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RNA SEQUENCE-SPECIFIC MEDIATORS OF 
RNA INTERFERENCE 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/821,832, ?led on Mar. 30, 2001, noW pend 
ing, Which claims the bene?t under 35 USC §119(e) ofU.S. 
Provisional Application No. 60/265,232, ?led Jan. 31, 2001 
and US. Provisional Application No. 60/193,594, ?led Mar. 
30, 2000, and claims priority under 35 USC §119 to Euro 
pean Application No. 00 126 325.0 ?led Dec. 1, 2000. The 
disclosures of each of these applications are incorporated by 
reference herein in their entirety. 

GOVERNMENT SUPPORT 

[0002] Work described herein Was funded in part by grants 
from the National Institutes of Health through a United States 
Public Health Service MERIT aWard (Grant No. RO1 
GM34277) from the National Institutes of Health. The United 
States government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] RNA interference or “RNAi” is a term initially 
coined by Fire and co-Workers to describe the observation 
that double-stranded RNA (dsRNA) can block gene expres 
sion When it is introduced into Worms (Fire et al. (1998) 
Nature 391, 806-811). dsRNA directs gene-speci?c, post 
transcriptional silencing in many organisms, including verte 
brates, and has provided a neW tool for studying gene func 
tion. RNAi involves mRNA degradation, but many of the 
biochemical mechanisms underlying this interference are 
unknown. The recapitulation of the essential features of 
RNAi in vitro is needed for a biochemical analysis of the 
phenomenon. 

SUMMARY OF THE INVENTION 

[0004] Described hereinis gene-speci?c, dsRNA-mediated 
interference in a cell-free system derived from syncytial blas 
toderm Drosophila embryos. The in vitro system comple 
ments genetic approaches to dissecting the molecular basis of 
RNAi. As described herein, the molecular mechanisms 
underlying RNAi Were examined using the Drosophila in 
vitro system. Results shoWed that RNAi isATP-dependent yet 
uncoupled from mRNA translation. That is, protein synthesis 
is not required for RNAi in vitro. In the RNAi reaction, both 
strands (sense and antisense) of the dsRNA are processed to 
small RNA fragments or segments of from about 21 to about 
23 nucleotides (nt) in length (RNAs With mobility in sequenc 
ing gels that correspond to markers that are 21 -23 nt in length, 
optionally referred to as 21-23 nt RNA). Processing of the 
dsRNA to the small RNA fragments does not require the 
targeted mRNA, Which demonstrates that the small RNA 
species is generated by processing of the dsRNA and not as a 
product of dsRNA-targeted mRNA degradation. The mRNA 
is cleaved only Within the region of identity With the dsRNA. 
Cleavage occurs at sites 21-23 nucleotides apart, the same 
interval observed for the dsRNA itself, suggesting that the 
21-23 nucleotide fragments from the dsRNA are guiding 
mRNA cleavage. That puri?ed 21 -23 nt RNAs mediate RNAi 
con?rms that these fragments are guiding mRNA cleavage. 
[0005] Accordingly, the present invention relates to iso 
lated RNA molecules (double-stranded; single-stranded) of 
from about 21 to about 23 nucleotides Which mediate RNAi. 
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That is, the isolated RNAs of the present invention mediate 
degradation of mRNA of a gene to Which the mRNA corre 
sponds (mediate degradation of mRNA that is the transcrip 
tional product of the gene, Which is also referred to as a target 
gene). For convenience, such mRNA is also referred to herein 
as mRNA to be degraded. As used herein, the terms RNA, 
RNA molecule(s), RNA segment(s) and RNA fragment(s) are 
used interchangeably to refer to RNA that mediates RNA 
interference. These terms include double-stranded RNA, 
single-stranded RNA, isolated RNA (partially puri?ed RNA, 
essentially pure RNA, synthetic RNA, recombinantly pro 
duced RNA), as Well as altered RNA that differs from natu 
rally occurring RNA by the addition, deletion, substitution 
and/or alteration of one or more nucleotides. Such alterations 
can include addition of non-nucleotide material, such as to the 
end(s) of the 21-23 nt RNA or intemally (at one or more 
nucleotides of the RNA). Nucleotides in the RNA molecules 
of the present invention can also comprise non-standard 
nucleotides, including non-naturally occurring nucleotides or 
deoxyribonucleotides. Collectively, all such altered RNAs 
are referred to as analogs or analogs of naturally-occurring 
RNA. RNA of 21-23 nucleotides of the present invention 
need only be suf?ciently similar to natural RNA that it has the 
ability to mediate (mediates) RNAi. As used herein the phrase 
“mediates RNAi” refers to (indicates) the ability to distin 
gui sh Which RNAs are to be degraded by the RNAi machinery 
or process. RNA that mediates RNAi interacts With the RNAi 
machinery such that it directs the machinery to degrade par 
ticular mRNAs. In one embodiment, the present invention 
relates to RNA molecules of about 21 to about 23 nucleotides 
that direct cleavage of speci?c mRNA to Which their 
sequence corresponds. It is not necessary that there be perfect 
correspondence of the sequences, but the correspondence 
must be suf?cient to enable the RNA to direct RNAi cleavage 
of the target mRNA. In a particular embodiment, the 21 -23 nt 
RNA molecules of the present invention comprise a 3' 
hydroxyl group. 
[0006] The present invention also relates to methods of 
producing RNA molecules of about 21 to about 23 nucle 
otides With the ability to mediate RNAi cleavage. In one 
embodiment, the Drosophila in vitro system is used. In this 
embodiment, dsRNA is combined With a soluble extract 
derived from Drosophila embryo, thereby producing a com 
bination. The combination is maintained under conditions in 
Which the dsRNA is processed to RNA molecules of about 21 
to about 23 nucleotides. In another embodiment, the Droso 
phila in vitro system is used to obtain RNA sequences of 
about 21 to about 23 nucleotides Which mediate RNA inter 
ference of the mRNA of a particular gene (e.g., oncogene, 
viral gene). In this embodiment, double-stranded RNA that 
corresponds to a sequence of the gene to be targeted is com 
bined With a soluble extract derived from Drosophila embryo, 
thereby producing a combination. The combination is main 
tained under conditions in Which the double-stranded RNA is 
processed to RNA of about 21 to about 23 nucleotides in 
length. As shoWn herein, 21 -23 nt RNA mediates RNAi of the 
mRNA of the targeted gene (the gene Whose mRNA is to be 
degraded). The method of obtaining 21-23 nt RNAs using the 
Drosophila in vitro system can further comprise isolating the 
RNA sequence from the combination. 

