-3FEB f WD 00/ 01846 PCT/ EP99/ 04718 - 1 - CHARACTERI SATI ON OF GENE FUNCTI ON
USI NG DOUBLE STRANDED RNA | NHI BI TI ON The present invention is concerned
with 5 characterization or identification of gene function wusing doubFEep 2084
stranded RNA inhibition (dsRNAi) and nethods of identifying DNA
responsi bl e for inducing a specific phenotype in a cell and a nmethod of
assigning fW@e8#s to known gene sequences. 10 It has recprikpolpss
described in Nature Vol 391, pp.806-811, February 98, that introducing
double stranded RNA into a cell results in potent and specific
interference with expression of endogenousy genes in the cell and which
interference is 15 substantially nore effective than providing either RNA
strand individually as prop8§éBACﬂE&mﬁ#§BﬂB@F GQHEnEUmmmmoﬂTﬂs specific
reduction of the activity painkhBogsne iﬁ&#ﬁéﬁj in the

nemat ode worm Caenorhabditis el egans (C. e egans) en RNA 20 was

I ntroduced into the genone or body cavity of the worm The present

i nvent ors have ut|I|zeuhékpgéséﬂgchﬂbgggléﬁmgényydd%qnbﬁ {ygs her to devise
novel and |gvent|ve net hods of assigning functions to genes or 25 DNA

fragnents, which ﬁgﬁﬁafﬁﬁﬁF%ﬁ£$9§n8§d1?%“9%§1QﬁiéonppéjGens fenctias, for
exarrpleI thefhunansgagommubHH%HteﬁhdéagRMm|iﬂhﬂyyggoﬁengﬁngf)b r?ed a
particular funct r in.ide in responsi or
conferring a part!lmg ars phe 5%7%3 ¥3pg T%g%ﬁpgnséééﬁré?ﬁg“ﬂ‘@%% @st
aspect of the preBepifiqphenotypehéneaicellr ariddadmatiedhed £fsidrdenti fying

DNA responsi bl e fexn&oqd.er p t in_a cell which nethod
conpri ses aé constr%cfggfkea &%B%ﬁ ggﬂge$§§%enqesbrary of the DNA of said
&%

cell in an 38 orientatit%o rgcenbly obeeprdsastrabed) inapabhes ofol- 391 G g
2004 WO 00/ 01846 peTddE Y104 #k8ruary 98, that introducing double

stranded RNA intoc a cell results in potent and

specific interference with expression of endogenous
genes in the cell and which interference is
" 15 substantially more effective than providing either RNA

strand individually as proposed in antisense
technology. This specific reduction of the activity
of the gene was also found to occur in the nematode
worm Caenorhabditis elegans (C. elegans) when the RNA

20 was introduced into the genome or body cavity of the
worm.

The present inventors have utilized this
technigue and applied it further to devise novel and
inventive methods of assigning functions to genes or

25 DNA fragments, which have been sequenced in various
projects, such as, for example, the human genome
project and which have yet to be accorded a particular
function and for use in identifying DNA responsible
for conferring a particular phenotype.

30 Therefore, according to a first aspect of the

pPresent invention there is provided a method of
identifying DNA responsible for conferring a phenotype
in a cell which method comprises a) constructing a
¢DNA or genomic library of the DNA of said cell in an

35 orientation relative to a promoter(s) capable of



pronoting transcription of said cDNA or DNA to double stranded (ds) RNA
upon bi ndi ng of an appropriate transcription factor to said pronDte %7%4
b) introducing said library into one or nore of said 5 cells conpr|5|n
said transcription factor, and c) identifying and isolating a desired
phenotype of said cell conmprising said library and identifying the DNA or
cDNA fragneMOeYod#ssaid |i brary responsible for conferri RCEERN4IIRENOL ype.
10 In a preferred enbodi nent of the invention the library nmay be organi sed
into hierarchical pools as described i'n2nore detail in the exanples
provided, prior to step b) such as to include, for exanple, gene

famlies. 15 According .to a further aspect of the invention there is also

provi ded a met ho®PTH I8y hFARSFIAREIBh Oft §2AKFRNR TNANPe deefoubhai ch

met hod conpri ses s&ﬁanﬂ@ﬁtuﬁypngun.ﬁgﬁﬁﬂgymugﬁg)opfaﬁegébggggﬂdgea cell, b)
i solating the relevant DNA.h afra nen} 20 .t her eof from said

cell, c) cloning tsrzﬁn(?cﬁd‘%ll%u a%t? @‘ﬁéﬁt 1 Bo?pprtﬁprl ate vector in
an orientation risltacidueing aapdiolﬁtﬁﬁrx()s)lncapahé eon fmgdfeO BE igadd

transcri ptiopn of I n f_.an_appropr transcri ption factor
to said Brorr%terségg)wlcg%?o umg %éptgaﬁscg?gfo a%%c':s%d F?from st ep
a) conprising seﬂdﬁﬂnmiwsnslpndoisdkﬁnxmg aaddsi¥yed dehendtyipeg oiftheaighenot ype
of said cell CO”QﬁthcB%pW&L9n§YQ£1 Iflq?g}g gﬁgechﬁglégyﬁg Q&gnbgﬂn t he
rovi de n 30 an

nucl eotide or DNA sequence nmay elt sé an
antisense orient &% &P?*%faﬁewems of%P"Slsr?g}lde pPBABY cresnisifplieagorhe
properties defi naethrHea¥@nqOkaddt ywRly it may be provided between two
i denti cal éonoters In both_e odlnents dsRNA i s provided from the

transcripti i nitiat &d PrBﬁ?F?ﬁF?ﬁ(ﬁﬁﬁﬁglmggtfﬁflﬁﬂﬁrﬁfWﬁQQiPﬁgtBP its
appropri at e transdbrpidyomay YO O£ RaTLERYSFddHA ) hasler as

described in more detail in the examples provided,
prior to step b) such as to include, for example, gene
families.

15 According to a further aspect of the invention
there is also provided a method of assigning function
to a known DNA sequence which method comprises
a)identifying a homologue{s) of said DNA in a cell, b)
isolating the relevant DNA homologue({s) or a fragment

20 thereof from said cell, c¢) cloning said homologue or
fragment into an appropriate vector in an orientation
relative to a promoter(s) capable of promoting
transcription of dsRNA upon binding of an appropriate

) transcription factor to said promoters, d) introducing

25 said vector into said cell from step a) comprising
said transcription factor, and e) identifying the
phenotype of said cell compared to wild type.

In each aspect of the invention, the nucleotide
or DNA sequence may either be provided in a sense and

30 an antisense orientation relative to a single promoter
which has the properties defined above, or
alternatively it may be provided between two identical
promoters. In both embodiments dsRNA is provided from
the transcription initiated from the promoter

3s following binding of its appropriate transcription



The cell according to the invention may be derived fromor contained in an
organi sm Were the cell is contained within an organism the organi_%npggamm
5 be adapted to express the appropriate transcription factor. The organi sm
may be any of a plant, aninmal, fungus or yeast but preferably may be the
nemat ode worm C. el egans, which nmay be any of a wild type, a nuc-1 or
pha-ts nut amo @18 el egans or a conbi nation 10 of said mrCMEPIWE7I8I N an
alternative enbodiment the DNA or cDNA library or the DNA honol ogue or
fragnent thereof may, advantageously,-b2 transfected or transfornmed into
a mcroorgani sm such as a bacterial or yeast cell, which may be fed to
the organism which 15 is preferably the nematode worm C. el egans, in this
enbodi ment of thd&ackPEnti on the nicroorgani smmay be adapted to express

the appropriate transepiptdon ad@zldQhg Fﬁg{%\;ﬂ_}‘i}%ﬁit& mag{)g%'r\lg\ani smis E

coll. In each aspect of the invention, : rary, honol ogue
or DNA fragment F&FiNEACHFRE racicodtpangd 4nj amnNTaapNAT e Bherewhhe h

conprises a sequeete 9F comedarld dasnihi 8 ensodensaittel bagaak bRt hop
factor. Alterna |veI¥ s$1|d transcrlghl on factor i s encoded b# a further
vector. In ev® ROFPRETY &R (BETESS &Nt ARPTPIIAYE STaBRGRAPERPTmy expr ess

or be adapted t o fexppessThe abxbadmrians aaypbe omny aolt @ plBnef, eaabingl, any of the
vectors used in et ceording to t i nvention, conprises a
sel ect abl e mar keif@131 [ chg%g%sgf k3’“('):r %r&g(%\ﬁ%hﬁé",’ '%ayntﬁcﬁ é:&ei ng’?gaﬁ%nce
encodi ng sup-35 era S0 elegammit wichevay Bheamucifest wdddseypence may be
orientated relatiye_ 10,2 DEOTOL 6F,eSUENENAL Qi%gx#bgo(}fa &L?{l&ﬁ%&?“on

of the I'nto

factor to the pronoter Inftiates transcriptiomnm. \ oubl e
stranded RNE®  Ficfupaidomptatiansat d8 ehealeexmativngmbedinenbnthei on 35 of

the DNA sequence pial 6k epRR! eivieull @rsthansgd KR logud BEB£200feMO 00! 01846
PCT/ EP99/ 04718 4 production in_C. “el egans. Thus in dne enbodi nment the
thereof may, advantageously, be transfected or

transformed into a microorganism, such as a bacterial
or yeast cell, which may be fed to the organism, which
15 is preferably the nematode worm C. elegans. In this
embodiment of the invention the microorganism may be
adapted to express the appropriate transcription
factor. Preferably, the microorganism is E. ccli.
In each aspect of the invention, the DNA library,
20 DNA homologue or DNA fragment may be constructed in a
suitable DNA vector which comprises a sequence of
nucleotides which encode said transcription factor.
Alternatively, said transcription factor is encoded by
} a further vector. 1In an even further alternative, the
25 cell or organism may express or be adapted to express
said transcription factor. Preferably, any of the
vectors used in the method according to the invention
comprises a selectable marker which may be, for
example, a nucleotide sequence encoding sup-35 or a
30 fragment thereof. The nucleotide sequence may be
orientated relative to a promoter such that binding of
a transcription factor to the promoter initiates
transcription of the DNA into double stranded RNA.
Figure 10 illustrates the vectors and the orientation
35 of the DNA sequence which enable double stranded RNA



DNA is |ocated between two pronmpters on a vector capable of expressing
dsRNA upon binding of an appropriate transcription factor to said _ FEB 2004
pronoters. 5 Alternatively, the vector conprises two copies of the éN&
sequence organised in a sense and antisense orientation relative to the
pronoter and which marker is selectable when contained in a pha-1 nutant

C. el egansWOMp/8I84E abl y, the pronoters are any of T7, T3 PCTHPIVARS
pronoters and the transcription factor conprises the appropriate

pol ymerase. Preferably, the sel ectabl e"nfirker conprises a nucleotide
sequence capable of inhibiting or preventing expression of a gene in said
cell and which 15 gane Ls responsible for conferring a known phenotype.

This nucl eoti de BEGHBREECHA, e HA935F - or TPHR MR dfe ambosimengehbe
conferring sai d pNAnbsypecarsdl bdtivelen nuel PObIhcIe 5L BIERC relct oirt Sl f

oriented relativ I table pr t S)_capabl e of initiating 20

transcription of %8%88?% é#rea%areec?%ﬁ%ngggﬁgb%ﬁﬁ? &blrb‘fmgaﬁ afPropri ate

transcription fagppropviatg dragvammdipernifs) fadtdermmtsaiel promaeerdc! eot i de

sequence be Ldentj.cal. _t ' seguence _conferring
Ty DeadeRshhe Pleflf, RN Vear BoRal e AP EAISNE orC oA

sai d phenotype, and eotl > SEq ce 1s such*as to rmt
i ntegration of sBNd seguengs ongarfigechdn geceense mnchanslisgose r econbi nati on

in the genone of osakdr&€idn ?flﬂd_ctqlvleo‘ﬁ’ionghéaﬁflomr%ﬂgxe%dﬂi LA H2drREE! €Ot de

sequence is capahle of inhjbiting expression of said gene sequence
conferring 30 sarf PRLAGEIPEE whent Kostarpedi W Rha¢ MWtRast Cde sequence

conprises stop cedegansufbiciearibiy) RheVphbmotétddrd iafy f i drgucl eotide
seqguence fqblomﬁg% ég? int%%%Qtio%Bi%%o saidﬁgenqne. Conpounds can,

advant ageous! y, | PTEINTF H AR SNE HEARE OF R WP HACLEE or gani sm for

t he purposes of <oBpFEBe?((Me \MpapPIiddte PEIREHHA4718 - 5 screening for

desired Phenotypes, speledfulfy, A WeTecchBEL ShANES YoraRel/ Y/ 1y tO the
nucleotide sequence capable of inhibiting or

preventing expression of a gene in said cell and which

15 gene is responsible for conferring a known phenotype.
This nucleotide sequence may be part of or identical
to said gene conferring said phenotype, and which
nucleotide sequence is itself oriented relative to a
suitable promoter{s} capable of initiating

20 transcription of double stranded RNA upon binding of
an appropriate transcription factor to said
promoter(s). Alternatively, the nucleotide sequence
may be a part of or identical to said gene sequence

) donferring said phenotype, and which nucleotide

25 sequence is such as to permit integration of said
suitable or further vector by homologous recombination
in the genome of said cell and following smaid
integration said nucleotide sequence is capable of
inhibiting expression of said gene sequence conferring

30 said phenotype. In this embodiment said nucleotide
sequence comprises stop codons sufficient to prevent
translation of said nucleotide sequence fcllowing its
integration into said genome.

Compounds can, advantageously, in said method be

35 added to said cell or organism for the purposes of



conpared to wild type. The pronoters are preferably inducible. The

t Fanscription factor may in some 5 enbodi nents be phage derived, suc@pggz {
for exanple, a T7 polynerase driven by a phage pronoter. However, when @
elegans is utilised a wormspecific or tissue specific pronoter can be
used, such as for exanple, |etB58, SERCA, UL6, myo-2 or myo-3. Preferably,
the E. 10 cwploosass@i n i s an RNAasel |l and even nore pref ereirkpyonans Rnase
negative strain. A further aspect of the present invention provides a

met hod of generating a transgeni c non-huen organi smconprising an
exogenous transcription factor 15 and a transgene conprising a pronoter
operably linked to DNA fragnment which is expressed upon binding of said
transcription fa8fbeering diay, delsédradt bhehotypes,i sun ap povvexkimpdea first
transgeni c organyggy s €LY i HenB1ti{ sty NN SbmbBGREPGLAL | N DNA 20
encodi ng an exogenous transcription factor and a 3eéecond fénsgenlc

or gani sm conpr i sFAYPAred dendvildosypructhe muianditegsaare epsefexradlyr onot er

operably |inkedinauainiesi nat R¥Ansegysons, WickBsl Ragxphessgd Upon binding
of the tran%cription factor of said first 25 transgehic organismthereto b)
crossing safd fi FEPOLHEENtS Q5n #heREndEEHTed osyahi s fandexamei kg

of fspring expressipglpedrhdeAriednDNA $HIRRCProhBLOPE n&RG ment said

first and second_iransgenjc organi sps.,are generated by transform ng said
first and secondwéﬁnc hs%i‘"t?ﬁ”fg'r‘ﬁt Bt?]e%?)%‘ftai VeI EPBSH Hhhi S SEe

subsequent feedi agetdfid lprarespectaneberngasts muchPagf eoabdyammai,d second

construct conprisg i Si seqyence iin gn_orientation relative
to said promtergg%§§’sd§§oﬁ%é l(i:]g'gab ofaoll&ni"fyioatai'ngrggef%rys'crti?ﬁ fon of
sai d DNA t &9dsRNECIH ot 17 sy anf REASESI DD GvhA\Even/ 0¢84 coREHMaRA9/ 04718 -6

said transcripti gn RA&EONdJHRIGE0setRih i s embodi ment said second
construct conprises two_pronoters flanking said desired DNA sequence which
pronoters can i niti at®™ further aspect of the present invention

provides a method of generating a transgenic non-human
organism comprising an exogenous transcription factor

i5 and a transgene comprising a promoter operably linked
to DNA fragment which is expressed upon binding of
said transcription factor thereto, the method
comprising a) providing a first transgenic organism
comprising a first construct incorporating DNA

20 encoding an exogenous transcription factor and a
second transgenic orxrganism comprising a second
construct including at least one promoter operably
linked to a desired DNA sequence which is expressed

) upon binding of the transcription factor of said first

25 transgenic organism thereto b) crossing sa:id first and
second transgenic organisms and selecting offspring
expressing said desired DNA sequence. In one
embodiment said first and second transgenic organisms
are generated by transforming said first and second

30 constructs into respective microorganisms for
subsequent feeding to the respective organ:sm.
Preferably, said second construct comprises said
desired DNA sequence in an orientation relative to
said promoter so as to be capable of initiating

35 transcription of said DNA to dsRNA upon binding of



transcription of said DNA sequence to dsRNA upon 5 binding of said

transcri ption factor to said pronmoters. Alternatively, said DNA sedu¢Bc8li
is provided in a sense and an antisense orientation relative to said
pronoter so as to produce dsRNA upon binding of the transcription factor
to the pronoters.. 10 In each of these enbodinents the first and/or second
construct s WRYVHB4E er abl y be provided with a reporter geRETBPWABBY | i nked
to a pronoter which is capable of initiating transcription of said
reporter upon binding of said transcriptron factor thereto. Preferably,
the 15 reporter gene encodes any of Luciferase, G een Fluorescent protein,
p gal act osi dase or, (3-1actamase. The present invention also includes a

net hod of vali cﬁftﬁ%éré‘PéﬁEéPF%@htﬁqqt@d" theyebat i this eabedénent
experi ments whi @hl@l@%bbﬁﬂ%én@iﬁ:d@'dorﬂ@&@%stQuo %QCCHH%%@:SS %Hhhﬁgn%n t he

whi ch I
detect protei n Soig GeRt e DU AATGRGE TROCHERFRIP G BPngritsathe
i nvention conpritsesiserdpt dongofi mﬁsmctsequmd:élctlmgismm RjAnencoding a
protel 1 1 egt! il odooL 18 MURALLURELAT ceaper aE iy eh construct 1
pronot ers capablrefcmctpmrmmhgema’tan@dm.psamd DA ssrqhebiil tis doubl e
stranded RNA up laadi f [ LRt .f ctor to said
?:B:n v?.d@q Y Qg C@rﬁé”‘%do% gﬁ@l%éﬁ&?é%xl:]%tdt 1|o?1

30 pronoters, sformng a such as a
alternatively trr@‘l@ftdl’"ﬁl b BAidrREANCEET SOnPSi &P rRFashiae tdtsﬁ-ﬁéc\ﬂpplnl on

factor with Sai thirfedil bUCEfie b laNk Kb Ga g PO IHY §re&aegfslg said
are 0 W

cell or g&nls Whl%{] gﬁg be C. elegans or the lik

type. Preffabl ;"}]n P E??%t?‘?}??d?menﬁsFEBeZWU\AGWPMS&GOM
PCT/ EP99/ 04718 kdmtmrctssmmbweﬁﬁﬁuw beepestided wirgani &@poga@ﬁ agai n
t he’ DNA seqguence s be IB(I‘ d .be veen t wWo twm)}_'iers .or gg F sense

and anti sense orq en gPESH lnke a promo ich is capa
initiating transcrlptlon of said reporter upon binding

of said transcription factor thereto. Preferably, the
15 reporter gene encodes any of Luciferase, Green
Fluorescent protein, B galactosidase or B-lactamase.
The present invention also includes a method of
validating clones identified in yeast two hybrid
vector experiments which experiments are well known to
20 those skilled in the art and which experiments were
first proposed by Chien et al. (1991) to detect
protein - protein interactions. The method according
to the invention comprises providing a construct
} including the.DNA encoding a protein identified in a
25 two hybrid vector experiment, which construct is such
that said DNA is provided in an orientation relative
Lo one or more promoters capable of promoting
transcription of said DNA to double stranded RNA upon
binding of an appropriate transcription factor to said
30 promoters, transforming é_cell, such as a bacterial
cell or alternatively transforming an organism
comprising said transcription factor with said
constructs and identifying a phenotypic change in said
cell or organism, which may be C. elegans or the like,
35 compared to wild type. Preferably, the transcription



relative to a single pronoter, as described above. 5 Preferably, thg EB mé
prom)ter I s a phage pol ynerase pronoter and said transcription factor

RNA pol ynerase, and preferably T7 pol ynerases. Al so enconpassed with the
scope of the present invention are vectors used to transformsaid cells or
organi snms 10 and the cells or organisns thenselves. In a further aspect of
the presentwomoerssé on there is provided a nethod of all erCHEPP@ITIBST

i nfestation of plants, which nethod conprises a) identifying a DNA
sequence from said pest which is 15 crttfcal either for its survival,
growh, proliferation or reproduction, b) cloning said sequence from step
a) or a fragnent thereof in a suitable vector relative to one or nore
pronoters capablf@cgprtianbuhidibdg s$ai theetplbhcy FgRNAsar deRNA 20 upon

bindi ng of an aPREARK! ehe MiRGuRLLORa) a6 %éagv e el BLRMBLET S and C)

I ntroduci ng said vector Into I ant ant ageously, the nethod
according to t he PFPROERES BF proHotds 2a8pRse | a0f by segsecerentalifmi sm 25

for alleviating peshtivéesd at |él@mgl@n§rbﬁo§&m3 LARBRIbRA LbSvé Nfestation
of plants, such that when thei_letpest eeds on the plant it wll di gest the

expressed dSRNAFFRIEREPHY arft IHFQ“‘PﬁﬁFbF'?l?Igplt"‘}?& BOPYBSIRBRA of the DNA
Wi t lhI][] t he pest wrbmbtgs &iid tdaoiay tfr@hsbi‘?pefbxgl’ﬁrﬁ)dmd,r Sur g mﬁ o
proliferation or reproduction. er.red .enmbodi ment . .t he pest may be
By of - Tyl enchuPRLYESEE Sk Aich 562 <28 TY B i NGB Rc L= asp. |
Het er oder a ssp., eRobypeaseéd | witlashe, scBpat gf etﬂnehlm:mpt 1Beénnnd>1ai mus ssp.,
Canj anus ssp. S b " 3 FEB
2004 WO 00/01846%%%’&58‘8%2%%?%“ t?aﬁgggﬁtgséslsé) cel Peﬁ% Hens ssp. ,
Hirschnmenni¥ | a a@éptheAﬁghlmapxswgaanpsotmmsl% HeI i otyI enchus

asp., Criconenellasspry Xi P&%tﬁ?é@%%ﬁect'—gﬁgtﬁ@rﬁ&%sé&pvaht‘iBHdorUS ssp.,

Par at ri chodor us ssp.
there is provided a method of alleviating pest
infestation of plants, which method comprises a)
identifying a DNA sequence from said pest which is
15 critical either for its survival, growth,
proliferation or reproduction, b) cloning said
sequence from step a) or a fragment thereof in a
suitable vector relative to one or more promoters
capable of transcribing said sequence to RNA or dsRNA
20 upon binding of an appropriate transcription factor to
said promoters, and c) introducing said vector into
the plant.
Thus, advantagecusly, the method acccrding to the
) invention provides a particularly selective mechanism
25 for alleviating pest infestation, and in some cases
parasitic infestation of plants, such that when the
pest feeds on the plant it will digest the expressed
dsRNA in the plant thus inhibiting the expression of
the DNA within the pest which is critical for its
30 growth, survival, proliferation or reproduction. In a
preferred embodiment, the pest may be any of
Tylenchulus ssp. Radopholus ssp., Rhadinaphelenchus
ssp., Heterodera ssp., Rotylenchulus asp.,
Pratylenchus ssp., Belonolaimus ssp., Canjanus ssp.,
35 Meloidogyne ssp., Globodera ssp., Nacobbus ssp.,



5 Aphel enche ssp. The DNA sequence or fragnment thereof according L%thlgi.&"u
aspect of the invention may be cloned between two tissue specific
pronoters, such as two root specific pronoters. A further aspect of the

i nvention concerns the 10 vector used in each of the nethods of the

I nvention for constructing said |ibrary, which vector conprises two

| denti cal pworedPOd& ori ented such that they are capabl e eCTERYG4ABI Ng
transcription of DNA sequence |ocated between said promoters to dsRNA upon
bi nding 15 of an appropriate transcripti®n-factor to said pronoters. The
DNA sequence may, for exanple, include a nultiple cloning site.

Preferably, the expression vector conprises a nucleotide sequence encodi ng
a sel ectabl e maPikéylenghuhesambodipiredencheides |san.i.ddi2@chegnrbekl®ncodi ng

sai d sel ectabl e ggpkerahgui Qe | ReLYBeRihi® ddent ikeal; oriented
such that they arEeD caga%fe ofagﬁi'tia ?ﬁg %r%\%sécsgfp't iﬁgﬁug?&%gﬁ&ﬁ{‘%cat ed
bet ween sai d pr of8Per sC¥FECRRRN 1d afEPandEdP RN mARRIN bilediohdootisan

appropriate tranggpl Pt TPIchHdRIs 183p22 Bakde PIAMISAS <Bpeferably, the
sel ect abl e narker cgngrlses a nucl eoti de sequence encodi ng sup-35, for
i ntroducti o i nt 8PBEIENERS 8B ihey PR AETYERIR RY FiFaspeatethBr§oLt he

transcription faetebrapnyriseashiLiaspectaophene iatadmoasfaphbeh binds to
its 30 correspondin ronpter_ qr a C._ el egans, specific ronoter and even
nore preferably ‘I:b/°§8gy$?t,‘ﬁ%{§3:.w° ﬁﬁ@ﬁb‘?ag??/?lflﬁe RF@EP&IEQFHCFHG s29
mul tipl e cloni ngtwsi reobespmeifixaipdompentscal promoters. In a further
xpr ossing an -3 FEER2BORNE GORGER4BTpLhs crolt b corbepb bRl ot e
transcriptildh fa¥estotousedein rearhmefhtotie wetheds mf tthet hevenvaoni on which
vect or conprises gay é@ﬂ%ﬁ@&ﬁ{%%@de@mgfy,emcﬂmgfe%%@ LbAPEEELPLI ON
factor operably linked to suitdble expression control
two identical promoters oriented such that they are
capable of initiating transcription of DNA sequence
located between said promoters to dsRNA upon binding
15 of an appropriate transcription factor to said
promoters. The DNA sequence may, for example, include
a multiple cloning site. Preferably, the expression
vector comprises a nucleotide sequence encoding a
selectable marker. In one embodiment the nuclecotide
20 sequence encoding said selectable marker is located
between two identical promoters oriented such that
they are capable of initiating transcriptioﬁ of DNA
located between said promoters to double stranded RNA
) upon binding of an appropriate transcription factor to
25 said promoters. Preferably, the selectable marker
comprises a nucleotide seguence encoding sup-35, for
intreduction into C. elegans having a pha-1 mutation.
Preferably, the transcription factor comprises
either a phage polymerase which binds to its
30 corresponding promoter or a C. elegans specific
promoter and even more preferably T7 polymerase.
Preferably, the vector includes a multiple cloning
site between said identical promoters.
In a further aspect of the invention there is

35 provided an expression vector for expressing an



5 sequences. Preferably, the expression control sequences include

pronot €rs which are inducible, constitutive, general or tissue spec?¢@p3mu
pronoters, or conbinations thereof. Preferably, the transcription actor
conprises a phage polynerase, and preferably 10 T7, T3 or SPS, RNA

pol ymerase. A further aspect of the invention provides a selection system
for identi PP #6ansformation of a cell or organi smw tRFTERI¥H
according to the invention which system conprises a vector according to 15
the invention wherein said sel ectabl e et Ker conprises a nucleotide
sequence capable of inhibiting or preventing expression of a gene in said

cell or organi smwhich enﬁ IS resﬁonsi bl e for fconferri ng a known

phenot ype. Pref e?%f?%%#& GePEST AR R C&F 198 BEFr SR ppieERed a part of
or is identical accaadihgere theobheent igh sdiithk resnopheandyigas and whi ch
nucl eoti de sequ |s itself.located between two.identical pronoters
capabl e of ini ti%%ﬁegﬂ erz?nfz% F%F?gﬁ of erbcoo%ng ???gngﬁanﬁ\ﬁ bi ndi ng of
an appropri ate £&ctornmmmErapliyohinkedotro tsheteibde Akpeesatowetontriolle

nucl eotide gequepcs, GONIY | $65 8,5 gaUence cES‘m:Q&iS a part of or

eof,l
identical to said gene sequéence &/ﬁ'bh{}i‘:‘%n rs a E’noyvn phenot ype on said
cel |l or organi sPeuRRFefildielndespeametens Milichwiang fndegikike.on 30 of said

vector by honol ogoust 1 8O, Ndkh8Ral Not hej o il QPR FRCOhrSRbE L lborOr
organi sm sai d sequence inhibits expression _qf Said gene sequence

conferring sai dCRIRMRDIRNSoEFEEEOPr P 6B ERNAP1Yac EBRIFRENETF IBRICN enbodi nent
the 35 nucl eot i dEasEsp e rd@RRr hSPRagé Qo BARIRSesUbhiiCheoferablfEB 2004 WO

00/ 01846 PCI/ EP9 404][7% S - ]60 ﬁkg grfvent tr_ansl ation of the nucleotide
sequence |1 owl hty Tht By o P ¥BF % hr onosone.  Preferably, the
known gene sequence conpritdes aspapt3df genamrenaibnagrenidéder eof which is
sel ectable by 5 Loe0L{ { M G <lehS REL"ah OGP AnbEARRLA &K S AROVE
cell or organism with a vector according to the
invention which system comprises a vector according to
i5 the invention wherein said selectable marker comprises
a2 nucleotide sequence capable of inhibiting or
preventing expression of a gene in said cell or
organism which gene is responsible for conferring a
known phenotype. Preferably said nucleotide seguence
20 corresponds to a part of or is identical to said gene
conferring said known phenotype, and which nucleotide
seguence is itself located between two identical
promoters capable of initiating transcription of
) double stranded RNA upon binding of an appropriate
25 transcription factor thereto. Alternatively, the
nucleoctide sequence comprises a nucleotide segquence
which is a part of or identical to said gene sequence
which confers a known phenotype on said cell or
organism, and which is such that following integration
30 of said vector by homologous recombination in the
chromosome of said cell or organism said sequence
inhibits expression of said gene segquence conferring
said known phenotype. Preferably, according to this
embodiment the

