
cassette in an amount of greater 90%, relative to the starting double stranded

gene disruption cassette.

3. The construct according to claim 2, wherein the two RRSs are single mutant
loxP sites, preferably a lox66 and a lox71 site (SEQ ID NOs:2 and 3) or an AttP
~and an AttB site of & C31, and the site specific recombinase is Cre or & C31

respectively.

4. The construct according to claim 2 or 3, wherein the gene disruption cassette
is flanked by two pairs of RRSs in opposite orientation.

5. The construct according to any one of claims 1 to 4, wherein the gene
disruption cassette further comprises one or more of the following: splice
- acceptor, splice donor, internal ribosomal entry site, a gene coding for a reporter
;protein, & resistance gene and 2 gene coding for a further site specific

' recombinase.
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(b) a selection cassette being positioned in sense direction relative to the
transcriptional orientation of the gene to be trapped and being flanked by two

RRSs of a second site specific recombinase in the same orientation.

8. The construct according to claim 7, wherein the gene disruption cassette
comprises a splice acceptor and a polyadenylation sequence flanked by said two
RRSs of the first site specific recombinase, and the selection cassette comprises a
reporter or selectable marker gene flanked by an upstream splice acceptor
sequence and a downstream polyadenylation sequence, said construct being a
conditional gene trapping construct selecting for integrations into expressed

genes.

_:9. The construct according to claim 7, wherein the gene disruption cassette
_comprises a splice acceptor and a polyadenylation sequence flanked by said two
- RRSs of the first site specific recombinase, and the sclection cassette comprises a
reporter or selectable marker gene fused to an upstream constitutive promoter
and a downstream splice donor site, said construct being a conditional gene

trapping construct selecting for integrations into all genes.
~10. A cell comprising the gene trapping construct as defined in claims 1 to 9.

11. Use of the cell of claim 10 for the identification and/or isolation of genes.



aaatgtcgta gtctatataa attaatacga. tgagtactee c9 waaaat ctggtcagaa
~gcGat acact cagggcggcc aaactgccca tcaatgacgg ctacttggca agt acaﬁ %?%“ o
ttgacgtcaa acaactccgc gcagagctct ctcactatag eteteaaaag ttgatatt
aagacaatct tgagtgacat gcgcgatttg tcagtcge9e cttggcagta taaatggccc
gtacatctac tgggcgtgga tgggagtttg cccHttgacg ctggctaact ggagacccaa
egggcat gae ectggeccge ttttgttgtc tgacatccac acacaagggg gagegcgaga
cttacg evg gtagcgccaa cgaagacaag gcggccgaec ggttcaggtt' cgtc-gggcat
ttcagcgaag . agcgcccgga gttcgaacgc atcctgaacg . ttgtetatga cgtgtcgege
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ggcagtcaﬂﬁ}) identification and/or isolation of the gene in which the construct is

incorporated,
(iv) deletion of the selection cassette from the trapped gene,
~(v) induction of a mutation in the trapped gene by inversion of the gene

disruption cassette.

13. The use according to claim 12, wherein the mutation in step (v) is effected by
a site specific recombinase capable of unidirectional inversion of the gene

disruption cassette of the gene trapping construct.

14, The use according to claim 12 or 13, which is suitable for temporarily and/or

spatially restricted inactivation of all genes that constitute a living organism.

15. The use according to any one of claims 12 to 14 being a process for
preparing non-human transgenic mammals, wherein in step (i) the gene trapping

construct is installed in an ES cell.

16. Use of the non-human transgenic organism obtainable according to claims

12-15 to study gene function at various developmental stages.
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atcatatgcc atgcccagta tcgctattac actcacgggg aaaatcaaeg gt aggﬁgégb
ctgcttactg gacttaatta agattgtcag ttgagggtgg tgtggcaggc aagtacd B&@Qﬂl‘
catgaeetta 360 catggtgatg 420 atttccaagt 480 ggactttcca 540 ac%gt gggag
600 gctt MAYLA260 agcgt ggggg 720 tttccaaaaa 760 cegegh
ttgagate 900 tctccacagg tgtccactce ggtggacacg tacgcgggtg agcaagccca
gcgacacagig,2 gggcc gtcggegttc 999 099099 cgggcggctc
aacat gatca g %\‘5858%]? 8E gtct ggaaggcgte ttccggcagg .cgcgtcgcac
aaagaat e}, gcgcgaattg ggcgggtacg ttgtttcgga gacgaaggag atcacgcgca
agettgc C aclceecttace ggt gt gat t at c aagaegcaca
ccgccat tg%%>c5g&a9§ 0C g Aned gg%@ 1dg %gc‘g‘ggd% gfigﬁ‘g'(j%‘b‘aat agaagccgga
t Galgct ccg ag caggc tctg eegc ,gggaagaatc cacctgggca cggaacgcat
‘19t 990agPsp. gggcgaacct accgcgcggc cagegctgac aagccccgaa gccctaagtce
t COt agagicar FARALEIRAEacRIAELURAE oeGAat a2aag agggggaggc gagggggagg
taccgagctc ttacccaact aggcecgcac gcggtattt gtacaatctg acgcgccctg
‘ccgggagfitg gectegtgat caggtggcac attcaaatat aaaggaagag tttgccttcc
cgagacgaiie>0gg§gaagaaga eettegggae cegegtattg c99cacgccg atcaccaaga
gccggt cgag’>cid gattgcg 9t 39ttg9ac s9cagggggc catggacaag et gtaetgcg
gat caagga®@- @g@acgaaggc cttcaacacg egeecgaege tgttgcggag aggggcgtac
gct ccgogeng> Baitketaphbge Mt gt ggggg gatcgttgtc ttcgatcacg ggaagacgta
atcattattt

<400> 5

ataacttegt atagcataca ttatacgaag ttat : 34

) . «<210> &

{ <211> 277
«<212> DNA .
<213> Artificial Seguence

<220>
«223> bescription of Artificial Sequence:poly.-A signal
sequence

<400> 6

tctagagcte goctgatcagc ctcgactgtg ccttctagtt gocagccatce tgttgtttge 60

ccctececcg tgecttectt gacectggaa ggtgccacte ccactgtect ttoctaataa 120
aatgaggaaa ttgcategeca ttgtctgagt aggtgtcatt ctattctqgg gggtggagtg 180
gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgetygg ggatgoggrg 240
ggctetatgg cttctgagge ggaaagaacc agetoggg . 277

<210> 7

<211> 48

«<212> DNA

«213> Artificial Sequence

<220> ..
<223> Description ¢of Axtificial Sequence:FPRT site

<400> 7
gaagttccta tacttctaga agaataggaa cttcecgaata ggaactte 48

<210> ©

<211> 585

212> DNA
<213> BCM virus

<400> 0O

cretecctoce coceccceceta acgttactgg ccgaagecge ttggaataag gecggtgtge 60

grrtgtctat artgtgatttt ccaccatatt geoegtetttt ggcaatgtga gggoccggaa 120
- acctggecct gtettettga cgageartoe taggggtcott toceoctetcg ccaaaggaat 180



cagaat gagg

ct ct gat
t at gagt

gcc

att t

1500 156WO04

2160 acgtgcaaCg 2220 atcaggcacg 2200

ccagaat gac
acgggctt. gt.

g

aattcactg

cat gt gt cag

taat cgcct t
aegeet at et

cgat cgccct
ttttcgggga gtat
tttttget 960 1020 1000 3140 1200 1260 1320 1380 1440

t et eet

3 SR

1680 1740 1800 1860 1920 1990 2040PCE/ERON/10362 accgct

gacggac@&ﬁag%ﬁé Jagesfipre
tqtea%u?éga?fe?ttg

?cggcgt

aat gt gc
2700 2

3420 3&
-agt aaaa

“é%

<210> 9
<211> 600
<212> DNA

Era

%Yf(fag'é 6BIIISTAAG 13P2FIRCRPREYS

tttc ct tgaaaaa cacgatgata agcttgccac aaccc

ttcggcaagc 2340 cgegccgaeg

a‘Eﬁ:"é&?ﬁ?ﬁc 2gHEGEGHT aepIcAt g gRegacasag RA®gaagC
gﬁchggfgﬂgagtgggeetgq ggtgccteggaifPacat c

at REC E¥gen
%g?’f%’c‘ 3%@6&6

9 AT

<213> Artificial Sequence

<220>

tarq9se-

gcwa-ggmq Rgrgccarght gt t a
epagggbRt 2ggacaapge (12025380 2940
322'cft93§%‘0 ctgggkycagAR® 3360

«<223> Description of Artificial Sequence: Puromycxn
resistance gene

<400> 9

atgaccgagt
cgcaccceteg
cqgcecacateg
atecggcaagg
agcgtcgaag
tcecggetgy
ceeqegtggt
agcgecgicog
gagacctcecy
gacgtegagt

«<210> 10
<211> 3652
<212> DNA

acaagceeac
cegeegoeghh
agcgggtcac
tgtgggtcoge
cgggggcdgt
ccgecgcagca
tectggocac
tgctccecogg
cgccccgcaa
gceccgaagga

ggtgegcectc
cgeccgactac
cgagctgcaa
ggacgacggc
gttegocgag
acagatggaa
cgteggegte
agrggaggcg
cctccecttc

cegegegace .

. <213> Bscherichia coli

<400> 210

atgagcgaaa
agccgactga
gtaccagtag
tteaacqgeqe
cctggegtta
agcgaagagg

‘cgctttgeot

cctgaggocceg
atctacacca’
cegacaggtt
acgegaatta
greggttacg
gccggagaaa
gatcaggata
actacacaaa
gtactggagy
tctttatgge
atcgatgage
aaactytyan
gaecggqeoacyge
éatggtctgc

aatacatcgt
tgcecttctga
gtgaagacca
tgtatggega
cccaacttaa
coccgcaccega
ggtticoggc
atactgtcat
acgtaaccta
gttacteoget
tttttgatqgg
gccaggacag
accgcctocgoe
tgtggcggat
tcagogattet
ctgaagttca
agggtgaaac
gtagtagtta
aeactyaaat
tgatrtgaage
tgctgctgaa

cacctgggac
.acaatggaaa
gaaacagcac
gatcgatcee
tcgoctigea
tcgeocctioe
accagaagcg
cagtccceckea
tcccattacy
cacatttaat
egttaacteq
tegrtgeeg
ggtgatggtg
gagoggeatt
ccatgttgee
gatgtgocggc
gcaggtcgcc
tgcegategce
cedgqaatete
agaageceryge
cggcaagccg

gecaccecgeg
ccecgecacgc
gaactcttee
gcegeggtgg

‘atcggeccgce

ggcctcctag
tegeecgace
gecgagegeg
tacgagcggce
tggtgcatga

atgttgcaga
ggcattattg
ctcgaactga
gtegttetac
geacatccec
caacagttge
gtgcoggaaa
aactggcaga

gtcaatccac.

tgatgaaa
gegttteate
tcotgaattrg
ctgcgttgga
ttccgtoacg
actegettta
gagttgcgtg
agcggeaccg
gtcacactac
tatcatgcag
gatgtogqtt
ttgetgatee

acgacgtece
gccacaccgt
tcacgegegt
cggtetggac
gecatggecga
cgccgcaccg
accagggcaa
ceggggtgece
tcggcttcac
ccecgcaagece

tccatgeacg
ccgtaagceceg
gccgcaatat
aacgtegtga
ctttcgceccag
gcagcetgaa
getggetgga
tgcacogtta
sgbttabtco
getggetaca
tgtggtgcaa
acctgagege
gtgacggcag
tctegtiget
atgatgattt
actagctacg
cgecttitcgg
gtctgaacgt
tggttgaact
tecegeqgagqt
gaggcgttaa

ccgggeegta

cgacccggac

cgggctcgac
cacgeeggag
gttgagcggt
gcccaaggag
gggtctgggc
cgoctreetg
cgtcaccgcc
cggtgcctga

taaactegea
tggcggtotg
tgcccagegt
ctgggaaaac
ctggcgtaat
tggcgaatgyg
gtgcgatotc
cgatgcgococ
Gacuggagaat
ggaaggccag
¢gggcgcetag
atttttacge
ttatctggaa
gcataaaccy
cagccgeget
ggtaacagtt
cggtgaaatt
cdaaaacccg
géacacocgco
gcggatigaa
cegtoacgag

60

Sacmaei?%segcmgt gaa

120
180 .

240
300

360 .

