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DESCRIPTION

FIELD OF THE INVENTION

[0001] 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)

[0002] 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.

[0003] 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.

[0004] 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).

[0005] 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.

[0006] 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

[0007] 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 et 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

[0008] 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
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in whether full-length or deleted versions are 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-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 (Mechtcheriakova et 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.

[0009] To address these, a system based on a deleted version of CPMV RNA-2 has recently been developed (Cafiizares et al.,
20086). 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 amplification 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 et al., 1998) in the inoculum
in addition to RNA-1, the deleted CPMV vector can be used as a transient expression system (WO/2007/135480) Bipartite
System, Method And Composition For The Constitutive And Inducible Expression Of High Levels Of Foreign Proteins In Plants;
also Sainsbury et 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.

[0010] 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.

[0011] 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 IgG molecules in the inoculated tissue but that the 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.

[0012] 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

[0013] 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.

[0014] 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.

[0015] 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 important in the purification of proteins from
plants as tannins released as a result of necrosis can interfere with protein purification (Sainsbury and Lomonossoff, 2008).
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[0016] Thus the present invention relates to improved protein production systems and methods, based on modified bipartite
virus sequences.

[0017] Thus in various aspects of the invention as defined in the claims there is 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

[0018] The present invention further provides processes as defined in the claims for increasing the expression or translational
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.

[0019] Some particular definitions and embodiments of the invention will now be described in more detail.

[0020] "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.

[0021] 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 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.

[0022] As described above, production of the longer of the two carboxy coterminal proteins encoded by 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 enhancer sequences derived from the CPMV RNA-2 genome segment is the initiation site at position 161 in the wild-type
CPMV RNA-2.

[0023] 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.

[0024] Atarget initiation site may 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.

[0025] 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. Two initiation sites are in-frame if they are in the same triplet
reading frame.

[0026] The target initiation site in enhancer sequences derived from the wild-type CPMV RNA-2 genome segment, i.e. the
initiation site at position 161, is 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.

[0027] Thus, a target initiation site is located upstream (5') 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. In 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.

[0028] 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 genome segment.
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[0029] 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 AUG 161, further enhances expression (Sainsbury and Lomonossoff, 2008).

[0030] The enhancer sequences of the present invention are based on modified sequences from the RNA-2 genome segments
of bipartite RNA viruses 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 virus (SqMV), Red
clover mottle virus (RCMV), Bean pod mottle virus (BPMV). Preferably, the bipartite virus (or comovirus) is CPMV.

[0031] 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 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 moittle 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 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 available.

[0032] To date, all comoviruses which have been investigated have been shown to have two alternative start codons 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.

[0033] 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.

[0034] Target initiation sites in other comoviruses may also 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.

[0035] 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.

[0036] 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 friplet reading frame, as they can only serve as initiation sites for the production of
two carboxy coterminal proteins if this is the case.

[0037] 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.

[0038] 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 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, 1 to 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
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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, 1 to 511, 10 to 511, 20 to
511, 30 to 511, 40 to 511, 50 to 511, 100 to 511,150 to 511, 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 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.

[0039] 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, or 1 to 200 of a comoviral RNA-2 genome segment sequence with
a mutated target initiation site.

[0040] 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, or 1 to 200, 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.

[0041] Enhancer sequences comprising at least 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.

[0042] In addition, enhancer sequences comprising at least 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.

[0043] Alternative embodiments of the invention are enhancer sequences having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%,
80%, 75% or 70%, 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.

[0044] 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.

[0045] 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 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.

[0046] 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.

[0047] 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 results in enhanced initiation of translation from start codons located downstream
of the inactivated translational suppressor.
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[0048] Thus, the present disclosure 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.

[0049] The present invention further provides a process as set out in the claims 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.

[0050] 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.

[0051] 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 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.

[0052] 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.

[0053] The enhancer sequences defined above may be used in various aspects and embodiments of the invention as follows.

[0054] Aspects of the present invention as set out in the claims can utilise an isolated nucleic acid consisting, or consisting
essentially of, an expression enhancer sequence as described above.

[0055] "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.

[0056] 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.

[0057] 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 cells or tissues). An "isolated nucleic acid" (either DNA or
RNA) may further represent a molecule produced directly by biological or synthetic means and separated from other components
present during its production.

[0058] 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 5' 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.

[0059] 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.

[0060] The invention further relates to gene expression systems as defined in the claims comprising an enhancer sequence of
the invention.
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[0061] Thus, in another aspect the present invention provides a gene expression as defined in the claims system comprising an
enhancer sequence as described above.

[0062] 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.

[0063] In a further aspect the present invention therefore provides a gene expression system as defined in the claims
comprising:

1. (a) an enhancer sequence as described above; and (b) a heterologous gene encoding a protein of interest, wherein the
gene is located downstream of the enhancer sequence.

[0064] The gene and protein of interest are heterologous i.e. not encoded by the wild-type bipartite RNA virus from which the
enhancer sequence is derived.

[0065] 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, i.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.

[0066] 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.

[0067] 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 cells.

[0068] Gene expression systems may be operably linked to promoter and terminator sequences.

[0069] 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.

[0070] Also provided herein is an expression cassette comprising:

i) a promoter, operably linked to

ii) an enhancer sequence as described above
iii) a gene of interest it is desired to express
iv) a terminator sequence.

.
.
.
-

B WO N =~

[0071] 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. (1) p35S: Odell et al., 1985
2. (2) Cassava Vein Mosaic Virus promoter, pCAS, Verdaguer et al., 1996
3. (3) Promoter of the small subunit of ribulose biphosphate carboxylase, pRbcS: Outchkourov et al., 2003.

[0072] Other strong promoters include pUbi (for monocots and dicots) and pActin.
[0073] In a preferred embodiment, the promoter is an inducible promoter.

[0074] The term "inducible" as applied to a promoter is well understood by those skilled in the art. In essence, expression under
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the control of an inducible promoter is "switched on" or increased in response to an applied stimulus. The nature of the stimulus
varies between promoters. Some inducible promoters cause little or undetectable levels of expression (or no expression) in the
absence of the appropriate stimulus. Other inducible promoters cause detectable constitutive expression in the absence of the
stimulus. Whatever the level of expression is in the absence of the stimulus, expression from any inducible promoter is increased
in the presence of the correct stimulus.

[0075] The termination (terminator) sequence may be a termination sequence derived from the RNA-2 genome segment of a
bipartite RNA virus, e.g. a comovirus. In one embodiment the termination sequence may be derived from the same bipartite RNA
virus from which the enhancer sequence is derived. The termination sequence may comprise a stop codon. Termination
sequence may also be followed by polyadenylation signals.

[0076] Gene expression systems of the invention may also comprise an untranslated region (UTR). The UTR may be located
upstream of a terminator sequence present in the gene expression cassette, gene expression construct or gene expression
system. Where the gene expression systems comprises a gene encoding a protein of interest, the UTR may be located
downstream of said gene.

[0077] Thus, the UTR may be located between a gene encoding a protein of interest and a terminator sequence. The UTR may
be derived from a bipartite RNA virus, e.g. from the RNA-2 genome segment of a bipartite RNA virus. The UTR may be the 3' UTR
of the same RNA-2 genome segment from which the enhancer sequence present in the gene expression cassette, gene
expression construct or gene expression system is derived. Preferably, the UTR is the 3' UTR of a comoviral RNA-2 genome
segment, e.g. the 3' UTR of the CPMV RNA-2 genome segment

[0078] As described above, it was previously shown to be essential for efficient replication of CPMV RNA-2 by the CPMV RNA-1-
encoded replicase that the frame between the initiation sites at positions 161 and 512 in the RNA-2 was maintained, i.e. that the
two initiation sites remained in the same triple reading frame (Holness et a/., 1989; van Bokhoven et al., 1993; Rohll et al., 1993).
This requirement limited the length of sequences which could be inserted upstream of the initiation site at position 512 in
expression vectors based on CPMV. In particular, it precluded the use of polylinkers as their use often altered the open reading
frame (ORF) between the two initiation sites.

[0079] The present inventors have shown that maintenance of the reading frame between the initiation sites at positions 161 and
512 in CPMV RNA-2 is also required for efficient initiation of translation at the initiation site at position 512, i.e. it is required for
efficient expression of the shorter of the two carboxy coterminal proteins encoded by CPMV (the 95K protein).

[0080] However, the present inventors have also demonstrated that mutation of the initiation site at position 161 in CPMV RNA-2
allows insertion of sequences upstream of the initiation site at position 512, which alter the frame between the mutated start
codon and the initiation site at position 512, without any negative effect on the level of expression of the 95K protein.
Consequently, mutation of the initiation site at position 161 means that there is no longer any restriction on the length of
sequences that can be inserted upstream of the initiation site at position 512.

[0081] Where maintenance of the reading frame between initiation sites coding for two carboxy-coterminal proteins is also
required in other bipartite viruses, this requirement may also be overcome by mutating the AUG which serves as the initiation site
for productions of the longer of the two carboxy-coterminal proteins encoded by the viral RNA-2 genome segment. Thus, in
another aspect the present invention provides a gene expression construct according to the claims comprising:

1. (a) an enhancer sequence as described above; and

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

[0082] The heterologous sequence may be located upstream of the start codon from which production of the shorter of two
carboxy coterminal proteins is initiated in the wild-type RNA-2 genome segment from which the enhancer sequence of the gene
expression system is derived. Alternatively, the heterologous sequence may be provided around the site of the start codon, or
replace the start codon, from which production of the shorter of two carboxy coterminal proteins is initiated in the wild-type RNA-2
genome segment from which the enhancer sequence of the gene expression system is derived. In a gene expression system with
an enhancer sequence derived from the RNA-2 of CPMV, the heterologous sequence may be provided upstream of, around the
site of, or replace, the start codon which is at position 512 in the wild-type RNA-2 CPMV genome segment.
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[0083] The heterologous sequence may be a polylinker or multiple cloning site, i.e. a sequence which facilitates cloning of a
gene encoding a protein of interest into the expression system.

[0084] For example, as described hereinafter, the present inventors have provided constructs including a polylinker between the
5' leader and 3' UTRs of a CPMV-based expression cassette. As described below, any polylinker may optionally encode one or
more sets of multiple Histidine residues to allow the fusion of N- or C terminal His-tags to facilitate protein purification.

[0085] Preferably the expression constructs above are present in a vector, and preferably it comprises border sequences which
permit the transfer and integration of the expression cassette into the organism genome.

[0086] Preferably the construct is a plant binary vector. Preferably the binary transformation vector is based on pPZP
(Hajdukiewicz, et al. 1994). Other example constructs include pBin19 (see Frisch, D. A., L. W. Harris-Haller, et al. (1995).
"Complete Sequence of the binary vector Bin 19." Plant Molecular Biology 27: 405-409).

[0087] As described herein, the invention may be practiced by moving an expression cassette with the requisite components into
an existing pBin expression cassette, or in other embodiments a direct-cloning pBin expression vector may be utilised.

[0088] For example, as described hereinafter, the present inventors have modular binary vectors designed for (but not restricted
to) use with the enhancer sequences described herein. These are based on improvements to the pBINPLUS vector whereby it
has been shown that it is possible to drastically reduce the size of the vector without compromising performance in terms of
replication and TDNA transfer. Furthermore, elements of the enhancer system (as exemplified by the so-called "CPMV-HT"
system) have been incorporated into the resulting vector in a modular fashion such that multiple proteins can be expressed from
a single T-DNA. These improvements have led to the creation of a versatile, high-level expression vector that allows efficient
direct cloning of foreign genes.

[0089] These examples represent preferred binary plant vectors. Preferably they include the ColEl origin of replication, although
plasmids containing other replication origins that also yield high copy numbers (such as pRi-based plasmids, Lee and Gelvin,
2008) may also be preferred, especially for transient expression systems.

[0090] If desired, selectable genetic markers may be included in the construct, such as those that confer selectable phenotypes
such as resistance to antibiotics or herbicides (e.g. kanamycin, hygromycin, phosphinotricin, chlorsulfuron, methotrexate,
gentamycin, spectinomycin, imidazolinones and glyphosate).

[0091] Most preferred vectors are the pEAQ vectors described below which permit direct cloning version by use of a polylinker
between the 5' leader and 3' UTRs of an expression cassette including a translational enhancer of the invention, positioned on a
T-DNA which also contains a suppressor of gene silencing and an NPTIl cassettes. The polylinker also encodes one or two sets of
6 x Histidine residues to allow the fusion of N- or C terminal His-tags to facilitate protein purification.

[0092] An advantage of pEAQ-derived vectors is that each component of a multi-chain protein such as an IgG can automatically
be delivered to each infected cell.

[0093] The present invention also provides methods of expressing proteins according to the claims e.g. heterologous proteins, in
host organisms such as plants, yeast, insect or mamalian cells, using a gene expression system of the invention.

[0094] The present invention further provides a method according to the claims of enhancing the translation of a heterologous
protein of interest from a gene or ORF encoding the same which is operably linked to an RNA2-derived sequence as described
above, the method comprising mutating a target initiation site in the RNA2-derived sequence.

[0095] The enhancer sequences described herein may also be used with bipartite expression systems as described in
WO/2007/135480. The invention therefore also relates to gene expression systems based on truncated RNA-2 gene segments,
optionally further comprising a second gene construct encoding a suppressor of gene silencing operably linked to promoter and
terminator sequences.

[0096] Thus also disclosed herein is a gene expression system comprising:

1. (a) a first gene construct comprising a truncated RNA-2 of a 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



2.
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construct comprises a mutated target initiation site upstream of the foreign gene; and optionally

(b) a second gene construct comprising RNA-1 of said bipartite virus genome operably linked to promoter and terminator
sequences; and optionally

(c) a third gene construct, optionally incorporated within said first gene construct, said second gene construct or both,
comprising a suppressor of gene silencing operably linked to promoter and terminator sequences.

[0097] The presence of a suppressor of gene silencing in a gene expression system (including any of those described above) of
the invention is preferred but not essential. Thus, a gene expression system, as defined above, preferably comprises a third gene
construct, optionally incorporated within said first gene construct, said second gene construct or both, comprising a suppressor of

gene silencing operably linked to promoter and terminator sequences.

[0098] Thus also disclosed herein is a method of expressing a protein in a plant comprising the steps of:

1.
2.

3.

(a) introducing a gene expression construct of the invention into a plant cell; and optionally

(b) introducing a second gene construct comprising RNA-1 of said bipartite virus genome operably linked to promoter and
terminator sequences into the plant cell; and optionally

(c) introducing a third gene construct, optionally incorporated within said first gene construct, said second gene construct
or both, comprising a suppressor of gene silencing operably linked to promoter and terminator sequences into the plant
cell.

[0099] Preferably, a method of expressing a protein in a plant, as defined above, comprises the step of introducing a third gene
construct, optionally incorporated within said first gene construct, said second gene construct or both, comprising a suppressor of

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

[0100] The present invention also provides methods comprising introduction of such a construct into a plant cell.

[0101] The present inventors have shown very high expression levels by incorporating both a gene of interest and a suppressor
of silencing onto the same T-DNA as the translational enhancer. Preferred embodiments may therefore utilise all these

components are present on the same T-DNA.

[0102] Additionally it should be understood that the RNA-1 is not required for high level expression in the systems described
herein, and indeed the "CPMV-HT" system described herein is not by the action of RNA-1.

[0103] Thus in further aspect the present invention relates to a gene expression system according to the claims comprising:

1.

2.

(a) a first gene construct comprising a truncated RNA-2 of a 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 mutated target initiation site upstream of the foreign gene; and optionally

(b) a second gene construct optionally incorporated within said first gene construct, a suppressor of gene silencing
operably linked to promoter and terminator sequences.

[0104] Thus, in another aspect the present invention provides a method of expressing a protein in a plant comprising the steps

of:

1.
2.

