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Method for producing high-guality recombinant aliergens in a plant
The present invention relates to a method for producing high-quality recombinant allergens.

The use of recombinant allergens allows greater specificity and better efficacy of diagnostic tests

and treatment of allergies.

Numerous allergens have already been produced in recombinant form. Today they are used for in
vitro diagnosis of allergies. However, the expression system used, generally E. coli, most often
only allows ver.y approximate copies of the natural allergens to be obtained, owing to the
inability of this bacterium to perform the post-transiational modifications necessary for correct
folding of proteins of eukaryotes. This often has an adverse effect on the reliability and
sensitivity of the diagnostic tests carried out using these molecules, since certain epitopes able to
react with patients' immunoglobulins E (IgE) are not present on the recombinant allergens

produced 1n E. coli.

Eukaryotic expression systems have also been used for producing recombinant allergens. These
are most often yeasts, and in this case hyperglycosylation, specific to these organisms, still does

not allow production of recombinant allergens conforming with their natural homologs.

Plants are the only eukaryotic hosts aliowing production of complex allergens in recombinant
form, with production costs and quality compatible with their use for personalized treatment of

allergies, integrating diagnostic tests and therapy.

However, the plant expression systems used so far for producing recombinant allergens generally
employ plant transgenesis with its fundamental limits that are well known, namely:
- long times for transition from the gene to the protein, meaning that the development work
takes several vears, and
- low vyields, of the order of 0.1% to 1% of the soluble proteins, meaning processing of a large

volume of biomass of plant material for large-scale production.

Recent advances achieved using transient expression have made it possible to exceed these
limits, on the one hand by greatly reducing the delays in passage from the gene to the protein,

which allows much faster development, and on the other hand by increasing the production
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vields by at least a factor of 10, which minimizes the costs for extraction and purification of the

protein of interest.

A technique of this kind for transient expression in plants is now used on a large scale for
producing vaccines by certain companies, which are currently developing extensive production

units 1n the United States.

However, despite these efforts, there is still a need for an efficient and reproducible method for
producing recombinant allergens that allows recombinant allergens to be obtained having a
composition and conformation similar to those of their natural homologs. Moreover, there is a

need for a method that has a good production vield.

The present invention makes it possible to obtain complex recombinant proteins, in particular
complex recombinant allergens, which have never been obtained previously in recombinant

form. These allergens are, moreover, copies identical to their natural homologs.

The present invention therefore relates to a method for producing a recombinant protein in a
plant, preferably a tobacco plant, preferably Nicotiana benthamiana, comprising the following

steps:

a) culturing the plants aeroponically or hydroponically, preferably on mobile floats, and under

LED lighting,

b) agroinfiltration of the plants obtained in step a), under vacuum, by agrobacteria comprising a

DNA fragment coding for the recombinant protein, then

c} returning the plants to culturing after step b), in the same conditions as for step a), then

d) extraction and purification of the recombinant protein from the aerial parts of the plants

produced in step c).

The present invention also relates to a recombinant protein obtainable by the method according

to the invention.

The plant usable in the method according to the invention is notably a tobacco plant selected
from Nicotiana benthamiana and Nicotiana tabacum or any other plant usable for transient
expression, such as a lettuce (genus Lactuca) or a spinach plant (Spinacia oleracea). Among the

lettuces, we may mention the lettuce Appia, Grosse Blonde Paresseuse, Lollo Rosso, Merveille
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de quatre saisons ["four-seasons Wonder"}, feuille de chéne [oak leaf lettuce], or red sails. The
plant may also be of the genus Arabidopsis, or a mutant thereof, in particular glycosylation
mutants of Arabidopsis; finally, it is possible to use knock-out tobacco plants (especially of

glycosylation mutants).

Preferably, the recombinant protein produced by the method according to the invention is a
recombinant allergen, preferably a recombinant mite allergen.

"Allergen" means any protein or any peptide capable of triggering an allergic reaction in a
subject previously sensitized when he is in contact with it, most often by contact with the skin,
inhalation or ingestion. An allergen is said to be "major” when a purified antigen triggers an
allergy in 50% or more of the patients tested, and when it displays specific IgEs, with
immediately positive skin tests, at a very low concentration, in at least 70% of subjects having an
allergy to this allergen.

"Protein" means a sequence comprising at least 50 amino acids.

"Peptide” means a sequence comprising between 1 and 49 amino acids, preferably between 2 and

40 amino acids.

Preferably, the recombinant protein produced by the method according to the invention is an

allergen, an allergen fragment or a fusion protein comprising an allergen or an allergen fragment.

Preferably, the recombinant protein is selected from the allergens responsible for respiratory
allergies due to house dust mites, such as Dermatophagoides farinae, Dermatophagoides
pteronyssinus or Euroglyphus manei, the allergens of storage mites such as Blomia tropicalis, the
allergens of mites of the type Acarus siro (formerly called Tyroglyphus farinae), cockroach
allergens, tree or grass pollen allergens, allergens from animals (cat, dog, horse), allergens of
molds, the allergens responsible for contact allergies such as those of hevea latex or the allergens

responsible for food allergies (milk, egg, fish, fruit).

Among the allergens of Dermatophagoides farinae, we may mention Der f 10, Der f 11, Der f
13, Der f 14, Der £ 15, Der £ 16, Der £ 17, Der £ 18, Der £ 2, Der £2.0101, Der £2.0102, Der
20103, Der £2.0104, Der £2.0105, Der £2.0106, Der £2.0107, Der £2.0108, Der £2.0109, Der f
2.0110, Der £2.0111, Der £2.0112, Der £ 2.0113, Der £2.0114, Der £2.0115, Der £2.0116, Der f
2.0117, Der £20, Der {3, Der £4, Der £ 5, Der £6, Der £7, Der £8, Der £9 and Der £ HSP70.
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Among the allergens of Dermatophagoides pteronyssinus, we may mention Der p 10, Der p 11,
Derp 14, Der p 15, Der p 18, Derp 2, Der p 2.0101, Der p 2.0102, Der p 2.0103, Der p 2.0104,
Der p 2.0105, Der p 2.0106, Der p 2.0107, Der p 2.0108, Der p 2.0109, Der p 2.0110, Der p
20111, Der p 2.0112, Der p 2.0113, Der p 20, Der p 21, Derp 3, Der p 4, Der p 5, Der p 6, Der
p7,Derp8, Derp9.

Among the allergens of Blomia tropicalis, we may mention Blo t 1, Blo t 5 (which has 40%

sequence homology with Derp 5), Blot 9, Blot 10, Blot 12 or Blo t 21.

All these allergens are well known, and their sequence may be found notably in databases such as

Allergome (allergome.org}, or quite simply in UniProt.

The method for producing recombinant allergens by transient expression according to the

invention, notably in N. benthamiana, is very effective, reproducible, and has a good yield.

The method for producing recombinant proteins according to the invention comprises a first step
of culturing the plant (step a), acroponically or hydroponically, preferably in culture on free
mobile floats, and under LED lighting, in order to cause it to produce the recombinant protein.
Aeroponics corresponds to culture of the plant on a support, generally made of plastic, combined
with constant misting with nutrient solutions based on mineral salts.

Hydroponics corresponds to culture of the plant without soil. The plant is cultured on a neutral,
inert substrate, such as sand, clay beads, polystyrene plates or rock wool. The substrate is
regularly irrigated with a stream of solution that supplies mineral salts and essential nutrients to
the plant. In the method used according to the invention, tobacco plants, notably N. benthamiana,
are cultured preferably hydroponically on free floats, for example on a plate of perforated
polystyrene. These floats are arranged in tanks containing a culture medium that is constantly
aerated by air diffusers. This technique allows standardization of the conditions for production of
the recombinant proteins, combined with complete absence of risk of contamination of the
agroinfiltration media in step b) by impurities or debris from the substrates contained in the pots
(in the case of conventional culture). Moreover, the use of this culture system makes it possible

to reach far higher yields, as is shown in the examples.