420
4180
540

600

€0 -
120
180
240
300
360
110
480
540
600
660
720
780
840

900

960
1020

1080

1140
1200
1260



:tggatetcaa cagcggtaag tgagcacttt taaagttctg agcaactcgg tcgccgcgtaﬁaAPR 0
cagaaaagca tcttacggat tgagtgataa cactgcggcc gctgaagatc ateettga
etatgtggcg cactattctc ggcatgacag aacttacttc PCT/EM 10162 agttgggtgc
acgagt gggtw‘?am%aae 3780 gttttcgccc cgaagaacgt tttccaat #ETERM010162

eggt attatc tatt ac gccgggcaag 3900 agaatgactt ggttgagtac tcaccagtca

3960 taa é‘ t99é8 %Q‘-’@ttt $49Cge2RTA At GCIRIG PR TR gt paadtegect
t gaat 9aagii 8 %ﬁf’r‘ 5 %a’éﬂfé&g‘é"ctt HFCBRGE AL IS Gt TN 2380
99cgaact a¢ thﬂ ?‘éﬁe‘ ‘c’ a%ﬂfg wﬁﬁf&tﬁf %satagas'aﬂmleeo

t ggggce SE9GE 9% ERTWOC FnFoegagnn abek

t t aaaag i _g‘é 9 gt@f:?ﬁcﬁft‘é"cg é@?—f@t EELD
tteottt cgg@g&a r_ (an? g?g@ E‘-’!fécéf%fb
gegat aa%&tg‘g 9qu:cc tcc

cggacagticaa @arag.gt % gt SLalEr F

t cccgt atge ccg%e%gqaaéé‘ga @{@4 ¢ Ay é £ acc

ctaccaatlatce cﬁ gg &g : ca t'. ??1
ggcagggtgaegasﬁhagg& Bedtdl bt dddHedadt L1134

cCt ggCCtdgkeiditiof UG banddod Rot g &Et&% a
e e W;f@ =
cagl gagagecaguiag tt g, c

aaaeageigatggrangat @itgcdnt gonapbbty ceddigaty :cgedacac ag%o, e213>

Artifi citabat3emae e cesoicdt ChEgRFag08s HaflfHgecg lgagidcrbed @cté&@ég%ggiﬂ%

ttt agat trgegtagtgat Giccasacdeagiaerdtdy teaqacs adcadattid @Q88ygcagCaldbagt t
t aat cct ghotggrghgamgaggrasagesrageity aagageyes eegegaafn¢gafirccg @bt t CQ
gect at gfatctgarga teragegaaat t geatghitgc atgg=agtgr btaaagacyeqecaatgat mgbt 99

ataaaaaaca 2520
{ acattggcegt

€21

aaccgccagt
cegetgegeg
acccgeattg
gaagcagcgt
getcacgegt
gatggtagtg
ccggegegga
ggattagggc
gatetgecat
tgcgggacge
atcagccget
Saagaaggca
tggagceogt
gtctggtgtc
aaatccatta
ttttactttt
aaccatatca
ttattccaac
ataatggtta
tgcattctag

<210> 11
78
<212 DNA

<213

<220
<223>

<400> 11

caggcttict
atcagttcac
accctaacge

tgttgcagtg

ggcagcatca
gtcaaatggce
ttggcctgaa
cgcaagaaaa
tgtcagacat
gcgaattgaa
acagtcaaca
catggctgaa
cagtategge
aaaaataata
tgtactattt
ttatcatggg
gcaaaagtga
cgctgtttgg
caaataaaqgc

ttgtggtttg

‘ttcacagatg
ccgtgcacey
ctgggtcgaa
cacggcagat
ggggaaaacc

.gattaccgtt

ctgccagetyg
ctatcccgac
gtataccccg
ttatggcececa
gcaactgatg
tatcgacggt
ggaattccag
ataaccgggce
aaaaaacaca
agectacttce
tacgggtatt

totgetttet
‘aatagcatca

tccaaactca

artificial Seguence

tggattggeg
ctggataacg

actgctgacyg
aagtgaagcg

cgctggaagyg cggcgggcca ttaccaggec

acacttgetg
ttatttatca
gatgttgaag
gegeaggtag
cgceottactg
tacgtcttcc
caccagtggc
gaaaccagee
ttcecatatgg
ctgagcgeeg
aggccatgte
aacttttgga
ccgtttttcc
atttetgecy
gacaaacteyg
caaatttcac
tcaatgtatc

atgcggtget
gccggaaaac
tggcgagcga
cagagcgggt
ccgectgttt
cgagcgaaaa
gcggcegactt
atcgcecatet
ggattggtgg
gtcgctacca
tgccegtatt
tgtteggtet
cgatttgget
ctatttctcet
gaacttgttt
aaataaageca
ttatcatgtc

Description of Artificial Sequence: primer lox3

gattacgacc
ctaccggatte
tacaccgcat
aaactggctc
tgacegetgg
eggteotgege
ccagttcaac
gctgcacgeg
cgacgactce
ttaccagttg
tcgegtaagg
attecttttte
acatgacatce
gttctcgcecta
attgcagctt

ttttttteac,

tg

2580
2640
2700
2760
2820

2880 -
2540 -

3000
3060
3120
Jlso0
3240
3300
3360
3420
3480
3540
3600
3652

ctagataaet tegtatagea tacattatac gaacygtact cgagataact tcgtataatg 60

tatgctatrac

#310s 12
211> 79
212> DNA

gaacggra

78



gcct gt agca
tttaaaaett
accagt ggct

aaaegecag

geaegaeag% at gt

agcCCggd
<400> 22

40

<21
ArtificiFal®™s
gceget aggh, ¢

at ggcaag
agtcaggg%%?
tcttgagatc

gctgccagtg 4920
‘gagct t ceag o440

cgCcgcagsefz.oif

ggat aacgpfz. SR

<210. 24313} 24-c3 £363210 SécdrenieblA

AR

<213> Artifici.

TRt

%ﬁt 1B3% st CERRPk TR,

tteconeaa C Cggccttt

gaccaaaatc caaaggat ct

iReffl]

cggtgg 4740
aaggcgcagc 4989
cttgagcgtc 5220
at acgcaaac 5460
agcttgcatg 5700 $711 45 40 15 1 6 AN 2004 WD 01! 29202
c223>

Description of Artificial
ggaagcagide-ccgg c210> 25

PCT/ EPOa1101fks7sA-beta

—

<400> 13

tcgegegttit
cagettgtet
ttggcgggtg
accatatgcyg
attegecatt

. tacgceaget

tttceccagte

gcgeceggatc
tegategagg
agggtttect
aggacaaact

tgtgacatqqg .

caacttaatc
cgecaccgate
ttteceggcac
actgtcgteg
gtaaectatc
tactcgetca
tttgatgacg
caggacagtc
tgecctegegg
tggcggatga
agcgatttce
gaagttcaga
ggtgaaacge
ggtagttatg

. gcegaaatce

attgaagcag
ctgctgaacg
catggtcagg
aactttaacyg
gaccgctacg
atgaatcgtc
atggtgcagc
ggccacgygcy
cogutgcagk
tacgegeqes
rggctttege

cggtgatgac
gtaagcggat
tcggggetgg
gtgtgaaata
caggetgege
ggcgaaaggg
acgacgttgt
cttaattaag
ctagaactag
tgatgatgte
cttcgeggte
cggatccegt
geccttgecage
gcoctteeca
cagaagcogt
tececctcaaa
ccattacggt
catttaatgt
ttaactcggc
gtttgcecgtc
tgatggtget
gcggeatttt
atgttgccac
tgtgeggega
aggtegecag
ccgategegt
cgaatctcta
aagcctgega
gcaagecgtt
tcatggatga
cegtacselg
geetgtatgt
tgaccgatga
gcgatcgtaa
ctaatcacga
atgaaggcay
tggatgaaga
tacetggaga

c213

Sequence:

c211> 55

ggtgaaaacc
qceogggagea
cttaactatg
ccgcacagat
aactgttggg
ggatgtgctg
aaaacgacgg
tctagataac
tggatccecee
atacttatcc
tttccagtag
cattttacaa
acatcceccet
acagttgcge
gccggaaagc
ctggcagatyg
caatccgoeg
tgatgaaagc

gtttcatctg

tgaatttgac
gcgttggagt
ccgtgacgte
tcgectttaat
gttgcgtgac
eggcaccgeg
cacactacgt
tcgtgoggtg
tgteggtite
gctgattocga
gcagacgatg
ttcgecattat
ggtggatgaa
tcegegetgg
tcacccgagt
cgegetgtat
cydgagccgac
ccagoeette
gacgegeceq

tcgcggtatc

gence c220>

£ ol 50
C
tt caagaaet
gggagaaagg 5100
ge9ttateec 5340
t aggcaccce 5580

tt cagcagag 4500
acctacaccg 5040
aaegcggect 5200
ttteee act

~ Artificial

pri mer

5520

c212> DNA c213,

tctgacacat
gacaageecg
cggcatcaga
gcgtaaggag
aagggcgate
caaggcgatt

ccagtgaatt.

ttcgtatagce
qggctgcaga
tgtcecectitt
ggatcgacgy
cgtcgtgact
ttegecaget
agcctgaatyg
tggctggagt
cacggttacg
tttgttecea
tggctacagg
tggtgcaacg
ctgagcgcat
gacggcagtt
tecgttgetge
gatgatttca
tacctacoggg

cettteggeg-

ctgaacgtcg
gttgaactge
cgcgaggtge
ggegttaace
gtgcaggata
ccgaaccatc
gecaatatty
ctaceggega
gtgatcatct
cgctggatca
accacggeca
¢eggctgbyc
ctgatccttt

gcagctcccyg
tcagggcgeyg
gcagattgta
aaaataccgc
ggtgcgggee
aagttgggta
cgagctcggt
atacattata
tctgtaggge
ttttccacag
tatcgataag
gggaaaaccc
ggcgtaatayg

gcgaatggeg
gcgatcttce

atgcgeccat
cggagaatec
‘aaggccagac
ggcgctgggt
ttttacgcge
atctggaaga
ataaacecgac
gcegegetgt

taacagttte.

gtgaaattat
aaaacccgaa
acaccgccga
ggattgaaaa
gtcacgagca
tcctgetgat
cgctgtggta
aaacccacqgq
tgagcgaacg
ggtcgctagyg
aatctgtcga
cogatattat
<cqaaatggtce
gegaatacge

Caegacgggg
accaccgct a ggt aact gge

att

e

sequence c220>
PC31-8 c400> 24
Artificial
€220> . e2A3>pdaedipt ftn 61 mzﬁdmfuﬁ@bn&aquw primer PC31-9

gagacggtca
tcagecgggtyg
ctgagagtge
atcaggcgcc
tcttegetat
acgccagggt
acccggggge.
cgaacggtac
gecagtagtce
ctcgeggttg
cttgatgatc

tagcgttace

cgaagaggcc
ctttgectygy
tgaggccgat
ctacaccaac
gacgggttgt
gcgaattatt
cggttacggce
cggagaaaac
tcaggatatg
tacacaaatce
actggaggct
tttatggcag
cgatgagcegt
actgtggagc
cggcacgcetg
tggtctgetyg
tcatcctetg

.gaagcagaac

cacgctgtgc
catqgqgtgcca
cgtaacgcga
gaatgaatca
tectteccege
ttgcccgatg
catcaaaaaa
ccacgegaty

et eaot

aggccagita PR 7004

ttaccggat ggagegaacg gcttcccgaa gcgcacgagg CcaCCtctga
OBIMtcct t gat accgct aggeagcgga agagcgccca Fragang2
agtta gctcactcat tgttgtgtgg aattgtgagc aegecaagct
1caab BEAPRCEr i ption of Artificial Sequence: priner PC31-1

<211>

taagaatgc ggccgcccga tatgacacaa ggggttgtga ccggg <210> 23
| 223T Descri ption of
TRFELE 2 BF AT dF4 g ggccgceat cc
ccgtgcc gccat aacea 4020 aaggagctaa 4080 gaaccggagc 4140
cac 4380

oo

60’

120
180
240
300
360
420

; cccgttggea
Sequence

480 .

540
600
660
720
780
840
500
260

1020
1080
1140
1200 -
1260 .
1320
1380
1440 -
1500 -
1560
1620
1680
1740
1800
1860
1920
1580
2040
2100
2160
2220
2280



24 c400> 25 ggatcctcga gccgcgggcg gccgcectacg ccgctacgte ttecgt gcc% e%tﬂ _
S5 <210> 26 211> 25 ;e212. DNA c213> Artificial Sequence '220; b APR T804
Description of Artificial Sequence; primer P64-1 c400> 26 tcagcaacca

ggct ccccawoomgzes2s c210> 27 c211> 27 4212. DNA c2133, AGH/ERSIAI62
Sequence -220> <2233~ Description of Artificial Sequence; priner P64-3
c400> 2%gtayaguaittagtagpst cappteadlt AT taacagdddy> t Pehrcagihl reactger e b3no L TA .
K213; - Apgddcogétn|tcSbchemgs ectBpgt R RG> cagiR@BtigaDe saatatda ogapiacdyd i2zkpei al
Sequeneéacdiiiggie pgentiacog r ¢Iatdat N g9eaat eegcl 694G IR EeagtvEr4x] 226009

PCTI Epoggg_mtcpmgwt{ggg;gagggcacg ccgeatccag egotgacgga agcaaaacac 2520

ggt accgﬁ@?@@g@%ﬁ Gé&ﬂ@gﬂad%ééﬂé@agmagﬂ@g SegaagEgagc fa9QgagbIr @980
accaggcFEHEEagEa E¥tgoet AT h9ecggtudaa fegraegeny 2560
-agacccgtteaseastd gﬁ‘as gEcger T gtaa@ergtdcsaktvareky 2300

gecccat §A335EI % £0FR9q90¢0 Mﬁ?@ﬁgﬁﬁfé $2a5g ﬁj@g?“@ gekshaepe 2260

{ g SEARACAETR, SSSRFRIET AAAECRIIIAEH AL A ERITERIH FHRacateks 3600
togot Sgwag?faég O S GEIL aﬁtf@ca g P aatse 3889
ccgaaaatds *ctéfaacﬁgﬁe 'E%ﬂg& E%H':tt g acsestsy 196
gccaccag&té‘ g%'t % % a¥ese 386"
t a%aat g f’ aﬂgﬁf gtdepe '(?a?‘fg(fﬁé’f
ot t ié'ﬁ i ggg R Cta?géa% 5aa ol ﬁ%%ggsa%
Ee o %%; ca%c t 9-'* 58
a0 <211 ~ 667
\ o ds gg‘éggé lees ng t|f| ci al
i Y oV erk Je Mg Lo pCrads 0 ot gk uage
t1 CCOCCEalt Lottt BEGS act deaGliiat addodtile ttccg %%Jg%ect.cgswaaee

att gct t itlcanbatid bhddditggd daseadhas cga@e.eg@aggﬁacé@gaaaéugg&%t SEQY

t Ct CCOCeqgetgRII0dogitigatte AGat HYdol attghbedieddniactdc@f IgdResgrdaneiapaat
t t gt. aaceait cofdgp gt ictaget Fagdsddact ddckhaite Caccagerioat aggardtaat staR0a

t agt aacgffatcedd]ohgitricagd Ta8BaRZGH
geagt gagpxctétion 2ggdtaggtd) YoagaiHica