(a) introducing a gene expression construct of the invention into a plant cell; and optionally
(b) introducing a second gene construct optionally incorporated within said first gene construct, comprising a suppressor of
gene silencing operably linked to promoter and terminator sequences into the plant cell.

[0105] Suppressors of gene silencing useful in these aspects are known in the art and described in W0O/2007/135480. They
include HcPro from Potato virus Y, He-Pro from TEV, P19 from TBSV, rgsCam, 82 protein from FHV, the small coat protein of
CPMV, and coat protein from TCV. Most preferably, the RNA-2 of the system is truncated such that no infectious virus is
produced.
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[0106] A preferred suppressor when producing stable transgenic plants is the P19 suppressor incorporating a R43W mutation.
[0107] There is further disclosed a host cell containing a heterologous construct according to the present Invention.
[0108] Gene expression vectors of the invention may be transiently or stably incorporated into plant cells.

[0109] For small scale production, mechanical agroinfiftration of leaves with constructs of the invention. Scale-up is achieved
through, for example, the use of vacuum infiltration.

[0110] In other embodiments, an expression vector of the invention may be stably incorporated into the genome of the
transgenic plant or plant cell.

[0111] Also described herein is the step of regenerating a plant from a transformed plant cell.

[0112] Specific procedures and vectors previously used with wide success upon plants are described by Guerineau and
Mullineaux (1993) (Plant transformation and expression vectors. In: Plant Molecular Biology Labfax (Croy RRD ed) Oxford, BIOS
Scientific Publishers, pp 121-148). Suitable vectors may include plant viral-derived vectors (see e.g. EP-A-194809). If desired,
selectable genetic markers may be included in the construct, such as those that confer selectable phenotypes such as resistance
to antibiotics or herbicides (e.g. kanamycin, hygromycin, phosphinotricin, chlorsulfuron, methotrexate, gentamycin, spectinomycin,
imidazolinones and glyphosate).

[0113] Nucleic acid can be introduced into plant cells using any suitable technology, such as a disarmed Ti-plasmid vector
carried by Agrobacterium exploiting its natural gene transfer ability (EP-A-270355, EP-A-0116718, NAR 12(22) 8711 - 87215
1984; the floral dip method of Clough and Bent, 1998), particle or microprojectile bombardment (US 5100792, EP-A-444882, EP-
A-434616) microinjection (WO 92/09696, WO 94/00583, EP 331083, EP 175966, Green et al. (1987) Plant Tissue and Cell
Culture, Academic Press), electroporation (EP 290395, WO 8706614 Gelvin Debeyser) other forms of direct DNA uptake (DE
4005152, WO 9012096, US 4684611), liposome mediated DNA uptake (e.g. Freeman et al. Plant Cell Physiol. 29: 1353 (1984)),
or the vortexing method (e.g. Kindle, PNAS U. S.A. 87: 1228 (1990d) Physical methods for the transformation of plant cells are
reviewed in Oard, 1991, Biotech. Adv. 9: 1-11. Ti-plasmids, particularly binary vectors, are discussed in more detail below.

[0114] Agrobacterium transformation is widely used by those skilled in the art to transform dicotyledonous species. However
there has also been considerable success in the routine production of stable, fertile transgenic plants in almost all economically
relevant monocot plants (see e.g. Hiei et al. (1994) The Plant Journal 6, 271-282)). Microprojectile bombardment, electroporation
and direct DNA uptake are preferred where Agrobacterium alone is inefficient or ineffective. Alternatively, a combination of
different techniques may be employed to enhance the efficiency of the transformation process, eg bombardment with
Agrobacterium coated microparticles (EP-A-486234) or microprojectile bombardment to induce wounding followed by co-
cultivation with Agrobacterium (EP-A-486233).

[0115] The particular choice of a transformation technology will be determined by its efficiency to transform certain plant species
as well as the experience and preference of the person practising the invention with a particular methodology of choice.

[0116] It will be apparent to the skilled person that the particular choice of a transformation system to introduce nucleic acid into
plant cells is not essential to or a limitation of the invention, nor is the choice of technique for plant regeneration. In experiments
performed by the inventors, the enhanced expression effect is seen in a variety of integration patterns of the T-DNA.

[0117] Thus disclosed herein is a method of transforming a plant cell involving introduction of a construct of the invention into a
plant tissue (e.g. a plant cell) and causing or allowing recombination between the vector and the plant cell genome to introduce a
nucleic acid according to the present invention into the genome. This may be done so as to effect transient expression.

[0118] Alternatively, following transformation of plant tissue, a plant may be regenerated, e.g. from single cells, callus tissue or
leaf discs, as is standard in the art. Aimost any plant can be entirely regenerated from cells, tissues and organs of the plant.
Available techniques are reviewd in Vasil et al., Cell Culture and Somatic Cell Genetics of Plants, Vol I, Il and Ill, Laboratory
Procedures and Their Applications, Academic Press, 1984 , and Weissbach and Weissbach, Methods for Plant Molecular Biology,
Academic Press, 1989.

[0119] The generation of fertile transgenic plants has been achieved in the cereals such as rice, maize, wheat, oat, and barley
plus many other plant species (reviewed in Shimamoto, K. (1994) Current Opinion in Biotechnology 5, 158-162.; Vasil, et al.
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(1992) Bio/Technology 10, 667-674; Vain et al., 1995, Biotechnology Advances 13 (4): 653-671; Vasil, 1996, Nature
Biotechnology 14 page 702).

[0120] Regenerated plants or parts thereof may be used to provide clones, seed, selfed or hybrid progeny and descendants
(e.g. F1 and F2 descendants), cuttings (e.g. edible parts), propaguies, etc.

[0121] The Invention further provides a transgenic organism (for example obtained or obtainable by a method described herein)
in which an expression vector or cassette has been introduced, and wherein the heterologous gene in the cassette is expressed
at an enhanced level,

[0122] Also described herein is a method for generating the protein of interest, which method comprises the steps of performing
a method (or using an organism) as described above, and optionally harvesting, at least, a tissue in which the protein of interest
has been expressed and isolating the protein of interest from the tissue.

[0123] Specifically, the present invention therefore provides a transgenic plant or plant cell transiently transfected with an
expression vector of the invention.

[0124] In a further aspect, the present invention also provides a transgenic plant or plant cell stably transformed with an
expression vector of the invention.

[0125] The disclosure also provides a plant propagule from such plants, that is any part which may be used in reproduction or
propagation, sexual or asexual, including cuttings, seed and so on. It also provides any part of these plants which includes the
plant cells or heterologous DNA described above.

[0126] Thus in various aspects (and without limitation) there is described herein:

¢ Nucleic acids consisting or consisting essentially of an enhancer sequence of the invention (which enhancer sequence may
(for example) consist of nucleotides 1 to 512 of the CPMV RNA-2 genome segment, or be derived from that, or from
another RNA-2 genome segment of a bipartite RNA virus, in each case in which the target initiation site corresponding to
CPMV RNA-2 position 161 is mutated).

¢ Gene expression systems comprising such enhancer sequences, for example upstream of an ORF encoding a protein of
interest, or a polylinker, and optionally terminator.

» Bipartite expression systems as described in WO/2007/135480 modified according to the present invention to use
enhancer sequences described herein.

e Expression cassettes comprising: (i) a promoter, operably linked to (ii) an enhancer sequence as described above (iii) a
polylinker or gene of interest it is desired to express (iv) the cognate 3' UTR (i.e. from the 3' UTR of the CPMV RNA-2
genome segment), (v) a terminator sequence.

e Methods of expressing proteins, e.g. heterologous proteins, in host organisms such as plants using gene expression
systems or vectors of the invention.

¢ Host cells and organisms (e.g. plants or yeasts) expressing proteins from the gene expression systems or vectors of the
invention and methods of producing the same.

[0127] "Gene" unless context demands otherwise refers to any nucleic acid encoding genetic information for translation into a
peptide, polypeptide or protein. Thus unless context demands otherwise it used interchangeably with "ORF".

[0128] The genes which it may be desired to express may be transgenes or endogenes.

[0129] Genes of interest include those encoding agronomic traits, insect resistance, disease resistance, herbicide resistance,
sterility, grain characteristics, and the like. The genes may be involved in metabolism of oil, starch, carbohydrates, nutrients, efc.
Thus genes or traits of interest include, but are not limited to, environmental- or stress- related traits, disease-related traits, and
traits affecting agronomic performance. Target sequences also include genes responsible for the synthesis of proteins, peptides,
fatty acids, lipids, waxes, oils, starches, sugars, carbohydrates, flavors, odors, toxins, carotenoids, hormones, polymers,
flavonoids, storage proteins, phenolic acids, alkaloids, lignins, tannins, celluloses, glycoproteins, glycolipids, etc.

[0130] Most preferably the targeted genes in monocots and/or dicots may include those encoding enzymes responsible for oil
production in plants such as rape, sunflower, soya bean and maize; enzymes involved in starch synthesis in plants such as
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potato, maize, cereals; enzymes which synthesise, or proteins which are themselves, natural medicaments such as
pharmaceuticals or veterinary products.

[0131] Heterologous nucleic acids may encode, inter alia, genes of bacterial, fungal, plant or animal origin. The polypeptides
may be utilised in planta (to modify the characteristics of the plant e.g. with respect to pest susceptibility, vigour, tissue
differentiation, fertility, nutritional value etc.) or the plant may be an intermediate for producing the polypeptides which can be
purified therefrom for use elsewhere. Such proteins include, but are not limited to retinoblastoma protein, p53, angiostatin, and
leptin. Likewise, the methods of the invention can be used to produce mammalian regulatory proteins. Other sequences of
interest include proteins, hormones, growth factors, cytokines, serum albumin, haemoglobin, collagen, etc.

[0132] Thus the target gene or nucleotide sequence preferably encodes a protein of interest which is: an insect resistance
protein; a disease resistance protein; a herbicide resistance protein; a mammalian protein.

[0133] "Vector" is defined to include, inter alia, any plasmid, cosmid, phage, viral or Agrobacterium binary vector in double or
single stranded linear or circular form which may or may not be self transmissible or mobilizable, and which can transform a
prokaryotic or eukaryotic host either by integration into the cellular genome or exist extrachromosomally (e.g. autonomous
replicating plasmid with an origin of replication). The constructs used will be wholly or partially synthetic. In particular they are
recombinant in that nucleic acid sequences which are not found together in nature (do not run contiguously) have been ligated or
otherwise combined artificially. Unless specified otherwise a vector according to the present invention need not include a
promoter or other regulatory sequence, particularly if the vector is to be used to introduce the nucleic acid into cells for
recombination into the genome.

[0134] "Binary Vector": as is well known to those skilled in the art, a binary vector system includes (a) border sequences which
permit the transfer of a desired nucleotide sequence into a plant cell genome; (b) desired nucleotide sequence itself, which will
generally comprise an expression cassette of (i) a plant active promoter, operably linked to (ii) the target sequence and\or
enhancer as appropriate. The desired nucleotide sequence is situated between the border sequences and Is capable of being
inserted into a plant genome under appropriate conditions. The binary vector system will generally require other sequence
(derived from A. fumefaciens) to effect the integration. Generally this may be achieved by use of so called "agro-infiltration" which
uses Agrobacterium-mediated transient transformation. Briefly, this technique is based on the property of Agrobacterium
tumefaciens to transfer a portion of its DNA ("T-DNA") into a host cell where it may become integrated into nuclear DNA. The T-
DNAis defined by left and right border sequences which are around 21-23 nucleotides in length. The infiltration may be achieved
e.g. by syringe (in leaves) or vacuum (whole plants). In the present invention the border sequences will generally be included
around the desired nucleotide sequence (the T-DNA) with the one or more vectors being introduced into the plant material by
agro-infiltration.

[0135] "Expression cassette" refers to a situation in which a nucleic acid is under the control of, and operably linked to, an
appropriate promoter or other regulatory elements for transcription in a host cell such as a microbial or plant cell.

[0136] A "promoter" is a sequence of nucleotides from which transcription may be initiated of DNA operably linked downstream
(i.e. in the 3' direction on the sense strand of double-stranded DNA).

[0137] "Operably linked" means joined as part of the same nucleic acid molecule, suitably positioned and oriented for
transcription to be initiated from the promoter.

[0138] "Plant" species of interest include, but are not limited to, corn (Zea mays),Brassica sp. (e.g., B. napus, B. rapa, B. juncea),
particularly those Brassica species useful as sources of seed oll, alfalfa (Medicago sativa), rice (Oryza sativa), rye (Secale
cereale), sorghum (Sorghum bicolor, Sorghum vulgare), millet (e.g., pearl millet (Pennisetum glaucum)), proso millet (Panicum
miliaceum), foxtail millet (Setaria italica), finger millet, (Eleusine coracana)), sunflower (Helianthus annuus), safflower (Carthamus
tinctorius), wheat (Triticum aestivum), soybean (Glycine max), tobacco (Nicotiana tabacum), Nicotiana benthamiana, potato
(Solanum tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium barbadense, Gossypium hirsutum), sweet potato
(Ipomoea batatus), cassava (Manihot esculenta), coffee (Coffea spp.), coconut (Cocos nucifera), pineapple (Ananas comosus),
citrus trees (Citrus spp.), cocoa (Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.), avocado (Persea americana),
fig (Ficus casica), guava (Psidium guajava), mango (Mangifera indica), olive (Olea europaea), papaya (Carica papaya), cashew
(Anacardium occidentale), macadamia (Macadamia integrifolia), almond (Prunus arnygdalus), sugar beets (Beta vulgaris),
sugarcane (Saccharum spp.), oats, barley, vegetables, ornamentals, and conifers. The skilled person will appreciate that the
tropism of the viral vectors disclosed herein varies. However, determining suceptibility to such viruses is well within the purview of
the skilled person. Moreover, it may be possible to alter such specificity by recombinantly expressing receptors which facilitate
viral entry into a plant cell.
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[0139] The invention will now be further described with reference to the following non-limiting Figures and Examples. Other
embodiments of the invention will occur to those skilled in the art in the light of these.

BRIEF DESCRIPTION OF THE DRAWINGS

[0140]

Figure 1 shows a schematic diagram of CPMV expression vectors 00, 10, 01 and 11. In 00 expression vectors the initiation sites
at positions 115 and 161 are intact. In 10 expression vectors the initiation site at positions 115 has been mutated but the initiation
site at position 161 is intact. In 01 expression vectors the initiation site at positions 161 has been mutated but the initiation site at
position 115 is intact. In 11 expression vectors the initiation sites at positions 115 and 161 are both mutated. CPMV expression
vectors 00, 10, 01 and 11 also comprise an initiation site at either position 512 (FSC2-152), 513 (FSC2-513) or 514 (FSC2-514).
Bars are used to indicate the initiation sites from which protein expression is expressed to occur.

Figure 2 shows the level of soluble green fluorescent protein (GFP) expressed in plants transfected with the CPMV expression
vectors schematically illustrated in Figure 1. In expression vectors FSC2-512, FSC2-513 and FSC2-514, the gene encoding GFP
was inserted after the initiation codon at position 512, 513 and 514, respectively. The lanes of the SDS-PAGE gels are marked
00, 10, 01 and 11, depending on which of the initiation sites in the CPMV vector, at positions 115 and 161, are intact or mutated.
The lane marked '500ng' shows the position of a band corresponding to 500ng of GFP protein and thus indicates the expected
position of GFP protein expressed from the CPMV expression vectors. The left hand lane of each SDS-PAGE gel shows the
position of protein size markers.

Figure 3 shows the level of GFP expression in Nicotiana benthamiana leaves transfected with the same CPMV expression
vectors used in the experiment illustrated in Figure 2. The pale regions at the tips of the leaves correspond to regions of GFP
expression. Mutations made in order to inactivate the initiation sites at positions 115 and/or 161 in expression vectors 10, 01 and
11 are also indicated.

