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METHODS FOR PROTEIN PRODUCTION EMPLOYING EXPRESSION ENHANCER
SEQUENCES DERIVED FROM THE RNA-2 SEGMENT OF A COMOVIRIDAE BIPARTITE RNA
VIRUS

FIELD OF THE INVENTION

The present invention relates generally to methods and materials, and particularly viral derived
sequences, for boosting gene expression in plants and other eukaryotic cells, for example of

heterologous genes encoding proteins of interest.

BACKGROUND OF THE INVENTION

Comoviruses (CPMV)

Comoviruses are RNA viruses with a bipartite genome. The segments of the comoviral RNA
genome are referred to as RNA-1 and RNA-2. RNA-1 encodes the VPg, replicase and protease
proteins (Lomonossoff & Shanks, 1983). The replicase Is required by the virus for replication of
the viral genome. The RNA-2 of the comovirus cowpea mosaic virus (CPMV) encodes a 58K and

a 48K protein, as well as two viral coat proteins L and S.

Initiation of translation of the RNA-2 of all comoviruses occurs at two different initiation sites
located in the same triplet reading frame, resulting in the synthesis of two carboxy coterminal
proteins. This double initiation phenomenon occurs as a result of ‘leaky scanning’ by the

ribosomes during translation.

The 5’ terminal start codons (AUGs) in RNA-2 of CPMV occur at positions 115, 161, 512 and 524.
The start codons at positions 161 and 512 are in the same triplet reading frame. Initiation at the
start codon at position 161 results in the synthesis of a 105K polyprotein while initiation at the start
codon at position 512 directs the synthesis of a 95K polyprotein. As the synthesis of both
polyproteins is terminated at the same stop codon at position 3299, the 105K and the 95K proteins
are carboxy coterminal. The AUG codon at position 524 can serve as an initiator if the AUG at
512 is deleted. However, in the presence of the AUG 512 it does not serve this function and

simply codes for the amino acid methionine (Holness et al., 1989; Wellink et al., 1993). The start

codon at position 115 is not essential for virus replication (Wellink et al., 1993).
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The 105K and 95K proteins encoded by CPMV RNA-2 genome segment are primary
translation products which are subsequently cleaved by the RNA1-encoded proteolytic
activity to yield either the 58K or the 48K protein, depending on whether it is the 105K
or 95K polyprotein that is being processed, and the two viral coat proteins, L and S.
Initiation of translation at the start codon at position 512 in CPMV is more efficient than
initiation at position 161, resulting in the production of more 95K polyprotein than 105K
polyprotein.

The start codon at position 115 in CPMV RNA-2 lies upstream of the initiation sites at
positions 161 and 512 and is in a different reading frame. As this start codon is in-
phase with a stop codon at position 175, initiation at this site could result in the
production of a 20 amino acid peptide. However, production of such a peptide has not
been detected to date.

Necessity of maintaining the frame between AUGs

Mutagenesis experiments have shown that maintenance of the frame between the
initiation sites at positions 161 and 512 in CPMV RNA-2 is essential for efficient
replication of RNA-2 by the RNA-1-encoded replicase (Holness et al., 1989, van
Bokhoven et al., 1993; Rohll et al., 1993; Wellink ef al., 1993). This requirement
restricts the length of sequences which can be inserted upstream of the 512 start
codon in expression vectors based on CPMV RNA-2 (see below), making the cloning
of foreign genes into such vectors more difficult than would be ideal. For example it
precludes the use of polylinkers as their use will often alter the open reading frame
(ORF) between these initiation sites.

CPMV vectors

CPMV has served as the basis for the development of vector systems suitable for the
production of heterologous polypeptides in plants (Liu et al.., 2005; Sainsbury et al.,
2007). These systems are based on the modification of RNA-2 but differ in whether
full-length or deleted versions ére used. In both cases, however, replication of the
modified RNA-2 is achieved by co-inoculation with RNA-1. Expression systems based
on a full-length version of RNA-2 involve the fusion of the foreign protein to the C-
terminus of the RNA-2-derived polyproteins. Release of the N-terminal polypeptide is
mediated by the action of the 2A catalytic peptide sequence from foot-and-mouth-
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disease virus (Gopinath et al., 2000). The resulting RNA-2 molecules are capable of
spreading both within and between plants. This strategy has been used to express a
number of recombinant proteins, such as the Hepatitis B core antigen (HBcAg) and
Small Immune Proteins (SiPs), in cowpea plants (Mechicheriakova ef al., 2006;
Monger et al., 2006; Alamillo et al., 2006). Though successful, the use of a full-length
viral vector has disadvantages in terms of size constraints of inserted sequences and
concerns about biocontainment.

