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Field The present invention relates to an in vivo si RNA ex i em
-capabl e of silencing the target gene expression, and a net qmmm‘&mﬂw cing

knock-down cells using this expression system 10 Backgroun

interference (hereafter abbreviated as "RNAi ") is the phenomend®*¥Process)
capabl e of inducing the degradation of target gene mRNA so as to silence
the target gene expression by introgggcraphgoyito cells a doubl e-stranded
RNA (hereafter abbreviated as "dsRNA") that conprises a sense RNA having
t he sequence honol ogous to the target gene nRNA and anti sense RNA havi ng

the sequegeANKORRPRAEST AN Vst orEMeaRENGETROA rERPRODEEANS EF®licT EGNAL GENE
capability to silence the target @ene expression, has received consi derable

attention as a sinple genBNOGRKPOER- &bk HeiNGdTERatY$EFMaces the
conventional gene disruption nethod relying on the tedious, inefficient
honol ogous reconbi nation, or as a means of .gene therapy . The

above- e P originally discovered in nenatodes (Fire, A et
al . Potent andmpegirbisengenalrbathbheréeaeasetdyasloublerd rsamded cRN¥AesBion
Caenorhabditis elegans. 25 Nature 39%, 806-811 (199%%). Thereaftgr, i% s
al so obsetXHER FAPEPLEURE GHigFNENI ithel BATAGE LR §XPr68Rd ORor fiRd @ method
Dr osophi | for gbdudiimy G ddkiHtdbwrA.ceRNA- tysiggered sy rslsanel ry.s tBrends
GEnei |5, 358-363 (1999) ; Sharp, P. AL RNA interference 2001. Genes Dev.
15, §5-490 (2001); Hammond, S. M, Caudy, A A & Hannon, G J. 30

Post - t r arBadgowntlAgene sil enci ng by doubl e-stranded RNA. Nature Rev.

Genet. 2, 110- (2001); Zamore,. P. D. RNA_ interference: || njng.to.the
sound of siIenéﬁar&ﬂt%ggﬁﬁﬁn%ﬁofh§r§?f9i%-?§grﬁﬁéﬁff )ésfﬁéﬁﬁki%gléft%e
target gesteemoaEEasi (@ros@ss)orbpaivte by actiualhy tid rdeipc deriexogendasget
dsRNA in these gani sng. This_techni que has 35 been_enpl oyved as th
for pr od 1T TRRBCRS Rhvka Rakoriaarie Widie ot PRl eSS i anehoMoingds
i ndudbi oninto rehisl aadowiel ¢-sstraXiddRNFedheakehépreabbyev nd ted s i*cis RORA ")
exogenous_,dsRNA. However, in i.S_case rotein synihesi i nhy bi y
The “act | oiiot CRBRFREER ALs ehr SEARATERy cRe S Ga el bRESL P s e Ehiirgdhet
whi ch wasydmne gidiredndyarnthicsdrssmfNachedidgRNe ssouehate RbAplenehtdanpttdhdéhe

observed._5 ent T t_ gl .r L i el
also in nsaengrsaef ?gtzr%'cﬁ( %l b%if%rggﬁgdﬂgilr?gs ?%éé%gﬁéy\%tot %%??Qg%ﬁgg%?%%feor
22 nucl eotxphed i hahva ngrecsived ecst s ddeedb Pe oatBenutdrotsde 3impler bang

in pkﬁcaﬁoéﬁ—n&v?é%%@ﬁ {ﬁgéerﬁﬁgc%d?g?gkﬁ&kgﬁgkgﬁl( Elela%s rEf.irs’ruﬁ”t:ilgln

et a exes 0 cl eoti de
method relying on the tedious, inefficient homologous recombination,

or as ameans of gene therapy. The above-mentioned RNA1L was originally
- discovered in nematodes (Fire, A. et al. Potent and specific genetic
‘\ interference by double-stranded RNA in Caenorhabditis elegans.
25 Nature 391, 806-811 (1998)). Thereafter, it is also observed in
various organisms including plants, round worms, Drosophila, and
protozoa (Fire, A. RNA-triggered gene silencing. Trends Genet. 15,
358-363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15,
485-490 (2001); Hammond, S. M., Caudy, A. A. & Hannon, G. J.
30 Post-transcriptional gene silencing by double-stranded RNA. Nature
Rev. Genet. 2, 110-119 (2001); Zamore, P. D. RNA interference:
listening to the sound of silence. Nat StructBiol. 8, 746-750 (2001)).
Silencing of target gene expression was confirmed by actually
introducing exogenous dsRNA in these organisms. This technique has
35 Dbeen employed as a method for producing knock-down individuals.

Similar to in these organisms, RNAi induction in mammalian cells
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-10 interference in cultured manmalian cells. Nature 411, 494-498 (2001) ;
Caplen, N. J. et al. Specific inhibition of gene expression by snal

doubl e-stranded RNAs in invertebrate and vertebrate systenms. Proc. Natl.
-Acad. Sci. US A 98, 9742-9747 (2001)). As described above, RNAi has al so
been successfully induced in 15 mammualiap cells using small interfering
doubl e- stranded RNA (hereafter abbreviated as "si RNA'") . For the functional
anal ysi s and gene therapy based on the gene silencing by RNAi, an efficient
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becone essential. 20 Effici encgal n.introduci ng. exogenous si RNAs into cells

varies d diCR§ SonPERESEBI FYPHPES1Belay HR_MHohFed Dot AF td9m ofePPafns
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a few days qft i ntroductj on Vi ng osufﬂmenhI stability required for
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of , produci ng nore efficiemnt econom ca
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intracel lul ar si RNA expression system conprising an antisense co
codi ng f &1 igdenoaese bRIAMG esceadiadai nst a region of a target gene nRNA, a

sensggcode DNAggedi-Rgntor 1ﬁe£‘§€r%gﬁ<§e&£ e 'E%FRI\LP{EE ISR ck89150h 4 Pl es

said target gene nRNA, and_one or nore” pronbters ca expressi n? said
ant i sensé&epfRddagsen s Cet brivRE dPahRPhdevas 1de @éocﬁoéié @ in cells

respecti valsys, 8QoGéhohiBes SN 1Y RRILN 18¥ St RIMAEEPLHI éEQthso diBappahler @hn
a final transcrlptlon product of the si RNA expressed by the systemis 15 to

49 by | ofRgtey SpYermt S RAALERBRESPB N Neydtnehi A sesEdicAg nitos talil e refaniged

fisnal tramscramii spr@@u%ten@f M}&:ﬁid@i\y\ exphieshedmbY et N8 rSY$dedn kheapd?
NA expr essi gn stem according to (1), whereln a
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30 by | ongcreases physical loads of patients.

Moreover, it is extremely difficult to induce RNAi exclusively
in a specific tissue or at a specific stage of
development/differentiation by introduction of exogenous siRNA. 1In

30 addition, though siRNAs are small in size, synthesis of RNA is markedly
so expensive compared to DNA synthesis and the RNAi induction directly
by siRNA is not economical.

Now that most of the primary DNA sequence of the human genome
has been determined, systematic and efficient methods for searching

35 for functional genes has been developed to speedily elucidate gene

functions. Gene silencing by RNAi can be utilized for the systematic



-(5) the siRNA expression systemaccording to (1), wherein a 30
doubl e- stranded RNA region of the siRNA in which two RNA strands pair up
contains a msnmatch or a bulge; (6) the si RNA expression system accordi ng
10 (5) , wherein one of nucleotides in the msmatch is guanine, and the
other is uracil; ( 7 ) the si RNA expressison systemaccording to ( 5 ) ,
wherein the 35 siRNA contains 1 to 7 msmatches; (8) the si RNA expression
system according to (5) , wherein the 4 siRNA contains 1 to 7 bulges; (9)
the si RNAEXRIESR,ON ey FheRARANRGel 8okl onieiCihhlie,3iiBNA1 £aBhRLBS

both 1 to 7 msmatches and bul ges; “(10) the si RNA expressi system

accor di n@ & ¢l @te iodividus liso t@ﬁcqmérf@ltﬁ $died finedide @nids anagyps ip| 0br

pol 11l Pt eundthibnadingetidANA expression system according to any one of
(1) to (10), wherein saidpol Ill pronmoter is U6 prompoter; (12) the siRNA

expression system according to any one of (1) to (11), wherein said

pr onoger dlsscalrbsjd*t@gfblt@leorﬁmgnq;rl,onlo (13) the siRNA expression system
according to any one of (1) to (1IZ) , wherein said pronoter is separately

| ocat ed upstred® oPPEaF B Rt icfenkReamFesside ¢BUBRDRRR; ¥S14FO0t HF QRN 2

expr essi G st LM AGGOESRNE é@ﬁéysmesgfst@aﬂ)c&@amé)of E’esaabm@%mlsma&em
conpri ses | oxP sequences in the form 15 of one of the follow ng (a)

(c) so thtite e%Ei“%Ycé‘ﬁdb%cmﬁ"bar]ﬂéﬁln(%ﬁlltsn'eaﬁ}etfrﬂﬁde?o’éBﬁﬁFlP§é§g
di stal seguaicRichemNll  BSEnARh iR GURIR QIR relsgERn, ( BBE) awWnkihad

space t her ebet wee and ip the space two | oxP sequences , one ip the
DRt Perrehing i e Gend? it ERTEE 68 exfhSeslon tEssen,
|CqmF)’rl ses DSE amdvEgE dﬂ“&he&i]@mlr@&ﬁéxﬁ’dlcﬁmecﬁrgirmbajdmst hehprpmxth @it aokevitbys a
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and sense code rhrjem??éqg‘?ﬁ];l‘ﬁe%r E}%&L éﬁg‘@e%%£?%r W%F@@BF&SLBQ an
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can be CCHHrdﬂdnﬂisense and sense code DNAs, respectively;

20 (2) the siRNA expression system according to (1), wherein a
final transcription product of the siRNA expressed by the system is
15 to 49 bp long;
(3) the siRNA expression system according to (1), wherein a
final transcription product of the siRNA expressed by the system is
25 15 to 35 bp long;
(4) the siRNA expression system according to (1), wherein a
final transcription product of the siRNA expressed by the system is
15 to 30 bp long;
(5) the siRNA expression system according to (1), wherein a
30 double-stranded RNA region of the siRNA in which two RNA strands pair
up contains a mismatch or a bulge;
(6) the siRNA expression system according to (5), wherein one
of nucleotides in the mismatch is guanine, and the other is uracil;
(7) the siRNA expression system according to (5), wherein the
35 siRNA contains 1 to 7 mismatches;

(8) the siRNA expression system according to (5), wherein the



5 (a) the pronoter conprises DSE and PSE wth a space therebetween, and in
the space two | oxP sequences , one in the vicinity of DSE and the other is
the vicinity of PSE; (b) the pronoter conprises DSE and PSE that are
1ocated to maintain 5 the pronoter activity, a | oxP sequence therebetween,
and anot her | oxP upstream of DSE or downgtream of PSE; (c) two | oxPs are

| ocated so as to interpose the antisense code DNA or sense code DNA, and
(d) two loxPs are arranged so as to interpose a |linker conprising 10 a stop

sequence EerNS. cddddihs (183 ¥ hsusi&ENA expression system according to (16)
or (17), r wherein the antisense and sense code DNAs are maintained in a

vect or nol ecul e2)( FOF RN |0 SEHUS SYST 8y AT AERSI R NG )t.owhespipgrthe

(18), 15 whekgi BosBhin¥esdon 1Std PlAsh¥ess Ofng (@ gdhe si RNA expression
system according to £15) or _(18), wherein said vector 1s a viral vector; -
‘gapar

(21) the siRNA i RREPsEERT 8880PTI RYSEEM (ABFOBRLRG 850 afi¥e ro8ien oaild)
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Si expressi on system according to,any one o 0 ; C
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i ndi vi duat]lco ?(11)ga)nj s»(fnerf;aa:m aéaﬁ)dwgadmeusj e myqaresss U6 Frosissteam according to
any one o t - a _conposition conprising the si RNA expressi on
syst em accor di n(gﬁt)o%i‘ﬁysbhégoe‘l‘pfeggio?osS(S%m ;EDCCC(“Z%)QQQ H:é’ (’E‘BﬁpBEth%n?ﬂ
accordi ngtbo ({2p) , whbee &hnssad dpcoanpost t 1 ®nan siadpbi hecetdrhcdr ;
conposition; 30 7)..a nme d for producing . a cell in, which the target ne
oxprdlsi on 15 s Anted SahbRerkBEaPaoREr RS nras pebdi iR s b 9F (I

i ntroducity (tLaeé , swidle 2x prasisp oomsyst ém aepardtafytlmamedngsakefh)of safdl)
into cells,, and sel ec&i ng cells ei rbm@ ch said si RNA expression systemis

i nt roduceacf?tﬁﬁfrlsz%)arén S sreacceqq ular °si RNA i brary expression system
conpri sing a doubl)etdhter andsd ekPpresdioy $pstan RNCaooiiprg icngngnone of (1)

to (13), wherein said system comprises loxP sequences in the form

15 of any one of the following (a) to (c¢) so that the expression can
be controlled:

(a) the promoter comprises distal sequence element (DSE) and
proximal sequence element (PSE) with a space therebetween, and in
the space two loxP sequences, one in the vicinity of DSE and the other

20  in the vicinity of PSE; | |

(b) the promoter comprises DSE and PSE that are located to maintain
the promoter activity, a 1oxP sequence therebetween, and another loxP
sequence either upstream of DSE or downstream of PSE; and

(c) two loxP sequences are located so as to interpose the antisense

25 code DNA or sense code DNA;

(15) the siRNA expression system according to any one of (1)
to (14), wherein antisense and sense code DNAs are maintained in the
same vector DNA molecule, or separately in different vector DNA
molecules;

30 (16) the siRNA expression system according to any one of (1)
to (13), wherein the promoter is located at the one side of a unit
in which the antisense and sense code DNAs are connected in the
opposite direction wvia a linker;

(17) the siRNA expression system according to (16), wherein

35 said system comprises loxP sequences in the form of any one of the

following (a) to (d) so that the expression can be controlled:



6 arbitrary sequence having the length of the si RNA to be expressed, and
two pronoters facing to each other with said DNA codi ng for si RNA n between
whi ch are capabl e of expressing the mutually conpl enmentary RNAs from
Tespective strands of said double-stranded DNA; 5 (29) an intracellular

Si RNA library expression systemconprisimg a stem | oop si RNA produci ng unit
in which an anti sense code DNA and a sense code DNA conpl enentary to said
anti sense code DNA are linked in the opposite direction via a linker, and a
pr onot er Ca(fb?b|tﬁxe0f3r6nﬂ@tléﬁzédt@ﬁihﬁe§mfm kaappsi RNA1ata Qgébértﬁéﬁ@o@iwé@{%ﬂ )
unit; 10 (30Q),t Si RNA |jbrary expression systemaccording to (28) or (29
"Maher oi reBTT AN PRASET FE | 1o SRR O & HB Cot R ot by biE ad
system i stiAd $0hdP by tingridBddty hef SPRINA |ibrary expression system
according tq (28) orvlg29', wher.ei n i nal _franscription product of the
o RA expr cdub A bR g lPEherd BaF pB b Fing e (PR iat teindpn tain

| i braby expeesomotesysdteiraceoadidwpP sog(2BeathdrZetwadier €nd adoftheal loxPp
transcriptio rggrgdu t ?btb gpedg&rll?s rga{(rgroetsslg,\%éby the systemis 15 to 30 by

| ong; (33)“p? e Si P5 rary expression systém according to any one 20 of
(28) to (32)c), twreresixPsaadeulbeasedandedsRhA Legepposé the shtNfsnse addeh
two RNA s n Lr.u I ns m smat ch or a bulge; (34) the si RNA
library eé%?eggi%%ﬁé?/s %%gg@g%‘r d?rﬁ% to any one of (28) to (33) , wherein
sai d pronoté@t) itsrcalpePsldrerapainddd spraspterin{e3odeche IiRkAr|cdn@rising
expregsi o e i o] ne 25 of (28) to’'(33), wherein said
prorr?)téer ?ségﬁﬁl%@g‘?ﬁ% E%b 'tﬁﬁf/’r 36) the siRNA library expression system
according to arfy8dnéhef siRBR espE88pionvaprtem srRNAdiBgptesske) byrt he7) ,
system ar g, cogppSsd %téé@ﬂgg‘ Ms%hrs%”ggae(&\{%s the :ﬁ%%lﬁ%aﬁy a vecto
expressi on system according to any one of 8) to , erern sard
system i smaheagsenbly of nmultiple si RNA expression vectors that each
targets a gene u € G rbshh . codi gi r codi
region: (38 tHa i B FLaTR S Brar sserony Syehan astarnd c8, TPEL O] k).
(28) 1bo (BBEreinheaed nvet RNASL&xprebasidyvedieosyst em are conposed 35 of
RNA strands en d NI agreats i 8h ¥+ SfNA € L, % SA
fragnent has tﬁ(g%ﬁeﬁ%%éh% %hg EFRNAltBO Eg g)%presgég;g Ham{éQ) an assg1 )I'y
of the siRNATELbrapydexpeasibh aysiers WReEPHIng to any one of (28) to
(38), wherein disfifierngnt ;SRRNASxRFBs8XBhE898HhYBRERASHS M (Dspabd (18),
assenbly; (40) a method of searching for_a functional géne, the nethod 5
conpri si nghereist epsdorectay it GHURRRRL t HEN IR FADNA Y §P ik pressi on
system accor di ng2t0aa8y1 P 8t i48)nd @nEe381RAK &XEr8SSEHD| W Henrs BNArding

| i brary expression systens according to (39) into cells; (b) selecting

cel I's int'® AR IP™&ie siIRNAQ i Brldry expression 10 system or said assenbly

has been introduegdine aed1(£dcandlng LBy dhe phepetiRe iof céhe i¢ed hamhBUSan
sel ect ed;ce'll(-41) t he nethod of searching for a functional gene according

(: (24) an individual organism maintaining the siRNA expression
25 system according to any one of (1) to (21); '
(25) a cdmposition comprising the siRNA expression system
according to any one of (1) to (21);
(26) the composition according to (25), wherein said
composition is a pharmaceutical composition;

30 (27) a method for producing a cell in which the target gene
expression is silenced, wherein said method comprises the steps of:
introducing the siRNA expression system according to any one of (1)
to (21) into cells, and selecting cells in which said siRNA expression
system is introduced;

35 (28) an intracellular siRNA library expression system

comprising a double-stranded DNA coding for siRNA comprising an



to (40) , wherein said nethod further conprising a step of screening for a
functional gene based on the sequence of DNA coding for siRNA 15 in the
cell whose phenotype has been found altered as the result of the phenotype
-anal ysis; and (42) a nethod for selecting a highly active si RNA, the nethod
conprising the steps of: (a) introducinggthe siRNA [ibrary expression
system according 20 to any one of (28) to (38) , or the assenbly of siRNA

| i brary expression systens according to (39) into cells, and (b) measuring

the expressiand QY ele@endeSRETLHECtHEBNERGLRT OF ek | 1 HNIE CeheS eldBt-@sWRKCHh
said siRNA |ibrary expression sySstemor said assenbly is introduced. 25 In
one aspecdnd tHe REURERTY FREARDOH raIcht @Ehep warkh paidddl apdingifNAS 1RNA-
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is a shortoliength Gkl e=abeapded HNA ddiadl aieh 1ty HOXisG idNapRIBBhE@Ncode
cells. The 35 Iength is,not limted to 21 tq 23 b%1lon% as reported b
Tuschl , ePN&RTq LHPEFD IArkEFeCPROMLEPEIESCHAR Yifia At PERTr Rthé PEMR Helof
Si RNAI 8ca§a]bDég>fg§xﬂer:d§ﬁ$gf Elate Sthamv Taog gELRMA a'('jﬁiaﬁmé% sq]gna cb.gisafi@runit;
exa e, 15 to pref erab 15 to 35 bp, and nore preferably o 30
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transcri pt2opn, piositein of fsnBNAtkanber epplensetbdadt ef, ther seREAPéLprésdddt o
49 bp, preferably 15 to, 35 bp, a nor referably 21 to 30 by long. The
double-stgﬁnéﬁa éﬁﬁFﬁ%rf?o%g 57 Q?FQQBféﬁgmhich two RNA strands pair up are
not limted to (31¢ chepserNd ) aiamd eapeessdod spyten @ drdiongpaior i(A§) or
portions to . misnmatch _(th arrespondi ng nucl eot i are,
Porpl ement 7)) WATHS X FacRing e rhESBPR o itk g i M ermrgooec
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The “bui g+ usadHerErre bREh A AP sRBFeea o SYSERh ARdI I e BPT 5,
and t he doob) e-whemanided RilAategrensofipt RbASprodwdtt cif thve BARNAL &mpickss pad r
15 up conjai pref er abl tp 7 re.preferably 1 to 5 bulges. In
addition,EYh ﬁen?%ﬁg?%hlgu%%dg%e?%ﬁﬁpi%8%%htained in the doubl e-stranded
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to a nutatnfowhiebni@tBNY sGrapdd Pair nikt cPREa iheraotismaBNA Tod e
sense RNA, but nof RRELLERNATT ¥bld A (o8 1 LiRAMs EUERNSEEODE S nd N d R
pr esent inventi%n} tﬁe do%%le-stréﬁée%ghNAsﬁegiox o% s?RNAs %%éa%ichXEaBe
RNA st raris (B8) rtad 3any womtedh seacdhpmgecand ainsal éedpokht BhPEERPGEET25
to, preferably bg{0rfe fPRGa Pr8) R8P Yptekd18NNs PYIBRTaccording to any one
25 of (28) to (33), wherein said promoter 1s an inducible promoter;
(36) the siRNA library expression system according to any one
of (28) to (33), wherein siRNAs expressed by the system are composed
of random RNA strands;
(37) the siRNA library expression system according to any one
30 of (28) to (33), wherein said system is an assembly of multiple siRNA
expression vectors that each targets a gene sequence comprising a
coding region and/or a non-coding region;
(38) the siRNA library expression system according to any one
of (28) to (33), wherein siRNAs expressed by the system are composed
35 of RNA strands encoded by DNA fragments of any cDNA or genomic DNA,

salid fragment has the length of the siRNA to be expressed;



-Such nonpairing portions (m smatches or bul ges, etc.) can suppress the

bel ow descri bed reconbi nati on between anti sense and sense code DNAs and
make the si RNA expression system as descri bed bel owstabl e. Furthernore,
although it is difficult to sequencestem 30 | oop DNA contai ni ng no

nonpai ring portion in the doubl e-stranded RNA region of siRNAs in which two
RNA strands pair up, the sequencing is enabled by introducing m smatches or
bul ges as descri bed above. Mreover, siRNAs containing m smatches or bul ges
in the pairing @oyblgr shsasaety RVA rag ogi Ry e 1t Be aagv e Gfobes Pdtems
stable in 35 Escherichia coli aor animal cells. The term nal structure of

si RNA nmay2BeCEfiRerthamt oge e6nééfieto & Yov dhedfgivn §) fa§TEBRgS ARNAS RS

enabl es toxgibeo68 bieesd 08} sOERCLEXPEBSSIOSefyB /10 its RNA effect. The
cohesive (over ha[lqgi ng) end structure js not limted only to the 3" overhang

as reported by (F§dcRI methgf of (searehing fon gy fupetionglePRARgI RRS SEE R e

may be ingbugedsasgSthengta@ssidécis capable of inducing the RNAI effect. In

addi tion, the nunber of .overh i.n cleotide is not |imted to the _.

al ready report e((T)ZlBFr%d?cbﬁ?q{}gen Sgg‘g'g‘ngll?ﬁ?]%eer’%}orfsssl% S¥S PR OTRF H:RR

i s capabl eoafny adachg28hecdRNBB) ef f ebk. a FosmiekamFl €1 RNA e iovarhadgp cofnsi et S

of .1t referabI%.Zto4$g{jcleotides Herein, the total 10 | ength of
W stP ut

o8 I
si RNA hav‘f%@t BRe3FTRT b etieo e‘?(?)JrJe%Sed as the sumof the length
of the paired dibkelstrandedepbstimto artdidhatz iaf saRNAI Liboapyi sxpigession

over hangin ingle-strands at. both_ends. For. ex | e,/ in,the case of 19 by
Goubt . ot Farkel ek Endtp R e s ot en PR SRt En e "ot h ends . the
total |ength i Sgxpnedyednas the pBehptyber bifetier eeldsnthushssleeesiangi ng
sequence has |l o peci fi ci to_.a target gepe, it_.is not necessaril .
conpl enent ary ((\gr}t%i g@ﬁs@ftégdi QEnFF2L J(%‘gn%s})e]s 3 & iR o etgeélgngcgéﬁ&éﬁge.
Furt her noree, (489 ,| ehgrasnss RNA nestladd € utrahrad rbapristiaggenetep loehsicmgeefihget
on the t t .S1_RNA [ | 0 I I i ght,.20 L,¢h
may Do a Sk o AL AOREr R s SEnd b tucatelRRREY, 8F: YT gl B SHE
arti Lbci aln RW& wmellécwheje, plhenoexperpjlas beent lovodeahhagedgaparia aesatlt b$
one end. 3ﬁg| i t Jg.nal_ structure of the "si RNA" is necessarily
t he cut o’"qu;la rur%{tf}{bee éa{h%bléﬁllrge’n snd:ls descri bed above, 25 and may have a
stem | oop st ructd?leai mebhodfendeleictdng si degliy doubilwe stiRdiddetdhRNie tired
connect ed . Linke e.kength of the doubl e-stranded RNA region
(steml 0059%8?%%% 1(E:%n e?g%]o?%éxarrpl e, 15 to 49 bp, preferably 15 to 35
bp, and nore prl@einbkgdreing B sy RNAnjibrareranniasd ion systeangetondinge
doubhg- st Ix0fs §\hat, | ' r Rt Lo 04

i RNAS £ o pe S estety $E e T ok e Bk FRSERUR LA I T
bp, and nrétepafecadrging t@ $99bylnrepgce gt ttore, there is no

particul ar Ii m(tba}txi@&‘sﬁf'iﬂcﬁ'%#ee%fbé)giérhﬁeue@kc?ﬂ' a%pd AN A§ehd ASrétein

l ength so as not to hinder t pal.rlin)jgﬁof the stem portion. For exanple, 35
for stabl &ngdie icRg 16 1R Ee YEtich parei DFRhd i9FeFvessPBAS & Ok Y BRI $at ¢ on

between DMAS-698{ ngsf OrttbgupLation, the linker portion 10 may have a
clover-leaf tRNA structure. Even though the linker has a |l ength that
hi ndéPs pairing of the stemportion, it is possible, for exanple, to

construct the Ilinnkes aBPebiONtHOprBSEHEE vt 8814Pa% then iRkFaes1dnear

exci sed during processing of precursor RNA into . )
S1iRNA expression system. This siRNA expression system comprises an
antisense code DNA coding for the antisense RNA directed against a
region of the target gene mRNA, a sense code DNA coding for the sense
30 RNA directed against the same region of the target gene mRNA, and
one or more promoters capable of expressing the antisense and sense

" RNAs from the antisense and sense code DNAs, respectively.