[0007] The present invention also relates to 21-23 nt RNA 
produced by the methods of the present invention, as Well as 
to 21-23 nt RNAs, produced by other methods, such as chemi 
cal synthesis or recombinant DNA techniques, that have the 
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same or substantially the same sequences as naturally-occur 
ring RNAs that mediate RNAi, such as those produced by the 
methods of the present invention. All of these are referred to 
as 21-23 nt RNAs that mediate RNA interference. As used 
herein, the term isolated RNA includes RNA obtained by any 
means, including processing or cleavage of dsRNA as 
described herein; production by chemical synthetic methods; 
and production by recombinant DNA techniques. The inven 
tion further relates to uses of the 21-23 nt RNAs, such as for 
therapeutic or prophylactic treatment and compositions com 
prising 21-23 nt RNAs that mediate RNAi, such as pharrna 
ceutical compositions comprising 21-23 nt RNAs and an 
appropriate carrier (e.g., a buffer or Water). 
[0008] The present invention also relates to a method of 
mediating RNA interference of mRNA of a gene in a cell or 
organism (e.g., mammal such as a mouse or a human). In one 
embodiment, RNA of about 21 to about 23 nt Which targets 
the mRNA to be degraded is introduced into the cell or organ 
ism. The cell or organism is maintained under conditions 
under Which degradation of the mRNA occurs, thereby medi 
ating RNA interference of the mRNA of the gene in the cell or 
organism. The cell or organism can be one in Which RNAi 
occurs as the cell or organism is obtained or a cell or organism 
can be one that has been modi?ed so that RNAi occurs (e. g., 
by addition of components obtained from a cell or cell extract 
that mediate RNAi or activation of endogenous components). 
As used herein, the term “cell or organism in Which RNAi 
occurs” includes both a cell or organism in Which RNAi 
occurs as the cell or organism is obtained, or a cell or organ 
ism that has been modi?ed so that RNAi occurs. In another 
embodiment, the method of mediating RNA interference of a 
gene in a cell comprises combining double-stranded RNA 
that corresponds to a sequence of the gene With a soluble 
extract derived from Drosophila embryo, thereby producing a 
combination. The combination is maintained under condi 
tions in Which the double-stranded RNA is processed to 
RNAs of about 21 to about 23 nucleotides. 21 to 23 nt RNA is 
then isolated and introduced into the cell or organism. The 
cell or organism is maintained under conditions in Which 
degradation of mRNA of the gene occurs, thereby mediating 
RNA interference of the gene in the cell or organism. As 
described for the previous embodiment, the cell or organism 
is one in Which RNAi occurs naturally (in the cell or organism 
as obtained) or has been modi?ed in such a manner that RNAi 
occurs. 21 to 23 nt RNAs can also be produced by other 
methods, such as chemical synthetic methods or recombinant 
DNA techniques. 
[0009] The present invention also relates to biochemical 
components of a cell, such as a Drosophila cell, that process 
dsRNA to RNA of about 21 to about 23 nucleotides. In 
addition, biochemical components of a cell that are involved 
in targeting of mRNA by RNA of about 21 to about 23 
nucleotides are the subject of the present invention. In both 
embodiments, the biochemical components can be obtained 
from a cell in Which they occur or can be produced by other 
methods, such as chemical synthesis or recombinant DNA 
methods. As used herein, the term “isolated” includes mate 
rials (e.g., biochemical components, RNA) obtained from a 
source in Which they occur and materials produced by meth 
ods such as chemical synthesis or recombinant nucleic acid 
(DNA, RNA) methods. 
[0010] The present invention also relates to a method for 
knocking doWn (partially or completely) the targeted gene, 
thus providing an alternative to presently available methods 
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of knocking doWn (or out) a gene or genes. This method of 
knocking doWn gene expression can be used therapeutically 
or for research (e.g., to generate models of disease states, to 
examine the function of a gene, to assess Whether an agent 
acts on a gene, to validate targets for drug discovery). In those 
instances in Which gene function is eliminated, the resulting 
cell or organism can also be referred to as a knockout. One 
embodiment of the method of producing knockdoWn cells 
and organisms comprises introducing into a cell or organism 
in Which a gene (referred to as a targeted gene) is to be 
knocked doWn, RNA of about 21 to about 23 nt that targets the 
gene and maintaining the resulting cell or organism under 
conditions under Which RNAi occurs, resulting in degrada 
tion of the mRNA of the targeted gene, thereby producing 
knockdoWn cells or organisms. Knockdown cells and organ 
isms produced by the present method are also the subject of 
this invention. 