To address these, a system based on a deleted version of CPMV RNA-2 has recently
been developed (Caiizares ef al., 2006). In this system the region of RNA-2 encoding
the movement protein and both coat proteins has been removed. However, the
deleted molecules still possess the cis-acting sequences necessary for replication by
the RNA-1-encoded replicase and thus high levels of gene ampilification are maintained
without the concomitant possibility of the modified virus contaminating the environment.
With the inclusion of a suppressor of gene silencing, such as HcPro from PVY,
(Brigneti ef al., 1998) in the inoculum in addition to RNA-1, the deleted CPMV vecior
can be used as a transient expression system (WO/2007/135480) Bipartite System,
Method And Composition For The Constitutive And Inducible Expression Of High

| evels Of Foreign Proteins In Plants; also Sainsbury ef al., 2009). However, in contrast
to the situation with a vector based on full-length RNA-2, replication is restricted to
inoculated leaves. These CPMV vectors have been used to express multi-chain

complexes consisting of a single type of polypeptide.

Multiple copies of vectors based on either full-length or deleted versions of CPMV
RNA-2 have also been shown to be suitable for the production of heteromeric proteins
in plants (Sainsbury et al., 2008). Co-infiltration of two full-length RNA-2 constructs
containing different marker genes into Nicotiana benthamiana in the presence of RNA-
1 has been used to show that two foreign proteins can be efficiently expressed within
the same cell in inoculated tissue. Furthermore, the proteins can be co-localised to the
same sub-cellular compartments, which is an essential prerequisite for heteromer

formation.

The suitability of different CPMV RNA-2 vectors for the expression of heteromeric
proteins in plants has also been investigated. Insertion of the heavy and light chains of
an IgG into full-length and deleted versions of RNA-2 showed that both approaches led
to the accumulation of full-size 1gG molecules in the inoculated tissue but that the
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levels were significantly higher when deleted RNA-2 vectors were used. The ability of
full-length RNA-2 constructs to spread systemically therefore seems to be irrelevant to
the production of heteromeric proteins and the use of deleted versions of RNA-2 is
clearly advantageous, especially as they also offer the benefit of biocontainment.

Thus, known CPMV based vector systems represent useful tools for the expression of
a heterologous gene encoding a protein of interest in plants. However, there is still a
need in the art for optimised vector systems which improve, for example, the yield of

the heterologous proteins expressed and the ease of use of the vector.

SUMMARY OF INVENTION

The present inventors have surprisingly found that mutation of the start codon at
position 161 in a CPMV RNA-2 vector strongly increases the levels of expression of a
protein encoded by a gene inserted after the start codon at position 512. The levels of
protein expression were increased about 20-30 fold compared with expression of the
same protein from a CPMV RNA-2 vector differing only in that the start codon at
position 161 was intact (Sainsbury and Lomonossoff, 2008). The present invention
allows the production of high levels of foreign proteins without the need for viral

replication.

The inventors have also found that mutation of the start codon at position 161 negates
the need for maintaining the frame between the position of the mutated start codon at
position 161 and the start codon at position 512, thus allowing insertion of sequences
of any length after the mutated start codon at position 161. This is particularly
advantageous as it allows polylinkers of any length to be inserted into RNA-2 vectors
after the mutated start codon, which can then be used to facilitate cloning of a gene of

interest into the vector.

In addition, the inventors have found that despite the increase in protein expression,
plants transformed with a CPMV RNA-2 vector comprising a mutated start codon at
position 161 looked healthier, i.e. showed less necrosis, than plants transformed with
known CPMV RNA-2 vectors. Plant health is an important factor in the expression of
proteins from plants as healthy plants survive for longer periods of time. In addition,

plant health is also impoﬁant in the purification of proteins from plants as tannins



10

15

20

25

30

35

CA 02711895 2013-11-15

5

released as a result of necrosis can interfere with protein purification (Sainsbury and
Lomonossoff, 2008).

Thus the present invention relates to improved protein production systems and
methods, based on modified bipartite virus sequences.

In accordance with one aspect of the present invention, there Is provided a gene
expression construct comprising:

(a) an expression enhancer sequence derived from the RNA-2 genome segment of a
Comoviridae bipartite RNA virus, in which an initiation site in the RNA-2 genome
segment has been mutated,

wherein the wild-type RNA2 genome segment of the Comoviridae virus
encodes two carboxy coterminal proteins through two different translation initiation
sites located in the same triplet reading frame, and wherein the mutated intiation site is
the first of these two initiation sites and corresponds to the initiation site at position 161
in the wild-type RNA-2 segment of cowpea mosaic virus (CPMV),

wherein the expression enhancer sequence either:
(i) comprises at least a 100 nucieotide sequence of the comoviral RNA-2 genome
segment which includes the mutated initiation site, or
(i) has at least 70% identity to the full length of nucleotides 1 to 507 of the CPMV RNA-
2 genome segment sequence shown in SEQ ID NO: 1, and wherein the initiation site at
position 161 in the wild-type CPMV RNA-2 genome segment has been mutated; and

(b) a heterologous sequence for facilitating insertion of a gene encoding a protein of
interest into the gene expression construct, wherein the heterologous sequence is
located downstream of the mutated target initiation site in the enhancer sequence.

