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METHOD OF PLASTID TRANSFORMATION IN ASTERACEAE,
VECTOR FOR USE THEREIN AND PLANTS THUS OBTAINED

Field of the invention

The invention relates to methods of genetically
transforming plant plastids, and more specifically to
genetically transforming the plastid genomes of Asteraceae
plant species. The invention further relates to vectors for
use in the transformation of plastid genomes and to

transplastomic plants thus obtained and their progeny.

Background of the invention

Any discussion of the prior art throughout the
specification should in no way be considered as an
admission that such prior art is widely known or forms part
of common general knowledge in the field.

Plastids are self-replicating organelles containing
their own DNA in a single circular chromosome, called their
genome. Plastids are found in all plant cells. They are
inherited maternally in most plants just like mitochondria
in animals and plants. This is also called cytoplasmic
inheritance since these organelles are present in the
cytosol of the ova.

Plant plastids (e.g. chloroplasts, amyloplasts,
elaioplasts, etioplasts, chromoplasts, leucoplasts and
proplastids) are the organelles in which major biochemical
processes (i.e. photosynthesis) take place. In general,
plant cells contain between 100-10,000 copies of the small
120-160 kb circular plastid genome. Since each molecule has
one inverted repeat it is theoretically possible to obtain
plant cells with 20,000 copies of (a) gene(s) of interest,
after plastid transformation.

The genetic transformation of the plastid genome

(plastome) has major advantages over nuclear
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transformation. Firstly, because in most plant species,
plastids are maternally inherited, out-crossing of
transgenes to weeds or other crops is minimized. Thus, this
form of genetic engineering of plants lowers the risk of
dissemination of the transgene in the environment through
pollen dispersal. Furthermore, the plastid genome is highly
polyploid, enabling the introduction of many copies per
cell which can lead to high accumulation levels of the
desired protein(s). The fact that plastids are able to form
disulfide bonds and to fold proteins, makes this technique
in theory ready for the production of biopharmaceuticals in
plants.

The principle of plastid transformation is insertion
of sequences through homologous recombination. Plastid
transformation vectors use two targeting DNA segments that
flank the gene or genes of interest. By means of homologous
recombination these segments can insert the foreign gene or
genes at a precise, predetermined position in the plastid
genome. Position effects and gene silencing, major problems
in nuclear transformation experiments, have not as yet been
observed in plastid transformation events.

However, successful chloroplast transformation of crop
plants 1s described thus far only for solanaceous crops
like potato, tomato, tobacco (US-5,451,513; Svab et al.
(1990), Proc. Natl. Acad. Sci. USA 87:8526-8530) and
Brassicaceae, like Arabidopsis thaliana (US-6,376,744). It
is not obvious that the techniques used for these species
can be readily used for other species such as Asteraceae,
in particular lettuce.

It is an object of the present invention to overcome
or ameliorate at least one of the disadvantages of the
prior art, or to provide a useful alternative.

As such, in one or more preferred embodiments the

invention therefore relates to provide an alternative
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plastid transformation method that is in particular useful
for transforming Asteraceae plant species, such as lettuce
(Lactuca sativa). Lettuce is an agronomical important crop
and a useful transformation method therefore is thus highly

desirable.

Summary of the invention

According to a first aspect, the present invention
provides a method for the transformation of a plastid
genome in lettuce, comprising the steps of:

a) providing a transformation vector carrying a DNA
sequence of interest;

b) subjecting a plant material from lettuce, which
comprises a plastid, to a transformation treatment in order
to allow the plastid to receive the transformation vector;

c) placing the thus treated plant material for a
period of time into contact with a ligquid culture medium
without a selection agent;

d) subsequently placing the plant material into
contact with a liquid culture medium comprising the
selection agent by adding the selection agent to the liquid
culture medium without the selection agent;

e) refreshing the culture medium comprising the
selection agent to allow plant material comprising a
plastid that has acquired the DNA of interest to grow into
transformants.

Unless the context clearly requires otherwise,
throughout the description and the claims, the words
“comprise”, “comprising”, and the like are to be construed
in an inclusive sense as opposed to an exclusive or
exhaustive sense; that is to say, in the sense of
“including, but not limited to”.

The invention thus provides a method for the

transformation of plastid genomes of plant species, in
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particular Asteraceae plant species, comprising the steps
of:

a) providing a transformation vector:

b) subjecting a plant material, which comprises
plastids, to a transformation treatment in order to allow
the plastids to receive the transformation vector;

c) placing the thus treated plant material for a
period of time into contact with a culture medium without
selection agent;

d) subsequently placing the plant material into
contact with a culture medium comprising a selection agent;
and

e) refreshing the culture medium comprising a
selection agent to allow plant material comprising plastids
that have acquired the DNA of interest to grow into
transformants, in particular transplastomic plants or plant
parts (i.e. plants or plant parts carrying one or more
transgenes in their plastids).

The transformation vector may comprise:

- an expression cassette which comprises optionally
a promoter active in the plastids of the plant species to
be transformed, a DNA insertion site for receiving the
transforming DNA of interest, optionally one or more
selection markers conferring a selectable phenotype on
cells having plastids that are transformed with the
expression cassette, and optionally a DNA sequence encoding
a transcription termination region active in the plastids
of the plant species to be transformed,

- optionally a set of DNA targeting segments
located on either side of the expression cassette that

allow double
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homologous recombination of the expression cassette with the
plastid genome of interest, and

- a DNA sequence of interest inserted into the
insertion site of the expression cassette.

Preferably the vector comprises a promoter, a set of
targeting segments and one or more selection markers.
However, these elements may also be provided in another way.
For example, the DNA of interest can be inserted at such a
position in the plastome that it can use an already present
promoter, such as in an operon. If no targeting segments are
present the DNA of interest can integrate at a random
position. The DNA of interest is preferably integrated in the
plastid genome but can also exist outside the plastome.

The DNA of interest can be either stably integrated
or transiently expressed.

It is surprising that when using the method of the
invention no escapes are found in the transformation of
plastids of lettuce. The results of plastid transformations
thus far, mention the occurrence of escapes (due to nuclear
or spontaneous mutants; Kofer et al. (1998) In Vitro Cell.
Dev. Biol. Plant 34:303-309).

It was surprisingly found that not immediately
starting the selection process but keeping the treated plant
material in or on a culture medium for a few days highly
improved the efficiency of transformation. In addition, the
selection procedure should not be started too late in the
culture process. Preferably, selection is started after a
maximum of 2-5 days. The moment to start the selection
process depends on the transformation method. Another
important aspect of the invention is to keep the transformed
cells into close contact with the selective agent for a
period of time, preferably until regeneration. In addition,

it is preferred to retain the concentration of the selective
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agent at an efficient level, such as 500 mg/l spectinomycin
dihydrochloride. This is preferably achieved by using a

liquid medium containing the selective agent.

Detailed description of the invention

The invention provides methods and vectors for
efficient and stable transformation of plastids of an
Asteraceae plant species, in particular chloroplasts of a
lettuce plant, and the plants thus obtained.

Other plastids that can be transformed by the method
of the invention are selected from the group consisting of
amyloplasts, elaioplasts, etioplasts, chromoplasts,
leucoplasts and proplastids.

The vector that is used in the method of the
invention has a vector backbone and in addition a DNA
construct that optionally comprises one or more sets of
targeting DNA segments that are homologous to a sequence in
the plastid genome, optionally a promoter seguence,
optionally a DNA sequence encoding the transforming gene
inserted in an insertion site, optionally a terminator
sequence, and optionally at least one DNA sequence encoding a
selectable marker.

Preferably, the vector comprises the targeting DNA
segments, the DNA sequence encoding the transforming gene, a
promoter and a selectable marker.

The promoter is any promoter that is active in the
plastids of the plant species to be transformed and for
lettuce for example selected from the group of (lettuce or
other plant species) chloroplast specific ribosomal RNA
operon promoter rrn (16S rRNA), psbad, rbcL, trnV, or rpslo.
However, additional promoter regions, to enhance
transcription, translation or both processes, can also be

used for obtaining expression of the selectable marker and
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gene of interest in lettuce plastids. Also, bacterial
promoters can be used for expressing genes in the plastids.

The terminator is any terminator that is active in
the plant species to be transformed and for lettuce for
example selected from the group consisting of the psb A
termination sequence, rrn, rbcl, trnV, or rpsl6. These and
other terminators may be specific for lettuce or other plant
species. A terminator sequence need not always be present in
bicistronic constructs, being two open reading frames behind
one promoter. Additional UTR (untranslated region) sequences,
fused to coding sequences of desired gene(s), can be used as
leader and/or trailer, to minimize unwanted recombination.

The selection marker is for examble selected from the
group consisting of spectinomycin, streptomycin, kanamycin,
hygromycin and chloramphenicol, or to plant herbicides like
glyphosate or bialaphos. Of these markers the aadA gene is
preferred because it is a non-lethal marker.

Alternatively a visual marker can be used, such as
gfp (green fluorescence»protein). In that case the selective
agent is not a compound or composition but the means that is
used to visualize the visual marker, such as the source of
blue light that leads to fluorescence of the gfp.

When only such visual marker is used for selecting
the transformants, steps d) and e) of the method can be
performed without selective agent. The selection is then made
visually by illuminating the putative transformants with an
appropriate source of light and selecting the transformants
that show fluorescence.

The DNA segments that allow double homologous
recombination of the DNA of interest with the plastid genome
of interest have a DNA sequence that is homologous to a part
of the plastid genome. The segments are selected such that

integration of the transforming gene takes place in a desired
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position in the genome. For lettuce, for instance, the set of
DNA segments is selected from the trnl(oriA)/trnA region and
the 16S/trnV/ORF70B region of the lettuce chloroplast genome.
Preferably, the set of DNA segments 1s selected from LCV1 A-B
and LCV1l C-D, and LCV2 A-B and LCV2 C-D as disclosed in the
Examples. The advantage of these segments is that they were
found to be particularly useful for lettuce.

The method of the invention can be used for the
preparation of plants that can express any gene of interest.
The inventive technology can be used for the transformation
of plastids from any plant, but in particular for plants of
the Asteraceae family, more in particular for lettuce. The
invention can thus be used for the production of polypeptides
that can be isolated from the plant or of polypeptides that
are useful for the plant itself. An example of production of
products that can be isolated from the plant lies for example
in the field of biopharmaceuticals, i.e. pharmaceuticals
produced in living organisms such as plants. The production
in plants has high potential because it can lead to lower
ﬁroduction costs as compared to production in animals or in
microorganisms using Bioreactors.

A promising new field in which this invention can be
used is the production of edible vaccines, but other
pharmaceuticals, either therapeutic or prophylactic, can be
envisaged as well as (poly)peptides that can be used in other
fields.

In addition to using the plant as a factory for the
production of peptides or polypeptides, the product expressed
can also be of agronomical importance. Examples are herbicide
resistance, insect resistance, fungal resistance, bacterial
resistance, stress tolerance for instance to cold, high salt
or minerals, yield, starch accumulation, fatty acid

accumulation, photosynthesis.
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According to the invention, the transformation
treatment is selected from the group consisting of
electroporation, particle gun transformation, polyethylene
glycol transformation and whiskers technology. Polyethylene
glycol transformation and particle gun are very advantageous
since a high number of cells can be transformed
simultaneously and an efficient selection of the transformed
plastids within the cells can take place.

The essence of the whiskers technology is the
microscopic needle-like silicon-carbide "whiskers" which are
approximately 0.6 microns in diameter and vary from 5-80
microns in length. The process begins with the provision of a
"transformation cocktail" consisting of DNA, silicon carbide
"whiskers", and the appropriate plant target tissue. This
cocktail is then stirred or mixed or shaken in a robust
fashion by a variety of means (such as a Vortex Machine, a
Dental Amalgam Mixer, or a Commercial Paint Shaker). The
resulting collisions between plant cells and "whiskers" are
hypothesized to result in the creation of very small openings
in the plant cell wall and membrane. As a consequence, DNA
can move into the targeted plant cells, followed by
integration of the transforming DNA into the plastome.
Ultimately, transplastomic plant material can be recovered.

The period of time during which the treated plant
material is placed into contact with a culture medium without
selection agent depends on the transformation treatment. For
polyethylene glycol transformation the period of time is 1 to
14 days, preferably 3 to 7 days, more preferably about 6
days. For particle gun transformation, the period of time
during which the treated plant material is placed into
contact with a culture medium without selection agent is 1 to
14 days, preferably 1-5 days, more preferably about 2 days.

“Without selection agent” is intended to mean “without an
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effective amount of the selection agent”. During this period
a low, i.e. ineffective amount of selective agent may be
present.

The step of placing the treated plant material into
contact with a culture medium without selection agent was
found to be important for the transformation efficiency. In
addition it is pieferred for chloroplast transformation to
keep the treated plant material in the dark during this step.
This way no new and thus not transformed chloroplasts are
produced thus leading to a higher efficiency.

The treated plant material is preferably kept into
contact with a culture medium with the selection agent until
regeneration of the plant or plant part from the transformed
material.

The method of the invention is suitable for plant
materials selected from plant tissue, separate cells,
protoplasts, separate plastids.

It was surprisingly found that the transformation
efficiency can be increased when the culture medium
comprising the selection agent is a liquid medium. This way
the cells to be transformed are in close contact with the
selective agent. It was furthermore surprisingly found that
no escapes were detected in the transformation experimenté.

When the culture medium is refreshed after the
selection procedure this may mean that fresh medium with
selective agent is added (i.e. so that the selection medium
is not diluted) or that the selection medium is changed for
medium with selective agent.

The invention further relates to an expression vector
for the transformation of plastid genomes of plant species,
in particular Asteraceae plant species, which vector

comprises:
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- an expression cassette which comprises optionally a
promoter active in the plastids of the plant species to be
transformed, a DNA insertion site for receiving the
transforming DNA of interest, optionally one or more
selection markers conferring a selectable phenotype on cells
having plastids that are transformed with the expression
cassette, and optionally a DNA sequence encoding a
transcription termination region active in the plastids of
the plant species to be transformed,

- optionally a set of DNA targeting segments located
on either side of the expression cassette that allow double
homolocgous recombination of the expression cassette with the
plastid genome of interest, and

- optionally a DNA sequence of interest inserted into
the insertion site of the expression cassette.

In a preferred embodiment, the vector comprises the
promoter, the one or more selection markers and the set of
DNA targeting segments. Such vector comprises:

- an expression cassette which comprises a promoter
active in the plastids of the plant species to be
transformed, a DNA insertion site for receiving the
transforming DNA of interest, one or more selection markers
conferring a selectable phenotype on cells having plastids
that are transformed with the expression cassette, and
optionally a DNA sequence transcription termination region
active in the plastids of the plant species to be
transformed, and

- a set of DNA targeting segments located on either
side of the expression cassette that allow double homologous
recombination of the expression cassette with the plastid
genome of interest.

The various elements of the vector are preferably as

described above for the method. The invention relates both to
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the vector in which no gene to be transformed is incorporated
as well as to the vector comprising any transformable gene.

The vectors of the invention provide stable
transformation of plastids of multicellular structures, such
as plants of lettuce.

The invention further relates to plants carrying in
their cells plastids that are transformed, in particular to
plants carrying plastids transformed by means of the method
of the invention. In addition, the invention relates to
progeny of these plants in which at least part of the
transformed plastids are still present.

