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'RNA CONSTRUCTS

FIELD OF THE INVENTION

The present invention relates to the field of double-stranded RNA (dsRNA) mediated gene
silencing. More particularly, the present invention relates to genetic constructs desighed to
be more effective in dsRNA silencing by (i) targeting multiple target sequences and/or by
(i) expressing dsRNA which is protected against RNA processing. These constructs are

particularly useful in dsRNA mediated plant pest control.

BACKGROUND TO THE INVENTION

Many dsRNA constructs have been described in the art. A classic dsRNA is produced
from a DNA construct comprising two convergent promoters flanking the sequence
complementary to the target sequence which needs to be downregulated (see for
example WO00/01846). As the technology of dsRNA mediated gene silencing advanced,

new constructs were designed to improve the dsRNA for various purposes.

In order to produce the'dsRNA more efficiently, a stem-loop-stem structure or “hairpin’
was developed. As described in, for example, document W0O99/53050, this hairpin allows
the formation of dsRNA from one single RNA transcript. The RNA transcript comprises the
sense and anti-sense version of the complementary sequence, separated by a non-

complementary loop structure allowing the-RNA transcript to fold back and the base pair

into a dsRNA stem portion.

In order to produce dsRNA that is more effective in gene silernicing, multiple copies of the
sequence complementary to the target sequence were incorporated in one construct and
converted into one dsRNA. Document W099/49029 describes in more detail a synthetic
gene comprising multiple structural gene sequences, wherein each structural gene

sequence is substantially identicai to the target gene.

Document W02004/001013 describes constructs especially designed to be used In
clinical applications for the prevention or treatment of diseases or infection without the
generation of adverse side-effects due to dsRNA-induced toxicity. It has been described
that some dsRNA may induce an interferon response that can lead to cell death
(Jaramillo et al., Cancer Invest. 13: 327-338, 1995). These constructs are characterized
by moieties that are sensitive to RNA processing in order to improve the formation of
Short interfering RNAs (siRNAs) that mediate gene silencing whilst avoiding dsRNA
toxicity caused by long (more-than 30 base pairs) dsRNA. Short interfering RNAs
(siRNAs) mediate cleavage of specific single-stranded target RNAs. These siRNAs are
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commonly around 21 nt in length, suggesting that siRNA expression in the host causes
efficient and specific down-regulation of gene expression, resulting in functional

inactivation of the targeted genes.

DsRNA gene silencing finds application in many different areas, such as for example
dsRNA mediated gene silencing in plants. DSRNA gene silencing also finds application in
the field of plant pest control (WO 00/01864). Generally, the pest organism is eradicated
via the uptake of dsRNA, capable of silencing the expression of a target gene, which

expression Is neg:eséary for the viability, growth and/or development of the pest species. ‘

‘ !Contacting the,..ﬁest organisms with the dsRNA may occur in various ways, one example

of which is the production of the dsRNA within the plant cell affected by the pest organism.

One problem when expressing dsRNA in plants is that it may be processed‘by the RNA
processing machinery of the plant cell(Susi et al, 2004. PMB 54: 157-174, Baulcombe,

2004. Nature 431: 356-363).

SUMMARY OF THE INVENTION

While the formation of short interfering RNAs (siRNAs) of about 21 nt is desired for gene
silencing, it is now been found by the present inventors that the minimum length of dsRNA
needs to be at least 80-100 nt in order to be efficiently taken up by the pest organism.
There are indications that in invertebrates such as the free living nematode C. elegans or
the plant parasitic nematode Meloidogyne incognita these longer fragments are more

effective in gene silencing, possibly due to a more efficient uptake of these long dsRNA by

the invertebrate.

The present invention addresses this problem by providing dsRNA constructs that are

efficient in dsSRNA mediated gene silencing, whilst retaining sufficient length.

In addition the présent invention provides concatemer dsRNA design, allowing to combine
several short fragments in one longer dsRNA construct and allowing to increase the

efficacy of the control of the pests’ viability, growth and/or development.

Alternatively or additionally, the present invention provides stabilized dsRNA constructs

protecting the dsRNA against RNA processing in the host cell.