ggcrgetetyg
aagacogacc
ctggccacga
gactggetge
gcegagaaag
acctgcccat
gecggtettg
etgttegeea
gatgcctget
ggccggctog
gaagagcttg
gattegeage
tctagagetc
ccctecececy
aatgaggaaa
gggeaggaca
ggctctatgg
- cgatcgagat
aacctgcagq
ttatccgctc
tgcctaatga
_gugaaacctyg
gegtattgyg
geggogageg
taacgcagga
cgcgttgctg
cteoaagteag
aagctcocto
tctcocktow
gtaggtcgtt
cgeccttatee
ggcagcagcc

atgeegeegt
tgtccggtge
caggcgtitce

tattgggega
tatccatcat

tcgaccacca
tcgatcagga
ggeteaagge
tgcogaatat
gtgtggegoa
gcggogaaty
geategectt
grcrgatcage
tgccttoect
ttgcatcgca

gcaaggggga
cttcrgagac

aacttcgtat
catgeaaqet
ACcaattccac
gtgagctaac
tcgtaccagc
cgetetteey
gtatcagete
aagaacatgl
gcgtttitce
aggtggcgaa
gtgcgcrctc
agaavcatay
cgctecaage
ggtaactatc
achggtaaca

gtteceggetg
cctgaatgaa
ttgegecaget
agegceggag
ggctgatgca
agcgaaacat
tgatctggac
geogeatgeoc
catggtggaa
ccgctatcag
ggctgaccac
ctatecgeett
ctcgactgtg
gaccctggaa
ttgtctgaqgt
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cccgtecageg
aagtatttac
cggtttgegt
tcggetgegg
aggggataac
aaaggcogeqg
togacgetoa
ccctggaage
cgcctttctc

taaccattat aasctscast
Caaaaaaacc

't at ggaaaaa

60
120
180
240
300
360
420
180
540
600
660
720
780
B40
200
960
1020
1080
1140
1200 .
1260

1320

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1960
2040
2100
2160



cctctgactt gagcgtcgat
t aacgct cgc cgcagccgaa ggaggt gt gg

egccagcaae geggeeeftt =

aaaagat gct eggt aagat e

cacgagggag cttccagggg
ctttcctgecg ttatcccctg

aatggtttct tttatttttc gcttcaataa
agttctgct VOSYYYM acac tacggatggc tgcggecaac caacat ggggPCHEPSOIHIENC
t gcgeaaact attaaetggc ggatggaggc ttattgctga ggccggatgg tggatgaacg

t gt cagacctrcgggad gabtadrget tdregtdtaga cdabhbdgthosg atgtéddecaiRqt APab3¢Caaa
t agcacc gtegttab@a gi-agddcggg JgcHigRrac gadagagmicgCetcagacaibaddtgeqdtaaaggect g
tttt gt ghtakcchatipgktadgtat tighgtGnac RYatadagCadlot aragidacthganbaig@oa

t aagcccuergecaster agasepaatdhotagioca aggyhgitagaddagtetgyadgidtactgibasd Ct gC
t caagagerqtogragn graatiacgpcareaPga AoghbareyLrgagatE0tddgtgn 8660 Jag
ggt aagcaeRccagtta crrtcugaas (2egRatdggy aggycuight t epggeaavecgictiategatagsgmgt ca
gct gcac8epusai® obbbtdagt CE9%BR0ag (dagetu@ut (ookygBeaaaaaggdarattda 4960 -
aggt aaafMIgeert tapkqitibe tacoR@ch) gacgetrabl MgRacsiie ctqohttat 2646160
aaacaagi?IRtELIAT §AREAACREE Ptegesy FYcbtBRED adi4ottitagamayiccgmnab 4D

t aaat acttt@a596F 2PAGAHK ATCIFFEOLY JEHLRTROT ttATBQ 9cgobapkcegign 576010

Ct t gag a@‘i“csgfg t??ﬂf@gé@'c GHCPESHCY (tAFREICRED HEIOCE gt LRACAGECEE SBRD

ttactte? 299BVHecC FAGEIRGEE PASIEICgatantaceaca B4N0
gcagg actIRCCRAHRS agcaataaac cagccagceg gaagggoega 2940

tccectttttt

gegeagaagt
agctagagta
catcgtogtg
aaggcgagtt
gatcgtegte
taattetette
caagtcattc
ggataatacc
ggggcgaaaa
tgcacecaac
aggaaggcéa
actcttectt
catatttgaa
agtgceoac

210> 16
<211> 7573
«<212> DMA

Eagatttatc
QE ’gg Q gctttatccgc

agtagttoge
tcacgcrogt
acatgatccc
agaagtaagt
actgteatge
tgagaatagt
gcgccacata
ctetcaagga
tgatctteay
aatgccgcaa
tttcaatatt

-tgtatttaga

cagtraataq
cgtttggtat
ccatgttgtg
tggcecgcagt
catccgtaag
gtatgcggcg
gcagaacttt
tettaccget
ecatettttae
aaaagggaat
attgaagcat
aaaataaaca

<213> Axtificial Sequence

<220>

cteccatecay
tttqgegeaac
ggortcatte
caaaaaagcg
gttatcactc
atgetettet
accgagttgc
aaaagtgctc
gttgagatcc
tttcaccaqac
aaggygcegaca
ttatcagggt
aatagggytt

tctattaatt
gttgttacca
ageotooggre
gttagctect
atggttatgg
gtgactagtyg

gttgccggga
ttgctgcaay
ceoceaaegate
teggteocotee
cagcactgca
agtactcaac

tottgecegg cgteaatacy

atcattggaa
agttcgatagt
gtttetgggt
cggaaatgtt
tattgtctca
ccgocgcacat

<2235 Description of Artificial Sequence: vector pRX73

<400> 16

cgtcatcace
ccccagucic
gqctecceag
ccgeecctaa
catggctgac
-Ecgacgacac
tgaggtagag
cgagaccogre
ctgcaggtcg
ctgacccctco
caccocgcgac
egecacgege
actctteecte
cgcggtggeg
cggecegege
cctcctggog
ICCCHACCasc
SY4adcgcycs
cgageggere
' gtgeatgacce

gaaacgcgoeyg
CCCAgCaggc
caggcagaay
ctecgeccat
taatrtteetr
tgcagagacc
tacgcgeces
acgaataact
gcocgocacga
acaaggagac
gacgtcoccee
cacaccgteg
acgcgcgteg
gtetggacca
atggccgagt
ccgcaceggce
cagggcaasg

ggagtgecey
ggectteoaceg

cgcaagcccg

aggcagctgt
agaagtatgc
tgtgcaaage
cccgeeccta
tatttatgca
tacttcacta
gagagcecaa
tegtatagea
ccggooggee
gaccticcat
gggccgtacg
accoggaccy
ggctcgacat
cgooggagag
tgageggtte
ccaaggagcc
gtctygucag
¢otbtocctgaa
tecaccqeecqga
gtgcetgacg

ggaatgrgtg
aaagcatgca
atgcatctca

actecgecea-

gaggccegagg
acaaccggta
gggcacyccc
tacattatac
ggtgccgeca
gaccgagtac
caccctcogce
cecacatcgag
cggcaagatg
cgtcgaageg
ccggetggee
cgegtggtte
cgccgtogtg
gacchccacy
cgtogagtge
cecgooecac

10

teagttaggg
tctcaattag
attagtcagc
gttocgeeca
ecogoctogge
cagttcgtgg
tggcacccge
gaagttataa
ccatcceetyg
aagcccacgg
gocgcgticg
cgggtcaccyg
tgggtcgcgg
ggggcggtgc
gcgcagcaac
ctggccaccy
ctccccggag
GCccocgcaacoc
cegaaggacce
gacecgeage

‘aacgttette
‘aacccacteg

gagcaaaaac
gaatactcat

tgagcggata
ttcccogaaa

tgtggaaagt
tcagcaacca
aaccatagtc
ttctccgece
ctaggaacag
accagatggg
accgcyggett
gettgeatge
aceceacgeee
tgcgectege
ccgactaccc
agctgcaaga
acgacggcgc
tcgocegagat
agatggaagy
teggegtete
tggaggcgge
tccocticta
gcgcgacetg
gocegacega

3000
3060
120
3180
3240
3300
3360
3420
3a80 -
‘3540
3600
3660
3720°
a7as

60
120
180
240
300
380
420 -
480
540
600
660
720 -
780
840
200
960
1020
1080
1140
1200



tatatacttt 6420 ctttttgata -6480

6240 cgtatcgtag 6300 atcgctgaga 6360
ct agt gt agc $BAFR 1004

gaccccgtag 6540 tgcttgcaaa 6600 ecaactettt 6660
gctctgctaa 6780 ttggactcaa~6040 tgcacacagc 6900 ctatgagaaa 6960
agggt cgga 20‘%lgtcctgtcg 7080 gggcggagcc 7140 tggectth 162
accgcctt g Ra§agg 7320 t9 1 6 APR ?CO WD 01/29208 PCTI EPOO 10162

t 7260
aagcggad 9. FMACHBAFLTIIEHBLRITC U coe de8at a
cggaggccﬁc Ef‘é age g gﬁgwﬂt? gi’g‘g{t& mat%ég@cgtzéégact gga
ad9cgggf g g AWTBLE T IR gei@Plcact t
‘ t’?%ﬁd‘tg'f
4400, 3 cecg %éé?ggg
ey
Ctt% ccaat 3 c:’t‘ré t“acattt
-gaaacat @%cag %gfﬁ%ctg Egz g Qt ct 5 tttgt
gcecqgtidlog a2 CRGLGABER cail el t&(eu m atac

t at gctt t?%@aﬁ?ﬁ?é“%é% 3at344¢ at gac
gt
Co99V® aé%@QE§£§HEQGcgdiﬁiilgEﬂé@ééttQQtéhkéééggﬁg SEEC
wggt?t §t

ta

cat gatt i‘it? Eirtagotas, gE993 1500 ¢ f i ci al
Sequenc X tgﬁscg efitRACt e dPEHRKT 4
atgcca 20-3GE :*ttéi

tactggci tt@ééé "i&gﬁ'&ratt tg(f:

ey gt gCaaf tt4&HC b§tdRdags a8AARALES otGé Léer cCIEEF 9CI0L
cact t Cactgaggédedtictatet! cgdéRtea dadtqitobl Aacabdtittd codcQOEdAt tt

egeccCCGitkacicdil abgGadera

ccgacoggtt
acgcgaatta

gteggttacy

gcecggagaaa
gatcaggata
actacacaaa
gtactggagg
tctotatggce
atcgatgagc
aaactgtaga
gacggeaecge
aatggtctge
catcatcctc
atgaadgcaga
tacacgetge
ggcatggtge
cygcgtaacgc
goaqaatgaat
gatcoticeco
atttgocega
tccatcaaaa
goccacgega
tatcececogtt
gatgaaaacy

cgecagtict

gaageaaaac
accagcgaat

.gatggtaagc

ttgattgaac
cgeqgtagtge
cagtggcgtc
catctgacca
aaccgceccagt
ccgctgcgcg
acccgcattg
gaagcagegt
qoteoacqeqt
gatggtagty
ccggogogga
ggattagggc
gatctgecat

© tgcgggacge

gttactcgcet
tttttgatgg
gccaggacag
accgeetege
tgtggcggat
tcagcgattt
ctgaagttea
agggtgaaac
gtggtggtta
gcgccgaaat
tgattgaage
tgctgctgaa
tgcatggtca
acaactitaa
gegacegeta
caatgaatcy
gaatggtgca
caggecacyy
geccooggrgea
tgtacgegey
aatggctttc
tgggtaacag
tacagggegg
gcaacccgtg
gtatgaacgg
accagcaqgea
acctgtticcg
cgctggcaag
tgcctgaact
aaccgaacqge
tggcggaaaa
ccagcgaaat
caggctttct
atcagtteac
accctaacgc
tgttgcagtg
ggeageatea
gtcaaarggce
ttggcctgaa
cgcaagaaaa
tgtcagacat
gcgaattgaa

teceattacqg gteaateege

cacattraat
cgttaactcg
tegtttgecy
ggtgatggtg
gagcggcatt
ccatgttgcc
gatgtgcggc
geaggtegec
tgccgatege
cccgaatctc

agaageetye.

cggcaageceg
ggtcatggat
cgccgtgcuc
cggqoctygtat
tetgaccegat
gogecgatogt
cgctaatcac
gratgaagge
cgtggatgaa
gctacctgga
tettggeggt
cttegtetgg
gteggettac
tctggtctit
gtttttcecag
tcatagcgat
cggLgaagryg
accgcagccg
gacecgcatag
cctcagtgtg
ggatttttgce
ttcacagatg
ccgtgecacey
ctgggtcgaa
cacggcagat
g9993aaaace
gatrtacegtto
ctgccagerg
cratccegac
gtatacccecg
ttatggceca

gttgatrgaaa
gcgtttcatc
tctgaatttg
ctgeqgttgga
ttceogtgacg
actcgcttta
gagttacgty
ageggeacey
gtcacactac
tatcgtgcgg
gatgtcggtt
ttgetgatre
gagcagacga
tattcacatt

gtagtggaty

gateecgeget
aatcacccga
gacgcgetgt
g9cggagecg
gaccagceet
gagacgcgcc
ttegetaaat
-gactgggtgg
ggcggtgatt
gccgaccgca
ttecegtitat
aacgagctce
cctetggatg
gagagcgccg
tcagaagccg
acgetecceeg
atcgagctgg
tggattggcg
ctggataacg
cgctggaagg
acacttgctg
ttatttatca
gatgtrgaany
gogeaggtag
cgcettactg
tacgtcecttce
caccagtgge

11

cgtttgttee
getggetaea
tgtggtgcaa
acctgagcgce
gtgacggcay

-retcgttget

atgatgattt
actacctacg
cgeotttegy
gtctgaacgt

tggttgaact.

tcecgegaggt
gaggogttaa
tggtgeagga
atccgaacca
aagecaatat
gogectaceqge
gtgtgatcat
atcgectggat
acaccacggc
teecggetgt
cgctgatcct
actggcaggc
atcagteget
ttggcgatac
cgccgcatcec
ccgggcaaac
tgcactggat
tegeteocaca
ggcaactcig
ggcacatcag
cegegteoca
gtaataagcg
ataaaaaaca
acattggegt
cggcgggeca
atgcggigct
gccggaaaac
tagaegagega
oafganzqgggr
cogeetgttt
cgagcgaaaa
geggegactt

cacggagaat
ggaaggeeay
cgggcegetgy
atttttacgc
ttatctggaa
geataaaccyg
cagecogeget
ggtaacagtt
cggtgaaatt
cgaaaacecy

gracaccgee-
“2020
-2880

2940

gcggattgaa
ccgteacgayg
taccetgety
tccgectgtgg
tgaaacccac
gatgagegaa
ctggtegoty
caaatctgtc
caccgatatt
gecgaaatygy
ttgcgaatrac
gtttegtcag

gattaaatat

gccgaacgat.
agcgctgacg
catcgaagtg
ggtggcgetyg
aggtaaaecag

.gctcacagta

cgcctggcag
cgeceatcecy

ttggcaattt.

actgctgacg
aagtgaagcyg
ttaccaggcee
gattacgacc
ctaccggatt
tacactgcat
aaaetzgote
tgacegetyy
cggtctgege
ccagttecaac

2160
2220
2280
2340
2400
24860

2520 -

2580
2640
2700
2760

3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840

3900 .

