8 March 2006 DESCRI PTI ON si RNA EXPRESSI ON' SYSTEM AND METHOD FOR PRODUCI ING
FUNCTI ONAL GENE KNOCK- DOAN CELL USI'NG THE SYSTEM 5 Techré KlakchBice6d The
present invention relates to an in vivo si RNA expression systentcapabhe of
‘silencing the target gene expression, and a nethod for producing ]
knock-down cells using this expression system 10 Background Art RNA |
interference (hereafter abbreviated as "RNAI") is the phenomenon (process)’
capabl e of inducing the degradation of target gene nRNA so as to silence .
the target gene expression by introducing 15 into cells a doubl e-stranded
RNA (hereafter abbreviated as "dsR\y nprises a sense RNA havi ng
t he sequence honol ogous to the targetéC%Ie%tIleﬁirﬁQNA and antisense RNA having
t he sequence conplenentary to the sense RNA. RNAi, because of its

capabi | i kYriR BkPRE e t n | e '
consrderab?e attent?%%égssgsggﬂ 4B gﬁgggg Eﬁ%cgﬁ%% éf%%tﬁﬁggfﬂgyA%e%$%%es
t he conventienal gene dl%N%KTBQWNn@EhdeﬁéN(yH PEE oPY $TEMt edi ous,

i nef&i ci ent honol ogous reconbi nati on, or as a neans of gene therapy The

above-nentioned RNAi was originally discovered in nematodes (Fire, A et
al .. Pot &@chgdgadpFdiedde genetic interference by doubl e- stranded RNA in
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Postltranscri ptlonal gene silencing by doubI e- stranded RNA. Nat ure Rev
(?enet BackdPoha8 £2001) ; Zanore, P. D." RNA interference:

RNA interference (hereafter abbreviated as ™“RNALi”) is the

phenomenon {process) capable of inducing the degradation of target
gene mRNA so as to silence the target gene expression by introducing
15 into cells a double-stranded RNA (hereafter abbreviated as “deRNA”) '
- that comprises a sense RNA having the sequence homologous to the target
'ger'le mRNA and antisen_se RNA having the sequence complemen_tary to the.
sense RNA. RNAi, because of its capability to silence the target gene
expression', has received considerable attention as a simple gene
20 knock-down method that replaces the conventional gene disruption
-method relying on the tedious, inefficient homologous recombination,
or as ameans of gene therapy. The above-mentioned RNAL was originally
C} . discovered in nematodes (Fire, A. et al. Potent and specific genetic
N ~ interference by double-stranded RNA in Caenorhabditis elegans.
25 Nature 391, 806—8‘11 (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 organ:'tsms. This technique has
' 35. been employed as a method for producing knock-down rindividuals.

Similar to in these organisms, RNAL induction inmammalian cells




. listening to the sound of silence. Nat Struct Biol. 8, 746-750 (2001)) .

. Silencing of target gene expression was confirnmed by act waMbich 20061 oduci ng
exogenous dsRNA in these organisns. This techni que has 35 been enpl oyed as
a nethod for producing knock-down individuals. Simlar to in these
=organi sms, RNAI inductionin mamralian cells 8 March 2006 has been
attenpted by introduction of exogenous %sRNA However, in this case,
protein synthesis was inhibited by the action of host's protective
mechani snms agai nst the virus infection which was triggered by the
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admni stration of si RNA'at regular intérva s necessary,
As described above, RNAi has also been successfully :Lnduced in

15. mammalian .cells wusing small interfering double-stranded RNA

(hereafter abbreviated as “"siRNA”). For the functional analysis and

gene therapy based on the gene s:Llenca.ng by RNAi, an efficient

introduction of siRNA 1nto cells and J.ts stable J.ntracellular'

' maintenance become essential.
20 Efficiency in introducing exodenous siRNAs into cells varies

depending on the cell type, being as low as 1% to 10% in certain cells.

Alsb, exogenous SiRNAs introduced into mammalian cells disappear in -

a few da_Ys after introduction, having no sufficient stability required

for analysis of gene functions. Furthermore, in gene therapy,
25 administration of siRNA at regular intervals becomes necessary, which
increases physical loads of patients. | |
Moreover, it is extremely difficult to induce RNAi exclusively
in a specific tissue or at a specific stage of
development/dlfferentlatlon by introduction of exogenous siRNA. In
30 addition, though siRNAs are small in size, synthesis of RNA is markedly
so expensive compared to DNA synthes:Ls and the RNAi :Lnductlon directly
by s:.RNA is not economical.
Now that most of the prlmary DNA sequence of the human genome
has been determined, systematlc and efflc:1ent methods for searching
35 for functional genes has been developed to speedily elucidate gene

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



I ncreases physical |oads of patients. Mreover, it is extrenmely difficult
-to induce RNAi exclusively in a specific tissue or at a sMeehfdo06stage of
devel opnent /di fferenti-ation by introduction of exogenous siRNA |n 30 A
~addition, though si RNAs are snmall i.n size, synthesis of RNA is markedly so
- expensive conpared to DNA synthesis and the RNAI induction directly by
si RNA is not econom cal. Now that nost qf the primary DNA sequence of the
human genome has been determ ned, syst tic and efficient methods for
searching 35 for functional genes has been developed to speedily elucidate

gene fungti.ons n eut |ized for the systematic 8
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al t er at i@h cedflcedd sumhvuﬂa&sdu:@l s:ddelm(aejeertaiee ftlhﬁlfrﬂgﬂdhag aafdysanal ysis
of nOVEiJloJeLanCftun r]CaJ] r%_gdeln , 5 Disclosure of the Invention An objective of -
t he present i Vet 9 & ovide an intracellular siRNA expressi-on

syst em capabl e of produm ng RNAI nore efficiently, stably, and

econgmi cells, ho for producing knock-down cells using th| S

Si RN% Cgﬁéé’l e o st dc od 10 for searching for functional genes

using this si RNA @xpee’sswem ofystieen preséntv Dhveheiehoviesr mest igiRdde an
studied the in vjvo _si RNA expressi.on
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studied the in vivo siRNA expression system and succeeded in its
development. More specifically, the present invention relates to:
‘ (1) an intracellular siRNA expression system comprising an
15 antisense code DNA coding for antisense RNA directed against a region
of a target gene mRNA, a sense code DNA coding for sense RNA directed
against the same region of said target gene mRNA, and Qne‘ or more
promoters capable of expressing said antisense and sense RNAs frem
said antisense and sense code DNAs, respectively;
20 (2) the S1RNA expression system according to {l), wherein a
final transc'ription product of the siRNA expressed by the system is
15 to 49 bp long;

(X (3) the siRNA expression system according to (1), wherein a

o~

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 expressioh 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




20 (2) the si RNA expression systemaccording to (1) , wherein a final
transcription product of the si RNA expressed by the systewagh 2066t 0 49 bp
long; (3) the si RNA expression systemaccording to (1) ., wherein a final
transcription product of the si RNA expressed by the systemis 25 15 to 35
bp long; (4) the siRNA expression systemaccording to (1), wherein a final
transcription product of the si RNA exprgssed by the systemis 15 to 30 bp

| ong; (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

cont ai ns 1 S . Of bulge; (6)_ the si RNA expression system according
to (5) ,s ﬁt;%e{?]ﬁ%]nlerfs J-gftonu?gIebeuojt(qs')dse's in the msmatch is guanine, and the
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erein 3 ' ont.ai,ns 1 .t0 .7 m.snatches; the si expressi on
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one o _ 10 eLn.saj.d,p ronoter J ronoter; t he
si RNA e&%ré%8§6n%g§£§gh1gg%@?@?%QQ#% %ﬁ? %n%ro%s(Q§ ?EP%%H i wherein said
pronoter is ahl2hdued RN enptessith 6¥3)kemhecsb RNAngxPs ess) @mes st ¢m)

according, t@ gny A6 Ah GLiq 12tk 1WNGLELNS %ii%ﬁ%;f%g%%%ek? separatel y
| ocat ed upstredm of said anti sense and Sense Code ) ,
‘ (13) the siRNA expression system according to any one of (1)
( " to (12}, ﬁherein saild promoter is séparately located upstream of said
o antisense and sense code DNAs; '
(14) the siRNA expression system according to any one of (1)
o to (13), wherein saild system comprises loxP sequences in the form.

15 of any one of the folloﬁing (a) to (c) so that thé expreésion can

| be controlled: _ -

(a) the prbmoter comprises distal sequence element (DSE) and
pProximal sequenqé-element (PSE)rwith a space therebetween, and in
the space two 1oxP 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

_ thepromoteractiVity,aloxPsequencetherebetweeﬁ,andanotherloxP
(ﬁ} 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 acéording 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 via a linker; '

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

35 7 said system comprises loxP sequences in the form of aﬁy one of the

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




(14) the si.RNA expression system according to any one of (1) to (13),

= Wwherein said system conprises | oxP sequences in the form8Mdohabogany one of
the following (a) to (c) so that the expression can be controlled: (a) the
pronoter conprises distal sequence el enent (DSE) and proxi mal sequence
<element (PSE) with a space therebetween, and in the space two | oxP
sequences, one in the vicinity of DSE agd the other 20. in the vicinity of
PSE, (b) the pronoter conprises DSE and ASE that are |ocated to maintain.

- the pronoter activity, a | oxP sequence therebetween, and anot her | oxP
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sequences are |located so as to i nterpose.
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(1) to.tkddDthehes aivke anid SENSE ANGggense code DNAs are maintained-in t he
sane vector DNA nol ecule, or separately in different vector DNA'  nolecul es;

30 (16) tH®)s Ww&t@é”sp@mp@%%rﬁ%eadoﬁwg thetaage dneacafad(ﬂg matiateid) |
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anti sense and sense code are connected Iint

“a |i nker®PaEAAR i JSENR e garasditanms pdt &SEdccor di ng to (16), wherein 35 -
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the space (a\;\otdw@m%:&&qu%cas agedi §o the W ¢hikt I's
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edd & REFUFRCE tife For GTREEY ‘activity, a | oxP sequence t her ebet ween,
@hd another | 0k§) the siRNA expression system according to (16) or (17),

- wherein the antisense and sense code DNAs are maintained in a vector
molecule;
(19) the siRNA expression system according to (15) or (18),
15  wherein said vector is a plasmid vector; | |
‘(20) the siRNA expre351on system according to (15) or (18),
wherein said vector is a viral vector; _ .
(21) the siRNA expre851on system according to (155 or (18),'
wherein said vector is a dumbbell-shaped DNA vector; |
20 (22) a cell maintaining the S1RNA expression system according
to any one of (1) to (21);

_ (23) the cell according to (22), wherein said cell is a mammalian
: (fﬁ cell;

25 system according to any one of (1) to (21) ;

(24) an individual organism maintaining the SiRNA expreSSLOn

{23) a comp051tlon comprising the siRNA expression system

according to any one of (1} to (21); |

(26) the composition according to (25), wherein said
composition is a pharmaceutiéal composition; '

30 o (27) a method for producing a cell in which the target gené

- expression is silenced, wherein said method comprises the steps of:

' introducing the siRNA expression system according to any one of (1)

to(21)intocells,andselectingcells:nlwhichsaidsiRNAexpression

system is introduced;
- 35 (28) an 1intracellular siRNA llbrary expression system

comprising a double— stranded DNA’ coding for siRNA comprlslng an



upstream of DSE or downstream of PSE; (c) two | oxPs are |located so.as to

i nterpose the antisense code DNA or sense code DNA; and (gMarcweob®xPs are

- arranged so as to interpose a linker conprising 20 (22) a cell nmmintaining
- the si RNA expression systemaccording to any one of (1) to (21) ; (23) the
cell according to (22) , wherein said cell is a mammalian wherein said
vector is a viral vector; (21) the si expressi on system according to
(15). or wherein said vector is a dunbb€ll-shaped DNA vector; (18) the
Si'RNA expression system according to (16) or (17), wherein the antisense

and sen : r ' l.ned. Ln,a vecto nol e e; 9) the si RNA
express%§ﬁ£§§%i5n1ac ggggﬁég?ghglg?éo%g?qgg,Offgmhﬁﬁﬁghntggﬁﬂ)9§EFﬁ?S?§'a
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10 a st ‘ - .cekl;. (24) .an | ndividual, organjsm

mai nt ai %Flngggﬂggg %ﬁ‘ﬁ%hgiﬁg-é%-sgpgnl c 812:5 x?yrs‘?ts)és rﬁngcjﬁg? m%aﬁ&yaﬁg‘%%@“%‘?t?ﬁg to
(21); (X¥psa fgempasispestivenstirsndg tliessiiBNAcekpeessrandsysbeny accordi ng

to agy one of tQ.(2 ; c m&@iti n_according ta (25), wherein
sai d conposif?%%igna %ﬁgf%é%g%?%%gl %onposi%#%ﬁﬁrﬁx)?%ﬁééﬁf h&d St6r
produci mPEPEEsing m wiiesr lolee saRYét pyedecisgpuession wisi @i leneedi sehekei n

System Aenn g g To ry ohe iy Tve cghph EHRCAS YL BF) 8 A i A9l | s
i n_whi cP¥apgesi Rare@ipr Bheiomposditst dihrestion nddusddinidsr ( 281 Apromoter
i ntracelddfa01 SbRNAd I YANY EXPERSRLBopYSIBR at either side of said unit;
10 (30) the siRNA library expression systerr; according to (28) or
I(m\ (29) , wherein a final transcriptién-product'of the siRNA expressed A
by the system is 15 to 49 bp long;
(31) the siRNA library expression system according to (28) or
(29) , wherein a final transcription product of the siRNA expressed
15 by thé system is 15 to 35 bp long; |
(32) the siRNA library expression system according to (28) or .
(29) , wherein a final transcription product of the siRNA expressed
by the system is 15 to 30 bp long; |
(33) the siRNA library expression system accordimj to any one
20 of (28} to (32), wherein a double-stranded RNA region of the siRNAS
in which two RNA strands palr up contains a mismatch or a bulge;
(3'4) the siRNA library expression system according to any one
(} of (28) to (33), wherein said promoter is a pol II or pol III promoter;
L (35) the siRNA library expression system according to any one
25 of (28) to (33), wherein said promoter is an inducible- promoter; '
(36) the siRNA library expression system according to any one‘
of (28) to (33), wherein siRNAs expressed by the system are compo'sed
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 -l
coding region and/ecr a non-coding region;
{38) the siRNA library'expression system according to any oﬁé
of (28) to (33), wherein siRNAs expressed by the system are composed
- 35 of RNA strands encoded by DNA fragments of any cDNA or gencmic DNA,
said fragment has the length of the siRNA to be expressed;




conprising a doubl-e-stranded DNA coding for siRNA conprising an 8 March
2006 arbitrary sequence having the length of the si RNA t @ Mearcheopsessed, .

and two pronpters facing to each other with said DNA coding for siRNA- in
bet ween whi ch are capabl e of expressing the nutually conplementary RNAs.
-fromrespective strands of said doubl e-stranded DNA, 5 (29) an
intracellular siRNA |ibrary expression 3ysten1 conprising a.steml oop si RNA
producing unit in which an antisense de DNA and a sense code DNA -

conpl enentary to said antisense code DNA are linked in the opposite

direction via i nker pr ter blLe of expressing the steml oop
si RNA at eithe(?aglgi a‘J‘é“o '%af% °% (%b@?hélEFﬁm QXS B pF EHE
syst em agcopdidhggt oo (a28) ocnle 0€2928) whe(38)n, ahleirddh BEEASEEhPt & ORNDE Qduct

of the sj hessiemls 15to 9 bp long; (31) the si RNA
library %x regél oﬁg ys'?"l'gﬁlé TUiHY 15 1A 411’('29) , wherein a final

transcription (ﬁxroddacmeblﬁodhef sse%\#k:lewm e‘Sﬂed fhchyohhe gyséemuns mrHgy 35
bp Igngv\ﬁgn}é 1ihe St%%%&é aly. expressi on system according to (28) or

(29) In a nscription product of the si RNA expressed by t he
systemis 15 t(a)3dnbpodwoning (m)smﬁAslm@a&y ixdre seX phes $sv8m sdaia

di f 32 t ded
Fegion of® ry Bedke 287 (15es’ Bre sy ShR R oo siianed B
or a bul@TéStEI(ISBZlE)CQCHEi-‘Slg?I\W | (3r)ariyn tex predsls: ;on system according to any one
of [(28) 10 (33h) . suhelelfly SAl LU Ghilch 2-PQ %@Ig% LTT rr%ggggrg) o

(35& t he si rary expression systemac
(3330 wherstem sar csprdbrstsambly das fokesi b modoreter ,and(36) the si RNA
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the si RNA |ibrlaky ehpressioh o steemcdder diomgat 6uaayionel gene according
to (40), wherein said method further comprising a step of screening
for a functional gene based on the sequence of DNA coding for siRNA
15 in the cell whoee phenctype has been found altered as the result of
' the phenotype analysis; and
(42) a method for selecting a hlghly active siRNA, ‘the method
comprising the steps of:
{a) introducing the siRNA llbrary expre831on system,accordlng
20 to any one of (28) to (38), or the assembly of siRNA llbrary expression
systems acCording to {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.

In one aspect, the present invention relates to an intracellular
sSiRNA expression_syetem. 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 regien 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 shert—length
double-stranded RNA that are not toxic in mammalian cells. The

© 35 length is not limited to 21 to 23 bp lcng as reported by Tuschl, et.

al. (ibid). ThereisIu)particula:limitationlethelengﬂ1ofsiRNA




30 of (28) to (33) , wherein said systemis an assenbly of nultiple si RNA

’ expression vectors that each targets a gene sequence cong Maich@086 coding
region and/or a non-cading region; (38) the siRNA library. expression

. system according to any one of (28) to (33) , wherein siRNAs expressed by
the system are conposed 35 of RNA strands encoded by DNA fragnents of any
CDNA or genonmi ¢ DNA, said fragment has @ he | ength of the siRNA to be
expressed; 8 March 2006 7 (39) an assenbly of the siRNA library ' expr essi on
systens according to any one of (28) to (38), wherein different siRNAs are
expresseésblyo%@ﬁs spsdags inPtsahdvwaseehdl vy . (&G)lRaIArsétbadh&f gear examgl é pr a
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9) into, cells, and (b)” measuring thé expression ene
; N’onpa:.r:.ng portions can be contalned to the extent that they _

r protethke.
do not interfere with siRNA formation. The “bulge” used herein
'preferably comprise 1 to 2 nonpairing nucleotides, and the

" double-stranded RNA region of siRNAs in which two RNA strands pair

15 up contains preferably 1 to 7, more preferably 1 to 5 bulges. 1In
addition, the “mismatch” used herein is contained in the
double-stranded RNA region of siRNAs in which two RNA strands pair '
up, preferably 1 to 7, more preferably 1 to 5, in number. In a
preferable mismatch, one of the nucleotides is guanine, and the other

- 20 is uracil. Such a mismatch is due to a mutation from C to T, G to
A, or mixtures thereof in DNA coding for sense RNA, but not
particularly limited to ‘them, .' Furthermore, in the present

(\} " invention, the double-stranded RNA region of siRNAs in which two RNA

- strands pair up may contain both bulge and mismatched, which sum up

25 to, preferably 1 to 7, more preferably 1 to 5in number.

' Such nonpairing portions. (mismatches or bulges, etc.) can
suppress the below-described recombination between antisense and
sense code DNAs and make the siRNA expression system as described’
below stable. Furthermore, although it is difficult to sequence stem

30 loop DNA contarining no nonpairing portion in the double-stranded RNA
region of'.siR.NAs_ in which two'RNA stran-ds pair up, the sequencing
is enabled by introducing mismatches or bulges as described above.
Moreocver, siRNAs containing mismatches or bulges in the pairing
double-stranded RNA region have the advantage of being stable J.n.

35 Escherichia coli or animal cells.

The terminal structure of siRNA may be either blunt or cohesive




~.inthe cells into which said siRNA |ibrary expression systemor said o
"assenbly is introduced. 25 In one aspect, the present m»gam’gfcﬁrmoel ates to
an intracellular -si RNA expression. system This si RNA expression system
conprises an -antisense code DNA coding for the anti sense RNA directed .
against a region of the target gene nRNA, a sense code DNA coding for the
sense 30 RNA directed agai nst the sanme Pegion of the target gene nRNA, and
one or nore pronoters capabl e of expressing the antisense and sense "RNAs

fromthe antisense and sense code DNAs, respectively. "si RNA" neans a
small, i APERFRARGERIRNGS HANT $5a SR enebder te@oablenser biveleth RN tdeate are
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' example, in the case of 19 bp double-stranded RNA pdrtion with 4
nucleotide overhangs at both ends, the total length is expressed as
15 23 bp. Furthermore, since this overhanging sequence has low_r
specificity to a target gene, it is not necessarily complementary
(antisense) or identical (sense) to the target gene sequence.
Furthermore, as long as siRNA is able to maintain its gené silencing
effect on the target gene, siRNA may contain a low molecular weightl
20 RNA (which may be a natural RNA molecule such as tRNA, rRNA or viraj.
RNA, or an artificial RNA molecule), for example, in the overhanging
portion at its one end.
{‘*} In addition, the terminal structure of the “siRNA* is
- necessarily the cut off structure at both ends as described above,
275 and may have a stem—-loop structure. in. which ends of one side of
double-stranded RNA are connected by a linker RNA. The length of
the double-stranded 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 1s, for example, 15 to 49 bp, preferébly 15 to 35 bp, and
more preferably 21 to 30 bp long. Furthermore, there is no particular‘
limitation in the length of the linker as long as it has a length
's_o as not to hinder the paifin_g of the stem portion. For example,
- 35 for stable pairing of the stem portion and suppression of the

rec;ombination between DNAs coding for the portion, the linker portion




5 15 to 49 bp, preferably 15 to 35 bp, and nore preferably 21 to 30 10 bp-
“1ong. The doubl e-stranded RNA portions of siRNAs in whichs Mamh 2808 st rands
. pair up are not limted to the conpletely paired ones, and nmay contain
~_nonpairing portions due to msmatch (the corresponding nucl eoti des- are not
conpl enentary) , bulge: (llacking in the corresponding conpl enentary

nucl eoti de on one strand), and the |iké0 Nonpairi-ng portions can be
contained to the .extent that they do not interfere with si RNA fornation.
The "bul ge" used herern preferably conmprise 1 to 2 nonpairing nucleotides,
and t he MagubpEess rakrir NG F dgidn seirusitRMAs |Ewam|mrodgmtRuAlshkeﬁd@a@alr
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can be any nunbers as | ong as the overhang
whose sequences are known but whose functions remain to be elucidated,

_ and genes whose expressions are thought to be causative of diseases

15 are preferably selected. A target gene may be one whosge genome

sequence has not been fully elucidated, as long as a partial sequence

-of'mRNA of the gene having at least 15 nucleotides'or more, which

is a length capable of binding to one of the strands (anﬁieense RNA

strand) of siRNA, has been determined. Therefore, genes expressed

20 sequence tags (ESTs) and a portion of mRNA, of which have been

elucidated, may be selected as the “target gene” even if their full
lengths has not been determined.

“Antisense RNA” is an RNA strand having a sequence complementary

to a target gene mRNA, and thought to induce RNAi by binding to the
25 target gene mRNA. “Sense RNA” has a sequence complementary to the
antisense RNA, and annealed to its complementafy antisense RNA to
form siRNA. These antisense and sense RNAs have been conventionally
synthe51zaiw1than1RNAsynthe51zer In the present invention, these
RNAs are intracellularly expressed from DNAs coding for antisense
.30 and sense RNAs {(antisense and sense code DNAs) respectively using
the siRNA expression system.
ToexpressantisenseandsenseRNAsfrmntheantisenseandsenee
code DNAs respectively, the siRNA expression system of the present‘
invention comprises “promoter.” The type, number and‘location of .
35 the promoter can be arbltrarlly selected as long as it is capable

of expre551ng antlsense and sense code DNAs, ‘As a 31mple




capabl e of inducing 'the. RNAI effect. For exanple, the overhang, consists
“of.1 to 8, preferably 2 to 4 nucl eotides, Herein, the totgaMadkh doesgt h of

si RNA havi ng cohesive end structure is expressed as the sumof the | ength

. of the paired double-stranded portion and that of a pair conprising

over hangi ng single-strands at both ends. For- exanple, in the case of 19 bp
doubl e-stranded RNA portion with 4 nucléotide overhangs at both ends, the
total length is expressed as 15 23 bp. Furthernore,. since this overhanging
sequence has |ow specificity to a target gene, it is not necessarily
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over anglng ortion at its one end. In addition, the termnal structure of
the °si UPEUT R eeRRONY |§ndshe dBt tBEF SEERusPOPes ARNBoKPERYS1iOR westen bed

above, 25tafdu PrEhave aySteny ) Ao iSldnGt Hhe ééhé@bsaeqm?s gf- 0 Q&%&e&% of

doubl e- st randed RNA are.connect ed by a Iinker RNA. The | ength of _
doubl e- sttt dhtfe BPRRALEE F R ¢St Um Paépt%%ﬁ%l%}ﬁs @R erenne¢eked ahianpleinkey to

49 bp, pred efaldonskeda 35ubpt . am o eliy allnked?t ot Bnd0sPRe! @A %nis
Alternatlvel¥iO t he Ie(%%h of , the oubl e-stranded 30 RNA region that 1s a -

final tr&HstrPHRIBH PITdf SO LOPRNISRYS eppresgppasiusten, Heredrarglere 15
to 38 bpispieherabby1db 1ionidatidn Qﬁdthénlre@xdifkﬁﬁﬁaaa}})édu%ilcé Q £3Ph BN 11 Ng-

Furt her e, there is no particular limtation in the |ength of the |inker
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suppressji on, of reconbi nati on het ween DNAs Ing for the portion, the-
li nker éb}r{cil% el\/ﬁFE'ﬁ %](’)%lon Pglring durlng the mature RNA production as

described above. As an e_xample, DNA coding for the above-mentioned
15 tRNA and such can be used as a linker DNA.. |
In both cases 6f tandem and stem-loop expression systems, the 7
5’ end may be have a sequence capable of promoting the transcription
from the promoter. More specifiéally, in the case of tandem siRNA,
the efficiency of siRNA production may be improved by édding a
20 sequence capéble of promoting the transcription from the promoters
at the 5’ ends of antisense and sense code DNAs. In the case of
stem—loop siRNA, such a sequence can be added at the 5’ end of the
. ‘above-described unit. A transcript from such a sequence may be used
( in a state of being attached to siRNA as long as the target gene
_25 silencing by siRNA is not hindered. If this state hinders the gene
‘silencing, it is preférable to perform trimming of the transcript
‘using a trimming means (for example, ribozyme as described below) .
In either case of the above-mentioned tandem or stem expression
system, either pol II or pol III promoter may be used as long as it -
30  is capable .of producing the corresponding RNAs from the
above-described DNAs. Preferably, a pol III pfomoter-suitable for
expressing short RNAs such as siRNAs can be used.‘ Pol III promoters
include the U6 promoter, tRNA promoter, retroviral LTR promoter,
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




_may have a clover-leaf tRNA structure. Even though the linker has .a length
that hinders pairing of the stemportion, it is possible,8Mamh2eRanple, to
construct ‘the linker portion to include introns so that the introns are
.excised during processing of precursor RNA into 5 mature RNA, thereby
~allowing pairing of the stemportion. In the case of a stem|oop si RNA
either end (head or tail) of RNA with nd2 | oop structure may have a | ow

nol ecul ar wei ght RNA. As described above, this | ow nol ecul ar wei ght RNA

may be a natural RNA nolecule such as tRNA, rRNA or viral RNA, or an _
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“target even if their s haS not been term ned.
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tar get gﬁﬂiﬁd’d@% Ansbdinantad o on@ 1isRd weeo RNAI L O Y% O HAL Wbl dif v %{%‘g\ﬁingene

"Sen has a sequence conplenentary to the. anti sense

_{gnneal ed't ‘?Ottsl P STRSHSIISE SAPPRARSR RRAMAY the mali imdxomEhessuahersense

d sensecRNAanh@ee ulzean conventional ly synthesized with an RNA
synt hesi zer. h}n the present inventjion, these RNAs are intracellularly

expressed frofPBNAS RIFTREFTF LRFLERRs &S0 wPragrovivas (RERRatase Bhd
sense c@@emNAY), T8SPeshb¥elLy $156 Nromoter, RSV promoter, EF-10 promoter,

15 . P-actin promoter, Y-globulin promoter, and SRo pfomoter. A pol' IT1
promoters produce not short RNAs as in the case of a pol III promoter
but somewhat longer RNAs. Therefore, when pol II 'promoters are used,
it is necessary to produce antisense or sense RNA by truncating
somewhat longer RNA using a means to cleave RNA by self—proéessing

20 such as a ribozyme. A unit for producing antisense or sense RNA using
a ribozyme may have the following construction. As shown in Fig. 24,
the antisense or sense RNA producing unit has the antisense or sense

5 code DNA, the regions coding fér the RNA sequence recognized by the.
(’ ribozyme (recognition sequence coding region) at its 5’ and 3'—-ends,
- 25 and the regions coding for the 5’— and 3’-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 Frig. 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 respectlve

.35 units so that a rlbozyme can readily act on the RNAs.