Figure 4 shows a comparison of Del-RNA-2 (expression vector 00 [FSC2-512] in Figure 1) and HT (expression vector 01 [FSC2-
512] in Figure 1) for transient expression of green fluorescent protein (GFP), Discosoma red fluorescent protein (DsRed), and the
hepatitis B core antigen (HBcAg). delRNA-2 or HT clones for each protein were infiltrated with the silencing suppressor P19. (A)
Tissue 7 days after infiltration with delRNA-2 constructs becomes necrotic when DsRed or HBcAg is expressed whereas this is not
the case for HT driven expression. In fact, tissue expressing DsRed by HT looks visibly red under day light conditions. (B)
Coomassie-stained SDS-PAGE analysis of protein expression. The prominent bands corresponding to recombinant proteins as
indicated were confirmed by western blotting. 1- marker, 2- uninfiltrated tissue, 3- delRNA-2 construct, 4- HT construct, 5-
commercial standard where available. Crude extracts from approximately 5 mg of infiltrated tissue were loaded per lane as was 2
Mg of GFP standard and 2 pg of HBcAg standard. No standard for DsRed was available at the time.

Figure 5 shows an initial comparison of Del-RNA-2 (expression vector 00 [FSC2-512] in Figure 1) and HT (expression vector 01
[FSC2-512] in Figure 1) for transient expression of the human anti-Human Immunodeficiency Virus antibody 2G12: The IgG Heavy
chain was either in natural form (HL) or ER-retained (HEL) and infiltrated with the light chain and P19. (A) Expression of 2G12-
HEL by del-RNA-2 leads to necrosis of infiltrated tissue whereas this does not occur for HT expression. (B) SDS-PAGE analysis of
crude extracts of tissue infiltrated with the antibody heavy chains (delRNA-2 or HT) plus P19. For each sample crude extract from
5 mg of infiltrated tissue was loaded as was 1 pg of standard human IgG. A band corresponding to 2G12 is easily visible after
coomassie staining. (C) Accumulation of antibody 2G12 after 5 days was measured by capture to protein A and surface plasmon
resonance spectroscopy and represents the concentration following extraction in 2 volumes of buffer (PBS, 5 mM EDTA).
Therefore, we can derive fresh weight concentrations approaching 150 mg/kg (for HT HEL) without any optimisation of plant
incubation or extraction. Three samples were measured for each treatment.

Figure 6 shows an electron micrograph of assembled HBcAg particles, which were expressed using the HT (expression vector 01
[FSC2-512] in Figure 1) expression system described herein. The assembled HBcAg particles appear as hollow spheres, about
30 nm in diameter. The sap containing the HBcAg particles was not concentrated before the electron micrograph was taken,
although unwanted salts were removed. Therefore, the electron micrograph represents the concentration of HBcAg particles in
the sap.

Figure 7 shows the vector pM81-FSC1.

Figure 8 shows the vector pM81-FSC2.
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Figure 9 shows a schematic representation of the construction of pEAQ. (A) Starting pBINPLUS-based plasmid with extraneous
sequence shown in grey. (B) PCR products containing essential elements of the binary vector. (C) Intermediate plasmid following
3-part ligation of end-tailored PCR products. (D) Final plasmid following amplification and subsequent ligation of two fragments
from the intermediate.

Figure 10 shows a schematic representation of the T-DNAs of the main pEAQ derivatives. The T-DNAs contain either or both of
the P19 and NPTII cassettes as indicated leaving possible cloning into restriction sites as indicated.

Figure 11 shows expression levels of GFP generated by pEAQ vectors compared to its parent plasmid pBB-FSC2-512-HT.
Tissue was analysed 6 days after infiltration with P19 and the vector indicated except for pEAQexpress, which was infiltrated alone
at the standard OD, or at a two-fold dilution. (A) Leaves visualised under UV light, (B) coomassie-stained 12% SOS-PAGE, and
(C) spectrofluorometric analysis.

Figure 12 shows the ability of P19(R43W) to enhance GFP expression compared to wild type P19. Tissue was analysed 6 days
after infiltration with pEAQselectK at two-fold dilution (selK -P19), pEAQselectK and P19 (selK); pEAQspecialK (spK),
pEAQspecialK at two-fold dilution (spK 1:2), pEAQspecialKm (spKm), pEAQspecialKm at two-fold dilution (spKm 1:2),
pEAQexpress (ex), and pEAQexpress at two-fold dilution (ex 1:2). (A) Leaves visualised under WV light and (B)
spectrofluorometric analysis.

Figure 13 shows expression of the full size IgG, 2G12, with a single pEAQ plasmid. (A) Schematic representation of the two
pEAQexpress-derived plasmids constructed to express 2G12. (B) infiltration scheme indicating dilutions and their respective ODs
for each plasmid combination, and the concentration of protein extracts made after infiltrations at each OD (+ SD). (C)
Coomassie-stained 12-4% SDS-PAGE analysis and (D) immunological detection of 2G12 heavy (y) and (E) immunological
detection of 2G12 Fab region (Fab) chain 8 days after infiltration. M, marker with sizes indicated; C, control extract; Std, CHO-
produced 2G12. For coomassie-staining, protein from the equivalent of 3 mg of infiltrated tissue is loaded in each lane with 1 ug
of CHO2G12 and for western blotting the equivalent of 0.75 mg of tissue in each lane with 250 ng of CHO2G12. Estimated
assembly/degradation products are indicated.

Figure 14 shows the cloning and expression of GFP from pEAQ-HT in native and histagged variants. (A) Schematic
representation of the pEAQ-HT T-DNA with polylinker detail. (B) Spectrofluorometric analysis of GFP expression. spK =
pEAQspecialK-GFP-HT, GFP, HisGFP, and GFPHis = pEAQ-HT clones. (C) 12% SDS-PAGE and western analysis of GFP
expression. C = control extract.

Figure 15 shows a nucleic construct of the present invention which is suitable for use in insect cells as part of a baculovirus
vector.

EXAMPLES

Example 1

1.1 METHODS

Creation of expression vector FSC2 and its derivatives

[0141] A useful cloning vector for the expression of foreign proteins from a pBinP-1-GFP-based plasmid (Cafiizares ef al., 2006)
was created by excising the complete sequence of RNA-2 flanked by the Cauliflower mosaic virus (CaMV) 358 promoter and
nopaline synthase (nos) terminator from pBinP-S2NT (Liu and Lomonossoff, 2002) and inserting it into mutagenesis plasmid
pM81W (Liu and Lomonossoff, 2006) as an Ascl/Pacl fragment. The resulting plasmid, pM81W-S2NT, was subjected to a single
round of mutagenesis which simultaneously introduced four changes (see method in Liu and Lomonossoff, 2006) to give pM81B-
S2NT-1. The mutagenesis removed two BspHI sites from the vector backbone and introduced a BspHI site (T/CATGA) around
AUG 512 and a Stul site (AGG/CCT) after UAA 3299, the termination codon for the RNA-2-encoded polyprotein. Subsequently,
the BamHI/Ascl fragment was excised from pBinP-NS-1 (Liu et al, 2005) and ligated into similarly digested pM81B-S2NT-1,
yielding pM81-FSC-1. This vector allows the whole of the RNA-2 ORF downstream of AUG 512 to be excised by digestion with
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BspHI and Stul and replaced with any sequence with BspHl and Stul (blunt)-compatible ends. The use of the BspHI site is
important as it preserves the AUG at 512 and this initiator is used to drive translation of the inserted gene. To express the foreign
gene in plants, the pM81-FSC-1 -derived plasmid is digested with Ascl and Pacl and the fragment containing the expression
cassette including the foreign sequences transferred to similarly digested pBINPLUS and the resulting plasmids are finally
transformed into A. tumefaciens.

[0142] To improve the ease of cloning, expand the choice of applicable restriction enzymes, and to investigate the effect of
reading frame on foreign gene expression, the whole RNA-2 ORF was replaced with a short polylinker. A combination of
oligonucleotide insertion and site-directed mutagenesis resulted in pM81-FSC-2, which allows cloning with Nrul (TCG/CGA) and
either Xhol (C/TCGAG) or Stul. The terminal adenine of the Nrul site lies at position 512 thereby preserving the AUG found here.
The modifications altered nucleotides immediately 5' to the AUG at 512, however, a good context was maintained. Cloning GFP
into pM81-FSC-2 such that its translation was initiated from an AUG at 512, 513, 514, or 515 gave the pM81-FSC-1 derived
constructs pM81-FSC2-512, pM81-FSC2-513, pM81-FSC2-514, and pM81-FSC2-515. These pM81-based plasmids are the
cloning vectors containing the expression cassettes which were then transferred into the binary vector to produce the expression
vectors FSC2-512, FSC2-513 and FSC2-514 used in the Experiments shown in Figures 2 and 3. Differences between the
sequence of the wt RNA-2 genome segment of CPMV and the pM81-FSC1 and pM81-FSC2 vectors are shown in Table 3.
Nucleotides altered in the vectors compared with the wt CPMV sequence are shown as capital letters.

[0143] Agrobacteria-mediated transient transformation following mobilisation into pBINPLUS (as outlined above for pM81-FSC-1)
showed that lower protein levels are obtained when frame continuity between AUG 161 and the downstream AUG is not
maintained. There was a significant decrease in the amount of GFP translated from the +1 and +2 positions relative to AUGs 161
and 512, whereas translation from the +3 position (that is, from 515 and back in frame) was as efficient as translation from an
AUG at 512. To show that this was not due to weakened contexts of the AUGs at 513 and (to a lesser extent) 514, FSC2-515+
was created to initiate from +3 position but with the same poor context as FSC2-513. Expression from FSC2-515+ was as high as
that achieved from FSC2-512 or 515, indicating that inferior context does not explain the reduction in expression from FSC2-513
and 514.

[0144] Given that the known mechanisms by which translation can escape the first-AUG rule are not known to require frame
continuity, it is intriguing that efficient translation from a deleted RNA-2-based vector depends on frame continuity between AUG
161 and the downstream AUG. In order to understand, and hopefully overcome this phenomenon, a series of mutants were
created with modifications to the 5' sequence of RNA-2. Complement pairs of oligonucleotides (see Table 2) were used in the site-
directed mutagenesis of pM81-FSC2-512, 513, and 514. The mutations removed either AUG 115 (the start codon for the uORF),
AUG 161 (without changing the amino acid sequence of the uORF), or both of these upstream initiation sites. Double mutations
were made by mutagenizing the A115G mutants with the U162C oligos (Table 2).

[0145] Transient expression from these mutant transcripts was carried out as described for previous pM81-FSC-2 constructs.
Analysis of expression of GFP from these mutants using coomassie-stained SDS-PAGE (Figure 2) or UV light to visualise whole
leaves (Figure 3) shows a strong increase in expression in the absence of the AUG at 161. Furthermore, the removal of AUG 161
alone or both AUGs 115 and 161 alleviates the dependence on frame continuity between AUG 161 and the downstream AUG. In
contrast, removal of just AUG 115 appears to enhance this dependency as well as generally inhibit translation. In conclusion, the
UORF appears to function to down-regulate translation from AUG 161, which is both generally inhibitory and confers dependence
on frame continuity.

Electron microscopy of sap containing HBcAg particles

[0146] The sap used for the electron micrograph of the assembled HBcAg particles shown in Figure 6 was prepared as follows.
Leaf tissue was extracted in 2 volumes of Tris/NaCl buffer and exchanged for TE without concentration on a 100 kDa MWCO
column. The final concentration of HBcAg was approximately 0.2 mg/ml as judged by comparison to standard on a coomassie
stained SDS-PAGE gel.

1.2 RESULTS

(1) Effect of altering relative phases of the initiation sites at position 161 (AUG161)and 512 (AUG512).
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[0147] To achieve this extra nucleotides were inserted immediately upstream of AUG512 (FSC2-512) to move the AUG to
position 513, 514 and 515 (FSC2-513, FSC2-514 and FSC2-515) (Figure 1). Putting AUG512 out-of-phase with AUG161 (FSC2-
513 and FSC2-514) gave less GFP expression as judged by fluorescence (Figure 3) and Coomassie-stained gels (Figure 2).
Restoring the phase (FSC2-515) brought expression back to levels seen with the natural situation (FSC2-512). The conclusion is
that when AUG161 is present, initiation at a downstream AUG is most efficient when it is in-phase with the AUG at position 161.

(2) Removal of the initiation site at position 115 (AUG115) coupled with altering relative phases of the initiation sites
at position 161 (AUG161)and 512 (AUG512).

[0148] Removal of AUG115 has little or no effect when GFP expression is driven from AUG512 i.e. when this second AUG is in
phase with AUG161 (see lanes labelled 10 in Figures 2 and 3). However, deletion of AUG115 when the second AUG is out-of-
phase with AUG161 (513, 514) results in virtually no GFP expression (see lanes labelled 10 in Figures 2 and 3). Conclusion:
AUG115 is somehow involved in the ability of ribosomes to by-pass AUG161 and reach AUG512. However, this requires the
downstream AUG to be in the correct phase.

(3) Effect of removal of the initiation site at position 161 (AUG161)

[0149] The effect of this mutation is incredibly dramatic with GFP expression levels reaching 20-30 times the amount found when
AUG161 is present (see lanes labelled 01 in Figures 2 and 3). Furthermore, it no longer appears to matter which phase AUG512
is in, though in the absence of AUG161, the idea of phase does not mean much. In addition the presence or absence of AUG115
makes no difference (see lanes labelled 11 in Figures 2 and 3).

[0150] When using the delRNA-2 (expression vector 00 [FSC2-512] in Figure 1) constructs for DsRed and HBcAg expression,
within 5 days infiltrated patches have lost turgor pressure and become chlorotic (pale). By 7 days the tissue appears grey and is
completely dead. When using HT (expression vector 01 [FSC2-512] in Figure 1), the tissue remains turgid after 7 days and the
only sign of stress is slight chlorosis of HBcAg expressing tissue. When the heavy chain of the 2G12 IgG is expressed by delRNA-
2 and retained in the ER, chlorosis is evident after 7 days, whereas for HT this is not observed. The level of necrosis seen in
plants when using HT to express a heterologous protein is thus much lower, despite the higher level of heterologous protein
expression achieved, than when using delRNA-2 to express the heterologous protein.

DISCUSSION

[0151] Very high levels of foreign gene expression can be expressed from the delRNA-2 constructs by deleting AUG161. At
present, using GFP, we estimate the levels as 25-30% of total soluble protein (TSP) or approximately 1 gram expressed protein
per Kg leaves. This is a tremendous level and the approach we use is extremely simple. The fact that we no longer need to
preserve a reading frame means that user-friendly vectors with polylinkers can be produced.

Example 2

2.1 BACKGROUND

[0152] As described in Example 1, to investigate the features necessary for the 5' untranslated region (UTR) of CPMC RNA-2
necessary for efficient expression, the present inventors addressed the role of two AUG codons found within the 5' leader
sequence upstream of the main initiation start site. The inventors demonstrated that deletion of an in-frame start codon (161)
upstream of the main translation initiation site (512) led to a massive increase in foreign protein accumulation.

[0153] Using this system the inventors have shown that by 6 d postinfiltration, a number of unrelated proteins, including a full-

size 1I9gG and a self-assembling virus-like particle, were expressed to >10% and 20% of total extractable protein, respectively.
Thus, this system provides an ideal vehicle for high-level expression that does not rely on viral replication of transcripts.
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[0154] This new system (as exemplified by expression vector 01 [FSC-512] in Figure 1) has been called "CPMV-HT" for hyper-
translatable Cow Pea Mosaic Virus protein expression system.

[0155] The HT-CPMV system shows dramatic increases in protein levels and thus is an excellent method for the rapid, high-level
expression of foreign proteins in plants.