3960
4020
4080
4140
4200
4260
4320
4380
1440
4500
4560
4620
4680



tcgaaatt aa tgggg@;ﬁm 200k
gtagaggttt atgaatgcaa aata ca
attatacact Ccaattatgt tattattttt gccgatactg
ttcagccat WOUGMact gt ttcaattcgc atgtctgaca ttttcttgcPEVERMHOSEa
gccatttgae tgatgctggc tiactgcaaca 909"Agggt gt gaaetgat agaaagcctg
at t t cgcP§epsceaet arggumacgegraaCUgRtly gEgick sy @fcgdiat §€ GREGEh G CFab gt @
cgggccaga?ﬂaaaﬂ%aﬂtwggggtmwt Yytcaaatayy gosegresq 3ehegdiat GiseCC
at agt aa ICEEY caabritcage cemet t efpat chapgreaat gtoddtiaccd athecdgrggaagh ac
ccccat t JatrIot gt FasategAcFPACIATIC IIRPSAGHAC Attgtigaagd agcttagt € adbegga
t ecgcecELITIBLILE GEALRRTFOY APPABRACCE BRIPABITAC Lt 4 SHBYGUR GOGL BREEE QoG €
aaaagcggg‘t‘t& Egamwataeaguaaaw@t I TAERIAC gt TatASot gy SRt tttabsagSDgh t gt
‘caaat t t Car>® ng%&t@atatagggwyga ILOFEAANLL TECAYALCTR GacepatgmEateagac
acgggct TP SPRIYEEI9] E‘E%P ctgggtasagetoaaapapi Agatte atyr Gas@at cc

ttccaaaat9 gggaggtcta

tgatgcggtt eaagtetcca
t agcat acat

aaaaacgagg tccatctggt
tccaaactca catcagttcc

t cagcgce 2 saatgeraty FIEGE tascaritgdt aractagmty @gerprot By 6328 gegqg
-act ggeg AFFEETAWI BT Trh anetat LSRR Cat C

Ca?
atteac c?@@;g%tc G CTITLRBTIT CPIcaggaes Satyca

gtggeactee
Caaatatgta
ggaagagtat
gecttcctgt
togqtgeacy
tteogeceeoga
tattaccccg
atgactiggt

: gagaattatg
* caacgateqgy
ctcgecttga
ccacgatgcc
etectagettc
ttetgegete
gtgggtcteg
ttatctacac
caggtgecte
agatrtgattt
atctcatgac
asaagatcaa
©a233232800
ttecyaaggt
cgtagttagy
teetgttace
gaecgatagtt
ccagcttgga
acgccacgct

( caggagageg
4 ggtttegeea
tatggaaaaa .
ctcacatgtt
-agtgagctga
aagcggaaga
gcagctggca
tgagttaget
rgrgtggaat
ccaagotgge

<2105 17 -
<«211> BR&
<2125 DNA

faat
et

cctzgf tta
toegqa9aaat
toogeteaty
gagtattcaa
ttttgectcac
agtggyttac
agaacqgtttt
tattgacgcee
tgagtactca
cagtgctgec
aggaceqaaq
tegttgggaa
tgtagcaatg
ccggcaacaa
ggecettecy
cggtatcatt
gacggggagt
actgattaag

‘aaaactteat

caaaatccct
aggatcttct
accqgetacea
aactggctte
<caccacttc
agtagctuct
acegaataay
gcgaacgace
tcccgaaggy
Cacgagdggag
ectetgactt
cgccagoaac
ctttcctgeg
taccgectege
gcgcccaata
cgacaggtit
cactcattag
tgtgagegqga
gcg

%E%é;

qtgcgcagaa
agacaataac

catttecgry
ccagaaacgc
atcgaactag
ccaatgataa
gggcaagage
ccagtcacag
ataaccatga
gagctaaccyg
ccggagetga
gcaacaacgt
ttaatagact
getgqctagt
gcagcactgg
caggcaacta
cattggtaac
trttaateta
taacgtgagt
tgagatcctt
gqeq9tggttt
agcagagcge
aagaactctg
gccagtagcg
qeqtagegst
tacacegaae
agaaaggcgg
cttccaggog
gagcgtegat
geggeortee
ttatcceetg

cgcagccgaa
cgcaaaccygc
cccgactgga
dcaccccagy
taacaattte

<213> Axtificial Segquence

<2205

tcargataat
cccclatttg
¢cctgataaat
tegecettat
tggtgaaagt
atctcaacag
gcacttttaa
aaectegqteg
aaaagcatct
gtgataacac
cttttttgca
atgaageeat
tgcgcaaact
ggatggaggc
ttattgctaa
ggoeagatgyg
tggatgaacg
tgtcagacca
aaaggatcta
Erttegrteca
tttttctgeg
gtttgccgga
agataceaaa
tagcaccgec
ataagtcgtg
caggactaaac
tgagataccet
acaggtatoee
gaaacgcctg
ttttatgatg
tacgygttoct
attetgtgga
cgaccgagcg
ctetoececege
aagcgggcag
ctttacactt
acacaggaaa

aatggtrtoet
tttatttttce
gcttcaataa
teocctttttt
aaaagatget
cggtaagatc
agttctgcta
cogeatacac
racggatgge
tgcggocaac
caacatggug
accaaacgac
attaactgge
ggataaagtt

-taaatctgga

taageeetse
aaatagacag
agtttactca

ggtgaagatc

‘crtgageogtoa

cgtaatctge
tcaagagcta
tactgtectt
tacaracere
tcttaccggg
ggagagticyg
acagegtgag
ggtaagegge
gtatcttrat
ctcgtcaggg
ggecttitge
taacegtatt
cagcgagt.ca
gegttggeeg
tgagegcaac
tatgcttceg
cagctatgac

<223> Description of Artificial Sequence: primer c31-4

12

tagaeqteaq
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggegegg
tattctcaga
atgacagtaa
ttactterga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaceac
gccggtgagce
cgtatcgtag
atecgetgaga
tatatactrr
cttittgata
gacccegtag
tgettgeaaa
ccaactcttt
ctagtgtagce
getetgotaa
ttggactoaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtecergteg
gggcggagcc
tagcctitty
acecgectttg
gtgagcgagg
attecattaat
gcaattaatg
gctegtatge
catgattacg

5400
5480
5520
5580
5640
£700
5760
5620
5880
59540
6000
6060
6120
€180
6240
6300
6360
65420
6480
6540
6600
6660
6720
§780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7573



ttatcatgtc atetaaaata atatttaect aagtaaggtt caactggtaa atac ﬁgtt%
ttcatagccc gacegcacaa caatagggac cagtacatca ggaccgeW tctacg FR™2004
gt ggat agC9 gtttgttttg t gacgcaaat taactagaga cccaagctga atgacttctg
Cccgcggt gdVO PVMBhaget ccgcagatca ccacacctcc attgcagcet t PCTEPPOIGICHE
tggatctggc cacaaacaat tagagcttta ccttcacaaa tggtagcgac
ggagt cgt cg- ccaccaat cc cgcgtgcagc gttgaactgg gcgcagaccg ccagcggtca
gagccagt«4eo- @t?lgcggt gt a aat eaggt ag ggtegt aate agat ggcgat aagtcgccgc
t t t t cQCtragIaaBEE ARRAZGYCCHC SSEIIebE clagRiceds Gact @gbéd eCagfgrgdaacegeat
ggcci ggioaackqfgee cpaegeagfcggeddt t - acgccaat gt cgtcagcaglL tgttt tdet at
aaattgecaa egettattac c999at 99c9 ctgccaggeg tactgtgagc ctgtttacct
cagcgccacc=23%gacgegg ctgatgtgee <cagagttgcC tgtggagcga atccagtgca
-acat t gat’® at aaat gggg 120 egacccccgc 180 ttteeattga 240 agtgtatcat
300 gcA&ftit §€c 360 agtcatcgct 420 gtttgactea 400 gcaccaaaat 540
gggcggt: &0 % gcactgct 666 ctetagactt 720 cgctaagatt 780 tgcctttgag
‘840 talX ébﬁa 1iSeaventfoca 960 ccctgaacct 1020 ataatggtta 1080
tgeattet%f’ll40 attccaccac 1200 tagaatcagt 1260 aatctctgta 1320

atccccé ctcag .1440 = ccat at ggaa, 1500 ctggtttc 1560
gccact 96 9331 f)crlggggg ég{%;fegﬁl Sequencg g primer C31-gg 99

<400> 18

<cgtggaccag atgagtgaggy tggagtacgc gceceggygag cccaagggea cgccctggcc €0
cacgeaccqe ggcottegaga cocgtca | . 86

<210> 19
\ . =211> 80
«217> DNA
k213> Artificial seguence

2220
<223> Degeription of Artificial Sequence: primer CI1-6-2-

<4oo> 19 :
gareecagaag cqqttttegy gagtagtece ccaactgggg taacctttga gttcicteag. 60
Ttogggggcegt agggtegeeg acatgacacy 30

«210> 20

«<211> 90

<212> DNA

«213> Artificial Sequence

<220>
<223r Bescription of Artificial Sequence- primer C31-7-2

<400> 20
gatccgtgtc argtcggcega cccracgece ccaactgaga gaasteaaag gttaccccag 60
ttggagcact actcccgaaa accgcttctg . 90

<210> 21

<311> E711

«232> DNA

<213> Artificial Sequence

<220- ,
<213» Deseription of Artificial Scqguence: vector pRKéS

<400, 21 : .

2222098 ¢ea abgtacwuss eagatatace cgitgacart gattacrgac ragrcateaa ¢

Cagtaaeean eeasnaaaes attaglicabt agoocabtata tggagitccg cdctacacaa 120

Cttacggtaa atggccoger tggoegassy SO0Adldade ¢cogcocoablt gacgtcaata 1meo
- atgacgtatg ttcccatagt aacgecaata gggactttee attgacqgtca atgggtggac 240

13



cagt aaggcg 1740 -etacctgcge 1900 CtCaacatc 1960 tgataaataa 132?5 APR TN
cagcaagtgt 1980 eetteeageg 2040 cgttatccag 2100 cgccaatcca 1160
CCagCt cgat_ 2220 (C9919agc9t 2200 ec gsttetga 1110 CgVC Cctc 2400

cat ccagag ®gagctcgtt 2520 20 WD 01/ 29208 at egct at ga PETGA0/A)6?
ct ggaaaaac tgctgctggt

| aaagaccaga ccgttcatac gtaagccgac cacgggttgc
acgaag deytioiogt eaaacpgesaagggeigial asncagrdic aag:8§6c 3agegeeattaoo
t t cat ccarshatpegs gicastgacgg Clda@adasic)oaoegogas agdgatit egr o §a Cdog
acgat egdgg9atbe st it gack cfge betacc ghititoat day teqitacafg caggdta@eq 0i20gC
gcgcacgyogtittaan otatatcas Crogogatasat bearagt ton actoggaddy @t btddaaagomgca
gcaggct ‘t‘-'éFCithFt?% davecotega ogagtfdgat titageRRyC 23 prgaray) ggactitxacs A0ac
ggcgacc BEE ACER/TLCCHE (YFEAL EICTt TRt DIIRYg ITARPCALITA RQYDTBIgES (PPga
aat geeg tay @sagancteh cdapetrastg geergt ctaigectanogetaricgaz ;wepgC
Cgagt t Aé‘& S8% £RaacEAtAT t%&&?@?‘ﬁ'aa E%tacsa@g akiag agestitaggy 17200t
t gaggggISPEAEHR EEF%R“"‘E'J picsianeig Q%%F&c 2IRTEGBReAT) Y bbrranaaw 798000
t‘E‘ Ud

ee

t gcaa99 "@“t %@éaﬂ%e“ﬂj‘ﬁgﬁ'ﬁ@t Fracacgoet tiidac
ccacgt c&E HRA99C TSR EE T EPHR 08 C g
t eaeaae 'é"gttcaE‘Eggﬁﬂggt?"c‘t"PE'a%@d’&“
Ctt gcat {EE RTHg 99 %c&%‘a?‘:@@@@:é@?&t
gagagggdc