In accordance with another aspect of the present invention, there is provided a
expression construct comprising:
(a) an expression enhancer sequence derived from the RNA-2 genome segment of a
Comoviridae bipartite RNA virus, in which an initiation site in the RNA-2 genome
segment has been mutated,

wherein the wild-type RNA2 genome segment of the Comoviridae virus
encodes two carboxy coterminal proteins through two different translation initiation
sites located in the same triplet reading frame, and wherein the mutated intiation site is
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the first of these two initiation sites and corresponds to the initiation site at position 161
in the wild-type RNA-2 segment of cowpea mosaic virus (CPMV),

wherein the expression enhancer sequence either:
(1) comprises at least a 100 nucleotide sequence of the comoviral RNA-2 genome
segment which includes the mutated initiation site, or
(i) has at least 70% identity to the full length of nucleotides 1 to 507 of the CPMV
RNA-2 genome segment sequence shown in SEQ ID NO: 1, and wherein the initiation
site at position 161 in the wild-type CPMV RNA-2 genome segment has been mutated,;
and

(b) a heterologous gene encoding a protein of interest, wherein the gene encoding the
protein of interest is located downstream of the enhancer sequence.

In accordance with another aspect of the present invention, there is provided a gene
expression construct comprising:

(a) a promoter;

(b) nucleotides 1 to 507 of the cowpea mosaic virus RNA-2 genome segment
sequence shown in SEQ ID NO: 1, wherein the AUG at position 161 has been mutated
to ACG, located downstream of the promoter;

(c) a gene encoding a protein of interest located downstream of the sequence defined
in (b);

(d) nucleotides 3302 to 3481 of the cowpea mosaic virus RNA-2 genome segment
sequence shown in SEQ ID NO: 1, located downstream of the gene encoding the
protein of interest; and

(e) a nopaline synthase terminator located downstream of the sequence defined in (d).

In accordance with another aspect of the invention, there is provided a gene
expression construct comprising:

(a) a first gene construct comprising a sequence derived from an RNA-2
segment of a Comoviridae bipartite virus genome cafrying at least one foreigh gene
encoding a heterologous protein of interest operably linked to promoter and terminator
sequences, wherein the gene construct comprises a mutated initiation site upstream of
the foreign gene,

wherein the wild-type RNA2 genome segment of the Comoviridae virus
encodes two carboxy coterminal proteins through two different translation initiation

sites located in the same triplet reading frame
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(a) a first gene construct comprising a sequence derived from an RNA-2 segment of a
Comoviridae bipartite virus genome carrying at least one foreign gene encoding a heterologous
protein of interest operably linked to promoter and terminator sequences, wherein the gene
construct comprises a mutation in a transiation initiation site upstream of the foreign gene such
that it no longer functions as a translation initiation site,

wherein the wild-type RNAZ2 genome segment of the Comoviridae virus encodes two
carboxy coterminal proteins through two different translation initiation sites located in the same
triplet reading frame

wherein the mutated initiation site Is the first of these two initiation sites and corresponds to

the initiation site at position 161 in the wild-type RNA-2 segment of CPMV; and

(b) a second gene construct comprising a heterologous suppressor of gene silencing operably

linked to promoter and terminator sequences.

In accordance with another aspect of the present invention, there Is provided a process for
increasing expression or translational enhancing activity of a sequence derived from an RNA-2
genome segment of a Comoviridae bipartite virus, comprising mutating a translation initiation site
therein,wherein the wild-type RNA2 genome segment of the Comoviridae virus encodes two

carboxy coterminal proteins through two different translation initiation sites located in the same

triplet reading frame,
wherein the mutated initiation site is the first of these two initiation sites and corresponds to

the initiation site at position 161 in the wild-type RNA-2 segment of cowpea mosaic virus (CPMV),
wherein the mutating Is performed either by:

(1) a point mutation In the initiation site, or

(i1) a deletion of up to 50 nucleotides In length including the Initiation site,
wherein the mutation enhances the expression of a heterologous ORF to which the

sequence Is attached.

In accordance with another aspect of the present invention, there is provided a method for
expressing a heterologous protein of interest in a host organism using the gene expression

construct of the invention, wherein the host organism is a plant or insect.

