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MULTITARGETING INTERFERING RNAS AND METHODS OF TIHEIR USE AND
DESIGN

CROSS REFERENCE TO RELATED APPLICATIONS \
This application claims the benefit of US Provisional Patent Application Nos. 6G/738 441 -
filed November 21, 2005 and 60/738,640 filed November 21, 2005, respectively, which are.

incorporated hetein by reference in their catirety.

FIFLD OF THE INVENTION

The present invention concerns methods and reagents useful in modulating genc
expression. Particularly, the invention relates to modulating gene expressioﬁ using u
multitargeting interfering RNA molecule that targets multiple target sites on one or more pre-

sclected RNA molceules. ’

BACKGROUND OF THE INVENTION

RNA interference (RNAJ) is a diverse, evolutionarily conserved mechanism in eukaryotic
colls, which inhibits the trunscription and wranslation of target genes in a sequence-specific
manner, Il is now known that single and double-strunded RNA, can modutate expression of or
modify processing of target RNA molecutes by a number of mechanisms. Some such
mechanisms tolerate variation in the amount of sequence complementarily required botween the
raodulatory (or interfering) RNA and the turget RNA. Certain microRNAs can lfzmslationally
repress target mRNA having as litrle as 6 nucleotides of commplementarity with the microRNA.
The dcvcloprhent of RNA interfering agents, for example, using double-stranded RNA to repress
expression of disease-related genes is currently an area of intense research activity,

Double-stranded RNA of 19-23 hases in length is recognized by an RNA inlerference
silencing complex (RISC) into which an eftoctor strind (or “guide strand™) of the RNA is loaded.
This guide strand acts as a twmplate for the recognition and destruction of hi ghly complementary
SeqUENCes presént in the transcriptome. Alternatively, through the recognition aud binding of
RNA sequences of lower complementarity, iterfering RNAs may induce transiational repression

without mRNA degradation, Such transiationa) repression appears to be a mechanism of action

-1-
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of endogenous microRNAs, a group of short non-coding RNAs involved in differentiation and
development, }

Efforts at implementing interfering RNAs therapeulically thus far have focused on
producing specific double stranded RNAs, each with complete complementarity to a particular

5 target transcript. Such double-stranded RNAs (dsRNAs) are pulentially effective where a single
suitable target can be identified, however, dsRNAs, particularly those designed against onc
target, may have at lcast two c;ttegdrics of off-target side cffeets thal need to be avoided or
minimized. Undesirable side cffects can arise through the triggering of innale immune responsc
pathways (e.g. Taoll-like Recepior 3; 7, and 8, and the so-called interferon response) and through

10 inadvertent inhibition of protein expression from related or unrelated transcripts (cither by RNA
degradation, translational repression or other mechanisms). Some bioinformatic and/or
experimental approaches have been developed to try to minimize ofl-target effects. Algorithing
for.in silico hybridization are known, and others have been developed (or predicting target
accessibility and loading bias in an effort to eliminate or minimize side-elfects while maintaining
15 elfectiveness.

Several double-stranded RNA molccules {or potentially treating human diseases of viral
und nonviral origin are in various stages of development. The discascs include Age-related
Macular Degeneration, Arayotrophic Lateral Sclerosis (ALS), and Respiratory Syncytial Virus
(RSV) infection. These RNA molecules, however, are designed to target only a single site in an

20 RNA sequence. Although RNA interference may be uselul and potent in obtaining knock-down
of specific gene producls, muny diseases involve complex inleractions between antologically-
unrelated gene products. Multiple putative targets can be identificd for 4 single disease.
‘Auempts to confirm that inhibiting these Llurgets one by one is therapeutically valuable have been
disapﬁointing. Indeed, obtaining thetapeutic effectiveness is proving to be extremely

25  challenging, probably because of multiple levels of redundancy in most sigoaling puthways. For
example, many disorders, such as cancer, type 2 diabetes, und atherosclerosis, feature multiple
biochemical abnormalities. In addition, some putative targets may be subject to cnhunced
mutation rates, thereby negating the effects of interfering RINAs on any such target.

For example, therapeutic approaches Lo viral infections continue to be major challenges

30 inagriculture, as well as in animal and human health. The nature of the replication of viruses

makes them highly plastic, “moving targets” therapeutically — capable of altering structure,
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infectivity, and host profile. ‘L'he recent emergence of viruses such as Severe Acute Respiratory
Syndrome ("SARS") and Aviun Influenza Virus (“bird flu”) exemplity these challenges, Even
well-described viruses such as those involved in Acquired lmmunodeﬁcicncy Syndrome or
AIDS (e.g. Human Trainunodeficiency Viruses, HIV-1 and HIV-2), continue to dely efforts at
treatment and vaccination becuuse of on-going viral mulation and evolution.

Furthermore, although nucleic acid therapentics such us interfering RNAs are candidates
for virul therapy, in part because modern rapid gene sequencing techniques allow viral genome
sequences o be determined even before uny encoded functions can be assessed, the error-prone
replication of virus'es, particularly RNA viruses, means that substantial genomic diversity can
arise rapidly in an infected population. Thus far, strategies for the development of nucleie acid
therspeutics have largely cenlered on the targeting of highly-conserved regions of the viral
genome. 1t is unclear whether these constructs are cfficient ul treating virat infection or
preventing emergence of resistant viral clones. 4

Therapeutic approaches that involve the design and use of une interfering RNA lor
control of several key “drivers” of the diseuse are thus desirable, Therefore, there is a need for
interfering RNAs which can target multiple pie-selected target sequences within one or more
target gencs W modulute expression of the targets, Methods for the design and for making such
therapeutic multitargeting interfering RNAs are also needed. Antjviral inlerfering RNAs that can
be developed rapidly upon the isolation and identification of ncw viral puthogens and that can be

used to help slow, or cven prevent, the emergence of new, resistant isotypes ure also needed.

SUMMARY OF THE INVENTION
Interfering RNA molecules are now designed and produced with specificity for multiple
binding sequences present in distinct genctic conlexts in one or more pre-selected target RNA

molecules and are uscd Lo decrease expression of the target sequences,

In a first emmbodiment, this invention relates 1o a multitargeting interforing RNA molecule

comprising u guide strand of the Formula (1):

5.p-XSY-3’
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wherein p consists of a terminal phosphate group that is independently present or
absent:wherein S consists of a first nucleotide sequence of a length of aboutS 10 about 20
nucleotides that is al least partially complementary Lo a first portion of each of at least two
binding sequences present in distinet genetic contexts in one or more pre-selected lurget
5 RNA molecules; wherein X is absent or consists of a second nucleotide sequence; wherein Y
fs absent or consists of a third nucleotide sequence, provided that X and Y are not absent
simultaneously; wherein X8Y is at least partially complementary to euch of said binding
sequences to allow a stable interaction therewith.  Prcferably S is completely complementary
to the first portion of cach of at least two binding sequences and also preferably, the first
10 portion of cach of at least two binding sequences is a seed sequence. X can consist of ong or
two nucleotides and Y can independently be at least partially complementary to a second
porlion of each of the binding sequences, said second portion is adjacent to and connected
with the 5’-end of said first portion of the binding scquences. Also preferably, S is of a
length of about 8 to about 15 nucleotides. XSY is preferably of a length of about 17 to about
15 25 nucleotides. Preferably, the multitargeting interfering RNA molecules of this inveation
further comprise a passenger strand that is at least partially complementary (o the guide
strand to allow formation of a stable duplex between the passenger strand and the guide
strand and these RNA mqlccules preferably include one or more terminal overhangs and
these overhungs preferably are of between 1 1o S nucleotides. Preferaht y the passenger
20 strund and the guide strand arc completely complementary to cach other. It is pussible for
the multitargeting interfering RNA tnolecules of this invention to target binding scquences
prescal in distinct genetic contexts in one or alternatively in at least 2 pre-selected target
RNA molecules. Preferably at least one of the pre-selected target RNA rolecules is a non-
coding RNA molecule. Altcrnatively, at lcast one of the pre-sslected racget RNA molecules
25 can be a messenger RNA molecule and preferably one or more of the pre-selected target
RNA molecules ure involved in a disease or disorder. Prefcrably, the diseasc is « human
disease. Also preferably, in the multitargeting interfering RNA molecules of this invention,
at leust one of the binding sequences is present in the 3’ -untranslated region (3'UTR) ot a

messenger RNA molecule. .

30 In this einbodiment, preferubly one or more of the pre-selected 1arget RNA molecules encode

a protein of u class selected from the group consisting of receptors, cylokines, transcription

4.
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factors, regulatory proteins, sipnuling proteins, cytoskeletal proteins, transporlers, enzymes,
hormanes, and antigens. Preferably, the one or more of the pre—selec'tcd targzet RNA molecules
encode o protein selected from the group consisting of ICAM-1, VEGF-A. MCP-1, IL-8, VEGF-
B, IGE-1, Gluc6p, Inppll, bT'GE, PIGF, VEGF-C, VEGF-D, $-catenin, K-ras-B, c-ras-A,
EGIR.Bcl-2, presenilin-1, BACE-1, MALAT-1, BIC, TGH3, and TNT alpha. Also preferably,
the multitargeting interfering RNA molecule decreases expression of any combination of VEGE-
A, x-ras and Bel-2 in an expression system or alternatively decreases expression of both
MALAT-1 and BIC in ah expression system ot still alternatively decreases expression ot both
1CAM-1 anti VEGE-A in an expression system. Other mulliturgeting interfering RNA motecules
decreasc cxpression of both TGFJ and IL-8 in an expression system or alternatively decrease
expression of both IL-& and MCP-1 in an expression system. The mulliturgeting interforing
RNA molecules of this invention can also further be munufactured to comprise a guide strand
that forms stable interactions with at least two binding sequences present in distinet genetic

contexts in one or more pre-sclected target RNA molecules,

Preferably one ur more of the pre-selected target RNA molecules is viral RNA. The virus is
preferably selected from the group consisting of 4 human immuaodeliciency virus (ITTV), a
hepatitis C virus (JICV), an influenza virus, a rthinovirus, and a severe acute respiratory
syndrome (SARS) virus, Where the virus is TTTV, one or more of the pre-selected target RNA
molccules preferably encode an essential protein sclected from the group consisting of € IAG,
POL, VIF, VPR, TAT, NEF, REV, VPU und ENV. Where the virus is TICV, one or mare of the

other preselecled RNA molecules encodes TNFa

In the multitargeting interfering RNA molecules of this invention, the molecules preferably
comprise at lcast one modified ribonucleotide, universal base, acyclic nucleotide, abasic
nucleotide, non-ribonucleotide or combinations thereof. In other aspects of this embodiment, S

comnsists essentially of a nucleotide sequence selected from the group consisting of:

UAUGUGGGUGGE (SEQ ID NO: 1), UGUUUUG (SEQ 1D NO: 2), ACCCCGUCUCU
(SEQ 1D NO: 5), AGCUGCA (SEQ 1D NO: 7), AMCAAUGGAAUG (SEQ ID NO: 8),
GGUAGGUGGGUGGG (SEQ 1D NO: 10), CUGCUUGAU (SEQ I NO: 12),
UCCUUUCCA (SEQ ID NO: 13), UUUUUCUUT (SEQ I NO: 14), TUCUGAUGUUU
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(SEQ ID NO: 15), UCUUCCUCUAU (SEQ ID NO: 16), UGGUAGCUGAA (SEQ ID NO:
17y, CUUUGGUUCCU (SEQ D NO: 18), CUACUAAUGCU (SEQ 1D NO: 19), '
UCCUGCUUGAU (SEQ 1D NO: 20), AUDUCUUUAGUU (SEQ ID NO: 21),
CCAUCUUCCUG (SEQ ID NO: 22), CCUCCAAUUCC (SEQ ID NO: 23),
CUAAUACUGUA (SEQ D NO: 24). UUCUGUUAGUG (SEQ ID NO: 25),
SCUGCUUGAUG (SEQ 1D NO: 26), ACAUUGUACUG (SEQ ID NO: 27),
UGAUAUUUCUC (SEQ 1D NO: 28), AACAGCAGUUG (SEQ ID NO: 29),
GUQCUGAUAUU (SEQ ID NO: 30), CCCAUCUCCAC (SEQ 1N NOQ: 31),
UAUUGGUAUUA (SEQ ID NO: 32), CAAATTUGUUCU (SEQ TD NO: 33),
UACUAUUAAAC (SEQ TD NO: 34), GCCUAUCAUAU (SEQ D NO:58),
UGGUGCCUGCU (SEQ ID NO: 59), AAUUAAUAUGGC (SEQ ID NO: 6(),

| CCCUCUGGGCU (SEQ ID NO: 61), UUCUUCCUCAU (SEQ ID NO: 62),
UAUUUAUACAGA (SEQ ID NO: 63), CACCAAAAUUC (SEQ ID NO: 64),
UGAGUNNGAACAUU (SEQ 1D NO: 72) where N is any base, CUCCAGG (SEQ 1D NO:
74), UCAGUGGG (SEQ ID NO: 76), UCCUCACAGGG (SEQ ID NO; 78),
GUGCUCAUGGUG (SEQ ID NO: 79), CCUGGAGCCCUG (SEQ 1D NO: 80),
UCUCAGCUCCAC (SEQ ID NO: §1), ACCCUCGCACC (SEQ ID NO: 86),
GUGUUGAAG (SEQ D NO: 88), UUCCACAAC (SEQ 1D NO: 90), UCCACUGUC (8EQ
ID NO: 92), CAGAAUAG (SEQ 1D NO: 93), AACUCUCUA (5EQ TN NO: 94) and
CGUGAAGAC (SEQ 1D NO: 98).

In other aspects, § consists essentially of a nucleotide sequence seleeted from the group
consisting of: UAUGUGGGUGGG (SEQ 1D NO: ), TICCUCACAGGG (SEQ ID NO: 78),
GUGUUGAAG (SEQ 1D NQ: 88), UUCCACAAC (STQ ID NO: 90), AA(I(,}CUCUA (SEQ ID
NO: 94) and CGUGAAGAC (SEQ ID NO: 98). Preferably, § consists essentially of a
nucleotide sequence of 6 or more contiguous buses contained within any of the Sequences.
selected from the group consisting of: UAUGUGGGUGGG (SEQ ID NO: 1),
UCCUCACAGGG (SEQ D NO: 78), GUGUUGAAG {SEQ D NQ: 88), UUCCACAAC (SEQ
D NQ: 90y, AACUCUCUA (SEQ ID NO: 94)Aand CGUGAAGAC (SEQ 1D NO: 98),

-G -
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57  UUCCUCACAGGGCAGUGAUUC 3¢
57, (SEQ T NO: 124)

3 ' UUAAAGAGUGUCCCGUCACUA

51  UACAAAUCUACUUCAACAUUU
3 ' QUAUGUUUAGAUGAAGUUGUG

or

5' AACAUAUGUUCUUCAACAUUU
B'GUUUGUAUACAAGAAGUUGUG

5'  UAUGUGGGUGGGCUGAGUCUAA
3 ' UUAUACACCCACCCACUCAGA

5'  UGUUUUGUUGUUACAUAUGAC
3 QUACAAAACAACANUGUAUAC

5'  UAUGUGGGUGGGGUGUCUCUA
3 'UUAUACACCCACCCCACAGAG

5'  UVAUGUGGGUCCGGUGGUCUAR
3 'UUAUACACCCACCCCACCAGA

5'  UAUGUGGGUGGGGUGGUGEUCU
3 'UUAUACACCCACCCCACCACA

5'  UAUGUGGGBUGGGUGAGUGUCU
3 UUAUACACCCACCCACUCACA

57 CUCACCCACCCACAUACAUUU
3 ' CUGAGUGGGUGGGUGUAUGUA

5" UCACCCACCCACAUACAUAUU
37 UGAGUGGGUGGGUGUAUGUAU

57  UCACCCACCCACAUACAUUUU
3 ' UGAGUGGGUGGGUGUAUGUAA

(SEQ ID NO: 122)

3" (S8EQ ID NO: 131)

5, (SEQ ID NO: 132)

37 (SEQ ID NO: 133)

PCT/AU2006/001741

In yet other aspects, the multitargeting interfering RNA molecule consists essentially ol

57, (SEQ ID NCQ: 134)

Other exemplary toullitargeting intertering RNA molecules include:

3' (SEQ ID NO: 100)
5', (SEQ ID NO: 101)

3' {(8FRQ ID NO: 102)
5", (SEQ IR NO: 103)

3' (SEQ ID NO: 104)
5', (SEQ ID NO: 105)

3' (SEQ ID NO: 106)
5, (SEQ D NO: 107)

3' (SKEQ ID NO: 108)

57, (SEQ ID NO: 109)

3' (8EQ ID NO: 110}
5', (SEQ ID NO: 111)

3’ (SEQ ID NO: 112} .

57, (SEQ ID NO: 113}

3* {(8EQ ID NO: 114)

.5, (SEQ ID NO:; 115)

37 (SEQ ID NO: 116)
5, (SEQ T'h NO: 117)

5" UAUGUGGGUGGGUCAGUCUA 3' (SEQ ID NO: 118)

© 3 '"UAUACACCCACCCACUCAGA

5

', {SEQ ID NO: 119)
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5"  GGGUUUACCAGGAAGAUGGUU 3’ (SEQ ID NO: 120)

3 UACCCAAAUGGUCCUUCUACC 5', (SEQ ID NO: 121)

5S¢ UUCCUCACAGGGCAGUGAUUC 3 (SEQ ID NO: 122)

3 ' UUAAGGAGUGUCCCGUCACUA © §¢, (SEQ ID NO: 123)

5'  UUCCUCACAGGGCAGUGGUUC 3¢ (SEQ ID NO: 125)

3 UUAAGGAGUGUCCCGUCACCA 57, (SEQ' ID NO: 126)

5/ CCCGGACCCUUAGAGAGUUUY 3¢ (SEQ ID NO: 127)

3’ ACGEGCCUGGGAAUCUCUCAA © 5°, (SEQ ID NO: 128)

5/ UACCCUCGCACCGAUCUCCCAA 3¢ (SEQ ID NO:-129)

3 UUAUGGGAGCGUGGCUAGAGGG 57, (SEQ ID NO: 130)

5  UUCCACAACACAAGCUGUGUU 3 (SEQ ID NO: 135)

3 UUAACGUGUUGUGUUCGACAC  5', (SEQ ID NO: 136)

5' GGACCCUUAGAGAGUUUCAUU 3’ (SEQ ID NO: 137)

31 GGCCUGGEAAUCUCUCAAAGU 57, (SEQ TD NO: 138)

5 UUCGUGAAGACGGUGGGCCGA 3/ (SEQ ID NO: 139)

3 ATATAAGCACUUCUGCCACCCGE  5', (SKHQ ID NO: 140)

QY

5'  AGACUCACCCACCCAGAUAUU 3¢ (SEQ ID NO: 141)

3/ AAUCUCAGUGGGEUGGEGEUCUAU 5 (SEQ ID NO: 142)
Yet others include:

5 UAUGUGGGUGGGUGAGUCUAA 3' (SEQ ID NO: 1.00)

3 yuAUACACCCACCCACUCAGA 5', (SEQ ID NO: 101)

5/  GGACCCUUAGAGAGUUUCAUU 3' (SEQ ID NO: 137)

3 GGCCUCGCCAAUCUCUCAAAGU  5', (SEQ ID NO: 138)

or

51 UUCGCUGAAGACGGUGGGCLGA 3’ (SEQ ID NO: 139)

37 ATATAAGCACUUCUGCCACCCGE 57, (SEQ ID NO: 120)

PCT/AU2006/001741
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Preferably the above multitargeting interfering RNA molecules also include at least one
modified ribonucleotide, universal base, acyclic nuéleotide, abasic nucleotide and non-

ribonucleotide, overhang variation or 4 combination thereof.

In another aspeet of this invention, the invention relates to & biological system COTNPTLSINg,
the multitargeting inr.crf'cring RNA molecules at this invention and those prefemed biological
systems include a virus, a microbe, a cell, a plant, or an anjimal, Vectors comprising a nucl'eolide
sequence that encodes the multitargeting interfering RNA molecules of this invention are also

contemplated. Preferred vectors are viral vectors. Preferred viral vectors are selected from the

© group comsisting of dn adeno-associuted virus, a retrovirus, an adenovirus, a lentivirus, and an

alphavirus. The invention also rclates to cells comprising the vectors of this invention.

The multitargeting interfering RNA molecules of this invention can also be short hairpin
RNA molecules.

The invention turther relates to pharmaceutical compositions comprising the
multitargeting interfering RNA molecules of this invention and an aceeptable carrer.
Alternatively, the composition can include a vector comprising the RNA molecule and an

acceptable currier.

The invention further relates to methods of using the multiturgeting interfering RNA
molecules of this invention. In a preferred method for using the mullitargeling interfering RNA
molecules of this invention, the method includes inducing RNA interference in a biulogicid
system, comprising the step of introducing & multitargeting interfering RNA moleculc of this
invention into the biological system. More specifically, the invention relates to methods of
inducing RNA interfercoce in a biological system, comprising the steps of: (a) selecting one or
more target RNA moleoules; (b) designing a multitargeting interfering RNA molecule
comprising a guide strand that can forin stable interactions with at least two binding sequences
present in distinct genctic contexts in the set of one or more target RNA molecules; (c)
producing the multitargeting interfering RNA molecule; and (d) administering the multitargeting
interfering RNA molecule into the biological systern, whereby the guide strand of the
multitargeting interfering RNA molecule forms stable interactions with the binding sequences

present in distinct genetic contexts in the target RNA olecules, and thus induces RNA
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interference of the target RNA molecules. Preferably the biological system is a virus, & microbe,
a cell, a plant, or an animal. Preferred animals include ruts, mice, monkeys, and humans. Also
preferably the target RNA molecules comprise RNA molecules that arc involved in a disease or
disorder of the biological system or are selected [rom the biological system, Alternutively, the
target RNA molecules comprises one or more RNA molecules selected from a sceond biological
system that is infectious to the biofogical system or where the target RNA moleeules arc selected’
from both a first biologicdl system and a second biological system that is infectious (o (he [irst
biological systemn. Tor exwmple, the lurget RNA molecules ¢an comprise one or morc RNA
molecules sclected from an animal or a plant and one or more RNA molecules selected from a
microbe or a virus that is infections to the animal or the plant. As a more specific example, the
target RNA molecules can comprise onc or more RNA molecules selected from « human and one
ot morc RNA molecules selected from a virug sclected from the group cbnsisti ng of a human
immunodeficiency virus (HIV), u hepatitis C virus (HCV), an influenza virus, a rhinovirus, and a
severe acute respiratory syndrome (SARS) virus. The target RNA molecues can also be RNA
molecules encoding a proleéin of a class of proteins, including, without timitation, receptors,
cytokines, transcription faciors, regulalory proteins, signaling ﬁrotcins, cyloskeletal proteing,
transporters, enzymes, hortnones, und antigens. For example groups of proteins can inchide
ICAM:1, VEGF-A, MCP-1, I1.-8, VEGE-B, IGF-1, Gluc6p, Inppll, bFGF, PIGF, VEGF-C,

- VEGE-D, B-catenin, k-ras-B, k-ras-A, EGFR, Bcl-2, presenilin-1, BACE-1, MALAT-1, BIC,

TGFf, and INF alpha. Preferred combinations include, for example, JCAM-1 and VEGGF-A,
one or more viral RNA molecules such as humaﬁ immunodcliciency viras (HIV), a hcpalilk C
virus (HCV), an influenza virus, a thinovirus, and a severc acute respiratory syndrome (SARS)
virus or un essential protein for HIV selected from the group consisting of GAG, I’CL, VIF,
VPR, TAT, NEF, REV, VI’U and ENV. The target RNA molecules can also be selected from
hutnan proteins including, for example, TNFalpha, LEDGEF(p75), BAF, CCRS, CXCR4, furin,
NFkR, STATI. Specific combinations inctude a vitus protein und a human protein associated
with the disease caused by that virus. So, as onc example, preselected target RNA molecules can

comprisc Hepatitis C Virus (HC V) and onc or.more of the other preselected RNA molecules

encodes TNFo.

- 10 -
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This ir;vcntion also relates Lo methods for treating a disease or condition in a subject. the
method comprising the steps of: (a) sclecting one or more target RNA molecules, wherein the
modulation in expression of the target RNA molecules is potentially therapeutic tor the treatment
of the disease or condition; (b) designing a multitargeting interfering RNA moleeule conprising
a guide strand that can form stable interactions with at least two binding sequences present in
distinet genelic contexts in the one or more target RNA molecules; (c) producing the
mullitirgeting interfering RNA molecule; and (J) adminislering the multi targeting interfering
RNA molceule inlo the subject, whereby the guide strand of the multitargeting interfering RNA
molecule forms stable interactions with the hinding seguenees present in distinct genetic contéxts
in the one or more target RNA molecules, und thus induces RNA interference and modu lation of

expression of the target RNA molcoules.

The invention also relates to methads for designing 4 multitargeting interfering RNA
molecule, comprising the steps of: a) selecting one or more lﬁrgei RNA molecules, wherein:
modulation in expression of the (arget RNA molecules is degired: b) oblaining at feast one
nucleotide sequence for euch of the target RNA molecules; ¢) selecling a seed sequence of 6
nucleotides or more, wherein said seed sequence occurs in at least two distinel genélic contexts
i nucleotide scquences identified in step b) for the target RNA molccules: d) selecting at-least
two binding sequences, whercin cach of binding sequences compriécs the sced sequence, und the
binding sequences are present in distinet penetic contexts in the target molcenles; and e)
(lcsigm'ng a multitargeting interfering RNA molecule having a guide strand that shares a
substantial degree of complementarity with cach of the at least two binding sequences fo allow ‘
stable interaction therewilh. Preferably the inethod furthor comprises designing a passenger
strand that is at least partially complementary to the guide strand to allow formation of a stable -

duplex between the passenger strand and the guide strund.

Tn yet another method for designing a multitargeling interfering RNA molecule, the
method eomprises the stops of: a) selecting one or more target RNA molecﬁles, wherein
modulation in cxpression of the target RNA molecules is desired; b) identifying at least one
nucleotide sequence for cach of the target RNA molecnles: ¢) selecting a length, 1, in
nucleatides, for a sced sequence; wherein n = about 6 or more; d) generating a collection of

candidate secd sequences of the length 22 from each nuclentide sequence identified in step h),
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wherein cach cundidate seed sequence oceurs at Ieast once in nucleotide seguences obtained in
step b); e) delermining the genctic context of each of the candidate seed sequences in each
nucleotide sequence obtained in sicp b), by collecting, for cach occurrence of the candidate sced
sequence, a desired amount of the 5" and 3’ flanking sequence; f) selecting a seed sequence of
the length n [rom the candidate sced sequences, wherein the seed sequence occurs at least in two
distinct genetic contexts in nucleotide sequences identified in step b); g) selecting a consensus
target sequence, wherein said consensus target sequence comprises the seed sequence and a
desired consensus sequence [or the sequence [lunking either one or both of the 57 and 37 ends of
the seed; and h) designing a multitargeting interfering RNA molccule comprising a guide strand
that shares a substantial degree of complementarity with the consensus targel sequence to allow
stable interaction therewith. Preferably the step of generating a collection of candidate seed
sequences comprises the steps of beginning at u terminus, scquentially obéerving the nucleotide
sequence using a window size of n and stepping along the nucleotide sequence with a step size of
1. Also preferably, the step of selecting seed sequences compriscs the step of discarding any
sequence of the Tength » that 1) is composed of u consectitive string of 5 or more identical single
nuclcotides; ii) is composed of only audenosine and urui:il; iii) is predicled o occur with an
unacceplably high frequency in the non-target trunscriptome of interest; iv) is predicted to have a
propensily o undesirably modulate the expression or uclivity of onc or more cellular component;
or v) 1s any combination of i) o iv). Optionally, steps ¢) to g) can be repeated with a new vulue
of n. The mullitargeting interfering RNA molecules, once designed can then be tested in an

eXpression systcin.

Tn-preferred methods for designing a multitargeting interfering RNA molecule, the step of
selecting a consensus target sequence.further comprises the step of discarding any sequence that
is compased of only a single base, is cornposed onl y of A and U, has a conseculive string of 5 or
more bases which arc C, 1s G/C rich at the 3’ end, is predicted to oceur with unaceeptable
frequency in the non-turget transcriptome of interest; or any combination thercof. Also
preferably the passenger strand is designed so that it is at Teast partially complementary to the
guide strand to allow formation of a stable duplex between the pussenger strand and the guide
strand. Once the mullitargeting interfering RNA molecule is designed, it is contemplated that it
cun be modified. Such modifying methods are also contémplated within the scope of the

invention and a preferred method comprises moditying the multitargeting interforing RNA

- 12 -
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molecule comprising the steps alone or in combination of i) improving the incarporation of the
guide strand of the mulritargeting interfering RNA molecule into the RNA induced silencing
complex (RISC); ii) increasing or deereasing the modulation of the expression of at least onc
target RNA molecule; iii) decreasing stress or inflammatory response when the multitargeting
interfering RNA molecule is administered into a subject; iv) altering the half life of the

multitargeting RNA molecule in an expression system.

‘The invention futher relates to a method of designing a [ull length multitargeting
interforing RNA from a seed sequence, comprising the steps of: a) deducing the scquence of the
complete complement of the sced sequence: b) generating permutations for the cxtension of the
complete complement of the seed sequence 1o the desired length n; ©) creating a collection of
putative guide strand sequences, each of which cormprises the sequence of the complete
complement of the seed sequence and one of the perowtations gencrated in step b); d) using
RNAhybrid to delermine the binding pattern and the minimum free encrgy (mfe) of the putative
guide strand sequences ereated in step ¢) against all the target sequences comprising the seed
sequence; ¢) discarding putative guide strand sequences where 1) fhere is a contiguous run ol 5 or
mare G residucs; and i1) the Load Bias is < 1.2; und f) selecting a guide strand scquence of the
length rt for a mullitargeling interfering RNA sequence from the list of the remaining pututive
guide strand sequences based on their Relative Activity Score. The method preferably can
additionally comprise the stcbs of producing the mulliturgeting interfering RNA comprising the

guide strand sequence and testing the multitargeting interfering RNA in an expression system.

I yet another aspect, the invention relates to a method of making a multitargeting

‘interfering RNA molecule, comprising the steps of’ i) designing « multitargeting interfering

RINA molecule having a guide strand that can fort stable inteructions with at least two binding
sequences present in distinct genetic contexts in a sct of pre-selected lurget RNA molecules; and

i1) producing the multitargeting interfering RNA molecule,

Tt is also contemplated within the scope of this invention that the invention [urther
compriscs a phavinacculical composition comprising a therapeutically effective amount of one or
more multitargeting wierfering RNA molecules together with a pharmaceutically acceptable

carriei.
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Orther aspects, features and advantages of the invention will be apparent from the
following disclosure, including the detailed description of the invention and its preferred

embodiments and the uppended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: A flow-chart highlighling aspects of an exemplar)'/ design process for
multitargeting interfering RNAs (CODEMTRs or VIROMIRS). ' .

Figure 2; Graph showing eytotoxicity of control siRNA and CODEMIRY at a final
concentration of 40 nM in ARPT- l§ cells in culture medium at 48 birs post-trunsfcction. A:
mock transtected cells (Lipofectamine2000 alone); B: irrelevant siRNA conirol; C: VEGE-
specific siRNA; D: ICAM-specific siRNA; E: CODEMIR-1; F: CODEMIR-2.

Figure 3: Graph showing VEGF (closed bars) and ICAM (open bars) protein
expression as a pereent of control (untransfected) cells in cells treated with various siRNAs and
CODEMIRs, A: Unstimulated cells; B: Untranstected, stimulated cells; C: Ierelevant control
sIRNA; D: ICAM-specific siRNA; E: VEGF-specific siRNA; T7: CODEMIR-1; G: CODEMIR-2.

4 Figure 4:  Comparison of CODEMIR 1 activity with that of awnatumll y-0CCUITing
microRNA with some sequence similaiity. A: Untransfected ccﬁs; B: lirelevant siRNA; C:
CODEMIR-1; D: synthetic miR-299 (CODEMIR-84).

Figure 5: Example of a VIROMIR targeting two sites in the sume larget RNA, in
this case, the HIV genome. 4 '

Figure 6: Tolerance of CODEMIRs for mismatches at the 5' extremity for uctivily
aguinst VEGT (closed bars) und IC.‘AM~i {open bars) expression, A: Untranstected cells; B:
Irelevant siRNA; C: ICAM- und VEGF-specific siRNAg; D: CODEMIR-13; E: COI)EMTR- 14:
F: CODEMIR-15. The presence of a single mismalch at the 5'cxtremity of the seed did not
significantly reduce the activities of CODEMIRs -14 and -15 relative to the [ully matched seed
of CODEMIR:13 (see Tablc §-2 tor sequences). )

Figm:e 7. Production of p24 HIV capsid protein in HEK-293 cells co-transfeeted with
pNL4.3 pla:%mi d and 67 ny of cither [;S]L vector (control) or pSIL vector encoding sequences for
shRNA approximutingVVMO()4, VMUO06 or VMO010, A: Control (empty) vector; B: VM{X)M4
ShRINA construcl; C: VMO06 shRNA construct; I3 VMOT0 shRNA construct.

-14 -
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Figure 8. Survival of ICT11 6 cells with and without serum withdrawal folIow'ing
transfection with 40 nM CC014-21 and siRNA controls. A: Mock-transfected cells; 13: Irrele\ﬁ\ht
control siRNA (5iGC47); C cytotoxic transfection sIRNA control (SiTOX); D: Bel-2-specific
sIRNA; E: Krag-specific siRNA; F: VEGE-specitic siRNA (PVE); G CCO14; H: CCOI5: L
CCO16; J: CCO17; K: CCO18; 1.: CCO19; M: CC020 und N: CCOZ1.

Figure 9. Abundance ot K-Rus in [CT1106 cells following transfection with 40 nM
CCOL4-21 as measured by Westetn and normulized to beta-actin, Ar Mock-transfected cells; B:
CCol4; C: CCOLS; D: CCOL6; E: CCOL7; F: CCOLY; G: CCOL9; H: €CC020; 1: CCO21; J: Kras-
speciftc sIRNA.

Figure 10. Sceretion of VEGF by HCT116 cells 48 h post-transfection with 40 nM
CCCO14-21. VEGF in the cell medium was measured by ELISA. PVT is o VEGF-specific
siRNA active in several species (human and rodent). A: Mack-lranstected cells: B: Irelevant
control siRNA; C: VEGT-specitic siRNA (PVE); D: Krus-specific siRNA; E: Bel-2-specific
siIRNA; F: CCOL4; G: QCOLS; H: CCO016; 1: CCO17; J: CCOIR: K: CCOI9; L: CC020; M:
CCo21,

Figure 11. Positivity for Annexin V (early apoptosis) and Propidinm Jodide (tecrosis/late
apoptosis) staining of HCTL16 cells 48 hr following transfection with 40 nM CC014-18 and
controls. A: Untreated cells; B: Mock-transfected cells; C: Irrelevant control siRNA (siGC47);
D: cytotoxic transfection control siRNA (si'f 0X); E: VEGF-specific siRNA; F: Bcl-2-specitic
SIRNA; G: Kras-specific siRNA; H: CC0OL4; L CCO15; J: CCO16; K: CCO17 and L: CCO18.

Figure 12, Coio:nly forming ability of HCTI 16 cells following transfection with 40 nM
81IRNAs, CCO15 and CCO18-21. A: Untreated cells; B: Irelevant control siRNA C: VEGE-
specific sIRNA; D: Kras-specific siRNA; E: Bel-2-specific siRNA: F: CC015; G: CCO18: IT:
CCO019; 1: CC0Z20 and J: CCO21.

‘ Figure 13. VIIGF Secrction by ARPE-19 cells transfected with 40nM 2’ -F modified
CODEMIR-1 analogs. VEGF production was measured by ELISA of the cell culture
supernatant. Bach poinl represents the mean of triplicate wells; error bars indicate standurd
deviation of the mean. A: Untranslected cells; B: Mouk—trans[ected cells; C: Irrclevant siRNA
control; 1 CODEMIR-1; E: CODEMIR-33; F: CODEMIR-87; (i CODEMIR-9Z; I1;
CODEMIR-144; 1; CODEMIR-145; J:'CODEMIR—I 65; K: CODEMIR-166 and L: COTYEMIR-
167.

- 15 -
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Figure 14. Guide strand tetninal ruodifications of CODEMIR-1 tosted in vitro (see
Figure 15 for data), “Oligo” refers to the active guide strand of CODEMIR-1. A: CODEMIR-
146; B: CODEMIR-147; C: CODEMIR-148; D: CODEMIR-149; T; CODEMIR-150; F:
CODEMIR-151; (i CODEMIR-152; H: CODEMIR-153; [ CODTEMIR-154; J: CODEMIR-155
5 and K: CODEMIR-156.
Figure 15. VEGF secrelion by ARPE-19 cells trunsfeeted with 10nM of each lerminal
conjugated variunt of CODEMIR—I. VEGF in vell cullure supernatant was meusured by ELISA.
Euch point represents the mean of triplicate wells; ervor bars indicate standard deviation of the:
mean. A Untransfected cells; B: Madck-transfected cells; C: Irrelevant siRNA control; D:
10 CODEMIR-1; E: CODEMIR-146; F: CONEMIR-147; (3: CODEMIR-148; H: CODEMIR-149;
1: CODI:ZMIR-IS(); I: CODEMIR-151; K: CODEMlR—I'SZ; L: COREMIR-153; M: CODEMIR-
154; N: CODTMIR-155 and Q: CODTMIR-156. ‘
Figure 16. Time course of VEGF suppression by CODEMIR-1. Cells were transfected
once on du); 0 with 40 nM dsRNA and repeatedly stimulated with deferroxamine. Supernatant
15  was collected at the indicated time points and assa{ycd by ELISA. Error bars indicate slandard
deviation of the mean. Squares: Untransfected cells; Triahglés': Muck-transfected; Inverted
triangles: Trrelevant siRNA control and Diamonds: C()bEMXR—L
Figure 17. Siability of chemically modificd variants of CODEMIR-1 in human serum:
100nM Duplex RNA was incubated at 37°C in 10% haman AB scrum, with RNA concentration
20  monitored using Oligreen dyc. Bach point is the mean of triplicate sumples, Errov bars (in many
cuses staller than symbols) indicate standard deviation of the mean. Solid squares: CODEMIR-
11 Triangles: CODEMIR-33; Inverted triangles: CODEMIR-87; Diamonds: CODEMIR-92;
Circles: CODEMIR-144 and dpen squares: CODEMIR-145, '
Figure 18. VEGF (closed bars) and iCAM (vpen bars) seeretion by ARPE-19 cells
25  translected with chemically modified variants of CODEMIR-1. ARPE-19 celis were transfected
with 40nM duplex RNA and VEGF or ICAM secretion was assayed 48 hours post-transfeclion
by BLISA. Each bar ‘mprescnls the meun of triplicate samples. Error bars indicate standard
deviat.im} of the mean. In 1 (top panel) - A: Umransf:c:cted cells; B: Mock-transfected cells; C:
rrelovant sIRNA control; Dt CODEMIR- I3 E: CODEMIR-33; F: CODEMIR-R7 and Gt
30)  CODNEMIR-92. In 2 (bottom panel) - A: Untransfecied cetls; B: Mock-transfected cells: C:

16 -
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Trrelevant siRNA control; D: CODEMIR-1; E: CODEMIR-87: T CODEMIR-144: G:
CODEMIR-33 and H: CODEMIR- 145,

Figure 19, Effcel of mismatches in the secd region of CODEMIR-1 upon VEGE (open
hars) and ICAM (closcd bars) suppressive activity, ARPE-19 cclls were transficted with 40nM
duplex RNA and VEGT (ELISA) or ICAM (FACS) assayed and expressed relative to results
obtained with untranstecled cells. Expression was assayed 48 hours post-transtection. Each bur
represents the mean of triplicate sarﬁplcs. Etror bars indicate standard deviation of the mean; A:
Untransfected cells; B: Mock-transfected; ('_‘..: Trrelevant siRNA controf; D CODUEMIR-1; E:
CODEMIR-122; F: CODTIMIR-123 and G: CODEMIR-124. '

Figure 20, Schematic ilustralion of the design of all 32 variants of CODEMIR-1 that arc
directly aligned to the VEGF and ICAM mRNAs. The sequence ali gtmttlen;c.of two target
sequences is shown. A potential guide strand (CODEMIR) is shown helow the ‘sr.:qucuce
alignment. Because of the luck of total conscnsus between the two turgets, two possible bases
can be used al some positions (altemate buses at mismatch positions are shown in the row
indicated with an arrow). Note the possible use of a U (o match and wobble-pair the two target
sequences, respectively.

Figure 21. Screening 32 varants of CODEMIR-1 for VEGF supptessive activity, ARPE-

- 19 cells were teansfected with 40nM of the indicated RNA duplex, and VEGF secrclion was

measurcd by FLISA 48 hours post-transfection. The guide steand of euch CODEMIR is shown

in the 57 to 3° dircotion. Each bar represents the mean of triplicate samples. Trror bars indicate
standard deviation of the mean. A: Untransteected; B: Jrrelevunt siRNA pontml: C: CODEMIR-1;
D: CODEMIR-52; TI: CODEMIR-53; F; CODENMIR-54; (G: CODEMIR-55; H: CODEMIR-56; 1:
CODEMIR-57; J: CODEMIR-58; K: CODEMIR-59; L: CODEMIR-60; M: CODEMIR-61; N:
CODEMIR-62; O: CODEMIR-63; P CODEMIR-64; Q: CONEMIR-65; R: CODEMIR-66; 8:
CODEMIR-67; T: CODEMIR-68; U: CODEMIR-69; V: CODEMIR-70; W: CODTMIR-71; X:
CODEMIR-72; Y; CODEMIR-73; Z: CODTMIR-74; AA: CODEMIR-75; BB: CODEMIR-76;
CC CODEMIR-77; DD: CODEMIR.78; EIi: CODEMIR-79; TF: CODEMIR-80: GG
CODEMIR-ET; ITH: CODEM IR-82; I: CODEMIR-83 and JJ: CODEMIR-84.

Figure 22, Relationship between target complementarity, length of 5° complementarity
and VEGF suppression for 32 vaniants of CODEMIR-1. Open squares: CODEMIR-1 variants

with 12 basus of contignous complementarity to the VEGT binding sequence; Triangles:

-17 -



N

10

15

20

WO 2007/056826 PCT/AU2006/001741

CODEMIR-! variants with 14 buses of contiguous complementarity; Inverted triangles:
CODEMIR-1 variunts with 17 bases of contiguous complementarity; Open diumonds:
CODEMIR-I variants wilh 18 bases of contiguous comp.]emenwn'ty; Circles; CODTMIR-|
variants with 19 bases o contiguous complementartily and Solid squarcs: CODEMIR-1 varant
(VAIC) with 21 bases of vontiguous complementarity.

Figure 23, Screening 31 variants of CODEMIR-1 for suppression of ICAM production.
ARPE-19 cells were transfected with 40nM of the indicated RNA duplex, and sICAM secretion
was meusured by ETISA 48 hours post-transtection. The guide strand of cach CODEMIR is
shown in the 57 to 37 direction, Each bar vepresents the mean of triplicate samples, Error bars
indicate standard deviation of the mecan. A: Untransfected: B: Trrelevant siRNA control; C.
CODEMIR-1; D C‘ODF.MIR-52; E: CODEMIR-53; ¥: CODEMIR-54; G: CODEMIR-55; H:
CODEMIR-56; 1: CODEMIR-57; J: CODEMIR-58; K: CODEMIR-59; L: CODEMIR-60; M:

" CODEMIR-61; N: CODEMIR-62; O: CODEMIR-03; P: CODEMIR-64; Q: CODEMIR-65; R:

CODEMIR-66; S: CODEMIR-67; T: CODEMIR-68; U: CODEMIR-69; V: CODEMIR-70; W:
CODEMIR-71; X: CODEMIR-72; Y: CODEMIR-73; Z: CODEMIR-74; AA: (",ODE,MI‘R-FIS;
RE: CODEMIR-76: CC: CODEMIR-77; DD: CODEMIR-78; EE: CODEMIR-79; FF:
CODEMIR-80; G(3: CODEMIR-8(; HH: CODTMIR-82; [I: CODEMIR-83 und 1J: ICAM-
spevific siIRNA,

Figure 24. Comparison of CODEMIR-1 variants with (CODEMIR-56 and CODTEMIR-
76) and without (CODEMIR-120 and CODEMIR-121) 7 G motils. ARPE-19 cells were
transfected wilh 40nM duplex RNA and VEGT (open bars) or ICAM (closed bars) expression
was assayed 48 hours post-transfection. Tuch bar‘reprcser{ts the mean of triplicate samples.
Giror bars indicale standard deviation of the mean. A: Untransfected; B: Mock-transfected cells;
C: Irelevant siRNA control; D: VEGF- and ICAM-specific siRNAs; E: CODEMIR-56; T:
CODEMIR-76; G: CODEMIR-120 and H: CODEMIR-121.

Figure 25, VEGT and ICAM expression in ARPE-19 cells after transfoction with LINA
and inosine containing CODEMIRs. ARVE- ]9 cells were transfecled with 400M duplex RNA
and VEGF (closed bars) or ICAM (opcu bars) expression wus assayed 48 hours post-
transfection. Each bar represents the mean of triplicate samples, Error bars indicate standard

deviation of the meun. A: Untransfected; B: Mock-transfected cells; C: Trrelevant stRNA

- 18-
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control; N: COREMIR-1; E; CODEMIR-99; [+ CODEMIR-100: G;: CODEMIR-101 and H: .
CODEMIR-102. o '

Figare 26. Comparison of VEGF suppressive activity of CODEMIRS containityg inosine
hascs or mismatches at positi()u;k: 13 and/or 15 of the guide strand. ARI’E-19 cells chc
transfected with 10nM duplex RNA and VEGF (ELISA) expression was assayed 48 hours post-
transfection. Buch bar represents the meau of triplicate samples. Error bars indicate standard
deviation of the mean, A: Untransfected; B: Mock-transfected cells; C: Irrelevant siRNA controi;
D: CODEMIR-1; E: CODEMIR-68; F: CODEMIR-69; G: CODEMIR-70; H: CODEMIR-71; L:
CODEMIR-100; J: CODTEMIR-101 and K: CODEMIR-102.

Figure 27. VEGF production by ARPE-19 cells after transfection with variauts of
CODEMIR-1 containing asymmetric bulges. ARPE-19 cells were transfected with 40aM of the
indicated RNA duplex, and VEGEF secretion was meusured by ELISA 48 hours post-trangfection.
Each bar represents the mean of triplicate samples. Error bars indicate stundard deviation of the
mean. A; Untransfected; B: Mock-trunstected celis; C: Imelevant siRNA control; D: CODEMIR-
1; E: CODEMIR-104; F: CODEMIR-105; G: CODEMIR-106 and H: CODEMIR-107.