Finally, during scale-up, manipulation for agroinfiliration or harvesting of batches of plants fixed

on a polystyrene plate is of course easier than that of pot and substrate cultured plants.
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The method for producing recombinant proteins according to the invention comprises, after step
a), a step b) of agroinfiltration of the plant, notably of the tobacco plant, under vacuum, by

agrobacteria comprising a DNA fragment coding for the recombinant protein,

Notably, after five weeks of culture, preferably hydroponically on free mobile floats,
agroinfiliration of the tobacco plants is carried out under vacuum, by agrobacteria comprising a

DNA fragment coding for the recombinant protein.

This step b) of agroinfiltration may be carried out by any means allowing creation of a vacuum.
Preferably, in the method used according to the invention, it is carried out under vacuum by the

Venturi effect.

The DNA fragment coding for the recombinant protein, used in step a) and inserted in the
agrobacteria, may be prepared by cloning. This DNA fragment may comprise the sequence
coding for the recombinant protein, for example a heterologous allergen, said sequence being
fused with a sequence encoding a peptide facilitating its purification, for example a "histidine
tag” sequence, or a sequence encoding a peptide or a polypeptide for intracellular addressing,
Such a peptide or polypeptide for intracellular addressing may notably be selected from the
peptides whose sequences are presented in Table 1, i.e. from the peptides SEQ ID NO: 1 to 20.

The DNA fragment may then be integrated in the pAGO1 expression vector developed in the
context of the invention (Fig. 1 and sequence SEQ ID NO: 21), and then the agrobacteria are
transformed using this expression vector. Preferably, the invention also relates to an expression
vector comprising the sequence SEQ ID NO: 21 and an insert, notably located between the right
and left bounds of the transfer DNA (TDNA) (this is illustrated in Fig. 1, where the left bound is
"LB", and the right bound is "RB"), said insert comprising at least one nucleic acid sequence
coding for a peptide selected from SEQ ID NO: 1 to 20, said nucleic acid sequence being
directly fused with a second nucleic acid sequence encoding the protein of interest. This vector
corresponds to the pAGQ1 vector comprising an insert, said insert comprising a nucleic acid
peptide sequence (selected from SEQ ID NO: 1 to 20) directly fused with the nucleic acid
sequence of the allergen of interest. Preferably, the protein of interest is an allergen as described

above,
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Agroinfiltration of the aerial parts of plants, notably of tobacco plants, notably of N
benthamiana, is carried out under vacuum. Preferably, an air-tight chamber is used, which has a
system for vacuuming by the Venturi effect. Typically, the chamber contains the culture of
agrobacteria and after inverting the floating platforms on which the plants are cultured
hydroponically, the latter are immersed, upside down, in the bacterial suspension. This method 1s
illustrated in Fig. 2. It allows simultaneous infiltration of all the plants cultured on one and the

same floating platform.

According to a first embodiment, agroinfiltration is carried out by a step of putting the plants
under vacuum for 2 minutes.

Preferably, according to a second embodiment, agroinfiltration is carried out in three steps
{sequential process):

1) putting under vacuum, preferably at -0.8 bar for 2 minutes,

2} breaking the vacuum, and return to atmospheric pressure preferably for 30 seconds, then

3) putting under vacuum, preferably at -0.8 bar for 2 minutes, followed by return to atmospheric
pressure.

This agroinfiltration technique is quick (total duration less than 5 minutes), effective, and easy to

automate.

Among the agrobacteria usable according to the invention, we may mention preferably the

strains LBA4404, GV3101, EHA 101/105 or C58.

Preferably, the agrobacteria are used for infiltration at a concentration defined by an OD600
between 0.7 and 1.0, in a solution comprising 10 mM of Mes (2-morpholino-ethanesulfonic
acid), which may optionally be substituted with MOPS (3-(N-morpholinopropanesulfonic acid),
10 mM of MgCl; and 100uM of acetosyringone.

At the end of step b) of agroinfiltration, the method comprises a step ¢) of returning the plants to
culturing, in the same conditions as for step a).

The plants are typically drained upside down for 15 minutes, then put back in culture in the
conditions described for step a), ideally ensuring frequent misting of the latter for the first 6
hours of culture following agroinfiltation. Alternatively, the plants are put directly back in

culture in the conditions described for step a).
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Finally, the method according to the invention comprises a step d) of extraction and purification
of the recombinant protein produced after agroinfiltration in step c).

The plant biomass is harvested 4 to 5 days after putting the plants in culture following
agroinfiltration.

After grinding and extraction of the proteins from the aerial parts of the plants, the recombinant
protein is purified. The techmques of extraction and purification known from the prior art may
be employed in this step. Preferably, if the recombinant protein comprises a "histidine tag"
sequence, it is purified by immobilized nickel column chromatography (IMAC), followed by a
step of molecular sieving. The tag sequence used for purification may then be cleaved from the

end product.

The invention will now be illustrated with the following examples, which are not limiting.

The legends of the figures are as foliows:

Table 1 (Fig. 8): Reozyme™ sequences used for targeted expression of recombinant allergens
and subcellular storage compartment of the allergens when they are produced in fusion with

these addressing peptides. ER: endoplasmic reticulum; GA: Golgi apparatus.

Fig. 1: The T-DNA of the pAGO1 vector consists of the two flanking sequences of the T-DNA of
the agrobacteria (RB and LB), and of three expression cassettes allowing silencing inhibitor
expression (cassette 1), of a recombinant protein preferably an allergen (cassette 2) and of an

enzyme conferring resistance to a selection antibiotic or of a protein maturation enzyme (cassette -

3).

Fig. 2: The platform developed according to the invention combines original steps and tools that
allow low-cost mass production of recombinant allergens of unequalled high quality.
Adaptability and speed of production, since 4 to 5 days is sufficient to go from the gene to the

protein, are also features of this production platform.

Fig. 3: Production of complex major allergens of the mite Dermatophagoides pteronyssinus: Der
p 4 (track 1); Derp 7 (track 2); Der p 21 {track 4); Der p 5 (track 6) and Der p 2 (track 7); one of
the major allergens of latex: Hev b 13 (track 3) and a mold allergen: CP120 (track 5).
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Fig. 4: Schematic illustration of the expression cassettes used (panel A). In panel B, Western blot
analyses illustrate the differences in quality of the allergen Der p 2 produced by fusion with
different Reozyme™ signals. The allergen i1s produced in a heterogeneous form and has a
noncompliant molecular weight when the Reozyme™ signals R1, R2 and R3 are used. However,
when the signal R4 is used, the recombinant allergen is homogeneous and has a molecular

weight identical to that of the natural allergen.

Fig. 5: Panel A presents the SDS-PAGE analysis of the total proteins extracted from each plant.
Analysis of these extracts by Western blot (panels B and C) illustrates the production yields for
one and the same protein of interest, when the plants are cultured either in standard conditions
(pot culture + lighting by incandescent lamp) (tracks 1-6, the different tracks correspond to
different transformation events), or cultured aeroponicallty + LED lighting (tracks 7-9). Panel B:

chromogenic detection; panel C: detection by chemiluminescence.

Fig. 6: Comparison of expression of the GFP: 1} when agroinfiltration is carried out according to
the protocol described in the invention (panel B), or 2) when infiltration is carried out according

to a conventional method of infiltration (panel A).

Fig. 7: Analysis by SDS-PAGE and Western Blot of the steps of purification of the allergen Der
p 4.

Track 1: Total protein extract.

Track 2: Der p 4 purified on the immobilized nickel column (IMAC) and eluted in the presence
of 50 mM of imidazole

Track 3: Der p 4 purified by molecular sieving after the IMAC step.

Track 4: Der p 4 purified, whose tag was cleaved in vitro.

Top panel: Analysis of Der p 4 by SDS-PAGE followed by staming of the protemns with
Coomassie Blue in the gel.

