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RNA MOLECULES FOR MODULATING FLOWERING IN PLANTS

FIELD OF THE INVENTION

The present invention relates to new double stranded RNA (dsRNA) structures
and their use in modulating flowering in plants. The present invention also relates to

methods of modulating the time of plant flowering.

BACKGROUND OF THE INVENTION

RNA silencing is an evolutionarily conserved gene silencing mechanism in
eukaryotes that is induced by double-stranded RNA (dsRNA) which may be of a form
designated hairpin structured RNA (hpRNA). In the basic RNA silencing pathway,
dsRNA is processed by Dicer proteins into short, 20-25 nucleotide (nt) small RNA
duplexes, of which one strand is bound to Argonaute (AGO) proteins to form an RNA-
induced silencing complex (RISC). This silencing complex uses the small RNA as a
guide to find and bind to complementary single-stranded RNA, where the AGO protein
cleaves the RNA resulting in its degradation.

In plants, multiple RNA silencing pathways exist, including microRNA
(miRNA), trans-acting small interfering RNA (tasiRNA), repeat-associated siRNA
(rasiRNA) and exogenic (virus and transgene) siRNA (exosiRNA) pathways. miRNAs
are 20-24 nt small RNAs processed in the nucleus by Dicer-like 1 (DCL1) from short
stem-loop precursor RNAs that are transcribed by RNA polymerase II from MIR genes.
tasiRNAs are phased siRNAs of primarily 21 nt in size derived from DCL4 processing
of long dsRNA synthesized by RNA-dependent RNA polymerase 6 (RDR6) from
miRNA-cleaved TAS RNA fragment. The 24-nt rasiRNAs are processed by DCL3, and
the precursor dsRNA is generated by the combined function of plant-specific DNA-
dependent RNA polymerase IV (PollV) and RDR2 from repetitive DNA in the
genome. The exosiRNA pathway overlaps with the tasiRNA and rasiRNA pathways
and both DCLA and DCL3 are involved in exosiRNA processing. In addition to DCLI,
DCL3 and DCLA4, the model plant Arabidopsis thaliana and other higher plants
encodes DCL2 or equivalent, which generates 22-nt siRNAs including 22-nt
exosiRNAs, and plays a key role in systemic and transitive gene silencing in plants. All
of these plant small RNAs are methylated at the 2’-hydroxyl group of the 3’ terminal
nucleotide by HUA Enhancer 1 (HEN1), and this 3° terminal 2’-O-methylation is
thought to stabilize the small RNAs in plant cells. miRNAs, tasiRNAs and exosiRNAs
are functionally similar to small RNAs in animal cells which are involved in

posttranscriptional gene silencing or sequence-specific degradation of RNA in animals.
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The rasiRNAs, however, are unique to plants and function to direct de novo cytosine
methylation at the cognate DNA, a transcriptional gene silencing mechanism known as
RNA-directed DNA methylation (RdDM).

RNA silencing induced by dsRNA has been extensively exploited to reduce
gene activity in various eukaryotic systems, and a number of gene silencing
technologies has been developed. Different organisms are often amenable to different
gene silencing approaches. For instance, long dsRNA (at least 100 basepairs in length)
is less suited to inducing RNA silencing in mammalian cells due to dsRNA-induced
interferon responses, and so shorter dSRNAs (less than 30 basepairs) are generally used
in mammalian cells, whereas in plants hairpin RNA (hpRNA) with a long dsRNA stem
is highly effective. In plants, the different RNA silencing pathways have led to different
gene silencing technologies, such as artificial miRNA, artificial tasiRNA and virus-
induced gene silencing technologies. However, successful applications of RNA
silencing in plants has so far been achieved primarily by using long hpRNA transgenes.
A hpRNA transgene construct typically consists of an inverted repeat made up of fully
complementary sense and antisense sequences of a target gene sequence (which when
transcribed form the dsRNA stem of hpRNA) separated by a spacer sequence (forming
the loop of hpRNA), which is inserted between a promoter and a transcription
terminator for expression in plant cells. The spacer sequence functions to stabilize the
inverted-repeat DNA in bacteria during construct preparation. The dsRNA stem of the
resulting hpRNA transcript is processed by DCL proteins into siRNAs that direct target
gene silencing. hpRNA transgenes have been widely used to knock down gene
expression, modify metabolic pathways and enhance disease and pest resistance in
plants for crop improvement, and many successful applications of the technology in
crop improvement have now been reported (Guo et al., 2016; Kim et al., 2019).

Recent studies have suggested, however, that hpRNA transgenes are subject to
self-induced transcriptional repression compromising the stability and efficacy of target
gene silencing. While all transgenes are potentially subject to position or copy number-
dependent transcriptional silencing, hpRNA transgenes are unique as they generate
siRNAs that can direct DNA methylation to their own sequence via the RdDM
pathway, and this has the potential to cause transcriptional self-silencing.

Whilst dsRNA induced gene silencing has proven to be a valuable tool in
altering the phenotype of an organism, there is a need for alternate, preferably

improved, dsSRNA molecules which can be used for RNA.
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SUMMARY OF THE INVENTION

The inventors conceived of new designs of genetic constructs for producing

RNA molecules which include one or more double-stranded RNA regions which
comprise multiple non-canonically basepaired nucleotides or non-basepaired
nucleotides, or both, including forms which have two or more loop sequences, herein
called loop-ended dsRNA (ledRNA). These RNA molecules have one or more of the
following features; they are easily synthesized, they accumulate to higher levels in
plant cells upon transcription of the genetic constructs encoding them, they more
readily form a dsRNA structure and induce efficient silencing of target RNA molecules
in plant cells, and they may form circular RNA molecules upon processing in plant
cells.

The present inventors have also identified that the activity of genes that regulate
flowering time in plants may be modulated by using RNA molecules applied either
endogenously, or preferably exogenously to plant cells at an earlier time, for example
to seeds that give rise to the plants. The RNA molecules may reduce or abolish the
function of one or more genes involved in the timing of flowering, for example a
repressor of flowering, and so promote flowering. Thus, the present disclosure also
provides a method of influencing the timing of flowering of a plant. This may be used
to reduce or suppress activity of a gene with ability to influence a flowering
characteristic through reduced expression of the gene by targeting its RNA transcripts.
This modulation may be used to promote synchronous flowering of male and female
parent lines in hybrid seed production, for example. Another use is to advance or retard
flowering according to the variation of weather, or to extend or reduce the growing
season. The activity of the plant gene is preferably reduced as a result of under-
expression within at least some cells of the plant.

One goal of classical breeding and cultivation of plants is to select varieties with
a definite time of flowering. Early flowering varieties make it possible to cultivate
important crops in regions in which the plant species would not normally reach
complete maturity. Later flowering varieties allow for increased or improved
production of vegetative parts such as leaves, stems and tubers. Seed production in a
previous generation of a late flowering variety is advantageously promoted by the use
of RNA molecules of the invention. The selection of early flowering or late flowering
varieties by classical breeding is however a very time-intensive process. The RNA

molecules and methods of the present disclosure are advantageous in this context.
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In a first aspect, the present invention provides an RNA molecule comprising a
first RNA component, a second RNA component which is covalently linked to the first
RNA component and, optionally, one or more or all of (i) a linking ribonucleotide
sequence which covalently links the first and second RNA components, (ii) a 5’ leader
sequence and (iii) a 3’ trailer sequence,
wherein the first RNA component consists of, in 5’ to 3” order, a first 5’ ribonucleotide,
a first RNA sequence and a first 3’ ribonucleotide, wherein the first 5° and 3’
ribonucleotides basepair with each other in the first RNA component, wherein the first
RNA sequence comprises a first sense ribonucleotide sequence of at least 20
contiguous ribonucleotides, a first loop sequence of at least 4 ribonucleotides and a first
antisense ribonucleotide sequence of at least 20 contiguous ribonucleotides, wherein
the first antisense ribonucleotide sequence hybridises with the first sense ribonucleotide
sequence in the RNA molecule, wherein the first antisense ribonucleotide sequence is
capable of hybridising to a first region of a target RNA molecule which modulates the
timing of plant flowering,
wherein the second RNA component is covalently linked, via the linking ribonucleotide
sequence if present or directly if the linking ribonucleotide sequence is not present, to
the first 5° ribonucleotide or the first 3’ ribonucleotide,
wherein the second RNA component consists of, in 5° to 3’ order, a second 5’
ribonucleotide, a second RNA sequence and a second 3’ ribonucleotide, wherein the
second 5° and 3’ ribonucleotides basepair to each other in the RNA molecule, wherein
the second RNA sequence comprises a second sense ribonucleotide sequence, a second
loop sequence of at least 4 ribonucleotides and a second antisense ribonucleotide
sequence, wherein the second sense ribonucleotide sequence hybridises with the second
antisense ribonucleotide sequence in the RNA molecule,
wherein the 5 leader sequence, if present, consists of a sequence of ribonucleotides
which is covalently linked to the first 5° ribonucleotide if the second RNA component
is linked to the first 3” ribonucleotide or to the second 5’ ribonucleotide if the second
RNA component is linked to the first 5° ribonucleotide, and
wherein the 3’ trailer sequence, if present, consists of a sequence of ribonucleotides
which is covalently linked to the second 3’ ribonucleotide if the second RNA
component is linked to the first 3’ ribonucleotide or to the first 3’ ribonucleotide if the
second RNA component is linked to the first 5’ ribonucleotide.

In a second aspect, the present invention provides an RNA molecule comprising
a first RNA component, a second RNA component which is covalently linked to the

first RNA component and, optionally, one or more or all of (i) a linking ribonucleotide
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sequence which covalently links the first and second RNA components, (ii) a 5’ leader
sequence and (iii) a 3’ trailer sequence,

wherein the first RNA component consists of, in 5’ to 3” order, a first 5’ ribonucleotide,
a first RNA sequence and a first 3’ ribonucleotide, wherein the first 5° and 3’
ribonucleotides basepair, wherein the first RNA sequence comprises a first sense
ribonucleotide sequence, a first loop sequence of at least 4 ribonucleotides and a first
antisense ribonucleotide sequence, wherein the first sense ribonucleotide sequence and
first antisense ribonucleotide sequence each of at least 20 contiguous ribonucleotides
whereby the at least 20 contiguous ribonucleotides of the first sense ribonucleotide
sequence fully basepair with the at least 20 contiguous ribonucleotides of the first
antisense ribonucleotide sequence, wherein the at least 20 contiguous ribonucleotides
of the first sense ribonucleotide sequence are identical in sequence to a first region of a
target RNA molecule which modulates the timing of plant flowering,

wherein the second RNA component is covalently linked, via the linking ribonucleotide
sequence if present, to the first 5° ribonucleotide or the first 3’ ribonucleotide,

wherein the second RNA component consists of, in 5° to 3’ order, a second 5’
ribonucleotide, a second RNA sequence and a second 3’ ribonucleotide, wherein the
second 5° and 3’ ribonucleotides basepair, wherein the second RNA sequence
comprises a second sense ribonucleotide sequence, a second loop sequence of at least 4
ribonucleotides and a second antisense ribonucleotide sequence, wherein the second
sense ribonucleotide sequence basepairs with the second antisense ribonucleotide
sequence,

wherein the 5 leader sequence, if present, consists of a sequence of ribonucleotides
which is covalently linked to the first 5° ribonucleotide if the second RNA component
is linked to the first 3” ribonucleotide or to the second 5’ ribonucleotide if the second
RNA component is linked to the first 5° ribonucleotide, and

wherein the 3’ trailer sequence, if present, consists of a sequence of ribonucleotides
which is covalently linked to the second 3’ ribonucleotide if the second RNA
component is linked to the first 3’ ribonucleotide or to the first 3’ ribonucleotide if the
second RNA component is linked to the first 5’ ribonucleotide.