[0011] The present invention also relates to a method of 
examining or assessing the function of a gene in a cell or 
organism. In one embodiment, RNA of about 21 to about 23 
nt Which targets mRNA of the gene for degradation is intro 
duced into a cell or organism in Which RNAi occurs. The cell 
or organism is referred to as a test cell or organism. The test 
cell or organism is maintained under conditions under Which 
degradation of mRNA of the gene occurs. The phenotype of 
the test cell or organism is then observed and compared to that 
of an appropriate control cell or organism, such as a corre 
sponding cell or organism that is treated in the same manner 
except that the targeted (speci?c) gene is not targeted. A 21 to 
23 nt RNA that does not target the mRNA for degradation can 
be introduced into the control cell or organism in place of the 
RNA introduced into the test cell or organism, although it is 
not necessary to do so. A difference betWeen the phenotypes 
of the test and control cells or organisms provides information 
about the function of the degraded mRNA. In another 
embodiment, double-stranded RNA that corresponds to a 
sequence of the gene is combined With a soluble extract that 
mediates RNAi, such as the soluble extract derived from 
Drosophila embryo described herein, under conditions in 
Which the double-stranded RNA is processed to generate 
RNA of about 21 to about 23 nucleotides. The RNA of about 
21 to about 23 nucleotides is isolated and then introduced into 
a cell or organism in Which RNAi occurs (test cell or test 
organism). The test cell or test organism is maintained under 
conditions under Which degradation of the mRNA occurs. 
The phenotype of the test cell or organism is then observed 
and compared to that of an appropriate control, such as a 
corresponding cell or organism that is treated in the same 
manner as the test cell or organism except that the targeted 
gene is not targeted. A difference betWeen the phenotypes of 
the test and control cells or organisms provides information 
about the function of the targeted gene. The information 
provided may be su?icient to identify (de?ne) the function of 
the gene or may be used in conjunction With information 
obtained from other assays or analyses to do so. 