Bottom panel: Analysis of Der p 4 by SDS-PAGE followed by Western blotting and

immunodetection on the print with a specific immunoserum of the purification tag.
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Example 1: Standardized production of complex anticens

For validation of the method described here, cDNAs coding for complex allergens of mites, tree
or molds were cloned into the pAGO1 vector. These vectors were then inserted in the

agrobacteria (strain LBA4404) with a view to transient expression in N. benthamiana.

The N. benthamiana plants were cultured by the method described below: the seeds are sown in
carth and cultured for at most 45 days on this substrate. Preferably, the seedlings from these
seeds develop for 15 days in this substrate (under LED lighting), before being transferred to
tanks for hydroponic culture on free floats. The plants are then cultured for 25 days in these
conditions in the presence of nuirients and trace elements, under LED lighting. In an alternative
to this protocol, the use of coated seeds allows direct sowing of the N. benthamiana plants on the
floating platforms. In these conditions, germination and culture of the plants take place in

hydroponic conditions.

After culture for 40 days, the plants maintained on the floats are transferred to an air-tight
chamber for transfection. For penetration of the agrobacteria bearing the binary vector, the aerial
part of the plants is immersed (float inverted) in the solution of agrobacteria whose concentration
corresponds to OD 600: 0.7. Transfection is carried out under vacuum in the air-tight chamber by
the Venturi effect according to the foliowing protocol: 2 min under vacuum (-0.8 bar), return to
normal, then again 2 min under vacuum (-0.8 bar). The floats are then put on supports {(plants
upside down) for 10 to 15 min, so that the plants drain. Then the plants, still held on the floating
platforms on which they were cultured, are put back in the culture tanks for 4 days, ideally

ensuring frequent misting of the latter for the first 6 hours of culture following agroinfiltation.

After these 4 days, the aerial parts of the plants expressing the various allergens are harvested.
The proteins are extracted in a denaturing buffer and then analyzed by SDS-PAGE and/or
Western blotting using an antibody directed against the FLAG epitope.

Fig. 3 illustrates the results obtained. The method according to the invention allows production

of complex major allergens.
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Exampie 2: The method according to the invention allows gualitv control of the allergens

In order to monitor the maturation and the homogeneity of the recombinant allergens, different
signals (R1, R2, R3 and R4) were fused with the allergen of interest, and then the fusion protein
was cloned into the pAGO1 vector. These vectors were then inserted in the agrobacteria (strain

LBA4404) with a view to transient expression in N. benthamiana.

The N. benthamiana plants were cultured by the method described below: the seeds are sown in
earth and the seedlings from these seeds develop for 15 days in this substrate (LED lighting)
before being transferred to free floats. The plants are then cultured for 25 days hydroponically on

free floats.

After culture for 40 days in these conditions, the plants maintamed on the floatmg culture
platforms are transferred to an air-tight chamber for transfection. For penetration of the
agrobacteria bearing the binary vector, the aerial parts of the plants are immersed (float inverted)
in the solution of agrobacteria. Transfection is carried out under vacuum in the air-tight chamber
by the Venturi effect according to the following protocol: 2 min under vacuum (-0.8 bar), return
to normal, then again 2 min under vacuum {-0.8 bar). The floats are then put on supports (plants
upside down) for 10 to 15 min so that the plants drain. Then the plants, still held on the floats,
are put back in the culture tanks for 4 days.

After these 4 days, the plants expressing the various allergens are harvested. The proteins are
extracted by grinding the aerial parts in a denaturing buffer and then analyzed by SDS-PAGE
and/or Western blotting using an antibody directed against the FLAG epitope.

Fig. 4 presents a schematic illustration of the expression cassettes used (panel A). It also shows,
with the example of the mite allergen Der p 2, the qualitative advantages associated with using
the Reozyme™ signals. In fact, in panel B, Western blot ==analyses illustrate the differences in
quality of the allergen Der p 2 produced by fusing with different Reozyme™ signals. The
allergen is produced in a heterogeneous form and has a noncompliant molecular weight when the
Reozyme™ signals R1, R2 and R3 are used. However, when signal R4 is used, the recombinant

allergen is homogeneous and has a molecular weight identical to that of the natural allergen.
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Example 3: The method according to the invention allows a higher vield

For this example, we compared the use of the pAGO1 vector coupled with the use of the method
described in the invention with the use of a binary vector (~/+ silencing inhibitor) coupled to

conventional methods of transfection described for example in Medrano et al. (2009).

The ¢cDNA encoding the allergen Der p 7 of Dermatophagoides pteronyssinus was cloned either
into the pAGO1 vector, or into the pBI121 vector. These vectors were then inserted in the

agrobacteria (strain LBA4404) with a view to transient expression in N, benthamiana.

Then the strains of agrobacteria were used for transfecting plants cultured either hydroponically
on floating platforms as described in examples 1 and 2, or cultured in earth and then infiltrated

under vacuum according to a conventional protocol as published in Pogue et al. (2010).

As iltustrated in Fig. 5, the plant culture conditions described in the method, as well as the use of
the pAGOL vector, allow higher yields of recombinant allergens than those observed with the

conditions generally used for transient expression.

It can clearly be seen from Fig. 5 that the yields of the method according to the invention are far
higher than those obtained with a conventional method. Moreover, the inventors demonstrate
better homogeneity of the various transformation events, as illustrated by tracks 7 to 9 compared

o tracks 4 to 6.

The higher expression levels observed for Der p 7 are partly explained by the conditions of
agroinfiltration according to the method of the invention. In fact, as illustrated n Fig. 6,
infiltration of the foliar tissues is more effective, as is described in the method. In this figure, the
inventors compared the expression of GFP: 1) when agroinfiltration is carried out according to
the protocol described in the invention (panel B), or 2) when infiltration is carried out according
to a conventional method of infiliration (panel A} described for example in Medrano et al.

(2009).
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Examnple 4; The method according to the invention allows casv purification

The leaves of the Nicotiana benthamiana plants are collected, and the proteins are extracted by
grinding this plant material in a phosphate buffer supplemented with NaCl (0.1 M}, pH 7.5. After
quick filtration, the extract is deposited on an immobilized nickel column. The proteins of the
extract that do not have affinity for the chromatography matrix are not retained on the column.
However, the recombinant allergens produced according to the method have a hexa-histidine tag
and are retained on this type of matrix. After washing the column to remove the contaminating

proteins, the allergens are eluted specifically in the presence of 50 mM imidazole in phosphate
buiffer.

The method of production according to the invention is flexible and easily adaptable o the
production of any allergen of interest. This is true not only of the techniques for culture, cloning,

agroinfiltration, and extraction, but also for purification.

In fact, owing to fusion of a tag, purification of the recombinant allergens is standardized. This is
illustrated i Fig. 7, which presents analysis by SDS-PAGE and Western blotting of the steps of
purification of the allergen Der p 4 produced as described in the invention. This analysis
iHlustrates the method of purification of this allergen in two chromatography steps:

1) immobilized nickel affinity column (IMAC) and 2) molecular sieving.

Track 1: Total protein extract.

Track 2: Der p 4 purified on the immobilized nickel column (IMAC) and eluted in the presence
of 50 mM of imidazole

Track 3: Der p 4 purified by molecular sieving after the IMAC step.

Track 4: Der p 4 purified, whose tag was cleaved in vitro,

Top panel: Analysis of Der p 4 by SDS-PAGE followed by staining of the proteins with
Coomassie Blue in the gel.

Bottom panel: Analysis of Der p 4 by SDS-PAGE followed by Western blotting and

immunodetection on the print with a specific immunoserum of the purification tag.
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CLAIMS

1. A method for producing a recombinant protein in a plant, notably a tobacco plant,
preferably Nicotiana benthamiana, comprising the following steps:

a) culture of the plant aeroponically or hydroponically, preferably on mobile floats, and under
LED lighting, then

b) agroinfiltration of the plant obtained in a), under vacuum, by agrobacteria comprising a
DNA fragment coding for the recombinant protein, then

¢) returning the plants to culturing after step b), in the same conditions as for step a), then

d) extraction and purification of the recombinant protein from the aerial parts of the plants

produced in step c).