In these aspects, at least 20 contiguous ribonucleotides of the first antisense
ribonucleotide sequence are all capable of basepairing to nucleotides of the first region
of the target RNA molecule. In an embodiment, the first sense ribonucleotide sequence
is linked covalently to the first 5° ribonucleotide without any intervening nucleotides,
or the first antisense ribonucleotide sequence is linked covalently to the first 3’

ribonucleotide without any intervening nucleotides, or both. In another embodiment,
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the RNA molecule comprises the linking ribonucleotide sequence, wherein the linking
ribonucleotide sequence is less than 20 ribonucleotides. In an embodiment, the linking
ribonucleotide sequence hybridizes to the target RNA molecule. In an embodiment, the
linking ribonucleotide sequence is identical to a portion of the complement of the target
RNA molecule. In another embodiment, the linking ribonucleotide sequence is
between 1 and 10 ribonucleotides in length. In another embodiment, the RNA
molecule comprises two or more sense ribonucleotide sequences, and antisense
ribonucleotide sequences fully based paired thereto, which are identical in sequence to
a region of a target RNA molecule. In an embodiment, the two or more sense
ribonucleotide sequences are identical in sequence to different regions of the same
target RNA molecule. In another embodiment, the two or more sense ribonucleotide
sequences are identical in sequence to a region of different target RNA molecules. In
another embodiment, the two or more sense ribonucleotide sequences have no
intervening loop sequences. In an embodiment, the RNA molecule comprises two or
more antisense ribonucleotide sequences, and sense ribonucleotide sequences fully
based paired thereto, which are each complementary to a region of a target RNA
molecule. In an embodiment, the two or more antisense ribonucleotide sequences are
complementary to different regions of the same target RNA molecule. In another
embodiment, the second of the two or more antisense ribonucleotide sequences are
complementary to region of a different target RNA molecule than the first of the two or
more antisense ribonucleotide sequences. In another embodiment, the two or more
sense ribonucleotide sequences have no intervening loop sequences. In another
embodiment, the RNA molecule is a single strand of ribonucleotides having a 5’ end, at
least one sense ribonucleotide sequence which is at least 21 nucleotides in length, an
antisense ribonucleotide sequence which is fully base paired with each sense
ribonucleotide sequence over at least 21 contiguous nucleotides, at least two loop
sequences and a 3’ end. In another embodiment, the RNA molecule is a single strand
of ribonucleotides having a 5’ end, at least one sense ribonucleotide sequence which is
at least 21 nucleotides in length, an antisense ribonucleotide sequence which is fully
base paired with each sense ribonucleotide sequence over at least 21 contiguous
nucleotides, at least two loop sequences and a 3’ end. In another embodiment, the
RNA molecule is a single strand of ribonucleotides comprising a 5’ end, the first RNA
component comprising a first sense ribonucleotide sequence which is at least 21
nucleotides in length, at least one loop sequence, a first antisense ribonucleotide
sequence which hybridises with the first sense ribonucleotide sequence over a length of

at least 21 contiguous nucleotides, and the second RNA component comprising a
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second sense ribonucleotide sequence which is at least 21 nucleotides in length, a loop
sequence, a second antisense ribonucleotide sequence which hybridises with the second
sense ribonucleotide sequence over a length of at least 21 contiguous nucleotides, and a
3’ end, wherein the RNA molecule has only one 5° end and only one 3’ end. In an
embodiment, the ribonucleotide at the 5 end and the ribonucleotide at the 3’ end are
adjacent, each base paired and are not directly covalently bonded. In another
embodiment, the RNA molecule comprises a first antisense ribonucleotide sequence
which hybridizes to a first region of a target RNA, a second antisense ribonucleotide
sequence which hybridizes to a second region of a target RNA, the second region of the
target RNA being different to the first region of the target RNA, and the RNA molecule
comprising only one sense ribonucleotide sequence which hybridizes to the target
RNA, wherein the two antisense sequences are not contiguous in the RNA molecule.
In another embodiment, the RNA molecule comprises a first sense ribonucleotide
sequence which is at least 60% identical to a first region of a target RNA, a second
sense ribonucleotide sequence which is at least 60% identical to a second region of a
target RNA, the second region of the target RNA being different to the first region of
the target RNA, and the RNA molecule comprising only one antisense ribonucleotide
sequence which hybridizes to the target RNA, wherein the two sense sequences are not
contiguous in the RNA molecule. In another embodiment, the RNA molecule has the
5’ leader sequence. In another embodiment, the RNA molecule has the 3’ trailer
sequence. In an embodiment, each ribonucleotide is covalently linked to two other
nucleotides. In another embodiment, at least one or all of the loop sequences are longer
than 20 nucleotides. In an embodiment, the RNA molecules has none, or one, or two or
more bulges, or a double-stranded region of the RNA molecule comprises one, or two,
or more nucleotides which are not basepaired in the double-stranded region. In another
embodiment, the RNA molecule has three, four or more loops. In another embodiment,
the RNA molecule only has two loops. In an embodiment, all of the loops are between
4 and 1,000 ribonucleotides, or between 4 and 200 ribonucleotides, in length. In
another embodiment, all of the loops are between 4 and 50 ribonucleotides in length.
In another embodiment, each loop is between 20 and 30 ribonucleotides in length.

In a preferred embodiment, the at least 20 contiguous ribonucleotides of the first
antisense ribonucleotide sequence are all capable of basepairing to nucleotides of the
first region of the target RNA molecule. In this context, basepairing may be canonical
or non-canonical, for example with at least some G:U basepairs. Independently for each
G:U basepair, the G may be in the first region of the target RNA molecule or preferably

in the first antisense ribonucleotide sequence. In an embodiment, the at least 20
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contiguous ribonucleotides of the first antisense ribonucleotide sequence that are all
capable of basepairing to nucleotides of the first region of the target RNA molecule do
so by a canonical base pair. Alternatively, not all of the at least 20 contiguous
ribonucleotides of the first antisense ribonucleotide sequence basepair to nucleotides of
the first region of the target RNA molecule. For example, 1, 2, 3, 4 or 5 of the at least
20 contiguous ribonucleotides of the first antisense ribonucleotide sequence are not
basepaired to the first region of the target RNA molecule.

In an embodiment, the first sense ribonucleotide sequence is linked covalently to
the first 5° ribonucleotide without any intervening nucleotides, or the first antisense
ribonucleotide sequence is linked covalently to the first 3’ ribonucleotide without any
intervening nucleotides, or both.

In an embodiment, the RNA molecule comprises one or more linking
ribonucleotide sequence, wherein the linking ribonucleotide sequence is related in
sequence to the target RNA molecule, either identical at least in part to a region of the
target RNA molecule or to its complement. In a preferred embodiment, the linking
ribonucleotide sequence together with sense sequences in the first and second RNA
components form part of one contiguous sense sequence, or together with antisense
sequences in the first and second RNA components form part of one contiguous
antisense sequence. In an embodiment, the RNA molecule comprises the linking
ribonucleotide sequence, wherein the linking ribonucleotide sequence is less than 20
ribonucleotides. In an embodiment, the linking ribonucleotide sequence hybridizes to
the target RNA molecule. In an embodiment, the linking ribonucleotide sequence is
identical to a portion of the complement of the target RNA molecule. In an
embodiment, the linking ribonucleotide sequence is between 1 and 50, or between 1
and 10 ribonucleotides, in length.

In an embodiment, the RNA molecule comprises two or more sense
ribonucleotide sequences, and antisense ribonucleotide sequences fully based paired
thereto, which are identical in sequence to a region of a target RNA molecule. In an
embodiment, the two or more sense ribonucleotide sequences are identical in sequence
to different regions of the same target RNA molecule. In an algternate embodiment,
the two or more sense ribonucleotide sequences are identical in sequence to a region of
different target RNA molecules. In an embodiment, the two or more sense
ribonucleotide sequences have no intervening loop sequences, i.e. they are contiguous
relative to the target RNA molecule.

In an embodiment, the RNA comprises two or more antisense ribonucleotide

sequences, and sense ribonucleotide sequences fully based paired thereto, which are
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each complementary to a region of a target RNA molecule. In an embodiment, the two
or more antisense ribonucleotide sequences are complementary to different regions of
the same target RNA molecule.

In an embodiment, the second of the two or more antisense ribonucleotide
sequences are complementary to region of a different target RNA molecule than the
first of the two or more antisense ribonucleotide sequences.

In an embodiment, the RNA molecule is a single strand of ribonucleotides
having a 5° end, at least one sense ribonucleotide sequence which is at least 21
nucleotides in length, an antisense ribonucleotide sequence which is fully base paired
with each sense ribonucleotide sequence over at least 21 contiguous nucleotides, at
least two loop sequences and a 3” end.

In an embodiment, the RNA molecule is a single strand of ribonucleotides
having a 5° end, at least one sense ribonucleotide sequence which is at least 21
nucleotides in length, an antisense ribonucleotide sequence which is fully base paired
with each sense ribonucleotide sequence over at least 21 contiguous nucleotides, at
least two loop sequences and a 3” end.

In an embodiment, the RNA molecule is a a single strand of ribonucleotides
comprising a 5’ end, the first RNA component comprising a first sense ribonucleotide
sequence which is at least 21 nucleotides in length, at least one loop sequence, a first
antisense ribonucleotide sequence which hybridises with the first sense ribonucleotide
sequence over a length of at least 21 contiguous nucleotides, and the second RNA
component comprising a second sense ribonucleotide sequence which is at least 21
nucleotides in length, a loop sequence, a second antisense ribonucleotide sequence
which hybridises with the second sense ribonucleotide sequence over a length of at
least 21 contiguous nucleotides, and a 3’ end, wherein the RNA molecule has only one
5’ end and only one 3’ end.

In an embodiment, the ribonucleotide at the 5° end and the ribonucleotide at the
3’ end are adjacent, each base paired and are not directly covalently bonded.

In an embodiment, the RNA molecule comprises a first antisense ribonucleotide
sequence which hybridizes to a first region of a target RNA, a second antisense
ribonucleotide sequence which hybridizes to a second region of a target RNA, the
second region of the target RNA being different to the first region of the target RNA,
and the RNA molecule comprising only one sense ribonucleotide sequence which
hybridizes to the target RNA, wherein the two antisense sequences are not contiguous
in the RNA molecule.
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In an embodiment, the RNA molecule comprises a first sense ribonucleotide
sequence which is at least 60% identical to a first region of a target RNA, a second
sense ribonucleotide sequence which is at least 60% identical to a second region of a
target RNA, the second region of the target RNA being different to the first region of
the target RNA, and the RNA molecule comprising only one antisense ribonucleotide
sequence which hybridizes to the target RNA, wherein the two sense sequences are not
contiguous in the RNA molecule.

In an embodiment, the RNA molecule has the 5° leader sequence.

In an embodiment, the RNA molecule has the 3’ trailer sequence.

In an embodiment, each ribonucleotide is covalently linked to two other
nucleotides. Alternatively, the RNA molecule may be represented as a dumbbell shape
(Figure 1) but have a gap or nick in one part of the double-stranded structure.

In an embodiment, at least one or all of the loop sequences are longer than 20
nucleotides.

In an embodiment, the RNA molecules has none, or one, or two or more bulges,
or a double-stranded region of the RNA molecule comprises one, or two, or more
nucleotides which are not basepaired in the double-stranded region.

In an embodiment, the RNA molecules has three, four or more loops.

In an embodiment, the RNA molecules has only has two loops.