The invention will be further illustrated in the
Examples that follows. In these examples, as explant
material, lettuce plant mesophyl protoplasts are used and via
PEG transformation transplastomic protoplast-derived colonies
and regeneration of plants were obtained. Alternatively,
transplastomic callus was obtained using particle bombardment
of excised cotyledons of lettuce. The DNA constructs comprise
an expression céssette containing the transforming DNA which
is targeted to a pre-determined location in the plastid
genome and inserted into the plastid genome by homologous
recombination. The targeting seéments in the cassette
comprise preferred sequences df the lettuce DNA chloroplast
genome, i.e. the trnI (orih)/trnA region or the 168/trnV/ORF70B
region of the lettuce chloroplast genome. The DNA used for
transformation further contains a non-lethal selectable
marker gene which confers a selectable phenotype on cells
having the plastids with the transforming DNA, in this case
spectinomycin. The non-lethal selectable coding sequence
preferred, is the coding region of aadA from E. coli, which
encodes aminoglycoside-3'-adenylyltransferase to confer
spectinomycin and streptomycin resistance. Furthermore, the

DNA expression cassette comprises at least one additional DNA
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sequence, which is the DNA sequence of interest, such as a
gene encoding a green fluorescent protein (gfp) (as a model
system) or the influenza virus haemagglutinin gene (HA). The
constructs furthermore are provided with a promoter and a
terminator sequence functional in plant plastids.

In the Examples that follow reference is made to the
following figures:

Figure 1. LCV1 lettuce chloroplast genome target
sequence (not including backbone vector) (SEQ ID NO:1).

Figure 2. Map of LCV1 (7,545 bp).

Figure 3. LCV1 lettuce chloroplast genome target
sequence (SEQ ID NO:2) aligned with tobacco chlorxoplast
genome (GI Z00044) (SEQ ID NO:3). SEQ ID NO:4 and 5 are the
hypothetical proteins. SEQ ID NO:41 is the ribosomal protein.

Figure 4. Cloning steps and primers (SEQ ID NOS:6-9)
for construction of LCV1l. TCG = tobacco chloroplast genome.

Figure 5. LCV2 lettuce chloroplast genome target
sequence (not including backbone vector) (SEQ ID NO:10).

Figure 6. Map of LCV2 (6,182 bp).

Figure 7. LCV2 lettuce chloroplast genome target
sequence (SEQ ID NO:11) aligned with tobacco chloroplast
genome (GI Z00044) (SEQ ID NO:12).

Figure 8. Cloning steps and primers (SEQ ID NOS:13-
16) for construction of LCV2. TCG= tobacco chloroplast
genome. .

Figure 9. Map of LCV1 MSK18 (9,682 bp).

Figure 10. Map of LCV2-MSK18 (8,328 bp).

Figure 11l. Diploid Transplastomic lettuce pLCV2-LECL
plants at stages of flowering (left upper panel), microspores
(right upper panel) and seed set (right upper and lower
panel)

Figure 12. Primer combinations (SEQ ID NOS:17-20)

used in PCR analysis of transplastomic lettuce callus.
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Figure 13. Molecular analysis of spectinomycin

resistant lettuce calli.
Panel A: PCR products of the ATPase gene.
Lane 1. Marker,

2. TRSL5-01016 pLCV2-MSK18-1,

3. TRSL5-01016 pLCV2-MSK18-1

4, TRSL5-02002 pLCV2-MSK18-1-1,

5. TRSL5-02002 pLCVZ-MSK18-1-2,

6. TRSL5-02002 pLCV2-MSK18-2-1,

7. TRSL5-02002 pLCV2-MSK18-2-1,

8. TRSL5-02002 pLCV2-MSK18-2-2,

9 and 10 untransformed callus,

11 and 12 pLCV2-MSK18
Panel B: PCR products of the AadA gene.
Lane 1. Marker,
TRSL5-01016 pLCV2-MSK18-1,
TRSL5-01016 pLCV2-MSK18-1
TRSL5-02002 pLCV2-MSK18-1-1,
TRSL5-02002 pLCV2-MSK18-1-2,
TRSL5-02002 pLCV2-MSK18-2-1,
7. TRSL5-02002 pLCV2-MSK18-2-1,
8. TRSL5-02002 pLCV2-MSK18-2-2,

oy U1 W N

9 and 10 untransformed callus,
11 and 12 pLCV2-MSK18
Panel C: PCR products of the trnI Jjunction.
Lane 1. Marker,
TRSL5-01016 pLCV2-MSK18-1,
TRSL5-01016 pLCV2-MSK18-1
TRSL5-02002 pLCV2-MSK18-1-1,
TRSL5-02002 pLCV2-MSK18-1-2,
TRSL5-02002 pLCV2-MSK18-2-1,
TRSL5-02002 pLCV2-MSK18-2-1,
TRSL5-02002 pLCV2-MSK18-2-2,

e} ~J o) (6] = w [Ne}
. . . . . - .
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9 untransformed callus
Panel D: PCR products of the trnA junction.
Lane 1. Marker,
2. TRSL5-01016 pLCV2-MSK18-1,
3. TRSL5-01016 pLCV2-MSK18-1
4. TRSL5-02002 pLCV2-MSK18-1-1,
5. TRSL5-02002 pLCV2-MSK18-1-2,
6. TRSL5-02002 pLCV2-MSK18-2-1,
7. TRSL5-02002 pLCV2-MSK18-2-1,
8. TRSL5-02002 pLCV2-MSK18-2-2,
9 untransformed callus

Figure 14. Sequence of left border (P1-P2) (SEQ ID
NO:21) and right border (P3-P6) (SEQ ID NO:22) integration
junction fragments amplified by PCR from transplastomic
lettuce DNA. Sequence in lower case is lettuce chloroplast
DNA external to the LCV2 vector target region. Upper panel:
P1-P2 left border fragment consensus sequence; Lower panel:
P3-P6 left border fragment consensus sequence.

Figure 15. Agarose gel electrophoresis of PCR
products from reactions with primer pairs P1+P2, P3+P4 and
P1+P4 and template DNA from spectinomycin resistant putative
transplastomic callus sample B (TP) and non-transformed wild-
type callus (WT).

Figure 16. PCR analysis on insert integration of
pLCV2-MSK18 transformed calli. Lane 1: marker DNA, lanes 2-7:
TRSL0O5-02002 pLCV2-MSK18-1-1, TRSL0O5-02002 pLCV2-MSK18-1-2,
TRSL05-02002 pLCV2-MSK18-1-3, TRSL05-02002 pLCV2-MSK18-2-1,
TRSL05-02002 pLCV2-MSK18-2-2, TRSL05-02001 pLCV2-MSK18-1-1,
respectively; lane 8 and 9: control lettuce DNA, lane 10:
plasmid DNA pLCV2-MSK18

Figure 17. PCR analysis of left and right border
integration junction from callus, derived after particle

bombardment transformation with plasmid pLCV2-MSKI18.Panel A:



10

15

20

25

30

WO 2004/016793 PCT/EP2003/008948

15

trnI junction (left integration junction). Panel B: trnA
junction (right border insertion. Lane 1: lambda marker, lane
2: spectinomycin resistant callus pLCV2-MSK18, lane 3;
control lettuce, lane 4: plasmid pLCV2-MSK18.

Figure 18. PCR analysis of pLCV2~LECl callus lines
and controls.
Al: PCR products of the ATPase gene.

Lane 1; marker

2: pLCV2-LEC1 1.1

3: pLCV2-LEC1 2.1

4: pLCV2-LEC1 2.2

5: pLCV2-LECl 3.1

6: pLCV2-LECl 3.2

7: control non-treated lettuce callus
8: control untransformed callus

AZ2: PCR products of ATPase gene
Lane 1: marker

2: plasmid pLCV2-LEC1

3: water
Bl: PCR products of the AadA gene.

Lane 1; marker

2: pLCV2-LEC1 1.1
3: pLCV2-LEC1 2.1
4: pLCV2-LEC1 2.2
5: pLCV2-LEC1 3.1
6: pLCV2-LECl 3.2

B2: PCR products of AadA gene
Lane 1: marker
2: plasmid pLCV2-LEC1
3: water
C: PCR products of trnI junction (left border)
Lane 1; marker

2: pLCV2-LEC1 1.1
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3: pLCV2-LEC1 2.1
4: pLCV2-LECl 2.2
5: pLCV2-LEC1 3.1
6: pLCV2-LEC1l 3.2
7: control non-treated lettuce DNA
8: plasmid pLCVZ2-LEC1
D: PCR products of trnA junction (right border)
Lane 1; marker
2: pLCV2-LEC1 1.1
3: pLCV2-LEC1l 2.1
4: pLCV2-LECLl 2.2
5: pLCV2-LEC1 3.1
6: pLCV2-LEC1 3.2
7: control non-treated lettuce DNA
8: plasmid pLCV2-LEC1l
E: PCR products of insert

Lane 1; marker

2: pLCV2-LEC1l 1.1

3: pLCV2-LECl 2.1

4: pLCV2-LECLl 2.2

5: pLCV2-LEC1 3.1

6: pLCV2-LEC1l 3.2

7: control non-treated lettuce callus
8: control untransformed callus

Figure 19. PCR analysis on insert integration in 24
different transplastomic regenerants, originated from 1
transplastomic callus TRSL05-02002 pLCV2-MSK18 1-2 (Lanes A-L
and M-X) and 2 control lettuce plants (control lettuce)

Figure 20. PCR analysis on insert integration in 7
different transplastomic regenerants, originated from 1
transplastomic callus number pLCV2-LECLl 2.2. Lane 1: marker,
lanes 2-8: pLCV2-LECl 2.2 regenerated plants, lane 9: plasmid
DNA pLCV2-LEC1l, lane 10: control lettuce DNA.
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Figure 21. Lettuce expression cassette LECl. LPrrn —
lettuce specific RNA operon promoter; L3’ psbA - lettuce
specific pshA terminator sequence.

Figure 22. Schematic representation of the PCR and
cloning strategy used for LECl construction together with

primer sequences (SEQ ID NOS:23-30).

EXAMPLES
EXAMPLE 1

Vector constructions

2. Construction of LCVI

The lettuce chloroplast vector LCV1 consists of 4571
bp of lettuce chloroplast genome sequence with a unique 16 bp
Pacl/Ascl site added (Figure 1), cloned into Sacl/Kpnl
restriction sites on the polylinker of a pBluescript SK+
backbone vector (Figure 2). The lettuce sequence spans from
the zps7/3"-rpsl2 intergenic region to the 16SrRNA/trnl
intergenic region and corresponds to nucleotide positions
100021-104387 in the tobacco chloroplast genome (GI accession
number 7Z00044). An alignment of this lettuce sequence with
the tobacco chloroplast genome sequence is given in Figure 3.
The following description of the construction of LCV1 is
outlined in Figure 4.

Four primers LCV1A, LCV1B, LCV1C and LCV1D were used
to amplify this region in two halves (LCV1A-B and LCV1C-D)
and to introduce a unique Pacl/Ascl restriction site in the
ORF70B/trnvV intergenic region at the position corresponding
to nt 102367 in the tobacco chloroplast genome sequence. DNA
from clone 6 of the Sacl library of the lettuce chloroplast
genome (Jansen and Palmer, Current Genetics 11: 553-564
(1987)) was used as a template for the LCV1 wvector. LCV1A and
LCV1B amplified a 2575 bp fragment (2551 bp lettuce sequence
+ 24 bp extension) LCV1A-B spanning from the rps7/3’-zpsl2
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intergenic to the ORF70B/trnV intergenic region
(corresponding to 100021-102367 in the tobacco chloroplast
genome) . Primer LCVI1A contains a Sacl site and LCV1B contains
Pacl/Ascl sites so that Sacl and Pacl/Ascl sites are
incorporated at the 5’ and 3’ end, respectively, of the
LCV1A-B fragment.

The LCV1 A-B fragment was cloned into the E.coli
plasmid vector PCR2.1 to create PCR2.1 LCV1A-B. These clones
were screened for orientation using Sacl and Sacl+Xbal. The
Sacl/xbal insert was cloned into the polylinker of
pBluescript to create pBSLCV1 A-B.

Primers LCVIC and LCV1D amplified a 2042 bp fragment
(2020 bp lettuce sequence + 22 bp extension) LCV1 C-D. The
LCV1C primer contains Pacl/Ascl sites and the LCV1D primer
contains a Kpnl site so that a Pacl/Ascl and a Kpnl site are
added to the 5’ and 3’ end, respectively, of the LCV1 C-D
fragment. The LCV1 C-D fragment was cloned into PCR2.1 to
create PCR2.1 LCV1 C-D. For the final cloning step, PCR2.1
LCV1 C-D was restricted with Ascl+Kpnl to release a 2031 base
pair insert that was ligated to pBS A-B, which was linearised

with Ascl+Kpnl, creating LCVL.

2. Construction of LCVZ2

ICV2 consists of a 2253 bp lettuce chloroplast genome
sequence (Figure 5) spanning from the 16S rRNA/trnl
intergenic region to the trnA/23S rRNA intergenic region,
cloned into the PCR2.1 (Invitrogen) backbone vector (Figure
6). This sequence corresponds to nucleotide positions 104366-
106260 in the tobacco chloroplast genome (GI accession number
7Z00044) . An alignment of this lettuce sequence with the
tobacco chloroplast genome sequence is given in Figure 7. The
following description of the construction of LCV2 is outlined

in Figure 8.
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Four primers LCV2A, LCV2B, LCV2C and LCV2D were used
to amplify this region in two halves (LCV2A-B and LCV2C-D)
and to introduce unique Pacl/Ascl restriction sites in the
intergenic region between the trnI and trnA genes at the
position corresponding to nucleotide 105370 in the tobacco
chloroplast genome.

For the first half (A-B) of the vector, DNA from
clone 6 of the Sacl library of the lettuce chloroplast genome
(Jansen and Palmer, Current Genetics 11: 553-564 (1987)) was
used as a template. Primers LCV2A and LCV2B amplified a 1258
bp fragment (1242 bp lettuce sequence + 16 bp extension)
(LCV2A-B) spanning from 16SrRNA/trnI intergenic region to the
trnI/trnA intergenic region. This fragment was cloned into
the E. coli plasmid cloning vector PCR2.1 (Invitrogen) to
create PCR2.1 LCV2A-B. Primer LCV2B contains Pacl/Ascl sites
so that the LCV2A-B fragment has Pacl/Ascl sites at the
3’end. PCR2.1 LCV2 A-B clones were screened for orientation
by digestion with Kpnl/Ascl, which releases a fragment of
approximately 1300 bp, and Xbal/Ascl which linearised clones
with the correct orientation for subsequent cloning.

For the second half of the vector chloroplast DNA
from lettuce cultivar Evola (Leen de Moss seeds) was used as
a template because the entire trnA gene was not contained in
a single clone in the lettuce chloroplast genome library.
Primers LCV2C and LCV2D amplified a 1011 bp fragment (995 bp
lettuce sequence + 16 bp extension) LCV2C-D. This sequence
spans from the trnI/trnA intergenic region to the trnA/238
rRNA intergenic region. Primer LCV2C contains Pacl/Ascl sites
so the fragment LCV2C-D has Pacl/Ascl sites at its 5’ end.
This fragment was cloned into PCR2.1 to create PCRZ.1 LCVZ C-
D. These clones were screened for orientation using
Kpnl+ascl, which linearises clones with required orientation

and Xbal+Ascl, which releases a fragment of approximately
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1000 bp in clones with the required orientation. To generate
LCV2, the 1.3 kb Ascl+xXbal insert from PCR2.1 LCV2C-D was
subcloned into PCR2.1 LCV2A-B linearised with Ascl+Xbal.