[0156] A growing array of binary vectors has been developed for plant transformation over the past 25 years (Hellens et al.,
2000b; Veluthambi et al., 2003; Lee and Gelvin, 2008). The main aim of these developments has thus far focused on improving
stable integration by, for example, expanding the host range for Agrobacteria (Hiel et al., 1994), the creation of a series of vectors
that allow a choice of selectable markers, expression cassettes and fusion proteins (exemplified by the pCAMBIA range of open
source binary vectors; http://mww.cambia.org/daisy/bioforge legacy/3725.html), or by developing systems for minimising
extraneous DNA integration and marker-free transformation (for example pCLEAN; Thole et al., 2007).

[0157] Binary vectors have also been engineered to replicate at low copy numbers to reduce the frequency of multiple
integration events of the same transgene, as this can lead to gene silencing (Johansen and Carrington, 2001).

[0158] However, for transient expression, ensuring efficient integration into the host nucleus and the presence of marker for in
planta selection are not strictly required. Furthermore, upon agro-infiltration each cell is flooded with T-DNA molecules, which are
thought to be transcriptionally competent in the nucleus even without genome integration (Janssen and Gardner, 1989;
Narasimhulu et al., 1996). This suggests that transient expression could benefit from higher copy number binary plasmids.

[0159] Another area of improvement of binary vectors has been the reduction in size of the vector backbone. Two prominent
examples that continue to demonstrate the benefits of smaller plasmids are pPZP (Hajdukiewicz et al., 1994) and pGREEN
(Helens et al., 2000a). In addition to improving the efficiency of cloning procedures and bacterial transformation, these vectors
have provided templates for expression systems that rely on multiple cassettes present on a single T-DNA (TZira et al., 2005;
Thole et al., 2007). The present example discloses non-obvious refinements of this vector which facilitates its practical use by
permitting the cloning to be done in a single step, rather than requiring subcloning of expression cassettes between the cloning
vector (e.g. pM81-FSC2) and expression systems (e.g. PBINPLUS). More specifically, the results herein show it was possible to
drastically reduce the size of pBINPLUS without compromising performance in terms of replication and TDNA transfer.
Furthermore, elements of the CPMV-HT system have been incorporated into the resulting vector in a modular fashion such that
multiple proteins can be expressed from a single T-DNA. These improvements have led to the creation of a versatile, high-level
expression vector that allows efficient direct cloning of foreign genes.

2.2 MATERIALS AND METHODS

[0160] pBD-FSC2-512-U162C (HT), contains the FSC2-512-U162C cassette (see Example 1) inserted into the Pacl/Ascl sites of
pBINPLUS (van Engelen et al., 1995). The essential segments of this plasmid (see below) were amplifed with the high fidelity
polymerase, PHUSION (New England Biolabs) using oligonucleotides encoding unique restriction enzyme sites for re-ligation
(Table 4.1). The T-DNA region was amplified with a sense primer homologous to sequence upstream of a unique Ahdl site (pBD-
LB-F) and an antisense primer that included an Apal site (pBD-RB-Apal-R). A region including the ColEl origin of replication, the
NPTIIl gene, and the TrfA locus was amplified with a sense primer that included an Apal site (pBD-ColEl-Apal-F), and an antisense
primer that included a Spel site (pBD-TrfA-Spel-R). The RK2 origin of replication (OriV) was amplified with a sense primer that
included a Spel site (pBD-oriVSpel-F) and an antisense primer that included an Ahdl site (pBD-oriV-Ahdl-R). Following
purification, the products were digested according to the unique restriction sites encoded at their termini and mixed for a three-
point ligation. This resulted in the plasmid pEAQbeta, for which the ligation junctions were verified by sequencing. A deletion of
approximately 1.2 kb from the T-DNA which had removed a portion of the nos terminator of the CPMV-GFP-HT cassette was
detected. Therefore, a portion of the terminator including the right border from pBD-FSC2-GFP-HT was re-amplified with primers
pMini>pMicroBIN-F2 and pBD-RB-Apal-R, as was the pEAQbeta backbone, including the right border, using primers pBD-ColEl-
Apal-F and pMini>pMicroBIN-R (Table 4.1). The purified products were digested with Apal and Fsel and ligated to give pEAQ
(Figure 9).

[0161] The P19 gene flanked by 35S promoter and 358 terminator was amplified from pBIN61-P19 (Voinnet et al., 2003) using
either 358P19-Pacl-F and 358P19-AscIR, or 358P19-Fsel-F and 35S-P19-Fsel-R as primers (Table 4.1). The NPTIl gene flanked
by the nos promoter and terminator was amplified from pBD-FSC2-GFPHT using primers pBD-NPTIl-Fsel-F and pBD-NPTI-Fsel-R
(Table 4.1). Following A-tailing, the amplified cassettes were ligated into pGEM-T easy (Promega). The P19 cassette excised from
pGEM-T easy with Fsel was ligated into Fsel-digested pEAQ-GFP-HT to give pEAQexpress-GFP-HT. The NPTII cassette excised
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with Fsel was ligated into Fsel-digested pEAQ-GFP-HT in both directions to give pEAQselectK-GFP-HT and pEAQselectK(rev)-
GFP-HT. The NPTIl cassette was also excised with Pacl/Ascl and ligated into the AsiSI/Mlul sites of pEAQselectK-GFP-HT to give
pEAQspecialK-GFP-HT. The P19 in pGEM-T was subjected to site-directed mutagenesis by the QUICKCHANGE method
(Stratagene) to effect the conversion of Arginine43 to a tryptophan residue using primers P19-R43W-F and P19-R43W-R. The
mutant P19 cassette was released with Pacl/Ascl digest and inserted into the AsiSI/Miul sites of pEAQselectK-GFP-HT to give
pEAQspecialKm-GFP-HT.

[0162] Oligonucleotides encoding the sense and antisense strands of a short polylinker (Table 4.1) were annealed leaving the
downstream half of an Nrul site at the 5'end and an overhang matching that of Xhol at the 3' end. The annealed oligos were
ligated with Nrul/Xhol digested pM81-FSC2-A115G-U162C (see above) to give pM81-FSC2-POW. The Nrul site was removed from
the P19 cassette in pGEM-T by site-directed mutagenesis (QUICKCHANGE; Stratagene) with the primers P19-ANrul-F and P19-
ANrul-R, and was re-inserted into the AsiSI/Mlul sites of pEAQselectK-GFP-HT to give pEAQspecialKANrul-GFP-HT which showed
no reduction in expression compared to pEAQspecialK-GFP-HT (data not shown). The Pacl/Ascl fragment from pM81-FSC2-POW
was then released and inserted into similarly digested pEAQspecialKANrul-GFP-HT thereby replacing the GFP HT expression
cassette and yielding pEAQ-HT. GFP was amplified from pBD-FSC2-GFP-HT with a set of four primers (Table 4.1) in three
combinations for insertion into pEAQ-HT: GFP-Agel-F and GFP-Xhol-R; GFP-Agel-F and GFP-Xmal-R; and GFP-Xmal-F and
GFP-Xhol-R. Purified PCR products were digested with the enzymes specified in their primers and inserted into appropriately
digested pEAQ-HT to give pEAQ-HT-GFP, pEAQ-HT-GFPHis, and pEAQ-HT-HisGFP.

Table 4.1. Oligonucleotides used for amplification and mutagenesis. Restriction enzyme sites, or parts thereof, are shown in lower
case, and mutations underlined in bold.

Oligo Sequence Function
Sense primer for amplification of the
pBD-LB-F GCCACTCAGCTTCCTCAGC region 6338-12085 of pBD-FSC2-GFP-
GGCTTT HT
Antisense primer for amplification of the
A CCGGCGCCAG
pBD-RB-ApalR TATT S CGC region 6338-12085 of pBD-FSC2-GFP-
ATCTGGGGAACCCTGTGG HT with Apal site
GACTTAgggeccGTCCATTTC Sense primer for amplification of the
pBD-ColElApal-F CGCGCAGACGATGACGTCA region 1704-5155 of pBD-FSC2-GFP-HT
cT with Apal site
GCATTAactagtCGCTGGCTG Antisense primer for amplification of the
pBD-TrfA-Spel-R CTGAACCCCCAGCCGGAAC region 1704-5155 of pBD-FSC2-GFP-HT
TGACC with Spel site
Sense primer for amplification of the
TAGC TACATCACC
pBD-oriV-Spel-F GTAGCactagtGTACA region 14373-670 of pBD-FSC2-GFP-HT
GACGAGCAAGEC with Spel site
Antisense primer for amplification of the
pBD-oriV-Ahd-R CAGTAgacagyciglcTCGCGE region 14373-670 of pBD-FSC2-GFP-HT
CCGAGGGGCGCAGCCC with Ahdl site
ggecggecacgeatTATCTGCAG S . o lificati £h
ense primer for amplification of the
pMini>pMicr oBIN-F2 AgogalogoGAATTGTGAGCE region 2969-85 of pEAQbeta with Fesk-
AACAGCTATGACC
S gcgatcgcTCTGCAGATAacgeg Antisense primer for amplification of the
pMini>pMicr oBIN-R tagecagecCTCACTGGTGAAA region
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Oligo Sequence Function
AGAAAAACCACCCCAGTAC 2969-85 of pEAQbeta with AsiSI-MIul-
ATTAAAAACGTCC Feslsites
35SP19-PackF ttaattaaGAATTCGAGCTCGG Sense primer for amplification of the 35S-
TACCCCCCTACTCC P19 cassette with Pacl site
35SP19-Ascl-R 9gcgegccATCTTTTATCTTTA Antisense primer for amplification of the
i GAGTTAAGAACTCTTTCG 35S-P19 cassette with Ascl site
ggccggccGAATTCGAGCTCG Sense primer for amplification of the 35S-
35SP19-Fsel-F GTACCCCC P19 cassette with Fsel site
35SP19-Fsel-R ggeeggecATCTTTTATCTTTA Antisense primer for amplification of the
GAGTTAAG 35S-P19 cassette with Fsel site
Sense primer for amplification of the NPTII
TACAGTATGAGCG .
pBD-NPTI-Fsel-F Jo0eggortAnAe cassette from pBD-FSC2-GFP-HT with
GAGAATTAAGGGAGTCACG .
Fsel site
9gccggecTACAGTCCCGATC Antisense primer for amplification of the
pBD-NPTI-Fsel-R TAGTAACATAGATGACACC NPTIl cassette from pBD-FSC2-GFP-HT
GCGC with Fsel site
P19-RA3W-F CGAGTTGGACTGAGTGGTG Sense primer for mutagenesis of arginine
GCTACATAACGATGAG 43 of P19 to a tryptophan residue
P19-R43W-R CTCATCGTTATGTAGCCACC Antisense primer for mutagenesis of
ACTCAGTCCAACTCG arginine 43 of P19 to a tryptophan residue
P19-ANFULF CCGTTICTGGAGGGTCTCG Sense primer for the silent mutagenesis of
AACTCTTCAGCATC the Nrul restriction site within P19
P19-ANFULR GATGCTGAAGAGTTCGAGA Antisense primer for the silent
CCCTCCAGAAACGG mutagenesis of the
Nrul restriction site within P19
¢gaccggtATGCATCACCATCA
POW-F CCATCATccegggCATCACCA Sense oligo for polylinker, POW
TCACCATCACTAGc
tcgagCTAGTGATGGTGATGG
POW-R TGATGCccgggATGATGGTGA Sense oligo for polylinker, POW
TGGTGATGCATaccggttcy
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Oligo Sequence Function
GFP-AgekF atcggaccgglatgactagcaaaggag Sense oligo for amplification of GFP with
aagaac Agel site
atccgaccegggactagcaaaggaga Sense oligo for amplification of GFP with
GFP-Xmal-F .
agaacttttcac Xmal site and no start codon
atccgaccegggtitgtatagttcatecat Antisense oligo for amplification of GFP
GFP-Xmal-R ‘ . . L
gee with Xmal site and no termination codon
atcctcgagttatttgtatagticat i i i i
GFP-XhoLR cgatcctcgagttattigtatagticatcca Aptlsense gllgo for amplification of GFP
toce with Xhol site
2.3 RESULTS

2.3.1 pBINPLUS contains at least 7.4kb of extraneous sequence

[0163] Expression from CPMV-HT enables the production of extremely high levels of recombinant proteins. Nevertheless it was
desired to further improve the system and its use for transient transformation.

[0164] The first area of improvement relates to the fact that small plasmids are more efficient than larger ones in ligation
reactions and bacterial transformation procedures. Comparisons with the structures of smaller binary vectors indicated that
pBINPLUS likely contains significant amounts of extraneous sequence. Four elements of pBINPLUS were determined to be
essential for proper function as a binary vector: the T-DNA, the RK2 (OriV) broad host range replication origin, the NPTIIl gene
conferring resistance to kanamycin (Trieu-Cuot and Courvalin, 1983), and TrfA from RK2 that promotes replication (Figure 9).
Bioinformatic analysis of the remaining backbone sections show them to be artefacts of the construction of pBIN19, which relied
on the presence of appropriate restriction sites within parent plasmids (Bevan, 1984). These observations are confirmed by a
report on the complete sequencing of pBIN19 (Frisch et al., 1995). pBINPLUS includes the non-essential ColEl replication origin
for higher copy number in E. coli. Approximately 2.6kb of superfluous DNA can be found within the T-DNA. This includes the NPTII
selectable marker for plant transformation that is not required for transient expression. Overall, the total amount of extraneous
sequence within pBINPLUS appears to be in excess of 7.2kb.

2.3.2 pEAQ series construction

[0165] In order to monitor the effects on expression resulting from modifications to vector, we chose to start with the pBINPLUS-
derived plasmid, pBD-FSC2-512-U162C(HT). Three regions, consisting of the T-DNA, the RK2 (OriV) replication origin, and a
segment containing the ColEl origin, NPTIIl, and TrfA, were amplified by PCR from pBD-FSC2-GFP-HT. Ligation of these three
fragments resulted in the plasmid pEAQbeta (Figure 9), which is 4584 bp smaller than its parent plasmid. A further round of PCR
amplification of pEAQbeta removed 2639 bp of non-essential sequence from the T-DNA region and inserted three unique
restriction sites, AsiSI, Mlul, and Fsel. AsiSI/Mlul digestion Is compatible with the insertion of Pacl/Ascl fragments, and is therefore,
extremely useful for cloning multiple cassettes from all previous CPMV cloning vectors. Fsel provides a unique 8-base recognition
site useful for interchanging different selection markers or silencing suppressor cassettes. The resulting pEAQGFP-HT plasmid is
less than half the size of pBINPLUS and without the CPMVHT expression cassette would be only 5137 bp, making it one of the
smallest known binary vectors (Figure 9). The entire pEAQ plasmid was sequenced and it was discovered that the RK2 origin of
replication was in the reverse orientation to that previously reported (Frisch et al., 1995) and is therefore indicated in the correct
orientation in pEAQ-GFP-HT.

[0166] pEAQ-GFP-HT was used as a starting point for the inclusion of various additional features into the T-DNA (Figure 10).
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The NPTII cassette from pBINPLUS was re-inserted into the Fsel site of pEAQ in both the forward and reverse orientations relative
to the GFP-HT cassette to give pEAQselectK-GFP-HT and pEAQselectK(rev)-GFP-HT.

[0167] The 35S-P19 cassette was inserted into the Fsel site to give pEAQexpress-GFP-HT. Finally, the 35S-P19 cassette was
inserted into the Miu/AsiS| sites of pEAQselectK-GFP-HT to give pEAQspecialK-GFP-HT. Thus, a series of small binary vectors
for easy and quick transient expression were constructed.