35 nucleotide sequence comprises stop codons sufficient



25C following introduction in a pha-1 et123ts mutant C. elegans worm In a
further' aspect of the invention provides said known gene sequence
conprises a sup-35 gene or a 10 fragnent thereof which is sel ectabt&Fb§ 2004
identifying offspring growing at a tenperature above 25C follow ng

I ntroduction of said vector in a pha-1 etl123ts nutant C. el egans worm An
even furtheWOOYeSdt conprises a method of assigning funcPCHEPIHIHE 15 DNA
sequence of a nulticellular organismwhich nethod conprises a) providing
i) a construct conprising said DNA fragfent cloned between two pronoters
capable of pronoting transcription in said multicellular organism in a

mul ticellular organi sm capable of 20 inpitiati ng transcription from said
pronot er ; i d&Rt P??Y'?fb‘pttﬁ@nﬁﬂéﬁbﬂ?p%f dihes HuFiRaFide eseqHance or gani sm

co(rjrpar ed ;obwi I ﬂfb%pﬁiﬁ@&we@&aﬁﬁﬁmﬁw mehrb@?g@(ﬁ@_ cl ear | ?/ ]

under st oo y t I ng .exanpl es I ch are pure 25 exe ary wt
reference to thesgggﬁﬁ%i ﬁ:g‘ef ﬁyﬁs?enmeﬁgeﬁﬁ BlHes & ‘Wﬁé%’leotide
sequence of pl asgedeP@Nla ifiragreadr dthareofMvliichhéspasesettableét i on. 30 35
Figure 2 isg nug | de. . | ] d _PGN1 I n_accordance with the
bt asent i nednt %5%?%@%%%%@ SR 5 Bt T S R et or s
used and the traR8f®r¥ellicwingednprodeetidm int Bephat hozlsl ZidEomgitagtt o t he
present - 3 FEB 200 / 6 PCT/EP99/04718 - 11 invention. 5 Figure 4

JVal :

is an illustration of an expression vector wused in accordance with the
invention. Figure 5 i%Ra SoireEheri aspersth dthicodnyent ken TorqwiAlespol yner ase

expressi on vect OggidSRbw®/gene sequence comprises a sup-35 gene or a
10 fragment thereof which is selectable by identifying
cffspring growing at a temperature above 25°C
following introduction of said vector in a pha-1
etl23ts mutant C. elegans worm. An even further
aspect comprises a method of assigning function to a
15 DNA sequence of a multicellular organism which method
comprises a) providing i) a construct comprising said
DNA fragment cloned between two promoters capable of
promoting transcription in said multicellular
organism, in a multicellular organism capable of
20 initiating transcription from said promoter; b)
identifying the phenotype of said multicellular
organism compared to wild type.
The present invention may be more clearly
) understood by the following examples which are purely

25 exemplary with reference to the accompanying figures,
wherein:

Figure 1 is a nucleotide sequence of plasmid PGN1l in
accordance with the present invention.
30
Figure 2 is a nucleotide sequence of plasmid PGN100
in accordance with the present invention.
Figure 3 is a schematic representation of the vectors
used and the transformation regime used in

35 the methods according to the present



transformng C elegans. 10 Figure 6 is an illustration of plasmd PGNl1. 15
20 Figure 7 is a diagranmatic representation of an enhanced vector for
dsRNA i nhibition encoding sup-35 dsRNA. Figure 8 is an illustration DFERTN04
vector for integration into the genome of C. elegans. Figure 9 is an

Il lustration of the position of a DNA sequence(s) relative to a suitable
pronoter t oV HIB4t e expression of dsSRNA fromthe DNA seRIEROE)IS Fi gure
10 is a representation of plasm d pGN108. 25 Figure 11 is a representation
of plasm d pGNLO5. Figure 12 is a represéatation of plasmd pGW00. 30
Figure 13 is a representation of plasmd pGW0l. Figure 14 is a
representation of plasmd pGNlo. Figure 15 is a representation of plasmd
pAS2 with 35 forward and rg&rddonz/ T3/ SP6 pronoters. - 3 F E B 7004 WO
00/ 01846 PCT/EP99/04718 - 12 Figure 16 is a representation of plasmd
pGAD424 with 'forgﬁrd and reverse ;7/T3/SP6 pronoters. Figure 17 is a
representation of *pPHERI 8 pSARL PR3 USETRRION (Df ANTEXPrREPION| YRFROTIS is a
representation of plasm d pAM34r avkbbashed Wit CheBORA¥iod0 Figure 19
(a) is a repgpsentation of plasm d pG\205 and(b) is a representation of
plasm d pG\N207. Exanple A: Construction of an ordered and 15 hierarchi cal
pool ed cDNA |i braFyganed 2ippls catdschesmatihei Ebistvatriandoth ehderrdraand pool ed

| i brary: The vector is an_ﬁxﬂéﬁkk?ﬁgﬁggﬁrggéfggiJg%t%@g EgedZQOPronDters,

with a nultiple cloning site
transforming C. elegans.

10 Figure 6 is an illustration of plasmid PGN1.
Figure 7 is a diagrammatic representation of an

enhanced vector for dsRNA inhibition

encoding sup-35 dsRNA.

15
Figure 8 is an illustration of a vector for
integration into the genome of C. elegans.
Figure 9 is an illustration of the position of a DNA
20 sequence (g8} relative to a suitable promoter
to initiate expression of dsRNA from the DNA
seguence (s) .
) Figure 10 is a representation of plasmid pGN108.
- 25
Figure 11 is a representation of plasmid pGN105.
Figure 12 is a representation of plasmid pGN400.
30 Figure 13 is a representation of plasmid pGN401.

Figure 14 is a representation of plasmid pGN110.

Figure 15 is a representation of plasmid pAS2 with
35 forward and reverse T7/T3/SP6 promoters.



bet ween. The two pronoters are orientated towards each other, and towards
the MCS. In the presence of T7 RNA pol ynerase, expressed in E. coif, C

el egans or any other organism RNA will be produced, starting 25 f§¢&B 2004
the'two T7 pronpoters. As these are oriented in the opposite sense, both
strands of RNA will be produced fromthe DNA inserted (cloned) into the
MCS in betwoenofsle two pronoters which results in the geoeepdsiopnsof
doubl e stranded RNA (dsRNA) upon binding 30 of the T7 RNA pol ynerase
thereto. A C. elegans cDNA library is <caestructed in the MCS using
standard nol ecul ar bi ol ogi cal techniques. The library is transformed into
E. coil, and the resulting E. coli are grown in culture and stored in 35
96 multi-well pl dtigereAlét bssa stapgmsepkasivd ERpleamid PCRAEB22004 MO

plates  coresponding to t FOSEal The ECCERT | T Halds PORBBPBRT mat el y

100, 000 colonies are scored. In this way, the library will harbor

approximately 5 wigRtel 19 58 4 Adlrezentaesed @P@ﬁa@r&aﬁgaga elns. el egans,

whi ch glves t he opportunlt for 'l ow expressed sequence e present in
the library.®This will restkt: |11"P"-ha5'ﬂr§>¥}'*ﬁ%1tely 1041 96-wel | plates. The
plates are hierarchical pooled as necessary For the present 10 pooling of
the clones is arr %f LN a raqgs of 10 t %Wg | f the h|erarch|cal
pooling is per 8f38%% 1fnifur Eﬁ%?eHBFElﬁ%n R1afm fr plates have
a 8to 12 grid), this w |l witiesad {FULL-ARPFBSTHEEE] Y 87 nulti-mell pl at es
and approximately 8352 wells. If 15 hierarchical pooling is per 96 wells,
which is a full plate, this results in approximtely 11 plates and

approxi mat e}y 10FLomlel §9 Aa) ahy astrag:e'eeént&lmorhioefr Flelsmddl ppNRLE Ng,

pl asm d DNA can be_isolate?n (3 agPéwgg%?nghé 'd%b%ﬁ%%ﬁlﬁs | ess pl ates

are' used, 20 but will result 0SS conp eX|ty atthough this should
not be the case in the pooPF¥gPher 12. The

Example A: Consptruction of an ordered and
15 hierarchical pooled c¢cDNA library and applications
thereof.

der d oled ljbra
The vector is an E. coli vector harboring two T7
20 promoters, with 2z multiple cloning site (MCS) in
between. The two promoters are orientated towards
each other, and towards the MCS. In the presence of
T7 RNA polymerase, expressed in E. coli, C. elegans or
) any other organism, RNA will be produced, starting
25 from the two T7 promoters. As these are oriented in
the opposite sense, both strands of RNA will be
produced from the DNA inserted (cloned) into the MCS
in between the two promoters which results in the
generation of double stranded RNA (dsRNA} upon binding
30 of the T7 RNA polymerase thereto.
A C. elegans c¢DNA library is constructed in the
MCS using standard molecular bioclogical techniques.
The library is transformed into E. coli, and the
resulting E. coli are grown in culture and stored in
35 96 multi-well plates. At this stage, plasmid DNA can



pooling of the DNA can also be carried out with the original DNA The
experi nents bel ow descri be how the 25 hierarchical pooling shoul d be 3FEB 2004
performed, both for the DNA and for the E. coli library. An ordered
library for RNAi technol ogy, harboring every gene of the C el egans
genonme, with 30 applications thereof As the genone-sequencing project is
comng to aWowaw46t his i nformati on can be used in the appCrERYWNS of T7
RNA i nhi bition technol ogy. Every gene of the C. 35 el egans genone can be
cl oned using PCR technology. In - 3 FEB 2004 WO 00/ 01846 PCT/ EP99/ 04718 -
14 preference, exons will be cloned with a minimal |length of 500 bp. If
the exons are too small, smaller fragnments will be isolated with PCR, or
even parts of i Re deelatgdnanghdoried) ioxGfsmulEli-well splattesd with 5 PCR

t echnol ogy so thaéoﬁtegp@,%?%ng §Hfé+&éee'3f RAkt 20f ool et gnslpt ed region of

the gene is cloned. For 15, at least 17000 PCR reactlons need to be
performed. This CHR%EEPGEREOY PER PRORRACHIES| proescererhedn thdsT7 vect or

as described two ek ProROlebgalf wilEMAbdrowphesx taste Bf NEr Welsh t8e
mul tiple cloping ite in betggeg .. Every PCR product_is cloned
0

P |
i ndependent |y, or*¥AH FEPIEET e‘?aa‘?létamflaﬁ&o% fiegan9, whighogous to
t he described cDNAvdsbtaieyopbbrtenity RER1pwodNptessed| sutptbrided vodual |y,

Frstly, This colToatessus: fnbhe: M1y« Grofel: PR TSI | n the 17
RNAI vector can bephnsodimadelmndosl y36-ae=ldepdrtbed The tihlatemdom | i brary.
Thi s pooling can alsQ.keidgnesbi & & dclanal WaY .- ¢ ir&stfance, t he
genes of the C elegans genong can rEgJe ar%l yzeg usi ng %él)c}%:%sgpnatlc t ool s
(in silico 19iol ®gPLingarifotibegetrredfia mergagedein 2 |rangomf 1® &ogene
fanily, or will haye mfowBeOHYgSatthidl GRBATRg TBeser BHeN Of the gene
(numbers are more convenient as 96-well plates have a
8 to 12 grid), this will result in approximately 87
multi-well plates and approximately 8352 wells. If
15 hierarchical pooling is per 96 wells, which is a full
plate, this results in approximately 11 plates and
approximately 1041 wells. At any stage of the
hierarchical pooling, plasmid DNA can be isolated,
which would be less elaborate as less plates are used,
20 but will result in a loss of complexity although this
should not be the case in the pooling per 12. The
pooling of the DNA can also be carried ocut with the
original DNA.
) The experiments below describe how the
25 hierarchical pocling should be performed, both for the
DNA and for the E. coli library.

An ordered library for RNAi technology, haxboring
every gene of the C. elegans genome, with

30 applications thereof

As the genome-sequencing project is coming to an
end, this information can be used in the application
of T7 RNA inhibition technology. Every gene of the C.

35 elegans genome can be cloned using PCR techneology. In



25 famly will be pooled, or the nenbers, being honol ogues will be pool ed.
In this' way the total nunber of about 17000 clones is reduced to a_mnée
useabl e quantity. This library can be used to screen for phenotypes gq%
met hods according to the 30 invention. The resulting phenotype gives a
functional description to the gene or gene famly or gene honol ogues of
the C. el ed¥884%one. As the library consists of a partPOFERYS#NS gene in
the genone, this method enabl es description of the full genone in 35
functional - phenotypic ternms. For this-the €ouble WO 00/ 01846 PCT/ EP99/ 04718
- 15 stranded RNA (dsRNA) needs to be introduced in the worm This
I ntroduction of clones alone, or pooled clones, being random pooling or
rational pool i ngPEeferancesciexenadwi bl ses atlgnedaysthsa decimaled engt Exanpl e
of a vector for sheseumisssirogng! edohb! fre tcrBlad) Rakha AL veot of

10 a | ch’

containing a TYh%r:ormter may be used N contains a nultiple
cloning site (thEX2OWRREsSmy lcBRmbselatied wikki PEBI €97 remmasrteorfai ni ng

the T7 pronoterigtbrie RiidReighbbri NG &M %811CHEPL SSBIHA Yoishr and, both
i gned. These priners. can be hybridi zed,

with the appropriate ends. are desj rs.

and if 15 wel | d%@g?ﬁcgfnoépgﬁeﬂ°i NEheat d@ast af sehbickentTRartndi nal
sequence for a Toherrmisated rédfdAGIATHAGEAEATEE (Fhed) tFiRUGh any vect or
can be used for C tructi f T7 expression,vector there follows
an exanpl e of hot\:/\k/rl{]%' §£ﬁ§3g%t %?Qo@mgﬁn SETHE T REET T 32f (-) . -
Vect or pGEM 3zf (Pgrimmev=Glhisasclilgesiad ofi PR pirodikdts anid 1Sklel - Priners

OGN and oG\2 wegfoid e taog.qt beLeat gsf&éﬁlribgan?gﬂcﬁ_r'la'}i Retsy9/ 30 |
boi l ed and_cool ed sl ovvl% 25 to.roomtenperature. - The priner Was |igated
into the véBtor eXIeRFesttavaads eaghtPBrrpmicddar el itnke radomiingng vect or

S ' site in between). Every PCR product is cloned _
independently, or can be used to generate a random
library, analogous to the described cDNA library. If
every PCR product is cloned individually, the

15 resulting bacteria and plasmid DNA can be pooled in
various ways. Firstly, this collection of individually
cloned PCR products in the T7 RNAL vector can be
pooled randomly, as described in the random library.
This pooling can also be done in a more rational way.

20 For instance, the genes of the C. elegans genome can
be analyzed using bioinformatic tools (in silico
biology) . Various genes of the
genome will belong to a gene family, or will have

) homologues in the genome. These members of the gene

25 family will be pooled, or the members, being
homologues will be pooled. In this way the total
number of about 17000 clones is reduced to a more
useable quantity. This library can be used to screen
for phenotypes in the methods according to the

30 invention. The resulting phenotype gives a functional
description to the gene or gene family or gene
homologues of the C. elegans genome. As the library
consists of a part of every gene in the genome, this
method enables description of the full genome in

a5 functional-phenotypic terms. For this the double



pGNL (shown in Figure 1) and contains two T7 pronoters oriented towards

edch ot'her, and harbors a nultiple 30 cloning site in between. Sequen B 2004
of oG\l and oG\2 are: - 0GNl: AGC TGI AAT ACG ACT CAC TAT AGG GCG AGA A

TT - oGN\N2: TCG AAA GCT TCT CCGC ATA ATA GIG AGT CGT ATT AC 35 WD 00/01846

PCT/ EP99/ 04718 - 16 Exanple of the construction of a library RNA may be

i sol ated frYRWIEY organismthat is sensitive to RNAI. PRTEEMEMHE t he

i solated RNA is then 5 copied into double stranded cDNA, and subsequently
prepared in suitable vectors for clonimd5 Several procedures exist and

nol ecul ar biology kits can be purchased fromvarious firns including

pronega, clont ech bqe Mannhei m_ BRL, etc which enable; 10 -
i sol ati on of RNAS ﬁeatﬁ%ﬁ {}d ADRRAS c&R B llrgta]oglpgad( T

t echni ques and klvio&mavahhﬁbixeerodufdtri&h 6 I eldhey Rilkes, So\tVl bBoTA reverse 15
transcri pt ase, C\%dom heg meric | mers.and/ or ol |Q%1a primer - second
strand synt hesi s WP RNESEH, T PHIR™ PSP}/??E?a%"élra ﬂlsﬁog?ﬂﬂ’égvﬁ""t’h T4 DNA
Pol ymerase 20 - &dedathdaved iam sedepbdr wavs had Addgkilbegase. - eventual ly
treatment wigh T4 pol ynucl eotide Kinase - cloning of the cDNA into the
vector. The Tesulting ligation m xture can be considered 25 as the cDNA
library. The |igati onExarnpbé mf & vecBNA 66r the expoesddrs bFgdtwsle nto the
vector of interest. Tgepid@fatdi@sl i brary, the ligation needs to be
transfornmed into E. coli strains. 30 Application of this E. coli or DNA
library T7 RNA producing strain: - a standard strain is BL21 (DE3):

F-onpT[l on] hsds(r- m angde&tor ddntBislihgl &) 1A dddmdkerENept Ha! hdeq,
10 and which contains a multiple cloning site (there are
many commercially available). Primers containing the
T7 promoter and a primer‘with the reverse
complementary strand, both with the appropriate ends
are designed. These primers can be hybridized, and if
15 well designed, cloned in the vector of choice. The
minimal sequence for a T7 promoter is
TAATACGACTCACTATAGGGCGA. Although any vector can be
used for the construction of a T7 expression vector
there follows an example of how to achieve this with
20 the vector pGEM-3zf(-).
- Vector pGEM-3zf (+) (PROMEGA} was digested with
HindIII and Sall
- Primers oGNl1l and oGN2 were mixed together at a final
) concentration of 1 ug/30 ul boiled and cooled slowly
25 to room temperature.
- The primer was ligated into the vector using
standard ligation procedures. The resulting vector is
PGN1 (shown in Figure 1) and contains two T7 promoters
oriented towards each other, and harbors a multiple
30 cloning site in between.
Sequences of oGNl1 and oGN2 are:
- oGN1: AGC TGT AAT ACG ACT CAC TAT AGG GC3 AGA AGC TT
- OGN2: TCG AAA GCT TCT CGC ATA ATA GTG AGT CGT ATT AC

35



35 variants of BL21 (DE3) can be used, although BL21 - 3 FEB 72004 WO

00/ 01846 PCT/ EP99/ 04718 - 17 (DE3)pLysS is used. - any other E. coli3 FEB 2004
strain which produces the T7 RNA pol ynerise, which may be avail abl e needs
to be constructed. This can be generated easily using a 5 phage, which is

comer ci al | ¥v avai lable, in this case, the ACE6 vector (provided by
Promega) isWOMI344 npst  every E. coli strain can-be traPSTEROUMB th this
phage and will produce T7 RNA polynerase. - a RNAselll nmutant E. coli: 10
Various strains are in principle avai rabPe; we chose in a first experi ment
to use strain AB301-105: rna-19, suc-11, bio-3, gdhA2, his95, ne-105,

rel A1, spoTl, netBi. (Kl.nhder et . 1973 Mol.., Gen. Genet 126:53), but
other strains nmay suit %%%fpg?e. #h?gesf?ﬁ?m%ﬁ% Piff 8ctdbraFxh ACE6 and so

a T7 producing variant will be constructed. WIld type C. el egans worns can
be grown on the bactggi ls. cieria_is expressing the T7 RNA

pol ynerase. This respﬁi%aﬁpggréglg%é%?i{ﬁoé"segfréfs aBHST Fhate 1fut of the
C. el egans, whi cPERPIGIVE fouRNALn Inhgenmrgpdnitden dndlacsd| A iis tdhen
inhibition ef expsEseiiHt | i w u for_ the screening
of several pheno%(@ées. l%os-altag%%lﬁi gﬁ%%%és@%t e’‘a ggn%‘g%see?%eaqtqut is a nmuch
faster to detectPPRPIEDAMNEUIEARSE| Yeetusaifvzpal oniya, 3ewaralhe known C.
el egans t echnol ogyocddueay @kistl afd hel&A LSl BYo1BEGNRL ¥PEA:S deound, the
responsi bl e gene &@%eegl oned easily,, Using ihe‘ | erarchi cal pooling one
can easily find PW SEOBNYRELPRR AL 1S ABCdVhRY CPERIESH: t he pool . The
inserted DNA of ¢histedlondcearihben Menmaqueneed, dbt Swiex@erddglle results
in genetic;gnd biochem cal DATA in one step. Wld type C. el egans strains

can be conbined with 35 conpounds to screen for phenotype, drug resistance
and - isolation of RNA,

- eventually polyA RNA can be isolated (several
techniques and kits available)
- first strand synthesis with AMV reverse

15 transcriptase, random hexameric primers and/or
oligo (dT) primer
- second strand synthesis with Rnase H, DNA

Polymerasel,
- flush ends with T4 DNA Polymerase
20 - addition of an adaptor with T4 DNA ligase.

- eventually treatment with T4 polynucleotide Kinase
- cloning of the cDNA into the vector.

) The resulting ligation mixture can be considered
25 as the cDNA library. The ligation contains all c¢DNA of
the procedure ligated into the vector of interest.
To order the library, the ligation needs to be
transformed into E. coli strains.

30 Application of this E. coli or DNA library

T7 RNA producing strain:
- @ standard strain is BL21 (DE3): F-ompT{lonlhsds(r-
m-; and E. coli B strain) A (DE3). Eventually

35 variants of BL21 (DE3) can be used, although BL21



WO 00/ 01846 PCT/ EP99/04718 - 18 or drug sensibility. The C. elegans strain
can be a nutant strain, screening for an enhanced phenotype, reduced
phenotype, or a new phenotype. The C. elegans strain can be a nutanf FEB 200
strain, and the library screen 5 can be conbi ned with conpounds. So one can
screen for drug resistance, drug sensibility, enhanced phenotype, reduced
phenot ype, OWOM% phenotype. The E. coii strain may be PEMEPTIRRA

pol ynmer ase expressing strain, |ike BL21 DE3), for exanple, but the
formation of 10 double strand RNA nmay beldnhanced by using a special E.
coii strain that is RNAselll negative. RNAselll recognizes specific |oops

in dsRNA. Event ual , CO|I strain can be used that is deleted in
RNAses ot her thargb%?\eﬁé@f% 15 Y ﬁdE coii can be used that is 15 deleted in

one or nore RNAses.aheotthqrr dssicodiofttéin vﬂfﬁ.dﬂ\bﬁrlaﬂh)tggr aee th st known
B coli straine aBdLRONNYUGIANhED AL ANALAN gola opnepate T/ RNA

pol ymerase producin strains gener s&%af®i nduci bl e
pronoter. In thi sCAR$t¥YrEe] pﬂ‘bdaccaorbe)fgqmaﬁédRHAsmmyyﬂmﬁ@eai s

regul ated, amd tpHSqd hq,,l.g_rccpldtigt bemmeﬁcim}ﬂ%@élfﬁaﬁ%an&gg USl Y, o this

feature can be used to "pul se"” el egans worns at sp etiti‘c st ages
of growth. The woth® ACH @CGWH’ dRrevitderd by Rremegal. léousetétra‘khmstV\hen 25

t he wor m has reacheétqtrfm sadqesefrahﬂt@é&ase ﬁmsEEcBUé wREROEfd on in the
bacteria is induced. This ws éFe studying of the function of any gene

at any point in %g?ﬁrﬁi é‘?‘cﬁePBF f® Ghi Pof}@"“SEF‘ESm ng the library for
honol ogues of putata VERNAdeTIdr estang Bunasmlpenes, and. assign function to

bei ng genom-c. proy cetdee HABIRd ¥ Far T8 PHER 3054 20! 08P6Tsate FoTPbo) 04718
- 19 expressed a%?a@rsflnﬁhblewnezamenn 50 e stratio. ABRR1-105: rna-19,
f suc-11, bio-3, gdhA2, his$5, rnc-105, relAl, spoTl,
metBl. (Kinder et al. 1973 Mol. Gen. Genet 126:53),
but other strains may suit better. This strain is
15 infected with ACE6 and so a T7 producing variant will
be constructed.
Wild type C. elegans worme can be grown on the
bacteria pools. The bacteria is expressing the T7 RNA
polymerase. This results in large quantities of dsRNA
20 in the gut of the C. elegans, which will diffuse in
the organism and results in the inhibition of
expression. This library can now be used for the
screening of several phenotypes. This technique has
) the advantage that it is a much faster to detect
25 relevant genes in certain pathways, than the known C.
elegans technology. Moreover, if an interesting
phenotype is found, the responsible gene can be cloned
easily.
Using the hierarchical pooling one can easily find in
30 a second screen the relevant clone of the pool. The.
inserted DNA of this clone can then be sequenced.
This experiment results in genetic and biochemical
DATA in one step.
Wild type C. elegans strains can be combined with

35 compounds to screen for phenotype, drug resistance and



described cDNA |ibrary can provide a way to validate and or assign
function to these genes in a fast and efficient manner. First of al13 £ h@ 2004
wor m honol ogue or 5 honol ogues or the genes need to be identified by
bioinformatic tools (in silico biology). PCR prinmers are devel oped and the
cDNA fragnment is isolated using PCR technology. PCR can be performed on

t he hi erar o¥P Y3400l s. The positive pool or individual BOTAERINIBar bori ng
the bacteria that has the appropriate cDNA is fed to C. el egans and the
phenotype is scored. PCR can be perforn&8 on cDNA isolated fromC.

el egans. The resulting DNA can be cloned in the T7 vector and transforned
i n the dsRNA producing E. coli 15 on which the C. el egans worns are then
fed. Depending oh WHEPaRgybidityst Fhar® miegans| phibkinacamdica needs to

be made. If the genmbaliangs tgcﬁegﬁf&?«%fﬁm l2h ehREnYRE M ndRYL fRed to be fed
on a m xture of Vgterda Each hem har bori ng aTgart of t'he menber

of the gene fam¥ ENenos¥PEr nST YrfM PRESRYEYPRonsTRe cEnbedeganshs with

conpounds can bespesframdbasa fassnt begrahovend Eh&hﬁlbfﬁﬁré’cﬁ@rﬂ onal is
used, in whlsch aII tkpe '% %e es.of C. elegans are cloned i'n a organi zed
and structlred Way,P$ FREBINELYARR ‘ﬁ%’%‘?‘ﬂ’g%e afd ©BGefittiaf5Pehd st her

honol ogues, ort r@twmlﬂndcenedbegssmsjtm;gt@rneeﬁaahbydqﬂlﬂex’&ﬂ:ygeaced back

easily in the I} ' il 30 invplved in
this step, and t#e)é‘g%%c% Lebﬂeglgt%ag 6 can :\lggﬁat egﬁ?)ngv\hﬁ"% the worm
will be grown. B@F&‘ﬂresﬂaaﬁbﬁhenhfd"e‘a @ﬂAtMysrana@s ekpegpeingrestiraimas t o
test WO 00/ 01846; Bt /e299/ 94438 fogoexg),&;ﬁ t B RNAL ¥SELO 1<§r§‘doi.1 he vari ous

E. colt strains _that were constructed ‘Construction o test plasmd 5
Any cDNA thdt gi FPLe Ste@ndyREACTIPeDe rﬁrth?élqﬁélrhv Hﬁéﬁgkﬁo%madut or
used in a RNAI eEperdlEtradf BBat is RNAseIII negative. RNAseIlIl

recognizes gpecific loops in dsRNA. Eventually, an E.
coli strain can be used that is deleted in RNAses
other than RNAselII or an E. coli can be used that is

15 deleted in one or more RNAses. The expression of the
T7 RNA polymerase in most known E. coli strains and
constructs which are available to generate T7 RNA
polymerase producing E. coli strains, generally
comprise an inducible promoter. 1In this way the

20 producticon of the T7 RNA polymerase is regulated, and
thus the production of the dsRNA. Advantageously,
this feature can be used to “pulse’ feed the c.
elegans worms at specific stages of growth. The worms

) are grown on the non-induced E. coli strains. When

25 the worm has reached the stage of interest, the T7 RNA
production in the bacteria is induced. This allows
the studying of the function of any gene at any point
in the life cycle of the animal.

