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Field of the Invention
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[0001] The present invention relates to transgenic plants. More specifically, it relates to transgene expression at a
specific stage of plant development. Even more specifically, the invention relates to Rubisco promoters of Brassica, and
DNA constructs or expression cassettes comprising at least one of said promoters for the transformation of homologous
or heterologous plants for efficient production of gene products, particularly, for contained use.
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[0002] Assimilation and conversion of atmospheric carbon dioxide via the reaction with ribulose-1,5-bisphosphate into
phosphoglycerate strictly depends on the activity of Rubisco enzyme (Spreitzer, R.J., Arch. Biochem. Biophys. 414(2),
141-9, 2003; Spreitzer, R.J., et al., Annu. Rev. Plant Biol., 53, 449-75, 2002). Structurally, the Rubisco enzyme consists
of eight small subunits (SSU) and eight large subunits (LSU). The SSU proteins are encoded by several genes, which
are located in the nuclear genome of plants, while LSU genes are found in plastid genomes. The number of Rubisco
SSU genes in different plants varies from four copies up to fifteen copies or more in some polyploid genomes. At least
four copies of Rubisco SSU genes are known to be present in Arabidobsis thaliana and twelve or even more copies per
polyploid genome are known in wheat (Sasanuma, T., Mol. Genet. Genomics. 265 (1),161-171,2001; Sasanuma, T. and
Miyashita, N.T., Genes Genet. Syst.,73(5), 297-309, 1998).
[0003] The Rubisco enzyme is one of the most ubiquitous enzymes present in plants. Promoters of the genes encoding
the Rubisco enzyme have without specifying any of their particular characteristics been suggested as strong promoters
useful for the preparation of DNA constructs for transforming plants (US 5,994,628, US 6,664,109 corresponding to US
2002/0170096, US 2003/0097678).
[0004] The structure, evolution and regulation of RbcS genes in higher plants has been described by Dean, C., et al
(Annu. Rev. Plant Physiol. Plant Mol. Biol., 40, 415-439, 1989) and based on the structure and function of the RbcS
genes, Dean et al. suggested that the nuclear genes may be grouped in multigenic families. The gene structures of
these families have been extensively studied in other plants, such as Arabidopsis, tomato, Chrysanthemum, Brassica
napus and soybean. In tomato there are five Rubisco SSU (rbcS) genes, which are located in 3 chromosomal loci, one
in chromosome 3, and the other four in chromosome 2 (Sugita, M., et al., Mol. Gen. Genetic., 209 (2), 247-256,1987).
Moreover, three of the genes are known to be organized in tandem array within a 10 kb region. The situation is quite
similar in the Arabidopsis thaliana rbcS gene family (Krebbers, E., et al., Plant Mol. Biol. 11, 745-759, 988; Niwa, Y., et
al., NA Res., 4(5), 341-343, 1997; Dedonder, A., et al., Plant Physiol., 101, 3, 801-808, 1993), and in wheat (Galili, S.,
et al., Mol. Gen. Genet., 263 (4), 674-680, 2000).
[0005] Outchkourov, N.S. et al. (Plant, 216 (6), 1003-1012, 2002) cloned an abundantly transcribed rbcS1 of the
Rubisco small-subunit gene family of a Chrysanthemum species (Chrysantemum morifolium Ramat.) and demonstrated
that tobacco plants transformed with a gene cassette containing an UidA gene expressing GUS under the control of a
rbeS1-promoter provided up to 10% GUS of total soluble proteins in the leaves. Even if said Rubisco promoter from
Chrysanthemum gives high protein expression levels in tobacco leaves, high expression in other developmental stages
has not been demonstrated.
[0006] US 6,664,109 corresponding to US Patent application 2002/0170096 discloses the use of the promoter region
of a soybean SSU gene in a transformation system with Ri- or Ti-plasmids.
[0007] In Brassica napus coding sequences, 5’- and 3’-regulatory regions of three rbcS genes (accession numbers
X75334, X55937, X61097) have been cloned and sequenced (Beck, I., et al., Bot. Acta, 108, 327-333, 1995; Fiebig, C.
and Link, G., Curr. Genet., 21(2), 161-8, 1992; Fiebig, C., et al., Bot. Acta, 103, 258-265, 1990). According to the data
obtained with Southern analysis Brassica napus is believed to contain no more than three rbcS genes (Nantel, A. M.,
et al., Plant Mol. Biol., 16(6), 955-966, 1991). cDNA sequences obtained from mRNA of Brassica napus rbcS genes
have been described by Baszczynski, et al. (Nucleic Acids Res. 16(10), 4732, 1988) One of the published cDNAs has
been provided with the accession number X07367. Beck, et al., Bot. Acta, 108, 327-333, 1995 has described transient
expression activity of RbcS regions from Brassica napus in mesophyll protoplasts from tobacco.
[0008] The rbcS gene family of other Brassica species is much less studied than the Brassica napus rbcS gene family.
In fact, the data available on the gene structure and activity does not enable the identification of differently expressing
members of Brassica rbcS gene family in different plant tissues or during different spatiotemporal stages or under various
environmental conditions.
[0009] Because leaves are abundantly produced and the leaf size is big, expression and production of gene products
in plants are often demonstrated in leaves and the gene products are harvested from them. In order to enable production
of transgenic expression products in developing sprouts it is of great importance to have promoters expressing strongly,
for example, during selected stages of cotyledon development. Plant seeds and cotyledons are particularly advantageous
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for production, because at early cotyledon development, nutritional sources from seeds, including amino acids and oils
are abundantly available as raw material for de novo synthesis and the recovery of the expressed gene products from
the substrate solution is easier and more efficient than from harvested leaves.
[0010] An important aspect when designing transgenic plants is how to obtain significant levels of transgene expression
in the desired plant tissues or during desired plant development phases. The role of promoters is essentially important
in this aspect and therefore, new promoters with different properties and expression profiles are needed.
[0011] The provision of a high level of transgene expression is not the sole aspect to take in consideration, when
producing gene products in transgenic plants. Especially, when producing foreign or heterologous gene products in
contained conditions, the provision of strong expression in a selected, specific, spatiotemporal manner, which allows
production of gene products in selected plant tissues during a selected, preferably quite short time period, is of particular
importance. Promoters, which are active during seed germination or the development of the cotyledon are needed for
the production of transgene products in contained conditions in suitable facilities. New promoters for different new
applications are therefore needed.
[0012] The objective of the present invention is to obtain a spatiotemporally targeted high expression level of the
desired gene product or protein. Therefore, new promoters not only expressing at different developmental stages, but
particularly such that provide a high protein level at a specific development stage and/or in a specific organ of a plant
are provided.
Summary of the Invention
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[0013] The present invention is related to a family of novel spatiotemporally active Rubisco promoters including SEQ
ID NO:1 or SEQ ID NO:3, which are obtainable from light grown Brassica seedlings and to transgene expression in
specific plant organs or at specific stages of plant development. The promoters are useful for designing DNA constructs
or cassettes, comprising at least one of said promoter sequences functionally fused in frame with genes encoding the
desired gene products. Seeds from transformed homologous or heterologous zero generation plants and from subsequent
generations of the transformed plants are collected and used for efficient production of gene products, particularly in
contained conditions.
[0014] The promoters are used to design expression cassettes, which comprise at least one Rubisco promoter selected
from the family of Rubisco promoters including the nucleotide sequences SEQ ID NO:1 or SEQ ID NO:3, which promoter
sequences are operably linked to a heterologous or homologous nucleic acid sequence encoding a desired protein or
gene product.
[0015] The nucleic acid sequences are exemplified by reporter genes, which include naturally occuring isolated genes
or synthetic or semisynthetic nucleic acid sequences partially designed from isolated naturally occuring genes. The
reporter genes encode, for example, GUS, human serum albumin (HSA), antibodies and medically active proteins.
[0016] The DNA constructs or cassettes are used for transforming host plants, which are exemplified by Brassica and
Camelina species. This transformed so called zero generation plants comprise one or more of Rubisco promoter containing DNA cassettes. Seeds of said zero generation transformed plants may be used for providing further generations
of plants, but naturally the seed can be directly used for production of the desired gene products from seedlings of said
seeds during seed germination and cotyledon development.
[0017] Therefore, the present invention is related to transformed plants, subsequent generations of said transformed
plants as well as to seed or seedlings, carrying at least one DNA construct or cassette comprising a Rubisco promoter
sequence SEQ ID NO:1 or SEQ ID NO:3 operably linked to a nucleic acid sequence encoding a heterologous protein
or gene product.
Brief Description of the Drawings
[0018]
Figure 1 illustrates relative quantities of different 3’UTR-type rbcS-genes in germinating seeds of Brassica rapa.