The constructs herein described and suitable for efficient dsRNA mediated pest control,
are designed to meet at least some of the following requirements (1) the dsRNA construct
has good stability in the host cell producing the dsRNA (2) the dsRNA is taken up by the
pest organisms (3) the dsRNA . has good'stability in the pest organisms and/or (4) the
dsRNA is effective in the pest organism to control its viability, growth and/or development.
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These dsRNA construct designs have one or more of the following advantages:

(1) The concatemer and/or stabilized constructs of the present invention allow the
incorporation of multiple dsRNA fragments to target multiple target sequences or target
genes simultaneously. These multiple target sequences or target genes may originate
from the same or from different pest species. These muitiple target sequences or target
genes may be orthologs or homologs or may be unrelated. Alternatively, the concatemer
and/or stabilized constructs allow the incorporation of multiple dsRNA fragments directed
against one or more parts of one target gene,

(2) the constructs of the present invention allow development of dsRNA of which the

length and/or size and/or shape is compatible with sufficient uptake by a pest organism,;

(3) contrarily to prior art dsRNA constructs that have been designed to be processed

quickly into smaller fragments, it is now one of the purposes of the present invention to

design dsRNA that is more stable in the host cell or organism (for example in the plant
and/or in the plant pest). This is achieved by incorporating within the dsRNA a sequence
capable of protecting the dsRNA against RNA processing;

(4) the constructs of the present invention have the advantage of being stable in the host
organism in which the dsRNA construct is produced. For example, when expressed in a
plant cell, the dsRNA construct as provided by the present invention is protected against
RNA processing in the plant. In this way, the dsRNA is less diced by the host machinery
and can be taken up in a more intact (e.g. larger) form by the plant pest organism when it

feeds on or from the plant.

The present invention further relates to DNA constructs encoding the dsRNA constructs
according to the present invention, to expression vectors comprising such DNA constructs
and to host cells comprising such dsRNA, DNA or expression vectors.

The present invention also encompasses methods for producing such dsRNA constructs,
methods for producing DNA expression constructs, methods for producing host ceils,
methods for using these constructs in gene silencing, methods for producing transgenic
organisms and methods for controlling pests.
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In a particular embodiment, the invention relates to an isolated double-strandea
ribonucleic acid (dsRNA) with a length of at least 80 base pairs effective in RNAI
gene silencing, wherein the dsRNA comprises at least two dsRNA fragments of at
least 17 base pairs, each fragment comprising annealed complementary strands,
wherein each dsRNA fragment comprises a strand that is complementary to at least
part of the nucleotide sequence of a target sequence wherein: (i) each dsRNA
fragment comprises a strand that is complementary to at least part of the nucleotide
sequence of a different target sequence, wherein said different target sequences

originate: (a) from a single target gene, wherein the dsRNA fragments are scrambied
and combined deliberately in any rank order in the dsRNA and wherein the dsRNA
fragments are not combined in the original order in which the fragments appear in the
target gene, or (b) from different target genes in different target species, or (c) from
different target species, or (ii) said dsRNA comprises (a) at least two copies of one

dsRNA fragment or (b) at least two copies of a series of dsSRNA fragments.

In another embodiment, the invention relates to an isolated deoxyribonucleic acid
(DNA) encoding the dsRNA as described herein.

In another embodiment, the invention relates to a recombinant DNA construct

comprising the deoxyribonucleic acid as described herein.

In another embodiment, the invention relates to a host cell comprising the dsRNA as'

described herein, the deoxyribonucleic acid as described herein or the recombinant

DNA construct as described herein.

In another embodiment, the invention relates to a plant cell comprising at least one
dsRNA as described herein, at least one deoxyribonucleic acid as described herein

or at least one recombinant DNA construct as described herein.

In another embodiment, the invention relates to a method for the production of a
transgenic cell or organism, comprising the step of transforming said cell or organism

with the recombinant DNA construct as described herein.
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In another embodiment, the invention relates to a transgenic cell obtainable by the

method as described herein.

In another embodiment, the invention relates to a composition comprising at least

one dsRNA as described herein and a physiologically or agronomically acceptable

exciplent.

In another embodiment, the invention relates to a composition comprising at least
one deoxyribonucleic acid as described herein or the recombinant DNA construct as

described herein, and a physiologically or agronomically acceptable excipient.

In another embodiment, the invention relates to the use of the composition as

described herein as a pesticide for a plant or for propagation or reproductive material

of a plant.

In another embodiment, the invention relates to a method for treating and/or
preventing pest growth and/or pest infestation of a plant or propagative or
reproductive material of a plant comprising applying an effective amount of the
double-stranded RNA as described herein, or the composition as described herein to

a plant or to propagation or reproductive material of a plant.