30 Screening the library for homologues of putative
interesting human genes, and assign function to

these genes

Hundreds of genes have been isolated in various

35 projects, being genomic projects, differential



used. It is known that unc-22 is a good candidate, but may other gggﬁ%ﬁ%ﬂﬁ
possi bl'e. W opted for a sensitive systemthat can be used at a |ater
stage. 10 The systemwas tested with sup-35 in a pha-1 - background. Exon 5
of the sup-35 was isolated by PCR and cloned in the T7 pronoter vector
pGNL. The resulting vector was designated pG\2. pha-1 (e2123 mut ant

wor ms cannoWOB¥dte of fspring at tenperatures 15 hi gher FPRER M8This is
due to a devel opnental problemin enbryogenesis. Wien sup-35 is
knocked-out, or inhibited in this straitfi, —offspring may grow at this
tenperature. Conbination of pha-1 nmutant wornms and sup-35 RNAIi is a good
systemto validate the %8 various_options. 2) Testing the RNAI using an E.

coli strain thaf*BFEa8ERs2THgA. RYPRERDZRION MtrddeBederd- E-Th®ol i strain
BL21(DE3) and 2BeférRb¥d paiNAEIidsaryasah Eieadewat halPI&S v4L ifltegans

wor ns (pha-1 (e2125) were, i nocul ated on this bacteria, and grown at the
restricted tenpePRPurE BFE1TEEUNRSIPR; §C niReAR qeé’eﬁnlﬂnﬁrg%?ﬁ Aut ant  at
this tenperatureffinoieht smnmey.wi Firbe opservate wbrinhRoddlsiye 3> gene i s
efficientlyd nhihj he RNA present in.the.E cola., offspring will
be observed.d - pgﬂgg\?\ggé{?éntorroﬁ?e eP%SE?e%%Itio s],oter gfiﬁnﬁ\égb‘iq 1165( DE3) and T7
RNA pol yrer ase whéoiinformalt g ttedlRTGinGil itedeiod o) is PERapriines2123))
were inocul ated gpet Be§e§§p§§% rBe 2B Lo theiE5eiedsthAn _
tenperature of -3 FEB 2004 WO 00/ 01846 PCT/ EP99/ 04718 - 21 25C. Es this
nutant is an enbPF8nFechRIRAY at BCORi §ant eraxfiogmed AB BRespring will be
observed. |f thehistprdhi@enedaisafl f rheepds it ivehipbiol edr byndhei HBRNA

pr esent |n:%pe E. E | i oﬁfgprlg%gwgll be'Ob%E{V d. 5 3) quromln% t he worm
strain for betteM® Sﬁakﬁr i RUR PREFBFER Jihati f§5: fiBe pRRRICRE1& Fegans cn

the E ¢cDNA is fed to C. elegans and the phenotype is scored.

PCR can be performed on cDNA isolated from C.
elegans. The resulting DNA can be cloned in the T7
vector and transformed in the dsRNA producing E. coli

15 on which the C. elegans worms are then fed. Depending
on which way is faster and more reliable a choice
needs to be made, _

If the gene belongs to a gene family, the worm
may need to be fed on a mixture of bacteria. Each of

20 them harboring a part of the member of the gene
family. E. coli strains, growth conditions,
combinations with compounds can be performed as
described above.

) If the library rational is used, in which all the

25 genes of (. elegans are cloned in a organized and
structured way, the C. elegans homologue and
eventually the other homologues, orthologues, and
members of the gene family can be traced back easily
in the library using a silico biology. No PCR is

30 involved in this step, and the bacteria and or DNA can

be isolated on which the worm will be grown.
Examples

35 The idea of the series of experiments was to test




coli strain that produce the double stranded sup-35 10 RNA. The worm was

mit ageni sed with EMS (Methane sulfonic Acid Ethyl). The offspring of "tj‘FFB 2004
- mut ageni sed wormis then plated on the bacteria. The wormthat feed o

this bacteria give |arger offspring which has a nutation that results in

an inprovenent of 15 dsRNA uptake, and can be used for further experinents.
St abl e mté’&?% 86 of the dsRNA produci ng vector into th'?ﬁ%'??&'ﬂﬂ bf the T7
RNA pol ynmerase producing worm 20 An E. coif vector can be constructed
harboring the follow ng features; Two 2f7 pronmoters directed towards each
other, with a restriction site or a nultiple cloning site in between.

Furt her nor e, ?h may contain the C. el egans sup35 genom c DNA,
engi neered in s:}t‘:ﬁz t%&ymﬁétv??t%rﬂ“ﬁ REeSUIBIMS Bt SiddEREaRS vari ous

i nterval s, so thataelrel bonkepgétedr otein can be expressed formthe sup35
genomi c DNA fragment as illustrated in Figure 8. Any cDNA or 30 CDNA
fragment can be cloned in the multiple cloning site between the two T7
pronoters. Wen this lNect Genstsuctiarodifcedteat gplasneldegans strai n which

expresses 7 RNA pol L r PN fra0ne ne tween the
two T7 prorr%-ters wi | ectarﬁ‘gnslég'feb‘%l?%Sg eneraél ng déﬁ\b&%from‘f’ " cl oned
fragment. - 3 FPEherEacpledopot 84sr P@%E%Q#OMJB expRY inEhs ventbe is
designed to be uggd | nIEhilslk?&ﬁﬁ]&@t WEARE YOI Bl %1'189 d7 RNA

pol ynerase. The expression o e T/ RNA pol ynerdse may cohstitutive
or regul ated, gdMEr MBYoPLREEsgenes axe @@sssbirﬁeséqan@tsd(ézxzs) WOr s

cannot produce Hdrigiting sl stéfMPRIAIINEBeN186€Tatl RAN at2C, s\efageh is due to
a devel op obl em.in enbrg%&r%gms when S£ 35 i.s _inhibited or

knocked- ou |n tHi% S5, WBPf WP SHPow at” thifb3rdnperature. 10 Wien
the vector is irdacdgirontd.n Ekenvibrol theesup-35 was isolated by PCR

and cloned in the T7 promoter vector pGNl. The
resulting vector was designated pGN2. pha-1 (e2123)
mutant worms cannot produce offspring at temperatures

15 higher than 25°C. This is due to a developmental
problem in embryogenesis. When sup-35 is knocked-out,
or inhibited in this strain, offspring may grow at
this temperature. Combination of pha-1 mutant worms
and sup-35 RNAi is a good system to validate the

20 variocus options.

2} Testing the RNAi using an E. coli strain
that produces dsRNA.
) - pGN2 was introduced in E. coli strain BL21(DE3} and
25 T7 RNA polymerase was induced with IPTG. C. elegans
worms (pha-1 (e2123)) were inoculated on this
bacteria, and grown at the restricted temperature of
25°C. As this mutant is an embryonic mutant at this
temperature, no offspring will be observed. If the
30 sup-35 gene is efficiently inhibited by the dsRNA
present in the E. coli, offspring will be observed.
- pGN2 was introduced in E. coli strain AB301-105(DE3)
and T7 RNA polymerase was induced with IPTG. C.
elegans worms {pha-1 (e2123)) were inoculated on this
35 bacteria, and grown at the restricted temperature of



vector may integrate by honol ogous reconbination (Canpbell-Iike

i ntegration). It has been shown that honol ogous reconbi nati on occur 'E@ 2664
el egans, although at |ow frequencies (Plasterk and G oenen, 15 EMB E

11: 287-290, 1992). Honol ogous reconbination at the sup35 gene will result

I n a knock- Qut he gene as the two resulting sup-35 g har bor

t he stopcog}cémg}aI e resulting worm and its offspring, ? &ﬁﬁé‘“]’“

reconmbi nati on happens in the eggs, wll have a 20 copy of t he vector
integrated in the genone. This can be s&lected as only the worns for which
t he sup-35 has been knocked-out will have offspring at tenperatures

hi gher than 25C. Jaut he ot syl.t I 'y, produce doubl e
stranded RNA fromthe Dhgoégtsfnpgtarr?%n# c%g {?@fnvv\!/eéerqmt F%%Qté{) J':rl"}l?)rom)ters.
This worm can nFRMReT@sHsEdened m‘lwabhéltb@rﬁg@mdmrﬁf sheain with a
reduction of funcaumsotgehlaelge@@ﬁlélr&r& Wehﬁbbfcéd AT Bagnreen cloned

between the two T7 pronmoters. del I"'vered to the worm by
several techni quiEESENkcAndFRg jF’Jnj %‘b]t%oﬁffEHFH‘St‘Pell teapdssrivadi on,
soaking in tfie DNA solution, feeding wth bacteria. New and ot her nethods
that increase the trénsfgématlon ef f.i ci enci es can be consi dered. 35 The

target C. el egans str FAVingitheoworm StEEd S5t brptea1opkake
PCT/ EP99/ 04718 - &3 ddradpe ot her mJt ations than the pha-1 (e2123) nutati on,

and may express other g n. RNA_pol ras EXAMPLE, 8: _a Yeast
t wo- hybri d- RNAI vect or gg%g éi]g? thr?yﬁ’?‘f‘dX\r/Téct oirae% 7 5& 8ﬁsFruct ed
har bori ng the twsdald [§rt@'n9nethat Tﬂmdm ¢he cdawbbe sut@SIdgeldedquBEepl i cate
both in yeagp ancgux EThgoL,ij J,g]s %&%@%&lﬁwﬁdmréﬁé e@,h arﬁehe yeast two

hybrid 10 system are made in or LexA vectors Ibrary is
constructed in vé’d“l]cfrqé’ll‘fa%iﬁﬁ F‘h‘éyl)a-ct L&t PEASEROIRT rPfofthGﬁe of these genes.
A vector can mutagenised worm is then plated on the bacteria. The

worm that feed on this bacteria give larger offspring
which has a mutation that results in an improvement of
15 dsRNA uptake, and can be used for further experiments.

Stable integration of the dsRNA producing vector
intoc the genome of the T7 RNA polymerase
preoducing worm
20
An E. coli vector can be constructed harboring
- the following features; Two T7 promoters cirected
towards each other, with a restriction site or a
} multiple cloning site in between. Furthermore, the
25 vector may contain the C. elegans sup35 genomic DNA,
engineered in such a way that it contains several
stopcodons at various intervals, so that o full
length protein can be expressed form the sup35 genomic
DNA fragment as illustrated in Figure 8. Any cDNA or
30 CDNA fragment can be cloned in the multiple cloning
site between the two T7 promoters. When this vector
is introduced in a C. elegans strain which expresses
T7 RNA polymerase, the cDNA or DNA fragment cloned
between the two T7 promoters will be transcribed,
a5 generating dsRNA from the cloned fragment.



be, constructed that can still performin the yeast two hybrid screen_but
which al so contains two T7 15 pronoters orientated towards each othdfEB 2004
with a cloning site therein between. The order of the sequences in the
plasmd will then be "plasm d backbone, (GAL4-T7), MCS, T7, backbone". A
C. elegans cDNA |ibrary constructed in this vector can be used as 20 a
standard ye¥QOVP¥ hybrid library in an experinent to iSBEHERSOANBS acti ng
proteins with a given protein. Once a clone is isolated, the plasnm d can
be introduced in an E. coil strain expréssing the T7 RNA pol ynerase, and
hence w Il produce dsRNA of the 25 cloned fragnent. The bacteria producing
this dsRNA can be fed to the worm angd phenotypes can be scored. As in the
previ ous exanpl e, thi 5*valSFaT 35 PRELFRA &© 6 YAeHednyphaot at ed yeast two

hybrid clone is (e2nz3kahitarghecies &hpredding andandppl paegyse, Which 30
requires PCR and |l oni ng steps experiments and/or_ knock- out
experiments. In é‘rgétgég%ss °§‘ol°§t ke fioﬁg%%ﬁeé'“?&ﬁ‘ﬁ(?nl?éﬁ Perst, and on the
basis of the segqomstitutadecirsiregulsteddeydreradnbirnyesyiiénspadi s
experimentsg In § r nt [ very isolated 35 one, can easily be
i ntroduced into tﬂgsgp%?%pqri(ae?gi@ Qgrrl?—%éz%ﬁj(? %Ogﬁfﬁlgggs%?%@g/ 04718 -
24 coli and fedteBrerrtwaamhigherdbbaniei’s,t wbacphei&oduedco by phenot ype
anal ysis. To apph¥véibSmdHtoGedmt 8mai Y Samd i d rforaed using a
known gene as bait, and the %g:\%ly E %onstrr&%gg?é?%fayﬁssﬁﬁegéjalrsget.

Proteins coded by*NiRkted Sekrprkefeostarigetthifastriner aEfspring thay bai t
protein, will regubk &t 1Y lciewPey8ESte Cl ONes expressing the reporter

nol ecul e S:i h as can @g %‘t}%[erved by LacZ st ai ni ng with X-gal. The plasm d
10 codi ng for the target® EATPE 18 ot nhtafugered Yher VoR ¢ Hg east

strain and introdecesr imaE intehiratdhiey Homal@igousi $eddmbBiNda Dby NEr ase
producing E. COiRCa&ﬁbeffﬂfiﬁ%a§%teggg%45%fﬁ'f%n%%g E%@highg&gqﬁﬁsg fromthe
homologous recombination occurs in C. elegans,
although at low frequencies (Plasterk and Groenen,

15 EMBO J. 11:287-290, 19%2). Homologous recombination
at the sup35 gene will result in a knock-out of the
gene as the two resulting sup-35 genes will harbor the
stopcodons. The resulting worm, and its offspring, if
this recombination happens in the eggs, will have a

20 copy of the vector integrated in the genome. This can
be selected as only the worms for which the sup-35 has
been knocked-out will have offspring at temperatures
higher than 25°C. Furthermore, the resulting worm

) will stably produce double stranded RNA from the DNA

25 fragment cloned between the two T7 promoters. This
worm can now be considered as a stable transgenic worm
strain with a reduction of function of the gene, from
which a fragment has been cloned between the two T7
promoters.

30 The DNA may be delivered to the worm by several
techniques, including injection, ballistic
transformation, soaking in the DNA solution, feeding
with bacteria. New and other methods that increase
the transformation efficiencies can be considered.

3s The target C. elegans strain may in addition,



DNA cloned in the multiple cloning site of the vector. 15 Wen this dsRNA
is fed'to the wormusing the methods described previously, the gene Eg@ 004
inhibited in the worm resulting in a particular phenotype. - This é/ t
two hybrid vector can advantageously be used to construct an ordered and
hi erarchically pooled 20 library as described in the previous exanple. - A
yeast straiWO®PIB4d so be constructed that conditionally PEHERRIELINI RNA
pol ymerase. After yeast ‘two hybrid experinents, the expression of the T7
pol ymerase coul d be induced, resulting i23 the 25 production of dsRNA in the
yeast cell. Consequently the yeast could be fed to the worm Evidence is
avai l abl e show ng that the C. el egans worns can feed on yeast. 30
Construction of &8ayve FsRepomytedrisne phedutheiphastlr deAl23ndmappdicnat i ons

t hereof A C. el eggagsy r &kpy 0 Atapn € SESsel 7 RNA

pol yner ase. The gggr:‘e‘ggi on c%ra\g]l?g%??% géhé#gt%}n?cgﬁgtégﬁve, ut coul d

al so be regulated - 3 FEB 2004 WD 00/ 01846 PCT/EP99/04718 - 25 wunder a

tissue specific pronDERiMPEE B:.NGAUSeREE 6 OFHAlL-RARiAvEEEPLT al promoter or
a pronoter that harbors one of these characteristics or conbination of

characteristics. DNA can be introduced in this C. 5 el egans strain. This is

done either by injecthopeadty twehogbrig wettoPpasdn teesonbyr@tesd roporation

or as aforenent 'hgn drPng f_the md as .described in
< e

edi ng. I S.a pla
the previous exanpres, &’ea B aéljr?i Broﬂggﬁ% i srfré"ear‘)’gf:gﬂ’éﬁl THRPS r agnent or
a PCR fragnent l1l0ebégnmednte vicerfllismaltiengofE jm grestser sndt henE ds&NA .of this
cDNA or PCR fragrenk.i r Fheh | .cel r o] | resulting in
down regul ation o %ﬁgér%grresp(%rqur%glggnt?gﬁﬁe@q?ﬁgfgdggggg%fan have an
ef ficient thlansi SNEtEBWAT? depdatitosheTRals my derdedee5oDNA Bth form an

%g (r: iu:glrJ ?rrgfomal 13bkayy Y9 &dhArhRtedTidNedsid haking PREE catal ytic
activation domain of one of these genes. A vector can
be constructed that can still perform in the
yeast two hybrid screen but which also contains two T7

15 promoters orientated towards each other, with a
cloning site therein between. The order of the
sequences in the plasmid will then be “plasmid
backbone, (GAL4-T7), MCS, T7, backbone”. A C. elegans
cDNA library constructed in this vector can be used as

20 a standard yeast two hybrid library in an experiment
to isclate interacting proteins with a given protein.
Once a clone is isolated, the plasmid can be
introduced in an E. coil strain expressing the

) T7 RNA polymerase, and hence will produce dsRNA of the

25 cloned fragment. The bacteria producing this dsRNA
can be fed to the worm and phenotypes can be scored.
As in the previcus example, this validation procedure
for a newly isolated yeast two hybrid clone is
remarkably shorter than the standard procedure, which

30 requires PCR and/or cloning steps, RNA experiments
and/or knock-out experiments. In most cases isclated
clones are sequenced first, and on the basis of the
sequence, & decision is made to continue with further
experiments. In the present invention every isoclated

35 clone can easily be introduced into the appropriate E.



reduction of function phenotype. The plasmd mght also integrate, %?Eﬁ?bﬂhe
genone of the organism resulting in the sane catal ytic knock out 4
reduction 20 of function phenotype, but which is stably transmttable. -
Plasm d DNA harboring a cDNA or a part of a cDNA or an EST or an PCR
fragnent of C. el egans cloned between two T7 pronoters as_described in
Exanmpl es A) Yh/44025 can be introduced in the T7 RNA pol VrfeVERYMWE m by
standard t echni ques. Phenotypes can be anal ysed -DNA from an ordered and
pooled library as in Exanple A) can be htToduced in the T7 RNA pol ynerase
worm by standard techni ques (injection, shooting). Phenotypes 30 can be

anal ysed. Wth the hijer hi.cal pool, the ri.gi nal clone can he found
easily. - The san® @@%3?8 gﬁnabee W‘oyﬁgadgﬂ‘?f‘ & itgh pefdPrmed
expressi ng the ThRYhepaltyper aselysig.eening for enhanced, reduced or new
phenotypes. 35 - The 0 e t nabl e screeni.ng of - 3 FEB
2004 WD 00/ 01846 PCT/ 93?%35}1%&?@ z‘%%cc%??r%%c?u%dg‘?g%%%e“é%l? r\ih%t K28 t her a
'wi | d-type strai rPetfomreduuahng sa risnawrf genenhankatt andeiephemdyypes. - The
DNA coul d besi nt rQgiaed deRat *D?JF%‘Q{ _a?’t%%wtaggéﬁpdérotg}?;sofco‘ﬁ@hcﬂ is the

delivery of DNA by E. 5 coli. i's case the hierarchical pool eﬁ l'ibrary
is fed to the aniuliclopgspinvehe tAxRest thatointeragt widih thenbkaih t he gut

of the nematode, prefergnwiall YesuIINASE podetivh opdadt @lg@ans W Il be used,
such as nuc-1 (el392). This ﬁrocedure woul.d be one of the nmpst 10

interesting as it® SF08 FRBPERIRT JPLerrinsTHRS SR e B ci enci es of
ot her techni ques,oksskvegebgr Bhty dasirdmgardthessgapborid Piasmdp Put ati ve

the sup-35 20 GG, 5P8 DR e et 1T PRI Ty
pronoters. The reftomfthengenstt srrasn anddéntrodeded nin Banpllds Kheand B).
This vector can bg i487,0duced £ Golymerase producing E. coli. In
this case, double stranded RNA is produced from the
DNA cloned in the multiple cloning site of the vector.
15 When this dsRNA is fed to the worm using the methods
described previously, the gene has inhibited in the
worm, resulting in a particular phenotype.
- This yeast two hybrid vector can advantageously be
used to construct an ordered and hierarchically pooled
20 library as described in the previous example.
- A yeast strain can also be constructed that
conditionally produces T7 RNA polymerase. After yeast
two hybrid experiments, the expression of the T7
) polymerase could be induced, resulting in the
25 production of dsRNA in the yeast cell. Consequently
the yeast could be fed to the worm. Evidence is
available showing that the C. elegans worms can feed

on yeast.

30 Construction of a T7 RNA polymerase producing
strain, and applications therecf

A C. elegans strain can be constructed that
expresses T7 RNA polymerase. The expression can be
35 general and constitutive, but could also be regulated



a pha-1ts nutant C. elegans. A tenperature selection 20 systemexists_in
this case and only those worns which have taken up the DNA and exp‘r@EEB {00
doubl e stranded sup-35 RNA will survive at restricted tenperatures. The
hi erarchi cal pooled |library can be delivered by any nethod described
above. 25 - The vector can be used to construct a library that is
introduced WP ®#H6RNA pol ynerase expressing E. coli. |nPCRERI#EE8 we have
an anal ogous screening as in part A)with an additional screening for worns
where the dsRNA of sup-35 is active. 3@5 -The DNA and or dsRNA of sup-35
could be delivered on a different plasm d. For the feeding, both DNA
feeding (Exanple or dsRNA feeding Exanple A) and B), this neans that
the two pl asmids I"’dabélﬁ?‘é%e‘-’rﬂeqlr#l(‘}néro‘lﬁféﬁ%r iafminglicihie the wormis

fed on a mxturemfonﬁﬁebacbﬁraa;e aQf !*brh&tkbﬁ%ﬁbﬁr %rbﬂ%téi-'pt@?t construct.
- 3 FEB 2004 WO qi%/r%1§46 PCT/%P 047 8 - 27 anpl e t he construction

of a T7 RNA producing ScOng FBﬁﬁE?WWA%OF?HE%%%@‘?% Gthe worm
several 5 possi tnharacesrasmq:mss:iml eanThe ﬂ'ﬁ:nmiuy:mar anetRas be expressed

under various pr duci. bl ter constitutive

pronoters, enera% %r%%otsggésman * %gugof ety r‘?"‘%pz’é’. FRE=Hr bt %, or

conbi nat i ons of %ﬂ?@fréngE‘y{aWplmtafcltehesbypelnurtmfpsratéohherl& heat shock

pronot er hsp- 16, atfbﬁeaahtpaﬁé@gﬁ{ 9R%ikq. 1P ol O 95 LIOMIGRIPSS, DUl
er &

al so the pronoter_ of g he pro enent 7% s exanpl e
the T7 RNA pol yIEB5EabPd B prhes pr@virpbar exdmeplesnt dok- ok phasmidp- 16

pr omoter that is l'ﬁ\t&blrﬁﬁbealéldﬂ'éﬁ RBRA 9 £ 8grenV @t Qr PcihfrJ%\mﬁN“ pol ymer ase
i sol at u ing the priners of GN3 an _
resul ti ng S@? g’&ﬁ(‘i’? epot gé]s"‘}rgﬁ% TR RHTOt et kBsR, d8BNA sof hféu\ﬁect or in
whi ch we want tocﬂNaner POR| frpdnitmtFibefyBrd DinpRR49céB1 dhesHesdl ting
vector 20 is pG\'%‘}%ahEL:HS%é‘uft%g” i QU8 rzegu%N%:Lon ofc;cﬁaAGG
corresponding gene. The introduced DNA can have an
efficient transient down regulation. The introduced
15 DNA can form an extrachromosomal array, which array
might result in a more catalytic knock-out or
reduction of function phenotype. The plasmid might
also integrate into the genome of the organism,
resulting in the same catalytic knock out or reduction
20 of function phenotype, but which is stably
transmittable,
- Plasmid DNA harboring a cDNA or a part of a cDNA or
an EST or an PCR fragment of C. elegans cloned between
) two T7 promoters as described in Examples A) and B)
25 can be introduced in the T7 RNA polymerase worm, by
standard techniques. Phenotypes can be analysed -DNA
from an ordered and pooled library as in Example A}
can be introduced in the T7 RNA polymerase worm, by
standard techniques (injection, shooting). Phenotypes
30 can be analysed. With the hierarchical pool, the
original clone can be found easily.
- The same procedure can be performed with a mutant
worm expressing the T7 RNA polymerase. Screening for
enhanced, reduced or new phenotypes.

35 - The procedure can be used to enable screening of



ATG AAG ACG ATT AAC ATC GC oGN4: ATG GCC CCA TGG TTA CGG GAA CCC GAA GTIC
CG pGN1OO is included. The vector is introduced into the worm using
standard techni ques, such as mcro injection, for 25 exanple; The 3 FEB 2004
followi ng strains were then constructed: -WI d-type (pGN100) 30

- nuc- l(eIS‘YéS‘g‘}CIJ\ImO) -pha-1(e2123) (pG\Nl 00) -pha-1; nuc-1(pGN100) All of

t hese strai B4abl e to produce T7 RNA 35 pol ynerase WHEHERIIHAS at ur e

i nduced or alternatively WO 00/ 01846 PCT/EP99/04718 - 28 by metals such as
application of heavy cadm umor nercar¥yé® The procedure for tenperature

I nduction is to shift the animal to a tenperature of 30-33C for at | east

one hour, then the ani can be shifted back to 5 standard tenperatures
(15-25C). The wifdR E’S't PEFREPLBYUETHYy SArMRRA2pYE Y fetrBe stemitbewused for

the production o mmﬂ%tlralthOﬁOéﬂhand\éH @rSPew pheAbt¥ped he pl asmi ds
fromthe descri bedTthrﬂé%brar can be roduce I n these worns, and
phenotypes can be st Hﬁ in ‘f'f'if? | FopR ’a%e‘EF‘—“lo i ntroduce
DNA vi a bact eri ametrhads c@nbhefmhm:h&eﬂd thAs deh&vﬁ!m} df MOKM¥iges not di gest

the DNA, theg pla ss .the qu I n up by the
cel I's that prodﬁ‘glegt hqgﬁf%‘q % r]'élseraq: i’ﬁﬁﬂﬁm}’??iﬁéaﬁﬁbﬁfg d3 thus .
i nhi biting the géer o cnhemncmal heTle\#rwmt tdigestibhedf e Dhasdlimut ant

strain that prodseecs s £ Ngut20s Pohy TRIARG & tpg§f8§§g% RANAnGRJhe

procedures as described above. DNA can uce ing,” mcro
i nj ection or feé ’ﬁ’g‘“%é' spéeFanE Wil the Slse§trr€mﬁhc€m Ibe‘-‘tﬂsed for the

vectors that prodereszisRihisf posteaprSSand eoBhENEs JeRe st Nterest, the
latter

10 interesting as it would be independent of
transformation efficiencies of other techniques, and

generally faster and less labourious.

2) Putative enhancements of the method.

15 - A vector is designed, so that it harbors the sup-35
CDNA or a part of this cDNA, cloned in between two T7
promoters. The rest of the vector is as described in
Examples A) and B). This vector can be introduced into
a2 pha-lts mutant C. elegans. A temperature selection

20 system exists in this case and only those worms which
have taken up the DNA and express the doub.e stranded
sup-35 RNA will survive at restricted temperatures.
The hierarchical pocled library can be delivered by

) any method described above.

25 - The vector can be used to construct a library that
is introduced in a T7 RNA polymerase expressing E.
coli. In this case we have an analogous screening as
in part A)with an additional screening for worms where
the dsRNA of sup-35 is active.

30 - The DNA and or dsRNA of sup-35 could be delivered on
a different plasmid. For the feeding, both DNA feeding
(Example C) or dsRNA feeding Example A) and B), this
means that the two plasmids could be present in one
bacterium, or that the worm is fed on a mixture of

35 bacteria, one of which harbors the sup-35 construct,



25 can ;be a PCR product, a cDNA, or a library as described. The pha-i'

nuc-1 nmutant producing T7 RNA pol ynerase can be used for the bacteri
delivery of the DNA. DNA will preferentially be the plasm d that 30
produce dsRNA from both sup-35 and the gene of interest. The wormstrain
will prefergntially produce the T7 RNA polynerise in the gut. Delivery
will prefe Pbﬂ‘%’/y happen by feeding the worm on bacterP%rmﬁ%?f%’dPi ng the
pl asm d. 35 WD 04/01846 PCT/ EP99/04718 - 29 Application of the RNA

t echnol ogy in plants Nematodes are respohsible a large part of the damage
inflicted on plants and nore particularly to 5 plants used in the
agricultural industry., The ' rocedures according to the invention can
he applied to plant sthgmﬁ'}gvghttl?%e"s"é‘“ﬁé?‘&&"??@geﬂ'r%?od@@ PrArc#R¥di ng
longer. In a first ste&p, eAefhAsfragnent is isolated fromthe parasitic

pl ant nematode that is 10 critical for the animals survival or growh, or
to feed or to proliferate. Any gene fromwhich the expressionis
essential is suitabl e Teoprpiuse plit jO¥e poAyparasefin e gere, aavexah or
CcDNA is cl oned. IS Ak EEY t:f;_g.r] C i ugnce of 15
a tissue sp(ra%ificpup?r%rmt é}:]i%?e%%ér]apb y ﬁ%éo?ﬂgg&w%eﬁ%ﬁot@éb giglen nor e
preferably betwediFRERESEEoUNdPE CYF IOYS PForersrs THeeimgA ighuchblel oned gene

under the contr glrdiotlehd, 6hsEPAM Ve pREABPELS, L] pRbhedeesd in the
pl ant of interest, 5.1 pl ant_ 20 transgenic t echnol ogy. For every

parasi ti c nemat o8 F1SFuFr éFeht) PRSI I3C PRAMARST e Fre GAMPABREREIT i kewi se
for every plant racehosedi Ek&nplés FOMhege phbhoters naedete The root will
produce R r d r the 25 introduce i ece of DNA when root. specific
pr onot er :\lsl&utilsrﬁslg@ém%? PRE™ Rt iR eegggo%utt HEF FICHTE, 9BRe RNAE and/ or
dsRNA wi | | be corpametesr frogeseeibty lutealso the promoter of dpy 7

and the promoter element GATAl. In this example the T7

FEB 2004

RNA polymerase is expressed under the control of the
hsp-16 promoter that is available in the pPD49.78

15 vector. The T7 RNA polymerase is isolated as a PCR
product using the primers of GN3 an GN4.

The resulting PCR product is digested with Nhel
and Ncol, as is the vector in which we want to clone,
being the Fire vector pPD49.78. The resulting vector

20 is pGN100 illustrated in Figure 2 oGN3: CAT GGC AGG
ATG AAC ACG ATT AAC ATC GC oGN4: ATG GCC CCA TGG TTA
CGG GAA CGC GAA GTC CG pGN100 is included.
The vector is introduced into the worm using
) standard techniques, such as micro injection, for
25 example.