“siRNA” means a small interfering RNA that is a shdrt—length
double-stranded RNA that are not toxic in mammalian cells. The
35 length is not limited to 21 to 23 bp long as reported by Tuschl, et

al. (ibid). There is no particular limitation in the length of siRNA



5 mature RNA, thereby allowing pairing of the stemportion. In the case of
a stemloop siRNA, either end (head or tail) of RNA with no | oop structure
may have a | ow nol ecul ar wei ght RNA. As descri bed above, this |ow nol ecul ar
wei ght RNA may be a natural RNA nol ecul e such as t RNA rRNA or viral RNA
or an artificial RNA nolecule. 10 The tegm "target gene"” refers to a gene
whose expression is silenced due to si to be expressed by the present .
system and can be arbitrarily selected. As this target gene, for exanple,

genes whogg 3 Sﬁﬁ?%@c§§ A& KRRV it QS f UNeLE @RA s efBh hd 0 £BE example,
el uci dated, an enes whose expressions are thought to be causative of

di seases 15 &P et Prieit eritst e ot tldd oA 3Cabget 2genmorayPEE L8RP WI03E HRenthe

sequence Hasidiy. baghekublyvelyc diad ebura®e QNG RELRRATES AL i SEYLLACE A1
nRNA of the gene having at |east 15 nucleotides or nore, which is a length

capabl e oFr®ifErHPtion d?Fé?dd%‘Ctt RE S1RMATL PENEKBERSECRNPER (eandP L P X TR,

has bgen ﬂ?té‘én&@% Bl&!ﬂﬁkﬂ,y Q.ESHQ% @SI%%SS%ﬂdzﬁ%oir%qggaﬁérhﬁgj? £ ESIs)3@nd
a portion of MRNA, whi ch have been el uci dat ed % e_selected as the

"target gBRe*°R¥en "‘ihfe desibl er§itE angRgt RYAhRS TP el AeRNPHi hBgvhich two

" Ant i sensSeRNRNA rd sd ap ANA gt éa@dnhawm@e@e@w&mfee conppleseRt gayred. . oned 0 a
t ar get gene MRNA, and thought to | nduce RNAI b% bi nding to the 25 target

gene MRNASRESAHRY RRAREALR  aPQRRRERERY c DT BHeRt ar§Uf o Fhe BhPTPREMe

and anneabﬁdééQpbﬁélﬁ@ﬁ‘ﬁJcﬁ.I&i’ﬂlﬂe)s aﬁélrﬁcei’l&_emBNléfnteﬁtE@thﬂ %ﬂ%d Ilae&e:ng in
anti sense_and sense ave heen conventi onal |, rt hesi ze

synt Rllsi 76RS 597 13RPGH EREEA LY, HUCLoRRpLearE SR Facartliaprg he
expr esseglikém ?M@Mmplbwclantsi sengs: 30nardneense RNAR RN seasethmd
sense co .respective usi si RNA expr SSI skem Ja express
ant i senseg% g° r]f?g %%%ef "o ht ﬁé‘rﬁgﬁ héoern%aetjaoﬁb‘ s g%"ble‘y 3 d *hePéin

respecti vpi:gferhlelgl RNﬂn@(:meesal onosyzt ammgia ihiengr eﬁmﬂedtﬂ\d@ml oand the
conpri ses Th | ocat i,on .of_ 35 e mter can
be ar bi trg?ﬁ’g S%E’éﬁ?gﬁde@h}/ ornagqlé?sf1 |°t p‘@%pa’bﬁlew%]fc}éxtproesrftg?‘ng an |se1?1alr
and &énseupodenDiiss Ié\seﬂesahxwa tol]?,cmcmsctenr l;oieﬁmraﬁlwlRNA &xpuédgsson In
system a_t em exp SS|pn S m, can formed, in Wnlch 2y not er

| ocat ed upga gé%n()f Efg?h an |I§%%(§% an S‘g%nslgef:%hn Oflht ll?%%den’? {ﬁe
expr essi odoslyiséeatranda@amﬂe refyipnodfics IRNAS RNAghhali u‘gotHN%\. attoredent paived

cut off 5, g%%éﬁagﬁ bot f ends y]%fsetr%@lyo 4 RNA eXpp gsst on Z.b’r?taem
(stem expr §ston system ~, “ont'irsBRES sense “code are-arrange
t he opposptefdraleite imdrsmagradh ,t bes @ fDAG nawcd epdridest g8l g\naallalel i e rthpNACher

conshpuct; a Pééi]r %ﬁlllsﬁlalti LAked §Q.008 rﬂ?taqfl&ﬂ'fsro%g +b07, G to
construct “astern-Toop s expr essi onsystem rel n ere no

particul ak/| ion tatkbares tthereodgtin aRYAs epbime sbrt rﬁeeuakaNADNhutvm%
may have ﬁQi‘tﬁ.@QQSPl?ndl%ﬁ’?%@S‘d"cecoas th@Rg as S REMBNCe 15§ Nehel NSresent

term nation sequence, length ~ and sequence do 'not hinder the stem
portion panvengliduy |ﬁi’§? ﬂhébhﬁraﬁéamﬁdﬁlﬁdﬁ@gl@ﬁ af ddWrs badviady EWo RN

exanpl e, %ﬁggl ﬂrPB %%Bﬁg‘ﬁxs?r@tm G dPEsHRSEh as

a |linker oth caggs n em an stem expressi on systens,
the B5 enaomrﬁéenabbml s‘é@u’éncléoé%lpﬁméembbﬁ’ oho‘@@ nel B Heulehscri pti on

from the promisicn W SHanld | 6@t ond N (hilemg asgeof okandemeal R hhecan

efficiency of siRNA production nmay |rrproved by addi ng a 20 sequence
capabl e ofUBPBHRBEI Hbet]H@l?‘r’aﬁ%%‘??’p‘??%nr??%‘ﬁ?%h%t’p‘?%n’%?*é‘f’%e%ta%hjes%ns%n%‘éd of

anti senses@nde Senge HOLEe IMsnaKe thize sGawa @E{p&b@@hbﬁoﬁygt%ss@@&ﬁlbed
sequence can betéﬁdeed at the 5 end g t he apove- Lgfd uni t
transcri pPetPERtELdE a gBﬁEEﬁE‘BOFﬁy &ENeugl 1h1g t B&WW&C?’FG%HI 0
SIh RNAo as l@ﬁlg %@. bbﬁﬁé@ﬁgﬁ@ rgaelnengélsuhgrmmdw i Bgdl\dlo&bll@t—s::ttlrﬁdeléemNAf
this state hinder ene sil.enci ferable to rformtrimmng
of the (rERGLPToT R1RIS T AT SRR PEaBamBRer FPhobghes saiencii
descri bedibedrd¥led by introducing mismatches or bulges as described above.
Moreover, siRNAs containing mismatches or bulges in the pairing
double-stranded RNA region have the advantage of being stable in
35 Escherichia coli or animal cells.

The terminal structure of siRNA may be either blunt or cohesive



1 n either case of the above-nentioned tandem or stem expressi on system

either pol Il or pol Ill pronoter may be used as long as it 30 is capable
of producing the corresponding RNAs fromthe above-descri bed DNAs.
‘Preferably, a pol IIl pronoter suitable for expressing short RNAs such as
si RNAs can be used. Pol 111 pronmoters inglude the U6 pronoter, tRNA

pronoter, retroviral LTR pronoter, Adenovirus VAL pronoter, 5Sr RNA
pronoter, 7SK RNA pronmoter, 7SL RNA 35 pronoter, and HL RNA pronoter. The
U6 pronot esvadisnd Ondg) Ud didiey ric|sa@Nades alb elsheo3s ieadcef ti?élﬂtafcfws qémaB

overhang of the fina 12 uced_si RNA can be freely made to ,
SV er DAY Qb O Lo e 100 L5 BBy S St The e Ghiesudtelaeeapins) End
ant i sensesaﬁdcseﬂéascloﬁle 1DMAsed 6l P to dhe 32 overivdnd aadespdiesed bl Mudehl

case of ug ot h r pr.onot t he nunber of 3" over ucl eot i de can
o freel yShi Ty dd g™ BHE Thb @ oPVRenAgSsE 7 oY Snt pha i, DY ¢ RLhdEa s
pref ebabl ohg dauritthes qapabldeod ieduthwmd theaRNA1 efiflscof dJenaddandon, the
'antlsense code rder Lo express nly the, short a SUI abl

t er ni nat e*PRRSE r ﬁs&‘vlep agﬁ.lnﬂnf%ceiren% na orlyssequ1ennttﬂemcjfﬁﬁglﬁzwusncg1 o‘-’\‘né/gy as
it is capabpervédtZran 133t bmg the beaausy,rmpnb@ms iad Uloaltgadsbyhehevé.ﬂhang is
pronoter. A Lsggyence 16ansi 8 Stl ng O faQur, e seeca e adenine ., ..
nucl eot i d&sP*3 sequence cap Ie oﬁ TAorm ng e pe(ﬂ struc ure st
can be usednsPetsIdf pr‘rcrrrﬁt,ep:sef@mmlahe 2t he %yughegahdesr usHEprreurm,t &he Tatal
pro er, o t ro V _pr F

PrOTRE WHRREE TR Ry R B B ALAT e 8 L BOBLEEy, 25 wne
pr onot er sspmo@ﬂd@m@&nghbmf RW?.S pasried dhebtasetofndepaiottiloprapthathed

somewhat LO prog'é'ﬁgrlsm r%fv%rr%’angl%g %%NAc)lgz' AL S S WSEas 1 t S

necessary t anti sense or truncating sone Ionger
RNA usi ngeaampias in theagas®NAL by9 slepfdpubbesstn@ntiﬂdsmh mrfamm béirtired |

A uni t fOﬁueiegeeag%mr{asrﬁgli%t%o%ﬁ%w&h@'tega@ Tdhozy e ARy -Baveqthe

foll owi ng construction own In Fi he antisense or sense RNA
pr odd&i ng2@nilp hasFvﬁéhaﬁm%ensé@c%ehbesCM@WGJ{% pegrense chdisngl $br

the RNA Sgaeem‘f‘eciegoe@'g%ﬁyeé gferfel b%/r.{% BB%CHQBEEEQBﬁﬁ%'&ﬁ'ﬁEe:ﬁ@@H‘%

region) at its - ends, d the regions coding for the 5 - an
3'-end cl éavthgensﬁbzmslci@%walof {spBEBYNITA oS e§BEAEES IAMT cHET R SRS

are arranggd.autwetd, afl ac8Btad & iiRAQ £ 8SpeCd 't‘bemEt?ﬁQQ!ﬂhtlt%‘%%ﬁ@eélfﬁeﬁ@ﬂh@g
regions. Such anti sense and sense RNA produci ng units may bé operatl vel y

| i nked i nefARAEMHGRESEREART GTetehe SEBNR RY AN et ko Mo ECHBRL BBt
sepa@@t el MNQOWV&%éﬁmy%etmart%&eqcmwi@é@i@rssm(hF'ag R, Andewohi FD.

2H shows an exarrp wher e units are |linked in tandem If necessar it
is also pB@évb?IeaPanJﬁ%@‘fl% R§|Ab‘i“?%‘é?91‘§bac@rr §aMBAEe HolhSenVEHeanaing
anti sensepgpdisanse RNA preduging units so as to adj ust the distance
bet ween tﬁe t wg RNAs ex resse by the re ec%i ve 35 uni%s %L?atb at ﬁA"
ribozyme can redti PRAEEEOBn t H® REASMITRS ¢ PLEACTEE S hAt dave§1BNR ant
3" ~ends ofhethesantigerse camofflatseasereode BNAs arRds he dehaﬁﬁlﬁébealﬁbve,
ri bo rreNéBl oche Bi ophys . s% Vol 1- 1279 1992)
PGS NARH. MAZaaVEcR SUGR- TGP, GG UhIEEL 380 e TTBodT o1 Thite oF
hamrrer headotbbezyfesnaey RRA a byt et t S (rierc asiiiaed g as'rhheyeageh of
capabl e Oghseh%u &%F%%%ggged RNA region (stem-loop portion) can be, for
example, 15 to 49 bp, preferably 15 to 35 bp, and more preferably
21 to 30 bp long. Alternatively, the length of the double-stranded
30 RNA region that is a final transcription product of siRNAs to be
expressed is, for example, 15 to 49 bp, preferably 15 to 35 bp, and
more preferably 21 to 30 bp long. Furthermore, there is noparticular
limitation in the length of the linker as long as it has a length
so as not to hinder the pairing of the stem portion. For example,
35 for stable pairing of the stem portion and suppression of the

recombination between DNAs coding for the portion, the linker portion



5 (BIO nedica, Vol. 7, pp.89-94 (1992) ) . Also, ribozynes are not limted

to the hamrerhead ones, and, for exanple, the hairpin ribozyne, HDV

ri bozyme, and Tetrahynena-derived ribozyne may be used as long as they are

-capabl e of self-processing (Gene, Vol.'122, pp.85-90 (1992)). The ribozyne

recogni tion sequences are those recogni zeg by 10 the 5 - and 3'-cl eaving

ri bozynes. For exanple, the hanmerhead ribozyne cl eaves the phosphodi ester

| i nkage of NUH sequence (Nis A, G Cor U while His A C, or U Although
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efficiently. cl eave uence at its erefore, en the ham ea
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sequence. fdn exatple, oo TclbelslﬂRNAtCﬂihétIUﬁkeﬁrdeﬂtflcﬂ{ audnrg udet L ReRsAs assl
whi ch_a conbi nation_of this ha

R head
T bosynt BROCITIE LBEEORPITER edumnen: LS s SRRSO F e &9 U a1 UK. LR
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' -side. I{) an |Qﬁium bl £ Rt er If% §§1%d R Me I gt '1 knh Y. ule

| nventi on, can be' expresse aesi’ TR ng YSGeh T um%‘fe

pr onot er ssunhl adetRhe teRthqclvneal nmh; bbe 46 provbieial Chikavesldcule.
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Gene Thersilignc&y dussso (20D to Elegexnﬁessedirbymhaadmrmsent SY R0 ergrcessinon

may be ti I ed ,usi i e- ci I ter
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t her ebet ween |n t e space a | oxP sequence i S arranged in the vicinity

of DSE arfif Mﬁnaf | diePanfe ey ing e hdadithiloy nefclpoi idgsu it porgue whéch
di stance lbetawq%gQﬁEceagbﬁe PSE bihe iy aplel 8etiNbtyrisndd (e iffdnsd @m

so as to inhibit "the si RNA expression. The action of CRE protein on thi

expressi gitdlen sdidds hacokhBERafpbArBERaten Thede kufueeney @é“@tréésﬁﬁ
the ypci niddfsn P§t§sa ﬁs'f@? an esu tﬂ)@ﬂti@ntgg iRl acement; of PRAebekwgen

| oxP sequences. Then; DSE and PSE cone close to each ‘other to turn 10 the
pronot er HeHGVAa8ed 0 MEePEnsel aebed AS Bl S4ST9G ISERRAR” THPR il full

descri bes) @&l R Prpud g, edamiideavhi ch the promoter activity is turn
to the on state by the action of CRE . In contrast, it is also pgssible to

construct a sysPeThiSERSS Rihg 1S BNANA A BRELDE S EREN SR COBR LEMeaRaTY

(not showy a thigeeXaBREEmRIONE Am&h&lgr& RO hdadebaiineeny @S_Elomd; RSE thiat

are géran ed SO as to _maintain the Ig onpter_activit and anot I(%thbse

| ocatdd eriRET FRG &or DIEPEF Botns ?%a?n%‘?q*%@. Ici?“ilf’r}ee”é?d’s de W6f “EFe

protein, atrh@gﬁrm@tfem Adrdidnhdal dd Hohe 13 ctiillementdryl Rothisepses ®&Nee to
d throuygh reconbi.nation s to turn

DSE di t 20
promoter ST ST Ao TRE DI SCAEE FRHIHE T SPaREUprREbi O ot SRk
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pr onot er ion, it al S|bletop | oxP. to, .

i nt er pos e aa%?ﬁé%"rfs%ce ? dcé)ereﬁﬁf ?ﬁg‘s ﬂiﬁi Srné: JEL6n
by sappl yary ddves CRENAp o(taemlseZ&erntdﬁesrermree chre ﬂmsOa&(es@ectthe’eewelmslmgp
si RNA ex reSS| ySher Qs ble to provide two | oxPs in the |inker
portion so s Jgﬁc')m‘sngtxe'or sselofnh ylost o%{ ‘'sequence (e.g. TTTTT) . Wthout CRE
protein, transdd @Xpne]s$ lamtueleesprmrbsenseg’\mear firpattEe: abtihense epdseepence
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GRE pr ot el e AR LY TR mapeos BURVEERFHETpeh TR B EHE pfeel
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code DNA" Oéarﬁmr%slrm egtmé:ﬂ@@@@ sanfl | pewse heeass oMddsne t @S a simple
intracellularly express anti sense and sense RNAs, thereby producing si RNA.
Preferably, the




-15 si RNA expression systemis introduced into the target such as cells
using a vector carrying the expression systemto efficiently transfer the
system The vector usable in this invention can be ~sel e, cted dependi ng on
the target to be transfected, such as cells, and includes, 5 for mamual i an
cells, viral vectors such as retrovirus yector, adenovirus vector,
adeno-associ ated virus vector, vaccinia virus vector, lentivirus vector,
her pesvi rus vector, al phavirus vector, EB virus vector, papillom virus

vector, aeenée@wvhbﬁsoﬁ/eqwm, eﬁﬁgeggﬂoﬂlgﬁtéﬁeca%énd&@Ié@ﬂé&s@@w 8Pk €em
| i posone, |igand DNA conpl ex, 10 gene etg. (Y. Niitsu, et

al
Mol ecul ar CRBAPE e med 1 395 Whbeh "a( E§g§)’t?r lﬁutlorﬁﬁtelq HREF G thenPoFh | ¢
Id S ngLSf)l paﬁeubbaﬁaageéehaﬂ %odéeDNllAQSte'lilﬁcl;Jéthﬁhdliéxh ¥RpLeEsioh lhgysterf\ is
u el | - shape anta ne_del i ver si ngl.e nucl ear
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r5 gg e% |) on 1$Rtm@eﬁmatﬂe0dyaé@uiaﬁ uraa'xdhihegénlBNZr\\.]&da,reZQ@%n@@\ée@&ﬁlabadi.gx)xllcer
e_present inventor.s shown_in the Exanpl es describe ow,
found 20" PURpEBSTORBLE e brd (6t | 3 SFPEREET: Ho EXRERst DR 76t SCaPgBE BRNE
by nai nt auniingd benst RNAt expt @sslep syﬂNﬁm:qfretsmmﬂ syepemon Heredin, there
dunb II-sha ed DNA. Ther for i n a p red _enbodi’ment _of prese
verDi onlSrhE naTeR g Le8t Eat et M ST REEh Sengh ek ThRes
DNA nol chNe , 1 shpeefrerablayeuseg. léﬁn@tl?Earctumiekqexlehc&hapeﬁoﬁm/hscamsbeehueked
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anti sense e, fr h % 3 r d I ki ng
T e
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anti sense s3Rd-38083€s AR, f L0 L& JRRARY Ioke BRAghEaNds. tid g Niehc8sELné O

avoi d the addition of extess sequences downstream of the sense and
ant i sense 2RKe-degcirdbgeiiabl & £52pFaELPh FrhPHERo? S&AUBNCeNRRY & raed

respect i venstr ards o Ster 8adsgcadi-Rankar +anki&aRASEsandni0agense rt. gdhe
term nator may be a sequencé of four or nore_consecutive adenjne (A)

nucl &t i dédlePripi BY pal MR romdodx piaderss - GLE. thigstiete inindens &her dphe

to use twaidiehtengnt ipr 950 L& Ber &SI €1 b pen:ﬁcnersa;zqwlefgsloqﬂtaﬁswaﬁscaspt
showmn in Fig. |A SsiRNAs with the cut off _structure at both en

produced. Ufensuﬁi%+rﬁ%+%g meansh (FPFePRATPYE/ cHHRTF YIRS i%h d835401 @ g’elow .

expressing the mbevendesedddod seabboepmehBMaeditariderabec pasekpkestdon
forma unit in which, bot h‘?]]:ntl sense agfl;sense code are . arranged in.%he

opposi te Sﬁ’lsé'rﬁf“at?bﬁhﬁﬁ Rie SafE PRA FTP A T AN REr USEAST i 1TR'G RS *
resul3ti ng iwni tca(ﬂﬂ\MlSet I esim q:frca:hmlng;‘ e nite)nod:cerreépsbmdhimg 20rRKEBsE, fthe otder

of express on not e ril f Qr ant| RNA
-> | i nker 398V e(?&&rlﬁ (éf §§g§engﬁem bua[t p%@@pl%& 5di 7 %%?’igense
RNA -~ [i Ieb’(@l.‘re551B?jAsl®@fH: Ry Aso¥uanhtd s elseIABNAar FeNAspdodueed Iy phemoters
eXpr o551 02X 0L LI 5. LHBRSOMRHCLESoREE 2 L EAL000 TRRUBLURSELP,
Adenovirus VAl promoter, 5Sr RNA promoter, 7SK RNA promoter, 75L RNA

