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(57) Abstract: The invention is directed towards constructs for RNA1i techniques. The invention provides a ribonucleic acid (RNA)

substantially complementary to the first e:

& for use as interfering RNA in gene silencing techniques to silence a target gene comprising in a 5’ to 3’ direction at least a first effec-
N (or sequence, a second effector sequence, a sequence substantially complementary to the second e
fector sequence, wherein the complementary sequences are capable of forming double

s

lector sequence and a sequence

stranded regions with their respective effector sequences and wherein at least one of these sequences is substantially identical to the

predicted transcript of a region of the target gene, and a nucleic acid construct encoding such an RNA.
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DOUBLE-STRANDED NUCLEIC ACID
The present invention relates to a nucleic acid containing complementary

sequences which may form multiple double stranded regions. The present

invention also relates to sequences and constructs encoding such a nucleic acid

and the uses of such a nucleic acid or construct to modify gene expression,

particularly to reduce or inhibit gene expression.

Certain single stranded nucleic acid molecules are able to form a self-
complementary double stranded region where part of the nucleotide sequence is
able to interact with another part of the sequence by Watson-Crick base pairing
between inverted repeats of the sequence. Where the repeated regions are
adjacent or in close proximity to each other, the double stranded regions may form
structures known as hairpin structures. The hairpin structure forms with an
unpaired “loop” of nucleotides at one end of the hairpin structure, with the inverted
repeat sequence anneaied. The loop may also facilitate the folding of the nucleic

acid chain.

Hairpin RNA sequences have become a powerful tool for basic and applied
research. In particular these sequences have been used In interfering RNA and

gene silencing technologies. Such techniques are described in the specification of
PCT/AU99/00195 (US patent application serial number 09/646,807 and US patent

no. 6,573,099) and PCT/AU01/00297, the contents of which are herein

incorporated by reference. In summary, RNA interference (RNAI) hairpin RNA
sequences may be synthesised within a cell from DNA constructs coding these

sequences, hereafter termed “hairpin DNA constructs”.

While many hairpin DNA constructs have proved effective in gene silencing,
other DNA constructs only show partial gene silencing activity. Increasing the
degree of gene inactivation produced by RNAI hairpin RNA would be
advantageous, for example in gene therapy. Furthermore, in many situations, it
would be advantageous to be able to silence two or more separate genes or gene

regions simultaneously, particularly in respect of gene therapy applications.

Reference to any prior art in this specification is not, and should not be

taken as, an acknowledgment or any form of suggestion that this prior art forms

part of the common general knowiedge of one skilled in the art.
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There is a need for improved RNA hairpin sequences to be used In
interfering RNA and gene silencing technology. Furthermore, there is a need for a
DNA construct that is capable of producing hairpin RNA transcripts with an
improved gene silencing activity and a need for a DNA construct encoding hairpin
RNA capable of inactivating two or more separate genes. There is further a need
for improved methods for the synthesis of such DNA constructs. It is an object of
the present invention to overcome, or at least alleviate, one or more of these

needs in light of the prior art.

In one aspect the present invention provides a ribonucleic acid (RNA)

suitable for use as interfering RNA in gene silencing techniques comprising in a &’

to 3’ direction at least a first effector sequence, a second effector sequence, a

sequence substantially complementary to the second effector sequence and a
sequence substantially complementary to the first effector sequence, the
complementary sequences capable of forming double stranded regions with their
respective effector sequences, and further including one or more spacing

sequences of one or more nucleotides.

In one embodiment, the first effector sequence is spaced from the second
effector sequence by a first spacing sequence. In another embodiment, the
seguence substantially complementary to the second effector sequence is spaced
from the sequence substantially complementary to the first effector sequence by a
second spacing sequence. Accordingly, RNA according to this aspect of the
present invention can fold so that at least double stranded RNA region is spaced
from an adjacent double stranded RNA region by spacing sequences, the spacing
sequences being non-annealing and forming a so-called bubble. The terms
“hybridising” and “annealing” refer to nucleotide sequences capable of forming
Watson-Crick base pairs between complementary bases, as discussed further

below.