The following strains were then constructed:

-Wild-type (pGN100)

30 -nuc-1 {(el392) (pGN100)
-pha-1 (e2123) (pGN100)
-pha-1; nuc-1 (pGN100)

All of these strains are able to produce T7 RNA

35 polymerase when temperature induced or altermatively



nemat ode. The RNA and/or dsRNA can enter the cells of the nenatode §;&
performits inhibitory action on the 30 target DNA. Depending on the B0l
of the cloned DNA piece of worm the nenmatode will not be able to

survive, to eat, proliferate, etc in any case preventing the ani mal of
feeding |onger on the plant, and thus protecting the plant. 35 WO 00/ 01846
PCT/ EPOO/ 0OWa @180 Construction of a T7 RNA pol yner ase proerssioangs C.

el egans To produce a T7 RNA pol ynerase or other RNA 5 polynerases in
animals, and nore particularly in nemagodes and nost particularly in C

el egans, several possibilities can be envisaged. The T7 RNA pol ynmerase can
be expressed under various pronoters. These pronoters nay be inducible
pronot ers, consbyt metads 1ugh amapplicgenat D Peav®t er8mithSspe specific
pronoters, or c ' [ t €. aml el :  Constryction of a basic
vector for expr glgg Fgg&b?ﬁ%%rf%%%\? ﬁegég_et‘?weéaté‘FggéﬁguﬁboWﬂspd:lcyrrer ase
codi ng sequenceS@astPtRe amistalf ited af empevaQEtre( Kdvagen3 “dbEbsat, USA) usi ng
the priners oG\ TGRAN T n _

OGVA6( CTCACCGGTA%‘?’%%%ACACGA&FL%A&HTE@@&, gu;s;‘iuifni‘g"g@'ET S pangne gr%% AP PR A
practical A& pra&FPBdRT@pproach, 1993, Ed. J. MPherson, et al, IRL Press).
The resulting PMpbragersd @weaicng for the T7 RNA pol ynerase was

di gested with Agel agﬁ Eco and 25 inpserted into the Fire vector pPD97.82
digested with Agel ARG BHUREYPPhELFain RISPEsesTruRNAcPRbTErdssr an  open

readi ng franme otad7b&\dsed|fivrEenaeeprbdhetsid of Ghy RRE SY40d afa@.T antigen
nucl ear | ocali zg%kgn ’?é‘g { 1( NLSl’i Wi tg am ofaci d Eeq ence, MIAPKKKRKVPV.
Thi's 30 nucl ear Pocalrt3at ot diYgnaPesR i*E e b r 885¢0tPe% ansl ocat e
the T7 RNAQol yhidbuseies ovart e gytoplased i theeenwokmss,andiere it is able

to Pind t0 itS phenotypes can be scored.

The nuc-1 mutant worm will be used to introduce
DNA via bacteria on which the worm feed. As the nuc-1
worm does not digest the DNA, the plasmid DNA can

15 cross the gut wall. If taken up by the cells that
produce the T7 RNA polymerase, dsRNA will be produced
thus inhibiting the gene from which the RNA was
transcribed.

The pha-1 mutant strain that produced T7 RNA

20 polymerase can be used to enhance the procedures as
described above. DNA can be introduced by shooting,
micro injection or feeding. More specifically this |
strain can be used for the vectors that produce dsRNA

) from sup-35 and from the gene of interest, the latter

25 can be a PCR product, a cDNA, or a library as
described.

The pha-1; nuc-1 mutant producing T7 RNA
polymerase can be used for the bacterial delivery of
the DNA. DNA will preferentially be the plasmid that

30 produce dsRNA from both sup¥35 and the gene of
interest. The worm strain will preferentially produce
the T7 RNA polymerase in the gut. Delivery will
preferentially happen by feeding the worm on bacteria
harboring the plasmid.

35 '



speci fi.c pronoters, designated T7 pronoters. Upstream of the coding
sequence for the T7pol ynerasefusion 35 protein is a mniml pronoter 004
(myo-2) preceded by a -3 FEB 2004 WO 00/ 01846 PCT/ EP99/04718-- 31 m?lﬁﬁﬂp g
cloning site (MCS) in which several C. elegans pronoters can be inserted.
This plasmd GN105 shown in Figure 11) is a basic T7 RNA pol ynerase
plasm d whi ¥R? es the expression of 5 T7pol ynerase i nPO/ERIG¢ASS.
Derivatives of this plasmd wherein pronmoters are cloned into the multiple
cloning site, allow for the inducible; é¥nstitutive, general and tissue
speci fic expression of T7 RNA polynerase in C. el egans, as expression wll
be 10 regul ated by t r ter cgo%ﬁd)lnthe multiple cloning site.

Al t hough not restri ct ﬁ8§e° |RNAL terchnology Gin @kangspronoters it
i's known that they |nduce expression in the foll ow ng tissues. 15 | et-858
(ubi qui t ous expressi har ynx pressi on 0-3 (body wal |
nmuscl es), egl-15 (vulcﬁ\pa at rruscﬁgg %/Rf@"sll% (Bai Y. ofx gﬁﬁl e 2; 20
Construction of damags anfrlleXpdeeslp)Iamfs BhdRMNord psartrlcﬁil‘%@ﬂ'?stBUSCl i ue.
The T7 RNA poly @ﬁes I|f|e fr X CE6 using
the priners o %&W&% hd oG4
(CACTAGTGGGCCCTm co®y & Jeut edvmti'pnﬁaﬁi kgpeppanddi nsert ed

in the pCK13 vect®rpxi d e ins the
strong SERCA pr i rg:%Stt% pé%éﬂ%%p%f@?lkgﬁﬁg#ﬁ%qﬁ% g%{i}he 30

no i C
vul val nuscl e, ﬁ%eCEJaqq ]éﬁ’ﬂefhelbo%iyf%tl SteBe| 2)DNA frm@le@&r iBocal i zation
signal (NLS) of fiihdeat Geoh tﬁétpﬂﬂbm% maﬁttﬁélnaabcfer%tat%sthe T7

I di t over |l appi n oligo's oG5
P S e1cod AR SEHe Dol SR o 21 LUP SYSLIARR Y, oL o

feed or to prollferate Any gene from which the

expression is essential is suitable for this purpose.
A part of this gene, an exon or cDNA is cloned.

This DNA fragment can be cloned under the influence of

15 a tissue specific promoter preferably a root specific
promoter even more preferably between two root
specific promoters. The DNA of the cloned gene under
the control of the root specific promoter can be
introduced in the plant of interest, using plant

20 transgenic technology. For every parasitic nematode, a
different piece of DNA may be required and likewise

for every plant race, a different promoter will be

needed.
) The root will produce RNA or dsRNA from the
25 introduced piece of DNA when root specific promoter is

utilised. As the nematode feeds on the plant, the RNA
and/or dsRNA will be consumed or ingested by the
nematode. The RNA and/or dsRNA can enter the cells of
the nematode and perform its inhibitory action on the
30 target DNA. Depending on the nature of the cloned DNA
pPiece of worm, the nematode will not be able to
survive, to eat, proliferate, etc in any case
preventing the animal of feeding longer on the plant,

and thus protecting the plant.
35 '



35 0G\Y46 ( CTCACCGGTAATGAACACGATTAACATCCC) into the WO 00/ 01846
PCT/ EP99/ 04718 - 32 Sacl/Agel restriction sites. The resulting consr.gq:cEtB 7004

was called pGN108 as shown in Figure 10. Introduction of this plasmd into
C. elegans results in the expression of T7 RNA pol ynerase in the pharynx,
vulva 5 nuscle, tail and body wall mnuscles. To test expression and
functional iwpoeP1sdy RNA pol ynerase in C el egans under tRET/ERYOHASI on of
the SERCA pronoter, pGN108, which encodes the T7RNA pol ynerase under the
control of the SERCA pronoter was 10 rnpected into C. el egans. A test
vector was co- injected. This test vector encodes for GFP under the

control of a T7 pronoter (pG\WMOl1l in Figure 13). The plasmd pGW01l was
constructed by insert¢erpinstdenr bAppiTiH RN golymethdd producing C.

( CCCGGGATTAATACGACTCAGTALA) 15 and oG\42

( CCGGTATAGTGAGTCGTATTAA G&CT) in the Sacl/Agel opened Fire vector
pPD97.82. generating a T7 prompter. Furthernore a selection marker was co-

injected to sel ect fofe tgsiQr gosd SRNA q;oq}mglggg)e o?h&hé@tﬁﬁ}[ sel ection

vector pRF4 is wel] known to person 20 skilled in the art._  Transgenic F1
coul d easy e i EDLEISXPSES fRepPiTals ay@ithe TOEF BaphifidtFHY hese

transgeni c C. el agnasoddd £xPmessepafibRulartifeinpbar ¥y&gahde sdieradll nuscl e,
the tail and the_bod

. muscle. This data sho I ly that theT7 RNA
25 polyrrer ase. | SPPORLET ARG, AR TR THE T b RO AN, SERCA
pronoter, and thaéntbe expaesessednddr RN ipalsy peoastebhs ndShéae t he T7
pronoter presen ﬁ%ﬁ_g pt GFP gene,
whi ch is then fu%gétxﬁ% %%ggrge%gg%é P&rﬁgt%:é# é&??ﬁ%t}ﬁeés.&?ence in the
muscl e tisd®es mﬁé@@otmqngraﬂadaqu% éxsségssﬁﬁceflq he T7 RNA

pol ynerase. 35 - pBofibfer®0brOolBiRd8nS G ER3IL04718 - 33

Examplel:
C cti f a basic v or ggi f
15 T7 polymerase in C. elegans

The T7 polymerase coding seguence was PCR
amplified from A CE6é (Novagen, Madison, USA)using the
primers oGN26 (ATGGAATTCTTACGCGAACGCGAAGTCCG) and

20 OGN46 (CTCACCGGTAATGAACACGATTAACATCGC) , using standard
procedures (PCR, A practical A practical approach,
1993, Ed. J. McPherson, et al, IRL Press). The
resulting DNA fragment encoding for the T7 RNA

) prolymerase was digested with Agel and EcoRI and

25 inserted intc the Fire vector pPD97.82 digested with
Agel and EcoRl. The resulting construct encodes for an
open reading frame of T7 RNA pclymerase in fusion with
the SV40 large T antigen nuclear localization:-signal
(NLS) with amino acid sequence MTAPKKKRKVPV. This

30 nuclear localization signal segquence is reguired to
translocate the T7 RNA polymerase from the cytoplasm
to the nucleus, where it is able to bind to its
specific promoters, designated T7 promoters. Upstream
of the coding sequence for the T7polymerasefusion

35 protein is a minimal promoter (myo-2) preceded by a



Exanpl € 3r Construction of a vector for ubiquitous expression of T7
polynerase in C. eleQans } 5. The NLS-T7 RNA pol ynerase fusion gene EB 2004
i solated from pGN108 with Xmal/Bspl201 and cloned into the Fire vecto
pPD103. 05 digested with Xmal/Bspl2O .This results in a vector wherein the
T7 RNA polynerase is cloned under the regulation of the 10 let 858

pr onot er . OD0QK4ei fi c pronoter enabl es the expressi on BCT/EPIFMAS
polynmerase in all tissues. The resulting plasm d was naned pGN110 (Fi gure
14). Exanple 4: 15 Construction of a veéflor for T7 RNA Dol vnerase nedi ated
expressionof DNA f raanments . genes- and cDNA's under the control of a T7
pronoter. The Fire ve or pPDO7.82 was digested with Sacl / 20 Agel and a
T7 promoter sequBHib? @ﬁ?fé‘r%ﬂé’&tﬁy (MRSErin gthigh skyesadrCappi ng ol i go' s
?%A(TAGTGAGTTEM Eka@ndeo he Sacl [Age; PrEsME,

n e Sa e restriction
endonucl ease si ?gﬁiﬁé S%’wn%t 11 @Nib iﬁ'ﬁlg T7)®Bntains a GFP
open readi ng frapelmhenmb ﬁdeism@nwﬁaeh enabfézol%lher esptesbion endonucl ease
sites underg theq if e en cDNA, or DNA
fragnent can be cr' e% Nt |Ols vt&]ecte-c{)rggngng% % vat e% gFE’hb%ne as a Agel/
Sacl fragnent anéleaméqio‘ﬂﬂwltm@rbmtﬁragmma:fnadmaltesthenmtmltt:t;ela/ector
Preferentially tbeobtisfsaQieniigh, BeERets AARAA . ObLALRRLOY D

anplification, inserting the Sacl sites 1n theé priners. #’ﬁe resul ting
DNA f ragnent af t 8FRePRR %‘Fﬂ)lqlqué@t PBﬁCF§1€ r@xmnaf@gp@doénahmew gene in

35 pG\400 is repbamszdebasémaaimlelltagaas%féa@gﬁkmlon w31TER 2004 WO
00/ 01846 P(:”['B/ EP99/ 04718 Everr¥ vector_that contains_a T/ pronoter

coul d be used for9t %t?)‘élr%sté‘eop FORRE PUPRSferids &henButedPlexpression in

C. el egans, suchcienihe sommercially
Although not restricted to these examples, for
the following promoters it is known that they induce
expression in the following tissues.
15 let-858 (ubiquitous expression), myo-2 (pharynx
expression), myo-3 (body wall muscles), egl-15 (vulval

muscles), unc-119 (pan-neuron).

Example 2:
20 Construction of a vector for expression of T7 RNA

1 r in C. egans muscl igsue.,

The T7 RNA polymerase coding sequence was PCR
) amplified from A CE6 using the primers oGN43

25 (GCCACCGGTGCGAGCTCATGAACACGATTAACATCGC) and oGN44
(CACTAGTGGGCCCTTACGCGAACGCGAAGTCCG) digested with
Agel/Spel and inserted in the pGK13 vector digested
with AgelI/Spel. (This vector contains the strong SERCA
promoter which drives expression in the pharynx, the

30 vulval muscle, the tail and the body wall muscle). A
nuclear localization signal (NLS) of SV40 large T
antigen was inserted in front of the T7 polymerase
coding sequence by insertion of two overlapping
oligo’s oGN45 {CCGGATGACTGCTCCAAAGAAGAAGCGTAAGCT) and

35 oGN46 (CTCACCGGTAATGAACACGATTAACATCGC) into the



avai l abl e pGEM vectors and the pBluescript vectors. 5 This is clearly_shown
by the pGM01 vector which expresses GFP under the regul ation of the3FEB 2004
pronoter in a transgenic C. el egans which expresses T7 RNA pol ynerase.
The use of pGWMO00 has the advantage that the 10 vector includes a 31UTR
fragnment from unc-54 which enhances the transcription or stability of the
RNA. Gener amigoovogdss per manent, tissue specific '"pseudo kpetkpsuks?isRNAI C.
el egans lines 15 At present, gene knock outs in C. elegans are obtained
after random | arge scal e nutagenesi s -add PCR base sib-selection. This

met hod is bul ky, very time consumng and tedious. It has been described
that 20 introduci ng double stranded RNA into a cell results in potent and
speci fic interfeSewdédrgel exgstasisitdonobitenddjenaesujedas. cbﬂs&uca:l egans

gene expression cap heg; gg\é&f,f]l%ulagt SﬂoQX 1.0 (qdr%n&gf CE)%N.FA%_“ 3 ngt he body

cavity of the worm soakin wormin sol USRNA or
feeding E. coli tfathésppbagmidsRxso Sorcb%%mjlmutl@m hie gbqe of interest.

. chogans  cel| wbauseibe abit) wipl got pherdde dsTACS PRGB! ryutva -

extracel lul ar envi ronrrent has been teported that
this ds RNA fredi FU6& Sen%%-’ﬂc a3 oedyr f’é%rf&‘é‘s‘(llﬂﬁ\t gonery and Fire 1998). It

is also suggested thap tégrt @doBl\@nan&&%%%qlw bRers gl eus before
transl ati on can occur. AIthouht edre uction of gene
expressi on can b&@O*FHELRATE M ¢ Sgﬁﬁﬁt ‘@%E el ik ﬁ@l"?’f‘a%fl‘?l?e;/ is 35
poor and the eff &ERCASprapbidyy, |QﬂNldBEIﬂ@1<fml‘drftﬁfdes BhEEB7RGH4 WO 00101846

decr case of 1he FeMASEREF e, Biso shREbE GF he SEER Bebii st cfi
el egans |ines wi timjgcpednimentC. dlelgenst abl egstRNECtprewesype- The net hod
enconpasses 5 theggereed! | Al Oftddt2IS8E8E Cefeoddd £33 GFNEIALY the
control of a T7 promoter (pGN40l in Figure 13). The
plasmid pGN40l1 was constructed by inserting two
overlapping oligo’s oGN41 (CCCGGGATTAATACGACTCACTATA)
15 and oGN42 {CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) in the
SacI/Agel opened Fire vector pPD97.82. generating a T7
promoter. Furthermore a selection marker was co-
injected to select for transformants (rolé, pRF4). The
latter selection vector pRF4 is well known to person
20 skilled in the art. Transgenic F1l could easy be
isolated as they display the rol & phenotype. These
transgenic C. elegans all expressed GFP in the
pharynx, the wvulval muscle, the tail and the body wall
) muscle. This data show clearly that theT7 RNA
25 polymerase is functionally expressed under the
regulation of the SERCA promoter, and that the
expressed T7 RNA polymerase binds to the T7 promoter
present in pGN40l1 and initiates transcription of the
GFP gene, which is then functionally expressed,
30 resulting in fluorescence in the muscle tissues where
SERCA is inducing the expressicn of the T7 RNA
polymerase.

35



i ntrodyci ng plasmds containing cDNA fragments of the target gene in the
sense and antisense orientation under control of a worm pronoter orj thB 2004
transcription of an inverted repeat of the cDNA froma single 10
construct. Alternatively, ds RNA can be transcribed froma vector
harboring a cDNA flanked by two T7 pronoters in a C. el egans strain that
expresses T gydrerase. The result is a transgenic wor |

heritabl e s‘tzgtt)) e "pseudo knock-out" phenotype. The 15 exgir)(\é*s[gﬁgﬁﬁtl) t he
cDNA or the T7 polynerase can be generaf and constitutive but could al so
be regulated under a tissue specific pronmoter. In contrast to RNA

I nduced by external ds RNAI (injected, soaked or feeded) this nmethod woul d
enable to obtain 20 cgi;@fﬁ 1ol , tissue specific inhibition of gene
expression. Inhibition of unc-22 interference-results in
"twit chi ng phenot ype. S2%8%3Hction S WS- ELEHREE i N sense and

anti sense orientati onexprgd My 8659 =HYy ai ning the |et
858 pronoter that is capable o expressi ng RNA sequences I n all tissues.
The resulting 30 plasm ds were named pG\N205 (Figure 19a) and pGN207
(Figure 19 B). These ThasNLSKI7S RWAr polynemdec gdsinhogerfe etamgans toget her
wi th a sel ectabl - 6, ' 1.1 ndivi I,
(expressing rol - Sgrﬂggéfﬁé’%@é“?@%Féﬁr}?g%%%‘égo xlf/é[;eélloﬁ%:égal Fﬁg t hat
35 RNAI coul d bethedFaredventan@EgéAduss tdimestedpwith of WO 00/ 01846

PCT/ EP99/ 04718 - 33871 /B3¢ 0RHilaregeit s A +IReoB\Me ANENQHLP§CO-
segregated with the selectable marker into further offspring. This

resulted in the §¥hePalymgraste ¢5 cdregAnydamésenreaupet k&t tRRA
phenot ype. 19 Geneeabbenpadmsdeihl enkibngpedis RNApRBhYHBF agablddeheand

enerati on of dual transgeni ) expr essi on stemin el egans
gaséd on an express% oé:fqoigi p@fyme ase %n alfyt{ssues. %he 9

resulting plasmid was named pGN1l0 (Figure 14}.

Exa e
15 ons icn of v r T7 RNA age
Xpre D m n
NA's under c 7 0

The Fire vector pPD97.82 was digested with Sacl /
20 Agel and a T7 promoter seqguence was generated by
insertion of two overlapping oligo’s oGN41
(CCCGGGATTAATACGACTCACTATA) and oGN4:z2
(CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) into the SacI/Age/
restriction endonuclease sites. This construct (pGN400
25 Figure 12) containse a GFP open reading frame cloned
between Sacl and EcoRI restriction endonuclease sites
under the regulation of the T7 promoter. Any gene,
cDNA, or DNA fragment can be cloned in this vector by
deleting the GFP gene as a Agel/ SacI fragment and
30 cloning the DNA fragment of interest into the wvector.
Preferentially the DNA fragment of interest can be
obtained by PCR amplification, inserting the Sacl/Afel
sites in the primers. The resulting DNA fragment after
PCR amplification is the digested and the GFP gene in
35 pGN400 is replaced by the amplified DNA fragment.



10, exogenous RNA pol ynerase demands two plasmids. One is encoded for JtrEg 2504
RNA pol ynerase under the control of a specific pronoter, while the other
pl asm d encodes for the DNA fragnment to be expressed, under the regul ation
of the T7 pronoter. In the case of sem stable RNAi 15 al so designated
pseudo stabl e knockouts, the DNA of interest is cloned between two T7
pronot ers sWOwHKBX846 dsRNA can be produced. As the T? RNA pPLT/ERI9HES
expression systemis known to be a high expression systemthis will result
20 in problens to generate dually transgenic aninmals. If the gene to be
expressed in the C. el egans nematode is toxic, this wll result in |ethal
effects and hence in the construction of a C. elegans w thout highly

regul at ed st abl eEeepy egsitexr chat heogexinsofa TNt presdteR2cddld e geag of

interest is esseptl] SULVvl Qf [ gani NAI with a DNA
f ragnment frorn'thlfléf a%}ééngu\#lggeagéoﬁlgés%ﬁ £ ‘ﬁlﬁ’gﬁ‘e’?ﬁ |+ ?"frgeec S, so that
pseudo- stabl e kerekessioraia fot epogansl euchoasyehe orwudricsapigbl em t he

. : _ . e N :
present inven or&a%ﬂ@l/%ﬁﬁsbgg@&g@%tﬁl@[ Eg@t%gﬁ\% g{ﬁctt\gq.s_ransgem c

animals. The first_ animal "is_transgeni ynerase, This T7

RNA pol yner dse cBal®ele iheasdgdshawn Y the PSNEPL syRetdy evhdel s or ti ssues

as has been shoupiébd¥ £ \GFRUGnAE2NPhE Sregli1@ 386054 ﬁﬁénﬁﬁgt'oﬁuogérani mal is
transgenic for the DNA fragnment of jnterest. WD 00/01946 PCT/EP99/04718 -

37 This can be ¥'RAFBIPEHRE Fr nkEeLI® FFEFRprRbeetes &7 R one wants to
perform RNAI a Dplymexggeent of such gene cloned between two T7 pronoters.

Both transgeni c ani s are vi.ab do . .not _ .5 show aherrant
phenotypes. This i S”Eié s Pﬁepb%%ﬁfol%f’lggan%?(%? gé%‘éd% the first
transgeni c 10or gavestor sinmtudesxac3 ! UTR thagmegankt som wwert4 whiehpressed at
relative hi gh | e¥hancdd) dil® c38AR08; pl 18D 3020 6oL 8D SN gpiene of

e ds as t

interest is not 10 expressed or t I's not produce ese
transgenic animals do not contain the T7 RNA

Generation of permanent, tissue specific ™pseudo
knock-out” RNAL C. elegans lines
15
At present, gene knock outs in C. elegans are
obtained after random, large scale mutagenesis and PCR
base sib-selection. This method is bulky, very time
consuming and tedious. It has been described that
20 introducing double stranded RNA intc a cell results in
potent and specific interference of expression of
endcgenous genes. In C. elegans gene expression can be
down regulated by injection of RNA into the body
cavity of the worm; scaking the worm in a solution
25 containing dsRNA or feeding E. coli that express dsRNA
corresponding to the gene of interest. C. elegans
cells have the ability to take in dsRNA from their
extracellular environment. It has been reported that
mRNA is the target of this ds RNA mediated genetic
30 interference (Montgomery and Fire 1898). It is also
suggested that the targeted RNA is degraded in the
nucleus before translation can occur. Although the
RNAiLi mediated reduction of gene expression can be
passed on to the next generétions. heritability is
35 poor and the effectlis rapidly leost during further



pql ynerase. Expression of the gene or cDNA of interest or RNA wtr%ﬁg%@
fragnment can now be obtained by nating 15 the two transgenic ani nal

of fspring of these are dually transgenic and express the gene of interest
or express dsRNa of the DNA fragnment of interest. To generate sufficient
mal es in such a mating, one of the transgenic animals nmales can be a C

el egans 20 WOOHMB46, t h a phenot ype favouring generation oPCTERSE4TI8 An
Exanpl e of such a nmutant i's him5. Preferentially such a nmutant will be
used to nmake a C. el egans transgenic-f3® -T7 RNA polynerise, while the

her maphrodi te harbors the DNA fragnent under the 25 regulation of the T7
pronoter. To select efficiently for the dual transgenic offspring a second
transgene can becffapmidgce@his iheraeddyddue ansgeriantamuedl . Thi s

transgene cont ai fl§-1ykagktBer SISH8 r %%!E! t f 7
pronoter. 30 The repc?rsteere@g{éﬁée can ?%EP k?ﬁp rae";lé-le etgamggﬁoa-
gal mact osi dase, % IREEEINGEt Gne@kegan® é)%&ﬁﬁl‘elﬂ & \RErmazent; ansgene are the
vectors pG\400 aﬂﬂud&@%&ie, TRNRD U dhdeRduc @h@,médm%nﬁﬁ%h&bes expr essi on

of atransgenel ele ansvvecan make mal e stock 5 (1.e. himb)
carrying the T7 Ele’anﬁ rFAnSg@ena6/ 61826380 EP@‘QPOEYIB - 38 under
the control of ohﬁtfxemratmg pﬂw@fm;s dIneaRheng cmmtfﬁga@n%t bEstige Speci fic
expression such ae]_) tThI ) Eih% an be crossed with maghrodl tes
carrying the i Shter é’ét FE5eh DR AR B SRSE é’r'l"‘?”ﬁ GiBPer. 5

Furt her nore, themdms:gmmslcaf\ devamt pyoadedr ontly tdrangerapeiohn t he
ani mal . Met hods S |t ra' | a dinto the
30 SPIRLALELaSEAR S UK SLALLRD Blod PidRh

genonme of the ani rra ave Been descri be LT &P hi ol ogy, Vol.
48, 1995, @&H. by-ERRAAICK - ahlt SR elysadenfiA 10 priess Hramsdriihed| ve

radj ation of thegai Bhectdbi faPSdL REy QO%NAOhJMéa HY Mospani mal's, but
preferentially, the aninmals expressing t RNA pol'ynerase are subJ ect

to such tl,aetneﬁgromﬂﬂqgsréguﬁt . elegans straln that expresses T7
polymerase. The result is a transgenic worm with an

heritable stable “pseudo knock-ocut” phenotype. The

15 expression of the ¢DNA or the T7 polymerase can be
general and constitutive but could also be regulated
under a tissue specific promoter. In contrast to RNAi
induced by external ds RNAi (injected, socaked or
feeded) this method would enable to ocbtain

20 conditional, tissue specifi¢ inhibition of gene
expression.
Inhibiti of unc-22 ression
) interference results in a “twitching” phenotype.
25 '

Unc 22 cDNA (exon 22) was cloned in sense and
antisense orientation in pPD103.05. (A. Fire nr L2865)
containing the let 858 promoter that is capable of
expressing RNA sequences in all tissues. The resulting

30 plasmids were named pGN205 (Figure 19a) anc pGN207
{Figure 19 b). These constructs were introcuced into
C. elegans together with a selectable marker (rol-§;
GFP) . Transgenic F1l individuals (expressinc rol-6 or
GFP) showed a “twitching” phenotype indicating that

35 RNAi could be mediated by endogenous transcription of



in a cdllection of C. elegans nematodes that stably 15 express T7 RNA

pol ynerase under the control of various pronoters. exanples of such
pronmoters are the nmyo-2 (pharynx expression), nyo-3 (body wall muscle§FER 004
egl- 15 (vulval nuscles), unc-119 (pan-neuron), SERCA (nuscles), 1let858
(all cells) ges-1 (gut). 20 Construction of RNAI T7 pronoter yeast two
hybrid vecWor®@OB4it-h f52rward and reverse T7 1T3 and oPCHEB®9/02B8| n nost
two- hybrid experinents a cDNA |ibrary is cloned in plasm d pGAD424 (Figure
16) which has been engineered with addséional restriction sites in the

pol yli nker such as a Ncol site (Clontech). This Ilibrary allows for
screening of binding proteins in a 30 yeast two hybrid experinent. W
constructed a neRNAybeon trnsmsgebicdONECtDre RNAD phenctame: passiblilities to

performyeast twg 4 .ch %Q%EI%EI\H t L, pronot ers,
so that the vect o?&%g%_tgeed W&tgg‘é"g?%rs : ;530 y%?gggéén?ﬁl?§§géseudo-stabl e
35 knock-outs. Feffsp¥ingwe Thiseresdlted dmndhe Fgnevatidmeping.00101846

PCT/ EP99/ 04718 -¢88gards Ninds WEEh HEARH Ronef phdifodqld OWi ng priners
aattcttaatacgact cact at agggcc and catgggccctatag?gagtcgtattaag) into the
EcoRI-Ncol Site of pGAD424. The resulting vector was designated 5

PGAD424- wi t hout - FULL. g&eatibnTds Sesis) s\asinleaken kion 10d)vi stop codons

and using nmaxi nal pol linkerd [oYs) atigle 1.no_aci ds. We adopted the sane
Strategy  for the revhtiss #Rd SEHRFRTIF Ut ek LpAnsqsnic wdms.

gat ccgt cgacagat ct ccct at agt gagt cgt att act gca and 10

gt aat acgact cact at agg 1 g ' Ba Pstl.. T oid | oss of
Sall, we included th%%gs g%%%ggﬁh%y%ﬁ%$%£i %?ﬂ81§§%T5§$%%$qf§ﬁ %éortant as
nmost |i bradifes ap¥cgenrem®NANpphivvestse derdadisetwo apkasmiddd .alfine. i¥his 15

makes the newly gRRSAEdICES rHRCRRA SOTRMAYL Wbl cif| SdIBIVRE QT S-

specific promecter, while the other plasmid encodes for

the DNA fragment to be expresgsed, under the regulation
of the T7 promoter. In the case of semi stable RNAi
15 also designated pseudo stable knockouts, the DNA of
interest is cloned between two T7 promoters so that
dsRNA can be produced.
As the T7 RNA polymerase expression system is
known to be a high expression system this will result
20 in problems to generate dually transgenic animals. If
the gene to be expressed in the C. elegans nematode is
toxic, this wili fesult in lethal effects and hence in
the construction of a C. elegans without highly
) regulated stable expression of the gene of interest.
25 If the gene of interest is essential for the survival
of the organism, RNAi with a DNA fragment from this
gene will also result in lethal effects, sc that
pseudo- stable knockouts are not possible.
To overcome this problem the present iInventors
30 have designed a system consisting of two transgenic
animals. The first animal is transgenic for the T7 RNA
polymerase, This T7 RNA polymerase can be expressed in
all cells or specific cells or tissues as has been
shown in previous examples. The second transgenic
35 animal is transgenic for the DNA fragment of interest.