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




_the si RNA expression system To express antisense and sense RNAs fromthe
anti sense and sense code DNAs respectively, the si RNA eX@Neghi2006 syst em of
the present invention conprises "pronoter." The type., nurmber and | ocation
of 3S the pronoter can be arbitrarily selected as long as it is capable of
expressing anti sense and sense code DNAs. As a sinple 8 March 2006 11
construction of si RNA expression systent3a tandem expressi on system ‘can be
formed, in which a pronoter is |ocated upstream of both antisense and

sense code DNAs. This tandem expression systemis capable of producing-
si RNAs 3RA5R) GRe BIBF dibh oA dipeng gigad rétogymer éBbachen h Bimgshys .nReke
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stem| oo ression systenms, the 5 end may be have a sequentce apab?e of
pronot i n@gt Mr ahBErT RIS FRERFEAELPROTRAMRT CabREesHRrRs ¢ ireaiobyized bine
casboof thandem SiENA; - beadthl CirgnoY yAbss RMBDAMNGIION TRY ReEmhdDLoygd
by addi Eba 20 segquence capabl e of pronoti ng_the transcription fromthe
PT-onDt ers PO Eh E153VER S NGr PRRFPERASESERY déRkageoE BliAsseqvente sk of

‘Stem | oo © RMA0sUCh whiSeguente £aNCheoadded @t chkhgnd afPth O nddfeotide
: above- d%%%li%% i%%lst r'naye\ }:;[eg %g%(ér ! ‘pCt%Ué’l; Oin; ?Jlljfgf}e?frgzgqgg r}:%ee gggtbgfgfgfentl
/ Y
cleaved sequence at its 3’-side. Therefore., when the hammerhead
15 ribozyme is used, NUH, preferably GUC can be used as a recognition
sequence. An example of the mRNA construction for producing
antisense and sense RNAs is shown in Fig;' 2D, in which a combination
of this hammerhead ribozyme and the recognition sequence GUC is added
to the 5'- and 3/-ends of antisernse and sense RNAs. In Fig. 2D, 5'-ends
20 of antisense and sense RNAs are made to be "C” in order to form the
2-nucleotide overhang. When the 3-nucleotide overhang is to be.
formed, the 5'~end is not limited to “C.” In the construction shown-
. in Fig. 2D, the sequence GUC is added to the 3‘-side.
\(; If an inducible promoter is used as the bromoter J.n this
_25 invention, siRNA can be expressed at any deéired timing. Such
inducible promoters include the tetracycline-inducible U6 promoter
(Ohkawa, J. & Taira, K. Control of the functional activity of an
antisense RNA by a tetracycline-responsive derivative of the human
U6 snRNA promoter. Hum. Gene Ther. 11, 577-585 (2000) ; Fig. 12). 1In
30 addition, siRNA expression may be tissue-specifically induced using
a tissue-specific promoter or a DNA recombination- system such as
Cre—loxP system. ,
Moreover, instead of using a promoter inducible by drugs and
such as described above, it is possible to control the siRNA productién
35 using, for example, a recombinase. A case of using the CRE-1loxP

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




in a state of being attached to si RNA as long as the target gene 25
“silencing by siRNA is not hindered. If this state hinder s 1heh®o0e
silencing, it is preferable to performtriming of the transcript using a
trimm ng neans (for exanple, ribozynme as described below) In either case of
t he above-nentioned tandem or stem expression systeny either pol 11 or pol
11 promoter may be used as long as it 130 is capable of producing the
correspondi ng RNAs fromthe above-descri bed DNAs. Preferably, a pol 11
pronoter suitable for expressing short RNAs such as si RNAs can be used.
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expression by the action of CRE (not shown). For example, one loxP

15 1is provided between DSE and PSE that are arranged so as to maintain
the promoter activity, and another.loxP is located either upstream
of DSE ozx downstreém of PSE. In the absence of Cre prdtein, the
promoter activity is in the on state, and, in its presence, DSE or
PSE is displaced through recombination betweén loxPs to turn the

20 promotei activity to the off state, leading to the suppression of
SiRNA production. Although this is an example in which 1ox§ is
arranged in the promoter region, it is also possible to provide two

. loxPs so as to interpose the antisense or sense code DNA to Suppress
(:} the siRNA production by supplying the CRE protein.

25 Furthermore, in the case of the stem-loop siRNA expression
system, it is possible to provide two loxPs in the linker portion
mﬁastointerposethestopsequence(e.g.TTTTT). Without CRE protein,
trénscription 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
“promotep," “antisense code DNA” and “sense code DNA” can be
35 - ihtegrated*as such into the chromosome to intracellularly express

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




but somewhat |onger RNAs. Therefore, when pol |l pronoters are used, it.is
"necessary to produce antisense or sense RNA by truncati n@ Marfr26b&t | onger-
RNA using a nmeans to cleave RNA by self-processing. 20 such as a
.bozyme. A unit for producing antisense or sense RNA using a ribozynme

nay have the follow ng construction. As shown in Fig. 2A ' the antisense or
sense RNA producing unit has the antisemSe or sense code DNA, the regions
coding for the RNA sequence recognized by the ribozyne (recognition
.sequence coding region) at its 5 and 3'-ends, 25 and the regions coding’
~for the SIBNAmkZressidrclsyatiengisi bozyodsced intiot tabf taeg@gtrﬁhﬁmras cetlls
sequence, IC t.war d fo the respective
regognl tléféjflﬂggqﬁeeélg%%% |Iﬁ'r3"\?lr(’:’a‘E 1{;%%%%@ %%ﬁona%‘ﬁge%g %}rﬁjl%’e‘?%iél}f-?ﬂﬁamfer
produci nEhensystemy Hﬁubp@¢®twmemgabl@kem thrstamd@mtﬂ@mﬂaéﬁeﬁalQélébﬁeéa”?
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bi trarysSRAcE us ntisense and sense .RNA produci ng
teﬂn Its soé/%s to adj Ust t?\e dﬁstana({:]seé%g a\‘?\t/eedn THe'S wo™ Fhixs: e‘iﬁ?%%gt%i 'tS’yr‘Eﬁe
respect iNREt®@E Urfints e ushatecaon, b@@y@eswamuseadctyraChlpHaﬁmguEmfgetinob6
d t he . sense an rc
ri bozymesg tihals 958@8?5 1§ap1 am‘rer heg% %egtrbr 8%Ml%soﬁﬁ§§0rlae%nd

13 sense code 0z he
Conrun. nowlraﬂggecﬁgrgzrmclgdgng1(%QJ)or)ltPrla@osl‘datel lAgadd BNA. cdiflex VoI .

90, 11 9 The,h r i bozynes .ma av her
seqagﬁcéﬁégggﬁgngégg Eﬁ? %g%gﬁga %ﬁl%ﬂg? Se q“%fﬁté%gﬁﬁ eyég ﬁ%%§d§3
@ PP 8otigR 41 999Dy} nog s}dmlrﬁelsbiyrrbtsemr e Ifot.s 41s0 Iy@dssiﬂb]lehaohlafmﬁé

nes, anghe f ahs@%¥aAPhe, vihg haldpls r'@gez beE‘E.)Vsha éyggﬁe?gﬁlb%% B

Tetrahynena-derlved ri bozyne may be use ong
sel f-pr Sleddi- ngCeea el isicy 1225lpﬁlgmme&(ﬂQQZﬁ)l:Lzafhenr Ebhgayepeptide

recogni tiis0BuseqBeRAESLAI LatNPIRA COURLZEL PYaucleus. Proc Natl Acad Sci
15 U S A. 1999 Jan 5; 96(1): 91-6), DNA modified so as to have nuclease

resistance, or naked plasmids (Liu F, Huang L. Improving plasmid-

DNA-mediated liver gene transfer by prolonging its retention in the -
hepatic vasculature, J. Gene Med. 2001 Nov-Dec; 3 (6) : 569-76) . The
present inventors, as shown in the EXamples described below, found
20 it possible to efficiently silence the expression of target gene by
'malntalnlng the SiRNA expression system of this invention in a
dumbbell- shaped DNA. Therefore in a preferred embodiment of the
present invention, the siRNA expression system maintained in a
O dumbbell-shaped DNA rﬁolecule is preferably used. The
25 | dumbbell-shaped DNA can be linked to antibody, peptlde and such'_ to
fac:.lltate its introduction into cells.

The antisense and sense RNAs may be expressed in the same vector
or in different vectors. For example, the construction for
exXpressing both antisense and sense RNAs from the same vector can

30 be prepared by linking a promoter, such as a pol III promoter capable
of expreseing short RNA, upstream of antisense and sense code DNAS _
to form antisense and sense RNA expres'sion cassettes, and inserting
-th_ese cassettes into a vector either in the same direction or opposite
directions. An example of such a construction, in which these

35 cassettes are inserted in the same direction, is shown in Fig. 1A.

' It J.s also possible to construct an expression system, as shown in




.10 the 5" -- and 3'-cleaving ribozynes.. For exanple, the hammerhead ribozyne
. cl eaves the phosphodi ester |inkage of NUH sequence (N is 8 KWarcG2000r U,
while His A C or U_- Although any of nucleotide conbinations may be
-used, "@QUC' is preferred as the nost efficiently cleaved sequence at its
3'-side. Therefore, when the hamerhead 15 ribozyne is used, NUH,
‘preferably GUC can be used as a recognii‘-ﬁon sequence. An exanple of the
MRNA construction for producing antisense and sense RNAs is shown in Fig.
2D, in V\/%i.ch' 3 comnbi nat,i on of, this hanmerhead ri bozynme and the recognition
sequence B ir8radBed NS ARFiPense@ng sanke grodmt DA serandr serEd RNAS .
In Fig. aBffbreandschd ianthiseppesand Senss AN, "Grid
order to formthe, 2-nucleotide Q\%gr hang. V%r%ﬁcthe S?E%ﬁgﬁ%% ggér%]}fggi s
to be fSPH’EB,ruFﬁéO%' TEHE (COTRGE- S nPRed dble-stranfede D¥8nstemRE i Bing

shown i anFigen2b, ande: aapienee c6niySs adaeds t N R} ¥8r LirAR) 1 Fﬁ&i
- can

i ndu;i bl e grogoter Is used as the pronoter in. this 25 i'nvention, s
‘be exXpr eBERYOLETAnY® RITH ¥ I5Hi ISP SPrdueithies §eomst 6P sexpresricitene.

- tetracychntbsensecarid & dd p RODRE €iom( ChK aespalet Srd BN .s anGant rol f; 4 he
functi ongl SactjEvi t‘% of an %gif'i sense RNA by a tetracycli.ne-responsive
‘derivatiVe®st the Ch]n‘{ant U K IANR Y P EEEFS SHERAUGRRES TRV S eam TE 586
(2000) ;sénge drd) antlizedQeardhbi ot i PNAFEXRHEESEODHITEYe Reterminator at
ti ssue- sgeceigciscalflg | nduced tu.si ng atis ue-%'[l)eci fic.pronmoter or a DNA -
r econbi nat | Oif Byt BAT ARTPSRETYG S1EaRBss {Stemdnmicding fornapbhgerte asichg a

~ proidt er sémsleicRA8) by Thagseandnatvehmay GRS | eguahereori rols BRSSHiee tO

~ control &?ﬁsés' NA DI geuction 35 sirs%g, for exanple, a,reconbinase. A case

o usi ng"The %S‘E‘-‘f oL CPAES R h VS 8PS Eeswi | 12 ddlideBelitpegore o reesipie

7 g 173ystém, the i3 Mareder2006 14 pseneier diBestahiSpaurseer &l e 1(DSE)

and Prox] h-eSSequence El.enent PSE) are |l ocated with a space therebetween

C.and in-the Speaceexpér SSHET systems,” as shown in Fig. 1A, siRNAs with the

cut off structure at both ends are'produced.

15 | Furthermore, as an alternative construction capable of
expressing the above-described stem~loop siRNAs, it is also possible
to form aunit in which both antisense and sense code DNAs are ari:angfed

in the opposite orientation on the same DNA strand via a linker, and

link the resulting unit downstream of a single promoter. In this

20 case, the order of expression is not necessarily limited to “DNA

coding for antisense RNA -> linker —> DNA coding for sense RNA,"” but

may be “DNA coding for sense RNA — linker —? DNA coding for antisense
. RNA. # RNA produced by the expression system of this type
(; censtruction has a steni«-loop structure in which the linker ﬁortion
25 forms a loop and sense and antisense RNAs on its both sides pair ub
(a s_tem structure) . Then, the loop portion in this palindrome is
cleaved by intracellular enzymes to produce the siRNA. In Athis 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 eiRNAs (siRNAs
_35 directed against differént target gene mRNAs, siRNAs directed against
different target sites of the same target gene mRNA, or siRNA directed



.sequence is arranged in the vicinity of DSE and anot her |'oxP -sequence in
the vicinity of PSE. Usually, due to a distance between [¥¥arh®066PSE, the
pronoter activity is in the off state so as to inhibit the siRNA o
.expression. The action of CRE protein on this expression system ‘induces.
recombi nati on between | oxP sequences located in the vicinities of DSE and
'PSE, resulting in the displacenent of DWA between |oxP sequences. Then,
DSE and PSE come close to each other to turn 10 the pronoter activity to
the on state for expressing si RNA. This exanpl e describes an si RNA
produci ngI33RE BrElnSARPCHIIRE §L860? Brtheagainei tardst yens nRNAénon simafle by
the acti@ac-06rCRE. In contrast, it is also possible to construct a system
inhibiting the si RNA expression by the action of CRE (not shown) . For
exanpl e, one |G¥PsYStew Cﬁ)’?WW@éSBQQv@éWWE@@@dDSEnmmNMrmaimf&regmhtso
as to meyddedhs m%@%@rc%ﬁﬁ%tt@uc%@d'ly' tlYLnk@L?x% apgf r@{ranlé)g ééolofﬂ %gg ré?:[]e ,

‘upstream of DSE or. downstream of t'‘he absen
pr onot erC3RARIE of ?§PFﬁS§h’égcﬁ1i1°§fttaBEAS ar\lpsﬁlﬁ'am prtleesamte,seESE a;nd sBBEei s

di spl acesbd DMGN:5 QML AR B8R ISEASENAQW2H O ritd f@x%lpeess?{)%% SFhes,

activity to,the off state, |eadi n% to the suppression
Al 't hougl‘F“iqgllé‘tl@d&ﬁl@ﬁa‘%ﬂﬁ%e CASRRLERS| Bx 4 £ fameangeeciors he Fplrdﬂmh:mbre,

regi on, tfei §x§£§§sﬂ@ﬁ$ls%h2eh0 Y1V dend V\@lbl)9§aé %naaaé Oc&n%\g 19(91?&1 t BVn |

anti sense or sense code to suppress the siRNA produ y sup
the CRE THot¥HeLn% teer CREFRGEES £ I Ag6 Fap t B b ghilifogpengi RBIAtors

expLessi on syH elquiit-eldS POSSE 18sd QR Q‘ﬂl‘éetbv"gll.LB%Pé o éd}\eﬁzl | ket
poPtlon SO _as to&:qﬁtle;a ose the stop%se(?uence (e G)rb ? IEZEQE

E r.ot ei n Cartrryar?séreqb’ﬁn&ﬁ’ fhai eRaPprOMRERC NG e‘?éﬁh’%t’fé"cﬁn@tfetcﬁ@dstmph the
e

quenceredtidbrt heudmiser apeelbe8iocheAdiRdr t 0 HullfnSIURPIAS Sie Q@c@lt].oﬁ' r@'@kers
pr oducti,on. ?ao 1&ot el n i nduces the reconbi nati on between | oxPs
di spl ace ¥ es‘-f(‘;gg HEEHREANF R BATHG L DGR afskRre peosCoR raflistense gmnle

sense cadeyrdifan eeprieduacet enst eamd %ﬂtoﬁﬁﬂ% (sidthce?Blne ThEaSE &N
EXpZ\’.gSSIt%n SyStnerlgeC% relcgcleggbt.atggdagg\/%}r[gnfelng?rre}le activity as an indicator
such as galactosidase, markers selectable by fluorescence emission
as an indicator such as GFP, markers that can be selected with t_he-

cell surface antigen such as EGF receptor, B7-2, and CD4 as an -

indicator, etc. The selection marker enables selecting only fhe cell
20 transfected with the vector, namely, the cell transfécted with the
SiRNA expression system Therefore, a low transfection efflclency
in the conventional transfer of exogenous sn.RNA fragments into cells

can be improved, and only cells expressing siRNA can be concentrated.

C} Furthermore, the use of vector can prolong the period maintaining
25 the siRNA expression system. Vectors such as the retrovirus vector
| induce the integration of the system into chromosomes, enabling stable

supply of siRNA from the siRNA e'xpres'sion system in.the celis.
- ' The present invention relates to cells maintaining the
above-mentioned siRNA expression system. Cells to be transduced
30 with this siRNA express:Lon system are preferably mammalian cells
because siRNA is capable of inducing RNAi in mammalian cells, in which
RNAL has been conventionally difficult to be induced. Furthermore,
cells which are difficult to maintain a long—te'rmkstable expressioﬁ
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



"pronDter " "antisense code DNA" and "sense code DNA" can be 35 i nt egrat ed
as ‘such into the chronosome to intracellularly. express argMaeh20086nd sense
RNAs, thereby producing si RNA. Preferably, the 8 March 2006 15 si RNA
.expression systemis introduced into the target such as-cells wusing a
vector carrying the expression systemto efficiently transfer the system
The vector usable in this invention canlge -selected depending on the
target to be transfected, such as cells, and includes, 5 for mamalian
cells, viral vectors such as retrovirus vector, adenovirus vector,

adeno- as§@¢|Qﬁé@laulaslyebimmtewamxumwmmabummsanmepl@ﬁt éé&ES\Hah@Smaﬁcﬁér

h avir v, r B V|rus ect or api |l Qma virus
vgzzfgr SVieh 35?%%%8'&? l?%ll@tegc%%rof&eleghgm%ﬂisv érss Y‘?l%?’gdlfh’&g&at?%ﬂt c
I iposone I|gd%&tHNdS(ﬁmmpBQXroﬂQC1ggnEhgumboeéﬁmeﬁﬁ&oﬁ%dtéﬂRNKHéx@&e531on

Mol ecul agy, Medi ¢ pe, gfsh 1e ;%F&é%ﬂgességl%g8a dey b\lﬁa} gl glgLrg ttS:dart ﬁélt rs]erlnectlecl ils

al so p055|ble to pr use, I'ns
dunbel | depepdindXR @Eéﬁﬁa Mov exsmple, f@eernEhdetranes&ucm& raﬁl RaRteh ean

f arr cel | '
LSE?LL?‘E%%%S' nRRERHEy nf b od b o tRE NSty thagihig mpod
modi fi ed \ébrcalsoqso, Hede rfc] aaddo r(d?@t)ance,lamtm@loe;@tﬁloasrrNd&léLbuAE;_ds g ,
I [ e t ansf.er pr.ol ongi ng.
T Dot o W TRE B (I PR N N AD ST st BRBEES 6
' '569- 76§01 The - Ppredeh }hvefmr@rlslnésc’sh@lmnl emat\@dtﬁﬁammswesmu bed34,
e t ce, the
vorag paunsh 19090l ) PO OGN R ALUA T Ve B ERGE LU (S RLERR XSl can o1
G a d Sérrlgﬁmbme erh@tr*@r@@@ratm:a (Dacierr, tb enbadi, rermolo{1966) ) |
present pIMARLH &B.rbnet BEYE&B%@H‘% ?ﬁlfﬁﬁ@rh Sy@&fmfa#nﬁéiggaﬁﬁ%ael }Pa?ﬁja(b]e%

dunbbel I'- shape ecule 1s preferabl’y use
DNA can D8 B t Prafti Bl - pepad deScandISichveb. BAci piBBO2 (1388)),

- i'ntroducig:¥bd i Gl diated method (Nucleic Acnds Res., Vol. 12, p 871_1.
15- (1984)), etc. . | .
Selection of cells transduced with the above-described SiRNA
expression system may be carried out by known techniques such as _
hybridization and PCR using DNA sequence specific for the SiRNA .
expression system as a probe or primer. However, when the 51RNAV
© 20 expression system is maintained 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 is silenced.
25 Herein, “knock-down cells” include cells in which the target gene'
- expression 1is completely suppressed, -and those not completely
suppressed but reduced. Knock-down cells have been cohventionally
prbduced by deleting or modifying a target gene or its regulatory
region. 1In contrast, the use of the siRNA expression system according
30 to the present ir;".fention 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



_ The antisense and sense RNAs may be expressed in the sane vector or in
different vectors. For exanple, the construction for ex@ash2godoth

anti sense and sense RNAs fromthe sane vector can 30 be prepared by |inking

.a promoter, such as a poi |11 pronoter capable of expressing short RNA

upstream of antisense and sense code DNAs to form antisense-and sense RNA

expression cassettes, and inserting thé8e cassettes into a vector either

in the sane direction or opposite directions. An exanple of such 'a

construction, in which these 35 cassettes are inserted in the. sanme

di rect i OfAR iR€ 315Gkh s dEisg@rdes mofelj gehlgoapdssuth e tFardhesmoret, &arget

© eXpr essi gh& Yied SR- s oMnd s 8 &@é&ﬁi%porﬁo&@l Féﬂlm%ﬁs AR?‘A@&,CQnaB%SE”SG |
and sense code DNAs are arranged on ferent stran he” opposi :
ori ent atHWW%?Ytbnbﬁ?fﬂuabng T ab@@ﬁsﬂﬁﬁ@mbﬁdn@wﬁbmmm system

doubl e- sid@w@s&npuélqewpahal aeneaaﬂﬁ&neﬁdwﬁdé@f%&q%#ﬁs?&d'ﬂ%ﬁettpgegénﬁDNA

coding for. siRNA), and pronoters on both sides fa g to eac SO as
to e pré§§Jﬁh§m%ﬁﬂﬁ%ﬁ%%93§hﬁj%ﬂﬁﬁﬁ@'RNAs fromthe respecti ve DNA strands.

In this casernkeeayei ﬂotﬁsreﬂemia@ml%%%%ﬁ ﬁle(&ﬂgnﬁ@§h98\’\@§ gi &é‘;gt he
sense and antisense RNAs, Is preferable to E ace a termnator at
ends of Fﬂﬁg?ﬁsﬁg&ﬁ\ﬁ?Qﬁkéﬁﬁ% pBLFakEs Usddichgther akevesdrserahadl e iddiRse

RNAs) . Togpies i dvatsYis tEY, BRdABERUSNEMOtnEQWa O heMPd &1 CORZELN T ME, le,
adeni ne. éA) nucl eotides. In this palindrone expressi-on %gstem It

prefer abF eF&Rh’éee’f%e%ﬁJf%ffeﬁFO5r%%@§te¢-@méa0nfertmz gggemt@sxgue@q
Sys1ens, bpsadienah F Fitemald n&h SAE W t BRANGxcSYALPE) %Hﬂ’r%%@lé‘ino%‘éh

ds are.produced. 15 Furthernore, as an alternative construction capabl e
ﬁn expr 29 n&S7RE/&Hdv e- Has Braiahespdnbl 0op VARNAKbEained dron Dos siablle

c} f or meo £1Nd. tmdus aMaietla 10@ida e&bmseneeaswess@ﬁelgﬁgs mﬁélﬁ%@ré 9%% in
the opp05|te okagntatlon Qon the s DNA strand via a |inker, | ink the
resul ti ng ohF T fovits SRERMGH Saughﬁgveblp%maem% JeRng a portion of the

expression vector as a probe to identify the positive progenitor
15 animal in which the siRNA.expressionxvector'hasibeen.integrated into
its chromosomes. Backcrossing of ‘the above-mentioned progenitor
mouse with either CS57BL/6J or F (CBA/JxC57BL/6J) hybrld mouse. is
repeataﬂtoobtalnthelroffsprlngmice Then, genomic Southern blot
and PCR analyses are performed to identify offsprings positive for .
20 the gene recomblnatlon |
‘Furthermore,althoughthecasecﬁfintreducingsiRNAexpression
system mainly into mammals has been described above, the system may -
gf? be used in plants. The RNAi induction by the direct introduction
(f'_ of conventional double~-stranded RNA into plant cells is difficult
25  to maintain RNAi effects due to the loss of dsRNA during the cell
passage processes It possible to maintain RNAl effect in plant
cells by uSLng 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
theabove—describedsiRNAexpreSsionsystem. Since the present siRNA
expression system is capable of suppressing the expression of ahy

35 desired target gene using SiRNA, this system enables

- disorder-causative gene silencing. The siRNA expression system can




.20 case, the order of expressionis not necessarily linmted to "DNA- coding
for antisense RNA -> linker -> DNA coding for sense RNA "8 Maich 208§ - be " DNA
coding for sense RNA -> linker -> DNA coding for antisense RNA " RNA
-produced by the expression systemof this type construction has a - ;
‘stem | oop structure in which the |inker Bortion 25 fornms a | oop and sense -
and. antisense RNAs on its both sides pafP up (a stemstructure) Then, the
| oop portion in this palindrone is cleaved by intracellular enzynmes to
produce the siRNA. In this case, .the length of the stemportion, the
length and $SR BF & RESTRCEPECANCQmRAS Lhkopeand| weeh dupplemes tcdes i th
above. 3&pproprsyisd ereltisegs the ri bozyme as shown in Fig. 2, the system 7
represent ed ir}’i@ : Zngﬂﬁ.be Inserted into a vector, or two cassettes
shown in Fig. ‘?Fb%fﬁ PHSBFEEARS hed POfs cdninvertbph aielRdes) o eheys same
di recti ofioar inppasel bul st ILepessing b8 $4190a POSHANL t QiRRBENLAbedeed
system cggam e ﬁ}‘ ﬁxg)r essi”n?f aﬁ%IﬁAé)al ity of siRNAs (SiRNAs 35 directed -
agai nst drffEreRt tAPGEEYgeRd T eSieRAS T GREE Y A GO SHG foaff GRNA

- target skteandf ddwpsianmg adgRinggrmaTANG, eytskRM obi hested 8 MaL 2006
17 agai nst tge sane tilrge s%e pf the sane target‘ﬁgene nNMRNA) in a single
vector. THE 89%t8H, fore Qif)}?e% i TRt FQ PR e PP $ 808 o RNIROS 9 @9gdace ity
vectors rmegntemfarBNA wot genbyili INA Mhradh@nteXaaRiag & RAgdH bePr 9MBELIL o S

capabl e xRr i ng shart .RNAs pst.ream of the antisense and sense code
DNAS t o g%n%ﬁ‘?’ﬁggg‘ﬁfi s8fEE18nd S48 sé“@l%%‘sex%? eSEPER1RadsePPEs, atgndlso

i nti8duckafethese-ccassetdreton saNdi f'f erent 1ech pESdolrWiIHRISOf 8ad Hd1® in .
XPr essi t skng the ribozyme can be constructed by _introduci ng two
Casset t eb SOTGRT Th PRGSBETTEM PFEEhD SHIEPGRS, SakPTIEd EROMSRRCHEC 5

!

al so possPhhesaquaidaowy aegmenaest cofitdihed i€al kpeaiFEGUENIE Imaﬁp,alg,lres
vector, such as a selection narker.