2. The method as claimed in claim 1, characterized in that the recombinant protein is a

recombinant allergen, preferably a recombinant mite allergen.

3. The method as claimed in claim 1 or 2, ch.aracterized in that the recombinant protein is
selected from the allergens of Dermatophagoides farinae, the allergens of Dermatophagoides
pteronyssinus, the allergens of Euroglyphus manei, the allergens of Acarus siro, the allergens
of Blomia tropicalis, cockroach allergens, tree or grass pollen allergens, allergens of animals,

allergens of molds, allergens of hevea latex and allergens responsible for food allergies.

4. The method as claimed in one of claims 1 to 3, characterized in that the recombinant
protein is selected from Der f 10, Der f 11, Der £ 13, Der f 14, Der £ 15, Der £ 16, Der 117,
Der £ 18, Der £2, Der £2.0101, Der £2.0102, Der £2.0103, Der £2.0104, Der £ 2.0105, Der
2.0106, Der £2.0107, Der £ 2.0108, Der £2.0109, Der £2.0110, Der £2.0111, Der £2.0112,
Der £2.0113, Der £2.0114, Der £2.0115, Der £2.0116, Der £2.0117, Der £ 20, Der £ 3, Der
4,Dert5, Der £6, Der £7, Der £8, Der £9 and Der {f HSP70.

5. The method as claimed in one of claims 1 to 3, characterized in that the recombinant
protein is selected from Der p 10, Der p 11, Der p 14, Der p 15, Der p 18, Der p 2, Der p
2.0101, Der p 2.0102, Der p 2.0103, Der p 2.0104, Der p 2.0105, Der p 2.0106, Der p 2.0107,
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Der p 2.0108, Der p 2.0109, Der p 2.0110, Der p 2.0111, Der p 2.0112, Der p 2.0113, Der p
20, Derp 2, Derp3,Derp 4, Derp 3, Derp 6, Derp 7, Derp 8 and Derp 9.

6. The method as claimed in one of claims 1 to 3, characterized in that the recombinant

protein is selected from Blo t 1, Blot 5, Blot 9, Ble t 10, Blot 12 and Blo t 21.

7. The method as claimed in one of claims 1 to 6, characterized in that the agroinfiltration is

carried out under vacuum by the Venturi effect.

8. The method as claimed in claim 7, characterized in that the agroinfiltration is carried out
either by a step of putting the plant under vacuum for 2 minutes, or by vacuuming, preferably
at -0.8 bar for 2 minutes, then breaking the vacuum and returning to atmospheric pressure,
preferably for 30 seconds, then putting under vacuum, preferably at -0.8 bar for 2 minutes,

followed finally by return to atmospheric pressure.
9. A recombinant protein obtainable by the method as claimed in one of claims ! to 8.

10. An expression vector comprising the sequence SEQ ID NO: 21 and an insert, said insert
comprising at least one nucleic acid sequence coding for a peptide selected from SEQ ID NO:
1 to 20, said nucleic acid sequence being directly fused with a second nucleic acid sequence

encoding the protein of interest,

11. The expression vector as claimed in claim 10, characterized in that the protein of interest

is an allergen.

12. The expression vector as claimed in claim 10 or 11, characterized in that the protein of
interest is sclected from the allergens of Dermatophagoides farinae, the allergens of
Dermatophagoides pteronyssinus, the allergens of Blomia itropicalis, the allergens of
Euroglyphus manei, the allergens of Acarus siro, cockroach allergens, tree or grass pollen
allergens, allergens of animals, allergens of molds, allergens of hevea latex and allergens

responsible for food allergies.
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SEQUENCE LISTING

<110> ANGANY GENETICS

<120> wMéthode de production d'allergénes recombinants de haute qualité
par expression transitoire chez Nicotiana benthamiana

<130> BCT130167 QT
<le0> 21

<170> PatentIn version 3.5

<210> 1

<211> 13

<212> PRY

<213> Artificial Sequence
<220> .

<223> signal peptide
<400> 1

met Thr Gly Ala %er Arg Arg Ser Ala Arg Gly Arg Ile
1 i0

<210> 2

<211> 10

<212» PRT

«213> Artificial sequence
<220>

<223> signal peptide
<400> 2

Met Ala Arg Gly Glu Arg Arg Arg Arg Ala
1 5 10

<210> 3

<211> 12

<212> PRT

<213> Artificial sequence
<220> . )

«223> signal peptide
<400> 3

Met Asn Asp Arg Arg Pro Gln Arg Lys Arg Pro Ala
1 5 10

<210> 4

<211> 150

<212> PRT

<213> Artificial Seqguence
<220>

<223> signal peptide
<400> 4

Met Thr Giy Ala Ser Arg Arg Ser Ala Arg Gly Arg I'le Lys Ser Ser
1 5 10 15

Page 1



Ser Leu

Arg Arg

Asn Leu
50

Tyr Phe
65

ser Gln

ASp Leu

Thr Tyr

Ser Leu
130

val Met
145

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ser
Gly
35

Lys
val
Lys
Ser
Arg
val

Arg

49
PRT

Pro
20

Lys

Ile

Pro

Met

100

Pro

Ala

Hisg

Gly

Gly

Leu

Asn

Arg

85

Phe

His

Gly

Phe ¢

Ser

Lys

val

Arg

70

val

GIn

val

Leu

ASp

Glu

Gly

55

Leu

Ile

Gly

Tyr

Met
135

Artificial seguence

signal peptide

5

¥et Ala Arg Gly Ser Arg Ser
5

Tyr Cys Asn Pro Ser Tyr Tyr
20

Leu Phe Ile val Phe val Cys

Thr

<210>
<211>
<212>
<213>

35

B
99
PRT

Artificial seguence

pctfr2013051383-seq]

Glu

l.eu

40

ey

val

Thr

Glu

Phe

120

Trp

val

Leu

vatl
40

g%y Ser Ala Tyr Pro

val

Ile

Arg

Pro

His

105

Gly

Leu

Gly

Ser

ile

His

Phe

80

Lys

val

Gly

Ile

Leu

Gly

75

Pro

Glu

Arg

val

Gly

Gly

60

Leau

Ala

Ser

Ala

Lys
140

sSer ser Ser

10

LYs Arg Pro Lys
25

ser Phe val phe

Page 2

Ala

45

Tie

Leu

Pro

Leu

Ser

Arg

Trp
45

Pro

30

Phe

Ite

Phe

Lys

Tyr

110

Thr

Glu

Lys

Ser

Lys

val

ASp

val

95

Trp

Pro

Met

Trp
15

Ite

Thr

1le

Glu

80

Met

Gly

Leu

Tyr

Arg

ey Ala Leu
30

Asp Arg Gln



pctfr2013051383-seqg]

<220>
<223> signal peptide
<400> 6

Met Ala Arg Gly Ser Arg Ser val Gly Ser Ser Ser Ser Lys Trp Arg
1 5 10 15

Tyr Cys Asn Pro Ser Tyr Tyr Leu Lys Arg Pro Lys Arg Leu Ala Leu
20 25 30

Leu Phe Ile val pPhe val Cys val Ser Phe val Phe Trp Asp Arg Gln

Thr %gu val Arg Glu His ggn val GTu Ile Ser Glu Leu Gln Lys Glu
60

val Thr Asp Leu Lys Asn Leu val Asp Asp Leu Asn Asn Lys Gin Gly
65 70 75 80

Gly Thr ser Gly Lys Thr Asp Leu Gly Arg Lys Ala Thr Lys Ser Ser

85 90 95
Lys Asp val
<210> 7
<2il> 22
<212> PRT
<213> Artificial sequence
<220>

<223> signal peptide
<400> 7

Met Ala Ala Ala Leu Ala Leu Leu Phe 1le val phe val cys val ser
1 5 15

Phe val Phe Trp Asp Arg
20

<210> 8

<211> 68

<212> PRT

<213> Artificial Seguence
<220 i

<223> signal peptide
<400> 8

Met Gly val Phe Ser Asn Leu Arg Gly Pro Arg Ala Gly Ala Thr His
1 5 10 15

Asp Giu Phe Pro Ala Thr Asn Gly Ser Pro Ser Ser Ser Ser Ser Pro
2 25 30

Page 3



pctfr2013051383-seq]