In a further aspect the present invention provides a ribonucleic acid (RNA)
suitable for use as interfering RNA in gene silencing techniques comprising at
least a first effector sequence, a second effector sequence, a sequence
substantially complementary to the second effector sequence and a sequence
substantially complementary to the first effector sequence, the complementary

sequences capable of forming double stranded regions with their respective
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effector sequences. Accordingly, at least one double stranded RNA region is
directly adjacent to at least one other double stranded RNA region thereby
producing at least two effector regions suitable for use in producing interfering
RNA in the gene silencing technique, without intervening spacing sequences. In
one preferred embodiment, the RNA further includes a spacing sequence between
the second effector sequence and the sequence substantially complementary to it,
the spacing sequence forming a loop about which the RNA folds to form the

double-stranded regions.

In another aspect the present invention provides a ribonucleic acid (RNA)
for use as interfering RNA in gene silencing techniques fo silence a target gene
comprising in a 5 to 3’ direction at least a first effector sequence, a second
effector sequence, a sequence substantially complementary to the second effector
sequence and a sequence substantially complementary to the first effector
sequence, wherein the complementary sequences are capable of forming double
stranded regions with their respective effector sequences and wherein at least one
of these sequences is substantially identical to the predicted transcript of a region
of the target gene. Preferably, the RNA further comprises a spacer sequence of
one or more nucleotides, wherein any two of the sequences are spaced by the
spacing sequence. More preferably, the RNA further comprises an additional

spacer sequence of one or more nucleotides.

In another aspect the present invention provides a ribonucleic acid (RNA)
suitable for use as interfering RNA in gene silencing techniques comprising in a o'

to 3’ direction at least a first effector sequence, a second effector sequence, a
sequence substantially complementary to the second effector sequence and a
sequence substantially complementary to the first efiector sequence, the
complementary sequences capable of forming double stranded regions with their
respective effector sequences, the sequence substantially complementary to the
second effector sequence being spaced from the sequence substantially
complementary to the first effector sequence by one spacing sequence of one or
more nucleotides, and the first effector sequence being spaced from the second
effector sequence by another spacing sequence of one or more nucleotides. In
one embodiment of this aspect of the present invention, both spacing sequences

are included and do not anneal.
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In a further aspect the present invention provides a ribonucleic acid (RNA)

suitable for use as interfering RNA in gene silencing techniques comprising in a o’

to 3’ direction at least a first effector sequence, a second effector sequence, a

sequence substantially complementary to the second effector sequence and a
sequence substantially complementary to the first effector sequence, the
complementary sequences capable of forming double stranded regions with their
respective effector sequences, the first effector sequence being spaced from the
second effector sequence by a first spacing sequence of one or more nucleotides.
In one embodiment, the sequence substantially complementary to the second
effector sequence is spaced from the sequence substantially complementary to
the first effector sequence by a second spacing sequence of one or more
nucleotides, the second spacing sequence not being hybridisable with the first
spacing sequence. Accordingly, the RNA according to this aspect of the present
invention can fold so that at least one strand of at least one double stranded RNA
region is spaced from an adjacent double stranded RNA region by a spacing (non-

pairing) sequence, the spacing sequence forming a so-called bubble.

By an RNA “suitable for use as interfering RNA" is meant an RNA that may
directly act as interfering RNA or that may be processed to produce RNA
molecules that are active in RNA interference. Such RNA is suitable for genetic

silencing techniques.

In another embodiment, there is provided a nucleic acid construct
comprising at least a first effector sequence, a first complementary sequence that
is substantially complementary to the first effector sequence, a second effector
sequence and a second complementary sequence that is substantially
complementary to the second effector sequence, wherein both first and second
effector sequences form double stranded portions with their corresponding
complementary sequences, the double stranded regions being spaced by a

spacer sequence, usually a shorter sequence than the first effector sequence.

In preferred embodiments, one double stranded portion will have its two
strands connected by a loop sequence forming the bend in the so-called hairpin
structure. In this embodiment, the double stranded portion has this loop at one
end, i.e. the loop is formed by a spacing sequence between one of the effector

sequences and its substantially complementary sequence. Preferably, the nucleic
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acid also has a pair of spacing sequences between the double stranded portions,

forming a "bubble”.

Preferably, the spacer sequence is shorter than either effector sequence.
The spacer sequence is preferably 1 to 20, more preferably 1 to 10, more
preferably 1 to 7 and most preferably 2 to 7 nucleotides long. Even more
preferably, in one embodiment one spacer sequence is 2 nucleotides long and

another spacer sequence is four nucleotides long.