Ei;ﬁgfggg%ﬁgééﬁg%1%%%&%%%E%P§'ggogggdescrlbed S1RNA expression system is
_ capable of silencing a specific target gene expression, while the

15 system of this embodiment can be used to search for novel functionél
genes by expressing an siRNA library and silencing arbitrary genes,

for example, whose functions and sequénces are unknown. An.exémple

of the siRNAllibrary eXxpression system has a constructién 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
complementaxy to the DNA coding for sense RNA are paired (hereinafter

.called “siRNA code DNA”), and two promoters fhat faces each other

interposing the siRNA code DNA ghui'are'capable of separately

exXpressing antisense RNA or sense RNA. ‘
.25 The above-described “random siRNAs” are the same as the
above-mentioned siRNA expression system, except thét they contains
7anysequences,oranysequencesselectedfromspecificcDNAsequences,
sequences included in a specific cDNA librarf, 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, pfeferably 15 to 35 bp, and more
preferably 21 to 30 bp long asllong as it does not exhibit toxicity.
In addition, the end structure of thé above-mentioned random siRNAs
35 may be either blunt or cohesive (overhanging) as long as they are

capable of silencing the target gene by RNA1 effect. In addition,




. include a drug resistance narker such as the neonycin resistance gene,.
hygronyci n resi stance gene, and puromycin resistance gene Mamhkeos 15 t hat

~can be sel ected based on the enzyne activity as an indicator such as '

- gal act osi dase, . markers sel ectabl e by fluorescence eni ssion as an indicator
such as GFP, markers that ‘can be selected with the if cell surface antigen
such as EGF receptor,. B7-2, and CD4 as“an indicator, etc. The selection
mar ker enabl es selecting only the cell 20 transfected with the vector, ,

' e si RNA expressign system Therefore, a

nanely;r%tsl?e cerlbl transfected with the
l-ow t r ang¥ect 6T % i {% %gﬁnqwgphgngomqwg ma¥angrePdst nekogBABuShe
si RNA f Bagmenrirhdmy butedlso Scadvlehiapr oy athnpld Onliy 68bdis1 &6 €8811A%N

t he use of vector can prol ong ?he

si RNA -can be concent at ed Furt hernore

er oo S RO RF ienb S5 TR R ET o Mab o chhe YBEDEF o L AEhr Bang e
retrovi musleedtigte iisndotelihéteat egratéom pfhithenasy Hee @nlyNhAmBEEOSRSIPES .
enabkin tahkle.. s . Si,RNA fromt Si_RNA expressign -systemin the
corrs "o BRLEAnE RN dhes o orar coRt Foi 1 thef Aiia ming e Brererably
above- néntimnédnscRNAtédpsessFonthyshent , Calsl sidse Mo dd atsdeceds 1 B Wi

this si Xpressi on syst a preferably manmalian cells because si

is capag::g@ p%fl %Ien%u&wnr&omefgﬂﬁﬁé%{;ﬁgr?%%m@g PR Wi QR CRRAI Mesepeeh
convent asnakhyidnkfi sibdte | ciRNA rdpredsebubyhelidoriRNA ¢eblks rvhéghr86£i on
difficul i_ntain_.a.l aong-term stabl e expression of | ong-chain, dsRNAs,
such as SB’FE&%F rrgné‘lyl g&,omgﬁé S%I go}“ﬁiﬁ'g’fEl i?gb% ﬁsggggtﬁheoﬁep?ght% bERER ah dtheed
wi tH0 t hdopbdsestt reinddd 8XAr esgiion $gsthinch REReveairthg. above- mentioned

|ls used in,the,present _.invent.ion.are 8 March 2006 18 f not partjcul arl
Thafa QL ER0T shartinl ReBEERT B eRston o Strui a0 ikt

,fﬁMted to maiel T an and P

- other amprighs aboane -trswel bedyeastt riatngin (eheindkiweogsohetersfaedugi e he

'above- Wg@gg%nﬁgt&&'@igép{ﬁg%ﬂ{m code DNA&), and méy have a construction

capable of exp;:essing the stem-locop siRNA. That is, the present

15 invention also includes ai construction in which a promoter is linked

upstream of a unit (hereafter referred to as “stem-locop siRNA library

producing unit) formed by connecting a DNA coding for an antisense

RNA (for example, any random sequences, Or any sequencés selected

from specific cDNA sequences, sequences included in a épeqific cDNA

20 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 .

abqve—described stem—-loop siRNA library producing unit .is shown in

Fig. 18. That is, a single-stranded DNA comprising a DNA coding for

antisense RNA having a random sequence (antisense code DNA) and at
J'_.ts 3’ end 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
p.repéred, 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

. 8equences at both sides of antisense code DNA and sense code DNA to




system into the above-described cells may be arbltrarl ly selected 5 :
depending on cells. For exanple, for the transduction of gwamhl20esm. cell s
the nethod may be selected fromthe cal ci um phosphate nethod (Virol ogy,
Vol. 52, p.456 (1973)), electroporation (Nucleic Acids Res. , Vol. 15,
p.1311 (1987)) , lipofection (J. Cin. Biochem MNutr. , Vol. 7, p.175°
(1989)), viral infection-mediatednethod?fSci. Am, p.34, 10 March (1994)),
gene gun net hod, etc. Transduction of plant cells can be carried out by

"the el ectro orati ture 1 791 86) ) pol yet hyl ene gl ycol
met hod ( ‘je a 3%'?1“ ?,St’bé%ﬁéi D(N%géﬁ? ambaé!tfr éteﬁ‘uﬁoﬂﬁtf’rfo%%l piBEAry -
Nat | . Aqafbdlﬁeing hi&iAt Vot £ r%::es&;aﬁﬁﬂ,Zo&l@§8iémd Ay ERbadd @1 e tRMHBIEENA o
- met hod (Nuc] ej c, Aci Res. g\éé 8711 15- 81984 , etc. Selection of
col I's t raPEERARHGIENE § i aletﬁPeSa HREASY RRRIUCIRFrUELE 4 S5Amsd Hajhbe
carried mﬁtzbycikimvweﬁﬂ&kmlcqueshéubbk% ahybrhdi aatibee-andaRERIUSNAY LN

sequ nce emf h ressi on systemas a probe or priner.
Coeser R ha o Rk s eER o f BRPYDRAT L A HEUO 9T (iR PYRRRGE -
provi dedtivé ttht@'n-shi@ﬁtsmm.m&:ra,rﬁ @:ﬁ@s@ﬂdrﬂ@y@.&;@me performed with the
phenot ype t he mark i ca Cells transduced with the
si RNA expresngt%mb&g’[ e bﬁé’@o Scfﬁ g\ﬁﬁ‘ éé’lops SﬁﬁNﬁhﬁ&ﬁrﬁlﬁg £EPYEES HRRe
expressmystem,srdr&ncsexém—lz’ﬁpHeliﬁNa i%kpﬁohud@wn cel th'id Rekevdecepl ESRNA,
whi ch t he t ex r C tely ppresse nd_t hose. not
conpl et &t %pr'p]rlges g‘ gsclkln orgk) oélz"i 5\98383 ﬁ‘ﬁA portion
convént mnalbde yprpﬁoden@edsbmdpbetwg) Ok afo thief ylﬂ&g: aeiaarr;gﬁ genet®r49 tsp,
gul at qr re rast e use of I R pr. i 0 stem
éecor di r’Pg]'y '390 elgp?ceosoj? bprivgﬁlt SR ehabi% %é’ %I pg’dz’@erl(?é‘\fg’l s th
"whi ch ta*m:htia:rcge,t thene mxm @es‘ltdnwlsxshnpiee’sia@h Ry thd uedg&hr@d Beqﬁeﬂ}&\

t I d I t t d d cells t hout -
oy odi T AR Gk PR e, BB EREY oIb ottt riSdiee RS e kORI bR TERT s

accor di mptgidrhe gordesentow nmelr&mdmmaimzbeswedaasdover leaf tRNA may be
15 " provided as a linker.

' The above——mentloned *random antisense code DNA" is- composed
of any sequences, whlch may be arbitrarily selected for example,
from a group of sequences that is formed by any comb:.nat:.on of four
nucleotides “A, G, C, and T” and has the length- of siRNA to be

20 expressed. Alternatively, the “random antisense code DNA” is
composed of any sequence selected from specific cDNA sequences
contained in a specific cDNA library, or genome eequences. Promoters

(‘_‘—"\, usable herein may be pol II or pol III promoter. It is preferable
P ' ' ' .

o

o to use pol III promoters suitable for expressing short RNA such as
25 siRNA. Furthermore, the two promoﬁers may be identical or different,
preferably different in view of the eX_pression 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'prorﬁoter 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 _4or more consecutive adenines as shown in Fig. 1B, any terminators
known to those skilled in tﬁe art, and such may be used.
35 ‘ ‘When an inducible promoter is used, an SiRNA library can he

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




- 35 research tools for the functional analysis of a target gene, and cells
-in which a disease-causative gene as the target has been garen@e06 8 March
2006 19 can be used as disorder nodel cells and such. Furthernore, target

. gene knock-down animals, disorder nodel animals and so on can be produced
by introducing the above descri bed si RNA expression system into germ
cells,and generating individual organis#® fromthe germ 5 cells

mai ntaining the system There is no particular limtation in the nethod of
pr oduci t arget gene knockdown anlnals usi ng the above-descri bed si RNA
expr e55|'91?fﬁ"%sy§tl§ﬁ1t18ﬁélngr®t BRG R Eet %‘de%a@m%tﬁ%ﬂe%rfe%nw@mltégm%
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mating.-an F1 fenal.e nuse CBA/ JxC57BL/ 6J) with a mal e nouse

C57BL/ 6L arRfEF iRdiiopRds aPCgPEf&éYDI\E\n‘?‘%l%%t B hodm Phe Fhﬁ?ueﬁp%clrﬂ%e

‘devel opeskgr«ynildico ABaRAANEBIN & N8Hal 8ok hi28@ S0h v o FSURIAGIRA 1 genes
genog1c Sout hern hl ot anal ysis using a portion of the expression vector as
b

a probe b ?déﬁ?Fﬂ;théﬁﬁﬁHQ|veIBQB@éhf?oPrP§°§ﬁFﬁaWUQ1 TReTHee i e

| expr essignaeher ubaplbesn tHilearakesré R khheChs WHRRATRSscBapkaArassidlg of
t he above-nenti oned $.ngn|tor mpuse with either C57BL/6J or F

( CBA/ Jx@g‘fBEP%ﬁ? ~ESBE T PR GLENA; Jslbﬁ:%‘b\é&i‘BHeFél%tSé’sﬁth‘éﬁi? bsr FRERGTRES ce.

Then, gamma Eh Somd Sefids blratel BNdsRCRNANalsLses arsr rée:rffl@rlrée& iQksledfon

offsprln ' for “Furthernore, although

osiilve- é%ﬁthe Ee reconbi nati an.
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necessary, a vector carrying the siRNA library expression system may

15 further comprise a selection marker or the like. Selection markers
usable in this case are the same as those described above. Thﬁs, the
use of selection markers enables selection of cells transfected with
the vector carrying the siRNA library expression‘system, thereby'

- improving screening efficiency of functional genes,

20 Another embodiment of the siRNA expression system of this
invention is an siRNA library expression system that is an assembly
ofnmltiplesiRNAexpressionvectdrsthateachtargehsagenesequence

(h\ comprising a coding region and/or a non-coding region.
. _ It is also possible to collect siRNA library expression.systems

25 capable of expressing different siRNAs and construct an assembly.

' For example, siRNA code DNAs and a stem~1loop 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 thé length of siRNAs to be expressed. Alternatively,.siRNA :
code DNAs may comprise any cDNA fragments or any sequences selected
from sequences included in any c¢DNA libraries, or genome sequénces.
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




-.to integrate the si RNA generation systeminto chronosones in plant, cells.
It is also possible to create fromthese cells a transgerg Marf 200ent that
stably mai ntains RNAI. effect. The transgenic plant can be created by
. methods known to those skilled in the art. The present invention also
‘relates to a conposition containing the above-described si RNA expression
system Since the present si RNA .expre%%i on systemis capabl e of .
suppressing the expression of any 35 desired target gene using siRNA, this
system enabl es disorder-causative gene silencing. The'si RNA expression . -
~ system cﬁﬁsge%%hafﬁ%‘géﬁ 83—&%?&%?%%&%?&@&& | VR RTHIIS | T DERd Such

suppl ememeetdodidhs e &pEK DPF ifatrer wedt desl ghnek hein BaRRAIrmMe by tthe Prasent

Jinvention_relates to a system ‘fﬁ@t [ Hi:[écr acel lul arly éexpressi ng an si R
“library. O5i RNARRTERPPELREd 2 (RN RNADYREYar §XPERSERENr B¥BREM| rRENt M
are conpabedesohefbifontd andise@sIPId SigiRNAIEAbRE ryJURPLESs i 6) T HPs FENHTi EACI |

in apy ord and having a |length of siRNA tq be expressed or those encoded
by. ?ran‘aSﬁ;LScLﬁﬁie&r 1@%‘&? Soink ?F%@?é‘hﬁf%d Hatngh e 2PeNgr Ao rdPRS HRNA pe
expr essellibtierei expsedi i BYAT efis odesss el AROVE aake valisg PReAcEPESG 4 O

2 qurZndB LB et ecrggndom s ST used hereln TS composed o an)
~sequences contal dedcrhbadsfignid | tetANlsl FOEalytrOduc JRHHR: SEANANLESratphe
e R L T T N BT S P e et e e
to $ear dirdroforel 1kuncidperdlfiogdngs hyetquessingtan siRNAdddIAT Virpd

e ISRy (Lo SRR MO e s R0 SR8

‘const r ucfViomlagyyshwi . b, Bb g4 5 B{1ITHE)9 S ydeemropopiitien RAAheadi(mgcfoica
doubl - 3iiaAed 20 SOTALSY BNhSR DRDeg9f) 19, 185 L2PISH ARLASE TS, RNy 2nd

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
electropdrationnmthodeatureVol.319,p.791(l986)),polyethylene
glygol 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. - g

When the siRNA library expression syétem or the 1like is

(«} introduced into a vectb:; carrying a selectionmarker, cells transduced'
D 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 methdd, 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 expressioh system or assembly,_thé ‘
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, intréceliular :

- alterations, and such. -




. conplementary.-to the DNA coding for sense RNA are paired (hereinafter
.called "si RNA code DNA") , and two pronpters that faces &Maith@ober

i nterposing the si RNA .code DNA and are capabl e of separately expressing

. antisénse-RNA or sense RNA. 25 The above-described "random si RNAs" are the
sane as the above-nentioned si RNA expr gm on system except that they
contains any sequences, or any sequenc sel ected fromspecific cDNA

- sequences, sequences i ncl uded in a specific cDNA |ibrary, or genomc
sequences, RNAs of such short strands as

30 expressing ?183?8%% Q%thﬁq'haa t&%%géﬁ?%mﬁmée%ﬁﬁr? heppayg-menpbened

|i mited amldsito wb&lldpcbnlﬂglasthep@imem ]bj}bﬁtsﬁﬁ@xpﬁ:tes%lmn( sRis@bm capsh 1oy
f.erably 15 to 35 and nore preferably
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unknown, the siRNA library express:.on systemof the present invention
15 is effective. That ié,' the above-mentioned siRNA library expression
system of this invention is extremely useful as a system of searching
for the optimal target site of mRNA to be effectively degraded by
SiRNA. The present invention‘prm}ide,s' a method for selecting a
highly active siRNA comprising the sfeps of: introducing the siRNA
20 library expression system, or assembly of siRNA library expression
systems of this invention info cells, and measuring expression levels .
of a specific gene or protein in the cells transduced with the siRNA
library'expreSSion' system or the assembly thereof. Meésurement of
( expression levels of any desired gene or protein can be easily carried
| 25 out by the methods known to those skilled in the art such as Northern
blot hybridization ox Wéstern blot hybridization. '
The cells in which the siRNA expression system and siRNA library . ‘
ex'pression system of +this invention is introduced are not
particularly limited to mammalian cells, but include celis 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 Vvirus, and shrviving cells are examined, thereby
35 - easily identifying genes associated with this vifal infection. The

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




. capabl e of expressing the stemloop si RNA. That is, the present 15 -
-invention also includes a construction in which a pronot e Magshldonged

upstream of a unit (hereafter referred to as "stemloop siRNA library:

- producing unit) formed by connecting a DNA coding for an antisense RNA.:

(f'or exanple, any random sequences,. or, any sequences selected from

speci fi.c cDNA sequences, sequences incltutled in a specific cDNA 20 library, .’

or genone sequences) , and a DNA coding for sense RNA conplenentary to the

n via a |linker

above- nti.s NA .i.n the. opposite directi

e exa b IGE S REIG A i (REC HAS pbee fetnPPatiduters ottt Rua
| i brarqun@akum nghanman@orsimm iSH RN gaxﬁ.ﬁesél'i’tm 1Sbrar§ NGt etsler agcka DNA
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t he éike. A prinmer conplenentary to the 5 side of this single-stranded

DNA is prepared, and annealed to it to forma palindrone structure at the
30 3' epdieff DescginglieastifantedDEARingBA pol ynmerase and DNA Iigase IS

al l oned to- act, hi_s constructlon t ynt hesi ze the nse cqQ
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forma pabmpdtle@‘nmm ﬁunetm@dlﬁmm\prc@ualzsgmmm émpmoysngltﬂngayedem Thing

palindr ) e-stranded by _.the depaturin
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i:brary “pro necessary, one
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15 promoters at both ends, from which sense and antisense RNAs are

expressed.
Fig. 2 représents an exampie of the construction for producing
an siRNA expression system using a ribozyme. l ' |
Fig. 3 répresehts the EGFP gene silencing effect of an siRNA
20 expression system directed against EGFP when the systemwas introduced
into cells e_xpréssing hygromycin/EGFP. Left side panels (A, D, G and
J} show the expression of heromycin/EGFP; middle panels (B, E, H

' r(\ and K) the expression of DsRed; right side panels (C, F, I and L)
) '
R 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
ha\'fin_g the luciferase activity. In Fig. 4a, an ordinate value means
luciferase activity of the cells, in which the siRNA expresSidn system

30 directed against {:he firefly luciferase was introduced, normalized
based on the sea pansy luciferase agtivity, or the activity of the
cells, in which the siRNA expression system directed agaihst the sea

pansy luciferase was introduce, normalized based on the firefly
iuciferase activity. Fig. 4b shows ﬁhe 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




. From the above-described stemloop siRNA library expression system the
stemloop SiRNA is produced. In this stem|oop si RNA - . asvdep@oobed above,

the Il ength of the doubl e-stranded RNA portion 10 to be produced (stem

- portion) can be, for exanple, 15 to 49 bp, preferably 15 to 35 bp, and
nore preferably 21 to 30 bp long. In addition, there is no particular

‘limtation i-n the I'ength and sequence #f the Ilnkers as long as they do
not hinder the pairing of the stem portlon, and a 1 ow nol ecul ar RNA such

‘as clover |eaf ° RNA g EFOVI s a |linker. The above--nenti oned-
"r andom S TLL Bﬂﬂmrg ﬁaaﬁw%d@mc%ﬁeﬁowlb@
arbitrarily saliect edrepoesexasptite géﬂeomlge%%@ @tfé@ﬂ at Batiks of .
f or med by. conbj nation of four nucleotides "A, T" and has the
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sequ nce_@1 cont gi.ned .i % CDNA I|brar¥ genonme seguences.
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.to use piridds praapiterss ts twalene ther v@&mbgssm&geshﬁvc&oahléeéu_@ﬁt@sc@ﬁs. |
~SiRNA. Furthernore, the tmgﬁfronntgrs ngé he identical or different
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Il and pnlrddﬂeqoagmgt siltfsf@Meatlmﬁcj&ts st@se Wi HheesalP iatrodased Hekh
above. In ronoter is used, to appropriately .30

dditio Cfyvh 2 pol 111 E
ter m nat® tHe 'ﬁ APt ﬁogFFQFr? e®8Rpr essi on of ,conpl ementary short
" RNALOit is préﬁgrabherépmésew&ﬂejkeg@neabmﬂehe&nge@ff@@tRﬁbﬁﬁéelen@ﬂﬁ(QNA
di ng fpor g . A guence conS|st| ar._nore
Consocurt vePaiaarias B kd nop Fioubengrgbie SR nG S Aihsin of o 1o
skill ed axpnelmsmnt syamémsudlhraayedi)eagmfadst 35vo Wearyen gendeco bl ﬁn@rﬁmj@t{ i's
essed at a edet er m ned t

d, be.
Hoe ﬁﬁ S 15 an%zzfig)anlwglr%% %gceca.vn.ty vRLSEE werl NSima 1ze8 baseci s

ths posoi the act:.v:.ty of f-galactosidase introduced as an internal control,
15 Fig. 7 represents the capability of the SJ.RNA expression system
“to silence the endogehous ﬁ—cateniri gene. Panels A, B, and C are for
the group transduced with the siRNA expression vector directed against
B-catenin (pHygEGFP/iB—catenin) , while pane'ls D, E, and F are for thelr
group transduced with the empty vector (pHygEGFP). These groups were
20 all stained with the anti-B-catenin antibody. Left side panels (A
and D) ,rep.r‘e_sent the expression of Hygromycin/EGFP; middle panels
(B and E) the expression of P-catenin; and right side panels (C and
F) the merged image of these two expressions. '

Fig. 8 represents ithe comparison of RNAi effects between the
. 25 tandem and stem-loop siRNAs. siRNA expression vectors pUétandeml?
| and pU_Gstele 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—der.ived promoter'
(CMV promoter), and tRNA promoter.
Fi_g. 11 represents the RNAi induction . effects of
d'ouble—stranc_led 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

-




.. 23 genes functioning at specific devel opnent/differentiation stages of
organi sms. Furthernore, the use of a pronoter having ti SRaghea006i c
transcriptional activity enables induction of tissue-specific expression

. of siRNA, thereby allowi ng the analysis of functional genes 5 in a specific
tissue. Inducible pronoters and tissue-specific pronoters usable in this

- case are the same as those described a e. The above-described si RNA _
l'ibrary expression systemcan be integrated into chronpsonmes of cells ‘as a

DNA insert. For effici-ent introduction into cells and such the si RNA
ibrary BAfBdq R REANOEAT cTEPRI E1AG I E0° RHBRTASHEN AT & XARRGHLPL Ton,

" Vect or swhis@plin hesepreséecd hansamBLascyBosse :.@Lqﬁ@gst&&dp%%% binds$ @ so

p055|ble to inprov creen ef ficiency of. functional genes
i nt r oducthg"4 g(p? if S??bﬁ%‘f’@g USxBFERSEBR T StseiP tabhites dvrraé;&s?rréﬁ:.m a

plurality of #iigNAB3iis a @raqgi Qe\t&@s@ntlhﬁg RRECESRAIMinPc¥BEERE SRISIENIY
t he si RNA I|brar%%e§PreSS|on st em _may 15 further conprise a selection

mar k8r of *RheSF+ 8&R%t i AV H $ké?§3 G@EEPEYFﬁlPﬁl%n@%%%b%ﬁeaﬁﬂQEQ§§ﬁb as -

those degerébed xaalm\e%enl';&us.mt heirus e fp o8 OPelBEkerSNA By - the
selection of cel]s transfected with .the vgctor carrying the siRNA |ibrary

expr essi DACEISYSh e MRGIAFCT SERAGTRE <8r HEPFROmeter it W& Hemrasieanal

genes. %mmremﬁwﬂmwéﬁtdﬂﬁmcﬁj RVA teXpIiess itdle suehercel this
ession systemthat is an assenbly _of-

invention is an_si ﬁgA &ar XPg s
nul tiple si +8xpressi 6n 37@ 8?15 Tt E R R RGeS ﬁlﬁéﬁég%q{%rﬁ’@ RNA
aCOﬂb@lSIt@ﬁﬁﬁmiﬁbtmpdﬁﬂﬁiﬂln@uﬂ(ﬁrxmmﬂﬁg%ﬂﬂﬁdﬂymkeglOn It . is al so possible
@t Terent s RS andocott r fot CARCAERUnBRPLotABe” oRahie, PEPRNKCLaRe. Dilks
@nd a stsem f-gopsd RNAG idir arymei pgessbonymey s thard Nsot iR @QRSivadeised cearas
Lobr DI S S S AT 060 BB BP B28EH dL ML AP F R e MRRRG2"S
Flg 16 is an electrophoretogram showing siRNA production by
15  RNA self-processing. Bands corresponding to 21nf. siRNA are
indicated with an arrow. '
Fig. 17 is a diagram showing an example of the construction
for controll:.ng 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.
o of the siRNA library expression system.
(\} @ shows a random DNA fragment having the dephosphorylated blunt ends
e 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—librar.y.
In th_e case of inserting the Loop sequence, TTCG, between the sense




., are formed by any conbi nati on of four nucleotides "A, G C and U' 30 and
‘have the length of siRNAs to be expressed. Alternatively,8®aRkN20060de DNAs
may conprise any cDNA fragnents or any sequences sel ected from sequences
- included in any cDNA |ibraries, or genone sequences. Thus, the use of an
assenbly conprising a plurality of siRNA |library expression systens

enabl es more efficient search for funct4®dnal 35 genes. Using the
above-described random si RNA |ibrary expression 8 March 2006 24 system or
assenbly.of these siRNA |ibrary expression systens, a mnet hoggof sear chi ng
for functP@ilitiGsee 6§ﬁieb@Nb§rf%‘?%%”a{%9§9§§§d30¥0 $rr S¥udi Fy Fdg .
SiRNA lipgary expression system _or .the above-nentioned assembly of siRNA
library pression systens into 5 ceIIs selecting the cells transduced

Wi th the@ﬁ@@éeééél@ﬁ Fo@ SORRAetedy SR e dibEadivo e xpresshadr s¥sdenblag, aand

anal yzi ngéphenetsy pesnefingt be elddr FhugmealtectetovAs slesmin hedxaboy e,and
nmet hgds foL Of]t roducing the siRNA |ibrary expression system or
t he F ol @ty vary depending on the 10 kind of- cells.