In an embodiment, the target RNA is in a plant cell. Examples of such plants
cells include, but are not limited to, those from Arabidopsis, corn, canola, cotton,
soybean, alfalfa, lettuce, wheat, barley, rice, legume, Medicago truncatula, sugarbeet or
rye. The plant cell may be from a legume such as alfalfa or clover, a leafy vegetable
e.g. lettuce, or a grass e.g. turfgrass.

In an embodiment, the RNA molecule is present in a plant cell.

In an embodiment, the RNA molecule of the invention is produced/expressed in
a cell, such as for example a bacterial cell or other microbial cell, which is different to
the cell comprising the target RNA. In a preferred embodiment, the microbial cell is a
cell in which the RNA molecule is produced by transcription from a genetic construct
encoding the RNA molecule, wherein the RNA molecule is substantially, or preferably
predominantly, not processed in the microbial cell by cleavage within one or more loop
sequences, one or more dsRNA regions, or both. For example, the microbial cell is a
yeast cell or another fungal cell which does not have a Dicer enzyme. A greatly
preferred cell for production of the RNA molecule is a Saccharomyces cerevisiae cell.
The microbial cell may be living, or may have been killed by some treatment such as

heat treatment, or may be in the form of a dried powder.
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In an embodiment, at least one or all of the loop sequences of the RNA molecule
are longer than 20 nucleotides. In a preferred embodiment, at least one of the loops of
the RNA molecule is between 4 and 1,200 ribonucleotides in length, or between 4 and
1000 ribonucleotides in length. In a more preferred embodiment, all of the loops are
between 4 and 1,000 ribonucleotides in length. In a more preferred embodiment, at
least one of the loops of the RNA molecule is between 4 and 200 ribonucleotides in
length. In an even more preferred embodiment, all of the loops are between 4 and 200
ribonucleotides in length. In an even more preferred embodiment, at least one of the
loops of the RNA molecule is between 4 and 50 ribonucleotides in length. In a most
preferred embodiment, all of the loops are between 4 and 50 ribonucleotides in length.
In embodiments, the minimum length of the loop is 20 nucleotides, 30 nucleotides, 40
nucleotides, or 50 nucleotides. In an embodiment, each loop of the RNA molecule is
independently between 20 and 50 ribonucleotides, or between 20 and 40
ribonucleotides or between 20 and 30 ribonucleotides in length.

In an embodiment, the target RNA encodes a protein.

In another embodiment, the RNA molecule may comprise a region of a
nucleotide sequence set forth in SEQ ID NO:146, SEQ ID NO:147, or SEQ ID
NOs:151-152 (wheat), SEQ ID NOs:154-155 (barley), SEQ ID NOs:156-164 (rice),
SEQ ID NOs:165-178 (maize), SEQ ID NOs:179-185 (Brassica napus), SEQ ID
NOs:186-187 and SEQ ID NO:210 (Medicago truncatula), SEQ ID NOs:188-190
(alfalfa), SEQ ID NOs:191-204 (soybean), SEQ ID NOs:205-207 (sugarbeet), SEQ ID
NOs:208-209 (Brassica rapa), SEQ ID NQOs:211-220 (onion) and SEQ ID NOs:221-
228 (lettuce), or a complement (antisense) of a region of the sequence, or both the
region and the complement, or a nucleotide sequence 95% identical thereto. In an
embodiment, the RNA molecule of the invention comprises a sense and an antisense
sequence from a region of an RNA transcript from a gene whose cDNA corresponds to
one of the SEQ ID NOs listed above, or a nucleotide sequence 95% or preferably 99%
identical thereto. Such sequence is preferably derived from the RNA transcript of a
naturally occurring homolog of the gene in that plant species. In another embodiment,
RNA molecules of the invention may comprise a a region of a nucleotide sequence set
forth in SEQ ID NO:146, SEQ ID NO:147 or SEQ ID NOs:151-228.

In an embodiment of the aspects, the second RNA component is characterised in
that:

1) the second sense ribonucleotide sequence consists of at least 20 contiguous
ribonucleotides covalently linked, in 5’ to 3’ order, the second 5’ ribonucleotide, a third

RNA sequence and a third 3’ ribonucleotide,
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i1) the second antisense ribonucleotide sequence consists of at least 20
contiguous ribonucleotides covalently linked, in 5’ to 3’ order, a third 5’
ribonucleotide, a fourth RNA sequence and the second 3’ ribonucleotide,

ii1) the second 5’ ribonucleotide basepairs with the second 3’ ribonucleotide,

iv) the third 3’ ribonucleotide basepairs with the third 5° ribonucleotide,
wherein the chimeric RNA molecule is capable of being processed in a plant cell or in
vitro whereby the second antisense ribonucleotide sequence is cleaved to produce short
antisense RNA (asRNA) molecules of 20-24 ribonucleotides in length. Most
preferably, the asRNA molecules produced from the second antisense sequence are
capable of reducing expression of the target RNA, either without or in combination
with asRNAs produced from the first antisense sequence of the first RNA component.
It is more preferred that between 5% and 40% of the ribonucleotides of the first sense
ribonucleotide sequence and the first antisense ribonucleotide sequence, and/or the
second sense ribonucleotide sequence and the second antisense ribonucleotide
sequence, and/or every sense ribonucleotide sequence and its corresponding antisense
ribonucleotide sequence which hybridise, in total, are either basepaired in a non-
canonical basepair or are not basepaired, and/or the dsRNA region formed between the
complementary sense and antisense sequences does not comprise 20 contiguous
canonical basepairs. More preferably, about 12%, about 15%, about 18%, about 21%,
about 24%, about 27%, about 30%, between 10% and 30%, or between 15% and 30%,
or even more preferably between 16% and 25%, of the ribonucleotides of a sense
ribonucleotide sequence and its corresponding antisense ribonucleotide sequence,
preferably for every dsSRNA region in the RNA molecule, in total, are either basepaired
in a non-canonical basepair or are not basepaired. Even more preferably, about 12%,
about 15%, about 18%, about 21%, about 24%, about 27%, about 30%, between 10%
and 30%, or between 15% and 30%, or even more preferably between 16% and 25%,
of the ribonucleotides of the dsRNA region(s) in the RNA molecule, in total, are
basepaired in non-canonical basepairs and all of the other ribonucleotides of the
dsRNA region(s) in the RNA molecule are basepaired in canonical basepairs. In
preferred embodiments, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 97%, or 100% of the non-canonical basepairs in the first or
second dsRNA region, or all dsRNA regions in total, are G:U basepairs. Most
preferably, in these embodiments,

(a) the chimeric RNA molecule or at least some of the asRNA molecules, or
both, are capable of reducing the expression or activity of a target RNA molecule

which modulates the timing of plant flowering, or
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(b) the first and second antisense ribonucleotide sequences, preferably every
antisense ribonucleotide sequence in the RNA molecule, comprises a sequence of at
least 20 contiguous ribonucleotides which is at least 50% identical in sequence to a
region of the complement of the target RNA molecule, preferably at least 60%
identical, more preferably at least 70% identical, even more preferably at least 80%
identical, most preferably at least 90% identical or 100% identical to the region of the
complement of the target RNA molecule, or
both (a) and (b).

In a third aspect, the present invention provides a chimeric ribonucleic acid
(RNA) molecule, comprising a double-stranded RNA (dsRNA) region which comprises
a first sense ribonucleotide sequence of at least 20 contiguous nucleotides in length and
a first antisense ribonucleotide sequence of at least 20 contiguous nucleotides in length,
whereby the first sense ribonucleotide sequence and the first antisense ribonucleotide
sequences are capable of hybridising to each other to form the dsRNA region, wherein

1) the first sense ribonucleotide sequence consists of, covalently linked in 5° to
3’ order, a first 5° ribonucleotide, a first RNA sequence and a first 3’ ribonucleotide,

i1) the first antisense ribonucleotide sequence consists of, covalently linked in 5’
to 3° order, a second 5’ ribonucleotide, a second RNA sequence and a second 3’
ribonucleotide,

ii1) the first 5° ribonucleotide basepairs with the second 3’ ribonucleotide to
form a terminal basepair of the dsSRNA region,

iv) the second 5’ ribonucleotide basepairs with the first 3° ribonucleotide to
form a terminal basepair of the dsSRNA region,

v) between about 5% and about 40% of the ribonucleotides of the first sense
ribonucleotide sequence and the first antisense ribonucleotide sequence, in total, are
either basepaired in a non-canonical basepair or are not basepaired,

vi) the dsRNA region does not comprise 20 contiguous canonical basepairs,

vii) the RNA molecule is capable of being processed in a plant cell or in vitro
whereby the first antisense ribonucleotide sequence is cleaved to produce short
antisense RNA (asRNA) molecules of 20-24 ribonucleotides in length,

viii) the RNA molecule or at least some of the asRNA molecules, or both, are
capable of reducing the expression or activity of a target RNA molecule which
modulates the timing of plant flowering, and

ix) the RNA molecule is capable of being made enzymatically by transcription

in vitro or in a cell, or both.
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In an embodiment, the first sense ribonucleotide sequence is covalently linked to
the first antisense ribonucleotide sequence by a first linking ribonucleotide sequence
which comprises a loop sequence of at least 4 nucleotides, or between 4 and 1,000
ribonucleotides, or between 4 and 200 ribonucleotides, or between 4 and 50
ribonucleotides, or at least 10 nucleotides, or between 10 and 1,000 ribonucleotides, or
between 10 and 200 ribonucleotides, or between 10 and 50 ribonucleotides, in length,
whereby the first linking ribonucleotide sequence is covalently linked to either the
second 3’ ribonucleotide and the first 5° ribonucleotide or, preferably, to the first 3’
ribonucleotide and the second 5’ ribonucleotide, so that the sequences are comprised in
a single, contiguous strand of RNA. In another embodiment, the first linking
ribonucleotide sequence is covalently linked to either the second 3’ ribonucleotide and
the first 5° ribonucleotide or, preferably, to the first 3’ ribonucleotide and the second 5’
ribonucleotide, so that the sequences are comprised in a single, contiguous strand of
RNA.

In an embodiment, the loop sequence in the chimeric RNA molecule comprises
one or more binding sequences which are complementary to an RNA molecule which is
endogenous to the plant cell, and/or the loop sequence in the RNA molecule comprises
an open reading frame which encodes a polypeptide or a functional polynucleotide.

In its simplest form, such an chimeric RNA molecule is referred to as a hairpin
RNA (hpRNA). In a more preferred embodiment, between about 5% and about 40% of
the ribonucleotides of the first sense ribonucleotide sequence and the first antisense
ribonucleotide sequence of the dsRNA, in total, are basepaired in non-canonical
basepairs, preferably G:U basepairs. That is, all of the ribonucleotides of the first sense
ribonucleotide sequence are basepaired to ribonucleotides of the first antisense
ribonucleotide sequence, either in canonical basepairs or non-canonical basepairs,
whereby the dsRNA region comprises 20 contiguous basepairs including some non-
canonical basepairs. The dsRNA region thereby does not comprise 20 contiguous
canonical basepairs. In a more preferred embodiment of the hpRNA of the invention,
the first antisense ribonucleotide sequence is fully complementary to a region of the
target RNA. In this embodiment, the first sense ribonucleotide sequence is different in
sequence to the region of the target RNA by the substitution of C nucleotides in the
region of the target RNA with U nucleotides in the hpRNA. Such molecules are
exemplified in the hairpin RNAs comprising G:U basepairs in Examples 6-11. In
preferred embodiments, the length of the first antisense ribonucleotide sequence is 20
to about 1000 nucleotides, or 20 to about 500 nucleotides, or other lengths as described
herein. More preferably, the hpRNA is produced in, or introduced into, a plant cell. In
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this embodiments, the target RNA may be a transcript of an endogenous gene in the
plant cell.