£p
2 A2 gt %Zc éf@gzg g cBtgacggags J0p
at aat gt %%ﬁ:’“‘%% a%:fmtt%é o ’95%
aagt at a i aa@g af:
' Yede aﬁ%
el

caetgce@
tatccac
att cgct

I oG

(LUt 92t A gahs0B5ARAbar O LAAHAR

fetgett

tédgcdggaa

‘aeggoegaat

gaccottoga
aacaccttcc
tttgtaageg
ccgettecaag

‘cgggettoge
ttgagagtta
‘gaccgateat

gcggcaaggg
agtgtogoge

gcegtegeey
‘teoageatgge
cegaaggega
‘tcactgagge

céctgaacge
teggeoaggaa
aagagcggcet
teccccganga
tagacgacaa
ctaegggeag
egcegacega
cggcgooegg
tgtgtgttog
999929909y
9oggaggCCa
tacaacgtcy
eeeetttege
Tgegeagoet
gtatttcaca
YeCAYCCTTY
‘eacreqgetea
‘cgtratcaco
atgteatgat
gaacccctat
aaccctgata
gtgtegeect

gacgécttac
ggteaatgre
gttcgagecc
cttcaagccg
catggacqger
cgectgggac
cgctgaggtg
ccgcaticag
cgageeoget
gocrttecegg
cgtcatgact
gaaggtagtec
aggeactogae
fogaagagacqy
gcoctgagaag
ccttgaagay
geactteegqg
tgccgaactt
cgccgacgct
gegcgtatte
ggogeaggga
cgacgacgaa
gctcgagatc
ttttttgegt
aggccagaat
gaatgaggcg
tagactgegaa
cagqctaqent
gaatggeogaa
ccgcecatatgg
acacccYcca
safgasanget
gaaacgogeg
aataatggtt
ttgrrratee
aatgcttcaa
tattceccttt

gacttcgage
grecateaaen

gacgtaatcc
qggcagtcaag
gacgecgtygc
ccggeoaacceg
atctacaaga
cgcdacccga
gagragtaty
gggcaageca
tcgaagcgcg
gacccgtcog
aagtteqttqg
ttggogotte
agcggcgaac
ctgtacgaaqg
aagcaacagy
gaagccgeeg
gacccgaccyg
gtcgggctet
acgoooatey
gacgacgece
caggcgcgga
gcottagagg
gaccttgggg
cgcccoogag
aaccctagcy
aatagegaay
tggegeotga
tgcactcrca
acaccoactg
grgaeccqgtet
agacgaaagg
tettagaeqt
trctaaatac
taatattgaa
tttgcggcat

ttgtttcgga
agortgegea

ggtggtggtg

ccgcecattca
cgaccoygadg
tratgegaat
agaagccgga
tcacgctccy
agettoayse
tretgteege

‘gggaagaatc

cacctaggca
cgaaacgeat
tgtgggaage
gggcgaacct
ACCYCYCUYC
cageqgetgac

aagceeegaa’

gccctaagtc
tcatagacaa
agaagegege
aggacggeac
tcaataaaag
agggggaggc
gagggggagy
taccgagctc
ttacccaact
agaeccycac
rgeggtacet
gtacaatctg
acgcgccctg
seggaagety
gecrogrgat
cagatqqeac
attcaaatat
aaaggaagag
tttgccttec

14

%ﬁé

gacgaaggag

ctegaceact:

gcgtgagate
ccocgggrage
cgagacgatt
cettegggac
cggcacgeeyg

gccggtcgag’

atagttagae
catqggacaag
gatcaaggac
dcacgaaggc
étteaacaag
eqeccgacge
tgrtgcggag
aggcgcgtac
getecggecay
gctreceect
gtggtgoggg
gatcgttgtc
ttegateacy
ggaagaégta
atcattattt
cagaatgagg
ccagaatgac
gaattcactg
taatcgcectt
¢gatocgcoct
totecttacqg
ctcegatgeco

acoggctiagt

catatgtcay
acqgescatet
ttttcgagaa
gtatcegete
tatgagtatt
tgtetttact

S

atcacgcgca
eccettaccy
aagacgecaca
atcacgggge
gggaagaaga
cegeqtatty
arcacgaaga
cttgattgcg
ggcagaggac
etgtactgey
tcrtacogotr
acgtgcaacg
atcaggcacyg
ttogqcaage
cgogergaoy
gacygacccg
caagaggcgy
gaccaatqggt
cgcgegtcayg
acgaagtcga
tgggcqgaage
geggegtagg
tcaatagatc
cgcggccaag
cttgggggag
gcegtegtett
gcagcacatc
tcccaacast
eacetgrgey
gcatagttaa
ctgctccegyg
agattttcac
ttataggeea
aatgtgcgcyg
atgaéacaat
caacatrtee
cacccagaaa

1560
1620
1680
1740’
1800
1860
X920
1980
2040
2100
2180
2220
2280
2240

2400 -

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
30860
3120
3180
3240
3300
3360
320
3480
3540
3600
3660
3720



gaggatgatg gcagaccatt gcgtgecgtc tccacagttt gctcatcgat gccataaaga

cctccadtac tttgtgtagt tatcctgatc tttctccggC cgtaaccgac taayigCkrRIMDL
aaCCCgtcgg t9gtgtagat cggcctcagg aggcaaagcg. CctCttcgcet taacgccagg
gcgegt t'gado gcat gggectagac agatcagatc cttgaggagaPCTEPH g6t

eeaggt gggg gcttccagag ggggaaagac ttgccaaaag tccaagcgge tcaagcettat

ct gt gga&astagyasc tsatasgpaaggectisibels: agt t@ganGigadrabge alagaizgaad CLisgeaggyc

t at ccgctt@grtogers aaagastasjastarstgesa ghtiaickgay cvatfgegadec-aalgs Gaggaa

gcgt t gcttgapcacEbrgiacagecry ARRIL00N cHM iTLEROSL4GRE3ac aetdR@Fahyg Wbt gcccgq
at aaacg@aerrsegs LEGregrptgceai@at ¢fcy §8R 8Oy BoYRSR e Bracaint 84 t3eggC

Ot at cgcCagpanasen dEftecapg Oggt??ttat"zq&aaeigﬂagegaetgagtﬁblaeccagtacea A®ao

Ct gacga&aRatIeEsy @8 aat t18 pencagredtt cgerngany arggRycyasgogegt et C
2880 CESITHEhYc R8RS g@%@@@%‘tﬁg fractzoact tastiqutbep)cgacruogycdgb

cggcet ccERATIOBYr GELLRATECt I OPEFTI0ITRCCALITC JETRB 236 Ot aaragcemn Ay

at gat ¢ aE&‘EFgFE‘Q'm; AGER L 22SD PIOPEGACC BEACLGERIFY L EERATIER C GerkFantad K260
‘gt gggt t PELEUaEags @Eﬁ“ﬁ‘&? M@E&@@Zﬂﬂ:“&l&% U?ﬁgFFﬂjgaﬂc'aaﬁgtgaaca
3300 c%gg‘éﬁ% 3&@@“%@%&1 @tsm gtaqaaavgeeﬁe
gaat cag tf %4 =aa%%gae%ﬁaesmest gt‘goe
agttcaa E% A% Seat3dd
(,a cC 'f g 0

28T 9 ?
aatttca tt“'écﬁcgt E 'éfi’at‘é&!
cggttta %;% b ta C&g%;t
-t 'f 9 %ﬁ:aa g

‘ ponn il
‘ 2 o
593C0cat 't =i gég%c
e CEE AR ot
“ﬁem.g Litacalll t&%&%& &E 99@2323& 3

]
%m
npnﬂn
%g
mb

a
attacgc

got at t af

ggt t CCOGdAealtal

ggregggery
aactgagata
cqgacaggta
ggggaaacge
gattrtegtg
ttttacoott
ctgattetat
gaacgarega
cgcetectece
ggaaagcgog
aggctttaca
rreaeacang

tiddeta
aacggggggt togrgoacac
cctacagcgt gagctatgag
tecagtaage agcagaatcy
ctggtatett tatagtectg
atgcteogtcea ggggggegga
cctggecttt tgctggectt
ggataaccygt attaccgoct
gegqeageqag reagtaageq
cgegogttgy cogatteatt
cagtgagegc aacgcaatta
ctttatactt ccagctogta
Asacagerar gaseatgatt

agececagett
aaagcgcecac
gaacaggadga
teqggttecy
geceotatggaa
ttgctcacat
ttgagtgagc
aggaagcaga
aatrgeagety
atgtgagtta
tgttatgtgg
acqgoeoanget

cé %@9@5&@& CEQ 9&&% éétaccggat

ggagcgaacy
getteccgaa
gcgcacgagg
¢ccacetectaa
aaaecgooage
gttcttteot
tgataccgct
Agagegeeca
geacgacagy
gctcactcat
aantigtgagc
agecegygct

aasggcgcagc
acctacacceyq
gggagaaagqg
gagcttccag
cttgagcgtc
aacgeoqgaest
gcgttatece
cgcogeagcc
atacgcaaac
ttteoocogact
taggcaceceo
ggataacaat
agcttgcatyg

49580
5040
5100
5160
5220
5280
5340
5400
5460
5530
5580
5640
5700

cctgcaggrt t 5711

«210> 22

<211> 45

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: primer PC31-1

<400> 22

ataagaatgc ggccgcccga tatgacacaa ggggttgtga ccggg 45

<230> 23

<2il> 40

<212> DNA

«213> Artificial Sequence

<220>
~d23r Degcription of Artificial Sequonce: primaey PCI1-3

c400> 21

ataayaatgc ggccygcatco gccgctacyt cttccgtgoc 40

15



tteggccagt cgataccgta
gttcctattc atgcaagctt
tatcagctca agaacatgtg
tctttceacWwO e¥2e8at aca
aacgttaggg gtactggaaa
cgaagttcct gcttcaatca
ct caaaggcg agcaaaaggc
3720 tadycadgt 3780

ttteat eddr> gtggatt gac
gt aaaacGa?> P¥agt t cgag

aaaagggaca
caattccaea
cgtttttcca
Cct gcaaagg
ggat aagt at -
caaaat acgw
t aggct ccgc

tctgccagtt
caaaggaaaa

cgt ggct £113> frddéebtla§emanenacagac

-gaccgcgaa
t ggt cat é%’
cagcaaadyy”™

<400> 24

gacatcatca ataaettcgt

cocgtltaggca ggaagcactt ccog

<210> 25
<211> 55
<212> DNA

«213s Artifieial Sequence

{ (220?

t gcaggt cac
t gagct aact
ggt ggcgaaa
ett eaegaca
ct cgat cgag
cacattaatt
Cccgacagga

egt cacggaa 3040 tccaacgcag

tttccggcac
acacat gt aa
aa9aeagggc
cacgt gct ag
at c99ccaac

%’%%%gﬁé%gof %gié?é%ii Sexggce :3p6imer4BCAl -8 4000

gtcgactgtt tcctatfgtc
c9t gacagct 90tctt1g@tﬁ2W$

21 cctcgactaa gggtaccttc
pet cyt eaagPCHEPEIAN2AL
ttcgagttaa tagaaagtat
gcatteatga ttcctcgcetc

cggtgccget 3660 cacgcaactc

caaattcaga gatgaaacgc
geaaetgttg - ggggat gt gc
t gggcatcct aet at eeaac
cacattcaga 9999999a39
aggaacttcg attctctaga
dCt gaCt CgC gt aat acggt
4140 4200 4260

24

«<213> Description of Artificial Sequence: primer PC31-9

<400> 25

ggatcctcga gccgogggcg gocgoctacg cegetacgte ttoogtgecg tooty

«<210> 26
<211> 25
+212> DNA

«Z13> Artificial Sequence

<220>

-5

<223> Desecxiption of Artificial Sequence: primer P64-1

<400> 26

teageaacca ggcteocecag caggc

<210>
<21l
Piwiy
213>

27
2?
DNA

=

<220>

artificial sequence

25

«<223> Description of Artifiecial Sequence: primer P64-3

<400> 27

tagaggatea taaatcagec ataccac

<210>
<211
«<212Z>
<213>

29
770
DRA

<2203
' o225

Artificial Sequence

Deocription of Artificial Sequence: DNA pequense derikgd

16

27

from vector



4320 4380 4440 .4500 4560 4620 4680 4740 4800 4860 4-920 4900
6040 5100 51.60 5220 5280 5340 5400 5460 5520 5500 564 0|Bi?@mmﬁ
5760 5020 5860 5940 6000 16 APR 7004 WO 01/ 29208

accaggcgt YR EYERMYgaaget ccet cg Ccggat acct gt CCgCCt t t Ct CCCt t BGHEPH/10162

gt aggt at ct cagt t cggt gt aggt cgt t ¢ ccgtt cagcccgaccget gc9CQt t at ccg
gacacgacPREMObgccact ggcagcageca t aggeggt gct acagagt t ct t gaagt ggt
tatttggtatetgcgetetgctgaagccag gat ccggcaa. acaaaccaccget ggt ageg
cgcgcagasti®aadygat ct caagaagat e agt ggaacgaaaagt cacgttaagggattt

ect agat ceIwEregagst tegmasatIradgitagigtcraggagt dtageatdicgChdratagta 60

tt cgt t caCPEFEFCt GeaTicgaatac ceagtatgca i agciPy@tRuaghyaisy conicgat @t 120

t at cagcafEaeIsCAgeRgtetrra agatrdcgge alct emttaca (icohgtiticagt faiat S 180
at agt t t GFFCHIRACt tRAcEateht §ottadthe dipcovagare cmgotwrgyt ¢opreeama 240
t gt gCAas%Fé‘&?‘éQﬁ'fP 82133 ggetachbe st arqeaet st gerstat guGogomya 100
t aagat gctoP g F‘é‘t‘:ﬂggg 8¢ SCAFHPL EY e rr VS aTyt b c 4ot aaaagt
‘gct cat cat cthite F? F%&&@?sfega'?tagtﬂa@seea qutataqcggato
a Eﬁﬁgg aagepraapat 4w
3385 ? ; ?e:ttg ‘ﬁggf% §gﬁgg§§a %;g%"ftt“ttggxﬁggﬁf&ﬁa%‘@at
gacatt aae tt anamat “%t ?T% az;g%g&gﬁ d“":: iten ofioage
ggat gcc ga
aat accg °f %@?99 g%aa -
agggggatye caagégﬁg}gt cﬁaﬁgg { E%giﬁﬁ%ﬁeﬁgg% gtg s:210>'782 211>

1 chut ncc t9Cgct &t CC gaagcgt ggc
tteccttcgg gtggtttttt
tcgtgtagat cgcgagaccc

8062 c212> DNA c213> 118 tltici '
gct CCaaglghe. @lwaact atcg ctggtaacag ggcctaacte
ettt gatebhis tgggt cat gag ttaaatcaat 9tgaggcacc
(ccgagcgcagz> @ggyaagct ag caggcat cgt