As the ribonucleic acid or nucleic acid construct contains at least two
effector sequences, the invention extends to such constructs containing three or
more effector sequences, each with corresponding complementary sequences.
The effector sequences and corresponding complementary sequences may be
spaced from each other by spacing (ncﬂm-pairing)' sequences with the spacing
sequence forming a bubble when the effector sequences base pair with the
complementary sequences. In preferred embodiments, the ribonucleic acid or
nucleic acid construct contains three effector sequences and three corresponding
complementary sequences, each separated by a spacing sequence forming a
bubble; four effector sequences and four corresponding complementary
sequences, each separated by a spacing sequence forming a bubble; or five
effector sequences and five corresponding complementary sequences, each
separated by a spacing sequence forming a bubble. In further preferred
embodiments, the ribonucleic acid or nucleic acid construct contains three effector
sequences and three corresponding complementary sequences; four effector
sequences and four corresponding complementary sequences; or five effector
sequences and five corresponding complementary sequences without infervening
spacing sequences between adjacent effector and complementary sequences.
There may similarly be six, seven, eight, nine, ten or more effector sequences and
complementary sequences in an RNA or nucleic acid construct of the invention.
The effector sequences may be the same or different and directed fo the same or
different target genes, different regions of the same target gene or a combination

of these.

In another embodiment, there is provided a ribonucleic acid suitable for use
as interfering RNA in gene silencing techniques comprising in a o' to 3’ direction at

least a first effector sequence, a second effector sequence, a sequence
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substantially complementary to the second effector sequence and a sequence
substantially complementary to the first effector sequence, the complemeniary
sequences capable of forming double stranded regions with their respective
effector sequences, the second effector sequence being spaced from the
sequence substantially cbmplementary to the second effector sequence by a

spacing sequence of one or more nucleotides.

In the context of tHe present invention, “target gene” refers to a gene which
is targeted for silencing by RNA interference techniques. The RNA product of the
gene may be a messenger RNA (mRNA) capable of being translated to form an
amino acid sequence, or it may be a non-translated RNA, such as a ribosomal

RNA, small uracil-rich RNA, or ribozyme.

Reference herein to a “gene” or “genes” is to be taken in its broadest

context and includes:

(i) a classical genomic gene consisting of transcription and/or

translational regulatory sequences and/or coding region and/or non-
translated sequences (i.e. introns, 5- and J3'-untranslated

sequences); and/or

(i)  DNA and RNA viral genes; and/or

(i) cDNA corresponding to the coding regions (i.e. exons) and/or 5'- and

3’'- untranslated sequences,

whether naturally occurring or synthesised. Furthermore, "gene” includes
within its scope both a nucleic acid coding for an amino-acid encoding RNA (i.e.
mRNA) as well as a nucleic acid encoding a RNA that does not code for an amino

acid sequence.

By “substantially identical” is meant about 70% identical to a portion of the
target gene. Preferably, it is at least 80-90%, more preferably at least 95 - 100%
identical, and includes 100% identity. Thus a sequence substantially identical to a
region of a target gene has this degree of sequence similarity. Generally, a
double-stranded RNA region of the invention may be subjected to mutagenesis to
produce single or several nucleotide substitutions, deletions or additions without

substantially affecting its ability to modify gene expression.
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It is known that RNAIi is generally optimised by identical sequences
between the target and the RNAI construct, but that the RNA interference
phenomenon can be observed with less than 100% homology. As is understood
by those skilled in the art, the strands comprising the double-stranded regions
must be sufficiently homologous to each other to form the specific double stranded
regions. The precise structural rules to achieve a double-stranded region effective
to result in RNA interference have not been fully identified, but approximately 70%
identity is generally sufficient. Greater identity in the central portion of the effector
sequence as opposed to the end portions is required as explained below. Another
consideration is that base-pairing in RNA is subtly different from DNA in that G will
pair with U, although not as strongly as it does with C, in RNA duplexes.

By “substantially complementary” is meant that the sequences are
hybridisable or annealable. Moreover, it is know that hybridisation is affected by
the conditions of the solution. In general, substantially complementary sequences

will have at least 70% Watson-Crick base pairing.