In another embodiment, the invention relates to a method for treating and/or

preventing pest infestation on a substrate comprising applying an effective amount of
the double-stranded RNA as described herein, or the composition as described

herein to said substrate, wherein said substrate is a non-human and non-animal

substrate.

In another embodiment, the invention relates to a method for controlling pest growth
on a plant cell or plant or for preventing pest infestation of a plant cell or plant
susceptible to infection by said pest species, comprising contacting said pest species
with the double-stranded RNA as described herein whereby the double-stranded ‘
RNA Is taken up by said pest species and thereby controls pest growth or prevents

pest infestation.
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In another embodiment, the invention relates to a method for down-regulating
expression of at least one target gene in a pest species, comprising contacting said
pest species with the double-stranded RNA as described herein, whereby the

double-stranded RNA is taken up by the pest species and thereby down-regulates

expression of the pest target gene(s).

In another embodiment, the invention relates to a method for producing a plant
resistant against a plant pathogenic pest, comprising: a) transforming a plant cell with
the recombinant DNA construct as described herein, b) regenerating a plant from the
transformed plant cell; and c) growing the transformed plant under conditions suitable
for the expression of the recombinant DNA construct, said grown transformed plant

thus being resistant to said pest compared to an untransformed plant.

In another embodiment, the invention relates to a method for increasing plant yield
comprising introducing in a plant at least one deoxyribonucleic acid as described

herein or the recombinant DNA construct as described herein, in an expressible

format.

In another embodiment, the invention relates to the use of the double-stranded RNA
as described herein, or the deoxyribonucleic acid as described herein, or the
recombinant DNA construct as described herein, or the cell as described herein, or

the composition as described herein for treating pest infection or infestation of plants.

In another embodiment, the invention relates to a kit comprising the double-stranded'
RNA as described herein, or the deoxyribonucleic acid as described herein, or the
recombinant DNA construct as described herein, or the cell as described herein, or
the composition as described herein and instructions for use of the said

double-stranded RNA, deoxyribonucleic acid, recombinant DNA construct, cell or

composition for treating pest infection of plants.

In another embodiment, the invention relates to the use of a transgenic plant

comprising the plant cell as described herein for producing seed.
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In another embodiment, the invention relates to the use of a transgenic plant

comprising the plant cell as described herein for producing progeny.
DETAILED DESCRIPTION OF THE INVENTION
Concatemer constructs

5 According to a first embodiment, the present invention relates to an isolated
(e.g. substantially pure) double-stranded ribonucleic acid (dsRNA) effective in RNAI
gene silencing, wherein the dsRNA (portion or fragment) comprises multiple dsRNA

fragments,
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each fragment comprising annealed complementary strands, one of which is
complementary to at least part of the nucleotide sequence of a target sequence to be

silenced or a target gene of interest; said dsRNA being capable of forming a double-

stranded RNA portion or fragment.

A concatemer construct according to the present invention comprises muitiple dsRNA
fragments within one dsRNA stem. Such a concatemer construct can be used “per se’,
hereinafter named “a concatemer construct per se” or can be used as a dsRNA stem in
the stabilized RNA constructs described herein . Accordingly, the RNA constructs of the

- present invention comprising multiple dsRNA fragments in one dsRNA stem are also

generailly referred to as "concatemers". As a non-limiting list of examples of
“concatemers”, the present invention provides a concatemer cloverleaf, a concatemer
dumbbell, a concatemer hairpin, a concatemer stem dsRNA. All these concatemers may

optionally be stabilized with a lock as described herein and may optionally be provided

with a linker as described herein.

The present invention thus relates to concatemer and/or stabilized RNA constructs
comprising double-stranded RNA (also named a dsRNA molecule) comprising annealed
complementary strands, one of which has a nucleotide sequence which is complementary
to at least part of a target nucleotide sequence of a target gene of a pest species. In one
embodiment. the multiple RNA fragments are present that are complementary to different
(e.g. distinct) sequences’ in one target gene. In another embodiment, the present
invention also relates to concatemer and/or stabilized RNA constructs as described
above, comprising multiple RNA fragments that are complementary to sequences of
different (e.g. distinct) target genes. In one embodiment, the dsRNA fragments are
separated by a linker sequence or by a lock. Preferably the linker sequence is double
stranded and the strands are complementary, thus also forming a double stranded region.