- Speci-fically, rirgt hedsief ai tentbhneduchi 68 Fgo. pRMMaAl i an cells can be

sel ecte romthe cal ci um phosphate nethod (Virology, Vol. 52, p.456 = .
(1973) ) , CEIZESR TV AT Ghe E L insardiiag pee dooRstEquanste , TECGp bedyeen

(1987) ), thé peheetdmnanel Befs é Lode bMhs iBi BEhemheNAHNA 1YBL:ar%,e;d%r$aé§lﬁn

(1989)), VII‘ infectious. tr dugti 15 nmethod (Sci. Am p. 34,
(1994.))P* g]elﬁg njﬁsetcﬁb(?f‘ %l qOIEe \/\lmlelt5|ntroduct|on into -

pl ant- ce®—8 @ﬁﬂwbecr,@aﬁa@él ®BttHY stir@a @hﬁ@hk p@iﬁié@é‘lé@tﬂw—lﬁﬁﬁt&ﬂy&b ol .
319, 7@3 IﬁL%(},}éL) % thyLI en gl A Eoge JE/E Eléi Vol . 3, p.2717
§1984)) A ct8%g FACRE PESC %«gtF Ag d\RY . %%M p. 8502

- (1988).)@-~ znﬁébﬁdsﬁﬁdsatﬁéi é’&nﬁl}ét‘&i Ghreen i UFhMUEkSEEs ACLHSs Fem a¥Ok-

12, p. 87 eséféﬁ%g E&uannbh%y &hngA Polymerase removal of DNA linker 1,

and self-ligation.

15 : Fig. 24 is a diagram representlng'the;preparatlon of EGFP cDNA
fragment of approximately 20 to 25 bp long. The final product that
is a random EGFP CDNA fragment of approx:.mately 20 to 25 bp long with
the«dephosphorylated”blunt end serves as the random DMA fragment in

"Fig. 19 O.

20 Fig. 25 is a diagram representing the preparation of a cloning
vector. The promoter is either the human U6 promoter or human tRNA

promoter. The cloning vector containing U6 promoter was prepared

using BspMI and Klenow, while that containing tRNA promoter was

prepared using BseRI and T4 DNA Polymerase.
25 Fig. 26 represents micrographs showing the results 6f observiﬁg
) the EGFP fluorescence intensity with a confocal microscope.

Fig. 27 is a graph representing relative EGFP fluorescence
intensities in pUCl8, U6 GFP25 siRNA lib-loop—-, U6 GFP25 siRNA lib
TTCG, tRNA GFP25 siRNA lib loop—, and tRNA GFP25 siRNA l1ib TTCG,

30 . measured 24 and 48 h after the transfection.

Fig. 28__is- a diagram representing the stem-loop sSiRNA
expression system containing two loxPs that -interpose ﬁhe linker
portion containing the stop sequence. '

Fig. 29 is a graph representing the gehe siléncing effect of

.35 the.siRNA expression adenovirus vector. |

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




. 25 Wen the siRNA library expression systemor the [ike is. introduced into
a vector carrying a selection marker, cells transduced \gMachl2e06ystem or

. assenbly can be sel ect-ed by collecting the cells having the phenotype due
to the selection marker. \Wen a sel ection marker is not contained,
transduced cells can be selected by detecting themwth the knomn,
hybri di zati on nmet hod, PCR and such usi%@ the -specific sequence that is
common to the siRNA |ibrary expression systemas a probe or priner. 30
After- the selectlon of ce]ls transduced with the above-described si RNA
library EXpretRidreBeesi Ot Be&ets°Tthe phenotype of these cell's can be
anal yzed by cedparBngista tgrddiatr @freseting th@l hankr S0BENE LMy Vi 48410 oF RNA
library ex ression systemor _assenbly. These phénotypes are not limted to

t hose expp sSEN B ?ﬁ?%ﬂPQPQPWR991¥nﬁ§%Rﬁ? \ftamel ude, for exanple,

i ntracel | ul ar rigl.t epaié ansgraand r%gﬁ:*ese&tml’gcl&hgogﬁng%@éﬂlélﬂu%CQ%étoolfave
alte ed henot ypes by the above-nentioned , anal ysis would contain the si RNA-
i brary SRprodt oA By SEBRPRADEBI e G TG AT BN (At PBLEF 1ords.

Ther ef Or@oubDe%EJQﬁEHécDI’RNZi tmg;tlldmadf GEREAs . PrObRSrANd I iglFch ®¥Res at -
constructed based on the 5 uence codlng for siRNA contained in this

cel | and™%F "R Y 3 tﬁﬂﬂ‘t%“zeat SEPCRED Iooh@Fct ¢l oni ng of

_ functional genes. Database search for functional genes can also be:
per.for siRNA. Effects of the si RNA

expr esst — fet ®2usua) |y greatly vary
depedndi I‘[g}x@.mptl_lée 1posmmo ﬁlndflctlilent aygeh ifgt elmﬁAt 82ptas §edn g@HELoOr

é.x‘é‘ﬁ' chn be ARBEREEA 15 ARGt '?»stma?tfﬁ?taé 1 EeBie Y K rERE @ er e

pr ef ecaldiagt fsyehesdd@drfous hygromycin/EGFP fusion protein was examined.

The Hygromycin/EGFP expression vector (pHygEGFP) , and DsRed
expression vector (pDsRed2) that is'an internal control were purchased

15 from Clontech. The siRNA expression vector was constructed using the
plasmid pUé cat:rying the human U6 promoter (Ohkawa, J. & Taira, K.
Control of the functional activity of an antisense RNA by a
tetracycline-responsive derivative df' the human U6 snRNA promoter.
Hum Gene Ther. 11, 577-585 (2000)) .- Fragments containing DNAs coding

20 for portions of hygromycin/EGFP sense and antisense RNAs were

‘ synthesized with a DNA synthesizer, and subcloned immediately

' downstream of the U6 promoter in pU6. To insert these synthetic -

. o~ fragments downstream of the U6 promoter in pUé6, a BspMI recognition

Cf site was provided downstream of the U6 promoter and anothef BspM1

25 site was provided further downstream thereof in the vector used in
subcloning. After cieavage with BspMl, the 4-nucleotide cohesive -
ends were formed. The vector capable of expressing sense RNA was
constructed by inserting the synthetic sense code DNA whose end is

‘ complementary to these cohesive ends.

30. In a similar manner, DNA coding for antisense RNA t19
nt:tcleotides) was also synthesized, 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 pU6 vector

35 comprising the sense RNA expression cassette to construct the siRNA

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




. unknown, the siRNA library expression systemof the present invention 15 is
effective. That is, the above-nmentioned si RNA |ibrary ex@Magh@06syst em of
this invention is extrenely useful as a system of searching for the

optinmal target site of NMRNA to be effectively degraded by siRNA. The
present invention provides a nethod for fel ecting a highly active.si RNA
conprising the steps of: introducing t helsi RNA 20 | i brary expression
system or assenbly of siRNA library expression systens of this invention

into cell,s,. and asuring expression levels of a specific gene or protein

in the 8% 'tﬁnaﬁ(?uggaev\no?hg?ﬁ%gsqﬁ\lAt?é/IF?WV%’x Vgt edPst ke
assenbl yaddweet enf thideadsueadeaf e expressédmiieyelss A amytdesi egPreeseq or
he .nmeth wn to t e skilled

protein.can.be easily carried 25 out b s kn (o]

POt b 8 e R RN G RER AT e Ch i SRR S aei fogpga Ras Fonz
“hybri-di zatdiemt ibee-coaldhangs athbolihthe-aidNA erpress) @RisySIrm arprss Rivn
library . _.expression systemof this, jnvention s jntroduced are not

part sculvéaﬁts?rlpfaryﬁptrggsfei? e -Lfca%heocgicil_esji%’@t Sﬂﬁb}?‘uhévt’é‘ﬁlél%fj“@ﬁﬁé‘r of 39
ani mal s nydlanttsidepeast, 4-frungdicotdide dherbahbid #xpoesss orehddrdeycof (heg.
pr esent 1il,,_‘r]vention can be wused to, for exanple, search for viral

I nf ecti on-'dssoci ated genes. The si RNA expression library is introduced
into cells th&ugehl s Beln i SBecteeld t hware r uso—-anshsfevted ngwiehl s e

o ect | GRovRRdeabeabsh DHeYEbERA L 1 conPEReTL P el and igE LS ARt

40, 1000 (ADNAs) 8 Hyar the2 QDo Pfe eriall emethedi demdidd catipeteefaalihet E0 0L ) al

ISl A R R £ T e R T

Ot her tsitamdcONAY "CThaskobaeriednardessanmn frecalsadcirnscopbi. nas ancorbe iyl ef

Descri pteix%'%r(lfmektﬁ(? &ﬁﬂggsoperation_s were conducted using pU6 in place of
“the siﬁNA expressioﬁ‘vector.

15 In Fig. 3, uppér panels represent the results of control
experiments‘using pU6, while lower panels show those obtained by‘
introducing pU6iHyg/EGFP. As shown in the center column of Fig. 3,
in cells transduced with the red fluorescence—emiﬁting pDsRed as an
intefnal'control, no significant difference in the fluorescence

20 intensity was observed between the control  and
pUGiHyg/EGFPwtransduced'gﬁoups, indicating no difference in the.
vector transfer efficiency between the two experimental groups, and

~ also no non-specific gene silencing of gene expfession by the siRNA
glﬁ expression vector. On the other hénd, as shown in the left column
‘ _25 of Fig. 3, cells emitting green fluorescence due to pHygEGFP were
reduced in number and the fluorescence intensity in green fiuorescent

cells was also decreased in the pU6iHyg/EGFP-transduced group
comparaitothecontrolgroup. Similarly,asghownintherightcolumn

of Fig. 3, even when red and green fluorescences were merged,

30 green-fluorescent cells and vellow fluorescent cells due to thé

' merging of red and green were decreased in number iﬁ the siRNA
expression vector—-transduced cells compared to the COntfol. These
results proved that introduction of the siRNA expression vector
induces RNAi, leading to the target gene silencing. Furthermore, as

35 a resuit of similar analysis conducted using mouse €0S 7 cells, it -

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




.Fig. 1 represents an si RNA expression systemusing the U6 pronoter, and a -
met hod for produci ng si RNA. enploying the system (A) sh@wa@h 2006RNA
production process. Two U6 pronoters-produce sense 10 and anti-sense short
.RNAs, with adding four uridines (Us) to 3 -ends of RNAs. Sense and
antisense RNAs thus expressed are annealed to form the duplex of siRNAs
with a 4-nucleotide 3' overhang. (B) -shé¥s a palindrone type si RNA
expressi'on system conprising a double-stranded DNA coding for siRNA
conpri sing sense and antisense code DNAs and 15 pronoters at both ends,
from whi BRtsEhdt of PBYAFEEh seFErer el i eadine ssiddndlidy. (2 tr ehioem9nt s an
exanpl e of the construction for producing an si RNA expression system usi ng
a ribozynme. Fig.. 3 represents the EG-P gene silencing effect of an siRNA
20 expr e&%wwg?s?ém%ﬁmtfe@aé@@innsqf EGEPewsdA enled ngy starhwiary | onf r edlBNRd

into cel&spLXPs£SSiwLy@ronyci n/ EGFP. Left side panels (A D, G and - J)
show _t he expressi on of hygronycin/ EG-P, m ddle panels (B, E, H and K) the

expr &ssi on of I&%@?Fﬁoﬁ%a%?kl@ piAd| &t {5t the sistelgxpiessiosubidenting

. merged ex@E eest NSt of i VTN EFR B BeRed 2% v4 £8pE8§e§£§s he
gene silencing effect of an si RNA expression systen1&|rec¥e8 agai nst erther

sea pansERENTATED &7 THe (der |Hafiordeds gemse rashengy seerh aasfphlewduced

into Hela S3 erifles s3haubngoshe Larid efase AptdMidd 10l Bulb8ec4d I\ﬁgdgfgéﬁ'at €
val ue neans, |luciferase activity of the cells, 1 n which the S|ﬁ express

i on systeR B PeCtBl sy@plerenked i vy 104ci fafalsebamine niseoticed, The
nor wel i zeskpdnsiagk Qe cseacnansys| sachbercaeslqmiélwg,t Yrer@' &QeeaCEhV{e%&‘of
the cells,. in _which the si RNA expression system |recte8 agal nst € sea
gansy | Mt ePistPWHE §i Ri#b8Rce, ThEPRERFESH sSnreRerier ealysiigci tlee ase
CUi Vi RS Wiha 4Pahlipus ublecaBECUKAIsAACRRIE FonElhepFingRf fegt of

t he SIR&SHFX reSSIQHE%%ftenB on firefly or sea ansy luciferase actiVvity
when a Vari¥d-Yandtit® 1R Seh &SRR a5 S5 T6F Wt ctPmpma) (30 ng), and

various amounts of siRNA éxpression vectors directed against firefly
15 or sea pansy luciferase transcriptional product were co—transfected
into cells in eaf;h well 'by the lipofection method using Lipofectamine
2000 (Life Technologies). '
Results of :1uciférasre analysis in HelLa §3 cells-afe shown in
Fig. 4. Fig. 4A represents results obtained by the introduction of .-
20 a fixed amount (300 ng)ro"f 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
N . RNA, both plasmids had ne effect on the expression of firefly and
725 sea pansy luclferases at all. ~ Fig. 4B shows results obtained by
introduction of varied amounts of siRNA. The siRNA eprression 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 exp;ession vector directed against sea pansy luciferése
gene, sea'bansy luciferase 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. | . o

35

[Example 3} Target site-dependent gene silencing




.27 10 system directed agai nst. each luciferase was introduced into cells.
Fig. 5 represents the gene silencing effect using a seri ésMafchQ0BAS or
si RNA expression systens directed against different target sites on the

.sane target gene (for firefly luciferase) . Fig. 5a shows the gene -
silencing effect of si RNA expression vectors directed against various

.target sites when the vectors were intrdduced into cells: Fig. 5b
represents the results obtained when the exogenous si RNAs directed against
different target sites were directly introduced into cells at different
concentrat i ongNEXB l‘é\?ﬁ%aﬁgméﬂeélﬂmhéﬂl §iRBh esdpoiess stilvm geoeoss Idénrelcmgd
effect Ofgsimb¥A o S RSH Q'&r@é%t 8Mgdi § fCLfd Nty %1pag1%%alg§ ﬁu
two targ ? sites. In Fig. | UCi forase act] y VAl UEes ReT e o fgd
based ohaY%éilaféﬁr@mttygwe wana:émseﬁﬁ@@m mrrmdtlcedlra$haﬁ amgysiad, each

control . oFi g Rif2 xPIHRERNS VEE%09§n31§éE€QWﬂ§@CEoﬂ cflrquer%rpﬁt ta9f et

Fig. .7 represents the capabi | he si EXpPTr €ssil on sy
sil erce $heC®ndlyerdes HLiEgEeHi nlg@héermelvmscarlmr@hr @J:fodmctt heas
-group . teanselicetb Mddhebhechb RVA 18X

j 3-catenin_ (pHygEGFP/ i | 38051 eni n) ,Mé}%ﬂéeg{é %1%0(15&'@5 ar e&?%ec%:ﬁlé

gr oup - t rAMS RPN Iusd fassse wedes siory yECERY aSTIaasen@ecmpi wenerdd’
al | st aine weth dheeand unaegagmlrhlaeawg@yonéggtﬁ E4enp20e. > Bééﬂagﬁg e

represent the expression of  Hygromycin/ |'e paners ‘

- expr esSP oS SHF e RAPBALFENERICPI Y PIAS] e SpéWé\l sxprraation Meatvy sdigedtedage

. of tloeseadn SX RS Gr lal&fe?rern%pﬁ:%%g@ttss&fﬂ%scgma%le%o@o%h ogifects

between the 25 tandem and steml oo : RNA expression vectors:

' Q;Bt andem 9 didFeftEst enﬂé“éiﬁ-éetr&ﬁéem anfitstem | Gop, reepeetivel ytrovat .
ep

r eserg s-ddveeAceA Threeart-3veqkeh) 1pFivg. 9)represents the gene

silencing effects of various si RNA expressi on vectors.
Slte 0 antisense strand 5"~GCCCATATCGTTTCATAGC-3’ (SEQ ID NO:

. 2} ; ‘ .
15 . site A sense strand: 5'-GTTCGTCACATCTCATCTAC-23 * (SEQ ID NO: 3); -
.si_té A antisense strand: 5’;GTAGATGAGATGTGACGAA—3 * {SEQ ID NO: |
-site B sense strand: 5’—GTGCGCTGCTGGT.G'CCAAC—3' (SEQ ID NO: 5-) ;
_ site B antisense sti;"_'and: 5 ’—'GTTGGCACCAGCAGCGCAC—3 * (SEQ ID NO:
20 6); s '
site C sense strand: 5 ’—ATGTACACGTTCGTCACAT—3' (SEQ ID NO: 7);
, site C antisense strand: 5’~ATGTGACGAACGTGTACAT-—3’ (SEQ ID NO: |
. 8): |
C : . control sea pansy iuciferase
25 ' {sense strand with nucleotide overhang) :

5/~GTAGCGCGGTGTATTATAC-3’ (SEQ ID NO: 9);
(antisense strand with nucleotide '6verhang):
5’-GTATAATACACCGCGCTAC-3" (SEQ ID NO: 10).
As shown in Fig. 5A, the luciferase gene silencing .activi{:y
30 varied 'depending on differences of target sites. That is, the siRNA
expressioh vector directed against site B was highest in the gene
silencing activity so that the firefly luciferaseactivity was reduced
to 14% of the control. The siRNA expression véctors directed against
sites A, C and D reduced the enzyme expression level to 44%, 38% and
35 36% of the control, respectlvely. In this case, the siRNA expression

vector directed against site O showed no gene expression silencing




.30 ' Fig. 10 represents the gene silencing effects of si RNA expre55|on
vectors containing a cytomegal ovirus-derived pronoter (@WMagh@ooser),

t RNA pronoter. Fig. 11 represents the RNAI induction . effects of.

. doubl e-stranded si RNAs containing a m smatch, or a bulge. 35 Fig. 12 is a
di agram descri bing the principle of Tet- CN system In the absence of:
tetracycline, the tetracycline repressof4protein 8 March 2006 28 binds to
U6 pronoter, resulting in the suppression of transcription,  while, inits
presence, the tetracycline repressor protein binds to it to be rel eased
From U6 Achiaricr LBT48T 18 A ERP G0 FPARSES (HRRARS Irgreators, Bygrihinn
represerdddn@UBNAI i nducing effects of si RNA 5 expression vector having the
tetracycline- |ndu0|ble(fron0ter UeTet i represents an si RNA %gPreSS|on

vector cont ai fim§>¢ (s SRPREDER WP UiRE 46 2Revasrescribes diddmnence and
Ubi repﬁmaaﬁéneaﬂlseﬁﬁwn@xabE$snap uepbﬁﬁlﬂ@tdﬂﬂﬂéﬂdﬁﬂwhiﬁE%SEQU@BEﬁer

Fig. 14 %¢ ﬁ%ﬁﬂ]d$$ automati c cl eavages in the RNA 10 transcript
cont 3i ni d:lé'et P & A}%erﬁnﬁes 13 F%r%eﬁlsé‘d:r%ﬁfo‘é‘ﬁ&q AgfErrpiaces
productiion hyjresetfapsoeepsiogadf ¢ffigiaey i bozymRconNush Rkl de ebeavages
occur at the pasitiong indicated bﬁﬁ?lack arrowheads to produce si RNAs.

Fig. 16 TE™REHERr ophdt et 63PYH TROVEAGCSI RNETHDduéRfon AR SEns eRNARNA

sel f - pr eodgeinng.l eBanidescoereéspandiary 4c0 2é8besitRMALIZ e séqicad £ M Ebs@n
arrow. Fi, 17 .S a di,agr a shomnn xanmpl e of the construction for
controlll%g g u?Fﬁg g Eﬂ@wﬁox system Fig. 18 is a diagram
rept@senti ng amrefaypnacmfetheepBEﬁarats@ﬂsaosﬁfahae stem | oop si RNA :

ibrary 56X agram representing an exanple of
Qe o L PR AP AR, (BB Thr B MR ST em
site O antisense strand 5'—GCCCAUAUCGUUUCAUAGCUU—3' (SEQJID
NO: 12);

site A sense strand; 5" -GUUCGUCACAUCUCAUCUACUU-3’ (SEQ ID NO:

15 13); . :
site A antisense strand: 5’—GUAGAUGAGAUGUGACGAAUU-3’ (SEQ ID
NO: 14); | I | | - "
site B sense strand: 5;—GUGCGCUGCUGGUGCCAACUU—B’ (SEQ ID NO:

15); : ,
20 site B antisense strand: 5’'-GUUGGCACCAGCAGCGCACUU-3’ (SEQ.ID
NO: 16); S '
site N sense strand: 5’-AUGUACACGUUCGUCACAUUU-3’ (SEQ ID NO:
17); ' i

site N antisense strand: 5'-AUGUGACGAACGUGUACAUUU-3’ (SEQ ID
25 NO: 18); ‘
| confrol sea pansy luciferase
(sense strand with nucleotide overhang) :
5’—GUAGCGCGGUGUAUUAUACUU—3’ (SEQ ID NO: 19);
_ (antisense strand with nucleotide overhang) :
30 .57 ~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




‘O\Shoms a random DNA fragnment having the dephosphoryl ated blunt ends of 19
to 29 bp long. 25 (r) represents the random DNA fragment 8lBamhi2606i s
ligated with the 5'-phosphorylated hairpin type DNA [inker 1 at its both
.ends. Fig..20 is a continuation of Fig. 19. (r) shows strand displ acenent
fromthe Nick site by Bst DNA Polynerase. represents the fragnent (r)
which is ligated with DNA linker 2. 303Fig. 21 is a continuation of Fig.
20. shows strand dlsplacenent fromthe Nick site by Bst DNA Pol yrer ase. .
(r) represents t he cl eavage of S;by Ascl. . Fig. 22 is a continuation of
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by BspMsgjThe cl eaved site by Bsgl cannot be attacked by BspM. 9--2 .
represents the conpleted siRNA |ibrary expression systemas a result of

bl unting by T4 ’-m/%p *PeEPnEraseS 1 enbiRd RioTNey bakeA RVA odhdoserieotides on.
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‘to that obtained by the ‘cases where siRNA expression vectors were

int-roduced at 1 and 0.1 nM, except for a slight gene silencing activity
expressed by siRNA oligonucleotide directed against site 0. These
results indicate that differences in the gene silencir_lg activity are
15 not caused by differences in the expression efficiency of each siRNA,
| but dependent on differences in target sites such as the:Lr secondary I

structures and the presence of RNA hinding 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, Elbasﬁir 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
25  interference is mediated by 21- and 22-nucleotide RNAs. Genes Dev.

15, 188-200 - (2001)). Therefore, it was examined whether the

four-nucleotide 3’ overhang of the above~described siRNA atfects the
RNAi_ induction efficiency by siRNA or not. siRNA oligonucleotides
directed a-gair_lst the same target site on the above-mentioned sea pansy

30 luciferase transcriptional product with 3 ofrerhangs whose~number‘
of uridine nucleotide is set to 2, 3 or 4 were prepared by chemical

© synthesis similarly as.in the above-described Example 3. These siRNA
oligonucleotides directed  against the sela pansy luciferase
transcriptional product, and firefly luciferase expression vector

35 as an internal control were introdﬁced at various concentrations into

HelLa S3 cells by the lripOf_ection method to assay luciferase activity




. fragnent of approximately 20 to 25 bp long. The final product that is a -
random EGFP cDNA fragnment of approximately 20 to 25 bp | @Mawht?2B06t he
dephosphoryl ated bl unt- end serves as the random DVA fragnent in Fig. 19 C
.20 Fig. 25 is a diagramrepresenting the preparation of a cloning vector.
The pronoter is either the human U6 prompter or human tRNA pronoter. The
cl oni ng vector containing U6 pr.onoter was prepared using BspM and Kl enow,
while that containing tRNA pronoter was prepared using BseR and T4 DNA
Pol yner a 25 Fig. 26 represents mcrographs showi ng the results of

obser vi ngfe hebBarpP fl uorescence intensity with a confocal mcroscope. Fi g
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[Example 5] Simultaneous silencing of a plurality of genes

It was examined whether different target genes can be

simultaheously silenced by siRNA when two different genes including

15  the target genes are ekpressed 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 veetor (300 hg) expressing
20 siRNAsdirectedegainstbothlucifexaéetranscriptionalproductswere
co-transfected together with a wvector (100 ng) expressing
B—galactosidase as an internal control into Hel.a S3 cells. AAS the
(ﬁ} control, similar experiments were carried out using vectors
G 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 ae that when siRNA expression vector:

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

' As described above, 1t was demonstrated that, by arranging a
plurality of siRNA expression cassettes in the'same plasmid to
simuitaneously express these multiple siRNAs it'is possible to

35 silence corresponding target genes without generating interference

among respectlve promoters.