The two sequences of an RNA duplex or double-stranded region are
referred to as the “sense” strand and “"antisense” strand, even though they may be
different portions of one polynucleotide (eg. where it forms a hairpin). The “sense”
strand is the one where the sequence is broadly related to the relevant region of
the target gene (ie, one that is substantially the predicted transcription product),
and the sequence annealing to the sense strand sequence is termed “antisense”.
For RNAI efficacy, it is more important that the antisense strand be homologous
(ie, exactly complementary) to the target sequence. In some circumstances, it is
known that 17 out of 21 nucleotides is sufficient to initiate RNAI, but in other
circumstances, identity of 19 or 20 nucleotides out of 21 is required. It is believed,
at a general level, that greater homology is required in the central part of a double
stranded region (i.e. duplex) than at its ends. Some predetermined degree of lack
of perfect homology may be designed into a particular construct so as to reduce its
RNAI activity which would result in a partial silencing or repression of the target
gene’s product, in circumstances in which only a degree of silencing was sought.
In such a case, it is envisaged that only one or two bases of the antisense strand
of the RNA construct would be changed. On the other hand, the other, sense

strand of the RNA construct is more tolerant of mutations. It is believed this is due



CA 02527907 2005-12-01

WO 2004/106517 PCT/AU2004/000759

10

15

20

25

30

8

to the antisense strand being the one that is catalytically active. Thus, less identity
between the sense strand and the transcript of a region of a target gene will not
necessarily reduce RNAI activity, particularly where the antisense strand perfectly
hybridises with that transcript. Mutations in the sense strand (such that it is not
identical to the transcript of the region of the target gene) may be useful to assist
sequencing of hairpin constructs and potentially for other purposes, such as
modulating dicer processing of a hairpin transcript or other aspects of the RNAI

pathway.

The terms “hybridising” and “annealing” (and grammatical equivalents) are
used interchangeably in this specification in respect of nucleotide sequences and
refer to nucleotide sequences that are capable of forming Watson-Crick base pairs
due to their complementarity. The person skilled in the art would understand that
non-Watson-Crick base-hairing IS also possible, especially in the context of RNA
sequences. For example a so-called “wobble pair’ can form between guanosine
and uracil residues in RNA. “Complementary” is used herein in its usual way to
indicate Watson-Crick base pairing, and “non-complementary” is used to mean
non-Watson-Crick base pairing, even though such non-complementary sequences
may form wobble pairs or other interactions. However, in the context of the
present invention, reference to "non-pairing” sequences relates specifically to
sequences between which Watson-Crick base pairs do not form. Accordingly,
embodiments of spacing or bubble sequences according to the present invention
are described and illustrated herein as non-pairing sequences, regardless of
whether non-Watson-Crick base pairing could theoretically or does in practice

OCCUT.

The term “effector sequence” and “effector’ in the context of this
specification relates to either DNA or RNA, depending on the context, and the
term is used to denote a sequence that anneals to form a double-stranded region,
due to complementarity of bases in the annealed region. The double-stranded
region may determine the region of the target gene to which the construct is
directed where the effector sequence, or the sequence substantially
complementary 1o the effector sequence, is substantially identical to a region of

the target gene.

In several preferred embodiments, the double stranded regions are



CA 02527907 2005-12-01

WO 2004/106517 PCT/AU2004/000759

10

15

20

29

30

9

interfering RNA (RNAI) sequences. Preferably, at least one of the effector
sequences is substantially identical to at least a region of a target gene in the case
of an RNA gene, or substantially identical to the predicted transcript of at least a
region of a target gene in the case of a DNA gene. Preferably, the first effector
sequence has this characteristic. In another preferred embodiment, the effector
sequences are each separately substantially identical to different regions of a
single target gene, or their predicted transcripts, as the case may be. In another
preferred embodiment, the effector sequences are each separately substantially
identical to regions of different farget genes. In this context, “transcript” includes
RNA which could theoretically be encoded by a DNA sequence, also called a
“predicted transcript” regardless of the actual method of generation of that RNA
sequence. In the DNA described in the embodiments below, at least one of the
effector sequences is substantially identical or complementary to a region of the
target gene (where the target gene is DNA). In this context, such a sequence may
be called the “targeting sequence” where it is directed to a region of the gene to be
silenced. Such a sequence may also be referred to structurally as an

“intramolecular self-complementary targeting sequence”.