‘<2135 Artificial Sequence

<220 : :
«223> Description of Artiflcial Sefuence: DNA sequence derived from vector
;pRKﬁOc B

34400> 29

‘ggtacegage tcggatccnc

‘kttecgcoccat
‘geeteggect
gttegtggac
‘Ltogggcact
CHaagttata
‘ggacaaacca
‘artgetttat
cattttatgt
tacaaatgtyg

tctoccgoecece
aggaacagte
cagatgggtg
actccocgaaa
CGCYgYCCACe
caattagaat
ttgtaaceat
ttcaggttca
gtatggctaa

caetggegge cgeregagea
tacaatt

€210
<Z1ll>
<2125
<213

30
7573
DNA

<220>
<2237
PRK73-inv

<400> 30 .

catcatcace gaaacgcycy
coccaggere cooageagqae
Qgcteuee;lg u:lggu;lga:g
cegrocceiaa ctoogooeatc
cabggsisas kaakbbibteE
| cogaceaeas easagagass

Tagtasegge
atggctgact
gacgacactg
aggtggagta
accgctterg
atggtcggat
gcagtgaaaa
rataagetge

9g9gg9gaggLg.

tttatgatcc
tgcatctaga

Artificial Sequence - -

aggcagctgt

agaaqtatgce
tgtgaasage
CECgCCCCti
katEtatsca
(LY.L 1T 1.Vl ¥Y

egecagtqry
aatrrrtcta
cagagaccta

egegeecgay
gatceataae

ccagacatga
aaatgctita
aataaacaag
tgggaggtrt
tctaaagccg
gggcccaatt

ggaatgtgtg
aaagcaltgca

aeasatiten
actoogosad

gagoccgagy
acaaccagba

17

ctygaattcyg
trtatgoaga
cttcactaac
gagcccaaag
ttegqratage
taagatacat
tttgtgaaatc
ttaacaacaa
tttaaageaa
aattctgcag
cgccctatag

Description of Artificial Sequence vector

tcagttaggg
tctcaattag
Attagtcags
greangosas
COgCCLegge
cagktcatag

gcttacccag
fqgeegaggee
aaccggtaca
gttaccccag
atacattata
tgatgagtte
rtrgtgatgct
caattgcatt
gtaaaaccte
atatcecatea
tgagtcgtat

tgtggaaagt
tcagcaacca
aaesatagic
b 2-d 200 t=E-1-
craggaanag
accagatggg

60

120
180
240
200
360
420
480
540
600
660
667

60
120
140

212
aoo

360



tgCataattc caaccaagtc taegggataa cttcg%g&g%
ctcgtgcacc aaacaggaag teataetett gatacatatt gaaaagtgcc ggcgt 00k
acat geaget cccgtcaggg cagagcagat ggagaaaata 9atc99t9c9 gattaagttg.
aatt cgagcWPeWIEM0110162 tgttccgacc ctgccgctta 6060 gctt PETEROO/HIEL cacgcet
6120 gggctgtgtg tcttgagtcc gattageaga cggctacact cacgaacccc 6180

aacccygigagdidig t,qlee Et 308 2a20ARGRCAT B3LL  §RAJRIAAE I RGICT CL T
t gt t t gCRGadkR@eR AL Edoatkch CAaa0OGYL! GELABLGC e Al Bl IR T ed R0HE) GlabCa

ct aaagt abfedAloge Hedabocayad ! Sdeaetedaat £48t81Ql agRtaGhaslabac4480a23gdct
acget Caagga@hge agahiaasegHrgdhatigro§aaettdf aradheadt 2WtategeS ATt @

got gt caageadraghs Gctraragtdcacgi Gact Sataead @t gtfireaganghrgdrebigGlegt C

at t ct gagdtcadoats $RdERbggadanRtttitda agaGtHal sécrcgiannat@agreed bt caa

1 gaat gt abtgataats gacoidtagagfeagiddac CRRGYRRAC ot RYGHLC 2GGchaabet AGbJaga
CCgCat c sgeramigegigett @gitcgFaaacyays FXYTHHTC oot atgNeabiagctagiogdat gc
Cat agcaggecgtaggs taghgaprcay grgcegguicl  tqrugaasadagopechgdticapbgmyatoéta@aaaaat a
't aagaaategggcegtc lgageigwubd A gacut0a &ifrAfag§0CLcoB8dinrg §IPPgr 698066640 6900
6960 708@3carO84 gatdicadlGagofRE0a G320g9cdt@80tcggdddyc tccactcogg 1020

gat caaggeg ctccgatcgt

ggagcacgac
coangaacea
grgeggeeag
ccccogettc
‘sccacacctt
eceneresat
cggeggegag
gcttgtactc
atggtggcag
ettcgtataa
geeagggege
‘agacatgata
atgctttatt
Lasacaagtt
oorggegtea
agcgaagagyg
cgctttgoect
ectgaggecy
atctacacca
cocgacogatt
acgcgaatta
greggreaeg
gcoggagaaa
gatcaggata
actacacaaa
gtactggagg
tectttatgge
atcgatgagc
aaactgtgga
gacggcacgce
Aaatggtctgc
catcatcctc
atgaagcaga
tacacgctgt
' ggcatggtge
cgegtaacyge
gggaatgaat
gatccttoco
atttgcccga
teccatcaaaa
geecacgega
tatececcogtt
gatgaaaacg
Cgccngitct
gaagcaaaac
accagegaat
gatggtaage

ggcgctacee
egeqgogetee
cogogaacey
gacgctctcocc
gccgatgatog
grageggtee
ggtgegtacy
ggtcatggaa
caccgdcogyg
tgtatgctat
geceagrtet
agatacattg
tgtgaaattt
cgagtagett
epoaacttan
ccogcaccga
gagtttccogc
atactgteqge
acgraaccta
gttactcget
tttttgatygy
gecaggaeaqg
accgcorege
tgtggcggat
tcagcgattt
ctgaagtrea
agggtgaaac
gtagtggtta
gegeeqgaaat
tgattgaage
tgctgcigaa
tgcatggtca
acaactttaa
gcgaccgcta
caatgaatcyg
qaatgqgtgca
ééggceacgg
gcoecggtyca
tgtacgcgcy
aatggettte
tgggtaacag
tacagggeog
gcaaccogta
gtatgaacag
accagcagca
acctgtrecy
cgctggeaayg

agaccettgce
trogqeeqgr
ctcaactegy
ggcgtogico
KYCCCHACYG
qoqtegasqy
gecoggogga
ggtcgtctoce
ceagtogtag
acgaagttat
ctcagttggg

atgagtttgg

gtgatgctat
ggcactggce

togoorrgoa;

togcecttoc
aAcCCagaagcy
sgqtecsetea
teccattacg
cacatttaat
egttaactey
tegrregecyg
ggrgarggryg
gagcagcatt
ccatgttgce
gatgtgegge
gcaggtegoec
tgccgatcge
cocgaatete
agaagocctgoe
cggcaagccg
ggtcatggat
cgecgtgege
cggcctgtat
tctgaccgat
gegegategt
egetaatecad
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cccgacagga

utaanacgac
teagttegay
caaaggaana
acacatgtaa
tgggcatcct
aptateeaae
cgtggotter
gtcgctacag
ttcaacagac
aagacaqqae
cCacarataga
999vy9d9g9agg
gaccgcgaag
gacaktcatca
ataacttecgt
cacgtgctag

aggaactteqg-

attctctaga
tggtcatauc
qe¢laqaagca
geqregeqget
arcggccaan
actgactcgc
gtaatacggt
cagcaaaagg
ccccctgacg
ctataaagat



Ot eage9cgt atatctggcc :ttcctattee gaagtteeta :tgcaagcttg gcgt aigcﬂ}ﬂ 2004
aattccacac aacatacgag gaget*actc acattaatt gtgccagctg ctcttccgét
atcagctcac gaaeatgtga gtttttccat gtggcgaaac ge9etetect aagcgtggcg
ct ccaagct QvOPH2W®t cgt tggt aaeagg gcctaactac taccttcggarct@ebdriciéd t
tttgatcttt ggtcatgaga taaatcaatc tgaggeaeet cgtgtagata ..gCgagaccca

egagegoageagay g 3etagd gga 3eatedicg t&b@@é&gcﬁﬁtc&&&&dgg%cgct%% grect
aaccaagteggatacgggltoqicttt (t008Ee odagobidRCEE rr2AR094% 2a geigttc
at t cat abtdggtasaaghgenageqitaagt it jetebdft Cehgct §ARARITLIN A DRARTEPICC

agget eegesstcasgacaggactygigeccganeq grahbiicgaldt g0l ficdGqr £ kAPt cca
at t agcagtpcoget atamicactaragagiccs ctgbt igegagt ra@ificsgaghtatd gisnaaaa
t aaagt at@I*99tHt Sacpatiactasqitioat_goct Gkt A CRPGPt ac@ 0g-GghSeasdk RGPt a0t t
-gt gt cact¥trogiatachoqprr ety ictagmpgha ttatttrbglaaaaddgtt OafagbcerRCEgsgCCAc
aaact ctPHECIIAN_EOATACL2CT AbIITIgey Jtabtitttt aak ttgal Otatichdar tGCEgeC gt Ct
aaccaagt¥scaganc gepggatct crgRaghte cratgrteatatetaddorsondggcgcticagéqandt cg
.get et getqtgaa sapqtgacuty $geguuat iy togteatged getatcaayt @@ eestdaCogggac gt
gcagtt t%ﬂ%&gﬁmttaggg@mggg ttaaatcaat ctaaagtata tatgagtaaa 6660

cttggretga €720
ticgttcatc
taccatctgg
ratcageaat
tcgceteeat
étagtttgcg
gtatggcttc
tatgcaaaaa
cagtgreare
taagatgctt
gygcgaccgag
¢tttaaaagt
cgetgttgag
rtacttrcac
gaataagggc
geatttatca
aaraaatagqg
Ctattarcat
gtttcagtaa
aretgtaage
ggtgtcgongyg
tgcggtgtga
cattcaguct
agetggeqaa
agtcacgacg

210>
<Zll>
<212>
<212>

32
8062
DA

<220>

cagrtraceaa
catagttgoe
ccccagtgot
aaaccagcca
ecagretate
caacgttgtt
attcagctce
agcggttage
actecatagte
ttctgrgact
ttgctctige
gctcatcatt
atccagttcy
cagegrreoet
gacacggaaa
gggttattat
gattecgeac
gacattaaee
tgacggtgaa
ggataccagy
crgqottasd
aataccgeac
gcgcaactgt
agggagatat
rrgraaaney

tgettaatceca
tgacteeceoy
gcaatgatac
9cCcugaagoag
aattgttgce
geoeattgota
ggttoccaace
toccttecgate
atagcagcac
ggtgagtact
ccggegteaa
ggaaaacgtt

‘atgtaaccca

gogtgageaa
tgttgaatao
ctcatuagcy
acatticccc
taraaaaata
aacctctgac
agcagacaag
tatgcqggcat
agatgegtaa
tgggaagggc
getgcaaage
acggeocagty

MAxtificial Scquence

gteaggcacc
teqgtgtagat
cgcgagacee
ccgagcgcag
g9gaagciag
cagqacatcgt
gateaaggeg

ctcegatogt
tgcataattc

caaccaagtc
tacgggataa
ctteggggeyg
ctegtgcacce
Aaacaggaag
teataecteote
gatacatatrtc
gaaaagtgcc
aaeqtatecac
acatgcaget
ccocgtcaggg
cagagcagat
agagaaaata
gatrcggtgeg
gattaagttg
aattcgagct

tatctcagcg
aactacgata
acgeteaccy
aagtggtoret
agtaagtagt
ggtgtcacyc
agttacatga
tgtcagaagt
tcttactgte
attctgagaa
tacegegeca
aaaactetea
caactgatct
gcaaaatgcc
egrttttcaa
tgaatgtate
acctgacgte
gaggcccttt
eccgaagacy
cgcgtecageg
tgtactoaga
ccgcatcagy
ggcetetreg
ggtaacgcoea
cggtacccgg

<223> Description of Artificial Sequence: vector pRK76

#£00s 312

cgcgeocggatc
tcgatcgagg
tacttatect
ttccagtact
cctaacgtta
ttttccacca
trgacgagea
gtcgtgaagy
ctitgcaggc
gtataagata
' gtggaaagag

ccttaartaa
tgacctgcac
gteceetittt
acggtatcga
ctggccgaacg
tattgccatc
ttectagaqgqg

aagcagtitcro
agcggaaccce
cacctgcaaa
tcaaatggct

grotagataa
gtetagggeg
tttccacage
taagcttgat
ccgettggaa
ttttggcaat
teotttcccct
tectggaanetr
cccacctgge

ggcggcacaa
ctcctcaage

ctteqtatag
cagtagtooa
tcgeggttga
atecgaattcce
taagqgecggt
gtgagggoce
cteyccaaag
tettandYac
gacaggtgec
cccecagtgcee
gtattcaaca

22

catacatata
gqagtttecett
ggacaaactce
gceectetee
gtgcgtttgt
ggaaacctgg
gaatgcaagg
daacaacgtc
tetgegnoca
acgttgtgag
aggggctgaa

atctgtorat
CYggagggct
gctccagatt
geaactttat
tegeoagtta
tcgtcgretg
toccccatgt
aagteaggeey
atgceaterg
tagtgtatge
catagcagaa
aggatettac
tragcacety
gCcaaaaaagg
tattattgaa
tagaaaaata
taagaaaceoa
cgtctogcge
gtcacagctt
ggtgrtggey
gtgcaccata
cgccattcgce
ctattacygce
gggtrrtcee
ggg

cuaagttatc
Jatgatgtca
ttecgeggtet
ctcececccecece
¢tatatgtga
coectgtette
tctgtrgaat
tgtagcgacc
aaagccacgt
ttggatagtt
ggatgcccaqg