Figure 28. Screening multiple seed sitcs in the VEGF 3° UTR. ARPE-19 cells were
transtected with 40nM of the indicated RNA duplex, and VEGT secretion was measured by
ELISA 48 hours post-transtection. Each bar represents the mean of triplicate sumples. Error bars
indicate standard deviation of the mean. A: Uniransfected: B: Mock—transfecfed cells; C:
Irrelevant siIRNA control; D: CODEMIR-1; E: CODEMIR-108; F: CODEMIR-109: G: '
CODTMIR-1 10; H: CODEMIR-111; I: CODEMIR-112; ): CODEMIR-113: K: CODIMIR-114;
L: CODEMIR-115; M: CODEMIR-116; N: CODEMIR-117; O: CODEMIR-118 and P:

. CODEMIR-119.

Figure 29. Design of shRNA based on CODEMIR-1. Sequence shown is 5° (o 37 (upper
strand). Sequences in bold indicate the predicted active CODEMIR-1 duplex.

Figurg 30. Effcct of CODEMIR-} hairpins on VEGF and ICAM-1 cxpression. ARPE-19
ccl]é were transfected with 2 pg/ml of cach hairpin plasmid. VEGF (A) and ICAM (B)

- expression was determined 48 hours post-transfection. The open bars indicate results oblained

with the “empty” vector control aud the closed bars are those obtained with the shRNA

constructed to approximate CODEMIR-1. Bach bar represents the mcan of triplic{ltc sampies.



10

15

20

30

WO 2007/056826 PCT/AU2006/001741

Faror bars indicate standard deviation of the mean. A significant effect of the sShRNA
approximating CODTMIR-1 was found for both targets (* = p<0.001; ** = p<.05).

Figure 31. Efficacy of a 1 bp overhung (CODEMIR-24) and “blunt-ended” var.ianl
(CODEMIR-25) of CODEMIR-] against VEGF (closed bars) and 1CAM-1 (open bars). A
Untransfected; B: Mock-transfecied cells; C: Iirelevant siRNA control; I: ICAM- und VEGF-
specilic siRNAg; E: CODEMIR-1; F: CODEMIR-24 and G: CODEMIR-23.

DETAILED DESCRIPTION

Various publications, articles and patents are cited or described in the background and
throughout the specificution; cach of these references is hercin incorporated by reference in its
entirety. Discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is for the purposc of providing context for the present
invention, Such discussion is not an admission that any or all of these matters form part of the
prior art with respect to any inventions disclosed or claimed,

Unless defined otherwise, all technical and scientific terms used hercin have the same
meaning as commonly understood to one of ordinary skill in the art to which this invenion
pertains. In this invention, cerluin ters are used {requently, which shall have the meanings sct
forth as tollows. These terms may also be explained in greater detail later in the specification.

The [ollowing ure abbreviations that are at imes used in this specification:

bp = base pair

¢DNA = complementary DNA

CODEMIR = COmputationally-DEsighed, Multi-turgeting Intarféring RNA

kb = kilobase; 1000 base pairs '

kDa = kilodalton; 1000 dalton

mRNA = messcnger RNA

miRNA = microRNA

ncRNA = non-coding RNA

nt= nuc]t:otidé

PACT = polyacrylumide gel electrophoresis

PCR = polymerase chain reuction

RISC = RNA interference silencing complex

-20-
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RNAi = RNA jnlerference

SDS =: sodium dodecy! sullute

sIRNA = short interfering RNA

ShRNA = short hairpin RNA

SNPs = single nucleotide polymorphisms

Utk = mlllnmslatcd region

VIROMIR = multitargeting interfering RNA preferentially largeted to viral targets

- Ttmust be noted that as used herein and in the appended claims, the singular forms “a,”

“an,” and “the” include plural reference unfess the context clearly dictates otherwise. Thus, for
example, a reference to “a cell” {s a reference to one or more cells and includes equivalents
thercol known Lo those skilled in the irt and so forth,
. An “activily”, a “biological activity”, or u “functional activity” of a polypeptide or
nucleic acid refers (o an activity exerted by a polypeptide or nucleie acid molscule as determined
i vive ot in vitra, according (o standard techniques. Such activities can be a direct activity, such
as an association with or an enzymatic activity on a second protein, or un indirect actjvity, such
as g cellular sié,naling activity mediated by interaction of a protein with a second protein,

"ﬁiological system" is meant, material, in a puritied or unpurified form, from biological
sources, including but not limited to human, animal, plant, insect, microbial, viral or other

sources, wherein the system comprises the components required for biologic activity {c.g.,

* inhibition of gene expression). The term "biological syslem” includes, for example, a cell, a

virus, 8 microbe, an organism, an anitnal, or a plant.

A “cell” mcans an autonomous self-replicaling unit that may constitute an organism (in
the case of unicellular organisms) or be a sub unit of multicellular oryanisms in which individual
cells may be specialized and/or differentiated for particular functions, A cell can be prokaryotic
or cukaryotic, including bucterial cells such as £. coli, fungal cells such as yeast, bird cell,
mammalian cells such as cell lines of human, bovine, porciné, monkey, sheep, apes, swine, doy,
cat, and rodent origin, and insect cclls such as Drosophila and sitkworm derived cell fines, or
plant cells. “The cell can be of somatic or germ line otiyin, totipolent or hybrid, dividing or non-
dividing. The cell can also be derived from or can comnprise a pamete or embryo, a stem ccll, or
a fully differentiated cell. Ttis further understood that the term "cell” refers not only to the

particular subject cell, but also to the progeny or potential progeny of such i cell. Because
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certain modifications can oceur in sueceeding generations due 1o cither mutation or
environmcntul.iﬁﬂuunces, such progeny may hot, in tact, be identical Lo the parent cell, but are
still included within the scope of the term as used herein, 4

The lerm "complemenlary” or "complementarity"as used herein with respect to
polynucleotides or oligonucleotides (which terms are used intérchaugcably herein) refers to a
measure of the ability of individual strands of such poly- or oligonuelcolides 1o associate with
cach other. Two major fundamental interactions in RNA are stacking und hydrogen honding.
Both contribute Lo free-cnergy chanyes for associations of oligoribonucleotides. The RNA-RNA
interactions include the stundard Watson-Crick pairing (A opposite U, and G opposite C) and the '
non-Watsun-Crick pairing (including but not litnited to the interaction through the Hoogsteen
edge and/or sugar edge) (see ¢.g., Leontis et al., 2002, Nucleic Acids Research, 30: 3497-3531),

The degree of complementurity botween nucleic acid strands has significant etfects on the
efficiency and sirength of the association between the nucleic acid strands. “Complementarity™
between two nucleic acid sequences corresponds to free-encrgy changes for helix [ormation.
Thus, determination of binding tree energics for nucleic acid molecules 1s use’:"ul for predicting
the threc-dimensional stroctures of RNAs and for interpreting RNA-RNA associations. e.g.,
RNA acliv'ity or inhibition of genc expression or formation of double stranded oligonucicotides. -

Such determination can be made using methods known in the art (see, e.g.. Turner ¢t al., 1987,

Cold Spring Harb Symp Quant Biol. 52:123-33; Erier ¢t ul., 1986, P’roc. Nal. Acad. Sci. USA

83:9373- 9377, Turncr et ul., 1987, J. Am. Chem, Soc. 109:3783-3785).

As the skilled artisan will appreciate; complementatily, where present, can be parlial, for
example where at least one or more nucleic avid bases between strands can pair sccording (o the
canonical buse paining rules. For example, the sequences 5'-CTGACAATCG-3', 5'-
CGAAAGTCAG-¥' are partially complementary (also referred to herein as “incompletely
complementary”) to cuch other. “Partial complementarity” or “partiatly complementary” as used
hercin indicates that only a percentage of the contiguous residues of 1 nucleic acid sequence can
form Watson-Crick bause pairing with the sume number of contiguous residues in a second
nueleic acid séquencc i an anti-parallel fashion, For exatple, 5, 6, 7, 8, 9, or 10 nucleotides out
ola tbtai of 10 nuclcotides in the first oligonucleotide forming Watson-Crick base patring with a
sccond nucleie acid sequence having 10 nucleotides represents 50%, 60%, 70%, 80%, 90%, and

100% complementarity respectively.
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Complemcntarity can also be total where each and every nucleic acid base of one strand
is capable of forming hydrogen bonds according to the cunonical base pairing rules, with a
correspanding base in unother, antiparallel strand. For example, the scquences 5'-
CTGACAATCG-3" and 5-CGATTGTCAG-3' are totally complementary (afso referred 1o herein
as “completely complementary”) to cach other. As used herein “complete complementarity” or
“cotupletely complementary” indicates that all the conti guous residues of a nucleic acid sequence
can form Watson-Crick base pairing with the same number of contiguous residucs in a second
nucleic acid sequence in an anti-parullel fashion.

' The skilled artisan will appreciate that where there are no bases that can adequitely base
pair with correspmicling contiguous residues in an antiparallel strand, the two sirunds would be
considered w have no complementarity. In certain embodiments herein, at least portions of two
antiparalle] strands will have no complementarity, In cerlain embodiments such portions nay
cohprisc even a majority of the length of the two strands.

In addition to the foregoing, the skilled artisan will appreciate that ia strands of equal
length thal are completely complementary, all sections of those strands are completely
complementary to each other. Strands which are not of equal length, i.e. present in a nucleotide

duplex having one or both ends not being blunt, may be considered by those of skill in the art to

be completely complementary, however there will be one or more bases in the vverhanging end

ar ends (“overhangs™) which do not have corresponding bases in the opposing strand with which
to base pair. In the case of strands that are incotnpletely or partially complementary, it is (o be
understood that there may be portions or sections of the strands wherein there arc several or even
many contiguous bases which arec completely complementary to each other, and other portions of
the incompletely complementary strands which have less than complete complementarity - i.c.
those sections are only partially complementary to each other,

The percentage of complementarity between a first nucleotide sequence and a sceond
nuclcotide sequence can be evaluated by sequence identity or similarity between the first
mucleotide scyuence and the complement of the second nucleotide sequeﬂce. A nucleotide
sequence that is X% cumplenicnlary to a second nucleotide sequence is X% identical to the
complement of the second nucleotide sequence. The “compleroent of a nucleotide sequence™ is
completé!y compiementary 1o the nucleotide sequence, whose sequence is readily deducible from

the nucleotide sequence using the rules of Watson-Crick base paiving.
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“Sequence identity or similarily”, as known in the urt, is the relationship between twao or
more polypeptide sequences or lwo or more polynucleotide sequences, as determined by
cowparing the sequences. In the art, identity also means the degrec of sequence relatedness
between polypeptide or polynucleotide sequences, us the cuse can be, us determined by the match
between steings of such sequences. To determine the percent identity or similurity of two amino
acid sequences or of two nucleie acids, the sequences are aligned for optimal comparison
purposes (c.g., gaps can be introduced in the sequence of a first amino ueid ot nucleic acid
sequence for optimal alignment with a second wmino or nucleic acid sequence). The amino acid
residucs or nuclcotides at corresponding amino acid positions or nucleotide positions are then
compared, When a position in the first sequence is occupied by the same or similar amino acid

residue or nucleotide as the corresponding position in the second scquence, then the molecules

- are identical or similar a1 that posilion. The percent identity or similarity between the two

sequences is a function of the number of identical or similar positions shured by the sequchécs
(i.e., % identity = numbet of identical positions/tatal number of positions (e.g., overlapping
positions) x 100). In one cmbodiment, the two seqﬁcnces are the same length. 4

Both identity and similarity can be readily calculated. Mecthods commonly employed (o
determing identity or similarily between sequences include, but are not lindited to those disclosed
in Carillo ct al, ('! O88), SIAM J. Appli(ﬂ Marh. 48, 1073, Preferred methods to detcrmine
identity arc designed o give the largest match belween the sequences tested. Methods to
determine identity and similarit_y are codified in computer programs.

A non-limiting example of & n;athcmutical alporithm utilized for the comparigon of two
sequences is the algorithm of Kalin et al,, (1990), Proc. Natl. Acad. Sci. USA 87:2264-2268,
modified ag in Karlin et al., (1993), Proc. Natl. Acad. Sci. USA 90:5873-3877. Such an
algorithm is incorporated into the NBUAST and XBLAST programs of Altschul et al., (1990), J
Mol. Biol 215:403-410. 'T'o abtain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described in Alischul et al., (1997), Nucleic Acids Res. 25:3389-3402.
Alternatively, PSI-Blast can be used to perform an iterated seurch which detects distant
relationships between molecules, When utilizing BLAST, Gapped BLAST, and PSI-Blast
programs, the default parameters of the respective programs (e.8., XBLAST and NBLAST) can
be uscd. Additionally, the FASTA method {(Atschul et al., (1990), J. Molec. Biol. 215, 403), can

also be used.

- 24 -
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Anothier non-limiting example of a2 mathematical algorithm useful for the comparison of
sequences is the algorithm of Myers ¢t al, (1988), CABI(S 4:11-17. Such an algorithm is
incorporated inlo the ALIGN program (version 2.0). C

In an embodiment, the percent identity between two sequences is determiined using the
Needleman and Wunsch (1. Mol. Biol. (48):444-453 (1970)) algorithm which has been
incorporated into the GAP program in the GCG software package. The GCG GAP program
aligns two complete scquences to maximize the number of matches and minimizes the number of
gaps.

In anothet embodiment, the perceat identity between two sequences is dclermincd.using
t@e local homology algorithtn of Smith and Waterman (J Mol Biol. 1981, 147(1):195-7), which
has heen incotporated into the BestFit program in the GCG software package. 'The BestFit
program makes an optimal alignment of the best segment of similarity between two scquenccé.
Optimal alignments are found by inserting gaps to maximize the number of matches. , ‘

Nucleotide sequences that share a substantial degree of complementarity will form a
stable interaction with each other. As used herein, the ferm “stable interaction™ with respect to
two nucleotide sequences indicates that the two vucleotide sequences have the natural tendency
to interact with each other o form a double stranded molecule. Two nucleotide sequences can
form a stable interaction with euach other within a wide range of sequence complementarity. In
general, the higher the complementarity the stronger or the more stable the interaction. Different
slrengt.hs‘ of imcmct.ions may be required for different processes. For example, the strength of
interaction for the purpose of forming a stable nucleotide sequence duplex in vilro may be
different from that for the purpose of forming a stable interaction between an iRNA and a
binding sequence in vivo. The streayth of interaction can be readily deterinined cxperimentally
or predicted with appropriate software by a person skilled in Lhe art, A

Hybridization can be nsed to test whether two polynucleotides ‘are, substantially
complementary 1o each other and to measure how stable the interaction is. Polynuclcolides that
share a sufficient degree of complementarity will hybridize to eucﬁ other nnder various
hybridization conditions, In onc emhodiment, polynucleotides that share a high degree of
complementarity (thus form a strong stable interaction und will hybridize to cach other under
stringent hybridization conditions. “Stringent hybridization conditions™ has the meaning known

in the a1, as described in Sambrook et al., Molecular Cloning: A Laboratory Manual, Second
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Edition, Cold Spring Hatbor Laboratory, Cold Spring Harbor, New York, (1989). An excrplary
stringent hybridigution condition cowmprises hybridization in 6x sodium chloride/sodium citrate
(S8C) al about 45 °C, followed by one or more washes in 0.2x SSC and 0.1% SDS at 50 - 65 °C.

As used herein the term “mismatceh” refers to a nucleatide of either strand of two
interacting strands having no corresponding nucleotide on the corresponding strand or a
nucleotide of eithet strand of two interacting strands having a corresponding nucieotide on the
corresponding strand that is non-complementary.

As used hercin, a "match” refers 10 a complementary puiring of nuclcotides.

As used herein, the term “expression system” refers to any.in vivo or in vitro system that
can be vsed to evaluate the expression of a target RNA moleculs and or the RNAJ activity of a
multitacgeting RNA molecule of the invention. In particular embodiments, the “cxpression
system” comprises one or more target RNA molecules, a multitargeting inwrfering RNA
muolecule targeting the one or more target RNA molecules, und a cell or any type of in vitro .

expression system known to a person skilled in the art that allows cxpression of the target RNA

- molecules and RINAI.

As used herein, the term “RNA" includes any molecule comprising at lcast one
ribonuclentide residuc, including those possessing one or more natural nucleotides of the ‘
following bascs: adenine, cytosing, guanine, and uracil; abbreviated A, C, G, and U, respectively,
modified rihonucleotides, universal base, acyclic nucleotide, abasic nucleotide and non-
ribonucleotides. "Ribonuclcotide” means a nucleotide with a hydroxyl group at the 2' position of
a p- D-ribo-furanosc moiety. ‘ ‘

Modified ribonucleotides include, for example 2°deoxy, 2'deoxy-2"-{luoro, 2'0-methyl,
2'O-methoxyethyl, 4'thio or locked nucleic ucid (LNA) ribonucleotides.  Also contemplaled
hercin is the use vl various types of ribonucleotide analogucs, and RNA with internucleotide
linkage (buckbone) modifications. Modified internucleotide iiukuges include for example,
phosphorothicate-modified, and even inverted linkages (i.e. 3°-3" or 5°-5"). Preferred
ribonucleotide analogues include sugar-modified, and nucleobase-modified ribonucleotides, as
well as combinations thercof. In preferred sugar-modified ribonucleotides the 27 - OH-group is
replaced by a substituent sclected from H, OR, R, halo, SH, §R, NH;, NHR, NR; or ON, wherein
R is C1-C6 alkyl, alkenyl ot alkynyl and halo is F, C1, Br, or 1. In preferred backbone-maedified |

ribonuclcolides the phosphocster group connecting to adjacent ribonucleotides is repluced by u
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moditicd group, ¢.g. a phosphorothivate group. Any or all of the above moditications may be
combingd. In addition, the 5'lermini can be OH, phosphate, diphosphate or triphosphate.
Nucleobase-modified ribonucleotides, i.e. ribonucleotides wherein the naturally-oceurring
nucleobase is replaced with a non-naturally occurring nucleobase instead, for example, uridines
or cytidines moditfied at the S-position (e.g. 5-(2-amino)propy! uridine, and 5-branw uridine);
adenosines and guanosines modified at the 8-posilion (c.g. 8-bromo guanosine); deaza
nucleotides (e.g. 7-deazu-adenosine); O- and N-alkylated nucleotides (e.g. N6-methyl adenosine)
are also conternplated for use herein,

‘The tcﬁn “universal basc” as used herein refers to hucleotide buse analogs that form basc
pairs with each of the nataral DNA/RNA bases with little discrimination between them. Non-
limiting cxamples of universal bases include C-phenyl, C-naphthyl and other arorgatic
detivatives, inosine, azole carboxamides, and nitrvazole derivatives such as 3- nitropyrole, 4-,
nitroindole, S-nitroindole, and 6-nitroindole as known in the art (see [or example Loakes, 2001,
Nucleic Acids Research, 29, 2437- 2447), ' :

The term "acyclic nucleotide” as used herein refers 10 any nucleotide having an acyclic
ribose sugar, for cxample where any of the ribose carbons (C'1, C2, C3, C4, or C5), are
independently or in combination absent from the nucleotide,

As used herein with respect (o the listing of RNA sequences, the bases thymiding (1)
und uridine (1) are frequently interchangeable depending on the source of the sequence
information (DNA or RNA). Theretfore, in disclosure of target sequences, seed sequences,
candidate sceds, conscnsus target sequences, target RNA Binding sites, and the like, the basc “1™
is fully interchangeable with the buse “177, Howev;sr, with respect to specific disclosures of the
interfering RNA molecules of the invention, it is to be undersiood that for such sequences the use
of the base “U” cannot be generally substitutod with “T” in a functional manner. 1t is however
known in the art that certain vccurrences of the base “U” in RNA molecuies can be substiluted
with “1” without substantially deleterious effect on functionality. For cxample, the substitution
of T for U in overhangs, such as UL averhangs at the 3" end is known to be silent, or at a
minimum, acceptable, and thus is permissible in the interfering RNA sequences provided berein.
Thus, it is contemplated that the skilled artisan will appreciate how to vary even the specific

interfering RNA sequences disclosed herein to amrive at ather structurally-selated and

-927 -



10

15

20

30

WO 2007/056826 PCT/AU2006/001741

funclionally-equivalent structures that are within the scope of the instant iuvention and the -
appended ¢laims.

A “turget RNA molecule” or a “pre-selecled target RNA molecule” us used herein refors
to any RNA molecule whose cxpression or activity is desired to be modulated, for cxumple
decreased, by an interfering RNA molecule of the invention in an cxpression system. A “target
RNA molecule” can be ¢ messenger RNA (mRNA) molecule Lhat cneodes a polypeptide of
interest. A messenger RNA molecule typically includes a coding region and non-coding regions
preceding ("5 TUTR”) and following (“3"UTR™) the coding region. A “larget RNA molecule”
can also be a non-coding RNA (neRNA), such as small temporal RNA (stRNA), micro RNA
(MiRNA), small nuclear RNA (snRNA), short interfering RNA (siRNA), small nucleolar RNA

" (snoRINA), ribosormal RNA (rRNA), transfer RNA ((RNA) and precursor RNAs thereof. Such

non-coding RNAs can also serve as target RNA molecules because neRNA is involved in
functional or regulatory cellulzir processes. Aberrant ncRNA activity leading to disease cun
therefore be modulated by multitargeting interfering RNA molecules of the in@ntion. The target
RNA can [urthce be the genome of a virus, for example # RNA virus, or a replicative
intermediate of any virus at any stage, as well as any combination of these.

The {‘target RNA 'mwlecule™ can be a RNA molecule that 1s endogénous (o a biological
system, or a RNA molecule thal is exogenous 1o the hidlog,ical stlem, such as a RNA molecule
of a pathogen, for cxample a virus, which is present in a celt after infection thercol. A cell
containing the larget RNA can be derived from or contained in any organisin, for exwmple a
plant, animal, protozoan, virus, bacterium, or fungus, Non-limiting cxamples of plants include
nonocots, dicots, or gymnosperms. Non-limiting examples of anbmals include vertebrates or
iuvertebrates. Non-limiting examples of fungi include molds or yeasts,

A "target RNA molecule” as used hercin may include any variants or polymorphisin of a
desired RNA moleculv;. Most genes are polymorphic in that a low but nevertheloss significant
rate of sequence variability occurs in a gene among individuals of the same species, Thus, a
RNA molecule may comrelate with multiple sequénce entries, each of which represents a varant
or a polymorphism of the RNA molecule, In designing any gene suppression tool there m the
risk that the sclected binding scquence(s) used in the computer-based design may contain
relatively infrequent alleles. As aresult, the active sequence designed might be expected to

provide the required bencfit in ouly a small proportion of individuals, The {requency, nature and

-28 .



10

WO 2007/056826 PCT/AU2006/001741

position of most variants (often referred to as stngle nucleotide polymorphisms (SNPs)) are
casily accessible to those trained in the art. In this respect, scquences within Amrgel molecule
that are known Lo be highly polymorphic can be avoided in the selection of binding sequences
during the bioinformatic screen. Alternatively, a limitless number of sequences available for any
particular fargel may be used in the design stages of an interfering RNA of the invention to make
sure that the targeted binding sequence is present in the majority of allelic variants, with the
exceplion of the situation i.n which targeting ot the allelic varianl is desired (that is, when the
allelic variant itself is implicated in the discase of intarest),

A “turget RNA molecule” comprises at least one targeted binding scquence that is
sulficiently complementary to the guide sequence of an interfering RNA molecule of the
invention to allow a stable interaction of the binding sequence with the guide sequcnce,. The
targeled binding sequence can be refined (o include any part of the transcript sequence (eg.
5'UTR, ORF, 3"UTR) based on the desired effect. Tor example, translational repression is a
frequent mechanistn vperating in the 3"UTR (eg. as for microRNA). Thus, the targeted binding

sequence can include sequences in the 37 UTR for etfective translational repression.

" e

The “largeted binding sequence”, “binding sequence”, or “target sequence” shall all mean

aportion of a target RNA molecule sequence comprising a seed scquence and the sequence

[tanking cither one or both ends of the seed, said binding scquence is predicted to form a stable

interaction with the guide strand of a multitargeting interfering RNA of the invention bascd on
the complementarity between the guide strand and the binding sequence.

As used herein, the term “non-tatgel transcriptome™ or “non-targetod transcriplome™
indicatcs the transcriptome aside from thé targsted RNA molecules. For example, when a
multitargeting interfering RNA is designed to target a viral RNA, the non-targeted transcriptome
is that of the host, When a muititargeting interfering RNA is designed 1o target a given RNA in a
biological sysiem, the non-targeted transcriptome is the transcriptome of the biological fystem
aside from the targeted given RNA. .

As used herein the tenm "seed” or “secd sequence™ or “seed region sequence” refers to a
sequence of at least about 6 contiguous nucleotides present in a target RNA that is completely
complementaty (o a portion of the guide strand of an interfering RNA. Although 6 or more
conliguous bases are preferred, the expression “about 6” refers (o the fact that windows of at

least 5 or more contiguous bases or more can provide useful candidates in some casces and can
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ultimately lead to the design of uselul interfering RNAs. Thus, all such sced scquences are
contemplated within the scopé of the instant inveation.

“Conservation or conserved” indicates the extent to which a specific sequence, such as
the sced sequence, is found tw be represented in a group of related target scquences, regardless of

5  the genetic context of the specific sequence. '

“Genetic context” refers to the [lanking sequences that surround a specific identificd
sequence and that are sufficicatly long to enable one of average skill in the art to dé(enninc its
position within a genome or RNA molccule relative (o sequence annotations or other markers in
COTTION UsE.

10 As uged hercin, the term “interfering RNA” is used to indicute single or double strunded
RNA molecules that modulate the presence, processing, transcription, translation, or half-life of a
target RNA molecule, for example by mediating RNA interfcrrencci("R[\lAi"), m 2 sequence-
specific munner, As uscd herein, the tcrm “RINA interference” or “RNAI” is meant to be
equivalent Lo other terms used to describe sequence specific RNA interference, such as post-

15 transcriptional gene silencing, translational inhibition, or epigenetics. This includes, for
example, RISC-mediated degradation or translational repression, us well as transcriptional
sitencing, altered RNA editing, competition for binding 1o regulatory proteins, and alterations of
mMRNA splicing. It also encompasses degradation and/or inactivation of the target RNA by other
processes kinown in the art, including but not limited to nonsensc-mediated decay, and

20 translocation to P bodies. Thus, the fnlerfering RNAs provided herein (e.g. CODEMIRSs and
VIROMIRs) may exert their functional effect via any of the foregoing mechanisms alone. orin
cornbination with one or more other means of RNA modulation known in the art. The
interfering RINAs provided herein can be used to manipulate or alter the genotype or phenotype
ot an organisin or cell, by intervening in cellular processcs such as genctic imprinting,

25 transcription, trunslation, or nucleic acid processing (e.g.. lransaminartion, methylation, ctc.).

The term “interfering RNA” is meant o be equivalent to other terms used to describe
nucleic acid-molecules that are capable of mediating sequence specific RNA, for example short
imterfering RNA (siIRNA), double- stranded RNA (dsRNA), micraRNA (miRNA), short huirpin
RNA (shRNA), shott interfering oligunucleotide, short interfering nucieic acid, short interfering

30 modificd oligonucleotide, chemically-moditicd siRNA, post- ranseriptional genc silencing RINA
(ptgsRNA), and others.
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The “interfering RNA™ can be, fur example, a double-stranded polynucleotide molecule
comprising self-complementary sense and antisense strand. ‘The “sense” also named “passenger”
strand is required tor presentation of the “antisense” also named “guide™, “guiding”, or “target-
cotuplementary” strand to the RISC. The gaide strund is retained iu the active RISC complex
and guides the RISC to the target nucleotide sequence by meuans 6f complementary base-pailil.l A
which in turn results in RNAI. The relative thermodynamic characteristics of the 57 tegnini of
the two strands of a double-stranded interfering RNA. deteemine which strand will serve the
function of a passenger or a guide strand duting RNAILL Indeed, the asymmetric RISC formation
cun be defined by the relative thermodynamic strength of the {irst four nucleotide-pairs of the 57
termini of an interfering RNA calculated by the nearest —neighbor methods. Hutvagmer (2005),
FERS Letters 579: 5850-5857. Thus, in designing un interfering RNA of the invention, the guide
strang cun be pre-determined by the 5° termini thermodynatnic characleristics.

In an interferin g RNA of the in ve'mi0n, the guide strand can have a sequence cotnpletely
complementary (o one or more but not all binding sequences present in the one or more target
RNA molecules. It can also be partially complementary to a binding sequence present it u target
RNA molceule, so long as the complementarity is sufficient for the formation of a stuble
interaction between the guide strand and the binding sequence on the target molecule. The
“passenger strand” can be completely or purtially complementary to the guide strgnd, so lonyg as
the complementarity is sufficient for the formation of a stable interuction between the guide
strand and the passenger strand. Thus, the passenger strand can be completely or partially
identical to the binding sequence on a target molecule. Both the passenger sirand and the guide
strand can be modified and refined to enhance some aspect of the funciion of the interfering
RNA molecule of the invention. For example, varions ph?tmmcophorcs, dyes, markers, ligands,
cohj ugates, antibodics, antigeas, polymers, peptides and other molecules can be conveniently
linked to the molecules of the tnvention. The interfering RNA can furthee comprise a terminal
phosphate group, such ag 4 5'- phosphate or 5,3~ diphosphate. These may be of use o improve
cell uplake, stability, issue targeting or any combination thereot.

The “interfering RNA™ can be assembled [rom two separate oligonucleotides, where one
oligonucleotide is the sense strand and (he other is the antisense strand. The “interfering RNA”
can alsv be asscinbled from a single oligonucleotide, where the self-complementary sense and

antiscnse regions of the interfering RNA are linked by means of a nucleic acid based or non-

-3 -



15

o]
(o}

WO 2007/056826 PCT/AU2006/001741

mucleic acid-based linker(s). The “inter(ering RNA™ can be a polynucleotide with a duplex,
asymmetric duplex, hairpin or asymmetric hairpin secondary structure, having selt-
complementury scnse and antisense regiohs. The “interfering RNA™ cun also be a single-
stranded polynucleotide having one or more loop structures and a stem comprising self-
coraplemeutary regions (¢.g. short hairpin RNA, shRNA), wherein the polynucleotide can he
processed cither in vivo or in vitro to gencrate onc or more double stranded inicrfering RNA
molecules capable of mediating RNA inactivation. The cleavage of the self-paired region or
regions of the single strand RNA to generate double-stranded RNA can oceur in vitro ot in vivo,
both of which are contemplated for use hercin.

The “interfering RNA” can also be a single stranded polynucleotide having nucleotide
sequence complemenlary to a nucleotide sequence in a target nucleic acid molecule or a portion
thercof (i.e., the guide strand), for example, whete such intérfering RNA molecule docs not
requirce the presence wilhin the molecule of nucleotide sequence con'espmnding (o the target
nucleic acid sequence or a portion thereof (i.¢., the passenger strand).

As used herein, the term “interfering RNA™ need not be limited to those mwlecules
contuining only RNA, bul further encompasses those possessing onc or more modified
ribonucicotides and non- nucleotides, such as those described supra.

The term “interfering RNA” includes double- stranded RNA, single-stranded RNA,
isoluted RNA such as partially purified RNA, cssentially purc RNA, synthetic RNA,
recombinantly produced RNA, as well as altered RNA that differs from naturally occurring RINA
by the addition, deletion, substitution and/or ulteration of one or more nucleotides. Such
alterations can include addition of non-nucicotide material, such as (o the end(s) of the
multitargeting interfering RNA or interaally, for examuple at one or tmore nucleotides of the RNA,
Nucleotides in the RNA molecules of the instant invention can also comprise non-standard
nucleotides, such as non-paturally occurring nucleotides or chemnically synthesized nucleotides
or deoxynucicotides, These altered RNAs can be referred to as analogs or analogs of nuturally-
occurring RNA.

The interfering RNA of the invention, also termed “multitargeting interfering RNA™ is an
interfering RNA having a guide strand that can form stable interactions with at least iwo binding
sites present in distinct genctic contexls on one of snore target RNA molecules. Examples of the

multitargeting interfeang RNA include CODEMIRs, COnputationally-DEsigred, Multi-
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targeting Interfering RNAs, and VIROMIRs, where these multitargeling interfuring RNA
molceules arc preferentjally targeted to viral targets.

“Sequence” means the lincar order in which monaomers occur in a polywmer, for example,
the order of amine acids in a polypeptide or the order of nucleotides in 4 polynucieotide.

A “subject” as uscd herein, refers to an organism to which the nucleic acid molecules of
the invention can be administered. A subject can be an animal or a plant, preferably 2 mammal,
most preferably a human, who has been the object of reatment, observation or experiment, o any
cell thercof.

The term “therapeutically effective umount™ as used herein, means that amount of active
compound or pharmaceutical agent that elicits the biological or medivinal response in a subject
that is being sought by a reseurcher, velerinarian, medical doctor ot other clinician, which
includes preventing, ameliotating or alleviating the symptoms of the disease or disorder beinyg
treated. Methods are known in the art for determining therapcuticatly effective doses for the
instant pharmaceutical composition.

A "vector” refers to a nueleic acid molecule capuble of trunsporting unother nucleic acid
to which it has been linked. One type of veclor is a "plasmid", which refers to a circular double
stranded DNA loop into which additional DNA segments can be inserted. Ancther type of
veetor is a viral vector, wherein additional DNA segments can be inserted. Certain veelors are
capable of autonomous replication in a host coll into which they are introduced (e. g., bucterial
vectors having a bacterial originm of replication and episomal mammalian vectors), Other vectors
(e.g., not~episomal mammalian vectors) are integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated along with the host genome. Morcover,
cerlain vectors, expression vectors, ure capable of directing the cxpression of genes 1o which they
arc operably linked.

As ased herein, "modulate (or modulation of) the expression of an RNA molecule”
means any RNA interference mediatcd regulation of the level and/or biological activity of the
RNA molecule. Ttincludes any RNAi-related transcriptional or post-tmnscriinional gcae
silencing, such as by cleaving, destabilizing the target RNA molecule or preventing RNA
translation. In on¢ embodiment, the term “modulate” can mean "inhibit," but the use of the word
“modulate” is not linited to this definition. The modulation of the target RNA moleculc is

determined in a suitable expression system, for example in vivo, in one or more suitable cells, or
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in an acetlulur or in virre cxpression system such as are known in the arl, Routine methods for
measuring parameters of the transeription, ranslation, or other aspects of expression relating o
RNA molecules arc known in the arl, and any such measurements are suitable for usc herein.

By "inhibit", "down-regulate”, "reduce”, or “decrcase” as with respect 1o a target RNA or
its expression il is meunt that the cxpression of the gene or level and/oc biological activity of
target RNA molecules is reduced below that observed in the absence of the nucleic acid
wolecules (e.g., multitargeting intecfering RNA) of the invention. In on¢ embadiment,
inhibition, down-regulation or reduction with & multitargeting interfering RNA molecule is
greater than that pbserved in the prescnce of an inactive or atienuated molecule. Tn another
gmbodiment, inhibition, down- regulation, or reduction with a multitargeting intertfering RNA
molecule is greater than that observed in the prescnce of, for example, multitargeting interfcring
RNA molecule with scrambled sequence or with mismatches. In another embodiment, inhibition,
down-regulation, or reduction of genc expression with a nucleic acid molecule of the instunt
invention 1s greater in the presence of Wie nueleic acid molecule than in its absence. 4
"Inhibit", "down-regulate”, *reduce”, or “decrcase™ as with respect 1o a tarpet RNA or its
pxprossion encompasses, for example, reduction of the amount or rate of trauscription or

translation of a target RNA, reduction of the amount or rate of activity of the target RNA, and/or

# combination of the foregoing in a selected expression system, The skilled artisan will

’ uppreciate that a deerease in the total amount of transcription, the rate of transeription, the total

amount of translution, or the rute of (ranslation, or even the activily ot an encoded gene product
ar¢ indicalive of such a decrease. The “activily” of an RNA refers (o any detectable etfect the
RNA may have in a cell or expression system, including for example, any cffect on transcription,
such us enhancing or suppreﬁin g transcription of itse1{ or another RNA molecule, The
measurement of a “decreasc” in'expression or the detertnination of the activity of a given RNA
can he performed in vitro a¢ in vivo, in any system known or developed for such putposes, or

adaptable thereto. Preferably the measurement of a “decrease” in expression by a particular

interforing RNA is made relative to a control, for cxample, in which no interfering RNA is used.

Tn some comparative embodiments such measurement is made relalive to a control in which
some other interfering RNA or combination of interfering RNAs is used. Most preferubly a
change, such as the decrease is statistically signiticant based on a generally accepted test of

stalistical significunce. However, becauuse of the large number of possible measures and the neced
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for the ability to rapidly screen candidate interfering RNAs, it is contemplated hercin that a given
RNA need only show an arithmetic decrease in one such in vitro or in vive assay to be
considered to show a “decrease in cxpression’ as used herein.

More particularly, the biologicul modulating activity of the multitargeting interfering

+3  RNAis not limited to, or necessarily reliant on, dcgradatioﬁ or trunslational repression by
conventional RISC protein complexes involved in siRNA and microRNA genc-silencing,
respectively, Indeed, short double-stranded and single-sttanded RNA have been shown to have
other possible sequence-specific roles via altcrnutive mechanisms. For example, short double-
stranded RNA (dsRNA) species may act as modulatory etteetors of differontiation/cell activity,

10 possibly through binding to rogulatory proteins (Kuwabara, T., et al., (2004), Cell, 116: 779-93),
Alwrnatively, dsRNA may lead Lo the degradution of mRNA through the imvolvement of AU-
rich clement (ARE)-binding proteins (Jing, Q., et al., (2005), Cell, _120: 623-34). Further,
dsRINA may also induce epigenclic transcri btlonu! silencing Morris, K.V, et al,, (2004) Science,
305: 1289-89). P'rocessing of mRNA can also be altered through A to i cditing and modified

15  splicing. .

As used herein, “palindrome” or “palindromic sequence” means a nucleic acid sequence
that is completcly complementary to a second nucleotide sequence that is identieal to the nucleic
aeid sequence, ¢, UGGCCA. 'The term also includes a nuclcic acid molecule comprising two
nucleotide sequences that are palindromic sequences.

20 . "Phenotypic change” as used herein refers 1o uny delectable change to a cell or an
organism that occurs in response Lo contact or reatment with a ncleic acid molecule of the
invention. Such detcclable changes include, but ware not limited to, changes in shape, size,
proliteration, molility, protein expression or RNA expression or other physical or chemical
changes as can be assayed by methods known in the art, The detectable change can also include

25 expression of reporter genes/molecules such as Green Fluorescent Protein (GFP) or various tags
that are uscd to identify an expressed protein or any other cellular component that can be

assayed.

The present invention provides a multiturgeting interfering RNA molccule comprising a
30 guide strand that forms stable interactions with at least two binding Sequences present in distinct

genctic contexis in one or more pre-selected target RNA molecules. In one general agpect, the
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present invention provides a multitavgeling interfering RNA molceule cotnprising a guide strand
of the Fommula ():
‘ 5-p-X8Y-3" (Formula I)

in Tormula ), p consists of a terminal phosphate group that can be present or absent
from the 5" -end of the guide strand, Any terminal phosphate group known to & person skitled in
the art can be used. Such phosphate groups include, but are not limited 1o, monophosphate,
diphosphate, triphasphate, cyclic phosphate or to a chemical derivative of phosphate such as a

phosphate ester linkage.

In Formulu (1), § consists of a first nucleotide sequénce of a length of about 5 to about 20
nucleatides that is at least parlially, preferably completely, complemeniary to a first portion of
each of ut least twa bindin 2 sexjuences present in distinct genetic contexts in ong or mare pre-
selected target RNA molecules. In particular embodiments, S has a length of about 6 to about 15
nucleotides, such as alongth of 6,7, 8,9, 10, 11, 12, 13, 14, or 15 nucleatides that are at lcast
partially, preferably completely, complomentary to the [irst portion of the at least two hinding .
scquences. In one embodiment, S is cowpletely complementary to a seed scquence of each of
one, two, three, four, five, or more distine( binding secjuences present in distinet genetic contexts
in one or more pro-selected target RNA molecules. The skilled artisan will appreciate that the at
least two distinct binding scyuences may be on the same turget RNA mwlecule, or they can be on

different RNA molccules.

In certain embodiments, S consists essentiully of u nucleotide sequence seiccted frow the group

consisling of:

5 UAUGUGGGUGGG (SEQ ID NO: 1) 3°, UGUUTUG (SEQ 1D NO: 2), ACCCCGUCUCU
(SEQ 1D NO: 5), AGCUGCA (SEQ 1D NO: 7), AAACAAUGGAAUG (SEQ 1D NO: %),
GGUAGGUGGGUGGE (SEQ ID NO: 10), CUGCUUGAY (SEQ 1D NO: 12), UCCUUUCCA
(SEQ ID NO: 13), UUUUUCUUU ($EQ ID NO: 14), TUCUGAUGUUU (SEQ 1D NO: 15),
UCUUCCUCUAU (SEQ ID NO: 16), UGGUAGCUGAA (SEQ 1D NO: 17),
CUUUGGUUCCU (SEQ ID NO: 18), CUACUAAUGCU (SEQ 1D NO: 19), UCCUGCUUGAL
(SEQ ID NO: 20), AUUCUUUAGUU (SEQ ID NO: 21), CCAUCUUCCUG (SEQ I NO: 22),
CCUCCAAUUCT (SEQ D NO: 23), CUAAUACUGUA ($EQ 1D NO: 24), DUCTUGUUAGUG
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(SEQ TD NO: 25), GCUGCUUGAUG (STQ ID NO: 26), ACAUUGUACUG (STQ 1D NO: 27).
UGAUAUUUCUC (SEQ ID NO: 28), AACAGCAGUUG (STQ 1D NO: 29),
QUGCUGAUAUU (SEQ 1D NO: 30), CCCAUCUCCAC (SEQ 1D NO: 3 1),
UAUUGGUAUUA (SEQ 1D NO: 32), CAAAUUGUUCU (STQ ID NO: 33),
5  UACUAUUAAAC (SEQ ID NO: 34), GCCUAUCAUAU (SEQ 1D NO:58), UGGUGCCUGCU
(SEQ ID NO: 59), AAUUAAUAUGGC (STQ ID NO: 60), COCUCUGGGCU (SEQ 1D NO:
61), UUCUUCCUCAT (SEQ ID NO: 62), UAUUUAUACAGA (SEQ ID NO: 63),
CACCAAAAUUC (SEQ ID NO: 64), UGAGUNNGAACAUU (SEQ I NO: 72) where N iy
any base, CUCCAGG (SEQ D NO: 74), UCAGUGGG (STQ 1D NO: 76), UCCUCACAGGG
10 (SEQ ID NO: 78), GUGCUCAUGGUG (SEQ TD NO: 79), CCUGGAGCCCUG (SEQ ID NO;
80), UCUCAGCUCCAC (SEQ 1D NO: 81), ACCCUCGCACC (SEQ 1D NO: 86),
GUGUUGAAG (SEQ ID NO: 88), UUCCACAAC (SEQ ID NO: 90), UCCACUGUC (SEQ 1D
NO: 92), CAGAAUAG (SEQ D NO: 93), AACUCUCUA (SEQ ID NO: 94) and
CGUGAAGAC (SEQ ID NO: 98).

15 Incertain preferred embodiments, S consists essentially of a nucleotide sequence selected from
the group consisting oft UAUGUGGGUGGG (SEQ ID NO: ), UCCUCACAGGG (SEQ 1D
NO: 78), GUGUUGAAG (STQ 1D NO: 88), UUCCACAAC (SEQ 1D NO: 90), AACUCUCUA
(SEQ ID NO: 94) and CGUGAAGAC (SEQ ID NO: 98). ’

In other embodiments, S consists cssentially of a nucleotide seyuence of 6 or more contiguous

20 hasescomtained within any of the scquences selected trom the group consisting of:
UAUGUGGGUGGG (SEQ T NO: 1), UCCUCACAGGG (SEQ 1D NO: 78), GUGUUGAAG
(SEQ ID NO: §8), UUCCACAAC (SBQ 1D NO: 90), AACUCUCUA (SEQ TD NO: 94) and
COGUGAAGAC (SBQ ID NO: 98). t

T certain embodimeuts, § is partially complementary to a first portion of at least two
25  distinct binding sequetces present in distinct genclic contexts in one or mote pre-selected target
RNA ru\oleéules, suchas 6 of 7, 7008, 80l 9,900 10, lQof I{, 11 aof12, 12 of 13, 13 0 14, 14
of 15, or 13 of 16 consecutive nucleotides of S arc completely complementary to the first portion
of ut leasl two target RNA binding sequences. In other cmbodiments, S and the first portion of
the distinet binding sequences have lesser overall complernentarity such as t0of 12, 11 ol 13, (2

30 of 14, 13 of 15, or 14 of 16 nucleotides of complete complementarity.
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In Fonmula (1), X 1y absent or consists of a sccond nucleotide sequence. In parlicular
embodiments, X consists of onc or two nucleotides.

In Formula (T), Y is absent or consists of a third nucleatide sequence, provided that X and
Y are not absent sitnultancously, Y has complementarity thal ranges from complete to

5  nonexislent with respect to a second portion of each of the al least two distinet binding

sequences, where the second portion is adjucent (o and connccted with the 3°-end of the first
portion of the bindin & sequences. In one embodiment, Y is al least partially coroplementary (o a
second portion of at least ane binding sequence, thus allowing the guide strand to have improved
interaction with the at least one binding scquence. Preferably, Y provides optimal or desited

10 binding to cach of the second portions of the distinet binding sequences by comprising a
consensus-like sequence to which these second portions can bind. This aspect of having a region
of less than complete complementarity in the guide strand is purticularly useful in certain
embodimen‘ts, for example, by providing an area of some consensus between distinet binding
sequences,

15 In purticular embodiments of the invention, by combining in the guide strand, § with
complete complementarity to a seed portion of each binding sequence, and Y, that is
imcompletely complementary to a second portion of each binding sequénce, the overall
nucleotide sequence of XSY is such that it is at least partially complementary 1o each of the
distinct binding sequences 10 allow a stable interaction with each of the binding sequences, thus

20  providing multitargeting interfering RNA of an y target molecules comprising the ‘binding
sequences, In some embodiments XSY ma;/ be fully complementaty to atleast one of the
distinet binding scquences. In other cmbodiments, XSY is partiully comp]cmentad to both
distingt binding sequences. ‘ ’ .

The multitargeting interfering RNA can comprise both a guide strand of forinula (I)

25 described supra ind a passenger sirand that is at least partially complementary 1o the guide strand
to wllow formation of stable duplexcs between the passenger strand and the guide strand. The
passenger strand and the guide strand can be completcly complementary 1o each other, The
passenger strand and the guide strand can have the same or different tength. In an embodiment
of the present invention, each strand of a multitargeting interfering RNA molecule of the

30 invention is independently about 17 to about 25 nucleotides in length, in specific embodiments

about 17, 18, 19, 20, 21, 22, 23, 24, and 25 nucleotides in length.  Using shorter length
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interfering RINA molecules without the need for the generation of multiple active sequences
through processing of RINA by enzymes such as Dicer and RNaselll, provides advantages, for
example, in reduction of cost, munufacturing, and chance ot of{-target effoets.