Alternatively, a double-stranded region may form a so-called “stem”
sequence. In some embodiments, one or more of the effector sequences will
have a different length to the sequence substantially complementary to it. In such
a case, the unpaired portion may function as a spacer sequence. For example,
where the effector sequence is generated by identity (or substantial identity) to a
region of a target gene and the sequence substantially complementary to it is
longer or shorter, the unpaired sequence will still be substantially identical to the
corresponding region of the target gene, but may function as a spacer (e.g. loop or
bubble) in the RNA, rather than as part of the effector sequence. ‘In one
embodiment, the effector sequence and the sequence substantially
complementary to it are adjacent on the polynucleotide, in which case the region

between these two sequences forms a loop comprised by either:

(i) the 3 end of the effector sequence and the & end of the

complementary sequence; or
(i)  an unpaired sequence.

Similarly, where the effector and complementary sequences are not
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adjacent, but separated by one or more other double-stranded regions, the

unpaired sequence may form a bubble.

The effector sequences may be of the same or different lengths.
Preferably, effector sequences are at least 10 nucleotides in length, preferably 10-
200 nucleotides in length. More preferably, they are 17 to 30 and most preferably
21 to 23 nucleotides in length. In different embodiments, the effector sequences
are 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides in length,

respectively, or any combination of two or more of these lengths.

It will also be understood that the term “comprises” (or its grammatical -
variants) as used in this specification is equivalent to the term “includes” and

should not be taken as excluding the presence of other elements or features.

Where the first effector sequence is longer than a second effector
sequence, it has been found that the activity of the double-stranded sequence
may be enhanced. |n such a situation, the second effector sequence (which
usually is not designed to be substantially identical to any particular target) can be
called a “stem”. Preferably, the stem sequence is 1 to 50 nucleotides in length. A

suitable stem sequence is GACUGAA and its complement.

Bubbles are formed by two unpaired, or partially unpaired, strands (which
may also be spacing sequences) containing at least a single unpaired base that
bridge or link the double stranded regions on the nucleic acid. Further, a bubble
may form where one strand of the nucleic acid includes one or more spacer
nucleotides between the double stranded regions and the other strand includes no
such spacer nucleotides. In this case, as the end nucleotides on that other strand
near the junction of the double-stranded regions form the bubble with the one or
more spacer nucleotides. Preferably the RNA according to this aspect of the
present invention includes one loop region and one or more bubble regions.
Preferably the bubble regions comprise 1 to 20 unpaired nucleotides per RNA
strand. More preferably, the bubble regions comprise 2 to 10 unpaired
nucleotides. In a preferred embodiment the bubble region includes the nucleotide
sequence AA, UU, UUA, UUAG, UUACAA or N7tAAN,, where N¢ and N5 are any of
C, G, U and A and may be the same or different. In a further preferred

embodiment, the opposing sequence to each of these to form the bubble is AA,
UU, UUG, UUGA, UUGUUG, and N1AAN respectively, where N and N; are any
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of C, G, U or A and may be the same or different.

In a preferred embodiment, a nucleic acid according {o the present
invention comprises two double stranded RNA regions separated by a bubble
region and a loop at one end of the double stranded RNA region. In another
preferred embodiment, the nucleic acid according to the present invention
comprises five double stranded RNA regions, with the first and second, second
and third, third and fourth and ftfourth and fifth double stranded regions,
respectively, being separated by a bubble region and with a loop at one end of the
fifth double stranded RNA region.

In another preferred embodiment, there is provided a construct including

sequence -X-A-Y-L-Y'-B-X'-, wherein:

X is a nucleotide sequence substantially identical to a first region, or a

transcript of a region, of a target gene;
Y is a nucleotide sequence of one or more nucleotides;
A is a nucleotide sequence shorter than X;
B is a nucleotide sequence shorter than X and non-complementary to A;

L is a loop sequence;

X' is substantially complementary to X; and

Y’ is substantially complementary to Y.

Additional effector sequences, with complementary sequences to form
duplexes, and with or without spacer sequences like A in this embodiment may be
added.

In another preferred embodiment, there is provided a construct including

sequence -X-A-Y-L-Y'-X'-, wherein:

X I1s a nucleotide sequence substantially identical to a first region, or a

transcript of a region, of a target gene;
Y is a nucleotide sequence of one or more nucleotides;
A is a nucleotide sequence shorter than X;

L is a loop sequence;
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X' is substantially complementary to X; and
Y’ is substantially complementary to Y.