The linker sequence may comprise a short random nucleotide sequence that is not

complementary to target sequences.

The term “multiple” in the context of the present invention means at least two, at least

three, at least four, at least five, at least six, etc... and up to at least 10, 15, 20 or at least
30.

The present invention thus relates to an isolated dsRNA or ds RNA construct as described
herein. wherein said dsRNA comprises at least one repeat of one dsRNA fragment. As

used herein, one repeat means two copies of the same dsRNA fragment.
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In another embodiment, the present invention relates to an isolated dsRNA or ds RNA
construct as described herein, wherein said dsRNA comprises at least one repeat of a
series of dsRNA fragments. Thus as described herein, one repeat means two copies of a

series of dsRNA fragments.

The present invention also relates to an isolated dsRNA as described above wherein said
dsRNA comprises at least two or three copies, preferably at least four, five or six copies,
more preferably at least seven, eight, nine, ten or more copies of one dsRNA fragment or

of a series of dsRNA fragments. In other words, said multiple dsRNA fragments are
e h

- ‘repeats of a sincjle dsRNA fragment or of a series of dSRNA fragments.

It should ‘be clear that the expression “muitiple dsRNA" also encompasses dsRNAs
comprising copies of one or more dsRNA fragments and further comprising other dsRNA
fragments, that are different from the repeated or copied or muitimerized dsRNA
fragments. Therefore the invention also relates to an isolated dsRNA comprising one or
more repeats of dsRNA fragments and further comprising at least one dsRNA fragment

which is distinct from the repeated fragment(s).

The term “complementary” as used herein relates to DNA-DNA and RNA-RNA
complementarity as well as to DNA-RNA complementarity. In analogy herewith, the term
“RNA equivalent” means that in the DNA sequence(s), the base “T" may be replacea by

the corresponding base “U” normally present in ribonucleic acids.

A "complementary region" as used herein means a region that is complementary to at
least part of a nucleotide sequence of a target gene. “Complementary” when used in the
context of the present invention for a dsRNA, means having substantial sequence identity
to one of the strands of the farget sequence. In performance of the present invention, the
complementary region will generally comprise a nucleotide sequence having more than
about 75% sequence identity to the corresponding sequence of the target gene; however,
a higher homology might produce a more efficient modulation of expression of the target
gene. Preferably the sequence identity is about 80%, 85%, 90%, 95%, and even more
preferably more than about 99%. In the context of the present invention, the expression

“more than about” has the same meaning as “at least".

Preferably, the complementary region is a fragment that is not harmful for organisms other
than the target organism(s). Preferably, the fragment does not have more than 20
contiguous nucleotides in common with a sequence of an organism other than the target

organism. For example, when the target organism is a plant pathogen, such as a plant
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parasitic nematode or an insect, the fragment does not have 20 contiguous nucleotides in

common with a nucleotide sequence form a plant or a mammal (a human in particular).

The terms “double-stranded RNA (dsRNA)” and “RNA capable of forming a dsRNA” are

used herein interchangeably. The term “dsRNA construct” as used herein encompasses
all constructs capable of forming double stranded RNA, such as any of the concatemer or
stabilized constructs described herein. As described further, the dsRNA or dsRNA

construct may comprise other sequences that are not complementary to a target gene or

sequence but that have other functions.
e

The terms “double stranded RNA fragment” or “double-stranded RNA region” refer to a
small entity of the double-stranded RNA corresponding' with (part of) the target gene. As

used herein, the expression “corresponding to” means “complementary to”.

In one embodiment, in the dsRNA of the invention, said multiple dsRNA fragments are not
separated by a non-complementary region. This means that no non-hybridizing RNA

regions are present between the separate dsRNA fragments.

According to other embodiments in the dsRNA of the invention, the dsRNA fragments are

not separated by a spacer or a lock sequence as described further.

In the concatemer constructs, the length of each of the dsRNA fragments may be at
least 17 bp, 18 bp, 19 bp, 20 bp, 21 bp, 22 bp, 23 bp, 24 bp, 25 bp or more, for example
about 30 bp, about 40bp, about 50 bp, about 60 bp, about 70 bp, about 80 bp, about 90
bp, about 100 bp, about 110 bp or about 120 bp. Preferred dsRNA fragments in a
concatemer construct have a length between 17 and 2000 bp, preferably between 21 and
1000 or 500 or 250 bp, preferably between 40 and 150 bp, more preferably between 50

and 120 bp or any number in between.