PAS2wi th with forward and reverse T7/ T3 and or 5DG 20 An anal ogous yeast
two hybrid vector was constructed based on pAS2 (C ontech). By partiﬁl EB 7
EcoRV digestion we were able to renove a significant part of the cy 5 004
gene. The right construct can be isolated and 25 checked by a restriction
digest with Bglll. this restriction site is present in the EcoRV fragnent
of PAS2 t oWix00MI844i nated. This elinmates the cyh2 gene weicthkpbdosdilsi ghtly
toxic gene and involved in growh retardation. This gene is non-essenti al
for the 30 perform ng of RNAI and Yeast aywo hybrid experinents. After the
elimnation of the EcoRV fragnent, The EcoRl restriction site which is
| ocat ed between the DNA sequence encodi ng for GAL4DB and HA (epitope)
becones uni que f&hisheaplbesrd genandrcamndel iuked to 35'1‘7“%%&6&%‘% wth a
C1/ EP99/

T7 pronoter contgigng 'rn:lr%er. - FEB 2004 0,01846 718 - 40
This ensures pers:’fstg%c‘lééo & pF%g?ﬂ"c | %V\qu siragmengyiafy svehh in frane
cl oni ng and conpEensi fienedibetwepnetvwoUs? eototerand pGAD424. W used t he
follow ng |inker (pradesSraid L La ﬁgg c ca, and 5

t at gccct at agt gagt ggt attaaggr usf‘:’%g&éc%? a?lsgta%gef"%%‘?%%%a% fes. ve adopt ed
the sane st rat eg§“PBraPhPLarappt spheroyypeseTbisgas because the

ccgt cgacagat ct CCTVRNRG¢IAGec@al bagtsseq G 99ECEEt aﬂ{?% attaag and
10 gt aat acgact cact at aggg%%ta%%%gt gggcg W t h BarTHTg a%%j s%ge%%% avoi d | oss

of Sall we included®} BPEHEriomh & hee StpRN Ay BM& ifas desi gnat ed
pAS2- cyh2- HA+boekpAdsdedialt. rdut ige thgH 1eRe0BDt B {1¥ ldogmnatively the

protein fo RNA | S SaetSCAG P LB | BIF (BTeL A FRBF It RS agnent . An
addi ti onal 8dvant¥pEessed ore thbi 8RNA tis mekepbydicedids aHekanscri ption
COUp|ed transgenic animals do not contain the T7 RNA
polymerase.
Expression of the gene or cDNA of interest or
RNA1 with a DNA fragment can now be obtained by mating
15 the two transgenic animals. The offspring of these are
dually transgenic and express the gene of interest or
express dsRNa of the DNA fragment of interest.
To generate sufficient males in such a mating, one of
the transgenic animals males can be a C. elegans
20 mutant with a phenotype favouring generation of males.
An Example of such a mutant is him-5. Preferentially
such a mutant will be used to make a C. elegans
transgenic for T7 RNA polymerase, while the
) hermaphrodite harbors the DNA fragment under the
25 regulation of the T7 promoter.
To select efficiently for the dual transgenic
offspring a second transgene can be introduced in the
second transgenic animal. This transgene contains a
reporter gene under the regulation of the T7 promoter.
30 The reporter gene can be GFP, luciferase, Beta
galmactosidase, or beta-lactamase. an example of such
a ttransgene are the vectors pGN400 and pGN401.
To obtain inducible, tissue specific expression
of a transgene in C. elegans we can make male stock

as (i.e. him-5) carrying the T7 polymerase construct



toin vitro translation (There is an ATGin frame with 20 either GAL4DB or
GAL4AD)' | abel ed protein which can be used for in vitro controls (e.g: 3p&BI12004
down assays) of the actual protein-protein interaction. The sequences of

the plasm ds produced and the SP6 and T3 polynerase are identified in the
Sequence 25 Listing provided below. - 3 F E B 2004 WD 00/01.946 - 41

SP6DNA- depememmioifalA pol ynerase: SEQUENCE I D NO. | sSW SSpheir/ppsdi@Figon

nunber P06221 protein sequence: PCTIEP99104718 1 nudl hai gl q | eeenf nggi
rrfeadqqrq iaagsesdta wnrrllseli apmaegisgay 61 keeyegkkgr apral aflqc
venevaayit nkvvndm nt datl gai ans vaeri edgvr 121 fskl eghaak yfekvkksl k

asrt ksyrha hnvavvaeks vaekdadfdr weawpketgl 181 gigttlleil egsvfyngep

vinranrtyg gktiyyndes esyogemarfl kehwagkepane 241 en@gsﬁgppwmwéxpé nggfh
'nkdviav 1eavirldlg

tekvasrirl vkgnr k |t kvy kainal gntq 301 wg 1

ygvpsf kpl i dkenkgg%%veﬁeﬁ‘gW’rsﬁ‘eeﬂ?gﬁ?gb%qex%‘@fs\k&&f FHARges carThjitsaet k
rgsksaavvr nvggamej}es Easilyd \oraimsesr aﬁw\ﬂqsrma‘b%&oatik:éﬁgéﬂﬂi-yﬂglﬂr{efteg
rpvngveal k wfcin W, r nvl deef 481 dnctrdjaadp |t1tqgwakad
apyef | ancf e aqyggp\%doggr aéeée%t\éhuﬁésﬁqg%%c%ngé S%ﬁyggnwmb‘éﬂﬁ'grakavnl
kpsdapgdi y %vaqvvi kkFubtyernetga thet sgsvsdendd0 tangbel tategravelsi gitrs
gaaynymt al st Seuvk o AN enr SEPAAEE. 03hol) B8 JARFAS cakd mat
gm ?/v?/t cl'm g\c/i\?km?itﬂ%etgﬁlmgﬁaﬁnﬁhﬁjﬂiwgﬂtﬁdgbg}/ sia¢1§0}ﬂ?e:e:lﬁ/¢%@vt s

i avi hdsf gt hadnt bhlifx] ah&egg ey dedapabak! IneBbhseehevs Mg S gypedge

fdl nei mdse yvfa J3 dependert pol ymerase: Sw ssprot acce€ssi on nunber
PO7659 protein sgaﬁenﬁ ' %E%JEIQ@ERQ!AS rReStein afgy Shakegrn aradsmidai

pf nt | adhyg 19al akpykab) efed iehvgawer Ehdpheisa of6 khkaggimgnaa akpllatllp
klttrivew eeyaskkgrk | I ;kpeasafitl. 121 kvilasltst nntti gaaag
m gkai edea rfgri rﬁ?éac%f.{l%\?glgq fP%k?’ﬂ%ﬁﬁﬁm 81°R% veF i grgl | gge
awsswdket t mhvgi PFeéarentistigivielchgr antigmbs) =xp2éssdhegat iy are Ruadv| akr ag
al agi spif g pevVPpKRYie Al GREMANLILER! AL Y |y dodpevyka
vnl agnt awk inkkaavw el vnwkncpv gﬁ?&%ré‘é"" %Q»;etgagkg, His Tesd
in a collection of C. elegans nematodes that stably
15 eéxpress T7 RNA polymerase under the control of variocus
promoters. examples of such promoters are the myo-2
(pharynx expression), myo-3 (body wall muscles), egl-
15 (vulval muscles), unc-119 (pan-neuron), SERCA
(muscles), let858 (all cells) ges-1 {(gut}).
20
Construction of RNAi T7 promoter yeast two hybrid
vectors

J PGADR424 with forward and reverse T7/T: and or Spé
25 In most two-hybrid experiments a ¢DNA library is
cloned in plasmid pGAD424 (Figure 16) which has been
engineered with additional restriction sites in the

Polylinker such as a Ncol site (Clontech). This

library allows for screening of binding proteins in a
30 Yeast two hybrid experiment. We constructed a new
Yeast two hybrid vector with the same possiblilities
to perform yeast two hybrid, but which contain two
addditional T7 promoters, so that the vector can be
used for T7 RNA polymerase induced pseudo-stable
35 knock-outs. For this we inserted a forward T7 by using



361 | ppkpddi dt neaal kewkk aaagi yrl dk arvsrrisle fm egankfa skkai wf pyn 421
mdw grvyav pnf npggndm t kgl | t1 akg kpi geegf yw | ki ngancag vdkvpfperi 481FER 2004
af i ekhvddi | acakdpi nn twsaeqdspf cfl afcfeya gvthhgl syn cslplafdgs 541

csgi ghf sam | ydevggrav nl | psetvqd iygi vagkvn eil kgdai ng tpnemtvtd 601

kdt gei sekl kl gtstlaqg W aygvtrsv tkrsvntlay gskefgfrgq vlddtigpai 661
dsgkgl nft g ¥REE™G4MBKk | i wdavsvty vaavearmmw ksaakl | aae vkRIKIERI®N4TIS 721
rhrcavhwtt pdgf pvwgey rkplgkrldmiflggfrligp tintlkdsgi dahkgesgia 781
pnfvhsqdgs hlrntvvyah ekygi esfal ihdsf-gBSpa dagkl fkavr etnvityenn 841

dvl adf ysqf adql hetql d knppl pkkgn I nl gdil ksd fafa - 3 E E B 2004 WO 00/ 01846
PCT/ EP99/ 04718 pGN108: 42 SEQUENCE ID NO. 3

gt t gt cgt aaagagug®t Bt akbeker acygdecdingt of ctht foddgwanggpt estsgt t ggct gt gt gc
tcgggct cct gccaccy@eddttaatacgactcactatagggee and _
cctcatcttcttcttcttcttctctcctgctctcgcet t%?cact tcttcattcaticttattccttttcatcatc
aaact agcanct t act CRAPPBSFFER AR COraRta3@ holqyfst the EcoRI-Ncol site

anwaaact act t gggt o&c 8gADYL £ ARy He®hd € JHY ¥4 SIGC IABIARE APt at gt tt cgaai ga
t act aacat aa '

cat agaacat t t1 cag§SHgaRe e Py Gds T SE o dhict GerecHas ge@Rhd @yt aaget cat g

aacacgat t aacat cgeflaajaate stop codons and using maximal polylinker
cgacttctctgacatc ct at ccecat.t.,caagact ct ccatt acggt gagcgnagct cgcg
cgact ot ot gacal Caagebavg} #°4Rl e 4 hE29REU S 4R LS AU A0

t ctt acgagat gggt gaagcabgcrevenpeadfatigons jaying cabbthapgihegs gaggt t gcggat aac
gct gccgccaagect CheRbedetgacagatctecctatagtgagtcgtattactgca and

accct act ccct aaga%at t gCacgcatcaacgact ggt t%agggfagt gaaaéc?aagcgcggcaagcgcccga
CagCCttccag]tO( cct §taagacoactcactatagggagatctgtcgacyg) with BamHl and

aaat caagccggaagcegtagcys asad {d QGlst 38088CACT GiAGh gachagkLa GGt gacaat acaa
ccgt t caggcet gt age % cgc.

aatcggtcgggccatig gg EY3THet cget t cggt cgt at ccgt gacct t gaaget aagcact t caagaaaaa
cgtt gaggaacaact caacaaghe $Sall site is important as most libraries are

cgcgt agggcacgt ct aagcat it at.gcaa cgaggct gaca ct gl,aagggt ct act cggt
ggcgaggegat ggt Cttgg?gggaﬁg ﬂhé %ﬂ%, g&&g{:elgs 9% %valﬁ.gg.{e. Q{‘hlsg

t aaggaagact¥t at t dakgesaghagenige tppst syated gotatant gegpenikbbegaiattggt t aget t aca
ccgccaaaat gct g9cghagt 884 vectors.

t caagact ct gaga(: Ut cgaact cgcacct gaat acgct gaggct at cgcaacccgt gcaggt gcget ggct gg
catctctccgatgttccaaccttg

cgt agt t cct cct aagccgt ggas
ggt gcgt act cacagt aagaa
act gat gcgct acgaagacgt FFacat gcct gaggt gt acaaagcgat t aacat t gcgcaaaacaccgcat ggaa
aat caacaagadagt cct agcg

gt cgccaacgt aat caccaaghgoaagealhal GRAGE CORIIRAHEE SLEEIR LgRICt gaagaact cecg

at gaaaccggaagacat cgac
at gaat cct gaggct cCOREE LR Rarast oot BAEYc{ Granfaphi ¢ c Bt apegpebalg Fso8ycaagt ct ¢

gccgtatcagecttgagtibest Yon we were able to remove a significant part of
ctt gagcaagccaat aagnyct aaccat aaggecat cf ggt t cect t acaacaf ggact ggegeggt tcgt gt t t
g 53 ated and

acgct gt gt caat gt t SCEEB% gene. e right construct can be iso

aaggt aacgatZx gaccaaaigacgy d HAGigytonaapE AN AGCAaABGUTL aaggRAggt t act act ggc
t gaaaat ccacggt gcag

t gcgggt gt cgat aaggt ??%g?%%%%tsgie{:gec&(?at 8533??%5& gté‘§g§§8%¥c5E@%f&eé§c£€cat ggcttg
cgct aagt ct ccact g@ééaa@acbe eliminated. This elimates the cyh2 gene

ttggtgggct gagcaaghbht €6 041 LAkt ¢kt 8CHLAL LATYRGLACEE! fPAPtArggcaccacggcec
t gagct at aact gct ccct t ccgc_ _ . ,

t ggcgt t t gacgggt cFEGREER Gt JtGc 98Pl 8 ARy AFEREL§agheHaR aggt ggt cgcgegg
ttaacttgct toct agpgafiacagig of RNAL and Yeast two hybrid experiments.

t caggacat ct acggg t aagaaagt caacgagat t cagacgcaat,gaat gggaccgat aa
tcaggacat ot acagugll gL 951 ABHARNSBACIRIBRE AP IEALARHE T i

gagaacact ggt gaaaEerBl gagatrintiaay otlgggehitmagydaceggdt gheteerryddiegget t acggt
g ttactcgcagt gt gaghaddGuence encoding for GAL4DB and HA (epitope)

gtt cagt cat gacgct ggct t acgggt ccaaaga tcg?ctt_ccgtccaaacaag gmé:;gaagat accattca
gccagct attgattccgﬁ&'aﬁaﬁg‘ﬂ%lque for the plasmid, and can be used to

t gat gt t cactimgCccgadbeages g i ACahopebmaast Gntheg9agt Togit&aagcgt gacggt gg
t agct gcggt t gaagcaat gaac

&gt ct ggcgct

4
4



tggczagtctgctgctaagctgctggctgctgaggtcaaagataagaagactggagagattcttcgcaﬁﬂfﬂftg
cgct gt gcat t gggi aact cct -3F 04
gat ggtttccct gt gt ggcaggaat acaagaagcct att cagacgcgctt gaacct gai gttcctcggtcagttc
cgcttacagcct accatt aacacca

acaaagat agcgagat t gat gcacacaaacaggagt ct ggt at cgct cct aacttt gt acacagccaagacggt a

- gccacct t cgt sdpenigss agt g PCT/EP99/04718
t gggcacacgagaagt acggaat cgaat cMact gat t casgact cctt cggt accatt ccggct gacgcet gcg
aacct gt t caaagcagt gcgc - 40 - :

gaaact at ggt t gacacat at gagt ct t gt gat gt act ggct ganct acgaccagt t cgct gaccagt t gcacga
gt ct caat t ggacaaaat gccagc

act t ccggct aaaggt dars t gesneisC pgrgasedntd afagll ggest t gagid egeégkaagggcccact ag

t cggcegt acgggecce . . N .
cgcgcgtttcggtgatég%%gﬁgiggggbﬁgtSﬁ%g%ajﬁgﬁagtg%%ﬁa% RIS AESg¥E Rt ct gt aage
ggat gccgggagcagapeegous vectors and pGAD424. We used the following

ccgt cagggegegt cagegogt ol q4de9d9t 9L £A99GAeghLARL AL EIRAT Gagagcagat t gt act
gagagt gcaccat at gcggt gt O

gaaat accg" c8gat gEESRRRRTRASRTRAL Cgeat Rgd c Y§&RT | Berrgg cerdc fidgat acgect attttta

taggttaatgtcat gat8ah £ sites. We adopted the same strategy for the
ggtttcttagacgtcagg%ggégq}}tgcggggaaatgtgcgcggaaccc:tttgtttaNttaaatacattcaaa

tat gt at ccgct cat g primers:
aaccct gat aaat gct yaeetfrddidagataaaggeagagicabgagt &t faearal t t ccg% cgeccttattce

cttttttgcggeat ny t1Lt
tgctcacccagaaacgggéééQééhﬁi;igﬁga%f%ﬁ&?ﬁﬂﬁigiEgattg88tgcacgagtgggnacatcgaactg
gat ct caacag®ggt agyd@acgactcactatagggagatctgtegacg) with BamH1l and
cttgagagttttcgcceegpagRacililyt §688t SATAAGCRE! LALARRMH 16! 96t t,dt 9gcgcggtatta
t cctgt at t gacgccgggcaagagca _ .

act cggt cgccgcat aPREPeE he 6801 §4rd t (RANTayracleatanaichPA§aasdheat ct t acgga
t ggcat gacagt aagagaabser ar7-final.

cagt gct gccat aaccat gagt t aacact gcggccascttacttct gacaacgat.cggaggaccgaaggagct
aagcgct ?ttttgcacaagat aing t%e ';'g romoter (or al ernati%elyg%hggTLg 9939

gggat cat gt aact cgoet $paimtfiniog@gqacs qeErgpi2gaal jaag CoR iRy cAdakdCcgrgagt gacacca
cgat gcct gt agcaat . . : s :
caacgttgcgcxaactgg?%%%?%ﬁ%bﬁ%@%ﬁ%?t%%tchﬁggﬁ%c%%%%ﬁﬁiﬂﬂtﬁ%&F&dSEt&%atggaggcg
g ataaagttgcaggatbeciselated DNA fragment. An additional advantage is

tgcget cggecct t ccgret Sort G9MRL gk Radt GhIgaICrHU HA9aFILaEbea§99t at catt
gcagcact ggggccagat ggt | . . ‘ _

aagccct cccgt at cgbagt® aftre A¢GasSabiRrryt Thggeadt t 3t fEd daadganst wibbagat cgct
gagat aggt geot cactJthéPaGALIDE or GAL4AD) labeled protein wkich can be

goat { ggt aact gt cagaceaparact cat atal act {103t gat Lippaackt Galipi agt gganagoat et
t gaccaaaat ccct t abbet gamiaic gpirbteant gagoginc dgaetscgi@ygaaaagat caaaggat cttcttga
gatccittttttctgcgegt ct . .
ctgcttgcaaacaaaaaaac?@%%ﬁ%i g@ﬁﬁ%gﬁ%dﬁ?ﬁF&ﬁﬁg%%%a?%%%ﬁﬁﬁéfggbgggtctttttccga
aggt/aact ggct t cag8Bgagpd T3 polymerase are identified in the Sequence

gcagat accaaat act flugt 1 44 g ALAYGCHL BG) L aggccaccact t caagaact ct gt agcaccgect aca
tacctcgctctgctaatcctgttac

cagi ggct gct gccagt ggcgat aagt cgt gt ct t accgggt t ggact caagacgat agt t accggat aaggcgc
agcggt cgggcet gaacggggg

gtt cgt gcacacagcccagct t ggagcgaacgacct acaccgaact gagat acct acagcgt gagcat t gagaaa
gcgccacgct t cccgaaggg

agaaaggcggacaggt at ccggt aagcggcagggt cggaacaggagagcgcacgagggagct t ccagggggaaac
gcctggtatctttatagtc

ct gt cgggt t t cgccacct ct gacugagcgt cgat t ngt gat gct cgt caggggggcggagcect at ggaaaaacg
ccagcaacgcggccmmac

ggttcctggecttttgetggecent gctcacatgttctttcctgegttatccecct gattct gt ggat aaccgtatt
accgccttt gagt gagct gat accgct c
gccgcagccgaacgaccgagcgcagcgagi cagt gagcgaggaagcggaagagcgcccaat acgcaaaccgcct ¢
t ccccgegegt t ggeeg

att catt aat gcagct ggcacgacaggttt cccgact ggaaagcgggcagt gagcgcaacgcaat t aat gt gagt
t agct cact cat t aggcacccca
ggctttacactttatgcttccggctcgtatgttgtgtggaatt gt gagcggat aacaatttcacacaggaaacag
ct at gaccat gat t acgccaagct gt

aagtttaaacat gat cttact aact aact att ct cannaa=agagct t aaaaat ggct gaaat cac

t cacaacgat ggat acgct aacaact t ggaa

at gaaat aagct t gcat gcct gcagagcaaaaaaat act gcttti cctt gcaaaattcggtgcetttcti caaaga
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ctct caat at att act agggagacgaggagggggaccttat cgaacgt cgcat gagccattcncttctttatgca

ctctcttcactctctcacacauaat - 3 FER 2004
cgattcatagactcccatattccttgat gaaggtgtgggtttttagctttttttcccgatttgt aaaaggaagag

gct gacgat gt t aggaaaaagagaacg

gagccgaaaaaacat ccgt agt aagtcttccttttaagccgacactttttagacagcattcgccgctagttttga

agt tt aaat mwalasisasaaat t ag _ _ PCT/EPO9/04718

tttcaat nUt Mat t act aaat aggcaaaagt t t1t caagaact ct agaaaaact agct t aat t cat gggt act a
gaaaaat t ct t geTINAAlepehdéntRIA polymerase: SEQUENCE ID NO. 1

t ctt ugat gt aatt acgagaagctt nt gaaaatt ct caat t aaaagaat tt gccgatt t agaat aaaagtcttca
gaaat gagt aaaagct caaatt aga

agtttgtttttasaggaaaaacacgaaaaaagaacactatttat ct nect cccegegt aaaat tagttgtt gt ga

t aat agt gat cEGEPHLETE
cggct ctt cacaccgt gctt cct ct cact t gacccaacaggaaaaaaaaacat cacgt ct gagacggt gaat t gc

ctt at caagagg &ﬁggqﬁ Lttca
cccagt aacaaaaaaaatttggncnactttatattt at gt aggt cacaaasaaaaagt gat gcagtttt gt gggt
cggtt gt ct ccacaccacct ccgce ‘

ct ccagcagcacar agtniadiql ¢ QgkgimydL tre feecigqtd deMsgtsaitagscgdggeJdgagmjlggm‘bcacat tc
gacgcgcaact agsadkaeysgkigt @apralaflqc venevaayit mkvvmdmlnt datlgaiams vaeriedgvr

acncggt ggt at ehdehtebgek wfekjikkgth ggg?%é'ﬂ% @Bg"ty;qgr’ggf’ E‘E:]f?@%f‘:g;c %EE‘E%E?@ tattccc

cttggtgtatt WFE%&E? greymoer vasrt':yg gk ire vr Teqram vy kaina
cctactet oD et e L T B oo
ek &

ctagttcttgthg carlytaetk rgsksaavvr mvgqarkysa fesiyfvyam dsrsrvyvgs

ggt cagacat aqa{riseh spgshafidkatndedq apvhd@al nadgaaaadi ggttiativagamdgaetyt gt ct cg
t t gaaat t gat 4enamapdiaagp tltftqwakad apyeflawcf eyagyldlvd egradefrth lpvhqdgscs

cccacccct cgént hysradatdevgaoant dredapseiy ware vl by art veadda tEfpoe ctctgtc
tgc“'caaagt g'? P g;geb@algegagg?gtrs ltkkpwmtlp ygstrltcr]eg svidyivdle eke;gfgag?lg 9

oo gageciatt ST e O S

tattaatgttc a ltv celvdkgvts iavihdsfgz hadntltlry alkgqgﬂvam}’ idgnalgkll

ggggagagagagqi agaliigealgdeflehbs Fathdinuse dv@l ct Lt t agaa
tttttaat agaaaat cgagaaatta

cagt aat tt cgcaat nctt gccaaaaat acacgaaanyt gggt ct cgccacgat ct cggtcttagtggttcattt
ggttt aaaagttt at aaaatttcaaa

ttctagt gt t t FADNAGeproder RNAPolmtTsFaaaat g9 EQUENAR il 0vc Zacaagaaat cgt gaaaat ¢
ctgttgncgcaat ncttttcaauata

cacgaaat at at ggt aat tt cccgaaat at t gagggt ct cgccacgat tt cagt cacagt ggccaggatttatca
cgaaaaaag! { GGLel A0l kA puress

tt ccggaaaaccgaat ct aaat t agt nt t gt cat cattt t gaacaaaaaat cgagacat ccct at agttt cgcaa
ttttcgtcgettttctctccaaaaat ga

cagt ct agaat tpiakdueget ggaact gggaccat gatatcttttctcccegtttttcattttattttttatta
cact ggat t gact aaaggt caccaccaccg

ccagt gt gt gccat at cacacacacacacacacacaat gt cgagg}tcgqtlgflte%teg}etl%.t!g%Egncltegggrmgt tcc

gttgtctctct ctsgt'lgt‘é??}%:ﬂcgfgg Tin Fitrrivesi eevaskhork psayaplall kpeasafitl
agccgagaaget,Cy A et 0N At aed UL cuies xS DAEL dietidadagalabeactocct ugoa
agC&gCCgagaQ@laﬁaCfﬁqvvead migrgllgge awsswdkett mhvgirliem liestglvel qrhnagnags

gggaagat cgt clagadfelatgilaoe Olag tOGa6 t LAbeipdts qagRpipegait gidvass ceeppaegaacct gat

atttccc - 3 PEBIBOIn® DFRPAEAE RCIAERIY/ (AELS vvn 24 viyjARR Y Srdis) CE ID
NO 4 361 lppkpddidt neaalkewkk aaagiyrldk arvsrrisle fmleqankfa skkaiwipyn

) . i v i
aage t goat ook qeigELer dniensece: SR e R ACR T NIRRT B cogcot
ccaat ccacce ¢ %?sg;#ai devggrav nllpsetvgd iygivagkvn eilkgdaing tpnemitvtd
0aagggCt COCCHAARLIE ORI 154 b Ll Aty FSY Calre GRAGH URBEA-hgaqbieighe caccact
tttcat Mnacccded OB Bfd q pngaagymak liwdavsvtv vaaveamnwl ksaakllaae vkdkktkeil

ggat t ggccaaapgatceaaagst sdofptiqegacirdqkaciradfdat dant Hohbsant tdeblgrgadggaccct t g
ct t ggagggt ac ag(ﬁvgm hlrmtvvyah ekygiesfal ihdsfgtipa dagklfkavr etmvityenn

aaaat gact gctid atad bl grintaeiy Caktrgdpeker gadtiyat 15838 at cgct aagaacgact t ct ct
gacat cgaact ggct gct at ccc

gttcaacact ct ggct gaccatt acggt gagcgt tt agct cgcgaacagt t ggccct t gagcat gagt ct t acga
gat gggt gaagcacgctt ccgcaa |

gat gt t t gagcgt caact t aaagct ggt gaggt t gcggat aacgct gccgccaagcect ct cat cact accct act
ccct aagat gat t gcacgcat caa -

cgact ggngaggaagt gaaagct aagcgcggcaagcgcccgacagcect t ccagt t cct gcaagaaat caagccgg
aagccgt agcgt acat ca

ccat t aagaccact ct ggct t gcct aaccagt gct gacaat acaaccgt t caggct gt agcaagcgcaat cggt ¢
gggccat t gaggacgaggct cg

cttcggtcgt at ccgt gacct t gaagct aagcact t caagaaaaacgt t gaggaacaact caacaagcgcgt agg
gcacgt ct acaagaaagcattta
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ct aaaat agattnctcat ca



act ggt ggt ggct at t ggget aacggt cgt cgt cct ct ggeget ggt gegt act cacagt aagaaagcact ?
cgct acgaagacgnacat gect 200
gaggt gt acaaagcgat t aacat t gcgcaaaacaccgcat ggaaaat caacaagaaagt cct agcggt cgccaac
gt aat caccaagt ggaagcat

t gt ccggt cgaggacat ccct gcgat t gagcgt gaagaact cccgat gaaaccggaagacat cgacat gaat cct
gaggct ct cac¥Y§980dkaa PCT/EP99/04718

cgt gct gccget get glét?st accgcaaggacaggget é§caagt ct COCGEhAERARCES tb%agt t cat gcttgag
a

caagccaat aagt t accat

R L s A i S S Lk iy S SRR 7 el

acgat at gaccaa

m:tctcctgctctcgcnatcacncttcattcancnanccmtcat \{ titcta
acgct ggcgaaagQinapasadisGalpatt faiiogt caz Ak L bBARR ﬁm@m gcgggt

gt cgat aaggttc chis‘aﬁzﬂﬂﬁ:ijgaggacccngcnggagggtaccggatgactgctccaaagaagaagcglaagctcatgaacacgamacatcgcma aa
agcgcat caagtt Gmﬂmammama@mmtmﬂmmwmﬁ@g%&%@c@w%@ﬁact tgot
gggc t gagcaag attmm gatggucacgcttccgcaagatgtttgagcgtcaacthaagctggtgaggttgcggatxacgcigccgccaagcctcmatcact
gcttccttgegt t %gevgg@fsaw WEP BB E e LG PIRICERRTT PRI CE RS EIRcARB g Ct ggCQ
tttgacgggtctt % BCE ccattaagaccacictggentgectaaccagtgeipacaatacaacegticaggetgtageaagege

coofact 1 coo e P o

gacat ct acggg atﬁaﬁﬂai ggagtacgctgcatcgagatgctcattgagtcaaccggaatggnagcttacaccgccmatgctggcgtagtagg
aaagt caacgagati:gtatppgeaGRegeafitofisigoragedatanppaoipgicaaaghdacdidgt gagaac
act ggt gaaat ct @Mg:&atmccgtggactggcamaggtggtggcmngggctaacggtcgtcgtcctctggcgctggtgcgtactcacagtaagmgc
gt caagct gggcacf GBIt At rcetscRIgIC RO IS g ATFRagdagmTRgEAgC gt t ca
gt cat gacgct gg (2 ge % nggaagcattgtccgg gaggacatccctgegatigagegtpaagaactceegatgaaaccggaagacategac

aafcet t ' {
caaagagt { cagcthARl M T A s B ot cCat
gttcactcagccg G@Wauggacgtcruc aaggtaaaccaatcggtaaggaa ctactggetgaaaatceac