In accordance with another aspect of the present invention, there is provided a method of

enhancing the translation of a heterologous protein of interest from a gene or open reading frame



10

15

20

25

30

CA 02711895 2015-11-03

5¢C

(ORF) encoding the heterologous protein of interest, which gene or ORF is operably linked to an

RNAZ2- genome segment of a Comoviridae bipartite virus derived sequence,
wherein the wild-type RNA2 genome segment of the Comoviridae virus encodes two
carboxy coterminal proteins through two different translation initiation sites located in the same
triplet reading frame,
comprising mutating the first of these two initiation sites in the RNA2-derived sequence, wherein
the mutated translation initiation site corresponds to the initiation site at position 161 in the wild-type
RNA-2 segment of cowpea mosaic virus (CPMV),
wherein the mutating is performed either by:
(1) a point mutation in the initiation site, or

(1) a deletion of up to 50 nucleotides in length including the initiation site.

In accordance with another aspect of the present invention, there is provided a method of

expressing a heterologous protein in a plant comprising the steps of:

(a) introducing into a plant cell a gene expression construct comprising a first gene construct
comprising a sequence derived from an RNA-2 segment of a Comoviridae bipartite virus genome
carrying at least one foreign gene encoding a heterologous protein of interest operably linked to
promoter and terminator sequences,

wherein the gene construct comprises a mutation in a translation initiation site upstream of
the foreign gene such that it no longer functions as a translation initiation site,

wherein the wild-type RNA2 genome segment of the Comoviridae virus encodes two
carboxy coterminal proteins through two different translation initiation sites located in the same
triplet reading frame,wherein the mutated initiation site is the first of these two initiation sites and

corresponds to the initiation site at position 161 in the wild-type RNA-2 segment of cowpea mosaic
virus (CPMV); and

(b) Introducing a second gene construct comprising a heterologous suppressor of gene silencing

operably linked to promoter and terminator sequences into the plant cell.

In accordance with another aspect of the present invention, there is provided a plant or insect host

cell obtained by a method of the invention, which host cell comprises the gene expression

construct, and wherein the gene encoding the protein of interest is expressed in the host cell.
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In accordance with another aspect of the present invention, there is provided a plant host cell

transiently transfected with, and comprising, the gene expression construct of the invention.

In accordance with another aspect of the present invention, there is provided an insect host cell

transiently transfected with, and comprising, the gene expression construct of the invention.

In accordance with another aspect of the present invention, there is provided a transgenic plant or
Insect host cell stably transformed with, and comprising, the gene expression construct of the

invention.

In accordance with another aspect of the present invention, there is provided a method for
generating a protein of interest, comprising using the plant or insect host cell of the invention and
harvesting a tissue in which the protein of interest has been expressed and isolating the protein of

iInterest from the tissue.

Thus In various aspects of the invention there is provided or utilised an expression enhancer
sequence, which sequence is derived from (or shares homology with) the RNA-2 genome segment

of a bipartite RNA virus, such as a comovirus, in which a target initiation site has been mutated

The present invention further provides processes for increasing the expression or transiational

enhancing activity of a sequence derived from an RNA-2 genome segment of a bipartite virus,

which processes comprise mutating a target initiation site therein.

Some particular definitions and embodiments of the invention will now be described in more detail.

"Enhancer” sequences (or enhancer elements), as referred to herein, are sequences derived from
(or sharing homology with) the RNA-2 genome segment of a bipartite RNA virus, such as a

comovirus, in which a target initiation site has been mutated. Such sequences can enhance
downstream expression of a heterologous ORF to which they are attached. Without limitation, it is

believed that such sequences when present in transcribed RNA, can enhance translation of a

heterologous ORF to which they are attached.

A “target initiation site” as referred to herein, is the initiation site (start codon) in a wild-type RNA-2

genome segment of a bipartite virus (e.g. a comovirus) from which the enhancer sequence in
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question is derived, which serves as the initiation site for the production (translation) of the longer of

two carboxy coterminal proteins encoded by the wild-type RNA-2 genome segment.

As described above, production of the longer of the two carboxy coterminal proteins encoded by
5 CPMV RNA-2, the 105K protein, is initiated at the initiation site at position 161 in the wild-type
CPMV RNA-2 genome segment. Thus, the target initiation site in
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enhancer sequences derived from the CPMV RNA-2 genome segment is the initiation
site at position 161 in the wild-type CPMV RNA-2.

Mutations around the start codon at position 161 may have the same (or similar) effect
as mutating the start codon at position 161 itself, for example, disrupting the context
around this start codon may mean that the start codon is by-passed more frequently.