35 promoter, and H1l RNA promoter. The U6 promoter adds four uridine

nucleotides to the 3’ end of RNA, thus the 3’ overhang of the finally



25 forms a | oop and sense and antisense RNAs on its both sides pair up (a
stem structure). Then, the loop portion in this palindrone is cleaved by
intracellular enzynes to produce the siRNA. In this case, the length of the
'stem portion, the length and type of the |inker, and such can be sel ected
as descri bed above. 30 In a systemusing;$he ribozyne as shown in Fig. 2,
the systemrepresented in Fig. 2B may be inserted into a vector, or two
cassettes shown in Fig. 2C nay be inserted into the sane vector either in
the same grbQGaEEQN IHNOBRANL € rdic©Cha @80 bt d 5 48l $0 POSSIPF @ AQcTBS DR N
a system capabl e of exgres,m n% a plurality of siRNAs (si 35 directed
agai nst dPY fRAEBHAING §BE YeRBInTRIESNGE heigrdciisea sfy arasten s FeFenNAS
target sigyesndf, tihe2 sa@ert AgrRhigRREe NRAANOaSRNA Hiffbeler Jromgtd RS!
the sane target site of the same target gene nRNA) in a single vector, The
system fth%be’é%Fn%fa%ti%‘é?l’éléa%gﬁdmge‘?l‘é RIS 1O PR rErRE Ve @ v Sty be
constpucted by 1 %Elisns@:’asfeobf(%)&%m:cgepﬁd nalr b|r|om|@ft@|ﬁ§t,el’it5 i@apglélf@rable to
expressi ng short ,, upstream of the anti sense _and sense code DNAs to
Const 1 uctE HRN e RES VNG SohSE RIAERXft bobi GROCASEeTERES Sl ACreihic Fgde
t hese cagneid as bRberdidfetrdsyeailor $heFghbher ROAE, artd e BHIASSitefmsyatem
using the ribozyne can .be cogstrgcted b¥ i ntroducing twg?casse teslas shown
in Fig. 269\ TereitVect oPE. "6 PEFREUTTRENTE T A5 P55 S8R0
allow a viect b taphbléhef carinatldequerice tiwmdts@nghbt oo sehectated ceyl she
tranibect ed with the vect or . suchs.a§_1.a sel.ection marKer. Exar’@.ese of nin
sel edPi oP IS S i AcP THRSACHr T FESARRE et HoF & PROEH YL THE- heoAyENA™e
resi st ancexaisse; i dygr anyedquetes icapabde génermand pueory/Limdreass sttanceugene,
mar ker s 165éhact cgn he sdel ected based on the enzyne activity as an
i ndi cat or® Such 3% geal%lscet osi dase, markers sel ectable by fluorescence
em ssi on as an Haldi Tht promotaras iGERPpdeartter scy barregahobersel pcomdtart hTZhe
cell surface antig such as E ecepto B7- and a j ndi_cat or
etc. The WATIETTHn M leRostdnl SREcRT BT FRG: ATy HIRIEERT - 30 thehREPECras "
wi t hishe frexitoim praomelter,t fegtebhlinapsbdected, wahd $he st&NMtexpr @spodnII
system I t ) i ffLci i 0 i0nal
tranefer O ogen she Bla HEP KIBAL RS 2L SLERRL Lok U SOBYETR PBRonorer,
cel | s expressiongwsaRNorger BAAsoncEherafede , Farhpphoieprohetase afe ueetor
can prolong {he,pecbod, Bl 3iiiiee2% dhe IV £XPLESST ARASKS! EPunkaehags
such as the retrovirus vector induce the integration of the systeminto
chr onpsoneynewlstabldnge s (R esdongphymednsi RS Ieane tANA diRNA ldxpressiseang
syst i el ls. pre . i g : I LAt& i he
: abovgg]rrennstqéc}ﬁgg %i%ﬁ&zgﬁgr'eséﬁcﬁ\lﬂs ?é??ﬂ%%ﬁ%@%gﬁéégﬁggéﬁSggg?31%&%&1?%&
thi s si RNAT&Rorass bay Jysteeiharko braridrasopsigmesiioan cbs |shayecandel i RRA
i s capabl&, Of, jidueisde RNALL 4 O FRTERLEAR: A8l 451 £ IHh dRheha RNALH3s PeqBnse
conventional ly difficult to be induced. Furthernore, cells which are
di fficul tcQde MliPnt &6 AeUbARSt GPHRY AN thepRYSSPBAUBRCE ORRERFT FEHDINA S
such as plazafd |(Tecd@idiss PEghenddl®ahPBocbignfedt S to5headd ansdueed
ith_the present si RNA expression system Howeyer, the above-nentioned
cel | ¢Susethd Fhthgeglessncofnpent9brihff @ '~ and 37-end cleaving ribozymes to

cut off recognition sequences, which regions are arranged outward
adjacent to the respective recognition sequence coding regions. Such
antisense and sense RNA producing units may be operatively linked
in tandem downstream of the same pol II promoter (Fig. 2B), or
30 separately downstream of the respective promoters (Fig. 2C).
Although Fig. 2B shows an example where both units are linked in tandem,
if necessary, it is also possible to insert an arbitrary spacer
sequence between the antisense and sense RNA producing units so as
to adjust the distance between the two RNAs expressed by the respective
35 units so that a ribozyme can readily act on the RNAs.

The ribozymes that cleaves 5’'- and 3'-ends of the antisense and



-18 not particularly limted to manmalian and plant cells, and may be, for
exanpl e, cells of other animals than mammal s, yeast, fungi, etc. Methods
for introducing the above-nentioned si RNA expression systeminto the
-above-described cells may be arbitrarily selected 5 depending on cells .
For exanple, for the transduction of manmpmlian cells, the nmethod may be
sel ected fromthe cal ci um phosphate nethod (Virol ogy, Vol. 52, p.456
(1973)), electroporation (Nucleic Acids Res. , Vol. 15, p.1311 (1987) ) ,

l'i pof ect igahdel collei ﬁNAB'n@Cth@aNLEnﬁnenhe\éH rlbaz mR <BMéhém19aﬂ;L%ﬁh )s . R¥kI al
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el ect r oporaat.i 9n (b@t M@O2V913063(119393) 791 Tﬁb%@%m%rhe@@lﬁ'ﬁé&wn@é\@ @y 88be
met hod ( EMBO J. 2717 §1984) %%g article gun nethad (Proc.

Nat|. Acd&d¥ %herugﬂquﬁé}lces%o EJO g02s (§ )3p re ARG &b aﬁ#ﬁeanratceasmg
net hod (Nuzieigeddds, Res, , 7Y0pp . 32-90 8Akb2YS (1980 ) ril®dLym&e! #6861 AR Of
cells tr sducecﬁ with the above descri be(ﬁ si RNA expression system nay be

carried Rovie RBRARE FRE’d O0&F a@n Py BPFdF 53R b dRG PR R ﬁQbBRD&me
sequence PHJlﬁ‘CrllfUcfzyfn@’ tha s*eR&dAhymehesaeemvéaS£_eB¢ﬁ§m@ rﬁH@bﬁe As el BRELong
However, when the si RNA ?2.}9 ex(gée %stem IS | nt ai ne? ?n%he veﬁgoh
provi ded 3 tH'%Y s Rctil FeitidA 'ﬁnSe YRl ot féd WPt A>T RB
phenot ype I8 2N9 1t oThier v ke acsoa:@mlmdiomaﬁequelceéé g ansdacettogiir ddpy
Si nessipn Sﬁ%t gm b %ovrre r kZ dovgn oIs i n_'whj ch {age éar et gene
expregm 0 %s sil8 B gg K do cel T8 et ude®céf eirH a
whi ch t herittarmyete gﬂmmq)rtegmmspmmlt@trellym;g@r efsedH aeduthose (Notis
conpl et el e b ed aKn ck C e_heen .
conventi opynalsc%l’y %r%%ﬁ@édtﬂt%y{ del'e | ng or8 mo yi ngigg?agée?nﬁeﬁg BPcllfeOtlde
r egul at orgonkeigiadniand magang nmd tB8Cdses q:fretﬂtemsad?hlé ekpmessi e fsgseenmly

accor di ng. 20,8 G PLESENL | DVeny ] o0, 80201 A .0esL oDl yr Bk oduge peelLar

vvhlchthejtar get geéne expression is suppre |ntro aci ng
expr &§si mm/zsﬁnanﬂmmedel N§HannrséEEcbﬂ.mgGW©ecam ars dussst] acelal sewbghotiioany

modi T cationdiicd he bl ogkagsne. U SDROTRANES coTbe knasks o CBlbiucing

accordin e present n can be used as researc

functi ona@lnwrw:r @ngf senser@@ss genehoandiedis. i2® whhckhich a combination
di sease- Cc?fjgﬂﬁls ﬁo&% %}n@ac%ebi?@&o hi@i‘&%e SUE%suﬁage?S
di sor der an suc urt her nore get gene noc own ani mal's,

di sorder twmtbe 5afm mqié! arddso bantapehee mrstsersie BN Aisnt r Baddiong2R hé ' -ends
abovgpdeser ihgd SiRNA 'ﬁé%@ﬁ%%ﬁé’%ﬁéﬁda’&@ tPCHE 68kl 5 SNEk HRNETRLINhe
i ndi vidual organi sns romt e germb5 S maintaining the system There is
no parti currcladtideatorriang he Weemothef 3pnogdeiond dearay@rhgage IhokRdban

ani mal s usifgd henabovesdesad ined) $hiRNAexpressi oR,SY9t &Bn AN A% KAWL
met hod may be used. As an exanpl e, the si RNA expression vector Is inj ected

into fertin it &fys is A9WEEE BPCnasi fGded EP fdeald Hddse (e. g.
OBA/ JxC57BL/ 6J)r fWidrh andBkEpBUBeohet8r Ga7Bid&d) asThePas gt bh oedi DNA

is obtained fromthe tail of a _nouse devel oped fromthe above-nentioned
fertfPi zed &t 1ohd SHRR eERBd DS GENHS T2BodEhemy A1 Lhth %Ii‘%n%su ngugh

portion afnddeiepressiotr reeeholuds eheraderd®yddand4 fndudie Rosiet pyémoter
progenito J]?‘P(am mal i n which the _si RNA_expre su%n vecgt or _has been £
i nt egr at e{?}} it dhrlidnidonds. BRBKEPSsSTEnG 6 TERETARBEE- ﬁﬁﬁfvbﬁedo an

progeni t@nﬁi@&%béMRm egtQeteﬁgﬂaéﬁﬂnwr&péwﬁdwl&dme RyEO Fihe mmsg
is repeated to obtain their o s ring. mc T
PCR anal §nENE REFTUrSed Y- 'ﬁrt“?g%}‘edﬁ‘féﬂ)r P%&sg%@i@%iél{ l‘%oq‘tzﬁ gﬂe
r ecopoi natddirtlo?uremerqm:epr@éﬁmug{ayt be taseuofspatiddeel ng isiddNAd using
expressi on system mai nliy. |nto has [g en descri b d above, the system
may be used i1 AR i erdeﬁ:]iuaon § Fﬁ‘éo’ali’f'%% 1Rt PYALEYi BRCHr 25
convent i anad- MPblwss:temanded RNA into plant cells is difficult 25 to
mai nt ai n RNAI fects due_t o of dsR ur i eI p e
processes. It possiBF& td™ ?al n ‘ﬁfs\hée? f%r%“oﬁtrlerpllglrﬁuu% IbB’y%ﬁﬂsll%%ga{’ﬂe
RNA expr essitoas shestcerhbet aﬂsra/ep,r éseirt ppavehl ede contne bghat i RNepspRNAtion
genesgti oL YS!t &l N0, GOMOSOMES L PLANY GldSse bF 31RLSCnBORREDLEXEO
create from these celld iy ‘ransgeni c

recombinase system will be described as an example (Fig. 17). In the



-30 plant that stably maintains RNAI effect. The transgenic , plant can be
created by nethods known to those skilled in the art. The present invention
also relates to a conposition containing the above-describedsi RNA

expressi onsystem Since thepresentsi RNA expression systemis capabl e of
suppressing the expression of any 35 desjjed target gene using siRNA, this
system enabl es di sorder-causative gene silencing. The si RNA expression
system can 20 be used as a pharnaceutical conposition and such

suppl emeng g did b, BRREQRIIRf RNk EERENL meanem%mrits&suéﬁ@e me&e%
invention relates to a systemfor intracellularly expressing an si RNA

library. SP$NASréxpreased 5 By & SPRRA W%“r%&y‘w@ﬁn t,hen@rlesé £ $PYentd daxBre

conposed Qi St sandsa cQERPIS LAY RAeM NG, oFUBEE NG EREREERE QP WEdGkehck
any order, and having a Iength of si RNA to be expressed or those encoded by

(random) THROM IGERHYCOBNASEr adhidtftlsl afiufgta Refit Fenfe Hsiyeqro D§E and

expr egsedeseraidn pr%bh%hle%' Bhle&v@eyd%cm et dravecare 3bSas 1D neaiedihe
as "random si RNA. at random si RNAs" used herein is conposed of any

sequencess 1A Sﬁ?r%a&@HcesT%eeF@&l@B Fr GRF SPEFITCOR A SsRHRERMTRSON Systen

sequencesi K & n%ddm}:ﬁn%ﬁﬁ.@nfl eetAnl i bhAPY, sOfusLHOFE Wean Thee
above-descri bed si RNA expression systemis capable of silencin specific

target gehkSEprRSPEPSEMREE SEher sy sze%ﬁfld?h% Hr—epéﬁﬁeaﬁ%mfg %%beéwaeéd

to searchidor uamMainddsCt TRBAI, OEPESndD)P TIXPoRES NG santsi &N | d tHa AR rn
si | eg&inng ar b|trar% %enes for exanpl e, whose functions and se ences are
unknd®n. e FRG Y RN | § a‘?’g, e st Hre R TS NA . This
constr uctémm;abe e ibedign SHRNAT oS sgetan Ses wlﬂ%hcaduen@rfo@btar

doubl ded 2Q RNA h DNA di f d RNA
DA conpl SHERL a7 Lo tiRe B fhstrstinthd R iaroshL ARE e Fernarety

cal |l ed a‘RNAscadeoDhgb%s)s,lbamd tovocpnshptets at i‘&ysﬁ@cesmemhtmqlethe siRNA

i nt erposi t he si RNA and C sep r at el r essi

anti sense %&fb\ EoHTehde %ﬁAanlerf’h%fa%%%eGg) (‘?’?’IOB'@& ﬂﬁo‘?ﬁ%ﬁ‘%& ggf‘ﬁe
sanelas the paimmieien:ememmed BSRI\wnexRBEstsﬁm asyssbenangkde@ds ddeto l‘nla&)ntaln
contai ns an nces, .Qr_.any sequenc c ed from speci.fic _c
sequencesah% g‘heceesrl (Hlle% i A7 §B8§ﬁ? Tllchaargﬁ?deﬁ%’&{oﬁpétream
sequencesof abgE c«mrrpdeenisbfeaioubfePSEr anﬂedtRBlAabeénsecbfs baet psbltamds &ke30
expressin t oxi Ci.t. |n mamyal i.an I The hort strand is not m ted
to 21 to Ig]figr%)t?r aCtéL)s(' re" ort ed 531 Tuscﬁfﬁ' a?n (i i i d])ts prefen IE :
exanpl e, HSE tDbs 4®1$Jpla<p¢@f ehabhgh 15e¢:om}35n@p;.oanldehseenplekésabbytzrnt d.:hEO

by | it t

ot udllr Fopt i Fetlv RPN Mnd e e d i S A dnd Ehppgatel oe

cohesi ve SoRM&F hanegdwgyies. | oﬁn@tmumwhaselea@@bl@mplsa IJechhi};cln héok&r get

gene by RNAi, éc?cﬁn th ?E'an ‘cQP’re l%oﬁgé'ov EQY rpﬁ@u%f?edtwo
-over -ove an

structure nay I ncl ude no as |l ong
as it is kxRdlse of t%dutﬁq”@qsﬁe t@l@o@ethéﬁvﬁer@d SHWG épﬂec@NAl\Vme@@@reSﬁhe

nuger Of 10 & A0 AL R By AR yiGHg Il (ot kel 3, but may be any
nunber capabl e
25 P Furthermore, in the case of the stem-loop siRNA expression

system, it is possible to provide two loxPs in the linker portion
so as to interpose the stop sequence (e.g. TTTTT). Without CRE protein,
transcription from the promoter is terminated at the stop sequence
in the linker portion, leading to the suppression of siRNA production.
30 CRE protein induces the recombination between loxPs to displace the
stop sequence, leading to transcription of antisense and sense code
DNAs to produce the stem-loop siRNA (cf. Fig. 28).
The siRNA expression system comprising the abovementioned
“promoter,” “antisense code DNA” and “sense code DNA” can be
35 integrated as such into the chromosome to intracellularly express

antisense and sense RNAs, thereby producing siRNA. Preferably, the



-5 of inducing RNAI effect, for exanple, 1 to 8 nucleotides, preferably 2 to
4 nucl eotides. Furthernore, as described above, si RNA nay conprise a | ow
nol ecul ar RNA at the overhang on its one end. Moreover, as nentioned
-above,. si RNA expressed by the siRNA |ibrary expression system nay conprise
a msmatch or a bulge, or both of themipsthe 10 doubl e-stranded RNA region
in which RNAs pair up. In addition, the siRNA |ibrary expression systemis
not limted .. to the above-described construction (having two pronoters
facing eacingl B35 JaLELR0SYEgChNEs SI A SRR B, tﬁ@dtg@%ebaéﬁ?c@as cells
construction cap expressing the steml oop si RNA IS

pr esent I@%Wémqmrapéérb’hégm eépééﬁ%mdﬁ(ﬁﬁm ﬁovmffzwlaefpﬁﬂdfrﬁtféﬂsfgr

linked upgid eam@in 2 WHd «dersafdsinTel efredid 01 AFen bl 6/ LORPLE BMcted
l'i brary producing unit) formed by connectin DNA codi ng for an antisense

RNA (for d8Rafsliea awhfeamw%ééﬂ}é%ééméﬁcgﬁg Serflent € 1961, RNRANFLYAES .

speci §i ¢ £INALSRAHENSRS ceSaGUENGESal NGitdRE sl Ns@cEPRG! f &t EIWY PO LiebrakY.
or genome sequences), and a coding for sense RNA conplenentary to the

above- merftdBHIH @it .%%%%r RNPASHO THES Hpidstd eV HF RecYPBROGI aVaCFiRkar VHRAS
One exam}e&-1Qfr 2 1@BIGA fs FIERYY NGheripR saMoe deetbirhed 15hert raap v RIA,

l'ibrary produci ng unit is shown in Fig. 18. That is, a single-stranded DNA
conpri si i 41BNR ¥BEFRG f%?plzjsl%fmlvs‘e’:d’s%vﬁﬂﬂoﬁav?ﬂﬁ L3Rt S dfifdRre and
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~strand ofpNirenathidtesd dtivandgdnBNAr goaf ar rhm@rtohens_;uem hosprsteﬁmm bmartye

producing unit. is tri dW|thr tr| ti.on _ t he
doubl e- s?r}eéﬁ%%bc Bﬁ&culﬁ u§ec)bt ai ne &eFI ni@@fmm;ﬂt’er dam o# an %B%r)oprl gtee
pronot er e geroducerenttdres stasmshogp sanweIEmmyeﬁmthd $edicen fEuom
t he over descri.bed ste e
st ema:aoop {Sil J‘Qﬁ r%odg:f:léggg? mﬂs‘%}(% %@?B&?’%Rg é%s%lr |(%ed c?vgy
t he Iengtrtranftétmnj;)ubhe summmmmlawu@ntgfbammmmmremn a
portion) bp,; pre I 5 d
nor e~pr ef er af))‘l?) ]21% fé}gr@ﬁ O@e&%ﬁ%ﬁgm tllnon %?hg?gxes%l ﬁténgggﬁnﬁggﬁ gr@ the
limtati mlresert‘cr\elh@ﬁgthoand tdhequerRIEA ofXPhes LRy SAS ol inesy e Aot
hi nder t n e m p and; a | l.ar such agy
ﬁmw%ﬁ%@w%@%l gagbeale i @ | gyudwleqular RNAGS e

cIover I |nker The above- nenti oned

"rand8m ainml@@ﬂslera:fmeed)mA péncbﬁpbs@ae%ft%ﬁyltw@e@nc@gptwﬁﬁcrﬁ%f%‘éi to

arbitrarity.seleftedtd oineXH R ©uord rHeRA Cgﬂ%p of sequences that is fornmed
by any conbination of four nucleotides "A G and T" and has the |l ength

of si RNA to be TH® arpiessed.ang serpatiNAs %)aytbr?eexpéﬁﬁﬁﬁiia‘ﬁ‘t F’é%ﬁé"é‘ec%%i‘étw

is conposgd ofp a'&lf%%‘i%%‘%cevéé’{@ﬁé ed from spaabhec CENA semeenceeicant ebned
in aspecificcDNAib B‘ir?%)@ or genonesequences. Pronoters usable herein may be

pol 11 orepBFeFEingr e@ntJ-%eﬁl%e el e RNg fFompdihel FRMEr BREERF scan

sui t gl e farp e assbRdl Shel fg BNArsMEhe S RR1ShRNApofUt t heyrdaictert BepinDe
pronoters may be identical or _different, preferabl dlfferent in _view of

the expre8§i B¥PESFS LRGP T BRI 40SEFeABI OF | SRS %S 130° SES6t 6PEC AT e
in this caser@fe alrhte sea¥R agddescdd lmzk ahpyesswnaﬁkhgems waed anpertind

pr onot er | used 0 .a rlatel erminate the transcription after. the

Bor ose! OfiBFE CHAHER Srpb Srbs T PR SFEE U prer P tE0 e ppbtRire £1ed e

ter m' nat ombet:w&:eﬁst heapr @mtn@ﬂearwlf DhAcic o @ nisarusitRNA  asims havich ntikége
sequence, consi st ng of re_consecutjve adeni nes as spown

Fl 9. 3§B gﬁW?iFﬁFnﬁf%r?%ﬁVﬁd l& ﬁ%sgagﬁi (ﬁf]éﬁcf‘ho?hels Owéln&nsgc nji=§ be

used. It is also possible to construct an expression system, as shown in




-35 When an inducible pronoter is used, an siRNA |library can be expressed at
a predetermned timng. It is thus possible to analyze 23 genes
functioning at specific devel opnent/differentiation stages of organisns.
‘Furt hernore, the use of a pronoter having tissue-specific transcriptional
activity enabl es induction of tissue-.spggific expression of siRNA, thereby
allowi ng the analysis of functional genes 5 in a specific tissue. |nducible
pronoters and tissue-specific pronoters usable in this case are the sane as
those desgribeggaboye,nThe aheygedeachhRedEnBNA dddy A LW LSS Qh RS IR
can be integrated into chronosonmes of cells as a DNA insert. For efficient
intr oduct@bgf?ﬁ@@)‘c Ed1agdgndn SREhOPPRRL §F VA SN HSdOR 8R fres8i SYBt emiltiss

pref er abl o0+ PFREDL 8 NGhy NcBMPSEER" one VR 1T - MSANRNEHRAN @i £ 181 RANME
as those described above.” It is also possible to inprove screeni

( ( A I N
ef fi ci ency" b S PuAR 13 %hACTFEN BYAHGOTARY R HGS t VS IRA TG BPAY §/l%§l;‘s>r es¥ibn
syst e; capabhEt s eXPrESSh rggicpesnlfta_r&lﬁ/gt ¥ cO0kaehRABekNsd 85NEbCe¥SEd K . tHd
necessary, a,vector carrying _the siR | i brary expression system nmay 15

further cofptPeRsSe 24 X&NSSh RNACKEFOBr LRAIF §THRRE 1% | R S ardtker 52 Udh e

in this casgear€otdes s@amhaisddiasendescekbed sabey@entBESdokRELHSEMOSE the
sel ection markers_enabl es selection of cells tgﬁnsf ected with the vector

carrying ERBSE| 3N AN BPEY e RPPEs st ot SHEEERT 2PHEr EBYP 13T viRG SR ERhidy
ef ficiency’adndsirgt theate gpnesi ve @ tAroldzer sephnds nesd i fdieast RBAnse and

expressi on_syst of this invention is an siRNA [ibrary expression system
Chat TP ancBYSeRlRg) of e AE-CPRRA SRy R | nSGREEBLS PRat oo™ AR s
a gene sequppeeutOOPraddnithen (Apdivyl ¢cagides .an@hoth Bs pan-iaddiome oo ess idrt
its: al so possible to collect si,RNA library. expr. i_on.syste 25 capabl e of
expr essi nﬁyﬁ{c?rper éﬁtlii%\ﬁée%‘?@%o%osﬁ'sfc%w&n é??%rﬁ?lnf ¥’I’—:8F‘gg>%55pl 2}?@;597\
code DNAsianthasstexpteop ot RVstany aras etpwessnoRigystiam saRNbe with the

constructed,_ so_as to oduce, as . the siRNAs to be expressed fromthis
s2r araulbere it fhcn J

assenbl y, CRRa® J-Sequences” that“are formed by any

conbilBati on of Futthewolreqt i des 4\, G tEradivd I@nandukavent heapenye h of
si RNAs to_be_expres

d. ternativel iRNAcode.B[]\Kg Y. € ri any
CcDNA fragﬁ’éﬁf?s FEny S8queé c‘ggsg‘}éﬁ%%{?es T olr%oébe%hencesq%njé? (l%gre%g ﬁ?(ﬁs anyle
cDNA | i br apifesrm a am igeimmh iskdueticestisfhas,artdheense afdeabNAs sewhd yranged

compr si Ngnal Wedlddid b, PLRY LLRIGH Xne@XRLES T SYILATH: SNADL AR D! £
efficient search“for Tunctiona genes. I ng € above-descri bed fandom
si RNA | i btang ekereesubhing 24n sy siematirems arblay sgingliteoaogioRRA -| | b atlyls
SXPY 885! 0BaSYS! B o8qUEl BRIRE-SER16R1 19 FOF AUDCLLOPRYy OPNRSL RN D& pua

perfornmed by fhe stéps of: int uci ng an si RNA rary expression system
or ,the abouéngefir amed segsenBNy of lSinRRA 1 gy godspgeber .cmervaes_t’\&hrs"ibub 5
cells: SEhegiiDAphAC RIS dLADAUE Gl S B sHRR 200 KRR é&{ﬂ@%@rsa ense

l i brary expression systent or assenbly, and analyzing phenotypes of the

cel | s thuBNBel'ect BYA Aproidveed b&y athdee, CKBFABEEORorsY§%eTOdOE n§hi e BYIFNA

| ibrary exphesshoR; sy Shem Ol tehe 1bbkestpherael! sn WAY: MalchdepaRAL NG OB dhe
10" kind of cells. Specifically, methods of its introduction into mammuali an

cel | 35canfBEmsed el aMdofrRRE 20F AR SHTCSHEAIRS RBt hbY Roth sides(RRiBIWRyy,

Vol . 52, pa486echl@¥3hetuflLCt MOREY, atdnen l@i@b&@_@rﬁ:&'@ﬁ' ehCtRekdsa Resdronw®l is
15, p. 1311 (1987)), . lipofection method (J. in. Bi }?Cher}]QNANUtE' th'VO| . e?,
p. 175 (198dfayed Ky LpErpapeLl} dhSIYRSSIte PrONuCe the s1RNA.  In this case,

the length of the stem portion, the length and type of the linker,
- and such can be selected as described above.