‘The interaction between the passenger strand and the guide strand can be adjusted to

5  immprove leading of the guide strand tnto the cellulur RISC camplex (Khvorova et al. (2003) Cell,
115: 209-16; Schwarz et al. (2003) Cell, 115: 199-208), or to otherwise improve the functional
aspects of the multitargeting inturfering RNA, The skilled artisan will uppreciate that there arc
rouline methods for aliering the strength and other probertic:s of the basc paired strands through
the addition, deletion, or substitution of one ot morc buses in éithcr strand of the synthetic

10 duplex. In particulur as une cxample, these strategies cun be applied to the design of the
extremities of the duplex to ensure that the predicted thermodynamics of the duplex are
conducive to the loading of the desired strand. These strategies are woll known to persons
skilled in the art.

It is also contcmpla&d hecein that u substantially double-strunded RNA molgcule

15 cowmpriscs a single-stranded RNA iolecule with, for exumple, a hatrpin loop or similar
secondary structure that it!lIOWS the molecule to self-pair to form at least a region of double-
stranded aucleie ncid comprising the guide strand of Formula (1).

‘The skilled artisan will uppreciate that the double-stranded RNA ruolecules provide

certain advantages for use in therapeutic applications. Although blunt-ended molecules are

20 disclosed hercin for certain embodiments, in various other embodiments, overhangs, for example
of 1-5 nucleotides, are present at either or both termini. Tn some embodiments, the overhangs are
2 or 3 bases in length. Prescntly preferred overhangs include 3'-UU averhangs. in certain
emihodiments. Other overhangs exemplified for use herein include, but are not limited to, 37-AA,
3-CA, 3'-AU, 3°-UC, 3-CU, 3’—UG, 3'-CC, 3-UA, 3°-U, and 3°-A. Still other either 5, or

25 more preferably 3'-, overhungs of vatious lengths and compositions are contemplated for use
herein an the RNA molecules provided.

In certain ctnbodiments at least one target RNA molccule is an mRNA. More
specifically, in some embodiments at least one target encodes & receptor, cytokine, transcription
[actor, regulatory protein, signaling protein, cytoskeletal profein, transportor, enzyme, hormone,

30 orantigen. As such, the potential range of protein targets in the cell is not limited, howcever the

skilled arlisun will appreciate that certain targels are more likely o he of value in a particufar



10

15

20

WO 2007/056826 PCT/AU2006/001741

disease state ot process. In addilion, the skilled artisan will appreciate that target RNA
molecules, whether coding or regulutory, originating from u pathogen (e.g. 2 virus) are useful
with the multitargeting RNAs and methods provided herein,

In one embodiment, at Jeast one of the binding sequences is in the 3" UTR of an mRNA.
In embodiments teaturing multitargeting of ditferent RNA molecules, preferably (he turget
RNAs are not solely splice variants of a single gene, nor solely isoforms of each other, In other V
crubodiments where it is vital or preferred to modulate some or all such splice variants or
isoforms, the multiple targets may encompass such sequences.

The inclusion of one target or more targets does not preclude the use of, or intention for,
a particular interfering RNA to target another selected turget. Such targeting of any additional
RNA Larget molecules may result in less, equal, or greater effect in an expression system,
Notwithstunding the foregoing, the multilurgéting interfering RINAs of the instant invention are
preferably screened for off-target cffcets, espectally those that are likely. For examplg,
reviewing the polential binding to the entire transcriptome, or as much as of it as is known at the

time provides a useful approach to such screening. For example, where a genome has been

‘completely sequenced, the skilled artisan will appreciate that the cutire transcriptome can be

convenienily sereened for likely off-target effects. In cases for which local detivery of
multitargeti\lg interfering RNAis anticipated, specialized tissue-specific transcriptomes (eg
retina for ocular applications) may be more relevant because non-target transcripts that are
Identified through bioinformalic approaches from the complele transcriptome may actually not

be present in the tissue into which the multitargeting interforing RNA is applied.

In one embadinent, the guide strand of a multitargetin g inteirfcrin‘ g RNA of the invention
forms stable interactions with at leust two targeted binding sequences present in distinct genetic
contexts on a single tztréet RNA molocule, thus modulating the expression or activity of the RNA
molccule, Targeting multiple binding sites on a single target RNA molecule with a single guide
strand can provide more effective RNAI of the target RNA molecule. This approach is

particularly useful for the modulation of virus gene expression where the mutarion raw is high.

In another Cmbodim_eﬁt, the guide strand of « multitargeting intcrfering RNA of the
invention forms stable inteructions with at lcast two distinct binding scquences present in distine(

genetic contexts an multiple pre-selected target RNA molecules, thus modulating the expression
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or activity of multiple pre-sclecled larget RNA molecules. Targctit.lg multiple target RNA

molecules with a single guide strand represents an alternative to the protolypical une-druy, one-
target approach. In considerng the complexity of biological systems, designing u drug selective
for multiple targets will lead to new and more effective medications for a varety of diseases and

disorders.

In specific embodiments, RNA molceules that are involved in a disease or disorder of a
biological sysiem are pre-selected and targeted by a t'nu.l'ljlmgeling interfering RNA molecule of.
the invention, The bivlogical system can be, for example, a plani, or an animal such as a rat, a
mouse, a dﬁg, a pig, a monkey, and « human. The pre-selected target RNA molecules can, for
examnple, encode o protein of a class selected from the group consisting of receptors, eytokings,
transcription factors, regulatory proteins, signaling proteins, cytoskeletal proteins, transporters,
enzymes, hortones, und anligens. The pre-selected target RNA molecules cun, for example,
encode a protein selected from the group consisting of ICAM-1, VEGE-A, MCP-1, 1L-8, VEGT-
B, 1GF-1, Gluc6p, Inppll, bFGF, PIGE, VEGF-C, VEGF-D, B-catenin, k-ras-B, x-ras-A, EGFR,
Bcl-2, presenilin-1, BACE-1, MALAI-1, BIC, TGRS and TNT alpha. Therefore, the
multitargeting interfering RNA molecule of the invention can, for cxample, decrease expression.
of any combination of lCAM-1, VEGE-B, VEGF-C, VEGE-D, 1L-8, bFGT, PIGF, MCP—I and
IGF-1, any combination of ICAM- 1, VEGT-A and IGF-1, any combination of -calenin, x-ras,
and BGFR, both ICAM-1 and VECGF-A, both pregenilin-1 and one or more isoforns of BACE-1,
both VEGT-A and bFGF, any combination of VEGE-A, ICAM-1, PIGE, and 1GF-1, any
combination of VEGE-A, x-rus, EGFR and Bcl-2, both MAT.AT-1 and BIC, both TGFB and 1.-§
, both IL-8 and MCP-1, any combination of VEGF-A, Bel-2 and k-ras, or both Glucép and

Inppl 1, in a-biological system, such as an animal, '

The pre-selected tarpet RNA molecule can also encode a protein, including an essential
protein, for a virus. Buch essential proteins can be a protein, for example, that is involved in the
replicutién, transcription, translation, or packaging activity of the virus, Exemplary essential
proteins for a HIV virus are GAG, POL, VIF, VPR, TAT, NEF, REV, VPU and ENV, all of
which cuan be o pre-selected target moleeule of the invention. The multitargeting interfering -
RNA of the invention can he-used to modulate RNA expression in viruses, including but not

Lmited to, # human immunodeficiency virus (HIV), a hepatitis C virus (ITCV), an influenza
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virus, a thinovirus, and a severc acute respivatory syndrome (SARS) virus or & conbination

thereot.

In some embodiments, the multitargeting inter{ering RNA of the invention ace designed
lo target one or mwore target RNA molecules in a first biological system and on¢ or more target
molcoules in a second biologicul system that is infectious to the first biological system. In
particular etbodirnents, the mullitargeting interfering RNA of the invention are desighed to
target one or more host RNA molecules and uvne or more RNA molecules of a vitus or a
pathogen for the host. Therefore, the multitargeting interfering RNA molecule of the invention
can, for exumple, decrease cxpression of TNF alpha and modulate expression of a hepatitis C
virus (HCV), - '

In particular embodiments of the invention, specific mullitargciin g inlerfering RNA
molecules are provided which are functional aguinst specific targets. These multitargeting
interfering RNA molccules are uscful for modulati ng expression of RNA, for example, their
intended target RNA tnolecules, and data supporting the activity are also provided herein in the
working exumples. ‘ .

In one embodiment, synthetic multitargeling interfering RNA molecules comprising the
sequénce UAUGUGGGUGGG (STQ 1D NO: 1), or UGUUTUG (SEQ ID NQ: 2), are provided.
In onc embodiment the molecules are double stranded in at least the region comprising the
recited sequence. Preferably the molecules decreuse expression of buth VEGF-A and ICAM-1 in
an expression syster, In another embodiment, the mualtitargeting interfering RNA molecules
decrease cxpression of at least onc target RINA molccule commprising the sequence
CCCACCCACAUA (SEQ I NO: 3), or CAAAACA (SEQ ID NO: 4). More preferably they

“ target mutltiple sites on two ar more RNAs,

Multitargeting imerfering RNA molecules comprising the scquence ACCCCGUCUQCU
(SEQ ID NQ: 5} are also provided herein. In one emhoclimeﬁt. the moleculey are double stranded
in at least the region comprising the vecited saquénce. Preferably, the multitargeting interfering
RNAs decrease expression of any combination of ICAM-1, VEGF-A and IGE-1 in an expression
:*.‘-ystem. In another cmbodiment, in an expression syster, the multitargeting interfering RNA

molecules decrease expression of at least one targel RNA molceule comprising the scquence

-47 -



10

20

WO 2007/056826 PCT/AU2006/001741

AGAGACGGOHGU (SEQ 1D NO: 6). More preferably they target mulliple siles on two or more

RNAs. *
Also provided herein are multitargeting interfering RNA molecules comprising the

sequence AGCUGCA (SEQ TD NO: 7). In one embodiment the malccules are double stranded

1 at least the region comprising the reciled sequence. The multiturgeling interfering RNAs

_preferably decrease expression of any combination of ICAM-1I, VEGF-B, VEGT-C, VEGT-D,

1.-8. bFQGT, PIGF, MCP-1 and TGF-1 in an expression system. In one ecmbodiment, in an
expression system the multilargeting interfering RNA molecules modulate expression of at lcast
one target RNA molecule comprising the sequence UGCAGCU. More preferably they target
multiple sites on two or morc RNAs.

In another embodiment, multitargeting interfering RNA molccules comprising the
sequence AAACAAUGGAAUG (SEQ ID NO: 8) are provided. In one embodiment the
molccules are double stranded in at least the region comprising the recited sequence. The
multitargeting inlerfering RNASs preferably modulate expression of any combination of x-ras, -
EGFR and P catenin in an expression system, Preferably in an ¢xpression system, the
multitargeting interfering RNA molecules modulate expression of at least one target RNA
molccule comprising the sequence CAUUCCAUUGHUU (SEQ ID NO: 9), More preferably
they target multiple sites on two.or more RNAs,

Also provided herein are maltitargeting inlerfering RNA molecules comprising the
seyuence GGUAG(]UGGGUGGQ(SEQ ID NG: 10). In one embodiment the molecules are
double stranded in at least the region comprising the recited sequence. The multitargeting
inter(oring RNAs preferably modulale expression of gluc6p and Inppl! in un exprcssion systom.
In an expression syslém, the roultitargeting interfering molecules preferably modulate expression
of at least one target RNA molecule comprising the sequence CCCACCCACCUACC (SEQ ID
NO: 11). More preferably they turget cither multiple sites on a single RNA or multiple sites on
two or more RINAs. A

Also provided herein are multitargeting interfering RNA molecules comprising the
scquence CUGCUUGAU (SEQ ID NO: 12), DCCUUUCCA (SEQ TR NO: 13), BUUUUCUUY
(SEQ 1D NO: 14), UUCUGAUGUUL (SEQ 11D NO: 15), UCUUCCUCUAU (SEQ D NO: 16),
UGGUAGCUGAA (SEQ ID NO: 17), CUUUGGUUCCU (SEQ 1D NO: 18),
CUACUAAUGCU (SEQ ID NO: 19), UCCUGCUGAU (SEQ 1D NO: 209,
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AUUCUUUAGUU (SEQ 13 NO: 21), CCAUCUUCCUG (SEQ D NO: 22), CQUCCAAUUCC
(SEQ ID NO: 23), CUAAUACUGUA (SEQ 1D NO: 24), UUCUGUUAGUG (STQ ID NO: 25),
GCUGCUUGAUG (SEQ 1D NO: 26), ACAUUGUACUG (SEQ D NO: 27),
UGAUAUUUCUC (SEQ 1D NO: 28), AACAGCAGUUG (SEQ TN NO: 29),
GUGCUGAUAUL (SEQ 1D NO: 30), CCCAUCUCCAC (SEQ TD NO: 31),
UAUUGGUAUUA (STQ ID NO: 32), CAAAUUGUUCU (SEQ 1D NO: 33), or
UACUAUUAAAC (STQ ID NO: 34). In one embodiment the molecules ure double strunded in
at least the reglon comprising the recited scquence. In an cxpre;;sion systery, the multitargeting
interfering RNAs preferably modulate expression of at least one RNA encoded by an 1TV
genome. Maore [ﬁrcfunbly the multiturgeting interfering molecules modulate expression of at
least two RMAs so encoded. In another embodiment the multitargcting interfering RNA
molecules modulate expression of at least three, or even four, HIV RNAs, Preferably, the
muftitargeiing interfering RNA molecules decrease expression of at least one ;;ﬁ-get RNA
molecule comprising the soquence AUCAAGCAG (SEQ ID NO: 35), UGGAAAGGA (SEQ 1D
NO: 36), AAAGAAAAA (SEQID NO: 37), AAACAUCAGAA (SEQ 1D NO: 38),
AUAGAGGAAGA (SEQ ID NO: 39), UUCAGCUACCA (STQ ID NO: 40),
AGGAACCAAAG (‘abQ ID NO: 41), AGCAUUAGUAG (SEQ 1D NO: 42),
AUCAAGCAGGA (SEQ ID N(G: 43), AACUAAAGAAU (STQ ID NQ: 44),
CAGGAAGAUGG (SEQ ID NO: 45), GGAAUUGGAGE (SEQ 1D NO: 46),
UACAGUAUUAG (STQ I NO: 47), CACUAACAGAA (SEQ TD NO: 48),
CAUCAAGCAGC (SEQ ID NO: 49), CAGUACAAUGU (SEQ 1D NO: 30),
GAGAAATIAUCA (SEQ T NO: 513, CAACUGCUGUU (SEQ 1D NO: 52),
AAUAUCAGCAC (SEQ ID NQO: 53), GUGGAGAUGGG (SEQ 1D NQO: 54),
UUAAUACCAAUA (SEQ 1D NO: 55), AGAACAAUUUCGY (SEQ 1D NO: 56) or
GUUUAAUAGUA (SEQ 1D NO: 57), when measured in a selected expression system. More
preferably they target multiple sites on two or more RNASs.

In another embodiment, multitargeting intetfering RNA molecules bmupﬁsing the
sequence GCCUAUCAUAU (SEQ D NO: 58), UGGUGCCUGCU (SEQ 1D NO: 59),
AAUUAAVAUGGC (SEQ ID NO: 60), CCCUCUGGGCU (SEQ ID NO: 61),
UUCUUCCUCAU (SEQ ID NO: 62), UAUUUAUACAGA (SEQ ID NO: 63), ot
CACCAAAAUUC (SEQ 1D NO: 64) arc provided. [n one embodiment the molecules are
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.douhle stranded in at least the region comprising the recited sequence: Preferably the
mtlltita:‘éctiiwg interfering RNAs madutale expression of presenilin-1 and one or more isoforms
of BACE-1 in an expression system. Also preferred are such multitargeting interfering RNA
molecules that in an expression system modulate expression of at least one targel RNA molcm'ﬂc

5  comprising the sequence AUAUGATUAGGC (SEQ ID NO: 65), AGCAGGCACCA (SEQ ID 4
NO: 66), GCCAUAUUAAUU (SEQ 1D NO: 67), AGCCCAGAGGG (SEQ ID NO: 68),

- AUGAGGAAGAA (SEQ ID NO: 69), UCUGUAUAAAUA (SEQ ID NO: 70), or
GAAUUUUGGUG (SEQ T NO: 71). Morce prelerably they target multiple sites on two or
morc RINAs. ‘

10 Also provided herein arc multitargeting interfering RNA molecales comprising the
sequence UGAGUNNGAACAUU (SEQ ID NO: 72), where N is any base. Tn one embodiment
the molecules are double strunded it at 1cast the region comprising the recited sequence. Ina
preferred embodiment, the multitargeting interfering RINAs modulate expression of VEGF-A and
hFGY in an expression system, The multitargeting interfering RNA molecules preferably

15  modulale expression in an expression system of at least one target RNA molecule comprising the
sequence AAUGUUCVVACUCA (SEQ 1 NO: 73) where VV is CC or AG. More preferably
they target multiple sites on two or more RNAs.

Also provided herein are multiturgeting interfering RNA molecules comprising the
sequence CUCCAGG (SEQ 1D NO: 74). In one ecmbodiment the molecules are double stranded

20 in al least the region comprising the recited sequence. These multitargeting interfering RNAs, in
ong embodiment, modulate expression of any coﬁlbination of VEGF-A, ICAM- 1, PIGF and 1(GF-
1 in an expression system. The multitargeting interfering RNA molceules preferably modulate
expression, in an expression system, of at least one target RNA molecule comprising the
sequence CCUGGAG (SEQ 1D NO: 75). More preferably they target mulliple sites on two or

25  more RNAs. -

In another ¢tnbodiment, multitargeling interfering RNA molecules comprising the
sequence UCAGUGGG (SEQ Y NO; 76) ure provided hercin. In one embodiment the
molecules are double stranded in at least the region comprising the recited sequence. Pretferably,
the multitargeting interfering RNAs modulate expression of any combination of VEGF-A, k-ray,

300  EGFR and bel 2 in an expression systcm; Also preferred are those multitargeting interfering

RINA molecules that modulate expression of al least one target RNA molecule comprising the
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sequence CCCACUGA (SEQ 1D NO: 77) in such an expression system. More preferably they
target multiple sites on (wo or more RNAs.

In yet another embodiment, provided are multilargeting interfering RNA molecules
comprising the sequence UCCUCACAGGH (SEQ ID NO: 78), GUGCUCAUGGUG (SEQ TD
NO: 79), CCUGGAGCCCUG (SEQ ID NO: 80), or UCUCAGCUCCAC (SEQ ID NO: 81). In
one embodiment the molecules are double stranded in al least the region comprising lhe recited
seguence. The multitargeting interfering RNAs preferably decrease expression of TNFa and at
least one RNA encoded by the HCV genome in un expression system, The multitargeling -
interfering RNA molecules preferubly decrease expression of at least one lurget RNA molecule
comprising the écqucncc CCCUGUGAGGA (STIQ I NO: 82), CACCAUGAGCAC (SEQ ID
NO: 83), CAGGGCUCCAGG (8EQ ID NO: 84), or GUGGAGCUGAGA (STQ ID NO: 85) in
an expression system. More preferably they target multiple sites on two or more RNAs.

Also provided hercin are multitargeting interfering RNA molocules comprising the
sequence ACCCUCGCACC (SEQ 1D NO: 86). In onc embodiment the molecules are double
stranded in at Ycast the region compﬁsin g the recited sequence. The multitargeting interfering
RNAs preferably modulate expression of MATLAT-1 and BIC in an expression system. In an
expression system, the multitargeting interfering molecules preferably modulate expression of at
least one target RNA molecule comprising the scquence GGUGCGAGGGU (SEQ 1D NO: 87).
More preferably they target either multiple sites on a single RNA or multiple sites on two or
more RNAs.

In yet another embodimnent, provided are multitargeting inteefering RNA molecules
comprising the sequence GUGUUGAACG (SEQ LD NO: 88). In one embodiment the molecules
arc double stranded in at least the region comprising the recited sequence, The multitargeting
inteefering ”NAs preferably modulate expression of TGEf and IL-8 in an expression system. In
un expression system, the multitargeting inlerfering molecules preferably modulate expression of
al least one targel RNA molecule comprising the sequence CUUCAACAC (SEQ ID NO: 89).
Mare preferably they'targct either multiple sites on a singlé RNA ot multiple sites on two or
more RNAs.

In another embaoditment, provided are multitargeting interfering RNA molecules
comprising the sequence UUCCACAAC (SEQ ID NO: 9‘0)‘. In one cmbbdimem the molecules

arc double stranded in at least the région comprising the recited sequence. The multilargeting
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interfering RNAs preferahly modulate expression of IL-8 and MCP-1 in an cxpression systei.
In ant expression system, the multitargeting interfering molecules preferably modulate expression
of al least one izwgct RNA molecule comprising the sc‘quencc GUUGUGGAA (SEQ D NO: 91),
Mare-preterably they turger either multiple siles on a single RNA or multiple sites on two or
more RNAs.

Alsa provided herein ate multitargeting interfering RNA molecules comprising the
sequences UCCACUGUC (SEQ 1D NQ: 92), CAGAAUAG (SQ 1D NO: 93) or
AACUCUCUA (SEQ ID NO: 94). In one embodiment the motecules are double strunded in at
Teast the region comprising the recited scquence. These multitargeting interfering RNAS, in one
embodiment, modulate expression of any combination of VEGE-A, Bel-2 and K-Ras in an
expression system. The rﬁuttitargetin g interfering RNA molecules preferably modulate
expression, in an ex pression syslem, of al least one target RNA molecule comprising the
sequences GACAGUGGA (SEQ 1D NQ: 95), CUAUUCUG (SEQ ID NO: 96) or
UAGAGAGULU (SEQ 1D NO: 97). More prefembly they target multiple sites on two or more
RNAs.

In ahother embodiment, provided arc multitargeting inlerfering RNA molecules
comprising the sequence CGUGAAGAC (SEQ 11D NO: 98). In one embodiment the molecules

are double stranded in at feast the region comprising the recited sequence. The multitargeting

interfering RNAs preferably modulate expression of FICV in an expression system. In an

expression system, the multitargeting interfering molecules preferably modulate expression of at
Icast one target RNA molccule compn'ﬁn g Whe sequence GUCUUCACG (SEQ 1D NO: 99).
More preferably they largct egither multiplc sites on a single RINA or multiple sites on two or
morc RINAs, .

It will he understood by one skilled in the art that these exemplary seeds, and their
compicie complements, also subsume any number of shorter sceds and their complete
complements, respectively, and that these are envisaged as part of the invention. For examiple,
the 12-base seed: CCCACCCACAUA (SEQ 1D NO: 3) comprises further two 11-base, three 10-
buse, four 9-basc, f[ive 8-base, six 7—13&90 and seven 6-base seeds, ull of which could be used in

the design of useful multitargeting interforing RNA.
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Alsn provided herein are multitargeting RNA duplexes consisting essentially of;
5'  UAUGUGGGUGGGUCGAGUCUAA 3' (SFQ ID NO: 100)
3 UUAUVACACCCACCCACUCAGH 5', (8EQ ID NO: 101)

5'  UGUUUUGUUGITUACAUAUGAC 3' (SEQ ID NO: 102)
3 ' UUACAANAQAACAAUGUALAC 5, (SEQ ID NO: 103)

5! UAUGUGGGUGGGQRUCUCUCUA 3' (STO ID NO: 104)
3 'UUAUACACCCACCCCACAGAG L', {(8EQ 1D NO: 10%)

5'  UAUGUCGCGUGGGGUGGUCTUAA 3 (SEQ ID NO: 106)
3'UUAUACACCCACCCCACCAGA B', {8EQ TD NO: 107)

5'  VAUGUGGGEUQGCGUGGUGUCU 3' (SEQ D NO: 108)
3 ' UUAUACACCCACCCCACCACA S', {(SEQ ID NO: 105)

%' UVAUGUGGGUGGEGUGAGUGUCU 3' (SEQ ID NO: 110)
3 ' YUAUACACCOCACCCACUCACA 5', (SEQ ID NO: 111)

57 CUCACCCACCCACAUACAUUU  3' (SFQ ID NO: 112)
3’ CUGAGUGGGUGGGUGCUAUGUA 57, (SEQ ID NO: 113)

S'  UCACCCACCCACAUACAUAUU 3’ (SEQ Th NO: 114)
3 UGAGUGGGUGGGUGUATIGUAU 5", (BRQ ID NO: 115}

5' | UCACCCACCCACAUACAUTIUU 3/ (SEQ ID NO: 116)
3¢ UGAGIGGOUGEGRUGUAUGTIAA 5/, (SEQ TD NO: 117)

5 UAUGUGGGUGGGUGAGUCUA 3! (SEQ I NO: 118)
3 ' UAUACACCCACCCACUCAGA 5', (SEQ Th NO: 119)

5 GGGUUUACCAGGAARGAUGGUU 3’ (SEQ ID NO: 120)
37 UACCCAAAUGGUCCUUCHACC 57, (SEQ TD NO: 121)

- 48 .
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MICCUCACAGGGCAGUGAUUC 3¢ (SEQ ID NQ: 122)
UUAAGGAGUCUCCCGUCACTA 57, (STO ID NO: 123)
VUCCUCACAGGGUACUGAUUC 3¢ (SEQ.LID NO: 122)
UUARRGAGUGUCCCOUGACUA 57, (SEQ ID NO: 124)

UUCCHICACAGGGCAGTIGGEUUC 37 (SEQ 1D NO: 125)
DUANAGGAGUGUCCCGUCACCA 5, {SEQ ID NO: 126)

CCCGGAUCCUUAGAGAGTUUU 3¢ (SEQ ID NO: 127)
ACGGEGCCUGGEGAAUCTITUCAA 5, {(SEQ ID NO: 128)

UACCCUCGCACCGAUCUCCCAR 37 (SEQ TD NO: 129)
TUAUGGGAGQGUGGCUAGNICG 5/, (SEQ IL NQ: 130)

UACAAATICUACTIUCAACADUY 3¢ (SEQ ID WO: 131)
GUAUCUUUAGATIQAAGUUGUG 57, (8EQ TD NO: 132)

ARCAUAUGUUCIRICAACADLT 3 (SEQ ID NO: 133)
GUUUGUAUACANGAAGUUGUG 5, (SEQ TD NO: 134)

UUCCACAACACARGCUGUGDU 3¢ {SEQ 1D NO: 135)
UUAAGOUGUUGUGIRICGACAC 5, (SEQ ID NO: 136)

CGACCCUUAGAGAGUUUCATT 3/ (SEQ TD NO: 137)
SGCCUGGGANICUCUCANNGTT 5, (SEQ Ib NO: 138)

UUCGUGAAGRCGGUGGGCCGA 37 (SEQ TD NO: 139)
ATATAAGCACINICUGCCACCCGG 5, (SEQ ID NO: 140)

AGACUCACCCACCCAGAUAUL 3/ (SEQ TD NO: 141)

NATCUGAGUGEOTIGGGUCUAU S5 {(SEQ TD NO: 142)

.49 -



wh

20

30

WO 2007/056826 PCT/AU2006/001741

Such molecules, the skilled urtisan will appreciate, can target multiple sites on a single
RNA or multiple sites on two ur more. RNAs and are useful to decrease the expression of such

one or proferably two or more such targeted RNAs in an expression system.

In some cmbodiments, a given multitargeting inlerfering RNA will be more effective at
modulating cxpression of one of several turget RNAs thun anather. In other cases, the
multitargeting interfering RNA will similarly aftect all targels in ane ar tnore expression
systems. Various [aclors can be responsible for causing variations in silencing or RNA
efficicney: (i) asymmetry of assembly of the RISC causing the pussenger strand Lo enter more
efficiently into the RISC than (he guide strand; (ii) inaccessibility of the targeted segment on the
tirget RNA ﬁ)olecule; (iii) a high degree of off-target activity by the interfering RNA; (iv)
sequence-dependent variations for natural processing of RNA, and (v) the balance of the |
structural and kinetic effects described in (1) to (iv). See¢ Hossbach et al, (2006), RNA Biology 3:
82-89. In designing amultitargeting interfering RNA molecule of the invention, special
attention can be given ta cach of the listed (actors to increase or decrease the RNAI efficiency on
a given target RNA moleeule.

Another general aspect of the invention is ¢ method for designing a multitargeting

interfering RNA. The method of the invention includes various means leading to a

-multitargeting interfering RNA that effectively targets distinet binding sequences present in

distinct genctic contexts in on¢ or more pre-scleeted turget RNA molecules. In one embodiment,
a multitargeting interfering RNA can be designed by visual or computitional inspection of the
sequences of the target molecules, for cxample, by cotaparing target scquences and idenifying
sequences of length n which occur in the one or more targc‘l, sequences. Aliernalively, all
poséihlc scquences of a pre-selected length n cun be generated by virtue of cach permutation
possible for cach nucleotide position to a given length (4") and then examining for their
occurrence in the lurget sequenices.

In preferred embodiments, the methods provided herein design interfering RNA
molecules, cither single or duplex in nature, which have at least one region (8) of complete
complementarity (o u first portion (a seed) ot the distinct binding scquences, and io certuin
cinbodiments, further comprises & second region (Y) ol at least partial complementarity to a
second pbrtion of one or more distinet binding sequences. In other cimbodiments, the region Y

can have compleie complementarily Lo a second portion of one or more distinct binding
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sequences, and in yet others there may be no complementarity between Y and a second portion
of one or more distinct binding sequences.
In one embodiment, « method of designing a mullitargeting interfering RNA comprises
the steps of a) selecting one or mare target RNA molecules, wherein the modulation in
5 expression of the one or more target RNA molecules is desired; b) obtaining at least one
nucleotide sequence for each of the one or more target RNA molecules; ¢) selecting u seed
sequence of 6 nucleotides or more, said sced sequence oceurs in distinel genetic contexts in the
target RNA malecules; d) selecting at least two distinct binding sequences, each of which
comprises the seed sequence and is present in distinct genctic contexts in the target molecules; e)
10 designing a multitargetitg interfering RNA molecule having a guide strand that shares a
substantial degree of complementarity with euch of the at least two binding sequences to allow
stable interaction therewith.
In one embodiment, the melhod compriées designing a passenger strund that is at least
partially complementary to the guide strand 1o allow formation of a stable duplex between the
15 passengerstrand and the guide strand.
fn another embodiment, the method of the invention comprises the steps of: a) sclecling
one or more target RNA molecules, wherein the modulation in expression of (he target RNA
* molecules is desired; b) obtaining at lcast one nucleotide sequence for each of the target RNA
molecules; ¢) selecting a length, #, in nucleotides, for a seed scquence; wherein n2 = about 6 or
20 more, d) generating a collection of candidate seed scquences of the length a2 from euch of the -
nucleulide sequences obtained in step b), wherein each candidate sced sequence accurs at least
once in nucleotide sequences obtained in step b); e) determining the genetic context of each of
the candidale seed scquences in macleotide sequences obtained in step b), by collecting, for each
veeurrence of the candidate seed sequence, a desited amount of the 5* and 37 flanking scquence;
25 ) selecting a seed sequence of the lcnglh n from the candidate sced sequences, wherein the seed
sequence occurs in at least two distinct genetic contexts in nucleotide sequences obtained in step
~ b); g) selecting a consensus turget sequence, wherein said consensus turget sequence comprises
the seed sequence and a desired consensus sequence for the sequence flanking cither one ar both
of the 5" and 3" ends of the seed; and h) designing a multitargeting interfering RNA molccule
30 that comnprises a guide strand that shares a substantial degree of complementarity with the

consensus target sequence to allow stahle interaction therewith,
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In on¢ embodiment, the method comprises designing a passenger strand that is at least
partially complementary 1 the guide strand to atlow [ormation of a stable duplex belween the
passenger strand and the puide strand.

One of skill in the art would recoguise that scveral iterations of various steps of the
methods can be performed. For examnple, in some embodiments, the method further compyises
Tepeating steps ¢) 1.0 h) with a dittercnt value of #. In other embodiments, the method may
comprise repeating steps f) o h) for a different seed scquence. Tn yet other embodinents, the
method may comprise selecting a different consensus target sequence based around a parﬁcular
sced and flunking scquence. The skilled person will recognise that various combinations of the
above are alse envisaged.

In other embodiments, the method of the invention further comprises the sleps of making
the multiturgeting interfering RNA molecnle and testin & it in an cxpression system,

Preferved target RNA molecules are strategically-selected molecules, for example vifal or
host RNAs involved in discase processes, viral genomes, particularly those of clinical
significance, and the like. A detuiled discussion of mrgu, RNA is provided above and applies
equally te this and otlu,r aspects of the invention, as if set out in its cnlirety here. The basis for
the selection of a target RNA molecule will be appreciated by those of skill in the art. Preferred
target RNAs are those involved in diseascs or disorders onc wishes to control by the
administration of the multitargeling intetfering RNA

The step of obtaining the sequences for the sclected tarpet is conducted by vbtaining
sequences from publicly available sources, such us the dutabascs provided by the Nutional Center
Tor Biotechnology Information (INCBI) (through the National Institutes of Health {(NIH) in the
United States), the Buropean Molecular Biology Laboratories (through the European
Bininformatics Institute throughout Europe) available on the World-Wide Web, or proprietary
sonrees such as fee-based databases and the like. Scquences can also be obtained by direct
determinalion. This may be desirable where a clinical isolate or an unknown genc is involved or
of interest, for cxample, in a disease process. Either complete or incowplete scquences of 4
target RNA molecule can be used for the design of multitargeting interfering RNA of the
invention.

Also provided hercin ure methods wherein a plurality of independent target nucleotide

sequences are obtained in siop b) for cach of one or more target RNA molecules selected in siep
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a). The databases described abuove frequently have multiple sequences available for particular
targets. This is cspecially true where genetic variation is naturally higher, for cxumple with viral
sequences. In various smbodiments, the plurality of target nucleotide sequences represeitts strain
variation, ullelic variation, mutation, or multiple spécics. ‘The number of such a plurality of
sequences may range from several or a low ultiple, 1 numerous - for exam ple dozens or even
hundreds or thousands of sequences [or a gchh lurget. IUis especially possible to huve such
numbers of sequencecs when working with viral sequenecs,

The sequences chosen can be further limited based on additional desirable or undesirable
features such ay ureas of low sequence complexity, poor sequence quality, or those that contain
artefacts relating (o cloning or sequencing such as inclusion of vector-related sequences.
Furthermore, regions with extensive illzlcccssible secondary structuye could be filtered out at this
stuge. Indeed, Luo and Chang have demonstrated that siRl\fA targeling accessible regions of
mRNA strueture such as loops were more likely to be effcetive than those uligned with stems
(Luv & Chang, (2004), Biochem. Biophys. Res. Commun., 318: 303-10). The sequences chosen,
however, need nol be limited to 3'UTR sequences or regions of low sccondary structure (as

ilfustrated in some of the specific examples.)

The step of scleeting a length of n nucicotide bases for a seed sequence is preferably an iterative

process that does nol require any purticular basis or logic at first glance — i.c. the starting seed

length may be any number of bases above about 5. The longer the length that is chosen for a
seed, the less likely it will appear in a portion of the targel RNA, ¢.g. in a target RNA binding
scquence. The shorter the seed sequence length, the more frequently it will occur us would bc
cxpected. Prelerably, an iterative process is used to find the preferred sequences for candidate
seeds as described below. Thus, after a particular value for 1 is used to identify candidate seeds
of length n, another value (c.g. n+4, n-1) will be used and the process can by repeated to identify
cundidate seed sequences of length n+1, n-1 and so on, i’n one ctubodiment, the first scan
through targel sequences will bcgin‘ with any sced ength (e.g. n=9) and subscquent rounds of
searching will either increase or decrease the seed length (e.g. bascd on the number of sceds
retwrned in previous scans). A person of ordinary skill in the art will recognize that the nunber
of candidate seeds will increasc as the length of the seed is decreased,

In a situation where a pluralily of sequences are available for particular target RNA

molecule (cg viral isolates), it will be appreciated by one of skill in the art that the totality of the
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sequences can be seurched for candidale seeds. However, candidate seeds may in some cases be
found only-in a proportion of the sequences tor the RNA molecule. Tn these situations, {t may be

desirable to prioritise those sceds which occur in a larger proportion of the sequences.

The sceds can be selected from a pool of “cundidate seeds,” also referred to herein as
S “seed candidates.” Secd candidates include sequences of a particularly desired or sclected length
present at least once in cach of the target molecules. I'he candidate seeds arc preferably
generated by computer, for example by moving stepwise atong a target sequence with a
“window” (expressed in tertas of a fixed number of conti guous nucleatides) of the desired or
selected seed length. Preferably euch step is a single ba'se progression, thus gencrating a
10 “moving window” of sclected length through which the target scquence is sequentially viewed.

Other step distances are é'ontemplaled, however, the skifled artisan will appreciate that anly a

step of one nucleotide will allow the generation of all possible seed sequences.

When there is only one target RNA molceule, the pool of candidate seeds includes any
sequences of ﬁwc selected length from the “moving window” scan of the target RNA molecule.
15 When there arc muitiple target RNA molocules, the pool of candidute seeds includes those

sequences of the selected length from the “moving window” scan of the target RNA molecules,
which QC(:L;I‘ at least once in each of the target RNA molccules. Therefore when there arc
mulliple target RNA molecules, step (d) above corﬁpn‘ses two substeps: (i) generating a
callection of nucleotide sequences of the selected length 1 from each nucleotide sequence

20 obtaitted in step b); and (i) selecting candidﬁtc seed scquenyccs ol the length n from the
collections of nucleotide sequences, wherein each candidate seed sequence occurs at least once

in the nucleotide sequences obtained in sicp b).

As used hetein, the term “distnibution” in-the vontext of a seed or candidate seed means

the overall average frequency, or number of occurrences, of a seed or candidate seed within a

[l
K

nucleotide sequence of intercst. For example, Example 13 (hclow) has the following pattern of
occurrence for a 9 base seed in HCV isolates of genotype 1a/1b:

4 times in genome: 5/153 isolalcs

3 times in genome: 6&/155 isolates

2 times in genome: 50/155 isalates

30 1 time in gemome; 317153 jsolates
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0 tines in genorme: 17155 isolates

This gyuates to a “distribution™ of 2.28. In comparison, the “conservation” (see helow)
would be 154/155 (=99%),

In one embediment, the methad further comprises the step of discarding those candidate
sced sequences that do not veeur with at least a predetenmined minimuim average rate of
accurrences within the sequences obtained for u target RNA molecule, This step allows the
method to take into account the average distribution of the candidate seed sequences within
sequencey for the same target RNA.

In another cmbodiment, the method further compriscs the step of discarding those
cundidate seed sequences that do not occur within at least a predelermined minimum percentuge
of the target nucleotide sequences obtained for a target nucleotide molecule (that is, the extent of
conservation), This step allows l}ie method 1o more fully take into account the frequency with
which a particular candidate sced occurs across multiple target sequences obtained for a target
RNA. The multitargeting function of preferred RNAs made by the methods provided herein is
enhanced by the higher representation of a candidate seed scquence both wilhin and across such
sets of targel sequences.

© Preferably the method ultimately chosen will include one or more of these steps, or all of
them as needed. For cxample, in one embodiment, the method further comprises the step of
discarding any candidate seed sequence that: is composed of only a single base, is composed
only of A and U, has a consecutive string of 5 or more buses which are C, is frcdicted to have u
p:‘opénsity to undesirably modulute the expression or activity of onc or more cellular ‘
components, is predicted to occur with unaceeptable frequency in the non-larget transeriptome of
interest; o any combination thergof. In the situation in which a double stranded muliilargeting
interfering RNA is to be designed, candidate seed sequences may also be discarded if thoy
contain sequences predicied to have a propensity to activate a eellulur sensor of foreign nucleic
acid, huve a consecutive string of 5 or more bases which ure (3, or a combination thereof.

Seeds then are selected from the pool of candidate sequences as the onces that are present
in two different genetic contexts in the one or morc target éequc:tccs. Genetic contexts are
determined by collecting, for each accurrence of the candidate seed sequence, a desived amount

of the 5" and 3" flanking sequence,
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In an exemplary process of making a multilargeting interfering RNA of the invention, a
sced sequence is used to generite onc or more Uconsensus targel sequences”, which comprises
1he seed sequence and a desired conscnsus sequence for the sequence tlanking either one or both
of the 5" and 3° ends of the seed. The term “consensus turget sequence” does not suggest that

5  there is only one best sequﬁnoe approximating multiple binding sequences ou target molecule(s),
rather a population of one or mure alternative sequences. may all be consensus target sequences.
The “consensus sequence for the sequence flanking cither one or both of the §” and 3° ends of the
. seed” is readily derived from the examination of the genctic context of seed sequence in each of
the target molecules by visual inspection, or through the use of bioinformatic tdols or
10 caloulations. While the seed sequence portion of A consensus target sequence will nsually have
complete identity to a cortesponding portion in each of targeted binding sites, Lhe consensus
sequence for the sequence flanking either one or both of the 57 and 3" énds of the seed need not
be completely identicul to the scquence tlanking the 5° and 3’ ends of the seed of some hut not
all of the sequences of the target molecules. However, it may be identical to some, ull or none of

15 the sequences.

Preferably, when a double stranded molecule is to be designed, the consensus target
scquence does not include any sequence that is predicted to have & propensity to undesirably

modulate the expression or activity of one ur more cellular components.

Consensus target sequences may he dctenninqd by eye arby algorithm, For example, »
20 computer alfgorithm cah be used to score all possible permutations of paired nucleotides in the
positions in which the sequences are different between the at lcast two targets. This is
particulurly usctul when the targets have some identity beyond the seed, but for which an
alighment by eye proves difficult. This method can be used to determine the consensus targel
sequence, or alternatively, the antisense strand of the candidate multitargeting interfering RNA
25  directly. When designing the antisense strand directly, the algorithm scores wobbles (G:U,
Ui(3), other non-canonical pairs (cg A:C, (:A) and remaininyg mismatches with increasingly
turge ncgative penalty terms, respectively. These penalty terms are adjusted for their position
within the multitargeting interfering RNA, with those placcd at the 3° calremity incurring lower

fractional penalties. Penalties arc ulso adjusted in the presence of multiple contiguous
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mismatches or wabbles. Those proposed multitargeting interfering RNAs with the lowest
apgrepale penalty scores for all targets are prioritized for further evaluution.

A further alternative approach that is particularly useful when there is little identity
between the target sequences outside of the seed sequence or when a large number of target
sequences need to be considered (eg when large numbers of nucleotide sequences for viral
isolates arc screened) is to generate all possible permutations of the extension from the
complement of the seed in the 3' direction v a required length, thereby generating the putative
SY of Formula (I) and hybridising each putative' SY against the target sequences of interest in
silico to determine those which demonstrate the most favourable properties in terms of
hybridisation to the target and preferential strand loading.

Tn most cases, when u duplex molecule is being designed, the overhangs, it required, are
considercd as part of the hybridization process. Hybridizalion is typicaﬁy exumined from a
lhennddynaruic perspective using RNAhybrid software (Rehmsmeier et al., 2004, RNA, 10:
1507-17) or siwilur algorithm,

In one embodiment, the invention provides an algorithm for determination of the guide
strand of a length » for a multitargeting interfering RNA comprising a seed sequence.
1) Uefinition of terms
a. Load Bias: Scoring A or U as *1” and G or C as "2 m each candidate guide
strand:
i. Multiply the A-U/G-C score by the relevant scaling faclor in the Table
below
il. sum the products for the residues at positions 1-5.
iii. sum the products for the residues at positions n 1o n-4.

tv. divide the total at (iii) by the total at (i1)
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2)

4)

5§ end of the guide 3" end of the guide
strand strand (excepting
overhanys)
Residuc | Scaling Residue Scalingu
position | factor position faclor
! 5 | [na 1
2 4 n-3 2
3 3 i n-2 3
4 2 | n-1 4 |
5 1 T 1 5

PCT/AU2006/001741

b. Activity Score: For cach target T...T,, caloulate the product of the minimum

free cnergy (infe) of the binding of the guide strand and the number of contiguous

bases complementary to the target at the 57 ond of the guide strand. (r-5"). The

product of these scores is the Activity Score,

T (mbe*r-5")*Ty(mle*r-5")*. Ty(mle*r-5")

¢. Maximum Activity Score: For cach turget Ty... T, caleulate the product of the

mfe of the binding of that guide strand which is complelely complemcatary to the

target and the length of the guide strand (for example: 21 buses as shown below).

The product of these scores is the Maximum Activity Score |
Ty (mfe*2 *Ty(mle*2 )% T (mfe¥21)

d. Relative Activity Score: The Activily Score for an interfering RNA divided by

the Maximum Activily Score for.the turgets.

Starting with the complement of the seed sequence, gencrate all possible permutations

for the extension of the complement of the seed to a length of z, for example 21

bases, thus creating a complete list of putative guide strands

Use RNAhybrid to deterinine. the binding pattern and minimum free energy of all the

putative guide strands against all the target scquences which contain the sced -

sequence;

Discard all pulative guide strands where
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a.  There 1 s contiguous run.of 5 or more G residues
b. The Load Bias is < 1.2
5) Rank the remaining putative guide strands by their Relative Activity Score and select

a puide strand sequence of the length n for a multitargeting interfering RNA sequence

from the list of the remaining putative guide strand sequences hased on their Relative

Activity Scare.

Consider a certain number or fraction (eg the top 196) of the putative guide strands for

additional steps, such as overhungs, chemical modificalions ele, ynthesis and determination of

biological activity.

In a partivelar embodiment, a simple algorithm that may be useful in the case of a fully

complementary duplex is the following:

Scoring A or U as “1” and (G or € as 2" in the guide strand:

i. multiply the A-U/G-C score by the relevant scaling factor in the Table A

below;

ili. sum the products for the residucs at positions n-4 to n (exvepling

overhungs if present);

ii. sum the products {or the residues al posilions 1-3;

iv. divide the total at (iif) by the total at {ii); and

v. - scores greater than 1.2 for the guide strand indicate likely favourable

lbading of that strand.

- Table A
5" end of guide 3’ end of guide
strand strand
Residue | Scaling Residue Scaling
posilion | factor pusilion fuctor
l 5 n-4 l
2 4 n-3 - 2
(3 3 n-2 3
4 2 n-1 4
5 1 'n S
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n= number of nucleotides involved in forming the duplex (excluding overhuangs il
present).

It will be appreciated by one skitled in the art that in the éasc of a double stranded
multitargeting interfering RNA, ensuring maximum strand loading of the dosired guide strand is
beneficial nol only with respect to the potency of the molecule but also will grealy reduce
madvertent otf-taxget effeets resulting from incorporation of the passenger strand into R1SC.