In another preferred embodiment there is provided a construct including
‘sequence —X-Y-L-Y’-X’-, wherein:

5 X is a nucleotide sequence substantially identical to a first region, or a

transcript of a region, of a target gene;
Y is a nucleotide sequence of one or more nucleotides;
L is a loop sequence;
X' is substantially complementary to X; and

10 Y’ is substantially complementary to Y.

In a further embodiment, L comprises -P-Q-R-S-T- , wherein P, Q, R, S and

T each represent a nucleotide sequence of one or more nucleotides and Q and S

are hybridisable with each other, P and T do not hybridise so forming a bubble and

R is an unpaired loop region. P is preferably one of UU, UUA, UUAG or UUACAA.

15 Preferably, the opposing sequence to each of these to form the bubble is UU,

UUG, UUGA and UUGUUG respectively or vice versa. In one preferred
embodiment, R is UUCAAGAGA.

In one embodiment, Y is substantially identical to a second region, or a

transcript of a region, of a target gene, the target gene being the same or different

20 from the gene referred to in the definition of X. Where the target genes are the
same, typically different regions will be targeted by X and Y.

In another preferred embodiment, there is provided a construct further

including the sequences C and D in the form -C-X-A-Y-L-Y'-B-X'-D-, wherein:
C is a nucleotide sequence shorter than X;
25 D is a nucleotide sequence shorter than X non-complementary to C.

In another preferred embodiment, there is provided a construct including
sequence -S-A-T-A-U-A-V-A-W-L-W'-B-V'-B-U'-B-T'-B-S’-, wherein:

S, T, U, Vand W are nucleotide sequences each substantially identical to a
region, or a transcript of a region, of a target gene;
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A is a nucleotide sequence shorter than S, T, U, V and W (each A may be

the same or different) ;

B is a nucleotide sequence shorter than S, T, U, V and W and non-
complementary to A (each B may be the same or different, but each B is non-
complementary to its opposed A sequence when a double-stranded construct is
formed about sequence L by annealing of S,T,U,V and W with their respective

complements);

L is a loop sequence;

S, T, U, V and W’ are nucleotide sequences substantially complementary
toS, T,U,Vand W.

As will be appreciated by one skilled in the art, it is not necessary that the
entire construct is generated as one sequence. For example, in one embodiment
of the invention, the at least first and second effector sequences, together with any
spacing sequence, are generated (eg, transcribed by one DNA sequence), and
the sequences substantially complementary to the effector sequences, together
with any spacing sequence, are generated (eg, transcribed from a separate DNA
sequence). The two or more DNA sequences may be under the control of
separate promoters. Any loop sequence may be attached to either franscript or
part of the loop attached to the 3’ end of one transcript and the 5’ end of the other
transcript, and a ligation performed. In ciréumstances where the RNA construct is
to be delivered by a DNA construct to a cell, in this embodiment, the two
transcripts would be separately generated, and then would hybridise through
annealing between the at least first and second effector sequences and their

complements.

In a further aspect of the present invention there is provided a nucleic acid
construct encoding any of the ribonucleic acids described above. In a preferred
embodiment, this construct is a deoxyribonucleic acid (DNA) construct. In one
embodiment, the DNA construct includes a sequence encoding a ribonucleic acid

(RNA) suitable for use as interfering RNA in gene silencing techniques, the
construct comprising in a & to 3' direction at least a first effector-encoding

sequence, a second effector-encoding sequence, a sequence substantially

complementary to the second effector-encoding sequence and a sequence
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substantially complementary to the first effector-encoding sequence, the
complementary sequences’ ftranscripts capable of forming double stranded
regions with the respective effector-encoding sequences’ transcripts. In an
embodiment of this aspect of the invention, the first effector-encoding sequence is
spaced from the second effector-encoding sequence by a first spacing sequence
of one or more nucleotides. Preferably, the sequence substantially
complementary to the second effector-encoding sequence is spaced from the
sequence substantially complementary fo the first effector-encoding sequence by
a second spacing sequence of one or more nucleotides. Preferably, the second
spacing sequence does not anneal with the first spacing sequence. Accordingly,
the RNA of, or encoded by, the nucleic acid construct according to this
embodiment can fold so that at least one double stranded RNA region is spaced
from an adjacent double stranded RNA region by a spacing (non-pairing)
sequence, the spacing sequence forming a so-called bubble. Preferably, the
nucleic acid construct further includes a spacing sequence between the second
effector sequence and the sequence substantially complementary to it, wherein
the RNA of, or encoded by, the nucleic acid construct according to this
embodiment forms a loop about which the RNA fdlds to form the double-stranded
region between the second effector sequence and the sequence substantially

complementary to the second effector sequence.