Ct ggat acat ggCtpagQicgnistaisBak it it Eba AL b Ui Pl AL gaact gge
t t aagt ct gct gcttamgpedtaygriangepictecgtictgeticctigegitctpetttgagtacgctgggptacagcaccacggectgagetataactgeteceticcge

ct gct gaggt c aadRseAriesrgeriryertriseratae sracic it et er e O sraym gt ) Eetr etz cz e A dng g igasegtcCt gat g

gtttccctgtgtg m%%igg@glﬂsctaagaaagtcaacgagmctgcaagcagacgcaatcaatgggaccgau;cgaagtagnaccgtgaccgat
1
agaagect att ggﬁga‘sﬁ & %‘ e e e e i [ MB accaaca

aacaggagt ct ggtggttﬁg&tgetﬁ&a@ ‘gﬂs umggcmscmmgggmcc “35&5:555 keteliy @Eﬁ?ﬁ’ﬁﬁﬁagt gt ggg

cacacgagaagt aGggmtcmg&gcaggaalacaagaagcctattcagacgcgcngucctgatgncctcggtcagttccgcttacagccnccanucacca
at ct ngcact gat P@mmwmu&ggﬁmmzt@mgmmgm gpoepciagricorngagregaitgCcgcgaaa
Ct at g gt t g acac .-‘ AL ! .'. ' T !eqchgaatcgutcmtgcactgal‘tcacgactccltcggtaccattcngctgacgctgcgaacctgtlmﬂgcagtgcgc

gt gat gt act

ttccggct aaaggtggdst l ?@c%mcgguﬁg&wgicacmmumcmm ccagcac
ccgtgacat ct t ag@i & Eazaacctctgacacatgcagctccc & ac%b eﬁcﬁmf@gg ca gﬁ@ ccanct

tgtctggtgtc aaaa&tcegﬁcﬂggghaggagammmgcatcnggcggccm;ggcctcgtgatacgcctmmmggtlaatgu:atgnmtaat
gccgct gt cat cagettfiusadgictgsgsrattqgaglabigh@cipanciagogattabtatbiagaifre:aggaitt cgcgcc
cgt gcct ct gact fﬁcg:;‘%gmHtattgauaaggaagagtatgagmtcucamccgtgtcgcccmmccttmtgcggcantlgccttcctgmt

actcttcaacat c@EE4E ‘5“["@?@&%’3% ARt eg B eacRteRar AlostagfRar nic aeEpR B RItAE B aact t Ct
tcttaatttcmgti giictpctatgtzgepcpgtattalcccgtatigacgccgggcaagagea

cct ct aacaat gaagis @‘Eﬁ, %Sﬁﬂxmﬁummamgﬂﬁ?t gctcee

tccdeccat t aat mﬁw&&g Et&ggaaccggagctgaatgngccamccaaacgacgagcgtgacaccacgatgcctgtagcaatggcu
aaat ct acacaat gitzgicgiamcistaictzgdgiab QiciclagditdcganthnitpadRaghistdehulbgagaicsat agaaaaa
accgcacac aaaafxalfE&ngmwms%g!Mua@wmaamgwmgﬂzmmscascactssssccssitgst
2
' Lot cocaco TN EA TR TG T s ygaat

tgaccaaaatcccttaac (1431
Caat caagt gaaa s pa ey DL e LD et e e 8 g e gagg
acggcgtttttct t(jghh&ﬂﬂ&h@t&:mmgtgtagccgtagmggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgcuatcctgnac
caagt at t gat gatreRetpig e GaRg YsiicuE IR TSI gaatRgeth ol ingaagoiagiagaagt t ga
t aangaaagt gga atgcacacagcccagcttggagcgaacgacctacaccgaactgagalacctacagcglgagcangagaaagcgccacgcncccgaaggg
gt gt ct at ggggt (¥ 1 PEIBR DIRERIGesE %ﬂ%@%&%&aﬁsﬁa&ﬂ@ssa‘&eaammgfwam agt cggc

) C a
cgt acgggeect t ige cang crgactigagepicgatitiigtpatgetcgicagggpggcggageciatggaaaaacgccagtaacgcggectittac

CIERCCT CtCICﬂ.t Ttcittce tcccctganctgtggataaccglattaccgectiiga
t nygt gat gacggi@gag Rk e b e AL ot A e et p e b Al gat gecg
ggagcagacaagc mgﬁﬁﬁagctggcacgacaggmcccgactggaaagcgggcagtgagcgcaac geaattaatgigagitagcteactcattaggeacceca
gggcgcgt cagc gegstieretppceg gyt gheoggasaggt gaachnigegpeaicagraogugakigiact gagag™
gcaccat at gcgg % tgteftactaactaactatictcatttaaattticagagetiaaaaatgpctgaaateactcacaacgatggatacgctaacaactiggaa
ccgcacagat gcgt By BrARAIBRE B FRat ARG I e P R Ur BRIRT B ETle Y ap e R AR TURRAG CRBERTR2BIEIE gt t &
at gt cat gat aat aat ggncttt
agacgt caggt ggcact t t t cggggaaat gt gcgcggaacccct angttt at t nct aaat acat t caaat at gt a
t ccgct cat gagacaat aaccct
gat aaat gct t caat aat at t gaaaaaggaagagt at gagt at t caacanctcgt gt cgcccttattccctttttt
gcggcat ngcct t cct gt t nget ca
cccagaaacgct ggt gaaagt aaaagat gct gaagat cagt t gggt gcacgagt gggt t acat cgaact ggat ct
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tcccgtatcgtagttat ct acacgacggggagt caggcaact at ggat gaacgaaat agacagat cgct gagat a
ggt gcct cact gat t aagcattg % EEB 2004

gt aact.gt cagaccaagtttact cat at at acnagat t gat t t aaaact t cat nt aanaaaaggat c
gat cct t ngat aat ct cat gacca

aaat ccctt aacgt gagt ncgt t ccact gagcgt cagaccccgt agaaaagat caaaggat ctt ctt gagat cct
ttttttct gcoombomassst gc tgett - 43 - PCT/EP99/04718
gcaaacaaaaaaaccaccgct accagcggt ggngngccggat caagagct accaactctttttccgaaggt aact
ggct t cagcagagcgeriguctcicictiiccgecaaaaagectageattittattgataatitgattacacacactcagagticticgacatgataaagtgtticatiggeac

aggt'gaa

t accaaat act gt cteﬁctcmcamgtaagmmagtatcmmmmc IRy ERgeeREEegtacat acc
t Cgct ct gct aat W gaggagggggaCcttatcgaacgtcgcatgagccaltctttcttcmatgcactctcncactctctcacmttnat

gct gct gccagt gg "&%fég:g AN 128 gcg PR ISR BRI EN ;;cagcgg
tcgggcet gaacgg@ﬁa%m’;gm m TR ;ac VNSRS TA AR

t gCacacagCCCagihigeR gt Ot éfm@ﬁ&@&mﬁ bl detnarraadanagcgce

acgcttcccgaag g@ﬁﬁﬁﬂuggamacacgmaagaacactamatcmtcctccccgcgtaaaattagttgngtgataaugtgatccgctgtctamgcact

aggcggacaggt at @ggiatag@ogaagagiccasReas 0agas IR gRgeootichgpagqegaaaacgcct
ggt atctttat agt qg@gt%@aaammggmcmacmatamatgtaggtcacaaaaaaaaagtgatgcagttngtgggtcggngtctccacaccacctccgc

g ggi ;E: ; g g g 3?],? t&c?%?f ?I:E:atcgng ttcgt tc ccgc cmcg ca:tm::g?mggtgunga '&&&ac gecag

agitc ttctt aa t :a
ct ggect nyct ggq i{g& &%&""a”ﬁ.ﬁﬁ'ﬁ“ﬁi& e bR p o S Ok e A S bhpdababefCCOC CT
gagt gagct gat acék Eigficicasaatatgagatcaacggatttittccttctegattcaattittigctgegetelgictgecaaagtgtgtgtgtccpageaaa
CagCCgaanaCCmm Sagigagigagngiganngedtangagigesangittngiaaagngect ct ccc
cgcgcgttggcecg Mﬁsagtihngltngmgaacg:ggcamgamtgggattctaaaaugamt!ctcatcamttaatagamlcgagmtta
cccgactggaaag aamnaa@ gigguptattagpggieatienaitierapggct t

t acacmat gcttcc &‘G Fi‘ﬁiam G’gg;&%?ﬁ“ic@%‘&& y"tt at gac
cat g attacgcc a coc gictcg ac agtcacagiggccaggatitatcacgaaaaaagitgcctaptcicasat
aaatat gat ct t act i}ﬁfﬁﬁgﬁ igmﬁiﬁa&a%ﬂccctm mg@crg% cg:c cmtctc caaa th;acaacga

t ggat acgct aac aoa@tgtg&eaaa&muauac&ma&afﬁ&a%%&cxéé@a%é 04718

- 46 pGw00: @E@dﬁhﬁaghﬁatmcadicaggatcccggcgcgcgatgtcgtcgggagatggcgccgcc:gggaagccgccgagagautca

aagct t gcat gcctaseagpsetcsaRyytaeapEstactcalgieiceagt i fcoBgaicaacs2ay ittt ggat at ccccgect c
ccaat ccacccacccagggaaaaa

gaagggct cgccgaaaaat caaagtt at ct ccaggct cgecgeat cccaccgageggtt gactt ct ct ccaccact
nmcaut t aaccct cggggt acg

ggat t ggccaaaggacccaaaggt at gt t t cgaat gat act aacat aacat agaacat ntaggaggaccct t gct
t ggagggt accgagct cccgg

gat t aat acgact cact at accggt agaaaaaat gagt aaaggagaagaact ncact ggagtt gt cccaattctt
gt t gaat t agat ggt gat gt t aat g

ggcacaaat ttt ct gt cagt ggagagggt gaaggt gat gcaacat acggaaaactt accctt aaattt angcact
act ggaaaact acct gt t ccat gg

gt aagnmaacat at at at act aact aaccct gat t ananaat ntagccaacact t gt cact acnct gt t at ggt gt
t caat gct t ct cgagat acccag

at cat at gaaacggcat gact t ncaagagt gccat gcccgaaggt t at gt acaggaaagaact at at t ncaaaga
t gacgggaact acaagacac

gt aagt t t aaacagt t cggt act aact aaccat acat at t t aaat t t t caggt gct gaagt caagt t t gaaggt g
at adcct t gt t aat agaat cgagt t aaa

aggt at t gant aaagaagat ggaaacat t ctt ggacacaaat t ggaat acaact at aact cacacaat gt at aca
t cat ggcagacaaacaaaagaat

ggaat caaagt t gt aagnmaaacat gat t t t act aact aact aat ct gat t t aaat ntagaact t caaaat t agac
acaacat t gaagat ggaagcgt t ca

act agcagaccat t at caacaaaat act ccaat t ggcgat ggccct gt cctttt accagacaaccattacctgtc
cacacaatctgccctttcgaaagatc
ccaacgaaaagagagaccacat ggt cct t ct t gagngt aacagct gct gggat t acacat ggcat ggat gaact a
t acaaat agcat t cgt agaattc

caact gagcgccggt cget accat t accaact t gt ct ggt gt caaaaat aat aggggccgct gt cat cagagt aa
gtttaaact gagttctactaact aa

cgagt aat at t t aaant cagcat ct cgcgeccgt gecct ct gact t ct aagt ccaatt act ctt caacat ccct ac
atgctctttctcectgtgetcccacce

cctattngttattat caaaaaaacttcttcttaatttcngttttttagcttcttttaagtcacctctaacaatga
aat t gt gt agat t caaaaat agaatt aattcg

t aat aaaaagt Cgaaaaaaat t gt gCt ccctccceccatt aat aat aatt ct at cccaaaat ct acacaat gt tc
tgtgtacacttcttatgttttttttacttctg




aattmat'ttcttcgcacgt ct ggge 5 FEB 2004
ct ct cat gacgt caaat cat gct cat cgt gaaaaagt nggagt at t nggaat nt caat caagt gaaagt t t at ga
aattaatmcctgettttgettng

ggggntccct at t gngt caagagntgaggacggegt nt ct t gct aaaat cacaagt at t gat gagcacgat gcaa
gaaagat cgga 39”(8 6 ‘ PCT/EPOS/08715
myggnyaggct cagt ggaaggt gagt agaagt t gat aggyaaagt ggagt agt gt ct at ggggtttttgecttaa
at gacagaat acat t gat

at accaaacat aac?m t act agt cggccgt acgggecct t t cgt ct EHREEYEE t’ydgattigacggt gaaa
acctctgacacatg dafgCdiflaggecngptcpactctagacactmcagctacctagatacageatateccegectee cag

gagacgyt cacage il tlp A ALl dCichop e o i et IO e AT ot t ggc

gggt gt cggggct g mﬁgga.-aaaggacccaaaggtatgmcgaatgatactaacataacatagaacamlcaggaggacccttgcttggagggtaccgagctcagaa
act at gcggcat cagagpagatighaskGalReigragnakatgceihaiagralantasansdalasdt aagga
gaaaat accgcat c ﬂgmglggctgaccattacggtgagcgtt!agctcgcgaacagnggcccttgagcatgaglcnacgagatgggtgaagcacgcnccgcaa
ct t aagggcct cgt RAGEIeREAipPRRC IR B A BB ERARHACHC BEFR QR B A Aadigg CRtat tt s g atgrste@scamyy t ggcac
ttttcggggaaat git g Eﬁgﬁa&&:&uzgctaagcgcggcaagcgcccgacagccltccagucctgcaagaaatcaagccggaagccgtagcgtacatca

cotat ttgtttatt g e e erareas cactpBACHBi Y ct t caa

t aat at t gaaaaagga g ; gca acg agCgcgtagzcacgic gaaagcattt

caacarogt ot copeeppa e ap e AT A o gasa

gt aaaagat gct gageeradgOgegictatcgeaaccegtgcaggtgegetggetgpeatetcicegatgiiceaaccitgegtagitectectaagecgtggactggeatt

gggt gcacgagt ggtyizelarizeciatpagcpacggicricetta e eaigigericagpiageistagauggiticibmgmacgoaagaacy
ttttccaat gatga Bigiacpapgegattapcatigcgraaaacaccgeatggaaaatcaacaagaaagtcctapgeggicgccaacgtaatcaccaagtggaagcat

tec ajey 2
R i e e A
C c aacatggactggcgcpgicptgitta t tgtl fal
cagt cacagaaaagesiam iR atiAte A pa A A I LA Sk gt gat 2
acact gcggcc aacigtganéabgitagaggassaccacgagaacatcatggetigegetaagictceactggagaacactiggipggcigageaagaticecgtict
caacgat cggaggassgaagggotdpaglgediicigcgaananeiiagggocaicchiggistgeigeekkgat Cot t gg
gaaccggagct gaatgradigiecacgatgciccgagaigaggtaggigpicgegeggitaactigciicctagtgagaccgicaggacatctacgggattgtigctaag

cat accaaacgacgg gﬂﬁ'g‘e‘é éfﬂgg?ﬁ'gsgﬁgg&ﬂ? eRiRtecgitan ?@mcmsmact ggcga

ataaatt'ttt ngaaacat cat agaaaaaaccgcacacaaaat accttatcatatgttacgnctagtttat acc%c

i3 C

act acuact ct ag Cia X aggcactgely tggctggcicacgrigtiacicgeagtgtgactaagegticagicatgacgetgpetiacgggte

L T
ttattgctgat aaa&t@fg%ﬁ&ﬁéi@agugactggagagancucgcaagcgngcgctgtgcangggtaactcctgatggmccctgtgtggcaggaataca
gt gagcgt gggt ct @eegutategidigeagagetiGgoqgeepiaigdgi-atgacaicas atbqldtdanatdat ct aca
cgacgggg agt C a%@éﬂgﬂg@tﬁ&mgctcctaa:mgtacacagccaagacggtagccacctlcgtaagactgtagtgtgggcacacgagaagtacggaatcga
ggat gaacgaaat atfAtariareass M@&‘%@F&%&Wﬁ%ﬂ%&%@@?ﬁ%ﬂg@eﬁwﬁmagt tta
ct cat at at act t t & cagitcgeigaccagtigeacgagicitaatiggacaaaatgecageacticcggotazaggtaacitgaacct

acttcat t maanaag AT CRa mm%m@mﬁgﬁﬁ%mgéﬁgﬁtﬁmgﬁﬁgt tttcg

ttccact gagcgt Cagmeksibetlacargeicmercceigipetoccaccocctatititpitattatcasaaaaacticticttaa g nmtagcticnnaagica

t agaaaagat Cc aaaggaictighiiguiagnicaujitigfgagkatakgadiotdocacnnadattacc acCcgct
accagcggt ggngnguaagerastgucigigtacacttciiatgttittttactictgataaatittititgaaacatcatagasaaascegeacacaaaataccttatcatatgtt

at caagagct acc SEERsRecE gy CRErE I RRS UL IAgR G Y gl s et ERAR TR EPRIT T T Ct A
t gt ag g C gt a gt t aC ang - &t&{tqmmgg}:tgcmgcgggsgggmgcmngmglcagggtgcgaggacggcgtttttcttgcta?;tca g

Caagaact ot gt ot A R e A I B R C gt a2

gt cdt gt ct t accasgbhddas fafaccictgacacatgeageiccepgagacggicacagettgictgtaagcggatpecgggagcagacaageocgica
agacgat agt t acgeeiea e FREEPE LR HOQENDANE TN b ge ARG SOUL f e g gagCTa
acgacct acac c(aagFhgggegaaggagaazataccgralcaggeggcciiaagggecicgtgatacgoctatiiatagptiaatgtcatgataataatggtiictt

gat acct acagc g%@g%g@m@awmsmmmg&mawmtmwggt aagcg
)
a

- gcagg gt cggaac fac %%e% tgtaucaacatttccgtgtcgccct;attcccttrl‘ttgctggcatrrtgccttcctgttmgctca
{1 ccagggggaaachicf il e S Bt e g2t get

glcgoegeatacactattctecagaatgacitggtipagtactcaccagtcacagaaaagcatctiac gategt{catgaca taagapgaatiatgcagte
aggggggcggagce w@ﬁﬂwwﬁmmﬁﬁﬁﬁﬁakﬁgﬁﬁﬁwhﬁ@ Qeketafalcgigizedatoct cac
at gt tctttcct gdglgtautcgmuatcgngggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacg

ct gat t ct gt ggat HReaStagaiaitertgRe BRgUAc FACK BRENCCRARI BCRAY BAIAAA (B EARRAEGRER A TR EregF AR IAss B agcgca
gcgagt cagt gag C::g%& acg%tggctggmangctgatnaatctggagccggtgagcgtgggtctcgcggmcangcagcactggggccagatggtaagccc

CC itcpta 1
cagangageocce A R A e e a0 acagom
cccgact ggaaagidiliieacgtgagtmegnccactgagegtcagaccecgtagaaasgatcaaaggatetictigagatcetttitictge cglaatctgetgett
agt gagcycaacyGRakhamtBR iRt b Ea i cab FUAE R L GO ATl h RGPl CCOTC
cgt at gt t gt gt ggaedaiigiggagtglfapccgtagitaggccaccacticaagaacictgtageaccgeoctacatacctegetclgetaatecigttaccaglg
at aacaat t t cac &S agrcraRsIYB L eSS CRtgRiclcag g eaageigl magiveaasmtigradsgdstmes aact aa
ctattctcatttaaat ncagagctt
aaaaat ggct gaaat cact cacaacgat ggat acgct aacaact t ggaaat gaaat - 3 FEB 2004 WO
00/ 01846 - 47 PCT/EP99/04718 pG\N401 SEQUENCE I D NO. 6
gat cccggcgcgcgat gt cgt cgggagat ggcgeccgcect gggaagccgccgagagat at cagggaagat cgtctg
antt cct cggat gccacct
cat ct ct cgagnttccgectgttact ccct gccgaacctgatatttcccgtt gt cgt aaagagatgtntatttta
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agcacagct cagt gt t ggct gt gt gct cggget cct gccaccggeggee
tcatcttcttcttcttcttctctcctgetctegettatcacttcttcattcattcett - 5 FEB 2004
attccnttcatcatcaaactagcatncttactttatttatttttttcaattttcaattttcagat aaaaccaaac-
tactt gggttacagccgt caacagat ccccg
ggat t ggccaaaggacccaaaggt at gntgaat gat act aacat aacat agaacat t t t caggaggaccctt gct
t ggagggt accygoeeiséaaa - 45 - PCT/EP99/04718
at gagt aaaggagaagaacttttcact ggagtt gt cccaattctt gttgaattagat ggt gat gtt aat gggcac
aaatt .t ct gt CcagBRYCraTpERIIpCisgrRCEaacgacclacaccgaattgagatacciacageplgagcatigagaaagegecacgeticecgaagggagaa
aggt gat gcaacat AR AAICIEE RS B RBERREPACIRATPRCEFATERRBEAB I BREBRAT MOIgd it gt gty O T A
ttt aaacat at at a{g ‘ag‘f‘&a&fgg‘ES‘C8imstsﬂtsmStcagsszsscssﬂscCtﬂtzg“mczccagcaacgcggcctnttacggttc

<

5 C aca a
2

L T

aacagt t cggt act asehaditaadtaactancicatttasatittcagagettaaaaatggetgaaatcactcacaacgatggatac gelaacaactiggaaatgaa

acat anmmaat ncaggt gct gaagt caagt t t gaaggt gat accct t gt t aat agaat cgagt t aaaaggt at t ga

nt t aaagaagat ggaaacanct t -

ggacacaaat t ggaat acaact at aact cacacaat gt at acat cat ggcagacaaacaaaagaat ggaat caaa

gngt aagt tt aaact t ggactt ac

t aact aacggat t at ananaat ncagaact t caaaat t agacacaacat t gaagat ggaagcgt t caact agcaga

ccattat caacaaaat act ccaa

tt ggcgat ggccect gt cct t naccagacaaccat t acct gt ccacacaat ct gcccntgaaagat cccaacgaaa

agagagaccacat ggt cctt ct

t gagnyt aacagct gct gggat t acacat ggcat ggat gaact at acaaat agcat t cgt agaat t ccaact gag

cgccggt cget accat t accaac

tt gt ct ggt gt caaaaat aat aggggccgct gt cat cagagt aagmaaact gagt t ct act aact aacgagt aat

at r aaat ntagcat ct cgcgecc

gtgcctctgacttctaagtccaattactcttcaacatccctacatgctctttctccctgtgctcccaccccct at

tngttattat caaaaaaacttcttcttaatt

tctttgttttttagettcttttaagtcacctct aacaat gaaatt gt gt agatt caaaaat agaattaattcgta

at aaaaagt cgaaaaaaat t gt gct ccct cc

ccccattaat aat aattct at cccaaaat ct acacaatgttctgtgtacacttcttatgttttttttacttctga

taaatnttttgaaacat cat agaaaaaaccg

cacacaaaat acctt at cat at gt t acgncagmat gaccgcaatttttancttcgcacgt ct gggect ct cat ga

cgt caaat cat gct cat cgt gaaa

aagt nggagt at t t t t ggaanncaat caagt gaaagttt at gaaatt aat ncctgettttgetttttgggggttt

cccctattgtttgtcaagagtttcgag

gacggcgtttttcttgct aaaat cacaagt at t gat gagcacgat gcaagaaagat cggaagaaggt t t gggnga

ggct cagt ggaaggt gagt ag

aagngat aangaaagt ggagt agt gt ct at ggggt ttt t gcct t aaat gacagaat acat t cccaat at accaaa

cacaact gtttcctact agt cggcc

gt acgggcccggt acccagcet ngt t cect t t agt gagUnaat t gcgeget t ggecgt aat cat ggt cat aget gt t

tcctgtgtgaaattgttatccgcet

cacaat t ccacacaacat acgagccggaagcat aaagt gt aaagcct ggggt gcct aat gagt gagct aact cac

attadattgcgttgcgcet cactgce

ccgentcagt cgggaaacct gt cgt gccagcet geat t aat gaat cggccaacgcgcggggagaggcggngegt at

t gggcgcetcttccgettcce

t cgct cact gact cgct gcget cggt cgt t cgget gcggecgageggt at caget cact caaaggeggt aat acgg

tt at ccacagaat caggggat a

acgcaggaaagaacat gt gagcaaaaggccagcaaaaggccaggaaccgt aaaaaggccgegt t gct ggegt t nc

cat aggct ccgecccccect

gacgagcat cacaaaaat cgacgct caagt cagaggt ggcgaaacccgacaggact at aaagat accaggcgncc

ccct ggaagcet ccetcgt g

cgctctcctgtt ccgaccct geccgett accggat acct gt ccgectttct ccctt cgggaagegt ggegettt ct

cat agct cacgct gt aggt at ct cag

tt cggt gt aggt cgt t cgct ccaagcet gggcet gt gt gcacgaaccccccgt t cagcccgaccgcet gcgecttatc

cggt aact at cgt ct t gagt ccaa

cccggt aagacacgacnat cgccact ggcagcagcecact ggt aacaggat t agcagagcgaggt at gt aggeggt

gct acagagtt ctt gaagtg

gt ggcct aact acggcet acact agaaggacagt anggt at ct gcgcet ct gct gaagccagt t acct t cggaaaaa

gagt t ggt agct ct t gat ccgg :

caaacaaaccaccgct ggt agcggt ggtttt ngt t t gcaagcagcagat t acgcgcagaaaaaaaggat ct caag

aagat ccnpgatcttttctacg

gggt ct gacgct cagt ggaacgaaaact cacgnaagggat nggt cat gaganat caaaaaggat ct t cacct aga

t cct maaat t aaaaat gaag

ttttaaat caat ct aaagt at at at gagmaact t ggt ct gacagt t accaat gct t aat cagt gaggcacct at c
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ctcat cat t ggaaaacgt t ct f cggggcgaaaact ct caaggat ct t accgct gt t gagat ccagt t e Gat i 7y
cccact cgt gcacccaactgatcttc

agcat cttttacnctaccagcgntt gggt gagcaaaaacaggaaggcaaaat gccgcaaaaaagggaat aagggcg
acacggaaat gt t gaat a

ctcatactcncgntt caat attatt gaagcatttat cagggnatt gt ct cat gagcggat acat atttgaatgta

nmagaaaaat aaXRMY48gggt t ¢ _ ) CT/EP99/04718
cgcgcacatttccccgaaaagt gccacct aaat t gt aggcgt taatattngttaaaattcgcgttaaantngtta
aat cagct cat t t teGNé®c caat aggc SEQUENCE ID NO. 5

cgaaat cggcaaaat ccctt at aaat caaaagaat %gcaccgagat agggt t gagt gngt t ccagnggaacaagag
t ccact at t aaag Aage E tpcaggectiggtegactetagacactiticagetacetagatacatggatatceccgecteccaatceacceacccagggaraaa

ct coaacgt caaag m%ﬁg%%ﬁ&mgﬁﬁmﬁﬁﬁﬁﬁﬁ AT et et e caagt t ¢
ggggt cgaggty S5t ataccpgtagasaanatgagiaaaggagaagaactiticactggagtiptoccaztictiptigaattagatggiaatgitaaty
gcact aaat CgJagEaimARafagen s s Rakid olaD b 0as DI ARt S et g0 2gaaag

gaagggaagaaagGehaginazacatatatatactaactaaccctgattattiaaatificagecaacacttgtcactacitictgtiatggigticaatgetictcgagatacecag
aggagcgggcgct aggyresigysreaytgimgeforean i gagegiaasiiteoftRagsagucgeaet t aat g

gccget acagggce acagticggtactaactaaccatacatatitaaatiticaggtgctgaagtcaagtitgaagglgatacecttgtiaatagaatcgagtaaa

4 \
AR Sty 2t sl s L ke Rt R e o R
9 gggggat g ﬁ%a Sccattatcaacaaaataciceaattggegatggeectgicctitaccagacaaccatiacciglccacacaatetgecctiicgaaagate
gcgat t aagt t gogf @%gwafﬁ%ggﬁmiﬁéﬁﬁaﬁﬁim@é@%g@gﬁm@da% 4kt aat acg
act cact at agggGetRigigkicggidpaieda ﬁ%ﬂﬁﬂﬂﬁm@ﬁ@ﬂhﬁmﬁg@w aB 2004
WO 00/ 01846 P@#ﬁﬁﬁﬁ&&&a!cmgcé@cgt adtictazglola akcEdtdbktpcteifteteectgtgeteecacee

gat cct ccaaaat cghituposgiciaganaacticticttaatitctitgitttitageticiitaagtcaccictaacaatgaaatigtgtagaticaaaaatagaattaaticg
t gaaaaacgaaagtiipijese