6780
6840
6200
€960
7020
7080
7140
7200
7360
7320
7380
7440
7500
7560
7620
7680
7740
7600
7860
7920
7980
8040
8100
8153

60

120
180
240
k] 1]

360
420

480
540
600
660



ccggaagcat cgttgecgcetc
cccet gacga aaaccacaac

ttctetagaa ggteatagct
taat acggtt agcaaaaggc

cccgtaattg cgtacatcgg
t cggccaacg ctgact egct
ctttatttgt ttatgtttca aacctctaca aatgtggtat atgtatgcta tacgaa g@AP 04
t 91CCa9at wQavgeycca eteetegttt ttggaaactg gtactcaccc cmmﬁg 6&
tattaatttc gataagccag tatagacctc ccaccgtaca gaeattttgg aaagtcccgt
ggt-ggagaebstggaaci gt aengasoggat ctghsetabad gohdalg@ 198at gthaAakgot €
acgt cat ttast cddogt atwiahasacst tacbgtéa cagdgichtd GPgadiftbad Ag0aR e gl tHiseCt 0t 9
aaagt gt FasacashycotsdtacRgbYgggR tgERicea haacRic8bd ¢kt qtR @dgacCat
gcat cac£89°I ¥R AfIcaseRAgBYEityct! gEQGRLLAS at@ticass tggrdehenGget O
t aggt at ErEtcHGI0 RIVNILRIWG LTIIGILAC aCERYYLMAGgaOAGORS Ichdat ce8ad Blpt Ot
aggcggt gétcacgang fumagtaanat 4q99hpagye geRpeteit gaaldhieEr dadagreglndshb ac
gcgcaga&&%ct@?@'amwwmemg gyicegeca coadgsdd Ehécagaaag 1080
at gagt a§5299t8g3¥ iasaetcttet chseyandyat taitigtedioT gt guTacHy attaseasl 4 §6/C
ct ccagaBFfT°IEAY REBEACEA Ktrertacepiviacctrtc ccGyuaemyt temtagid 196gC
cgt egt t &%&F'@‘gd"ﬂ@%ﬂ“&e cﬂseamqtsgt'gf@&am“amthggntmcegam hasea
tgccatc€ 240t PrarIGt gk A gteaasfesmy esttttataaasmd g
ggat ctt: tgéagté:&%‘f‘cctggt ‘é‘@‘wi‘%ﬁ?c cgeLaneatactapabittoa i34
attattg ‘ afgaa%&agaaaﬁvggaf gLQALEYEarc EIRITEHTATAL LR
caccatg ¢ atege g%F%FgﬁfégF@mgacatg@Mgcgg
at aact a WA’% f‘ﬁ\ﬁ 56"2‘9?‘3 thoey clrgstehanal 562260

t

ttcag {afs a‘igé‘f‘ ﬁegﬂcﬁciﬁ“éaaﬁ’gg 16330
ggaat ct&g&t ££Ea géﬁg@g gcca geggeaccge 1680

tcacactacy

QCCQagcgcg 1740
tctgaacgte

guttgaactg
ccgcgaggtg
aggeqeeaac
ggtgraggat
tcogaaccat
agccaatatt
getaceqgogey
tgtgatcate
togctggatc
caccacygco
ceoggotgty
gctgatcert
ctggcaggcy
tcagtegoty
tggegatacg
gccgcatcca
CUY9YCAAACC
qeactggaty
égctccacaa
gcaactctog
gcacatcagce
cgegteccac

rtaaraagoqgt
taaaaaacaa

cattggcegta
ggcgggccat
tgeggtgeeg
ccggaaaacce
ggcgagegat
agagcgggta
cgecctgtitt
gagcgaaaac
cagegactie
tcgeeatetyg
gattggrgge
togctaccat
ttgtgaagaa

aaagctctaa:

ttgtttgtgt

gaaaacecga
cacaccgeeg
coggattgaaa
cgtecacgage
atertgetga
ccgotgtggt
gaaacccacyg
atgagcgaac
tggtegetgg
aaatctgtcg
accgatatta
cegaaatagt
tgcgaatacyg
titcgtcagt
attaaataty
eccgaaegate
gogrtgacgg
atcgaagtga
gtageqgetas
ggtaaacagt
ctcacagtac
goctageage
gecateceyc
tgqgeaatetn
ctgectgacge
agltgaagcga
taccaggccey
attacgacey
taccggattg
actaccgcatce
aactggetoeg
gaccgctggy
agtctgcget
cagttcaaca
ctgoacgene
gacgacreet
taccagttgg
acettactic
ggtaaatata
attttagatt

aactgtggag
acggcacget
atggtctgct
atcatcctct
tgaageoagaa
acacgetgrg
gcatggtgcc

gegtaacacyg

goaatgaate
atccttoceg
tttgcccgat
¢Ccatcaaaaa
coccacgegat
atcceogttr
atgaaaacog
geecagrtoty
aagraaaaea
ccagcgaata
atggtaagcc
tgattganet
gegtagrgea
agtggcgtcr
atctgaccac
agogecagte
cgetgegega
ccocgeattga
aagcagcegtt
cteacgegty
atggtagtgg
cggcgoggat
gattagqggec
atetgocatt
gogggacgceg
tcagoegeta
aagaaqggeac
ggagceogre
tctoggtgtca
tgtggtgtga
aaatrrtttaa
ccaacctatg

cgccgaaate
gattgaagea
gctgctgaac
gcatggtcag
caactittaac
cgacegetac
aatgaatcgt
aatggtgcag
aggécacaggc
ceocggtgeayg
gtacgcgege
atggctitcg
aqqtaacagt
acagggegge
caacccgtgg
tatgaacggt
eeageageag
cctgtteogt
gctggcaagc
gectgaacta
accgaaegeq
ggcyggaaaac
cagcgaaatg
aggettictt
tecagtteacce
ccectaacgee
gttgcagtgc
gcagcatcay
tcaaatggeg
tggcctgaac
qeaagaaaac
gteagacatg
cgaattgaat
cagtcaacag
atggctgaat
agtateggeq
aaaataaraa
cataattgga
gtgtataatyg
gaactgatga

ccgaatctct
gaagectgey
ggcaagecgt
gtcatggatg
gecgtgcgct
qggoetataty
ctgaccgatyg
cgcgatcgta
gctaatcacg
tatgaaggcqg
gtggatgaag
ctacctggag
cttggcagtt
trogtetgay
toggcettacg
ckagtctttg
ttettecagt
catagegata
ggtgaagtgc
ccgcagccag
aceqgeatogt
cteagrgtga
gattttigca
tcacagatgt
cgtgcaccqge
tgggtegaaie
acggcagata
gggaaaacct
attacegtig
tgccagetgg
tatcccgacc
tatacecegt
tatggeoocace
caactgatgg
atcuacggtt
gaattéecage
taaccgggea
caaactacct
tattaaacta
atgggageaqg

atcgtgeggt
atgtcggttt
tgetgatteog
agragacgat
gttcgcatta
tggtggataa
ateccgegetyg
atcacceogag
acgcgctgta
gcggadccaa
aececageoett
agacgegoeco
tcgctaaata
actaqygtgga
geggtgatet
cocgaccgcac
teccgtttatc
acgagetect
ctcrggatgt
agagcgccgyg
cagaagccug
ogoteeceqge
tegagetggg
ggattggcga
tggataacga
getagaagge
cacttgetga
tatttatcag
atgttgaagt
cgcaggtagc
goccttactgc
acgtettococ
acecagtqggeq
aaaccagcca
tccatatgyg
tgagcyaccag
gggaggatat
acagagattt
ctgattctaa
tggtggaaty

1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000 -
3060
3120
1180
3240
3300
3360
3420
3480
3540
3600
3660
720
1780
3840
3900
IBE0
4020
4080
4140



cttgagtcca atagcgotga tgggcataat atatgataca cgtcaatgga
0996000 T cea ot caat cttcat aaaa

999c999"t aactccatat aataatcaat acgtttaaae atgcatgaag
ectgcaggea tgaadttgtt atccgctcac 9CCtggggtg Cctaatgagt tteeagtcl§ APR 2004
gaaacct gt ttgc gtattgggcg gttcggctgc teaggggata RERAPGSRAE:

aat cgacgct ccccctggaa tcegecttte agttcggtgt gaccgctgcg tesceactgg
acagagt toigatgegCieitgataAaneacst sadndgals anacdehaeghlirgchl 333t 202
agt t acc tupaamdaagt ggachrtigl egpiagetdy gatgtadesr et HAYLCIARALLA taf2COshbIt 1 O
tt cagct. Aagtagaggt sagbit taat calpgtia cycigediC blardt@els delblgefd GALGAI LY
t ccagt t:(YaI=FFFoYt adsttittiagagugadiaia aggitcahtlhbrgdiat € #RYEsLLIC Agacct
ggcgagc gt crInoge fraaatacegittgat etge at@talyer)@gcgebeC Qketlgagt£Qq4b 90
aggt cgt t98g9cIdOeE AL IYPITEARIIGLLLS t4BRAgE G bFcgdugacy) ceagiaaagd A8bAJCIY
'‘aagaaag&rteacesn fpeqrgagaiiaoetftict crepretetat cognaagatd acaniecad asgbgat acc
ccggaagdgera2orGratgeeepcticiiiongesuse gypdtcanamogargrEtiT ggant ctig@eagcact
gt gagt al®PEe24e gteectytaghseatcs tathapbkiccastaaggtamgeagagtay Wsaat acc
't Cat gagé’gxt"é t {'@OCTAF931 HISEINTAY BFAGacuERgcactEligca 4800 acdR65@7461920 4980
ctatttgogt gdogcg

caat tgattttggt <800

gagttgttac gacattttgg aaagtcccgt
qgecaaaacaa acgtcaatgg
atgtactgcc
oaagtangaa
tcattgacgt
gcagtttacc
atgagaacat
gggceattta
cccgtaartg
cgtacatcgg
ttctetagaa
ggreoataqet
ccggaagcat
cgttgcgcrc
tcggcecaacy
ctgactoget
taatacggtt
agcaaaaggc
cococtgacga
tataaagata
tgccgcttac
goteacqgetg
acgaaceeeo
acccggtaag
cgaggtatgt
gaagqgacaqgt
gtagctetrg
agcagattac
ctgacqgcetca
ggatetreac

‘accgetater
‘Ctaatacgta

‘gccaggcggg
‘cttgatgtac
faagtccctat
‘cgttgggegy
atgggctatg
gteaacqgeqt
Trectattee
tgcaagcttg
aattccacac
gagetaacte
gtgecagetg
cktcticcget
atcagctcac
gaacargena
gtrtrtoccat
gtggcgaaac
gegeteteoet
aagcgrggeg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
taccttcuaa
tggtertttt
tttgatetrt
ggtcatgaga
taaatcaatc
tgaggeoacee

cgtgtagata

-gegagaccca

eqagogoaga
ggaageraga
aggcatcgtg
atcaagucga
tocgategtt
gcataattet
aaccaagtca
acyygataat
ttegagyeqa
tcgtgeacee
AACAYURADY
satactcttc
atacatattt
aaaagtgcea

actcccattg
aeqecoattg
gatgraerge
ccatttaccg
teccaagtag
tggegetact
tcagocagge
aactaatgac
atatctagcc
gaagrreota
gcgtaatcat
aacatacgag
@#cattaattyg
eartaatgaa
tecccogetca
tcaaaggcgg
qeaaaagyce
aggeteegee
ccgacaggac
gttcegaccc
crtreeteata
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagtty
gtittgcaagc
rcoracggggt
trtatcaaaaa
taaagtatat
atetoayosa
actacgatac,
cgctcaccgg
agtgatccty
graagtagee
gtgtracger
gttacatgat
gtcagaagta
cttactgtcea
ttctgagaat
accgcgccac
aaactctcaa
aactgatett
caaaar_gccg
ctttttcaat
gaatgtattt
cctgacgtoet

atgagtaaac.

tetgtctatt
gggagggett
ctccagattetr
caactttatc
Lqecagttaa
cgregreegy
cecccatgre
agttggccgce
tgccatccgt
agtgtatgeg
atagcagaac
ggatcttacc
cageatettt
Eaaaaaaggg
attatrgaag
agaaaaataa
aagaaaccat

ggtggagact
aaaaccgcat

agtcccataa’

caatagggay
gtaaatagte

acgtcattat
cecgtaagtta
attactatta
actgttrteyg
agtataggaa
gtttectgtg
aaagtgtaaa
actgcceget
cgcugdgaga
geqcteggte
atccacagaa
caggaaccgt
gcatcacaaa
ecaggegttt
cggatacctg
taggtatctc
eqgtteaqgeee
acacgactta
aggcogtgct
atttggtatc
atecoggeaaa
gcgcagaaaa
gtegaacgaa
ctagateett
trggtergac
tegttcatec
accatctgge
atcagcaata
cgcctocatc
tagtttgcyc
tatagctica
grgeoaaaaaa
agtgttatca
aagatgcttt
gegacegagt
tttaaaagtg
gctgttgaga
tactttcacc
aatprqgqacy
cattrateaq
acaaataggg
tattatcatg