[0012] Also the subject of the present invention is a method 
of validating Whether an agent acts on a gene. In this method, 
RNA of from about 21 to about 23 nucleotides that targets the 
mRNA to be degraded is introduced into a cell or organism in 
Which RNAi occurs. The cell or organism (Which contains the 
introduced RNA) is maintained under conditions under 
Which degradation of mRNA occurs, and the agent is intro 
duced into the cell or organism. Whether the agent has an 
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effect on the cell or organism is determined; if the agent has 
no effect on the cell or organism, then the agent acts on the 
gene. 
[0013] The present invention also relates to a method of 
validating Whether a gene product is a target for drug discov 
ery or development. RNA of from about 21 to about 23 
nucleotides that targets the mRNA that corresponds to the 
gene for degradation is introduced into a cell or organism. The 
cell or organism is maintained under conditions in Which 
degradation of the mRNA occurs, resulting in decreased 
expression of the gene. Whether decreased expression of the 
gene has an effect on the cell or organism is determined, 
Wherein if decreased expression of the gene has an effect, then 
the gene product is a target for drug discovery or develop 
ment. 

[0014] The present invention also encompasses a method of 
treating a disease or condition associated With the presence of 
a protein in an individual comprising administering to the 
individual RNA of from about 21 to about 23 nucleotides 
Which targets the mRNA of the protein (the mRNA that 
encodes the protein) for degradation. As a result, the protein 
is not produced or is not produced to the extent it Would be in 
the absence of the treatment. 
[0015] Also encompassed by the present invention is a gene 
identi?ed by the sequencing of endogenous 21 to 23 nucle 
otide RNA molecules that mediate RNA interference. 
[0016] Also encompassed by the present invention is a 
method of identifying target sites Within an mRNA that are 
particularly suitable for RNAi as Well as a method of assess 
ing the ability of 21-23 nt RNAs to mediate RNAi. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draWing(s) 
Will be provided by the Patent and Trademark O?ice upon 
request and payment of the necessary fee. 
[0018] FIG. 1 is a schematic representation of reporter 
mRNAs and dsRNAs Rr-Luc and Pp-Luc. Lengths and posi 
tions of the ssRNA, asRNA, and dsRNAs are shoWn as black 
bars relative to the Rr-Luc and Pp-Luc reporter mRNA 
sequences. Black rectangles indicate the tWo unrelated 
luciferase coding sequences, lines correspond to the 5' and 3' 
untranslated regions of the mRNAs. 
[0019] FIG. 2A is a graph of the ratio of luciferase activities 
after targeting 50 pM Pp-Luc mRNA With 10 nM ssRNA, 
asRNA, or dsRNA from the 505 bp segment of the Pp-Luc 
gene shoWing gene-speci?c interference by dsRNA in vitro. 
The data are the average values of seven trials standard devia 
tion. Four independently prepared lysates Were used. 
Luciferase activity Was normalized to the buffer control; a 
ratio equal to one indicates no gene-speci?c interference. 
[0020] FIG. 2B is a graph of the ratio of luciferase activities 
after targeting 50 pM Rr-Luc mRNA With 10 nM ssRNA, 
asRNA, or dsRNA from the 501 bp segment of the Rr-Luc 
gene shoWing gene-speci?c interference by dsRNA in vitro. 
The data are the average values of six trials :standard devia 
tion. A Rr-Luc/Pp-Luc ratio equal to one indicates no gene 
speci?c interference. 
[0021] FIG. 3A is a schematic representation of the experi 
mental strategy used to shoW that incubation in the Droso 
phila embryo lysate potentiates dsRNA for gene-speci?c 
interference. The same dsRNAs used in FIG. 2 (or buffer) Was 
serially preincubated using tWo-fold dilutions in six succes 
sive reactions With Drosophila embryo lysate, then tested for 
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its capacity to block mRNA expression. As a control, the same 
amount of dsRNA (10 nM) or buffer Was diluted directly in 
buffer and incubated With Pp-Luc and Rr-Luc mRNAs and 
lysate. 
[0022] FIG. 3B is a graph of potentiation When targeting 
Pp-Luc mRNA. Black columns indicate the dsRNA or the 
buffer Was serially preincubated; White columns correspond 
to a direct 32-fold dilution of the dsRNA. Values Were nor 
maliZed to those of the buffer controls. 
[0023] FIG. 3C is a graph of potentiation When targeting 
Rr-Luc mRNA. The corresponding buffer control is shoWn in 
FIG. 3B. 
[0024] FIG. 4 is a graph shoWing effect of competitor 
dsRNA on gene-speci?c interference. Increasing concentra 
tions of nanos dsRNA (508 bp) Were added to reactions 
containing 5 nM dsRNA (the same dsRNAs used in FIGS. 2A 
and 2B) targeting Pp-Luc mRNA (black columns, left axis) or 
Rr-Luc mRNA (White columns, right axis). Each reaction 
contained both a target mRNA (Pp-Luc for the black col 
umns, Rr-Luc for the White) and an unrelated control mRNA 
(Rr-Luc for the black columns, Pp-Luc for the White). Values 
Were normaliZed to the buffer control (not shoWn). The reac 
tions Were incubated under standard conditions (see Meth 