In an embodiment, the first antisense ribonucleotide sequence is fully
complementary to a region of the target RNA and the first sense ribonucleotide
sequence is different in sequence to the region of the target RNA by the substitution of
C nucleotides in the region of the target RNA with U nucleotides.

In a more preferred embodiment, the chimeric RNA molecule comprises a
second sense ribonucleotide sequence and the first sense ribonucleotide sequence and
the first antisense ribonucleotide sequence are linked by a first linking ribonucleotide
sequence comprising a loop sequence of at least 4 nucleotides in length, whereby the
first linking ribonucleotide sequence is covalently linked to the first 3’ ribonucleotide
and the second 5’ ribonucleotide, and the RNA molecule further comprises a second
linking ribonucleotide sequence which comprises a loop sequence of at least 4
nucleotides in length and which is covalently linked to the second 3’ ribonucleotide and
the second sense ribonucleotide sequence, thereby forming an ledRNA structure. In an
alternative preferred embodiment, the chimeric RNA molecule comprises a second
antisense ribonucleotide sequence and the first sense ribonucleotide sequence and the
first antisense ribonucleotide sequence are linked by a first linking ribonucleotide
sequence comprising a loop sequence of at least 4 nucleotides in length, whereby the
first linking ribonucleotide sequence 1is covalently linked to the second 3’
ribonucleotide and the first 5° ribonucleotide, and the RNA molecule further comprises
a second linking ribonucleotide sequence which comprises a loop sequence of at least 4
nucleotides in length and which is covalently linked to the second 3’ ribonucleotide and
the second antisense ribonucleotide sequence.

In another preferred embodiment, the chimeric RNA molecule comprises a
second sense ribonucleotide sequence and a second antisense ribonucleotide sequence,
wherein the second sense ribonucleotide sequence and the second antisense
ribonucleotide sequences are capable of hybridising to each other to form a second
dsRNA region, and the first sense ribonucleotide sequence and the first antisense
ribonucleotide sequence are linked by a first linking ribonucleotide sequence
comprising a loop sequence of at least 4 nucleotides in length, whereby the first linking
ribonucleotide sequence is covalently linked to the first 3’ ribonucleotide and the
second 5’ ribonucleotide, and the RNA molecule further, or optionally, comprises a
second linking ribonucleotide sequence which comprises a loop sequence of at least 4

nucleotides in length and which is covalently linked to the second 3’ ribonucleotide and
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the second sense ribonucleotide sequence or which covalently links the second sense
ribonucleotide sequence and the second antisense ribonucleotide sequence.

In an embodiment, the chimeric RNA molecule comprises a second sense
ribonucleotide sequence and a second antisense ribonucleotide sequence and the first
sense ribonucleotide sequence and the first antisense ribonucleotide sequence are
linked by a first linking ribonucleotide sequence comprising a loop sequence of at least
4 nucleotides in length, whereby the first linking ribonucleotide sequence is covalently
linked to the second 3’ ribonucleotide and the first 5° ribonucleotide, and the RNA
molecule further comprises a second linking ribonucleotide sequence which comprises
a loop sequence of at least 4 nucleotides in length and which is covalently linked to the
first 3° ribonucleotide and the second antisense ribonucleotide sequence, or which
covalently links the second sense ribonucleotide sequence and the second antisense
ribonucleotide sequence.

In an embodiment, the chimeric RNA molecule comprises a second sense
ribonucleotide sequence and a second antisense ribonucleotide sequence and the first
sense ribonucleotide sequence and the first antisense ribonucleotide sequence are
linked by a first linking ribonucleotide sequence comprising a loop sequence of at least
4 nucleotides in length, whereby the first linking ribonucleotide sequence is covalently
linked to the second 3’ ribonucleotide and the first 5° ribonucleotide, and the RNA
molecule further comprises a second linking ribonucleotide sequence which comprises
a loop sequence of at least 4 nucleotides in length and which is covalently linked to the
first 3° ribonucleotide and the second antisense ribonucleotide sequence, or which
covalently links the second sense ribonucleotide sequence and the second antisense
ribonucleotide sequence.

In an embodiment, the second sense ribonucleotide sequence and the second
antisense ribonucleotide sequence each comprise at least 20 contiguous nucleotides in
length.

In an embodiment, the first and second sense ribonucleotide sequences are
covalently linked by an intervening ribonucleotide sequence which is unrelated in
sequence to the target RNA molecule, or which is related in sequence to the target
RNA molecule, or the first and second sense ribonucleotide sequences are covalently
linked without an intervening ribonucleotide sequence.

In an embodiment, the first and second antisense ribonucleotide sequences are
covalently linked by an intervening ribonucleotide sequence which is unrelated in
sequence to the complement of a target RNA molecule, or which is related in sequence

to the complement of a target RNA molecule, or the first and second antisense
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ribonucleotide sequences are covalently linked without an intervening ribonucleotide
sequence.

In an embodiment, the first and second sense ribonucleotide sequences may
form one contiguous sense ribonucleotide region having at least 50% identity in
sequence to a target RNA molecule. In another embodiment, the first and second
antisense sense ribonucleotide sequences may form one contiguous antisense
ribonucleotide region having at least 50% identity in sequence to the complement of a
target RNA molecule. In another embodiment, the RNA molecule comprises a first
sense ribonucleotide sequence which is at least 60% identical to a first region of a
target RNA, a second sense ribonucleotide sequence which is at least 60% identical to a
second region of a target RNA, the second region of the target RNA being different to
the first region of the target RNA, and the RNA molecule comprising only one
antisense ribonucleotide sequence which hybridizes to the target RNA, wherein the two
sense sequences are not contiguous in the RNA molecule. In an embodiment, the first
and second regions of the target RNA are contiguous in the target RNA molecule.
Alternatively, they are not contiguous. In preferred embodiments, the first and second
sense ribonucleotide sequences are each, independently, at least 70%, at least 80%, at
least 90%, at least 95%, or at least 99% identical to the respective region of target RNA
1.e. the first sense sequence may be at least 70% identical to its target region and the
second sequence at least 80% identical to its target sequence, etc.

In an embodiment, between 5% and 40% of the ribonucleotides of the second
sense ribonucleotide sequence and the second antisense ribonucleotide sequence, in
total, are either basepaired in a non-canonical basepair or are not basepaired, preferably
basepaired in G:U basepairs, wherein the second dsRNA region does not comprise 20
contiguous canonical basepairs, and wherein the RNA molecule is capable of being
processed in a eukaryotic cell or in vitro whereby the second antisense ribonucleotide
sequence is cleaved to produce short antisense RNA (asRNA) molecules of 20-24
ribonucleotides in length.

In an embodiment, each linking ribonucleotide sequence is independently
between 4 and about 2000 nucleotides in length, preferably between 4 and about 1200
nucleotides in length, more preferably between 4 and about 200 nucleotides in length
and most preferably between 4 and about 50 nucleotides in length.

In an embodiment, the chimeric RNA molecule further comprises a 5’ leader

sequence or a 3’ trailer sequence, or both.
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In a fourth aspect, the present invention provides a chimeric RNA molecule
comprising a first RNA component and a second RNA component which is covalently
linked to the first RNA component,
wherein the first RNA component comprises a first double-stranded RNA (dsRNA)
region, which comprises a first sense ribonucleotide sequence and a first antisense
ribonucleotide sequence which are capable of hybridising to each other to form the first
dsRNA region, and a first intervening ribonucleotide sequence of at least 4 nucleotides
which covalently links the first sense ribonucleotide sequence and the first antisense
ribonucleotide sequence,
wherein the second RNA component comprises a second sense ribonucleotide
sequence, a second antisense ribonucleotide sequence and a second intervening
ribonucleotide sequence of at least 4 ribonucleotides which covalently links the second
sense ribonucleotide sequence and the second antisense ribonucleotide sequence,
wherein the second sense ribonucleotide sequence hybridises with the second antisense
ribonucleotide sequence in the RNA molecule,
wherein in the first RNA component,

1) the first sense ribonucleotide sequence consists of at least 20 contiguous
ribonucleotides covalently linked, in 5° to 3* order, a first 5’ ribonucleotide, a first
RNA sequence and a first 3’ ribonucleotide,

i1) the first antisense ribonucleotide sequence consists of at least 20 contiguous
ribonucleotides covalently linked, in 5° to 3° order, a second 5’ ribonucleotide, a
second RNA sequence and a second 3’ ribonucleotide,

ii1) the first 5” ribonucleotide basepairs with the second 3’ ribonucleotide,

iv) the second 5’ ribonucleotide basepairs with the first 3* ribonucleotide,

v) between 5% and 40% of the ribonucleotides of the first sense ribonucleotide
sequence and the first antisense ribonucleotide sequence, in total, are either basepaired
in a non-canonical basepair or are not basepaired, and

vi) the first dsSRNA region does not comprise 20 contiguous canonical basepairs,
wherein the chimeric RNA molecule is capable of being processed in a plant cell or in
vitro whereby the first antisense ribonucleotide sequence is cleaved to produce short
antisense RNA (asRNA) molecules of 20-24 ribonucleotides in length, and wherein

(a) the chimeric RNA molecule or at least some of the asRNA molecules, or both,
are capable of reducing the expression or activity of a target RNA molecule
which modulates plant flowering, or

(b) the first antisense ribonucleotide sequence comprises a sequence of at least 20

contiguous ribonucleotides which is at least 50% identical in sequence,
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preferably at least 90% or 100% identical in sequence, to a region of the
complement of the target RNA molecule, or
(c) both (a) and (b).

In an embodiment of the two above aspects, the at least 20 contiguous
ribonucleotides of the first antisense ribonucleotide sequence are all capable of
basepairing to nucleotides of a first region of the target RNA molecule.

In an embodiment of the two above aspects, the chimeric RNA molecule
comprises two or more antisense ribonucleotide sequences, and sense ribonucleotide
sequences based paired thereto, which antisense sequences are each complementary,
preferably fully complementary, to a region of a target RNA molecule. The regions of
the target RNA molecule to which they are complementary may or may not be
contiguous in the target RNA molecule. In an embodiment, the two or more antisense
ribonucleotide sequences are complementary to different regions of the same target
RNA molecule. In an alternate embodiment, the two or more antisense ribonucleotide
sequences are complementary to regions of different target RNA molecules.

In an embodiment, the two or more antisense ribonucleotide sequences have no
intervening loop sequences, i.e. they are contiguous relative to the complement of the
target RNA molecule. In a preferred embodiment, one or both of the two or more
antisense ribonucleotide sequences and sense ribonucleotide sequences basepair along
their full length through canonical basepairs, or through some canonical and some non-
canonical basepairs, preferably G:U basepairs.

The RNA molecule may comprise a 5’-leader sequence and/or a 3’-trailer
sequence.

In an embodiment of the two above aspects, the chimeric RNA molecule
comprises a hairpin RNA (hpRNA) structure having a 5’ end, a sense ribonucleotide
sequence which is at least 21 nucleotides in length, an antisense ribonucleotide
sequence which is fully base paired with the sense ribonucleotide sequence over at least
21 contiguous nucleotides, an intervening loop sequence and a 3’ end.

The RNA molecule may comprise a 5’-leader sequence and/or a 3’-trailer
sequence.

In an embodiment of the two above aspects, the chimeric RNA molecule
comprises a single strand of ribonucleotides having a 5° end, at least one sense
ribonucleotide sequence which is at least 21 nucleotides in length, an antisense
ribonucleotide sequence which is fully base paired with each sense ribonucleotide
sequence over at least 21 contiguous nucleotides, at least two loop sequences and a 3’

end.
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The order 5° to 3° may be the sense ribonucleotide sequence and then the
antisense ribonucleotide sequence, or vice versa. In an embodiment, the ribonucleotide
at the 5° end and the ribonucleotide at the 3’ end are adjacent, each base paired and are
not directly covalently bonded, see for example Figure 1.