A "target géne" as used herein means a gene that needs to be silenced in the target
species. A target gene encompasses a promoter region, a 5’ untranslated region, a coding
sequence wherein introns may be present, and a 3’ untranslated region. The target gene
may be selected from the genome of any target species as described herein. According to
one embodiment, the target sequence is chosen from the genome of an organism, which
organism is different from the organism in which the dsRNA is expressed. This means that
the dsRNA is expressed in one cell or organism and is subsequently transferred or taken
up by another cell or organism comprising the target gene. According to one specific
embodiment of the present invention, the dsRNA is expressed in a plant or a plant celi

and the target gene is chosen from the genome of a bacterium, a virus, a virion, an
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invertebrate, more particularly from a plant pest species, such as a virion, a virus, a

nematode, a fungus or an insect.

“Transfer’ of the dsRNA from the plant to the pest species means that the dsRNA is
produced in the plant cell and is being taken up, relocated or brought into contact with the
pest organism. A plant parasitic nematode or an insect for example, may take up the
dsRNA produced in the plant by feeding from the plant cell cytoplasm. A fungal cell which
is contacted with the dsRNA may be a plant pathogenic fungal cell in a life stage outside a
plant cell, for e;ample in the form of a hypha, germ tube, appressorium, conidium

- (asexual‘spore), ascocarp, cleistothecium, or ascospore (sexual spore outside the plant).

Alternatively, the fungal cell which is contacted with the dsRNA is a plant pathogenic
fungal cell in a life stage inside a plant cell, for example a pathogenic form such as a

penetration peg, a hyphé, a spore or a haustorium.

According to other embodiments of the invention, it may suffice to contact the pest cell or
pest species with the dsRNA, in which case transfer of dsSRNA means contacting with a

composition comprising the dsRNA or dsRNA construct.

According to another embodiment, the dsRNA is expressed in a bacterial or fungal cell
and the bacterial or fungal cell is taken up or eaten by the pest species. According tc still
another embodiment, the dsRNA is isolated from, or purified from, the bacterial or fungal
cell expressing the dsRNA, and the dsRNA is provided as a pesticide or in a pesticidal

formulation to the pest species.

Particular suitable target genes are genes that are involved in an essential biological
pathway of the target species, meaning that the target gene is an essential gene to the
target species and that gene silencing of the target gene has an adverse effect on the
viability the growth and/or development of the target species. Suitable target genes

include genes associated with infection, propagation or pathogenesis of the pest species

in the host

Choice of target gene(s) to be targeted by a_concatemer construct

The choice of target gene(s) to be targeted by one single concatemer construct, depends
on the choice of target gene which is to be silenced in the target organism or organisms in
order to achieve the desired effect of pest control. For the concatemers designed herein
below the target gene(s) was (were) chosen from one or more of the following categories
of genes:

1. “essential” genes encompass genes that are vital for one or more target organisms

and result in a lethal or severe (e.g. movement, feeding, paralysis, drinking, fertility)
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‘phenotype when silenced . The choice of a strong lethal target gene results in a potent

RNAI effect. In the concatemer constructs of the invention, multiple dsRNA fragments
targeting the same or different very effective lethal genes were combined to further
increase the potency, efficacy or speed of the dsRNA in pest control.

2. “pathogenicity genes” are genes that are involved in the pathogenicity or infectivity
of the pest. Targeting said genes may reduce pathogenicity or infectivity of the pest
thereby protecting the infested organism against pest infestation.

3. “weak” genes encompass target genes with a particularly interesting function, but
which resu!_t""in a weak phenotypic effect when silenced independently. Targeting a

- particular but weak target gene results in a specific RNAI effect, meaning that the

mode of action is very focussed and controlled. For example, interesting but weak
genes could be genes that are very species specific, or even species restricted but
that do not result in an effective RNAi effect when targeted separately. In the

concatemer constructs of the invention, multiple dsRNA fragments targeting a single

~ or different weak gene(s) were combined to obtain a stronger RNA effect.