30 In a system using the ribozyme as shown in Fig. 2, the system
represented in Fig. 2B may be inserted into a vector, or two cassettes
shown in Fig. 2C may be inserted into the same vector either in the
same direction or opposite directions. It is also possible to
maintain a system capable of expressing a plurality of siRNAs (siRNAs

35 directed against different target gene mRNAs, siRNAs directed against
different target sites of the same target gene mRNA, or siRNA directed



15 method (Sci. Am p.34, March (1994,) ) ( gene gun nethod and the |iKke,
while its introduction into plant cells can be carried out by the :
el ectroporation nethod (Nature Vol. 319, p.791 (1986) ) , polyethylene

gyl ycol method (EMBO J. Vol. 3, p.2717 (1984)), particle gun nmethod (Proc.
Nat|. Acad. Sci. USA Vol. 85, p.8502 (1988) ) , nethod nediated 20 by
Agrobacterium (Nucleic Acids Res. Vol. 12, p.8711 (1984) ) and the |ike.
When the siRNA |ibrary expression systemor the like is introduced into a
vector c i e [ q%dﬁ I system:ar
assenbl yaéi:%é/nir%%t gg%e%:fﬁg% %}dgclr Igg{é?icflgltlth%eé%g?ls% %ﬁﬁgﬁf{f‘%’ %Eeaﬁc?tl?/l é}e
due to tH&e&er®ecti on marker. Wien a sel ection marker is not contained,
transduced cellg£8psbemselLekpdeby i et Aot S dhamMedsd RYAKNOMA: frerent
hybri di zati on met hod, PCR, and such uSing the specific sequence that is
comon t VRS RRX ¢ 5Pa5) rELFLERY dAndy&Fent @5 exapRdise dPogr I FEprogoter

After st hecSedieTd e Rhr 664 1 g IshTdueRd, Widdt ity BBOMEs de2gkkhsd SIRNRNse
library e%&esm on system or assenbl he phenot %EF of these cells can be

bly, the
anal yzed TPTHPE FRFITS 1A taFeRsRt 707 IS RYPPERIERTH A (OF 556 t&ERNA

library expdesshrodusysethede asserbliys IMesiFFen@ntPesc 86 Ls Norulhitiet-fd k0
t hose expressed onl §E'-35 on the cel| surface, but include, for exanple

i ntracel | dFGr SXPFEFELPBNSYSERE HRINT B BAPPSYPSdGAd thoe haoBShFeEed by
phenot ype:anbzyodﬁ@ir@@Q:WﬁT leea@]tésie@;nled apadySins M?EP@.CQ_G'[ ah lraimz%ﬂ\l/e«m elcitflaﬁ:%r.y
expressi on system capabl e of silencing any of functional genes. erefore,
to s ﬁeen, f or Ifj{]]ﬁﬁqpu&r’fﬁld'géﬁe’s? %%g%oaa%@lﬁitt‘PerailSP"eac\g‘ﬁ%’f?ﬁdttoeéuﬁégéﬂ
on the 5 ENA-sequentenedithg tf enhabil BAMAs6Dataingdcénl & hi sarcetd c vl vared waed
i'n hybridization or PCR to cqndﬁct cl on'kn of . func ionqa;%j nes., Dat abase
search j: 57 ¥UhctT AR ES 1ELT 18P B2 egerf%’f Bas it opNRA T ReTS
sequence Todiude bodrsy RNALsEbheetmmrifert hechidiNAhexrcessiionNrsy 5 eam of gehe ,
present i ion. 10 usual | reatly_vary depending on the position_of the
Parget si TRt batiuilane S LeRs. Y a8l p EERTACh [k s o Wi PG ey
a hi gb getleatsitamdargsefdeodd dasidRNA ddre e e coed vyt vt arsgetnl Agddcator
primng site. Even..n.the case where a prefe e target site is unknown
Phe st i e yPodasreoa i oc, UPERRsP PROCEFERLA AT Sinticensy gRISe dn
ef f ecti veas Hatindicateer shoheasedFPonedskBNA thbt acyn exprasisdaieds ydttdmtak
this invenptipn_j xtrenmely useful as stem of searchi,ng fo opt i_mal
t ar get sic?éeii;fsﬁiﬁﬁc%oangléFPegﬁc\?elays 3%%%58888&0& Rﬁz 2The‘-’“"pC{ eé-@gn?g an
i nvent i onipdibea tes, ateet hbide fserl esdliont magk ar lingllly sasé 1 ¥et SndRNAlyorips icsilihg
t he ep "y i h L hprary_e j ' QR
assend v iy R B i BeRe Py Edmpt i “EHe FEPLEEL A UMY epe
and neasu? i INP e s iom |seedlest.of Thespéerei ca gesie oranmismatiivn effheicalls
transducegh Wh@c&ﬁ@eﬁt%i'@é{é’f&XQEe§§68€n§%§ts§.@bﬂ[ f%ngéﬁEQ@}ltyo cells

thereof. Measurenment of expression |evels of & esired gene or protein
can be ea31 Pechrpreveds angt onyY 1% LifeeKByS SRADBUNS tRVNA Kesebs icioniced tira terde

art’ such msr N iherd, ohat Jwdrd dizatdan Qn %%l‘%fr%\&dhl%t goidzahic@3n 1 fRe
cells in which the si RNA expression system and si I brary expression
syst ém of théiss. RNfy expirea siieni Ay s belic eV S Tfos usdr &F cit@rigtnawHinusd vegtor

mammal i an; £l d S ¢ hBUL 1 AR £EF 50y Ot dIeE n38 AU somdY 2Bh D1 Ve@stable

fungi, etc. The siRNA s~xpression |library of the present invention_can be
used to, FTHRPEXMplBiRWeirae fidre HIRAA [ SRAQS Ui sysdisRn dd foseselise

si RNA expres: ~itofe | bReab)ti Sinvddoiicediptesceths ddmel £ehlasndbenk Abected
wth a virus, and survi vi ng cells are exam ned, ther Ebi/ 35 easily

i dent i fyi AGCYERBENLLSBET af LBNGi PRPFRFELOT SV SERPect FBh!S THR BRetbintdced

si RNAoexpwesBi @Aiki BLAKNY eRptakpiof sPetbuNBhec4PreP0BaBDNARammalian cells

because siRNA is capable of inducing RNAL in mammalian cells, in which

RNAi has been conventionally difficult to be induced. Furthermore,

cells which are difficult to maintain a long-term stable expression

of long-chain dsRNAs, such as plant cells, are also preferable as

35 the cells to be transduced with the present siRNA expression system.

However, the above-mentioned cells used in the present invention are



26 enables the identification of all the viral infection-associated genes.
The random zed si RNA expression |library or the si RNA expression |library of
genonme fragments enables to identify genes other than cDNAs. These two
libraries may be used in conbination. 5 Brief Description of the Draw ngs
Fig. 1 represents an si RNA expression sysgem using the U6 pronoter, and a
nmet hod for producing si RNA enpl oyi ng the"system (A) shows an si RNA
production process. Two U6 pronoters produce sense 10 and anti sense short

RNAs, wt ddi ) d

ant i se#sehﬁméggﬁéggéﬁﬁésser@e%ré anﬁlég]fnéé g 5 ?\ { c%]ﬁles”,zgl bee

si RNAs wi fhraexampls eokilde Gf qﬂr@rhangma(LB)thamwamma@al i yelx stoe fwg<35| EINA.
t IS . Q- f

comore sl v Lon PR 0 UOU0L R 8 oS B G0 (il g oon

conprising sense and antis ers a
from whi cty seemelnial i | dense Ry b egllessed & @rbzmapnés/ersmearted

exanplse Oéeﬁ&?d g%tr{ Wehhan fl%f-.gé 419 3 $ %Q\‘Q&?‘? O@ﬁ\%ﬁ%&%ﬁﬂzo

a i bozyme repr esents t ene Sl enC| ng e an si
expr essi o%e‘sly%t e‘brhedmeééltoédmalgab@nsﬁtela;t@ Wirem the @@%@EWVE&?&HR&WU@@@Od

into cell gy expr&sy ngolhygjzowlﬁéq&%meaft éléiecmascl% Eauc@e%dz@lds
show t he expression of hygroonmyci n/ EGFP; mi'ddi'e panéels ) t he

expressi ot df » BORed! Sy iRyht3 i dé d§dnel slfIE'Pf*FCtJrO‘an@ LF fLﬁe ﬁiJe%‘Eth% é‘ﬂltr

mer ged ex@s eSS, 0ns1 P (hYgHeNY Gl ivhCGiRrand i DaReddi Befintktitbd @RIi€SART St he
gene sil encing ‘ef fect of an si RNA expressi on system directed agai nst either

sea P& nsyMi“F@hl 1984 o FERRAUP q“ﬁEFP@rz?sté: whénapRaus|EPB R I 2Nkt T £an

into HelapS3aeeliles Mbpgtﬁéﬁeléu%f; Bﬁﬁ‘élaﬁtméﬁd’re I 9o El 931943% 291 Qrdighkdh e
val ue neans | uciferase activit he cells, in which the si expressi on

syst em 30PRH Y RERLLRYFNEO LR %/*fci’qi dEMPOI dici Modase: Bad /il f bR LY, particle

nor nal i ZQQurbazﬁ@ﬂh@cﬂl {beoseanpensyakyal fs&aseuéﬁtl Violly,, BfBr tthE@Qtl \1|9T8)8)Qf
the cells whi ch, t he si RNA expressjon s st.em di.rect ed ai nst_ the sea

pansy | uc‘f!gﬁ?%%%t%ﬁu’i‘ GRS MFhad | CRELSdSeACoASt ﬁ%sf rétty 1acir &fade

activisty. (f9@a) Ab stows the concentration-dependent 35 silencing effect of
the si RNA expression systemsggn firefl sea ans%; | uci ferase ,actjvit

when a varied atofifitig OfeC ﬂ!ﬂA%?BFéEEFSnWl 7ERS aRav it GEP ey &it
each |UCIé>e;516§§s:v\@z$ sﬁét@ﬁluﬁﬁﬁ b8t eaeelba. ofitgbyd khepheserhaiiesgenenh as
o1 onct ng lieel. uelng 2.3°biee 0051 PN Slo st A SXBrERel OB VBLEMS
firefly lepfesasen syftem 8 shpwst blte pgarersi | apaeirgref vheh @heSisRNAA
eXpr%%Singgggég{gndggg%g%djﬁgaﬁgfgtalned in the vector _provided with a
selection marker, the selection can be performed with the phenotype
owing to the marker as an indicator. _
Cells transduced with the siRNA expression system become
knock-down cells in which the target gene expression 1is silenced.
25 Herein, “knock-down cells” include cells in which the target gene
expression is completely suppressed, and those not completely
suppressed but reduced. Knock-down cells have been conventionally
produced by deleting or modifying a target gene or its regulatory
region. Incontrast, the use of the siRNA expression system according
30 to the present invention enables to simply produce cells in which
the target gene expression is suppressed by introducing the siRNA
expression system into cells and selecting the transduced cells
without any modification of the target gene on chromosomes. The
knock-down cells according to the present invention can be used as

35 research tools for the functional analysis of a target gene, and cells

in which a disease-causative gene as the target has been silenced



-various target sites when the vectors were introduced into cells. Fig. 5b
represents the results obtai ned when the exogenous si RNAs directed agai nst
different targetsites were directly introduced into cells at different
concentrations. 10 Fig. 6a represents the gene silencing effect of the .

| ength of 3' overhang of siRNA. Fig. 6b ghowslthe gene silencing effect of
si RNA expression systens directed against two target genes or two target
sites . In Fig. 6b, luciferase activity values were normalized based on the

activity &n (b¥ e@dledchestdasedept noddtede BSs adnd NS @dmal Fre@the@mortd khdget
represents the c%ﬁ?abl lity of the si RNA expr ession systemto silence the

endogeno¥e# ciit i YEh AN Bt s A S e dneded eal?b‘FaJt%ea’@qloﬁ?) PRafgBuked
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(pHygEGFP/ i (3-catenin whi |l e anels D, are for the grou
t r ansduced* ' tgr?rﬁhgeéﬁrﬁt' apdces efﬁﬁ}rﬁ‘édﬁﬁ” ‘g‘l‘-tae%eoﬁqadup%“%vefrr %Ggﬁlﬁerm

stai ngd wdiLg h@ﬁ{'ﬂal-x{l?ng)a‘l}@'lls@s&l&ﬂ body Left si de panel s (A and D)
represent the %gpre35|on of
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of these twgexprg@m okrsocXdown Faglmalseprselsre;ﬂt shéhammelsmmfd RN@RNA
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vectors pCBPARABATS At Plesremiey O%waﬁﬂqoaﬁfaay o€ e\fh'??%p, % 88pet Et‘m‘%efy
Cont .. reptksefiiRNA depress toh vievaoants \tagtaort)zd :Eltg: fertemeeeretggst dlet gemesd
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?L,p?E@;ﬂS’ T tnanal Tl bpbee: 10T TR EaaRae 67d v Li o g e mouse
cont ai ni ngeagCyd TBIYEd DV rmﬁect&rn/p}cbxm]omtaeﬁ lﬁmspbbﬂaméai £ ot thBNA i1
o o aE s L Fe, (B LAANELLN SLLSE! Fooby Soybhesgl ! e

si RNAs cofitaf i or a ulge Iragram
descri bi ngubblecpedn’ccn pjemanth@tou@Naynsbémt analhmabwnn}: aopotretlpacyﬁlthm

the 1 eCr agyglL L0, LEPUERROL BLOLELDobo 28001 BURLL Py LBn BT BUD Ly T SRUl LI,

t he suppréssion of transcription Ini |ne
repr @Ssor apioeéiim bhadd the |Stht1\I® bspre$ ehseddatmm U@smeﬁmtierteg@aagdtmto

it ¢ ) - .,
effects of oo FrucRog8legs adkatda iy I0D ERTLEREPLLAD, ThNeq MHEL P cox
pr onot er . mpgFet witbpee‘sbm SCRMB Il RN - Er é§§MﬁX@ééBw 6§¢bnhabnmgm@lh%e is
tetracycl E@@eQQSE{aJoOéb?gﬂH%‘éﬁr'c{‘f H%E@E aﬂsﬂe#ﬁgeﬁsmeg,@me@% 51 FNA

expr essi on ector not contal ni ng t nce. IS a agram
depi ct i ngaadt BERtdma ly sesy agesPen L ohne RN 1xﬁqnfa;rf§cmfrftspc,romg§| RPAgtave for

tri mgigng 'i:hQ%)SHE rEbSmb}r?at:‘?oﬁ di agram depi cting si RNA production by
sel f - processi n% trinmng ribozyme. Nucl eotide cl eavages occur at the
at

posi tions i ndi réd‘eéy‘omeackl*é’??%%é'é’&sci‘%e PoHREECIRRNAG S 1BNG e ¢3S Lpp

el ect r ophgygtegrAm SheWnte abNALBrosl HdandbY c 15 BHARISEed - RIRCE§8BR. may
Bands corresponding to 2l nt si RNA are indicated with an arrow, Fig. 17 is a

di agr am sRewrAgdakl bt e of Heh&NSGndPAYEELOR PYBr tBBnEiBEFE nb“%%fm(:tlo“

efxpr essi 0B fUsbAGeh P Lk B-dOX, BY-Sd @A ndd @ RN 1'r§toa 'a%&r @@ N 8P eS@NE F 1\GuBH
exarrgl e of the preparation 20 of the steml ogp NA |ibrary expression

syst 8m Fi§. migntglla A reahf e ept elEhtihghen l@@énﬂfedéﬁNf\he%%@gaF%%.%?#Jof
the si RNAphkBEGEYp@¥BEESEEON BYSh®$ible to maintain RNAL effect in plant

cells by using the RNA expression system of the present invention
to integrate the siRNA generation system into chromosomes in plant
cells. It is also possible to create from these cells a transgenic

30 plant that stably maintains RNAL effect. The transgenic plant can
be created by methods known to those skilled in the art.

The present invention also relates to a composition containing
the above-described siRNA expression system. Since the present siRNA
expression system is capable of suppressing the expression of any

35 desired target gene using SiRNA, this system enables

disorder-causative gene silencing. The siRNA expression system can



-0 shows a random DNA fragnent having the dephosphoryl ated bl unt ends of 19
to 29 by long. 25 ~ represents the random DNA fragnent O which is ligated
with the 5 -phosphorylated hairpin type DNA linker 1 at its both ends.
‘Fig..20 is a continuation of Fig. 19. ~ shows strand di spl acenent fromthe
Nick site by Bst DNA Polynerase. represgpts the fragnent ~ which is
ligated with DNA linker 2. 30 Fig. 21 is a continuation of Fig. 20. shows
strand di splacenent fromthe Nick site by Bst DNA Pol ynerase. represents

the cl eavsgearfd ashby Psekmabegriddli Sodpsontisnain®@nswdh Hubpldhentepr @sent s
an siRNA |ibrar %Js)resm oneeé)re-l I brary. 35 shows BspM cl eavage of the
S|RNAI|b9r1%H]§P%5>:1p3r HIH library. In the case of inserting the Loop

slequence, TTCG,AdrhﬁiTmeém]bB@uﬁéﬂﬁ%f tR8 pand et i seaseicnde NAS, téhesystem
cl eavage proceeds t 2 in Fi 23. 0 r nts the ¢ | et ed SIR
library egﬁfekré?ﬁ%c§§/§‘f§ eess%ﬁngoﬁnbfhﬁlt%ﬁgl 8% engdﬁggﬁgmfesse

r enmoval obyDNéllRNnkeliblr,arqmdoEE selef driegantonnvedir i3 dise acemmbs eriab £ ORNDOf
Fig. 22. resents the case.of |nsert|ng t he Loop. se yence

bet ween t R rgg EARE S EREE 15 a T TR S n CY *PRATS CBraty &Y, aélcﬁléqs%rl on
pre-1ibraagdi hachegvedlbygBﬁgbf $ORNB shobs ekpaeagedobrthhosemmw@daby
expressi o [ b i S
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vect or Tbenpmsrmmnenseel t Here tat@m@ﬁqy@%dormﬁé% @%pmﬁﬁnonRﬁwtem is

- promoter. .l Sb‘iEOBk“Q Yéﬁﬁ%gcgrﬁﬁé&f‘ﬁc le W8S REERBREAWHS L BOthe
BspM and KIenow, at “contalnin rormt er was prepared using
BseRIt5nd sy@tgmppbdqumgpabgdlment can be used to search for novel functional

genes by expressing an siRNA library and silencing arbitrary genes,
for example, whose functions and sequénces are unknown. An example
of the siRNA library expression system has a construction as shown
in Fig. 1B. This system comprises DNA coding for a double-stranded

20 SiRNA in which DNA | coding for random antisense RNA and DNA
complementary to the DNA coding for sense RNA are paired (hereinafter
called “siRNA code DNA”), and two promoters that faces each other
interposing the siRNA code DNA and are capable of separately
expressing antisense RNA or sense RNA.

25 The above-described “random siRNAs” are the same as the
above-mentioned siRNA expression system, except that they contains
any sequences, or any sequences selected from specific cDNA sequences,
sequences included in a specific cDNA library, or genomic sequences,
and composed of double-stranded RNAs of such short strands as

30 expressing no toxicity in mammalian cells. The short strand is not
limited to 21 to 23 bp long as reported by Tuschl et al. (ibid), and
may be, for example, 15 to 49 bp, preferably 15 to 35 bp, and more
preferably 21 to 30 bp long as long as it does not exhibit toxicity.
In addition, the end structure of the above-mentioned random siRNAs

35 may be either blunt or cohesive (overhanging) as long as they are

éapable of silencing the target gene by RNAi effect. In addition,



25 Fig. 26 represents m crographs showing the results of observing the EG-P
fluorescence intensity with a confocal m croscope. Fig. 27 is a graph
representing relative EGFP fl uorescence intensities in pud 8, U G-P25
SiRNA lib-loop-, U6 GFP25 siRNA lib TTCG tRNA GFP25 siRNA |ib | oop-, and
tRNA GFP25 siRNA [ib TTCG 30 nmeasured 24;and 48 h after the transfection.
Fig. 28 ,is a diagramrepresenting the stem| oop si RNA expressi on system
containing two | oxPs that interpose the |inker portion containing the stop

sequence. tifé gcos i e (& @Pila K@M PS etd NG hltec ganens) | |iiuye efdedni9f 32
the si RNA expression adenovirus vector. Fig. 30 is a graph representing the
gene si | ehcT NGEERFREPUS 2153P TRV GG 8RptRREidsnikde vaPpEle ¢f gndafing 4
graph repteseanoigmrehe igaea mideaeragref aste®fet hensi MM EXPF & PANging
dunbbel | - shaped vector. Fig., 32 is . a gra h_re resentlkgég theéﬁlene si | enci_ng
ef fect of P86CtRRELTRNS ¥t 5P h St énPlont aPRFIER Y B <t dHRe T BRedd & n

t he daubl ef siranded; RNAire€gf 0ot pffcdd BNAGp1BUNE 8 hilc Pas Nt &es @ dlerhiie y
top of eaEh se%genceﬁeere resent SEQ. I D NOs. Best  Mde, for Csrr I ng,out the
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Whet her t bempst RNA aeX@r esdieenlee NN acathesolenhentom 185 grle gede oRdicRFRET,
t he exogenous hygronycin/ EGFPf usi on protei n.was. examn .. The .
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(pDsRed2) sy tiaemi samncomp et sl a cordmatchwerre purnchesedd bdutornnClnrtedn thee

Si RN%Oexp&gsgion vect(g%%vxﬁﬁ%construc.t ed .usi nq,\l\}ppe 1Agl.alsm' d pU6 carrying the

human "U6 pr%rm‘ta‘_é?tf%ﬁ R P rlarf ‘Tz}l&flont ‘ol o1+t i f unct i onal

activity of an hntidséndenRNthdyp i&NRAel tlacycy iexpreasionss yet aerisvad t id mdfcetdhe

human U6 snRNA pronpter, m Gene Ther. .11, ,.577-585 (2000 .. Eragment.s
contai ni g DU LRGN T 56 FErS EOREFORE 3P thy B GHRH ENP ECAP it o ARG et
ant i sensecfBiNi\s et ersysi e sitre s WENAN cadBNBNAY Rt asdi mey , hawne & Waclstret tion
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pUB. 29 library, or genome sequences), and a DNA coding for sense RNA
complementary to the above-mentioned antisense RNA in the opposite
direction via a linker DNA. One example of a method of preparing the
above-described stem-loop siRNA library producing unit is shown in
E?f_ Fig. 18. That is, a single-stranded DNA comprising a DNA coding for
25 antisense RNA having a random sequence (antisense code DNA) and at
its 3¢ énd a sequence capable of forming an arbitrary palindrome
structure, is synthesized using a DNA synthesizer or the like. A
primer complementary to the 5’ side of this single-stranded DNA is
prepared, and annealed to it to form a palindrome structure at the
30 3’ end of the single-stranded DNA. DNA polymerase and DNA ligase is
allowed to act on this construction to synthesize the sense code DNA
strand complementary to the antisense code DNA, and, at the same time,
to form a palindrome structure in which a stem portion is elongated.
This palindrome structure is made single-stranded by the denaturing
35 treatment, and PCR is performed using primers complementary to the

sequences at both sides of antisense code DNA and sense code DNA to



‘Thi s anti sense RNA expression cassette containing the U6 pronoter was
exci sed fromthe vector, inserted into the pU6 vector 35 conprising the
sense RNA expression cassette to construct the si RNA expression vector
‘(pU6i Hyg/ EGFP). Herein, since it has been reported 31 that, in the case
of using the U6 pronoter, four uridines g3)s) are added to the 3'-end of the
expressed NRNA, siRNA that is expressed by the si RNA expression vector and
intracellularly formed has. four nucl eoti de-overhangs at bot h3' -ends.
Ehatis Lﬂﬂ&%&%mxf 9@—5§1t.Jf&’hcﬁedébmodicaﬂﬁ@jl@51?@&kkd23emuﬁbepté1dm131 gmgra'rﬁNA
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conpar ed he con gr oup. as shown in the right col um
Fig. 18, aveovivhed adck ahidikgren fl uorescences were nerged, 30
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target gene si herm)re as a resul simlar analysis
conduct ednuel ert RS e " BOSG7 el lad 1" vﬂ%dobéérﬁéé teROthh @ fo)grddsi o e

pDsReq Wxﬁ?és@écﬁ ect %q.t%trn@i?wely?’z e thahdeh W&Eﬁﬁ@’a@o&Qe(ﬁl\fH”Cﬂéy

sil enced (ot shown). [Exanple 2] antification of gene silenci ng activity
of s.i RNAC@EPPRad| 6f PEYt TEBNF Or BRt CFBEYUARPTY FHRGA 16 f&RN A, SERdeReRR

expr essi 0fostd £AE4 NG Aebe¥hEY cfiprgl RMArdi-§ e dredengmt REqu@enes of berﬁ@féys

and sea pansy_luciferases as the other re orter Igene was anal, gz as
fol | ows. usable herein may be pol II or pol III promoter. It is preferable

. _ to use pol III promoters suitable for expressing short RNA such as
25 siRNA. Furthermore, the two promoters may be identical or different,
preferably different in view of the expression efficiency. Examples
of pol II and pol III promoters usable in this case are the same .as
described above.
In addition, when a pol III promoter is used, to appropriately
30 terminate the transcription after the expression of complementary
short RNA, it is preferable to provide terminator between the promoter
and DNA coding for siRNA as shown in Fig. 1B. A, sequence consisting
of 4.or more consecutive adenines as shown in Fig. 1B, any terminators
known to those skilled in the art, and such may be used.