Sccjucnccs demonsirating strong binding (typically having mean free energics of <-20
keal/mol) are of particular interest for the multitargeting interfering RNA. As before, one skilled -
in the art will appreciate that this wethod, used W design the active multitargeting interfering
RNA can, with slight modification, be used to design suitable conscnsus target sequences, which
arc then converted 1o putative SY sequences. Regardless of the flow path of design, the

candidate SY scquences are then prioritized for testing not only on this basis but also taking into |

" account other features that may be important for the functionality of the multitargeting

interferin g RNA (by, for example, usc of appropriate penalty terms), This may involve
discarding those putative 8Y scquences which are composed of only a single base, are comimsed
only of A and U, are predicted to he involved in substantial intramolecular base pairing, have a
consecutive string of 5 or more bascs which arc G, are predicied o occur with unacceptable
frequency in the antiparallel orientation in the non-target transcriptome of interest; are predicted
1o have a propénsity ta activate a cellular sensor of foreign nucleic acid, or any combination
theecof, Tn some cases, the addilion of one or two nucleatides to the 57 ¢ad of the putative SY (e
X) is considered. This is particularly relevant when un otherwise useful SY sequence is G/C rich
at the 5° end and this is predicted to disfavor loading in the case of a double stranded
multitargeting interfering RNA. The addition ol one or two A/U nucleotides to the 5 extremity
of the putative SY sequence, will most likely improve loading., Another situation that
necessitates this additon includes, but is not limited to, when there is a need for the double
stranded multitargeting interfering RNA to be able to support target cleavage, In most cases,
cldgvagc requires the aclive strand to be complementary to the target spanning the site bounded -
by the 10 and 11™ nucleotides. When Lhe seed is of insufficient length (cg n=9), the addition of
two addilional nucleotides to the 5° end of SY will shift § along sufficiently (o (ulfill this

requirement. Because mublitargeling interfering RNA in most casces tolerate mismatches at
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positions 1 and 2, the addition of this additional region X, which need not be complementary to
the at lcast lwo target sequences, further increases the flexibility of design.

In lhé case of a double stranded multiturgeting interfering RNA of the invention, a further
embadiment comprises the step ot discarding seeds that are extremely G/C rich at their 3°
extremity. A G/C rich 37 extremity of the seed may be undesirable as the resulting matching
guide strand could be disadvantaged from a loading point of view, depending on the G/C content
of the 3" end of the guide strand (excluding the overhangs).  Whilst this may not be preferable,
strategies can he used to overcome the predicted poor loading bius when seeds arc G/C rich at
their 3’ end. These inclade, bul are not limited to, the use of un A/U-rich extension in the §° end
of the guide strand, f.e. X" in Formula (I), or the selection of G/C rich termini in the design of
the 3" end of lhé wuide strand i;e. “¥Y7" in Formula (1), Also, the substitution of U for C in the
corresponding passenger strand by virtue of wobble buse pairing will at 1cast partially rectify
strand loading when there is « G near the 57 terminus of the guide strand. Finally, one skilled in
the art will appreciate that mnodificutions that disfavor strund loading could be used on the
passenger strand to further crhance the loading of the desired strund. Such modifications also
include manipulation of the length and composition of the overhanys. Alternatively, chemical
modifications that increasc the binding energy of RNA duplexes such us LNA, 2°-O-methyl and
2’-mcl‘l‘1oxye,thy! can be used for bases posilioned at the 5" end of the passenger strand so as to
favor Jouding of the guide strand.

Various sleps can optionally be added individually or in combination, Such steps are
used to further the radonul process of designing the multitargeting interforing RNAs - such as to
reduce the number of scquences unlikety to work for the intended purpose, to increase the
cffec(ivenc‘ss of the RNAS, to reduce off target effects and the like. Many of these steps can be
antormited, or require anly a limited arnount of input from an operator, though the use of
bicinformatic compiter systems, which as the skitled artisan will appreciate, will facilitace the
methinds. A |

Similar wo the situation with antisense, for which it is now rccoymized that there are
specific scciucnccs that have a high propensity to activate cellular sensors of foreign DNA, other

receptors may detect particular RNA sequences and produce stress responses (for example, see

. Sioud, M. (2005), J Mol Biol 348, 1079-1090, Specific “motits™ associated with increased
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inflamnmatory responses (Homung, Vet al. (2005) Nar Med 11, 263-27Q: Judge, A.D. et al.
(2005) Nea Medl 11, 263-270) could be easily excluded,
DNA scuences with stretches of contipuous guanosines are known Lo produce additional
effects not related to targeting of MRNA. Although the situation in the case of RNA is less clear,’
5 most munufacturers recommend not selecting dsRNA duplexes containing long rans of
guanosines (G) for their experiments. H was found in this invention that greater than 4
conseculive (G greally reduced the activity of the corresponding CODEMIR (see Example 17).
Therefore, many sceds could be eliminated if they contain 5 or morc contiguons C. One ski“ed'
in the art will recognise that the presence of 5 or more Cs in a seed will correspond to 5 or more

10 Gsin the active portion of the RNA molecule of the invention. However, we also consider that it
is desirable to further exclude the occurrence of-§ or more Gs in'the passeager strand when the
molecule is douhle stranded, (héreforc the occurrence of 5 or mare contignuous Gs in the seed in
combination with the consensus target sequence is also considered to be undesiruble when a ‘
duplex molccule is 10 be consteucted.

15 . A further embodiment to excluding seeds specifically related (o duplex molecuics of the
invention applivs to the presence ol a G/C vich region at the 3” end and 1o the presence of 5 or
more contiguous Gs in the seed or consensuys target sequenéc (which includes the seed).

In another embodiment, the method further comprises the step of discarding any
congensus targel sequence that:-is composed of only a single base, is composed only of A and U,

20, has a consecutive string of 5 or more buases which arc: C, is G/C rich at the 37 end, is predicted
to oconr with unaceeplable froquency in the non-larget transcriptome of interest; ar any
combination thereotf. In the situation in which a double stranded multilargeting interfering RNA
is f0 be designed; consensus target sequences may also be discarded if they contain sequences
predicied to have a propensity to activate a ecllular seasor of foreign nucleic acid, if they are

25  predicted ta be involved in intramolecular base pairing, have a consecutive string of 5 or maore
buses which are G, or a combination theseot.

- Like candidate seeds and secds, consensus target sequences can be used as inlermediates
"in the design of a multitargeting interfering RNA of the invention, In particular, the consensus
larget scquences are used to design a strund of the corresponding multitargeling interfering RNA

30 The conscnsus targel sequences are at least substantially the complement of a “guide strund” of a

candidate multitargeting interfering RNA, Preferably they are the complete complement of a
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“guide strand” ol a candidate multitargeting interfering RNA. The consensus target scquence is
at least possibly, but not necessaaly, identical to the “passenger strand” of the corresponding
candidate multitargeting interfering RNA, when these are double stranded., They may be non-
idenlical because “passenger strauds” are frequ;:mly'further retined to oplimize RISC loading

5  and other functionality through the use of sequence modifications, for cxample, end
nmd'ificaﬁm\s, such as inclusion of overhangs (non-blunt eads, e.g. 3'-UU), and the
incorporation of misinatches and wobble bases. Such modifications will be understood by those
of skill in the art.

Scunning the consensus (Arget sequences ugainét a hon-targel transcriptome of interest for

(0 prediction of off-larget effects, and eliminating any sequence predicted Lo have unaceeptable off-
target effecls on a non-target transeriptome of interest are also useful ways of reducing the
number of consensus turget sequences, and any of the forcgoing may be added as u step in the
process. This is performed by searching for similar sequences using, for example, BLAST-
softwarc. An allernative, but not necessarily equivalent procedure includes the in silico

15 hybridization of the cotuplement of the consensus target sequence against the transcriptome
using, for example, KNAhybrid or equivalent software, In practice, it is prudent to routinely
sereen specific designed multitargeting interfering RNAs, e.g. CODEMIRs, VIROMIRS and the
like, for eytotoxicity, dnc to unforeseen, but problematici. off-target eflects.

Any undesirable propertics for such a therapeutic RNA, as wauld be understood by those

200 of skill in the art, can be used as a basis on which to discard candidate sced sequences, consensus
" binding sites or proposed mullitargeting interfering RNA. '

The RNA malccules obtuined {rom the basic tmethod outlined above can be modified and
often will be to improve their propertics. The methods then can further comprise the step of
modifying a multitargeting interfering RNA duplex designed in step h) lo improve ac¢tual or

25  predicted loading inlo a RISC complex, to Improve activity against at least one larget RNA
molecule, to decrease stress or inflammatory response when administercd in a host cell; 1o altor

half-life in an expression system, or any comnbination thereof.

o certain embodiments, the designed multitargeting interfering RNA molecule can be
modificd, for example, i} to improve the incorporation of the guide strand of the multitargeting
30 interfering RNA molecule into the RNA induced silencing complex (RISC); 1) 10 increase or

decrease the modulation of the expression of at least ene targel RNA molecule; i) to decrcuse
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stress or inflammatory response when the multitargeting interlering RNA moleoule is

adunistered into a subject; or iv) any combination of 1) to iii).

The skilled artisan will understand how to madify the RNA molecules either in the
laboratory, or prelerably o1 silico. Tn preferred embodiments the modifying step comprises one

or more of altering, deleting, or introducing one or more nucleotide bases o create at leust one

‘mismatched base puir, wobble base pair, or terminal overhang, or to increase RISC mediated

processing. Techmigues tor doing so are known in the art, Preferably the modifications are at
least initially performed in silico, and the effects of such modifications can he readily tested
against experimental parwneters (o determine which offer improved properties of the interfering
RNA produgts. ‘

In a presently preferred embodiment, the methods, (hrough (o the step of actually making
un RNA, wre conducted entirely in silico, or by visual ingpection and determination. In one
embodiment the method farther comptises the step of choosing a new value for the sced length,
n, and fepcaling each of the reraining stops. 1t is clear that the method can be iterative and the
benefits of computers for such purposes are well known.Also provided herein are methods that
turther comprise the step of actually making and testing at teast one designed interfering RNA in
a suitable cellular expression system. This will he necessary so as to identify those inter{ering
RNA thut have the reqﬁired or sufficient acuvity against the target RNA molecules or that
produce the required phenotype in the model system (¢g death of cancer cell, inhibition of
angiogenesis, suppression of lesion formation, accelerated wound healing cto).

As will be appreciated, large numbers of seeds and thereby polential multitargeting
interfering RNAs can be genceated using the above methodology. While the rules ahove can he
usced to filter potential candidates bused on undesirable properlies, one gkilled in the art will
appreciate that with access 1o hi gh throughput scréening methodologies as well as recent
improvements in fidelity, cost and access to RNA synthiesis that testing of hundreds to thousunds
of candidates can be easily performed Lo-further assist in the development of uctive
multitargeting interfering RNAs. Thus, it is occasionally preférab}e to screen significant
numbers of candidates as opposed to prioritising a few candidates solely oo the basis of
algorithmic design. A combination of carefu) in silico design along with biological testing of

candidates can be used to identify candidates with superior activity in an efficient manner.
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Screcns that can be considered for the high throughput asscssment of candidates include
reporter assays, multiplexed ETISAs, virul replicon systems, dot-blot assays, RT-PCR etc.

Cundidate multitargeting interfering RNA ure rontinely synthesized us double-stranded
RNA molecules with 19 bp of complementarity and 3’ two nucleotide overhungs. Tor the guide

strand (the strand with complementarity to the target RNAs and which is predicted 1o be

-incorporated into RISC), the two nucleotide overhangs are routinely designed to be

complementary to the targel RNAs, although dTdT or UU averhangs may also suit. The
passenger strand (complemcqlary to the guide strand) cun be usually designed 1o include a 37 two
nucleotide UU overhang. ITowever, other types and lengths of overhangs could be cansidered,
as could “blunt-ended” duplexcs. Candidate multitargeting interfering RNA can also be stple-
sirunded molecules. A

When produced by an expression system such as a vector or plusmid, it is possible to
assemble multiple multitargeting interfering RNAs into a single therapeutic product. Skilled
artisans will realize that muliiple multiturgeting interforing RNAs can be co-expressed by several
strategies, including but not linited to, expression of individual multitargeting interferin g RNAs
from multiple cxpression vectors (plasmid or viral), expression from muliiple expression
casscltes contained within a single veetor, with each cxpression cassettc containing a promoter, a
single multitargeting interfering RNA and terminalor. Multiple multitargcting interferin g RNAs
can also be generated through a single polycistronic tra‘nScn'pt, which counlains a series of
wultitargeting interfering RNAs. ‘

The multiple multitargeting interfering RNAs can be expressed sequentiully (sense /
intcrvening loup / antisense) or expressed with the sense sequence of cach multitargeting
interfering RNA sequentially linked 57 10 3°, joined dirceily or with intervening loop / spacer
sequence, followed by the antisense sequence of cuch multitargeting intetfering RNAs
sequentially linked 5° to 37,

In the first instance, multitargeting interfering RNA ure typically tested in cell culture
using an appropriate cell line representative of the turgeted tissue. Some non-limiting specific
conditions used arc outlined in the specitic exumples. Mullitargeting interfering RNA that
modulate larget RNA expression or activity can then be studied turther. Spbciﬁcally, semij-
quantitative RT-PCR for the target RNA may be performed to establish whether repressionis

likely to be mediated by RNA degradation. Tn general, cells are transfected with the
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multitargeting interfering RNA al a concentration of 5-40 oM in the culture medium and aller 48
hours, are washed, trypsinized and harvested for 1otul RNA using a RNeasy kit (Qiagen). RT-
PCR is then performed using primer sets specific for the target RNAs.

Prolcomic and microarray experiments may be used 10 assess off-luarget cffects.
Likewise, 10 select active multitargeting interfering RNA with little propensity for activation of
innate immune response, unalysis of markers of IFN-response {cg STATI, IFNS, 11.-8,
phosphoEIT ¢te) can be performed on treated cells.

Preferably, the candidate multitargeting interfering RNA are lested for non-speeific toxic
effects by, for cxample, direct assays of cell toxicity. Alternatively, in some cases such as
cuncer, cyloloxicity is the desired outcome and ‘may reflect the successlul repression of key
oncugenic signaling pathways. Multitargeting interfering RNA are additionally assessed for
their ability to repress the production of specific target proteins. Multitargeling interfering RNA
demonstrating cfﬁcac_y in this respeet are then assessed for additional evidence of of[-larget
ef:fecrs. including arrest of non-target protein production und activation of Protein Kinase R
mediated responses. '

The RNA mwolecule may be expressed from transcription units inserted into vectors. The
vector may be a recombinant DNA or RNA veetor, and includes DNA plasmids or viral vectors,
The viral vectors expressing the multitargutiﬁg interféring RNA molecules can be construcled
bused on, but not limited to, adeno-associated vitus, retrovirus, adcnow'rﬁs, leutivirus or
alphavirus. ‘

Preferably the veotor is an expression vector suitable for expression in a mammalian cell,
Methods which are well known to those skilled in the arl can be used to construct expression
vectors containing a sequence which cncodes the multi target RNA molecule, These melhods
include in vitro recombinant DNA techniques, synthetic techniques and in vive recombination or
genetic recombination. Such techniques are described in Sambrook ol al (1989) Molecular
Cloning, A laboratory manual, Cold Spring Harbor Press, Plainview N.Y. and Asubel F M ot al
(1989) Current Protocols in Molesular Biology, fohn Wiley & Sons, New York N.Y. Suitable
routes of administration of the pharmaceutical composition of (he prescot invention may, for
cxample, include oral, rectal, transmucosal, or intestinal administration; parenteral delivery,

including intramuscular, intravenous and subcutancous injections.
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Allgrnatively, the pharmuceutical composition may be administered in a local rather thun
syélemic manner, for example, via injection of the pharmaceutical composition direetly into a
target organ or tissue, such as intramedullary, intrathecal, direct intraventricylar, intraperitoncal,
or intraocular injections, often in a depat or sustained relcase formulation. Tnlravesiculur
instillation and intranasal/inhalation delivery arc other possible means of local administration as
is direct application to the skin or affected area. Fix vivo applications are also envisaged.
Furthermore, the pharmaceutical composition of the present invention may be delivered in a
targeted delivery system, for example, in a liposome coated with target cell-specific antibody:.
The liposomes will be targcted to and taken up selectively by the target cell. Other delivery
strategies itclude, bul ure not limited to, dendrimers, polymers, nanoparticles and ligand
conjugates of the RNA.

The multilargeting interfering RNA molecules of the invention can be added directly, or
can be complexed with cationic lipids, packaged within liposomes, or otherwise delivered to
Lurget cells or tissues. The nucleic acid or nucleic acid complexes can be locally administered to
relevant tissues ¢x vivo, or in vivo through injection, infusion pump or stent, with or without
their incorporation in biopolymers.

Tn another aspect, the invention provides biologicul systems containing one or more
mullitargeting interfering RNA molecule of this invention. T'he biological system can be, for

cxample, a virus, a microbe, a plant, an animal, or a cell. The invention also provides a vector

* comprising a nucleotide sequence that encodes the multitargeting interfering RNA molecule of

the invention. In particular embodiment, the vector is viral, from example, derived from a virus
selected from the group consisting of an adeno-associated virus, a retrovirus, an adenovirus, a
lentiviras, and an alphavirus, The multitargeting interfering RNA can be short a hairpin RNA

molecule, which can be expressed from a vector of the invention, The invention further provides

a pharmaceutical composition comprising a multitargeting interfering RNA molecule of the

invention and an acceptable carrier. In particular ermbodiments, the pharmaceutical composition

comprises a vector for a multitargeting interfering RNA molecule of the invention,

In another general aspect, the present invention provides a method of inducing RNA
interference in a biological system, which comprises the step of introducing a multitargeling

interfering RNA mulecule of the invention into the biological system.
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[n a particular emnbodiment, the present invention provides a method of inducing RNA
intctference in a biological system, comprising the steps of: (a) selecting a set of target RNA
molecules; (b) designing « multitargeting interfering RNA molecule comprising a guide strand
that can form stuble interactions with at least two binding sequences present in distinet genetic
contexts in the set of targel RNA molecules; (¢) producing the multitargeting inter{ering RNA
molecule; and (d) administering the multitargeting interfering RNA molecule into the biological
system, whereby the guide sirand of the multitargeting inlerfering RNA molecule forms stable
interactions with the binding sequences present in distinct genetic contexts in the set of turget

RNA molceules, and thus induces RNA interfercnce of the target RNA molccules.

Tt another particular cinbodiment, the present invealion provides a method of treating a
disease or condition in u suhjcci, the method comprising the steps ol (1) sclecting a set of target
RNA molecules, wherein the modulation in ekpression of the Lurget RNA molccules is
potentially therapeutic for the treatment of the discase or condition; (b) designing a
multitargeting interfering RNA molecule comprising a guide strund that can tortn stable
iﬁteraclions with at least two binding sequences present in digtinet genctic contexts in the set of
target RNA molecules; (¢) producing the multitargeting interfering RNA molecule; {d)
administering the mu]titargcﬁn g interfering RNA malecule into the subject, wheteby the guide
strand of the multitargeting interfering RNA molecule forms stable interactions with the binding
sequences present in distinct yenetic contexts in the set of target RNA molecules, and thus

induces modulation of expression of the tarzet RNA molccules.

One skilled in the art will recognize thal these design steps can be performed in a
different order to produce an equivalent final product. Also, one skilled in the art will recognize

thal some steps can be substituted with alternative procedures that are broadly equivalent.

The target RNA molecule or molecules can be selected, for example, from any RNA ina
cell or virus. A viral genome, ar cven multiple viral genomes, for exalnple two or more related
or unrelatéd viruses, can also be conveniently targeted. ‘The useful or desirable targets for any
disease or related process may be identified by any of one or inore means including, for example,
projecled or validated drug targets from the literature, including the palent literature, or from

target discovery processes. The skilled artisan will understand and appreciate how to sclect
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ugeful or desirable targets. The targdt genes are then prioritized based on evidence supporting a
key role for their products in the discase process ot interest.

In some cases, specific attention may need to be paid 1o the accurucy and/or relevance of
the sequence to the diseasc of interest. For example, in targeting cancer, it is advisable 10 avoid
mutational “hot-spots™. 1t is also to be noted thal the sequence used need not be the complete
sequence. Also, selective targeling of a specitic splice vaniant or isuform may be desired and the
targel sequonce used in the design of mullitargeting iﬁtcrfering RNAs may need to be restricted
to that predominantly present only in the diseased tissue that is targeted by the multitargeting
interfering RNA of the invention, A

The use of single- or double-stranded RINA, coinpounds that can target multiple sites
within a viral genonae, for example, virul RNA wrgets, is also provided herein. The 4
multitargeting interfering RNA molecules that target multiple sitcs in the genome of one or
multiple isolates of a virus are sometimes referred herein as “VIROMIRs", Turgeting repcated
sequence elements in viral genomes is an attractive approach for viral therapy. Such
multitarpeting is calculated to create a formidable hurdle to the emcergence of resistant cloncs,
which would require multiple, simultuneous, mutations., Also, multiple sites can be chosen to
maximize coverage of scquence variations across a range of viral isolates. Elements cun be
identified computationally that are present in u pre-sclected percentage of isolales, such as a
majority or even the totality of known isolaics, thercby ensnring maximal therapeutic benefit,
Alternatively, isolates of greatest actual or projecled clinical sigmlicance can be preferentiatly
targeted. The design process can also facilitate development, manufacture, and ullimately
adminisiration of the therapeutic compounds. The additional targeting of one or more host
proteins or other intermediales of the pathway involved in the pathogenesis of the viral disease
can also be designed. Bacteriul infection and any other disease caused By a pathogen can be
targeted by a similar approach,

‘The RNA compounds of the present invention ¢an be used to treat or prevent discases in
plants, animals and i particolar humans. The RNA compounds can be either cell-expressed into

the relevant plant, animal or human cell to derive the required effect or be administered as i

chemically synthesized compound dircetly or indirectly by means of a delivery molecule or

device. The RNA compounds of the present invention cun be used to treal or minimise pest

attack on plants and animals. The pests may be vertebrate or invertebrate.
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The present invention may be used for treatment or prevention of o disease state resulting

from expression of the target genes, Disease stales include, but are not limited to, avloimmune

" discuses, inheriled diseascs, cancer, or infection by a pathogen. Treatent would include

prevention or amelioration of any symptom ot clinical indication associated. with the disease.

In a preferred cinbodiment, the disease stute is cancer (eg colorectal adenocarcinoma), diabetes,
diahelic retinopathy, age related macular degeneration (AMD), psoﬁasis, HIV infection, HCV
infection or Alzheimer's discase. The current invenlion therefore gncompasses, but is not
limited to, the concept of treating these diseases with multitargeting interfering RNAs. As can
be readily tippreciatc;;l, the same principles can be applied to the treatment of all other complex
diseuses.

‘The selection of target sequences for the multitargeting interfering RINAs will be
deterrained by the disease(s) against which the therapeutic is desired. The larget RNA sequence
may include mRNA, und noncoding RNA and may be encoded cither by the host or infectious
ugent or both. The target RNA sel for any one multitargeting interfering RNA can be selected
from any of these types and may represent any comhination of gene or gene products including
but not limited to: receplors, cytokines, transcriplion factors, viral genes, bacterial genes, plant
genes, ingeet genes, yeast and fungal genes, regulatory and/or signalling protcins, non-coding
RNA, cytoskelelal proteins, transporters, enzyines, hormones, antigens, hypothetical proteins and
proteins of unknown tunclion. '

Additionally, targeting of differcnt isolates of a pathoyenic ageut is envisaged. The
multiple target sitcs can then be chosen to maximise coverage of sequenge variations across a
range of 1solates,

The modulation of the target RNA molecule ts determined in a suitable expression
syslem, for cxample int vivo, in ane or more sujtable cells, or in an acellular or in vitro expression

system such as wre known in the art. Rouline methods for measuring parameters of the

transcription, translation, or other aspeets of expression relating to RNA molecules are known in

the art, and any such wieasurements are suitable for use heréin,

The multitargeting RNAs in accordance with various aspects of the invention are useful
- modulate the expression of one ot more target RNA in an expression system. More
preferubly, they are used to reduce expression of one or more turget RNA. Such decrease can

occur directly or indirectly by any mechanism known in the art, or which is yet to be discovered,
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for the ducrease of RNA expression as defined herein by an RNA. In some embodiments, they
may completely eliminate expression of the onc or mmore RNA targets. In some embodiments, a
given RNA will be more effective at miodulating expression of aue of several target RNAs than
another. In other cascs, the RNA may similacly affect all targets in one or more expression
systems.

The multturgeting RNAs provided herein arc of particular value in the treatment of
complex tmulligenic discases in which single gene-specific therapeutics may be at a disadvantage
hecause of the mulliple redundancies in pathophysiologic puthways. The current invention
chables a conscious and calculated approach in which multiple or key proteins or pathways, such
as signaling pathways or molecules, can be targeted with a single agent to gonerate greatly
increased therapeutic potential, V

© In some cases, the targets of interest may be at least partially controlled by a commaon
“master regulator,” for example, un upstreamn pleiotropic factor. Such common regulators are
often transcription factors. For exampie, 1L.-8 und MCP-1 could theorctically be down-reguiated

by largeting the nuclewr factor, NFkappal3. However, by way of example, NFkappaB is also a

factor involved in the survival of Retinal Pigmented Epithelial cells (RPE), purticularly in times

of stress. Thus, the indiscriminate down-regulation of such a cell-survival fuctor would likely
lead to the undesirable consequence of increased death of RPE cells in discased eyes. Rather
than idenlifying upstream pleiotropic controllers us potential targets with the concomi‘tam risk of
negatively impucting a desituble pathway or process, the novel approach disclosed herein is
amenable to the modulation of multiple specific targets of interest without having to
indiscriminately modulate cormon upstrea factors.

Ani additional aspect of the multitargeting interfering RNAs provided herein is applicable
to the treatment of discases characterized by cellular heterogt:neity.. For cxample, in solid
lumours, the presence of mutated genes and activaled pathways may vary widely within the same
lumour, hetween tumours in the same patent, as well us between tumours of a similar histology
in different puttents. The development of an RNA molecule active ugainst several key pathways
may derive synergistic activily against cells reliant on several of these targeted pathways.
However, aclivity agains( a greater proportion of the tumour cells will also be likely because of

the “multi-targeted” nawre of the RNA molecule. Turthermore, lurgeting of several key
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pathways will “cover” or allow treatment of more of the paticat population.. Hence, improved
clinicul outcommnes are likely with treatment with the RNA molecules provided herein.

In certain embodiments, for example where RISC is involved in the mechanism of action,
the targeting of multiple discase-related trunscripts with a single multitargeting interfering RNA
makes optimal use of available RISC, in contrast to the administration of multiple siRNA
molccules, which could saturate the available intracellular machinery, i

Targeting roultiple sites within the same RNA target sequence is also envisioned for the
interfering RNAs provided herein, 7.e. the multilurgeting aspect is not limited to multiple targets
within multiple target RNA molecules. Many humuan diseases, includitlg cancer and viral
infections, arc characterized by RNA targets exhibiting high muiation rates. This increases the
likelihood of reststance to nucleic acid therupeutics arising in these diseases, due to mutation of
the targel RNA. Targeting multiple sites within the target RNA decreases the likelihood of such
resistance urising, since at least two simultaneous mutations would be required for resistance,
Theretore in certain cibodiments, the multi-targeting approach uvsed with muktitargeting
mterfering RNAs can be directed to the gencration of multiple hits against a single larget RNA
molecule, for example, to prevent escape mutants, Targeting of multiple sites within the same
{ranseript (Tor example, with RNA vixuses) may also produce synergistic effects on the inhibition
of viral growth. Further, cinploying @ mechunisin or mechanisms requiring only partial
complementarity with the target RNA molecule can decreasc the possibilily of developing

resistance through single point mutation,

This invention will be hetier understood by refercnee to the examples that follow. Those
skilled in the urt will readily appreciate that these examples are only illustrative of the invention

and not [imiting.

Example 1
Selection of CODEMIRs for Diabetic Retinopathy (DR)

CODEMIRs suitable for therapy for DR were sought. In the discasc state, VIIGFE-A and

1CAM-1 are tikely drivers of the loss of inteurity of the blood-retinal barrier, which lass leads for

examplc to diabetic macular edema, a prelude to angiogenesis and DR. Therefore, VEGT-A und
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ICAM-1 were selected as targels for the desipn of CODEMIRs, Such CODEMIRS were also of
therapeutic interesl for treatment of psoriasis and other condilions characlerized by mononuciear
cell infiltration und angiogencsis,

‘Iranseripl sequences comresponding (o the 3" untranslated regions (37 UTRs) of VEGE-A
and ICAM-1 were used to scarch for a suitable seed of at least 6 contiguous bases using a
scarching algorithin combined with a database. Publicly available sequences related to VEGE-A
and ICAM-1 obtained from the Tnsemb] database were used to perform the initial analysis (see
Table 1-1)., (Ensembl is 4 joint project between the European Molecular l]io]ogy '
Laboratory(EMB L)fT?.uropéan Bioinforrnatics Institute (EB1) and the Wellcome Trust Sanger
Institute (WTSI)), ‘The database and related tools are publicly available on the World Wide Web
ar the Ensembl website.
Table 1-1:  Ensembl Transcript YDs of selecied human target sequences

{(Ensembl database, relense 33)

BOGE - | ENSTO0000264498
IGF-] ENST000003375 14
| MCP-1 ENST0000022583 1
VEGE-A FNST00000356655
 VEGE-B ENST00000309422 |
VEGE-C ENST00000280153
[VEGFD ENSTO0000207904 |
ICAM-1 | ENST00000264832
178 ENSTOMK0N307407
PIGF ENST00000256315

A pool of all possible candidate sceds of length 6 or greater was generated using the
specified length as window and moving sequentially along the sequence in a stepwise fashion by
advancing the window one base ‘ut atime. Low compléxity seeds were eliminated. The pool of
candidate seed scquences was further restricted to thase for which at least three contiguous bases
were predicted to bind to an napaired region in at least 50% of optimal and suboptima! folded

structures. Optimal and suboprimal {(within —[ kcal/mal af the optimal fold energy) [olded
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structures were determined using the Vienna RNA package (Holacker, (2003), Nucleic Acids
Res., 31: 3429-31).

Two different seeds were selected that optimally fulfilled the selection ¢riteria. The first
seed was selected on the basis of its length of (2 nucleotides. There were also several smaller
seeds recorded. One 7 nt seed was in a genetic conlex! that favored the design of the conscnsus
targel sequence.by virlue of additional, albeit discontinuous, regioﬁs of further idenlily betwecn
the (two target sequences near the sced, 'The twor sceds were used to penerate two sets of
consehsus larget sequences. The consensus turget scqucn‘mces for the firsl seed were determined '
by optical alignment of the two target scquences and determining the likely effect various base
changes would have on the binding of the complementary scquence to both target RNA. Tn the
case of the second seed, a permutation analysis was favoured. In this case, the two mfget
sequenees differ at only seven positions over the 14 buyes that arc 53° (o the seed. Becuuse the

extreine tail of the multitargeting interfering RNA has less requirement for complementarity,

‘only two possible terminal triplets were considered for the 5’end of fhe consensus target

sequence; namely TAT and GTC. This reduced by four the number of possible permutalions.
Systematic generation of all remuining 32 possible consensus Lurget sequences (32 =2") was
followed by in silico hybeidizalion of the 21 buse complcmenlafy sequences to the two targets.
The sequence providing the best overall hybridization to the two turgets was designated
CODEMIR-2. The consensus lurget sequences identified for each of the two seeds arc listed in
Table 1-2.

Table 1-2: Exemplary Seed Scquences and Consensus Target Sequences for the design of
multitarpeting interfering RNAs, e.g. CODEMIRs targeting VEGF-A und ICAM-1 (ull 57
to 37). #'*2 These consensus target sequences were used to design CODEMIRT and

CODEMIR2, respectively.

Seed Sequence .| Conscnsus Target Scquences
CCCACCCACATA "I TACAGACACCCCACCCACATA (SEQ ID NO: 144)

(SEQ ID NO: 143) [ IracaCCACCCCACCCACATA (SEQ ID NO: - 145)

ACACACCACCCCACCCACATA (SEQ ID NO: 146)

TTAGACTCACCCAGGCACATE ¢ (GEQ TD NO: 147)

AGACAC'ICACCCACCCACATA (SEQ ID NO: 148)
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Seed Soquence Consensus Targel Sequencgs ‘
CARBRACA ) ATATUTGTRGCAICARARCA (SEQ TD NO: 149) |
(SEQ TIO NO: 4) OTCATGTGTAGCATCAAARGA (GEQ TD NMO: 150) |

TATATGIGTACCAACAAARCE (SEQ TH NO: 151)

CTCATGTGTAGCAACARAACK (SEQ ID WO: 152)

TALATGTGTNGAALICAARACA (BEQ IND NO: 153)

OTCATGTOTAGANICARAACA (GEQ TD NO: 154)

— S

TATALGTOTAGAMCAARRCE (SEQ ID NO: 155)

I GTCNTGIGTAGAANCARAACA (SEQ ID NO: 156)

TATATCYGTAACATCRAAMCA (SEQ 1b NO: 157)

GTOATGTGIAACATCARRACA (SHQ LD NQ: 158)

TATATGTGTARCARCARARCE (SEQ 1D NO: 159)

CUCATETGTAACAACAARACA (SEQ TD NO: 160)

TATATGTGIAMARICARARCA (SEQ TD NO: 161)

GTCATGTGTNAARICARRACE (SEQ TD NO: 162) —
TATAIGTOTAARNACARAACA (SEQ ID NO: 163) |
GTORTGTGTARNMAGARARGA (BEQ ID NO: 164) |
TATATATGTAGCATGAAAACA (SEQ TN NO: 165)
GTCACATGTAGCNTCABARACA (SEQ 1D NO: 166)
TATATALGTAGCAACAARRCA |SEQ ID NO: 167) |

 STCATATGIAGCARCAAAACA (SEQ LD NO: 168)

 TATATATGIAGAATCARRACA (SEQ LD NO: 169)

T ATATGTAGANTCGARRACA (ST ID NO: 170)

TATATATGTACAAACRABRCA {SEQ TD NO: 171}

CCATATGTAGARACARRACA (GEQ TD NO: 172)

TATATATGTAACAICARBACK (SEQ TD NO:. 173)

| GTCATATGTRACATCAARACA (SEQ ID NO: 174)

TATATATGTAACAACAABACA (SEQ ID NO: 175) I

CTCATATGTAACAACARRBGA *° (SEQ TD NO: 176} |

TATATATOTAAARIGARAACA (SEQ TD NO: 277)

GTCALATGTARNNTCARRACGA (SEQ TN NO: 178)

AT ATATGTANABCARBACA (SEQ 1D NO: 179)

GTCATAIGITAANMACABAACA (SEQ ID NO: 180)
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Only several excrplary sequences are listed in Table 1-2 because, as mentivned above,
additional consensus targel sequences with partial identity to VEGF-A and 1CAM-1 could have
been readily penerated, particularly for the second, shorter seed. In Figure 1, five consensus
targel sequences for the 12 nt seed arc shown. The predicted hybridization of the CODEMIR
guide strands (o the target VEGF-A and ICAM-| transcripts 1s also shown. CODBMIRs
targeling VEGT-A and 1CAM-1 were designed using the methods provided. Consensus target
sequences (VAICI-01 to —05) were derived by aligning the target mRNA sequences 5 of the
seed region to gencrale sites of 21 nucleotides in length. Candidate CODEMIR puide strand
sequences complenenlary to these consensus target scquences wete determined, und
hybridization between the CODEMIR guide scquences and the targets was predicted by in silico
modeling. Based on the results, the consensus targel sequence, VAICE-04, was used to generate
CODEMIR t (Figures 2 and 3). _

Cundidatc CODEMIRs were'synthesized as double-stranded RNA molecules with 19 bp
of complementarity and 3° overhangs of two nucleotides in length. The two nucleotide
overhangs for the guide strands were designed to be complementary Lo the consensus target
sequences, The complementary passenger strand was designed to include a two nucleotide 3°-
UU overhang,

Two CODEMIRs were selecled for more extensive testing, oue euch designed from the
12 nt seed and the 7 nt seed. The scquences of the guide strands and their predicted
hybtidization to the targeted VEGF-A and ICAM-1 3’ UTRs are shown in Table 1-3. It can be
seen that even with a seed scquence on]j 7 ut in length, using the approach provided herein,
CODEMIRs (for example CODEMIRZ, Table 1-3) can be designed Lo achicve significant
hybridization with at lcast two different targets. The degree of 37 identity that the CODEMIRs

have with the intended targels is cvident.
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Testing CODEMIRs in a Human Cell Culture System Producing VEGI-A and
ICAM-T .

Cells and Culturing: RPE (rctinal pigmented cpithelium) cells in culture were used
1o screen Lhe anti-angiogenic CODEMIRS designed, as deseribed above. The human cell
line, ARPE-19, was used. ARPE-19 cells were grown in Dulbeeco’s Modilied Bagle’s
Medium (DMEM) supplemented with 10% fetal bovine serum and 10 mM glutamine. For
ELISA detection of secreted proteins of interest, or in siru cell surface antigen
immunastaining, ARPE cells were seaded at 4 x 107 cells per well in 2 96 well tissue culturc
plate. For FACS anulysis, ARPE-19 cclls were seeded at 2.5 x 10% cells per well in a 24 well
.[iSSLle culture plate. Cells were transfected 24 hours after secding using lipofectamine
(anifrqgen) at a ratio ot 1 microl. lipofectamine per 20 pmol of CODEMIR RNA duplex or
controf siRNA. In most studics, medium was replaced 24 hours after transfection at which
time deferroxamine (130 M) or 1L-1B (1 ng/mL) was added for the VEGE-A and ICAM-1
experiments, respectively. Experiments were performed in triplicatc and repeated at least

twice.

Assays for VEGF-A and ICAM-1: T'he ARPE-19 cells were assayed to confirm
production of both VEGF-A and ICAM-1. VEGF-A was asgaycd in the supernatanl using a
commercialiy available ELISA assay (R&D Systems) according to the manufacturet’s
instructions. Cell surface ICAM-1 wasg assayed either by imtunostaining follo{wed by
fluorcscence activated cell sorting (FACS), by in site immunostaining of cell-surface ICAM-
1 in 96 well plates using colorimetric deteclion, or allematively by ELISA of ccll lysates
using a commercial TCAM ELISA kit (R&D systems).

Cytotoxity and Ofl-Target Effccts: Apart from being a source of proangiogenic
factors, RPE cells are critical to the survival of the neuroscnsory photoreceptor cells. Hence,
the CODEMIRs were screened for cytotoxic eftects in ARPE-19 cells 1o enable selection of

CODEMIRs without signiflicant cytotoxicity, CODEMIRs were transfected into ARPHE-19

_cells, typically at final concentrations of 1-100 nM in the culture medium, Cell survival was

measurcd 48 hours after transfoction using the Cell Titer Blue Assay, which measures

celular respiration.
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Activity of the CODEMIRs against multiple RNA targets: The CODEMIRs were
assessed for their ability to repress the production of cach of the target proteins, Specilic
siRNAs individually targeting cither VEGE-A or ICAM-1 were used as single target
comparative controls, (Sce e.g. Table 1-4).

An siRNA which targeted neither VEGE nor ICAM (siRNA CONTROL) was used as

a hon-targeting control (Table 1-4)

Table 1-4:  Sequences of comparative and non-iargeting conirol SiRNA (guide

“strand).

Control guide strand sequence (5° to 3°)
i RNA CONTROL GUCUGCGAUCGCAUACAATY dTAT (8FQ ID NO: 185)
51ICAM-1 UAGAGGUACGUGCUGAGGC dTAT (STQ ID NO: 186)
S1VEGF CUGCUGGCCUUGGUGAGGU ATdT (SEQ I NO: 187)

—

Results: CODEMIR -1 and CODEMIR -2, as well as comparative and non-targeting
control siRNAs were evaluated for cytotoxicily in ARPE-19 cells. All were found to have
negligible toxicity over Lhe concentration range of 0 - 40 nM (Pigure 2) when transfected
over a period of 48-72 hours. None of the CODEMIRs tested showed an y appreciable
toxicity at concentrations less than about 50 nM. Individual designed CODEMIRs were
routincly screened for polential cytotoxicity duc to an—taréct clTects.

The superatants from Lhe cell culture 48 hours after changing of medium (blus
deferroxumine in the case of VEGE-A and 1L-1p for ICAM-1) were assaycd for VEGF-A and
ICAM-1 and cells harvested. Figure 3 shows protein suppression by CODEMIRy
multitargeting both VEGF-A and ICAM-1, ARPE-19 cclls were treatcd with a siRNA not
Largeted to cither VRGI or ICAM (siRNA Control), or RNAs specific for VEGF-A (siVEGF),
ICAM-1 (si/CAM), or CODEMIR-1 or -2, cach at a concentration of 40nM. VEGE-A (as
determincd by ELISA) and cell-surface TCAM-1 (as determined by FACS) proteins were
assayed 48 hrs after treatment and expressed as a percentage of those from untransfected
control cells. In cxperiments measuring VEGF-A scerction, cells were stimulated with the
hypoxia mimic deferroxamine (130 uM) 24 hrs post-transfection, whercas TL-1P was added
at I ng/mL in the cotresponding experiment for ICAM-1. Data from unstitnulated and
stimulated but untrunsfected cclls are shown [or comparison. Depicted results are composite
dara from several cxperiments. The comparative controls cach si gnificantly reduced the

cxpression of their respective targets (ANOV A and Dunnett’s multiple comparison test
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versus control siRNA, p<0.01), without reducing the other, non-targeted protein. In fact,
increased CAM-1 expression was oh‘servcd with siVEGF (ANOVA and Dunnctt’s multiple
comparison test versus control siRINA, p<0.01).

CODEMIR-i profoundly represscd VEGE-A secretion 1o an extent that exceeded the -
comparative siRNA contro] at the same concentration, The same CODEMIR also suppressed
ICAM-1 expression in a comparable manner to the TCAM-1 comparative control.

CODEMIR -2 also repressed both JICAM-1 and VEdEA to a losser, but nevertheless
significunt extent (ANOVA and Dunnett’s multiple comparison test versus control siRNA,
p<0.01). An siRNA duplex targeting the exact CODEMIRI site in VEGF-A produced only
slightly greater knock-down of VEGF-A sceretion (data not shown). Thus, a lack of total
complementarity in the inlerfering RNA moleccules provided herein is not signiticantly
deleterious, and the methods provided herein of designing individual CODEMIRSs each of
which target multiple RNAs, can be used to generate such interfering molecules.

The activity of CODEMIR-1 and CODEMIR-2 was asscssed, in terms of VEGE
mRNA expression, by RT-PCR. Comparative controls were analysed alongside; siVEGE (a
comparative control siRNA targeting a different site in VEGF) and siCONTROL. (a non-
targeling control siIRNA) and, finally, a sample not containing DNA (water control), YAIC, a
multitargeting interfering RNA designed to be fully complementary to the target binding
sequence of COIREMIR-1 was also cxamined. Two RT-PCR reactions were run on samples
of RNA preparcd from ARPE-19 cells. Specifically, ARPE-19 cells were transfected with
Lipofcctamine 2000 and 40nM of the respective RNA freatment, incubated for 24 hrs, then
treated with 130 microM‘ deferroxaminge for an additional 24 hrs before harvest and extraction
of RNA. In one reaction, the PCR product was a 266 nt PCR amplicon {rom part of the Open
Rca;ling Frame (ORF) of VEGE. in the second reaction, the amplified amplicon (243 ny) is
located in the 3°UTR of VEGFE. To control for loading, PCR amplification of a GAPDIL
“house-keeping” transcript was also determined. The relative inlengities of the GAPDH
bands were equal in all treatment tanes. Both VEGF amplicons were significantly reduced in

intensity for the ARPE-19 cells transfected with either CODEMIR-! or siVAIC. The

~comparatve siVEGI control had visibly reduced intensity for the ORF amplicon but not the

3'UTR Amplim‘m. Qverall, these results indicate that CODEMIR-1 induced substantial
imRNA degradation, whercas CODEMIR-2 resulted in less VEGF mRNA degradation,
Without limiting aspects of the invention to any particular theory of opcmtidn, itis at least
noteworthy that CODEMIR-1 has a relatively high degree of complementarity to the VEGF

mRNA target, including the central base pairs adjacent to the RISC cleavage site, while
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" CODEMIR? has a contral mismatch with the VEGE target mRNA, Thus, CODEMIRs with

fess than complete complementarity to a wiven target RNA scquence, may induce mRNA
degradation, for example by RISC processing, as an additional mcans of modulation, or as an

altcrnalive to other mechanisms, such as repeessing translation of the target

It will be appreciated by one skilled in the art that multitargeting interfering RNA
molecules (CODEMIRs) will comprise the scquence cotresponding to Lthe complement of the
seed. In this example of RNA molecules for altering expression of VEGF-A and ICAM-1,
the complementary scquences arc UA i.JGUGGGUGGG (SEQ ID NO: 1) and UGUUUUG
(SEQ ID NO: 2) for CODEMIRs 1 and 2 respectively.

Additional CODEMIRSs targeting both VEGT and 1ICAM were designed bascd on
each of the consensus target sequences shown in Figure 1. Each of the CODEMIRS so
designed was also sigmificantly active in modulating the target RNAs (CODEMIRL '
previously described, other data not shown).  The active CODEMIRs are as follows:

5" UAUGUGGGUGGGGUGUCUCUA 3' (SEQ ID NO: 104)
3' UUAUACACCCACCCCACAGAG 5' (SEQ ID NO: 105}

5! UAUGUGGGUCGEGUGEGUCUAA 3 (SEQ ID NO: 106)
3' UUAUACACCCACCCCACCAGA 5' (SFRQ ID NQ: 107)

5 UAUGUGGGUGCCGUGGUGUCT 3' (SkEQ TD NO: 108)
3' UUAUACACCCACCCCACCACA 5' {(SEQ ID NO: 109)

5! UAUGUGCGGUGGEGUGAGUGUCU 3' (SEQ iD NO: 110)
3 YUAUACACCCACCCACUCACA - 5' (SEQ ID NO: 111)

Varianls of CODEMIR-1 with altercd overhang lengths were also tested in the ARPE
systemn and found to have significant activity, although CODEMIR-25 had ncgligible activily

on ICAM-1 (data not shown). The scquences of these two CODEMIRS are as follows:
(CODEMIR-24
5'  UAUGUGGGUCGGUGAGUCUA 3 (SEQ ID NO: 118)

3' UAUACACCCACCCACUCAGA 5' ($TQ ID NO: 119)

_81-
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CODEMIR-25
5' UAUGUGGGUGGGUGAGUCU 3' (4TFQ ID NO: 188)
3'. AUACACCCACCCACUCAGA S5' (SEQ ID NO: 189)

3
Exumple 2
Comparison of CODIMIR-1 activity with that of a naturally eccurring microRNA with
, some homology
10 After CODEMIR- L was designed for multi targeting of both VEGF-A and ICAM-1

targets, according to the methods provided herein (see e.g., Exumple 1), it was noted that
CODEMIR-| has some homology with the naturally occurring human microRNA miR-290.
Processing of miR-299 is predicted l'o produce two active strands, miR-299-5p and
miR-299-3p, As cun be scen below, miR-299-3p has a region with 12 of 15 of the same
15 bases as the guide strand of CODEMIR-1, and the first 8 of those bases are identical, That
region of CODEMIR-1 corresponds to the complemcent of the sced sequence used in its
design. Alth’ough the two sequenccs share this homolagy, they have different central and 37

tail regions (see below).