3. Construction of LCV1-MSK18 and LCVZ2-MSKI18

MSK18 is an expression cassette adapted from pMSK18
(Hibberd et al., The Plant Journal 16, 627-632 (1998)).
Plasmid MSK18 was a gift from John Gray (Dept. Plant
Sciences, University of Cambridge, Downing Street, Cambridge
CB2 3EA, UK). Full details of the construction of pMSK18 have
been described previously (Hibberd et al. 1998, supra). The
MSK18 expression cassette consists of the mGFP coding region
(Haselhoff et al., Trends in Genetics 11, 328-329 (1997))
fused to a bacterial trc promoter (Amman and Brosius, Gene
40, 183-190 (1985)), and an aadA coding region, derived from
pUC-atpX-AAD (Goldschmidt-Clermont, Nucleic Acids Research
19, 4083-4089 (1991)) fused to a tobacco rrn promoter derived
from p%ZS197 (Svab and Maliga, Proc. Natl. Acad. Sci USA 90,
913-917 (1993)). A tobacco psbA 3’ UTR derived from pS7z197
(Svab and Maliga, 1993 supra) is fused to the 3’ end of the
aadA gene (Figure 9).

Using pMSK18 as a template, Pacl and Ascl sites were
added by PCR amplifying the cassette with primers containing
Pacl (5’) and Ascl (3') restriction sites to 5’ and 3’ ends
of the of the MSK18 expression cassette. The primers used for
this were MSK18 A (Forward)

57 —tagttaattaaTTGACAATTAATCATCCGGCTCGT-3’ (SEQ ID NO:31) and
MSK18 B (Reverse) 5’-taggacacgccTCGAATATAGCTCTTCTTTCTTA-3’
(SEQ ID NO:32). The MSK18 A-B PCR product was cloned into
PCR2.1 to create PCR2.1 MSK18. PCR2.1 MSK18 was restricted
with Pacl/Ascl to release the MSK18 insert that was cloned
into the Pacl/Ascl sites in LCV1 and LCV2 to create LCV1-
MSK18 (Figure 9) and LCV2-MSK18 (Figure 10).
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EXAMPLE 2
Construction of LCV2-LECIL

Lettuce expression cassette 1 (LECl; Figure 21)
contains the aadA gene, which confers spectinomycin and
streptomycin resistance in plants, and the influenza virus
haemagglutinin gene (HA) that codes for a potential influenza
sub-unit vaccine. Both genes are under the control of a
single lettuce specific promoter (Prrn) and terminator
sequence (3' psbA). A chloroplast ribosome-binding site also
precedes both genes. The expression cassette was assembled in
three pieces using a combination of PCR amplification and
overlap extension (Figure 22).

The lettuce chloroplast specific ribosomal RNA operon
promoter (Prrn) was amplified from lettuce chloroplast DNA
(SacI fragment 6 from the Jansen cpDNA library; Jansen and
Palmer, (Current Genetics 11: 553-564 (1987)) using PCR
primers A and B. The aadA gene and upstream ribosome-binding
site (rbs) was amplified from the tobacco chloroplast
transformation vector pZS5197 using PCR primers C and D. The
HA gene and upstream rbs was amplified from an in-house HA
gene construct (HA con3) using PCR primers E and F. A
lettuce specific psbA termination sequence (3'psbA) was
amplified from lettuce chloroplast DNA (cv. Evola) using PCR
primers G and H. PCR products A+B and C+D were fused by
overlap extension using PCR primers A and D.

The resulting PCR product A+D was cloned into the
Sacl/NotI sites of pBS SK+ to create pBS A+D. PCR product E+F
was cloned into the NotI/BamHI sites of pBS SK+ to create pBS
E+F. PCR product G+H was cloned into the BamHI/PstI sites of
pBS E+F to create pBS E+H. The complete insert (E+H) was
excised by restriction with NotI/PstI and cloned into the

NotI/PstI sites on pBS A+D to create pBS SK+ LECL.
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Expression of aadA and HA in pBS SK+ LECl was tested
in E.coli. Transformed E.coli cells were resistant to
streptomycin indicating that the aadA gene was expressed.
Western analysis of HA expression with anti-HA sera showed
expression of HA in E.coli. The entire expression cassette
(Prrn/aadA/HA/psbA) was excised from pBS SK+ LEC1l using the
restriction enzymes Pacl and AscI and cloned into the
PacI/Ascl sites on the lettuce chloroplast transformation

vector LCV2 to create LCVZ-LEC1.

EXAMPLE 3

Obtaining seedlings and an in vitro stock of plants

Protoplasts of plants are isolated from leaf material
of donor plants. In this example the obtaining of leaf shoot
cultures is given.

Seeds are sterilized by subseguent washing in 70%
ethanol, 0.7% NaOCl solution during 20 minutes and three
times washing with sterile demineralized water. Seeds are
sown on Murashige and Skoog (Murashige and Skoog, Physiol.
Plant., 15: 473-497 (1962)) medium with saccharose 2%,
without hormones. Preferably, seeds can be cultured at 15°C
for 2 days in the dark, after which the seeds are transferred
to 25°C in the light (approximateiy 3000 lux, photo period 16
hr light/8 hr dark TL FTD 840). When first true leaves
appear, shoot tips are transferred to Murashige and Skoog
based medium with 3% saccharose, without hormones. These
sterile shoot cultures are grown under similar growth

conditions.
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EXAMPLE 4
Isolation of protoplasts

Three week old shoot cultures are used for isolation
of protoplasts. Leaves are cut into small pieces and
preplasmolysed during 1 hr in the dark in PG solution (54.66
g/1 sorbitol and 7.35 g/l CaCl,.2H,0). The PG solution is
then replaced by an enzyme solution with 1% cellulase and
0.25% macerozym. Incubation takes place during 16 hrs in the
dark at 25°C.

Subsequently, the suspension is filtered through a
nylon mesh filter (41um) en washed with a third of a volume
of CPW16S solution (Frearson et al., Developmental Biology
33:130-137 (1973)) by centrifugation at 700 rpm during 8
minutes. In this way, intact protoplasts are collected on the
surface of the supernatant. Protoplasts are washed in W5
solution (9 g/l NaCl, 18.38 g/l CaCl,.2H,0, 0.37 g/l KCI,
0.99 g/l glucose, 0.1 g/1 Morpholinoethanesulfonide buffer
(MES)) by centrifugation at 600 rpm during 5 minutes. With
the procedure described, a protoplast yield of approximately
10-15 x 10° protoplasts per gram leaf material can be

obtained.

EXAMPLE 5

Selection of protoplast derived calli on spectinomycin

resistance

Protoplasts of lettuce, derived as described in
example 4, are diluted in culture medium * B5 (Gamborg et al.
Exp. Cell Res. 50:151 (1968)): 375 mg/l CaCl,.2H,0, 18.35
mg/l NaFeEDTA, 270 mg/l sodium succinate, 103 g/l saccharose,
0.1 mg/l 2,4 dichlorophenoxyacetic acid (2,4-D), 0.3 mg/l 6-
benzylaminopurin (BAP) and 0.1 g/l MBS and set to a culture
density of 6 x 10* protoplasts per ml.

The protoplast suspension is mixed 1:1 with *z BS

culture medium with agarose. The agarose beads are plated in
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larger petri dishes with liquid % B5 culture medium on top of
it.

The petri dishes are taped with parafilm and cultured
at 25°C in the dark. One week after initiation of culture the
culture medium is diluted with fresh liquid *s B5 culture
medium and 0.1 g/l MES. The cultures are transferred to the
light (approx. 3000 lux, photo period 16 hours light/8 hours
dark, TL FTID 840).

When calli are about 0.5 mm in size they are
transferred to callus growth medium SHZ (Schenk &
Hildebrandt, Can. J. Bot. 50:199-204 (1972)) with 30 g/1
saccharose, 5 g/1 agarose, 0.1 mg/l l-naphtalene acetic acid
(NAA) and 0.1 mg/l benzylaminopurin (BAP), and the selecting
agent spectinomycin dihydrochloride at concentrations of 0-
1000 mg/l. It was found that the optimal concentration of
selection is 500 mg/l. The non-resistant calli appear as
white calli. They also grow slower as compared to the control
calli. The culture conditions are as described above for the

above protoplast calli.

EXAMPLE 6

Transformation of protoplasts with polyethylene glycol and

selection for aadA encoded antibiotic resistance

Protoplasts of lettuce, derived as described in
example 4, are set to a density of approximately 1-1.5 x 10¢
protoplasts/0.4-0.6 ml in transformation buffer (0.4 M
mannitol, 15 mM MgCl,, 1% (w/v) MES, pH 5.8). Subsequently,

10 1l of plasmid suspension (1 ug DNA/ul sterile H,0) is
added to the protoplasts as well as 0.4-0.6 ml PEG solution
(40% w/v PEG 6000, 2.36 g/l Ca(NO;),.4H,0 and 7.28 g/100ml
mannitol). Incubation is performed at room temperature for 5-
30 minutes. Protoplasts are washed and resuspended in culture
medium '/, B5 (Gamborg et al., Exp. Cell Res. 50:151 (1968)):
375 mg/l CaCl,.2H,0, 18.35 mg/l NaFeEDTA, 270 mg/l sodium
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succinate, 103 g/l saccharose, 0.1 mg/l 2,4
dichlorophenoxyacetic acid (2,4-D) and 0.3 mg/l 6-benzyl
aminopurin (BAP).

The protoplast suspension is mixed 1:1 with *z B5
culture medium with agarose. The agarose beads are plated in
larger petri dishes with liquid 3 B5 culture medium on top of
it. '

The petri dishes are taped with parafilm and cultured
at 25°C. After 6 days selection of the microcalli is
performed by adding 500 mg/1 of the selective agent
spectinomycin dihydrochloride (final concentration). One week
after initiation of culture the culture medium is diluted
with fresh liquid % B5 culture medium, with addition of
spectinomycin dihydrochloride and cultured in the light
(approx. 3000 lux, photo period 16 hours light/8 hours dark,
TL FTD 840).

When calli are about 0.5 mm in size they are
transferred to callus growth medium SH2 (Schenk &
Hildebrandt, 1972, supra) with 30 g/l saccharose, 5 g/1
agarose, 0.1 mg/l l-naphtalene acetic acid (NAA) and 0.1 mg/1
benzylaminopurin (BAP), and the selecting agent spectinomycin
dihydrochloride at concentrations described above. Culture
conditions are as described above. 7 »

After 2 weeks calli are transferred to regeneration
medium SHreg (Schenk and Hildebrandt, 1972, supra) with 15
g/l saccharose, 15 g/l maltose, 0.1 mg/l1 NAA and 0.1 mg/l BAP
and spectinomycin dihydrochloride in concentrations described
above. Spectinomycin resistant calli appear as green calli
amongst white (non-resistant) calli.

Regenerating plants appear after approximately 6
weeks and furtheron, and are transferred to rooting medium
(Schenk and Hildebrandt, supra) with 30 g/l saccharose and 8
g/1 agar with the concentrations of spectinomycin

dihydrochloride mentioned above. Alternatively, in
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transformation vectors where gfp (green fluorescent protein)
is added as the gene of interest, gfp fluorescence is
detected using an inverted microscope with the proper filter
combinations. Green calli were detected 4-5 weeks after
initiation of each experiment.

Table 1 gives an overview of the results obtained in
protoplast transformation experiments with three different
plasmids. Spectinomycin resistant calli were obtained after
transformation of protoplasts with the plasmids PLCV2-MSK18
and PLCV2-LECI. Approximately 40-50% of the protoplasts did
survive the PEG treatment. Callus lines of each individual
event are maintained on medium SHreqg with the selective agent
spectinomycin dihydrochloride and yielded regenerated plants
from plasmids pLCV2-MSK18 and pLCV2-LECl (Table 1). Also,

ploidy differences were observed between individual calli.

Table 1. Selection of plastid transformants

Treatment/ # pps # green # regenerating
Experiment treated calli calli
control none 0

control + PEG 1,26 x 10° 0

pLCV1-MSK18 : 1,26 x 10° 0

pLCV2-MSK18/exp 1 |1,26 x 10° 1 0
pLCV2-MSK18/exp 2 | 2,40 x 10° 1 0
pLCV2-MSK18/exp 3 | 4,80 x 10° 5 2 (1 ++, 1+/-)
pLCV2-LECl/exp 1 3,60 x 10° 5 3 (1 ++, 2 +/-)

The transgenic callus has been cbtained using vectors

with specific lettuce chloroplast DNA homologous sequences.

Selection of transformed cells with the non-lethal selective
agent spectinomycin has been successful. The optimal

transformation frequency for lettuce, determined as the
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number of green calli to the number of surviving protoplasts
is about 1 in 3-6.10° protoplasts (Table 1).

The plants obtained from transformation experiments
with pLCV2-LEC1 were found to have a normal, diploid ploidy
level and showed a normal growth. Seed-set after selfing was

obtained from these plants (Figure 1i).

EXAMPLE 7

Transformation of protoplasts via electroporation and

selection on aadA encoded antibiotic resistance

Protoplasts, derived as described in example 4, are
suspended in transformation buffer HBS (150 mM KC1l, 4 mM
CaCl,.2H,0, 10 mM HEPES (pH 7.2)), and enough mannitol to
osmotically balance the protoplasts. This is dependent on the
genotype but it can easily be found out experimentally.
Aliquots of 1 x 10° protoplasts/0.5 ml HBS buffer and
mannitol are put into a conical centrifuge tube, and plasmid
DNA solution is added. Plasmid DNA concentrations in the
transformation buffer should preferably be in the range of
10-100 pg/ml. The protoplast-DNA suspension is transferred to
the electroporation chamber and electroporated using a single
electric pulse (e.g. 325pF, 300 V) The optimal‘setting can
vary with species and cell type, and should be determined in
preliminary experiments. The most efficient parameters are
set by finding the pulse settings that result in 50%
protoplast death by 24h after the shocks. More details of the
method are described by G.W. Bates (Plant transformation via
protoplast electroporation. From: Methods in Molecular
Biology Vol 111: Plant cell Culture Protocols, Pp 355-366
(1999)).

After electroporation, protoplasts culture and

selection is performed as described in example 6.
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EXAMPLE 8

Adiustment of spectinomycin threshold levels in cotyledons

For the adjustment of the optimal concentration of
spectinomycin, for selection of cells with chloroplasts/
plastids, which are transformed with constructs having the
aadA gene as selectable marker, 4-10 day old cotyledons were
plated with the abaxial side onto MS medium (Murashige and
Skoog, supra) with 0.8% agar, 30 g/1 saccharose, 100-200 mg/1l
carbenicillin, 0.1 mg/l benzylaminopurin (BAP), 0.1 mg/1l 1-
naphtalene acetic acid (1-NAA) at pH 5.8, and with various
concentrations of spectinomycin dihydrochloride. The
cotyledons were obtained as described in Example 3, and
cultured at 25°C in the light (approx. 3000 lux, photo period
16 hours light/8 hours dark, TL FTD 840). It was found that a
concentration of 0.5-1 g/l spectinomycin dihydrochloride was
sufficient for efficient selection, leading to complete
bleaching and loss of growth and regeneration of control

cotyledons.

EXAMPLE 9

Transformation of plant material via biolistics and selection

for aadA encoded antibiotic resistance

For bombardment of cotyledons, seeds were sown as
described in example 3. Alternatively, leaf pieces can be
used as explant material for shooting, under similar
conditions. Cotyledons (3 to 12 days old) or leaf pieces from
10-14 days old seedlings are placed with the abaxial side
onto MS medium (Murashige and Skoog, supra) with 0.8% agar,
0.3 mg/l BAP and 0.1 mg/l 2,4-D (pH 5.8) and preincubated for
1-6 days before transformation with a particle gun.

The cotyledons are cultured at 25°C in the light
(approx. 3000 lux, photo period 16 hours light/8 hours dark,
TL FTD 840).