.10 [Exanple 1] RNAi induction by using siRNA expression vector Wether the
si RNA expression vector can silence the target gene - codididarchi2006e
exogenous hygronyci n/ EGFP fusion protein was exam ned. The Hygronyci n/ EGFP

- expression vector (pHy.gEGFP), and DsRed expression vector (pDsRed2) that
is an internal control were purchased 15 from C ontech. The si RNA
expression vector was constructed using3The plasnid pUs carrying-the human
U6 pronoter (GOhkawa, J. & Taira, K Control of the functional activity-of
an antisense RNA by a tetracycline-responsive derivative of the human U6
SNRNA pronoter. Hum Gene Ther. 11, 577-585 (2000)) . Fragments.containing

DNAs codjmeamdi d &} e dd o d@ﬁ&r@qﬁ%h@ﬁ%EFP sense and anti sense RNAs
were synthesized with a DNA synthesizer, and subcloned imrediately

downst r eam of e 6 thropBPER~ Wﬁnb%ﬁﬁeqkﬁﬁﬁﬁﬁﬁQstﬂﬁ%ﬁi%ﬁyﬁPhébﬁcSllﬁﬁghﬁﬁts

downst r esfMe@bgbhgubydiORBEREALBe8 Yot Pee BERM f&%ﬁgalég&huﬁérﬁ@ wﬁ‘éther
provi ded downstream Qf the U6 pronoter and anot her BspM

" provirded ¥RiVt REPTESRASTY éaﬁFPﬁe%%&ﬁﬁaﬁl@hefv%%@mcu%@cthm ensiea@n@msr@ene

After cleapmags Wi wadsrManiddie 4-nucl eotide cohesive ends were forned.
The vector capabl e of expressing sense RNA was constructed by inserting
the syntheti c e egRROPNBERA GO iagat 95 P- @éhpnénmmﬂﬁgieqtemesa13&mmive

ends. 30pnid [.’ﬁ-c%.'t@nll%r 1réaran%{emb%ecgeltﬁgr&8r cegbpiseafcpgfb@g% RS s

nucl eot i des | so synt hesj zed, and subcl one

the U6 &5 3 258z R aC Lrkckehth W%@%&%l%%&%&ﬂl@%@ﬁhﬁmmg —
thelbb dycoratsy MBS EXChSEE S0 B ARy RSt PFoi FOSE i eds i BE 02k e, PR Vigst OF
.Qﬁgconpr|5|n the sense RNA expression cassette to construct the sj RNA

press.wriﬁgﬂt“&r (hURRERFERES) 2R BRACYQYRLESHE Mad W&k rdforidsd the
‘ar ch 2013k .hafcibActheseasesOf-Lsd Ng(2deo)Y6. pronoter, four uridines
(Us) are add%% %o the 3'-end of the expressed, TRNA, S|RNA that is
expr essed FP~ expression plasmid containing the 51RNA expression

" cassette directed against B-catenin {(pPEGFP/ibeta~catenin) was

15 introduced into SW480 cells expressing f-catenin. As a control, EGFP

expre331on.plasmld containing no siRNA expreSSLOn cassette dlrected-

against f-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 Biochemicdals). Forty eight hours after
transduction, cells were fixed in PBS containing 4% paraformaldehyde
for 20 min, permeabilized in 0.1% Triton X100, then staihed using

theanti—ﬁfcateninantibody(UBI)andCy3—labeledSécondaryantibody.

Cellular fluorescence after staining was analyzed using a confocal
 25 microscope (Fig. 7). '

It was demonstrated that! in green fluorescent cells holding
pEGFP/ibeta—catenin, the B—datenin expression level was
substantially low as compared with the cells fransduced with no

"plasmid. Furthermore, no difference in ﬁhe B-catenin expression
30 level was observed in green fluoreécent cells transduced with pEGFPa-

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 sSiRNA expression vector

'(pUGtandele) in which DNAs coding for éense and antisense RNAs are



by the siRNA expression vector and intracellularly formed -has -four.

nucl eoti de- overhangs at both 3'--ends. That is, this si RERMaxpLe8Ei on
vector expresses a 23-nucleotide |ong si RNA having the duplex of 19
. nucl eotides and 4--nucl eoti de overhangs at both 3'-ends' thereof (Fig. 1A).
Human HelLa S3 cells were co-transfected with the above-described pHygEG-P
(1 9),, pDsRed2 (0.5 g) , and pUsi Hyg/ E&P 10 (1 .,g) by the lipofection
-method (using Lipofectam ne 2000) Forty-eight hours-after the transfection,
the cells were allowed to stand at 37C, and observed under a confocal
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center cQl oM Bfadd irda ane@@e%ipoaﬁ S0RFAECeorHE LRGLARCERSE the gten-loop:

fluorescence-emtting pDsRed as an ‘internal control, no signi _
di f ferent®¥%H t he fFHéﬁ%@EE}h‘é‘é 20 i nf@nsity vEke obser vEB6BEEMERN t he is

cont r ol nd; i dhe Tediedd: R g Tdadicealdcag cReadl B er gags i
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al so no ¥on- $peci fi Ehgesens | LRI Gt Vet e¥as ogupptiidedi RNA the

expr essi Qi MeGle {Ah 1418 ORQCHRRY, &S t%@o%dv%uﬁle%cEQEEdcﬂkaﬁBl§§ of -

Fig. 3, cells emtting green fluorescence due to pHygEG-P were uced in -
nunber and t hBesRlib? ekefbOVPntRASG-y8i n B EleFamdest asd ertiemdeldms shBYAS| so

dec:r.@as%ﬂ&ﬂﬂ%ﬂ%%&@@ﬂﬂg@éeae% %eupucgeérlaéé@daé&éﬂ?y conheak

g‘r Simlarly, as_shown int ht .col um Ig. 3, even when red
nd gre

&rf FH S éezfeﬁéee thir BofRridey? aeée@rmﬁfqeueﬁeeeeﬁ%%weraﬁa19e| | ow

' l'uor es Gt R Ie%aﬂte;ltveltyheup@%@snehef k@ a4 o8l 82N tWer %agééi’:e?éﬁg in
nunber in the si RNA expression vector-transduced cel|ls-conpared to the
control. These results proved that introduction of the si RNA expression

VVECth [Example 8] Gene silencing effects of various siRNA expression
15  vectors _

Gene sileneing effects of siRNA expression vectors containing
various pro_moters were examined, Luciferese analysis was performed
under similar conditiens as in the above—described'Examples. Thezi

- following siRNA expression vectors were used. ' '
20 * vector (pU6tandeml9) expressing the tandem siRNA by human Ue
promoter, .
' vector (pSStandele) expressing the tandem siRNA by human 55 rRNA

promoter,

vector (letandemi9) expressing the tandem siRNA by human Hl
25 promoter, and _ ‘ _

vector (pHlsteml?) expressing the stem-loop siRNA by human H1

promoter. .
| As shown in Fig. 9, various exptession 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 55 rRNA promoter, and human Hl promoter can be

utilized.

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

containing CMV promoter or tRNA promoter




."induces RNAi, |leading-to the target gene silencing. Furthernore, as 35 a
result of simlar analysis conducted using nmouse COS 7 cedl Marchi2006was

. observed that the expression of pDsRed was not affected at all., 8 March

. 2006 32 but that of pHygEGFP was specifically silenced(not shown). (Exanple
‘2] Quantification' of gene silencing activity of s,i RNA expression vector
5 1n order to quantify RNAI effects, th& gene expression silencing

activity of siRNA directed agai nst genes of fireflyand sea pansy
l'uciferases as the other reporter gene was analyzed as follows. HeLa S3 and
‘COS 7 cel |s wSe@ecupidprairg Dofbeeed' sohodibe eleEAQIeXBrml@um vector
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expressi @é‘sﬁ@@i%eiﬁﬂ\ﬁ%@x&élﬁé@ NGhe kirh ﬁglc%lh;ﬂgff‘c?ﬁ Wpérﬁg%égrhas

vector pG.3 (Promega) g vari ous anou expression
vectdrs il Mlﬁﬁéﬁlﬁs@dﬂﬁ ek 931'@350re§@a @%ﬁﬂmlmasﬁmm@m@ml@tamnal

product g & Casrld m&fc%caadunh@é@sgﬂ Sgd iﬁ%c R 5\l §B¥ﬂé5uﬁ,'s£9f&% | ¥

met hod usi ng Li pof ect am ne 200.0 e Technol ogl es
of - | uci f&F s HAFYRR LF rFkl%Lta”QB“Jé@ |1slhgzamehown in Fig. 4. Fig. 4A

represents reseldgowibhaimes by t&mm%&aéegsheﬂ \R—:fctc?r% éaﬁk%fﬂhﬁg%‘i%e(@do N

ng) OF the si RNA expression -vector, -indicating silencin

correspdnt Ay OPQFﬁétorgEﬁ@A@Fﬁﬂ"‘é’é@rolho’ﬂ%@eFé eﬁﬁédsﬁmucﬁgﬁréaa@tqtdwlty,

Furthier el cd i Adie hbdi i@&%ﬁor@&’&éﬂ'ﬁﬂtl@é‘@fﬁdﬁexﬁ%éé% %fct\es'rt f thi
(gt asm ds,. ; expressi n onl%%el t her sense .or anti sense bot h asm

ad no eFTER-HT ¢ RYVeRTPERES bR Lo RV RHquP takicen %Qrﬁaﬁﬁbllﬁclﬂif%da@@sl at

‘al'l. Fi EhAB ShE Hee THlahs c@Bbai BedthY. ekPrEoFUSH | G- va,fril% YR §60
si RNA. The é; RNA. expressi on _vector. directed agai nst. the f irefly

| uci f er &5 8°dE5EL§0S Cﬁéﬁ%ﬁég 9 the 5’ end, has the target gene 81len01ng
effect. '

15
| [Example 10] RNA1 lnductlon by double- stranded 51RNA contalnlng
mlsmatch or bulge
Effects of the presence of mismatch . or bulge ~ in the
double-stranded siRNA on RNAi were examined. Luciferase analysis
- 20 was performed under similar conditions +to +those in the
. above—déscribed.Examples. The following RNA sequences were used in
experiments. ' |
'controi RNA sequence;

5 ' ~GUGCGCUGCUGGUGCCAACCCQUgUYCUgUCcGGGUUGGCACCAGCAGCGCAC-3"  (SEQ
25  ID NO: 22)

"RNA sequence containing a mismatch: _ 3
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
showed1jualuciferasesuppressionactivity: The presence or absence
of‘mismatch of bulge in the double-stranded siRNA produced no

35  significant difference in the gene silencing éffect.

-Furthermore,RNAiéffectsinducajbyvarioussiRNAscontaining .




_decreased the firefly luciferase activity without affecting the sea pansy |
| uci ferase activity. On the other hand, in cells transfe@MacB@006th the

si RNA expression vector directed agai nst sea pansy lucif erase gene, sea

. pansy luciferase activity was dose-dependently reduced. These results"

clearly denonstrated that the si RNA expression system using the U6

pronoter specifically and effectively s#®enced the target gene. . 35

[Exanpl e 3] Target site-dependent gene silencing 8 March 2006 33 Next,

was exam ned whet her sl RNA expression vectors directed against di ffer ent

target s®teESRHLehOLsanbulgansere pexambiedr o P& senaeBCésf f:edenq fpnene

si lenci e C o] S I

vectorsngfr{e:féfgeg%ggg?ﬁs%ff (%gﬁhglbf'f%%gnﬁp% geet es on t ecfgﬁr eJTQZB’y :

| uci f er abedeee@sly | Pre oIRAVGERIUCIT SuaBhowsd- iy dHt e03t2ed together ‘with the

firefly |ucifanase explensl OBeMBRLREareANdIRA2 OORY Jit6li CEBRC.EXPRESSI On

vector as an internal control into HeLa S3 cel ['s un sim condrtions
as in BEdaRpretoh megubides infiterukig SetmalngiehéeC@D@Ibl@l\@é dffesitRNALY

expr es&@&pg@@é&% e 40 £l 5 100 AR LAMRAC LAY I €8N 12K ATrabldl S |

are set h bel ow. fi |y luciferase site 0 sense stra
5' - - GCTAH@@NBA Publsrer renfiof 33RNAisanqr aacesepasdlytaampdetely

AdGAT 3 edFEQHHMNO 2); 15 . site A sense strand:
GTTCGT CATCTCATCTAC-3' (SEQID NGO 3) ; site A antisense strand:
-5' GTAGATGAGATGTGACGAA-3' (SEQ1ID NO 4) ; 20 6) ; 8) ; 25
1Q [Example 11] RNAi induction by siRNA expression vector having a

(j; . tetracycline-inducible promoter

A system (Tet-ON system) capable of controlling the

transcriptional activity from RNA promoter by tetracycline is known

- {Ohkawa, J. & Taira, K. Control of the functional activity of an

15 'antiéense RNA by a tetracycline-responsive derivative of the human
U6 snRNA . promoter. Hum Gene Ther, 11; 577-585 1(2000}). The -

tetracycline  operator sequence of tetracycline—résistanée

Atransposon-haé 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. Hela -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
transcriptionalA_activity. When tetracycline (or tetracycline_
derivative) is added to the cells, it binds to the tetracycline
' .répressor protein to release the repressor protein from U6 promoter, -
leading to the transcrlptlonal activation. |

30 . The present lnventors constructed an siRNA expre851on vector
hav1ng 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 contalnlng




- site B sense strand: 5'-GIGCGCTGCTGGTGCCAAC-3' (SEQ ID NO 5) ; site B.
" antisense strand: 5'-GITGECACCAGCAGCGCAC-3' (SEQ I D NO < Merch29efise '
. strand: 5' - ATGTACACGITCGICACAT-3" (SEQID NO 7) ; site C antisense

. strand: 5" - ATGTGACGAACGTGTACAT--3" (SEQ ID NGO control sea pansy Iuciferase
(sense strand with nucl eotide overhang): 5'--GITAGCGCGGTGTATTATAC 3 (SEQ '
ID NO 9j; (antisense strand with nucl4btide overhang):

5' - GTATAATACACCGCCCTAC- 3" (SEQ ID NO 10). As shown in Fig. 5A the

| uci ferase gene silencing activity 30 vari ed depending on differences of
target shuman UharameterhanspRNALChxphedsitamoysdtiore dpesetod aganenste siffe B

L 0Es D 9nesLeAly LhenQonEss SLAROCH AL ARMLIL a® HAR 4D L ST daddid] e oe

“acti vi ty was r ced contro exp r'esst on vec
direct edlugafesase sacebviny Cipen Dldetiuerdof h’eegmmleu@r esyi othd etdlen o -

44% 80/?155@ 35:1‘[%60/%9ﬁ1\1§xh9e dBlon T G2RES ' cﬁlrﬁ:adlrﬁr{ I RoCaSE: rd Y ls_t.'n%\lA

expression Vector directed, agalnst site ene expres
si | ebci ngPB8rakPEhs 2Q0eNca a@dpvﬁdytbﬁnﬂmanﬁﬁra§etW@UHNJUMNnagﬂrddﬁﬁﬁeséion

vectors, 5 &Y i-@ﬁ' RNy 2809 PR o f Ee\ﬁ@ﬁcglﬁ onexanyned. ‘ﬁ@ghrﬂ@sdﬁé}rﬁ)n trated

above-descri. Ifrerence in the gen enC|ng activity dependi ng on
t ar get sthétrlsaéltﬁerPﬂPmﬁﬁﬁﬁuﬂﬁhﬁﬁelynﬂﬂ©ﬁ$d|ﬁﬁBNénc@§nnﬁsﬁapget Wiet e

or due tabderéi@é%fféednufshepféﬁa—égfl RidRrab16f bl antyQfyAagh stBNAyfor
this exam nation,- the .above--nmentioned sense-an antlseﬁ e RNA . :

"oI|gonucPE@ﬁ?%ﬁ%lwwH%ﬁ%ynthe5|zed respectively. Sequences of these siRNA
ol i ggnucl eotides are as follows: 10 firefly luciferase site 0 sense st rand:
é§~ GCUAUGAAACGAUAUGGGECUU- 3" (SEQ ID NO .11); site 0 antisense strand:

GeCCAUR TR IR AGEId e L {BEQT FLRNA by RNA self-processing

The use of pol II_promoter in the siRNA _express::.on vector results -
in the transcription of somewhat long RNA. Therefore, in the case
of . using pol II promoter, it is necessary to cleave this RNA,' for

15 - example, by self-processing to produce antisense RNA or sense RN_A.V
Using an RNA producing unit (Fig. '2) containing antisense code DNA

- or sense code DNA, a region coding for RNA sequence to be _recbgnized

by ribozyme (recognition sequence coding-region) at their 5’ and 3’

_ ends, and, flahking ciutside‘of this recognition sequence coding

20 Aregion', a region coding for the 5’ and 3’ end cleaving ribozyme that
c_leaves the recognition sequénce coding region, whether the
-self-processing actually occurs or not was examined. Figs. 14 and

(\> 15 are diagrams representing the RNA self-processing. Transcripts
o frpm the above-—descﬁ:ibed unit were subjected togel electrophoresis.
25 ‘ - Results of gel electrophorésis are shown in Fig. 16. On the
left side of electrophoresed bands in Fig. 16, putative structures

of RNA molecules corresponding to respective bands are .schematically
sﬁown. Several bands corresponding to RNAs of various lengths which

7 were thoug_ht to be produced by RNA self-processing, were cobserved.
30 A 21 ntulohg siRNA band was also observed. These results ihdicated
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 [Bxample 13] Preparation of siRNA library expression system

targeting EGFP mRNA




NO 12); site A sense strand: 5'-GUUCGUCACAUCUCAUCUACUU-3" (SEQ 1D NO 15
" 13); site A antisense strand: 5'-GUAGAUGAGAUGUGACGAAUU- 3'8 M8k 2006 NO. 14)
; Site B sense strand:  5' - GUGCGCUGCUGGUGCCAACUU- 3" (SEQ I D NGO 15); 20
.Site B antisense strand: 5' - GUUGGCACCAGCAGCGCACUU-3' (SEQ ID NO 16) -; 17)
; site N sense strand: 5'-AUGUACACGUUCGUCACAUUU-3' (SEQ ID NO.: site N _
antisense strand: 5' - AUGUGACGAACGUGUACALRJLU- 3" (SEQ ID 25 NO 18).; control
sea pansy luciferase (sense strand with nucl eoti de overhang): s
5' - GUAGCGCGGUGUAUUAUACUU- 3" (SEQ ID NO 19); . (antisense strand with .-
nucl eot.i de ovémhangNA B0b5ar GUAPWEHCACCERERACHE e tiSeQraDddi) s 20s dihe

above- de b I ot hesi zed sing_an .

synt hesi ?ggbl\/@g%%g Q%e&a Blbggé's h?hEFFBarﬁﬁﬁgnv@?% %n i

. depr ot ecE‘edS ah¥ porevgled2by denaturing acr yI am de gel 35 el ectr:opharesis.

~After d ﬁl]}l@c 0 an NAP-10
col um ( grﬁ%%ﬁgg%é@fd& +€t§%9po Waét’lgf %f&e@%ﬁﬁé%§% fﬁ(ﬁ%ments

ri boRucl eases,"Appirogdmaltelyg 20THe rZésﬂ;Dtpt ilregn e | st o nweRG R |cmi~m[ |fram1|tmﬁ:,s| and
re--sus n t f.f hysi.ol ogi.cal, .sal i ne
( PBS) altoﬁggglgg gh% %%fg#ﬁ%lth or a%n§§l et O‘ltRl\ﬁ |.§on85c"r eot[ i,
1.0 M Rr\metweml@r@paité@ pxmmtzecm af OBE $IRNG eicpmerssz_bhehlbnmtpc‘altomnYOC

-and further owloy r t-hu ai ne
ol i gonuc 12 ]§§%e\g9\/\e@r)gﬂ %[Pc%&r& gFoJ‘%’Efr %%5 bebf q'he outline of its
" preparation is shown in+Fig. 24.

10 The EGFP coding region was amplified fro&tpEGFP—Nl by PCR, aﬁd'

(:} approximately 20 to 25 bp long random EGFP cDNA fragments were
o obtained by the DNase I treatment of the ampl:.flcatlon products. For
a large-scale preparation of the fragments, the fragments thus -
obtained was blunted with Klenow Fragment, and subqldned into the_'

15 pSwal vector that have been constructed by modifying pUC18. Tﬁis
' | vector contains the recognition site of the restriction enlzyme BseRI

in the upstream and downstream reglons of the cloning site (Swal

-recognltlon 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 cléavage were blunted using T4

DNA Polymerase, and then, both ends were dephosphorylated by the CIAP

(?} treatment. The above-described procedures yielded a large quantity‘
o oftheapproxmmatelyEO1x)25bplongrandomEGFPcDNAfragmentshaVLng7

25 dephosphorylated blunt ends.

. {b) Synthesis of DNA fragment having sense code DNA and antisense
céde DNA of s8iRNA targeting EGFP mRNA- _ ,

~To the both ends of the “approximately 20 to 25 bp long EGFP

30 CcDNA fragment having dephosphorylated blunt ends” p'repar.ed.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 Bsgl, so that it can be cleaved at the linkage
siteor itsvicinities. The strand displ-acemen_{: reaction was 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




~cells simlarly as described above to assay luciferase activity (Fig. 5B) :
~ Luciferase gene silencing profiles by siRNA ol i gonucl eot isddarch 2006li r ect ed
ragai nst respective target sites-showed a simlar pattern to that obtai ned
. by the cases where si RNA expression vectors were introduced at 1 and 0. .1
nM except for a slight gene silencing activity expressed by si RNA :
ol i gonucl eoti de directed against site 043These results indicate.that
differences in the gene silencing activity are -15 not caused by = .

di.fferences in the expression efficiency of each si RNA, but dependent on
di f f er end@sta 25t bpgeansiald fysbmentihbtln tdecbadapin dinkiet Ur @huandatie

bver hancP o1 AT AT DG Lo RE AR a8 8o b ind kD el i dbrion e
g oy OuLoherather Lo Ehbaghitheatlaaly (Pig.

G Panci 0 @B o NEEPER' SRR Rubie pho s Se Wi OBUA Bl o
than® 2 tol3 predesti delke (H berdiphohityldeeddoiiel 1 iver & TuschligakediNA .

25 inter ncens i @ymedi,at -.and 22-nucl eot.i.de RNAs. .CGenes Dev. 15, .
188- 200 ElE{‘%‘oo 9)@’ Th@?@?\%@i‘ﬁ# \ﬁ%s?lq‘e%?é’ﬁ e et et h & F A AR &Y de

3' over hefRf ¥ - biel abdrerdeet filfenr onRhAr aff preseniieat RNeAbne iemdlcE 0 s -
ef fici engya by N w?%l@o{hé S VA Rl &%&'o%%hgésjs%ﬂzﬁe;%%%da%géﬁé‘%tﬁer}e

sane target site on e above-nention sea pans er ase

transcri$ftd onaPrproghet AMPRR/3TTEVeshdagsswhosphaapberylatedri di ne
nucigotide isphek IfyLrich roﬁu%rSf%w:'cgfkfp,y.}Egggkcl }?ﬁ'&%yﬂ&ﬂﬁéksz was

€r\m larly as in the above-described Exanp S _
ol gonuci st iefes agpiact et g BsistDihe Podameassye | tei fremfoen t tlhams ortirpnidonal
product ,aasph Jddnbddy JdaCifi®hagecRxPhESH Op J4ag! o L N i
~control were introduced atl \?ari 8us concent rszﬁe%%ét Fﬁtgofiﬁggag%¥lce%]ﬁlgl§y t he
| i pof ectd et hBaus o Hes NN dehbmense dotwhvicly DA¥COdiB60Bor 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 BsgI, 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 - N

' ‘ The DNA fragment synthesized in (b) having DNAs coding for sense
and antisense of siRNA targeting EGFP mRNA was cleaved with AscI

. g* to prepare a DNA fragment Eiaving 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 AscI are present downstream

of this promoter. After the cleavage immediately ‘downstream. of the
pr‘o,moter with BspMI, the cle.avagé 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 sensé and
antisense of siRNA targeting EGFP mRNA, and then cloned (Anti-EGFP

U6 siRNA expression pre-library) (Fig. 22—@) . |

A cloning vector éontaining human tRNA-val promoter was also

35 constructed (Fig. 25). Récogniti.on sites of restriction enzymes

- BspMI, BseRI, and Ascl are similarly present downstream of human




36 (Fig. . 6A) . Expression of sea pansy luciferase was not  silenced with
" the above-described internal control alone, but dose- de@MdmhtZOpG :
suppressed in a group -of cells transduced with the above-nenti oned 5 si RNA
. oligonucleotides. Furthermore, no significant difference in .the gene
silencing activity due to the 3" overhang varying from2 to 4 nucl eoti de
| ong was observed, thereby revealing th® siRNA with -4-nucleotide 3' .

over hang produced fromthe U6 pronoter is also capable of silencing the
target - gene expression as effectively as siRNAs with 10 .2-, or '

3-nucl eotRUR-¥9&r REAHO LRExanPh s SFLER AUt HREEQE? Cainl - @d@lon@%fpr@!%ﬂliﬁchlb}t y
of genescilayRge eThNed thetitercdid f&f eBtp MiarQQBlle%%%to%amé¥3cleaved

si mul t aneousl y~si| enced by si RNA when two d| fferent genes includin 15 t he
- target gbhegdip ke by plaaeddanm pRethaupromoker miphRseR{ cc‘}rlilteapih?ﬁ@e vio- T RNA

expr.essi Phs GASIRIIELR 1 h MeCHRE RAYMSIadd 1 EEEM tﬁ-ﬂéjp%%éuB%Ws chHSbEQrﬁW

was constructed, and co-trans ected into cel ) Firefly luciferase

expr 8ssi BACh eaRr s {Bblagdy eknehnAn tBIER a%@”b@ﬁé‘é%@ﬁ?ﬂé&@ryoso ng)

a vector (3007hg) s@XRRCS8RpPEss28nSHROLS; Bl 86! §a 8880 NSlka Ad dUCIJ&T a8
transcrlgtl onal A products were' co-transfected together with a vector (100

ng) exprBsRYhgsite gafbitedRsi e s IRV A SR rangd DRt Nse MR 3 (Fde | s.
As the gon@nol, sifd | a1 eXRek r@%ama@ﬁ{:e W& TR Alg Uk RY VRELQSW ands

expressing. si RNA directed agai nst erther one of fi refly and sea_ pans
| uci f er a3 EThhEEFDi0RANSpFBGhdtE AR$LSRERR ?ﬁ@@x%ﬁssﬁ"é‘n% ’é‘?ﬂbri-fbf

thergi RNMS: € P Bsid €4, \Blil¥er(ddbipnal, " ebhyeReNA! ha) driestLe-agepinaa et h
yci f er ases si nul t aneou y sil.enced 't he expression of firefly and sea

ansy | terdenasBiai 022h) safequensies aaa lylvdes winar immerA et és slesri nasct or
30 di recp eaageiwsd ﬁ'oﬁlﬁ%@:doneEﬁémbyééf@faﬁ%S sedRierRanblkl BNRE coding for