24

tggaaatese
cacr_'atggta
ggtcatgtac
cgtacttggc
caeccecattga
tgacgtcaat
tgtaacgcgg
ataactagtc
acgrttaaaec
cticataaaa
tgaaattgtt
qeetaqgaaty
trccagtegy
ggcggtttgc
gttceggctge
teanggaaata
aaaaaggerg
aatcgacget
cecectagaa
teegeoettte
agttcggtgt
gaccgctgcg
togecactyy
acagagttet
tacgctcetge
caaaccaccy
aaaggatcte
aactéacgtt
ttaaattaaa
agttaccaat
atagttgeet
cCcagtgetyg
aacoageeayg
cagtctatta
aacgttgttg
ttcagctccoy
geggttaact
ctecatggrta
tctgtgactg
tgctcttgcc
eteoateattg
tccagttega
agcgtttctg
asacgsaaat
agttattyte
grteegegea
acattaacct

cgtgagtcaa
atagcgatga
tgggrataar
atatgataca
catcaatgga
gggcgggggt
aactccatat
aataatcaat
atgeatgaag
cergeaggea
atccecgeteac
cctaatgagt
gaaacctgte
gtattgggeg
ggcgagcggt
acgcaggnaa
egregotgge
caagtcagag
gctccctogt
tecettegay
aggtcgtteg
ccttatccgg
cagcagccac
tgaagtggty
tgaagccagt
ctggtagcgg
aagaagatec
aagggatttt
aatgaagttt
gc¢ttaatcag
gacteceege
caatgatacc
Leggaagggc
aregetgo0y
ccattgotao
gttcccaacg
sshtcagtoco
tggeagoact
gtgagtacte
cggcgtcaat
gaaaacgttc
tgraaecceac
ggtgagcaaa
gttgaatacc
tcatgagcogg
carteecscy
ataaaaatag

4060
4920
1980
5S040
5100
5160
5220
5280
5340
5400
5460 .
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
€240
6300
6360
6420
€480
6540
6600
665D
6720
6780
€640
€900
8980
7020
7080
7140
7200
7260
7320
7380
Fd40
7500
7560
7620



5040
5760
6480
7200

5100 516,
5820 5880 5940
6540 6600 6660
7260V0 3208 73B0

5220

-illiso

5280 5340 5400 5460.
6000 6060 6120 6180 6240 6300 636.0
6720 6780 6840 6900 6960 7020
7500 7560 7620 24 1 6 APR 1904 WO 01/ 29M
FRYIYsha

PCTI EPOQO' 19162 (gcgt at cacg aggeeCtttc gtctcgcgcecg ttteggtga

gcgt ca 'garhcgbid

acet et geedtatebay 39935&939 &t &HPe
S il )
t ggct t asedreaggRggedidag %‘

at accgcrRemmcgadyC gtadGadadp Qg
cgcaact graaas@Saa g9gogaddi’ Gocalicgod
gggggat gategmanggey st at ichead d-dgy

1 gt aaaatia>BtRpcagiagacaiy §orreieb SAAYE LS
Sequence~c?2

cAeee

3858 dYlogaguua adthsecgiiat bfi Cci al

Artificial
cagatatac
attagtt

t ggct gd¢d
aacgcca
cttggeag

gteu:atgifg; Lég

eg
agt acat caa tggch? g%

Sequence:
gttgacatt gattattgac tagttattaa 60

vect or

pRX50

Flli %%F@tg

{gg: APt
gac q‘c@

e

e

5520 5500 5640

1 SebB

7080 7140

t cacagcttg tct tax c ccgtcagggc

T=REog “%ﬂmewm@mg@wc

gexmrargqgeyed gt gaa
at9cggeatcatrsemggct g

gczt“é‘t Patagstanogzeepycgaaa

t 999°8833r9gP e gacgt

‘6*@823%@50%&;3

c211

SSYGEERGLIBL UMY Of
<4 00> 33 aaacagtccg at gt actffgc

t ogt aat eaa ttacggggtc

>ddCCCatata t ettac ggagttceg cgttacataa 120 ggtaa atggeeegcC

e tlaegacc cccgecccatt 9ac9tcaata 180 atgacgtatg ttcccatagt
actttcc attgaCgtca atgggtggac 240
Hd5drySegwenseat gec aAgt acgccc 300

t aaat ggea gectggcatt atgcccagta,,cat acctta 360
ttt 9 gtca tcgctattac: ~catggtgatg 420 ggc

JEdEiaiey seameaceggygcant proaagt 480

tatttacggt aaactgccca
cct att gaeg t eaat gaegg
tgggactttc ctacttggca

ctccaeacca

ttgacolfa §999agtttg ttttggcacc aaaatcaac9 ggactttcca 540 aaaagt 9ta a
ot a gcgt gt acggt gggag 600 9eagagct et
Eaﬁi@@ttwt sRitaegaacsact at ag
8 ot9uROL tacgaegrastAAaCid eaaaag

¢
FgFgf‘bz‘ﬁé&aac%ecca@gasg@gg@amat igat attca

acaact £a@age&lAh
- Ct ggCt ke hatdd0
ggagaasttadodahditide

Cgggcategacqtdt! Oaidcheh

cct ggaaeeeadigt dadddiesic t g

LS R
Eqdtit

F""‘?& te

)_n.L

g

tttt gtdcghagaagciéa@w&gtggi
t gaeattesswctitt t gomilct tgych QGGid
cgagatcasttrtgag agtat&aat eg’ggag@ggg
t t t gt GFEeICCrey goyvanaag OGRGESGRG
ccagaafﬁﬁﬁfﬁt*gﬁaggagacgaﬁscﬂﬁaggaﬁﬁ

tgagg®
ct gggaH

TARtaces
tgagtacter ¢
c9aggaggyat
ctggtcagaa
gocecatacaet
cagggcggec
atagatctgt
g9ccaaggag
9999939999
gtcgttttac
gecacatcccc
caaeagttys
ctgtgeggta
-tagttaagce
eteccgycat
tttreaecgt
taggttaatg
gtgcgcggaa
agacaataac
Catttcegtg
ccagaaacgc
atcgaactgg
¢ccaatgatga

. 9ggcaagagc

¢caatcacag
ataacgatga
gagctaaceq

' ccggagetga

etotcaaang
ttgarattea
aagacaatect
tgagtgacac
gegtegacct
gtgtrgaree
gagggggagg
gaggccagaa
aacgtegtga
ctttegecag
Ycagcctgaa
tteteataceg
agececgaca
cCcgcttacag
catcaccgaa
tcatgataat
ccectatteg
cctgataaat
tegeecttat
tggtgaaagt
atcrecaacag
gcacttttaa
aactcggtcg
aaaagoater
gtgataacac
Stttttigea
atgaagecat

cgggcargac
cctegcceygc
tettgttgtc
tgacateeae
cgagatccag
tttgtgtgcc
ceoagaatgac
tgaggcgege
ctgggaaaac
ctggegtaat
tggegaatey
catatggtge
CCUygCcaaca
asaagetgtyg
acgecgegaga
aatggtttet
tttattttec
gcttecaataa
tcoectttter
aaaagatgct
cggtaagatc
agttctgcta
¢cgcatacac
raf4gatauc
tgeggecaac
Caacatgqgqyg
accaaacgac

%%E&

?ﬁfaa@%
YEkptata arggeont ot gRUGtEGRE AddiAs .g.g‘ce%%gﬁi’gq
cettiagag gyagatdead $a@aetdglaa

ttetgegeta
ggtgatgeet
aagcttgagg
tttgcottic
gcgeggatea
ttgggggagg
cttgggggag
feccgagtac
coctggegtta
agcgaagagg
€g9¢cctgatgce
actetecagta

ccegetgacq

accgtcternyg
cgaaagggcc
tagacgtcag
Caaatacatt
tattgaaaaa
gegqgeatttt
gaagatcagt
cttgagaget
tgtggegegg
tatterecaqa
atgacagtaa
ttacttctga
gatcatgtaa

gagegtgaca

25

0§99

tEa
agattgtcag
ttgagggtag
tgtggeaggc
tctccacagg
ataaaagatc
qq99aggccag
99ggaggeca
cgagctcgaa
CCCaacttaa
ceeqeacceda
ggtarctect
caatctgctc
egccctgacg
ggagetgceat
tcgtgatacg
gtggcacttt
Caaatatgta
ggaagagtat
goccttcotgt
tgagtgcacg
ttcgeccega
tattatcccg
atgacttggt
gagaattatg
caacgateyy
ctcgeetega
ccacgatgce

228 Y9e cxtgaatwaganmat ct

FIG8TFELa Bevacet

r
EEE%ET JrsatRtage cwsbeeCee tgagt gacat
tae 6"?6"“%& 9ITERET 430gt t ggt t t
e

55999©‘Qagggggagg

)

CeHER

agcgttyagg
trtecaaaaa
ccgegtooat
ttgagatcrg
tqtecactec
atcacteteca
aatgaggegc
gaatgaccrt
tteactggec
tecgeettgea
tcgeccettee
settacgcat
tgatgeegea
ggctrgroty
gtgtcagagg
cctattttta
teggggaaat
tccgeteatg
gagtattcaa
trtrgeteoac
agtgggttac
agaacgtttt
tattgacgcc
tgagtactes
cagtgctgego
aggaccgaag
tegttgggaa
tgrageaatyg

9% 9499ceagaa

sﬁgcgt egt ga

T20

780

840

S00

960

1020
10990
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2200
2160
2220
2280
2340



gcacatccec ctttegccag etggcgtaat agcgaagaggr eeeScavcga tcgcccttcc 1320

| caaeagttgo 9eagcct9aa tggcgaatgg cgcetgatgc ggtattttct eettacgcaf FUFRONNL

| ctgtgcggta ttteacaccg catatggtgc actctcagta caatctgctc tgatgccgca 1440

' agttaagcc w@aamesica cccgccaaca cccgct gacg-cgecctgacg ggecttgtatg 1500
cggcat ccgcttacag acaa t gC 91-9 accgtctecg ggaget gcat gt glpeaaErde; ,;,ggo
ttttcacegt, é:atcaccgaa acgcgcgaga cgaaagggcc tcgtgatacg cctattttta 1
taggtta@tgag i tqce"’“a&t-%tbsaafaetggggéatdtbci@%E&a Cacttt t cggggaaat 1680
caaat at g tfé m&oggaggawagyﬁgggaﬁcaugg% AT G ge

ttttgct eac@aam@ggtgmgw ggg,égg a@&&%?gt?fﬂ 1980
tatt at Cg L Sacraaaftgaeptmtegtagt a@{t@g

cagt gct&tctgg éf’%gg ee HRgeRRda ARGt ? 2280

ccecgat gag Qé:%gg ‘f 9'63’6"“ “gatmgga@a@egﬁ;t:atﬂaq a%?

t aaat acalakgagldt t-.cc toRRgetg ot carapmaa am&a@a@a@aaag (;[ c g
tegccct:tgag,agg&gt ht_ teageetea Geugrraaey Gahgsitgaa agy _

‘gaagat caghtaqtie Eg ﬁ%" Caektmsgat maehiagaaa&t&gc&%’alét ga
gcactttﬁ%gﬁ% @@W&agdgc:taeg:tagggtagqtgg@g@t?ag c

tattet @agﬂactwg%a@’ég@& TgER IR CubdgaaGs) eRdccad t 8ACHEE T2

gt gat aaceistbgeﬁgﬁeagé‘egttg agl, C sa'aa?chagttaw @G6ggeRacalag

gat cat mwgﬂmﬁé@aé éa'a?ﬂg"aeagﬂegegtgaeegg%aég q BER 2004 WO
GV29M P&ﬂﬁﬁﬁﬁm%ﬁ&caﬁ@aaﬁa “®g 85&%&%‘3 aﬁmwﬁgec@ﬁaﬁ@&b&ﬁo ctcta ctte
CCQyCat@aampaesm arasatagal 45 §a‘f éﬁafﬁaa IGAECRAUBE tECYBAGRAGERE

ttct gcﬁ%‘t"@am%ambtgoﬁat&c& 903?@ c‘-ﬁ‘étf gegcgasstmbgy gs6q)0t a C
gcagcaBrIggteBue syetitdat fatesiclabiy E%Fce eftct @A 2406y cagge" C
t ggat (REATCEREtC Yramyttta @ga@@ret to93aa cenccagaac 344d aaat agacag

_at egct ECE%gamrgcg@ctgﬁagea& CQ ﬁa%Ft‘f%Gmc:basmacttt

agat t c“@&aaesqmag@?eegcgageéaaggg a ?E?“&gggtagawwc It t t gat a

at ct caf "t?&a‘a‘ai‘t,teeccsiﬁﬁegttb %g f

git YFeEeTata IFmocccgt ag
aaaagal Cay amlcmcagegghgcggmagsﬁtkau %g gfa&%&ﬂsfeé I6§0t t gcaaa
caaaa aagac at BEAr2BBArgeleaRyt Gekicghady a_ &89 7enaCicttt ttc
a9c29 @ 5 ‘ét CCaSrpap acagytatyae cﬁ%&&t&@c g '_2 §atP2589a= 3789 at ac

ct agt gt agc t 85PPEFS Ceaccacttc 3000 al ga ct Ct Bt 5599955299 2840 acct ¢
gctctgctaa tcctgttacc agtggetget 3060 9ccagtggeq gtcgtg tct tt88%ggg
ttggactcaa gaegatagtt ac ataa tg Ccagcggt c~ct9aac ggggggttcg tgcacacagc
ccagcttgga g 3120 Saacgacc 3199 cgc tgagatacct acagcgtgag ctat gagaaa
gcgccacgct te ecgaggg 3240 a%aaag9cgg acaggt atcc ggtaagcggc aggtc ggas ca
ggagagc9 cacgaggag 3300 cttccaggg gaaacgactg gtatetttat qagCStcgat
t[ttgtgat ct agtcctgtcg 99tttc9cca cctctgactt 3360 g cgtcaggg gggc99agcc
t at ggaaaaa CO9CCagcaac 3420 9e9gcetttt tacggttcct ggccttttgc tggccttttg
ctcacatgtt ctttcctgcg 3480 ttatcccetg attctgtgga taaecgtatt accgeccttt
a9agct ga cgcagccgaa egaccgagcg cagc9agt ea gt gagcgagg aa99c99aaga cg
gcgcccccacgat ac 3540 Jcaaacegc ctctcecCgC get 3600 cgc"a gga as c ggccg
attcattaat gcagctggca cgacaggttt 3660 g gggcag tgagcgcaac gcaattaatg
tgagttaget eaCt Cattag 3720 - gcaccccagg Ctttacactt tatgcttccg gctcgtat t.t t
. laacaatttc acaca ~ 9 gt.ggaat tgtgagcgga 3780 ttgCaatttc aeaggtgtaa
cagct at gae catgattacg ecaagct age ccgggctagc 3840 3858 26

26