In an embodiment of the two above aspects, between about 15% and about 30%,
or between about 16% and about 25%, of the ribonucleotides of the sense
ribonucleotide sequence and the antisense ribonucleotide sequence, in total, are either
basepaired in a non-canonical basepair or are not basepaired, preferably basepaired in
non-canonical basepairs, more preferably basepaired in G:U basepairs.

In an embodiment of the two above aspects, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 97%, or 100% of the non-
canonical basepairs are G:U basepairs.

In an embodiment of the two above aspects, less than 25%, less than 20%, less
than 15%, less than 10%, less than 5%, less than 1% or none, of the ribonucleotides in
the dsRNA region are not basepaired.

In an embodiment of the two above aspects, every one in four to every one in six
ribonucleotides in the dsRNA region form a non-canonical basepair or are not
basepaired, preferably form a G:U basepair.

In an embodiment of the two above aspects, the dsRNA region does not
comprise 8 contiguous canonical basepairs.

In an embodiment of the two above aspects, the dsSRNA region comprises at
least 8 contiguous canonical basepairs, preferably at least 8§ but not more than 12
contiguous canonical basepairs.

In an embodiment of the two above aspects, all of the ribonucleotides in the
dsRNA region, or in each dsRNA region, are base-paired with a canonical basepair or a
non-canonical basepair.

In an embodiment of the two above aspects, one or more ribonucleotides of the
sense ribonucleotide sequence or one or more ribonucleotides of the antisense
ribonucleotide sequence, or both, are not basepaired.

In an embodiment of the two above aspects, the antisense RNA sequence is less
than 100% identical, or between about 80% and 99.9% identical, or between about 90%
and 98% identical, or between about 95% and 98% identical, in sequence to the
complement of a region of the target RNA molecule.

In an embodiment of the two above aspects, the antisense RNA sequence is

100% identical in sequence to a region of the target RNA molecule.
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In an embodiment of the two above aspects, the sense and/or antisense
ribonucleotide sequence, preferably both, is at least 50, at least about 100, at least about
200, at Ieast about 300, at least about 400, at least about 500, at least about 600, at least
about 700, at Ieast about 800, at Ieast about 900, at least about 1,000, or about 100 to
about 1,000, or 20 to about 1000 nucleotides, or 20 to about 500 nucleotides, in length.

In an embodiment of the two above aspects, the number of ribonucleotides in
the sense ribonucleotide sequence is between about 90% and about 110% of the
number of ribonucleotides in the antisense ribonucleotide sequence.

In an embodiment of the two above aspects, the number of ribonucleotides in
the sense ribonucleotide sequence is the same as the number of ribonucleotides in the
antisense ribonucleotide sequence.

In an embodiment of the two above aspects, the chimeric RNA molecule further
comprises a 5  extension sequence which is covalently linked to the first 5’
ribonucleotide or a 3’ extension sequence which is covalently linked to the second 3’
ribonucleotide, or both.

In an embodiment of the two above aspects, the chimeric RNA molecule further
comprises a 5’ extension sequence which is covalently linked to the second 5’
ribonucleotide or a 3’ extension sequence which is covalently linked to the first 3’
ribonucleotide, or both.

In an embodiment of the two above aspects, the chimeric RNA molecule
comprises two or more dsRNA regions which are the same or different.

In an embodiment of the two above aspects, when expressed in a plant cell more
asRNA molecules are formed that are 22 and/or 20 ribonucleotides in length when
compared to processing of an analogous RNA molecule which has a corresponding
dsRNA region which is fully basepaired with canonical basepairs.

In an embodiment, an RNA molecule of the first or second aspect is also a
chimeric RNA meolceule of the third or fourth aspects.

In an embodiment of each of the above aspects, the target RNA encodes
VERNALIZATION1 (VRNI), VERNALIZATION2 (VRN2),
EARLYINSHORTDAYS4, FLOWERING LOCUS T1 (FT1), FLOWERING LOCUS
T2 (FT2), Flowering Locus C (FLC), FRIGIDA (FRI) or CONSTANS in the plant
species of interest.

In an embodiment of each of the above aspects, the target RNA comprises a
region of a nucleotide sequence set forth in any one or more of SEQ ID NO’s 146, 147,
or 151 to 228 (where the T’s are replaced with U’s), or a complement (antisense) of the

region of the sequence, or both the region and the complement, or a nucleotide
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sequence 95%, preferably, 99%, identical thereto (where the T’s are replaced with U’s).
In an embodiment, the region is at least 15, at least 16, a least 17, at least 18, at least
19, at least 20 or at least 21 nucleotides in length.

In an embodiment of each of the above aspects, target RNA is a gene transcript
of the following from wheat, with Accession Nos of the genes or proteins in
parentheses: VRNI1/VRN-A1 (KR422423.1; SEQ ID NO:151); VRN2 (ZCCT1,
TaVRN2-B; SEQ ID NO:145) (AAS58481.1); TaFT (Accession No. AY705794.1;
SEQ ID NO:152) or homologous genes in other species, preferably cereal species.

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of the one of the following from barley: HvVRN1 (AY896051; SEQ ID
NO:153), HvVRN2 (AY687931, AY485978; SEQ ID NO:154) or HvFT (DQ898519;
SEQ ID NO:155), or homologous genes in other species, preferably cereal species.

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from canola, BnFLC1 (AY036888, Bna.FLC.A10,
BnaA10g22080D; SEQ ID NO:179); BnFLC2 (AY036889; SEQ ID NO:180); BnFLC3
(AY036890; SEQ ID NO:181); BnFLC4 (AY036891; SEQ ID NO:182); BnFLCS5
(AY036892; SEQ ID NO:183); BnFRI (BnaA03g13320D; SEQ ID NO:184); BnFT
(BnaA02g12130D; SEQ ID NO:185) or homologous genes in other species. .

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from Arabidopsis, FRI (AT4G00650); FLC
(AT5G10140); VRN1 (AT3G18990); VRN2 (AT4G16845); VIN3 (AT5GS57380); FT
(AT1G65480); SOC1 (AT2G45660); CO (constans) (AT5G15840); LFY
(AT5G61850); AP1 (AT1G69120) or homologous genes in other species.

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from rice, OsPhyB (OSNPB_030309200; SEQ ID
NO:156); OsCol4 (HC084637; SEQ ID NO:157); RFT1 (OSNPB_070486100; SEQ ID
NO:158); OsSNB (OSNPB_070235800; SEQ ID NO:159); OsIDS1 (Os03g0818800;
SEQ ID NO:160); OsGI (OSNPB_010182600; SEQ ID NO:161), OsMADS50 (SEQ
ID NO:162), OsMADSS5 (SEQ ID NO:163) or OsLFY (SEQ ID NO:164), or
homologous genes in other species.

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of the one of the following from maize (Zea mays): ZmMADS1/ZmMS5
(LOC542042, HM993639; SEQ ID NO:), PHYA1 (AY234826; SEQ ID NO:166),
PHYA2 (AY260865; SEQ ID NO:167), PHYB1 (AY234827; SEQ ID NO:168),
PHYB2 (AY234828; SEQ ID NO:169), PHYC1 (AY234829; SEQ ID NO:170),
PHYC2 (AY234830; SEQ ID NO:171), ZmLD (AF166527; SEQ ID NO:172), ZmFL1
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(AY179882; SEQ ID NO:173), ZmFL2 (AY179881; SEQ ID NO:174), DWARFS8
(AF413203; SEQ ID NO:175), ZmANI1 (L37750; SEQ ID NO:176), ZmID1
(AF058757; SEQ ID NO:177), ZCN8 (LOC100127519; SEQ ID NO:178), or
homologous genes in other species, preferably cereal species.

In an embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from Medicago truncatula, MtFTal (HQ721813;
SEQ ID NO:186); MtFTb1 (HQ721815; SEQ ID NO:187), MtYFL (BT053010, SEQ
ID NO:210), MtSOCla (Medtr07g075870), MtSOC1b (Medtr08g033250), MtSOClc
(Medtr08g033220), or homologous genes in other species.

In another embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from alfalfa (Medicago sativa), MsFRI-L (SEQ 1D
NO:188), MsSOCla (SEQ ID NO:189), or MsFT (SEQ ID NO:190), or homologous
genes in other species. In another embodiment of each of the above aspects, the target
RNA is a gene transcript of one of the following from soybean (Glycine max): encoded
by the gene GLYMA_05G148700 with any one or more of the following transcript
variants GmFLC-X1 (SEQ ID NO:191), GmFLC-X2 (SEQ ID NO:192) GmFLC-X3
(SEQ ID NO:193), GmFLC-X4 (SEQ ID NO:194), GmFLC-XS5 (SEQ ID NO:195),
GmFLC-X6 (SEQ ID NO:196), GmFLC-X7 (SEQ ID NO:197), GmFLC-X8 (SEQ ID
NO:198), or GmFLC-X9 (SEQ ID NO:199), or SUPPRESSOR OF FRI (SEQ ID
NO:200), GmFRI (SEQ ID NO:201), GmFT2A (SEQ ID NO:202), GmPHYA3 (SEQ
ID NO:203), or GIGANTEA (SEQ ID NO:204), or homologous genes in other
species. In another embodiment of each of the above aspects, the target RNA is a gene
transcript of the following from sugarbeet (Beta vulgaris), BvBTC1 (HQ709091, SEQ
ID NO:205), preferably BvFT1 (HM448909.1, SEQ ID NO:206) and/or BvFT2
(HM448911, SEQ ID NO:207), where RNAi-induced down-regulation of the BvFT1-
BVvFT2 module led to a strong delay in bolting after vernalization by several weeks, or
BvFL1 (DQ189214, DQ189215), or homologous genes in other species. In another
embodiment of each of the above aspects, the target RNA is a gene transcript of one of
the following genes from Brassica rapa, which may be turnip, cabbage, bok choi,
turnip rape or related crucifers: BrFLC2 (AH012704, SEQ ID NO:208), BrFT
(Bra004928) or BrFRI (HQ615935, SEQ ID NO:209), or homologous genes in other
species. In another embodiment of each of the above aspects, the target RNA is a gene
transcript of one of the following from cotton (Gossypium hirsutum): GhCO
(Gorai.008G059900), GhFLC (Gorai.013G069000), GhFRI (Gorai.003G118000),
GhFT (Gorai.004G264600), GhLFY (Gorai.001G053900), GhPHYA
(Gorai.007G292800, Gorai.013G203900), GhPHYB (Gorai.011G200200), GhSOC1
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(Gorai.008G115200), GhVRN1 (Gorai.002G006500, Gorai.005G240900,
Gorai.012G150900, Gorai.013G040000), GhVRN2 (Gorai.003G176300), GhVRNS
(Gorai.009G023200), or homologous genes in other species. In another embodiment of
each of the above aspects, the target RNA is a gene transcript of one of the following
from onion (Allium cepa): AcGI (GQ232756, SEQ ID NO:211), AcFKF (GQ232754,
SEQ ID NO:212), AcZTL (GQ232755, SEQ ID NO:213), AcCOL (GQ232751, SEQ
ID NO:214), AcFTL (CF438000, SEQ ID NO:215), AcFT1 (KC485348, SEQ ID
NO:216), AcFT2 (KC485349, SEQ ID NO:217), AcFT6 (KC485353, SEQ ID
NO:218), AcPHYA (GQ232753, SEQ ID NO:219), AcCOP1 (CF451443, SEQ ID
NO:220), or homologous genes in other species. In another embodiment of each of the
above aspects, the target RNA is a gene transcript of one of the following from
asparagus (Asparagus officinalis): FPA (LOC109824259, LOC109840062), TWIN
SISTER of FT-like (LOC109835987), MOTHER of FT (LOC109844838), FCA-like
(LOC109841154, LOC109821266), PHOTOPERIOD-INDEPENDENT EARLY
FLOWERING 1 (LOC109834006), FLOWERING LOCUS T-like (LOC109830558,
LOC109825338, LOC109824462), Flowering locus K (LOC109847537), Flowering
time control protein FY (LOC109844014), flowering time control protein FCA-like
(LOC109842562), or homologous genes in other species. In another embodiment of
each of the above aspects, the target RNA is a gene transcript of one of the following
from lettuce (Lactuca sativa): LsFT (LOC111907824, SEQ ID NO:221), TFL1-like
(LOC111903066, SEQ ID NO:222), TFL1 homolog 1-like (LOC111903054, SEQ ID
NO:223), LsFLC (LOC111876490, JI588382, SEQ ID NO:224), LsSOCI-like
(LOC111912847, SEQ ID NO:225, LOCI111880753, SEQ ID NO:226,
LOC111878575, SEQ ID NO:227), TsLFY (LC164345.1, XM_023888266.1, SEQ 1D
NO:228), or homologous genes in other species.