20 CODFMIR-1 1 UAUGUGGGUGGGUGAGUCUAA 21 (SEQ 1D NO: 100)

LEPLIEE 1

hsa-miR-295-3p 1 UAUGUGGGAUGGUARACCGCUTT 22 (SEQ TD NO- 180)

Little is known about the activity of miR-299. No targets for miR-299-3p or miR-

25 | 299-5p arc reported in the Tatbase database, 2 central reposilory of validated interactions
between mRNAs and miRNAs available on the World Wide Web at the University of
Permsylvania’s DNA & Protein Analysis Lab (DIANA Lab) world wide websile site at
diana. pebi.upenm.edu/tarbase.html., After further investigation, no published studies of the
activity of miR-299-3p could be located. Thus, 2 comparison was made of the activity of

30 CODEMIR-1 and miR-299 against cach of the targets, VEGE-A and ICAM-1, in an
cxpression syslem,

As can be seent in Figure 4, when compared o an RNA duplex negative control not
specific-for the targels tested, a RNA duplex comprising the predicted mature strands of miR-

299 demonstraled some VEGE suppressive activity, although less than that obtained with

SR
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CODEMIR-1. ‘t'he miR-299 had no significant activity against KCAM-1 (data not shown).
CODEMIR-1, therefore, has o markedly different activity profile from the naturally occurring
miR-299. Despite some similarities in structurc (o CODEMIR-1, miR-299 did not have any
demonstrable activity with respect Lo the sccond RNA (ICAM-1) which CODEMIR-{ wus
specitically designed to target. This shows the effectiveness of using a rational design
process 1o obtain a functional multitargeling interfering RNA, and the advantages thal can be
gained, even over naturall y occurring sequences that have homology Lo the sced region used

in the design process.

Lxample 3
Further exemplification of multitargeting of angiogenic factors
More complex angiogenic phenotypes than diabetic retinopathy are found in
advanced cancer and in Age-rclated Macular Degeneration, With Age-rclaled Macular
Degencration (AMD), it is currently thought that accumulation of partially phagocytosed
rermmants in and below the Retinal Pigmented Epithelial (RPE) layer causes cellulur stresses |
that lead to the production of angiogenic cytokines or chemokines by the RPE cells (eg
VEHGI-A, 11.-8, MCP-1). Additional proteins expressed on the membrane sutfaces of RPE
cells may further drive this process (¢.g. TCAM-1). Overall, the aﬁgiogcnic factors involved
in AMD include: VEGF-A, YEGF-B, IGF-1, MCP-1, IL-8, ICAM-1, bEGF, and PIGF.
Indeed, this multitude of pro-angiogenic cytokines actin g in combination is analogous to the
angiogencsis seen in advanced cancer. In order to increase the number of angiogenic factors
that could be covered by a CODEMIR, the (ull mRNA transcripts derived from the Ensembl
database (sce Table 1-1) for VEGF-A, ICAM-! and IGF-1 werc used in the search of suitable
seeds as previously outlined. A sced consisting of 11 bp present in all 3 transcripts was
identiticd (Table 3-1). Conscnsus target sequences were derived as described above (Table
3-1). Guide strand sequences for CODEMIRs targeling these sites were determined, and the
predicted binding of thesc CODEMIRSs to the 3 target sequences was assessed using
RNAhybrid softwarc. Becausc the 37 seed region contains 4 contiguous G hascs, the loading
bias is unlikely to be favorable. As shown in Table 3.2, the high duplex binding cnergy at
the 5'cnd of the guide strand can be reduced by the judicious introduction of mismatched

base pairings by modification of the passenger strand.
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Tuble 3-1: "Target sequences aligneéd with candidate CONEMIR conscunsus lurget
sequences for tavgeting YEGF-A, ICAM-1 und IGF-1

Target Site Sequonces (57 to 37)

VEGF-a AAGTCCAQGI\AGAGAGAGACGGGGTCAGAG (SEQ TD NO: .191)

IcaAaM-1 'l‘TT‘I’T’I'.TTTTT’I‘CCAGAGACGGGGTCTCG(‘{ (S8EQ TD NO: 192)

TCGF-1 .'i.'TTGGAT'I‘TTTAATAGAGACGGGGTTTTAC (SEQ TD NO: 193)

SEUNEENSEIE. Y

Congsensus targetbt Sequences

TGETTAACACAGACGGBGTCA [SEQ LD NO: 542)

B TGGTTANCAGAGACGGGETCT (5FQ ID NO: 194)
T ATGGTTAACAGAGACGEGGTA (57O ID NO: 195)
GATGGTTAACAGAGACGGGET (SEQ D NO- 196)

GGTTAACAGAGACGGGGTCTA (SEQ TD NO: 197)

GGTTAACAGAGACGGGGTCTT (SEQ ID NO: 198)
GGGTAACAGAGACGGGGTCTA (SEQ LD.NO: 199)
GGCTAACAGAGACGEGEGTCTT {SFQ 1D NO: 200)

| ]

YN
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Table 3-2: Alteration of guide strand 5° terminal stubility by introduction of
mismatched base pairings through modification of the passenger strund.
NOTE: Underlining in this table indicutes the seed, which in some instances has been

moditied (bolding).

[ CODEMIR duplex (lower strand = guide, 3° to 5°) 4 mfc®
UGCGUUAACAGAGACGGGGUUU (SEQ ID WO: 201) —12.2
CUACCAAUUGUCUCUGCCCCA  (SEQ TD NO: 202)
UGGUUAACAGAGACGGGAUUU (SEQ ID NO: 203) 97 ]
CUACCAAUUGUCUCUGCCCCA (SBQ ID NO: 202)
UGGUUAACAGAGACGGAGUUU (SEQ 1D NO: 204) 163
CUACCAAUUGUCUCUGCCCCA  (SEQ ID NO: 202)
- UGGUUAACAGAGACGAGGUUU (STQ LD NO: 205) . 6.1
CUACCAAUUGUCUCUGCCCCA  (SEQ ID NO: 202)
UGOUUAACAGA@ACAGGGUtiU (SEQ ID NO: 206) -9.4
CUACCAAUUGUCUCUGCCCCA  (SEQ TD NO: 202)
UGGUUAACAGAGACGGARUUU (SEQ ID NO: 207) -6.4 ]
CUACCAAUUGUCUCUGCCCCA  (SEQ TD NO: 202)
UGGUUANCAGAGACGAAGUUU (SKEQ ID NO: 208) -3.1
CUACCAAUUGUCUCUGCCCCA  (SEQ TD NO: 202)
UGGUUAACAGAGACAAGCUUU (SEQ ID NO: 209) -6.1 |
CUACCAAUUGUCUCUGCCCCA  (SEQ ID NO: 202) __J

FMinimurm frce energy of terminal (53° of the guide) pentamer (kcal/mol)

4 Alternatively, a broader coverage of the angiogenic factors can be derived. For
example, the 7 nt sccd TGCAGCT (470 €D NO: 210) can be uscd to construct
CODEMIRs targeting simultaneously: VEGH-B, -C, -D, H.-8, bFCF, PIGF, MCP-1, ICAM-1
and IGE-1. ) ,

1t will be appreciated by one skilled in the art that multitargeting interfering RNA ,
molecules (CODEMIRs) will comprise the sequence corresponding (o the cormplement of the
sced. Accordingly, in the example of an RNA molecule for altering cxpression of any
combination of ICAM-1, VEGF-A and TGF-1, the complementary sequence to the sced in
Table 3-{ (AGAGACGGGGT) (SﬁQ TD NO: 211) iy ACCCCGUCUCU (SEQ ID NO:
3).
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In the example of an RNA molecule for altering expression of any combination of
1CAM-t, VEGE-B, VEGF-C, VEGF-D, IL-8, bFGF, PIGF, MCP-1 and IGR-1, the
complementary scquence to the seed above (TGCAGCT) (SEQ 110 NO: 210) is AGCUGCA
(SEQ D NO: 7).

Examplc 4
CODEMIRs {or metabolic disorders

CODEMIRSs may aiso be svitable for the treatment of complex metabolic diseuses
such as type 2 diabetes. Twa potential genc largets for the treatment of this discase are
glucose-6-phosphatasc und Inppll. Full transcript sequences were examined (or the presence
of common candidate secds. ln this case, a seed of 14 nt identity (CCCACCCACCTACC)
(SEQ ID NO: 212) wasidentifted (top of Table 4-1), Candidate CODEMIRSs were then

“designed, via the intermediate of consensus target sites that are shown in 'I'able 4-1.

Jt will be appreciated by one skilled in the art that multitargeling intertering RNA
molecules (CODEMIRs) will comprise the sequence corrcsponding to the complement of the
seed. In this example, these complementary sequences will comprtise
GGUAGGUGGGUGGG (SEQ ID NO: 10).

Table 4-1 - Target sequences aligned with CODEMIR consensus target sites for
targeting Gluc6p and Inpptl.

Sequences (5° to 3%)

Gluctp CAGAGTATYTCTIGCCCCACCCACCTACCCCCCAAARR (SEQ TD NO: 213) T
Inppll GAGCAGATCTCCTTCCCACCCACCTACCGUTATGAGC (SHQ ID NQ: 214)

Candidate “consensus targot sites” N

: : —

CTCCGCCCCACCCACCTACCA (STQ LD NO: 2158)
CTCCTCCCCACCCACCTACCA (SEQ IL NO: 216)
TCTCCCCCCCACCCACETACC (SEQ TD NO: 217)

TCTCCTCCCCACCCACCTACC (SEQ ID NO: 218)

- 806 -
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Example 5
Multitarpgeting of cancer-velated gene products

CODEMIRS can also be applicd (o target multiplc unrclated cancer genes in order to
more competently control the tumour phenotype. By way of example, inappropriate
activation of B-catenin, X-Ras and EGFR is found in many advanced colorectal
adcnocarcinomas. Simultaneous targeting of these three genes was sought with a CODEMIR.
The full-length wanscripts for all three genes wore used in the search for candidate seeds, In
the case of K-ras, both altcrnative transcripts (a and b) were included. A 13 bp seed
((JAUUCCAU UGUUU) (SEQ 1D NO; 9) was found and appropriate candidale CODEMIRs
identiticd. Some altermative CODEMIR consensus tatget sequences are listed in Table 5-1.

CODEMIRs targeting this seed and which comptise a complement to this seed may
be of interest [or the treatment of colorectal and other cancer, especially those in which
altcred B-catenin, K-ras and/or EGFR signaling contributes to the malignaht phenotype.

Tt will be appreciated by one skilled in the art that multitargeting interfering RNA
molccules (CODEMIRs) will comprise the sequence corresponding to Lthe complement of the
seed. In this example, the complementary sequence is AAACAAUGGAAUG {SEQ T NO:
8).

- 87 -
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Table 5-1 ~ Turget site sequences aligned with candidate CODEMIR consensus

sequencus for the targeling of Fcatenin, K-ras-B, K-ras-A and EGIR.

Target Site Sequences (57 to 37)

beta- CAGAGBACUAAAUACCATUCCAUUGUOUGUGCAL (SEQ D NO: 219)
Carenin

 K-ras A CUGCUAACAGUAAUACAUUCCAUUGUUUUAGUAR (SRO ID NO: 220)
K-ras-B CUGGUAACAGUAAUACAUUCCADUGUUUUAGUAA (SEQ ID NO: 220)
EGFR GACHUGUUUCUCUUCCAUUCCAUUGUUUUGARRC (SBQ LN NO: 221)

Candidate conscnsus target sequences

AUAAUCCAUUCCAUUGUUYUA (SEQ TD NO: 222)
AUAAUACAUUCCAUUGUUUUA (SEQ 1D NO: 223)
AUAUUCCAUUCCAUUGUUUUA (SEQ ID NO: 224)
AUAUUACATRICCAUUGUDUUA {SEQ D NO: 225)
GUARUCCAUUCCAUUGUUUUA (SFO ID NO: 226)
GUAAUACAUUCCAUUGUUUUA (5kQ ID NO: 227)
GUAUUCCAUYCCAUUGUIUUA (SEQ (D NO: 2.28)
GUAUUACAUUCCAUUGUUUUA (SEQ ID NO: 229)
CUAUAAUCCAUUCCAUUGUUY  (SKQ ID NO: 230)
CUAUAAUACAUUCCAUUGUUU  (SEQ I'D NO: 231)
CUAUATUCCAUUCCAUUGUTY  (SEQ 1D NO: 232)
CUMUAUURCADUCCAUUGUUU  (SEQ ID NO: 233)

CUGUAAUCCATUCCAUUGUGD  (SEQ TD NO: 234)

CUGUAAUACAUUCCAUUGUUU  (SEQ L0 WO: 235)
CUGUAUUCCAVUCCAUUGUDU (860 ID NO: 238)
CUGUAUUAGAUUCCAUUGUTY  (SEQ ID NO: 237)
CAAUAAUCCAUUCCAUUGUTU  (SEQ ID NO: 238)
CAAUARUACAUUCORAUUGUUU  {SEQ TD NO: 23%)
CARUAUUCCAUUCCAUUGUUT  (SEQ 1D NO: 240)
CAAUAUUACAUUCCAUUGUUU  (SFQ ID NO: 241)
CAGUAAUCCAUUCCAUUGUDU  (ZEQ ID NO: 242)
CAGUANUACAUUCCAUUGUUU  {(SEQ 1D NO: 243)

CAGUAUUCCAQUCCAUTETUU (SEQ ID NO: 214)

CAGUAUUACAUDCCATUGTIUY (SEQ ID NO: 245)

- 88 -
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Example 6
'Farpgeting of multiple sites within the 1V genome

The CODEMIR approach can be used to target proteins of interest that arc likely to be
mutated in chronic forms of disease. Mutations may be particularly prevalent in cancer and
viral disease in which drug-resistant Fomnsl often evolve. In this example, VIROMIRs were
designed o target multiple sites in the Human Immunodeficiency Virus (RIIV), The

requirement for simultaneous mutation at scveral sites, in order to overcome the effects of

. such a VIROMIR, is Hikely to provide a high genetic hurdle to the emergence of resistant

viral clones or quasispecics. The genome of the HXB2 strain of HIV I serotype B (GenBank
Accession K03435) was used as the principal scquence of interest and was examined with
bioinformatics methods detailed elsewhere in this application to find seeds occurtimg at moré
than one location. All HIV I cladc B isolal;es in the LANL database as of 1 August 2005
which contain full sequences far any of the GAG, ENV, POL, TAT, VIF, VPR, VPU and
NEF genes were used in these analyses,

Three Y-basc sceds were Tound lo occur in 4 genAetic conlexts in this reference
sequence. These were: ATCAAGCAG (SEQ ID NO: 246), TGGAAAGGA (SEQ ID NO:
247y and AAAGAAAAA (SEQ ID NQO: 37)

In the population of Clade B isolates described above, the first sced (ATCAAGCAG)
(SEQ LD NO: 246), which is of greater interest because of its greater base complexily, was
found to be present in 919%, 76%, 78% and 74% of the isolates with respect to the GAG,
POL, VIF and ENV genclic contexts of this seed, respectively, This is shown below as the

sced MNanked Ly the genetic context at each site.

AAACACACTGGGGGGACATCARGCAGCCATCCAAATGTTANAAG (SEQ ID NO: 248) CAG 91%
COCTEITGETGECCCGEGARATCARGCAGGAATTTGCAATTCCCTAC (SEQ TD NO: 249 } POL /6%
TAGCCCTAGGTGTGANTATCAAGCAGCACATARCANGGTAGGAT (SEQ I NO: 2L0) VIF 78%
AACTCACACTOUGGGGCATCAAGCAGUTCCACGCAAGAATCCTE (SEQ ID NO: 251) ENV 74%

The bolded regions correspond to independent oceurrences of the seed. These regions
have been armotated to the genes GAG, POL, VIF, and ENV. -

An additional twenty 1 1-base sceds occurred at two sites within the refcrence 1Y
genome. There were no seeds of a length of 10 bases that were not subsumed in the 11 base
sezds. These seeds are listed below, cach with its genetic contexl, the HIV gene in which it

occurs, and its rate of occurrenice in that genctic context.

-89 .
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Ultimately, an effective RNA therapeutic of the invention should provide broad
coverage of the uflfected population and it is obviously desirable to target sequences that are
highly represented in this patient population. Thercfore, of the seeds presenfed above, those
with undesirably low rates of occurrence in their specific genetic conlexts in the Clade B
jsolates availz;ble from the LANL, Database as defined previously wete removed from present
consideration, For the purposes of this example, undesirably low rates of occurrence in their
specitic genetic contexts was defined as <50% of the Clade B isolales.

In order Lo prioritize and test candidate VIROMIRs, it is impaortant to have screening
methods that ate compatible with the intended target sequence. The pNL4.3 assay is widely
used in the field of HIV rescarch as a valuable, validated screen (or drugs active in 111V and
was uscd by us to test candidate VIROMIRS. Howovcr, there are some differences between
the sequences of the HIV component of the pN1.4.3 plasmid and that of the reference HIV
strain (K034535) used in the design of the VIROMIRs. Thetefore, comparison of the
scquences of the reference strain and the sequence of the pNLA.3 plasmid was carricd out and
only the designed VIROMIRS from the above-detailed steps with conserved seed sites
prescnt in the plasmid were selected. VIROMIRs corresponding to seeds #1 and #12 from
the previous list of 11-buse sceds were excluded on this basis. However, one skilled in the art
wil] realize that these 2 VIROMIRs may be of use therapeutically and that the decision here
was simply based ot compatibility with the testing system chosen. Other testing systems
such as viral challenge assays, fusion reporters, viral pseudoparticles among others, cach
representing any multitude of therapeutically relevant or itrelevant sequences could equally
be considered. ‘ '

There were then nine 11-base seeds flor constderation and, of these, Seed 6 (POL/VTF,;
sce above) was chosen as un example of the design of a VIROMIR to target mulliple sites in
a viral genome. A number of consensus target sequences [or the two sced 6 occurrences were
derived (Table 6-1), candidate VIROMIR guide scquences were identitied, and the predicted
hybridization of these sequences to the HIV target sites was assessed using RNAhybnid
software. ‘The predicicd VIROMIR RN.A duplAexes were further anulyzed with respect to
factors likely to generate the desired strand loading bias. An cxample of a CODEMIR guide

strand targeting seed site 6 in the HIV genome is shown in Figure 5.
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Table 6-1: Target site sequences and aligned candidate CODEMTR consensus target

sequences for Largeting two sites in the HIV genome.

Targel. site 1

larget sjlte 2

TTGIGCCANMATCARGCAGGA
TTGTGCGAATATCARGCAGGA
TTGGGCGAAAATCAAGCAGGA
TTGGGCGAATATCARGCAGGA
TCCTGCGAAAATCARGCAGHA
TCETGCGAATATCAAGCAGGA
TCGGGCGAAARTCARGCAGGEA
LGCAGCEAAIATCARGCAGED
GTGTGCGAAARTCANGCAGRA

HUGTCCGAATATCAAGCAGEA
G1GGOCGAAPAATCAAGCAGGA
GTGRGCCAATATCAAGCAGGA
GGGTECGAAMRNTCARGCAGGA
GGGTGCGAATATCAAGCAGGA
(GCGGCGAAAATCARGCAGGA
GOCOGCGAATATCAAGCAGRA
ATGGGCGAAAATCAAGCAGGA

Target Site Scquences (5’ to 37)
TCGTGGGCGACAATCARGCAGGAATTTG (SEQ ID NO: 292)

(81Q
(SEQ
(8EQ
{BEQ
{SEQ
(SEQ
{8EQ
(SEQ
{SEQ
{SEQ
(SEQ
(SEQ
{8EQ
{SEQ
{SEQ
(SEQ
(SEQ

Candidate consensus targct sequences

Ip
ID
Lo
1D
I
™
m
ID
1D
ID
ip
D
ID
§y»)
D
D
1D

NO:
NO:
NO:

'NO;

NO:
NO:
NQ:
NO:
NO:
NO:
NO:
NO:
NQO:

NO:
NO:
NO+

294)
295)
296)
297)
298)
299)
300)
301)
302)
303)
304)
305)
3Q06)

307)

308)
309)
310

CTAGCCTGTGAATATCARGCAGGACATAA (SKQ ID NO: 293) s

Consensus target scquences were similarly designed for the one selected 9-base seed

and the other eight 11-base seeds. As appreciated by one skilled in the art and as outlined in

other examples of the invention and Table 6-1, there are many possible consensus target

sequences, although only 1 such scquence in cach case was used here. The guide strands

wete generated as the complements of these consensus target sequences as indicated above.

The corresponding passenger strands were designed to be the complement of the guide

strand, minus the (irst 2 bases at the 5’ -extremity and with a 3 -extremity cxtension of UU,

thereby generating dual 2-base overhangs at cach 3’ extremity.
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The 10 VIROMIR candidates were thus:

vM0OL
%' QUGGGCGAACAUCAAGCAGUL 3!
3" GGCACQUGCUUGUAGUUCGUC o
vM002
5' GCAAUAAAAQCAUUAGUAGEIU 3¢
3" AUCCUUAUUUUCGUAAUCAUC 57
vMO003
5' GCGCGARAAUCAAGCNGGAUU 3
37 UACCCGCUUUUAGUUCGICCU 57
VK604
: 5' GAGUCACANACUAAAGAAINTU 37
3¢ GUCUCAGUCUUUGAUUUCUUA 5S¢
vNOOS
4 GCAAUAGAITACAGUAUUAGUL 37
3’ UUCGUUAUCUAUGUCAUAAUC §°
VvHMO006
37 GGCUUUACCAGGAAGAUCGUU 37
3"  UACCCARAUGGCUCCUUCUACC 5
o007
5' CGCUAAAAGCANUUGGAGGEUL 37
3 UUGCGAUUUUCCUUAACCUCC 5
vMO008
5 CGUCAUMAACAGUACAAUCUUU 3°
3/  UUGCACUAUUGUCAUCUUACA 57
vMoaQs
5 AGUCCAUAGCACUANCAGAALL 3°
37 CUJCCCUAUCGUGAUUGUCTU  §¢
vno1i0

5¢ UUCCACCUCAACUCCUGUUUU 3¢
37 UUMAGGUGCAGUUGACGACAA &

{SEQ TD NO:

PCT/AU2006/001741

311)

(SFQ 1D NO: 312)

(870 LD NO:
(SEQ ID NO:

(SEQ ID NO:
(SEQ T NO:

313)
314)

315)
316)

{STQ Ib NO: 317)
(SEQ ID WNO:

{SEQ
(51Q

(SEQ
(SEQ

(SEQ
(5FQ

{SEQ
(SEQ

{SEQ
{8EQ

(SEQ
(SEQ

™
NR))

ib
™D

ERM]
1D

ID
ID

D
LD

ID
ID

NQ:
NO .

NO:
NO:

NO:
NO:

NO:
NO:

NO:
NO:

NQ -
NO:

318}

319)
320)

120)
121)

321)
322)

323)
324)

325)
32.6)

327)
328)

As an added precaution, the predicted hybridization of the ten guide strand scquences

of these VIROMIRS 1o the pN1L.4.3 1z{rgct sequence was assessed using RNAhybrid to ensurc

appropriate binding as predicted based on the presence of the seed. In somc cases, this

binding analysis identified other possible seed-based binding intcractions between the

candidate guide strands and other sites on the IV genome.



1{)

15

20

WO 2007/056826 PCT/AU2006/001741

HIV generally causes chronic infection with in vivo viral reservairs. Consequently,
VIROMIRs targeting HIV atc mmost likely to be therapeutically effective as celt-expressed
short hairpin RNAs (shRNAs) rather than as synthelic RNA duplexcs because of a need for

continued therapoutic cover to prevent re-emergence from latent sites.

Thrce representative VIROMIRs were selected (VMO04, YMOOG and VMO10) for
expression as shRNA. Contiguous DNA sequences corresponding to; BamHI restriction site,
G initiator, VIROMIR passcnger, Xho loop scquence (ACTCGAGA), VIROMIR guide
strand, polIIl terminator and MHindIII restriction site were assembled and prepured as dsDNA.
They were then cloned into a pSIL vector under the control of a i1 promoter. By way of
example, the double-stranded DNA inscrt designed to cncode an shRNA VIROMIR

approximating VIMOOQG is shown below (loop scquence in parcntheses and terminator

italicized):

5’GA'I‘C‘,CGNFGG(-}’1“1."1‘AC(L‘ACCI\]\GN[‘GG(AC."I‘COAGA)CC:I\'J.‘(.‘"I'&‘CIZ!TCG’W\?\?\(ICCA'.I.'TTTTTI”TY.?GI\A =3' (SEQ TN NO: 329)
. 37 GUTACCOAARLGEICCTTCTANS (PGAGCTCT ) GATAGAAGGACCATTTGRATAAAAAARCCTTTCGA-5* (SEQ TN NO:
33 {:)) .

One skilled in the art will appreciate that when transcribed, the encoded RNA folds
nto a hairpin structure, which is modified by the cellular Drosha and Dicer proteins ta
génemle active VIROMIR RNA duplex(es). The skilled artisan will also recognizc that a
number of variations of the design of the shRINA coastruct could be considered. These
include but arc not limited to: length, sequence and oricntation of the shRNA duplex
components {guide strand, passenget strand, precursors), length and sequence of the Joop,
choice of promoter, inilialor and terminator sequences as well as the cloning strategics used
to assemble the final construct.

Hach of these shRNA contructs was tested in HEK-293 cells Sy co-transfecting with
the pNLA.3 plasmid. Specifically, HEK-293 cells werc sceded at density of 2 x 1075 cells in
I m! Optimem medivm / well in a 12-well plate. Cells were transfected 24 hr later with
200pL DNA: Lipofectamine mix (200ng pNLA4.3 plaémid, 67ng VIROMIR pSIL construct in
H)()p L complexed with 2.7uL Lipofectamine 2000 in Optimem). Afler changing the medium
24 hours later, the production of p24 was éssayed by collection of the supernatant after a
[urther 24 hours of incubation.

‘The production of p24 was expressed as a percentage of the production from cells

transfected with the cmpty control plasmid. As shown in Figure 7, HIV was suppressed by
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6G0% tn the case of the shRNA [orm of VMO006, whereas the other two constructs had no

* dotectable activity.

It will be appreciated by onc skilled in the art that multitargeting intettering RNA
molccules will comprise Lthe scquence corresponding Lo the complement of the sced. I this
cxample, these complementary sequences will comprise CUGCUUGAU  (SEQ TD NO:
12), UQCUUUCCA (SEQ ID NO: 13), UUUuuCluUU (SEQ TD NO: 14),
UUCUGAUGUTTU (SHQ ID NO: 18), UCUUCCUCUAU (SEQ ID NO: 16).

" UGGUAGCUGAA (SEQ TD NO: 17), CUUUGGUUCCU (SEQ ID NO: 18),

CUACUAAUGCU (SEQ ID NO: 19}, UCCUGCUUGAU (SEQ ID NO: 20),
AUUCUUUAGUU (SEQ ID NO: 21)., CCAUCUUCCUG (SEQ ID NO: 23},
CCUCCAAUUCC (SEQ ID NO: 23), CUAAUACUGUA (SEQ ID NO: 24),
UUCUGUUAGUG (SEQ ID NO: 25), GCUGCUUGAUG (SEQ ID NO: 26),
ACAUUGUACUG (SEQ ID NO: 27), UGAUAUUUCUC (SEQ ID NO: 28),
AACAGCAGUUG (SEQ ID NO: 29), GUGCUGAUAUU (SEQ ID NO: 30),
CCCAUCUCCAC (SEQ ID NO: 31), UAUUGGUAUUA (SEQ ID NO: 32},
CAAAUUGUUCU (SEQ 1D NO: 33), UACUAUUAALC (SEQ ID NO: 34)

© Example 7
Multiturgeting of gene products implicated in Alzheimer’s disease

In some cases it may be beneticial w include multiple transcript variants
corresponding to at least onc of the targets of interest. For example, down-regulation of

presenilin-1 and the [our varizmt isoforms of BACE-1 could be therapeutically advantagcous

for the treatment of Alzheimer's diseasc. In this case, cxamination of the five corrcsponding

sequences yiclds several candidate sceds of 11 and 12 bp identity including:
ATATGATAGGC (3EQ TD NO: 331), AGCAGGCACCA (SFQ ID NO: 66),
GCCATATTAATT (SEQ ID NO: 332), AGCCCAGAGGG (SEQ ID NO: 68),
ATGAGGAAGAA (SEQ 11D NO: 333), TCTGTATAAATA (SEQ II> NO: 334) and
GAATTTTGGTG (SEQ 1D NG: 335). From these, those that have appropriate secondary
characteristics (strand loading bias, continued parlial identity, sequence complexity ctc) may
be of specific interest for the design of CODEMIRS useful in the treatment of Alzheimer’s

diseasc.
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It will be appreciated by one skilled in the art thut multitargeting interfering RNA
molecules (CODEMIRs) will comprisc the sequence cortesponding to the complement of the
seed. In this example, these complementary scquences are GCCUAUCAUAU (S8EQ ID NO:
58), UGGUGCCUGCU (SEQ D NO: 59), AAUUAAUAUGGC (SEQ 1D NO: 60),
CCCUCUGGGCU (SEQ ID NO: 61), UUCUUCCUCAU ($EQ TD NO: 62),
UAUUUAUACAGA (SEQ ID NO; 63). and CACCAAAAUUC (SEQ TD NO: 64).

Example 8
Use of wobbles and mismatches in the design of CODEMIRs

The length of the sced may, in some cases be reduced to enable the Eequisitc multi-
targeting to occur. However, in these cases, it is advisable 1o limit the selection of these short
sceds to those that have regions of further identity juxtaposed near the identified sced. For
example, VOGF-A and bFGF targeting could be achieved through the design of a CODEMIR
guide strand that would be predicted to bind to AATGTTCCCACTCA (VEGFE-A) (SEQ 11
NO: 336) and AATGTTCAGACTCA (bHEGF) (SEQ ID NO: 337). In this instance, (his
further region of identity may compensate for 1hé short ACTCA (SEQ ID NO: 338)
seed.

Alternatively, the seed could include mismatches that would correspond to wc)ht;lc
basc—péjring between the target and the CODEMIR guide strand. In this situation, G:U
wobble basc pairing can be-utilized to design the 5" region of a CODEMIR guide strand wilh
predicted binding o several target transcripts. In Table 8-1, the 5'region of a CODEMIR
targeting VEGF-A, ICAM-1, PIGF and IGF-1 is derived from a suitable seed (CCTGGACG)
(SEQ ID NO: 339) in the corresponding turget mRNA.

Table 8-1. Use of wohblc-base pairing compatible mis-matches

Glene of interest | Targét sequence (5° —3) T
VEGF-A AGTCCTGGAG {(SEQ ID NO: 340)
ICAM-1 AARCCCTGGAG (SEQ TD NO: 341)
’ﬁt}p GGCCCTGGAG (SBQ ID NO: 342) ~ ]
1iGF GGTCCTGGAG (SFQ LD NO: 343) .
IR Consensus o CODEMIR S’regioﬁ .
RRYCCTGGAG* 5 CUCCAGGGUU 3’
(SFQ LD NO: 344) (SEQ LD NO: 345)

*Y indicates pyrimudine and R purine

Y
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Further cases of tolerated mismatches in CODEMIRS have becn examined in the
context of the first base of the sced. Tolerability of a mismatch in this position would greatly
cnhance Lhe multi-targeting nature of CODEMIRs. For example, in a situation in which two
targets share the same sced, but a third turget has a mismatch in the first seed position,
maintaining activity in spite of this mismatch against the third target enhances the reperloire
of CODEMIR activity. Flexibility in this position dlso enubles modification of the
S’termminus of the CODEMlii guide strand with the goal of modulating strand-loading hias,
which may also impact on uctivity. 'The cfficacy of CODEMIRs with a 5’ mismatch of (he
guide strand with the target was imvestigated with CODEMIRs 13 to 15 (Table 8-2), These
results, shown in Figure 6, indicate that CODEMIRs with a single mismatch retain activity

against the target,
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TL will be appreciated by one skilled in the art that mullitargeting interfering RNA
molecules (CODEMIRs) will comprisc the sequence corresponding to the complement of the
secd. In the cxample of an RNA molecule (or altering cxpression of VEGF-A and bFGF, a
puide strand could comprise UCAGUNNGAACAUU (SEQ ID NO: 72) where N is any base.
1n the cxample of an RNA molecule for altering cxpression of any combination of VEGF-A,
ICAM-1, PIGF and IGF-1, the complementary sequence to the secd CCUGGAG (SEQ ID
NO: 75) comprises CUCCAGG (SEQ TD NO: 74).

, Example 9
Cu-suppression of virus and disease-implicated host protein
In the case of infectious discases, CODEMTRs can also be utilized to target both the
genome of the infectious agent and une or more key host “drivers” of the diseasc. For
example, TNF-alpha is considered a major discase-associated factor in Hepatitis C Virus
infeclion and its scquclaeh. Analysis of the genome of FICV and the TNF-aipha mRNA
sequence was uscd to identify seeds consisting of: CCCTGTGAGGA (SEQ TD NO: 351).
CACCATGAGCAC (SEQ 1D NO: 352), CAGGGCTCCAG( (SEQ 1D NO: 353) und,
GTGGAGCTGAGA (SEQ ID NO: 354).

1. The first seed, CCCTGTGAGGA (SEQ 1D NO: 351) was found to be highly
conserved (V2%) in the 155 available scquences for genotype la/lb isolates and, therefore, an

attractive target sequence from a therapeutic point of view,
In tcrms of genetic context, the secd is in the S'NTR of HCV and the ORF of TNFalpha

CAGORALALTCOACCNIGAATCACTUCCOTGTOAGEAACTACTGTUTTCACCCAGAANGC (SEQ TR NO: 39%) nev 43

TGCCCAGGTCTACTTTGGGATCATTGCCCTGTGAGG§GGACGAACATGCAACCTTCCCAA {uEQ ID NO: 356) TNTFa 864

A conscnsus larget site is, possibly:

5'-GAATCACTCCCCTGTGAGGAA-3 " {SEQ ID NO: 357)
and duplex:

57 . (JUCCUCACAGGGCAGUGAUUC-3’ (SEQ TD NO: 122)
3 ' ~UUAAGGAGUGUCCCGUCACUA -5 (STQ ID NO: 123)

with predicted binding:
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HCQV 5' 0 C c 3
GARUCACU CCCUGUGAGGAA (SEQ ID ND: 348
CUUAGUGA GGGACACUCCUL

guide 3¢ C L' (5FQ ID NO: 122)

mfe: -38.8 kaal/mol

'I'NFa 5' G G 3
GGAUCAUUGCCCUGUGAGHAR (SEQ ID NO: 349)
CUUACUGACGGCACACUCCUL

guide 3° 5' [SEQ'ID NO: 122)

mfe: -42,6 kaal/mol

One skilled in the art would recognize that this interfering RNA could be further modified to
improve its strand loading bias and stability. This could be achieved through the use of
modified buscs (eg L.NA, 2'-F or 2'-O-methyl) in the 3* duplex section of the guide strand

(would also likely improve stability), for example:

5~ UUCCUCACACGGCAGUGAUUC-~3’ (STQ ID NO: 122)

37 -UUAAGGAGUGUCCCCUCACUA-5 (SEQ ID NO: 123)

in which the bolding indicates LNA-modificd bases. Alteratively, judicious introduction of

mismatches such as, for example:

57~ UUCCUCACAGGGCUAGUGAUUC-3‘ (SEQ ID NO: 122)

3’ ~UUARAGAGUGUCCCGUCACUA-5’ (SRQ 1D NO: 124)

in which the bolding indicates a mismatched basc in the non-active passcnger strand could be
used. Alicrnatively, onc could consider substitution of bases in the 37 duplex part of the

guide strand and corresponding changes in the passenger strand such ay:

57— - UUCCUCACAGGGCAGUGGUUC-3" (SEQ TR NO: 125)
3’ -UUAAGGAGUGUCQCCGUCACCA-5 (SEQ ID NO: 126)

in which the bolding indicates the changed bases. The change in the 37 end of the guide
strand is possibly associated with minimal change'in activity or hybridization wmven the G;U

wobble that would occur with the target binding scquences as shown below:
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HCV 5' U ¢ c
CAAUCACY CCCUGUGAGGAA (SEQ ID NO: 358)
CUUGGUGA CGGBACACUCCUT

guide 3! o 5' {SEQ 1hH NO: 125)

TNFa 5 G 3
GGAUCAUUCCCCUGUGAGGAC ($KQ ID NO: 359)
CUDGGRUCACGEGACACUCCUU

guide 3! : 5' (SEQ Th NO: 125)

1t will be appreciated by onc skillgd in the art that multitargeting interfering RNA
molecules (CODEMIRs) will comprise the sequence corresponding 10 the complement of the
sécdz In this example, these complementary sequences are UCCUCACAGGG (SEQ 1D NO:
78), GUGCUCAUGGUG (SEQ 1D NO: 79), CCUGGAGCCCUG (SEQ ID NO: 80) and
UCUCAGCUCCAC (SEQ 1D NO: 81),

‘ Example 10
Simultaneous multitargeting of tumour and stromal factors important in cancer

progression,

An cxtension of‘ this concept can be considered in the case of some diseases in which
sevéral tissue “compartments” ucl together in augmenting the deleterious effects of the
disease. Examples of such a situation would encompass, for cxample, the role of the stromal
cells in cancer. Tn this situation, blocking the secrction of parucrine factors (eg growth
factors such as VEGF) by the stroma would be advantageous. Indeed, targeting lhe
neovasculature simultancously with cytotoxic chemotherapy has significant clinical bencfit in
the case of colorectal cancer. Some of these factors also function in an autocrine fashion and
cancer cclls produce, for cxample, VEGF and other growth factors. Also, the simullancous
down-regulation of an anti-apoplotic protein (eg bel-2, bel-XL) might permit greater anti-

cancer activity. Therefore, a« CODEMIR targeting VEGFP-A, K-ras, EGFR and bel-2 would

‘be of considerable interest. An example of a seed common to all these targets was identificd

as: CCCACTGA. Tn this example, the complementary scquence is UCAGUGGG (SEQ 1D
NO: 76).
Secds common Lo the mRNA sequences of the more limited sub-sct of VEGF, Bel-2

and K-Ras werc identified as: GACA(‘:'I’GGA, CTATTCTG and TAGAGAGTT. The
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sequences  complementary 1o these -seeds are: UCCACUGUC (SEQ 1D NO: 92),
CAGAAUAG (SEQ 1D NO: 93) and AACUCUCUA (SEQ 11D NO: 94).
A set of 8 CODEMIRs (CCO014-CC021) were designed from the latter three seeds. In
this carly and preliminary experimment, the design of the CODEMIRs did not nceessarily
5  [lollow the guidelines eventually developed. For example, the positioning of the sccd-bi nding
tegion was not necessarily consirained to the rogion proximal to the 5’ cnd of the puide
strand. The predicied binding to all three largets is shown in Table 10-1.
According to eventual design guidelines, one of these CODEMIRs (CC014) would he
predicted to be sub-uplimal based on reduced likelihood of loading becadse of its G/C rich 57
10 terminus of the guide strand relative to the passenger strand. CCOL5 was of particular
interest for the targeting of K-ras, because of the presence of 2 binding siles fcaturing the
secd. All of these CODEMIRs were synthesized and tested against all three targels as part of
the evaluation,
The two colon cancer ccll lines HCT116 and SW480 were used for the evaluation of
15 anticancer CODEMIRs.  Cells were plated at 4000 cells per well of a 96-well plate.
‘Transfection was performed 24 hours later using 0.2 203 uL Lipofectaminc2000 per well
and sufficient dsRNA 1o yicld a final concentration of 40 nM. Transtection efficicncy was
evaluated by measuring the effect of $iTOX (a cytotoxic siRNA from Dlmrmacon) on cellular
survival relative to mock and inactive controls using the Cell Titer Blue assay (CTB).
20 All cancer CODEMIRs were then screened for cffects on cellular survival using this
assay. Bricfly, 8 h post-transfection, the serum-containing medium was removed und
replaced with OptiMEM (scrum-free) as we found Lhis to improve the dynamic window of
the assay in separating specific (siTOX) versus non-specific {8iGC47) cell death. Different
times for serum withdrawal and t‘ecover‘y wete tested. The optimum protocol appearcd to be
withdrawal of serum for 16 h followed by a 48 h recovery period in 10 % FCS (fetal calf
serom), Survival was measurcd 72 hr posi-transfection. This assay was vsed to meuasurc the
ctfects of all cancer CODEMIRSs on the sutvival of HCT116 cells (Figure 8). Transfection
with siRNA specilically designed to target K-Ras or Bel-2 hatd'grcaﬁer effects on the survival
of serum-starved cclls as compared to non-starved cells. Transfection with a VEGF-specific
30 siRNA with activity in several species thuman, rodent), PVE, did not affect the survival of
LCT116 colls under either of these conditions, relative to a non-targeting siRNA, siGC47. Of
lthe cancer CODEMIRs, CCOI5, in particular, reduced cellular survival under both

conditions.
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The abundance of Bel-2 in HCT116 cells was measurcd by ELISA (R&D systems)
and by Western. The signal for this protcin was relatively weak and appreciable knock-down
could only be detected for HCT-116 cells transtected with a Bel-2-specific sIRNA (3iBel2)
when measused hy Western blotting. No impact of any of the CODEMIRs or even siBcel2
was detected using the ELISA assay.

The abundance of K-Ras following transfection with CODEMIRs CCO14-CCO21 was
measured in T1CT116 ¢cll extracts by Western (Figure 9), CCOLS reduced K-Ras 1o a similar
level as a K-ras-specific siRNA (siKRas) while CC020 and CC021 also had some effect

" (Figurc 9).

VEGF production by HCT-116 cells wag measurcd vsing the same VEGE ELISA
(R&D systcms) used to mcasure the effects of CODEMIR-1 (AMOOL) in ARPE cclls.
HCT116 cells produce moderate levels of VEGF (~200 pg/mL in 48hrs when seceded at 4000
cells/\&cll) as measured by ELISA. CODEMIRs CC015, CC019, CCO20 and CCO21 all
resulted in a decrease in the pfoducli(m of VEGF by HCT116 cells. The most marked cifect
was caused by CC019 which resalted in a ~ 55 % reduction as comparcd to untransfected
cetls (Figare 10). CCO15, which also had suppressive activity against K-ras, reduced VEGF
by - 20%. '

Annexin V and PI staining (ollowed by FACS analysis was used Lo analyze apoptosis
in HCT116 cells following transtection with various siRNAs and CODEMIRSs. Cells that arc
positive for Ammexin V and negative for. Propidium lodide (PT) are considered to be cells
undergoing carly apoptosis. This assay was used to determine -thc number of dead (PI
positive) and apoptotic cells foliowing, transfection with several cancer CODEMIRs into
HCT116 (Tigure 11) and SW430 (data not shown) cclls. SiTOX, siBcl2 and siKRas each

‘causcd a marked increase in the Annexin V binding in HCT116 cclls while anuther VEGE-

specific siRNA only caused 4 slight increase (Figure 11), Transfection of HCTL16 cells with
(CCO15 resulted in Anneain V binding similar o that for the KRas and Bcl2-specific siRNAs,
CC015 also increased Annexin 'V binding in SW480 cells, as did transfection with siKRas
{data not shown).

A Caspase 3/7 aclivation assay (FACS stdining with caspase substrate) was performed -
to gain more insight into the mode of apoptosis in HCTTI6 cells following transfection with
CCO15. There was no noticeable increase in caspase activation following transfection with

gikKRas, siTOX or CCOLS (data not shown).

© = 409 -
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Soft agar-bused anchorage independent growth assays arc of intercst because it has
been deronstrated that the ability of a cell to form a colony in agar is linked o its ability 1o
form a lumour ir vivo. A conventional soft-agar assay was performed in which the cells were
transfected and harvested 24 h Jater, at which point cells from cach treatment were counted
and re-plated in a 6-well plate in 0.4 % low-melling agarosc. Seven days post-transfection the
colonies that formed were counted under 4 microscope. With HCTL16 cells, CCOLS was very
effective at reducing- colony Formation (o an even greater extent than siKRags and siBel-2
while CCO18, CCO19, CCO20 and CCO21 had no apparent cffect on colony fonmation relative
to a non-largeting sIRNA, siGC47 (Figure 12). In $W480 cells, transfection with CCO15 also
markcdly reduced the ability of the cells to form colonies while CC0O19, CCO20 and CCH21
had no elfect (data not shown). .

Overall, we found that CC0O15, which was designed using a seed found in the mRNA
of Bel-2, K-ras and VEGF, was able to suppress K-ras and to a lesser extent VEGE. In
keeping with our cxperiments performed with CODEMIR-1, however, it was clear that
having the secd-binding region of the guide strand upstrearn of 3 mismatched hases, could
not be expected to lead to suppi’cssion ol Bel-2. Likewise, the positioning of the seed-
binding regiom of CCO16-18 in relation to this target was sub-optimal. Howcvcr, technical
issues with mcasuring Bcl-2 mean that we cannot rule out a possible cffect on Bel-2, The
cancer CODEMIR CCO15 was found to induce cell death in HCT-116 and SW480 cells but
not the non-cancer cell line ARPE-19 (data not shown), CC0O15 also markedly inhibited
colony formation in soft-agar. Table 10-2 summarizes the cffects of CCOL5 in HCT116 and
SW480 cells.

ft will be appreciated by onc skilted in the art that multitargeting interfering RNA molccules
(CODEMIRSs) will compr'ise the sequence corresponding to the complement of the seed. In
this example, these complementary sequences are UCCACUGUC (SEQ ID NO:; 92),
CAGAAUAG (SEQ ID NO: 93) and AACUCUCUA (SEQ 1D NO:94),

- 110 -
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Tuble 10-2, Summary of the effects of CCO15 on cuncer cells,

HCT116 SWago
L. . -

Survival (in serum) Decreased Decreased
Survivaf (serum withdrawal) | Decreased survival Nol tested
Amexio V staininy Increased tnereased
PT staining Increased Increased
Colony (orming nssuy Decreased Decreased
VEGF secretion Reduced (15-20 %) | Not determined
K-Ras abundunce Reduced (40 %) Not determined

) |_Bcl-z abundance No change Not determined

Example 11
Multitargeting when at Jeast one target is a nun-coding RNA

Allhough we present above many cxamples relating to targeling mRNA cncoding
protein targets, the concept is equally applicable to non-coding RNAs. In cancer and other
discases, non-coding RNA such as MALAT-1, BIC, PCGEMI, DID3 und BC200 have been
shown to be associated with more aggressive progréssion and worsc patienl outcomes.
Targetin g secds common to some or all of these could be considered in the design of
CODEMIRs. Othet non-coding KNA (eg. such as microRNA, pre- and pri-microRNA,
snoRNA etc) can equally be considered. ,

In the case of a CODEMIR designed to target two cancer-related non-coding RNA
molecules, MALAT-1 and BIC, an cxémpiary seed sequence is: GCTGCGAGCGT (SEQ ID
NO: 393)

When viewed in the relationship to the genetic context of this sced in the two target

RNA sequences:

AACGTGECASGONCGCCEOORGACTIC GATGCGAGEEY CACCGLCCOOTTAACIGGC (MALAT- 1) (S8R0 LD NO: 31941)
CAAGTAGGETACCOACTIICCCCOAT T GETACGAGGET ACTGRGUIGALTCGOOTACY (BTCH (SeC ID NO: 355)

-1 -
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it is apparent that a suitable consensus target sile can easily be generated with the methods
provided elsewhere in the invention. Because of the G/C-rich region near the 3™ end of the
secd, the 5'end of the aclive (guide) strand of the duplex multitargeting interfering RNA
would nieed to be shifted away from this G/C region, although the presence of a G/C-region
in the 57 cxtension of the seed (with the exception of Lhe desired overhangs) would assist in
mitigating thesc cffects. A candidate consensus sequence could be (seed underlined and
bolded): '

5 " - TTGGGAGATCGGTGCEAGGETA-3 ' (SEQ ID NO: 396)
with the resulting duplex being, for example:
“ B ~UACCCUCCCACCGAUCUCCCAA-3' (SEQ ID NO: 129) (gulde)
3’ -UUAUGGCGAGCBUGGCUAGACGG-5’ (SEQ ID NO: 130)

(passengear)

The guide strand of this CODEMIR has predicted binding to the two targets (RNAhybrid) as

follows:

MALAT-1 5° C cy ¢ 3 ﬂ
GRGGEGA UCGGUGCGAGGGU (SEQ ID NO: 397)
CCCUCU  AGCCACGCUCCCA ‘

guide 3* "AA U 5' (SEQ ID NO: 129)

mfe: -43.6 kcal/mol

BIC 5' U G 3
‘ UUGGGEGGAUUGCUGCGAGGCUA (SEQ ID NO: 398)
AACCCUCUAGCCACGCUCCCAU
guide 3! : 5' (SEQ ID NO: 129}
mfe: -48.4 kcal/mol '

It will be appreciated by one skilled in the art that mujtitargeting interfering RNA molecules
will comprise the scquence corresponding to the complement of the sced. In this example,

this complemcntary sequence is: ACCCUCGCACC (SEQ 1D NO: 80).