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

1.
15
Table 1
5¢-U6 promoter—- (antisense codé DNA) (no loop) (sense code DNA) TTTTT AscI-3°
Clone '
No 'Antisense. code DNA Loolﬁ . .Sense code DNA
1 : GFP 24 '= None GFP 24
CCCGTGCCCTGGCCCACCCTCGTG  CACGAGGGTGGGCCAGGGCACGGE
" (SEQ ID NO: 39) ‘ (SEQ ID NO: 40)
(i}l : 2 ‘ GFP 24 § - | None ~ GFP 24
R ACCAGGATGGGCACCACCCCEGTE ' _ 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 1n EGFP mRNA in some cases, but
this does not affect RNAi induction. '
20 - . An isNA 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 BsglI énd then with BspMI (Fig.
23-@-2) , blunting the cleavage_site with T4 DNA pdlymerase, and then
performing self-ligation. It is possible to freely alter the-loop

- 25 -séquence between antisénse and sense code DNAs and add fragments of




Wi -Firefly) was i ntroduced. As described above, it was denpnstrated that,
by arranging a plurality ‘of si RNA expression cassettes igMéaick 2608 pl asm d
to sinultaneously express these nultiple siRNAs, it is possible to .35
. Silence corresponding target genes w thout generating interference anong
respective. promoters. 8 March 2006 37 [Exanple 6] Endogenous gene
silencing All of the above-nentioned Exafples related to the silenci ng of
exogenous gene introduced into cells. In this experiment, whether 5 siRNA’
expression vector is.capable of silencing the endogenous gene expression
was exanbhewotFhe, eﬁ&égeh(pgs gemsecedi mgcf.or Hy3-addteaniny s sel@oired asf a

target. .5 (3 i h Iasnlc rotein, and is’
known ashg9¥gc% l§§%§20|3t %b£g§%e%§%s§{€g {erc%ﬁﬁ%ﬁ Ihéﬂ%??ﬁﬁ 10
and al so as an |nportant,oncogene (Peifer, M & Polakis, P. Wit - signaling
i.n oncog j e [ ci ence
0, O"SO9EER T B0 AN QRBLSR o o1 Auk QU AUSLIE Lhe, aRUELENS (SISY
expréssiEﬁFPcmggétte directed agai nst t3-catenin (pEG-P/ibeta-catenin) was

15 i ntroduced gyt §b§%88e88khﬁe8 ﬂ%ﬁmﬂ:@}gf FRLG R g‘ée?ts%?%ﬁ rfjl%rad:?:

~expression plasm d contarning no si expression ca i rec
agai nst Rgcatand pPEGIEGR) (Badlsigl lwety dattrmthsfedtent antbehombh Hella $80%

G ass ot a5t o3 Enf PEBace Rl BhOA MR e Michalsi® SEOLT SRR BLEE BRat ' O
Mol ecul agl ‘@%‘ﬂ\é@ﬁ cdkoy. aFcttiL Epghts Hoans aheerolisr@wb@mden a ceinfocadr e
fixed in,PBS, €O 5015@' ni ng 4% eag%&ei@%%ﬁené or Bs&gsg@gg f’%%

~1% Triton X10 t hen stained usin anti’ ca en| n-an
nd Cy3- ¢<altyéﬂ1@uer§ersompvca&tulbwy 1nQeJLhudaa:rf thamrmmemn‘.brafymp&tealsﬂbng

S system..
‘ As shdwn in Fig. 26, cells emitting green flUOrescénce due to
PEGFP-N1 decreased in number in the group transduced with. the
15 Anti-EGFP U6 siRNA library expression system compared to the _contrpi
' group (pUCl8-—introduced group) . Moréover,‘ results of FACS analysis
revealed theldecrease in the cellular fluorescence intensity (Fig. 7
'27). These results indicated that the introduction of the anti-EGFP
U6 siRNA library expression system into cells induced RNAL so as to
20 silence the target gene. ' - -
Thus clones capable of :Lnducz.ng RNAL and silencing the target
‘gene would be present in the anti-EGFP U6 siRNA library expression
C? system. ' '
(\q Similar results were obtained in the Anti-EGFP tRNA siRNA
,2.5 library expression system (Figs. 26 and 27). ‘

[Example 15] Gene silencing effects of siRNA expression adenov‘irus-
véctor 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:
—G‘I’GCG‘CTGCTGGTGCCAAC-3 r (SEQ IDNO: 43). An adenovirus vector was
- prepared according to the method of Mizuguchi et al. (Nippon Rinsho, '
58, 1544-1553 (2000)) . | |
35 1) Incorporation df RNAL expression c_;assette into shuttle plasmid

- Although there were three HincII sites in the sequence of




25 m croscope (F'ig. 7) . ' It was -denpnstrated that, in green

" pEGFP/ i bet a-catenin, the P-catenin substantial ly Iom/asébMamﬁ&Bdemﬁth the
. pl asm d. FurthernDre, no difference in anal yzed using a confocal
fluarescent” cells hol ding expression | evel was cells transduced with no

the p-catenin expression 30 | evel ~was observed in green fluorescent cells
transduced with pEG-FP and cells transddged with no plasm d. [Exanple 7]
Conpari son of gene silencing effects between the tandem and stem| oop

si RNA expression vectors 35 Gene silencing effects of an si RNA expression
vect or P plubt thel exd )1 dlrl entfirom Ohés teodi, npt fvrs sendd raed , anti s enseuRNAE ar e

8 Mar ch r d d si RNA expr n vec

(pUpst erf 5 saaubr o T ey B AThERE SN rroos R norauare. fugret and
exam nedPI-Jtel ss RNs. expressed fromthe above-descri bed respectlve vectors
are referred S {fan RNA Si The_se uence he
sten}loop 5 sﬁ%%ﬁgtra%%gggg% ||1qiﬁaéﬁﬁ¥§eg§@6 E@fh) was>elesven ngh

Th GHGCGEMEHIEJG@&NﬁKﬂ@ugnugm@nmﬂﬁinﬁC@mayﬁﬁéﬁwct&id&ﬁﬁﬁ:TlnﬂN@héM).

e gene, c was ant i f e erase anal ysi s

descrlbedf %% Qgﬁ%bekéggﬁrlbe xPé Eé S%?g£%hown |nﬁﬁ%§ rgd.

Bot h tanﬁammzwthatﬂﬁy(ﬁﬁﬂsbﬁwwwa51®nconpenataﬂ|¢ntdemhedemmtyleed@c¢drthe

I uci feragﬁ:s}g%m e)t y. Jfbeseq, églgslgééé eclacleﬁd ‘%ﬂ?ﬁ Eggﬂx”},[ dteaﬁfgg}f‘nd&ﬁ ef

stem | oo Xpression ens effectively suppress expressi
t he tar getngenect pU61 FGLB/shuttle.
10
( 2) Incorporation of expression cassette from pShuttle into Ad vector

A
: plasmid, and preparation’ of Ad vector

~ The RNAL expression: cassette was incorporated into Ad vector -
plasmid (pAdHM15-RGD) ha%ing RGD fiber according to the method of
15. Mizuguchi et al. to construct pU6—-FGLB/RGD.
As a control, after pAdHMI5-RGD and pU6-FGLB/RGD with no insert
were digested with PacI, lipofection was perfermed 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'preparediby the cesmum chloride ultracentrifugetiou
method was purified by dialysis against PBS(-) centainingrl% BSA -

overnight. Titer of‘the?purified Ad vector was measured using an

{Tﬁ Adeno-X Rapid Titer Kit (Clontech). Measured titers of respective
o Ad vectors were as follo%s:
25 RGD/Ad (control): 6.76x10°10 ifu/ml
U6-FGLB/Ad:  5.27x10710 ifu/ml

3f Preparation of HeLa-83 cell ,
. HeLa—-53 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 aMoi of 1, 10, 20, 50, and 100. Twenty-four"

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

4) Llpofectlon of luciferase plasmid
'35 Twenty-four hours after the transductlon.of‘Ad the cells were

lipofected with the.luc1ferase expression plasmid in the following




[ Exanpl e 8] Gene silencing effects of various si RNA expression 15 vectors -
" Gene silencing effects of si RNA expression vectors cont ai8iitargh 2006 i ous
pronoters were exam ned. Luciferase anal ysis was perforned under simlar
. conditions as in the above-described Exanples. The 3 follow ng si RNA.
expression vectors were used. 20 vector (pU6tandenl9) expressing the
t andem si RNA by human U6 . pronoter, vect#®dr (p5Standem 9) expressing the
t andem si RNA by human.5S rRNA pronoter, vector (pH tandem 9) expressing
- the tandem si RNA by human H = 25 pronoter, and. vector (pH stem 9)
_expressi ngmpheltscbmpetom@l}isNA by human HL pronoter. As shown in. F|g 9
various expres n.vectors ein s he | uciferase suppressing
activity, i ndlpg’J ntcr‘ﬁgt]‘ ‘go%g gﬁﬁ)t’eP& ng?g 5n“ghe RRNRY (é]x?)rgﬁsq dig)
" vector awereoiddemtbmpﬂnmecmsomlﬁrpnmt:eﬂsLn afifethat INRbLIFRBS AR QBUIEIE -
such as n_ ormt not uman, HL pronot er :
can be EEWFJI °FER n%f"@ %?g?ésce g\IA %ﬁﬁg(ggpe@ﬂd R CSIRAR B9p® dsion
vect br codtmmmt@w‘ pasn®t kowexd ud?NAapmdoantmorS temtpedr 2200t $8rC£en1eLn
"silencin ff FNA £ t C I n
cyt onega o§| rlﬁcgi% Cﬁq’ltve{(}'e%’:oOrmt e(r?:))élo prgngté jQ' of" gﬁl\ﬁ ?‘gnjbkf%r“,'l’%\tﬁ’d:e
t ri mm ngwas bolrgneugplGWe TFRx anéfpteRNAheTResultéﬂgemixvety)wasvaaslm;am ned.
The tran t r S to.the 5'

end.  Thes CHenets VR R RPEanreCaroPag B CRATRNERY, GuBfRERuctss FA (e
5, RNA f otpresdaem wellutard f:.ncubated at 37°C for 48 h.
10 - i

5) Luciferase assay - '

Luciferase assay was carried out using a Dual-Luciferase
Reporter Assay System (Promega) . .
' After culturing‘foﬁ 48 h following the lipofectioﬁ, each well

15 in the plate was washed once with PBS(-) (500 pl). After the removal
of PBS(-), 1 x PLB (500 Wl) 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 AutdLumathUS LB953

‘(Berthold) . Using PLB ilysate (10 pl), luminescence of FireFly

(j} Luciferase and Renilla Eﬁciferase'was measured for 10 s. Relative

NI lu01ferase silencing effects of the respective RNAi expression Ads

- 25  were expressed based on the RLU values of FireFly Luciferase/Renilla

- Luciferase, taklng the value of cells transduced with the control '

 RGD/Ad as 100% (Fig. 29). -

- Similarly, 1luciferase suppressing effects of RNAL by
expression HIV vectors were observed as shown in Fig. 30.

30 - SiRNAexpressionHIVvectorswerepreparedjx1thesubstantially
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)?06promoter

35 -wés used, and, RNAs to be expréssed.have the stem—loop including
5 ' ~GUGCGCUGCUGGUGCCAACCCUgUgCuguccGGGUUGGCACCAGCAGCGCAC (SEQ ID




_by the action of the trinmmng ribozynme. As shown in Fig. 10, siRNA
expressi on vectors containing either CW pronoter or tR¥Aarchi200€r both
decreased the luciferase activity, 10 indicating that, as a pronoter in the .

. Si RNA expression vector of this invention, CW pronoter or tRNA:pronoter
can be preferably used, -and that even the transcript of the. expression
vector, which binds to a nolecule such48s tRNA at the 5 end, has the
target gene silencing effect. -15 [Exanpl e 10] RNA induction by
doubl e- stranded- si RNA containing nismatch or bulge Effects of the presence
of mi smat®h &E)Ybul ge in the double- stranded si RNA on RNAi were exani ned.

R R e L e N o T A

experlneﬁDsNOGoﬁBBOIaRNA sequence:

5' - GUGCGEUCEHEEHOREAAGEGaH gﬂaeggﬁﬁﬁmﬁecééf&s 25y NO

22) - RNA sequence contalnlng a .
AT-aFmidSE®@s | D NO.

23) @%&%ﬁ%&%&%ugugcuguccéé%ua@a&ce@megvesewﬂr She

24) As shtandandFngthad, m¢@m@r@t<¢ﬂesasld)rtnaexstf@m:aabédtbe298m cehbmmtthe_

l-uci f erags UQPr eS§L0R a f h or. -
bul ge |n§t 8§d§5b$e§ét?énggg¥ pro uce%pﬁgaqﬁeﬁgﬁgﬁéﬁ% %C§%%%%39%erence
‘in the géneifereaei ngteffiwtsllﬁul@heymanm eidects il iaisthdoyi. ey i ous .

S|Rm35 coatalping 8 March.2006 .

(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 andluc1feraseanaly31swasperformedunder51mllarcondltlons
v~as in the above~described Examples. .
‘vector expressing stem—-loop sSiRNA using human Ué promoter-
. r(pUGStem), 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—shapedvectorexhibitedanlefficientgenesiiencingeffect.
25
Industrial Applicability.

" As described above, the use of the 1ntracellular 51RNA

, expre331on system enabled to silence the functional gene expressmon
Furthermore, as a result of introducing a single vector that has been

30 ~transfermed to maintain siRNA expression systems for a plurality of
' 'targetngenes into cell, the expression of multiple targethgenes counld
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. 1In -addition, bylusing viral vectors or the 1like, tranefer

eff;eiency of siRNA expression system into celle can be improved so




. 40 a mismatch or a bul ge were exam ned. DNA sequences coding for.-one of-
the strands of siRNAs, and RNAi effect (luciferase activi&Marchi2§86ced by
t he sequences are shown i-n Fig. 32. These results denonstrated that even
- si RNA containing a mismatch or a bulge in its double strand is capable of
effectively suppressing the expression of 't he target gene. That is, ‘each.
strand constituting the double strand % 5i RNA is not necessarily
conpl etely conpl enentary to each other. J 10 [Exanple 11] RNAi induction
by si RNA expreSS|on vector having a_ tetracycline-inducible pronoter A
syst em (Gret T ONRLYRY ehfec BPARI dngRcddrey din ifrpredlelan regkks | i theat fetlvi ty
from RNAHy @i, BYe belikaard Kaua, i
Control . of the functlgﬁal a%tﬁc?$§ﬁgfkgﬁmqgog%¥ﬁsenggéﬁﬁitggdé%e%ierapy
t et r acy @1h@mAIsESny @ dé‘PP\‘F&t“Fj@é’noﬁntlﬁ*élﬁuﬁlﬁﬁen@@ngnRNAREA@rmt er. .Hum .
Gene Ther. 11pu5¢he3@5re2000okherT0s al idf | ERGHELL 0 ORGLRLAT 5 BAUSGE: O -
tetr cycllne resi stance .transposon has been inserted”into %
~ promdt ertUsedgthathiaf SARIWMAGE {PT 1PYnct Bpmal ngewss + hehe es iRy cl iwary

- repress@xpHelsQion k9s28mt Bha §€QU£§‘§@H|15P§%$§e 'Hbérh?r%%’?fe%ss' fReO%ise 9L

. prormter aCtIVIt EX ressi on. vectors whose trans |pt|on is control
by this theseospskems §nidnt1ae diikeccam e kenbhe sprsehipg mszusa@tm@mta)l denes

suppressed glmlggeal lahd @i diRlaa Galdy) @Iressi & Loy Lagys! ideu & deﬁ){fﬁﬁor |

pr otei n. may be because tetracycline repressor 25 protein in
bi nds t d ﬁﬁh’ UBXBFEfiBteRr sVe&eRo %‘?prl‘-"é%g‘-ltlﬁéltetr&ﬁscth@tlmlemted

. aclo Vi elucier ibat baCyehtReohol geheacycline derivative) is added to the
€lls, it binds to the tetracycllne repr-essor proteln to rel ease the
Y_epressor protein from U6 pronoter, | eading to the transcriptional
. &ctivati.on. : .




30 The present, inventors constructed an si RNA expression vector having
human U6 pronoter into which tetracycllae oper at or sequer&Marchf2006
tetracycline resistant. transposon has been i nserted,. and exam ned the
gene silencing effect of si RNA expression vector u5|ng the TetON system.
Luci ferase anal ysis was conducted undgmii;se sinmlar 35 conditions to the
above-descri bed Exanples. As shown in. Fig. 13, the si RNA expression vector
containing 8 Mar chABoTE-merel Lilidh s 4B A BRER 0PN £ B85 iR (IPTPRes e Pacycl i ne

‘oper at or 1 HEHUIANGE cBfic 1Rl RN AL T PEr I3l sEANM ﬁNhﬁHiE@éﬁEﬁfyyalhgerbl nserted,
reduced the, luciferase activity upon addition of tetrﬁgycllne t-he

other hARIOR S & RRIIEX HEEs vEC PSR ot MNRgCOIRS tTeEr 8R%R iRfe

. oper at or dSEHRRC agh eAE athd Ramk UEd §imase agid \ﬂatr)é'e[:e@@z{eﬁun@@!& ofnd caddition
or no addition of tetracycline. These results denonstrated that, as a

pr onot er Ot Hat*S RIGERESST Wagiﬁr%%sﬁxé’ﬁessf%% S0 GBEHREETS BBE TB>%r onot er
-1 nduci bl ryhy trehr aeyel dme se@Bebend pyeefser ably -mwed. rdfpddoianple Widrein

Pr oduct f RNA_Db) Th f |11 t
he. oi ROCELFPREEIBh Vot 6P 1 LTt 951 AL LR PEAior  pt o of . somowhat | ong

RNA. Therefore, in the case of-using pol Il pronoter, it is necessary to
cleave this f exa y self-proce S|n prod ce, antlsense
RNA or sense% g%glsnléR%gne espsrlé)&uc?’n%e%nﬁctcofa OZ)Clcontgl ni ng

anti sense tiodd BNAnscm1pnawaepcomhrﬂJﬁ& ther&gﬁN@nexpdesgpd<hy BhE\ segwence to
be recoggé §9 #$ me (recognition sequence coding region) at their 5
and 3' ) |ng outside of this recognition sequence codi ng 20

regi on, a reglon cpd!ng for the 5 and 3' end cleaving ribozyme that
cleaves the recognifii o pJRAUEHLE SO 09L& 0 - W08E NS A% 1, wherein
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

is 15 to 30 bp long.

5. The siRNA expression system according to claim 1, wherein
a 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 claim 5, wherein
one of nucleotides in the mismatch is guanine and the other is

uracil.

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

the siRNA contains 1 to 7 mismatches,

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

the siRNA contains 1 to 7 bulges.

9. The siRNA expression system according to c¢laim 5, wherein

the siRNA contains both 1 to-7 mismatches and.bulges.




sel f-processing actually occurs or not was exam ned. Figs. 14 and 15 are.
di agrans representing the RNA sel f--pr%qesa ng. Transcri @tdarch 2006 t he
above-descri bed unit were subjected to gel electrophoresis, 25 Results of
gel el ectrophoresis are shown in Fig. 16, On the |eft si de of

el ectrophoresed. bangs.siriaFegprdfsiRULEFLEME ééao@@wge& 2 KA 4wl ecul es
corresponding to respective bands are schematically shown. Several bands
cor r espofititHEF tlo *RNAs 'Bierrari stk RHgIRS RFPRIFSTweP eVt RE0FREE o 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. the RNA sEPF -HROBeEEPTRF BrRe Y S U AFSUER AN RRRY pPB % WRing unit as
shown i nc1ding 12 t035o[ Examplie d3]d Prepatati 0N Hf isakNbld Bianytexpressi on
system targeting EGFP nRNA 8 March 2006 42 r. . An siRNA library
expression systemtargeting randomsites of EGFP nRNA was prepared.
Qutlines of the. premrsarmaneap&ﬁl@wnsyﬂterﬁagfeoraan_t; houwgh 28 dMA)

P t f 20 t P f 5 -
" ppr oxi FETBTY 2851 b1 23 Tt8 L Bt 1 ARaGP ERED SRR F HeHenbe= LRt "EAB
dephospheft ydaitdednbl seviseepaisl” séhad carde Dihe. starting materials for the

preparation of the si RNA expression library shown in Fig. 19-1 were
prepared as descri bed bel ow. The outline of its preparation is shown in

- Fig. 24. 10 The. EGHR csddaimgexlexgéscaiomsyammiafdceddimcprnopﬁmfpemcbfy PCR, and

appr oxi ”@iefe'ni’ r 30,40, 25 “?x%tr:%?xqgsa QN EGES }DNA Lra e%u%‘{:gs gbtgned by

t he DNasé eat’nmen € arrp |ca I on Suct ar ge-scal e
prepar at form off ehg énagienhs, fcnli@w{mggm@ht‘rso ttris soobitti ribe emsrdrainned wit h

Kl enow Féﬁgrﬂ%ntcbn@%fé&ﬂc' oned into the

{(a) the promoter comprises distal sequence element (DSE) and
proximal sequence element_(PSE) with a space therebetween, and in
the space two loxP sequenées,'one in the wvicinity of DSE and the
other in the vicinity of PSE; 7

(b} the promoter comprises DSE and PSE that are located to
maintain the promoter activity, a loxP 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 code DNA or sense code DNA.

14. The siRNA expréssion system according to any cone of
claims 1 to 13, wherein aﬁtisense and sense code DNAsS are maintained
in the same vector DNA molecule, or separately in different vector

DNA molecules.

15. The siRNA expression system according to any one of
claimstl to 12, 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 via a linker.

16. The siRNA expreSsion system according to claim 15,
wherein said system comprises loxP sequences in the form of any one
" of the following (a} to {d) so that the expression can be

controlled:




15 pSwal vector that have been constructed by nodi fying pUCL8. This vector
contains the recognition site of the rggtriction enzyne HBsidédich 2006t he
upstream and downstream regions of the cloning site (Swal recognition
site) so as to excise DNA insert by BseRI. The approxinmately 20 to 25 bp.

| ong EGFPCDNA (hf agieatscdddsr 28nstibEsoned el esexgisiet WhkhbeBseRl . The two
nucl eoti de excessive' cohesive ends forned after the BseRl .cl eavage were

bl unt ed GEPRIPEACPNAAEDI YRS sER2Ghd "PhA*F AW BARES. W% TdepRBsphoryl at ed

by the GrAPinitealtnesk.ankhenabevesdescrhbed: pirgegduresswyi el ded a | arge
gquantity of the approximately 20 to 25 bp | ong _random EGFP cDNA fragnents
REsnbB 038 5t

having 25 dep ¥ RG] TP EREs. £hERs H° BREAFFAditent

havi ng seasetciodenhBNArainttcantcsenbey, @odex PNAffensk RNfe teadeg@beng &&FP nRNA
To the bgt htﬁndsl o% the "a pr?x' tel% 20 ﬁgo 25, bP lEl_jpng EGFP 30 cDNA

f ragnent “PAVITy ‘EENGRTHSAN &F et bl Unt o8RO T SFaF e in (a) , the

5' - phosphoryl dted hao rip=psl bnkelodatwals sbi gatted ihEegpodO-the adhiserda r pi n

i ker co i recognition si .of type Il restriction enzynmes, BspM and
" Bsgl, sog%ﬁ%ﬁ% %&:a%e]!tl)see cﬁoggvelgﬁhtant e linkage. site or its vicinities.
The strand di $gl acewentoxPeaste car magyedarei &d 135 ioteérysala dwhnhegr Bst DNA

Po] . yrrerg‘grgp%losirn%agt?%?%étsag%lélhggng%gqygg@?@n; in the |inkage site of the

~l'igation product "o roxi rch 2006 43 20 to 25 bp | ong
CcDNA fragment with the hairpin linker. Thus, a DNA product, in which the

~approxi matel y;20 t ; I P.C : | J e i t he
hai rpin |i nke:rl;ét %%%rl%{ﬁﬁogﬁgég;ﬁtnhgg&fzée% (Ei ngggfooﬁlg%gx?? V&t%ﬁt{iﬁe

bl unt endhe¥elen CEESFMiEDRASEr agfetinssi dofle oblNEs taltesnpinichicied Lhea Srectend

phosphorylated DNA |inker-2 was ligated (Fig. 20-(r)). AAAAA/TTTTT

~sequence signaling the termnation of transcription fromPol 1l pronoter

is present at the one end of this DNA linker, while the Asci recognition

- site is presepg atpfhe i@RClypression system according to claim 14 or 17,

wherein said wvector is a plasmid vector.

19. = The siRNA expression system according to claim 14 or 17,

wherein said vector is a viral vector.

20. The siRNA expression system according to claim 14 or 17,

wherein sald vector is a dumbbell-shaped DNA vector.

21. A cell maintaining the siRNA expression system according

to any one of claims 1 to 20.

22. The cell according to claim 21, wherein said cell is a

mammalian cell.

23. An individual organism maintaining the siRNA expression

system according to any one of claims 1 to 20.

24, A composition comprising the siRNA expression system

according to any one of claims 1 to 20,

25, - The composition according to claim 24, wherein said

- composition is a pharmaceutical composition.




end. Only the AAAAA/TTTTT side is 51-phosphorylated. 10 This ligation

product of EGFP cDNA, |inker 1, and Iigléer 2 was reacted g mgehr2006t h Bst'
DNA Pol ynmerase to performthe strand I'spl acenent reaction fromthe N ck
site at the linkage site (Fig. 21-(r)) . Thus, the DNA fragnent, in which

DNAs codi ng f g, sefsgeand f@Btbﬁ&ﬂ_ﬁﬁngN@‘Sc@fl SinRMA ERMIRE kBYgECRRIERNA wer e

arranged in tandem 15 was synthesized. In this fragnent, the recognition

- sites of SKPFFESIOP fLestHhitaesn BheXAds s2pd pht thatd cRERT i se &hfr 85t Aét ween
the sensentfodibiAcpad it anpisaNnsd ¢9deaiMicol@ingl @Niang 6he VA fragnent
havi ng DNAs, codi ng for sense_and antisense, 20 of siRNA t argeti 2%1 EGFP nmRNA

The DNA Fiaffent t8yAf nedi &Ly (B KavPRGIIINAS 1d8di g™ idr S8ehse R ¥%nd

ant i sensexpfeSiiBNAs{ et getisngnEGHRidENA was cl eaved with Asci to prepare a

DNA fragment havi ng cohesive. and blunt ends (Fig. 21-8) . For cloning

this fragnment, a cloning vector containing human U6 25 pronoter was

constructed (BE7g. Rb)intresklicliorsi@NAyhEsrdsphkprEseRIn sgadeAscl are

present downstr.eam of .this_prono Af%er the cl. age inmmedi ately
ownat 1 eSMIBT TRg  pPOHOEr O I BIPR “OPHE g hhey o PR AL | Unt od wi t h
Kl enow, anditisrg pegokicie Wasingl €aydenygthhoAstle sORNPrepdieeeapceLrEdng
vector hayij 30 cohesi ve and_ bl unt ends. This vectorf. ) igated to the
DA {1 agaiht PeatrR BT A BoHEb e e s T M R ERM eSS dBrse and
ant i sensei®fA sinRNAtveggethicy) EGFRapRNAs ahcteddressthonge antal BGFP U6
Si RNA expressl. a0 BEe-hiAY ack) (£ 6350 | QBi 09; ¥ SEL 8% CONL A UG
human tRRé@zﬁm pro tergmagxal s%;é cgngs%rrél?*c?%eg (Ig—fglg e"cz@%’ eRecognl tion
si t es of DR&stwhieceinnsaivz ypregot8spM a BeeRIT an@oAsEII armmoicatl arly present’
downst ream of human 8 March 2006 44 10
28. An intracellular siRNA library expression system

comprising a stem-loop siRNA producing unit in which an antisense

code DNA and a sense code DNA complementary to said antisense code

DNA are linked in the oppesite direction via a linker, and a

promoter capable of expressing the stem-lcop siRNA at either side of

sald unit,wherein said promoter is a pol II or pol III promoter.