ods). 
[0025] FIG. 5A is a graph shoWing the effect of dsRNA on 
mRNA stability. Circles, Pp-Luc mRNA; squares, Rr-Luc 
mRNA; ?lled symbols, buffer incubation; open symbols, 
incubation With Pp-dsRNA. 
[0026] FIG. 5B is a graph showing the stability of Rr-Luc 
mRNA incubated With Rr-dsRNA or Pp-dsRNA. Filled 
squares, buffer; open squares, Pp-dsRNA (10 nM); open 
circles, Rr-dsRNA (10 nM). 
[0027] FIG. 5C is a graph shoWing the dependence on 
dsRNA length. The stability of the Pp-Luc mRNA Was 
assessed after incubation in lysate in the presence of buffer or 
dsRNAs of different lengths. Filled squares, buffer; open 
circles, 49 bp dsRNA (10 nM); open inverted triangles, 149 
bp dsRNA (10 nM); open triangles, 505 bp dsRNA (10 nM); 
open diamonds, 997 bp dsRNA (10 nM). Reactions Were 
incubated under standard conditions (see Methods). 
[0028] FIG. 6 is a graph shoWing that RNAi Requires ATP. 
Creatine kinase (CK) uses creatine phosphate (CP) to regen 
erate ATP. Circles, +ATP, +CP, +CK; squares, —ATP, +CP, 
+CK; triangles, —ATP, —CP, +CK; inverted triangles, —ATP, 
+CP, —CK. 
[0029] FIG. 7A is a graph of protein synthesis, as re?ected 
by luciferase activity produced after incubation of Rr-luc 
mRNA in the in vitro RNAi reaction for 1 hour, in the pres 
ence of the protein synthesis inhibitors anisomycin, cyclo 
heximide, or chloramphenicol, relative to a reaction Without 
any inhibitor shoWing that RNAi does not require mRNA 
translation. 
[0030] FIG. 7B is a graph shoWing translation of 7-methyl 
guanosine- and adenosine-capped Pp-luc mRNAs (circles 
and squares, respectively) in the RNAi reaction in the absence 
of dsRNA, as measured by luciferase activity produced in a 
one-hour incubation. 
[0031] FIG. 7C is a graph shoWing incubation in an RNAi 
reaction of uniformly 32P-radiolabeled 7-methyl-guanosine 
capped Pp-luc mRNA (circles) and adenosine-capped Pp-luc 
mRNA (squares), in the presence (open symbols) and 
absence (?lled symbols) of 505 bp Pp-luc dsRNA. 
[0032] FIG. 8A is a graph of the of the denaturing agarose 
gel analysis of Pp-luc mRNA incubated in a standard RNAi 
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reaction With buffer, 505 nt Pp-asRNA, or 505 bp Pp-dsRNA 
for the times indicated showing that asRNA causes a small 
amount of RNAi in vitro. 