35 When an inducible promoter is used, an siRNA library can be

expressed at a predetermined timing. It is thus possible to analyze



HeLa S3 and COS 7 cells were cultured in Dul becco's nodified Eagle' s nedi um
suppl enented with oo fetal bovine serum The 10 respective cultured cells
(3 x 104 cells/welll) were placed in each well of 48-well plates. To
conduct luciferase reporter analysis, the RSV-sea pansy |uciferase
expression vector (pRL-RSV)15 (30 ng), fhgefly luciferase expression vector
pG.3 (Pronega) (30 ng), and various anounts of si RNA expression vectors
directed against firefly 15 or sea pansy luciferase transcriptional product

were co-tganss %thn%l'o@ltl‘ﬂgcﬁz|s%aécfh.ie.l?c?'&e%llbpménttbaJ.IfEBQfeﬁEE.!aQQoHEg%éJ%'fng
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antisense RNA,  both plasm ds had no effect on the expression of firefly and
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5 GFAGAW@@G@AAH35133EQ1¢IM eagpre@qczgl ly%ns\ethatam an assembly
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25 capable of expressing different siRNAs and construct an assembly.
For example, siRNA code DNAs and a stem—loop siRNA library expression
system may be constructed so as to produce, as the siRNAs to be
expressed from this assembly, RNA strands comprising sequences that
are formed by any combination of four nucleotides “A, G, C and U”

30 and have the length of siRNAs to be expressed. Alternatively, siRNA
code DNAs may comprise any cDNA fragments or any sequences selected
from sequences included in any cDNA libraries, or genome sequences.
Thus, the use of an assembly comprising a plurality of siRNA library
expression systems enables more efficient search for functional

35 genes.

Using the above-described random siRNA library expression



control sea pansy luciferase 25 (sense strand wi th nucl eoti de overhang):

5' - GTAGCGCGGTGTATTATAC-3' (SEQ ID NO: 9); (antisense strand with nucl eotide
over hang): 5' - GTATAATACRCCGCGCTAC-3'" (SEQ ID NO: 10). As shown in Fig. 5A
the luciferase gene silencing activity 30 varied depending on differences
of target sites. That is, the si RNA expregsion vector directed against site
B was highest in the gene silencing activity so that the firefly luciferase
activity was reduced to 14% of the control . The si RNA expression vectors

directed a@&m@&tdﬁtdESG%bﬂ§iﬂK1ilé§QU§£ﬂNAhElBﬂ&NﬁEe2§Pé§§§b@ns 8Y&hst 0244
% , 38% and In this case e si RNA

6% of t (o) respectively
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silencingof: 341ac&bdubynglnhharéyRN§ t hiep a0y C NPT s XY eSSis@eny €60l She
Hyg-U6S|RN%_and pug ﬁ ? q@@A et her the above-descri bed

di f f er enc&°N S AE™ éﬁBe§|P§ﬁ8F SYaB G EET SIS Systers; into
ei thers 5 crbemlxseokss:oé@ttymj ftGian mIIﬁteaﬁeﬂub@dtﬁ?ethéL 1o d- djé@:ffibehd siRNA
di fferences.in the transcriptional cie o] ach si RNA. For this
e nat | GD-PRY SEBEERERD DHEHET Sfsa S RRTDLNY | Suf e 1Y GhreIdERe RS
wer e synthaglzedlse&pastBéeb¢teaequences of these si RNA ollgonucleotldes
are as follows:, 10 flrefgé EC|feras site sense stran

5' - GCUAUGAAACGAUIIESEGSS 2PSESy | T dijﬁqr lntrOdEFﬁégthﬁt?%@ﬁ%éJ§FP§Hd
5' - GCCCAUAKICEREBICAUAGGR LB o SEEQ@ IIDkN01int?) cplibt ma@ sengedepemiichg on the

5 AU AL PR SED THE KD o0y, o B EandBUepREREEoR 12
5{: GUGCGOUSOUEELBTCAATUL- @an (ISEG ¢ DedNGed 15jom Q&Q&J&RmthSM@d
o - ADGUACIOIOCE AR F FEBT 57R0 17y 2eathbbRPa E Pt Eu g1 esc
5' - AUGUGABGMAERISUACARIU- 315 ( SEQ 3D 261 N7) 118)1ipofection method (J. Clin.
Biochem, Nutr., Vol. 7, p.175 (1989)), virus infectious transduction
15 method (Sci. Am. p.34, March (1994)), gene gun method and the like,
while its introduction into plant cells can be carried out by the
electroporationrnethod'(Nature'Vol. 319, p.791 (1986} ), polyethylene
glycol method (EMBO J. Vol. 3, p.2717 (1984)), particle gun method
(Proc. Natl. Acad. Sci. USA Vol., 85, p.8502 (1988)), method mediated
20 by Agrobacterium (Nucleic Acids Res. Vol. 12, p.8711 (1984)) and the
like. '

When the siRNA library expression system or the like is
introducedintoaivectorcarryingeaselectionnmrker,cellstransduced
with the system or assembly can be selected by collecting the cells

25 having the phenotype due to the selection marker. When a selection
marker is not contained, transduced cells can be selected by detecting
them with the known hybridization method, PCR, and such using the
specific sequence that is common to the siRNA library expression
system as a probe or primer.

30 After the selection of —cells transduced with the
above—described siRNA library expression system or assembly, the
phenotype of these cells can be analyzed by comparing it to that of
control cells transduced with no siRNA library expression system or
assembly. These phenotypes are not limited to those expressed only

35 on the cell surface, but include, for example, intracellular

alterations, and such.



-control sea pansy luciferase (sense strand with nucl eoti de overhang):

5' - GUAGCGCGGUGUAUUAUACUU- 3" (SEQ I D NO: 19); (antisense strand with

nucl eoti de overhang): 30 5'- GUAUAAUACACCGCGCUACUU- 3" (SEQ I D NO: 20). The
‘above-descri bed RNA ol i gonucl eoti des were synthesized usi ng an RNA

synt hesi zer Model 394 (Applied Biosystensy . Synthetic RNAs were
deprotected, and purified by denaturing acrylam de gel 35 el ectrophoresis.
After eluted fromthe gel, each RNA fraction was applied onto an NAP-10
col um (Phar rrac'ca}larﬁd.xcﬁjem ed h/u'xtehamte%dfpmotﬁﬁs‘ bgnurrei hbbuelrasesonéar
desaltin he resulgL el uat 2]] vacuo, and .re- sus%ende |nl
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O oyt D e el 2 Pt o FRRnare s htcp o Praet Bir ke
i nt rofuceNa rstetqd&icaa %&chmlc_j sfosn rsu.IRaIIAI yoasadesdr iibedhdlsozelfloaadsaye used

I f L [ j ' L. RNA
ol | gonucrabr b AP 28 Rear b6t BIEE IO TnGar cPeBLeLpbEE Shnst’
simlar pattarased seblrah bbrafmmdtmnahegmsavm@&eosbawﬁe:eﬁqmest|ba|sed on

vectors vsﬁ{edﬁgr dqge%dc f%rl S1MypeXCept for a slight gene silencing
activity expresse |gonucleo |de di rected against site 0. These

results indi catEéftekna;ts of ftlherenm& exprelse igensy stérnd tige areisentyl mren ti®mot
caus by..dj e n S5 f i each RNA, tes

depe%gentug’ﬁg%% %g%%%a H}e)f 3 t snr%%gs%sfﬁlg% ggg%&gltjp ggcg%ar %%lt'flusclttu(er es
and the pepéstheectaftgepgdnadi ﬁg’rpleéflaé\ipﬁ§ LEx&hpl eaag Ef-fé@?g%tlftl%eﬂl‘éng? h

of 3 Oveﬁb @fﬁe%l gé%h&%éle@%%tpeedyfﬁﬁAbaaﬁ he WG RIQrmt 8y }aﬂ% P o

uridi ne nuc |de ov angs at - ends t he ot her hand, El bas
report ed Pﬁamlngnsb’k@er iFwem S0 (£he cAgeushRgeDRoBBRREFADLEhBaEENE %W%n’eﬁ ng

efficiency,pfosh R'%% é§nmﬁ(i%%q \y@rbﬁessolvcﬁf Bg/@gém%@ther&%rsema{h@eﬁ&&l

nucl eot i des (El bash ) Lendeckel Tuschl”
i nt etPer ehé@ﬁfmmdﬁeat eahby i), tha@bpranREnddones RARNA 1ibraay PERression

188- 200 (299&% o f BRLET A Rend oS Sxardmad, vy@gkh@raé hes § Ot BYCL £t didlen 3
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library expression system or the assembly thereof. Measurement of

(._- . expression levels of any desired gene or protein canbe easily carried

25 out by the methods known to those skilled in the art such as Northern
blot hybridization or Western blot hybridization.

The cells in which the siRNA expression system and siRNA library
expression system of this invention 1s introduced are not
particularly limited to mammalian cells, but include cells of other

30 animals, plants, yeast, fungi, etc.

The siRNA expression library of the present invention can be
used to, for example, search for viral infection-associated genes.
The siRNA expression library is introduced into cells the cells are -
infected with a virus, and surviving cells are examined, thereby

35 easily identifying genes associated with this viral infection. The

use of the siRNA expression library containing the human 40,000 cDNAs



{Fig. 6A). Expression of sea pansy luciferase was not silenced wth the
above-described internal control alone, but dose-dependently suppressed in
a group of cells transduced with the above-nentioned 5 si RNA

ol i gonucl eoti des. Furthernore, no significant difference in the gene
silencing activity due to, the 3' overhapg varying from2 to 4-nucl eotide
| ong was observed, thereby revealing that si RNA with 4-nucl eotide 3

over hang produced fromthe U6 pronoter is al so capable of silencing the

target ge@@a@x@é egspbondanatefiestivel ypraalsi RNAS valdal 1t ot i -Irsuelieeleldde
over hang. [Exanple 5] Sinultanequs silencing of a plurality of genes It was

exam ned 9FREher diH$ er@ReoMArget HEHYs Séﬁrﬁéséioﬁul%%’é%%lyrsﬁ}é%cédw

si RNA wheaxpnos 6i b er@&targwgehaﬁélﬂia@g\el&st dealb BEGeb LRS! B GeREPleRsed
at the sane ti asm d co;{tl%l ni n%stwo si RNA expr.essi op,cassettes
I

direct ed BAPnS N%?‘requk?sa?nd"w?e aAsy Fulfte 55 &S Slad Pc GRECHBEEEAD - and
co-transfected into cells. Firefly luciferase expression vector (30 ng),
sea pansy Iuc%f tor (30 ng), a vector (300 ng)

expr essi RIAS t

bot hl uci fer asetH':aleCIl pép@aabptsdunt SVIRNA omepfmicﬁctgﬁst@geﬁhﬁgv\nthh 6
vector (100 ng% expréism ne[q(r aI act osi dase aggﬁt ernal control into
HeLa S3 c%f(f”g 5 gﬁﬁﬁ“oa KPP YREPE AL DUE™ usi‘AY
vectors expowessarmgs:rsmmﬁhdmmm IgdicRSIs . ei TherU@r;er@ﬁoﬁersafﬁx)ooamé Semse
pansy 25 Luciferase transcri nal . prod shovyn.in_Fi _
tranéifogct i %I% r];taﬁ.' Iﬁ{i&s eg&ﬁ]?‘gém 0 vedé lng ( L%lr Fir \rNglenﬁlsRégl 1 I%S di ree((:jtsed
a%ql nst bof MNAsCI fseasegrsi emtuaeeaeﬂ%&thea&e@ﬁd&se@(prewml@h £o rfefriy
ad"‘seap y eras, S t hat i Qn
vect or 30 ?r%‘é#f%&aéglsﬁi%ﬁzxeslt gcrh %gg 0 I&%lt?'é?ages gyn :\IA‘B; %%Ss 3
U6i - Fi refp@r)lwasomﬂttry@@m:mm Aspdesewb@d'sauwveqompri/\am@emmmlreatsetdatrﬂd@td,

by arrang akity E%Nﬁ I s t l.asm
to simul t%ﬁgoggﬁguféx%pér)%sss% hes T ﬁ da atrlialélépé(}lsstsélﬂletioe {ON%'? RS
si | edde cpremgpensli ng ﬂoartgetengi;nesfmnt hdmclgeﬂemael agdi angiseneac&Nasorge
respectivgy ggggg( 37 [Exanpl e 6] Endogenous gene silencing All of the
above- rrentl arrpl es related to the silencing of exogenous gene

i ntroduced i nt Ft®l I2srepneshnts expexiampae, Oﬁ\mm@pngstgmmoexmemogwcing
vector is;gapaphe Q,f(p%égpg ngyg%e.@ﬂg% gxpr essi on was exam ned.

at enl

The endogenous gene ctod |ng se ect ed as a target. This
(~-catenin is ahenb¥ anﬂlneeﬁtehetrsedlh@yﬁﬁﬁﬁ’agﬁﬁ@ piberthnganbifést kabvan &9 RYA

fact e asé%ké&?ﬁoé{“syét%ﬂk éé‘éed Qgéﬂhg{:%ﬁ%ﬁén %@Q@%&Qa?%@x@oﬁ%c@%

an inportant oncogené (Peifer, & Pol akis, P.
oncogenes%%tfarﬁlér?oﬁyﬁeéﬁéépg hY%Fq“bf(ﬂér’let@Pde tréttsiqrioregss &ei Ence apgy,

1606- 1609J£2999w)1)the expression of hygromyc:.n/EGFP, middle panels (B, E, H
and K) the expression of DsRed; right side panels (C, F, I and L)

the results of merged expressions of hygromycin/EGFP and DsRed.
25 Fig. 4 represents the gene silencing effect of an siRNA
expression system directed against either sea pansy (Renilla) or
firefly luciferase when the system was introduced into Hela S3 cells
having the luciferase activity. In Fig. 4a, an ordinate value means
luciferase activity of the cells, in which the siRNA expression system
30 directed against the firefly luciferase was introduced, normalized
based on the sea pansy luciferase activity, or the activity of the
cells, in which the siRNA expression system directed against the sea
pansy luciferase was introduce, normalized based on the firefly
luciferase activity. Fig. 4b shows the concentration-dependent
35 silencing effect of the siRNA expression systems on firefly or sea

pansy luciferase activity when a varied amount of the siRNA expression



-EGFP expression plasm d containing the si RNA expression cassette directed
agai nst ~i-catenin (pEG-P/ibeta-catenin) was 15 introduced into SW80 cells
expressing ~i-catenin . As a control , EG-P expression plasmd containing
no si RNA expression cassette directed agai nst ~-catenin (pEGP) was
simlarly introduced into the cells at 6§% confluency. These plasm ds were
introduced into the cells nmounted on slide glass using reagents such as

Ef fectene (Q agen) or 20 Fugene 6 (Roche Mol ecul ar Bi ochemi cals). Forty

ei ght housyss tedl @11 ddctRedughiagr 68EhSLUEL fefix@did 4 RS LRI mhmg 481s.
par af or mal dehyde for. 20 mn ernmeabilized_ in Q.1% Triton X100, then

stai ned usi ng tHé -ant Fe?éeﬁ%l’t‘gﬁ QAo gy e8P §haS ey T Lk deSeE8nakr v

anti body sif@eld u&aﬁlmmmaﬁ@&@emenaﬁ@tersé alindi athagabaky ZB(F Aedidig 8arget
In

confocal 25 m croscope trat ed t hat e

DRCED! | et TR B SERE TRLaRRAPRE S\ g SAE ALYy It SR S rmaF 8- via ARPKE

]E): asnbd. fhy Qhﬁérﬁiﬂfhl,nldi@tgddszaédﬁetjg$llHNA36xtJEE§h1@&876?3mfsv@ﬂrec?t@ Ielgxainst
uorescent c¢ and cells t,ransduce asm d uor.esc ells

ol di ng. et Sl G S e s el ol WAe 6 SERESC et AP ERT Aol ls-

expressi @il | 5o trepsehad \Mhteh r@E@?Rs[ Bbmmilmd?]wh@ﬁmm@ s:abgeﬁogenelRNAs '

sil encing, effect betvveg dit an stem| OO‘%SSI RNA . ex; ress eg&/)%%ors

35 Gene SHGHCTFY2ERFRE err? xﬁrlé:sessl BREVEAESE L
whi ch . DNAse Clogli attg o ioff £ eseeste camzl:eawrﬁnas:mmsrs .RNAs are 38 arranged in tandem

and "i‘gNA' RNA exression é?gé&ﬂtép grr?e 9)@@%%%% gk« gé?r(??ﬁrﬂeg 1LRG Lt 69

| oop nol ecul’ &, Vier e Bxanm ned' express
above- destt icved heegpet Sl Aveli@r $baskovefdre gdnecs dsencimgeaf §&RNA AadRNA

SLor e R BRI i am o0 B AR I

ID NO 213itehe denBigil@ncilugiferhsrtycibst buantiviisedeby ndvndliciedkpased
I t b d |
anal ysi's ese Def 1) Be Bhovedesed Ded | PYaHRLER, Joay 15 Ak SRONDLLY.

st'e concen ration-depen
redudéd the | ucﬁlf%r awmamtwth¢mhwx er@walledl\temretﬂﬁllrpn Rgstem
expr 655 o o TS Y BBt P SRR aan e G o PRl G BRELC e for
vari ous stmre%prterwscﬁu@ vet:ltt the R skberepagneffasesd brectqiagainst

eXPr essi I JSELErs EAULELRLDIYALLONEPY GIRUAY BaHBES £XBT Ded - Lug fax ane

anal ysi s coh as’in t ove-describ
Exanpl es.gqoep ﬁiélapéﬂiuﬁgdﬁmﬁté%rﬁl@%fs\f BRCEEET MY GRGEP lusedhese IXrMRy ypre

(p%b@ndg.gj[g s BN &P S h’a% ga@geméh%'ﬁlgyaﬁe&rﬁadg RODE e pﬁ%@g (A

(pSSt and ) expre55| ng t e tandem si RNA pr ono it or
(pH t and e D) DlexIRRISRT ST tHe t%ﬂf@rﬁ%%\l&%ﬁﬂﬂf%%? ﬁFﬁr'oH‘&fiéllle BAgels

(B and E) the expression of B-catenin; and right side panels (C and
F) the merged image of these two expressions.
Fig. 8 represents the comparison of RNALl effects between the
25 tandem and stem-loop siRNAs. siRNA expression vectors pUétandeml?
and pU6steml9 are tandem and stem-loop, respectively. Cont.
represents the control (vacant vector).
Fig. 9 represents the gene silencing effects of various siRNA
expression vectors.
30 Fig. 10 represents the gene silencing effects of siRNA
expression vectors containing a cytomegalovirus-derived promoter
(CMV promoter), and tRNA promoter.
Fig. 11 represents the RNAi induction effects of
double-stranded siRNAs containing a mismatch, or a bulge.
35 Fig. 12 is a diagram describing the principle of Tet-ON system.

In the absence of tetracycline, the tetracycline repressor protein



-vector (pH stem 9) expressing the stein-loop si RNA by human Hl pronoter. As
shown in Fig. 9, various expression vectors used herein showed the

| uci ferase suppressing activity, indicating that 30 pronoters usable in the
'si RNA expression vector are not limted to specific pronoters, and that

vari ous pronoters such as human U6 pronoggr, human 5S r RNA pronoter, and
human H1 pronoter can be utilized. 35 [Exanple 9] CGene silencing effects of
si RNA expression vector containing CW pronoter or tRNA pronoter 39 Gene

si | enci ngpeh&gatssuafpddied & RNAB8XRECRG O tVeCs b p LMY A bRt ranscription,
cytomegal ovi rus-derived pronoter (CW pronmoter) or tRNA promoter, and

trimming FRB&SynEN AEEMRETTONGRd SHRNRLTREY CLeSEEeRPRRISIT Prnde dhinABLO

The transetipd o eanbRNAGPE PORIAT phamoRed EBI\AAS R @ﬁ%@aeéd@ﬁhﬂ@cﬁmﬁon
end. The excessive RNA nolecule at the 3' end which is unnecessary for_the

si RNA formati of 4% &dtlDRf IbFPR HERKRI FH 019 RN 1t rdvs ke /ideARef LB own
in Fig 18xpgeRlfofXRprR8YONhEOEHET St NtitHaky c2lihker nEWipl b esmdfet RNA
pr onot er Bgth decreased the- Iu0|feé§§e activitg 10 |nd|catéﬂ%athat aﬁla
pronoter PRATERE STRNE SXPresSifonS vBLE or S TR % nV&Rt58n, © pPORBtL eF%r
t RNA pr oneéer:aegalbﬁe pdspaéﬂiﬂdoi yselt@.ﬁihceanidl maqorememetrheahaanssrt@sréﬁeﬁﬂ:@
expressi on_veg & é inds to nol ecul e such as tRNA at the 5 end,

A The APoRiRERneHEr FaRboR et Tob TO4 oS REa IR TE1¢ RS ST It Ton by
doubl e- strandedrigj .RNA ot mlmqi@muemtchngranubxgetféfceﬁasra@‘est he phesmvice
of m,smat ch_or bulge n, t he, doublﬁ%stranded si RNA on‘RNAI wer e exani ned.

Luci feras rSH5F§éP ﬁﬁnﬁ%%nb%gf%r Hmﬁh%%rr%?%%Y%ﬁ conditions to those in

t he above- descrriged Béanplses.a Thildgtdnow dep RNA sequeiRNSs  weredwsteibn n by

5 G oOGC LR R e B A A MREERENES 57 £ RTS8 95516,

22) ' RNA géquhacleos:bmcmwnngj:a:aumwlack arrowheads to produce siRNAs.