In one aspect of the present invention, a target initiation site may therefore be ‘mutated’
indirectly by mutating one or more nucleotides upstream and/or downstream of the
target initiation site, but retaining the wild-type target initiation site, wherein the effect of

mutating these nucleotides is the same, or similar, to the effect observed when the
target initiation site itself is mutated. |

As target initiation sites serve as the initiation site for the production of the longer of two
carboxy coterminal proteins encoded by a wild-type RNA-2 genome segment, it follows
that target initiation sites are in-frame (in phase) with a second initiation site on the
same wild-type RNA-2 genome segment, which serves as the initiation site for the
production of the shorter of two carboxy coterminal proteins encoded by the wild-type
RNA-2. Twao initiation sites are in-frame if they are in the same triplet reading frame.

The target initiation site in enhancer sequences derived from the wild-type CPMV RNA-
2 genome segment, 1.e. the initiation site at position 161, s in frame with the initiation
site at position 512, which serves as the initiation site for the production of the shorter
of the two carboxy coterminal proteins encoded by CPMV RNA-2 (the 95K protein) in
the wild-type CPMV RNA-2 genome segment.

Thus, a target initiation site is located upstream (§’) of a second initiation site in the
wild-type RNA-2 genome segment from which the enhancer sequence Is derived,
which serves the initiation site for the production of the shorter of two carboxy
coterminal polyproteins encoded by the wild-type RNA-2 genome segment. [n addition,
a target initiation site may also be located downstream (3’) of a third initiation site in the
wild-type RNA-2 genome from which the enhancer sequence is derived. In CPMV the
target initiation site, i.e. the initiation site at position 161, is located upstream of a
second initiation site at position 512 which serves as the initiation site for the
production of the 95K protein and downstream of a third initiation site at position 115.
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A target initiation site in an enhancer sequence derived from the RNA-2 genome
segment of a bipartite virus is therefore the first of two initiation sites for the production
of two carboxy coterminal proteins encoded by the wild-type RNA-2. ‘First’ in this

context refers to the initiation site located closer to the 5’ end of the wild-type RNA-2
5 genome segment.

More than one initiation site in the sequence may be mutated, if desired. For example
the ‘third’ initiation site at (or corresponding to) position 115 may also be deleted or
altered. It has been shown that removal of AUG 115 in addition to the removal of

10 AUG 161, further enhances expression (Sainsbury and Lomonossoff, 2008) .

The enhancer sequences of the present invention are based on modified sequences
from the RNA-2 genome segments of bipartite RNA viruses.

15 A bipartite virus, or virus with a bipartite genome, as referred to herein may be a
member of the Comoviridae family. All genera of the family Comoviridae appear to
encode two carboxy-coterminal proteins. The genera of the Comoviridae family include
Comovirus, Nepovirus, Fabavirus, Cheravirus and Sadwavirus. Comoviruses include
Cowpea mosaic virus (CPMV), Cowpea severe mosaic virus (CPSMV), Squash mosaic

20 virus (SgMV), Red clover mottle virus (RCMV), Bean pod mottle virus (BPMV).
Preferably, the bipartite virus (or comovirus) is CPMV.

The sequences of the RNA-2 genome segments of these comoviruses and several
specific strains are available from the NCBI database under the accession numbers

25 listed in brackets: cowpea mosaic virus RNA-2 (NC_003550), cowpea severe mosaic
virus RNA-2 (NC_003544), squash mosaic virus RNA-2 (NC_003800), squash mosaic
virus strain Kimble RNA-2 (AF059533), squash mosaic virus strain Arizona RNA-2
(AF059532), red clover mottle virus RNA-2 (NC_003738), bean pod mottle virus RNA-2
(NC_003495), bean pod mottle virus strain K-Hopkins1 RNA-2 (AF394609), bean pod

30 mottle virus strain K-Hancock1 RNA-2 (AF394607), Andean potato mottle virus
(APMoV: L16239) and Radish mosaic virus (RaMV; AB295644). There are also partial
RNA-2 sequences available from bean rugose mosaic virus (BRMV; AF263548) and a
tentative member of the genus Comovirus, turnip ringspot virus (EF191015).
Numerous sequences from the other genera in the family Comoviridae are also

35 available.
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To date, all comoviruses which have been investigated have been shown to have two
alternative start codoné for the expression of two carboxy coterminal polyproteins form
their RNA-2 genome segments. In particular, the RNA-2 genome segments of CPMV,
CPSMV, BPMV, SgMV and RCMV are known to comprise two alternative start codons
for the expression of two carboxy coterminal polyproteins.

Target initiation sites in other comoviruses, which are equivalent to the initiation site at
position 161 in the wild-type RNA-2 segment of CPMV (i.e. correspond to it) can
therefore be identified by methods known in the art. For example, target initiation sites
can be identified by a sequence alignment between the wild-type RNA-2 genome
segment sequence of CPMV and the RNA-2 genome segment sequence of another
comovirus. Such sequence alignments can then be used to identify a target initiation
site in the comoviral RNA-2 genome segment sequence by identifying an initiation site
which, at least in the alignment, is near, or at the same position as, the target initiation
site at position 161 in the wild-type CPMV RNA-2.