4. ‘“pest specific’ genes encompass genes that have no substantial homologous
counterpart in non-pest organisms as can be determined by bioinformatics homology
searches, for example by BLAST searches. The choice of a pest specific target gene
results in a speéies specific RNAi effect, with no effect or no substantial (adverse)
effect in non-target organisms.
5. “conserved genes” encompass genes that are conserved (at the amino acid level)
between the target organism and non-target organism(s). Some target genes may be
very RNAi effective, but may be very conserved between organisms. To reduce
possible effects on non-target species, such effective but conserved genes were
analysed and target sequences from the variable regions of these conserved genes
were chosen to be targeted by the dsRNA fragments in the concatemer constructs of
the invention herein exemplified. Here, conservation is assessed at the level of the
nucleic acid sequence. Such variable regions thus encompass the least conserved
sections of the conserved target gene(s).
6. “conserved pathway”’ genes encompass genes that are involved in the same
biological pathway or cellular process, or encompass genes that have the same
functionality in different species.
a. Preferred examples of such “conserved pathway” target genes are genes involved
in vital cellular pathways or functions, which pathways or functions are RNA;
sensitive, such as, but not limited to: endocytosis, the cytoskeleton, intracellular

and intercellular transport, calcium binding, nucleus import and export, nucleic acid
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binding, signal peptidase—protein binding, the proteasome, protein translation,
vesicle transport, neuro-transmission, waterbalance, ionbalance, gene
transcription, splicing, mitosis, meiosis, chromosome organisation, stability or
integrity, micro RNAs, siRNAs, posttranslational protein modifications, electron
transport, metabolism (anabolism or catabolism), apoptosis, membrane integrity,
and cell adhesion.

b. In one embodiment, the concatemer constructs according to the present invention
target multiple genes from the same biological pathway, resulting in a specific and
potent BﬁAi effect and more efficient pest control.

C. Alterné‘tively, the concatemer constructs according to the present invention target
multiple genes from different biological pathways, resulting in a broad cellular
RNAI effect and more efficient pest control. '

d. Alternatively, a combination of b) and c).

Choice of target sequence(s) targeted by the dsRNA fragments In .fhe concatemer

construct

Once a target gene is selected (or multiple target genes are selected), one or more
particular target sequences to be targeted by the dsRNA fragment of the concatemer
construct is selected from that (those) target gene(s). In the concatemer constructs of the
invention, the selection of{such target sequences was made based on one or more of the
following selection criteria:
1. The target sequence targeted by the dsRNA fragment in the concatemer construct
does not have substantial nucleotide sequence homology with non-target organisms.
A preferred criterion is that the target sequence does not have substantial homology to
human sequences and/or does not have substantial homology with host plant
sequences and organisms living In symbiosis with the plant (e.g. plant symbiotic
bacteria). A non-limiting list of host plants according to the invention comprises for
example corn, cotton, tomato, potato, banana, canola, sunflower, alfalfa, wheat, rice,
sorghum, millet and soybean.
2. The target sequence targeted by the dsRNA fragment in the concatemer construct
is selected from a region of the target gene containing the best predicted siRNA, which
prediction can. for instance be made according to “Tuschl rules” (Yuan et al. “siRNA
Selection Server: an automated siRNA oligonucleotide prediction server’, W130-
W134, Nucleic acid research, 2004, vol. 32, Web Server issue). Basically this criterium
involves the determination of the %GC content versus % AT content of the DNA.
Preferably, the target sequences targeted by the dsRNA fragments of the concatemer
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constructs of the present invention have a GC content ranging from about 40% to
about 60%, more preferably they have a GC content of about 50%. Alternative
oredictions for choosing siRNA sequences can be found in: Szetrom and Sngve 2004
(“A comparison of siRNA efficacy predictors”, Biochem. Biophys. Res. Commun. Vol
321(1): 247-253);.Chalk et al. 2004 (“Improved and automated prediction of effective
siRNA.”. Biochem. Biophys. Res. Commun. 319(1):264-74); Levenkova et al. 2004
(“Gene specific siRNA selector.”, Bioinformatics. 20(3):430-2); Reynolds et al. 2004
(“Rational siRNA design for RNA interference.”, Nat Biotechnol. 22(3):326-30);
Henschel et;"él. 2004 (“DEQOR: a web-based tool for the design ana quality control of
siRNAs.”. Nucleic Acids Res. (Web Server issue):W113-20).

3. The target sequence targeted by the dsRNA fragment in the concatemer construct
is in a conserved region (at the nucleotide acid level) of the target gene. Such
conserved regions are determined by comparing the sequences of homologous genes
from the same and/or different species. As such, multiple gene family members may

be down regulated in one or in multiple species.