Ser Ser Ser Ile Lys Arg Lys lLeu Ser Asn beu Leu Pro Leu Cys val
35 40 45

Ala Leu val val Ile Ala ?;u ITe Gly Phe Leu Gly Arg Leu Asp Lys
50 60

val Ala Thr ser

65

<210> 9

<Z21l> 38

<212> PRT

<213> Artificial Sequence
<220

<223> signal peptide
<400> 9

Met Arg Gly Tyr Lys Phe Cys Cys Asp Pge Arg Tyr Leu Leu Ile Leu
1 5 1

Ala ATa val Ala Phe Ile Tyr Ile Gln Met Arg Leu pPhe Ala Thr Gln
25 30

ser Glu Tyr Ala Asp Arg
35

<210> 10

<211> 68

<212> PRT

<213> Artificial Sequence
<220>

<223> signal peptide
<400> 10

Met Gly val Phe Eer Asn Leu Arg Gly Pro Lys Ile Gly Leu Thr His
1 10 i3

Glu Glu Leu Pro val val Ala Asn Gly Ser Thr Ser Ser Ser Ser Ser
25 30

Pro Ser Ser Phe Lys Arg Lys val Ser Thr Phe Leu Pro Ile Cys val
35 40 45

Ala Leu val val Ile Ite Glu Ile Gly Phe Leu Cys Arg ieu Asp Asn
55 60

Ala Ser Thr Ser
65

<210> 11

<211i> 41

<212> PRT
. Page 4



<Z213>

<220>
<223>

<400

Artificial sSequence

signa’l peptide

11

Met Leu val Met Pro GlIn Pro
1 5

Thr ITe Met Ige Ala phe Thr
2

l.eu GIn Phe Pro ser Ile ser

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

12
106
PRT

artificial Sequence

signal peptide

12

met Ala Arg Gly ser
1 5

Tyr

Leu

Phe

Iie

65

Asp

Arg

Phe

val

50

Ser

Leu

Lys

<Z210>
<21i>
<212>
<213>

<220>
<223>

<220>
<221

Asn Pro
20

Tle val
35

Phe Trp

Glu Leu

Asn Asn

Ala Thr
106

13
21
PRT

Ser

Phe

Asp

Gln

Arg

Tyr

val

Arg

Lys

70

Gin

Ser

Ser

Ty

Cys

Gin

55

Gliu

Gly

Ser

Artificial Seguence

signal peptide

misc_feature

pctfr2013051383-seqg1

Pro Lys Pro Phe Asn Thr Ile Thr 1le
10

15

Phe Phe Leu Leu Phe Leu Thr Gly phe
30

Pro
40

val

Leu

val

40

Thr

val

Gly

Lys

Ser

Gly

Ser

Leu

Thr

Thr

105

Ser ser

val Arg

Asp Leu
75

ser Gly
30

val

Page 5

Ser

Lys A

Phe

Glu

60

Lys

Lys

ser

Trp

45

His

Asn

Thr

Lys

Leu

30

Cys

Gin

Leu

Asp

Trp

13

Ala

val

val

val

Leu
95

Arg

Leu

Ser

ASp
80

Gly



petfr2013051383-seq]
<222> (1)..(3) .
<Z23> Xaa can be any naturally occurring amino acid
<400> 13

Xaa Xaa Xaa Leu Ala teu bLeu Phe Tle val phe val Cys val Ser pPhe
1 5 10 15

val Phe Trp Asp Arg
20

<210= 14

<211i> 25

<212> PRT

<213> Artificial sequence
<220>

<223> signal peptide

<220>

<221> misc_feature

<222> (1)..(2)

<223> Xaa can be any naturally occurring amine acid

<400> 14

Xaa Xaa Arg Tyr Leu Leu Ile Leu Ala Ala val Ala phe Ile Tyr Ile
1 5 15

Gin Met Arg Leu rhe Ala Thr Gln ser
20

25
<210> 15
<211> 24
<212> PRT )
<213> Artificial sequence
<220>

<223> signal peptide

<220>

<221> misc_feature

<222 {(13..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (22)..(24)

<223> Xaa can be any naturally occurring amino acid

<A400> 15
Xaa Xaa Xaa Leu Gly Ile Leu Phe Ala val Thr Leu Ser ITe val Leu
1 5 10 15

Met Leu val Ser val Xaa Xaa Xaa

<210> 16
<211> 23

Page &



pctfr2013051383-seaq]

<212> PRT
<213> artificial seguence
<220>

<223> signal peptide

<220>

<221> misc_feature

<222> (1)..(2)

<223> Xaa can be any naturally occurring amino acid

<400> 16

Xaa Xaa Lys Ile Phe Leu Tyr Met Leu Leu Leu Asn Ser Leu Phe Leu
1 5 15

tle Ile Tyr Phe val phe His
20

<210> 17

<211> 26

<212> PRT

<213> Artificial Sequence
<220>

<223> signal petide

<220>

<221> misc_Teature

<222> (1)..(3%)

<223> Xaa can be any naturally occurring amino acid

<400> 17

Xaa Xaa Xaa Arg Lys Leu Ser Asn Leu Leu Pro Leu Cys val Ala Leu
1 5 10 i3

val val 1le Ala Glu Ile Gly Phe Leu Gly
20 25

<2i0> 18

<211> 26

<21i2> PRT

<213> Artificial sequence
<220

<223> signal peptide

<220

<221> misc_feature

<222> (D).

<223> Xaa can be any naturally occurring amino acid

<400> 18

Xaa Xaa Xaa Arg Lys val Ser Thr Phe Leu Pro Ile Cys val Ala Leu
1 5 10 15

val val Ile Ile Glu Ile Gly Phe Eeu Cys
5
Page 7



pctfr2013051383-5eq]

<210> 19
<211> 29
<212> PRT

<?13> Artificial Sequence

<220>
<223> signal peptide

<220>

<221> misc_feature

222> (1)..(2)

<223> Xaa canh be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (28)..(29)

<223> Xaa can be any naturally occurring amino acid

<400> 19
Xaa Xaa Phe Asn Ehr Ile Thr Ile Thr ITe Met Tle Ala Phe Thr pPhe
1 10

Phe Leu Leu Phe Leu Thr Gly Phe Leu Glin Phe Xaa Xaa
20 25

<210> 20
<211> 29
<212> PRT

<213> Artificial Seguence

<220
<223> signal peptide

<220>

<221> misc_feature

<222> {(1)..(2)