- 112 -
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CODEMIRSs for the treatment or prophylaxis of pulmonary fibrosis

Pulmonary (ibrosis is {requently observed as a sequelac of lung mjury (smoke
inhﬂulion, pneumonia, trauma etc). Tt also oceurs without a known causative factar in
idiopathic pulmonary fibrosis, which is progressive and alinost universally fatal, Regardless
of the etiology, it appears that the transforming growth factor § (TGFf) axis is a major
signaling pathway in pulmonary fibrosis, although other factors such as Connective Tissuc
Growth Factor ((C°TGF), )-8 sand MCP-1 are likely to play a role. CODEMIRSs targeting
TGED, IL-8 and MCP-1 werce sought. The 3'UTR of these mRNA werc used in this search as
described in other examples. A sced common to 1L-8 and TGFb was identificd as
CUUCAACAC (SEQ [D NO: 89). Two consensus target sequences were designed by eye
(rom the aligned mRNA sequencés for thesc two targets. As shown ip Table 12-1, the bias of
complementarity for the two targets was reversed for PFO07 and PF008. That is, the
conscnsus turgcet sequence was in one case made more similar to TL-8 (PEO07) and in the
second was more similar to TGF-f3 (PFO08). This aspect of design of the multitargeling
inletfering RNA of the invention will be seen by one skilled in the art to enable the titration
of the activity of the multitargeting interfering RNA against the onc or more target RNA. In
this instance, PF007 and PFOO8 hud similar acti‘vily againsl TGFb with ~50% reduction of
TGFb secretion by A549 cells when assayed by ELISA 48 hours pust transfection with 40
nM dsRNA and lipofectamine. In contrast, IL-8 secrction was suppressed by 80% and 35%
with PTO08 and PFOY7, respectively., Thus these two CODEMIRs would be expected to be
of potential utility [or the treatment of pulmonary fibrosis. They could also be further
improved to increase strand loading. Given that the 57 terminal base of the guide strand is a
G, the corrcsponding base used in the passenger strand was 2 U Lo provide weaker wobble-
base pairing. However, onc skilled in the art would realize that additional modification ceuld
be envisaged which is cxemplified but not limited to the inclusion of an additional C or G to
the 3’end of the guide strand, an additional A or U to the S’end of the guide strand, or both,
Matching these in the cormesponding passcnger steand would improve further the loading bias

without necessarily any deleterious impact on their tunctional activity.
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Other active CODEMIRs were found including PFOL8 which targets the seed of
GUUGUGGAA in IL-8 and MCP-1. This CODEMIR, with the guide sequence
UUCCACANCACAAGCUGUGUU (SRQ ID NO: 135), suppressed IL-8 and MCP-1
secretion by 45% and 60%, respectively. The CODEMIR PROLS duplex s as follows:

5 -UUCCACNANACACAAGCUGUGUU~37 (8EQ TD NO: 135} (guide strand)
37 -UUAAGGUCUUGUGUUCGACAC-5"' (STQ D NO: 136) (passenger

gtrand)

It will be appreciated by one skilled in the art that multitargeting interfering RNA molecules
will comprise the scquence corresponding Lo the complement of the seed. In this cxample,
thesc complementary sequences are GUGUUGAAG (SEQ ID NO: ‘88) and UUCCACAAC
(SEQ TD NO: 90). ‘

Example 13
CODEMIRs for the treatment of HCV
Al possible 6,7, 8,9, 10, L1 and 12mer secds present at least twice in at leust one of
the 155 clade 12 and 1b HCV genome sequences available from the LANL database have

been gencrated.

These break down as:
seed length  number of sceds

6 4012
7 10683
8 11352
9 5942
10 2267
11 725
12 236

This is a total of 35217 sequences

One of the seeds from the set identified was: 5'-GTCTTCACG-3" (SEQ ID NO:
401). This sced waus sclected on the basis of ils high conscrvation in 1CV 1a/lb genotype
sequences. Indecd it was found at least once in the scquences of 154 of 155 1a/1b isolates
(conscrvation of 99%). When cxamined against other genotypes (1a-6a), it was found at Jeast

ance in 97% of isolaics. The other important fcature of this seed is its high distribution,

- 115~
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occurring more than once in most sequences. this distribution, relative to 155 isolates was as
follows:
4 times in genome: 5/155 isolalcs
"3 times i1 genorne: 68/155 1solates
2 times 1n genome: 5()/155 isolatey
1 lime in genome: 31/155 isolulcs

A Turther selection critcrion was that this sced oceurs oply rarely in the 3'UTR
portion of the human trunscriptome, indicating that this sced would be unlikely to generate
broad uon~spcéific effcets to the host tissuc,

This seed, however, is G/C rich at the 37 extremity, such that a cnmplcmen.lary' guide
sequence would, in the context of a double stranded multitargeting interfering RNA, be
unlikely to load if the guide strand wore to be completely complementary to this sequence
and the 3° extremity of the passenger strund was not similarly G/C rich.

The genelic contexts of the secd in a representative isolate shown helow were used to

devise a strategy to adjust the loading bias.

1 ATCACTCCCOCTGTGAGGAACTACY GTCITCACGE CAGAAACCOTCTAGE (SEQ ID NO: 402)
2 ATGGAGACCACTATGCGGICTCCES GTCTTCACG CACAACTCATCTCCC (SEQ 1D NO: 403)
3 GATCACCTGGAGTTCTGGGEAGAGC GTCTTCACG GCCCTCACCCACATA (SEQ Tn NO: 404)
4 CAGGACGATGCGGRCOAGCCTACGA GTCTTCACG GACGCTAVGACTAGG {(SEQ ID NO: 405)

Through exumination of the genetic contexl, it is clear that the complementary
sequence (S according to claim deﬁﬁition) could be extended in the 3 direction with the
addition ol UU, thereby generating a candidate X8 scquence: 5. UUCGUGAAGAC-3’ (SEQID ‘
NO: 406) A

Al possible 21 bp scquences that conlain this candidate XS scquence were gencrated.
Each putative full length XSY sequence was then tested for its load bias, 1o favour those XSY
sequencces that would, in the contexl of a double stranded multitargeting interfcring RNA, be
fikely to have the guide strand loaded into the RISC complex. This was accomplished by

examining the base composition for the 5 bases al the 5° terminus and the 5 bases at the 37

teriinus of each XSY sequence and scoring ther according to the following 1able:

Position from the 5° or 37 tenfliﬂu& 7]
Rase 1% R ER 4T 5u
| G/C 10 8 6 4 2
| AJU ) 5 4 3 2 !

All putative full-length XSY scquences tor which the ratio of the sum of the scores of

the & bases at the 3° lerminus relative o the 5 bases at the §7 terminus was less than 1.2 werce

-116 -
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discurded. In addition, uny X8Y sequence that contained o contiguous run of § or more G
nucleotides was also discarded. The resulting initial set of XSY scquences contained 422848
scquences, The RNAhybri‘d program [Moluacker, (2003), Nucleic Acids Res., 31: 3429-31]
was then used to determine the binding pattern for cach of these 422848 sequences against
each of the 4 penetic contexls in a representative 1CV strain (Genbank acecssion
AR049092). ‘The RNAhybrid analysis. required an exact binding of the XS sequcnce
(UUCGUGAAGACQC) (SEQ ID NO: 406) to each genetic context for positions 3 to 11. For
each of the binding patterns, the minimum frec cnergy (mfe) and maximum length of
contiguous completely complementary sequence werc used Lo generate a relative binding
scorc according to the following algorithm: ‘

Score = (mfc of XSY sequence x length of contiguous complementarity x L100) / (mic
of the completely complementary sequence al that génelic context X 21)

The average score for each XSY sequence dcross the 4 genetic contexts was then
determined. From the 422848 scquences, the 183 potential XSY sequences that satisficd the
criteria of being in the top 100 averape scores or having a score of > 40 in at least 3 of the
four genctic contexts werce considered for further analysis. The RNAhybrid and scoring
analysis described above was used to analyse the binding patterns of the 183 sclected XSY
scquences against the seqﬁences of the 4 genclic contexts of all 155 clade 1a/1b isolates (620
sequences). In this analysis an exact binding of the XS sequence (WUCGUGAAGAC) (SEQ
ID NO: 406) was nol required,

Using the criterion of a score >= 50, XSY sequences were selected which gave the highest

. number of scores >= 50 across the 620 genetic contexts. In this cusc, there were 9 XSY

scquences which each gave a score of »= 50 in 147 of the 620 genetic contexts. These 9 XSY
SEQUCNCES are:

UUCGUGAAGACGGUGGECCEA (SEQ ID NO: 139)
UUCGUGAAGACGGUGGGECCEE (SEQ ID NO: 407)
UUCGUGAAGACGGUGGGCCCE (SEQ ID NO: 408)
UUCGUGAAGACGGUGGGCCGU (SEQ ID NO: 409)
UUCGUGRAGACGGUAGCCCGA (SEQ ID NO: 41.0)
UUCGUGAMGACGGUAGGCCGEG (SEQ ID NO: 411)
UUCGUGAAGACGGUAGGCCGE (SEQ ID NO: 412)
UUCGUGAAGACGGUAGGCCET (SEQ ID NO: 413)
UUCGUGAAGACAGUGGGCCGE (SEQ 1D NO: 414)
UUCGUGARAGACAGUAGGCCGC (SEQ ID NO: 415)

117 -
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All® XSY sequences had very similar binding patterns at each penetic context.
Columns 2 and 3 shown below in Tuble 13-2 represent the six possible binding patterns for

the 9 XSY sequences to the four genetic contexis.
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‘T'he further construction of a VIROMIR is shown below using the tirst of the nine
sequences shown above as an example: 5'-UUCGUGAAGACGCUCGGCLGA-3’ (SEQ ID
NO: 139)

As a fully complementary duplex, the above strand would be predicted Lo have a
loading bias in its favor relative to the passenger strand. With the addition of cxemplary

overhangs, the final candidate HCV VIROMIR could have the following formula:

5 -UUCGUGAAGACGCUCGGCCGBA~3 (SEQ ID NO: 139)
3 —-dTATAAGCACUUCUGCCACCCGG-5" (BEQ ID NO: 140)

It will be appreciated by one skilled in the art that multitargeting interfering RNA molecules
will comprise the sequence cortesponding o the complement of the seed. In this cxample,
this complementary sequence is CGUGAAGAC (SEQ ID NO: 98).

Example 14
Chemically-Modified Codemirs

Because dsRNA has limited stability in vivo, it is well understood by one skilled in
the art that it may be desirable to chemically modifly the multitargeting interfering RNA in
order to improve stability and activity. Any chemical modification to the multitargeting
intertfering RNA is within the scope of Lthe invention. As a non-limiting example, we
considered the use of 2'-F modified nuclcotides within the context of CODEMIR-1 (also
known as AMOO1). To investigate the stability of the modified CODEMIRS, either the
Oligreen or Sybr Green [ tluorescent dye was used 10 assess CODEMIR degradation in 10%
human scrum. Thbsc, in particular Sybr Green 1, bind avidly to dsRNA to produce enhanced
fluorescence, Thus, monitoring of {luorescence dun'ng the incubation of dsRNA in 10%
human scrum, or other biological solution, produces a facile method for monitoring stability.
To turther clarify the presence of the products of degradation produced, CODEMIR-1 and
chemically-modificd analogs (with one or both strands 2°-F modificd at cvery C and U
position) were incubated in 10% scrum for 30 minutes and separated by PAGE. Unmodified
duplex RNA exhibited substantial degradation, and was presumably completely inactive, By
contrast, duplex RNA in which both strands were 2°-Fluoro modificd, exhibited no
degradation at all, which caorresponds well to the results observed in the fluorcscence assay

(data not shown). The lwo duplexes in which only a single strand was modified appeared to
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be incompletely degraded to a duplex presumably a hybrid between the full-length modified
strand and a pattially degraded unmodified strand. Because this degradation product would
be likely to have greatly decreased activity, it seems reasonable to infer that only constructs

which demonstrate no degradation in the fluorescence assay would retain maximal activity,

However, replacement of all pyrimidine nucleotides with their corresponding 2°-F
analogs was somewhat deleterious Lo activity when assessed by the suppression of VEGF
secretion by ARPH-19 celis. Tn contrast, similar modification of the guide strand did not
signiticantly alter activity. Because efficient foading of the guide strand into RISC requires
(in some cases) fhe cleavage of the passenger strand, we hypothesized that 2'-F modilication
of the pussenger strand inhibited strand loading. To test this, variants of CODEMIR-1 with
2°-F modification at each C-and U position in the guide and/or passenger strand, were |
designed (Table 14-1). In particular, the influence of modification of position 9 (pos9) of the
passenger strand (the position critical for passenger strund cleavage during RISC loading)
was examincd. When tested for their ahility to suppress VEGF expression in ARPE-19 cells,
amodest difference was obscrved belween the pos9-Fluoro and posS-ribo varianis in which
only the passenger strand was modificd (ie CODEMIR-144 and 87) although this was not
signiﬁcaml. By conlfast, the pos9-ribo variant in which both strands were otherwise modified
(CODEMIR-145) was significantly (p<0.01) more active than the comparable pos9-Fluoro
variant (CODEMIR-33). As compared to unmodified CODEMIR-1, the activity of the pos9-
Fluoro variant in which only the passenger strand was modified (CODEMIR-87), but hot the
pos9-ribo variant {CODEMIR-144), was significantty decreased (p<0.01). (

The stabilily of the pos9-ribo and pos9-F vaﬁants of CODEMIR-1 was assesscd in
10% human serom using Sybr CGireen 1. No difference between the pos9-ribo and pos9-Fluoro

variants was observed. However, as discusscd above, the end product of degradation in the

.case where only a single strand is modified is unlikely to posscss activity. The RNase

activity of serum js due to RNase-A like endonuclease(s)(Haupenthal, J. (2006) Biockem
Pharmacol T1, 702-710). "Thesc RNases arc single-strand specific, only cleave 3' of C and U
bases and are blocked by 2°-F medification (Kelemen, B.R. (2000) Biochemisiry 39, 14487;
14494). Thus, a likély ﬁoclcl of short RNA duplex degradation in serum is that the

“breathing” ends of the duplex ure the most vulnerable to RNase dogradation whereas the

“central scction of the duplex is protected by its duplex nature. To assess this model, variants

of CODEMIR-1 in which only the ends of each strand were 2°-F modified were designed
(Table 14-1). Madification of 3 bases from the end of the duplex region (CODEMIR-165)
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produced « modest improverment in stability, but this v»;us abolished if only the 3’ termini
were moditied (CODEMIR-167). Interestingly, modification of 5 bases from the cnd of the
duplex region (CODEMIR-166) also produced an increase in stability. How'evcr, when Lested
for VEGE suppressive activity, all of the terminus-modificd CODEMIRs displayed
significantly impaired activity, relative to CODEMIR-1; comparable in activity to the other
2’ P modified CODEMIRs contlaining a passenger posY-ribo base (Figure 13).

Overall, therefore, 2'Fluoro modification represents a viable strategy for the chemical
modification of the multitargeting interfering RNA of the invention, ai‘Lhough extensive
modification, particularly that of the pos-9 nucleotide of the passenger strand may reduce
activity in cell-buscd assays. Although the trade-off for stability may in some cases not
appear worthwhile, the use of transfection reagents (in this casc Lipofectamine) may mask
some of the benefits of chernical modification because lipid-based complexafion protects
nucleic acid from degradation by nucleases. Thus while CODEMIR-1 was amongst the most
potent in the cell screen assay (with tipofection), it had minimal stability in scrum. t
Ultimatcly, whercas the differential activity of multitargeting interfering RNA can b tested
in a predictive manner in cell-bascd assays, the impact of chemical modification would need

testing in the context intended for the therapeutic molecule. 4

Table 14-1. 2'-Fluoro-modificd variants of CODEMIR-1 (2’-F-modilied nucleotides are

bolded and undcrlineci).

| CODEMIR Daplex Sequence (pass/guide)
 CODEMLR-1 57 NGACUCACCCACCCACAUAUY-3" (SEQ ID NO: 101)
3 * AAUCUCAGUGGGUCCGUGUAT ~5¢  {SEQ ID NO: 100)
| CODEMLIR-92 T AGACUCACCCACCCACAUAUU (SEQ ID NO: 101)
AAUCUGAGUGRGUGGGUGUAY (SFQ ID NO: 423)
COLEMIR-144 AGRCUCACCCACCCACAUATY (SEQ ID NO: 424)
AAUCUGAGUGGECUGGGUGUAL (8¥WQ ID NO: 100)
CODEMIR-87 AGACUCACCCACCCACAUAUT {SEQ LD NO: 425)
AAUCUGAGUGGGIGGGUGUAL (3EQ TL NO: 1.00)
CONEMIR-145 AGACUCACCCACCCACAUATY (SEQ 1D NO; 424)
AAUCUGAGUGGECUCGGUGTAY (SEQ ID NO: 423)
| CODEMIR-33 AGACUCACCCACCCACAUAUT (SEQ ID NO: 425)
AAUCUGAGUGGGUCGGUGUAY (SEQ D NO: 423)
| CODEMLR-165 AGACUCACCCACCCACATAUY (SEQ ID NO: 426)
AATCUGAGUGGEGUCGGUGTAT (SEQ LD NO: 541)
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CODEMIR

ﬁup!ex Sequenee (pass/guide)

| CODKMIR-166

AGACUCACCCACCCACAUATY
AAUCUGAGUGGGUGGEUGTAY

(SEQ ID NO:
(SEQ 1D NO:

[ CODKMIR=-L167

L

AGACUCACCCACCCACAUAUY
ARUCUGAGUGGGEUGGGUGUAL

(SEQ TID NO:
(SEQ (D NO:

PCT/AU2006/001741
B

427)

423}

426)

1283

It is well recognized by those skilled in the art that the terminal conjugation of nucleic

acid therdpeutics to various dyes, pharmacophores, ligands, peptides, linkers, conjugates,

5  polymers, lipids, peptides and other molecules can be used to improve or monitor the uptake,

distribution, lissue tarpeting, stability or biologjcal potency of the said nucleic acid. In most

cases, Lhe required conjugation reactions are performed through the formation of a

phosphoester linkage by means of an aliphatic chain. To invesligate the compatibility of such

a strategy in relation to the multitargeting interfcring RNA of the invention, we investigated

10 the biological activity of analogs of CODEMIR-) in which the active guide strand was linked

at either the 5° or 3" oligonucleotide terminal. These include phosphalte linked aliphatic

chains with hydroxyl or amino maietics, polyethylene glycols and abasic sugars (CODEMIRs
146-156; Figure 14). All of thesc CODEMIRs demonstrated high VEGF suppressive activity

when transfected into ARPE-19 cells at 10nM (Figure 15), indicating the compalibility of

15  these moditiculions with biological activity of the molecules of the invention. The stability

(Figurc 17) and further RNAI activity (Figurc 18) ol the chemically madificd variants of

CODEMIR-} werc also anulyzed. Ttis possible and indeed likely that ccll phosphoesterascs

causcd the release of the linker once defivercd within the cell and that this would account for

the high and uniform activity of these analogs. This indicalcs that at least some of the linkers

20 could be used in a prodrug approach in which the targeling or protective ligand is shed once

the multitargeting interfering RNA has pengtraled into cells.

Example 15

Usc of ARPE-19 Cells for the Evaluation of Anti-angiogenic CODEMIRs

25 CODEMIR-1 has been the prototype sequence in which the influcnce of chemical and

sequence modifications have been tested. This CODEMIR may be particularly useful for the

treatment of the wet forms of AMD as wcll as macular ederna and diabetic retinopathy. This

is because sccreted VEGE-A plays a major role in all of these diseascs (Witmer ¢t al {2003)
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Prog Retin Iye Res, 22, 1-29), although ICAM-1 overcxpression may be an early initiating

event, paricularly for diabetic retinopathy and-macular edema (Funatsu et al., (2005)

Ophthalmology, 112, 806-16.; Joussen et al. (2002) At J Pathol, 160, 501-9 - Lu ¢t al.
(1999) Invest Ophthalmol Vis Sci, 40, 1808-12). We have shown that CODEMIR-1 has
demonstrated the ability to suppress both VEGF-A and [ICAM-) production by human retinal
opithelium cells (ARPE-19 ccll line). Retinal pigmented cpithelial cells arc a major
contributor to the production of these proteins in these ocular angiogenic diseascs (Matsuoka
et al., (2004) Br J Ophihalmol, 88, 809-15, Yeh et al. (2004), Invest Ophthafmol Vis Sci, ;15 ,

2368-73). RPHK cells are also the primary site of uptake of forei gn nucleic acids in the eye

- and, for these (wo reasons, are thic appropriate cell model for cvaluation of anti-angiogenic

'CODEMIRSs. The in vive activities of two oligonucleotide drugs correlated with their activily
aguinst RPE cells in culture (Garrett et al. (2001) J Gene Med, 3, 373-83; Rakoczy et al,
(1996), Antisense Nucleic Acid Drug Dev, 6, 207-13) demonstrating the valuc of this cell
culture model. An advantage of this cell line is that it forms polarized monclayers that mimic
the RPE layer of the cye (Dunn et al., (1996), Exp Eye Res, 62, 155-69), and which can be
studied for protracted pén‘ods of time. This property was used o evaluate VEGF sceretion by
repeated sampling of the supernatant of ARPE-19 monolayers (ICAM-1 cannot be studied in
this sume way because it requires harvesting of the cells). VEGF secretion was suppressed
for at least 9 days followin g a single dose of CODEMIR-1 (Figurc 16). This indicates that
CODEMIR-1 is expecled to produce a durable inhibition of VEGE production in the eye.

Mismatches in the Seed Region Impair CODEMIR-1 Activity

In order to valida(c that seed binding was esséntial for CODEMIR activity, a nwnber
of RNA duplexes based upon CODEMIR-1, but with mismatches to the targets in the seed
region, were designed and (ested. These were aligned with the human transcriptome using
BLAST and three sequences wilh the lowest predicted off-target siRNA activity were chosen
(CODEMIRs 122-124). Thesc feature mismatehcs at positions 4, 4+6 and 4+6+8,
respectively (Table 16-1). Each of these CODEMIRSs was assessed for activi ly againsl VEGF
and ICAM in ARPE-19 cells (Figure 19). A mismatch at position 4 exhibited slightly
impaired activity against both VEGF and ICAM-1, whereas mismatches at 4 and 6 or at
4+6+8 grcarly reduced VEGT éupprcssion and abolished ICAM-1 suppression, demonstrating
that secd binding is important for CODEMIR activity.
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The results demonstrated the more microRNA-like, less siRNA-like, qualitics of CODEMIRs

with respect to mismatches m the secd.

5 ‘ Ef(amplc 17
Screening of 32 Variants of CODEMIR-1 for VEGE and ICAM-1 RNA Activity
The RNAI cfficacy of an additional 32 variants of CODEMIR-1, differing in the
composition of the 3’ tail of the guide strand was analyzed. A consensus scquence of the
VEGF and ICAM-! target sitcs was generated (allowing wobble base pairing between guide
10 strand and the target site —- i.e. allowing G‘to be equivalent to A and U to be equivalent to C;
Figure 20). CODEMIRs representing the 32 (27) possible 3° (ails targeting both transcripts
were designéd (Table 17-'1). ARPE-]Y cells treated with 40 nM of each. of thesc CODEMIRs
demonstraled VEGE suppression ranging from ~30% to ~90% (Figure 21). CODEMIRs with
complementarity 10 the VEGF mRNA al position L3 of the guide strand (i.c. having 14
15  contiguous bases of complementarily to the target werc substantially morce effective that
those with a mismatch at position 13 (12 bascs of contipuous complementarity (o the target);
presumably becavse a mismatch at position 13 impairs RISC mediated cleavage éf the VEGF
mRNA. )
Tn.keeping with the cffects of central mismatches on the activity of siRNAs targeting
20 the CODEMIR-! Dbinding sile (above), no CODEMIR demonstrated less than 40%
suppression of VEGF. indecd, transfcction of ARPE-19 cells with 2 synthetic microRNA
duplex (hsa-mir-299 herein named CODEMIR-84), which shares part of the CODEMIR-]
secd binding region but has little complementarity to the VEGF mRNA in the 3" tail (Table
17-1), also inhibited VEGI" expression by ~40%. It appears that this level of VEGI
25  suppression represents the translational repression induced by ncarly any short RNA that
binds with perfect complementarity to the CODEMIR-1 seed site of the VEGF mRNA. Of
those CODEMIRs that displayed grealer than 40% VHGF suppreséiom therc was a strong
correlation between activity and both the degree of complementarity (an inverse cortclation
with the number of mismatches) und the length of the complementary sced region (Figurc
30 22). CODEMIRs with a 2 base complementary seed produced only ~70% suppression, even
with only a single mismatch (at position 13). By contrast, CODEMIRs with a 14 base.
complementary secd produced strong suppression (~85%), but activity of these CODEMIRs
was impaired by mismatches in the remainder of the 37 tail. All of the CODEMIRs with 17

basc complementary sced regions were highly active, with mismatches in the 37 tail having
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little effect upon activity. The CODEMIRs with a complementary seed longer than 17 bases
had activity that appearcd to more closely correlate with strand loading than with any other
fuclor. ' A

In contrast to the VEGF suppression data, when the 32 CODEMIR-1 variants were
assayed for ICAM-] suppressive activity, no clear trend was discerable with respect to the
length of 5° complementarity or the number of mismatches to the targel (Figure 23). In pat,
this may have been because those CODEMIRs with a high degree of complementarity Lo the
ICAM-1 mRNA also contained long sequénces of conliguous guanosines (CODEMIR-52,
56, 60, 64, 68, 72, 76 and 80), which may be detrimental to activity. To tost this, variants of
CODEMIR-56 and 76 were designed in which the guanosine at position 14 of the guide
strand (which forms a G:tJ pairing with the TCAM-1 mRNA) was replaced with an A (1o
generale an A:U pair with the ICAM-1 mRNA) in order o break the contiguous Gs.  These
vartants (CODEMIRs 120 and 12] — Table 17-2) demonstrated a marked increase in both
VEGF and ICAM-1 suppressive activity compared to their respective analogues containing a
guanosine at position 14 (Figurc 24). The inctrcase in ICAM-1 suppressive activity is
potentially attributable to the introduction of an AU pair in place of a (:U pair in the
guide/targer interaction (rather than being a direct effect of removing the 7 G motit).
Liowever, the fact that activity of thesc CODEMIRs against VEGF was also improved
(despite the fact that the predicted binding of these CODEMIRSs to the VEGF mRNA is
unchanged compared with' CODEMIRs 56 and 76 — Table 17-2) shows that the 7 G motif
was detrimental to the actiﬁty of CODEMIRs 56 and 76.

Omnc possible strategy to increase the activity of CODEMIRs that have substantial
complementarity to the target mRNA is to include inosine bases at crucjal points (sites that
cannot be matched to all transcripts and are ncar to the RISC cleavage site). T'o icst the
tolerance for inosine bascs by the RNAi machinery, three variants of CODEMIR-1 werce
designed which included inosine buses at positions 13, 15 or 13 and 15 of the guide strand
(CODEMIR-100, 101 and 102, respectively; Table 17-3). These CODEMIRs showed
comparable ICAM-1 suppressive activity to CODEMIR-1 (which contajns 4 mismalch at
position 13), but reduced VEGF suppression relative to CODEMIR-1 in the case of
CODEMIR-100 and 102 (Figure 25). The comparable activity against [CAM-1 may resull
from translational repression that is largely dependent upon the seed binding alone, and so is
not z‘1ff'<:cted by alterations in the 3’ tail. The VEGT suppressive activity of inosine containing
variants ol CODEMIR-1 was also compared to similar variants of CODEMIR-1 with
mismatches (o the VEGIT mRINA at positions 13, 15 or 13 and 15 (CODEMIRs 68-71). Far
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this assay, ARPL-19 cells weré' transfecled with 10nM RNA duplex in order to increase the
dynamic range of the assay. None of the inosine conlaining variants demonstrated
substantially i‘mpl‘oved activity compared to its respoctive mistnatched variant, although, the
vanant with an inosine at position 13 was slightly more active than the mismatched variant
(compare CODEMIR-70 with CODEMIR-100 in Figure 26). Nevertheless, these

cxperiments indicate Lhat inasinc substitution can be considered in the design of CODEMIRS.

An allernative 10 inosine containing CODEMIRS as a stralegy for increasing the
length of the 5° complementary region is to introduce a single bi;se pair loop (either on the
target or the guide strand) so as Lo increasc the length of complementatity on cither the target
ot the guide strand. Two such CODEMIRSs (onc with a predicted targel loop (CODEMIR
105) a{ncl one with a predicted guide strand loop (CODEMIR 106) afict position 14 of the
guide strund - Vable 17-3) were tested for the ability Lo suppress VEGE und 1ICAM- 1
cxpression (Figute 27). Interestingly, each of these displayed substantially reduced acti vity
compared o CODEMIR-1 (which has an A:A mismatch at position 15). This suggests that
symmeltrical mismatches (loops) may be tolerated betler than asymmetrical mismatches, and

is a potentially useful design principle.

Another strategy for increasing the activity of 1 CODEMIR against multiple targets is
to increasc the hybridisalion strength of the 3’ tail by inclusion of chemically modified bases
that have increased hybridization potential in RNARNA duplexes. Such modified bases
include LNA (locked nucleic acid), ENA (ethylene bridge nucleic acid), 2’Fluoro, 2'0-
methyl and 2'O-alkyl-ribose among others. Strengthening of hybridisation in the seed region
could also bé envisaged, however, this may impact negatively on strand-loading hias.
Modification of the (i 4t pogition 16 of the guide strand of CODEMIR-1 was chosen in an
elfort to incrcése hybridzation and thercfore stability of the binding of the (ail of thé guide
strand of CODEMIR-1 (o both targets. This modified CODEMIR (CODEMIR-99) has the
ribo-base position 16 replaced with a LNA base. When icsted for the ability to suppress
VEGF and ICAM-1 cxpression in ARPE-19 cells, this CODEMIR cxhibited comparable
activity lo CODEMIR-1 (Figure 25). As with the inosine containing vari amis of CODEMIR-
[ (and most variants of CODEMIR-1 generally), the comparable JICAM-1 suppression may
reflect a near maximal translational suppression that cannot be improved upon without
induction of RISC mediated cleavage. Again, however, this experiment indicates that such

chemical modifications are tolerated and can be considered in the design of CODEMIRs.
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Modifications such as the LNA moditied basc could be used in the 3’ il of a candidate
multitargeting interfering RNA 50 as to strengthen the interaction of this portion of the guide
strand with the corresponding part of the passenger strand, thereby improving loading bias.

Thercfore, there are a number of uses for modificd bases that are envisaged in this invention.

The data primarily relates to principles of CODEMIR design and in particular
suppotts the approach of obtaining maximum hybridisation of the active RNA o each of its
targets. Howover, these data also support the fact that complete complementarily is nof
necessary for maximal activity and that significant activity can be obtained with the guide

strand even when the guide strand has complete complementarity to just the seed region.
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Example I8
Screening multiple sceds for VEGTF activity

The dafa acquired from the systematic analysis of the VEGF suppressive activity of
32 variants of CODEMIR-1 (above) demonstrated thal the length of 5° complementarity to

the target as well as the total complementarity Lo the targol are critical determinants of

 CODEMIR activily, particularly when hybridization of the guide strand supports RISC-

mediated cleavage. These tactors, as well as those factors related to loading of the active
strand in RISC, are the most important CODEMIR design crileria clucidated to date.
chevu’:r, these factors do not allow discrimination belween active and inac{i\}e sccd sites,
which is critical for in silico identification of active CODEMIRs, Some of the factors that
may be cxpected toinfluence the aétivity of CONEMIR activity ut a given seed sito are: 1)
sccondary structure at the mrgef sitc of the mRINA, ii) an adenosing at the final position of the
target sile (i.e. a uracil at the [irst position of the guidé strand — naturally occurring
microRNAs have a preference for this pajring) and iii} the number of seed sites in the target
mRNA (i.e. the number of guide strand binding sites in the target). To assess these tactors,
12 CODEMIRs were designed (Table 18-1) with sced sites that had the charactetistics: i) frec
target secondury structure, no initial A and only a single site (CODEMIRs 108-110), ii) free

_target secondary structure, an initial A and only a single site (CODEMIRs 111-113), iii) not

free target secondary structure, an initial A and only a singlc site (CODEMIRs [14-116), and
iv) not free targel secondary structure, an initial A and two sites (CODEMIRs 117-119). To
exclude complications arising from differing 37 tails on the guide strands of thesc '
CODEMIRs a uniform 3’ tail was incorporated, using the sequence from CODEMIR-84
(miR-299), which has favourable strand loading churacteristics and supports translational
suppression of VEGIT (see above and Figure 4). Hach of these CODEMIRs was assayed for
VEGF supptessive activity in ARPE-19 ce!ls (Figure 28'). However, no discernable trend
was abscrved with respect to the seed characteristics under investigation, despite the fact that

some of these CODEMIRS had i gnificant activity relative to the imelevant control.
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Example 19
ixpression of CONKEMIRS as shRNAs

~ To further confirm, as shown jn the HIV YIROMIR cxample, that CODEMIRs may
be expressed as shart hairpin RNAs (shRNA), 2 shRNA CODEMIR was designed based on
CODEMIR-1. This hairpin was designed to include the 21 nucleotide core of CODEMIR-L
at the free (non-loop) terminus of the hairpin (Figure 29). The hairpin was cloned into a
plasmid vector and cxpressed from an Hi promoter. ARPE—I 9 cells were seeded into 96-well
plated (4000 cells/well) and transtected with 200 ng plasmid DNA 24 hours later. VEGFE and
ICAM-1 was evaluated 48 hours later by ELISA and FACS, respectively. The hairpin
demonstrated VEGF and ICAM-1 suppressive activity rclative to a lengih matched hajrpin

conirol (Figure 30); demonstrating the applicability of expressed short-hairpin CODEMIRs

Results from the study demonstrated that CODEMIRs can be expressed as hairpins.
Expression of interfering RNAs as haitpins is well documentcd and these findings
demonstrate that the concept of CODEMIRs is applicable to hairpins as well as to synthetic
duplexes.

One skilled in the art will appreciate that the constuction of a suitable expression
system for shRNA requires consideration of many lactors which, for example, intluence the
amount of RNA produced {promoter, length and stability of transcript cte). Hence, it is
cvident that further optimisation ol un -expression system for a CODEMIR-1 shRINA

precursor could be considered and would likely lead Lo higher suppressive capacity,

Example 20

Blunt-cnded CODEMIRs

Experiments using cell lysates from Drosophila have identified that 2 nucleotide 3°
overhangs at the extremitics of the duplex are optimal for RNA silencing. Fowcver, in some
experiments with mammalian cells, “blunt-ended” duplexes were also found to be
considerably active and had increased stability in culture medium contsining FBS (Czauderna

ol al., (2003), Nucleic Acids Res, 31, 2705-16).

To test the effect of blunt ends on CODEMIR activity, variants ol CODEMIR-1 were
designed with either 1 or O basc overhangs (Table 20-1). When trunsfected in ARPE-19 cells
at 40 nM, these CODEMIRs demonsirated decreased etficacy against VEGE and 1ICAM-1 as

V - 142--
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compated 1o CODEMIR-1 (Figure 31). In contrast to the results of Czauderna ef al, il wis
found that blunt-ended duplexes were not appreciably more stable (data not shown).
Furthermore, data have heen gencrated indicaling that the presence of a blunt cnd reduces Lhe
loading of the shorter strand (data not shown), thereby cxplaining the negative result
observed in the above capeniment. Therefove, whilst blunt-cnded duplexes may not be of
utility in enhancing the stability of the molccule, this strategy can be used to cnhance the
loading of an active strand by designing the passenger strand (o be shorter than the guide

strand and having its 5” end localed at the blunt end of the duples.
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Fxample 21
In vivo studies with CODEMIR-1

The activity of CODEMIR-1 and other multitargoting RNA of the invention could be
tested in various preclinical models known to those skilled in the art.  As a non-limiting
example, CODEMIR-1 could be tested in a rctinopathy of prematurity model. This model is
well known to those working in the ﬁeld of ocular angiogenesis and is used cxtensively as
mne of scveral models for the development of drugs active against the diseases of intercst
(AMD, diabetic retinopathy elc). The study could comprise of a suitable number of mouse or
rat neonatc pups equally divided into treatment groups, The treatment groups could include
negative controls such as vehicle, irrelevant or scrambled sequence controls plus a number of
multitargeting RNA including CODEMIR-1. One could also consider including siRNA to

- VEGF or other validaled angiogenic targets as known comparators,

In this model, beginning on Day 1 of life, litters arc exposed to cycles of hyperoxia
followed by several days of room air. The injections could be performed on the last day of
cycling, prior to the 4 day normoxia period. Scveral days later, animals could be injected
with FITC-dextran and sacrificed. Fluorescence images ol the retina! flat mownts could uséd
to estimatc the extent of neoangiogencsis m each animal. In addition, measurement of the
production of the target RNA molecules or their sncoded proteins (in this case, VEGF and
1CAM) could be measured by analysis ol homogenized samples or, alternatively, with in silu

hybridization.

As a (urther non-limiting cxample, CODBEMIR-1 could altemnatively be evaluated in
vivo for inhibition of disease-related angiogcenesis using the lascr-induced Choroidal
Neovascularization (CNV) model in rats or primates. In this model, animals under general

anacsthesia have their pupils dilated and retina photographed. Choroidal neovasculatisation

"~ (CNV)is induced by kryplon laser photocoagulation. This is performed using laser

irradiation to either the left or alternatively, the right eye of each animal from all treatment

* groups through a slit famp. A total of 6-11 laser burns arc generally applied to cach cye

surrounding the oplic nerve at the postcrior pole.
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~ Atasuitable time following lascr injury, the multitargeting RNA are injected into the
affected eyes. The suitable time can be the day following laser induction, or for an
assessment against established CNV, the injections can be performed scveral days or weeks
following injury. Intravitreal injections of the oligonucleotides are performed by inserting a
30- or 32-gauge needle into the vilreous. Inscrtion and intusion can be performed and directly
viewed through an operating microscope. Care is taken not to injure the lens or the retina.
Ideally, the tost compounds are placed in the superior and peripheral vitreous cavity.
Periodically after treatment, the neoangiogencsis is evaluated by cither imaging and/or direct
sampling (cg histology, immunohistochemistry). In al} cases, the assessment of CNV s best
performed by a skilled oporator blinded to the actual treatment to ensure a lack of bias in the

recording of the information.

An example of a direct imaging method is Colour Fundus Photography (CFP). Again,
under anacsthesia as described above, the pupils are dilated. The fundus is then photographed

with a camera using the appropriate film.

Alternatively, or preferably in addition to CFP, fluorcsccin angiography is used (o
image the vessels and aveas of vascular leakage in the retina. This is performed on all of the
animals following the intraperitoneal or intravenous injcction of sodium fluarescein. The
retinal vasculature is then photographed using the same camera as used for CFP but with a
bartier filter for fluorescein angiography added. Single photographs can be taken at 0.5-1
minule iﬁtervals unmediately atter the administration of sodium fluorescein. The extent of
fluorcscein leakage is scored by u truined operator. The mean severity scores from cach of
the lime points arc compared by a suitable statistical analysis and differences considered
significant at p < (.05, In addition, the frequency of each lesion score is counted, tabulated

and represented graphically.

Alternatively, or in addition, rats can be euthanased at selected time points following
treatment (for example 7, 14 and 28 days post injcction) and eyes examined by conventional
histopathology. A reduction in the number and severity of lesions is cxpected to be seen with

samnples treated by active oligonucleotides of the invention.

Other non-limiting cxamples including testing the multitargeting RNA of the invention in

other preclinical models such as those that are well known to those skilled in the art. A non-
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. exhaustive list includes pulmonary tibrosis (blcomycin induced), paw inflammation

(carrageen), joint arthritis, diabetes, viral infection, tumour xcnografts ctc.

While the forcgoing specificalion teaches the principles of the present invention, with
cxagmples provided for the purpose of illustration, it will be understood that the practice of the
invention encompasses all of the usual variations, adaplations and/or moditications as come
within the scope of the following claims and their equivalents. Al relerences are hereby

incorporated into this application in their entirely.
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What is Claimed is:
I A rr)ullilzlrgcling interfering RNA molecule comprising a guide strand of the Formula

(n:
S-p-XSY-3”

wherein p consists of a terminal phosphate group that is independently prescnt

ot abscnt;

wherein 8 consists of a first nucleotide sequence of a length of about 5 o
about 20 nuclcotides that is at Ieast partially complementary to a first portion of each
of at least two binding sequences present in distinct genctic contexts in onc or more

pre-sclected target RNA molecules;
wherein X is absent or consists of a sccond nuclcotide sequence;

wherein Y is absent or consists of a third nuclcotide sequence, provided thut X

and Y arc not absent simultancously;

wherein XSY is at lcast partially complementary to each of said binding

sequences o allow a stable interaction therewith.

The multitargeting interfering RNA molecule of claim 1, wherein $ is completely

complementary to the (irst portion of each of at least two binding scqueneess.

The multitargeting interfering RNA molecule of claim 1 or claim 2, wherein the first

portion of each of at least two binding scquences is a sced sequence.

The multitargeting interfering RNA molecule of any onc of claims | to 3, wherein X

consists of onc or two nucleoudes.

The multitacgeting interfering RNA molecule of any one of claims 1 to 4, wherein Y
is at least parlially complementary to a sccond portion of cach of the binding

sequences, said sccond porlion is adjacent to and connected with the 57-cnd of said

- first portion of the binding sequences.
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10,

it

13,

14,

to.

The multitargeting interfering RNA molecule of any one of claims t'to 5, wherein § is

of a length of about 8 1o about 15 nucleotides.

The multitargeting interforing RNA molecule of any onc of claims 1 to 6, whercin

X8Y is of a length of about 17 to about 25 nucleotides.

The multitargeting interfering RNA molecule of any one of claims 1 to 7, further
comprising a passenger strand that is at least partially complementary to the guide
strand to allow formation of a stable duplex between the passenger strand and the

guide strand.

The multitargeting interfering RNA molccule of claim 8, whercin the passenger strand -

and the guide strand are corupletely complementary to each other,

The multitargeting interfering RNA molecule of any onc of claims 1 10 9 comprising

one or more terminal overhangs.

The muliitargeting mtorfering RINA molecule of claim 10, whersin the overhang

colisists of 1 to 5 nucleotides.

The multitargeting interfering RNA molecule of any one of claims 1 to 11, wherein
the binding sequences are present in distinel genetic contexts in one pre-selected

targct RNA molecule,

The multilargeling interferimg RNA molecule of any one of claims  to 11, wherein
the binding scquences arc present in distinet genctic contexts in at least (wo pre-

selected target RNA molecules.

The multitargeting interforing, RNA molccule of an y ong of claims 1 Lo 13, wherein at

least one of the pre-selected target RNA molecules is a non-coding RINA moleculc.

The multitargeting interfering RNA miolecule of any one of claims 1 to 14, whetein at

least one of the pre-sclected target RNA molecules is a messenger RNA molecule.

The multitargeting interfering RINA molecule of any one of claims 110 15, wherein at

least one of the binding sequences is present in the 3"-untranslated region (3'UTR) of

a messenger RNA molccule.
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t7.  "Fhe multitargeting interfering RNA molecule of any one of ¢laims 1 to 16, wherein
on or more of the pre-sclected target RNA molecules are involved in a disease ar

disorder.

18.  The multitargeting interfering RNA molecule of claim 17, wherein one or more of the
5 pre-selecled targel RNA molecules are involved in i discase or disorder of an animal

or a plant,

19.  The mulfitargeting interfering RN A molecule of claim 18, wherein the animal is
selected from the group consisting of a rat, a mousc, a dog, a cat, a pig, a monkey, and

a human.

10 20. The multilargeling interfering RNA molecule of any one of ¢laims 1 to 19, wherein
onc or mote of the pre-selected target RNA molecules encode a protein of aclass
selected from the group vonsisting of receptors, cylokines, lrunscﬁpiiun faclors,
regulatory ﬁrotcins, signaling proteing, cytoskeletal protcins, transportcrs, cnzymes,

hormones, and antigens.

15 21. The multitargeting interfering RNA moleciile of any one of claims 1 to 20, wherein
onc or morc of the pre-sclected target RNA molecules encode a protein sclected from
the group consisting of ICAM-1, YEGF-A, MCP-1, IL-8, VEGF-B, IGF-1, Glucop,
Inppl1, bFGF, PIGF, VEGF-C, VEGF-D, f-calenin, x-tas-B, w-rus-A, EGFR,Bel-2,
presenilin-1, BACE-1, MALAT-1, BIC, TGFp, and TNF alpha.

20 22, The multitargeting interfering RNA molecule of any one of claims 1 10 21 that
decrcascs cxpression of any combination.of VEGE-A, k-ras and Bcl-2 in an

expression syslem.,

oo}
(A

The multitargeting interfering RNA molecule of any one of claims 1 to 21 that

decreases expression-of both MALAT-1 and BIC in an expression system.

25 24, The multitargeting interfering RNA molecule of any one of claims 1 1o 21 thal

decreases cxpression of both ICAM-{ and VEGEF-A in an ¢cxpression system.

25.  The multitargeting interfering RNA molecule of any one of claims | w0 21 that

decreases expression of hoth TGE and 1L-§ in an expression system.
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20, The multitargeting intertering RNA molecule of any one of claims 1 to 21 that

decreases expression of both TL-8 and MCP-1 in an expression system.