2.3.3 Reduction in size does not compromise transient expression from pEAQ

[0168] Agro-infiltration of the pEAQ series of vectors shows that the large reduction in size does not significantly compromise
expression levels in transient assays. Coinfiltration of pEAQ-GFP-HT, and pEAQselectK(rev)-GFP-HT with P19 provided by
pBIN61-P19, resulted in levels of expression not significantly different to the co-infiltration of pBD-FSC2-512-HT and P19. This
can be seen under UV illumination (Figure 11A), SDS-PAGE (Figure 11B), and spectrofluorescence measurements of GFP in
protein extracts (Figure 11C). Interestingly, the orientation of the NPTII cassette within the T-DNA appears to affect expression
level. pEAQselectK shows a marked improvement compared to the otherwise identical pEAQselectK(rev), which results in a
reduction in GFP accumulation.

[0169] Theoretically, the incorporation of a suppressor of silencing cassette into pEAQ should not affect its ability to improve
transient expression level from a foreign gene to be expressed from the same T-DNA. Indeed, the infiltration of pEAQexpress-
GFP-HT alone also resulted in expression levels similar to, or better than, pBD-FSC2-GFP-HT (Figure 7.3). Furthermore, to test
the efficiency of pEAQexpress, the Agrobacterium culture was diluted two-fold, such that the final optical density (OD) was that of
each individual culture of the coinfiltrations.

[0170] As expected, this resulted in similarly high expression levels and demonstrates that incorporating both the gene of interest
and the suppressor of silencing onto the same T-DNA allows the use of half the amount of Agrobacteria (Figure 11). Therefore,
CPMV-HT may be used to express high levels of foreign protein when all components are present on the same T-DNA.

2.3.4 Mutant P19 can suppress silencing of a transgene in a transient assay

[0171] In order to take advantage of the increase in expression afforded by the forward orientation of the NPTII cassette within
the T-DNA, the P19 cassette was inserted between the AsiS| and Miul sites in pEAQselectK-GFP-HT to give pEAQspecialK-GFP-
HT (Figure 10). The presence of P19 on the same T-DNA as the sequence of GFP results in similar levels of expression to
pEAQselectK-GFPHT co-infiltrated with P19 (Figure 12). This is more than the expression generated by pEAQexpress-GFP-HT,
and appears to be due to the presence of the NPTIl cassette (Figure 12). On the other hand, the lower expression from
pEAQexpress could be due to the different position and orientation of the P19 cassette within the T-DNA. Nevertheless, as with
pEAQexpress, pEAQspecialK vectors give high-level expression with Agrobacteria suspensions at half the final OD of that used
when two cultures must be co-infiltrated.

[0172] Combining the foreign gene expression cassette with a P19 cassette and a selectable marker makes it possible to test the
performance of CPMV-HT in transgenic plants. However, the constitutive expression of suppressors of silencing like P19 can
result in severe phenotypes due to their interference with endogenous gene silencing associated with developmental processes
(Silhavy and Burgyan, 2004). A recently characterised mutation of P19 (R43W) has been proposed to have a reduced activity
towards endogenous gene silencing and therefore may be a better candidate for the suppression of transgene silencing in stable
transformants (Scholthof, 2007). To investigate the feasibility of stable transformation with the CPMV-HT system, both wt and the
mutant P19 were inserted into the T-DNA of pEAQselectK-GFP-HT to assay the variants transiently. As shown by, UV illumination
of infiltrated leaves, SDS-PAGE of protein extracts, and spectrofluorometric measurements of GFP levels, the mutant P19 in
pEAQspecialKm is approximately half as effective in improving foreign gene expression as the wt P19 in pEAQspecialK (Figure
12). This represents the first study on the effect of the R43W mutation in P19 on the ability to suppress silencing of a transgene.

Example 3

High level IgG expression from a single plasmid
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[0173] In order to take advantage of the modular nature of the pEAQ series, CPMV-HT expression cassettes containing the ER-
retained heavy chain (HE) and light chain (L) of the human anti-HIV IgG, 2G12 were inserted into the Pacl/Ascl and AsiSI/Miul
sites of pEAQexpress. To determine whether the site of insertion influences expression levels, the L and HE chains were inserted
into both positions yielding pEAQex-2G12HEL and pEAQex-2G12LHE (Figure 13A). Infiltration of N. benthamiana with single
Agrobacterium cultures containing the above plasmids resulted in the formation of fully assembled 2G12 antibodies identical in
size to 2G12 produced by mixing three Agrobacterium cultures which each expressed the individual components, L, HE and P19
(Figure 13C). The protein loaded in each lane represents 1/30 of the extract obtained from 90 mg of infiltrated tissue or 1/333 of
the protein potentially obtainable from 1 g of tissue. The maximum amount of assembled IgG produced from the 3-strain mixture
corresponds to 1ug of CHO-produced 2G12 on the coomassie-stained nonreduced SDS-PAGE gel. This suggests an expression
level of 2G12 in excess of 325 mg/kg of fresh weight tissue, which is in agreement with the SPR-measured concentrations. The
use of pEAQex-2G12HEL appears to surpass this already high-level of antibody accumulation.

[0174] An advantage of pEAQ-derived vectors is that each component of a multi-chain protein such as an IgG can automatically
be delivered to each infected cell. Therefore, high expression levels should be maintained at higher dilutions of Agrobacteria
suspensions than if multiple cultures have to be used. To test if this is the case in practice, cultures that were initially
resuspended to OD 1.2, and mixed where necessary, were subjected to two serial three-fold dilutions (Figure 13B). This resulted
in final ODs of each individual culture in the three-culture mix being 0.4,0.13, and 0.04. Single cultures harbouring the
pEAQexpress constructs were infilirated at ODs of 1.2, 0.4, and 0.13. When three separate cultures were used, the level of
assembled 2G12 decreases markedly on serial dilution. In contrast, 2G12 expression from pEAQex-2G12HEL and pEAQex-
2G12LHE, was maintained at a consistently high level, with any reduction on dilution being very modest (Figure 13C - E). The lack
of sensitivity to dilution confirms the improved efficiency afforded by placing all three expression cassettes on the same T-DNA.
Interestingly, the amount of total protein extracted from the infiltrated tissue was almost halved when the OD of the infiltrate was
reduced from 1.2 to 0.4. This suggests that a significant fraction of the protein in extracts from tissue in which the higher OD
suspension has been infiltrated can consist of Agrobacteria-derived protein or plant proteins produced in response to the higher
concentrations of Agrobacteria.

[0175] Inspection of Figure 13C suggests that the relative position of a cassette within the T-DNA can affect the expression
levels. The overall expression from pEAQex-2G12LHE was slightly lower than from pEAQex-2G12HEL. This was confirmed by
western blotting of the non-reduced samples, which also indicated some differences in the abundance of degradation products
and unincorporated immunoglobulin chains (Figure 13C - E). Tissue infiltrated with pEAQex-2G12LHE appears to lack a heavy
chain-specific degradation product of approximately 70 to 80 kDa (Figure 13D). Also, there appears to be much less of the HL2
assembly intermediate, as well as more free light chain (Figure 13E). Since, the heavy chain is known to be limiting in 2G12
assembly in plants (Markus Sack, pers. comm., RWTH, Aachen, Germany), which is confirmed by the lack of discernable free
heavy chain in all samples, these results indicate that pEAQex-2G12LHE produces less heavy chain than pEAQex-2G12HEL. This
could be due to reduced expression from the CPMV-HT cassette closer to the left border of the T-DNA.

[0176] In other experiments (data not shown) the CPMV-HT system has also been successfully used in the transient format in N.
benthamiana to express:

e Bluetongue Virus (serotype 10) VP2, VP3, VP5, VP7 and NS1.

¢ Rotavirus NSP5.

e Calmodulin from Medicago truncatula (which was subsequently purified).

¢ The difficult-to-express ectodomain of human Fc gamma receptor 1 (CD64)-which has been purified and shown to be
functional in antibody binding studies.

e The CPMV Small (S) and Large (L) coat proteins were co-expressed and shown to assemble into virus-like particles (data
not shown)

Example 4

Direct cloning into a CPMV-HT expression vector

[0177] Although combining elements of the system on to a single plasmid, the vectors described hereinbefore still required a two-
step cloning procedure to introduce a sequence to be expressed into the binary plasmid. The present example provides a binary
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plasmid into which a gene of interest could be directly inserted. The plasmid incorporates a polylinker that not only permits direct
insertion into the pEAQ-based plasmid, but also permits the fusion of a C- or N-terminal histidine tag if desired (pEAQ-HT,; Figure
14A). The polylinker was first inserted as annealed oligonucleotides into pM81-FSC2-512(A115G)(U162C) giving pM81-FSC-
POW. This construct can still be used for the standard two-step cloning procedure for the generation pEAQ-based constructs for
the expression of multiple polypeptides. Furthermore, use of the double mutated 5' leader may enable even higher expression
levels to be obtained than is possible with the single mutation. The CPMV-HT cassette was then transferred into pEAQspecialK
via the Pacl/Ascl sites to give pEAQ-HT. Insertion of GFP into all three positions within the polylinker of pEAQ-HT resulted in an
un-tagged GFP, and 5' (HisGFP) and 3' (GFPHis) His-tag fusions.

[0178] As expected, untagged GFP was expressed to a level even higher than that obtained with pEAQspecialK-GPP-HT and in
excess of 1.6 glkg FW tissue (Figure 14B). This is likely due to the fact that the CPMV &' leader of pEAQ-HT contains the extra
mutation which removes AUG 115 which, when removed in addition to AUG 161, further enhances expression.

[0179] The presence of the His-tag as detected by western blotting confirmed the correct fusion at both the N- and C-terminus of
the amino acid residues encoded by the polylinker. All three GFP variants were detectable with anti-GFP antibodies whereas only
HisGFP and GFPHis were detectable with anti-His antibodies (Figure 14C), and the presence of the His-tag reduced the mobility
of the GFP band in SDS-PAGE by the expected amount. The tag also reduced the amount of GFP detected by the analysis of
fluorescence (Figure 14B). This effect was more pronounced for N-terminal His tag. The intensity of the coomassie-stained bands
suggests that this represents a reduction in tagged GFP accumulation (Figure 14C), rather than interference with the fluorogenic
properties of GFP. Nevertheless, the levels of the His-tagged proteins were still very high yielding in excess of 0.6 and 1.0 g of
GFP per kg FW tissue.

Discussion of Examples 2-4

[0180] To improve the ease of use and performance of the CPMV-HT expression system, a modular set of vectors has been
created for easy and quick plant expression.

[0181] Removing more than half of the plasmid backbone from the binary vector, pBINPLUS, and some of the T-DNA region not
essential for transient expression resulted in one of the smallest binary Ti plasmids known with no compromise on expression
levels.

[0182] A similar proportion of the backbone had previously been removed from pBIN19 without a loss of performance (Xang et
al., 1999). However, pBINPLUS possesses two significant improvements over pBIN19 (van Engelen et al., 1995); an increased
copy number in E. coli owing to the addition of the ColEl origin of replication and a reoriented T-DNA ensuring the gene of interest
is further from the left border that can suffer extensive deletions in planta (Rossi et al., 1996). While the smaller size of pEAQ
plamids had no noticeable effect on their copy number, they give greatly improved yields during cloning procedures using
commercial plasmids extraction kits as these are most efficient for plasmids below 10 kb (data not shown).

[0183] The modular nature of the pEAQ binary vector adds functionality to CPMV-HT expression by allowing any silencing
suppressor and/or marker gene, if required, to be co-expressed with one or two CPMV-HT cassettes. For example, insertion of a
second HT cassette containing a heterologous sequence into the AsiSI/Miul sites of pEAQexpress-GFP-HT would allow tracking of
expression with GFP fluorescence.

[0184] Furthermore, the flexibility of the vectors simplifies the system for transient expression by only requiring the infiltration of a
single Agrobacterium construct, and improves efficiency by reducing the amount of infiltrate required in proportion to the number
of expression cassettes present within the T-DNA. With P19 occupying the Fsel site, the presence of two cloning sites for
accepting HT cassettes from cloning vectors (such as pM81-FSC2-U162C) also allows even more efficient expression of multi-
subunit proteins such as full-size antibodies.

[0185] The effect of P19 on enhancing expression levels of transgenes is well characterised (Voinnet et al., 2003). However, this
study presents the first demonstration of its effectiveness when co-delivered to each cell on the same TDNA. A previous study
has reported the co-delivery of P19 from a separate TDNA within the same Agrobacterium as the transgene-containing T-DNA
(Hellens et al., 2005). However, there was no effect of P19 until 6 days after infiltration, suggesting inefficient transfer of T-DNA.
The present study also demonstrates the first use of the R43W mutant P19 to enhance the expression of a transgene. The
finding that the mutant was about half as effective in enhancing the expression of GFP as wt P19 agrees with its known reduction
in activity, which compromises both the infectivity of TBSV (Chu et al., 2000), and the ability of the protein to bind the smaller
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class (21 - 22 nts) of short interfering RNAs (Omarov et al., 2006). However, it is possible that this feature potentially makes the
R43W mutant more suitable for applications involving stable transformation. The micro RNAs associated with development are
also in the smaller size class (Vaucheret, 2006; Zhang et al., 2006) and, therefore, developmental processes may not be as
severely affected by the presence of the mutant P19 as they would by the wt version (Scholthof, 2007). Furthermore, the mutant
may provide a way of controlling the transient expression of potentially cytotoxic foreign proteins.

[0186] The expression of 2G12 from a single plasmid represents the highest reported yield of an antibody from plant tissue
infiltrated with a single Agrobacterium culture. Apart from using 3 Agrobacterium cultures for CPMV-HT expression, the only way
of achieving similar levels with another system involved the infiltration of 6 separate cultures and a virus vector approach (Giritch
et al., 2006). Furthermore, the use of a single plasmid affords a reduction in the amount of bacteria needed to ensure co-delivery
of multiple expression cassettes, which would provide a significant cost saving at industrial production levels. The infiltration
process is also physically easier to carry out with more dilute cultures due to less clogging of the intercellular spaces of leaf
tissue. In addition, the dilution to a total OD of 0.4 reduced the amount of infiltration-derived protein contaminants. Analysis of
nine separate infiltrations at each OD showed a reduction in the protein concentrations of the extracts from 2.7 £ 0.2 to 1.5 £ 0.1
mg/ml when the OD of the cultures was reduced from 1.2 to 0.4. Since the use of pEAQexpress generates as much 2G12 at OD
0.4 as the three-culture system does at an infiltrate OD of 1.2, the recombinant target protein must be purified from only half the
amount of contaminating protein using pEAQexpress. This provides a very useful and unexpected advantage for downstream
processing. Expression of 2G12 from pEAQexpress also indicates an effect of position of an expression cassette within the T-DNA
of pEAQ vectors on the level of expression obtained. The increase in free light chain accumulation from pEAQex-2G12LHE
suggests that less heavy chain is expressed with this construct, which appears to result in less assembled antibody. This could be
due to the arrangement of expression cassettes on the T-DNA. Alternatively, a proportion of the T-DNAs are susceptible to

nucleolytic degradation at the left border (Rossi et al., 1996). The reinsertion of the NPTIl cassette within the T-DNA appeared to
have a marked effect on expression depending on its orientation. During cloning manipulations it became apparent that
pEAQselectK-GFP-HT reached a plasmid copy number in E. coli of approximately 1.5 times that of pEAQselectK(rev)- GFP-HT
(determined from yield measurements of three separate plasmid preparations performed with the QIlAprep kit, QIAGEN). This
loosely correlates to the difference in expression levels observed between the two vectors. It is not known what contributes to the
increased copy number, or indeed whether the difference also exists when the plasmids are transferred to Agrobacteria. However,
these observations suggest that plasmid copy number may be an important for efficient Agrobacterium mediated transient
expression. In this respect, the use of the RK2 origin (oriV in Figure 9) by pBIN19 and its derivatives makes it a good choice for
transient expression as RK2 plasmids are known to accumulate to 7 to 10 copies in Agrobacterium (Veluthambi et al., 1987). This
is similar to the pVS1 origin utilised by pPZP and about 2-5 times higher than is generated by the pSa origin (Lee and Gelvin,
2008), which is present in the widely used pGREEN binary vector (Helens et al., 2000). Plasmids containing replication origins that
yield higher copy numbers such as pRi-based plasmids (Lee and Gelvin, 2008) maybe even better suited to transient expression.