<223> Xaa can be any naturally occurring amino acid

<400> 20

Xaa Xaa Lys Arg Leu Ala Leu Leu Phe Ile val Phe val Cys val ser
1 5 10 15

rhe val pPhe ggp Cys val Ser pPhe gg? phe Trp Asp Arg

<210> 21
<211> 12295
<212> DNA

<213> Artificial sequence

<220>
<223> plasmid pac0l

<400> 21
tgagcgtcge aaaggogete ggtottgect tgetcgtegg tgatgtactt caccagetec

gcgaagtcge tettottgat ggagegeatg gggacgtget tggcaatcac gegeaccece

Page 8

60
120



cggecgtttt
gaccttgcca
atcaccgaac
gcggeccagy
cgtgattttg
cgoccgoettt
gctgeecttc
ggcggtagec
agggacagtg
ctgacgccgt
tcgtgegaaa
tgcagcggaa
gcagggtcgg
atagtcctgr
gggggcggag
gctggecttt
ttaccgcctt
cagtgagcga
aggcttggac
cgcggtggaa
ctecggcage
gagcctectt
cggaccgget
ttcaacggty
cccaacagtg
cgcctcgeag
cgtgccggea
ggcattcecy
attctecgec
ccagtaaagce
gtctacgeeg
ctttgtcatg
ataaagaatc

cccaacatac

agcggctaaa
agctegtect
cgcgeegtge
tcgeccattga
tageeotgge
tcctcaatcy
ctggttgoct
ggccagecte
aagaaggaac
tggatacacc
aaggatggat
aagcgecacy
aacaggagag
cgggtttege
cctatggaaa
rgctcacaty
tgagtgaget
ggaagcyggaa
gctagggeag
agggggaggg
ggtcctgate
ttcgecaatc
tcgtcgaagg
ccgeogeyet
aagtagctga
aggaagcgaa
tggatgcgeg
atcagaaatg
agcatggett
googgetget
acctegttea
cttgacactt
cgcgegttea

ccctgategt

pctfr2013051383-seql

aaagtcatog
gettctcttc
gcgggtegtc
tgcggyceag
cgacggccag
ctcttegtte
tggtttcatc
gcagagcagg
acccgetege
aaggaaagtc
ataccgaaaa
ctrccecgaag
cgcacgagygy
cacctetgac
aacgccagea
ttettteety
gataccgotc
gagcgccaga
ggcatgaaaa
gatgttgtct
aatcgtcace
catcgacaat
cgtctatcge
cgecggeatc
ttgtcatcag
getygcgegte
cgccatcgeg
agcgccagtc
cggcecagtge
gaacccccaa
acaggtcecag
tatcactgat
atcggaccag

aattctgage

ctetgeectc
gatcttcgeco
ggtgagecag
ctcgeggacy
caggtaggcc
gtctggaagg
agccatccge
attcccgtty
gggtgggcet
tacacgaacc
aatcgctata
ggagaaaggc
agcticcagg
ttgagcgtcy
acgcggectt
cgttatccec
gccgeagecg
aggccgeeag
agcccgtage
acatggctct
ctitctoggt
caccgegagt
ggceegeaac
gctgtegeceg
cgcattgacy
ggccgtrrtcc
gtaggcgage
gtegtcgget
gtcgagcagc
cegttecgec
ggcggcacgy
aaacataata
cggaggctgy
actgtcgege

Page 9

gggcggacca
agcagggcyga
agtttcagca
tgctcatagt
gacaggctca
cagtacacct
ttgccocteat
agcaccgeea
acttcaccta
ctttggcaaa
atgaccccga
ggacaggtat
gggaaacgcc
atttttgtga
tttacggtic
tgattctgtg
aacgaccgag
agaggcogag
gggctgctac
getgtagtga
ccttcaacgt
ccotgotega
agcggegaya
gcctgetect
gegteococgg
atctgcggty
agcgeetgec
ctcggcaccy
gccegetigt
agtttgegtg
atcactgtat
tgtccaccaa
tccggaggec

tegacgctgt

cgcccateat
ggatcgtoge
ggccgeccag
ccacgacgece
tgreggoege
tgataggtgg
cigttacogee
ggtgcgaata
toctgecegg
atcctgtata
agcagggtta
ccggtaageg
tggtatcttt
tgctcgtcag
ctggeotttt
gataaccgta
cgcagegagt
cgcggecgtg
gggcgtotga
gtgggttacy
tcetgacaac
acgctgcgte
gcggagcctg
caagcacgge
ccgaaaaacc
cgcecggtey
tgaagctgeg
aatgcgtatg
tcotgaagtg
tcgtcagacc
tcgygetgeaa
cttatcagtg
agacgtgaaa

cggcatcggce

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160



ctgattatge
gcecactatyg
ctgggcgcgce
gccagatctyg
tttcacgecc
cgccaatata
tcatgagegg
gttttacgtt
tggagtitaa
taaggtcact
attccecteg
gatctggatc
gaacaagcta
cttectgacy
aatcaagata
agatatctca
ggagattcgg
tatagtatic
catctctgtyg
gtggaaagta
gagtaagcgy
tcgtggagtt
actggatttt
tacatactaa
tcccttatet
ctcctgtcaa
gcrtctgagag
ctggttccgy
aaaatgccga
ctgattacgg
atggtgctac
ataattcacc
aatgtcgecee

ttcattaatg

cggtgctgec
gcattctgcet
tgtcggatcyg
gggaaccctg
ttttaaatat
tcctgtcaaa
agaattaagg
tggaactgac
tgagctaage
atcagctagce
gtatccaatt
gtttcgegtyg
acagtgaacg
aaagtccgag
atccccttgg
gatacgacag
ttaactatgc
ggtitcgagy
agatggcaat
atgtatcaag
gactctgggg
ccecgecacag
ggtittagga
gggttictta
gggaactact
tgctggegygc
tggcggttct
tgattrttgat
tgaaaacgcg
tgetgetate
tggtgatttt
tttaatgaat
rrrtgtottt

cagctggeac

pctfr2013051383-seql
gggcctcctyg cgogatctgg ttcactegaa

ggcgetgtat
tttcgggcegg
tggttggeat
ccgattattc
cactgatagt
gagtcacgtt
agaaccgeaa
acatacgtca
aaatatttct
agagtctcat
cacaaaaatg
ttgggatgga
ttggactgag
tttcaaggaa
gacggaagcc
agcatctcga
agttagtatc
tcggtctaag
aggatgeect
ttcgaaatga
acccggatga
attagaaatrt
tatgctcaac
cacacattat
ggctcigotg
gagggtggcy
tatgaaaaga
ctacagtctyg
gatggtttca
gctggctcta
aatttccgic
ggcccaatac

gacaggttte

gegttggtge
cggccaatcet
gcacatacaa
taataaacge
ttaaactgaa
atgaccccceg
cgttgaagga
gaaaccatta
tgtcaaaaat
attcactctc
gaacgagcta
ggatcaggag
tggeggetac
agctggogtt
tcactgcaca
trtttcggtt
accgtttctg
caagaactygc
gaaggtacty
ccgaccatat
tccoctaatt
ttattgatag
acatgagcga
tatggagaaa
grggrrctgy
gctergagag
tggcaaacge
acgctaaagy
ttagtgacgt
attcccaaat
aatatttacc
gcaaaccgcc

cegactggaa

aatttgectyg
tgctegicte
atggacgaac
tcttttctct
gagcgggaaac
cegatgacge
gccactcage
ttgogegTte
gctccactga
aatccaaata
tacaaggaaa
gcaccactic
ataacgatga
tcgggaaagt
gagtccttgyg
tcgaccagat
gagggtcgcg
tacagcttge
agaccttcga
cttgectgogt
cgggggatct
aagtatttta
aaccctatag
ctcgagcttg
tgacggctct
aggeggttec
taataagggg
caaacttgat
tteeggectt
ggctcaagtc
tEcccteect
tctcceocegey

agcgggcagt
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cgacgtcace
cgcacctgtyg
gctggeeggce
ggataaacct
taggttrtacc
gacaatctga
gggacaagcc
cgcgggtttc
aaaagtcgcc
cgttccataa
atctgcaccyg
cgacgetagg
tcoccttcaaa
gacgaactoy
tgtatttaag
atcttggacy
cggatgtacc
aactcttcag
cccaatcgaa
aaaagaaagc
tcggatattt
ggattttagt
caaatacaaa
gaaccctaat
tcgatcgacce
gagogtogty
ggtggtggct
gcratgaccg
tetgtcgota
gctaatggta
ggtgacgoty
caatcggrig
cgtiggeega

gagcgcaacy

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2540
3000
3060
3120
3180
3240
3300
3360