10

15

20

25

30

WO 2004/016793 PCT/EP2003/008948

29

Gold particles (0.6 to 1.6 pm) were prepared for
transformation by mixing 50 pl of suspension (60 mg/ml 50%
glycerol) with 5 pg DNA (lpg/pl H,0), 50 pl Cacl, (2.5 M) and
20 Rl spermidine (0.1 M base). The particle-DNA mixtgre was
incubated at room temperature for 1-3 minutes and centrifuged
for 3-10 sec. in an Eppendorf centrifuge. After removal of
the supernatant, the coated particles are washed and diluted
in 48-60 pl ethanol. The particles (6-8 pl per carrier) are
applied to the macrocarrier holders and the bombardment is
performed with PDS-1000/He Biolistic particle delivery system
(BioRad) .

The explants are placed at approximately 6 cm target
distance and bombarded using a 1100 p.s.i rupture disc.
Details of the procedure has been described by Klein et al.
(Bio/Technology 6: 559-563 (1988)).

Two to fourteen days after bombardment, the
cotyledons are transferred to MS1 liquid medium (Murashige
and Skoog, supra) with 30 g/l saccharose and supplemented
with 100-200 mg/l carbenicillin, 0.1 mg/l benzylaminopurin
(BAP) and 0.1 mg/l l-naphtalene acetic acid (1-NAA) at pH 5.8
as described above with the addition of a selective agent
(e.g. spectinomycin dihydrochloride at concentration of 500
mg/1l). They are incubated in liquid medium at 25°C in the
light (approx. 3000 lux, photo period 16 hours light/8 hours
dark, TL FTD 840) for about 1-8 days, after which they are
transferred to solid MS1 medium (see above with the addition
of 8 g/1 agar). Cultures are transferred onto fresh medium
every 2 weeks.

When green callus or shoots appear, they are
transferred to medium MS1 without carbenicillin, but
including the selective agent spectinomycin dihydrochloride.

Table 2 presents results from transformation

experiments with pLCV2-MSK18. It was found that green,
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spectinomycin resistant callus was formed on bombarded
cotyledons, approximately 2.5 months after initiation of the
experiment. The spectinomycin resistant callus was maintained

on MS1 medium with the selective agent.

Table 2. Results of particle bombardment experiments with

pLCV2-MSK18 using cotyledons or leaf pieces.

Explant Number of bombarded |Number of explants

type/treatment explants with spectinomycin
resistant callus

Cotyledon, 180 1

bombarded selection

Cotyledon contrel 30 0

selection

Leaf bombarded 96 0

selection

Leaf control 16 0

selection

EXAMPLE 10

Molecular analvsis of spectinomycin resistant calli of

lettuce

'~ Spectinomycin resistance of plant cells may be the
result, apart from transformation with the vector LCV2-MSK18,
of spontaneous mutation of chloroplast DNA or insertion of
the DNA into the nuclear genome. Therefore, the callus and
regenerated plants were screened for the integration of the
right and left homologous border segment as is described in
this Example. Additionally, it was determined whether the
aadA gene, the gfp and HA gene were correctly integrated in

the chloroplast DNA.
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1. Analysis of calli derived from PEG protoplast
transformations with pLCV2-MSKI18

Spectinomycin resistant callus of lettuce was
analysed by PCR using different primer combinations to
confirm the integration of the plasmid pLCV2-MSK18 in the
genome of the chloroplast.

As an endogenous control for chloroplast DNA
amplification, PCR analysis of the ATPase gene (Accession:
AF162208) was carried out using the forward primer
5'-ACTAATAGTGGACAAATTGGC-3' (SEQ ID NO:33) and the reverse
primer
5! -TTGCTTGATTGTATTTACTCG-3' (SEQ ID NO:34). To detect the
presence of the selectable marker gene AadA, the following
primer combination was used: forward 5'-
AAGTCACCATTGTTGTGCACG-3" (SEQ ID NO:35) and reverse
5' -TATGACGGGCTGATACTGGGC-3' (SEQ ID NO:36). In order to
demonstrate the physical integration of the plasmid into the
chloroplast genome 2 primer combinations were developed which
amplify hybrid regions of the plasmid and the chloroplast
genome (see Figure 12). The first primer combination
consisting of Pl and P2 amplifies the junction containing the
trnl sequence of the chloroplast genome (left border
integration). The second primer combination coﬁsisting of P3
and P4 amplifies the junction containing the trnA sequence of
the chloroplast genome (right border integration).

Total DNA was isolated from spectinomycin resistant
callus using a commercially available DNA isolation kit from
Sigma (Genelute Plant Genome DNA Kit). The PCR reaction was
carried out using a total amount of 30 ng DNA after which the
reaction products were analysed on a 1% agarose gel.

The result of the analysis of 5 independent
spectinomycin resistant calli derived from PEG protoplast
transformations is shown in Figure 13 (data of 2 calli not

shown but identical to the other 5). The ATPase fragment of
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about 424 bp is only present in callus material and leaf
material of lettuce, and as expected not visible for the pLCV
MSK18 DNA (Figure 13A). PCR amplification of the aadA gene
gave the expected fragment of approximately 413 bp for the
transgenic callus and the plasmid pLCV2-MSK18 (Figure 13B).

To confirm the integration of the pLCV2-MSK18 vector
into the lettuce chloroplast genome, the two primer
combinations were used which specifically detect either one
of the two junctions which emerge after integration of the
plasmid by homologous recombination. The integration on trnl
junction was investigated using the PCR primers indicated
above, which resulted in an expected band of approximately
2000 bp as well (Figure 13C). Figure 13D shows the
amplification of the trnA junction which results in an
expected band of approx. 1500 bp in the spectinomycin
resistant callus. The results of this analysis confirm the
transplastomic nature of the obtained spectinomycin resistant
pLCV2-MSK18 lettuce calli, and no escapes were found.

For further confirmation of integration, the left and
right integration junctions were amplified by PCR using
primer pairs P1+P2 and P3+P4. The PCR products from one
spectinomycin resistant callus sample were cloned into PCR2.1
and sequenced using M13 forward and M13 revefse primers.
These sequences confirmed that LCV2-MSK18 was integrated in
the lettuce chloroplast genome (Figure 14).

To eliminate the possibility of amplification of
unintegrated LCV2-MSK18 plasmid DNA, primers Pl and P4 were
designed from lettuce chloroplast sequences external to the
vector target region (Figure 12). PCR analysis was carried
out on DNA isolated from 6 putatively transformed calli. In
all cases, Pl and P4 give two PCR products, a 2476 bp band
corresponding to the expected size of a product amplified
from an untransformed wild-type chloroplast genome, and a

4623 bp band corresponding to the size of a PCR product
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expected from a transformed chloroplast genome. Figure 15
shows the results in detail for one callus, and Figure 16
shows the PCR results on insert integration for 6 independent

calli.

2. Molecular analysis of spectinomycin resistant callus,
derived after biolistic transformation with pLCVZ-MSKI18
Similar primer combinations, as used for the
spectinomycin resistant callus out of PEG protoplast
experiments were used to evaluate the transplastomic nature
of the callus derived from bombarded tissue. Figure 17 shows
the products of the trnl and trmA junction, respectively. It

was verified that the callus was of a transplastomic nature.

3, Molecular analysis of putative transplastomic callus,
derived from PEG protoplast transformation experiments with
pLCV2-LECI.

For the analysis of the calli, obtained by protoplast
transformation experiments with pLCV2-LECl, similar primer
combinations as for the pLCV2-MSK18 plasmid transformations
could be used for the aadA gene, the endogenous control and
the insert integration Pl + P4 (See Figure 13). Furthermore,
PCR analysis on left border integratién was‘performed by
using the forward primer 5’/-ACTGGAAGGTGCGGCTGGAT-3’ (SEQ ID
NO:37) and the reverse primer 5’ TATGACGGGCTGATACTGGGC-3’ (SEQ
ID NO:38). Right border integration was performed by using
the forward primer 57-ATGCAAAAACTTCCCGGAAAT-3’ (SEQ ID NO:39)
and reverse primer 5’-CTCGCCCTTAATTTTAAGGC-3’ (SEQ ID NO:40).

Results of these analyses are shown in Figure 18. It
is clear that all 5 independent calli are true transplastomic

ones, and no escapes were found.
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4. Molecular analysis of regenerated plants from
transplastomic callus, derived from PEG protoplast
transformation experiments with pLCV2-MSK18 and LECI

Figure 19 shows the PCR results from DNA derived from
several plants regenerated from one transplastomic pLCV2-
MSK18 callus. Figure 20 shows PCR analysis of pLCV2-LECI
regenerated plants. It is clear that both types of plants are

truly transplastomic.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: -

1. Method for the transformation of a plastid genome in
lettuce, comprising the steps of:

a) providing a transformation vector carrying a DNA
sequence of interest;

b) subjecting a plant material from lettuce, which
comprises a plastid, to a transformation treatment in order
to allow the plastid to receive the transformation vector;

c) placing the thus treated plant material for a
period of time into contact with a liquid culture medium
without a selection agent;

d) subsequently placing the plant material into
contact with a liquid culture medium comprising the
selection agent by adding the selection agent to the liquid
culture medium without the selection agent; and

e) refreshing the culture medium comprising the
selection agent to allow plant material comprising a
plastid that has acquired the DNA of interest to grow into

transformants.

2. Method as claimed in claim 1, wherein the
transformation vector comprises:

- an expression cassette which comprises optionally
a promoter active in lettuce, a DNA insertion site for
receiving the transforming DNA of interest, optionally one
or more selection markers conferring a selectable phenotype
on cells having a plastid that is transformed with the
expression cassette, and optionally a DNA sequence encoding
a transcription termination region active in lettuce,

- optionally a set of DNA targeting segments
located on either side of the expression cassette that
allow double homologous recombination of the expression

cassette with the plastid genome of interest, and
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- optionally a DNA sequence encoding a gene of
interest inserted into the insertion site of the expression

cassette.

3. Method as claimed in claim 2, wherein the vector
comprises the promoter, the DNA sequence encoding the gene
of interest, the one or more selection markers and the set

of DNA targeting segments.

4, Method as claimed in any one of claims 1-3, wherein
the plastid to be transformed is selected from the group
consisting of chloroplasts, amyloplasts, elaioplasts,

etioplasts, chromoplasts, leucoplasts and proplastids.

5. Method as claimed in any one of claims 2-4, wherein
the promoter is selected from the group consisting of the
chloroplast specific ribosomal RNA operon promoter rrn (16S

rRNA), psbA, rbclL, trnV, and rpslo.

6. Method as claimed in any one of claims 2-5, wherein
the DNA of interest is a gene encoding a therapeutic or
prophylactic (bio)pharmaceutical (poly)peptide, such as an

edible vaccine.

7. Method as claimed in any one of claims 2-5, wherein
the DNA of interest is selected from the group consisting
of: genes encoding herbicide resistance, insect
resistance, fungal resistance or bacterial resistance;
genes that lead to improved stress tolerance, for instance
to improved tolerance to cold, high salt or minerals; and
genes that improve yield, starch accumulation, fatty acid

accumulation or photosynthesis.

8. Method as claimed in any one of claims 2-7, wherein

the transcription termination region is selected from the
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group consisting of the psb A termination sequence, rrn,

rbcL, trnV and rpslé6.

9. Method as claimed in any one of claims 2-8, wherein
the selection marker is selected from the group'consisting
of genes conferring resistance against spectinomycin,
streptomycin, kanamycin, hygromycin, chloramphenicol,

glyphosate and bialaphos.

10. Method as claimed in any one of claims 2-8,

wherein the selection marker is a visual marker.

11. The method of claim 10, wherein the visual marker is a
fluorescent marker, preferably gfp (green fluorescence

protein).

12. Method as claimed in any one of the claims 2-11,
wherein the DNA targeting segments that allow double
homologous recombination of the DNA of interest with the
plastid genome of interest have a DNA sequence that is

homologous to a part of the plastid genome.

13. Method as claimed in claim 12, wherein the set of DNA
targeting segments is selected from the group consisting of
the trnI(oriA)/trnA region and the 16S/trnV/ORF70B region

of the lettuce chloroplast genome.

14. Method as claimed in claim 12, wherein the set of DNA
segments is selected from LCV1 A-B and LCV1 C-D, and LCV2
A-B and LCV2 C-D.

15. Method as claimed in any one of claims 1-14, wherein
the transformation treatment is selected from the group
consisting of electroporation, particle gun transformation,

polyethylene glycol transformation and whiskers technology.
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16. Method as claimed in any one of claims 1-15, wherein
the transformation treatment is polyethylene glycol
transformation and the period of time during which the
treated plant material is placed into contact with a
culture medium without selection agent is 1 to 14 days,

preferably 3 to 7 days, more preferably about 6 days.

17. Method as claimed in any one of claims 1-15, wherein
the transformation treatment is particle gun transformation
and the period of time during which the treated plant
material is placed into contact with a culture medium
without selection agent is 1 to 14 days, preferably 1 to 5

days, more preferably about 2 days.

18. Method as claimed in any one of claims 1-17, wherein
the plant material to be treated is selected from the group
consisting of plant tissue, separate cells, protoplasts and

separate plastids.

19. Method as claimed in any one of the claims 1-18,

wherein step c) is performed in the dark.

20. A method according to claim 1 substantially as herein
described with reference to any one or more of the examples

but excluding comparative examples.
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Fig. 1-1