In an embodiment of each of the above aspects, the target RNA is a miRNA.
Examples of such targets include, but are not limited to, miR-156 or miR-172.

In an embodiment of each of the above aspects, the RNA molecule or chimeric
RNA molecule reduces the time to flowering compared to an isogenic plant lacking the
RNA molecule or chimeric RNA molecule. In an embodiment, the plant is
Arabidopsis, corn, canola, cotton, soybean, alfalfa, lettuce, wheat, barley, rice, legume,
Medicago truncatula, sugarbeet or rye. In an embodiment, the plant is Arabidopsis,
corn, canola, cotton, soybean, wheat, barley, rice, legume, Medicago truncatula,
sugarbeet or rye. The plant may be from alfalfa or clover, a leafy vegetable e.g. lettuce,

or a grass e.g. turfgrass.
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In an embodiment, the first and second regions of the target RNA are contiguous
in the target RNA. Alternatively, they are not contiguous.

In an embodiment of each of the above aspects, the RNA molecule or chimeric
RNA molecule delays the time to flowering compared to an isogenic plant lacking the
RNA molecule or chimeric RNA molecule. In an embodiment, the plant is a grass,
where the target gene is a homolog of a cereal gene, as above.

In an embodiment of each of the above aspects, the plant is genetically
unmodified.

In an embodiment of each of the above aspects, the RNA molecule comprises a
5’ leader sequence or 5° extension sequence. In an embodiment, the RNA molecule
comprises a 3’ trailer sequence or 3’ extension sequence. In a preferred embodiment,
the RNA molecule comprises both the 5° leader/extension sequence and the 3’
trailer/extension sequence.

In an embodiment of each of the above aspects, at least one loop sequence in the
RNA molecule comprises one or more binding sequences which are complementary to
an RNA molecule which is endogenous to the plant cell, such as, for example, an
miRNA or other regulatory RNA in the plant cell. As would readily be understood, this
feature may be in combination with any of the loop length features, non-canonical
basepairing and any of the other features described above for the RNA molecule. In an
embodiment, at least one loop sequence comprises multiple binding sequences for a
miRNA, or binding sequences for multiple miRNAs, or both. In an embodiment, at
least one loop sequence in the RNA molecule comprises an open reading frame which
encodes a polypeptide or a functional polynucleotide. The open reading frame is
preferably operably linked to a translation initiation sequence, whereby the open
reading frame is capable of being translated in a plant cell of interest. For example, the
translation initiation sequence comprises, or is comprised in, an internal ribosome entry
site (IRES). The IRES is preferably a plant IRES. The translated polypeptide is
preferably 50-400 amino acid residues in length, or 50-300 or 50-250, or 50-150 amino
acid residues in length. Such RNA molecules, when produced in a plant cell, are
capable of being processed to form circular RNA molecules comprising most or all of
the loop sequence and which are capable of being translated to provide high levels of
the polypeptide.

In an embodiment of each of the above aspects, the RNA molecule has none, or
one, or two or more bulges in a double-stranded region. In this context, a bulge is a
nucleotide, or two or more contiguous nucleotides, in the sense or antisense

ribonucleotide sequence which is not basepaired in the dsRNA region and which does
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not have a mismatched nucleotide at the corresponding position in the complementary
sequence in the dsSRNA region. The dsRNA region of the RNA molecule may comprise
a sequence of more than 2 or 3 nucleotides within the sense or antisense sequence, or
both, which loops out from the dsRNA region when the dsRNA structure forms. The
sequence which loops out may itself form some internal basepairing, for example it
may itself form a stem-loop structure.

In an embodiment of each of the above aspects, the RNA molecule has none, or
one, or two or more bulges in a double-stranded region. In this context, a bulge is a
nucleotide, or two or more contiguous nucleotides, in the sense or antisense
ribonucleotide sequence which is not basepaired in the dsRNA region and which does
not have a mismatched nucleotide at the corresponding position in the complementary
sequence in the dsSRNA region. The dsRNA region of the RNA molecule may comprise
a sequence of more than 2 or 3 nucleotides within the sense or antisense sequence, or
both, which loops out from the dsRNA region when the dsRNA structure forms. The
sequence which loops out may itself form some internal basepairing, for example it
may itself form a stem-loop structure.

In an embodiment of each of the above aspects, the RNA molecule has three,
four or more loops. In a preferred embodiment, the RNA molecule has only two loops.
In an embodiment, the first double-stranded region, or the first and second dsRNA
region, or every dsRNA region, of the RNA molecule comprises one, or two, or more
nucleotides which are not basepaired in the double-stranded region, or independently
up to 2%, 3%, 4%, 5%, 6%, 1%, 8%, 9% or 10% of the nucleotides in the double-
stranded region which are not basepaired.

In an embodiment of each of the above aspects, about 12%, about 15%, about
18%, about 21%, about 24%, or between about 15% and about 30%, or preferably
between about 16% and about 25%, of the ribonucleotides of the sense ribonucleotide
sequence and its corresponding antisense ribonucleotide sequence, in total, that form a
dsRNA region are either basepaired in a non-canonical basepair or are not basepaired.
In a preferred embodiment, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 97%, or 100% of the non-canonical basepairs in a
dsRNA region, or in all dSRNA regions in the RNA molecule, are G:U basepairs. The
G nucleotide in each G:U basepair may independently be in the sense ribonucleotide
sequence or preferably in the antisense ribonucleotide sequence. Regarding the G
nucleotides in the G:U basepairs of a dsRNA region, preferably at least 50% are in the
antisense ribonucleotide sequence, more preferably at least 60% or 70%, even more

preferably at least 80% or 90%, and most preferably at least 95% of them are in the
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antisense ribonucleotide sequence in the dsRNA region. This feature may apply
independently to one or more or all of the dSRNA regions in the RNA molecule. In an
embodiment, less than 25%, less than 20%, less than 15%, less than 10%, preferably
less than 5%, more preferably less than 1% or most preferably none, of the
ribonucleotides in the dsRNA region, or in all of the dsRNA regions in the RNA
molecule in total, are not basepaired. In a preferred embodiment, every one in four to
every one in six ribonucleotides in the dsRNA region, or in the dsRNA regions in total,
form a non-canonical basepair or are not basepaired within the RNA molecule. In a
preferred embodiment, the dsRNA region, or in the dsRNA regions in total, do not
comprise 10 or 9 or preferably 8 contiguous canonical basepairs. In an alternative
embodiment, the dsSRNA region comprises at least 8 contiguous canonical basepairs,
for example 8 to 12 or 8 to 14 or 8 to 10 contiguous canonical basepairs. In a preferred
embodiment, all of the ribonucleotides in the dsRNA region, or in all dsSRNA regions in
the RNA molecule, are base-paired with a canonical basepair or a non-canonical
basepair. In an embodiment, one or more ribonucleotides of the sense ribonucleotide
sequence or one or more ribonucleotides of the antisense ribonucleotide sequence, or
both, are not basepaired. In an embodiment, one or more ribonucleotides of each sense
ribonucleotide sequence and one or more ribonucleotides of each antisense
ribonucleotide sequence are not basepaired in the RNA molecule of the invention.

In an embodiment, one or more or all of the antisense ribonucleotide sequences
of the RNA molecule is less than 100% identical, or between about 80% and 99.9%
identical, or between about 90% and 98% identical, or between about 95% and 98%
identical, preferably between 98% and 99.9% identical, in sequence to the complement
of a region of the target RNA molecule or to two such regions, which may or may not
be contiguous in the target RNA molecule. In a preferred embodiment, one or more of
the antisense RNA sequences is 100% identical in sequence to a region of the
complement of the target RNA molecule, for example to a region comprising 21, 23,
25, 27, 30, or 32 contiguous nucleotides. In an embodiment, the sense or antisense
ribonucleotide sequence, preferably both, is at least 40, at least 50, at least about 100, at
least about 200, at least about 300, at least about 400, at least about 500, at least about
600, at least about 700, at least about 800, at least about 900, at least about 1,000, or
about 100 to about 1,000, contiguous nucleotides in length. The lengths of at least 100
nucleotides are preferred when using the RNA molecule in plant cells. In an
embodiment, the number of ribonucleotides in the sense ribonucleotide sequence is
between about 90% and about 110%, preferably between 95% and 105%, more
preferably between 98% and 102%, even more preferably between 99% and 101%, of
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the number of ribonucleotides in the corresponding antisense ribonucleotide sequence
to which it hybridises. In a most preferred embodiment, the number of ribonucleotides
in the sense ribonucleotide sequence is the same as the number of ribonucleotides in the
corresponding antisense ribonucleotide sequence. These features can be applied to each
dsRNA region in the RNA molecule.

The overall length of the RNA molecule of the invention, produced as a single
strand of RNA, after splicing out of any introns but before any processing of the RNA
molecule by Dicer enzymes or other RNAses, is typically between 50 and 2000
ribonucleotides, preferably between 60 or 70 and 2000 ribonucleotides, more
preferably between 80 or 90 and 2000 ribonucleotides, even more preferably between
100 or 110 and 2000 ribonucleotides. In preferred embodiments, the minimum length
of the RNA molecule is 120, 130, 140, 150, 160, 180, or 200 nucleotides, and the
maximum length is 400, 500, 600, 700, 800, 900, 1000, 1200, 1400, 1500 or 2000
ribonucleotides. Each combination of these mentioned minimum and maximum lengths
is contemplated. Production of RNA molecules of such lengths by transcription in vitro
or in cells such as bacterial or other microbial cells, preferably S. cerevisiae cells, or in
the eukaryotic cell where the target RNA molecule is to be down-regulated, is readily
achieved.