Target initiation sites in other comoviruses may aiso be identified by determining the
start codon which serves as the initiation site for the synthesis of the longer of two
carboxy coterminal proteins encoded by the wild-type comoviral RNA-2 genome
segment. This approach can also be used in combination with an alignment as
described above, i.e. this approach can be used to confirm that a comoviral initiation
site identified by means of an alignment with CPMV RNA-2 is a target initiation site.

Of course, the above methods can also be used for identifying initiation sites in other
comoviral RNA-2 genome segments, which are equivalent to the initiation site at
position 512 in the wild-type CPMV RNA-2 genome segment. However, instead of
identifying the start codon which serves as the initiation site for the synthesis of the
longer of two carboxy coterminal proteins encoded by the wild-type comoviral RNA-2
genome segment, the start codon which serves as the initiation site for the synthesis of
the shorter of two carboxy coterminal proteins encoded by the wild-type comoviral

RNA-2 genome segment, is identified.

Once two comoviral RNA-2 initiation sites which are likely to be equivalent to the
initiation sites at positions 161 and 512 in CPMV RNA-2 have been identified, the
identification of the target initiation site can be confirmed by checking that the two
initiation sites are in the same frame, i.e. in the same ftriplet reading frame, as they can
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only serve as initiation sites for the production of two carboxy coterminal proteins if this
is the case.

In one embodiment of the invention, the enhancer sequence comprises nucleotides 1
to 512 of the CPMV RNA-2 genome segment (see Table 1), wherein the target
initiation site at position 161 has been mutated. In another embodiment of the
invention, the enhancer sequence comprises an equivalent sequence from another
comovirus, wherein the target initiation site equivalent to the start codon at position 161
of CPMV has been mutated. The target initiation site may be mutated by substitution,
deletion or insertion. Preferably, the target initiation site is mutated by a point mutation.

In alternative embodiments of the invention, the enhancer sequence comprises
nucleotides 10 to 512, 20 to 512, 30 to 512, 40 to 512, 50 to 512, 100 to 512, 150 1o
512, 1to 514, 10 to 514, 20 to 514, 30 to 514, 40 to 514, 50 to 514, 100 to 514, 150 to
514. 1to 511, 10 to 511, 20 to 511, 30 to 511, 40 to 511, 50 to 511, 100 to 511, 150 to
511. 1 to 509, 10 to 509, 20 to 509, 30 to 509, 40 to 509, 50 to 509, 100 to 509, 150 to
509, 1 to 507, 10 to 507, 20 to 507, 30 to 507, 40 to 507, 50 to 507, 100 to 507, or 150
to 507 of a comoviral RNA-2 genome segment sequence with a mutated target
initiation site. In other embodiments of the invention, the enhancer sequence
comprises nucleotides 10 to 512, 20 to 512, 30 to 512, 40 to 512, 50 to 512, 100 to
512 150 to 512, 1 to 514, 10 to 514, 20 to 514, 30 to 514, 40 to 514, 50 to 514, 100 to
514. 150 to 514, 1to 511, 10to 511, 20 to 511, 30 to 511, 40 to 511, 50t0 511, 100 to
511, 150 to 511, 1 to 509, 10 to 509, 20 to 509, 30 to 509, 40 to 509, 50 to 509, 100 to
509, 150 to 509, 1 to 507, 10 to 507, 20 to 507, 30 to 507, 40 to 507, 50 to 507, 100 t0
507, or 150 to 507 of the CPMV RNA-2 genome segment sequence shown in Table 1,
wherein the target initiation site at position 161 in the wild-type CPMV RNA-2 genome

segment has been mutated.

In further embodiments of the invention, the enhancer sequence comprises nucleotides
1 to 500, 1 to 490, 1 to 480, 1 to 470, 1 to 460, 1 to 450, 1 to 400, 1 to 350, 1 to 300, 1
to 250, 1 to 200, or 1 to 100 of a comoviral RNA-2 genome segment sequence with a

mutated target initiation site.

In alternative embodiments of the invention, the enhancer sequence comprises
nucleotides 1 to 500, 1 to 490, 1 to 480, 1 to 470, 1 to 460, 1 to 450, 1 to 400, 1 to 350,
1 to 300, 1 to 250, 1 to 200, or 1 to 100 of the CPMV RNA-2 genome segment
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sequence shown in Table 1, wherein the target initiation site at position 161 in the wild-

type CPMV RNA-2 genome segment has been mutated.

Enhancer sequences comprising at least 100 or 200, at least 300, at least 350, at least
400, at least 450, at least 460, at least 470, at least 480, at least 490 or at least 500
nucleotides of a comoviral RNA-2 genome segment sequence with a mutated target
initiation site are also embodiments of the invention.