A lC B BAG RNBCICRy I ErEraAttadt roraiatacrRAEHatEt m's!@gg!c@gaaaa
aaat gt t 1 1 agadi=pETaMAERH R Feas“a*tswg%@ e anat gt
tcgtgaaaaagtittgpagtatititggaatitttcaatcaaptgaaaptitatpaaatta cctgcitiige

Y.
ctgacatagattt ag?f atél ¥ :; agtitcgaggacpgcgiittictipctaaaatcacaagtatigatgageacgatgcaagaaagatcgpaagaa
O Ve W e S R oo
act gaggcagWi gaaea Sttt oAbk dgceptacgggecetitegtercpegegieggtgatgacggtgaaaaccictgacacatgcageiceeg
t gaat ct cMyjaagtadantic-gngnagagantsGanhicanoagicicgnariosaagaagasnpreigdniaat ct cg
Cgct aaatt gag aag_tptgugﬁg_@uagcagaltgtactgagagtgcaccatatgcggtgtgaaalaccgcacagatgcgtaaggagaaaamccgcatcaggcggc
gcgct ccact ggachiness 3%&%&%&%@%3%% [CAR8BRCIErARRATRIB/RASE2E12E% gt gt at
Lttt cat tt bt g e otmaconcrtamaciot e agsaC e At E aaAA AR
at ogt t cgt 1 9t Gafipadl el b Ghl A b phociafiog chasgeie gL Oe ket OO 2C
gaacccgggat t ggatigeidetesgafatccogattgacgccgpgcaagageaactcggicgecgeatacactatictcagaatgactiggitgagtacicac

aaggt at gt t t cgxajigagacdgattaiagienicdganapiiRoggagoteetiigaitagagagataacggat gact
gc tcc aaagaag aa‘gl;chgaaggagctaaccgcmtngr.acucatgggggatcatgtaactc geettgatcgigpgaaccggagetgaatgaage

t cat gaacacgat tAAEHBEILERIRICIEFELFRIBICIRBECBAESLIAHIC &ﬁﬁ‘f‘ggﬁ LAY BRREEN8Act ct
ctg ag catt ag gt BEBY] -, éx“égggcgg?maagngcaggacgttctgcggggcccttcc ctgg%mngctgalpaam:ggagccg 99

gigal ESRICIC \ cac at, ceetcccglategtagitaictacacgac agtcaggcaactat
cgcgaacagt t guckhE LGRS e A b e b s Aok btedgPC 't caa
cttaaagct ggt gaehhuhad pgatctaggtgaagatcettittgataatetcalgaccazaatoccttaacgtgagttitegticcactgagegteagacceeg
t aacgct gccyccangasftitgieaiharatinagdtuetdagiigabhgeraggaicaaegandgeei t gagga
agt gaaagct aagcureagape@agpctctitticcgaaggaactggeticageagagcgcagataccaaatacigtecitctagtgtagecgtagtiaggcecaceact

cgcccgacagcct teeasagelagsragRscisrgfansaR e mERpreigtpcragiRec giasepeiggcat s etttz r aRRiRgpAct act ct g
gct g gcct aacca g{lagﬁa@ggamggcgcagc gEicgEEcigaacgEggppticgtgcacacageccagetiggagcegaacgacclacaccgactga

ot adaacogt {cad e AT S RS coot g

4 .
acctt gaagCt aa i gREgectatggadaaacgecageazcgeggcctintacggttcetggectintgetggoctntgetcacatgictitcctgegttatcce

gaaaaacgt t gagoigfdigiunclGRagtleidtagfancgticic-acqgpogaeahictakqeaR@biagy Cgaggc
t gacat gct ct ct aagmpbagtcaaatacgeaaaccgectctccccgegegiigeccgaticatiaatgcageiggcacgacaginccegactggaaagceegec

C t
e ot ey s L ot
cttacaccgccaaadt g 8&%“56?‘5@8?“@5%@ HRCBEGABALt at cgaact cgcacct gaat acgct gagge
t at cgcaacccgt gcaggt gcg
ctggctggcatctctccgatgttccaaccttgcgtagttcctcctaagccgt ggact ggcattact ggt ggt gge
tatt gggct aacggt cgt cgt cct ct
ggcgct ggt gcgt act cacagt aagaaagcact gat gcgct acgaagacgnUcat gcct gaggt gt acaaagcga
ttaacatt gcgcaaaacacc
gcat ggaaaat caacaagangt cct agcggt cgccaacgt aat caccaagt ggaagcat t gt ccggt cgagga. -
at ccct gcgangagcgt gaa
gaact cccgat gaaaccggaagacat cgacat gaat cct gaggct ct caccgcgt ggaaacgt gct gccgct gct
gt gt accgcaagacaaggct c '
gcaagt ct cgccgt at cagccagagtt cat gctt gagcaagccaat aagttt gct aaccat aaggccat ct ggtt
cccttacaacat ggact ggcgcg
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gt aaaccaat cggt aaggaagg
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ggggaaacacacaaaaggat g
at ggaaat gaaat aaggacacacaat at gcaacaacat t caat t cagaaat at ggaggaaggt t t aaaagaaaac
at aaaaat at at agaggaggaa
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cgt gccaget ggauaat gaat cggccaacgcgcggggagaggeggnygegt at t gggeget ctt ccgett cct cge
t cact gact cgct gcget cggt cg

tt cggct gcggecgageggt at caget cact caaaggeggt aat acggt t at ccacagaat caggggat aacgeag
gaaagaacat gt gagcaaaaggcc
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agcaaaéggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgac??gcatc

acaaaut cgacgct caagt cagag B 2004
gt ggcgaaacccgacaggact at aaagat accaggcgt tt ccccct ggaagcet ccct cgt gecget ctcctgttcce
gaccct gccgett accggat acctgtc

cgcctttctcecttcgggugegt ggeget ttct cat aget cacget gt aggt at ct cagt t cggt gt aggt cgt t
cgctccaagct&@U@gggQ?ggaggagc 054 cacget gt agg PCTIEPSSIOTE
coccogt cage oo apaghpRaLLaLAGIAAGL AL LA AL ASARSS AT AR gRc A 1
g ggcagc agfidegydaghe gaacaggagagcgeacgaggpagcticea aacgccigglatctatagtectete ceac

ggat t agcagagcgaegiapgimeueqai s onaiainxia At 0e s Rk A 0aagg
acagtatttggtat @B@lﬂgﬂt@itgcmcctgcgmtcccctgattctgtggataaccgtanaccgccmgagtgagctgaraccgctcgccgcagccgmga
gaagccagt t acct tetjiredsraiBtragit s PR AgREBL g GatcogrRacRoaa oG i cl G@kagaget ogm
ngt t t gcaagcagc R3FAR @ectggaaagl:gggcagtgagcgcaacgcaattzatgtgagttacctcactcattaggcaccccaggcmacacmtgct
agaaaaaaaggat ct; gg;% BB B 2R B R AR A PRI BT G P Eram g cpEtAb Y eratamBE cacgt

t aagggat t t t ggt CHLyaga aa

aaggat ctt cacct agat cctt t t aaat t aaaaat gaagnt aaat caat ct aaagt at at at gagt aaact t ggt
ctgacagtta ccaat gcttaat cagt gaggc

acctat ct cagcgatctgtctatttcgttcatccatagngcct gact ccccgt cgt gt agat aact acgat acgg
gagggct t accat ct ggccccagt gect ge

aat gat accgcgagacccacgct caccggct ccagat t t at cagcaat aaaccagccagccggaagggccgagceg
cagaagt ggt nt gcaactttatcc

gcct ccat ccagt ct annt t gt t gccgggaagct agagt aagt agacgccagt t aat agMycgcaacgtt gtt gc
cat t gct acaggcat cgt ggt gt ca

cgct cgt cgt nggt at ggct uat t caget ccggt t cccaacgat caaggcgagt t ar at gat cccccatgtt gt g
caaaaaagcggt t agct cctt cggt cct

ccgat cgt t gt cagaagt aagt t ggccgcagt gt t at cact cat ggt t at ggcagcact gcat aattctcttact
gt cat gccai ccgt aagatgctittctgtgac

t ggt gagt act caaccaagt canct gagaat agt gt at gcggcgaccgagt t gct ct t gcccggcegt caat acgg
gat aat accgcgccacat agcagaac

mmaagt gct cat cat t ggaaaacgt t ctt cggggcgaaaact ct caaggat ctt accgct gt t gagat ccagttc
gat gt aacccact cgt gcocccaactg at

cttcagcat ct t nacntaccagcgnct gggt gagcaaaaacaggaaggcaaaat gccgcaaaaaagggaat aagg
gcgacacggaaat gt t gaat ’
actcatactcttcctaucaatattattgaagcatttatcagggttattgtctcstgagcggatacat attt gaat
gt at t t agaaaaat aaacaaat aggggt t ccgc

gcacantcxgaaaagt gccacct gaacgaagcat ct gt gct t cat ngt agaacaaaaat gcaacgcgagagcgct
aan=aaacaaagaat ct ga

gct gcat t racagaacagaaat gcaacgcgaaagcgct at naccaacgaagaat ct gt gct t cat t ngt aaaaca
aaaat gcaacgcgagagcgctaa tttttcaaac”

agaat ct gagct gcat t macagaacagaaat gcaacgcgagagcgct att t t accaacaaagaat ct at act t ct

tttttgttctacaaaaatg o

cat cccgagagcgct at t nct aacaaagcat ct t agat t aci nmct ccngt gcgcet ct at aat gcagt ct ctt ga

taacntt gcact gt aggt ccgttaag ¢
gngaaggctactttggtgtctattttctcttccat aaaaaaagcct gact ccacttcccgegtttact gattact
agcgaagct gcgggt gcamacaag

at aaaggcat ccccgatt at att ct at accgat gt ggat t gcgcat act t t gt gaacagaaagt gat agcgugat
gattcttcattggt cagaaaatt at gaacg
gntttctattttgb=utatactacgtataggaaatgtnacattttcgtattgttttcgattcactctatgaatag

ttcttactacaattnttgtctaaagagtaatac

t agagat aaacat aaaaaat gt agaggt cgagt t t agat gcaagt t caaggagcgaaaggt ggat gggt aggtt a

t at agggat at agcacagagat at at a

gcaaagagat acnt gagcaat gngt ggaagcggt at t cgcaat ant agt agct cgt t acagt ccggt gegttttt
ggt t t ngaaagt gcgt ct t cagagce

gcttttggt Mcaaaagcgct ct gaagt t cct at acnct agagaat aggaact t cggaat aggaact t caaagcegt

tt ccgaaaacgagcgct t ccgaaaat

gcaacgcgagct gcgcacat acagct cact gt t cacgt cgcacct at at ct gcgt gt t gcct gt at at at at at a
cat gagaagaacggcat agt gcgt gttt at

gct t aaat gcgt actt at at gcgt ct anut gt aggat gaaaggt agt ct agt acct cct gt gat att at cccatt
ccat gcggggt at cgt at gctt cctt cagca

ctacccmagct gt t ct at at gct gccact cct caatt ggatt agt ct cat cctt caat gctatcatttccnyata

tt ggat cat att aagaaaccatt att at cat ga

cat t aacct at aaaaat aggcgt at cacgaggcccncgt ct cgcgegt t t cggt gat gacggt gaaaacct ct ga
cacat gcagct cccggagacggt ca ,

cagctt gt ct gt aagcggat gccgggagcagacaagcccgt cagggegcegt cagecgggt gt t ggcgggt gt cggg
gct ggct t aact at gcggcat cag

agcagat t gt act gagagt gcaccat agat caacgacat t act at at at at aat at aggaagcanaat agacagc
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t caaggttgtcggcttgtctaccttgccagaaatttacgaaaagat ggaaaagggt caaat cgtt ggt agat acg

ttgttgacacttctaaat aagcgaanctt

atganatgatttttanattaaat aagttat aaaaaaaat aagt gt at acaaattttaaagt gactcttaggt naa

aacgaaaancttgttcttgagtaactcncc

t gt aggt caggttgctttct caggt at agcat gaggt cgctcttattgaccacacctctaccggcat gcccgaaa

ttcccctaccctatgaacatattccattttgt

aatttcgtgtcgnctattatgaatttcatttat aaagtttat gt acaaat at cat aaaaaaagagaatcttttt a

agcaaggattttcttaacncti cggcgacagca

tcaccgacttcggt ggtact gtt ggaaccacct aaat caccagttctgatacctgcatccaaaaccutttaactg

catcttcaatggccttaccttcttcaggcaa




gt.t caat.gacaantaacat cat t gcagcagacaagat agt ggcgat agggt caacct t ancnggcaaat ct ggag
cagaaccgt ggcat ggtt cgt aca 3FEBZW4
aaccaaat gcggt gtt ctt gt ct ggcaaagaggccaaggacgcagat ggcaacaaacccaaggaacct gggat aa
cggaggct t cat cggagat gat at ¢

accaaacat gt gﬁ gat tataataccatttaggt gagttgggttcttaact aggat cat gacggcagaat
aat caat t gat ctt caat gt agga

aat t cgt t ct t gatggiatdGplsfasAdishififitftlaal iyrAtRuqcsaasafLaaGt hidhgeaaggac
caaat aggcaat g POk adt@titgicagimicagtataatgtiacatgcgtacacgcgictglacagaaaaaaaagaaanatiigaaatatasataacgtictt
ggccat gaaagc ggeeraiapicaglagadhanigcagicteiggaacoyicgiced b Hbdggntispdte goagngacacca
t caccat cgt ct t GERiERtaRaciaasaizaly ffsmcssxtstlcaatatssﬂcmctcmctsscuccmcccatacatcgggattcctataataccn
aaatacctcccactﬁﬂ%f%?ﬁ?‘ﬁﬁ% @&ﬁ %ﬁ@%?? &gF agfacacyyptitsecteaagt C
t aaaagagagt cg gi (% ....o actaccetitticcattigecatCtattgaagta

ettt go A gﬁggﬁ"’fﬁi&ﬁ&“&;ﬁ%&%}“‘Eﬁéﬁi&f?ﬁﬁﬁfﬁ%ﬁfﬁ?@ gt ac

cccatttaggacc &Qﬁﬁﬁﬁﬁﬁﬁm Fhocctaccaghacttgaatttgazataaaaanagtiigeegetitgctatcaagtataaatagacctgcaattattaate

acggcat caacct umwmtmagagwmm@gg&mmmamﬁgﬁ:&wiaﬁgaﬁﬁ%&gaac cac
caatt aaat g at WW Eptstictatcgaacaageatgegatatitgccgaciiaaaaageicaagtgeiccaaagaaaaaccgaagtgcgecaagtgiciga
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2 gta ; 32 ;gg:g; gé&é (tla &'&tﬁﬁca agaccggggsgg?agté;ga maca;g(gagmagca gna::;t;%?ngamggﬁgsg gtca

gcagacat t agaat‘ cCgicac ca actgal taac aAcgpcatagaataa ?é%ﬁé&ﬁa%gaaag
taag acgattgct aaE%‘Eg%gt attgga ﬁaﬁﬁéﬁti@f&&té@ fﬂ%tﬁg&%gﬁ ié@
aaacaataggtccttaaataatattgtcaacttcaagtattgtgatgcaagcanagtcatgaacgcttctctatt
ct at at gaaaagccggttccggcctctcac
ctttcctnttctcccaatttncagttgaaaaaggt at at gcgt caggcgacct ct gaaatt aacaaaaaat ncca
gtcatcgaatttgattc% gcgat agcgc
ccc;gtgtgnctcgttatgttgaggaaaaaaataatggttgctaagagattcgaactcttgcatcttacgatacc
tgagtattcccacagttggggatctcgactc

t agct agaggat caatt cgt aat cat ggt cat agctgtttcct gt gt gaaattgttatccgct cacaattccaca
caacat acgagccggaagcat aaagt gt aa

agcct ggggt gecct aat gagt gaggt aact cacattaattgcgtt gcgct cact gcccgecnccagt cgggaaacc
tgtcgtgccagct ggattaat gaatc
ggccaacgcgcggggagaggcggngcgt angggcgct cttccgctt cct cget cact gact cgct gcgcet cggtc
gttcggct gcggcgagcggt at c

agct cact caaaggcggt aat acggnat ccacagaat caggggat aacgcaggaaagaacat gt gagcaaaaggc
cagcaaaaggccaggaaccgt a
aaaaggccgcgttgctggcgnttccat aggctccgcccccct gacgagcat cacaaaaat cgacgct caagt cag
aggt ggcgaaacccgacaggact

at aaagat accaggcgntcccct ggaagctccct cgt gcgctctcctgttccgaccctgeccgettaccggat acc
tgtccgcecnctcccncgggaagcg

t ggcgcntt cat agct cacgct gt aggt at ct cagt t cggt gt aggt cgt t cgct ccaagct gggcet gt gt gcac
gaaccccccgttcagcccgaccgcetg

cgccttatccggtaactat cgt cttgagt ccaacccggt aagacacgacttatcgccact ggcagcagccact gg
t aacaggat t agcagagcgaggt at gt
aggqggtgctacagagttcngaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgct
ctgct gaagccagttaccttcggaaaa

agagtt ggt agct ctt gat ccggcaaacaaaccaccgct ggt agcggt ggt t nngngcaagcagcagat t acgcg
cagaaaaaaaggat ct caagaa
gatcctttgatcttttctacggggtct gacgct cagt ggaacgaaaact cacgnaagggat nggt cat gagatta
t caaaaaggat ctt cacct agat ccnt

aaatt aaaaat gaagtttt aaat caat ct aaagt at at at gagt aaactt ggt ct gacagttaccaat gcnnt ca
gt gaggcacctatctcagcgatctgtctatt

tcgncat ccat agtt gcct gact ccccgt cgt gt agat aact acgat acgggagggctt accat ct ggccccagt
gct gcaat gat accgcgagacccacg
ctcaccggctccagatttat cagcaat aaaccagccagccggaagggccgagcgcagaagt ggtcctgcaacttt
atccgcctccatccagtctattaattgt

t gccgggaagct agagt aagt agtt cgccagt t aat agngcgcaacgtt gtt gccatt gct acaggcat cgt ggt
gt cacgct cgt cgnggt at ggcttca

ncagct ccggtt cccaacgat caaggcgagttacat gat cccccat gtt gt gcaaaaaagcggttagctccttcg
gt cct ccgat cgngt cagaagt aagtt
ggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgctt
ttctgtgact ggt gagt act caaccaagt cat

t ct gagaat agt gt at gcggcgaccgagttgctctt gcccggcgt caat acgggat aat accgcgccacat agca
gaactttaaaagtgctcatcattggaaa acgttcttcggggcgaaaactctcaaggatcttaccgctg

t gagat ccagncgat gt aacccact cgt gcacccaact gat ctt cagcat cnt acnctacc

agcgntt gggt gagcaaaaacaggaaggcaaaat gccgcaaaaaagggaat aagggcgacacggaaat gt t gaat
actcatactcttccttnraatatt
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caaaaat agggt naagt gggatagtgtttttattagct aaccggaaaattttatagttttttttt gcaagaaacc
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ccgactt cgcct cgaat accagcaa

tacttt gaaaagct ct gccaggacacgt att ccacgat t caccgaat t gacat cacaaaact gcggaanicd i
ccttattgctcatttgctctcgacg

gat gct at t gact ggaagat t t t ggccgat at gaaaat gaccgaagaggacacaacttctt ct ggcagaat ct at
at t aaat at at A¥Q Was4gaact t gt g PCT/EP99/04718

gaggcgat gggaat ggt t aaact t cat t cgagagt Pact gat ccgt gagt t t cct agagagagt t gt ncgtatt c
aattttccctatt tPGMNafaacr nggct SEQUENCE ID NO. 10

cattgctttgtt chat t at t cccacgaact aat cc%aaca cgcacgattttcgat caacttcttcacaatgatt
ggatt gggt g gn.gcﬂ 4 cLicgaggicgacggtatcgataagetticpiCattgaadagaaggataagaatpgacgatgggaagaagetctegtt .

otsaat ot oot L U A UMD oo

cat cgt cgt ct t cggalg ttgatggtgagccagcaccagatgtaacatggtcam:aatgg aatcggaga a; caa ctcaaattéaaaa

?b

gactcgtctgatt agag@g@awﬁgage@am@a&ﬁ@a@e&%ﬁhmw {gbdadc t cagag
CCagaac c ac c gaagsaastacgmpagageangcdadgaakccidagg fiddatdgadiBh ik Ol fard Gaactdnt /04718

gaagaacagt gaafereiaeastizeesRarasEeaycaits spt cit B e HEt AU R A et oY tzggstgptpr®agagagc
t gaacgt cat cgt igfI:&aé'%cagtcgancac!nacaagggagatcanacaagttccgtgtcaaggctgtcaacagcgaaggaccttctgatccmgglaactg

gt gt ggagaacaa m@g cf:c:: ; ?ﬁfﬁ% %??@gggc caaaggca cca;ggggucg?&tﬁgggagat 9

accgcaaggatcg Qgdiashd tcatctgaac:ggmgamtcmct gtcaaaaagatgaaatiatigatittcagccagatactcccaaaactageagegagaagict
agat cgt cgt COt GagARhEYERt SRl IRTHReoda RNl GREdAahenh I aaamigataaaagacy
t cgcggagat cggasiagaaicgaaaaticcicigaattatcaagatigeagtattaatitcgagaaaaatigagatattcatagagctattgtaaatttictigatticag

gt gat cgaaac aad¢emstrgeragyRie s paatRR SRR TR aagaaagoatngigaggatcc gacgt g
at cgcecgt cgt ca gglccaaggagaccaggiitgicaaaageticcigegattaaticicatticaattittcagagaatcagagtctectgaaaaatee

a get gat oot ggt%g%g e teaon -y foat gat ¢
g e AL ST ot aaa

caaattttaaat ag

aaatt aat t caat conaatic 7 «:7- mgm getcaggettictcaccaggaticictaacgictatgeagetitggeggeagttatcaac
tttnctetttccg ttmae@mts Mcumgmcmengammamﬂgtagmag’adsttmtsmn ct cgct
tt cat ucatt agg&edf Iggtt:aacaagngctcacgaagttcttgcgctggmtcatganctgatgcttgaagaccaactgatgam:agttga

R L R LR L e b e e e

Alethaatag ‘-* ltagaaaaaaataaatia aataamaaattcctac ccaatcaggcpgace Ccgcatagttctattatigaaaaattt
aagaaaacat aaaanikiARAgHALAALIA RN SR AAR AL AU AR TAd QR ApaRL vat gaga
attgtcctcgcett ggegiaatgggagttcatcnactgaatctgtgactggcttgttgctcactggatgcactagacgactganctcgagaaatcagmgagttgcgatt

cgaat ccgt at gg awggewgnmmaagm tcggzigg g atygegntatgicaaasaitgtitdgagt t gaa
atrtggtgttgc t C8% liapaagliaatgaaaaaatztagasaatcggaaatiggcaatitcagaccatittitaageattiicaaaaaaaaattgcagetga

t
oo o P e e R o2 0
gctgtagttgct agl tcaaaacttgaatatcaamaacccacmnaacmc atchctgicgicgglacgatgac
S R Sl i Gkt B b i Sinle i PRl s A LREG Ct 00t 02

aaact cggaaaat hgtpyastipatchgicadhipgaicittiggattagaascatataagacaggtttacctatctattaaaasacagatcaaaatagatacg
at ccttaaaggcg MMMCFMWLCQ:%M@M&MM&;mgaagmtaacaamgatcgnggccag
. s

t Mu gatt cgct ag &8 oo % g?%ig %‘gmpgaaaccactgaaaacccccmattgtatacattﬂ
o R acccaac

at agt gagt cgt aEal
ttaat cgcctt gCcaQGatedtdaf aamgtgncgmnatgtttummummttumm ettt tacattitt

ctt ggccaget e A S lGas R ghatichahaRERUL AL Al at ggcga
at gggacgcgccc kgtaggcggaagancaageac gmgttgtggtagtggacgucatcacgcaamctgaccaatggtcgtggggtctclcmccgucmngaga

gcgcatt aagcgc® Elykgza YRR EC EFIEYRY LI UL EIretb R et 2R IzaTNRenEBLagggWC CCYCt C
cntgenttt ccct tc '8 lacaucacatatcmtaccgaagaatggctaattgaatggacgtcagctgngctgtagngccaaggcatcalcgatg
IoIST N et et ol vl ]

!
cgccacgt t cgccGiah Ao ﬁmﬁm@mﬁmﬁéﬁ@m ﬁ%‘?:gtt t acggc

acct cgaccccaagaaatiighd Hetady litatgaggagalccgtaaggaaaicatigganacgce gatamc atg atggtg
t cacgt agt gggc @%Wfsﬂﬁiﬁﬁaéﬁg&ftﬁa&&%@wﬁ% S QéaEGea fabigabigert agt gga
ctcttott ccaaaG@xuggmmscmmzmtcmcwam@im&uiawiaaauccggaamm

_ j u’k &@PHW"F‘F&Q&%M qigjeeptpazichsiaRAciaricagaggrigeticacaaatigely

T a aauac gggﬁﬁs{: umct;m%ggmummmgucgmg tg’
5 Cic ta tag, ficta tgetcat et ticgect
. T T .

ttccgtgtcgecce mtmhwgiﬂﬁﬁicﬁkatatgaaaatgaccgaagaggacacaacncttctggcagaatctatattaaatatatatttaatgaacﬂgtg
cggcat ngcct t c étegistigiztapetaemiratc gagartis pelcp gUity e sy agitivrg Bty Btcratatisdzagerg g gt gca
cgagt gggt t aca acccacgaactaatccgaacagcgcacgamtcgatcaacncttcacaatganggattgggtsgtttgacanggaacnc

&
TIPS A Lt G
gacgccgggcaagagcaact cggt cgccgeat acact at t ct cagaat gact t ggt t gagt act caccagt caca
gaaaagcat ct t acggat ggcat
gacagt aagagaat t at gcagt gct gccat aagcat gagt gat aacact gcggccaact t acnct gacaacgat ¢
ggaggaccgaaggagct aacc

gcttttttuacaacat gggggat cat gt aact cgcct t gat cgt t gggaaccggagct gaat gaagccat accaa
acgacgagcgt gacaccacgat

D N S T T S T T R S S S T T T T S T
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cat agaact caat t ggcrCet cct ccgt cat cct ct ggt ggt t t ccagt caagagt t gcacgat ct t cgaagacat
cagttacctcgattggtccctttggttt
cgttggcttgenttaccttgat attgat agt gacact gt cagttccattaat gtt ggttgcagt gat ggt at att
ttccactttgcttacgaagtgccnggca
aagcaaat ct cgagat gt at ggct cat ntaat t t gagcctt gct ct ctccgattcctttt ccatt gaat gaccat
gttacat ct ggt gct ggct caccat ca
at at gaacaat gaact t gagagt ggct ccgacct t gacagt t gt at cagaaagat ctt cacgat gaatt ctt gga
gcaaggtttcttggcttcgcaacaac
acgat cagaaggat cagaaggat ct ccagt t ccagcctt gtt acgagcagaaattct gaattgatattcttctcc
ctccttaagatttggaacagttgct gt
tttctgatctcctggaacaacgagagcttcttcccatcgtccatt=tccttcttttcaatgacgaaagcttatcg
at accgt cgacct cgagggggggc
cct cgt cgagt cggt cacaat cacct gaaact ccaaaggcagccagt gaggaacgt gaagaagaagaaaaagagu
at ct gaacaggngant ct ’
tt ct ggt caaaaagat gaaat t at t gat ncagccagat act cccaaaact agcagcgagaagt ct gcaagt cgt t
cacagt cgcccagagaat cgcg L
ggaagt gagccaagaggt at gt t t t t caaaaat caat aact gatcataatttttatt gttt ggt gaatttaagaa
aat aatattcgaaaattcctctgaattatc
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tt,gt muggcttcctgcgattaattctcatttcaatttttcagagaat cagagtctcct gaaaaatccccggttcg
tt caagat ct cccagaaggt ctt cag -
cacgttccccgt cacgat ct cct agacggcgccgagaaagaagct cagaaagaaagcaat ccgaagagacgg%zqgé
cgct accagagaaaaagaa

gaaagagccgcet ggat at Wicgaacaagaaccggaggagceat at at t ccacccgccaaact t cgact t at gcaac
aacagat t agt Y&x%94dea = - PCT/EP99/04718

agt gaacagt at cggngevat gaat t gggaaagaat gaagaaaaagat seecgget t aotNcragagagt caacgceg
aagaatcttgttcaaattgtcag

agaact t ct t caagespaatgtgpicieghiccRpagigngigeganaiCiieidpiclgonngorgdtaat t t aat
t =aggggact t ct Criggisaltagereatcaaatggantitagccaaaatatepgtitcagtitccaatggatcagaaggiceitcgetgitgacagectigacacggaa

at t at t caagct c SBHBAFEFUEL 8 B HREcE EPRIRR RIS IEfaTiAcRItCoretag e sl R et BctcsaaC t Cgaaa
ttccct cat gt cgd A13gas Fmtf:&cttce atcctctggigatitceagtcaagagtigeacgatcticgaagacalcagitaccicgatiggtecciggtit