In a further aspect, the present invention provides a chimeric ribonucleic acid
(RNA) molecule, comprising a double-stranded RNA (dsRNA) region which comprises
a sense ribonucleotide sequence and an antisense ribonucleotide sequence which are
capable of hybridising to each other to form the dsRNA region, wherein

1) the sense ribonucleotide sequence consists of, covalently linked in 5° to 3’
order, a first 5° ribonucleotide, a first RNA sequence and a first 3’ ribonucleotide,

i1) the antisense ribonucleotide sequence consists of, covalently linked in 5° to 3’
order, a second 5° ribonucleotide, a second RNA sequence and a second 3’
ribonucleotide,

ii1) the first 5° ribonucleotide basepairs with the second 3’ ribonucleotide to
form a terminal basepair of the dsSRNA region,

iv) the second 5’ ribonucleotide basepairs with the first 3° ribonucleotide to
form a terminal basepair of the dsSRNA region,

v) between about 5% and about 40% of the ribonucleotides of the sense
ribonucleotide sequence and the antisense ribonucleotide sequence, in total, are either
basepaired in a non-canonical basepair or are not basepaired,

vi) the dsRNA region does not comprise 20 contiguous canonical basepairs,
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vii) the RNA molecule is capable of being processed in a plant cell or in vitro
whereby the antisense ribonucleotide sequence is cleaved to produce short antisense
RNA (asRNA) molecules of 20-24 ribonucleotides in length,

viii) the RNA molecule or at least some of the asRNA molecules, or both, are
capable of reducing the expression or activity of a target RNA molecule which
modulates the timing of plant flowering, and

ix) the RNA molecule is capable of being made enzymatically by transcription
in vitro or in a cell, or both.

In another aspect, the present invention provides a chimeric RNA molecule
comprising a first RNA component and a second RNA component which is covalently
linked to the first RNA component, wherein the first RNA component comprises a first
double-stranded RNA (dsRNA) region, which comprises a first sense ribonucleotide
sequence and a first antisense ribonucleotide sequence which are capable of hybridising
to each other to form the first dSRNA region, and a first intervening ribonucleotide
sequence of at least 4 nucleotides which covalently links the first sense ribonucleotide
sequence and the first antisense ribonucleotide sequence, wherein the second RNA
component comprises a second sense ribonucleotide sequence, a second antisense
ribonucleotide sequence and a second intervening ribonucleotide sequence of at least 4
ribonucleotides which covalently links the second sense ribonucleotide sequence and
the second antisense ribonucleotide sequence, wherein the second sense ribonucleotide
sequence hybridises with the second antisense ribonucleotide sequence in the RNA
molecule, wherein in the first RNA component,

1) the first sense ribonucleotide sequence consists of at least 20 contiguous
ribonucleotides covalently linked, in 5° to 3* order, a first 5’ ribonucleotide, a first
RNA sequence and a first 3’ ribonucleotide,

i1) the first antisense ribonucleotide sequence consists of at least 20 contiguous
ribonucleotides covalently linked, in 5° to 3° order, a second 5’ ribonucleotide, a
second RNA sequence and a second 3’ ribonucleotide,

ii1) the first 5” ribonucleotide basepairs with the second 3’ ribonucleotide,

iv) the second 5’ ribonucleotide basepairs with the first 3* ribonucleotide,

v) between 5% and 40% of the ribonucleotides of the first sense ribonucleotide
sequence and the first antisense ribonucleotide sequence, in total, are either basepaired
in a non-canonical basepair or are not basepaired, and

vi) the first dsSRNA region does not comprise 20 contiguous canonical basepairs,
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wherein the chimeric RNA molecule is capable of being processed in a plant cell or in
vitro whereby the first antisense ribonucleotide sequence is cleaved to produce short
antisense RNA (asRNA) molecules of 20-24 ribonucleotides in length, and wherein
(a) the chimeric RNA molecule or at least some of the asRNA molecules, or both,
are capable of reducing the expression or activity of a target RNA molecule
which modulates the timing of plant flowering, or
(b) the first antisense ribonucleotide sequence comprises a sequence of at least 20
contiguous ribonucleotides which is at least 50% identical in sequence,
preferably at least 90% or 100% identical in sequence, to a region of the
complement of the target RNA molecule, or
(c) both (a) and (b).

In an embodiment where the chimeric RNA molecule has a first RNA
component, the first 5’ ribonucleotide and first 3’ ribonucleotide of the first RNA
component basepair to each other. That basepair is defined herein as the terminal
basepair of the dsRNA region formed by self-hybridisation of the first RNA
component. In the embodiment where the first sense ribonucleotide sequence is linked
covalently to the first 5’ ribonucleotide without any intervening nucleotides and the
first antisense ribonucleotide sequence is linked covalently to the first 3’ ribonucleotide
without any intervening nucleotides, the first 5° ribonucleotide is directly linked to one
of the sense sequence and antisense sequence and the first 3° ribonucleotide is directly
linked to the other of the sense sequence and antisense sequence.

In embodiments of the above aspects, the RNA molecule comprises one or more
or all of (i) a linking ribonucleotide sequence which covalently links the first and
second RNA components, (ii) a 5’ extension sequence and (iii) a 3’ extension sequence,
wherein the 5° extension sequence, if present, consists of a sequence of ribonucleotides
which is covalently linked to the first RNA component or to the second RNA
component, and wherein the 3’ extension sequence, if present, consists of a sequence of
ribonucleotides which is covalently linked to the second RNA component or to the first
RNA component, respectively. In an embodiment, the first RNA component and the
second RNA component are covalently linked via a linking ribonucleotide sequence. In
an alternative embodiment, the first RNA component and the second RNA component
are directly linked, without any linking ribonucleotide sequence present.

In preferred embodiments of the above aspects, the RNA molecule is capable of
being made enzymatically by transcription in vitro or in a cell, or both. In an
embodiment, an RNA molecule of the present invention is expressed in a plant cell i.e.

produced in the cell by transcription from one or more nucleic acids encoding the RNA
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molecule. The one or more nucleic acids encoding the RNA molecule is preferably a
DNA molecule, which may be present on a vector in the cell or integrated into the
genome of the cell, either the nuclear genome of the cell or in the plastid DNA of the
cell. The one or more nucleic acids encoding the RNA molecule may also be an RNA
molecule such as a viral vector.

In a further aspect, the present invention provides an isolated and/or exogenous
polynucleotide encoding an RNA molecule of the invention, or a chimeric RNA
molecule of the invention.

In an embodiment, the polynucleotide is a DNA construct.

In an embodiment, the polynucleotide is operably linked to a promoter capable
of directly expression of the RNA molecule in a plant cell. Examples of such
promoters include, but are not limited to an RNA polymerase promoter such as an RNA
polymerase III promoter, an RNA polymerase II promoter, or a promoter which
functions in vitro.

In an embodiment, the polynucleotide encodes an RNA precursor molecule
comprising an intron in at least one loop sequence which is capable of being spliced out
during transcription of the polynucleotide in a plant cell or in vitro.

In an embodiment, the polynucleotide is a chimeric DNA which comprises in
order, a promoter capable of initiating transcription of the RNA molecule in a host cell,
operably linked to a DNA sequence which encodes the RNA molecule, preferably a
hpRNA, and a transcription termination and/or polyadenylation region. In a preferred
embodiment, the RNA molecule comprises a hairpin RNA structure which comprises a
sense ribonucleotide sequence, a loop sequence and an antisense ribonucleotide
sequence, more preferably wherein the sense and antisense ribonucleotide sequences
basepair to form a dsRNA region wherein between about 5% and about 40% of the
ribonucleotides in the dsRNA region are basepaired in non-canonical basepairs,
preferably G:U basepairs.

In an embodiment, polynucleotides of the invention comprise a nucleotide
sequence set forth in SEQ ID NO:150 or a nucleotide sequence 95% identical thereto.
In an embodiment, polynucleotides of the invention comprise a nucleotide sequence set
forth in SEQ ID NO:150.

Also provided is a vector comprising a polynucleotide of the invention.

In an embodiment, the vector is a viral vector. In an embodiment, the vector is a
plasmid vector such as a binary vector suitable for use with Agrobacterium

tumefaciens.
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In an embodiment where the polynucleotide or vector of the invention is in a
plant host cell, the promoter region of the polynucleotide or vector, which is operably
linked to the region which encodes an RNA molecule of the invention, has a lower
level of methylation when compared to the promoter of a corresponding polynucleotide
or vector encoding an RNA molecule which has a corresponding dsRNA region which
is fully basepaired with canonical basepairs. In an embodiment, the lower level of
methylation is less than 50%, less than 40%, less than 30% or less than 20%, when
compared to the promoter of the corresponding polynucleotide or vector. In an
embodiment, the host cell comprises at least two copies of the polynucleotide or vector
encoding an RNA molecule of the invention. In this embodiment:

1) the level of reduction in the expression and/or activity of the target RNA
molecule in the plant cell is at least the same relative to a corresponding plant cell
having a single copy of the polynucleotide or vector, and/or

i1) the level of reduction in the expression and/or activity of the target RNA
molecule in the plant cell is lower when compared to a corresponding cell comprising
an RNA molecule which has a corresponding dsRNA region which is fully basepaired
with canonical basepairs.

In another aspect, the present invention provides a host cell comprising one or
more or all of an RNA molecule of the invention, a chimeric RNA molecule of the
invention, small RNA molecules (20-24nt in length) produced by processing of the
RNA molecule or chimeric RNA molecule, a polynucleotide of the invention, or a
vector of the invention.

The host cell may be a bacterial cell such as E. coli, a fungal cell such as a yeast
cell, for example, S. cerevisiae, or a eukaryotic cell sush as a plant cell. In an
embodiment, the promoter is heterologous relative to the polynucleotide. The
polynucleotide encoding the RNA molecule may be a chimeric or recombinant
polynucleotide, or an isolated and/or exogenous polynucleotide. In an embodiment, the
promoter can function in vitro, for example a bacteriophage promoter such as a T7
RNA polymerase promoter or SP6 RNA polymerase promoter. In an embodiment, the
promoter is an RNA polymerase III promoter such as a U6 promoter or an Hl
promoter. In an embodiment, the promoter is an RNA polymerase II promoter, which
may be a constitutive promoter, a tissue-specific promoter, a developmentally regulated
promoter or an inducible promoter. In an embodiment, the polynucleotide encodes an
RNA precursor molecule comprising an intron in at least one loop sequence which is
capable of being spliced out during or after transcription of the polynucleotide in a host

cell.
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In an embodiment, the host cell is a plant cell.

In an embodiment, the promoter region of the polynucleotide has a lower level
of methylation, such as less than about 50%, less than about 40%, less than about 30%
or less than about 20%, when compared to the promoter of a corresponding
polynucleotide encoding an RNA molecule which has a corresponding dsRNA region
which is fully basepaired with canonical basepairs.

In an embodiment, the host cell is a plant cell comprising the chimeric RNA
molecule or small RNA molecules produced by processing of the chimeric RNA
molecule, or both, wherein the chimeric RNA molecule comprises, in 5° to 3’ order, the
first sense ribonucleotide sequence, the first linking ribonucleotide sequence which
comprises a loop sequence, and the first antisense ribonucleotide sequence. In an
embodiment, the plant cell may be from Arabidopsis, corn, canola, cotton, soybean,
alfalfa, lettuce, wheat, barley, rice, legume, Medicago truncatula, sugarbeet or rye. In
an embodiment, the plant cell may be from Arabidopsis, corn, canola, cotton, soybean,
wheat, barley, rice, legume, Medicago truncatula, sugarbeet or rye.

In an embodiment, the host cell comprises at least two copies of the
polynucleotide, and wherein

1) the level of reduction in the expression or activity of the target RNA molecule
in a plant cell is at least the same when compared to if the cell had a single copy of the
polynucleotide, and/or

i1) the level of reduction in the expression or activity of the target RNA
molecule in a plant cell is lower when compared to a corresponding cell comprising an
RNA molecule which has a corresponding dsRNA region which is fully basepaired
with canonical basepairs.

In an embodiment, the cell encodes and/or comprises the chimeric RNA
molecule of the invention and the level of sense ribonucleotide sequence in the cell is
less than 50 to 99% the level of the antisense ribonucleotide.