PR Soovenss RS T RS R EA AR S0t FSRLELAY 07

' RNA sequence co

3 gcug&mm@eeoue@eA@@A@@A@ce@Aczant( SECRND Nore

24) As shgg@ EQtEHQW1%ﬁ ¥a££?8§ expression vectors used herein showed the
luci ferase suppression actiVvLty. The presence or absence of nismatch or

bul ge in the dduilg.e-1st i@sndedigigRNA phowdoedanoexample of the construction
for controlling siRNA expression using the Cre-lox system.
Fig. 18 is a diagram representing an example of the preparation
20 of the stem-loop siRNA library expression system.
Fig. 19 is a diagram representing an example of the preparation
of the siRNA library expression system.
® shows a random DNA fragment having the dephosphorylated blunt ends
of 19 to 29 bp long.
25 @ represents the random DNA frégment @ which is ligated with the
5'-phosphorylated hairpin type DNA linker 1 at its both ends.
Fig. 20 is a continuation of Fig. 19.
@ shows strand displacement from the Nick site by Bst DNA Polymerase.
@ represents the fragment ® which is ligated with DNA linker 2.
30 Fig. 21 is a continuation of Fig. 20.
® shows strand displacement from the Nick site by Bst DNA Polymerase.
® represents the cleavage of ® by AscI.
Fig. 22 is a continuation of Fig. 21.
@ represents an siRNA library expression pre-library.
35 shows BspMI cleavage of the siRNA library expression pre-library.
In the case of inserting the Loop sequence, TTCG, between the sense



-35 significant difference in the gene silencing effect. Furthernore, RNAI
effects induced by various si RNAs contai ni ng 40 a m smatch or a bul ge
wer e exam ned. DNA sequences coding for one of the strands of siRNAs, and
‘RNAI effect (luciferase activity) induced by the sequences are shown in
Fig. 32. These results denonstrated thatygven si RNA containing a 5 m smatch
or a bulge inits double strand is capable of effectively suppressing the
expression of the target gene. That is, each strand constituting the double
strand of ,5RNA § SN0l NREESRAL], | ¥nE T £F A1y [GBAEEREAL Ve b ABRICH, OF N1ET -
10 [Exanp?e 11] RNAI 1 nduction by si RNA expression vector having a
tetracycl?ﬁe-inducible pronoter A system (Tet-ON systen) capable of

control li ANSCr i% vd & g'e" ﬂ\ﬁ, :&5'@4 ; yed i he
is known miéalf\;\rla%g\]. &ﬂ%ra, Kl.é\%odntérlo%/[\]%fplﬁe fuﬁ%tl onﬁlﬁt,%i\sgi%%po% aépn
15 anti sehg8uRN® hyplantdncabyckl prey deisiante derpevati 98 YA diekeindn 4%
snRNAsproget ery i &ene Ther. 11, 577-585 (2000)). The tetracycline
oper at or sequence of_ _tetracycline-resi sta%ce,tragéposon has been inserted

into human Us préhoter 1fséd SoRtembeeys: &h €Efg. “£2).. Binding of the

tetracycl @< repressntspiHY 8hBe loF 20séhi Sngeduancsh segubhéel MMAE between
SUppressi on of pronoter actl vi t%/(ﬁj%lfégr eSSl @ vectors V\:hOS,e transcri gtl on 1I's
f tha

cont r ol | e@RByEaNTSapH ARSELTSE fara t tHeStREALIAEYORPreRt iR ty

i s supprepsedlibraell ss(elegvetiehp Begl) expressing tetracycline repressor
pr ot ein. iS may be because tetracycline repressor 25 protein in cell

D 0200 ia o GV S8 b o SRVor UG Ao CRPARSSLRR BORaH TAEEFY 7Y
When tetraspllineT{oOrcletived ycl i wWadghtdarmot deaddadhdked by Gslphg,. it
binds to e.tetracycline repressor protein tq rel ease the repressor

pr ot ei n f (ord URPRRSHRET ENeaBaTRGSE G0t RERIA AHARA P ISHRC SSaery SYFGAT 3 The
present i meenfarsfcohshtimng ey art SINANRoGwpreesSiegn reeovel havDRYy himeer US,

pr onot er ianto W 'f(_:glt e%rlgﬁycl i ne operator sequence of tetracycline

resi st ant Pgaﬁspos n9has’béen inserted, and exanined the gene sil encing

ef fedtt of si RNA'isxpRdsts endiegrem tspreseneliettOd pyspenationid2E&EE@ cDNA

edis sy i ]
oy tes i RghaRE Sh X HEnd iR ol LRI2 SR A0l e JAnidiproduct that
cont ai ni ngs a &hnteraAGEB gINSregment oo iveipplr okiaatel vazy did A lupdragowith
sequence %et&ég;rgzg @é&rép@é& %gg.ﬂtt. LERNIAR3AN, B @ﬁsmgq : A%q,aﬁ@r%mcegn

the lucifeérasea %/ upon addition of tetracycline. e ot hand,
t he si RNAFéegpr 29s{@n vector containing no tetracycline 5 operator sequence

reduced the | ugiferase: act Lyi e i L1 itk
tetr Z?ycl i ne. ?hle{'ea?)eéﬁlcat gxhg%ﬁs%%ﬁéfﬁﬁ? %qai%l gkggg%Fggnﬁf Jl:%t%%fégs
si RNA expiesspsn, The rasnatadeder fbelie Uty bivpesr Up neteToter Ky hefraciRY% ne

can be prefgrdbky USGe cloning vector containing U6 promoter was prepared
» using BspMI.and Klenow, while that containing tRNA promoter was
Q;ﬁ prepared using BseRI and T4 DNA Polymerase.
25 Fig. 26 represents micrographs showing the results of observing
the EGFP fluorescence intensity with a confocal microscope.

Fig. 27 is a graph representing relative EGFP fluorescence
intensities in pUC18, U6 GFP25 siRNA lib-loop-, U6 GFP25 siRNA lib
TTCG, tRNA GFP25 siRNA lib loop-, and tRNA GFP25 siRNA lib TTCG,

30 measured 24 and 48 h after the transfection.

Fig. 28 is a diagram representing the stem-loop siRNA
expression system containing two loxPs that interpose the linker
portion containing the stop sequence.

Fig. 29 is a graph representing the gene silencing effect of

35 the siRNA expression adenovirus vector.

Fig. 30 is a graph representing the gene silencing effect of



-10 [ Exanpl e 12] Production of siRNA by RNA self-processing r.... The use of
pol Il pronoter in the si RNA expression vector results in the transcription
of . sonmewhat |ong RNA. Therefore, in the case of using pol Il pronoter, it
is necessary to cleave this RNA for 15 exanple, by self-processing to '
produce anti sense RNA or sense RNA. Usinggan RNA producing unit (Fig. 2)
contai ning anti sense code DNA or sense code DNA, a region coding for RNA
sequence to be recogni zed by ribozyme (recognition sequence codi ng region)

at their 5heaBdrRA ERESessNdn filanképgoputside of this recognition sequence
coding 20 region, a _region coding for the 5 arid 3' end_cleaving ribozyne

that cleaves tHeF-eddgrit fofr 3RYUIRELITHI MY rd§ gfrewAétRBFipgesifect oOf

sel f-processi BYRARL HAbLYs OCEHT SuAbLEDL - ¥RSpEXapdpesk: . Figs . 14 and 15 are
di agrans representi n%Wtéhe' RNA sel f - rocess,lrgqg. Transcripts fromthe

above- descri bed ifhi Panefed sUHFRR tBRPIT et &S F5R6r 828N CIBIRREEPES f
gel elsect £aphO1 WA S 1@ sHIOM siyB tEinOcodBa i EInd hemlighk tehdér & bulge in the
electrophare fd bands ig Fig. 16, gq%?tiy struct ures_of ,RNA nol ecul es
~correspon PH% EoSFEEpEEEi TRA pEREsC ar i cHPPerefswAD BRVERECHEHAL
correspondhegtbp BRNAsaeh ¥aguehsel eagtdsenhi i) wep enddpught to be produced
by RNA sel f-processing, were observed. 30 A 2~1 nt-long si RNA band was al so
observed. These results indicated that si RNAs can efficiently be produced
due to t eefNMedd f For auessting efdftectheuSinvgernsdedh an RNA produci ng unit as
sho in FLg. 2. 3b [Exanpl e 13], Preparat.i on af_ siRNA |ibrary_expression
Syot 4 alERATRL ERRTRA RIS g EAA 1D R et y B
targeti ng randathetiteas thé HERNA sRRpAevasoprepareadca®dilisrese ahettwrget gene
preparation.are _sho in Figs. 19 through Preparati.on of .
Doy oxi mret AS 53R e oGt I RHIh b d Rl OFRH T 2L prppineay,
| ong random EGHM e iNAy famaygmientEss Fita\expg etstse. othe pleasphro r (pHatgEG FIFl) untanen@sRed
that are the startin terial r Rre ' of .t S| ;on
[ or ary storet oo BBt MR ph I 48 AP ThELL AR Horlbh Pl o BRAS RN
its plSepafatm @lonteshownThe sERYA 4prd©s idre VEGER rcwals mgnséguotedassing the
anplified om - N1 _hy. P a P§,9X] 2 by | .randgm
2ore conHHIHEME e i Sy BEndR D e PRER L bRt L B R
anpl i fi catownrek odifct she Fomctiloavade- schielpy epdr akhommmfiddresd r 8YAeis, a

the frag . obt ai ML n ned
into therrﬁgép%évag#fvg%t%gﬁﬁna ea\lgitael{_g'é’g%l\ggngff ﬁgtg %ﬁéﬁqﬁﬁﬁyﬁﬁggﬁ%gg&'
This vectibem Genealmer t A4 ,r8TogMBE (@RS D e ' Bfaghen tesonitetlindAgePyameoBs Rl
in they UPé&fewr%@@nqowt52@%&99&%@?{» the &l 00h89 3i1li& B/ RNAs  were
recognition site) so as to excise DNA insert by BseRl . The appr oxi ma}tel{ 20
to 25 by $whgheEeed DNAthr aymPiibs $YRIShODI 2%l omeld sePelened sédmrriptely
BseRl . TheofNor PGl €0k i g eygepsbMetephesi yosendsof ahaed tafh@ket REnBaaR: ¢
cl eavage were blunted using T4 DNA Pol ymerase, and then, both ends were
dephosphof §agmeRit hydawis taeam pfebbfet PrARC EovE- BEScr# BetPYHr s66agndsion
ylel ded as{ 8L 98 SUMWT { Yo P dd s BRAIPX BRI Y 2Q oA D d0 G Jrrdoms B P
cDNA fragnents having 25 dephosphoryl ated bl unt "ends.  (b) Synthesis of DNA
fragent HbE MpS ai idnde oAhgrd danpséERad EBaECPRAL BT TRE RIS dethdn

EGFP nmRNA; Jioc 1 dvei kot h 26ids of) daR@geaRidxipiaial v t3Q t40.-ndi 1y tlierg BEER 136
cDNA fragnent havi ngPdephos horyl at ed bl unt ends" grepared i

n (a) he
5' - phosphRRST a¥@HE hEPFPFR- | TRReVCE QRS CRPERL BdC L FREPTEESLNY ’fﬁ?@%&f#‘pf"ﬁs
| i ker conteh&SriCEOgNdy iiosexitiey @het gpathktriessensei onderyaresodBsehld asd
Bsgl, so that it can be cleaved at the |inkage site oritsvicinities.
Thest r and"AMRLFBRBIRNY a5 Hh SRNGEHS &S5 out by al | owi ng Bst DNA
Pol ymer ase to rmack toimhealN clarsidre ppEsentodindg he&dd nkagésshte GiNA hd19

i gation gég ég%iégs}t“ﬁzgapgagéln%&%LMesized, and subcloned immediately

downstream of the U6 promoter in pU6.
This antisense RNA expression cassette containing the U6
promoter was excised from the vector, inserted into the pUé vector
35 comprising the sense RNA expression cassette to construct the siRNA

expression vector (pU6iHyg/EGFP). Herein, since it has been reported



43 20 to 25 by long cDNA fragment with the hairpin linker. Thus, a DNA
product, in which the approximately 20 to 25 by | ong EGFP cDNA fragnent was
ligated with the hairpin linker at 1 : 1 ratio was synthesized (Fig. 20-0).
Next, to the blunt end side (EG-P cDNA fragnent side) of 5 this product,
the 5'-end phosphoryl ated DNA |inker 2 wag ligated (Fig. 20-). AAAAA/TTTTT

sequence signaling the termnation of transcription fromPol IIl pronoter

is present at the one end of this DNA |inker, while the Ascl recogni tion

site is ptrgentidttidendeyr erdnOrhy bhe AOMLLTTTAT, i L(Us) are
£ 0of ECEP cDNA, |n ero 1, and

5' phosphorél ated. 10 This Iigation produc
li nker 2 dB<edehRtidrr ayaigndvioth thst eDNAeﬁ’éle?rr@REée @bR%rt@tnltﬂw@Xslr@ﬁﬁ@d

di spl aCGnB%ﬁ@%RM‘ e dNe Nvele toirt gnat lﬁbﬁaééﬂkaggrzﬁ%t?oﬁrﬁé@ ‘el f~o)hr-

Thus, the fragnment, in which DNAs codi ng for sense and anti sense
of si RNA ?‘é?b%?theE@;ri@rW RErROE PAngRESH n Thaidém q*sts/vagRﬁ&)rﬁwgszsé@n

I n thiss fo@gﬂaﬁtexﬁﬂf@s5@@@9aethqalébmaeoa‘.oﬁgpselm\m rhea%tlrdgctth@ndéﬁzam 19
BspM and Bs? are present between the sense code DNA and the antisense

code DNA 7Y€ eﬁb‘?\?ﬁgﬂ‘é’r’f “DRIAC PAEHER ORI DRASP %‘8&1|3ngeF161r5 thasechidig.
antisensel®p.of siRNA targeting EGFP nRNA The DNA fragment synthesized in
(b) having DNAs_codi ng f sense and.antisense of si RNA targeting, EGFP nRNA

was cl eaved wi tHTRER 1H89‘6r e 5‘%’@ f r'aghent Or?a\}irﬁd‘scf(ﬂ?@%dve Bhth bl he

ends (Fi gab&le-)desE@IbéchqmﬂjI:deP g1f g grr%ﬂstéﬁZ?' @nisnggy ecs ol ﬂﬁ'ltH%'gW'E@@'P
prormt er was construct ed (Fi Recognition sites of

huma 2
rest Ctlé)?‘l PynB¥ B 1 1BOERFEIQRD BE O%ré%r%en%lﬂ%ﬁﬁgw%hfh‘?ofzoto@l)s

pronot er . Fﬁtgmi@l@taimeagemmreﬂe%ﬂmﬂwwﬁm eaineokeline peosTe Erowdd o
BspM Eclev si t v% buteawlth Kl_enow, andthegroduct was

cl eaved V\f’ ATAS pPBPE H T OHPRG TV PO ORavi FEEB0° Chesi V8 ARPIHE@rt
ends . Thexpaemhemtwa&mm egetra tibesDNAr & regmant ted tis iblqupueand wohesiore
ends havuel? od| n f0{osense and anti sense of siRNA targeting EG-P
MRNA, and "t hen ¢ one NTTOEGEE 5 si RNA expression pre-library) (Fig.
22-0)L5 A cl oni ntn vBtgor 3gontmpen ngahebsn reRidAsealt pi’}“m’mi‘eSull\ﬂS afs@odirol

t t t t t
BoR | ang REt e e lua RATROS  BRATE" F3uRk, PERRL ST Kot ot SRRATGH) Y
pr ormt er 1ﬂ'hr<sdnd:mg g gttt EGFEN aAsosbewerpatrlmi dey telreavaganw £ h?:@eBl
i nst ead O Eﬁ&g el_%mlnt%d\ﬁ% ltdO{vJ. Stl? Ej‘:%\{:fa(%lurm%%Icatn%[eXﬁm.:l\.gril_St re 0T§%raass gn

pronoter W eave e Was blrunte
"then the prbelucal vvasn(clreave@ovmstﬂgrﬁﬁémalnmmEfeurdzmé yiol ahed f(lAntreskEehEe

t RNA g R%géﬁﬂtgrary s The 855&%»8 presglef.RLe-|ihrary p'c%%(gr%ms %@a

cleaved at ite etmeen € si sense and anti sense €O
22-). Thepféwém@%GWa*gmﬂdwmd bvueved, windikeedow ol dbfferénpe etint ghe

const ructyd e At daFFH %E@Nél@ﬁe¥el§ét‘9@? é”‘rt)&o' Qx%g %ﬁgai)rggt[@.&fsr ' and

antisense DNA, sense DNA and~TTTTT were Inta Fi g
Sequence %h%ﬂysq fogoReciEd ct Eaﬂeashlle%ﬁ“ﬁe@lg mﬁ)@@@te %mpﬁééeéefély e sp RIS

of .the s PEEs Ohn NASL £0d1 Bg k8B §tﬁ@é‘ hQnaheaﬁnéI‘lo‘ﬁg:fn W hR¥ column

expre55| on |bra:]¥ are shown in Table 1. 15 Tablie

pronBPer -PRnfigense ¢HES DMLY |HHH" (fsléweewqame TPT PHYAEGFP3were

reduced in number and the fluorescence intensity in green fluorescent
cells was also decreased in the pU6iHyg/EGFP-transduced group
compared to the control group. Similarly, as shown in the right column
of Fig. 3, even when red and green fluorescences were merged,
30 green-fluorescent cells and yellow fluorescent cells due to the
merging of red and green were decreased in number in the siRNA
expression vector-transduced cells compared to the c¢control. These
results proved that introduction of the siRNA expression vector
induces RNAi, leading to the target gene silencing. Furthermore, as
35 a result of similar analysis conducted using mouse COS 7 cells, it

was observed that the expression of pDsRed was not affected at all,



i.:. Cone No Antisense code DNA Loop Sense code DNALGFP 24NoneGFP
24CCCGTGCCCTGGCCCACCCTCGTG (SEQ | D NO:  39) CACGAGGGTGEECCAGGEECACESG (SEQ ID
NO: 40) GFP 24NoneGFP 24 ACCAGGATGGGECACCACCCCGGTG (SEQ | D NO:

"41) CACCCGGGTGGTGCCCATCCTGGT (SEQ ID NO: 42) In Table 1, the orientation of
the anti sense code and sense code m ght the reverse of that in EGFP nRNA
I n some cases, but this does not affect I induction. 20 An si RNA
expression library having a Loop sequence of siRNA, TTCG between antisense

and sens e, NAS, 8, € Yisidedteedaly s e%%‘f'l'&galtl@e sRN@nlkieBr ahy tPLkasIh§l . DNA
first wwth Bsgl and then with Bsp (Fig. 23--2) , blunting the cleavage

site with T4 DNA pol ynerase, and then performng self-ligation. It is

possi bl et field ¥2 fl beknkhe1EaeRoRS cFeayence shetweensanidiSenss and §§Rﬁ§
code DNAs and add fragnents of 45 pronoters, selection markers, etc., by

al teri ng PHFXEGRNEGChai rpin |inker 1, and t he type and site of

restriction enzy®sder @swr&ﬁﬂl rENEldstdan othél é* &4y BXBAE8AL g
systemtargetl ng 5 EG-P The above-describ nti-EG-P U6 si RNA

expr essi G Hibriar i £IR) direcFesEgeping Y @e@fsf °d) fierdL¥oaPrafsfebRBYY

IT Et 0 htJlrralmdrie!;t@rar%l?es:eié S:hléy otthn%ﬂ lx@pl;oQQ:TCelr?@elﬂ%ts hﬁl@ égqlap_?])fz@@t %m IﬂGl%GQQ()j
e ce S were _ a (0] or t opserve u er, a
confocal 10 ni &rg€c \Mé 2n‘f?30 S NHET i TNt rh“l ar g’ﬁ&c&?isoﬁ‘gdﬁgﬁgd

conduct ecEa@Jiheﬁ'gs pivJ@HIBuml sijp@)lemmﬂeaicewi)tht he%si mtﬁai i bbaliyieewmﬁl OnThe
syst As shown, in Fi c ng gree 1or escen
o RO T e r ke o Lend Soronh b et s md actt® thoeacn

well of 48~ well.plates. To conduct luciferase reporter analysis, the
| RSV-sea pansy luciferase expression vector (pRL-RSV)ls (30 ng),
firefly luciferase expression vector pGL3 (Promega) (30 ng), and
various amounts of siRNA expression vectors directed against firefly
15 or sea pansy luciferase transcriptional product were co-transfected
into cells in each well by the lipofection method using Lipofectamine
2000 (Life Technologies).
Results of:luciferase analysis in Hela S3 cells are shown in
Fig. 4. Fig. 4A represents results obtained by the introduction of
20 a fixed amount (300 ng) of the siRNA expression vector, indicating
silencing of the corresponding target gene expression due to the siRNA
introduction. Furthermore, in the luciferase activity analysis
carried out with plasmids expressing only either sense or antisense
RNA, both plasmids had no effect on the expression of firefly and
25 sea pansy luciferases at all. Fig. 4B shows results obtained by
introduction of varied amounts of siRNA. The siRNA expression vector
directed against the firefly luciferase gene dose-dependently
decreased the firefly luciferase activity without affecting the sea
pansy luciferase activity. On the other hand, in cells transfected
30 with the siRNA expression vector directed against sea pansy luciferase
gene, sea pansy lﬁciferase activity was dose-dependently reduced.
These results clearly demonstrated that the siRNA expression system
using the U6 promoter specifically and effectively silenced the target
gene. '
35

[Example 3] Target site-dependent gene silencing



-15 Anti-EGFP U6 si RNA |ibrary expression system conpared to the control
group (pUd 8-introduced group). Mreover, results of FACS anal ysis reveal ed
the decrease in the cellular fluorescence intensity (Fig. 27) . These
results indicated that the introduction of the anti-EGP U6 si RNA |ibrary
expression systeminto cells induced §2S0 as to 20 silence the target
gene. Thus, clones capabl e of inducing i and silencing the target gene
woul d be present in the anti-EG-P U6 si RNA |ibrary expression system
Similar resul t gauer e; PRLaI ethifed W Akl EGhT LRNASRNA vordd A 8h¥ected
expression system (Figs. 26 and:-27). [Exanple 15] Gene silencing _effects of
si RNA expt¥siton dddgdentusavgetor1hfa Hr VEhRAase Adag spaildi ojéfepraduct

eval uati ofbvadhdgbl-ehasfe0e8e 130 cl RELSr Lot Ol n&F OMegA} n a8 S8k i 51 BAAh
was expressed in tandem usi ng human U6 pronmoter. The target sequence was

site B sttarfd RN exPEeesTeRTIETEREA/EI BeCcSEQIT N tAYr dAd fagendvitrget
vect oswass prepaiced aeeor dipgrip thec ks hose oft Mzdtguighii Bla1al produRRONwas
Ri nsho, 58, 1544- 1553 (200%%% . 35 %éHggcor oration of RNAI expression
casset t e §%it'F FHATIE DFASHHICAVEASUGH £REREIRSME UIFTES SHFFRTIFSSIQRYCFROE he

sequlencefa{d seb mtﬂ\ﬂ:i&\é&:ds@b&ﬁge@%}il@now@m s was imgfrhérlreaoin@%g@l
result o . .seqyenci_ng, at niy .on, | NC .S|lte was, presen et ween - u
and Pl - SCHICRNELS ST LTS PRECHSIMESAHROBRAEHPES GSUSH ERaIB) evirs  SEENGBASS
with 5 Haoflskhsetdied ands sepse &bddDarAsbynthirNi erprebseahnBito@Nditrbened
d with EcoRl.. The. ex sette thus prepared tely

cl ea ressi on ca app oxi :

500 B VEEATTROABINR G A A S AE o CCE 5, fER CElte oM DR LAAA been
treated with EddRlefand H nQhlcifle@agenst r uet tpUbi - FGLB/ Shdkehke. 10 2txrand:
l'ncor por atj on. of r ' ssgtte fr huttl e into Ad vector

pl asm d, aganaé]%ﬁ}e%qﬁﬁgc'ﬁséect FQTﬁE[ﬁ %’%AI tl(ta\)(pr essi on. cassette was

i ncorporat ed i rticeAd arecitsan gd aspadd ¢ HAHEGEEARED)CATAVI AR ARED 3f’i HBEQ ID NO:

accordinqztp the nethod of 15 M zuguchi et al, to construct pU6-FG.B/ RGD.