In addition, enhancer sequences comprising at least 100 or 200, at least 300, at least
350, at least 400, at least 450, at least 460, at least 470, at least 480, at least 490 or at
least 500 nucleotides of the CPMV RNA-2 genome segment sequence shown in Table
1, wherein the target initiation site at position 161 in the wild-type CPMV RNA-2
genome segment has been mutated, are also embodiments of the invention.

Alternative embodiments of the invention are enhancer sequences having at least 99%,
08%, 97%, 96%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% identity to
the CPMV RNA-2 genome segment sequence shown in Table 1, wherein the target
initiation site at position 161 in the wild-type CPMV RNA-2 genome segment has been
mutated.

The terms "percent similarity”, "percent identity" and "percent homology" when referring
to a particular Sequence are used as set forth in the University of Wisconsin GCG
software program. Enhancer sequences may thus specifically hybridise with the
complementary sequence of the CPMV RNA-2 genome segment sequence shown in
Table 1, with the proviso that the target initiation site corresponding to position 161 in
the wild-type CPMV RNA-2 genome segment has been mutated.

The phrase "specifically hybridize" refers to the association between two single-
stranded nucleic acid molecules of sufficiently complementary sequence to permit such
hybridization under pre-determined conditions generally used in the art (sometimes
termed "substantially complementary"). In particular, the term refers to hybridization of
an oligonucleotide with a substantially complementary sequence contained within a
single-stranded DNA or RNA molecule of the invention, to the substantial exclusion of
hybridization of the oligonucleotide with single-stranded nucleic acids of non-
complementary sequence. "Complementary"” refers to the natural association of

nucleic acid sequences by base-pairing (A-G-T pairs with the complementary
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sequence T-C-A). Complementarity between two single-stranded molecules may be
partial, if only some of the nucleic acids pair are complementary; or complete, if all
bases pair are complementary. The degree of complementarity affects the efficiency
and strength of hybridization and amplification reactions.

A target initiation site in an enhancer sequence of the invention may be mutated by
deletion, insertion or substitution, such that it no longer functions as a translation
initiation site. For example, a point mutation may be made at the position of the target
initiation site in the enhancer sequence. Alternatively, the target initiation site in the
enhancer sequence may be deleted either partially or in its entirety. For example, a
deletion spanning the target initiation site in the enhancer sequence may be made.
Deletions spanning the initiation site may be up to 5, up to 10, up to 15, up to 20, up to
25, up to 30, up to 35, up to 40, up to 45, or up to 50 nucleotides in length, when
compared with the sequence of the wild-type RNA-2 genome segment from which the

enhancer sequence is derived.

Without wishing to be bound by theory, mutation of the start codon at position 161 in
CPMV is thought to lead to the inactivation of a translational suppressor, which resulits
in enhanced initiation of translation from start codons located downstream of the

inactivated translational suppressor.

Thus, the present invention further provides an enhancer sequence derived from an
RNA-2 genome segment of a bipartite virus, wherein the enhancer sequence

comprises an inactivated translational suppressor sequence.

The present invention further provides a process for increasing the expression or
translational enhancing activity of a sequence derived from an RNA-2 genome
segment of a bipartite virus, which process comprises inactivating a translational

suppressor sequence therein.

As already mentioned above, mutation of the initiation site at position 161 in the CPMV
RNA-2 genome segment is thought to lead to the inactivation of a translation
suppressor normally present in the CPMV RNA-2.

A translational suppressor sequence, as referred to herein, is a sequence in the wild-

type RNA-2 genome segment of the bipartite virus (e.g. a comovirus) from which the
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enhancer sequence in question is derived, which comprises, or consists of, the
initiation site for the production (translation) of the longer of two carboxy coterminal
proteins encoded by the wild-type RNA-2 genome segment.

Translational suppressor sequences in enhancer sequences derived from the CPMV
RNA-2 genome segment, are sequences comprising, or consisting of, the target
initiation site described above. Thus, translational suppressor sequences comprise, or
consist of, a target initiation site as defined above, and may be inactivated by
mutagenesis as described above.

The enhancer sequences defined above may be used in various aspects and
embodiments of the invention as follows.

Thus in one aspect of the present invention there is provided or utilised an isolated
nucleic acid consisting, or consisting essentially of, an expression enhancer sequence

as described above.

"Nucleic acid" or a "nucleic acid molecule" as used herein refers to any DNA or RNA
molecule, either single or double stranded and, if single stranded, the molecule of its
complementary sequence in either linear or circular form. In discussing nucleic acid
molecules, a sequence or structure of a particular nucleic acid molecule may be
described herein according to the normal convention of providing the sequence in the
5' to 3' direction. With reference to nucleic acids of the invention, the term "isolated
nucleic acid" Is sometimes used. This term, when applied to DNA, refers to a DNA
molecule that is separated from sequences with which it is immediately contiguous in

the naturally occurring genome of the organism in which it originated.