[0033] FIG. 8B is a graph of the of the denaturing agarose 
gel analysis of Rr-luc mRNA incubated in a standard RNAi 
reaction With buffer, 505 nt Pp-asRNA, or 505 bp Pp-dsRNA 
for the times indicated shoWing that asRNA causes a small 
amount of RNAi in vitro. 

[0034] FIG. 9 is a schematic of the positions of the three 
dsRNAs, ‘A,’ ‘B,’ and ‘C,’ relative to the Rr-luc mRNA. 
[0035] FIG. 10 indicates the cleavage sites mapped onto the 
?rst 267 nt of the Rr-luc mRNA (SEQ ID NO: 1). The blue bar 
beloW the sequence indicates the position of dsRNA ‘C,’ and 
blue circles indicate the position of cleavage sites caused by 
this dsRNA. The green bar denotes the position of dsRNA 
‘B,’ and green circles, the cleavage sites. The magenta bar 
indicates the position of dsRNA ‘A,’ and magenta circles, the 
cleavages. An exceptional cleavage Within a run of 7 uracils is 
marked With a red arroWhead. 

[0036] FIG. 11 is a proposed model for RNAi. RNAi is 
envisioned to begin With cleavage of the dsRNA to 21-23 nt 
products by a dsRNA-speci?c nuclease, perhaps in a multi 
protein complex. These short dsRNAs might then be dissoci 
ated by anATP-dependent helicase, possibly a component of 
the initial complex, to 21-23 nt asRNAs that could then target 
the mRNA for cleavage. The short asRNAs are imagined to 
remain associated With the RNAi-speci?c proteins (circles) 
that Were originally bound by the full-length dsRNA, thus 
explaining the inef?ciency of asRNA to trigger RNAi in vivo 
and in vitro. Finally, a nuclease (triangles) Would cleave the 
mRNA. 

[0037] FIG. 12 is a bar graph shoWing sequence-speci?c 
gene silencing by 21-23 nt fragments. Ratio of luciferase 
activity after targeting of Pp-Luc and Rr-Luc mRNA by 5 nM 
Pp-Luc or Rr-Luc dsRNA (500 bp) or 21-23 nt fragments 
isolated from a previous incubation of the respective dsRNA 
in Drosophila lysate. The amount of isolated 21-23 mers 
present in the incubation reaction correspond to approxi 
mately the same amount of 21-23 mers generated during an 
incubation reaction With 5 nM 500 bp dsRNA. The data are 
average values of 3 trials and the standard deviation is given 
by error bars. Luciferase activity Was normalized to the buffer 
control. 

[0038] FIG. 13A illustrates the puri?cation of RNA frag 
ments on a Superdex HR 200 10/30 gel ?ltration column 
(Pharmacia) using the method described in Example 4. 
dsRNA Was 32P-labeled, and the radioactivity recovered in 
each column fraction is graphed. The fractions Were also 
analyZed by denaturing gel electrophoresis (inset). 
[0039] FIG. 13B demonstrates the ability of the Rr-lu 
ciferase RNA, after incubation in the Drosophila lysate and 
fractionation as in FIG. 13A, to mediate sequence-speci?c 
interference With the expression of a Rr-luciferase target 
mRNA. One microliter of each resuspended fraction Was 
tested in a 10 microliter in vitro RNAi reaction (see Example 
1). This procedure yields a concentration of RNA in the 
standard in vitro RNAi reaction that is approximately equal to 
the concentration of that RNA species in the original reaction 
prior to loading on the column. Relative luminescence per 
second has been normalized to the average value of the tWo 
buffer controls. 