[0187] To make high-level expression with pEAQ vectors easily accessible for labs with no previous experience with CPMV-based
expression or indeed, plant-based expression in general, a direct cloning version of pEAQ was created. This was achieved by
inserting a polylinker between the 5' leader and 3' UTRs of a CPMVHT expression cassette, which was the positioned on a T-DNA
which also contained P19 and NPTII cassettes. The NPTII cassette was included because its presence appeared to appreciably
enhance expression (see above). The polylinker also encodes two sets of 6 x Histidine residues to allow the fusion of N- or C
terminal His-tags to facilitate protein purification. The resulting constructs also benefit from the second mutation in the 5' leader
which enhances expression relative to HT.

[0188] These enhanced expression cassettes may also be sub-cloned from the cloning vector pM81-FSC-POW into any pEAQ
plasmid. The use of pEAQHT led to increased GFP expression compared with pEAQspecialK, which contains just the single
mutation (U162C). Furthermore, the polylinker design also allowed the expression of His-tagged variants using a one step cloning
procedure. The modular binary vectors presented here are specifically designed for, but not restricted to, use with CPMV-HT
expression. Extremely high-level expression has been coupled with improved cloning efficiency and ease of use. The system
provides the most effective and straightforward method for transient expression of value-added proteins in plants without the
complications of viral amplification. It allows milligram quantities of recombinant protein within two weeks of sequence identification
in any molecular biology lab with access to plant growth facilities. Therefore, it is anticipated that it will provide an extremely
valuable tool in both academic and industrial settings.

Example 5

Staple integration with pEAQ plasmids and transgenic plants
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[0189] Although the pEAQ vector series was designed with transient expression in mind, the reinsertion of the NPTIl cassette into
the T-DNA to provides a selectable marker for genome integration. This potentially allows these smaller and more useful binary
vectors to be used for stable plant and plant cell culture transformation. When used to transform N. benthamiana leaf discs, pEAQ
vectors containing the NPTIl cassette within the T-DNA were able to induce callus formation under selection with the same
efficiency as pBINPLUS-based constructs. Furthermore, GFP expression was detectable in these tissues under UV light (data not
shown. This demonstrates that multi-cassette T-DNA molecules from pEAQ vectors can stably integrate into the plant genome
and drive the expression of foreign genes.

[0190] Fluorescent plants have also been regenerated. The leaves of the primary transformants (Tg) were fluorescent under uv
light indicating high levels of GFP expression. The seed from the self-fertilised Tg plants were viable, and the resulting T+

seedlings harbouring the transgene are also fluoresecent (results not shown).

Example 6

Use of the CPMV-based HT system with baculovirus vectors

[0191] Figure 15 shows a construct suitable for utilising the CPMV-based HT system with baculovirus vectors in insect cells.
Under control of the p10 promoter, the HyperTrans CPMV RNA-2 UTRs also enhance the expression of GFP in insect cells using
the Baculovirus expression system. An approximately 5-fold enhancement of fluorescence levels in baculovirus-infected sf21
cells, as measured by flow cytometry, was obtained in comparison to a construct without the CPMV-HT cassette.
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Table 1

The complete CPMV RNA-2 genome segment (nucleotides 1 to 3481)
1 tattaaaatc ttaataggtt ttgataaaag cgaacgtggg gaaacccgaa ccaaaccttc

61 ttctaaattc tctctcatct ctettaaage aaacttctct cttgtcttte ttgcatgage

121 gatcttcaac gttgtcagat cgtgcttcgg caccagtaca atgtttictt tcactgaage

181 gaaatcaaag atctctitgt ggacacgtag tgcggcgcca ttaaataacg tgtacttgtc

241 ctattcttgt cggtgtggte ttgggaaaag aaagcttgct ggaggcetgct gttcagecce

301 atacattact tgttacgatt ctgctgactt tcggcgggtg caatatctct acttctgett

361 gacgaggtat tgttgccetgt acttctttct tettcttctt gctgattggt tctataagaa

421 atctagtatt tictttgaaa cagagttttc ccgtggtttt cgaacttgga gaaagattgt

481 taagcttctg tatattctge ccaaatttga aatgaaagc attatgagcec gtggtattcc
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541 ttcaggaatt ttggaggaaa aagctattca gttcaaacgt gccaaagaag ggaataaacc

601 cttgaaggat gagattccca agcctgagga tatgtatgtg tctcacactt ctaaatggaa

661 tgtgctcaga aaaatgagcc aaaagactgt ggatctticc aaagcagctg ctgggatggg

721 attcatcaat aagcatatgc ttacgggcaa catcttggca caaccaacaa cagtcttgga

781 tattccegtc acaaaggata aaacacttge gatggccagt gattttattc gtaaggagaa

841 ftctcaagact tetgecattc acattggagc aattgagatt attatccaga gctttgettc

901 ccctgaaagt gatttgatgg gaggcttttt gettgtggat tetitacaca ctgatacage

961 taatgctatt cgtagcattt ttgttgctce aatgcgggga ggaagaccag tcagagtggt

1021 gaccttccca aatacactgg cacctgtatc atgtgatctg aacaatagat tcaagctcat

1081 ttgctcattg ccaaactgtg atattgtcca gggtagccaa gtagcagaag tgagtgtaaa

1141 tgttgcagga tgtgctactt ccatagagaa atctcacacc ccttcccaat tgtatacaga

1201 ggaatttgaa aaggagggtg ctgttgttgt agaatactta ggcagacaga cctattgtge

1261 tcagcctage aatttaccca cagaagaaaa acttcggtec cttaagtttg actttcatgt

1321 tgaacaacca agtgtcctga agttatccaa ttcctgcaat gcgceactttg tcaagggaga

1381 aagtttgaaa tactctattt ctggcaaaga agcagaaaac catgcagttc atgctactgt

1441 ggtctctcga gaaggggctt ctgcggcacc caagcaatat gatectattt tgggacgggt

1501 gctggatceca cgaaatggga atgtggcttt tccacaaatg gagcaaaact tgtttgecct

1561 ttctttggat gatacaagct cagttcgtgg ttetttgett gacacaaaat tcgcacaaac

1621 tcgagtittg ttgtccaagg ctatggcetgg tggtgatgtg ttattggatg agtatctcta

1681 tgatgtggtc aatggacaag attttagagc tactgtcgct ttttgcgea cccatgttat

1741 aacaggcaaa ataaaggtga cagctaccac caacatttct gacaactcgg gttgttgttt

1801 gatgttggcc ataaatagtg gtgtgagggg taagtatagt actgatgttt atactatctg

1861 ctctcaagac tccatgacgt ggaacccagg gtgcaaaaag aacttctegt tcacatttaa

1921 tccaaaccct tgtggggatt cttggtctge tgagatgata agtcgaagca gagttaggat

1981 gacagttatt tgtgtttcgg gatggacctt atctcctacc acagatgtga ttgccaagct

2041 agactggtca attgtcaatg agaaatgtga gcccaccatt taccacttgg ctgattgtca

2101 gaattggtta ccccttaatc gttggatggg aaaattgact tttccccagg gtgtgacaag

2161 tgaggttcga aggatgcctc tttctatagg aggeggtgcet ggtgegacte aagctttctt

2221 ggccaatatg cccaattcat ggatatcaat gtggagatat tttagaggtg aacttcactt

2281 tgaagttact aaaatgagct ctccatatat taaagccact gttacatttc tcatagcttt

2341 tggtaatctt agtgatgcct ttggttttta tgagagtttt cctcatagaa ttgttcaatt

2401 tgctgaggtt gaggaaaaat gtactttggt tttctcccaa caagagtttg tcactgcettg

2461 gtcaacacaa gtaaacccca gaaccacact tgaagcagat ggttgtcect acctatatge

2521 aattattcat gatagtacaa caggtacaat ctccggagat tttaatcttg gggtcaagcet

2581 tgttggcatt aaggattttt gtggtatagg tictaatccg ggtattgatg gttccegett

2641 gcttggagct atagcacaag gacctgtttg tgctgaagcc tcagatgtgt atagcccatg

2701 tatgatagct agcactcctc ctgctccatt ttcagacgtt acagcagtaa ctittgactt

2761 aatcaacggc aaaataactc ctgttggtga tgacaattgg aatacgcaca tttataatcc

2821 tccaattatg aatgtcttge gtactgctge ttggaaatct ggaactattc atgttcaact

2881 taatgttagg ggtgctggtg tcaaaagagc agattgggat ggtcaagtct ttgtttacct

2941 gcgecagtce atgaaccctg aaagttatga tgcgeggaca tttgtgatct cacaacctgg

3001 ttctgecatg ttgaacttct ctittgatat catagggecg aatageggat ttgaatttge

3061 cgaaagccca tgggccaatc agaccacctg gtatcttgaa tgtgttgcta ccaatcccag

3121 acaaatacag caatttgagg tcaacatgcg cttcgatcct aatttcaggg ttgccggcaa
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3181 tatcctgatg cccccatttc cactgtcaac ggaaactcca cegttattaa agtttaggtt

3241 tcgggatatt gaacgctcca agegtagtgt tatggttgga cacactgcta ctgctgctta

3301 actctggttt cattaaattt tctttagttt gaatttactg ttatttggtg tgcatttcta

3361 tgtttggtga geggtittct gtgctcagag tgtgtttatt ttatgtaatt taatttcttt

3421 gtgagctect gtttagcagg tegteectic agcaaggaca caaaaagatt ttaattttat
3481t

The start codons at positions 115, 161, 512 and 524 of the CPMV RNA-2 genome segment are shown in bold and underlined.
Table 2

Oligonucleotides used in the mutagenesis of the 5' region of pM81-FSC-2 clones

Oligonucleotide Sequence Mutation
A115G-F CTTGTCTTTCTTGCGTGAGCGATCTT
CAACG
Removes AUG (—GUG) at 115
eliminating translation from uORF
AAAG
A115GR CGTTGAAGATCGCTCACGCAAG
ACAAG
U162C-F GGCACCAGTACAACGTTTTCTTTCAC
TGAAGCG Removes AUG (—ACG) at 161
eliminating translation from AUG 161
while maintaining amino acid sequence
TTCAGT:! CGTTGTAC of UORF
U162C-R CGCTTCAGTGAAAGAAAACG
TGGTGCC

The mutant nucleotide of the oligonucleotides used in the mutagenesis of the 5' region of pM81-FSC-2 clones are shown in bold
Table 3

CPMV wt tatattctgc ccaaatttga aatggaaagc attatgagcc gtggtattcc
sequence from
Table 1

Mutated sequence .
in pM81—FSC—1 tatattctge ccaaatttgT CatgRaaagc attatgagec gtggtattcc

509
BspHL

Mutated sequence
in pM81-FSC-2 tatattctge ccaaattCGC GACGATCGTA CTCTCGAGGC CT

507
Nrul Xhol

Nucleotide differences between the sequence of the pM81-FSC-1 and pM81-FSC-2 vectors and the CPMV wt sequence from
Table 1 and are shown as capital letters.
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Nucleotide Sequence of pM81-FSC-1

Locus ’ pM81-FSCl 7732 bp DNA

10-0CT~2007
FEATURES Location/Qualifiers
5'UTR 342..501
/vntifkey=t524
/label=CPMV\RNA2\5 'OTR
promoter 27..341
/vntifkey="29"

terminator

mat_peptide

3'DUTR

misc feature

promoter

rep_origin

rep_origin

mat_peptide

mat_peptide

/label=CaMV\355\promoter
4669.,4921
/vntifkey=nain
/label=Nos\Terminator
3712. .4422
/vatifkey="84"
/label=GFP

4432..4615
/vntifkey="50"
/label=CPMV\RNA2\3'UTR
complement (5944 ..6804}
/vatifkey="a*
/label=AmpR

compiemem: (7391, .7546)
/vntifkey="21"
/label=lacZ _a
complement (6846..6874)
/vntifkey="30"
/label=AmpR\promoter
complement (7067..7373)
/vntifkey="33"
/label=£f1_origin

complement (5170..5789)

/vntifkey="33"
/label=pBR322_origin
502..1878

/vntifkey="84"

/label=CPMV\Movement\Protein
1879..2999

circular
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BAGE
ORIG

N

/vntifkey="94"

/label=CPMV\Lg. \Coat\Protein
mat_peptide 3000..3638

/vntifkeyavgan

/label=CPMV\Sm. \Coat\Protein
COUNT 2105 a 1682 ¢

1770 g

2175 t

1 ttaattaaga attcgagecte caccgcggaa acctectegg attceccattge ccagetatet

61 gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatge catcattgeg

121
181
241
301
38l
421
481
541
601
661
721
781
841
s01
261

ataaaggaaa

ggccategtt gaagatgcect

cagccacgag gageategtyg gaaaaagaag

attgatgrga
acccticete

tatcteccact gacgtaaggg
tatataagga agttcatttc

tttgataaaa gcgaacgtgg ggaaacccga

tctettaaag caaacttcte tcttgtettt

tecgtgetteg gcaccagtac aatgttttcte

tggacacgta gkgcggcgec attaaataac

cttgggaaaa gaaagettge tggaggetge

tetgetgact
tacttettte

tteggeggat geaatatcte
ttcttettet tgetgattgg

acagagtttt ccegtggttt tegaacttgg

cecaaatttg tcatgaaaag cattatgage

aaagetattc agttcaaacg tgccaaagaa

aagcctgagg atatgtatgt gtcteacact

1021 caaaagactyg

1081
1141
1201

cttacgggea
aaaacacttg
cacattggag

1261 ggaggetttt

1321
1381
1441
1501
1561
1621

tttgttgcte
gcacctgtat
gatattgtce
tccatagaga
getgttgttg
acagaagaaa

1681 aagttatcca

1741
lg0l
1861

tctggcaaag
totgeggeac
aatgtggett

tggatetttec caaageaget

acatettgge
cgatggceag
caattgagat
tgettgtgga
caatgcggagy
tatgtgatet
agggragcca
aatctecacac
tagaatactt
aacttcggte
attcctgeaa
aagcagaaaa
ccaagcaata

ttecacaaat

acaaccaaca
tgattttatt
tattatccag
ttetttacac
aggaagacca
gaacaataga
agtagcagaa
cecttoccaa
aggcagacag
ccttaagttt
tgcgcacttt
cecatgcagtt
tgatectatt

ggagcaaaac

ctgcecgacag
acgttccaac
atgacgcaca
atttggagag
accaaacctt
ctegecatgayg
ttcactgaag
gtgtacttgt
tgttcagece
tacttctget
ttctataaga
agaaagattg
egtggtattc
gggaataaac
tctaaatgga
gctgggatgg
acagtoettgy
cgtaaggaga
agetttgett
actgatacag
geccagagtgg
ttcaagcteca
gtgagtgtaa
ttgtatacag
acctattgtg
gactttcatg
gtcaagggaa
catgctactg
ttgggacggg
ttgtttgcee

tggtcccaaa
cacgtcttea
atceccactat
gtattaaaat
cttctaaact
cgatdttcaa
cgaaatcaaa
cetattettg
catacattac
tgacgaggta
a;tctagtat
ttaagettet
cttcaggaat
ccttgaagga
atgtgeteag
gattcatecaa
atattcecegt
atctcaagac
cecectgaaag
ctaatgctat
tgacctteee
tttgcteatt
atgttgeagg
aggaatttga
ctcagectag
ttgaacaace
aaagtttgaa
tggtctetey
tgctggatee
tttctttgga