As a contr51 , after pAdHM 5- RGD and pU6- FGLB/RGD with no insert were

di gedbed W th Rddle Alsiepafeest ramd was JGATICETACATSTO TTTACSBT2EJ TakeRaB) ;
O e o bof LSl G 05, APSELURY. A BB HERana] ACToEd NoNbe

t he met hod of zuguchi a vector prepare e Cesi'l oride
ul tracent4)i fugati on nmethod was purified by dialysis against PBS(-)

containing 1~ OpES | SEVNELINL IS b Sl Aty NECE P RS T RASUE R
usi ng an Adenogiéﬁapl Iter Kt ( ontec%§&giiasur€§h%|teré 0 respect?Ve
.. Ad vectors warte Baarftgldeanss s2BaRED/ Rd-QRIGTRGASQACERAGBCEEE0 ( SEQD NO:
U6-F§bB/ﬁﬂ:;5.27X1OA10 ifu/'m -
site C sense strand: 5'—-ATGTACACGTTCGTCACAT-3'’ (SEQ ID NO: 7);
site C antisense strand: 5’'-ATGTGACGAACGTGTACAT-3’ (SEQ ID NO:
8);
control sea pansy luciferase
25 (sense strand with nucleotide overhang):
5’-GTAGCGCGGTGTATTATAC~3’ (SEQ ID NO: 9);
{antisense strand with nucleotide overhang):
5’'—-GTATAATACACCGCGCTAC-3' (SEQ ID NO: 10).
As shown in Fig. 5A, the luciferase gene silencing activity
30 varied depending on differences of target sites. That is, the siRNA
expression vectbr directed against site B was highest in the gene
silencingactivity so that the firefly luciferase activity was reduced
to 14% of the control. The siRNA expression vectors directed against
sites A, C and D reduced the enzyme expression level to 44%, 38% and
35 36% of the control, respectively. 1In this case, the siRNA expression

vector directed against site O showed no gene expression silencing



3) Preparation of HeLa-S3 cell HeLa-S3 cells were prepared to a density of
.5 x 105 cells/m, 30 and seeded 1 m/well each in a 6-well plate. Then,
each Ad vector was added to each well at a Moi of 1, 10, 20, .50 , and
100 . Twenty-four hours later, the nmedium (1.5 m) was added prior to

| i pof ection. 4) Lipofection of |uciferasggplasmd 35 Twenty-four hours
after the transduction of Ad, the cells were lipofected with the luciferase
expression plasmid in the follow ng 47 conposition per well. pGA.3-Control
(0.02 figdetPRledleit@1LriyAs tﬁ@dt»ﬂ:U@thﬁrélQeiﬁrg?)sé’!ﬁfrﬁv@ggggst Qiyg‘IUG'le_QMA
(250 1)N%W$ced In Tube A LipofectAn ne 2000 (5 ~1; | nvi trogen) was added
to Opti - ~1) pl aced in Tube B, 5 and the m xture was allowed to

stand at room tERE&asUSE &:eiminad Wheﬂ‘i@rWﬂQ&! abeyaptiekY rabe UDEF B Mascadded
to Tube ﬁggand t he xture was thaqrou m xed. After the resulting

m xt ure € aPFBRed ™ 8“598Hd%£?%¥%5¥ QﬁePWoFaQ@eF1ﬁlt?ﬁelﬁh&%§her
quant ist y di\@,ﬁra&ﬂi%blteﬂyeaﬁbmwiffeﬁéh@céélqubﬁhege@tsf}t?@cfxoauégtdﬂ di¥FePences

Luci ferasge as@q%?%ﬁs%%ﬁ% ass W?z}ggrﬁ{llf:gdg tfegafé}ﬂg S}a{,j%a: Lu%rf er se
Reporter AF ri 8 ow
IipofeCtIQﬂamEﬁﬁhlmejl iﬁelndﬁﬁwéﬂmﬁﬁtNWﬁédmsBeds@nC%dMtfbﬁ%ﬁ%énée(5®®A
~1) . After.the [£ B (500 1 dded to each. well,
ant the pf bt 6 aeEERE e Send, S ehERER P AR N S SPRE85 o Hooss
to |lyse tQERnkléblg&kméléqE£desvwmeta&uﬁﬁkmdwaj into a 1.5-m tube,

centrlfuged at 1400 m f.0 t he supe! rnat int was 20 transferred
into a fresh 1. éL &[ u?ﬁ%aﬁ/esaﬁtlet)e Cghfmnfseer i Vi ty was neasured
usi ng an AutGCUNBGIAASSAIBINIGEEHIthol (HEQ U mip PUBJIysate (10 ~1),

10" Rer at 1 ve 1 Torhee e S RgREt s &2 é*é&mééié@éﬁvif@@%ﬁ“{ﬁ% )
ﬁxprezf;gﬁ?égﬁ?QS meLe expressed iesed on the RLU val ues of FigeFIy
the control RAIAE AsSebobes e be o A A G e S Bl

ef f edtdss 03 RNA by expression H'V vectors were observed as shown in Fig.

30. 30 si RNA expy asS{ O Vo \eCLOLSHeT & DEERALSU LI EHENSHRRIAN ) aldny SpTe

manner as for t expressi on novi rus vector by inserting the
expressi Otabkékttetargeting FireFlyluciferase into an H'V shuttle vector.

5 GTeoGT o ol O ARe o, SRERRET 875 q 8 B0 Rt diceaaguuia . (s, o,
RNAs to b&dkxpressed have the sten}loop i ncl udi ng
5" - G4gCCCUCCUGRIELANGHIUAUAeU g ¥ e 6 PO ISR S MK AR EE A 6 SR D+ (sko 1D
NO: 16);
site N sense strand: 5’'-AUGUACACGUUCGUCACAUUU-3’ (SEQ ID NO:

17);
QQ} site N antisense strand: 5’'-AUGUGACGAACGUGUACAUUU-3’ (SEQ ID

25 NO: 18);
control sea pansy luciferase
(sense strand with nucleotide overhang):
5’ -GUAGCGCGGUGUAUUAUACUU-3" (SEQ ID NO: 19);
(antisense strand with nucleotide overhang):

30 .5'-GUAUAAUACACCGCGCUACUU-3’ (SEQ ID NO: 20).

The above-described RNA oligonucleotides were synthesized
using an RNA synthesizer Model 394 (Applied Biosystems). Synthetic
RNAs were deprotected, and purified by denaturing acrylamide gel

35 electrophoresis. After eluted from the gel, each RNA fraction was

applied onto an NAP-10 column (Pharmacia) and eluted with water free



48 NO: 22) , 5' - GQUGCGECUGUUGGEUGUCAACCCgugugcugucc GGEUUGGCACCAGCAGCGCAC- 3
(SEQ I D NO: 23) , and .

5' - GUCCGUUGUUGEUGUUAAUCCgugugcuguc c GGRUUGGCACCAGCAGCGCAC- 3" (SEQ 5 1D NoO:
57). After the si RNA expression shuttle plasm d was introduced into 293T
cells, viral particles were harvested bysghe standard net hod, concentrated,
and transfected into 293T cells at a noi of 5 to 8 Then, RNAI effects were
examned in terms of luciferase activity simlarly as in the case of the

Adenovi r usrdf) ¥Esdiisledddxamyre dbkh1Gang .si m@cr@guﬁtiﬁ@télﬁtélmdmed
expression dumbbel | - shaped vector Gene silencing effects of si RNA

expr essi oh? d{ABb Ia%§ﬁe&uf5’e€?é1€fjoi‘§ T B2 £ XBGN PHE e e TR teT P udifrad

expr essi ophyeCLé D6GieeY 8aused, (FEB) hugH el ase andgrsh s . Washdier Eof ikt adndey
simlar conditions as in the above descri bed Exanpl es. vector expressing
st em | oopRER RNA AU StFrkele sue L priEhBAE "(?Jliﬁﬁr&%aredanéln%bated at 95°C for

Flunb]l?esl I -Sh@ﬁfdt‘héﬁt&b?fﬁe@HﬁSSOm sindNAu PrHabbel oy 1 A cshbabvier Bilgrs 31Thehe
uci ferase silencin e observe t he si RNA expressi,on

dunbbel |- CRAPERE CRLTES  © HO TSI SIS 2 gt o iy diedi S
mai nt ai nedel ns titmidwries § dapdtedesbove exha bt s ed vl Rffdsel gatigene (Fig.

si |l enci ng?]s fect. 25 Industrial Applicability As described above, the use

of the in cel lular si RNA expression systemenabled to silence the
functi onal geneLwxifessiogeneustiiencing, pasfaleesbljztsxﬂNA I’dll‘i@ihlﬁid’l@oa'.ldes

si ngl,g ve hat _has_been 30 transf.or to, i nt,al JL$ ressi
Syt 1ot ao ATy bl T et e Tk o e S pr ae B B e
mul tiple tar’gbatgeb‘emn@dulhzlyad:m dres esd Ivd'rr:{:re&j sWMsaxpg:&&nbmwectors were

i htracel | XPr.ess y LS. plied SO
as to ena +@£?§e5%$§b e a§d6 Ioic:rr\lg t%’?%%?ﬁﬁ%e%%rg}s{gl HE F#%Hwn&{%rtqgtlt
gene sil easpngsasd 3oy vwelANA |al igddivdleet lde ddireg teidr agavestossterot hé‘hle|SIee

Uransfer gLl clenau. ol of BNA-CXPEESSLOML SS! LTI, Cehles. GaD becl gprovsd

49 as Iow |on|nrramml an cells w
Ther éf2or enot mymesbbptd sifStmmdes abl e exporstsibot effocidmeczg@rfeeacf:ﬂersa-@)mand

prOdUCtiOBuQKkﬁﬂQﬁhﬁQP@Q &Dkﬁ@£§n9§QQQpEQQg8@ g@%%s such as their secondary

structures and the presence of RNA binding proteins.

[Example 4] Effect of the length of 3’ overhang of siRNA
20 siRNAs produced by the U6 promoter have four uridine nucleotide
overhangs at 3'-ends. On the other hand, Elbashir et al. reported
that, in experiments in vitro using Drosophila, the gene silencing
efficiency of siRNAs is reduced when 3’ overhangs are longer than
2 to 3 nucleotides (Elbashir, S. M., Lendeckel, W. & Tuschl, T. RNA
interference is mediated by 21- and 22-nucleotide RNAs. Genes Dev.
15, 188-200 (200L1)). Therefore, it was examined whether the

four—-nucleotide 3* overhang of the above-described siRNA affects the
RNAi induction efficiency by siRNA or not. siRNA oligonucleotides
directed against the same target site on the above-mentioned sea pansy
30 1luciferase transcriptional product with 3’ overhangs whose number
of uridine nucleotide i1s set to 2, 3 or 4 were prepared by chemical
synthesissimilarlyasﬁjltheabove—describedExample3. These siRNA
oligonucleotides directed against the sea pansy luciferase
transcriptional product, and firefly luciferase expression vector
35 as an internal control were introduced at various concentrations into

HelLa S3 cells by the lipofection method to assay luciferase activity



‘Furthernore, in order to allow the present systemto be applied 5 to a

nmet hod of searching for functional genes, the siRNA |ibrary expression
system and its assenbly have been provided. The use of these systens and
the like can make the searching for functional genes so sinple and
efficient that the present systens inclugdgng siRNA |ibrary expression
system can contri bute to the accelerated 10 el ucidation of functional
genes. .. t..:.::: 50 CLAIM5 1. An intracellular si RNA expression system
conpri si ngpp? agty sense code DNA coding for antisense RNA directed agai nst
aregion 5 of a target gene mRNA, a sense code DNA coding for sense RNA

di rected agai nt¥RYRS it Orfeéieénpéflsgaﬁ-ﬂc%gﬁﬁéﬁeg‘éﬁ% RS L e she idh #bee

pronot er salspahh&s Of 118 Pr essi dh S ERtiSeNss A sense A% -Hepnsaing 1y
anti sense and sense code DNAs, resgﬁftlveé 10 2. The si RNA expression

syst em actPREAGSED ¥t & FEPUPWREY EPALS FFARFAEreR bt thiiith 3ryFalensf orRe
si RNA5ex ps em$R tb g drhies 1 iefed .S iﬁrtﬁeéﬁobyg |@6gSl@’llﬂ_:h@.r$t I%N/‘ff@e:rérrﬁ:%smn

systemaccordln to,claiml, \er.ei n transcrl tion pr.oduct
The of RuACER 0%k ot 374 e BATEHRE dii e 8| S norRg FiiRgaT rof 2

exp;I essi oto ﬂﬁ&iﬁﬂe@ﬁﬁ@redﬂ.ﬁggtvga% b@lslétrired\l)lhﬁlﬁéjégbﬁ rfdfgiﬁlltdégglﬂﬁétl @iam%vm%h
pro uct of the, si RNA pr e m 1S to e
Dl PNA. expl AU bRo LIRS SN POOERE THOR CRRATPRoBCHRDHRe ST7 Saah A

region ofof e 1sinfdNA G ﬂh&\kﬁa(ﬂgdmgeﬂél/b}qjﬂmn as_ef Pactivgl rast i MeAAwith
m sm@ r a Pu#‘grh Thve S}i RNA expression system according to claim
reifh one lﬁ%lr%%ﬁ%% 9 tH¥ mi smat ch is guanine, and the other is

uraC| |. 7. The si RNA expression system accordi ng to claim5, wherein 30 the
si RNA con | ns to, 7.m SIE. tches The siR sj g sy.st em accor di ng
to claim WHRT @i % ¢ e 1ﬁﬁ}l(?c’cuosntsalilnesncllrf% buI ges Oytsr ene%

expr essi on systEm aecsor dkagitedc|aiemtibs r wkird ar ertie $|aRijtco<me1ae$15 ct;m hbe
to 7 niSn?{ﬁgf§a5%%h§&§gg?ienced by siRNA when two different genes including
15 the target genes are expressed at the same time. A plasmid containing
two siRNA expression cassettes directed against firefly and sea pansy
luciferases was constructed, and co-transfected into cells.

Firefly luciferase expression vector (30 ng), sea pansy
luciferase expression vector (30 ng), a veétor (300 ng) expressing

20 siRNAs directed against both luciferase transcriptional products were
co~-transfected together with a vector (100 ng) expressing
B-galactosidase as an internal control into Hela S3 cells. As the

_ control, similar experiments were carried out wusing vectors
~j”' expressing siRNA directed against either one of firefly and sea pansy

25 luciferase transcriptional products.

As shown in Fig. 6B, transfection of the siRNAs expression
vector (U6i-Firefly/Renilla) directed against both luciferases
simultaneously silenced the expression of firefly and sea pansy
luciferases to the same levels as that when siRNA expression vector

30 directed against either one of luciferases ' (U6i-Renilla or
U6i-Firefly) was introduced. '

As described above, it was demonstrated that, by arranging a
plurality of siRNA expression cassettes in the same plasmid to
simultaneously express these multiple siRNAs, it is possible to

35 silence corresponding target genes without generating interference

among respective promoters.



51 10. The si RNA expression system according to any one of clainms 1 to 9,
wherein said pronoter is a pol Il or pol Il pronoter. 5 11. The si RNA
expressi on system according to any one of claims 1 to 10, wherein said pol
111 pronmoter is U6 pronoter. 12. The si RNA expression systemaccording to
any one of clainms 1 to 11, wherein said pyonoter is an inducible pronoter.
10 13. The si RNA expression system according to any one of clains t. ; :

1 to 12 , wherein said pronoter is separately |ocated upstream of said
antisense. and sense code DNAs. 15 14. The si RNA expression system

according to a one of clains 1 to 13, wherein said system conprises | oxP
sequences[Fr’ff’“'f%e f%r RHC IR Bh @B tHe S 4%i ng (a) to (c) so that the

expression can Mg ednthel hBdvet@aint Denpa ONRiRH1 OS] S0S3 dSttdle $8QUAREAG
el enment (D E;( and 20 (fr oxi, mal aeagsn.ce el emént (PSE) with a space

t her ebet WeRZXCRACPR 95 SPEERLGHY YK §8Judncek” ThdfeS kPR HREN ¢ Whethes
DSE agd tdiRNK kedprdsstioe veetBit ys afagd¥Fe OF) sihenpiagotied GRINYdrsRs BSEe
and PSE that are | ocated to .maicgt ain the pronoter activity, a | oxP sequence

t her ebet VT C HHP alth AW %L5 sequence either upstream of DSE or

downstream of R8E eldEgé€dus Wenkwdd SRAEEAPLT aRed i N0 84180188 da target .
i nter pose thes[fntl sense code DNA or sense code DNA. .15. The si RNA

expr essi oy SR U dihG CETHR? Iend S e Y tO® LR SId CL R r el gnd is
ant i senserowh aens €acade ANASC tatedmiinhataditer ind Ha Smoer verlwrabbAhesion

nol ecul e, _or separately in different vector A_nmol ecul es._ 6. The si
ooy 205 APR L oY HRROFE RS BhaSEhel (BRLeeR: 1 perakids oy LHEY
pronot er $sytacaiediat ohbegenesssdendf embuyiolyeine silsi ch 4 hkoakt bsensdeante

sense codrgﬁ%s ar %&%’;&'&%CE%C} i T6b|8§180§2 (?geg?" te direction via a |inker.

17. The si expr essi on syst ém-accordi ng i'm 16, wherein said system
conpri ses | oxP EE#tfuerepsesnibhe ploasnmiod aopterieiol t hke5 fiRNOwergreakibo

(0 0, D e asasion cangiRgconi all s (Ml ol o6 ot S5,
one ilA t henwviedunidd iatoB3SHE &hdellhe ethwsss sng Recaicentinty af aRSImtrol, EGFP
expression plasmid containing no siRNA expression cassette directed
against B-catenin (pEGFP) was similarly introduced into the cells at
60% confluency. These plasmids were introduced into the cells
mounted on slide glass using reagents such as Effectene (Qiagen) or
20 Fugene 6 (Roche Molecular Biochemicals). Forty eight hours after
transduction, cells were fixed in PBS containing 4% paraformaldehyde
for 20 min, permeabilized in 0.1% Triton X100, then stained using
the anti-P-catenin antibody (UBI) and Cy3-~labeled secondary antibody.
Q; Cellular fluorescence after staining was analyzed using a confocal
25 microscope (Fig. 7).

It was demonstrated that, in green fluorescent cells holding
pPEGFP/ibeta-catenin, the B-catenin expression level was
substantially low as compared with the cells fransduced with no
plasmid. Furthermore, no difference in the P-catenin expression

30 level was observed in green fluorescent cells transduced with pEGFP

and cells transduced with no plasmid.

[Example 7] Comparison of gene silencing effects between the tandem
and stem-loop siRNA expression vectors
35 Gene silencing effects of an siRNA expression vector

(pU6tandeml9) in which DNAs coding for sense and antisense RNAs are



-(b) the pronoter conprises DSE and PSE that are located to maintain 10 the
pronmoter activity, a | oxP sequence therebetween, and another | oxP upstream
of DSE or downstream of ~PSE; (c) two | oxPs are |ocated so as to interpose

't he anti sense code DNA or sense code DNA; and (d) two | oxPs are arranged so
as to interpose a |linker conprising 15 ag3gtop sequence (e. g. TITTT). 18.
The si RNA expression systemaccording to claim16 or 17, wherein the -

anti sense and sense code DNAs are nmaintained in a vector nolecule. 20 19.

The si RNAp £X91 @5@ i1 0Nt S)cbdre AhaGaOs §RNY et@x@s%llranlée@foﬂ&pmd@%ﬁﬂw S@a;dable
vector,is a plasmd vector. 20, The_ si RNA expression system accord| ng to
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EXPr essi o8xsyst €88 AN @hedabovetatstibbed ddspadianal FresdodsVees Orfeﬂéirlaed
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luciferase analys s escribed t ove- escrl e xamples.
Results are shown in Fig. 8. Both tandem and stem-loop siRNAs
10 concentration-dependently reduced the luciferase activity. These
results revealed that both the tandem and stem—loop siRNA expression

systems effectively suppress the expression of the target gene.

[Example 8] Gene silencing effects of various siRNA expression
15 vectors
Gene silencing effects of siRNA expression vectors containing
various promoters were examined. Luciferase analysis was performed
under simiiar conditions as in the above-described Examplés. The
_ following siRNA expression vectors were used. _
20 * vector (pU6tandeml9) expressing the tandem siRNA by human U6
promoter,
* vector (p5Standeml9) expressing the tandem siRNA by human 5S rRNA
promoter,
vector (pHltandeml9) expressing the tandem siRNA by human H1
25 promoter, and
vector (pHlsteml9) expressing the stem—loop siRNA by human H1
promoter.
As shown in Fig. 9, various expression vectors used herein
showed the luciferase suppressing activity, indicating that
30 promoters usable in the siRNA expression vector are not limited to
specific promoters, and that various promoters such as human U6
promoter, human 5S rRNA promoter, and human Hl1 promoter can be

utilized.

35 [Example 9] Gene silencing effects of siRNA expression vector

containing CMV promoter or tRNA promoter



27. A method for producing a cell in which the target gene 10 expression is
silenced, wherein said nethod conprises the steps of introducing the si RNA
expressi on system according to any one of clainms 1 to 21 into cells, and
selecting cells in which said si RNA expression systemis introduced. 15 28.
An intracellularsi RNAlibrary expressionsygtem conprising a doubl e-stranded
DNA coding for siRNA conprising an arbitrary sequence having the | ength of
the si RNA to be expressed, and two pronoters facing to each other with said

DNA coding for @ér%\lAmurén@aRthggeEf\ﬁfeb@B age canabls ryn eé&b@%%b%nt N@ector
mut ual I'y conpl enent ar fromrespective strands of said

doubl e- st FRRGEANDRE, C@@Om%ﬁwﬁﬁ%%ﬂ%ﬂla\fe% PRIQIOGERT AFYVY exapmeastss 1on oFy ERdMN

conpri si ngramstem, | 0GRS RNA MR DMICI RELYRLhel N (WML TR arﬁd@g\gﬁﬁgﬂ@aw
and a sense code ,DNA conpl enentary to sal d anti sense code 2 are 1inked

in the oppGSPEEtAVREE! |'d*ff3§/|eé‘a§‘llnleﬁker he fF e §5tomdt EF CBapR @remoter has
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transcri pt-t6n° pro¥dd tH¥e VOPRNESERPY e 5QE0T D HYRNhE Watdmn $515utqehd
by 1ong. B%. theeasitRMA bifbtheytekxpmneagi enbsyghem according to claim 28 or

29, wherein a fjnal transcgript.i uct of the si RNA expressed by the
systemis 15 toA%gllBanjﬁh 193 QSZS%'ﬁg SRR 5P BRGTRYD ‘g’é’s?ad'r?]s’&%?é er
accor di ngcMy pinicﬁmmﬂe’&ﬂor Mmpraxﬁcpta\b@bmhru@cfemd tharnsodi fddae Reoducty of

t he pressed stemis 15 to 30, | on . The s ,
I|br§ry e%8§é§§ 6R9s ?J%’maﬁc EFQMRS ot eoﬁJeQ%Ac?fogflezfisﬁémZ‘ée?Bogg’é this
wher ei n aidoebltéost, reidect oRNAeregr GRNIf prhmose RNAsn bie mibhé Edrdivby RIN&dSt aadids
pair up c b 34, The .si RNA librar ion
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pol Il or apm¢l¢¢mla(slmmaﬁt‘eRNA$5: thied SidRA hialsr thy expres gear sydéraing

accordi ng @ apy one of clains 28 to 33, wherein said pronoter is an

i nduci bl e pronDter
15

[Example 10] RNAiL induction by double-stranded siRNA containing
mismatch or bulge

Effects of the presence of mismatch or bulge in the
double-stranded siRNA on RNAL were examined. Luciferase analysis

20 was performed wunder similar conditions to those in the
above-described Examples. The following RNA sequences were used in
experiments.,

‘control RNA sequence:
. 5 '"GUGCGCUGCUGGUGCCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC-3"' (SEQ

25 ID NO: 22)
*RNA sequence containing a mismatch:
5'=GUGCGCUGUUGGUGUCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC-3"' (SEQ
ID NO: 23)
*RNA sequence containing a bulge:

30 5'~GUGCGCUGCUGGUGCuCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC-3"!
(SEQ ID NO: 24)

As shown in Fig. 11, various expression vectors used herein
showed the luciferase suppression activity. The presence or absence
of mismatch or bulge in the double-stranded siRNA produced no

35 significant difference in the gene silencing effect.

Furthermore, RNAL effects induced by various siRNAs containing



15 36. The siRNA |ibrary expression system according to any one of clains
28 to 33, wherein si RNAs expressed by the system are conposed of random RNA
strands. 37. The siRNA |ibrary expression system according to any one 20 of
clainms 28 to 33 , wherein said systemis an ,assenbly of nultiple siRRNA
expression vectors that each targets a ggpe sequence conprising a coding
region and/or a non-coding region. r 38. The siRNA [ibrary expression
system according to any one 25 of clains 28 to 33 , wherein si RNAs

expressedabyibhet &) S €M A geowRescdxahi MR, st dse iBYAfor one
fragments ofé;ny CDNA orggenonlc DNA, said fragpent has the |length of the

SiRNA to BE &Rfr 848édds3®r A BlsemARA VA heS ST ERA (1BFAf§Tas®rasivhty)

systens 3@naceetdbpgthe aByueneesfaekakABwrR8iHOF3S : @@ereln di fferent
si RNAs are expressed by each system.n sajd asse . A nethod of

searching for & QTﬁttF ﬁH tsy Oqﬁﬁfaﬁ§¥hoﬁh65nrﬁvgﬂ n@lBHé QRS 1GFLng3 58
(a) lntromuemagchhersaFﬂw&de bma&ysea@ﬁeﬁél@@r@ﬂ@tﬁﬁndayawm@ Bg tbfasyieaey of
clainms 28 to 38 or th q} % glbra pressi on iyste
Ccoor di ngSPEPEFARHNIO S ERTEarEAon BF R LREFRG ST THRG nhi HoONs b ST A
i brary expressiitaniagsitentoubsaist raskiesDdlsy RNASL Heaemr neddsaauciald; canpl é€dly
anal yzi ng the §hen§ ¥§e of thﬁ cg%ls thus selected. 5 41. The nethod of

sear chi ng PQP tivé oﬁ8le88 e 85rding to claim40, wherein said nethod
further conprising a step of screening for a functional gene based on the

sequence odi.ng far. si o4 cell..whose enot ype ha been f ound
alte?@d agkﬁﬁ resgﬂ? 5?ﬂf01fn eno?§be 5#31y5|%r£ 17.° 9\%&5?15 ?a ~nd :
selectlngtathhghbylaetﬁueusﬁRNA prhEOHBrhod conprising the steps of: (a)

Ly aueing, D S ST B, e Sagh Y LS e S0y ayonen
accord|ngtmgngbauptggnahtqptxyity ﬂgnulRNA.promoter'by tetracycline is known
(Ohkawa, J. & Taira, K. Control of the functional activity of an

15 antisense RNA by a tetracycline-responsive derivative of the human
U6 snRNA . promoter. Hum Gene Ther. 11/ 577-585 (2000)) . The
tetracycline operator sequence of tetracycline-resistance
transposon has been inserted into human U6 promoter used in this
system (Fig. 12).. Binding of the tetracycline repressor protein to

20 this sequence results in the suppression of promoter activity.
Expression vectors whose transcription is controlled by this
promoter is in a state that the transcriptional activity is
suppressed in cells (e.g. HelLa cell) expressing tetracycline
repressor protein. This may be because tetracycline repressor

25 protein in cells binds to human U6 promoter so as to suppress the
transcriptional activity. When tetracycline (or tetracycline
derivative) is added to the cells, it binds to the tetracycline
repressor protein to release the repressor protein from U6 promoter,
leading to the transcriptional activation.