In a further aspect the present-invention provides a nucleic acid construct
including a sequence encoding a ribonucleic acid (RNA) suitable for use as
interfering RNA in gene silencing techniques to silence a 'target gene, the
construct comprising in a 9 to 3’ direction at least a first effector-encoding

sequence, a second effector-encoding sequence, a sequence substantially
complementary to the second efiector-encoding sequence and a sequence
substantially complementary to the first effector-encoding sequence, wherein the
transcripts of the complementary sequences are capable of forming double
stranded regions with the transcripts of their respective effector-encoding
sequences and wherein at least one of these sequences is substantially identical

to a region of the target gene.

Preferably, the nucleic acid construct further comprises a spacing sequence

of one or more nucleotides wherein any two of the encoding sequences are
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spaced by a spacing sequence. In preferred embodiments, the first effector-
encoding sequence is spaced from the second effector-encoding sequence by the
spacing sequence and/or the sequence substantially complementary to the first
effector-encoding sequence Is paced from the sequence substantially

complementary to the first effector-encoding sequence by the spacing sequence.

In a further preferred embodiment the nucleic acid construct further
comprises an additional spacing sequence. In a preferred embodiment, the first
effector-encoding sequence is spaced from | the second effector-encoding
sequence or the sequence substantially complementary to the second effector-
encoding sequence is spaced frbm the sequence substantially complementary to
the first effector-encoding sequence by the additional spacing sequence and the
transcript of the first spacing sequence is not annealable with the transcript of the

additional spacing sequence.

The nucleic acid construct or an RNA according to the invention will usually

be a recombinant or isolated molecule.

In a further preferred embodiment, the nucleic acid construct comprises a
spacing sequence of one or more nucleotides between the second effector
encoding sequence and the sequence substantially complementary to the second

effector-encoding sequence.

Preferably, the nucleic acid construct further includes a loop coding
sequence between the second effector-encoding sequence and the sequence
substantially complementary to the second effector-encoding sequence. The loop
forms the “hinge” of the hairpin. In one embodiment, the loop’s sequence is
5TTCAAGAGA3. In a further embodiment, the loop sequence s
5TTTGTGTAGS'.

Preferably the construct is derived from a DNA vector selected from the
group consisting of a plasmid, a bacteriophage and a viral-based vector.
Preferably the DNA construct is suitable for producing RNA suitable for use as
interfering RNA in gene silencing technologies. More preferably, the construct can
be introduced into a cell where gene silencing is to take place and interfering RNA

can be transcribed within this cell.

Preferably the first effector sequence or its complementary sequence is
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substantially identical or substantially complementary to a region of a target gene.
In one embodiment, the second effector sequence or its complementary sequence
Is substantially identical to the same or a different region of the same or a different
target gene. In another embodiment, the second effector sequence or its
complementary sequence is substantially identical to a region of a different target

gene.

In another embodiment, the DNA construct comprises up to five effector-
encoding sequences. Each of the encoded effector sequences or their
complementary sequences is substantially identical to a region of a target gene.

The encoded effector sequences or their complementary sequences may be

- substantially identical to regions of different target genes, or to different regions in

the same target gene.

The construct according to the present invention may further contain one or
more regulatory elements to allow transcription of the RNA to take place.
Preferably at least one of the regulatory elements is a promoter, which is operably
linked with the portion of the construct encoding the nucleic acid according to the
present invention. A variety of promoters may be included in the polynucleotide
vector. Factors influencing the choice of promoter include the desire for inducible
transcription of the oligonucleotide or oligonucleotide and polynucleotide
sequences, the strength of the promoter and the suitability of the promoter to
induce expression in the in vivo or in vitro environment in which the transcription is
to take place. In a preferred embodiment the promoter is an RNA polymerase Il

(pol HI) promoter such as U6 or H1 promoters.

One or more of the regulatory elements of the construct according to the
present invention may be a terminator sequence. Such a terminator sequence

may be operably linked with the portion of the construct encoding the nucleic acid
of the present invention in order to determine the sequence of the 3’ end of the

transcribed nucleic acid. Terminators for the various classes of RNA polymerase
as known to those skilled in the art. In one embodiment, the terminator is a pol |l
terminator. In another embodiment, the terminator is a pol lll terminator.