SEQ ID NO:1

GTTCAAGAATCAGTTTTCTTTTTATAAGGGCTAAAATCACTTATTTTGGCTTTTTTACCCCATATTGTAGGGTG
GATCTCGAAAGATATGAAAGATCTCCCTCCAAGCCGTACATACGACTTTCATCGAATACGGCTTTCCGCAGAAT
TCTATATGTATCTATGAGATCGAGTATGGAATTCTGTTTACTCACTTTAAATTGAGTATCCGTTTCCCTCCTTT
TCCTGCTAGGATTGGAAATCCTGTATTTTACATATCCATACGATTGAGTCCTTGGGTTTCCGAAATAGTGTAAA
AAGAAGTGCTTCAAATCATTGCTATTTGACTCGGACCTGTTCTAAAAAGTCGAGGTATTTCGAATTGTTTGTTG
ACACGGACAAAGTCAGGGAAAACCTCTGAAATTTTTTCAATATTGAACCTTGGACATATAATAGTTCCGAATCG
AATCTCTTTAGAAAGAAGATCTTTTGTCTCATGGTAGCCTGCTCCAGTCCCCTTACGAAACTTTCGTTATTGGG
TTAGCCATACACTTCACATGTTTCTAGCGATTCACATGGCATCATCAAATGATACAAGTCTTGGATAAGAATCT
ACAACGCACTAGAACGCCCTTGTTGACGATCCTTTACTCCGACAGCATCTAGGGTTCCTCGAACAATGTGATAT
CTCACACCGGGTAAATCCTTAACCCTCCCCCCTCTTACTAAGACTACAGAATGTTCTTGTGAATTATGGCCAAT
ACCGGGTATATAAGCAGTGATTTCAAATCCAGAGGTTAATCGTACTCTGGCAACTTTACGTAAGGCAGAGTTTG
GTTTTTTTGGGGTGATAGTGGAAAAGTTGACAGATAAGTCACCCTTACTGCCACTCTACAGAACCGTACATGAG
ATTTTCACCTCATACGGCTCCTCGTTCAATTCTTTCGAAGTTATTGGATCCTTTTCCGCGTTCGAGAATCCCCT
CCCTTCTTCCACTCCGTCCCGAAGAGTAACTAGGACCAATTTAGTCACGTTTTCATGTTCCAATTGAACACTTT
CCGTTTTTGATTATTCTCTTTACCAAACATATGCGGATCCAATCACGATCTTATAATAAGAACAAGAGATCTTT
CTCGATCAATCCCCTTGCCCCTCATTCTTCGAGAATCAGAAAGATCCTTTTCAAGTTTGAATTTGTTCATTTGG
AATCTGAGTTCTTCTACTTCATTATTTATTTAATATCAATATTTTTGCCTCTCTTTTTTTTATATTATTCCTTA
AGTCCCATAGGTTTGATCCTTTAGAATTGGACTCATTTTCTCATTGAGCGAAGGGTACGAAATAAATCAGATTG
ATTAAAAGCACTATGTGAAATATTCGGTTTTTTCCTCTTCCTCTATCCCATAGGTACAGTGTTTGAATCAATCG
AGAACCTTTTCTTCTGTCTGAATCGATATTATTCCATTCCAATTCCTTCCCGATACCTCTCAAGGAAAATCTCG
AATTGGATCCTAAATTGACGGGTTAGTGTGAGCTTATCCATGCGGTTATGCACTCTTCGAATAGGAATCCATTT
TCTGAAAGATCCTGGCTTTCGTGCTTTGGTGGGTCTCCGAGATCCTTTCGATGACCTATGTTGTGTTTGTTGAA
GGGATATCTATATAATACGATCGATTGCGTAAAGCCCGCGGTAGCAGTGGAACCGGGGAAAGTATACAGAAAAG
ACAGTTCTTTTCTATTATATATTATATTAGTCTTTTCTATTTAATTCATATTAGATTAGTCTTAGTTAGTGATC
CCGGCTTAGTGAGTCCTTTCTTCCGTGATGAACTGTTGGCGCCAGTCCTACATTTTGTCTCTGTGGACAGAGGA
GAAAAGGGGCTCCGCGGGAAGAGGATTGTACCGTGAGAGAAGCAAGGAGGTCAACCTCTTTCAAATATACAACA
TGGATTCTGGCAATGCAATGTACTTGGACTCTCATGTCGATCCGAATGAATCATCCTTTCCACGGAGGCAAATC
TTTGCCTGTTAGGTAACAGGATAGCAAGTTACAAACTCTGTCTCGGTAGGACATGGATCTCTATTACTATGAAT
TTCATAAATGAAGTAGTGAATGGTGGGGTTACCATTATCCTTTTTGTAGTGACGAATCCTGTATGTGTTCCTAA
GAAAAGGAATTTGTACATTTTTCGGGATCTCAAAGGAGCGTGGAAACACATAAGAACTCTTGAATGGAAATGGA
AAAGAGATGGAACTCCAGTTCCTTCGGAAATGGTAAGATCTTTGGCGCAAAAAAAGGGGTTGATCCGTATCATC
TTGACTTGGTTCTGCTTCCTCTATTTTTTTAATAATACCGGGTCGGGTTCTTCTCCTACCCGTATCGAATAGAA
CACGCTGAGCCAAATCTTCTTCATGTAAAACCTGCTTGATTTAGATCGGGAAAATCGTGTGGTTTTATGAAACC
ATGTGCTATGGCTCGAATCCGTAGTCAATCCTATTTCCGATAGGGACAGTTGACAACTGAATCCTATTTTCCCA
TTATTTTCATATCCGTAATAGTGCGAAAAAAAAGATTAATTAAGGCGCGCCAGGCCCGGCCCCAAGTTGTTCAA
GAATAGTGTCGTTGAGTTTCTCGACCCTTTGCCTTAGGATTAATCAGTTCTATTTCTCGATGGGGGCAGGGAAG
GGATATAACTCACCGGTAGAGTGTCACCCTTGACGTGGTGGAAGTCATCAGTTCGAGCCTGATTATCCCTAAAC
CCAATGTGAGTTTTGATATTTTGATTTGCTACCCCGCCGTGATTGAATGAGAATGGATAAGAGGCTCGTGGGAT
TGACGTGAGGGGGCAGGGATGGCTATATTTCTGGGAGCGAACTCCGGGCGAATATGAAGCGCATGGATACAAGT
TAGGCCTTGGAATGAAAGACAATTCCGAATCCGCTTTGTCTACGAACAAGGAAGCTATAAGTAATGCAACTATG
AATCTCATGGAGAGTTCGATCCTGGCTCAGGATGAACGCTGGCGGCATGCTTAACACATGCAAGTCGGACGGGA
AGTGGTGTTTCCAGTGGCGGACGGGTGAGTAACGCGTAAGAACCTGCCCTTGGGAGGGGAACAACAGCTGGAAA
CGGCTGCTAATACCCCGTAGGCTGAGGAGCAAAAGGAGGAATCCGCCCGAGGAGGGGCTCGCGTCTGATTAGCT
AGTTGGTGAGGTAATAGCTTACCAAGGCGATGATCAGTAGCTGGTCCGAGAGGATGATCAGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAA
TGCCGCGTGGAGGTAGAAGGCCCACGGGTCATGAACTTCTTTTCCCGGAGAAGAAGCAATGACGGTATCTGGGG
AATAAGCATCGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGATGCAAGCGTTATCCGGAATGATTGGG
CGTAAAGCGTCTGTAGGTGGCTTTTTAAGTCCGCCGTCAAATCCCAGGGCTCAACTCTGGACAGGCGGTGGAAA
CTACCAAGCTGGAGTACGGTAGGGGCAGAGGGAATTTCCGGTGGAGCGGTGAAATGCGTAGAGATCGGAAAGAA
CACCAACGGCCAAAGCACTCTGCTGGGCCCACACTGACACTGAGAGACGAAAGCTAGGGGAGCGAATGGGATTA
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Fig. 1-2

(continued)
GATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGCTGTGCGTATCGACCCGTGCAGTGCTGTAGCT
AACGCGTTAAGTATCCCGCCTGGGGAGTACGTTCGCAAGAATGAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGTGGAGCATGTGGTTTAATTCGATGCAAAGCGAAGAACCTTACCAGGGCTTGACATGCCGCGAATCCTCT
TGAAAGAGAGGGGTGCCTTCGGGAACGCGGACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGCCGTAAGGTGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTGTTTAGTTGCCATCATTGAGTTTGGAACCCTGAACAGACTG
CCGGTGATAAGCCGGAGGAAGGTGAGGATGACGTCAAGTCATCATGCCCCTTATGCCCTGGGCGACACACGTGC
TACAATGGCCGGGACAAAGGGTCGCGATCCCGCGAGGGTGAGCTAACCCCAAAAACCCGTCCTCAGTTCGGATT
GCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCATACGGCGGTGAATCCGTT
CCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCTTAACCGCAAGG
AGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGCGGCTG
GATCACCTCCTTTTCAGGGAGAGCTAATGCTTGTTGGGTATTTTGGTTTGACACTGCTTCACACCCAAAAAAGA
AGGGAGCTACGTCTGAGTTAAACTTGGAGATGGAAGTCTTCATTTCGTTTCTCGACAGTGAAGTAAGACCAAG



WO 2004/016793
3/32

Sacil Pac1/Asc1 (16 bp)

d

2551 bp >

3’ rpsi12

«

PCT/EP2003/008948

Kpm
2020 bp

70B

trnV

16SrRNA

LCV1 (7,545 bp)

pBluescriptSK+ (2958bp)

Fig.

2




WO 2004/016793

LCV1 (SEQ ID NO:2):

tobac (SEQ ID NO:3)
ribosomal protein §12
(SEQ ID NO:41)

LCV1:
tobac:
ribosomal
LCVL:
tobac:
ribosomal
LCVl:
tobac:
ribosomal
LCV1:
tobac:
ribosomal
LCV1:
tobac:
ribosomal
LCV1:
tobac:
ribosomal
LCV1:
tobac:
ribosomal
LCvl:
tobac:
ribosomal
LCV1:
tobac:
ribosomal
LCV1:

tobac:
ribosomal

protein

protein

protein

protein

protein

protein

protein

protein

protein

protein

512

slz

si2

slz

512

312

sl2

s12

s12

si2

1
100021
80

61
100081
78

121
100141
1

181

100201
1

241
100261
1

301
100321
1

360
100381
1

420
100441
1

480

100501
1

540
100561
1

600

100621
59

PCT/EP2003/008948
4/32

Fig. 3-1

gttcaagaatcagttttctttttataagggctaaaatcacttattttggcttttttaccc

RN RN R R RN AR AR R A R R NN A AR RN R R R RN RN RN AR RN N AR
gttcaagaatcagttttctttttataagggctaaaatcacttattttggcttttttaccc
A~ K P K K V G

catattgtagggtggatctcgaaagatatgaaagatctccctccaagccgtacatacgac

IR RN AN AR A R AR AR AR NN AR R R R R RN R AR R A NN
catattgtagggtggatctcgaaagatatgaaagatctccctccaagccgtacatacgac
Y K

tttcatcgaatacggctttccgcagaattctatatgtatctatgagatcgagtatggaat

RN RN R R AR RN AR AR RN AR R RR RN AR RARIRRORY
tttcatcgaatacggctttccgcagaattctatatgtatctatgagatcgagtatggaat

tctgtttactcactttaaattgagtatccgtttccctccttttcctgctaggattggaaa

RN AR R AR RN R R AN R R R R R O AR AR AR RN R AR RN
tctgtttactcactttaaattgagtatccgtttccctccctttcctgctaggattggaaa

tcctgtattttacatatccatacgattgagtccttgggtttccgaaatagtgtaaaaaga

R RN R AR R A RN R AR R R AR R RN AR RN R AR SRR AR AR AR
tcctgtattttacatatccatacgattgagtccttgggtttccgaaatagtgtaaaaaga

agtgcttcaaatcattgctatttgactcggacctgttctaaaaa—gtcgaggtatttcga

RN AR R RN R RN R RN RN ARRRRRR AR [RERRRNARRRRARE
agtgcttcgaatcattgctatttgactcggacctgttctaaaaaagtcgaggtatttcga

attgtttgttgacacggacaaagtcagggaaaacctctgaaattttttcaatattgaacc

RN AR RN R R AR RN R AR RN R AR R AR NN AR RN RS RRR AR
attgtttgttgacacggacaaagtcagggaaaacctctgaaattatttcaatattgaacc

ttggacatataatagttccgaatcgaatctctttagaaagaagatcttttgtctcatggt

ST R R R R RN R AR R R RN AR AR RA RN
ttggacatataagagttccgaatcgaatctctttagaaagaagatcttttgtctcatggt

agcctgctccagtccccttacgaaactttcgttattgggttagccatacacttcacatgt

SRR RN AR RN AR R RN AR RN AN RN AN AR AR RN AR RNy
agcctgctccagtccccttacgaaactttcgttattgggttagccatacacttcacatgt

ttctagcgattcacatggcatcatcaaatgatacaagtcttggataagaatctacaacgc
PIVELLD I I L R b L PR R i
ttctagcgattcacatggcatcatcaaatgatacaagtcttggataagaatctacaacgc

actagaacgcccttgttgacgatcctttagtccgacagcatctagggttcctcgaacaat
RN RN AR AR RN R RN R AR AR AR AR AR R AR AR RARRARYY
actagaacgcccttgttgacgatcctttactccgacagcatctagggttcctcgaacaat
~ 8§ R G Q Q RD XKV GV ADILTGRV I
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Fig. 3-2

(continued)
LCvVl: 660 gtgatatctcacaccgggtaaatccttaaccctcccccctcttactaagactacagaatg 719
SRR IR RN R RN RN AR A R R R AR A RN AR R AR AR R RN RARN
tobac: 100681 gtgatatctcacaccgggtaaatccttaacccttccccctcttactaagactacagaatg 100740
ribosomal protein S12 39 4 Y RV 6 P L DXV RGGRV L V V s H
LCV1: 720 ttcttgtgaattatggccaataccgggtatataagcagtgatttcaaatccagaggttaa 779
[ARRRRR AR RN RN AR AR R R R RN RN AR R RN RN RR R
tobac: 100741 ttcttgtaaattatggccaataccgggtatataagcagtgatttcaaatccagaggttaa 100800
ribosomal protein S12 19 E Q L N H G I ¢ P I YATTIZETFSGSTL
LCV1: 780 tcgtactctggcaactttacgtaaggcagagtttggtttttttggggtgatagtggaaaa 839
RN R AR R AR RRRRRR NN [RRARARRRRRRRNNER
tobac: 100801 tcgtactctggcaactttacgtaaggcagagtttggtttttttggggtgatagtggaaaa 100860
riboscmal protein 812 1 R vV R AV K R L ASDNZPZXKZEKZPTTIT
LCV1: 840 gttgacagataagtcacccttactgccactctacagaaccgtacatgagattttcacctc 899
(RERERER RN RN R AR NE R AR RN RN AR AR NN RN RN RN N RN RE
tobac: 100861 gttgacagataagtcacccttactgccactctacagaaccgtacatgagattttcacctc 100920
LCVL1: 900 atacggctcctcgttcaattctttcgaagttattggatccttttccgcgttcgagaatcc 959
[RERERE AR AR AR A RN RR RN RN RN [NRRARRRARRRRRRRRAN!
tobac: 100921 atacggctcctcgttcaattctttcgaattcattggatcc—tttccgcgttcgagaatcc 100879
LCV1: 960 cctcccttettccactcegteccgaagagtaactaggaccaatttagtcacgttttcatyg 1018
[N RRRRRRRNRRRARE IR RN RN RN AR R RN AR RRRRRARRRARERRY!
tobac: 100980 cc—cccttcttccactccgccccgaagagtaactaggaccaatttagtcacgttttcatg 101038
LCV1: 1020 tteccaattgaacactttcegttitt
(RERRRRRRRRRA RSN RN RN
tobac: 101039 ttccaattgaacactgtccatttttgattattctcaaaggataa 101082
LCV1l: 1045 gattattctctttaccaaacatatgcggatccaatcacgatcttata————ataagaaca 1100
R RR RN R NN AR AR R AR RRRRRRY! RN RN
tobac: 101083 gattattctctttaccaaacatatgcggatccaatcacgatcttatatataagaagaaca 101142
Lcvl: 1101 agagatctttctcgatcaatccccttgcccctcattcttcgagaatcagaaagatccttt 1160
CPLTUEVELEY TUIRE IR PR v e e vt e bt
tobac: 101143 aaagatctttcttgatcaatccctttgcccctcattcttcaagaataaggaagatccttt 101202
LCvi: 1161 tcaagtttgaatttgttcatttggaatctgagttcttctacttcattatttatttaatat 1220
RN R RN AR A A N RN RN AR RN RO AR RARRA AR
tobac: 101203 tcaagtttgaatttgttcatttggaatctgggttcttctacttcat—atttatttaatat 101261
LCcvl: 1221 caatatttttgcctctcttttttttatattattccttaagtcccataggtttgatccttt 1280
PLELEErr vl IRRER AR RN AR RN AR AR
tobac: 101262 gaatattttc—cctctcttttttttatatcattccttaagtcccataggtttgatcctgt 101320
LCcvl: 1281 agaattggactcattttctcattgagcgaagggtacgaaataaatcagattgattaaaag 1340
PIVUTE 10D YRLRRRRL RN POy YV i e e b ek vl
tobac: 101321 agaatttgacccattttctcattgaacgaaaggtacgaaataaatcagattgat—aaaag 101379
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hypothetical protein 127

(continued)
LCV1: 1341
tobac: 101380
ncvl: 1391
tobac: 101440
LCVLl: 1451
tobac: 101500
Lcvl: 1510
tobac: 101560
LCVl: 1570
tobac: 101620
LCV1: 1630
tobac: 101671
LCV1: 1690
tobac: 101731
LCVl: 1723
tobac: 101764
LCV1l:

tobac:

LCV1:

tobac:

LCVl:

tobac:

(SEQ ID NO:4)
LCV1:

tobac:

PCT/EP2003/008948
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Fig. 3-3

cactatgtgaaatatteggttttt-—---- tectettectcetateccataggt-——-- aca

(RERRRRRRRRR AR RN RRAR [RRRN RN RRRARERY 11
taccatgtgaaatctteggtttttececttectegatcectateccataggttaggtaca

gtgtttgaatcaatcgagaaccttttcttctgtctgaatcgatattattccattccaatt

(AR R AR AN RN RN AR R N RN R RN RN R AR AR R AR R AR
gtgtttgaatcaatagagaaccttttcttctgtatgaatcgatattattccattccaaat

ccttcecgatacctctcaaggaaaatctcgaatt-ggatcctaaattgacgggttagtgt

PURTTRUIUILII0D PO R R b e T ek v el
ccttcccgatacctcccaaggaaaatctcgaatttggatcccaaattgacgggttagtgt

gaqcttatccatgcggttatgcactcttcgaataggaatccattttctgaaagatcctgg

REERRRE RSN R AR AR AR R AR RN RN AR R R AN AR AR RR R
gagcttatccatgcggttatgcactctttgaataggaatccgttttctgaaagatcctgg

ctttegtgetttggtgggtctecgagatecttitegatgacetatgttgtgtttgttgaag
R RN AR AR A RN AR AR R RRRRRRRRRARRY IRERRE
ctttcgtactttggtgggtctecgagatectttegatgacctatgm———==~== ttgaag

ggatatctatataatacgatcgattgcgtaaagcccgcggtagcagtggaaccggggaaa
PEVLRLUDT VRV PR R T it v e e e n
ggatatctatctaatccgatcgattgecgtaaagececgeggtagecaacggaaccggggaaa

gtatacagaaaagacagttcttttctattatat 1722

(AR AR RN AR RN RN RRRRRRRE
gtatacagaaaagacagttcttttctattatat 101763

attatattagtcttttctatttaattc 1749
T
tagta ttttctattatattaagatatattagactatt 101793

1750 atattagattagtcttagttagtgateceggettagtgagtectttetteegtgatgaac

VEERLETTLVEED PV E R en e vt

101800 atattagattagtattagttagtgatcccgacttagtgagte-----

1810 tgttggcgecagteoctacattttgtetetgtggacagaggagaaaaggggcteegeggga

1390

101439

1450

101499

1508

101559

1569

101619

1629

101670

1689

101730

INAREN|

————— tgatgaat

PEVLRLE TUEDVE Lt e bbb et S bbb il

101850 tgttggcaccagtcctacattttgtctetgtyggaccgaggagaaaaggggeteggeggga

1870 agaggattgtaccgtgagagaagcaaggaggtcaacctctttcaaatatacaacatggat

IRERREI

PEVLTE B0V LI i b e e b i i v e e e e e e e

101910 agaggagtgtaccatgagagaagcaaggaggtcaacctctttcaaatatacaacatggat
MMM T Y LMOS

1930 tctggcaatgeaatgtacttggactctecatgtegatcecgaatgaatcatectttecacgg

[RRRRERRRY AR R RN AR R R AR AN AR A SRR RN

101970 tctggcaatg----- tagttggactctcatgtcgatccgaatgaatcatectttecacgg

hypothetical protein 123 E P L T T P S E H R D S H I

M R E V 8

1809

101849

1869

101809

1929

101969

1989

102024
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Fig. 3-4

(continued)
LCV1: 1990 aggcaaatctttgcctgttaggtaacaggatagcaagttacaaactctqtctcggtagga 2049
PTT UERVRVIETI e CEE T PRV i et v i i e
tobac: 102025 aggtaaatctttgectgctaggeaagaggatagcaagttccaaattctgtcteggtagga 102084
hypothetical protein 88 T F R Q R 8§ P L L I A L E L N Q R P L V
LCV1: 2050 catggatctctattactatgaatttcataaatgaagtagtgaatggtggggttaccatta 2109
PETT LD LELURRLE T VR e eyt i ree
tobac: 102085 catgtatttctattactatgaaattcataaatgaagtagttaatggtagggttaccatta 102144
hypothetical protein 1 M K F I N BE V VvV N 6 R V T I
(SEQ ID NOQ:5)
hypothetical protein 68 H I E I Vv I FNMT F ST TTTULZPTILTV MI
LCVl: 2110 tectttttgtagtgacgaatcctgtatgtgttectaagaaaaggaatttgtacatttite 2169
(RN AR AN AR RN R RN AR AR RN R AR AR R AR R AR RR NN
tobac: 102145 tectttttgtagtgacgaatcttgtatgtgttectaagaaaaggaatttgtecattttic 102204
hypothetical protein 15 I . P V9V T™NILV CV P K KRNILSIF
hypothetical protein 48 R KT TV FRTUHT TG L F L FEKDWMKR
LCVL: 2170 gggatctcaaaggagcgtggaaacacataagaactcttgaatggaaatggaaaagagaty 2229
R ARRER AR RN R RN AR RN R AR RRRRE (RRARRRARRRARRA
tobac: 102205 ggggtctcaaaggggcgtggaaacgcataagaactettg-——-—- aatggaaaagagatg 102258
hypothetical protein 35 R ¢ L K G A W K URTIRT DL E W XK R D
hypothetical protein 35 P RL P AHUFURMILVYVRS H F L § T
LCV1: 2230 gaactccagttccttcggaaatggtaagatctttggcgcaaaaaaaggggttgatccgta 2289
(RN RRRRRERRARAN
tobac: 102259 taactccagttecttog————===———mmr o s s s e e 102275
hypothetical protein 24 vV G T G E
hypothetical protein 53 vV T P V P S
Lcvl 2290 tcatcttgacttggttctgettectetatttttttaataatacecgggtegggticttete 2349
Tobac: e e e e e e e e e e e e
Lcvl 2350 ctacccgtatcgaatagaacacgctgagecaaatcttettcatgtaaaacctgettgatt 2409
Tobac: U U A
ncvl 2410 tagatcgggaaaatcgtgtggttttatgaaaccatgtgctatggecte 2456
TODAC:T e e e e e
LCvl: 2457 gaatccgtagtcaatectatttcegatagggacagttgacaactgaatectatttt-cece 2515
PIVIT TRV RURER e b e i v e e ey e
tobac: 102276 gaatcggtagtcaatcotatttccgataggggeagttgacaattgaatcegattttgace 102335
hypothetical protein 6 s pTTJL G IE S L P L Q CNTFG I KV
hypothetical protein 59 E 5 VVNUZPETISDRG 8§
Pacl/Ascl
LCVL: 2516 attattttcatatccgtaatagtgcgaaaaaaaagattaattaaggegegee 2567
(RN RN RN AR RN RN AR RN
tobac: 102336 attattttcatatccgtaatagtgcgaaaaga——--————=--———————=—- 102367

hypothetical protein 1 M I K M
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(continued)
LCV1: 2568

tobac: 102368

LCV1: 2628

tobac: 102428

LCV1: 2688

tobac: 102487

LCV1: 2748

tobac: 102546

LCV1: 2808

tobac: 102606

LCV1: 2868

tobac: 102666

LCVl: 2928

tobac: 102726

LCV1: 2888

tobac: 102786

LCVl: 3048

tobac: 102846

LCvl: 3108

tobac: 102906

LCvl: 3168

tobac: 102966

LCvl: 3228

tobac: 103026

LCV1l: 3288

tobac: 103086

PCT/EP2003/008948
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Fig. 3-5

aggcccggccccaagttgttcaagaatagtgtcgttgagtttctcgaccctttgccttag

PEVILRYTE DR TRE LR R b e P bbb n b v ey i
aggcceggetccaagttgttcaagaatagtggegtitgagtttotegaceetttgacttag

gattaatcagttctatttetegatgggggecagggaagggatataactcaccggtagagty

RN R RN AR R RN R IR R R R R N A RN AR AR AR IR AR R RN
gattagtcagttctatttctcgatgggg—cggggaagggatataactcagcggtagagtg

tcacccettgacgtggtggaagtcatcagttecgagectgattatcectaaaccecaatgtga

AR RN RN AR AR AR AN AR AR R RN RN RN AR A RR RN
tcacc—ttgacgtggtggaagtcatcagttcgagcctgattatccctaagcccaatgtga

gttttgatattttgatttgctaccccgccgtgattgaatgagaatggataagaggctcgt
AR R AR R N N AR R A A A A RN R A RN R NN AR AR R RN
gtttttctagttggatttgctcccccgccgtcgttcaatgagaatggataagaggctcgt

gggattgacgtgagggggcagggatggctatatttctgggagcgaactccgggcgaatat

(RRRRR RN AR R A RN R AR AN RN R AR AR A AR AR RRRRRRRARRR AR RN
gggattgacgtgagggggcagggatggctatatttctgggagcgaactccgggcqaatat

gaagcgcatggatacaagttaggccttggaatgaaagacaattccgaatccgctttgtct

REEERR AR AN AR RN R AR AR R A AR AR R AR AR R R RN RN R RN
gaagcgcatggatacaagttatgccttggaatgaaagacaattccgaatccgctttgtct

acgaacaaggaagctataagtaatgcaactatgaatctcatggagagttcgatcctggct

(AR AR R AR AR AR RN R R AR RN RN R AR NN RN AR AR
acgaacaaggaagctataagtaatgcaactatgaatctcatggagagttcgatcctggct

caggatgaacgctggeggcatgettaacacatgeaagteggacgggaagtggtgttteca
(RN RN RN AR AR R AR RN R R RN NN AR R RN RN RN R
caggatgaacgctggcggcatgcttaacacatgcaagtcggacgggaagtggtgtttcca

gtggcggacgggtgagtaacgcgtaagaacctgcccttgggaggggaacaacagctggaa
RSN A R AR R RN R AR A A RN RN AR RN R AR AR RN B
gtggcggacgggtgagtaacgcgtaagaacctgcccttgggaggggaacaacagctggaa

acggctgctaataccccgtaggctgaggagcaaaaggaggaatccgcccgaggaggggct

RN R N NN R AR AR RN R RN AR RR RN RN R
acggctgctaataccccgtaggctgaggaqcaaaaggaggaatccgcccgaggaggggct

cgcgtctgattagctagttggtgaggtaatagcttaccaaggcgatgatcagtagctggt
RN RN R AR R RN AN R R RN R R R RN RN R AR RN RN
cgcgtctgattagctagttggtgaggcaatagcttaccaaggcgatgatcagtagctggt

ccgagaggatgatcageccacactgggactgagacacggeccagactectacgggaggcag
RERR R RN RN RN AN R AR AR AR R AR AR NN RRRRRRAR RN RN
ccgagaggatgatcagccacactgggactgagacacggeccagactectacgggaggeag

cagtggggaattttccgcaatgggcgaaagcctgacggagcaatgccgcgtggaggtaga
AR RN R R AR AR R AR AR R A R AR RRRRRRARRERARRRRRRRA AN
cagtggggaattttcegeaatgggegaaage-tgacggagcaatgecgegtggaggtaga

2627

102427

2687

102486

2747

102545

2807

102605

2867

102665

2927

102725

2987

102785

3047

102845

3107

102905

3167

102965

3227

103025

3287

103085

3347

103144



WO 2004/016793

.

(continued)

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCVL:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

3348

103145

3408

103205

3468

103265

3528

103325

3588

103385

3648

103445

3708

103505

3768

103565

3828

103625

3888

103685

3948

103745

4008

103805

4068

103865
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Fig. 3-6

aggcccacgggtcatgaacttctttteceggagaagaagcaatgacggtatetggggaat

AR AR AR AN R RN NN NN AR RN A RN A RN RRARRRARRARY
aggcccacgggtegtgaacttctttteceggagaagaagcaatgacggtatctggggaat

aagcatcggetaactetgtgecagecagecgeggtaatacagaggatgecaagegttatecg

RRRRARR RN R R AR R RN A RN R AR RN AR R AR ERRRRRR AN
aagcatcggctaactctgtgccagcagecgeggtaatacagaggatgcaagegttateeg

gaatgattgggcgtaaagegtctgtaggtggetttttaagtecgeegtcaaateccaggg

(RN RN AR AR AR RN RN RN AR AR RN AR AN AR RN AR R
gaatgattgggcgtaaagegtetgtaggtggetttttaagtecgecgtcaaatceccaggy

ctcaactctggacaggcggtggaaactaccaagctggagtacggtaggggeagagggaat
RRRR RN RN RN AR RN R RN RN RN R NN AR R R RN RRRARRARRRRR AR
ctcaaccctggacaggcggtggaaactaccaagectggagtacggtaggggcagagggaat

tteceggtggageggtgaaatgegtagagatcggaaagaacaccaacggecaaagecactet

(AR AR R AR ANR AR AR AR R AR AR RN RN RRNRY
ttceggtggageggtgaaatgegtagagateggaaagaacaccaacggcgaaageactet

gctgggcccacactgacactgagagacgaaagctaggggagegaatgggattagatacee

RN AR AR R AR AR AR AR SRR RN R AR AR RRRRRRRRRAREY
gctgggecgacactgacactgagagacgaaagetaggggagegaatgggattagatacee

cagtagtectagecgtaaacgatggatactaggecgetgtgegtategaccegtgcagtge
(REARRARR AR RN R R RN R AR R R RN R R R AR AR RN SRR R RAR N
cagtagtcctagccgtaaacgatggatactaggegetgtgegtategaceccgtgeagtge

tgtagctaacgecgttaagtatcecegectggggagtacgttegecaagaatgaaacteaaag

(RN R AN R AR R RN RN RN AR AR R RN AR AR AR RA R RN AR
tgtagctaacgcgttaagtatecegectggggagtacgticgecaagaatgaaactcaaag

gaattgacgggggcccgcacaageggtggageatgtggttitaattegatgeaaagegaag
RARN AN AR AR R R R R RN RN R AR R R RN RRRRRR R
gaattgacgggggcccgcacaageggtggageatgtggtttaattecgatgcaaagegaag

aaccttaccagggettgacatgecgegaatectcttgaaagagaggggtgecttegggaa

(AR RN AR AR AR RN R R AR AR RN R R RN RN R A RN RN
aaccttaccagggcttgacatgecgegaatectettgaaagagaggggtgecttegggaa

cgcggacacaggtggtgcatggetgtegtcagetegtgeegtaaggtgttgggttaagte
(WA RN R R AR AR A R RN RN RN A RN RN AN AR AN
cgcggacacaggtggtgeatggetgtegtcagetegtgecgtaaggtgttgggttaagte

ccgcaacgagegcaaccetegtgtttagttgecatcattgagtttggaacectgaacaga

(NERRRRR RN RN RN R RN A AR AR RN R R RN R A AR RN R
ccgcaacgagegcaaccetegtgtttagttgecategttgagtttggaaccetgaacaga

ctgeceggtgataagecggaggaaggtgaggatgacgteaagtecatecatgeceecttatgee

(RRRRRRR R AR AR RN AR RN R R AR R AR RN R AR AR R RN RRRR R
ctgeceggtgataagecggaggaaggtgaggatgacgtcaagtcatcatgececttatgee

3407

103204

3467

103264

3527

103324

3587

103384

3647

103444

3707

103504

3767

103564

3827

103624

3887

103684

3947

103744

4007

103804

4067

103864

4127

103924
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(continued)

LCVl:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCV1:

tobac:

LCVl:

tobac:

LCVL:

tobac:

4128

103925

4188

103985

4248

104045

4308

104105

4368

104165

4428

104225

4488

104285

4544

104345
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Fig. 3-7

ctgggcgacacacgtgctacaatggccgggacaaagggtcgcgatcccgcgagggtgagc
IR RN AR NN RN RN A R AR AR RN R AR AR RN RN RRR RN
ctgggcgacacacgtgctacaatggccgggacaaagggtcgcgatcccgcgagggtgagc

taaccccaaaaacccgtecteagtteggattgecaggetgecaactegectgeatgaagecg
R AR R RN R R RN RN AR AR AN R R RN RN RN RARRY
taaccccaaaaacccgtectcagttcggattgcaggetgcaactegectgeatgaageey

gaatcgctagtaatcgccggtcagccatacggcggtgaatccgttcccgggccttgtaca

RN AR AR AR A RN AR RN RN R R AR N A A R AR RN RN RR RN RRR RN
gaatcgctagtaatcgccggtcagccatacggcggtgaattcgttcccgggccttgtaca

caccgecegtcacactatgggagetggecatgeeecgaagtegttaccttaaccgecaagga

RN RN RN RN R AR AR AR AR R RN RRRRRRRA RN RRRRRRRE
caccgcccgtcacactatgggagctggccatgcccgaagtcgttaccttaaccgcaagga

gggggatgccgaaggcagggctagtgactggagtgaagtcgtaacaaggtagccgtactg
NN RN RN AR AR RN AR RN AR RN R RRR RN
gggggatgccgaaggcagggctagtgactggagtgaagtcgtaacaaggtagccgtactg

gaaggtgcggctggatcacctccttttcagggagagctaatgcttgttgggtattttggt

IIIIIIIIIlIlIIIIlIIIIIlIIHllIlllIIJIII\lllllllllllllllllllll
gaaggtgcggctggatcacctccttttcagggagagctaatgcttgttgggtattttggt

ttgacactgcttcacaccc————aaaaaagaagggagctacgtctqagttaaacttggag

RRRRRRRARA RN RN NN NRR AR AR RN AR RARR RN
ttgacactgcttcacacccccaaaaaaaagaagggagctacgtctgagttaaacttggaq

atggaagtcttcatttegtttetegacagtgaagtaagaccaag 4587

VITECRELINET TRTE TREVRLIRL 1Rt
atggaagtctte-tttectttetegacggtgaagtaagaccaag 104387

4187

103984

4247

104044

4307

104104

4367

104164

4427

104224

4487

104284

4543

104344
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Sac1 LCV1A > Pac1/Asc1 LCV1C
3 rpsi2
| 1
[70B] [tmv | | 165 |

!