. 3420

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200



caattaatgt
ctegtatott
atgattacgce
gaatgctaac
ccegageaat
aagattcagyg
tactattcca
tggagtctet
agaggaccta
actcaatgac
Cadaaatatc
ggtaatatcc
gatagtggaa
cgttgaagat
cgtggaaaaa
cactgacgta
aggaagttca
tcegeggecy
gcaataaagt
tetgttgaat
atgggttttt
atagcgcgea
attcactggc
atcgecttge
atcgeecttce
tectttcteg
gggttccgat
tcacgtagtyg
tictttaata
tettttgatt
tgctgggoca
gcaatcagcet
gtccgcaatg

ccaccagcca

gagttagctc
gtgtggaatt
caagcttgea
ccacagatgg
aatctccagy
actaactgca
gtatggacga
aaaaaggtag
acagaactcqg
aagaagaaaa
aaagatacag
ggaaacctcc
aaggaaggtg
gcctetgecyg
gaagacgttc
agggatgacg
tttcatttgg
cactagtcga
ttcttaagat
tacgttaagce
atgattagag
aactaggata
cgtcgtttta
agcacatccc
¢ccaacagttyg
ccacgttcgce
Tragtocttt
ggccategec
gtggactctt
tataagggat
aaccagcgtyg
gttgccegtc
tgttattaag

gccaacaget

pctfr2013051383-seql

actcattagg
gtgagcggat
tgcetgeagg
ttagagaggc
aaatcaaata
tcaagaacac
ttcaaggett
ttcccactga
cegtaaagac
tcttegtcaa
tctcagaaga
tcggattcca
gctcctacaa
acagtggtece
caaccacgtc
cacaatcceca
agagaacacg
caggcctrgag
tgaatcctgt
atgtaataat
tcccgeaatt
aattatcgeg
caacgtcgty
cotttegeca
cgcagectga
cggctttecc
acggcacctc
ctgatagacyg
gttccaaact
tttgecgatt
gaccgettge
tcactggtga
ttgtctaage

cecegaceyy

caccccagge
aacaatttca
tccccagatt
ttacgcagca
cectteccaag
agagaaagat
gcttcacaaa
atcaaaggcec
tggcgaacag
catggtagag
ccaaagggca
ttgcccaget
atgccatcat
caaagatgga
ttcaaagcaa
ctatcctteg
ggggactcta
ctcgaattte
tgeoggictt
taacatgtaa
atacatttaa
cgcggrgtea
actgggaaaa
gctggegtaa
atggcgeccey
cgtcaagctce
gacccceaaaa
grrtttegec
ggaacaacac
tcggaaccac
tgcaactcte
aaagaaaaac
gtcaatrigt

cageteggea

tttacacttt
cacaggaaac
agccttttea
ggtctcatca
aaggttaaag
atatttctca
ccaaggcaag
atggagtcaa
ttcatacaga
cacgacacac
attgagactt
atctgtcact
tgcgataaag
ccececaceca
gtggattgat
caagaccctt
gaggtacccy
cccgatcgtt
gcgatgatta
tgcatgacgt
tacgcgatag
tctatgttac
cectggegtt
tagcgaagag
cteottteye
taaatcgggg
aacttgattt
ctttgacgtt
tcaaccctat
catcaaacag
tcagggecag
caccccagta
ttacaccaca

caaaatcacc
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atgectteogg
agctatgacc
atttcagaaa
agacgatcta
atgcagtcaa
agatcagaag
taatagagat
agattcaaat
gtctcttacy
ttgtctacte
ttcaacaaag
ttattgtgaa
gaaaggceat
cgaggagcat
gtgatatcte
ccteratata
ggcccgegga
caaacattty
tcatataatt
tatttatgag
aaaacaaaat
tagatcggga
acccaactta
gccegeaccg
tttcttecect
gctccettta
gggtgatggt
ggagtccacyg
ctcgggctat
gattttcgece
gcggtgaagg
cattaaaaac
atatatcctyg

actcgataca

4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240



ggcagcocat
ctcatgttac
tgatctegeyg
aaatatcatc
ccgtgacagg
ccgctgagga
cctatccatt
atgcatcccc
tgtaggttcg
caggecegage
aaacactaaa
ggtgagcaga
aaccgccecc
caccaacagc
cgggctacct
cgtcgeecgeg
cgaaatatta
tcggacgatce
cocteggect
ctiggggccyg
geegaatgec
gtgctcgtaa
gcggaaatec
caattttaat
tgagcgaage
gctgetgaac
tcatcattga
ccgacctget
gtttccaget
.gccgteggeyg
aacagcacga
tccaggacgce
gtgaagcceca

cggeccattga

cagtccggga
cgatgctatt
gagggtagea
tccecicgeag
ctgtegatct
agctgagtgyg
gctcaccgaa
ggctgatcga
agtcgegaga
cacgccaggce
gctactggaa
ggcacgggag
gcecaggeceeg
gccacgeccg
agcagagegg
acccegoecy
agtgcgeecga
atcacgagea
cgctgttcgy
ftccteectgtt
acggcatctc
acggacccga
tgcacgtcygg
cctctgttta
aagtgcgtcyg
cceccagecgy
cocaggegtyg
cgcgecactt
tgagcgggta
acagcttgey
cgatttccte
ggaagcagtg
tcgecgtege

tegaccageoc

pctfr2013051383-seq]

cggcgtcage
cggaagaacy
tgttgattgt
agatccgaat
tgagaactat
cgctatttet
tggtacagot
ccccagatet
tcceecggaa
cgagaacatt
cgagcagaag
gttgccactt
ctgcgacgec
cagttccgcea
cagagatgaa
gcaggcggta
ggatgaagat
ataaacccgce
gctecacgaa
tgaagaccga
geaaccgtte
acatctctygg
ccgetccaag
tcggeagttc
agcagtgceec
aactgacccc
ttccaccagg
cttcacgcyg
cggctoocgy
gtacttctcc
gtcgatcagg
cagcagcgac
ctgtaggcgc
caggtcctgg

gggagagccyg
gcaactaagc
aacgatgaca
tatcagcett
gccgacataa
ttagaagtga
cggggacccy
ggggctgaga
ccaaaggaag
ggttcctgta
teetecggeco
gcgggrcage
gacaggatct
aatageeccc
cacgaccatc
gaccgaaata
gcgcatccac
cggcaacgcec
aacgcoggac
cagcccaatg
agcgaacgcc
agetitcettc
ccgtegaatc
gtagagcgog
gcttgttect
acaaggcect
ccgetgectce
gtggaatccg
tgcgagcetga
catatgaatt
accrggcaac
accgattcea
gacaggcatt
caaagctcgt
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ttgtaaggceg
tgcegggttt
gagcgttget
cttattcatt
taggaaatcg
acgttgacga
aagttccgac
aagcccagta
taggttaaac
ggcateggga
gecagttgoc
acggttccga
agcgctgegt
aggaccgcca
agcggetgea
aacaacaage
cagattcecg
cgcagcagea
agatgcgeot
atctegeegt
tccatggget
agggccgaca
tgagccttaa
cegtgegtec
gaaatygccag
agcgtttgea
gcaactcttc
atccgeacat
aatagtcgaa
tcgtgtagtyg
gggacgttrt
ggtgcccaac
cctegagectt

agaacgtgaa

gcagacttty
gaaacacgga
gcctogtgatce
tetegettaa
ciggataaag
tatcaactcc
Tgtcggeety
aggaaacaac
ccactecgat
ttggcggatc
aggcggtaaa
acgecatgyga
ttggtgtcaa
tcaategtat
cagcgectac
tccagaatag
ttggaatcty
taccggegac
tgtgagegtc
cgatgtagyc
ttttctoctc
atcggatctc
tcacaattgt
cgagcgatac
taaagcgcety
atgcaccagg
gcaggettcg
gaggcggaag
catcegtcgy
gtcgccagea
cttgccacgy
gcggtcggac
cgtgtraatac

gotgatcgge

6300
6360
0420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7560
7560
7620
7680
7740
7800
7860
7920
7880
8040
8100
8160
8220
8280