In an embodiment, the RNA molecule is expressed in a eukaryotic cell i.e.
produced by transcription in the cell. In these embodiments, a greater proportion of
dsRNA molecules are formed by processing of the RNA molecule that are 22 and/or 20
ribonucleotides in length when compared to processing of an analogous RNA molecule
which has a corresponding dsRNA region which is fully basepaired with canonical
basepairs. That is, the RNA molecules of these embodiments are more readily
processed to provide 22- and/or 20-ribonucleotide short antisense RNAs than the
analogous RNA molecule whose dsRNA region is fully basepaired with canonical

basepairs, as a proportion of the total number of 20-24 nucleotide asRNAs produced
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from the RNA molecule. Expressed differently, a lesser proportion of dsRNA
molecules are formed by processing of the RNA molecule that are 23 and/or 21
ribonucleotides in length when compared to processing of an analogous RNA molecule
which has a corresponding dsRNA region which is fully basepaired with canonical
basepairs. That is, the RNA molecules of these embodiments are less readily processed
to provide 23- and/or 21-ribonucleotide short antisense RNAs than the analogous RNA
molecule whose dsRNA region is fully basepaired with canonical basepairs, as a
proportion of the total number of 20-24 nucleotide asRNAs produced from the RNA
molecule. Preferably, at least 50% of the RNA transcripts produced in the cell by
transcription from the genetic construct are not processed by Dicer. In an embodiment,
when the RNA molecule is expressed in a eukaryotic cell i.e. produced by transcription
in the cell, a greater proportion of the short antisense RNA molecules that are formed
by processing of the RNA molecule have more than one phosphate covalently attached
at the 5° terminus when compared to processing of an analogous RNA molecule which
has a corresponding dsRNA region which is fully basepaired with canonical basepairs.
That is, a greater proportion of the short antisense RNA molecules have an altered
charge which can be observed as a mobility shift of the molecules in gel electrophoresis
experiments.

In a further aspect, the present invention provides a plant comprising one or
more or all of an RNA molecule of the invention, a chimeric RNA molecule of the
invention, small RNA molecules (20-24nt in length) produced by processing of the
RNA molecule or chimeric RNA molecule, a polynucleotide of the invention, a vector
of the invention, or a host cell of the invention which is a plant cell.

In an embodiment, the plant is transgenic insofar as it comprises a
polynucleotide of the invention. In an embodiment, the polynucleotide is stably
integrated into the genome of the plant. The invention also includes plant parts, and
products obtained therefrom, comprising the RNA molecule or small RNA molecules
(20-24nt in length) produced by processing of the chimeric RNA molecule, or both,
and/or the polynucleotide or vector of the invention, for example to seeds, crops,
harvested products and post-harvest products produced therefrom.

In a further aspect, the present invention provides a method of producing an
RNA molecule of the invention, or a chimeric RNA molecule of the invention, the
method comprising expressing the polynucleotide of the invention in a host cell or cell-
free expression system.

In an embodiment, the method further comprises at least partially purifying the
RNA molecule.
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In another aspect, the present invention provides a method of producing the
plant of the invention, the method comprising introducing the polynucleotide of the
invention into a plant cell so that it is stably integrated into the genome of the cell, and
generating the plant from the cell.

In another aspect, the present invention provides a method of producing a cell or
plant, the method comprising introducing a polynucleotide or vector or RNA molecule
of the invention into a plant cell, preferably so that the polynucleotide or vector or part
thereof encoding the RNA molecule is stably integrated into the genome of the plant
cell. In an embodiment, the plant is generated from the cell or a progeny cell, for
example by regenerating a transgenic plant and optionally producing progeny plants
therefrom. In an embodiment, the plant is generated by introducing the cell or one or
more progeny cells into the plant. Alternatively to the stable integration of the
polynucleotide or vector into the genome of the plant cell, the polynucleotide or vector
may be introduced into the cell without integration of the polynucleotide or vector into
the genome, for example to produce the RNA molecule transiently in the plant cell or
plant. In an embodiment, the plant, is resistant to a pest or pathogen, e.g. a plant pest or
pathogen, preferably an insect pest or fungal pathogen. In an embodiment, the method
comprises a step of testing one or more plants, comprising the polynucleotide or vector
or RNA molecule of the disclosure for modulation of flowering. The plants that are
tested may be progeny from the plant, into which the polynucleotide or vector or RNA
molecule of the disclosure was first introduced, and therefore the method may comprise
a step of obtaining such progeny. The method may further comprise a step of
identifying and/or selecting the plant with desired time to flowering such as early
flowering. For example, multiple plants, which each comprise the polynucleotide or
vector or RNA molecule of the invention may be tested to identify those with desired
time to flowering, and progeny obtained from the identified plant(s).

In a further aspect, the present invention provides an extract of a host cell of the
invention, wherein the extract comprises the RNA molecule of the invention, a
chimeric RNA molecule of the invention, small RNA molecules (20-24nt in length)
produced by processing of the RNA molecule or chimeric RNA molecule, or both,
and/or the polynucleotide of the invention.

In a further aspect, the present invention provides a composition comprising one
or more of an RNA molecule of the invention, a chimeric RNA molecule of the
invention, small RNA molecules (20-24nt in length) produced by processing of the

RNA molecule or chimeric RNA molecule, a polynucleotide of the invention, a vector
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of the invention, a host cell of the invention, or an extract of the invention, and one or
more suitable carriers.

In one embodiment, the composition is suitable for application to a field, e.g. as
topical spray. In an embodiment, the field comprises plants. In an embodiment, the
composition is suitable for application to a crop, for example by spraying on crop
plants in a field.

In a further embodiment, the composition further comprises at least one
compound which enhances the stability of the RNA molecule, chimeric RNA molecule
or polynucleotide and/or which assists in the RNA molecule, chimeric RNA molecule
or polynucleotide being taken up by a cell of a plant. In an embodiment, the compound
is a transfection promoting agent.

In an aspect, the present invention provides a method for down-regulating the
level and/or activity of a target RNA molecule which modulates plant flowering in a
plant, the method comprising delivering to the plant one or more of an RNA molecule
of the invention, a chimeric RNA molecule of the invention, small RNA molecules (20-
24nt in length) produced by processing of the RNA molecule or chimeric RNA
molecule, a polynucleotide of the invention, a vector of the invention, a host cell of the
invention, an extract of the invention, or a composition of the invention.

In this context, delivering may be via contacting, exposing, transforming or
otherwise introducing an RNA molecule or chimeric RNA molecule disclosed herein or
a mixture thereof, or small RNA molecules (20-24nt in length) produced by processing
of the RNA molecule or chimeric RNA molecule or the polynucleotide or vector of the
invention to the plant cell or plant. The introduction may be enhanced by use of an
agent that increases the uptake of the RNA molecule(s), polynucleotides or vectors of
the invention, for example with the aid of transfection promoting agents, DNA- or
RNA-binding polypeptides, or may be done without adding such agents, for example
by planting seed which is transgenic for a polynucleotide or vector of the invention and
allowing the seed to grow into a transgenic plant which expresses the RNA molecules
of the invention. In an embodiment, the target RNA molecule encodes a protein. In an
embodiment, the method reduces the level and/or activity of more than one target RNA
molecule, the target RNA molecules being different, for example two or more target
RNAs are reduced in level and/or activity which are related in sequence such as from a
gene family. Thus, in an embodiment, the chimeric RNA molecule or small RNA
molecules produced by processing of the chimeric RNA molecule, or both, are
contacted with the cell or organism, preferably a plant cell or plant by topical

application to the cell or organism, or provided in a feed for the organism.
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In an embodiment, the target RNA molecule encodes a protein. Alternatively,
one or more of the target RNAs do not encode a protein, such as a TRNA, tRNA,
snoRNA or miRNA.

In an embodiment, the chimeric RNA molecule, or small RNA molecules
produced by processing of the chimeric RNA molecule, or both, are contacted with the
cell or plant by topical application to the cell or plant.

In another embodiment, the present disclosure encompasses a method of
promoting flowering time of a plant, the method comprising expressing a
polynucleotide heterologous to said plant, wherein said polynucleotide heterologous to
said plant is a polynucleotide of the invention such as an RNA molecule of the
invention, wherein expression of said polynucleotide in said plant directs early
flowering.

The present inventors have surprisingly found that RNA can be directly applied
to a plant or seed to influence future flowering time. Thus, in a further aspect the
present invention provides a method of modulating the flowering time of a plant, or a
plant produced from a seed, the method comprising contacting the plant or seed with a
composition comprising an RNA molecule which comprises at least one double
stranded RNA region, and/or a polynucleotide(s) encoding the RNA molecule, wherein
the at least one double stranded RNA region comprises an antisense ribonucleotide
sequence which is capable of hybridising to a region of a target RNA molecule which
modulates the timing of plant flowering.

In an embodiment, the composition is an aqueous composition.

In an embodiment, the composition comprises at least one compound which
enhances the stability of the RNA molecule and/or which assists in the RNA molecule
being taken up by a cell of a plant. In an embodiment, the compound is a transfection
promoting agent.

In an embodiment, the method comprises soaking the seed in the composition.
In an alternate embodiment, the plant is a seedling, and the method comprises soaking
at least a part of the seedling in the composition. In an embodiment, at least a part, or
all, of the cotyledon(s) and/or the hypocotyl are soaked in the composition.

In an embodiment, the plant is in a field and the method comprising spraying the
composition on at least a part of the plant.

The RNA molecule can have any suitable structure for gene silencing.
Examples include, but are not limited to, hairpin RNA, a microRNA, a siRNA or an
ledRNA. The RNA molecule of the above aspect can be a chimeric RNA molecule

such as described herein.
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The nature in which flowering time is modulated will depend on the taget RNA
molecule. In one embodiment, the plant has an early flowering time when compared to
a control plant that has not been applied with the composition. In an alternate
embodiment, the plant has a late flowering time when compared to a control plant that
has not been applied with the composition. Examples of target RNA molecules to be
targeted to induce early or late falowering are discussed herein.

In an embodiment, the RNA molecule is complexed with a non-RNA molecule
such as DNA, a protein or a polymer. In an embodiment, the complex comprises the
RNA molecule conjugated to the non-RNA molecule such as by a covalent bond.

In an embodiment, the composition is topically applied to the plant or seed.

In an embodiment, the polynucleotide is present in the composition in a cell
and/or a vector.

In another aspect, the present invention provideds a kit comprising one or more
of an RNA molecule of the invention, a chimeric RNA molecule of the invention, a
polynucleotide of the invention, a vector of the invention, a host cell of the invention,
an extract of the invention, or a composition of the invention. The kit may further
comprise instructions for use of the kit.

Whilst more widely used in transgenic expression systems, as discussed herein
there are also applications of dsRNA technology which rely on the need for the large
scale production of dsRNA molecules, such as spraying a crop to modulate flowering.
The present inventors have identified S. cerevisiae as a suitable organism to use in large
scale production processes because dsRNA molecules expressed therein are not
cleaved. Thus, in a further aspect, the present invention provides a process for
producing dsRNA molecules, the process comprising

a) culturing S. cerevisiae expressing one or more polynucleotides encoding one
or more dsRNA molecules, and

b) harvesting the S. cerevisiae producing the dSRNA molecules, or the dsSRNA
molecules from the S. cerevisiae,

wherein the S. cerevisiae are cultured in a volume of at least 1 litre.

The dsRNA can have any structure, such as an hairpin RNA (for example
shRNA), a miRNA or a dsRNA of the invention.

In an embodiment, the S. cerevisiae are cultured in a volume of at least 10 litres,
at least 100 litres, at Ieast 1,000 litres, at least 10,000 litres or at least 100,000 litres.

In an embodiment, the process produces at least 0.1, at least 0.5 or at least 1

g/litre of an RNA molecule of the i