Preferably, the pol lll terminator includes the sequences TITTTT or TTTTTT.

As will be appreciated, such constructs will often also include selection
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markers or sequences (eg, Ampicillin resistance) and/or restriction enzyme sites.

In a preferred embodiment, the nucleic acid construct includes a
transcriptional unit comprising a promoter; at least a first effector-encoding
sequence; a second effector-encoding sequence; a sequence substantially
complementary to the second effector-encoding sequence; a sequence
substantially complementary to the first effector-encoding sequence and a
terminator sequence, the promoter, effector sequences, sequences
complementary to the effector sequences and terminator being operably linked.
The nucleic acid construct may include in addition to the transcriptional unit
described above at least one further transcriptional unit encoding RNA suitable for
use as interfering RNA for use in gene silencing techniques. By “operably linked”
in the context of the present invention means that the transcription of a nucleic
acid is modulated by the regulatory element with which it is connected. Preferably

these are incorporated within a vector.

The DNA construct may have regulatory and other elements inserted by
methods known in the art so as to optimise the franscription of the RNA suitable

for use as interfering RNA in gene silencing techniques.

It will be apparent to the person skilled in the art that deoxyribonucleic acids
(DNA) and ribonucleic acids (RNA) may include modified nucleotides. Thus RNA
in the context of the present invention includes nucleic acid containing principally
any or all of the ribonucleotides uracil (U), guanosine (G), cytosine (C) and
adenosine (A), however modified or otherwise altered nucleotides and nucleotide
analogues may also be included within an RNA sequence. Likewise, DNA
contains principally any or all of the deoxyribonucleotides thymidine (T), guanosine
(G), cytosine (C) and adenosine (A), however modified or otherwise altered

nucleotides and nucleotide analogues may also be included within a DNA

sequence.

In another aspect of the present invention there is provided a method of
producing RNA from the construct according to the present invention. The RNA is
preferably RNAI for use in gene silencing techniques. The RNA may be produced
from the construct according to the present invention in vitro, or by in vivo
techniques after introduction of the construct into a cell. In this specification,

“silence” means reduced expression, but is not limited to prevention of expression.
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In another aspect of the present invention there is provided a method of
inhibiting the expression of a target gene by introducing the nucleic acid or
construct of the present invention into a cell or other system or environment
permitting expression permitting expression of a target gene (including for
example a cell lysate, tissue, in vitro system etc) confaining a target gene to be
silenced using RNAI techniques. In a preferred embodiment, multiple target genes

or multiple gene targets are silenced.

A variety of vectors may be used to introduce the nucleic acid or construct
encoding the nucleic acid of the present invention into a cell. Virus-based vectors,
such as those related to adenovirus, lentivirus or retrovirus, may be used. The
expression of the nucleic acid according to the present invention may be in vitro,
ex vivo or in vivo. The expression of the nucleic acid after introduction of the
construct according to the present invention into a cell may be stable (that is, long-
term) or transient. Adeno-associated virus is one preferred vector. Other

preferred vectors are retroviral and lentiviral vectors.

The use of the method of this aspect of the present invention has
applications in gene therapy strategies where multiple gene inactivation and/or
complete inactivation of a gene (for example, an oncogene) would be
advantageous. For example, viruses may be controlled by targeting two or more
regions of a viral genome, or genes of a virus; thereby decreasing the likelihood
that the virus might mutate to become resistant to the effect of a particular DNA
construct. Furthermore, multiple site in a single viral gene may be targeting using
the nucleic acid or construct according to the present invention. Another potential
use in viral control might be to design a single construct inactivating both viral
genes and also host genes involved in viral replication. Such uses and methods
are within the scope of the invention. Accqrdingly, the method of the present
invention may be used to inactivate two or more genes of the human
immunodeficiency virus (HIV) or to inactivate one or more HIV genes and one or

more HIV receptors on the host cell, for example the CCR4 receptor.

In cancers, mutations frequently occur in multiple genes. For gene therapy
approaches, inactivation of two or more critical genes involved in tumour
development are likely to prove more effective in controlling cancer cell

proliferation than DNA constructs inactivating a single gene. For example, the
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