29. The siRNA library expression system according to claim 27
or 28, wherein a final transcription product of the siRNA expressed

by the system is 15 to 49 bp long.

30. The siRNA libréry expression system according to claim 27
or 28, wherein a final'trénscription product of the siRNA expressed

by the system is 15 to 35 bp long.

31. The giRNA library expression system according to claim 27
or 28, wherein a final transcription product cof the siRNA expressed

by the system is 15 to 30 bp long.

32. The siRNA library expression system accoerding to any one
of claims 27 to 31, wherein a double-stranded RNA region of the
siRNAs in which two RNA strands pair up contains a mismatch or a

bulge.




15 tRNA-val pronoter. This cloning vector can al so be prepared by cleavage
with BseRl instead of BspM. This vectqy was cleaved i nmeklarhed0ps
downstream of the pronoter with BseRl, the cleaved site was blunted with
T4 DNA pol ynerase, then the product was cleaved with 5 Ascl and simlarly
cloned (Anti-EGFP tRNA siRNA pre-library). The si RNA expression pre-library
pl asmi d DNA was cl eaved at. BspM site between the si RNA sense. and

anti sense code>DNALREFFHRNA F2DERTY eXRtesefeRvie o 4GRertiNFadCbPRNtEE wi t h
. Kl enow atidcs&irds [270abesk | ameeashr setd Phembnéi -EGER sh&NA EePpessd el .
library in which pronoter, antisense DNA, sense DNA and TTTTT were |inked
in tandem (Fig. 22-(r)). Sequence analysis confirnmed that a desired
product was ppaducede Ex@Nmllesrofy tdigraequemceyfenDAASe sdighgof ofiy ®ieRNA in

the Anti-EG-P. U6; _si xpression |jhrary are shown_jn Tahle 1. Table I 5
06 br oRbt 612 Tt S RBRESHA IS FHBRT S tbnte RO VYR 44T TT

Ascl -3' Cbopesdhtafseasgorc Ria BhNALodpSense code DNA No 1GFP 24NoneGFP 24
CCCGTGCCCTGECCCACCCTCGTG CACGAGGGTGEECCAGGEGECACGEG (SEQ ID NO 39). (SEQ I D
NO 40) 2GFP 24NoneGFP 24 ACCAGGATGGGCACCACCCCGGTG CACCGEGGTGGTGCCCATCCTGGT
(SEQ I D NO 43p( SEQhe DsNODIA 42prkny Takbeeskionheyeterndatdroingf to henandriesense

code and_sepseg; chgegg%}}t ?, }:?e revers f _that liln g%:mlf)lgRN% imglgqpie
cases, but tﬁ}% oes not ‘a 'Egc llhl\%lcl{ n%ﬁ’gtefnog.g at - ° thae
‘8iRNA expression vectors that each targets a gene seguence

comprising a ceoding region and/or a non-coding region.

36. The siRNA library expression system according to any one
of claims 27 to 32, wherein siRNAs expressed by the system are
composed of RNA strands encoded by DNA fragments of any c¢DNA or
genomic DNA, said fragment has the length of the siRNA to be

expressed.

37. An assembly of the siRNA library expression systems
according to any one of c¢laims 27 to 36, wherein different siRNAs

are expressed by each system in said assembly.

38. A method of searching for a functional gene, the method
‘comprising the steps of:

(a) introducing the siRNA library expression system according
to any one of claims 27 to 36 or the assembly of siRNA library
exXpression systems according to claim 37 unto cells;

(b) selecting cells into which said siRNA library expression-
system or sald assembly has been introduced; and

(c) analyzing the phenotype of the cells thus selected.

39. The method of searching for a functional gene according
to claim 38, wherein . B said method further comprising a step of
screening for a functional gene based on the sequence of DNA coding
for siRNA in a cell whose phenotype has been found altered as the

result of the phenotype analysis.




20 An si RNA expression. library having a Loop sequence of siRNA, TTCG

bet ween anti sense and sense DNAs was c%%structed by cl ea\8 Mgrcht2006
pre-library plasmd DNA first with Bsgl"and then with BspM (Fig. 23-0-2)

, blunting the cleavage site with T4 DNA pol ynerase, and then, perform ng
sel f-ligationgglt hSmPESSK bise Le1bEesly Aalihiihect 0AD ARnaequracRhRieen
anti sense and sense.code DNAs and add tragnmentS of 8 March 2006 45
pronot er §OTMREI G GRendresRs €fetc., by altering the sequence of hairpin
linker 1, andhhe typeoANdngl tBe Ofi Hi@ShEbLELE P 12YEESn {P@MPhB8cdAding

Eval uation of sIRNA |ibrary exgre55|on systemtargeting 5 EGFP nRNA The
above- de$€r PB¥d OBAt PEECEPITRB &7 RNA &fpr 8sitdR 1355REPYY (2f §1RVA ahtPIAEeFP- N1
(0.01 Q) ewBr&sHR kapsémCtREokal By oD aHalay ShtoCekl Bs byanidhe |i pof ection
met hod (Li pofectam ne 2000) . The cells were allowed to stand at 37"C for
48 h and t hen {BbselG@W under 2 c BT Ol tT6dcople. CASPECEONEr §FPe  ©F
experi meptot&inninathepesetsd Ans oWl Bt GRAUCE erNAISIing a P ek s@pni siygdeaace of
the siRNA |ibrary expressiqn, _system. As shown in Fig. 26, cells emtting
green fIﬁSr%@%gﬁ@éeﬁg t'd’ lﬁﬁﬁﬁgéqq- 1 decreased in number in the group
transduced with the 15 Anti-EG-P U6 siRNA |ibrary expression system
conpared to the control ~ group (pUCL18-introduced group). Moireover, 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 |ibrary expfession systeminto cells induced RNAI so as
to 20 silence the target gene. ;Thus, clones capable of inducing RNA and
silencing the target gene would be present in the anti-EGP U6 si RNA

i brary expression system Sinmilar results were obtained in the Anti-EG-P
t RNA si RNA :




" 25 library. expressi.on system (Figs. 26 and 27). [Exanple 15] Gene silencing

-~ effects of si RNA expression adenovirus vector and H V veMarch2806 nmar ker

gene for- evaluation, a luciferase gene 30 (pG.3-Control: Pronega) was

. used. siRNA was expressed in tandem using human U6 pronoter. The target .
Sequence was site. B.strand: 5'-GIGCGCTGCTGGIGCCAAC-3'  (SEQ I D NO 43). An
adenovirus vector vias prepared accordi P to the nethod of M zuguchi et al.
(Ni ppon Rinsho, 58, 1544-1553 (2000)). 35 1) Incorporation of RNAI
expressi on cassette into shuttle plasmd Although. there were three Hincli
sites. in the sequence. of 8 March PB3BRAGT PShuttle available from
Clontech, it was confirned, as a result of sequencing, that only one
Hincll site was present between |-Ceul and Pl-Scel sites. After 'the
expressi on pl &8 41 (PUS s FAIB)e*REe 8 iy s ipnRc®udingl £o thime lanestiene
bl unt ed iy & he JdLnaWair eatrarRle1 130G fiReR«pelaaued syt b EaLaRk- THE (si)[

-~ expression cassette thus prepared (approximately 600 bp) was incofporate

i nt 0°t hENHUERAEIREIGes pPEhEEREE)InGUFicals haed D S st pedied fein anktemrsend

Hincl |, dri it uaiaspWairgk@iBoShukt hegild 8F knegrgarabihan RRNEXPRESSAON
cassette frompShuttle into Ad vector | asm d, and preparation of Ad
vect or e "RNA PERPPESEP ohN2E aERREEEONARC | SHEUSSEY dthed aprigepgevandosense

plasm d KneAdHVba RED) ahatiseasBCRn Rehsaceondi BRaLO thspeethodipf  15.

M zuguchi et al. to construct pUs-FG.B/ RGD. Asa control, after pAdHML5- RGD
and pUs- FGLB/RGD with no insert were digested with Pacl, |ipofection was
performed using Transl T293 ' : .

C

! ’J—’ )
i :L;'=-.,,.i/




(Ta'KaRa). From cel 'I s in which CPE was observéd Ad vector was pr epar ed
according to the nethod of M zuguchi et al. 20 Ad vector EpManmdeby t he

< cesiumchloride ultracentrifugation. nmethod was purified by dial ysis
' agai nst PBS(-) containing 1% BSA overnight. Titer of the purified Ad

vect or was .neasured using an Adeno-X Rapid Titer Kit (Cd ontech) Measured
titers of respective Ad vectors. were ag/pllows: 25 RGY Ad (control):

6. 76x10710 ifu/m - U6-FGA.B/ Ad: 5.27X10710 ifu/m 3) Preparation of
HelLa-S3 cell HelLa-S3 cells were prepared to a denS|ty of .5 x 105 cells/n,
30 and seeded 1 m/well each in a 6SEEUENCPIIASEINGThen,' each Ad vector was
added to each well at a M of 1, 10, 20, 50, and 100. Twenty-four '. "hours
later, the medium (1.5 ml) was added prior to |ipofection.. 4) Lipofection
of luciferase plasmd 35 Twenty-four hours after the transduction of Ad,
the cel | s ¢E0e TAIRpoKagirediwi th the | uciferase expr ession plasmd in the
follow ng 8 March, 2006 47 conposition per well. pG&3-Control (0.02 g),
pRL-Tk (0.1 @) ,mmmwcn&k()ﬂoo g) were added to Opti-MEM (250 |) placed in
Tube A. LipofectAmine 2000 (5 |; lnvitrogen) was added to Opti-MEM (250 |)
pl aced in Tube B, and the m'xture was allowed to stand at roomtenperature
for 5 mn. The whole quantity of Tube B was added to Tube A, and the

m xture vagos RORNABRPYEISTAE GYSTM thE?Hajﬁghtprmmture was al | owed: to
stand at roomtenperature for 20 mn, e whole quantity was added. to

each wel |, and FyReripRAE GERE 1@6@(_f]j@,wN4§.;Ln USJIQGE’PHELS"{ESﬁEﬁr ase assay Luciferase

'assay was carried out using a Dual-Luciferase -

i
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Reporter Assay Systen1(Pronega) After culturlng fair 48 h follomnng t he
| i pof ection, each well 15 in the plate was washed once i MarcRPBBOE-) (500
= 1) . After the removal of PBS(-), 1 x PLB (500 I) was added to each"
well, and.the plate was. occasionally shaken .at roomtenperature for 15
mn so as to lyre the cells. Cell lysate was. transferred into a 1.5-ml
tube,. centrifuged at 14000 rpm for 1opmun, and the supernatant. was - 20 .
transferred into a fresh 1.5-nml tube (PLB |ysate). Luciferase activity was
measur ed using an AutoLumat PLUS LB953 (Berthold). Using PLB |ysate (10 |),
| uni nescen@a3pfArkifiefby Sehuericker ase and Renilla Luciferase was neasured for
10 s. Relative luciferase silencing effects of the respective RNAI
expressi on Ads .25 were expressed based on the RLU val ues of FireFly
Luciferase/ReniIIa Luci ferase, taking the value of cells transduced with
the contraf220RGY Ad as 100% (Fig. 29). Sinilarly, luciferase suppressing
effects off RNAI by expression H V vectors were observed as shown in Fig.
30. 30 si REA3EDRESSDLOeh BEArteetaus Rhendy: BPETeEidINyt he substantially.
sanme manner as for the si RNA expression Adenoviru,s vector by inserting
t he si RNA exprg§§ﬂQ@19@§§@&kﬁcéarget|ng FlreFIyIu0|ferase into an HV
shuttle vector. In this assay, the target sequence .was siteB strand: :
5" - GTGCGCTGCTGGTGCCAAC- 3" (SEQ ID NO.: 43) , Us pronoter .35 was used, and,
RNAs to be expressed have the stem| oop including .
5'- GlKIIIl@%b#ﬁiKIIJVKII@ugugcuguccGEEUUGECACCAGCAGCECAC (SEQ | D 8 March
2006 48 NO 22), _
%%%%MUQCUQUCCMW CCAGCAGCGCAC- 3" ( SKC ID NO -
and uAAuUCCgugugcuguc c GGEAUUGGCACCAGCAX ( SEQ
ID NO 57). After the si RNA expression shuttle plasnld was )

210> 2
<211> 19
<212> DNA

- <213> Artificial Sequence
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<2105 3
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i ntroduced into 293T cells, viral-particles were harvested by the standard
met hod, concentrated, and transfected into 293T cells. at smMaweh 20065 to 8.
«+ Then, RNAI effects. were examined in terns of |uciferase activity
simlarly as in the case of the Adenovirus 10 vectors. [Exanple 161 Gene
silencing effects of si RNA expression dunbbell-shaped vector Gene
silencing effects of si RNA expression bel | -shaped 15 vectors were
exam ned. The follow ng si RNA expression vectors were used, and |uciferase
anal ysis was perfornmed under.simlar conditions .as in the above-descri bed
Exanpl es. 6P atrteRiyias Seqgersdeem | 00p si RNA usi ng human U6 pronoter -
(pUesten), and 20 dunbbel | - shaped vector expressing si RNA (Dunbbell) As
shown in Fig. 31, the luciferase silencing effect was observed in t.he
si RNA expressi on dunbbel | -shaped vector', denponstrating that the si RNA
- expressiorxggstem mai ntai ned in the- dunbbell-shaped vector exhibited an
efficient gene 'silencing effect. 25 Industrial Applicability As described
above, theoess 1Rkotheidibiaaalidan SIqA. AXPIARSLOY System enabled to
silence the functional gene expression. urthernore,” as a result of _
introducing a %ﬁﬂﬂhﬁi%&?%@@x&BAF has been 30 transfornmed to maintain si RNA
expression systéns for a plurality of target genes into cell, the .
expression of nultiple target genes could also be -silenced. By.using such-
an intracellular si RNA expression system siRNA.s,supplied within the
cell so agupg, @nable the stable and Iong-term si RNA expression, that is,

target gene silencing as 35 well. In addition, by using viral vectors or
the like, f fficiency of siRNA expression systeminto cglls can be
B s SR ekt o f |
<210> 4
<2ll> 19
<212> DNA

<218> Artificial Sequence

- <2200
_?;)" 223> Description of Artificial Sequence:Artificially

Synthesized Sequence
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49 as to allow the RNA . induction in manmalian cells without fail. ,
Therefore, the present systemis able to contribute to tl@gvgehaodder apy
» and production of knock-down ani mals depending on RNAi . Furthernore, in
order to allow the present systemto be applied, ~ 5 to a method of _ :
searching for functional genes, the -siRNA |ibrary expression system and
its assenbly have been provided. The ugggof these systems. and the |ike can
make the searching for ‘functional genes so sinple and efficient that the
“present systens including siRNA |ibrary expression systemcan contribute to
t he accel eagediri@rRliutisdatémye of functional genes. 50 8 March 2006 CLAI M5
1. An intracellular si RNA expression system conprising an antisense code
DNA coding for antisense RNA directed against a region of a target -gene
"mRNA, - a sense code DNA coding for sense RNA' directed against the sane
region of @apsl target gene nRNA, and one or nore pronoters capable of
expressing sai d anti sense and sense RNAs from sai d anti sense and sense

code . DNAs ¢ob8s IRGLIYRE M o¥NE Gk cial SR dleREQAPE Bici 811§ POl 11 or pol 111
pronoter.. 2. The si RNA expression systemaccording to claiml, wherein a

final transcripii,o0sRsa04etudket he si RNA expressed by the system is 15 to.
49 bp | ong. 3;E#he g?ENA e@bregsion system according to claiml, wherein .a:

final transcription product of the si RNA expressed by the system is 15 to
35 bp long. 4. The si RNA expression systemaccording to claim1, wherein 'a
final traqﬁﬁg}gﬁjon product of the si RNA expressed by the system is 15 to

30 bp long.”'5. The si RNA expression systemaccording to claim1l, wherein

i;)' gtgegetget ggtgecaac ‘ | 19

<210> 6
211> 19
<212> DNA

<213> Artificial Séquence

- 220
_‘;)  223> Description of Artificial Sequence:Artificially
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£210> 7
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a doubl e-stranded RNA region of the siRNA in which two RNA strands pair up
contains a msmatch or a bulge. 6. The si RNA expressi on $darem288gordi ng to
:claim5, wherein one of nucleotides in the m smatch is guani ne and the '
other is wuracil. 7. The siRNA expression systemaccording to claims5,
wherein the siRNA contains 1 to 7 mismatches. 8. . The si RNA expression
system according to claim5, wherein fshg si RNA contains 1 to 7 bulges. 9.
"The si RNA expression systemaccording to claim5, wherein the si RNA
contains both 1 to7 m smatches and:. bulges. 51 8 March 2006. 10. The si RNA
expr essi orKHPstaami ftdal daageice any one of clains 1 to 9, wherein said pol
11 pronpoter is U6 pronoter. 11. The si RNA expression system according to
any one of clains 1 to 10, wherein said pronoter is an inducible pronoter.
- 12. The si RNA expression systemaccording to any one of- clainms 1 to 11,
~wherein sajmopronoter is separately |located upstream of said antisense and
. sense code DNAs. 13. The si RNA expression system according to any one of
claims 1 tgoig, De\s/eﬁ;ﬁllan%&*lﬂrﬁmﬁm SQfiehéS@sti @eFaplgquences in the form
of any one of the following (a) to (c) so that the expression can be
control |l ed:. (a)syhPRedltOd®eGliefe@Pri ses distal sequence el ement (DSE) and
- proxi mal sequence el ement (PSE) with a space therebetween, and in the
space two | oxP sequences, ore in the vicinity of DSE and the other.in the .
Vi Ci n|ty of PSE; (b) the pronoter conprises DSE and.PSE that are | ocated to.
mai ntai n thgypronoter activity, a | oxP sequence therebetween, and anot her.
| oxP sequence either upstream of DSE or ‘downstream of PSE;

é;)' - atgtacacgt tcgtcacat - ' - 19

<2105 8
211> 19
<212> DNA

213> Artificial Sequence
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K;):- - <223> Description of Artificial Sequence:Artificially
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and (c) two l.oxP sequences are located so as to interpose the antisense
code DNA or sense code DNA. 14. The si RNA expression syst&Ma@h@0o06li ng to
- any one of «clainms 1 to 13, wherein antisense and sense code DNAs are.
mai ntained in the sane vector DNA nol ecul e, or separately in different
vector DNA nol ecul es. 15: The siRNA expression system according to any one
of clainms 1 to 12, wherein the pronotg4s |ocated at the one side of a
unit in which the anti sense and sense code DNAs are connected in the
opposite direction via a |inker. 16. The si RNA expression system accordi ng
to clairm 113> wheteidiad Bedusyst em conpri ses | oxP sequences in the form of
any one .of the following (a) to (d) so that the expression can be
controlled: 52 8 March 2006 (a) the pronoter conprises DSE and PSE with a
space therebetween, and in the space two | oxP sequences, one in the
vicinity of2oBPSE and the other in the vicinity of PSE; (b) the pronoter
conprises DSE and PSE that are located to maintain the pronoter activity,
~a-loxP SGMBFQJeTsBﬁ(ﬁ@@ﬂ Wgeknt 20k a1 20QLRREe 1K Fidpsteam of DSE or
downstream of PSE; (c) two | oxPs are |ocated so as t0 interpose the .
antisense codebNLQLedBRgGcgde DNA; and (d) two loxPs are arranged so as |
to interpose a I'inker conprising a stop sequence (e.g. TTTTT). 17. The
si RNA expression systemaccording to claim 15 or 16, wherein the antisense
and sense code DNAs are maintained in a vector nolecule. 18. The si RNA
expr essi Ony48Yslgem accor ding to claim114 or 17, : :

{;) -gtagegeggt gtattatac ' 19

210> 10
211> 19
212> DNA
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220>
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wherein said vector is a plasmd vector. 19. The si.RNA expression.system -
according to claim14 or 17, wherein said vector is a vigMdarche@00®r. 20.
i The si RNA expression system according to claim114 or .17, - wherein said
vector is a dunbbell-shaped DNA vector. 21. A cell maintaining the si RNA.
- expression systemaccording to any one of clainms 1 to 20. 22. The cell
according to claim21, wherein . said ceZh&is a nmammlian cell. 23. An.
i ndi vi dual organi sm nai ntai ning the si expression- systemaccording to
any one of claims 1 to 20. 24. A conposition conprising the si RNA
expressi ok HBst i aGePJbgléhde0 any one of claims 1 to 20. 25. The ..
conposition according to claim 24, wherein said conpositionis a
phar maceuti cal conposition. 53 8 March 2006 26. A nethod for produ0|ng a
cell-'in which the target gene expression is sil'enced, wherein said nethod
conpri ses ¢fgysteps of " introducing the si RNA expression system according
to any one of clains 1 to 20 into cells, and selecting cells in which said
si RNA exp i S c llular siRNA library
expr essi on{és%%tﬁé%%c%gtrlrgﬁogl %llgtqgi ll glt%zeaﬁﬁglcf% gﬁdl ng for siRNA .
conprising an ce haV|ng the length of the siRNA'to be
expressed, -an E“*?%%yg? ?grs facing to each other with said DNA .
~coding for siRNA in betweén whi ch are capabl e of expressing the nmutually.
conpl enentary RNAs from respective strands of said doubl e-stranded DNA,

wherein sqgg pégnnter is a-pol Il or pol Ill pronoter. 28. An |ntracellulér
si RNA |i br pressi on system conprising a sten}loop S|RNA prodUC|ng
.4ﬁ§t in mhlch an antisense -

< geugugaaac gauaugggeu u _ 21
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~ code DNA and a sense code DNA conplenentary to . said antisense code DNA are
. linked in the opposite direction.via a linker, and a pr cwiamh 20apabl e of

- expressing the stem|oop siRNA at either side of said unit,wherein said
pronoter is a pol Il or.pol Il pronoter. 29. The siRNA library expression
system accordiing to claim27 or 28, wherein a final transcription product
of the si-RNA expressed by the systemigg4l5 to 49 bp long.- 30. The si RNA

| i brary expression systemaccording to claim27 or 28, wherein a final
transcription product of the si RNA expressed by the systemis 15 to 35 bp
| ong. 31. <& SArRNAi diabrSmgyenaexpr essi on system according to claim27 or
28, wherein a final-transcription product of the si RNA expressed by the
systemis 15 to 30 bp long. 32. The siRNA |ibrary expression system-
according to any one  of clains 27 to 31, wherein a doubl e-stranded RNA
regi on of ¢#2e>si RNAs in which two RNA strands pair .up contains. a m smatch
or a bulge. 54 8 March 2006 33. The siRNA |ibrary expression system
accor di ng 42033 Msseriptid of! MiTBiLih1l SeqddnctAet £iiRisgHlyd pronoter is an

i nduci bl e pronoter. 34. The siRNA |ibrary expression systemaccording to
any one of clg 21z4® S3duentBer €i n si RNAs- expressed by the systemare
conposed of 'random RNA strands. 35. The siRNA |ibrary expression system .
according to any one of clainms 27 to 32, wherein said systemis an
assenbly of nultiple siRNA expression vectors that,each targets a gene
sequence @@§Pryissi ng- a -coding region and/or a non-coding region. 36. The -
Si RNA |ibrary expression system according to any one of clainms 27 to 32,

wher ei n simcgégrugﬁgﬁguwgs systemare conposed of RNA st rapds encoded

Y DNA- fragnment's of any c

<2105 14
@11y a1
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genomi ¢ DNA, said fragnent has the length of the si RNA to .be expressed.
37. An assenbly of the siRNA |ibrary expression systens &ideehd00§ to any
*one of clains 27 to 36, wherein different siRNAs are expressed by each
systemin said assenbly. 38. A nethod of searching for a functional gene,
the nethod- conprising the steps of: (a) ‘introducing the siRNA |ibrary
expressi on system according to any oneysf clains 27 to 36 or the assenbly
of siRNA library expression systens accordi-ng to claim37 unto cells; (b)
selecting cells into which said siRNA |ibrary expression systemor 'said
-assenbl y hdd3beatifintinbdiegeenceand (¢) anal yzi ng t he. phenotype of the cells
thus selected. -39. The nethod of searching for a functional gene according
to claim38, wherein said method further conprising a step of screening
for a functional gene based on the sequence of DNA coding for siRNAin a
cel | vihose9abenot ype has been found altered as the result of the phénotype
anal ysis. 55 8 March 2006 40. A nethod for selecting a highly active si RNA,
“the met hok228pmpistsiptdon b€ SitePSciafl: Sdaubnédiaroriticiadyt he Si'RNA |ibrary
expressi on system.according: to any one of clains 27 to .36, or the assenbly
- of si RNA |'i br arggntifedizes SeQibns¥ st ens according to claim37 into cells, and
(b) measuring the expression level of a specific gene or. protein in the
cells into which said si RNA" I|brary expression system or said assenbly is
i nt roduced. : : y
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ABSTRACT The in vivo si RNA expression systemaccording to this invention
is a systemthat intracellularly expresses snall interfersmgrchs20ps RNAs and
“conprises antisense and sense code DNAs coding for antisense and sense
RNAs targeting any region of a target gene nmRNA and one or nore pronoters
that function to express the antisense and sense RNAs fromthe antisense
and sense code DNAs, respectively. 8 Mapggh 2006 1/34 SEQUENCE LI STI NG <110>
TAI RA, Kazunari M YAd SHI, Makoto <120> si RNA EXPRESSI ON SYSTEM AND METHOD
FOR PRODUCI NG . FUNCTI ONAL GENE KNOCK- DOAN CELL USI NG THE SYSTEM <130>
SEN- A0124- U8 32145 fidial >Sequibice JP 2001- 363385 <151> 2001- 11- 28 <150> _
PCT/JP02/ 11293 <151> 2002- 10-30 <160> 57 <170> Patentln Ver. 2. 1 <210> 1
<211>.19 <212> DNA 8 March 2006 2134 <213> Artificial Sequence, <220>

220>
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auguacacgu ucgucacauu u 21

<210> 18
211> 21
212> RNA

- <213> Artificial Sequence

<220>
*g:> - <223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 18

‘augugacgaa cguglacauu u _ . ‘ - 21

<210> 19
211> 21

<212> RNA




<223> Description of Artificial Sequence:Artificially Synthesized Sequence

a <400> 1 gctatgaaac gatatgggc 19 <210> 2 <211> 19 <21B-MBNA20283> - |

- Artificial Sequence <220> <223> Description of Artificial ' '
Sequence: Artificially Synthesized Sequence .<400> 2 gcccatatcg tttcatagc

19 <210> 3' <211> 20 <212> DNA 8 March 2006 3134 .<213> Artificial
Sequence <220> <223> Description of Affgficial Sequence:Artiflcially o
Synt hesi zed Sequence <400> 3 gttcgtcaca tctcatctac <210> 4 <211> 19 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial '
Sequence: AZ185 imgitaficial Sequence :

<220>
<223 Description of Artificial Sequence:Artificially .