27. The multitargeling interfoering RNA molccule of any one of claims. | to 21, whetein

onc or morc of the pre-selected target RNA molecules is viral RNA,

S 28, The multitargeting interfering RNA molecule of claim 27, wherein the virus is
selected from the group consisting of 4 human immunodeficicney virus (HIV), a
hepatitis C virus (HCV), an intlucnza virus, a rthinovirus, and a scvere acuie

respiratory syndrome (SARS) virus.

29.  The mullitargeting interfeting RNA molecule of claim 28, wherein onc or morc of the
10 pre-selected target RNA molecules encode an essential protein for HIV selected from |
the group consisting of GAG, POL, VIF, VPR, TAT, NEF, REV, VPU and ENV,

30. The multitargeting interfering RNA molecule of claim 27 wherein ane or more of the
preselected RNA molecules comprises Hepalitis C Virus (HCV) and one or more of*

the preselected RNA molecules encodes TNFa.

15 3L The multitargeting interfering RNA molecule of any one of claims 1 to 30 comprising
at least one modified ribonucleotide, universal base, acyclic nucleotide, abasic

nucleotide, non-ribonucleotide or combinations thereof.

[
I~

The multitargeting interfering RNA molecule of any one of cluims 1 to 13, wherein §

consists cssentially of a nucleotide scquence sclected from the group consisting of:

20 UAUGUGGGUGHE (SEQ 1D NO: 1), UGUUUUG (SEQ 1D NO: 2),
ACCCCGUCUCU (SEQ ID NO: 5), AGCUGCA (SEQ ID NO: 7),
AAACAAUGGAAUG (SEQ 1D NO: 8), GGUAGGUGGGUGGE (s HQ 13 NO: 1),
CUGCUUGAU (SEQ TD NO: 12), UCCUUUCCA (SEQ TD NO- 13),
UUUUUCUUU (SEQ ID NO: 14), UUCUGAUGUUU (SEQ ID NO: 15),
UCUUCCUCUAU (SEQ ID NO: 16), UGGUAGCUGAA (SEQ 1D NO: 17),
CUUUGGUUCCU (SEQ 1D NO: 18), CUACUAAUGCU (SEQ D NO: 19),
UCCUGCUUGAU (SEQ ID NO: 203, AUUCUUUAGUU (SEQ ID NO: 21),
CCAUCUUCCUG (SEQ ID NO: 22), CCUCCAAUUCC (SEQ 1D NO: 23),
CUAAUACUGUA (SEQ 1D NO: 24), UUCUGUUAGUG (SEQ 11D NO: 25),

[
(%]
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GCUGCUUGAUG (SEQ ID NO: 26), ACAUUGUACUG (SEQ 11D NO: 27),
UGAUAUUUCUC (SEQ ID NO: 28), AACAGCAGUUG (SEQ ID NO:; 29),
GUGCUGAUAUU (SEQ ID NO: 30), CCCAUCUCCAC (SEQ 1D NQ: 31),
UAUUGGUAUUA (SEQ 1D NO: 32), CAAAUUGUUCU (SEQ 1D NO: 33),
UACUAUUAAAC (SEQ 1D NO! 34), GCCUAUCAUAU (SEQ ID NO:58),
UGGUGCCUGCU (SEQ ID NO: 59), AAUUAAUAUGGC (SEQ ID NO: G0,
CCCUCUGGGCU (SEQ ID NO: 61), UUCUUCCUCAU (SEQ D NO: 62),'

~ UAUUUAUACAGA (SEQ ID NO: 63), CACCAAAAUUC (SEQ ID.NO: 64),

UGAGUNNGAACAUU (SEQ ID NO: 72) where N is any base, CUCCAGG (SEQ
ID NO: 74), UCAGUGGG (SEQ 11 NO: 76), UCCU‘CACAGGG (SEQ ID NO: 78),
GUGCUCAUGGUG (SEQ ID NO: 79), CCUGGAGCCCUG (SEQ ID NO: 80),
UCUCAGCUCCAC (SEQ ID NOQ: 81), ACCCUCGCACC (SEQ ID NO: 86),
GUGUUGAAG (SEQ 1D NO: 88), UUCCACAAC (SEQ ID NO: 90),
UCCACUGUC (SEQ ID NO: 92), CAGAAUAG (SEQ 1D NO: 93), AACUCUCUA
(SEQ ID NO: 94) and CGUGAAGAC (SEQ D NO: 98).

“The multitargeting interfering RNA molccule of any onc of claims 1 to 13, wherein §
cunsists essentially of a nucleotide sequence selected from the group consisting of:
UAUGUGGGUGGG (SEQ 1D NO: 1), UCCUCACAGGG (SEQ D NO: 78),
GUGUUGAAG (SEQ TD NO: 88), UUCCACAAC (SEQ ID NO: 90),
AACUCUCUA (SEQ ID NO: 94) and CGUGAAGAC (SEQ 1D NO: 98).

The multitargeting interfering RNA molecule of any one of claims 1 10 13, wherein S
consisls csscntially of a nucleotide sequence ot 6 or more conti guous bases contained
within any of the sequences selected from fhe group consisting of:
UAUGUGGGUGGG (SEQ ID NO: 1), UCCUCACAGGG (SEQ ID NO: 78),
GUGUUGAAG (SEQ 1D NO: 88), UUCCACAAC (SEQ 1D NO: 90),
AACUCUCUA (SEQ ID NO: 94) und CGUGAAGAC (SEQ ID- NO: 98).

The multitargeting interfering RNA molecule of claim 8, consisting csscntially of:

57 UUCCUCACAGGGCAGUGAUUC 3¢ (SEQ ID NO: 122)
3 "UUAARGAGUGUCCCGUCACUA 5, (SEQ ID NQO: 124)

5 UACAAAUCUACUUCAACAUUU 3’ (SEQ ID NO: 131)

3’ GUAUCUUUAGAUCAAGUUGUG 5’, (SEQ ID NO: 132)

57 AACAUAUGUUCUUCAACAUUU 3 (SEQ 1D NO: 133)
o152 -
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36.

3 ' GUUUGUAUACAAGAAGUUGUG 5, {(SRQ TD NO: 134)

'The multitargeting interfering RNA molecule of claim 9, consisting cssentially of:

PCT/AU2006/001741

5'  UAUGUGGGUGGGUGAGUCUAA
3 ' UJUATTACACCCACCCACUCAGA

5' UCGUUUUGUUGUUACAUNIGAC
3 ' UUACAAARCAACAAUGUAUAC

5' UAUGUGGGEUGGGGUGUCUCUA
3 ' UUAUACACCCACCCCACAGAG

5'  UAUGUGGGUGGGGUGGUCUAA
3 'UUAUACACCCACCCCACCAGA

5'  UAUGUGGGUGGGGUGGUGUCT
3 ' UUAUACACCCACCCCACCACA

5! UAUGUGGCUGGCUGAGUGUCU
3 ' UUAUACACCCACCCACUCACA

57  CUCACCCACCCACAUACAUUUT
3 ' CUGAGUGGGUGGGUGUAUGUA

57 UCACCCACCCACAUACAUAUU
3 ' UGAGUGGGUGGGUGUAUGUAU

5' TUCACCCACCCACAUACAUUUU
3 " UGAGUGGGUGGGUGUAUGUAA

3 3

{SEQ ID NO:

100)

5', (SEQ ID NO: 101)

3'
5%,
3v

57,

3 1

50

3 +

1

5,

37
5,
3/
57,

3 7
5,

3 4
5,

(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
(3EQ ID NO:

(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
{SEQ ID NO:

{SEQ ID NO:
{SEQ ID NO:

102)
103)

104)
105)

106)
107)

108)
109)

110)
111)

112)
113)

114)
115)

1le)
117)

5' UAUGUGGGUGAGUGAGUCUA 3! (SEQ.ID NO: 118)

3 *UAUACACCCACCCACUCAGA 5', (SEQ ID NO:
5¢  GGGUUUACCAGGAACAUGGUU 3° (SED ID NO:
3 UACCCAAAUGGUCCUUCURCC - 57, (SEQ ID NO:
5  UUCCUCACAGGGCAGUGAUUC 3’ (SEQ ID NO:
3/ UUAAGGAGUGUCCCGUCACUA 5, (SFQ ID NO:
5’  UUCCUCACAGGGCAGUGGUUC 3’ (SEQ ID NO:
3 JUBAGGAGUGUCCCGUCACCA 57, (8FRQ TN NO:
5¢ QCCGGACCCUUAGAGAGUUUU 3¢ (SFQ ID NO:
3 ACGGGCCUGGGAAUCUCUCAA 5, {(9FQ ID NO:
5+  UACCCUCGCACCGAUCUCCCAA 3¢ (SEQ ID NO:

3 ' UUAUGGGAGCGUGGCUAGAGGS

5:

— 153 --

., {8EQ ID NO: 130)

119)

120}
1215

122)
"123)

125)

126)

129)



10

15

20

30

L
L

WO 2007/056826 PCT/AU2006/001741

5’  UUCCACAACACANGCUGUGUU 3¢ (SED 1) NO: 135)
3 UUAAGGUGUUGUGUUCGACAC 57, (SEQ.ID NO: 136)

5’ GGACCCUUAGAGAGUUUCAUU 3’ (SEQ ID NO: 137)
3' GGCCUGGGAAUCUCUCARACU 5, (SEQ ID NO: 138)

5 UUCGUGRAAGACGGUGGGCCGA 3¢ (SEQ ID NO: 139)
3 dTATAAGCACUUCUGCCACCCGG 5r, (SEQ 1D NO: 14Q)

[whay
5' AGACUCACCCACCCAGAUAUU 3 (SEQ ID NO: 141)
. 3 AAUCUGAGUGGGUGGEGUCUAU 5" (8EQ ID NO: 142)
37.  'the multiturgeting interfering RNA molecule of claim 9, consisting essentially of:

5 UAUQUGGGUGGGUGAGUCUAA 3' (SEQ ID NO: 100)
3' UUAUACACCCACCCACUCAGA 5', (SEQ ID NO: 101)-

57 GGACCCUUAGAGAGUUUCAUU 3' (SEQ ID NO: 137)
3’ GGLCCUGEGAAUCUCUCAAAGU 5, (8EQ ID NO: 138)

or

5 UUCGUGAAGACGGUGGGCCGA 3’ (SEQ ID NO: 139)
3’ ATATAAGCACUUCUGCCACCCGG 5/, (SEQ ID NO: 140)

38. The multitargeting interfering RNA molecule of claim 37, comprising a lcast onc
madified ribunucleotide, universal base, acyclic nucleotide, abasic nucleotide and

non-ribonucleotide, overhang vatiation or a combination thereof,

39, A biological system comprising a multitargeting interforing RNA molecule of any one

of claims 1 to 37.

40.  The biological system of claim 39 being a virus, a microbe, a cell, a plant, or an

animal.

41. A vector comprising a nucleotide sequence that cncodes the muititargeting interfering

RNA molecule of uny one of claims 1 to 37.

42, The vector of claim 41 being a viral vector.
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44.

46.

47.

48.

49,

51.

Tho veotor of claim 42 that is derived from a virus sclected from the group consisting
of an adeno-associaled virus, a retrovirus, an adepovirus, a lentivirus, and an

alphavirus.
A cell comprising the veetor of claim 41 or claim 42,

The multitargeting interfering RNA molceule of any onc of ¢claims 1 to 37 produced

from a short hairpin RNA molecule.
A vector for the short hairpin RNA molecule of ¢laim 45,
A cell comprising the vector of claim 46.

A pharmaccutical composition comprising a mullitargeling interfeting RNA molecule

of any one of claims 1 to 37 and an acceptable carrier.

A pharmaccutical composition comprising an expression veclor of claim 41 and an

acceptable carrier.

A pharmaceutical composition comprising an ¢xpression vector of ¢laim 46 and an

acceplable carrict,

A method of inducing RNA interference in a biological system, comprising the step of
introducing & multttargeting intcrfering RNA molecule of any one of claims 1 to 37

into the biological system,

A method of inducing RNA interference in a biological system, comprising the sleps
of: l

{a) selecting one or more target RNA molcculces;

(h) designing a multitargeting interfering RNA molecule comprising a guide
strand that can form stable interactions with at least two binding sequences
present in distinet genetic conlexts in the sct of onc or more target RNA
molecules;

(c) producing the mulitargeting interfering RNA molecule; and

(@)  administering the multitargeting interfering RNA molccule into the biological
system, whereby the puide strand of the multitargeting intertering RNA

molccule farms stable interactions with the binding sequences present in

--155--
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56.

57.

58.

59.

60.

distincl genetic contexts in the targét RNA molecules, and thus induces RNA

interference of the targel RNA molecules.

The method of claim 52, wherein the biological system is a virus, 2 microbe, a coll, a

plant, or an animal,

The method of claim 52, wherein the biological system is an animal sclected from the

group consisting of a ral, 4 mouse, a dog, a cat, a pig, a monkey, and a human..

‘The method of any onc of claims 32 to 54, whetein the one or more Largel RNA
molceules comprises RNA molecules that are involved in a discase or disorder of the

biological system.

The method of any one of claims 52 to 55, wherein onc or mozc of the target RNA
molecules comprises one or morc RNA molecules selected from the biological

system.

The method of any ane of claims 52 to 56, whercin onc or morc of the target RNA
molecules comprises onc or morec RNA molecules selected from a second bivlogical

syslem that is infectious 1o the biological system.

~ The method of any one of claims 52 to 57, whercin the target RNA molecules

comprise one or mare RNA molccules sclected from the biological system and one or
morc target RNA molecules selected from a second biological system that is

intectious to the biological system.

The method of any one of claims 52 to 58, wherein the 1arget RNA molccules
comprise one or more RNA molecules selecied from an animal or a plant and one or
more RNA molecules selected from a microbe or i virus that is infectious to the

animal or the plant.

The method of any one of claims 52 to 59, wherein the target RNA molecules
comprise one or more RNA molccules sclected from a human and one or more RNA

molecules sclected from a virus selected from the group consisting of a human

Jimmunodeficiency virus (H1V), a hepatitis C virus (HCV), an influcnza virus, a

rhinovirus, and 2 severe acute respiratory syndrome (SARS) virus.

- 456 - -
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61.

62.

C 63,

64.

65.

66.

67.

68.

69.

The method of any one of claims §2 to 60, wherein the vne or more target RNA
molecules comprise 4 RNA molecule encoding a protein of a class selected from the
group consisling of reeeptors, cytokines, transcription factors, regulatory proteins,
signaling proteins, cytoskeletal proteing, trunsporters, eneymes, hotmones, and

antigens.

‘The method of any onc of claims 52 to 61, whetein the one or more targel RNA
molecules comprisc a RNA molecule encoding a protein selected from the group
consisting ot (CAM-1, VEGF-A, MCP-1, TL-8, VEGT-B, IGF-1, Gluc6p, Inpplt,
bFGF, PIGF, VEGF-C, VEGI-D, B-catenin, k-ras-13, k-ras-A, EGFR, Bcl-2,
presenilin-1, BACE-1, MALAT-1, BIC, TGFB, and TNF alpha.

The mothod of claim 62, wherein the one or more target RNA molecules encodo
ICAM-1 and VEGE-A.

The method of any onc of claims 52 to 63, wherein the one or more target RNA

tiolcevles comprises a viral RNA molecule.

The method of any one of claims 52 0 64, wherein the one or more target RNA
molecules comprises a virus sclected from the group consisting of a human
immunedecficicney virus (111V), a hepatitis C virus (HCV), an influenza virus, a

rhinovirus, and a severe acute respiratory syndrome (SARS) virus.

The method of claim 65, wherein the one or more target RNA molecules comprise 1
RNA molecule encoding an essential protein for HIV selected from the group
consisting of GAG, POL, VIF, VPR, TAT, NEF, REV, VPU and ENV.

The method of claim 59, wherein the larget RNA molccules comprises a RNA
molecule encoding a human protein TNFalpha, LEDGEF(p75), BAF, CCRS, CXCRA,
[urin, NFkB, STATI. " '

The method of claim 59, wherein one or more of the preselected RNA molecules
comprises Hepatitis C Virus (HCV) and one or more of the presclected RNA

molecules encodes TNFoL.

A method of treating a disease or condition in a subject, the method comprsing the
steps of:

- 157 - -
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70.

71,

{a) selecting onc or more target RNA molecules, wherein the modulation jn
expression of the target RNA moleculcs is potentially therapeutic {or the
treatment of the discasc or condition;

) designing a multitargeting interfering RNA molecule comprising a guide
strand that can form stable interactions with at lcast two hinding sequences
present in distinct genctic contexts in the one or more target RNA moleculcs;

{© producing the multitargeting interfering RNA molecule;

(d) administering the multitargeting inlcrfcring RNA molecule into the subject,
whereby the guide strand of the muliitargeting interféring RNA molecule
forms stable interactions with the binding scquences present in distinct genetic
contexts in the one or morce target RNA molecules, and thus induces RINA

interfcrence and modulation of expression ol the target RNA molecules.
A method for designing a multitargeting interfering RNA molecule, comprising the
steps of:

1) sclecting one or more target RNA molecules, wherein the modulation in

expression of the target RNA molecules is desired;

b) obtaining at lcast one nucleotide sequence for each of the target RNA
molccules;
c) selecting a seed sequence of 6 nuclcotides or more, said seed sequence oceurs

in at lcast two distinct genetic contexts in nucleotide sequences obtained in b)
for the target RNA molecules; ‘

d) selecting at least two binding scqucnccs,i wherein each of binding scquences
comprises the seed sequence, and the binding scquences are present in distinct
genelic contexts in the tarpet molecules; and

e} designing a multitargeting interfering RNA molecule having a guide strand
that shares a substantial degree of complemeniarity with each of the at least

two binding sequences to allow stable interaction therewith.

The mcthod of ¢laim 70 comprising designing a passcnger strand that is at Ieast
_ I g gmngap
partially complementary to the guide strand to allow formation of a stable duplex

hetween the passenger strand and the guide strand.
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72,

A method for designing a multitargeting interfering RNA molecule, comprising the

steps of:

4)

)

d)

e)

f)

g)

h)

selecting one or more target RNA molecules, wherein the modulation in

cxpression of the lurget RNA molecules is desired;

obtaining at lcast one nucleotide sequence for each of the target RNA

maolecules;

selecting a length, n, in nucleotides, for a seed sequence; wherein 72 = aboul 6

Qr more;

generating a collection of candidate seed scquences of the length 7 from each
nucleotide sequences obtained in step b), wherein each candidate seed

sequence occurs at least once in nucleotide scquences obtained in slep b);

determining the genetic conlext of each of the candidate seed sequences in
each nucleotide sequence obtained in step b), by collecting, for each
oceurrence of the candidate seed sequence, a desired amount of the 5 and 3°

flanking scquence;

selecting a seed sequence of the length 7 from the candidate seed sequences,
wherein the seed sequence occurs at least in two distinet genetic contexts in

nucleotide scquences obtained in step b);

selecting a consensus farget sequence, wherein said consensus target sequence
comprises the sced scquence and a desired consensus sequence for the

sequence flanking either one or both of the 5* and 3’ ends of the seed; and

designing a mullitargeting interfering RNA molecule comprising a guide
strand that sharcs a substanlial degree of complementarity with the conscnsus

target sequence to allow stable interaclion (herewilh.

The method of claim 72 wherein the step of gencrating a colleclion of candidate seed

scquences comprises the steps of beginning at a terminus, sequentially obscrving the

nucleotide sequence using a window size of n and stepping along the nucleotide

scquence with a step size of 1.

--159--
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74, The method of claim 72 or claim 73, wherein the step ol sclecling sced sequences

comprises the step of discarding any sequence of the length n that:
i) 18 composcd of a consecutive string of 5 or more identical single nucleotides;
i) is composed of only adenosine and uracil;

iii) is predicted to occir with an unacceptably high frequency in the non-target

transeriplome of interest:

V) is predicted to have a propensity to undesirably modulate the cxpression or

activity ol one or more cellular component; or
V) is any combination ot i) to iv).

75.  The method of any on¢ of claims 72 to 74, wherein the step of selecting 4 consensus
largel sequence comprises the step of discarding any sequence that ts comnposed of
only a single base, is composed only of A and U, has a consceutive string of 5 or mose
bases which ure C, is G/C rich at the 3’ end, 18 predicted to occur with unacceptable

frequency in the non-target transcriptome of interest; or any combinalion thercol.

76. The method of any one of claims 72 10 75 comprising designing a passenger strand
that is at least partially complementary to the guide strand to allow formation of a

stable duplex between the passenger strand and the guide strand. -

77.  The method of any one of claims 72 to 76, further comprising the step of modifying

the multitargeting interfering RNA molecule,

i) to improve the incorporation of the guide strand of the multtargeting

inlerfering RNA molceule into the RNA induced silencing complex (RISQ):

i1) to increase or decrease the modulation of the expression of ul least one larget

RNA molecule:

i) to decrease stress or inflammatory response when the multitargeting

inter(ering RNA molecule is administered into a subject;
v) to alter half life in an expression syslem; or

--160 - -
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78.

9.

30.

gl

83.

V) any combination of i) to iv).

The method of claim 72, further comprising repeating the steps ¢) to g) of claim 72

with a new value of n.

The method of claim 72, further comprising the steps of making the designed
multitargeting interfering RNA molecule and testing it in a suitable expression

system.

A method of designing a full length multitargeting interfering RNA from a seed

sequencc, comprising the sleps of:

4. deducing the sequence of the complete complement of the seed sequence;

b. gencrating permutations for the e%tension of the complcete complement of the seed
sequence to the desired length n; ‘ '

¢. creating a collection of putative guide strand séqucnccs, euch of which comprises
the scquence of the complete complement of the seed sequence and one of the
permutations generated in step b);

d. using RNAhybrid 1o determine the binding pattcrn and the minimum free energy -
(rafe) of the putative guide strand sequences created in step ¢) against all the targel
sequences comprising the seed sequence;

c. discarding putative guide strand sequences where ’

i. there is a contiguous run of 5 or mote G residucs; and

il. the Load Bias is < 1.2; and

.. selecting a guide strand sequence of the length # for a multitargeling interfering

RNA sequence from the list of the romaining putative guide strand sequences

based on their Relative Activity Score,
The method of claim 80, wherein the desired length 7 1s 21 bases.

'The method of claim 80 or claim 81 further comprising the stcps of producing the
multitargeting interfering RNA comprising the guide strand seduencc and testing the

multtargeting interfering RNA in an expression system.

A method ot making a multitargeting interfering RNA molecule, comprising the steps
of:

-- 161 --
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85.

1) designing a multitargeting interfering RNA molecule having a guide strand
that can form stable interactions with at least two binding sequences present in

distinct genctic contexts in a set of pre-selected target RNA molecules; and
i) producing the multitargeting interfering RNA molecule,

A method for making 4 pharmaccutical composition comprising, the step of mixing a
multitargeting interfering RNA maolecule of any onc of claims 1 to 37and a

phartnaccutically acceptable currier,

A multitargeling intcrfering RNA molecule comprising a guide strand that forms
stable inleractions with at feast two binding scquences present in distinct genctic

contexts in one or more pre-sclected target RNA molecules.

-~ 162 --
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<140> not known
‘<141> 2006-11-21
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<151 2005-11-21

<160> 545
<170> Patentin version 3.3

210> 1

<211> 12

<212> RNA
<213> Ssynthetic

<400> 1
uaugugagug g9 1z

<210 2

211> 7

«<212> RNA
<213» - synthetic

<400> 2
uguuuug : 7

<210> 3

<211> 12

<212> RNA
<213> Synthetic

<400> 3 S
cccacceaca ua 12

<210> 4

<211> 7

<212» RNA
<213> Ssynthetic

<400> 4
caaaaca 7

<210~ 5

<211> 11

«212> RNA
<213> Ssynthetic

<400> 5
aCCCegucuc u : 11

<210> 6
L<211> 11
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<212> RNA
<213> Synthetic

<400> 6
agagaCQggg u

<210> 7
<211 7
<212> RNA
<213> Synthetic

<400> 7
agcugca

<210> 8§

<211> 13

<212> RNA
<213> synthetic

<400> 8
aaacaaugga aug

<210> 9
<211> 13
<212> RNA
<213> synthetic

<400> 9
cauuccauug uuu

- <210> 10
<211= 14

<212> RNA
<213>  synthetic

<400> 10
gguagguggg ugqqg

<210> 11

<211> 14

<212> RNA
<213> Synthetic

<400> 11
cccacecace uace

<210> 12
<211> 9

<212> RNA

<213>  synthetic

<400> 12
" cugcuugay

<210> 13
<211> 9

<212> RNa

<213> * Ssynthetie

<400> 13
uccyuucca
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«210>
<211>
<212>
<213

<400>

14

9

RNA
synthetic

14

uuulucuuy

<210
<211>
<212>
<213>

<d400>

15

11

RNA )
Synthetic

15-

uucugauguu u

<210
<21ll>
<212>
<213

<400~

16

11

RNA,
Synthetic

16

ucuuccucua u

<210~
<211>
<212
<213

<400>

17

11

RNA
synthetic

17

ugguagcuga a

<210>
<211~
<212>
<213>

<400>

18

‘11

RNA
synthetic

18

cuuugguucc u

<210
<Z211>
<212Z2»
<213

f4oO>

19

11

RNA '
Synthetic

19

cuacuaaugc u

<210>
<211
<212
<213>

<400>

20

11

RNA
Syhthetic

20

uccugcuuga u

<210>
<211>
<212>
<213>

21

11

RNA )
Synthetic
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<400> 21
auucuuuagu u

<210> 22

<211> 11

<212> RNA
<213> Synthetic

<400> 22
ccaucuuccu g

<210> 23

<211> 11

«212> RNA

<213> synthetic

<400> 23
ccuccaauuc ¢

<210> 24

<211> 11

<212> RNA .
<213> Synthetic

<400> 24
cuaauacugu a

<210> 25

«211> 11

<212> RNA .
<213> Ssynthetic

<400> 25
uucuguuagu g

<210> 26-

<211 11 -
<212> RNA -
<213» Synthetic

<400> 26
gougcuugau g

<210> 27

<211> 11

<212> RNA
<?13> synthetic

<400> 27
acauuguacu g

<210> 28

<211> 11

<212> RNA
<213» synthetic

<400> 28
ugauauuucu c¢

<210> 29
<211> 11
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<212>  RNA
<213> Synthetic

<400> 29
aacagcaguu g

<210> 30

<21l> 11

«212> RNA
«213>  Synthetic

<400> 3¢
gugcugauau u

<210= 31

«<211> 11

<212> RNA )
<213> Synthetic

<d400= 31
cccaucyccea ¢

«210> 32

<211> 11

<212> RNA

<213»> Synthetic

<400 32
vauugguauu a

<210> 33

<211> 11

<212> RNA
<213> Ssynthetic

<400> 33
caaauuguuc u

<210> 34
<211> 11
<212> RNA
«213» synthetic

<400= 34
vacuauuaas ¢

«<210= 35

211> 9 -

<212> RNA .
<213»> Synthetic

<400> 35
aucaagcag

<210> 36
<21ll> ¢

<212> RNA

<213> synthetic

<400> 36
uggaaagga
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<210
<211
<212>
<213>

<400>

37

9

RNA
Synthetic

37

aaagaaaaa

<210
<211~
<212
<213>

<400>

38

11

RNA
synthetic

38

aadcaucaga a

<210
<211
«212>
<213>

<400

39

11

RNA
Synthetic¢

39

auagaggaag a

<210>
<211>
<212>

213>

<4Q00>

40

1]

RNA
Synthetic

40

uucagcuace a

<220>
<211>

<212

<213
<440

41

11

RNA
Synthetic

41

aggaaccaaa ¢

<210>
<211
<212>
<213>

<400>

42

11

RNA
synthetic

42

agcauuagua g

<210
<211
<212=>
<213>

<400

43

11

RNA
synthetic

43

aucaagrcagg a

<210>
<211>
<212
<213>

44

11

RNA )
synthetic
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<400=> 44
aacuaaagaa U

<210> 45

<211> 11

<212> RNA

<213> synthetic

<400> 45
caggaagaug g

<210> 46

<211> 11

<212> RNA

«213> Ssynthetic

<400> 46
ggaauuggag ¢

«21Q> 47

«211> 11

<212> RNA

<213> Synthetic

<400> 47
uacaguauua ¢

<210> 48

<211> 11

<212> RNA
«213> synthetic

<400> 48
cacuaacaga a

«210> 48
<211> 11
<212> RNA
<213> synthetic

<400> 49
caucaagcag ¢

<210> 50
<211 11
<212> RNA
<213»> Synthetic

<400> 50
caguacaaug u

<210> 51
<211> 11
<212> RNA
<213> synthetic

<400> 51
gagaaauauc a

<210> 52
<211> 11
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<212 RNA
<213> Synthetic

<400> §2
caacugcugu u

<210> 53

<211> 11

<212> RNA
«213>. Synthetic

<400> 53
~ dauaucagca ¢

<210~ 54
<211 11
<212> RNA
<213> Synthetic

<400> 54
guggagaugg g

<210> 55

<211> 11

<212> RNA .
<213> Synthetic

<400> 55
uaauaccaau a

<210> S§6

<«211> 11

<212> RNA
<213> Synthetic

<4Q0> 56
agaacaauuu g

<210> 57

<211 11

<212> RNA
<213> Synthetic

<400> 57
guuuaauagu a

<210> 58

<21l> 11

<212>  RNA )
<213> Synthetic

<400> 58
- gecuaucaua u

<210~ 59

<211 11

<212> 'RNA
<213> Synthetic

<400> 59
uggugccuge u
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<210>
<211>
<212>
<213>

<400>

60

12

RNA
synthetic

60

aauuvaauaug gc

<210>
<21l>
<212>
o =213>

<400>

61

11

RNA
synthetic

61

cccucuggge u

<210
<211
<212»
<213>

<400

62

11

RNA
synthetic

62

uucuuyccuca u -

<210>
<211>
<212
<213>

<400

63

12

RNA
synthetic

63

vauuuauaca ga

<210>
<211>
<212
<213

<400>

64

11

RNA .
synthetic

64

caccaqaauu ¢

<210>
<211>
<212>
<213>

<400>

65

11 .

RNA
Synthetic

65

avaugauagg c

<210
<211>
<212>
<213>

<400

66

11

RNA
Synthetic

66

agcaggceacce a

<210>
<211s
<212>
<213>

67

12

RNA
synthetic
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<400

67

gccauauuaa uy

<210
<211>
<212>
© <213

<400>

68

11

RNA
Synthetic

68

agcccagagg g

<210>
<211
<212>
<213>

<400

69

11

RNA )
synthetic

69

daugaggaaga a

<210>

<211
«212>
<213~

<400

70

12

RNA
Synthetic

70

ucuguauvaaa ug

<210
<211
212>
<213>

<4Q0>

71

11

RNA
Synthetic

71

gaauuuuggu g

<210
<211>
<212>
<213>

<220~
<221>
<222>
<223~

<400

72

14

RNA
synthetic

misc_Ffeaturea

(8)..(7)
n1is a, c,
72

ugagunngaa cauu

<210
<211
<212>
<213>

<400

73

14

RNA
Synthetic

73

aduguucvva cuca

<210>
<211>
<212

<213>.

74

7

RNA
Synthetic
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<400> 74
cuccagg

<210> 75

<211l> 7

«212> RNA
<213> Synthetic

<400= 75
ccuggag

<210> 76

<211> 8

<212> RNA
<213> synthetic

<400> 76
ucaguggg

<210> 77
<211~ 8

<212> RNA
«<213> Synthetic

<400 77
cccacuga

<210 78

<211> 11

<212> RNA
<213> Synthetic

<400> 78
uccucacagg g

<210> 79
<211> - 172

<212> RNA -
<213> Synthetic

<400> 79
gugcucaugg ug

<210> B8O

<211> 12

<212» R’NA
«213> synthetic

<400> 80
€cuggagece ug

<210> 81

<211= 12

<212> RNA
<213» synthetic

<400> 81
ucucagceuce ac

<210> 82
<211> 11
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<212> RNA
<213>  Ssynthetic

<400> 82
cccugugagg a

<210> 83

<211> 12

<212> RNA
<213> Synthetic¢

<400> 83 -
caccaugage ac

«210> 84

<211> 12

<212> RNA
<213> Synthetic

<400> 84
cagggcucca gg

<210> 85

<21l> 12

<212> RNA
<213> synthetic

<400> 85
guggagcuga ga

<210> 86
<211> 11
<212> RNA
<213> synthetic

<400~ 86
acccucgeac ¢

<210> 87
<211> 11
<212> RNA
<213» Synthetic

<400 87
ggugcgaggyg u

<210> 88
<211>- 9

<21l2> RNA

<213> synthetic

<400> 88
guguugaag

<210> 89

<211> 9

<212>  BNA

<213> Synthetic

<400> 89
cuucaacac
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<210> 90
<211ls 9

<212> RNA
<213> Synthetic

<400> 90
uuccacaac

<210> 91

<211> 9

«212> RNA

«213> Synthetic

<400> 91
guuguggaa

<210> 92
<211» Qg

<212> RNA
«<213> Synthetic

<400> 92
uccacuguc

<210> 93

<211~ §

<212> RNA
<213> synthetic

<4Q0> 93
cagaauag

<210> 94
«21l> 9

<212> RNA

<213> synthetic

<400> 94
aacucucua

<210> 95

211> 9

«212> RNA
«213> Synthetic

<400> 95
gacagugga

<210> 96
<211> 8

<212> RNA
<213> synthetic

<400> 96
cuauucug

<210> 97

<211l> 9

<212> RNA
<213> Synthetic
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<400>

97

uagagaguu

<210>
<211>
<212>
<213

<4005

98

9

RNA
synthetic

98

cgugaagac

«210>
<211>
<212

<213>

<400

99
9

RNA
Synthetic

99

gucyucacy

<210
<211>
212>
<213=

<400

vaugugggug ggugagucua a

<210>
<21l>
<212>
<213>

<400>

100

21

RNA
synthetic

100

101

21

RNA .
synthetic

101

agacucaccc acccacauau

<210>
<211~
«212>
<213

<400

102

21

RNA
Synthetic

102

uguuuuguug uuacauauga

<210
<211>
«<212>
<213>

<400>

103

21

RNA
Synthetic

103

<auauguaac aacaaaacau

«210>
<211>
<212
<213>

<400>

104

21

RNA
Synthatic

104

uaugugggug gggugucucu

<210= 105

<211>

21
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<212
<213>

<400>

RNA
Synthetic

105

gagacacccc acccacauay

<210>
<211~
<212
<213>

<400~

106

21

RNA
synthetic

106

uaugugggug ggguggucua

<2 10>
<211
<212
<213>

<400>

107

21

RNA
Synthetic

107

agdaccaccce’ acccacalau

<210
=211~
<212>
<213>

<4005

108

21

RNA
Synthetic

108

uaugugggug gggugguguc

<210>
<211
<212>
<213>

<400

109

21

RNA
synthetic

109

acaccaccoce acccacauau

<210%
<211>
<d12=
<213

<400

110

21

RNA
synthetic

110

Uaugugggug ggugaguguc

<210
<211
<212>
<213>

<400>

111

21

RNA X
Synthetic

111

acacucaccc acccacauau

<210
<211
<212>
<213>

<400>

112

21

RNA
Synthetic

112

cucdacccace cacauacauu
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<212>
<Z13>

<400>

RNA
Synthetic

128

aacucucuaa -ggguccgggce a

<210>
<211>
<212=
<213

<400

129

22

RNA
synthetic

125

uacccucgeca ccgaucucce

<210~
<211
<212>
<213>

<400

gggagaucgg ugcgagggua

<210
<211
<212>
<213>

<400>

130

22

RNA
Synthetic

130

131

21

RNA
Synthetic

131

uacgaaucua cuucaacauu

<210
<211
<212>
<213>

<400

132

21

RNA
Synthetic

132

guguugaagu agauuuguau

«210>
<211~
<212
<213

<400>

133

21

RNA
synthetic

133

aacauauguu cuucaacauu

<210>
<211
<212
<213>

<400

134

21

RNA
Synthetic

134

guguugaaga acauauguuu

<210>
<211>
<212>
<213~

<400>

135

21

RNA
Synthetic

135

Uuccacaaca caagcugugu
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<210
<211
«212>
<213>

<400

113

21

RNA _
Synthetic

113

auguaugugg gugggugagu

<210
<211>
«212>
<213

<400

114

21

RNA
Synthetic

114

ucacceacce acauacauau

<210
<211
«212>
<213>

<400

115

21

RNA X
synthetic

115

Uauguaugug ggugggugag

<210>
<211
<212%
<213

<400

116

21

RNA
Synthetic

116

ucacccacee acauacauuu

<210
<211
<212>
<213>

<400

117

21

RNA
Synthetic

117

aauguaugug ggugggugag

<210
<211
<212
«213>

<400

118

20

RNA
Synthetic

118

uaugugggug ggugagucua

<210~
<211
<212
<213>

<400>

119

20

RNA
Synthetic

119

dgacucaccce acccacauau

<210>
<211>
<212
<213>

120

21

RNA
Synthetic
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<400> 120

ggguuuacca ggaagauggu ¢

<210> 121
<211 21
<212> RNA
<213> Synthetic

<400> 121
ccaucuuccu gguaaaceca

<210> 122
<211> 21
<212 RNA
«213> Ssynthetic

<400~ 122
cuuagugacg ggacacuccu

«210> 123

<211> 21

<212> RNA
<213> Synthetic

<400> 123
2Ucacugece ugugaggaau

«210> 124
<211> 21
<212% RNA
<213> Synthetic

<400> 124
aucacugccc ugugagaaau

<210> 125
<211 21
<212> RNA
<213> Synthetic

<400= 125
uuccucacay ggoagugguu

210> 126
<211> 21
<212> RNA
<213> Synthetic

<400> 126-
accacugece ugugaggaau

<210 127

<211l 21

<212> RNA

<213> Synthetic

<400> 127
€CCggacecu uagagaguuu

<21(0> 128
<211> 21
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<210>
<211~
212>
<2135

<400 -

136
21
RNA

Synthetic

136

cacagcuugu guuguggaau u

<210>
<211
<212>
<213

<400

137

21

RNA
Synthetic

137

ggacccuuag agaguuucau u

<210>
<211~
<212
<213>

<400

138

21

RNA
synthetic

138

ugaaacucuc waaggguccg g

<210>
<211
<212>
<213>

400>

139

21

RNA
Synthetic

139

uucgugaaga cggugggccg a

<210>
<211
<2125
<213>»

<400

140

23

DNA
Synthetic

140

ggcecacegu cuucacgaat dtd

<210
<211>
<212~
<213>

<400

141

21

RNA
Synthetic

141

agacucaccc acccagauau u

<21.0>
<211>
T <212
213>

<400

142

21

RNA
Synthetic

142

uaucugggug ggugagucua a

<210>
<211>
<212>
<213~

143

12

DONA
Synthetic
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<400>

143

cccaccecaca ta

<210~

<211>

<212>
<213

<400

144

21

DNA
Synthetic

144

tagagacacc ccacccacat

<210
<211>
<212>
<213

<400

145

21

DNA .
Synthetic

145

‘ttagaccacc ccacccacart

<210>
<211>
<212>
<213>

<400>

146

21
DNA
synthetic

146

agacaccace ccacccacat

<210>
<211~
<212>
<213

<400>

147

21

DNA
Synthetic

147

ttagactcac ccacccacat

<210>
<211>
<212>
<213

<400

148

21

DNA
Synthetic

148

agacactcac ccacccacat

<210>
<211
<212»
<213>

<400>

149

21

DA
Synthetic

149

tatatgtgta gcatcaaaac

<210~
<211
<212
<213>

<400>

150

21

DNA
Synthetic

150

gtcatgtgta gcatcaaaac

<210>
<211>

151
21
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«212>
<213>

<400>

DNA
Synthetic

151

tatatgtgra gcaacaaaac

<210>
<211
<212
<213>

<400

152

21

DNA
Synthetic

152

grcatgtgta gcaacaaaac

<210
<211
212>
<213>

<400

153

21

DNA
synthetic

153

tatatygtgta gaatcaaaac

<210
<21ll>
<212»
<213>

<400>

154

21

DNA
Synthetic

154

gtcatgtgta gaatcaazac

<210~
«211>
<212
<213>

<400>

155
21
DNA .
synthetic

155

tatatgtgta gaaacaaaac

<210~
<211
<212
213>

<400

156

21

DNA
Synthetic

156

gtcatgtgta gaaacaaaac

<210>
<Z21l>
<212>
<213>

<400

157

21

DNA
synthetic

157

tatatgtgta acatcaaaac

<210>
<211>
212>
<213>

<400>

158

21

DNA
Synthetic

158

gtcatgtgta acatcaaaac
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<210>
<211
<212>
<213>

<400>

159

21

DNA
synthetic

159

tatatgtgta acaacaaaac

<210
<211
<212>
<213>

<400>

160

21

DNA
Synthetic

160

gtcatgtgta acaacaaaac

<210
<211
«212>
<213>

<400

161

21

ONA
Synthetic

161

tatatgtgta aaatcaaaac

<210>
<211
<212>
<213

<400>

162
21

.DNA

Synthetic
162

gtcatgtgta aaatcaaaac

<210>
<213
<212>
<213>

<400>

163

21

DNA )
synthetic

163

tatatgtgta aaaacaaaac

<210
<211>

<212>

<213
<400

164

21

DNA
Synthetic

164

gtcatgrgta aaaacaaaac

<210>
<211>
<212>
<213>

<400>

165
21

DNA )
synthetic

165

tatatatgta gcatcaaaac

<210>
<211>
<212>
<213>

166

T 21

DNA )
synthetic
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<400> 166
gtcatatgta gcatcaaaac a ’ 21

<210> 167
<211l> 21
<212> DNA
<213> Ssynthetic

<400> 167
tatatargta gcaacaaaac a 21

<210> 168

<211 21

<212> DNA
<213> Synthetic

<400> 168
gtcatatgta gcaacaaaac a ' 21

<210=> 169
<21l1> 21
<212> DNA
<213> Ssynthetic

<4Q0> 169
tatatatgta gaatcasaac a 21

<210= 170
<213 21 .
<212> DNA
<213> Synthetic

<400> 170
gtcatatyta gaatcaaaac a’ : ) A 21

Tw210> 171

<21ll> 21

<212> DNA .
<213» synthetic

<400> 171
tatatatgta gaaacaaaac a o 21

<210> 172
211> 21
<212= DNA
«213> Synthetic

<400> 172
gtcatatgta gaaacaaaac a ‘ ) 21

«<210> 173
<211> 21
<212> DNA
<213> Synthetic

<400> 173
tatatatgta acatcaaaac a . 21

<210> 174
<211 21
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<212>

DNA

<213> Ssynthertic

<400>

174

gtcatatgta acatcaaaac

<210>
<211
<212>
<213>

<400>

175

21

DNA
Synthetic

175

tatatatgta acaacaaaac

<210>
s <211
<212>
<213>

<400

176

21

DNA
synthetic

176

gtcatatgta acaacaaaac

<210
211>
<212>
<213>

<400>

177

21

DNA .
synthetic

177

tatatatgta aaatcaaaac

<210
<211>
«212>
<213»

<400>

178

21

DNA )
Synthetic

178

gtcatatgta aaatcaaaac

<210>
<211
<212
<213

<400~

179

21

DNA
Synthetic

179

tatatatgta aaaacaaaac

<210>
<211
<212
<213

<400

180

21

DNA
synthetic

180

gtcatatgta aaaacaaaac

<210
<211>
<212>
<213>

<400>

181

22

RNA
synthetic

181

guagacacac ccacccacau

ac
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<210> 182

<2ll> 22

<212>  RNA
<213» synthetic

<400>- 182
uuuauaugua aaaacaaaac aa 22

<210> 183
<211> 25

<2]2> RNA

<213> Synthetic

<400> 183
guuagecace uccccaccca cauac " 25

«<210> 184
<211 21
<212> RNA
<213> synthetic

<400> 184
acauguguag caucaaaaca c 21

«210> 185
<211> 21

<212> RNA .
<213> synthetic

<220

<221> nmisc_feature

«222> (1)..2L0

<223> n = dT (deoxy-thymidine)

<400> 185
gucugcgauc gcauacaaun h 21

<210> 186
«<211» 21
«2]2> RNA
<213> Ssynthetic

<220>

<221> misc_feature

«222>  (1)..21L)

<223>» n = dT (deoxy-thymidine)

<400> 186
uagagguacy ugcugaggqcn n 21

<210> 187 -
<211> 21

<212> RNA

<213> Sydathetic

<220> ,

<221> misc_feature

<222> (1)..1) )
<223> n = dT (deoxy-thymidine)
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<400

187

gugcuggccu uggugaggun n

<210>
<211>
<212>
<213>

. <400s

188

19

RNA
Synthetic

188

uaugugggug ggugagucu

210>
<211>
<212
<213~

<400

189

19

RNA
Synthetic

189

agacucacce acccacaua

<210>
<211>
<212>
<213>

<400>

190

22

RNA
Synthetic

190

uaugugggau gguaaaccge. uu

<210
<211
<212>
<213>

<400

aagtcgagga agagagagac ggggtcagag

<210>
<211>
<212
<213>

<400>

Tttttttret ttécagagac ggggtctege

<210~
<211>
<212»
<213>

<400

tTtggatttt taatagagac ggggrrttac

<210>

<211> .