32

gatggacece
aagcaagtgg
ccttcgeaay
cttaataggt
ctetecteoate
cgttgtcaga
gatctetttg
teggtgtggt
ttgttacgat
ttgttgeetg
tttetttgaa
gtatattctg
tttggaggaa
tgagattece
aaaaétgagc
taagcatatg
cacaaaggat
ttetgecatt
tgatttgatg
togtageatte
aaatacactyg
gceaaactgt
atgtgctact
aaaggagggt
caatttacce
aagtgteecty
atactctatt
agaagggget
acgaaatggy
tgatacaage
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1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3242
3301
3361
3421
3481
3541
3501
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

tcagttegtg
getatggekg
gattttagag
acagctacca
ggtgtgaggy
tggaacccag
tcttggtctg
ggataggacct
gagaaatgtg
cgttggatgyg
ctétctatag
tggatateaa
tctccatata
tttggttttt
tgtactttgg
agaaccacac
acaggtacaa
gtggtatagg
gacctgtttg
ctgctccatt
cectgttggtyg
cgtactgetyg
gtcaaaagag
gaaagttatyg
tettttgata
cagaccacct
gtcaacatgc
ccactgtcaa
aagegtagtg
aactttgace
gaagaacttt
cacaaatttt
aaatttattt
tcttatggtyg
aagagtgcca
aactacaaga
ttaaaaggta
tataactcac
ttcaaaatta

aatactccaa

gttctttgct
gtggtgatgt
ctactgtcge
ccaacattte
gtaagtatag
ggtgcaaaaa
ctgagatgat
tatctcctac
agcccaccat
gaaaattgac
gaggeggtge
tgtggagata
ttaaageccac
atgagagttt
ttttcteccca
ttgaagcaga
tctcoggaga
ttctaateceg
tgctgaagee
tteagacgte
atgacaattg
cttggaaatc
cagattggga
atgegeggac
tcatagggec
ggtatcttga
gcktegatee
cggaaactee
ttatggttgy
tacttaagtt
tcactggagt
ctgtcagtgy
gcactactgg
ttcaatgett
tgeccgaagy
cacgtgetga
ttgattttaa
acaatgtata
gacacaacat

rtggcgatgy

tgacacaaaa
gttattggat
ttttttgege
tgacaactcyg
tactgatgtt
gaacttcteg
aagtcgaage
cacagatgtg
ttaccacttg
ttttcececcag
tggtgagact
ttttagaggt
tgttacattt
tcctcataga
acaagagttt
tggttgtcee
ttttatcttg
ggtattgatg
tcagatgtgt
acagcagtaa
gaatacgcac
tggaactatt
tggtcaagte
atttgtgatc
gaatagcgga
atgtgttget
taatttcagg
accgttatta
acacactgct
agcaggtgac
tgteccaatt
agagggtgaa
aaaactacct
ttcaagatac
ttatgtacag
agtcaagttt
agaagatgga
catcatggca
tgaagatgga
cectgtectt

ttegcacaaa
gagtatctet
acceatgtta
ggttgttgtt
tatactatct
ttcacattta
égagttagga
attgccaage
getgattgte
ggtgtgacaa
caagectttet
gaacttcact
ctcatagett
attgttcaat
gtcactgett
tacectatatg
gggtcaaget
gttccegett
atagcccatg
actcttgact
atttataate
catgttcaac
tttgtttacc
tcacaacctyg
tttgaatttg
accaatceoca
gttgceggea
aagtttaggt
actgctgcag
gttgagtcca
cttgttgaat
ggtgatgcaa
gttccatgge
ccagatcata
gaaagaacta
gaaggtgata
aacattetty
gacaaacaaa
agecgttcaac
ttaccagaéa

ctegagtttt
atgatgtggt
taacaggcaa
tgatgttgge
gctctcaaga
atccaaacce
tgacagttat
tagactggte
agaattggtt
gtgaggtteg
tggecaatat
ttgaagttac
ttggtaatct
ttgetgaggt
ggtcaacaca
caattattca
tgttggeatt
gcttggagcet
tatgataget
taatcaacgg
ctccaattat
ttaatgttag
tgcgccagte
gttctgecat
ccgaaégccc
gacaaataca
atatcctgat
ttegggatat
cgectgcaaa
accctgggee
tagatggtga
catacggaaa
caacacttgt
tgaaacggca
tatttttcaa
ccettgttaa
gacacaaatt
agaatggaat
tagcagacca

accattacct

33

gttgtccaag
caatggacaa
aataaaggtg
cataaatagt
cteccatgacyg
ttgtggggat
ttgtgtttcg
aattgtcaat
accecttaat
aaggatgect
goccaattca
taaaatgagc
tagtgatgce
tgaggaaaaa
agtaaaccecc
tgatagtaca
aaggattttt
atagcacaag
agcactecte
caaaataact
gaatgtcttg
gggtgctggt
catgaaccct
gttgaactte
atgggccaat
gcaatttgag
gcccacattt
tgaacgctec
acagetetta
cagtaaagga
tgttaatggg
acttaccett
cactacttte
tgacttttte
ggatgacggg
tagaatcgag
ggaatacaac
caaagttaac
ttatcaacaa

gteccacacaa
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4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5821
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661

6721
6781
6841
€901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
1/

tctgeccttt
acagetgetyg
gtttecattaa
gtgageggtt
tactgtttag
aaaaaazaaa
atttggcaat
taatttctgt
atgagatggg
aaaatatage
ctctagagtce
aggeggtttg
cgtteggetg
atcaggggat
taaaaaggcce
aaatecgacge
tececetgga
gtcegeettt
cagtteggtg
cgaccgetge
atcgeccactg
tacagagttc
ctgegetetg
acaaaccace
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgee
ccceagtgot
aaaccagcca
ccagtctatt
caacgttgtt
attcagectec
agcggttage
actcatggtt
ttctgtgact
ttgctettge
gctecateatt

atccagttcg

cagcgtttcet
gacacggaaa
gggttattgt
ggttecegege
aaattcgegt
aaaatcectt
aacaagagte
cagggegatg
cgtaaagcac

cgaaagatce
ggattacaca
attttettta
ttetgtgete
caggtegtee
aaagaccggg
aaagtttett
tgaattacgt
tttttatgat
gegcaaacta
tcaagettgg
cgtattggge
cgycgageygy
aacgcaggaa
gﬁgctgctgg
tcaagtcaga
agectoceteg
ctccocttegyg
taggtegtte
geecttatecg
gcagcagcca
ttgaagtgot
ctgaageecag
getggtageg
caagaagatce
taagggattt
aaatgaagtt
tgettaatca
tgactcoceccg
gcaatgatac
gccggaaggg
aattgttgee
gceattgeta
ggttcccaac
teetteggte
atggcagcac
ggtgagtact
ccggegteaa
ggaaaacgtlt

atgtaaccca

gggtgagcaa
tgttgaatac
cttatgageg
acatttcece
taaatttttg
ataaatcaaa
cactattaaa
gcceactacyg
taaatecggaa

ccggegaacg
gcaagtygtag
cagggcgcegt
gcetettege
gtaacgecag
gtaatcatgg
catacgagec
attaattgeg

tggey aa
cggtcacget
cceattegece
tattacgecca
ggtttteeca
tcatagetgt
ggaagcataa
ttgcgctcac

caacgaaaay
tggcatggat
gtttgaattt
agagtgtgtt
cttcagcaag
aattegatat
aagattgaat
taageatgta
tagagtcecg
ggataaatta

cgegecaget

getettecge
tétcagctca
agaacatgtyg
cgtttttoca
ggtggcgaaa
tgegctetec
gaagegtgge
getccaaget
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegg
gtggttrttt
ctttgatett
tggttatgag
ttaaatcaat
gtgaggecace
tcgtgtagat
cgegagacce
ccgagegeag
gggaagctag
caggcategt
gatcaaggcg
cteocgategt
tgcataatte
caaccaagte
tacgggataa
etteggggey
ctegtgeace

aaacaggaag
teatactctt
gatacatatt
gaaaagtgce
ttaaatcage
agaatagacc
gaacgtggac
tgaaccatea
ccctaaaggg
ggaagggaag
gcgegtaacc
attcaggerg
gctgchaaa
gtcacgacgt
ttcctgtgtg
agtgtaaage
tgeceegetet

agagaccaca
gaactataca
actgttattce
tattttatgﬁ
gacacaaaaa
caagetktatc
cotgttgeeg
ataattaaca
caattataca
tocgegegegyg
gcattaatga
ttectegete
cteaaaggeg
agcaaaaggc
taggeteege
cccgacagga
tgtteegace
gcttteoteat
gggctgtgtg
tcttgagtce
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctecagceg
aactacgata
acgctcaccg
aagtggtcet
agtaagtagt
ggtgtcacge
agttacatga
tgtcagaagt
tcttactgte
attctgagaa
taccgogeea
aaaactctea

Caactgatet

gcaaaatgec
cctttttcaa
tgaatgtatt
acctaaattyg
tecatttttta
gagatagggt
tccaacgtea
ccctaatcaa
agececegat
aaagcgaaay
accacacccg
cgeaactgtt
gggggatgtyg
tgtaaaacga
aaattgetat
ctggggtgee
ccagtceggga

tggtccttet
aaéaaaggcc
ggtgtgcatt
aatttaattt
gattttaatt
gacctgcaga
gtcttgegat
tgtaatgcat
tttaatacge
tgtcatctat
atcggecaac
actgactcge
gtaatacggt
cagcaaaagqg
ccecctgacyg
ctataaagat
ctgecgetta
agctcacget
cacgaaccece
aacccggtaa
gegaggtatg
agaagaacag
ggtagetott
cagcagatta
tetgacgete
aggatctteca
tatgagtaaa
atctgtctat
cgggaggget
getccagatt
gcaactttat
tcgoeagtta
tagtegtttyg
tececcatgt
aagttggceg
atgccatceg
tagtgtatge
catagcagaa
aggatcttac
tcagcatctt

gcaaaaaagyg
tattattgaa
tagaaaaata
taagegttaa
accaataggce
tgagtgttgt
aagggcgaaa
gttttttggg
ttagagettg
gagegggege
cegegettaa
gggaagggcy
ctgcaaggcg
cggeccagtga
ccgotcacaa
taatgagtga
aacctggcge

34

tgagtttgta
tttaactctg
tctatgtttg
ctttgtgage
ttattaaaaa
tegttcaaac
gattatcata
gacgttattt
gatagaaaac
gttactagat
gegcggggag
tgcgcteggt
tatccacaga
ccaggaaceg
agcatcacaa
accaggegtt
ccggatacct
gtaggtatet
cegtteoagee
gacacgactt
taggcggtge
tatttggtat
gatccoggeaa
cgcgcagaaa
agtggaacga
cctagatect
cttggtetga
ttegtteate
taccatctgg
tatcagcaat
ccgectecat
atagtttgcg
gtatggctte
tgtgeaaaaa
cagtgttatc
taagatgctt
ggcgaccgag
ctttaaaagt
cgetgttgag
ttactttcac

gaataaggge
gecatttatca
aacaaatagg
hathétgtta
cgaaatcgge
tccagtttgg
aaccgtetat
gtcgaggtge
acggggaaag
tagggcgctg
tgcgecgeta
atcggtgegg
attaagttgg
gtactttggce
tteccacacaa
gctaactecac
gc
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Nucleotide sequence of pM81-FSC-2

LOCUS pMB1-FSC2 4173 bp  DNA

10-0CT-2007

FEATURES

rep_origin

rep_origin

promoter

wisc_feature

3'UTR

terminator

promoter

5'UTR

misc feature

Location/Qualifiexs
complement (1271..1890)
/vntifkey="33n»
/label=pBR322_origin
complement (3168..3474)
/vntifkey="33"
/label=£f1 origin
complement (2947..2975)
/vatifkey="30"
/label=ampR\promoter
complement (3492..,2647)
/vntifkey=v21n
/label=lacZ_a
complement (2045..2905)
/vntifkey="4"
/labelsAmpR

533..716
/vntifkey="50%
/label=CPMV\RNA2\2 'UTR
770..1022
/vatifkey="43"
-/label=Nos\Terminator
3859..4173
/vntifkey="29"
/label=CaMV\35S\promoter
1..160

/vntifkey=152"
/label=CPMV\RNA2\5'UTR
507..532
/vntifkey="21"
/label=F5C-2\MCS

circular

BASE COUNT 1090 a 869 ¢ 982 g 1132 ¢

ORIGIN

1 tattaaaatc ccéataggtc ttgataaaag cgaacgtggg gaaacccgaa ccaaacctte
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61 ttctaaactc tctctcatct ctettaaage aaacttetct ctigtcttte ttgcatgage
121 gatcttcaac gttgtcagat cgtgcttegd caccagtaca atgttttett tcactgaagce
181 gaaatcaaag atctctttgt ggacacgtag tgeggegeca ttazataacg tgtacttegte
241 ctattcttgt cggtgtggtc ttgggaaaag aaagcttget ggaggetget gttecageece
301 atacattact tgttacgatt ctgctgactt tcggogggtg caatatctet acttctgett
361 gacgaggtat tgttgcoetgt acttcetttet tcttcttett getgattggt toctataagaa
421 atctagtatt ttctttgaaa cagagttttc ccgtggtttt cgaacttgga gaaagattgt
481 taagcttetg tatattctge ccaaattege gacgategta ctetegagge ctttaactet
541 ggtttcatta aattttcttt agtttgaatt tactgttatt cggtgtgeat ttctatgttt
601 ggtgageggt tttctgtget cagagtgtgt ttattttatg taatttaatt tcectttgtgag
661 ctcctgttta gcaggtegtc cettcagcaa ggacacaaaa agattttaat tttattaaaa
721 aaaaaaaaaa aaaagaccgg gaattcgata tcaagcttat cgacctgeag atcgttcaaa
781 catttggcaa taaagtttct taagattgaa tcctgttgce ggtcttgcga tgattatcat
B4l ataatttctg ttgaattacg ttaagecatgt aataattaac atgtaatgea tgacgttatt
901 tatgagatgyg gtttttatga ttagagtcecc gcaattatac atttaatacg cgatagaaaa
61 cazaatatag cgcgcaaact aggataaatt atcgegegeg gtgtcatcta tgttactaga
1021 tctctagagt ctcaagettqg gegegceccage tgeattaatg aatcggecaa cgegegggga
1081 gaggcggttt gcgtattggg cgetettecg ctitcetcgeot cactgactceg ctgegetegg
1141l tcgttcgget gcggcgageg gtatcagetc actcaaagge ggtaatacgg ttatccacag
1201 aatcagggga taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gcotaggaace
1261 gtaaaaaggc cgegttgetg gegtttttee ataggcteoug cccecectgac gagcatcaca
1321 =aaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcgt
1381 ttecceccetgg aagctccoctce gtgegeteto ctgttcoccgac cotgocgett accggatace
1441 tgteccgectt totecetteg ggaagogtgg cgctittcotea tageteacge tgtaggtate
1501 tcagttcggt gtaggtcgtt cgctccaage tgggctgtgt geacgaacce cccegtteage
1561 ccgaccgetg cgccttatce ggtaactatc gtcttgagte caacccggta agacacgact
1621 tatcgeccact ggcagcagcece actggtaaca ggattagcag agegaggtat gtaggeggtg
1681 ctacagagtt cttgaagtgg tggcctaact acggctacac tagaagaaca gtatttggta
1741 tctgegetct getgaageca gttaccttcg gaaamaagagt tggtagetct tgatccggcea
1801 aacaaaccac cgctggtage ggtggttttt ttgtttgecaa gecagcagatt acgcgeagaa
1861 aaaaaggatc tcaagaagat cctttgatct tttcectacggg gtectgacget cagtggaacg
1921 aaasactcacyg ttaagggatt ttggttatga gattatcaaa aaggatcette acctagatce
1981 ttttaaatta aaaatgaagt tttaaatcaa tcetaaagtat atatgagtaa acttggtctg
2041 acagttacca atgcttaate agtgaggcac ctatcteage gatctgtecta tttegtteat
2101 ccatagttge ctgactcece gtegtgtaga taactacgat acgggaggge ttaccatety
2161 gccecagtge tgeaatgata ccgegagace cacgctcace ggetecagat ttatcagecaa
2221 taaaccagcc agccggaagy§ gecdgagcgca gaagtggtce tgcaacttta tcegectcoca
2281 tccagtctat taattgttage cgggaageta gagtaagtag ttcegcecagtt aatagtttge
2341 geaacgttgt tgecattget acaggeateg tggtgtcacg ctegtegttt ggtatggett
2401 cattcagctc cggttcecaa cgatcaagge gagttacatg atcccccatg ttgtgcaaaa