[0040] FIG. 13C is the speci?city control for FIG. 13B. It 
demonstrates that the fractionated RNA of FIG. 13B does not 
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e?iciently mediate sequence-speci?c interference With the 
expression of a Pp-luciferase mRNA. Assays are as in FIG. 
13B. 
[0041] FIGS. 14A and 14B are schematic representations 
of reporter constructs and siRNA duplexes. FIG. 14A illus 
trates the ?re?y (Pp-luc) and sea pansy (Rr-luc) luciferase 
reporter gene regions from plasmids pGL2-Control, pGL3 
Control, and pRL-TK (Promega). SV40 regulatory elements, 
the HSV thymidine kinase promoter, and tWo introns (lines) 
are indicated. The sequence of GL3 luciferase is 95% identi 
cal to GL2, but RL is completely unrelated to both. Luciferase 
expression from pGL2 is approximately 10-fold loWer than 
from pGL3 in transfected mammalian cells. The region tar 
geted by the siRNA duplexes is indicated as black bar beloW 
the coding region of the luciferase genes. FIG. 14B shoWs the 
sense (top) and antisense (bottom) sequences of the siRNA 
duplexes targeting GL2 (SEQ ID Nos: 10 and 1 1), GL3 (SEQ 
ID Nos: 12 and 13), and RL (SEQ ID Nos: 14 and 15) 
luciferase are shoWn. The GL2 and GL3 siRNA duplexes 
differ by only 3 single nucleotide substitutions (boxed in 
gray). As unspeci?c control, a duplex With the inverted GL2 
sequence, invGL2 (SEQ ID Nos: 16 and 17), Was synthesiZed. 
The 2 nt 3' overhang of 2'-deoxythymidine is indicated as TT; 
uGL2 (SEQ ID Nos: 18 and 19) is similar to GL2 siRNA but 
contains ribo-uridine 3' overhangs. 
[0042] FIGS. ISA-15] are graphs shoWing RNA interfer 
ence by siRNA duplexes. Ratios of target to control luciferase 
Were normaliZed to a buffer control (bu, black bars); gray bars 
indicate ratios of Pholinus pyralis (Pp-luc) GL2 or GL3 
luciferase to Renilla reniformis (Rr-luc) RL luciferase (left 
axis), White bars indicate RL to GL2 or GL3 ratios (right 
axis). FIGS. 15A, 15C, 15E, 15G, and 151 shoW results of 
experiments performed With the combination of pGL2-Con 
trol and pRL-TK reporter plasmids, FIGS. 15B, 15D, 15F, 
15H, and 15] With pGL3-Control and pRL-TK reporter plas 
mids. The cell line used for the interference experiment is 
indicated at the top of each plot. The ratios of Pp-luc/Rr-luc 
for the buffer control (bu) varied betWeen 0.5 and 10 for 
pGL2/pRL, and betWeen 0.03 and 1 for pGL3/pRL, respec 
tively, before normaliZation and betWeen the various cell lines 
tested. The plotted data Were averaged from three indepen 
dent experiments :S.D. FIGS. 16A-16F are graphs shoWing 
the effects of 21 nt siRNAs, 50 bp, and 500 bp dsRNAs on 
luciferase expression in HeLa cells. The exact length of the 
long dsRNAs is indicated beloW the bars. FIGS. 16A, 16C, 
and 16E describe experiments performed With pGL2-Control 
and pRL-TK reporter plasmids, FIGS. 16B, 16D, and 16F 
With pGL3-Control and pRL-TK reporter plasmids. The data 
Were averaged from tWo independent experiments :S.D. 
FIGS. 16A, 16B, Absolute Pp-luc expression, plotted in arbi 
trary luminescence units. FIGS. 16C, 16D, Rr-luc expression, 
plotted in arbitrary luminescence units. FIGS. 16E, 16F, 
Ratios of normalized target to control luciferase. The ratios of 
luciferase activity for siRNA duplexes Were normaliZed to a 
buffer control (bu, black bars); the luminescence ratios for 50 
or 500 bp dsRNAs Were normaliZed to the respective ratios 
observed for 50 and 500 bp dsRNA from humaniZed GFP 
(hG, black bars). It should be noted, that the overall differ 
ences in sequence betWeen the 49 and 484 bp dsRNAs target 
ing GL2 and GL3 are not su?icient to confer speci?city 
betWeen GL2 and GL3 targets (43 nt uninterrupted identity in 
49 bp segment, 239 nt longest uninterrupted identity in 484 bp 
segment) (Parrish, S., et al., Mol. Cell, 6:1077-1087 (2000)). 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] Double-stranded (dsRNA) directs the sequence 
speci?c degradation of mRNA through a process knoWn as 


