¢ LCV1B Pac1/Asc1

¢ LCV1D Kpnit

l

Sact Pac1/Asc1 Paci1/Asct Kon1
Sac1 | X Sacl v
Kpn1 Kpni
A B Xba1l C D Xba1l
N
PCR2.1 PCR2.1
Saci Pac1/Asc1 Kpn1
A\ 4 A4 A 4
A B|C D
LCV1
pBluescript

LCV1A-5' ATGAGCTCGTTCAAGAATCAGTTTTCTT3’
LCV1B-5' GGCGCGCCTTAATTAATCTTTTTTTTCGCACTATTACGGATAT3’

(SEQ ID NO:7)

LCV1C-5' TTAATTAAGGCGCGCCAGGCCCGGCCCCAAGT T3
LCV1D-5' ATGETACCCTTGGTCTTACTTCACTGTCGAS!

(100021-100040 in TCG) (SEQ ID NO:6)

Fig. 4

(102345-102367 in TCG)

(102368-102384 in TCG) (SEQ ID NO:8)
(104366-104387 in TCG) (SEQ ID NO:9)
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Fig. 5
SEQ ID NO:10

TCGACAGTGARAGTAAGACCAAGCTCATGAGCTTATTATCTCAGGTCGGAACAAGTTGATAGGATCCCCCTTTTT
ACGTCCCCATGCCCCCTGTGTGEGCCACATGGEGGCGARARAAGGAAAGAGAGAGATGGGGTTTCTICTCGCTTTT
GGCATAGTGGGCCCCCAGTGEEGGECTCGCACGACGGGECTATTAGCTCAGTGGGTAGAGCGCGCCCCTGATAAT
TGCGTCGTTGTCCCTGEECTGTGAGGGCTCTCAGCCACATGGATAGTTCAATGTGCTCATCGGCGCCTGACCCT
GAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTCGAACCGGGGTTTGARACCARACTTC
TCCTCAGGAGGATAGATGGGGCGATTCAGGTGAGATCCAATGTAGATCCAACTTTCGATTCACTCGTGGGATCC
GGGCGGTCCGGEEGEEGACCACCATGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATCAGTGTATGGACAG
CTATCTCTCGAGCACAGGTTTAGGTTCGGCCTCAARTGGGARRATARARTGGAGCACCTAACRACGCATCTTCAC
AGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCATACCATTCGAGCCTTTTTTTTT
CATGCTTTTCCCCGAGGTCTGGAGARAGCTGAAATCAATAGGATTTCCCTAATCCTCCCTTACCGARAGGAAGA
GCGTGAAATTCTTTTTCCTTTCCGCAGGGACCAGGAGATTGGATCTAGCCGTAAGAAGARTGCTTGGTATAAAT
AACTCACTTCTTGGTCTTCGACCCCCGCAGTCACTACGAACGCCCCCGATCAGTGCAATGGGATGTGTCTATTT
ATCTATCTCTTGACTCGAAATGGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGT
CTCTTAACCCCTTCTTTTTTCTTCTCATCGGAGT TATTTCACARAGACT TGCCATGGTARGGAAGARGGGGGGA
ACAGGCACACTTGGAGAGCGCAGTACAACGGAGAGTTGTATGCTGCGT TCGGGAAGGATGARTCGCTCCCGARA
AGGAATCTATTGATTCTCTCCCAATTGGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGT
TCAAGTCCAGGATGGCCCAGCTGCGCCAGGGARAAGAATAGAAGAAGCGTCAGACTATTAATTAAGGCGCGCCC
ATGCATGCTCCACTTGGCTCGGGGGGATATAGCTCAGTTGEGTAGAGCTCCGCTCTTGCAATTGGGTCGTTGCGA
TTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTGTACCTGARCCGGTGGCTCACTTTTTCT
AAGTAATGGCGAAGAGGACCGAAACATGCCACTGAAAGACTCTACTGAGACARARGATGGGCTGTCAAGARCGTC
AAGAACGTACAGGAGGTAGGATGGGCAGTTGGTCAGATCTAGTATGGATCGTACATGGACGGTAGTTGGAGTCG
GCGGCTCTCCTAGCGTTCCOTTATCGGGGATCCCTGGGGABGAGGATCAAGTTGGCCCTTGCGAACAGCTTGAT
GCACTATCTCCCTTCAACCCTTTGAGCGAAATGCGGCAARAGGAAGGAARATCCATGGACCGACCCCATCATCT
CCACCCCGTAGGAACTACGAGATTACCCCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGRACC
CTGTTCAATAAGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTAAGGGTCGGAGAAGGGCAATCACTC
ATTCTTAAAACCAGCGTTCTTAAGGCCAAAGAGTCGGCGGAARAGGGGGGAARGCTCTCCGTTCCTGGTTTCCT
GTAGCTGGATCCTCCGGAACCACAAGAATCCTTAGTTAGAATGGGATTCCAACTCAGCACCTTTTGAGTGAGAT
TTTGAGAAGAGTTGCTCTTTGCGAGAGCACAGTACGATGAAAGT TGTAAGCTGTGTTCGGGGGGGAGTTATTGTC
TATCGTTGGCCTCTATGCTAGAATCAGTCGGGGGACCTGAGAGGCGGTGGTTTACCCTGCGGCGGATGTCAGCG
GTTCGAGTCCGCTTATCTCCAACTCGTGAACTTAGCCGATACAAAGCTATATGACAGCACCCARTTTTTCCGAT
TTGGCGGTTCGATCTATGATTTATCATTCATG
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Pac1/Asct (16 bp)
< 1242 bp —pi— 995 bp —>»

trnl trnA

LCV2 (6,182 bp)

PCR 2.1 (3,929 bp)

Fig. 6



WO 2004/016793

nev2

1

SEQ ID NO:l11

tobac:

104366

SEQ ID NO:12

LCV2

tobac:

LCV2

tobac:

LCV2

tobac:

LCV2

tobac:

LCcv2

tobac:

LCV2

tobac:

LCv2

tobac:

LCV2

tobac:

LCvV2

tobac:

LCv2

tobac:

LCV2 :

61

104426

¢ 119

104486

s 179

104546

: 239

104605

: 299

104665

: 359

104725

: 419

104785

: 479

104845

: 539

104905

: 599

104956

658

14/32

Fig. 7-1

tcgacagtgaagtaagaccaagctcatgagcttattatctcaggtcggaacaagttgata
SRR RN R RN R AR RN AR AR NN A R R AR R RRRRRR RN
tcgacggtgaagtaagaccaagctcatgagcttattatcctaggtcggaacaagttgata

ggatcccecctttttacgtececatg--ccecectgtgtggegacatgggggegaaaaaagyg

AR AR RN AR A AR R R R R A R R A RN R AR RN RN RO RN
ggacccccttttttacgteeccatgttcecceegtgtggegacatgggggegaaaaaagyg

aaagagagagatggggtttctctcgcttttggcatagtgggcccccagtgggggqctcgc
PYTEIUED TCEYEL I Y T Ve i e e e v vy 1t
aaagagagggatggggtttctctcgcttttggcatagcgggcccccagtgggaggctcgc

acgacgggctattagctcagtgggtagagcgcgcccctgataattgcgtcgttgtgcctg
RN RN RN RN R AR AR R R AR RN AR RN RN RRRRRRRRRRRRRE
acgacgggctattagctcagtgg—tagagcgcgcccctgataattgcgtcgttgtgcctg

ggctgtgagggctctcagccacatggatagttcaatgtgctcatcggcgcctgaccctga
RN RN RN R RN R RN AN RN RN AR R R AR A RN RN RN
ggctgtgagggctctcagccacatggatagttcaatgtgctcatcggcgcctgaccctga

gatgtggatcatccaaggcacattagcatggcgtactcctcctgtthaaccggggtttg
AR RN AR AR AR AR RN RN R RN RN R R R R RN R RN RN R RN
gatgtggatcatccaaggcacattagcatggcgtactcctcctgttcgaaccggggtttg

aaaccaaacttctcctcaggaggatagatggggcgattcaggtgagatccaatgtagate

R RN NN RN RN RN A RN R RN RN ARRRARRRARANR AN
aaaccaaactcctcctcaggaggatagatggggegattegggtgagatecaatgtagate

caactttcgattcactcgtgggatccgggcggtccgggggggaccaccatggctcctctc

RERRIRRERR RN AR AR AR RRRRRRRRRRN FLEVLEL T LRELIT
caactttcgattcactegtgggatecgggeggtecgggggggaccaccacggetectete

ttctcgagaatccatacatcccttatcagtgtatggacagctatctctcgagcacaggtt

AR RN AR RN AR RN AR AR RN RN RN R AR R RN R ARA AR
ttctcgagaatccatacatcccttatcagtgtatggacagctatctctcgagcacaggtt

taggttcggectcaatgggaaaataaaatggagcacctaacaacgcatettcacagacca

1 AR A RN R AR AR RN R AR RN RN RN
tag--———-—— caatgggaaaataaaatggagcacctaacaacgecatcttcacagacca

PCT/EP2003/008948

60

104425

118

104485

178

104545

238

104604

298

104664

358

104724

418

104784

478

104844

538

104504

598

104955

agaactacgagatcaccectttecattetggggtgacggagggatcataccattegagee 657

PERLILIVEERTEE DL R e e b e P e e

agaactacgagatcgcccctttcattctggggtgacggagggatcgtaccattcgagcc 105014

tttttttttcatgettttoocccgaggtetggagaaagetgaaatcaataggattteccta
[ANRRRY|

tobac: 105015 gtttttt--- - ——ee

atcctcccttaccgaaaggaagagcgtgaaattctttttcctttccgcagggaccaggagattggatctagccgtaagaagaatgcttg
gtataaataactcacttcttggtcttcgacccccgcagtcactacgaacgcccccgatcagtgcaatgggatgtgtctatttatctatc

895

{231 bp present in lettuce maize, rice and soybean but not tobacco)

717

105021
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Fig. 7-2

LCV2 : 896 tcttgactcgaaatgggagcaggtttgaaaaaggatcttagagtgtctagggttgggcca 955

RN AR NN RN R AR AR A AR RN R RN AR RRRRA AR
tobac: 105022 tcttgactcgaaatgggagcaggtttgaaaaaggatcttagagtgtctagggttgggcca 105081

LCV2 : 956 ggagggtctcttaacgccttcttttttcttctcatcggagttatttcacaaagacttgcc 1015

RN RN AR A RN A A R AN AR AR RN AR R RN RRARRRRRRARY
tobac: 105082 ggagggtctcttaacgccttcttttttcttctcatcggagttatttcacaaagacttgcc 105141

LCV2 : 1016 atggtaaggaagaaggggggaacaggcacacttggagagcgcagtacaacggagagttgt 1075

R AR R R AR R AR R AR RN AR R R AR RRRRRRRRARRY
tobac: 105142 agggtaaggaagaaggggggaacaagcacacttggagagcgcagtacaacggagagttgt 105201

LCV2 : 1076 atgctgcgttcgggaaggatgaatcgctcccgaaaaggaatctattgattctctcccaat 1135

POYDLTNT LT b e i e i i b e i el
tobac: 105202 atgctgcgttcgggaaggatgaatcgctcccgaaaaggaatctattgattctctcccaat 105261

LCcv2 @ 1136 tggttggaccgtaggtgcgatgatttacttcacgggcgaggtctctggttcaagtccagg 1195

RN AR NN R RN AR R AN N R RN AR R AR R AR R RRRRRARRY
tobac: 105262 tggttggaccgtaggtgcgatgatttacttcacgggcgaqgtctctggttcaagtccagg 105321

Pacl/Ascl
LCV2 : 1196 atggcccagetgegecagggaaaagaatagaagaagcgtcagactecttaattaaggegegee 1258

RERRRRARR AR RN AN AR R RN AR RN A R R RN A
tobac: 105322 atggcccagetgcgecagggaaaagaatagaagaageatetgactactt——--———-—~-——- 105370

LCV2 : 1259 catgcatgctccacttggctcggggggatatagctcagttggtagagctccgctcttgca 1318

NN R R AR RN AR NN R AR R RN RN AR AN A RN AR RN AN
tobac: 105371 catgcatgctccacttggctcggggggatatagctcagttggtagagctccgctcttgca 105430

LCv2 : 1319 attgggtcgttgcgattacgggttggatgtctaattgtccaggcggtaatgatagtatct 1378
AR R AR RN AR R AR AR R R R RN AR R AR R RN R RN RN
tobac: 105431 attgggtcgttgcgattacgggttggatgtctaattgtccaggcggtaatgatagtatct 105490

LCv2 : 1379 tgtacctgaaccggtggctcactttttctaagtaatggggaagaggaccgaaacatgcca 1438

PEVCEVERT L TR b e i i e i e ey il
tobac: 105491 tgtacctgaaccggtggctcactttttctaagtaatggggaagaggaccgaaacgtgeea 105550

LCV2 ¢ 1438 ctgaaagactctactgagacaaagatgggctgtcaagaacgtcaagaacgtagaggaggt 1498

(RERRRRRRNRR RN AR R RRRRRRR RN [RERREARRRRR
tobac: 105551 ctgaaagactctactgagacaaagatgggctgtcaagaa-————--=-= cgtagaggaggt 105601

LCV2 : 1499 aggatgggcagttggtcagatctagtatggategtacatggacggtagttggagteggeg 1558
SRR AR NN R RN AR SRR R RN RN R AR RN AR ARRRARRARARY
tobac: 105602 aggatgggcagttggtcagatctagtatggatcgtacatggacggtagttggagtcggcg 105661

LCV2 : 1559 gctctcctagggttcccttatcggggatccctggggaagaggatcaagttggcccttgcg 1618

R NN A A A AR R R AR R R AR R R RN R AR SRR RARNRNARE:
tobac: 105662 gctctcccagggttccctcatctgagatctctggggaagaggatcaagttggcccttgcg 105721