30 The present_inventors constructed an siRNA expression vector
having human U6 promoter into which tetracycline operator sequence
of tetracycline resistant transposon has been inserted, and examined
the gene silencing effect of siRNA expression vector using the TetON
system. Luciferase analysis was conducted under the similar

35 conditions to the above-described Examples.

As shown in Fig. 13, the siRNA expression vector containing
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shown. Several bands corresponding to RNAs of various lengths which
were thought to be produced by RNA self-processing, were observed.

30 A 21 nt—loﬁg siRNA band was also observed. These results indicated
that siRNAs can efficiently be produced due to the RNA
self-processing effect using such an RNA producing unit as shown in
Fig. 2. '

35 [Example 13) Preparation of siRNA library expression system

targeting EGFP mRNA



N zodY: ! fs10%& ()- 10 10

109%10%&' ()-!5S)10%a& ()-Z%1S) 10%& ()-2% cS) 10%' ()-Z% B

Bgwl3dY: ! FxS$(10%& () - !8S$H(10%& ()- !, @10%& ()-& h, @10%<& ()-& q, @ 10%

E& ()-& h, @10%<& ()-&yHwM [ M ! FXS$(10% 10ee 10ee

10ee! x7&10%e& ()-@C7&10%\ & ()-@ . S$(1Q9& ()- ! 3CS$H(10%& ()- u<M!Fx!'l @

10%, & ()-9'g@ 10%1& ()-9' 0@ &10%&' () - @ &LO0YKE&' () - yMB109&' ()-s10%& ()-1F[{.

égwl!! +&109&' ()-!: +&10%& ()- +&I10%& ()-!: @10%t& ()-9!'5@10%y& ()-9
10%& ()-9asT heh1VSadRYE £ At ! 4t o ) O%&4- L) -

10 () - ViqUUSL T CE BIBSARE: (o T ERRBoR () ~ALerOom [T T FoATORadR (

)-!FS&lO%@GF%-m@ﬁS&HQQ&mﬁﬁwéred- QutljipssTof\jthe preparation are shown in

2810%e8& §) 5LOf ;@1@9@5%5 bEZ(109Kk& ()-"1)fZ(10%-& ()- ! fZ(10%p& ()- ! WF
Z&10%CCE () = " ###H##HKS % P31 M _ '
2810%e& (GREFE0IPILIPY- 2F P IOTARRL ¢} Y 453 1D9@2 ¢ ) PP 1BCHY cDNA fragments

3 : “Approximately 20 to 25 bp long random EGFP cDNA fragments
having the dephosphorylated blunt ends” that are the starting
materials for the preparation of the siRNA expression library shown
in Figqg. 19-@ were prepared as described below. The outline of its
preparation is shown in Fig. 24.

10 The EGFP coding region was amplified fro&tpEGFP—Nl by PCR, and
approximately 20 to 25 bp long random EGFP cDNA fragments were
obtained by the DNase I treatment of the amplification products. For
a large-scale preparation of the fragments, the fragments thus
obtained was blunted with Klenow Fragment, and subcloned into the

15 pSwal vector that have been constructed by modifying pUC1l8. This

| vector contains the recognition site of the restriction enzyme BseRI

in the upstream and downstream regions of the cloning site (Swal
recognition site) so as to excise DNA insert by BseRI.

 The approximately 20 to 25 bp long EGFP cDNA fragments thus

20 subcloned were excised with BseRI. The two nucleotide excessive
cohesive ends formed after the BseRI cleavage were blunted using T4
DNA Polymerase, and then, both ends were dephosphorylated by the CIAP
treatment. The above-described procedures yielded a large quantity
oftheapproximatelyZO1x>25bplongrandomEGFPcDNAfragmentshaving

25 dephosphorylated blunt ends.

(b) Synthesis of DNA fragment having sense code DNA and antisense

code DNA of siRNA targeting EGFP mRNA
' To the both ends of the “approximately 20 to 25 bp long EGFP
30 cDNA fragment having dephosphorylated blunt ends” prepared in (a);
the 5’-phosphorylated hairpin linker 1 was ligated (Fig. 19-®@) .
This hairpin liker contains recognition sites of type II restriction
enzymes, BspMI and BsgI, so that it can be cleaved at the linkage
siteor itsvicinities. The stranddisplacement reactionwas carried
35 out by allowing Bst DNA Polymerase to react to the Nick site present
in the linkage site of the ligation product of this approximately
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- g. ). AAAAA/TTTTT sequence signaling the termination of
transcrlptlon from Pol III promoter is present at the one end of this
DNA linker, while the AscI recognition site is present at the other
end. Only the AAAAA/TTTTT side is 5'-phosphorylated.

10 This ligation product of EGFP cDNA, linkér 1, and linker 2 was
reacted again with Bst DNA Poiymerase to perform the strand
displacement reaction from the Nick site at the linkage site (Fig.
21-®) . Thus, the DNA fragment, in which DNAs coding for sense and
antisense RNAs of siRNA targeting EGFP mRNA were arranged in tandem,

15 was synthesized. In this fragment, the recognition sites of type

II restriction enzymes, BspMl and Bsgl, are present between the sense
code DNA and the antisense code DNA.

(c) Cloning of DNA fragment having DNAs coding for sense and antisense
20 of SiRNA targeting EGFP mRNA '
The DNA fragment synthesized in (b) having DNAs coding for sense
and antisense of siRNA targeting EGFP mRNA was cleaved with AscI
to prepare a DNA fragment having cohesive and blunt ends (Fig. 21-—@) .
For cloning this fragment, a cloning vector containing human U6
25 promoter was constructed (Fig. 25). Recognition sites of
restriction enzymes BspMI, BseRI, and Ascl are present downstream
of this promoter. After the cleavage immediately downstream of the
promoter with BspMI, the cle.avage site was blunted with Klenow, and
the product was cleaved with AscI to prepare a cloning vector having
30 cohesive and blunt ends. This vector was ligated to the DNA fragment
with blunt and cohesive ends having DNAs coding for sense and
antisense of siRNA targeting EGFP mRNA, and then cloned (Anti-EGFP
U6 siRNA expression pre-library) (Fig. 22-@) .
A cloning vector containing human tRNA-val promoter was also
35 constructed (Fig. 25). Recognition sites of restriction enzymes

BspMI, BseRI, and Ascl are similarly present downstream of human
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5 Ascl and similarly cloned (Anti-EGFP tRNA siRNA pre-library).

The siRNA expression pre-library plasmid DNA was cleaved at

BspMI site between the siRNA sense and antisense code DNAs (Fig.

22-®) . The cleavage fragment was blunted with Klenow and

self-ligated to construct the Anti-EGFP siRNA expression library in

10 which promoter, antisenée DNA, sense DNA anleTTTT were linked in

tandem (Fig. 22-0) . Sequence aﬁalysis confirmed that a desired

product was produced. Examples of the sequence of DNAs coding for

S1iRNA in the Anti-EGFP U6 siRNA expression library are shown in Table

1.
15
Table 1
57/-U6 promoter—- (antisense code DNA) (no loop) (sense code DNA) TTTTT AscI-3'
Clone
No Antisense code DNA Loop Sense code DNA
1 GFP 24 None GFP 24
CCCGTGCCCTGGCCCACCCTCGTG CACGAGGGTGGGCCAGGGCACGGG
(SEQ ID NO: 39) (SEQ ID NO: 40)
" 2 GFP 24 : None GFP 24
. ACCAGGATGGGCACCACCCCGGTG CACCGGGGTGGTGCCCATCCTGET
(SEQ ID NO: 41) (SEQ ID NO: 42)

In Table 1, the orientation of the antisense code and sense
code might be the reverse of that in EGFP mRNA in some cases, but
this does not affect RNAi induction.

20 An siRNA expression library having a Loop sequence of siRNA,

TTCG, between antisense and sense DNAs was constructed by cleaving
the pre~-library plasmid DNA first with BsgI and then with BspMI (Fig.
23-®-2) , blunting the cleavage site with T4 DNA polymerase, and then
performing self-ligation. It is possible to freely alter the loop

25 sequence between antisense and sense code DNAs and add fragments of
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5_ EGFP mRNA
The above-described Anti-EGFP U6 siRNA expression library (1
Hg) , and pEGFP-N1 (0.01 Hg) were co-transfected into human Hela S3
cells by the lipofection method (Lipofectamine 2000) . The cells were
allowed to stand at 37°C for 48 h and then observed under a confocal
10 microscope. As a control experiment, similar operations were
conducted using pUC18 (1 Hg) in pla'ce of the siRNA library expressiori
system..
As shdwn in Fig. 26, cells emitting green fluorescence due to
PEGFP-N1 decreased in number in the group transduced with the
15 Anti-EGFP U6 siRNA library expression system compared to the control
group (pUCl8-introduced group). Moreover, results of FACS analysis
revealed the decrease in the cellular fluorescence intensity (Fig.
27) . These results indicated that the introduction of the anti-EGFP
U6 siRNA library expression system into cells induced RNAiL so as to
20 silence the target gene. '
Thus, clones capable of inducing RNAi and silencing the target
gene would be present in the anti-EGFP U6 siRNA library expression
. system. '
QT: Similar results were obtained in the Anti-EGFP tRNA siRNA
25 library expression system (Figs. 26 and 27).

[Example 15] Gene silencing effects of siRNA expression adenovirus
vector and HIV vector
As a marker gene for evaluation, a luciferase gene
30 (pGL3-Control: Promega) was used. siRNA was expressed in tandem
using human U6 promoter. The target sequence was site B strand:
5'—GTGCGCTGCTGGTGCCAAC—B'(SEQZH)NO:43). An adenovirus vector was
prepared according to the method of Mizuguchi et al. (Nippon Rinsho,
58, 1544-1553 (2000)).
35 1) Incorporation of RNAiL expression cassette into shuttle plasmid

Although there were three HincII sites in the sequence of
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After the expression plasmid (pU6i-FGLB) was cleaved with
5 HindIII, the ends were blunted by the Klenow treatment, and then
cleaved with EcoRI. The expression cassette thus prepared
(approximately 600 bp) was incorporated into the shuttle vector
(pShuttle), which had been treated with EcoRI and HincII, to
construct pU6i-FGLB/Shuttle.
10
2) Incorporation of expression cas'sette from pShuttle into Ad vector
.plasmid, and preparation of Ad vector '
The RNAL expression cassette was incorporated into Ad vector
plasmid (pAdHM15-RGD) having RGD fiber according to the method of
15 Mizuguchi et al. to construct pU6-FGLB/RGD.
As a control, after pAdHM15-RGD and pU6—FGLB/RGD with no insert
were digested with PacI, lipofection was performed using TransIT293
(TaKaRa). From cells in which CPE was observed, Ad vector was

prepared according to the method of Mizuguchi et al.

20 Ad vector prepared by the cesium chloride ultracentrifugation
method was purified by dialysis against PBS(-) containing 1% BSA
overnight. Titer of the purified Ad vector was measured using an

N Adeno-X Rapid Titer Kit (Clontech). Measured titers of respective
& Ad vectors were as follows:

25 RGD/Ad (control): 6.76x10710 ifu/ml

U6~FGLB/Ad: 5.27x10710 ifu/ml

3) Preparation of HelLa-S3 cell
| HelLa-S3 cells were prepared to a density of .5 x 10° cells/ml,
30 and seeded 1 ml/well each in a 6-well plate. Then, each Ad vector
was added to each well at aMoiofl, 10, 20, 50, and 100. Twenty-four

hours later, the medium (1.5 ml) was added prior to lipofection.

4)'Lipofection of luciferase plasmid
35 Twenty-four hours after the transduction of Ad, the cells were

lipofected with the luciferase expression plasmid in the following
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was thoroughly mixed. After the resulting mixture was allowed to
stand at room temperature for 20 min, the whole quantity was added

to each well, and incubated at 37°C for 48 h,

10
3 5) Luciferase assay
| Luciferase assay was carried out using a Dual-Luciferase
Reporter Assay System (Promega).
After culturing for 48 h following the lipofection, each well
15 in the plate was washed once with PBS(-) (500 ul). After the removal

of PBS(-), 1 x PLB (500 ul) was added to each well, and the plate
was occasionally shaken at room temperature for 15 min so as to lyse
the cells. Cell lysate was transferred into a 1.5-ml tube,
centrifuged at 14000 rpm for 1 min, and the supernatant was

20 transferred into a fresh 1.5-ml tube (PLB lysate).

Luciferase activity was measured using an AutoLumatPLUS LB953
(Berthold). Using PLB lysate (10 K1), luminescence of FireFly
Luciferase and Renilla Luciferase was measured for 10 s. Relative
luciferase silencing effects of the respective RNAi expression Ads

25 were expressed based on the RLU vélues of FireFly Luciferase/Renilla
Luciferase, taking the value of cells transduced with the control
RGD/Ad as 100% (Fig. 29). | |

Similarly, luciferase suppressing effects of RNA1I Dby
expression HIV vectors were observed as shown in Fig. 30.

30 SiRNA expression HIV vectors were prepared in the substantially
same manner as for the siRNA expression Adenovirus vector by
inserting the siRNA expression cassette targeting FireFly luciferase
into an HIV shuttle vector. In this assay, the target sequence was
siteB strand: 5'-GTGCGCTGCTGGTGCCAAC-3’ (SEQ ID NO: 43), U6 promoter

35 was used, and, RNAs to be expressed have the stem-loop including
5'-GUGCGCUGCUGGUGCCAACCCgugugcuguccGGGUUGGCACCAGCAGCGCAC (SEQ ID
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i introduced into 293T cells, viral particles were harvested by the
standard method, concentratéd, and transfected into 293T cells at
a moi of 5 to 8. Then, RNAi1 effects were examined in terms of

luciferase activity similarly as in the case of the Adenovirus

10 vectors.

[Example 16] Gene silencing effects of siRNA expression
dumbbell-shaped vector

Gene silencing effects of siRNA expression dumbbell-shaped

15 vectors were examined. The following siRNA expression vectors were
used, and luciferase analysis was performed under similar conditions
as in the above-described Examples.

vector expressing stem—-loop siRNA using human U6 promoter
_ (pU6stem), and . '

20 * dumbbell-shaped vector expressing siRNA (Dumbbell)

As shown in Fig. 31, the luciferase silencing effect was
observed in the siRNA expression dumbbell-shaped vector,
demonstrating that the siRNA expression system maintained in the
dumbbell—shapedvectorexhibitmianefficientgenesilencingeffect.

25
Industrial Applicability

~ As described above, the use of the intracellular siRNA
expression system enabled to silence the functional gene expression.
Furthermore, as a result of introducing a single vector that has been

30 transformed to maintain siRNA expression systems for a plurality of
| target genes into cell, the expression of multiple target genes could
also be silenced. By using such an intracellular siRNA expression
system, siRNA is supplied within the cell so as to enable the stable

and long-term siRNA expression, that is, target gene silencing as

35 well. In addition, by using viral vectors or the like, transfer

efficiency of siRNA expression system into cells can be improved so
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and production of knock-down animals depending on RNAi.
Furthermore, in order to allow the present system to be applied
5 to a method of searching for functional genes, the siRNA library
expression system and its assembly have been provided. The use of
these systems and the like can make the searching for functional genes
so simple and efficient that the present systems including siRNA
library expression system can contribute ’to the accelerated

10 elucidation of functional genes.
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1. An intracellular siRNA expression system comprising an
antisense code DNA coding for antisense RNA.directed.against:a region
5 of a target gene mRNA, a sense code DNA coding for sense RNA directed
against the same region of said target gene mRNA, and one or more
promoters capable of expressing said antisense and sense RNAs from

said antisense and sense code DNAs, respectively.

10 " 2. The siRNA expression system according to claim 1, wherein
a final transcription product of the siRNA expressed by the system
is 15 to 49 bp long.

3. The siRNA expression system according to claim 1, wherein
15 a final transcription product of the siRNA expressed by the system
is 15 to 35 bp long.

. 4. The siRNA expression system according to claim 1, wherein
a final transcription product of the siRNA expressed by the system
20 is 15 to 30 bp long.

5. The siRNA expression system éccording to claim 1, wherein

a double-stranded RNA region of the siRNA in which two RNA strands
&i: pair up contains a mismatch or a bulge.
25 | |

6. The siRNA expression system according to claim 5, wherein

one of nucleotides in themismatch is guanine, and the other isuracil.

7. The siRNA expression system according to claim 5, wherein

30 the siRNA contains 1 to 7 mismatches.

8. The siRNA expression system according to claim 5, wherein

the siRNA contains 1 to 7 bulges.

35 9. The siRNA expression system according to claim 5, wherein

the siRNA contains both 1 to 7 mismatches and bulges.
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12. The siRNA expression system according to any one of claims

1 to 11, wherein said promoter is an inducible promoter.

10
13. The siRNA expression sysfem according to any one of claims
' 1l to 12, wherein said promoter is separately located upstream of said
antisense and sense code DNAs.
15 14. The siRNA expression system according to any one of claims

1 to 13, wherein said system comprises loxP sequences in the form
of any one of the following (a) to (c) so that the expression can
be controlled:
(a) the promoter comprises distal sequence element (DSE) and
20 proximal sequencé element (PSE) with a space therebetween,.and in
the space two loxP sequences, one in the vicinity of DSE and the other
in the vicinity of PSE; | .
(b) the promoter comprises DSE and PSE that are located to maintain
the promoter activity, a loxP sequence therebetween, and another 1oxP
25 sequence either upstream of DSE or downstream of PSE; and
(c) two loxP sequences are located so as to interpose the antisense

code'DNA or sense code DNA.

15. The siRNA expression system according to any one of claims
30 1 to 14, wherein antisense and sense code DNAs are maintained in the
same vector DNA moleculé, or separately in different vector DNA

i

molecules.

16. The siRNA expression system according to any one of claims
35 1 to 13, wherein the promoter is located at the one side of a unit

in which the antisense and sense code DNAs are connected in the
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(c) two loxPs are located so as to interpose the antisense code
DNA or sense code DNA; and

(d) two loxPs are arranged so as to interpose a linker comprising

15 a stop sequence (e.g. TTTTT).

18. The siRNA expression system according to claim 16 or 17,
wherein the antisense and sense code DNAs are maintained in a vector

molecule.
20
19. The siRNA expression system according to claim 15 or 18,
wherein said vector is a plasmid vector.
N 20. The siRNA expression system according to claim 15 or 18,

25 wherein said vector is a viral vector.

21. The siRNA expression system according to claim 15 or 18,

‘wherein said vector is a dumbbell-shaped DNA vector.

30 22. A cell maintaining the siRNA expression system according

to any one of claims 1 to 21.

23. The cell according to claim 22, wherein said cell is a

mammalian cell.
35
24, An individual organism maintaining the siRNA expression
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27. A method for producing a cell in ghich the target gene
10 expression is silenced, wherein said method comprises the steps of:
introducingthesiRNAexpressionsystemaccordingtx>anyoneofcﬂaims
1 to 21 into cells, and selecting cells in which said siRNA expression

system is introduced.

15 28. An intracellular siRNA library expression system comprising
a double-stranded DNA coding for siRNA comprising an arbitrary
sequence having the length of the siRNA to be expressed, and two
promoters facing to each other with said DNA coding for siRNA- in
between which are capable of expressing the mutually complementary

20 RNAs from respective strands of said double-stranded DNA.

29. An intracellular éiRNA library expression system

- comprising a stem-loop siRNA producing unit in which an antisense
el code DNA and a sense code DNA complementary to sald antisense code
25 DNA are linked in the opposite direction via a linker, and a promoter

capable of expressing the stem—-loop siRNA at either side of said unit.

30. The siRNA library expression system according to claim 28
or 29, wherein a final transcription product of the siRNA expressed

30 by the system is 15 to 49 bp long.

31. The siRNA library expression system according to claim 28
or 29, wherein a final transcription product of the siRNA expressed
by the system is 15 to 35 bp long.
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32. The siRNA library expression system according to claim 28
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- 38. The siRNA library expression system according to any one

25 of claims 28 to 33, wherein siRNAs expressed by the system are composed
of RNA strands encoded by DNA fragments of any cDNA or genomic DNA,
said fragment has the length of the siRNA to be expressed.

39. An assembly of the siRNA library expression systems
30 according to any one of claims 28 to 38, wherein different siRNAs

are expressed by each system in said assembly.

40. A method of searching for a functional gene, the method
comprising the steps of:
35 (a) introducing the siRNA library expression system according

to any one of claims 28 to 38 or the assembly of siRNA library



7 1098(& ()-ceK/ [:bU410 f ,,(10% (& ()-@2z,, (109N (N& ()-@F#10% _(: & ()-@
ffs10% (& ()- fQF:$10% (:& ()-S fyl0% (:& ()-4q,>|[:bu4l0 f
"3/y&10% (& ()- D@ (10% (& ()- @ (10% (& ()- f3&10% # & ()-@
3810% (& ()-@fyl0% (: & ()->dIJKLMP| obW410 fL10% (: & ()-210: (:10: (:10: _(:
f; 10% _(:& ()- 33:10% _(:& ()- f5#10% s56: & ()- f3/y&0% ": & ()-P=~
|[:bU410 f f (10% (& ()-Mf YI0% (:& ()- fV $10% _(:& ()- %0%_(u& ()-
fNOALO% (:& ()- ff#10% (: & ()-z*'#+[:bW10 f ,1*Z(10% (& ()-E
<, 1 *Z(10%ekéreksEohbs)yat0fs_ éc&oﬁhlngz&éO%@é§m(39T15t5&é99§s§ & ()-TR
y&10% (& () - +- | bU41Q fLf,10%k&F& ()-10 (10 &qHF?z&lO% & ()-@

|

L F72&10% (& () - @ FERAHRY felflﬁlg&‘ie%’_h{clﬁ S(E)l LR 14 Prary SBDFERRFROR) -
f 38109k 85§ sfem b&l@%&lﬁ&ﬁ&sémbl@ﬂ;a%&eéh O £ B 0&Ek &8 () - @

L bvkaa ) TP ok dhe SRS e R ol ke e O
"Headisng 23] c" Fbadlng 33]c Fbadlng 43]c Fbadlng 53] c" Fbﬁdlng 63] c"
" [ ) faylt P Font
(gggﬂr(g% ;i{o; }‘bl} d! q‘ﬁo@?gi%%g%? 15%@ “ﬁgﬂ%’@ 85%‘82‘?" %@)«%Pifb@ to
W'@)D;, ?iz@ga:@H‘ﬂDUﬂWéréGd{miam |m€t{@dﬁ;£$6h’héf3cérh@ﬂi+s e % )ngjpbﬁnggﬁ;creening
u= N X} X *+, - s ,
<= >’7@\BC&%§< %@5& @@b\ﬁ\é%g%l ET efsgerﬁlipei({’l)cr%ﬁ(%q 9\9%&%%“6'?&@@@
New RomnMIm{ImHMewhNew phEhotyEetlnayMe:Hboofwmm @ltered as the result of

" #$9 ) 6%& 456789
< >7? 1\]1~_"abcdef ghi j kl mopgr st uvwxyz{|}~

$%& ()*+,-./0123456789:
<L>O@%BCDEFGHIlﬁkwupﬁgﬁﬁgngg¥zééleetfggdeﬁ%. aé%KUStu¥&%yzéké method
comprising the steps of:
(a) introducing the siRNA library expression system according
15 to any one of claims 28 to 38; or the assembly of siRNA library
' expression systems according to claim 39 into cells, and
(b) measuring the expression level of a specific gene or protein
in the cells into which said siRNA library expression system or said
assembly is introduced.
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