tcgoecgatag
teggeocgea
accttgtttt
cgggeegtgt
gaaagctgea
tegetgaccet
cctegegtgt
gaacgctcca
cgctcgaict
ggcgcacgcea
tegateagtt
gggattgeec
gccttggtgt
cecgtecttct
cccaaatact
gtgcgctect
cagtaaaata
tagctcgaca
gtcataccac
atctttcaca
gggcrritec
ttcecagttt
taagcggcety
cctgatgeac
ttccgagcaa
tteaaagitgce
ttccegttec
gttttcattt
tacgcagegg
ttattatttc
aagacgaact
Trttcaaagt
ccacaattat

gctccagtgy

gggtgcgett
gctegacgec
gcagecgecte
cgtitggcat
ttteettgat
gtrtrtgccag
cgatggtcat
cggcggecga
tggecgtage
tgacggtgeg
cttgcctgta
cgactcacgc
ccagataatc
cgtacttggt
tgccgtagoc
gcttgtegec
taatatttta
tactgttett
ttgtccgocce
aagatgttgce
gtctttaaaa
tcgeaatceca
tctaagetat
tcecgeataca
aggacgecat
aggacctitg
acatcatagyg
tcteccacca
tatttitcga
cttcctcttt
ccaattcact
tgttttcaaa
gggtgatgct
cttctgtgic

pctfr2013051383-seq]

cgcgtactcece
ggtgtaggtyg
gcgegggatt
cgctegeate
ctgetgettce
gtcctegeeyg
cgacttegee
tggcgegggc
ttgctggacc
gcttgegaty
tgccttecgg
cagggcaaty
caccttatcg
atrtccgaatc
ctcggcctga
ggcatcgttg
ttttctecca
cccegatatce
tgccgettct
tgtctcccag
aatcatacag
catcggcecag
tcgtatagag
gctegataat
cggcctcact
gaacaggcag
tggteccttt
gcttatatac
tcagttiitt
tctacagtat
gttcctigea
grttggcgtat
gccaacttac

tatcagetgt

aacacctyct
atcttcacgt
ttcttgttgc
gtgtceggece
grgtgtttca
gcoggttttte
aaacgtgecyg
aggacaggyy
atcgagcega
gtttcggeat
tcaaacgtcc
tgcecttatt
gcaatgaagt
ttgeectgea
gagccaaaac
cgccacatct
atcaggettyg
ctecctgate
cccaagatca
gtcgecgtyg
ctcgogeaga
atcgtrattc
acaatccgat
cttttcagag
catgagcaga
ctttcctice
ataccggetg
cttagcagga
caattceoggt
ttaaagatac
ttctaaaace
aacatagtat
tgatttagtg
ccetectgtt
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gccacaccag
ccttgtigac
gcgtggtgaa
acggcgcaat
gcaacgcggc
gettettggt
cctcctygttc
gagccagttg
cggactggaa
cctcggcgaa
gattcattca
cctgatttga
cggtccegta
cgaataccag
acttgatgcg
aggtactaaa
atccccagta
gaccggacge
ataaagccac
gaaaagacaa
tctttaaatg
agtaagtaat
atgtegatgy
cttrgttcat
ttgctccage
agccatagea
tccgrcattt
gacattectt
gatattctca
cccaagaage
ttaaatacca
cgacggagece
tatgatggig

cagctactga

ttcgteateg
gtggaaaatyg
cagggcagag
atcgaacaag
ctgettggec
cgtcatagtt
gagacgacgce
cacgctgtcg
ggttrcgcgy
aaacccecgeg
cceteettge
cccgectggt
gaccgtctgg
cgacccctty
gaagaagtcyg
acaattcatc
agtcaaaaaa
agaaggcaat
ttactttgec
gtteectette
gagtgicttc
ccaattogge
agtgaaagag
cttcatacte
catcatgeeg
tcatgicctt
ttaaatatag
ccgtatcrrt
ttttagccat
taattataac
gaaaacagct
gattttgaaa
tttttgaggt

cggggtggty

§340
8400
8460
8520
8580
8640
8700
8760
8820
BE80
8940
3000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320



cgtaacggca
tggcaactgc
atggccatga
acgattttac
gcagtgacgt
cgegecageg
tattcggtga
acgtggtgat
tgcacgtaat
agcacctggce
acaaagtcat
aattatgata
gcaagttttt
gececeectgaa
gtattgtcaa
tagettttta
tacctcggta
acacgagcac
ccgecatgaa
cgeegeectc
caatgettcec
caatggcaag
gcagceecty
gcaccccect
tttataaata
cggaaaccct
tgegececte
tcagtagtecyg
atcatctgty
ctccacgtcg
tcggeeecte
aggtatccac

gegtttgcag

aaagcaccge
agttcactta
atggcatigy
gtcacttaaa
catcgtctge
ctggetgttt
acgcactatg
atggatgacyg
cagcaagcega
acggctggga
cgggeattat
gaatttacaa
atgctttgee
atccttacat
tatattcaag
aatatggege
taatcttacc
ggcaccegeg
gtccgrgaar
actgcecggce
gggcgtegeg
gactgecage
gagggatgay
tcggcgtgeg
ttggtttaaa
tgcaaatget
atctgtcage
cgeecctcaa
ggaaactcgc
ccggecgaaa
aagtgtcaac
aacgccggceg

ggccatagac

pctfr2013051383-seqg]

cggacatcag
caccgottet
atgcecgggea
aaactcaggc
gcggaaatgg
tacgcgtatg
gcgacygctgg
gatggctgge
tatacgeage
cggaagtcge
ctgaacataa
gctataaggt
cattctatag
acggcgatat
gcaatctgece
ttcatagagt
tatcacctca
accactatge
gcocccgacgy
acctggtege
ctcgggetga
gctgecattt
aggoccgegt
cggtcacgceg
agcaggttaa
ggattttctg
actctgecce
gtgtcaatac
gtaaaatcag
tcgagecetge
gtccgeeect
geegeggtgt

ggccgecage

cgctatctet
caaccoggta
acagccecgea
cgcagtcggt
acgaacagtg
acagtctccg
ggcgtettat
cgctgtatga
gaattgagcg
tgtegttete
aacactatca
tattgtcctg
atatattgat
cttctatata
tccteatect
aattctgtaa
aatggttcge
caagaatgec
ccgaagtgaa
tgaatgtcga
tegoceatec
ttggggtyag
tagcgggceg
cacagagege
aagacaggtt
cctgtggaca
tcaagtgtca
cgcagggcac
gcgttitege
ccetcatety
catctgtecag
ctegeacacy

ccagcggcga

gctctcacty
cgeaccagaa
ttatgggcgt
aacctcgoge
gggctatgte
gaagacggtt
gagcctgetg
atcceogoctg
gcataacctg
aaaatcggty
ataagttgga
ggrttcaagc
aagcgegetyg
aaagatatat
cttecatecte
aggtccaatt
tgggtttatc
caaggtaaaa
gggcaggecyg
tgccageace
cgttactgcc
gcegttegeg
ggagggttcg
agccctggtt
ageggtggec
gcccctcaaa
aggatcgege
ttatccccag
cgatttgcga
tcaacgoege
tgagggccaa
gettegacyg

gggcaaccag
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ccgtaaaaca
aatcattgat
tggcctcaac
atacagccgg
ggggctaaat
gttgcgeacg
tecacectttyg
aagggaaagc
aatctgaggce
gagctgcatyg
gtcattaccce
attagtccat
cctatgcectt
tatcttatca
ttegtettoy
ctegrittea
gcaccccega
attgeccogec
ccacccaggce
tgcggcacgt
ccgatccogyg
gccgagggyc
agaaguuuug
aaaaacaagg
gaaaaacggyg
tgtcaatagg
ceoteatetg

gcttgtccac

ggctggecag

gccgggtgag

gttttccgeg
cgtrictggc

ccegg

10380
10440
10500
10560
10620
10680
16740
10800
10860
10920
10880
11040
11160
11160
11220
11280
11340
11400
11460
11520
11580
11640
117060
11760
11820
11880
11940
12000
12060
12120
12180
12240
12295