LCcv2 : 1619 aacagcttgatgcactatctecctteaaccctttgagegaaatgegge———-= aaaagga 1673

RRRERR AR RN RN AR RN RN RN RN AR RRARRRRRRNRRRY! [RRRRRN
tobac: 105722 aacagcttgatgcactatctcccttcaaccctttgagegaaatgeggcaaaagaaaagga 105781
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{continued)

LCV2

tobac:

Lcv2

tobac:

LCV2

tobac:

LCcv2

tobac:

1674

105782

: 1734

105842

: 1794

105902

: 1854

105962
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Fig. 7-3

aggaaaatccatggaccgaccceatcatctccaccccgtaggaactacgagattacccca

RN SRR R RN AR RN RN R AR RN AR RN A N AR AR RN AR AR

aggaaaatccatggaccgaccccatcatctccaccccgtaggaactacgagatcacccca

aggacgccttcggcatccaggggtcacggaccgaccatagaaccctgttcaataagtgga

KRR R R RN AR RN A R AR RN RN AR R R R RN RRRRRRRRRRRRR
aggacgccttcggcatccaggggtcacggaccgaccatagaaccctgttcaataagtgga

acgcattagctgtccgctctcaggttgggcagtaagggtcggagaagggcaatcactcat

RN AN AR AR N RN N RN R AR R RN R R R AR R R R R
acgcattagctgtccgctctcaggttgqgcagtcagggtcggagaagggcaatgactcat

tctta 1858

|
t---- 105962

1733

105841

1793

105801

1853

105961

LCV21859aaaccagcgttcttaaggccaaagagtcggcggaaaaggggggaaagctctccgttcctggtttcctgtagctggatcctc

cggaaccacaagaatc 1955

nigrum, Arabidopsis, Soybean, rice and wheat)

LCV2

tobac:

LCV2

tobac:

LCV2 :

tobac:

LCV2

tobac:

LCV2 :

tobac:

: 1956

105963

: 2016

106023

2076

106083

: 2136

106143

2196

106203

cttagttagaatgggattccaactcagecaccttttgagtgagattttgagaagagttget

REAER AR AR RN R RN RN AR RN AR AR RR RN R RN AR RN RN
cttagttagaatgggattccaactcagcaccttttgagtgagattttgagaagagttgct

ctttggagagcacagtacgatgaaagttgtaagctgtgttcgggggggagttattgtcta
IR RR R RN AR RN R AR AR R AR R R AR URARRRRARRRRRRRY
ctttggagagcacagtacgatgaaagttgtaagctgtgttcgggggggagttattgtcta

tcgttggcctctatggtagaatcagtcgggggacctgagaggcggtggtttaccctgcgg
SRR R AR R AR RN AR AR RN R AR AR AR AN RARRRRERRARRRY
tcgttggcctctatggtagaatcagtcgggggacctgagaggcggtggtttaccctgcgg

cggatgtcagcggttcgagtccgcttatctccaactcgtgaacttagccgatacaaagct
R R AR A R R AR R RN SRR AN R RN AR AR RARARY
cggatgtcagcggttcgagtccgcttatctccaactcgtgaacttagccgatacaaagct

(97 bp sequence absent in tobacco but present in spinach, Solanum

2018

106022

2075

106082

2135

106142

2185

106202

atatgacagcacccaatttttccgatttggcggttcgatctatgatttatcattcatg 2253

AR AR AR R AR AR AR A AR AR RN R AR R RRR R RN RR NN RN NN

ttatgatagcacccaatttttccgattcggcggttcgatctatgatttatcattcatg 106260
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Pac1/Asct LCV2C
LOV2A ac sc*_}
I ]
irn| | trnA
[ LLCV2B Pac1/Asci l LCV2D
Pac1/Asc1 Pac1/Asc
K 1 A 4 Y
pn
~ A B A/Xba1 Kpn1\ C D /Xba1
PCR2.1 PCR2.1
Pact/Asci
Y
Kpn1\A A B} C D Xbal
LCV2
PCR2.1

TCV2A 5’ TCGACAGTGAAGTAAGACCAAG3’ (104366-104387 in TCG)

(SEQ ID NO:13)
LCVZB 5’ GGCGCGCCTTAATTAAGGAGTCAGACGCTTCTTCTATTC3!
(SEQ ID NO:14)

(10346-105370 in TCG)
1.CV2C 57 TTAATTAAGGCGCGCCCATGCATGCTCCACTTGGCTCGG3! (105371-105393 in TCG)
(SEQ ID NO:15)

LCV2D 5’ CATGAATGATAAATCATAGATCGAAC3'

(106234-106260 in TCG) (SEQ ID NO:16)

Fig. 8
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LCV1-MSK18 map (9,682bp)

Pac1 Asc1
"4-——— MSK18 Cassette (2,147 bp) ————b‘

trc gfp mn aadA psbA-3'UTR

y

(73bp) (740bp) (149bp)  (793bp) (392bp)
Sac1 Pac1/Asc1 (16 bp) Kpn1
«——— 2551 bp »i< 2020 bp ——
v 3 pPs 12 v

70B tmV | [16SrRNA

LCV1 (7,545 bp)
pBluescript SK+ (2958 bp)

Fig. 9
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LCV2-MSK18 (8,329bp)

Pact Ascl
MSK18 Cassette (2,147bp)

trc gfp rm aadA | pshA-3UTR
(73bp) (740bp) (149bp) (793 bp) (392 bp)

Pacl/Asc1 (16 bp)
<“—— 1242Dbp —T—— 995bp —»

A

trnl trnA

LCV2 (6,182 bp)
—— PCR 2.1 (3,929bp)
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¢ LCV2-MSK18 >
Pac1 (8bp) Asc1 (8 bp)
MSK18 cassette (2,147 bp)
= £2 L b4
| 16S ‘Lr trnl tre l gfp lrrn' aadA pSbA-3’ trnA |-‘—-—|723S |

(1242bp)  (73bp) (740 bp) (149 bp) (793bp)  (392bp) (995 bp)

P1+ P2=1415bp
P3 + P4 = 2006 bp
P1+ P4 =4623 bp

Pl 5’ -ACTGGAAGGTGCGGCTGGAT-3’ (SEQ ID NO:17)

P2  5'-ACGAGCCGGATGATTAATTGTCAATTAATTAACTA-3' (MSK18A comp)- (SEQ ID
NO:18)

P3 5'-AAGTCACCATTGTTGTGCACG-3’ (starts at 259 bp on aadA CDS) (SEQ ID
NO:19)

P4 57 -CTCGCCCTTAATTTTAAGGC-3’ (SEQ ID NO:20)

Fig. 12
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Fig. 14-1

P1-P2 left border fragment consensus sequence (SEQ ID NO:21)

Primer Pl—
actggaaggtgcggetggatcacctecttttcagggagagetaatgettgttgggtattttggtttgacac
tgcttcacacccaaaaaagaagggagctacgtctgagttaaacttggagatggaagtcttcatttcgtttc
Primer LCV2A->=LCV2A left border
TCGACAGTGAAGTAAGACCAAGCTCATGAGCTTATTATC TCAGGTCGGAACAAGTTGATAGGATCCCCCTT
PTTACGTCCCCATGCCCCCTGTGTGGCGACATGCGGGCGARAAAAGGARAGAGAGAGATGGGGTTTCTCTC
GCTTTTGGCATAGTGGGCCCCCAGTGEGGEGCTCGCACGACGGGCTATTAGCTCAGTGGGTAGAGCGCGLC
CCTGATAATTGCGTCGTTGTGCCTGGGCTGTCGAGGGCTCTCAGCCACATGGATAGT TCAATGTGCTCATCG
GCGCCTGACCCTGAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTCGAACCGGGGT
TTGARACCAAACTTCTCCTCAGGAGGATAGATGGGGCGATTCAGGTGAGATCCAATGTAGATCCARCTTTIC
GATTCACTCGTGGGATCCGGGECGETCCGGEGGEGACCACCATGGCTCCTCTCTTCTCGAGRATCCATACAT
CCCTTATCAGTGTATGGACAGCTATCTCTCGAGCACAGGTTTAGGTTCGGCCTCAATGGGAAAATARRATG
GAGCACCTAACAACGCATCTTCACAGACCAAGAACTACGAGATCACCCCTTTCATTICTGGGCTGACGGAGG
GATCATACCATTCGAGCCTTTTTTTTTCATGCTT TTCCCCGAGGTCTGGAGARAGCTGAARTCAATAGGAT
TTCCCTAATCCTCCCTTACCGARAGGAAGAGCGTGARATTCTTTTTCCTTTCCGCAGGGACCAGGAGATTG
GATCTAGCCGTAAGAAGAATGCTTGGTATARATAACTCACTTCTTGGTCTTCGACCCCCGCAGTCACTACG
AACGCCCCCGATCAGTGCAATGGEGATGTGTCTAT TTATCTATCTCTTGACTCGAAATGGGAGCAGGTTTGA
AAAAGGATCTTAGAGTGTCTAGGETTGGGCCAGGAGGGTCTCTTAACGCCTTCTTTTTTCTTCTCATCGGA
CTTATTTCACAARAGACTTGCCATGGTAAGGAAGAAGGGGGGAACAGGCACACTTGGAGAGCGCAGTACAAC
GGAGAGTTGTATGCTGCGTTCGGGAAGGATGAATCGCTCCCGAAAAGGARTCTATTGATTCTCTCCCAATT
GGTTGGACCGTAGGTGCGATGATTTACTTCACGGGCGAGGTCTCTGGTTCAAGTCCAGGATGGCCCAGCTG
Pacl trc promoter— <Primer P2
CGCCAGGGAAAAGAATAGAAGAAGCGTCTGACTCC [ TTAATTAA] [ TTGACAATTAATCATCCGGCTCGT]

P3-P6 left border fragment consensus sequence (SEQ ID NO:22)

Primer P3->(aadA gene)
AAGTCACCATTGTTGTGCACGACGACATCATTCCGTGGCGTTATCCAGCTAAGCGCGAACTGCAATTTGGA
CAATGGCAGCGCAATGACATTCTTGCAGGTATCTTCGAGCCAGCCACGATCGACATTGATCTGGCTATCTT
GCTGACAARAGCAAGAGAACATAGCGTTGCCTTGGTAGGTCCAGCGGCGGAGGARCTCTTTGATCCGGTTC
CTGAACAGGATCTATTTGAGGCGCTARATGARACCTTAACGCTATGGAACTCGCCGCCCGACTGGGCTGGE
GATGAGCGAAATGTAGTGCTTACGTTGTCCCGCATTTGGTACAGCGCAGTARCCGGCARAATCGCGCCGAA
GGATGTCGCTGCCGACTGEGCAATGEAGCGCCTGCCGGCCCAGTATCAGCCCGTCATACTTGAAGCTAGAC
AGGCTTATCTTCGACAAGAAGARGATCGCTTGECCTCGCGCGCAGATCAGT TGGARGAATTTGTCCACTAC

aadA stop/pshbA 3'UTR—>
GTGAAAGGCGAGATCACCAAGGTAGTCGGCAAATAATGT CTAGAGCGATCCTGGCCTAGTCTATAGGAGGT
TTTGAAAAGAAAGGAGCAGTAATCATTTTC TTGTTCTAT CARGAGGGTGCTATTGCTCCTTTCTTTTTTTC
TTTTTATTTATTTACTAGTATTTTACT TACATAGACTTTTTTGTT TACATTATAGAAAAAGAAGGAGAGGT
TATTTTCTTGCATTTATTCATGATTGAGTATTCTATTTTGATTTTGTATTTGTTTAAAATTGTAGARATAG
AACTTGTTTCTCTTCTTGCTAATGTTACTATATCTTTTTGATTTTTTTTTCCARAAAAAAAATCARATTTT
GACTTCTTCTTATCTCTTATCTTTGAATATCTCTTATCTTTGAAATAATAATATCATTGARATAAGAARGA
Ascl trnA gene—>

AGAGCTATATTCGA [ GECEGCECC] CATGCATGCTCCACTTGGCTCGGGGGGATATAGCTCAGT TGGTAGA
GCTCCGCTCTTGCAATTGGGTCGTTGCGATTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTA
TCTTGTACCTGAACCGETGECTCACTTTTTCTAAGTAATGGGGAAGAGGACCGAAACATGCCACTGARAGA
CTCTACTGAGACAAAGATGGGCTGTCAAGAACGTCAAGAACGTAGAGGAGGTAGGATGGGCAGT TGGTCAG
ATCTAGTATGGATCGTACATGGACGGTAGTTGGAGTCGGCGGCTCTCCTAGGGTTCCCTTATCGGGGATCC
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Fig. 14-2

CTGGGGAAGAGGATCAAGTTGGCCCTTGCGAACAGCTTGATGCACTATCTCCCTTCAACCCTTTGAGCGAA
ATGCGGCAAAAGGAAGGAAAATCCATGGACCGACCCCATCATCTCCACCCCGTAGGAACTACGAGATTACC
CCAAGGACGCCTTCGGCATCCAGGGGTCACGGACCGACCATAGAACCCTGT TCAATARGTGGAACGCATTA
GCTGTCCGCTCTCAGGTTGGGCAGTARGGGTCCGAGARGGGCAATCACTCATTCT TAAAACCAGCGTTCTT
AACGCCARACAGTCGGCGGARAAGGGGGGARAGCTCTCCGT TCCTGGTTTCCTGTAGCTGGATCCTCCGGA
ACCACAAGAATCCTTAGTTAGAATGGGATTCCAACTCAGCACCTTTTGAGTGAGATTTTGAGAAGAGTTGC
TCTTTGGAGAGCACAGTACGATGAAAGTTGTAAGCTGTGTTCGGGGGGGAGTTATTGTCTATCGTTGGCCT
CTATGGTAGAATCAGTCGGGGGACCTGAGAGGCGGTGGTTTACCCTGCGGCGGATGTCAGCGGTTCGAGTC
trnA end
CGCTTATCTCCAACTCGTGAACTTAGCCGATACAAAGCTATATGACAGCACCCAATTTTTCCGATTTGGCG
<Primer LCV2D = RB of LCV2
gttcgatctatgatttatcattcatjgacgttgataagatccatccatttagcagcaccttaggatggcat
<-Primer P6
agccttaaaattaagggcegag
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P3+P4 WT
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HA

Fig. 21

LEC1 (dicistronic)
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LEC1 construction

B D Not1 FBamH1 H Asc1/Pst1
| C Noti E BamH1G
Sac1/Pac1 A . (o} , am
Prrn | rbs aadA | rbs HA 3(@sbA
Sac1/Pac1 Not1 Not1 Asc1/Pst1
A D Pst1 £ H
pBS A+D pBS E+H
pBS SK+ pBS SK+

Sac1/Pac1
l v
A D |E F
pBS LEC1
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List of PCR primers used in LEC] construction:
LECI A tcg age tet taa tta age tac cec gee gtg att gaa tga gaa t (SEQ ID NO:23)
LEC1 B aaa tce cte cct aca act gta tec aag cge tte gta tic gc (SEQ ID NO:24)

LEC1C gtt gta ggg agg gat tta tgg cag aag cgg tga teg ccg aa (SEQ ID NO:25)
LEC1 D teg cgg ccg ctt att tge cga cta cct tgg tga t (SEQ ID NO:26)

LECI E tcg cgg ccg cag ttg tag gga ggg att tat gea aaa act tec cgg aaa tga caa
(SEQ ID NO:27)

LECIF gga tcc tta gta tee tga ctt cag cte aac (SEQ ID NO:28)

LECI G aac att taa gga tcc gac ttt ggt ctt at gta att gta tag (SEQ ID NO:29)

LECIH atc tge agg geg gee ate cac ttg get aca tee gee (SEQ ID NO:30)

Fig. 22
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