36



2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
1
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aagcggttag
cactcatggt
tttetgtgac
gttgetettg
tgctcatcat
gatccagtte
ccagegtttc
cgacacggaa
agggttattg
gggttcegeg
aaaattegeg
caaaatcccot
gaacaagadgt
tcagggcgat
ccgtaaagea
gecggegaac
ggcaagtgta
acagggegeg
ggcctetteg
ggtaacgcca
cgtaatcatg
acatacgagc
cattaattge
gaattegage
attgagaaga
aaggccatcg
aggagcatcg
gatatctcca
tctatataag

ctectteggt
tatggcageca
tggtgagtac

cceggegtea

tggaaaacgt
gatgtaacce
tgggtgagca
atgttgaata
tettatgage
cacattteece
ttaaattttt
tataaatcaa
ccactattaa
ggcceactac
ctaaatcgga
gtagcgagaa
gcggtcacge
teceattege
ctattacgee
gggtttteee
gtcatagectg
cggaagcata
gttgegetea
tccaccgegy
tagtggaaaa
ttgaagatgc
tggaaaaaga
ctgacgtaag
gaagttecatt

ccteegateg
ctgcataatt
tcaaccaagt
atacgggata
tecttcgggge
actegtgeac
aaaacaggaa
ctecatactct
ggatacatat
cgaaaagtgce
gttaaatcag
aagaatagac
agaacgtgga
gtgaaccatc
accctaaagyg
aggaagggaa
cgcgcgtaaé
cattcagget
agctggcgaa
agtcacgacg
tttcctgtgt
aagtgtaaag
ctgecegett
aaacctcecte
ggaaggtggc
ctetgecgac
agacgttceca
ggatgacgca
tcatttggag

ttgtcagaag
ctcttactgt
cattetgaga
ataccgegec
gaaaactcetce
ccaactgate
ggcaaaatgc
tectttttea
ttgaatgtat
cacctaaatt
ctcatttttt
cgagatagyy
ctccaacgte
accetaatca
gagceccocga
gaaagcgaaa
caccacacce
gcgeaactgt
agggggatgt
ttgtaaaacyg
gaaattgtta
cctyggggtge
tccagteggy
ggattccatt
tectacaaat
agtggtccca
accacgtctt
caateccact

agg

taagttggee
catgccatac
atagtgtatg
acatagcaga
aaggatctta
ttecageatct
cgcaaaaaag
atattattga
ttagaaaaat
gtaagegtta
aaccaatagé
ttgagtgttg
aaagggcgaa
agttttttgg
tttagagctt
ggagcegggeg
gecgegetta
tgggaaggge
gctgcaagge
acggccagtyg
tcecgetecaca
ctaatgagtyg
aaacctggece
gcccagetat
gccatcattg
aagatggacc
caaagcaagt
atcettegea

gcagtgttat
gtaagatget
cggegaccga
actttaaaag
ccgetgttga
tttactttca
ggaataaggg
agcatttate
aaacaaatag
atatttegtt
ccgaaategg
ttecagtttg
aaacegtota
ggtegaggtyg
gacggggaaa
ctagggeget
atgcgccget
gatcggtgcg
gattaagttg
agtactttgg
attecacaca
agctaactqa
gcttaatﬁéa
ctgtoacttt
cgataaagga
cccacccacg
ggattgatgt
agaceccttee
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Patentkrav

1. Genekspressionssystem, omfattende:

(@) en ekspressionsenhancersekvens, der er afledt af RNA-2-
genomsegmentet af en todelt Comoviridae-RNA-virus, hvori et translations-
initiationssted i RNA-2-genomsegmentet er blevet muteret,

hvor vildtype-RNA2-genomsegmentet af Comoviridae-virussen koder for to
carboxy-coterminale proteiner via to forskellige translationsinitiationssteder,
der er lokaliseret i den samme triplet-laeseramme,

hvor det muterede initiationssted er det forste af disse to initiationssteder og
svarer til initiationsstedet i position 161 i vildtype-RNA-2-segmentet af CPMV;
hvor ekspressionsenhancersekvensen enten:

(i) omfatter mindst en sekvens med 200 nukleotider af det comovirale RNA-2-
genomsegment, som omfatter det muterede initiationssted, eller

(i) er mindst 70% identisk med nukleotid 1 til 507 af CPMV-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1, og hvor initiationsstedet i po-
sition 161 i vildtype-CPMV-RNA-2-genomsegmentet er blevet muteret, og

(b) et heterologt gen, der koder for et protein af interesse,

hvor genet, der koder for proteinet af interesse, er lokaliseret nedstrgms for
enhancersekvensen og er operabelt forbundet med promoter- og termina-
torsekvenser.

2. Genekspressionssystem, omfattende et genekspressionskonstrukt, der
omfatter:

(@) en ekspressionsenhancersekvens, der er afledt af RNA-2-
genomsegmentet af en todelt Comoviridae-RNA-virus, hvori et initiationssted
i RNA-2-genomsegmentet er blevet muteret,

hvor vildtype-RNA2-genomsegmentet af Comoviridae-virussen koder for to
carboxy-coterminale proteiner via to forskellige translationsinitiationssteder,
der er lokaliseret i den samme triplet-laeseramme,

hvor det muterede initiationssted er det forste af disse to initiationssteder og
svarer til initiationsstedet i position 161 i vildtype-RNA-2-segmentet af CPMV
(cowpea mosaic virus);

hvor ekspressionsenhancersekvensen enten:

(i) omfatter mindst en sekvens med 200 nukleotider af det comovirale RNA-2-
genomsegment, som omfatter det muterede initiationssted, eller
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(i) er mindst 70% identisk med nukleotid 1 til 507 af CPMV-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1, og hvor initiationsstedet i po-
sition 161 i vildtype-CPMV-RNA-2-genomsegmentet er blevet muteret, og

(b) en heterolog sekvens til at lette indfaring af et gen, der koder for et prote-
in af interesse, i genekspressionssystemet, hvor den heterologe sekvens er
lokaliseret nedstroms for det muterede initiationssted i enhancersekvensen;
0g eventuelt

(c) en 3-UTR.

3. Genekspressionssystem ifolge krav 1 eller 2, omfattende eller endvidere
omfattende en 3-UTR, der eventuelt er afledt af den samme todelte RNA-
virus.

4. Genekspressionssystem ifglge et af kravene 1 til 3, hvor den todelte RNA-
virus er en comovirus, hvor comovirussen eventuelt er CPMV.

5. Genekspressionssystem ifglge krav 4, hvor enhancersekvensen omfatter
mindst nukleotid 10 til 512, 20 til 512, 30 til 512, 40 til 512, 50 til 512, 100 {il
512, 150 til 512, 1 til 514, 10 til 514, 20 til 514, 30 til 514, 40 til 514, 50 til 514,
100 til 514, 150 til 514, 1 til 511, 10 til 511, 20 til 511, 30 til 511, 40 til 511, 50
til 511, 100 til 511, 150 til 51,1, 1 til 509, 10 til 509, 20 til 509, 30 til 509, 40 {il
509, 50 til 509, 100 til 509, 150 til 509, 1 til 507, 10 til 507, 20 til 507, 30 til
507, 40 til 507, 50 til 507, 100 til 507 eller 150 til 507 af en comoviral RNA-2-
genomsegmentsekvens med det muterede initiationssted.

6. Genekspressionssystem ifglge krav 5, hvor enhancersekvensen omfatter
nukleotid 10 til 512, 20 til 512, 30 til 512, 40 til 512, 50 til 512, 100 til 512, 150
til 512, 1 til 514, 10 til 514, 20 til 514, 30 til 514, 40 til 514, 50 til 514, 100 til
514, 150 til 514, 1 til 511, 10 til 511, 20 til 511, 30 til 511, 40 til 511, 50 til 511,
100 til 511, 150 til 511, 1 til 509, 10 til 509, 20 til 509, 30 til 509, 40 til 509, 50
til 509, 100 til 509, 150 til 509, 1 til 507, 10 til 507, 20 til 507, 30 til 507, 40 til
507, 50 til 507, 100 til 507 eller 150 til 507 af CPMV-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1,

hvor initiationsstedet i position 161 i vildtype-CPMV-RNA-2-genomsegmentet
er blevet muteret.
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7. Genekspressionssystem ifalge krav 4, hvor enhancersekvensen er mindst
99%, 98%, 97%, 96%, 95%, 90%, 85%, 80% eller 75% identisk med CPMV-
RNA-2-genomsegmentsekvensen, der er vist i tabel 1,

hvor initiationsstedet i position 161 i vildtype-CPMV-RNA-2-genomsegmentet
er blevet muteret.

8. Genekspressionssystem ifglge et af kravene 3 til 7, omfattende:

(a) en promoter;

(b) nukleotid 1 til 507 af cowpea-mosaic-virus-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1, AUG i position 161 er blevet
muteret som vist i tabel 2, lokaliseret nedstroms for promoteren;

(c) et gen, der koder for et protein af interesse, lokaliseret nedstrgms for se-
kvensen, der er defineret i (b);

(d) nukleotid 3302 il 3481 af cowpea mosaic virus-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1, lokaliseret nedstrams for ge-
net, der koder for proteinet af interesse; og

(e) en nopalinsyntaseterminator, der er lokaliseret nedstroms for sekvensen,
der er defineret i (d), eller omfattende:

(a) en promoter;

(b) en ekspressionsenhancersekvens, der er mindst 70% identisk med nu-
kleotid 1 til 507 af cowpea mosaic virus-RNA-2-genomsegmentsekvensen,
som er vist i tabel 1, hvor AUG i position 161 er blevet muteret, lokaliseret
nedstroms for promoteren;

(c) et gen, der koder for et protein af interesse, lokaliseret nedstrgms for se-
kvensen, der er defineret i (b);

(d) nukleotid 3302 til 3481 af cowpea mosaic virus-RNA-2-
genomsegmentsekvensen, der er vist i tabel 1, lokaliseret nedstrams for ge-
net, der koder for proteinet af interesse; og

(e) en nopalinsyntaseterminator, der er lokaliseret nedstrams for sekvensen,
der er defineret i (d).

9. Genekspressionssystem ifglge et af kravene 4 til 8, hvor den todelte RNA-
virus er CPMV, og AUG i position 115 ogsa er muteret.

10. Genekspressionssystem ifglge et af kravene 3 til 7, omfattende:
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(a) et farste genkonstrukt, der omfatter en sekvens, der er afledt af en afkor-
tet RNA-2 af et todelt Comoviridae-virusgenom, der baerer mindst et fremmed
gen, der koder for et heterologt protein af interesse, som er operabelt forbun-
det med promoter- og terminatorsekvenser, hvor genkonstruktet omfatter det
muterede initiationssted opstreams for det fremmede gen,

hvor RNA2-genomsegmentet af Comoviridae-virussen koder for to carboxy-
coterminale proteiner via to forskellige translationsinitiationsteder, der er lo-
kaliseret i den samme triplet-laeseramme,

hvor det muterede initiationssted er det forste af disse to initiationssteder og
svarer til initiationsstedet i position 161 vildtype-RNA-2-segmentet af CPMV;
og eventuelt

(b) et andet genkonstrukt, der eventuelt er inkorporeret i det farste genkon-
strukt, omfattende en heterolog gene-silencing-suppressor, der er operabelt
forbundet med promoter- og terminatorsekvenser.

11. Genekspressionssystem ifglge et af de foregaende krav, der er en binaer
DNA-vektor.

12. Fremgangsmade til forogelse af ekspressionen eller den translationsfor-
bedrende aktivitet af en sekvens, der er afledt af et RNA-2-genomsegment af
en todelt Comoviridae-virus, omfattende et translationsinitiationssted deri,
hvor RNA2-genomsegmentet af Comoviridae-virussen koder for to carboxy-
coterminale proteiner via to forskellige translationsinitiationssteder, lokaliseret
i den samme triplet-leeseramme,

hvor det muterede initiationssted er det forste af disse to initiationssteder og
svarer til initiationsstedet i position 161 i vildtype-RNA-2-segmentet af CPMV,
hvor mutationen udfgres enten ved:

(i) en punktmutation pé initiationsstedet, eller

(i) en deletion pa op til 50 nukleotider i laengden, herunder initiationsstedet,
hvor mutationen forbedrer ekspressionen af en heterolog ORF, som sekven-
sen er bundet til.

13. Fremgangsmade til ekspression af et heterologt protein af interesse i en
veertsorganisme under anvendelse af et genekspressionssystem ifglge et af
kravene 1 til 10, hvor vaertsorganismen er en eukaryotisk veert, der eventuelt
er en plante eller et insekt.
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14. Fremgangsmade til forbedring af translationen af et heterologt protein af
interesse fra et gen eller en ORF (open reading frame), der koder for den
samme, der er operabelt forbundet med et RNA2-genomsegment af en se-
kvens, der er afledt af en todelt Comoviridae-virus,

hvor RNA2-genomsegmentet af Comoviridae-virussen koder for to carboxy-
coterminale proteiner via to forskellige translationsinitiationssteder, lokaliseret
i den samme triplet-laeeseramme,

omfattende mutation af det forste af disse to initiationssteder i den RNA2-
afledte sekvens, hvor det muterede initiationssted svarer til initiationssteder i
position 161 i vildtype-RNA-2-segmentet af CPMV,

hvor mutationen udfgres ved enten:

(i) en punktmutation p4 initiationsstedet, eller

(ii) en deletion pa op til 50 nukleotider i laengden, herunder initiationsstedet.

15. Fremgangsmade ifolge krav 13 til ekspression af et heterologt protein i
en plante, om trinnene med:

(@) at indfgre et genekspressionskonstrukt, omfattende et forste genkon-
strukt, omfattende en sekvens, der er afledt af en afkortet RNA-2 af et todelt
Comoviridae-virusgenom, der baerer mindst et fremmed gen, der koder for et
heterologt protein af interesse, som er operabelt forbundet med promoter- og
terminatorsekvenser,

hvor genkonstrukiet omfatter et muteret initiationssted opstrgms for det
fremmede gen, i en plantecelle,

hvor RNA2-genomsegmentet af Comoviridae-virussen koder for to carboxy-
coterminale proteiner via to forskellige translationsinitiationssteder, der er
lokaliseret i den samme triplet-leeseramme,

hvor det muterede intiationssted er det forste af disse to initiationssteder og
svarer til initiationssteder i position 161 i vildtype-RNA-2-segmentet af CPMV;
0g eventuelt

(b) at indfare et andet genkonstrukt, der eventuelt er inkorporeret i det forste
genkonstrukt, omfattende en gene-silencing-suppressor, der er operabelt
forbundet med promoter- og terminatorsekvenser, i plantecellen.
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16. Veertsorganisme, der er transient transficeret med og omfatter et genek-
spressionssystem ifglge et af kravene 1 til 11, hvor vaertsorganismen even-
tuelt er en plante eller plantecelle.

17. Transgen veertsorganisme, der er stabilt transformeret med og omfatter
et genekspressionssystem ifalge et af kravene 1 til 11.
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FIGURE 6
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FIGURE 9
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