<212>
<213>

" <4005

191

30

DNA
synthetic

151 ’

192
30
DNA
Synthetic

192

193

30

DNA
Synthetic

193

194

21

DNA
Synthetic

194

tggttaacag agacggggte t

<210~
<211

195
21
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<212>
<213>

<400>

DNA
synthetic

195

atggrtaaca gagacagggt

<210>
<211
<212>
<213

<400

196

21

DNA
Synthetic

196

gatggttaac agagacgggg

<210>
<211~
<212>
<213

<400>

197

21

DNA
synthetic

197

ggttaacaga gacggggqtct

<210>
<211>
<212
<213>

<400

syhthetic
198

ggttaacaga gacggggret

<210~
<211
<212
<213

<400~

199

21

DNA
synthetic

199

gggtaacaga gacggggtcet

<210>
<211
<212
<213>

<400>

200

21

DNA
Synthetic

200

gggtaacaga gacggggtct

<210>
<211~
<212
<213>

<400

201

21

RNA
Synthetic

201

ugguuaacag agacgggguu

<210>
<211>
<212>
<213>

<400

202

21

RNA
synthetic

202

accccqucuc uguuaaccau
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<210>
<211
<212>
<213

<400

203

- 21

RNA
Syntheric

203

ugguuaacag agacgggauu

<210
<211>
<212
<213

<400

204

21

RNA
Synthetic

204

ugguuaacag agacggaguu

<210
<211~
<212>
<213»

<400

205

21

RNA
Syhthetic

205

ugguuaécag agacgagguu

<210>
211>
<212>
<213

<400

206

21

RNA
synthetic

206

ugguuaacag agacaggguu

<210>
<211>
<212>
<213>

<400

207

21

RNA
Synthetic

207

ugguuaacag agacggaauu

<210>
<211
<212>
<213>

<400

208

21

RNA
synthetic

208

ugguuaacag agacgaaguu

<210>

<211

<212>
<213>

<400>

209

21

RNA
Synthetic

209

ugguuaacag agacaagguu

<210>
<211
<212
<213>

210

7

DNA
Synthetic
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<400> 210
tgcagect 7

<210> 211
<211> 11
<212» DNA
<213> synthetic

<400> 211
agagacgggg t : : 11

<210> 212
«211> 14
<212> DNA
<213> synthetic

<400> 212 .
cecacccace tace ’ 14

<210> 213
211> 37
<212> DNA
«213»> Synthetic

<400> 213
cagagtrattt ctgccccace cacctacece ccaaaaa ) 37

<210> 214
<211 37
<212> DNA :
<213> Synthetic

<400> 214
gaggagatct ccrtcccace cacctaccge ratgage 37

<210> 215
<211> 21

<212~ DNA
<213> synthetic

<400> 215 :
ctcogeeeca coccacetace a 21

<210> 216
<211> 21
<212> DNA
<213> synthetic

<400> 216 )
ctceteccea cecacctace a . 21

<210> 217
<211= 21

<212> DNA )
<213> Synthetic

<400> 217
tltecgecee acccacctac ¢ . 21

<210> 218
<211> 21
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<212> DNA
<213> Ssynthetic

<400> 218
Lctcctecee acccacctae ¢

<210> 219

<211> 34

<212> RNA

<213> synthetic

<400> 219 .
cagaggacua aauaccauuc cauuguuugu gcag

<210 220
211> 34

<212> RNA

«213> synthetic

<400> 220
cugguaacag uaauacauuc cauuguulua ‘guaa

<210 221

<211 34
<212> RNA .
<213> Synthetic

<400> 221
gacuuguuuyg ucuuccayuc cauuguuuug aaac

«210> 222
<211> 21

<212> RNA

<213> Synthetie

<400> 222
duaauccauu ccauuguuuu a

<210> 223
<211> 21
<212> RNA
<213> * Synthetic

<400> 223
duaauvacauu ccauuguuul a

<«210> 224
<211- 27
<212 RNA
«<213> Synthetic

<400> 224
aualueccauu ccauluguuuy g

«210> 225

<21l> 21

<212> RNA

<213> synthetic

<400> 225
auauuacauu ccauuguuuu a
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<210>
<211>
<212>
<213~

<400

Synthetic
226

guaauccauu ccauuguuyy

<210
<211>
<212>
<213

<400

227

21

RNA
Synthetijc

227

~ Quaauacauu ccauuguuuu

<210>
<211
<212
<213

<400

228

21

RNA
Synthetic

228

guauuccauuy ccauuguuuy

<210>
<211
<212
<213

<400

229

21

RNA
Synthetic

229

guauuacauu ccauuguuuy

<210>
<211
<212
213>

<400

230

21

RNA
Synthetic

230

cuauaaucca uuccauvuguuy

<210
<211
<212
<213

<400

231

21

RNA
synthertic

231

CuaUaauacy UUCC&UUQUU

<210
<211>
<212
«213>

<400>

232

21
RNA (
Synthetic

232

Cuauauucca uuccauuguu

<210>
<211s
<212
<213

233

21

RNA
synthetic
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<400 233

cuauavyaca UUCC&UUQUU

<210>
<211~
<212>
<213>

<400

234

21

RNA
synthetic

234

cUguaaucca uuccauuguu

<210~
<21l>
<212
<213%

<400>

235

21

RNA
Synthetic

235

cuguaavaca uuccauuguu

«210>
<211
<212>
<213>

<400>

236

21
RNA .
Synthetic

236

cuguauucca uyuccauuguy

<210>
<211>
<212
<213>

<400

237
21
RNA

- Synthetic

237

cuguauuaca uuccauuguy

<210
<211
<212>
<213

<400>

238

21

RNA
Synthetic

238

caauaaucca Vuccauuguu

<210
<211
«<212>
<213>

<400z

239

21

RNA
Synthetic

239

Caauaguaca wuccauuguu

<210>
<211>
<212>
<213>

<400>

240

21

RNA
Synthetije

240

Caauauucca Uuccauuguy

<210> 241

<211>

21
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<212>
<213>

<400

RNA ]
Synthetic

241

Caauauuaca uuccaduguu uy

<210>
<211
<212>
<213

<400>

242

21

RNA
Synthetic

242

cagugaucca uuccauuguy u

<210>
«211>
<212>
<2313>

<400>

243

21

RNA
Synthetic

243

Caguaavaca uuccauuguu u

<210>
<211
<212
<213~

<400=

244

21

RNA
Synthetic

244

caguauucca uuccauuguu u

<210>
<211~
<212
«213>

<400>

245

21

RNA
Synthetic

245

Laguaulaca uuccauuguu u

<210
<211
<212>
<213>

<400

246

2

DNA
synthetic

246

atcaagcag

«210>
<211>
<212>
<213

<400

247

9

DNA
Synthetic

247

tggaaagga

<210>
<211>
<212
<213>

<400>

248

44

DNA
synthetic

248

daacacagrg gggggacatc aagcagccat gcaaatgtta aaag

Page 33

PCT/AU2006/001741

21

21

21

21

21

44



WO 2007/056826 PCT/AU2006/001741

<210> 249
<211> 44

<212> DNA

«213> synthetic

<400> 249 .
cctgttggty ggcgggaate aageaggaat ttggaattcc ctac ' 44

<210> 250
<211> 44
<212> DNA
<213> synthetic

<4Q0> 250
tagceccetagg tgtgaatatce aagcaggaca taacaaggta ggat 44

<210> 251

<211> 44

<212> DNA

<213> synthetic

<400> 251 .
aactcacagt ctggggcatc aagcagcetec aggcaagaat cctg : . 44

<210> 252

<211> 89

<212> DNA

<213> synthetic

<400> 252 :
agggagctag aacgattcgc agttaatcct ggcctgttag azacatcaga agcrgtagac 60

aaatactggy acagcracaa ccatcoctt 89

<210> 253
<211> 89
<21l2> DNA
<213> synthetic

<400> 253 '
acaacatctg ttgaggtggg gactraccac accagacaaa aaacatcaga aagaaccrcee 60

attcctttagg atgggttatg aactecatc ) 89

<210> 254
<211> 90
<212> DNA
<213> synthetic

<400> 254 .
aaggatagag ataaaagaca ccaaggaagc tttagacaag atagaggaag agcaalacaa 60

aagtaagaaa aaagcacagc aagcageage : 90
<210> 255

<211> 90

<212> DNA

<213> synthetic

<400> 255 ’
aacagggaga ctaaattagyg aaaagcagga targttacta atagaggaag acaaaaagtt 60
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grcaccctaa ctgacacaac aaatcagaag S0
<210> 256

<211> 90

<212> DNA .

<213> synthetic

<400> 256 )

aggcaagagt tttggctgaa gcaatgagcc aagtaacaaa ttcagctacc ataatgatgc 60
agagaggcaa ttttaggaac caaagaaaga ' 90
«210> 257

<211> 90

<212> DNA .

<213> synthetic

<400> 257

cttggcactt atctgggacg atctgcggag cctgtgectc ttcagctacc accgcttgag 60
agacttactc ttgattgraa cgaggattgt a0
<210> 258

«<211> 90

«212> DNA

<213> synthetic

<400> 258 .
aacaaattca gctaccataa tgatgcagag aggcaatttt aggaaccaaa gaaagattgt 60
taagtgtttc aattgtggca aagaagggca 4 g0
<210= 259

<211> 90

<212» DNA .

<213> synthetic

<400> 259 .

acccagggat taaagtaagg caattatgta aactccttad aggaaccaaa gcactaacag 60.
aagtaatacc actaacagaa gaagcagagc 90
<210> 260

<211> 90

<212> DNA .

<213> synthetic

<400> 260 .

caaaagttaa acaatggcca trgacagaag aaaaaataaa agcattagta gaaatttgta 60
cagagatgga aaaggaadgdg aadaatttcaa : 90
<210> 261

<211> 90

<212> DNA

«213> synthetic

<400> 261

tagtacatgt aacgcaacct ataccaatag tagcaatagt agceattagta gtagcaataa 60
taatagcaat agttgtgtgg tccatagtaa a0
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<210> 262

<211> 90

«212> DNA
<213> synthetic
<400> 262

caccggtget acggttagayg

tccctacaat ccccaaagtce

<210>
<211
<212 ) .
<213> synthetic

<400> 263
aaggccttat taggacacat

263
90
DNA

gtaggatctc tacaatactt

<210> 264
<211> 90
<212> DNA
<213> synthetic
<400> 264

caggggaaag aatagtagag

aaattacaaa aattcaaaat

<210> 265

<211> 90

<212> DNA .
<213> synthetic
<400> 265

Ctcaaatatt ggtggaatct

agcrrgetca atgccacage

<210> 266
<211~ 90
<212> DNA
<213> synthetic

<400> 266
acaggagcag atgatacagt

atgataggyy gaattggagg

<210>
<217~
<212>
<213> synthetic

<400> 267
gaaacagggc aggaaacagce

267
90
DNA

acaatacata ctgacaatgg

<210> 268

<211> 90
«<212> DNA

ccgeetyttg
aaggagragt

agttagceet

ggcactagca

ataatagcaa

tttegagtrt

cctacagtat

catagcagta

attagaagaa

tttratcaaa

atatrttert

cagcaatttc

gtgggcggga

aggtgtgaat

cagacataca

tggagtcagg

argagtttgce

ttaaaattag

Page 36

PCT/AU2006/001741

atcaagcagg aatttggaat
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60
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<213» synthetic

<40Q> 268
aatgagtttg ccaggaagat ggaaaccaaa aatgataggg ggaattggag gttttatcaa 60
agtaagacag tatgatcaga tactcataga 90

<210> 269
90

<211>

<212> DNA .

<213>» synthetic

<400> 269 :

aaaggaaaag grcratctgg catgggtacc agcacacaaa ggaattggag gaaatgaaca 60
agtagataaa ttagtcagtg ctggaatcag X a0
<210> 270

<211> 90

<212> . DNA

<213> synthetic

<400= 270 .

ggcaactaaa ggaagctcta ttagatacag gagcagatga tacagtatta gaagaaatga 60
gtttgccagg aagatggaaa ccaaaaatga 90
<210> 271

<211l> 90

«212> DNA

213> synthetic

<400> 271

atcagatact catagaaalc tgtggacata aagctatagg tacagtatta gtaggaccta 60
cacctgtcaa cataattygga agaaatctgt 90
<210 272

<211» 889

<212> DNA .

«213> synthetic

<400= 272

daagtaaggc aattatgtaa actccttaga ggaaccaaag .cactaacaga agtaatacca 60
Ctaacagaag aagcagagcet agaactgge 89
<210> 273

<211> §9

<212> DNA .

<213> synthetic

<400> 273

aaactcctta gaggaaccaa agcactaaca gaagtaatac cactaacaga agaagcagag 60
ctagaactgy cagaaaacag agagattcr 89
<210> 274

<211> 90

<212> DNA .

«213> synthetic

<400> 274

Page 37



WO 2007/056826 PCT/AU2006/001741

cccacaagat ttaaacacca tgctaaacac agtgggggga catcaagcag ccatgcaaat 60
gttaaaagag accatcaatg aggaagctgc 90
<210> 275
<211> 90
<212> DNA
<213> synthetic
<400> 275
ttgaggcgea acagcatctg ttgcaactcea cagtctgggg catcaagcag ctccaggcaa 60
gaatcctgge tgtggaaaga tacctaaagg ' 90
<210> 276
<211> 90
<212> DNA
<213> synthetic
<400> 276
catacctagt ataaacaatg agacaccagq gattagatat cagtacaatg tgcttccaca 60
dggatggaaa ggatcaccag caatattcca ' 90
<210> 277
<211> 90
<212> DNA
<213> synthetic
<400~ 277 .
aagacgttca atggaacagg accatytaca aatgtcagca cagtacaatg tacacatgga 60
attaggccag tagtatcaac tcaactgcetd 20
<210> 278
<211» 90
<212> DNA .
<213> synthetic
<4Q0> 278 ] ,
actattttta gatggaatag ataaggccca agatgaacat gagaaatatc acagtaattg 60
gagagcaatg gctagtgatt ttaacctgec . S0
<210> 279
<211> 90 :
<212> DNA .
<213> synthetic
<400> 279
Ctaatagaaa gagcagaaga cagtggcaat gagagtgaag gagaaatatc agcacttgtg 60
gagatggggy tggagatggg gcaccargct 90
<210> 280

T <Z211l> 90
<212> DNA
<213> synthetic
<400> 280
tacttygggca ggagtggaag ccataataag aattclgcaa cdacrgctgt ttatccattt 60
tcagaattgg ytgtcgacat agcagaatag 90
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<210
<211
<212>
<213> synthetic

<400> 281
agracaatyt acacatggaa

281
90
DNA

tctagcagaa gaagaggtag

282
a1
DNA

«210>
<211~
<212>
<213> synthetic

<400> 282
tagaaagagc agaagacagt

tgygggtgga gatggggcac

<210
<211
<212>
<213> synthetic

<400> 283
aatgataatg gagaaaggag

283
91
DNA

aggraaggty cagaaagaat

284
90
DNA

<210>
<211
<212>
«213> synthetic

<400> 284
agacagtggc aatgagagtg

ggggcaccar gctccttggqg

<210
<211>
<2125
<213> synthetic

<400> 285
tgagagtgaa ggagaaatat

285
90
DNA

tccttgggat gttgatgatc

<210>
<211»
<212
<Z213> synthetic

<400> 286
tetgtgtrag tttaaagtgce

286
90
DNA

ggagaatgat aatggagaaa

<210> 287

ttaggccagt
taattagatc

ggcaatgaga

catgctectt

agataaaaaa

atgcattttt

aaggagaaat
atgttgatga

cagcactigt
tgtagtgcta

actgatttga

ggagagataa

agratcaact

gtgaaggaga
g

ctgctctrtre

T

atcagcactrt

ggagatgggg

agaatgatac

Page 39

PCT/AU2006/001741

caactgctgt taaatggcag

aatatcagca cttgtggaga

aatatcagca Caagcataag

grdgagatgg gggtggagat

gtggagatgg ggcaccatge

taataccaat agtagtagcg
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90 -

60
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91
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<211~
<212>
<213>

<400>

90
DNA
synthetic

287

aaggtgcaga aagaatatgc atttttttat

actiaccagcet ataagttgac aagttgtaac

<210>
<211
<212>
© <213

<400

288

90

DNA
synthetic

288

aatggaataa cactttaaaa cagatagcta

aaacadtaatr ctttaagcaa tcctcaggag

<210>
<211>
<212>
<213>

<400>

289

90

DNA
synthetic

289

gtacaggcca gacaattatt gtcrtggtata

attgaggcge aacagcatct gtrgcaactc

<210>
<211>
«212>
<213>

<400>

290

20

DNA
synthetic

290

attgtggagg ggaatttttc tactgtaatt

atagtacttg gagtactgaa gggtcaaata

<210>
<211
<212
<213>

<400>

291

90

DNA
synthetic

291

trttctacty taattcaaca caactgttta

¢tgaagggtc aaataacact gaaggaagty

<210>
<211~
<212~
<213>

<400

292

28

DNA
synthetic

292 -

tggtgggcgg gaatcaagea ¢ggaatttg

<210>
<211>
<212>
<213>

<400>

293

28

DNA )
synthetic

1293
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aaacttygata taataccaat agataatgat 60

90

gcaaattaag agaacaattt ggaaataata 60

90

gtgcagcagc agaacaattt gcetgaggget 60

90

caacacaact gtttaatagt acttggttta 60

90

atagtacttg gtttaatagt acttggagta 60
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ctaggtgtga atatcaagca

<210>
<211>
212>
<213

<400~

294

21

DNA
synthetic

294

ttgtgcgaaa atcaagcagg

<210>
<211
<212
<213»

<400>

295

21

DNA
synthetic

295

ttgtgcgaat atcaagcagg

<210
<211>
<212
<213>

<4G0>

‘synthetic

296

ttgggegaaa atcaagcagg

<210
<211
212>
<213>

<400

297

21

DNA
synthetic

297

ttgggcgaat atcaagcagg

<210>
<211>
<212>

213> -

<4Q0>

298

21

ONA
synthetic

298

tggtgcgaaa atcaagcagg

<210>
<211>

<212>

<213
<400>

299

21

DNA
synthetic

299

tggtgcgaat atcaagcagdg

<210>

o <211> -

<212
<213>

<400

300

21

DNA
synthetic

300

tggggcgaaa atcaagcagy

<210>
<211>
<212

301
21

DNA

ggacataa
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«213>
<400>

synthetic
301

Tdgggcgaat atcaagcagg

<210>
<211>
<212>
<213>

<400>

302

21

DNA
synthetic

302

gtgtgcgaaa atcaagcagy

<210>
<211
<212
<213>

<400

303

21

DNA
synthetic

303 -

gtgtgcgaat atcaageag

<210
<211
«2]12>
<213>

<4005

304

21

DNA
synthetic

304

gtgggcgaaa atcaagcagg

<210
<211
<212
<213

<400

305

21

DNA
synthetic

305

gtgggcgaatr atcaagcagg

<210
<21l>
<212»
<213>

<400>

306

21

DNA
synhthetic

306

gggtgcgaaa atcaagcagy

<210
<211
<212
<213

<400

307

21

DNA
synthetic

307

gggtgcgaat atcaagcagg

<210>
<211>
«212»
<213>

<400

308

21

DNA
synthetic

308

ggd9dgcgaaa atcaagecagg
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<210>
<211~
<212>
<213>

<4005

309

21

DNA )
synthetic

309

gggggcgaat atcaageagy

<210
<211
<212>
<213

<400

synthetic
310

atgggcgaaa atcaagcagg

<210
«210>
<212
<213>

<400>

synthetic
311

gugggcgaac aucaagcagu

<210>
<211~
<212
<213>

<400

312

21

RNA .
synthetic

312

cugcuugaung uucgcocacy

<210
<211~
<212
213>

<400

313

21

RNA
synthetic

313

gcaauaaaag cauuaguagu

<210>
<211
<212
<213>

<400

314

21

RNA
synthetic

314

Cuacuaaugc uuuvauugecu

<210
<211~
<212
<213

<400

315

21

RNA
synthetic

315

gggcgaaaau caagcaggau

«<210>
<21l
<212>
<213>

<400

316

21

RNA
synthetic¢

316
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uccugcuuga uuuucgccea

<210> 317
<211> 21
<212> RNA
<213> synthetic

<400> 317
gagucagaaa cuaaagaauu

<210> 318

<231 21
<212> RNA )
<213> synthetic

<400> 318
auucuuuagu uucugacucu

«210> 319
<211= 21
<212» RNA
<213> synthetic

<400> 319
gcaauagaua caguauuagu

<210> 320
<211> 21 -
<212 RNA
<213> synthetic

<400> 320
Cuaauacugu aucuauugcu

«210> 321
<211 21

<212» RNA |
<213> synthetic

<400> 321 .
cgcuaaaagg aauuggaggu

<210> 322

<211> 21

<212> RNA -
<213> synthetic

<400> 322
Ccuccaauuc cuuuyuagegu

<210> 323
<211 21
<212> RNA
<213> synthetic

<400> 323
cgugauaaca guacaauguu

<210> 324
<211 21
<212> RNA
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«213> synthetic

<400> 324 .
acauuguacy guuaucacgu u 21

©<210> 325

<211> 21

<212> RNA
<213> Synthetic

<400> 325 .
agccauagcea cuaacagaau u 21

<210> 326
<211> 21
<212> RNA
<213> synthetic

<400> 326
uucuguuagu gcuauggouu c 21

«210> 327
«<211> 21
<212> RNA
<213» synthetric

<400> 327 :
uuccaccuca acugcugiuu u 21

<210> 328
<211> 21
<212> RNA
<213> Synthetic

<400> 328
aacagcaguu gagguggaau u 21

«210> 329

<211> 66

<212> DNA .
<213> Synthetic

<400> 329 ‘
gatccgatgg grrtaccagg aagatggact cgagaccatc ttcctggtaa acccatrrtt 60

ttggaa 66

<210> 330
<211> 66
<212>. DNA
<213> Synthetic

<400> 330
ctcgagtcca tcttcctggt aaacccatcg ccaaaaaaat gggtttacca ggaagatogt 60

agcrtt ' 66
<210> 331
a1 11

<212> DNA .
<213> Synthetic
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<400

331

atatgatagg ¢

<21.0>
<211
<212>
<213>

<400

332

12

DNA
Synthetic

332

gccatattaa rt

<210>
<211
<212
<213

<400

333

11

DNA
synthetic

333

atgaggaaga a

<210
<211>
<212>
<213

<400

334

12

DNA .
Synthetic

334

tctgtataaa ta

<210>
<211
«212>
<213>

<400

335

11

DNA
Synthetic

335

gaatttrggt g

<210>
<211>
212>
<213=

<400

336

14

DNA
Synthetic

336

aatgttcceca ctea

<210>
<211>
<212>
<213

<400>

337

14

DNA
Synthetic

337

aatgttcaga ctca

<210
<211
<212
<213>

<400
actca

<210>
<211

338
3

DNA
Synthetic

338

339
7
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<212> DNA
<213> synthetic

<400= 339
cctggag

<210> 340

<211> 10

<212» DNA .
<213> Synthetic

<4Q0> 340
agtcctggag

<210> 341
«211> 10
«212>  DNA
213> synthetic

<400 341
aaccctggag

«210> 342

«211> 10

<212> DNA

<213» Ssynthetic

<4Q0> 342
ggccetggag

<210> 343

<211 10

<212> DNA

<213> synthetic

<400> 343
ggtcctggay

<210 344
<211= 10
<212> DNA
<213» Synthetic

<400> 344
rrycctggag

<210> 345

<211 10

<212> RNA

<213> synthetic

<400> 345
cuccaggguu

«210> 346

<211> 23

<212> RNA

<213» synthetic

<400> 346
agacacacce acccacauac aua
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<210 347

<211> 20

<212> RNA
<213> synthetic

<400> 347
ccuccocace cacauacauu

<210> 348
<211> 20
<212> RNA
<213> Synthetic

<400> 348
acacccacee acauacauac

«210> 349

«211= 19

<212> RNA ]
<213> synthetic

<400> 349
dcacccacce acauacaua

<210> 350
«<211> 21

«<212> RNA )
<213> synthetic

<400> 350
CCUCCCCACC cacauacauu u

«<210> 351
<211> 11
<212> DNA
<213> Synthetic

<400= 351
ccetygtgagg a

<210= 352
<211> 12

<212> DNA
«213> Synthetic

<400> 352
caccatgage ac

<210> 353

<211> 12

<212> DNA
<213> synthetic

<400> 353
cagggereca gy

<210> 354
<211s 12

<212> DNA
<213> synthetic
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20
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<400> 354
gtagagctga ga

<210> 355
<211> 60
<212> DNA

«213> Synthetic

<400> 355

gggcgacact ccaccatgaa

<210> 356
<211> 60
<«212> DNA

<213> synthetic

<400= 356

Tgggcaggtc tactttggga

«210> 357
<211> 21
<212> DNA

<213> Synthetic

<400> 357

gaatcactgc cctgtgagga a

<210> 358
<211> 23
<212> RNA

<213> " Synthetic

<400> 358

ugaaucacuc cccugugagg

<21(> 359
<211 23
<212> RNA

<213> Synthetic

<400> 359

dggaucauug cccugugagg

210> 360
<211> 21
<212> RNA

«213> Synthetic

<d400> 360

caaaaaugac aguggacgau

<210>= 361
<211> 21
<212> RNA

«213> sSynthetic

<400> 361

ucguccacug ucauuuuugy

<210> 362
<211> 16
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<212> RNA
<213>, Synthetic

<400> 362
uaaaaugaca guggaa

<210> 363
<211 19
«212> RNA
«213> Ssynthetic -

<400> 363
gcaagaguga caguggauu

<210> 364
«211= 27
<212> RNA
<213> - Synthetic

<400> 364

cececgyceqy cygeygacay uggacge

<210> 365
<211> 44
<212> RNA
<213> Ssynthetic

«400> 365

gecaggeccu gugugaaccu uugagcuuuc auagagaguu ucac

<210> 366
<211> 22

<212> RNA
<213> Ssynthetic

<400> 366
gagcuuucau agagaguuuc ac

<210> 367
<211> 17

«<212> RNA
<213» synthetic

<400> 367
ugaccuuuag agaguug

<210> 368

<211> 23

«212> RNA
<213> Ssynthetic

<400~ 368
cccggaagau uagagaguuu uau

<210> 369
<211» 21
<212> RNA
<213> Synthetic

<400> 369
acccuuagag aguuucacau u
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<210= 370
<211> 21

<212> RNA
<213> synthetic

<40Q0= 370
ugugaaacuc ucuaaggguc ¢ ) 21

<210> 371
<211> 31
<212> RNA
<213> Ssynthetic

<4Q0> 371
daccuuugag cuuucauaga gaguuucaca g 31

<210> 372

«211> 25

<212> RNA
<213> Synthetic

<400> 372
ugaccuuuag agaguugcuu uacgu . 25

<210> 373
«<211> 26
<212> RNA
<213> Synthetic

<400> 373
agcccggaag avuagagagu uuuauu 26

<210> 374
<211> 21
<212> RNA
<213> synthetic

<400> 374
ducccuauuc uguucuuual. u . 21

<210 375

<211> 21

<212> RNA .
<213» Synthetic

<400> 375
uadagaacag aauagggaug c 21

<210> 376
<211> 22

<212> RNA
<213> synthetic

<400> 376 :
Wcaucccuau pcuguguuue au 22

<210 377
<211> 17
<212> RNA
<213> synthetic
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<400

377

duucuauucy gaucuug

<210>
<211>
<212>
<213>

<400>

378

22

RNA
synthetic

378

acauugcuau ucuguuuuuuy ay

<210
<211~
212>
<213

<400

379

21

RNA
Synthetic

379

caucccuauu cuguucuuay u

«210>
<211~
<212
<213>

<400

380

21

RNA )
Synthetic

380

uaagaacaga auagggaugu c

<210=
<211>
<212%
<213

<400

381

18

RNA
synthetic

381

auucuauucy gaucuuad

<210>
<211>
<212
213>

<400>

synthetic
382

agacauugcu auvucuguuuy uu

<210
«211>
<212>
<213

<400>

ggcccugugu gaaccuuuga géuuucauag agaguuy

<210>
<211>
<212>
<213

<400>

383

37

RNA
synthetic

383

384

21

RNA
Synthetic

334

gguuugaccu uuagagaguu u

<210
<211>

385
22
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<212> &NA
<213> synthetic

<400= 385
agcccggaag auuagagagu uu

<210> 386
«211> 21
-<212> RNA
<213> Synthetic

<400> 386
céggacccuu agagaguuuu U

<210> 387

<211> 21

<212> RNA

<213> synthetic

<400> 387
a3zacucucua aggguccggg ©

«<210= 388
<211> 38

<212> RNA )
<213> Synthetic

<400> 388 .
ggcccugugu gaaccuuuga gcuuucavag agaguuuc

<210> 389
<211 21
<212> RNA
<213> . Synthetic

<400> 389
gaaacucucu aaggguccgg g

<210> 390 -
<211> 37

<212> RNA

<213»> Ssynthetic

<400> 390
cccuguguga accuuugage uuucauvagad aguuuca

<210> 391

<21ll= 17

<212> RNA
<213> synthetic

<400> 391
ugaccuuuag agaguug

<210> 392

<211> 23

<212> RNA

<213> synthetic

<400> 392
geccggaaga uuagagaguu uua
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<210> 393
<21l> 11
<212> DNA
«213> synthetic

<400> 393
ggtgcgagygg t

<210> 394

<211> 57

<212> DNA

<213> Synthetic

<4Q0> 394

aacgtggcayg ggacgccggg ggacttcggt gogagggrea cogecgggtt aactgge

<210> 395

<211> 57

<212> DNA
<213» synthetic

«400> 395

caagtagggt acggacttto gdggattggt gcgagggtag tggygtgagtg gectact

<210= 396
<211» 22
«212> DNA
<213> synthetic

<400> 396
ttgggagatc ggtgcgaggy ta

<210> 397

<211> 23

<212> RNA

<213» synthetic

<400> 397
€gggggacuu cggugcdagyg guc

<210> 398
<211> 24
<212> 'RNA
«213> . synthetic

<400> 398 .
uuugggggau uggugcgagg guag

<210=- 399 -
<211> 23

<212 RNA

«213» synthetic

<400> 399
gragavauau guucuucaac aca

«210> 400

<211l> 20

<212> RNA .
<213> synthetic
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<400

400

agcaaaucua cuucaacacu

<210>
<211»
<212
<213>

<400

401

9

DNA
synthetic

401

gtcttcacg

<210 .

<21l>
<212>
<213>

<400>

402

48

DNA
synthetic

402

atcactccee tgtgaggaac tactgtetic acgcagaaag cgtectage

<210>
<211~
<212>
<213>

<400>

403

48

DNA
synthetic

403

atggagacca ctatgcggtc tceggeette acggacaact catcteccec

<210>
<211>
<212>
<213

<400>

404
48

DNA .
synthetic

404

gatcacctgg agrictggga gagcgtcotte écgggcctca cccacata

<210>
<211>
<2125
<213>

<400

405

48

DNA
synthetic

405

caggaggatg cggcgagcct acgagtcttc acggaggcta tgactagg

<210
<211>
212>
<213»

<400>

406

11

RNA
synthetic

406

uucgugaaga ¢

<210>
<211s
«212>
<213>

<400>

407

21

RNA
synthetic

407

uucgugaaga cggugggecg g

<210>
<211>

408
21
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<212
<213>

<400>

RNA
synthetic

408

uucgugaaga cggugggccg

<210
<211>
<212
<213>

<400

409

21

RNA
synthetic

409

uucgugaaga cygugggecg

<210
<211
<212>
<213

<400>

410

21

RNA
synthetic

410

uucgugaaga cgguaggeeg

<210
<211>
<212>
<213>

<400>

411

21

RNA -
synthetic

411 .
uucgugaaga cgguaggecg

<210>
<211>
<212>
<213>

<400

412

21

RNA .
synthetic

412

uucgugaaga cgguaggcecy

<2 10>
<211
<212
<213

<400

413

21

RNA
syhthatic

413

uucgugaaga cgguaggecg

<210
<211
<212>
<213>

<400>

414

21

RNA
synthetic

414

uucgugaaga cagugggccg

<210>
<211~
<2172~
<213

<400>

415

21

RNA
synthetic

415

uucgugaaga caguaggecg
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<212>
<213>

<400>

RNA )
synthetic

408

uucgugaaga cggugggcecg

<210
<211>
<212
<213>

<400>

409

21

RNA
synthetic

409

uucgugaaga cggugggeeg

<210>
<211
<212
<213>

<400

410

21

RNA
synthetic

410

uucgugaaga cgguaggcecg

<2105
<211l-
212>
<213s

<400>

411

21

RNA
synthetic

411

uucgugaaga cgguaggecy

<210>
<211>
<212>
<213»

«400=>

412

21

RNA
synthetic

412

uucgugaaga cgguaggccy

«210>
<211~
<2125
<213

<400

413

21

RNA
synthetic

413

uucgugaaga cgguaggeceg

<210>
<211
<212>
<213>

<400

414

21

RNA
synthetic

414

uucgugaaga cagugggccg

<210
<211
<212
<213

<400>

415

21

RNA
synthetic

415

uucgugaaga caguaggecg
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<210> 416
<211> 20

<212> RNA
<213> synthetic

<400> 416
aggaacuacu gucuucacyc

«210> 417
«<211> 21
<212> RNA
<213> synthetic

<220~

<221> misc_feature
222> (21)..(021)

<223> nis a, ¢, g, oru

<400> 417
uucgugaaga crgurggecg n

<210> 418
<211> 23

<212> RNA :
<213> . synthetic

<400> 418
LgCGgUCUCE gyucuucacy gac

«210> 419
«211> 21
«212> RNA
<213> synthetic

<400> 419
uucgugaaga crgurggecg vy

<210> 420

«211= 21

«212> RNA .
<213» synthetic

<400> 420
uucgugaaga crgurggecg r

<210> 421
<211 19

<212> RNA .
<213>. synthetic

<400> 421
gggagagcgu cuucacggg

«210> 422
<211= 25
<212> RNA
<213> synthetic

<400> 422
ggcgagccua cgagucuuca cggag
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<210
<211>
<212>
<213>

<400

423

21

RNA
synthetic

423

uaugugggug ggugagucua

<210>
<211>
<212~
«213>

<400

424

21

RNA
synthetic

424

agacucaccc acccacauay

<210>
<211>
<217
<213>

<400

425

21

RNA -
synthetic

425

agacucacece acccacauau

<210
<211>
<212>
<213

<400>

426

21

RNA
synthetic

426

agacucaccc ‘acccacauau

<210
<211
<212>
<213

<400

427

21

RNA
synthetic

427

agacucaccc acccacauau

<210>
<21l>
<212
<213

<400

428

21

RNA
synthetic

428

uaugugggug ggugagucua

<210
<211>
<212>
<213>

<400

429

21

RNA
synhthetic

429

agacucaccc accgagauau

<210
<211~
<212>
<2135

430

21

RNA
syhthetic
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<400> 430 .
Uaucucggug ggugagucua a

<210> 431
<211» 27

<212» RNA
<213> synthetic

<400> 431
agacucacéc agcgagauau u

«210> 432

<211> 21

<212> RNA .
<213> synthetic

<400> 432
Haucucgcug ggugagucua a

<210> 433
<211> 14
212> BNA
«213> synthertic

<400> 433
guagacacac ¢cac

<210 434
211> 21
<212> RNA
<213> synthetic

<400> 434
uaugugggug ggggggucuc

<210> 435
<211s 32

«212> RNA
«<213> synthetic

<400> 435
ugggaluccu guagacacac ccacccacau ac

<210> 436
<211> 23

<212> - RNA
<213> synthetic

<400> 436
-Uagccaccuc cocacccaca uac

<210> 437
<211s> 21
<212> RNA
<213> synthetic

<400> 437
uaugugggug ggugggucuc u

<210> 438
<21l> 21
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<212>
<213%

<400

RNA
synthetic

438

uagacacacc cacccacaua c

<210>
211>
<212>
<213>

<400

439

21

RNA
synthetic

439

laugugggug ggggugucuc u

<210
<211
<212>
<213

<400

440

35

RNA
synthetic

440

ugacaccuuy guuagccacc

<210
<211
<212
<213>

<400

441,

21

RNA
synthetic

441

uaugugggug ggugugucuc

<210>
‘w211
<212>
<213

<400

442

21

RNA
synthetic

442

uaugugdgug gggggguguc

<210
<211
<212
<2135

<400

¢

443
21

RNA
synthetic

443

vaugugggug gguggguguc

<210>
<211
<212>
<21 3>

<400>

444

21

RNA i
synthetic

444

uaugugggug gggguguguc

<210>
<211
<212
<213

<400

445

21

RNA
synthetic

445

vaugugggug gguguguguc

uccccaccca ¢auac
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<210>
<211~
<212
<213>

<400>

446
31

RNA
synthetic

446

gggauuccug uagacacacc

<210>
<211>
<212>
<213>

<4Q0>

447

.21

RNA
synthetic

447

uaugugggug ggggggucge

<210>
<211
«<212>
<213>

<400

448
21

RNA
synthetic

448

cacccacaua ¢

uaugugggug ggugggucge u

<210>
<211
<2125
<213

<40G0>

449
20

RNA
synthetic¢

449

dagacacacce acccacauac

<210>
<211~
<212>
<21 3>

<400

450

21

RNA
synthetic

450

uaugugggug ggggugucgc

<210
<211%
<212
<213

<400$

451

2L

RNA
synthetic

451

uaugugggug ggugugucge

<210>
<211
212>
<213>

<400

452

21

RNA
synthetic

452

u

vaugugggug gggggguggc u

<210>
<211
<212>
<213>

453
21

.RNA

synthetic
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<4Q0>

453

uaugugggug gguggaugge

<210>
<211>
cw212s
<213>

<400>

454

21

RNA
synthetic

454

uaugugggug gggguguggc

<210
<211>
<212>
<213~

<400>

455

21

RNA
synthetic

455

uaugugggug ggugugugge

<210>
<211>
<212>
<213>

<400>

456

21

RNA
synthetic

456

dauguggguyg ggggggucua

<210>
<211>
<212>
<213>

<400>

457

24

RNA
synthetic

457

uudagecaccy ceccacccac

<210
<211
<212>
<213>

<400

458

21

RNA
synthetic

458

uaugugggug ggugggucua

<210
211>
<212
<213

<400>

459

21

RNA
syhthetic

459

ualigugyggug ggagugucua

<210>
<211
<212>
<213>

<400>

460

21

RNA
synthetic

460

uaugugggug ggugugucua

<210>
<211

461

21

auac
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<Z212> RNA .
<213> synthetic

<400~ 461
taugugggug ggagggugua u

«210> 462

<211> 19

<212> RNA

<213> synthetic

<400> 462
gacacaccca cccacauac

<210> 4863

<211 20

«212> RNA .
<213> synthetic

<400> 463
ccaccuccee accecacauac

<210> 464

<21l> 21

<212> RNA
<213» synthetic

<400> 464
uaugugaqug ggudgaugua u

<210> 465
<211l> 21
<212> RNA
«213» synthetic

<400> 465
uaugugggug ggggugugua u

<210> 466
<211> 21
<212>. RNA
<213> synthetic

<400> 466
uaugugggug ggugugugua u

<210> 467

«211> 22

<212> RNA

<213» synthetic

<400> 467
agccaccucc ccacccacau ac

<210- 468
<211» 21
<212> RNA
<213» synthetic

<4003 468
uaugugggug ggggggucga u
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<210> 469

<211- 19

<212> RNA

<213> synthetic

<400> 469
caccucccea cccacauac

2210= 470

<211> 21

<212> RNA
<213> synthetic

<4(0> 470
uaugugggug ggugggucga u

<210> 471
<211 21
<212> RNA
<213> synthetic

<400> 471
uaugugggug ggggugucga u

<210> 472
<211> 36
<212> RNA
«213> synthetic

<400> 472
cugacaccul uguuagccac CcUCcecaccc acauac

<210> 473

<211> 21

<212> RNA
<213> synthetic

<400> 473
uaugugggug ggugugucga u

<210> 474
<211= 21
<212> RNA
<213> synthetic

<400> 474
uaugugggug ggggggugyga u

«210> 475
<211> 27
<212> RNA
<213> synthetic

<400> 475
uuccuguaga cacacccace cacauac

<210> 476
<211> 21
<212> RNA
<213> synthetic
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<400> 476 .
gccaccucee cacccacaua ¢ 21

<210> 477
<211= 21
<212> RNA
<Z213> synthetic

<400> 477
uaugugdgug ggugggugga u 21

<210> 478

«21l> 21 -
<212> RNA .
«213> synthetic

<400> 478
vaugugggug ggggugugga. u 21

«210> 479
<211> 21

<212> RNA
«213> synthetic

<400= 479 .
naugugggug ggugugugga u 21

<210> 480
<211= 13

<212> RNA

© <213> - synthetic

<400> 480
cccacccaca uac 13

<210> 481
<211 2]

<212» RNA :
<Z213> synthetic

<400= 481 :
acacCccecee acccacauay u ) 21

«210> 482

<211» 21

<212> RNA .
=<213> synthetic

<400> 482
uaugugggug gggggguguc u 21

<210> 483

<211» 21

«212> RNA .
213> synthetic

<400> 483
cgacccecee acecacavau u 21

<210> 484
<211> 21
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<212>
<213>

<400

RNA
synthetic
484

uaugugggug ggggggucga u

<210>
<211>
<212~
<213>

<400=>

485

19

RNA
synthetic

485

caccuccecea ¢ecacauac

<210
<211
<212>
<213

<400>

486

21

RNA
synthetic

486

dCacCcuccee acccacatay u

<210>
<211>
<212
<213>

<400

synthetic
487

uaugugggug gggagguguc u

<210
<211
212>
<213>

<400

fgaccucccc acccacavau u

<210
<211>
<212>
<213

<400>

488

21

RNA
synthetic

488

489

C21 .

RNA
synthetic

489

uaugugggug gggaggucga u

<210>
«211s
<212>
<213>

<400>

490

21

RNA
synthetic

490

uaygugggug ggugagucua a

<210>
<211>
<212>
<213>

<220>
<221>

491

21

RNA
synthetic

misc_feature
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«222>  (D..2L
‘223> n = inosine

<400> 491 )
uaudugggug ggngagucua. a : 21

<210> 492
<211> 21
<212> RNA
<213> synthetic

<220

<221> misc_feature
<222>  (1)..(21)
<223> n = jnasine

<400> 492
vaugugggug ggughgucua a 21

<210> 493
<211~ 21
<212> RNA
«213» . synthetic

<220

<221> misc_feature
222> (D.. D
<223> n = inosine

<400> 493
uaugugggug ggngngucua a 21

<210> 444

<211s 21

<212> RNA )
<213> synthetic

<400> 494 .
uaugugggug gogugagucua c 21

<210» 495
«211> 24
«212> RNA
<213> synthetic

<400> 495
Clguagacac acccacccac auac : 24

<210> 496
<211> 21

<212> RNA
.<213> synthetic

<400> 496
udgaccacce acccacauau y 21

«210> 497
<211> 21

<212> RNA
<213> synthetic
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<400> 497
vaugugaguy gguggucuac a

<210> 498
<211> 21
<212> RNA
<213> synthetic

<400> 498
gacaucaccc acccacavau u

<210> 499

<211> 21

<21Z> RNA .
<213> synthetic

<400> 499
uvauguggglig ggugaugucu a

<210> 500
<211l> 21
<212> RNA
<213> synthetic

<400> 500
d4gacacacee acccacauvau u

<210> 501

<211> 21

<212> RNaA
«213> synthetic

<4Q0> 501
Uaugugygug ggugugucua ¢

<210> 502

<211> 21

<212= RNA
«213> synthetic

<400> 502
gcgguuuace ccugaaaugu u

<210> 503

<211> 21

<212> RNA :
<213> synthetic

<400> 503
‘cauuucaygg guaaaccgey y

<210> 504
<211 11
<212> RNA
<213> synthetic

<400> 504
accugagaug a

<210> 505
<211> 21
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<217> RNA
<213» synthetic

<400> 505
gcgguuuace agaagagacu U

<210> 506
<211l> 21
<212> RNA
<213> synthetic

<400> 506
gucucuucug guaaaccgcu u

<21Q0> 507

<211> 18

<212> RNA

<213> synthetic

<400> 507
cggcgaagag aagagaca

«210= 508
‘211> 21
«212> RNA
<213> synthetic

<400> 508
gC¢gguUUUACC Uuuauauguy u

«210> 509
<211> 21 .
“<212> RNA

<213> synthetic

<400> 509
acauvauaaag guaaaccgcu u

<Z210= 510

<211» 22

<212» RNA

<213> synthetic

<400> 510
uggcaacuug uauuugugug ua

.=210> 511

<211> 21

«212> RNA

<213> synthetic

<400> 511
gcgguuuace auauuaacau u

«210> 512
<211> .21
«<212> RNA
<213> synthetic

<480> 512
uguuaavaug guaaaccgeu u
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<210> 513

<211> 22

<212 RNA

<213> synthetic

<400> 513 :
uguggggaas agauauuaac au 22

<210> 514
<211> 21
<212> RNA
<213> synthetic

<400> 514
ycgguuuace guauauaaau u - 21

<210> 515

<211» 21

212> RNA .
<Z13> ‘synthetic

<400> 515
utuauauacg guaaaccgcu y 21

<210> 516
<211> 19

<212> RNA

<213> synthetic

<400> 516
cCcgguuuuug yauauaaaa 19

<210> 517
<21ls 21
<212> RNA
<213> synthetic

<400> 517
gcgyuuuacc aaugugcaau y 21

«210> 518
<211» 21
<212 RNA
<213> synthetic

<400> 518 4
uugeacauug guaaaccgeu u 21

<21(> 519

<21l1l> 38

<212»> RNA

<213> synthetic

<400> 519
9g9g9gccagay uccucucece ugcccaggaa ugugcaag ) 38

<210> 520
<211> 21

<212> RNA

<213> synthetic
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<400> 5290
gdgguuuace acuggcagau u ) 21

<210> 521

<211» 21

<212> RNA .
<213> synthetic

<4Q0> 521
ucugccagug guaaaccgeu y 21

<210> 522
<211> 18

<212> RNA
<213>  gynthetic

<400> 522 .
49g9aggecac uggcagau ' 18

<210> 3523
«211- 21
<212> RNA
<213> synthetic

<400> 523 '
gcgguuyace agaaauuaau u 21

. %210= S524
«<211> 21
<2125 RNA
213> synthetic

<400> 524
uuaauuucug guaaaccgeu u . : 21

<210> 525

<211> 14

<212> RNA .
<213» synthetic

<400> 525
aauuagaaau uaaa 14

<210> 526
<211> 21
<212> RNA
213> synthetic

<400> 526
gcgguuuace cggecgaagau u 21

<210> 527
<211> 21
<212> RNA
<213> synthetic

<400> 527
ucuucgcegg guaaaccgeu u 21

<210> 528
<211> 22
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<212>
<213>

<400

RNA
synthetic

528

uggcagaugu cccggegaag

<210>
<211
212>
<213>

<400

529

21

RNA
synthetic

529

gcgguuuace gauacagaau

<210>
<211>
<212
<213

<400

530

21

RNa
synthetic

530

uucuguaucg guaaaccgcu

<210>
<211
<21Z2>
<213>

<400>

531

20

RNA
synthetic

531

aggaaagacu gauacagaac

<210
<211>
<212
<213

<400>

532

21

RNA
synthetic

532

gcgguuuace ggaagaggau

<210>
<211
<212>
<213

<400>

533

21

RNA
synthetic

333

uccucuuccy guaaaccgeu

<210>
<211
<212>
<213>

<400>

534

24

RNA
syhthetic

534

uguggacuuy aguugggagg

<210>
<211>
<212>
<213>

<400>

535
21
RNA i
synthetic

535

gegguuuace ugcccaggau

ag

ggaa
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<210
<211>
<212
<213>

<400

536

21

RNA
synthetic

536

uccugggceag guaaaccgcu u

<210>
<211
<212~
<213

<400

537

30

RNA . -
synthetic

537

ggagccagygg uccucuccee ugcccaggaa

<210
<21l
<212
<213

<400

538

20

RNA
synthetic

538

uaugugggug ggugagucua

<210>
<211
<212
<213

<400~

 uaugug

<210
<211
<21 2%
<213>

<400>

539

19

RNA
synthetic

< 539
g99ug ggugagucu

540

17

RNA
synthetic

540

ccucccecace cacauac

<210
<211
<212>
<213

<400>

541

21

RNA
synthetic

541

uaugugggug ggugagucua a

<210>

<211~
<212
<213

<400

542

21

DNA
synthetic

342

tggttaacag agacggaggrc a

<210>
<211
<212>
<213

543

21

RNA
synthetic
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<400> 543
cggacccuua gagaguuucu u 21

<210> 544
<211> 23

<212> RNA
<213> synthetic

<400> 544 :
ucaagcaaau cuacuucaac acu 23

<210> 545

<211> 23

<212> RNA

«213> synthetic

<400> 545
uguagacaca cccacccaca Uac ‘ 23
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