St tgtca 1
A AT R A et  cat

gt cgt ct gat t gt ggAq

gcacatttgatt a@ﬁaﬁ%ﬁg&gragagtggctccgaccngncagngtatcagaaagatcncacgalgaattcn gagcaaggitictiggeticgcaacaac
gct cacgaagttc tatgge@ﬁ#@&%ﬂﬁﬂ&@@&&%&@&%ﬁégﬁﬁ&%ﬂﬁmﬁc&% &tﬁ@ﬂf gagt cgeca
t t gcgt t cct gaaatytseticriiaggedgcgagageticticccatgtocattcttatcctctittcaatgacgaaagetatcgataccgicgacclcgagggageec

caaagct t ct ggaget@guicertagecatiaatitcansgtaltincgaepah g bagigoanicniganggaaact g

aaagat cggaaaa é%tii‘f &‘8’6%‘“8 HesRlaciqgtasppctageagegagaagtcigeaaptogticacagtcgeccagaganlcgeg

i t gat t gagact g&g3 oy &%&%&P‘Pﬁ%‘%ﬁ%?%ﬁ%ﬂ& #at t agaaa

aaaat aaat t aga gaaaagg ' B maaa al atagagclattgta ctiga agac aaacncggamtcaagaga atcaaa
atgacgpggatgatcagociggeacaccgaacagetatagaagecggpaaacticaccapetceaaaaaggt

taal tt aaat  CCighhn i aAR b Aot A b LB AT g aat t t c

tcat at t ct cgCt cygmaaiiatdyadigicgacgccgagaaagaapeicagaaagaaageaatecgaagagecageaccgetaccagagasaaagaa

gacgagat ct t ct gepegegctcippapticiergdagemicigzpist aitagaiccparBinc o igGhadcigatgiMdaganCc caagaa

cett gr t gagt t Cag:a .. ;‘- : gaaagaatgaagaaaaagaitcacggatiggtiaacagagtcaacgegaagaatetigticaaattgicag

gectgocl 04 oL T I L e o0 0o
gictgatigtaehy agaaalgacaga acggtga 1 3

maasat at {Ca0 e b A A AR conaca

tttttcatt aaaagiaimﬂﬁaz%&&:agcagctcttaacagtgtctacgaccgtcﬁcgtgcaattctcatggaaactgaaagatcggaautgcact atcg

at gt agaaaat cgézbbatigypanragasgajtamagaaiitdaagiqanaaa.pgsagaigasshgaat gt cam

t cagat aaat cga AtecractageqapieagREgCaBoAtaE REGtittE4atagttpbgaatticicataticicgcicg gaaatciggaatte

muaaat gt t ggaaggatat e HTHERaegcedBate FHECTE BB AEpEAIRRACE IR UEARTICHICAREBRRSRER t At CC

aaat ctt ccaaac X BReTaET g’tf@?g&‘ %‘?’P‘E‘“&W ct ct gat
gdcha; atttac caccatgtigCtccaacatttica gitiatgaaaaa

at cact gaaaat t aghgahahi 4@ anmcagaccattittangeattitcaaaaaasaatigeagetganatasatgtcanmcagatagate 3

aact t gaat at caa:gag&&aﬁ&mﬁigh&maegﬁggugﬁmﬁgﬁﬁggﬁiu&gi ﬁcsﬁﬂéﬁﬁ%ﬁmm cJaagaagc

caatt gt agt agt sgutcbdagybch R GdzCipggciatcaagaatctgetgeagtmataagacgagealc ictgatatcactgaaaattaatititaatcaa

ctttcggt gtt gt MAECRHHDL Eicuaamitgesatetictzic sty b dtandz g el fa g o drgegp tulatipgatdafraat gaagt
gattaaatt-gtt & t g!tfcggfgtggtamngmmmggcctaagattcaamaatgaagtganaaattgltctctgaacctcm:gat

SLCTLEY c. C

e R
C

ctaggaacyt gt t ehianoneidslaiahhal gl iR R A e L e Agt aaaaat a

gggt t t t aagt ggepassiglagipeninticattaaanaagctaatirtaactaanaatccatcatatiiccaacttigicacaacaataasatgctg gteaaaatgigticg

t agct aaccggaaaPeiprtitatttaepiiaigeaayn i paciigaagacosatt @akhagtatrecaichnt ggagca

gct tACt ggt ct t t PEaRRIetRIa3 gl icgractiacotgegecigaticgasagaacaaccglagecazaagaacaagaagaacasgeacgtagitgt

BELagtes L
L s S oat { coa

fa%aecga acgtcagctgtiget ccaaggcatcatcpatgaastaactzaaa aattaaataattattec
aggggt { { t Cagt gislctstigatiphs vt oAt e RInghe B e SUAT R coitl BB AR Cacaaca
at aaaat gct ggt exxemgaigghdgatcigogeggagggcattaatttaataaatigaaticeatticagatgtpicaaactagatceagaaticgaaaagaacga
aaaaaat gt t t nt E82EatHIREBLER ALy eeadtda gRsRa teatyitticRda g st AR YO R B Yt aph@aagigkgi0gCc gt aaa
ttttcagttcaaa xq’g FEEqiqcgasgAagartasagpgattatigataatactgatcagaatigacigetitcagaaggtancantgagtitiggpccggcaa

i a c

aat ot daagct oL e e e aaagaac
aagaagaacaagcC gugabcaddpbAimmcgaccasasanaccaaccastcataaaatitaasasaaaactcegtitiitictttttrnatacga ccaazaaa
ggt agt ggacgt t opimeasaRRbaaHSREEARERMABHEGHHRhERE il b REth i ML IR0 20090a]
act gaagat ggc aerfatggsrggieia@gaalgcicaicgaacgtitctgeegacttcgoctogaataccageaatactiigaaaage etgecaggacacgtaticeac
gt gt cngacgcacCaegrangicacatr et erp MR Uag e Ry Y Ericy gragpatgraeigraigtsagattg b dcgatigangcccct
ccrgt aat acat a §Adgaggacacaacticticiggcagaatctatattaaatatatatitaatgaactiglggapggc gatgggaa ggiaaacticaticgagag

tppcspAagagae
s ocacaaal LLpL AT et goca

gaaagaat t aaat tigaaggccgaatcaageicagaticatcgtcgtcitcgpaticgicagactcgtetpaticticggaticteac

AggCgt at CoYQCHakfiintupdRAadhchi s godl B LA L B e e s AL G, t aamggag
gat gcggt t gat ccggaaaat g '

ggct t agt aag%ut gaccacacgcggggggcat t aat t t aat aaat t gaat t ccancagat gt gt t caaact aga
t ccagaat t cgaaaagaacga

ggaggt t t at gaggagat ccgt aaggaaat cat t ggaaacgccgat at t t cggat gaggat ggt ggcgacgagt t
gg at gat gaagaagagggt agt

gat gt ggaagaggct ccgaagaagact acagagat t at t gat aat act gat cagaat t gact gct t t cagaaggt
attca=gagttttgggccggcaa
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aat gacegaagaggacacaact t ct t ct ggcagaat ct at at t aaat at at at t t aat gaact t Grhfdygégat
gggaa tggttaaacttcattcgagag

ttactgatccgtgagtti cctagagagagttgttttcgtattcaattttccctattttcagaactttggetcatt
gctttgttggattattcccacgaactaatccg

acagcgcacgat trt cgat caacact t cacaat gatt gpt t gUt ggMyacgt t ggaact t cgt gaat ggct ggca
aagUtctc aaéﬁé&%gﬁ 48 PCT/EPIOI04T1S

gggaat gct 9gat C Rl ARRRERTR Rk EANRLCANA-h GRS E LS GIAALY AL CARAGLSO! Ct 02
ttcttcggatt ct gacgapuitd@cgaasatcgieggecagaacgaggagatgaccgeaaggatcggagtaaagategtogtegtcaagacteggatea

R GAGREOROGARCAPESE PR MIRIA L a A ac agt
gaaaaagagaat at t¥jtse&s

gact cgt ct t cagatacgsbpgipphicpisg
HIATICRICg agt
AR AT sledipe salstray syt dratBytiosttgiggiaagagighggagaac

aaggacaaggat C.gt: : glglmmitengetitciaaaaaattaaticaatccaasictanacatgageggtittittictctitcegteteccaaticglattceget

a

t cgceaggat ut g am&mﬁﬁwﬁ%ﬁﬁﬁﬁﬁﬁ%@%ﬁmmﬁﬁﬁggﬁf cgteat
caagact cggat gat ggiAehgkagtaaanaataageanagaaatiaggegaacgatpagaatiglccicgettggeaaatgeRaatceatalpeagagecacgiteRcea

at cggaaagyt cgt JERESERIBARRERLLAAGELPTANGRG HE LA DuAR Lt I s [ fgaaaca
aggat caggaggat c,cat;{;gcrtccaatmtcaaattcaaaagagcctnaatgggctgtagltgctaamctcgmngaaaamncnccgmtcgmmgatgtam

t gaagat cgccgt gd AR TE I YgE IRty YciuRCieghngigactehggigat gat cg
T,

t aaaact cgt cggge agaticgctagageggecgecaccgeggiggagciceaaticgecctatagtgagicglattacaaticactggecgtegt
gaagagcgaggagygegleut &

C t o 1] RO
gaaganconnsasn S BT Ty e gt 023
AtTtatt tat t clctimgaa et ke bR A gt tt t

tttctcnccegtcetce nghmmtﬁg@dﬁwigtccacgncmmgtggactcngttccaaactggaacucactcaacoctatctcggtctattctm

cct ct cat ct gaac attamgsyUReaItisiabtg@bailgaicgimbdintan i ingsangtheggadeasdl t 9ot gg
aagggggaaacac aGBEase Eg;;g‘gcscs838CCCC&mgmmcmatﬂcattcaaatatgtatccgclcatgagacaanaccctgataaalgc

at ggaaat gaaat a BPE R B PeA M RACR IR B R liag £853 camgaaaacat
aaggat at g.t agag TgAaagtaasagatgcig atcagngggtgucgagtggguacamgamﬂcaaz;%%fagmgggmgﬁncgga

Ggagaact ag: Sadsanme A RS e P SRt oo

t at ggagaggcacg Eililﬂgﬂdjﬁctgcggccucmettctgacaacgatcggaggaccgaaggagctaaccgcnmeacaacatgfﬁatcatgtaactc:f
¢

aggcaaat gt t cggresygtEsetcmicaanagtchhdiRaRbhGRaaicicgaRdidonlhichcggaanl t tt cCg
attttcgcttgaaat PRass BeragirtpRatttceggeaacaattaatagactggatggagpcpgataaagitgcaggaccacttctgegctcggecetice

cgacacgt ct t ccadfteprasriatipsipaagaicigy RAE TR ERIRIAGeRBIE E Rt ErRACRptEB ERata s B g edethtggaaaat t m
Ctgt chtgt t aat Cgéﬁ% ﬁ: b@g ﬁftgigcaac tggatgaacgaaa Eacagﬂlgggﬂg?gitaggtgcctcactganaagcanggtaactgtcf‘

oL g1 e e cc

t aaaggcgcacacC bdaéchoogh ik Qidcfegdigiugceggatcangagetaccaactetitiicegaaggtaact clicagcagagegeagataccaaatac
cccaat acgat at t WWGW@%@W&W%@%%&%&%&E&f Etﬁig@&i gagtcg
tattacaattcact EYBICRIgIcaccpggiiggactcaagacgatagtiaccggataaggcgcagcggicgggetgaaczaggegiicgtgeacacagec
tttacaacgt cgt ggt egReres EEECGHC Rt e TRt e Y (R YOG TaKIeRBRBGEE COCCag

ct ggcgt aat agcyag, 9%5 ';. RECagegicggaatiggagagcgcacgaggagcticcaggggggaacgectpgtatotitatagtectgtegggtttcgecac

ReCngugticRatimgtpatzclcgica c c

geaoget cocect ke o TR TN ¢
cggcgggtgtggt g g:@igaga&Ggagtcagt'gagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgc cgttgpccpaticatiaatgcaget

gcagegt gaccgct Suashigee pOeGaoqERaRaRE-aUR iR ilgich e kick itbdgelbobigg thlalug ) C CaC QL
t cgccggct t t ccclepeunhigugiatizmngigagcggataacaatitcacacaggaaacagciatgaccatgatiacgccaagetcggastiazecetcactaa

aat ¢gggggct ccc e ezargeric ragcitedenuchugencTERscganeitiggathagggt gat gg
tt cacgt agt gggc CgazaasaatgHitiagaalgegagaacacgnaaacacgaagateatatitatittgagacceggatgcictgaaaatgtetg

gat agacggt t nc gﬁgﬁig g@ﬁﬁi’fﬁ%ﬁ%&ﬁ%ﬁﬁ%ﬁ%&%@ﬁggﬁgmm faacaaca

Cct caaccct at ct Cgriphatrgagdahifchdcty gclc&aggacaanggamaaaamam:ggaggcgacaacggmmgmnsamct tgtal

t nggpt ngccgat t tasygeatatt@giisaqtptigaiatgflgabd seag@aaat tt aac cga% Micaaaat at
taacgtttacaatttca

ggt ggcactttt cggggaaat gt gcgcggaacccct attt gt nntt ct aaat acat t caaat at gt at ccgct ca
t gagacaat aaccct gat aaatgc a

nt aat at t gaaaaaggaagagt at gagt att caacatttccgt gt cgcccttattccctttngcggcat ngectt
cct gt t ngct cacccagaaac

gct ggt gaaagt aaaagat gct gaagat cagt t gggt gcacgagt gggt t acat cgaact ggat ct caacagcgg
t aagat cct t gagagnt cgcc

ccgaagaacgtttt ccaat gat gagcacttttaaagttctgctat gt ggcgcggt att at cccgt att gacgccg
ggcaagagcaact cggt cgccgcat

acact att ct cagaat gactt ggt t gagt act caccagt cacagaaaagcat ctt acggat ggcat gacagt aag
agaat t at gcagt gct gccat aag

cat gagt gat aacact gcggccaact t actt ct gacaacgat cggaggaccgaaggagct aaccgecnmnt cacaac
at gggggat cat gt aact cg

ccttgat cgtt gggaaccggagct gaat gaagccat accaaacgacgagcgt gacaccacgat gcct gt agcaat
ggcaacaacgt t gcgcaaact

att aact ggcgaact actt act ct agctt cccggcaacaat t aat agact ggat ggaggcggat aaagt t gcagg
accacttctgcgct cggeccttcce

ggct ggct ggt tt at t gct gat aaat ct ggagccggt gagecgt gggt ct cgeggt at cat t gcagcact ggggcc
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a
aaccaccgct accagcggt ggngt t t gccggat caagagct accaact ct nt ccgaaggt aact ggct t cagcag

agcgcagat accaaat act - 3 FEB 2004
gtccttctagtgtagecgt agttaggccaccact t caagaact ct gtagcaccgectacatacctcgetctgceta
atcctgttaccagt ggctgctgccag - 59 -

t ggcgat aagt cgt gt ct t accgggt t ggact caagacgat agt t accggat aaggcgcageggt cggget gaac

ggggggt t cgt gcacacagec
cagct t ggagcgaacgaciaimaccgaact gagat acct acagcgt gageat t gagaaagcgecacgct t cccga

agggagaaaggcggacagg
t at ccggt aagcggecagggt cggaacaggagagcgeacgagggaget t ccaggggggaacgect ggtat ettt at
agtcctgtcgggtttcggcac p method of generating a transgenic non-

Ct ct gact t gagegt Cgatt tt g gat 9ot Cut ca cchagect at ggaaaaa caacgcggcc
tt magggt t gcgggg@% to[rg@tn%.s%n c?omprglslx‘?gggagzggexc?gegnous anscrggg oh 9c99

ggcct mygt Cacé%&ttfo&ﬁ%%cg%tﬁﬁﬁﬁéﬁ@aéér@ﬁgﬂ% ancsBbRbtaeceperradiygaget gat a

ccget cgéegeagccgaacyga
ccgagcgcageg Gy QMY FEra@Ra gietR chR A#RER 258 cHePRcPEBEAT Tyt t ggc

cgattcattaat geaQGli}y transcription factor thereto, the method
gcacgacaggt t t cccgact ggaaagcgdggcagt gagcgcaacgcaat t aat gt gagt t acc

t cact cat t aggERFPEASIdE t t acacnat get
tccggetcctat gt t'gt ghyggad Ak U0 dof anChaEd ¢ caﬁﬁeﬁg@ﬁﬁacagghmgmcw gattacgc
caagct cggaat t aacgct cact

agggaaé aaagéFﬁﬁHﬁﬁbd%f@%ﬁ%%d%%&ﬁ?iﬁ%tY%E@c?dTb%E%ﬁﬁgaaégﬁtggaccngacatccgaa
aaaat gggcgaaxaddrdsing a first construct incoerporating DNA :

aatt gagctt My gﬁ%%gﬁaaaaat nttagg@ggg%gggggfgggéﬁafgggggagg%tgg af tt at mgagac

ccggatgctctg
scatagatttaaaaaagnﬂfmmansgemittor@amismahygfgadﬁggtatgegoadcnatagaatctcctat

tggcacattgttty g C . .
o aancat t g iR ORI R rooraanion comprising a s gagc%t | cgaaat gecaga
agaaaadiSat at taqreitmieycincluding at least one promoter operabl

got aaal t gagaaA GAARCEYCYoh £62ELETPRRLEQ0BARIHRAER! 3K! Weacggt attt
t cgaaat t gat ntt gt gt at

cant tt at aaat t¥RQ%E ri@iartcﬂ%rag coft eyt sanaesiptaant jestecasscsrichifgizhgat a -

3 FEB 2004 - gggnggeﬁﬁaegg@gnpgmggngfgtbngagdtransgenlc non- human organlsm
conpri sing an exoqgfous transcrl factor, and a transgene conprising a

promot er operably Kkt ot Eﬂm ggﬁ%ﬁFtMﬂPéhsFEOE SHdn bi ndi ng
of sm(2&ran&m@anlsmsfamﬂoselbetbhg,ofﬁspﬁﬁhbodxpmeupnm@lg;x@ provi di ng

i) afirst tr&gg&ggwc ﬁiggg ? ¥ 10 feeding a first organismwth a
m croorgani sm_conprising a<frrst construct incorporating DNA encoding an

exogenous transcription factor and ii)a second transgenic organi sm by

feeding a second Srganksykihbll 8cBLeLALORA! SHLSATE LG SEAARd. 19

construct includin | east one pronoter oper e5|red DNA
sequence whi cFEFRN x%@%%%éHCtuﬁéﬁpﬁﬁﬁﬂﬁngaéﬂ ﬁﬁélﬁﬁéhgﬂﬂ[ﬁﬂQHﬁﬁ@@tor of

said figst tiRAnsgedCeRtgaNbANEIRESLS, tengamﬂ PRI Sl Gd igst and
second trans eni c %Q orgg I, Sns, and sel ecting Eh:%g expreSS|ng sai d

desired DNA ﬁd@ﬁ% ﬁ@%ﬁ&ﬁt&BSOFHFHSCFéP5P& Xatd second
construct con@sm&ksupandbﬂﬂdmngdoﬁh@asdqueaﬁecrlpt1on f:ctor

thereto.

30 3. A method according to claim 2 wherein said
second construct comprises two promoters flanking said
desired DNA sequence which promoters can iritiate
transcription of said DNA segquence to dsRNE upon

_ binding of said transcription factor to said

35 promcters,

4. A method according te claim 2 wherein said



25 in an orientation relative to said pronoter so as to be capable o
initiating transcription of said DNA to dsRNA upon binding of said- 3FEBZW4
transcription factor thereto. 30 3. A$@ethod according to claim2 wherein

said second construct conprises two ters flanking said desired DNA
sequence which pronpters can initiate transcription of said DNA sequence

to dsRNP_ upon binding of said tra ri t|on fact t onoters.
4. A nmethod abBF8r GPAY Qﬂ¥ﬂrﬁﬁfﬁﬁﬁgﬁg it gﬁoghgﬁggﬁggsequence
is provided i Braeiv@&&g o@ﬂci'eﬁlrhtﬁﬁfﬁe Sﬁfl?ﬂ%rpmﬁ@mﬁnsoehat t@epﬁ_ﬁdﬁﬁfd
pronoter so as, to_produc upo, i ndi t pansCLl pt actor
to the pronoB&RNAS u@onA%f‘é'[‘iﬂdw a%fgo g‘éﬁﬁrp%}gﬁ g?rrgg% IQ% gﬂe\/\herei n
sai d second tgﬁmﬁmyy@rq organlsn1further conprlses a reporter gene operably
linked to a pronoter which is capable of initiating transcription 10 of

said reps8rter upon binding of said transcription factor t her et 0. 6 P.
nmet hod accordi ng t & .any mimetodsadcendbngwher any ofi aledldsér itst ifon factor

conprises a 1§$f0| nerase s§¥éﬁ#€?%§9§§%ﬁfédbgga595£l%bgkﬁéwhere'n said

pol ymer ase co % 20 S. A nethod
according to &mmpﬁlﬂﬂsuamxep@bter Qh@¢e0ﬁ5§a HYpLdRbESr $9%cénpri se any of

T7, T3 or SP6 . RLQIOLLlehidh f%f%9%%99&aS@OiHhBQatEﬁgCk&hmé%ﬁﬂﬁﬂﬂﬁﬂlSald
(0}

25 reporter gé%e co rlses any o se sequence encgod |n% L f.erase, G een
Fl uor es@ént praf edad F:aﬁqsa%eésmaéebl@#lﬁgl gt SAaSe LIRS Y

according to et R PBrdh . to 5 30 wherein said organlsn1|s of the
speci es nenmatoda. 11. A net hod according to claim 10 wherein said

6. 2 method according to any of claims 1 to 5

vwherein said transcription factor comprises a
15 polymerase,

7. A method according to claim 6 wherein said
polymerase comprises any of T7, T3 or SP6 polymerase.

20 B. A method according to any of claims 1 to 7
wherein said promoters comprise any of T7, T3 or SPé
promoters,

9. & method accsrding to £laim 5 wherein said
25 reporter gene comprises any ¢f those sequence encoding
Luciferase, Green Fluorescent pxotein, B galactosgidase
or P-lactamase.

10. A method according to any of claims 1 to 3
30 wherein said organism is of the species nematoda.

11. A method according to claim 10 wherein said
nematoda species is €. elegans..

- 35 12. A method of introducing dsRNA or DNA capable
of producing dsRNA intc an organism which method
- comprises feeding said organism with a suitable



nemat oda species is C. elegans.. 35 12. A nethod of introduci ng dHNA 2964
DNA capabl e of produci ng dsRNA i nto-agjoegani sm whi ch nmethod conprises
feeding said organismwith a suitable - 3 FEB-2004 - 61 m croorganism
conprising any one of the followi ng expression vectors (a) to (h); (a) an

expr essi on vegl; | S : r fi relative
P ﬁﬁgﬁdﬂ¥qgﬂf%ﬁmhéhpfﬁéﬁﬁggégglgﬁgféanhﬁ $090 %1

to a DNA sequence such that they are Initiating transcription
of said DNA s&URFRESIM JRATLTEt fdhded (RNA upon binding of an appropriate
transcription factor to said pronoter or pronoters; 10 (b) the expression
vector of (a) conprising two identical pronoters flanking the DNA
sequence; (c) the expresflon ¥R IreFSial ¥ORBPF SERFPILSIIG & DNA sequence

in a senge angAjmcdY:l SHNSHranbeetatbplenelatl tyestvaaind Rr oy er; (d) the
~Yprese on ~ ect r o f qgg}L%% or | + which further conprises a nucleotide
sequence encodSAPCTRR SWDh hah| @ &kEe: CrRjbiRe0Ex pRéSIBSHNECt or of (d)

wherein sai d ynaisntimel Gepweneei @i 88qsehdesebegbablle sHdRled S
orientated relativ tg)ggf.. S%Enntergﬁséasuch Zg t hat transcription of
the nucleotid M LI LY DT 27 1 2RMEERT KREC oL EAPE SEPEY 45Mdi ng of an
appropri ate t ritsnyg (te asaidchosmdioesad e promvterés); (f) the expression
vect or (e) wherein 30 said nucleotide sequence encodi ng the sel ectabl e

mar ker i'S provided between the identical pronoters capable of initiating
transcription of the nuolizotithe ecomensbonovesRNA aforiabi metimpg icfince

i pt , ! f
wnerein "sai 0 RO SRR i By COP BN, FR A 00 1

{c} the expression vector of {(a) comprising
15 said DNA sequence in a sense and an antisense
orientation relative to said promoter:

(d) the expreesgion wvecter of f(a}, (B) or (g}

which further comprises a nucleotide seguence encoding
20 a selectable marker;

{e) the expression vector of (d) wherein
said nucleotide sequence encoding said selectable
marker is orientated relative to the promoter(s) such

23 that transcription of the nucleotide seguence to
deuble stranded RNA occurs upon binding of an
) - appropriate transcription factor to¢ said promoter{s);

(f} the expression vector of (e} wherein
30 said nucleotide sequence encoding the selectable
marker is provided between the identical promoters
capable of initiating transcription of the nuolectide
sequence to dsRNA upon binding of the transcription

factor to the promoters;
35

(g) the expression vector of (e) wherein
said nucleotide sequence encoding the selectable



62 marker is
t he pronoter
upon bi ndi ng
expressi on ve
a nucl eoti de

expressi on ve
said 15 mcr

provided in a sense and an antisense orientation rekatp

such that transcription of the nucl eotide sequence to dgﬁﬁamp
of the transcription fact®@? to said pronoter occurs; (h) the

ctor of (d:i or (e) wherein said selectable marker conprises

sequence encodi ng sup-35, for introduction into C. 10 el egans
havi ng a pha-paméeat ienprowvideediimy esasishscorgahiaamatitesergewi t h any of

oorgani smor s orga ed zo express said

SEQEnCRLibg cEllbcitd ro THSPEARRULI AR Gla i m 12 wherein

transcri pti ontfaosoriptdonAofettired racderadiide tsegieter 180 WABRBANVYPOBI t her
e : lhapmiine . ) :
sgh@ggr onabcﬂFOEg%gisgg AT el &b eé&i&f%ir:gﬁﬂ!% or o

said m croorg
any of (a) to
(i) an eXpres

any preceding

any o OW Ng exXpressi on vec

to (Kk):

gcoRr@ect or conprising a sequence o--nucl eoti des--encoding .
an- appropriate 25 transcription factor for use in a nethod according to

claimoperably linked to suitable expression control

sequences; (j) the exprd¥i orhfe@xmrasrsiian wardiay of 3085aP8 é%pression

control sequeggagek ACISUdR RQBERIRIS MM L ke Ecdrstica b €2 £QESELEVEEVE,

general or ti
expressi on ve

ssue specific pronoters, or combinations thereof. (k) the

EegreRCe pResding SURs Igherfith Nk epdueiser| pREBNCF act or

conprise§ a pPeadaR@ YARAHZL a UL ehfrabion, [ o RVedel yFesase. - 63 5 10 -
3 FEB 2004 15. A netho ac%gé?|28ﬁfo any of clains 12 to 14 wherein said
&SV Wikt 2BF

organi smis CPTERBgEMs Cark

according to

15

20

25

30

35

¢hai.m 15 wherein said

13. B2 method according to claim 12 wherein said
microorganism or said organism is adapted to express
said transcription factor.

l4. A method according to claim 13 wherein
either said microorganism or szid organism comprises
an expressing vector of any of (a) to (h} or any of
the following expression vectors (i) to (k):

{1) an expressiocn wvector comprisind a
sequence of -nucleotides -encoding-an- appropriate
transcription factor for use in a method ascording tc
any preceding claim cperably linked to suitable
expression contrel seguences;

{3} the expression wvector of (i) wherein
said expression control seguences include promoters
which are inducible, constitutive, general or tissue
specific promoters, or combinations thereof.

{k) the expression vector of (i) or {j)
wherein said transcription factor comprises a phage
polymerase, and preferably T? RNA pclymerase,

i SRYES T oY ecteE. (A) nEfhod



"E. coli strain is an RNAaselll negative strain. 17. A nethod according to
any of clains 12 to 14 wherein said organismis a C. el egans nuc=-31FFB 7004

mutant. 18. P. nmethod of introduci ng-d6BNA or DNA capabl e of producing

dsRNA into an organi smwhi ch method conprises feeding said organismw th a

sui table m croorgani smconprising any of expression vectors 15ﬁ§a§ﬂto (h)

according to clai myk ory freedist setckdbngane sani pECEl RSt k2a

expression vectors (a) 1(:§£B according tg clg£g1;gd 194 4A nethod

according to clhenRirs st ai e 59 fr cFHov3anRi Emor said organismis
adapted to eX S0 (0 4o apscel pebdn, factor. 20. A nmethod according to

claim19 wherern eithe-r- said .-mcroorganism _or... said. organism
carrnprises 25 any of expressing vectors U) to [c) according to claim14.
21. A netdhod accordi@g t® meyhed stebrding8tooc2eimwAsr @ihe Xy nismis

C. eiegans and said_30 m croofganism,hs_E+rCOi |thed, according to
clai m 21 wherefn Gafd SEFELR| s?PagthgegﬁiRhEggéﬁrFAﬁegative strain. 35
23. A nethod according to any of clains 18 to 20 wherein said organismis

a C. eiegans nuc-1 putan 'mFgﬁ? 4§ﬁ§0g§$9%gtgp%%&gwggd}giﬁgﬂiaJﬁbmmerein

sai d transcription17act r rase.
wherein said organism is a €. elegans nuc-1 mutant.

* 18. A method of introducing dsRNA or DNA capable
of producing dsRNA into an organism which method
comprises feeding said organism with a suitable

" microorganism comprising any of expression vectors

15 (a) to (h) according to claim 12 or feeding said
organism directly with any of expression vectors (a)
to {(h) according to claim 12.

13. A method according to claim 18 wherein said
20 microorganism or said organism is adapted to express
said transcription factor.

20. A method according to claim 19 wherein
either. said microorganism .or said organism comprises
25 any of expressing vectors (i) to (k) according to
claim 14.

21. A method according to any of claims '1B teo 20
wherein said organism is C. elegans and said
30 microeorganism is E, coli.

22. A method according to claim 21 wherein said
E. coli strain is an RNPRaselll negative 3train.

35 23. A method according to any of claims 18 to 20
wherein said organism is a C. elegans nuc-1 mutant.
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24. A method according to claim 19 wherein said
transcription factor is T7 RNA polymerase.