4. Alternatively, the target sequence targeted by the dsRNA fragment in the

concatemer construct is in a non-conserved region of the target gene (for the reasons

explained earlier therein).

Wavs of combining multiple dsRNA fragments into one concatemer construct:

All the above given alternatives for target gene selection and target sequence selection
may be easily combined with each other. The corresponding dsRNA fragments (or
regions) targeting such target genes and target sequences may be combined in a variety
of ways into the concatemer construct. In the concatemer constructs of the invention, one

or more of the following ways of combining dsRNA fragments were used (see also Figure
1 and 20):

1. when multiple dsRNA fragments targeting a single target gene are combined, they
may be combined in the original order (i.e., the order in which the fragments appear in

the target gene) in the concatemer construct,

2. alternatively, the original order of the fragments may be ignored so that they are

~ scrambled and combined randomly or deliberately in any rank order into the

concatemer construct,

3. alternatively, one single fragment may be repeated several times, for example from
1to 10 times, e.g. 1,2, 3,4, 5, 6, 7, 8, 9 or 10 times in the concatemer construct, or
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4. the dsRNA fragments (targeting a single or different target genes) may be combined

in the sense or antisense orientation.

The possibility to combine dsRNA fragments in the concatemer construct is especially
advantageous to avoid coincidental overlap with non-target sequence at the conjunction of
the rhultiple dsRNA fragments in the concatemer construct. For example, when two
dsRNA fragments with no homology to non-target organism over 20 consecutive
nucleotides are combined, there might arise at the conjunction a new sequence which

might have homQIogy to non-target organism over a range of 20 consecutive nucleotldes

In such case, the concatemer design as described herein allows to convert one of the

dsRNA fragments into another orientation (e.g. convert from sense to antisense) and/or
allows to change the order of the fragments (e.g. convert from A-B to B-A in the

concaterner construct) to overcome this problem.

In addition, it is advantageous that in the nucleotide sequence of the final concatemer
construct, no plant splice acceptor and splice donor sites are created. It is also

recommended that the nucleotide sequence of the final concatemer construct does not

contain a large ORF.

This possibility of combining dsRNA fragments in the concatemer construct is also

advantageous for cloning purposes, because the separate fragments may be randomly

ligated to each other.

’
*

The dsRNA constructs of the invention may be formed from a single RNA polynucleotide
molecule which includes regions of self-complementarity, such that when folded it Is
capable of forming a structure including one or more double-stranded portions effective In
gene silencing by RNAI. The constructs may also be formed from two or more separate
polynucleotide strands which together form a double stranded, folded or assembled
structure which includes at least one double-stranded portion effective in gene silencing
by RNAi. The RNA constructs may, when folded or assembled, include both double-
stranded and single-stranded regions, as illustrated in the accompanying Figures. The

RNA constructs may include non-natural bases and/or non-natural backbones linkages.

The dsRNA or dsRNA constructs comprising multiple dsRNA fragments may herein be
generally referred to as concatemers. The actual fragment that is double stranded is also
referred to as “portion”. Said portion contains one or multiple dsRNA fragments.

The concatemer and/or stabilized constructs and methods of the present invention are
particularly useful to combine multiple target sequences simultaneously. These multiple

sequences may originate from one target gene. Alternatively, the multiple target
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sequences may originate from multiple target genes. These muitiple target genes may
originate from one and the same pest species. Alternatively, these multiple target genes
may originate from different pest species from the same or different order. These multiple
target genes may be related, for example may be homologs or orthologs, or may be
unrelated. Therefore, one concatemer dsRNA construct of the present invention, for
example in the form of a concatemer stem, a concatemer hairpin or a concatemer
cloverleaf, may simultaneously target multiple sequences originating from the same pest

species, or may simultaneously target multiple target genes from the same pest species,

- -0or may simultanéously target multiple target genes of multiple pest species of the same or

different order.

- The present invention thus encompasses an isolated dsRNA or dsRNA construct

comprising at least two dsRNA fragments, wherein each dsRNA fragment comprises a
strand that is complementary to at least part of the nucleotide sequence of a different (e.qg.
distinct) target sequence. In one embodiment, said different target sequences originate
from a single (or the same) target gene. In another embodiment, said different target

seqguences originate from different (e.g. distinct) target genes.

According to one particular embodiment of the present invention, the concatemer targets
multiple target genes originating from mulitiple species. For example, one concatemer may
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