For example, an "isolated nucleic acid" may comprise a DNA molecule inserted into a
vector, such as a plasmid or virus vector, or integrated into the genomic DNA of a

prokaryotic or eukaryotic cell or host organism.

When applied to RNA, the term "isolated nucleic acid" refers primarily to an RNA
molecule encoded by an isolated DNA molecule as defined above. Alternatively, the
term may refer to an RNA molecule that has been sufficiently separated from other
nucleic acids with which it would be associated in its natural state (i.e., in celis or
tissues). An "isolated nucleic acid" (either DNA or RNA) may further represent a
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molecule produced directly by biological or synthetic means and separated from other

components present during its production.

The nucleic acid may thus consist or consist essentially of a portion, or fragment, of the
RNA-2 genome segment of the bipartite RNA virus from which the enhancer is derived.
For example, in one embodiment the nucleic acid does not comprise at least a portion
of the coding region of the RNA-2 genome segment from which it is derived. The
coding region may be the region of the RNA-2 genome segment encoding the shorter
of two carboxy coterminal proteins. The nucleic acid may consist or consist essentially
of the portion of an RNA-2 genome segment of a bipartite virus extending from the &'
end of the wild-type RNA-2 genome segment to the initiation site from which production
(translation) of the shorter of two carboxy coterminal proteins encoded by the wild-type
RNA-2 genome segment is initiated.

The phrase "consisting essentially of’ when referring to a particular nucleotide or amino
acid means a sequence having the properties of a given SEQ ID NO. For example,
when used in reference to an amino acid sequence, the phrase includes the sequence
per se and molecular modifications that would not affect the basic and novel
characteristics of the sequence. For example, when used in reference to a nucleic
acid, the phrase includes the sequence per se and minor changes and\or extensions
that would not affect the enhancer function of the sequence, or provide further
(additional) functionality.

The invention further relates to gene expression systems comprising an enhancer

sequence of the invention.

Thus, in another aspect the present invention provides a gene expression system

comprising an enhancer sequence as described above.

The gene expression system may also comprise a gene encoding a protein of interest
inserted downstream of the enhancer sequence. Inserted sequences encoding a

protein of interest may be of any size.

In a further aspect the present invention therefore provides a gene expression system

comprising:
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(a) an enhancer sequence as described above; and (b) a gene encoding a protein of

interest, wherein the gene is located downstream of the enhancer sequence.

The gene and protein of interest may be a heterologous i.e. not encoded by the wild-
type bipartite RNA virus from which the enhancer sequence is derived.

Gene expression systems may be used to express a protein of interest in a host
organism. In this case, the protein of interest may also be heterologous to the host
organism in question i.e. introduced into the cells in question (e.g. of a plant or an
ancestor thereof) using genetic engineering, i.e. by human intervention. A
heterologous gene in an organism may replace an endogenous equivalent gene, 1.e.
one which normally performs the same or a similar function, or the inserted sequence
may be additional to the endogenous gene or other sequence.

Persons skilled in the art will understand that expression of a gene of interest will
require the presence of an initiation site (AUG) located upstream of the gene to be
expressed. Such initiation sites may be provided either as part of an enhancer

sequence or as part of a gene encoding a protein of interest.

The host organism may be a plant. However, as translational mechanisms are well
conserved over eukaryotes, the gene expression systems may also be used to express
a protein of interest in eukaryotic host organisms other than plants, for example in

insect cells as modified baculovirus vectors, or in yeast or mammalian celis.

Gene expression systems may be operably linked to promoter and terminator

sequences.

Thus, gene expression systems may further comprise a termination sequence and the
gene encoding a protein of interest may be located between the enhancer sequence
and the termination sequence, i.e. downstream (3’) of the enhancer sequence and
upstream (5') of the termination sequence.

Thus the invention further provides an expression cassette comprising:
(i) a promoter, operably linked to
(i) an enhancer sequence as described above

(i) a gene of interest it is desired to express
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(iv) a terminator sequence.

Preferably the promoter used to drive the gene of interest will be a strong promoter.
Examples of strong promoters for use in plants include:

(1) p35S: Odell et al., 1985

(2) Cassava Vein Mosaic Virus promoter, pCAS, Verdaguer et al., 1996

(3) Promoter of the small subunit of ribulose biphosphate carboxylase, pRbcS:
Outchkourov et al., 2003.

Other strong promoters include pUbi (for monocots and dicots) and pActin.

In a preferred embodiment, the promoter is an inducible promoter.

The term "inducible" as applied to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>