Synthesized Sequence
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Synt hesi zed Sequence <400> 4 20 gtagatgaga tgtgacgaa 19 <210>5 '<21.1> 19
<212> DNA 8 March 2006 4/ 34 <213> Artificial Sequence <2ZMarchZP86é =
- Description-of Artificial Sequence:Artificially Synthesized Sequence <400>
5 gtgcgctgct ggtgccaac 19 <210> 6 <211> 19 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Artificially
Synt hesi zed Sequence .<400> 6 gttggcac$§8gcagcgcac 19 <210> 7 <211> 19
<212> DNA 8 March 2006 5134 <213> Artificial Sequence <220> )

<213> Artificial Sequence
<2200
- 223> Description of Artificial Sequence:Artificially

Synthesized Sequence’

<400> 21
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<223> Descri.ption. of Artificial Sequence:Artificially Synthesized
Sequence <400> 7 atgtacacgt tcgtcacat S 19 <210> 8 <211>8 M@rch<Z@D&> DNA
= <213> Artificial Sequence <220> <223> Description of Artifici.al

"Sequence: Artificially Synthesized Sequence .<400> 8 atgtgacgaa cgtgtacat
19 8 March 2006 6/34 <213> Artificial Sequence <220> <223> Description of
“Artificial Sequence:Artificially Syghk9§%zed Sequence <400> 9 . gtagcgcggt
gtattatac <210> 10 <211> 19 <212> <213> Artifiecial' Sequence <220>
<223> Description of Artificial'Sequence: Artificially Synthesized ‘Sequence

<400> 10 GtBRALRACA 50MGhaRke<210> 11 -

o <2207
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence
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<211> 21 <212> RNA 8 March 2006 7134 <213> Artificial Sequence <220> .
<223> Description of Artificial Sequence:Artificially SyMbaehi20e6 Sequence
© <400> 11 gcuaugaaac gauaugggcu u 21 <210> 12 <211> 21 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 12 gcccauauCg uuucauagcu
u 21 <210> 13 <211> 22 <212> RNA 8 { 2006 8/ 34 (213> Artificial
‘Sequence <220> <223> Description of Ar icial Sequence: Artificially
SyntheS|zed Sequence <400> 13 guucgucaca. ucucaucuac uu 22 <210> 14

<213> Artificial Sequence

<2205
<223> Description of'Artificial Sequence:Artificially

Synthesized Sequence

220>
b <221> misc_feature
222> (1)..(19)

<223> “n” = any one base of a, t, g or c.
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<211> 21 <212> RNA .<213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Artificially Synthesized Sequence <&Xarch£008lagaugaga
‘ugugacgaau u 21 <210> 15 <211> -21 <212> RNA 8 March 2006 9/ 34 <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 15 gugcgcugcu ggugccaacu
‘u 21 <210> 16 <211> 21 <212> RNA <213 i @rt|f|C|aI Sequence <220> <223>

Description of Artificial Sequence:Artificially Synthesized Sequence <400>
16 guuggcacca gcagcgcacu u 21 <210> 17 <211> 21 <212> RNA

ggctegaceg gacctgecga a 81 -

210> 27
211> 119
<212> DNA

g 213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

220>
(2215 mise_feature
222> (1)..(19) |
i;) : ‘g223> “n” ; any one base of a, t, g or c.

{220>
<221> misc_feature
€222> (101).. (119)

+<223> “n” = any one base of a, t, g, or c.

<400> 27
_‘nnnnnnnnnn nnnnnnonnt tcggeaggtce cggtcgéccc tgcacgegge caaggeecgaa 60

aaggecgegg ccgeaageag getcgacegg acctgecgaa nnpnnnnhnn nnnnnonnn - 119




8 -March 2006 10/34 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Artificially Synthesized Sequence <40MarchZ08Biguacacgu
i ucgucacauu u 21 <210> 18 <211> 21 <212> RNA <213> Artificial Sequence
'<220> <223> Description of Artificial Sequence:Artificially Synthesized
Sequence <400> 18 augugacgaa, cguguacauu u 21 <210> 19 <211> 21 <212> RNA
8 March 2006- 11/ 34 <213> Artificial Se%&@gce <220> <223> Description of
~Artificial Sequence:Artificially SyntheSized Sequence <400> 19
guagcgcggu. guauuauacu u 21 <210> 20 <211> 21 <212> RNA

(210> 28
<211> 39

<212> DNA

<213> Artificial Sequence

ey 220>
b . <223> Description of Artificial Sequencé:Artificially

Synthesized Sequence
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<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially .Synthesized Sequence .<400> 20 guaibawh@d06cgcgcuacu
U 21 <210> 21 <211> 49 <212> DNA 8 March 2006 12/34 <213> Artificial :
Sequence <220> <223> Description of Artificial Sequence:Artificially

Synt hesi zed Sequence <400> 21 gtgcgctgct ggtgccaacg ugugcugucc gttggcacca
gcagcgcac <210> 22 <211> 53 <212> Qw$-< 13> Artificial Sequence <220>
<223> Description. of Artificial Seque d%.ArtificiaIIy Synt hesi zed
‘Sequence <400> 22 49 gugcgcugcu ggtgccaacc cgugugcugu ccggguuggc
"accagcagcg. cac 53 <210> 23 <211> 53 <212>.RNA 8 March 2006

. <210> 30
211> 195
©<212> DNA

<213> Artificial Sequence

<220>-
o €223> Description of Artificial Sequence:Artificially

Synthesized Sequence

{2205
 <221> misc_feature
£222> (39).. (58)

<223> “n” = any one base of a, t, g, or c.

{;} | - L2200 o
5 <221> misc_feature

<222> (139).. (158)

<223> “n” = any one base of a, t, g, or c. -

<400> 30

ggctcgagaa gettggegeg cegetetteg cgecaaaaan nnnnnnnnnn nnnnnhnntt 60
cggeaggtee ggtegaccet geacgeggee aaggecgaaa aggecgegge cgcaagcagg 120
ctegaccgga cetgecgaan nnnnnnnnﬁn nhnnnonntt ttﬁggchga agagcggcge 180

‘gccaagette tegag 185




13/ 34 <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 23 gug®WaghPogguguucaacc
» cgugugcugu ccggguuggc -accagcagcg cac 53 .<210> 24 <211> 54 <212> RNA
<213> Artificial Sequence <220> . <223> Descrlptlon of Artificial
Sequence: Artificially Synthesized Sequence <400> 24 gugcgcugcu ggugcucaac
ccgugugcug uccggguugg caccagcagc gcac g% 210> 25 <211> 19 <212> DNA 8
March 2006 14/ 34 <213> Artificial Sequ g <220> <223> Description of
Artificial Sequence:Artificially Synthesized Sequence <220> <221>
m sc_feature .<222> (1).. (19) <223> "n" any one base of a, t, g, or c.
<400> 25 nnnnnnnnnn nnnnnnnnn 19

<210> 31
<211> 152
<212> DNA

~ £213> Artificial Sequence

{220)
v <223> Description of Artificial Sequence:Artificially

Synthesized Sequence
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<221> nmisc_feature
<222> (39).. (55)

<223> “n” = any one base of a, t, g, or c.

<220>

221> misc_feafure
<222> (137).. (152)

<223> “n” = any one base of a, t, g or c.

<400> 31
ggctegagaa gettggegeg cegeteticg cgecaaaaan nnnnnhnnnn_nnnnnttcgg 60
caggtceget cgaccctgct'tgcggccgcg gecttttegg cetiggecsge gtgeagggte 120

gaccggacet gecgaannnn DOnNnnnnnn nn : ' . 152




<210> 26 <211> 81 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Artificially Synthesi&MdrcBeagpoence <400>
- 26 ttcggcaggt ccggtcgacc ctgcacgcgg ccaaggccga aaaggccgcg gccgcaagca 60 8

- March 2006 15134 ggctcgaccg gacctgccga a 81 <210> 27 <211> 119 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial -
Sequence: Artificially Synthesized Seqﬂﬁgge <220> <221> mist feature
<222> (1) .-, (19) <223> "n" = any one base of a, t, g, or c. <220> <221>
m st feature <222> (101).. (119) <223> "n" = any one base of a, t, g, or
c. <400> 2Zgiprmpannnnn nnnnnnnnnt tcggcaggtc cggtcgaccc tgcacgcggc
caaggccgaa 60 aaggccgcgg ccgcaagcag gctcgaccgg acctgccgaa nnnnnnnnnn

nnnnnnnnn ds49s 8 g%ar ch 2006
<212> DNA

{213> Artificial Sequence .

220>

<223> Description of Artifﬁ?ial Sequence:Artificially

Synthesized Sequence'a

220>
221> misc_feature
222> (1).. (16)

<223> “n” = any one base of a, t, g, or c.

<2202

<{221> misc_feature

T
,;’"_: Y

<222> (98).. (113)

{223) ' = any one base of a, t, g, or c.

<400> 32
nnnnnnnnan nnnnnnttcg geaggtcegg tegacectge acgcggccéa ggchaéaag 60
geegeggeeg caageagggt cgaccggace tgecgaannn nnnnnnnonn nnntttttgg 120

cgegaagage ggegegecaa gettectegag co : : 152

<210> 33




16/ 34 <210> 28 <211> 39 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Artificially Synthesi&®drcBezdénce <400>

' 28 ggctcgagaa gcttggecgeg ccgectctteg cgccaaaaa 39 <210> 29 <211> 37 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400>. 29 tttttggcgc
gaagagcggc. gcgeccaaget tctcgag 37 8 Margfy32006 17/34 <210> 30 <211> 195
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially SyntheS|zed Sequence <220> <221> m sc feature
<222> (39)(211@5&@2 :

<212> DNA

<{213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

220>
221> misc feature
14222> (24).. (42)

<223> “n” = any one base of &, t, g, or c.

220>
221> misc_feature
'52)' - <222 (124) (142)

A (223) n” = any one base of a, t, g or c.

- <400> 33
cgegeegete ttegegecaa aaannnnnnn nnnnnnnnnn nnttcggeag gtecggtega 60
ccetgettge ggecgeggee tttteggeet tggcegégte cagggtcgac'cggacctgcc 120

gaannnhnnn hhnnnhpnnn nonoo . ‘ ' . 142

<2105 34

<211> 138 -




<223> "n" = any one base of a, t,
<222> (139). . (158) <223> "n" =
" ggctcgagaa gcttggegeg ccgetcttceg
cggcaggt cc ggtegaccct gcacgcggcc
ct cgaccgga cctgccgaan nnnnnnnnnn
gccaagcttc tcgag, 195 8 March 200
<213> Artificial Sequence 1 <220>
Sequence: Artificially Synthesize
<222> (39)<212> (BB) <223> "n" = an
<222> (137)..(152) <223> "n" Wan
or c. <4002131 Artificial Sequence

<220>

g, or -c. <220> <221> nisc_feature
any one base of a, t; g,8March.208600> 30
cgccaaaaan nnnnnnnntn nnnnnnnntt 60
aaggccgaaa aggccgcggc cgcaagcagg 120
nnnnnnnnt..t tttggcgcga aggccgccgc 180
6 18/3435210> 31 <211> 152 <212> DNA

<223> Description of Artificial
d Sequence <220> <221> msc_feature
y one base <220> <221> misc .feature
y one base of a, t, g, or 'c. of a, t, g,

223> Descriptiofl of Artificial S_gquenceIArtificiallf ‘

Synthesized Sequence 7

B <9220>
{221> misc_feature

<222> (1)..(19)

223> "n” = any one base of a, t, g or e. '

220>
{221> nmisc_feature

€222> (101).. (119)

<400> 34

?:) . <223> "n” = any one base of a, t, g, or c.

nnnnnnnnnn nnhnnnnnnt tcggeaggtc cggtegacce tgeacgegge caaggeegaa 60

aaggcegegg ccgeaageag ggtegacegg acctgeegaa nnnnnnnnnn nnnnnnnnnt 120

ttttggc'gc.g aagagcgg |

<2105 35
211> 43
<212> DNA

138




ggct cgagaa gcttggcgcg ccgctcttcg cgccaaaaan nnnnnnnnnn nnnnnttcgg 60
caggtccggt cgaccctgct tgcggccgcg gecttttcgg ccttggecge gtgMaehgaoosl20
gaccggacct gccgaannnri- nnnnnnnnnn nn 152 8 March 2006 19134 <210>.32 <211>
152 <212> DNA <213> Artificial.Sequence <220> <223> Descri pti on of '
Artificial Sequence:Artificially Synthesized Sequence <220> <221> m st
feature <222> (1).. (16) <223> ' "n" 5,4py one base of a, t, g, or c.
<220.> <221> msc_feature <222> (98).. (113) <223> "n" = any one base of
a, t, g, or c. .<400> 32 nnnnnnnnnn nnnnnnttcg gcaggt ccgg tcgaccctgc

acgcggccaakige caddbg abOSeq@es@rcggccg caagcagggt cgaccggacc tgccgaannn
nnnnnnnnnn. nnntttttgg 120 cgcgaagagc ggcgcgccaa gcecttctcgag cc 152, <210> 33
8 March 2006 20/ 34 <211>. 142 <212> DNA <213> Artificial Sequence

220>
<223> Description of Artificial SequenceZArtificially

Synthesized Sequence

<2207
; <221> misc_feature
<222> (6).. (43) : !

<223> “n” = any one base of a, t, g, or e

<400> 35

aaaaannnnn NNNODORNON DORODNOAND DOANDOBRNN Dnn 43

{:) . <210> 36
i <211>- 43

- 212> DNA

(213> Artificial Sequence

<2207
"<223>.Description of Artificial Seqﬁénce:Artificially

Synthesized Sequence

- <220>

221> misc_feature




<220> <223> Description of Artificial Sequence{AftificiaIIy 1 Synthesizéd

Sequence <220> <221> misc-feature <222> (24).. (42) <228Mardh'2006any one
base of a, t, g, or c.. <220> <221> msc feature <222> (124).. (142) <223>
"n" = any one base, of a, t, g, or c. <400> 33 .cgcgccgctc ttcgcgccaa
aaannnnnnn nnnnnnnnnn nnttcggcag gtccggtcga 60 ccctgcttgce ggccgecggec
ttttcggcct tggccgecgtg cagggt cgac' cggac %&gc'lzo gaannnnnnn nnnnnnnnnn nn
<210> 34 142 <211> 138 8 March 2006 21 <212> DNA. <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Artificially
Synt hesi ze¢R23eqUnc€383220> <221> misc feature <222> (1).. (19) <223> "n"
= any one base of a, t, g, or c. <220> i

<223> “n” = any one base of a, t, g, or c.

<400> 36

ANNNNNNNNR MMNNANNHAR Dnhnnhonnn nnonninnntt ttt , - 43

<210> 37
<211> 47
1 <212> DNA

. <213> Artificial Sequénce

220>
<223> Description of Artificial Sequencé:Artificially

Synthesized Sequence

<220>
. €221> nmise_feature
<222> (6).. (24)

<223> “n” = any one base of a, t, g, or c.

<2905
<221> misc_feature
- <222> (29)..(47)

°<223> “n” = any one base of a, t, g, or c.




<221> msc feature <222> (101).. (119) <223> "n" = any one base of a, t,.
g, or c. <400> 34 nnnnnnnnnn nnnnnnnnnt tcggcaggtc cggt cdaacht2§oécgcggce
 caaggccgaa 60 aaggccgcgg ccgcaagcag ggtcgaccgg acctgccgaa nnnnnnnnnn
nnnnnnnnnt 120 ‘ttttggcgcg aagagcgg 138 <210> 35 <211> 43 <212> DNA 8 .
March 2006 22/ 34 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Artificially Synthgsized Sequence <220> <221> mi st
feature <222> (6). . (43) <223> "n" = any one base of a, t, g, or c. <400>
35 aaaaannnnn .nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnn 43 <210> 36 <211> 43
<212> DNA «R03837Artificial Sequence <220> <.223> Description of Artificia
Sequence: Artificially Synthesized Sequence <220> <221> misc__feature

aaagannnnn nnnononRnn nonnegaann nOnnnnnnnn nonnnnn 47

<210> 38
<2l1> 47
{212> DNA

0

<213> Artificial Sequence

<2207
223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<220>
' (221>'miéc_feature
;:) . <222> (1)..(19)
1) . .

u _ <223> "n” = any one base of a, t, g or c.

<2207
221> misc_feature
222> (24).. (42)

<223> "n” = any one base of a, t, g or c.

<400> 38

nnnnnnnnnn npnonnennt tegnnnnnnn nnnnnnnnnn nntttit _ 47




8 March 2006 23/34 <222> (1).. (38) <223> "n" = any one base of a, t, g; or
Cc. <400> 36 nnnnnnnnNNnN nnnnNNNNNN nnNNNNNNNN Nnri nri nnnt t8 Match<200> 37
' <211> 47 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Artificially Synthesized Sequence <220> <221> m sc .
feature <222> (6).. (24) <223> "n" = any one base of a, t, g, or c. <220>
<221> msc feature <222> (29). .(47) 5823> "n" = any one base of a, t, g,
or ¢c. 43 8 March 2006 24134 <400> 37 aaaaannnnn nnnnnnnnnn nnnncgaann
nnnnnnnnnn nnnnnnn <210> 38 <211> 47 <212> DNA <213> Artificial Sequence

<220>
<2105 39
211> 24

<212> DNA

213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 39

ceegtgeeet ggccéacccf cgtg : _ | ' . 24
210> 40

<211> 24 . .

<212> DNA

: <213> Artificial Sequence

<220>
| 223> Description of Artificial Sequence:Artificially

Synthesized Sequence.

<400> 40

cacgaggglg ggccagggea cggg | . : 24




<223> Descri ption. of Arfificfal Sequence:ArtificiaIIy‘ Synt hesi zed Sequence
- <220> <221> mist feature <222> (1).. (19) <223> "n" = ahiMamhe2008se of a,
t, g, or c. <220> <221> mist feature <222> (24).. (42) <223> "n" = any
one base of a, t, g, or c. <400> 38 47 nnnnnnnnnn nnnnnnnnnt tcgnnnnnnn
nnnnnnnnnn. nnttttt 47 8 March 2006 25/ 34 <210>-39 <211> 24 <212> DNA
<213> Artificial Sequence <220> <223>jpagcription of Artificial
Sequence: Artificially Synthesized Sequence <400> 39 cccgtgccct ggcccaccct
cgtg 24 <210> 40 <211> 24 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:Artificially Synthesized Sequence.
210> 41
211> 24
. <212> DNA

. €213> Artificial Sequence

220>
_(223> Description of Artifigial'SeduenceZArtificially

Synthesized Sequence
£400> 41

accaggatgg geaccaccce ggtg B ’ .. 24

<210> 42
<211> 24

<212> DNA

<213 Artificial Sequence

220>
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 42

© caceggegty gtgcccatdc tggt ‘ : ‘ 24




<400> 40 cacgagggtg ggccagggca cggg 24 8 Nhrch 2006 26/ 34 <210> 41_.<211>_,
24 <212> DNA <213> Artificial Sequence <220> <223> Desd Mptahc2006f -
“Artificial Sequence:Artificially Synthesized Sequence <400> 41 ac.caggatgg
gcaccacccc ggtg 24 <210> 42 <211> 24 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Art|f|C|aIIy Synt hesi zed
Sequence <400> 42 caccggggtg gtgcccatcglgggt 24 8. March 2,006 27134 <210>
43 <211> 19 <212> 'DNA <213> Artificral Sequence J <220> <223> :
Description of Artificial Sequence:Artificially’ '

<210> 43

<211> 19

<212> DNA

<{213> Artificial Sequence |

{2200
{7 223> Description of Artificiai Sequence:Artificially’

Synthesized Sequence
<400> 43

gtgegetget ggtgecaac , ' : .19

210> 44

211> 21

212> DNA

{213> Artificial Sequence

L2207
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 44

gtgecgetget ggtgecaace ¢ : , | 21




Synt hesi zed Sequence <400> 43 gtgcgctgct ggtgccaac 19 <210> 44 <211> 21
. <212> DNA <213> Artificial Sequence <220> <223> Descr.i pt8 Marohf2086ti fi ci al
- Sequence: Artificially - Synthesized Sequence <400> 44 . gtgcgctgct
-ggtgccaacc ¢ 21 8 March 2006 28/ 34 <210> 45 <211> 21 <212> DNA <213>

‘Artificial Sequence <220>°' <223> Description of

Artificial Sequence: Artificially Synthegnged Sequence <400> 45 gtgcgttgtt
ggtgttaatc c 21 <210> 46 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:Artificially Synthesized

Sequence <400> 46
- 210> 45

211> 21
<212> DNA

213> Artificial Sequence

) <220>
g;)‘ <223> Description of Artificial'Sequence!Artificially

Synthesized Sequence

<400> 45

gtgcgtigtt ggtgtiaate ¢ ‘ ' , - .21 .

<2107 46

g - <21 21

<212 DNA

<213> Artificial Sequence

<220>
<223> Description of Arfificial Sequence:Artificially

'Synthesized Sequence .

<400> 46

gtgegetget ggtgteaace ¢ : : _ . 21




gtgcgctget. ggtgtcaacc ¢ .. 21 8 March 2006 29/ 34 <210> 47 =~ <211> 21 - <212>
DNA <213> Artificial Sequence <220> <223> Descri ption ofg Matchf2006 al
- Sequence: Artificially - Synthesi zed Sequence <400> 47 gt gcggtggt ggtgggaagc
SC 21 <210> 48 <211> 21 <212> DNA <213> Artificial . Sequence <220> <223>.
Description of Artificial Sequence:Artificially Synthesized Sequence <400>
48 gtgcgttggt ggtggcaacc ¢ 21. 8 March 2006 30/ 34 <210> 49 <211> 21 <212>
DNA <213> Artificial Sequence <220> <2%34 Description of Artificial
Sequerice: Artificially Synthesized Sequence <400> 49

210> 47
211> 21
<212> DNA

<213> Artificial Sequence

<2207
i“) 223> Description of Artificial SequenceIArtificiaIly

Synthesized Sequence

<400> 47

gtgeggtagt getgggaage ¢ : N N 21

<210 48
211> 21
<212> DNA

<213> Artificial‘Sequence

<220>
<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 48

gtgegtteggt ggtggcaace ¢ - S o 21 -




gtgcgctcat ggtaccaace c 21 <210> 50 <211> 21 <212> DNA <213> Artificial
- Seguence <220> <223> Description of Artificial Sequence:8duntichi200al |y

- Synt hesi zed Sequence <400> 50 gtgcgctgct ggtgtcaacc ¢ 21 8 March 2006.31/ 34
- <210> 51 <211> 21 <212> DNA <213> Artificial Sequence 1 <220> <223>
-Description of Artificial Sequence:Artificially Synthesized Sequence <400>
51 gtgcgctgtt ggtgtcaacc ¢ 21 <210> 52 <211> 21 <212> DNA <213>

Artificial Sequence <220> <223> Descr3®4on of Artificial

Sequence: Artificially Synthesized Sequence <400> 52 gtgtgttgtt ggtgtcaatc

c 21 _ | .
<210> 49
211> 21
<212> DNA

'<213> Artificial Sequence

220>
<223> Description of Artificial Sequemnce:Artificially

Synthesized Sequence

- <400> 49

gtgegeteat ggtaccaace ¢ o ‘ ' C 91

<210> 50
- 211> 21
<212> DNA

213> Artificial Sequence

{220>
- <223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 50

 gtgegetget ggtgteaace ¢ ' - ' 21




" S Miarch 2006 32134 <210> 53 <211>-21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:ArtificiaMgrch®p06hesized

- Sequence <400> 53 gtgtgttgtt ggtgttaatt c 21 <210> 54  <211> 22 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial :
Sequence: Art,ificially' Synthesized Sequence <400> 54 gtgcgttgtt
gogtgtttaat cc 22 8 March 2006 33/34 <210> 55 <211> 23 <212> DNA <213>
Artificial Sequence <220> <223> Descriid¥4on of Artificia

Sequence: Artificially Synthesized Sequence <400> 55 gtgcgctgtc tggtgctcaa

cc.c 23

<210> 51
211> 21
<212> DNA

<213> Artificial Sequence

220>
‘(U '. . : s e s 4 |
St 223> Dgscrlptlon of Artificial Sequence:Artlflclally

Synthesized Sequence
<400> 51

- gtgegetgtt ggtgtcaace c - _ .21

<210> b2

211> 21

<212> DNA

<213> Artificial Sequence

K220
{223) Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 52

g?gtgttgtt ggtgtcaate ¢ . S o 21




<210> 56 <211> 25 <212> DNA <213> Artificial Sequence <220> <223> :
‘Description of Artificial Sequence:Artificially Synthesi&MddarcB@§0&nce <400>
56 gtgtcgctgt.ctggtgctca actcc .25 8 March 2006 34/34 <210> 57 <211> .53
<212> RNA <213> Artifi.cial Sequence <220> <223> Description of Artificial
Sequence: Artificially Synthesized Sequence <400> 57 gugcguuguu gguguuaauc

- cgugugcugu ccggguugge accageageg cac 532/34

<2105 53
211> 21
<212> DNA

<213> Artificial Sequence

<2207
{;)_ L ‘
‘i+g? _<223> Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 53

gtgtgttgtt gatgttaatt c : ' : . _‘ 21.

<210> 54
<211 22

Eﬁ? . <212> DNA -

<213 Artificial Sequence

<220>
<223> Description of Artificial Sequence:Artificiaily'

rSynthesized Sequence

<4005 54

‘gtgegttgtt getgtttaat cc ; 22




8 March 2006
33/34

<210> 55
211> 23
<212> DNA

<213> Artificial Sequence
220>
<223> Description of Artificial Séquence!Artificially

Synthesized Sequence

400> 55

—_gtgcgctgtc tggtgctcaa cce o . : 23

<210> 56
<211> 25
<212> DNA

<213> Artificial Sequence
<220>
<223 Description of Artificial Sequence:Artificially

Synthesized Sequence

<400> 56

'gtgtcgctgt.ctggtgctca actce : o : 25




8 March 2006

34/34

210> 57
211> 53
212> RNA

<213> Artificial Sequence

<2202

223> Déscription of Artificial Sequence:Artificial-ly

Synthesized Sequence

400> 57 .

gugcguuguy gglguuaauc cgugugeugu CCgELUUEEC accagcagcg cac

53