50

Figures 2A, 2B, 2C, 3, and 4 demonstrate DNA sequence alignments with the Global DNA alignment program.
Reference molecule: rbcS-300nt. Region 1 to 300. Sequences 5. Scoring matrix: Linear [Mismatch 2, OpenGAp 4m
ExtGap 1]. Sequence view: Similarity Format, Color areas of high matches at the same base position.
55

Figure 2A illustrates alignments of cloned Brassica rapa rbcS promoters (300 bp)
Figure 2B illustrates alignments of cloned Brassica rapa rbcS-4A (SEQ ID NO:1) and rbcS-4B (SEQ ID NO:2)
promoters (300 bp), in which the horizontal boxes are homologous regions).
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Figure 2C illustrates alignments of promoters (upper part) and 3’UTRs (lower part ) Brassica rapa rbcS -2 (SEQ ID
NO:3) and B napus rbcS (X61097).

5

Figure 3 illustrates alignments of 1 kb sequences of Rbcs-4A promoter (SEQ ID NO:1)(upper line) and Brassica
napus Rubisco promoter published with access number X61097 (lower line) The sequences show 52% dissimilarity.
Figure 4 illustrates alignment of 1kb sequences of rbcS-4A promoter (SEQ ID NO:1) (upper line) and Chrysanthemum
rbcS1 promoter published with access number AY163904. The sequences show 57% dissimilarity.

10

Figure 5 illustrates sequences of the forward and reverse primers specific for unique parts of different rubisco 3’UTR
types. The primers show that different 3’UTR species could be differentiated with real-time PCR. Forward primers
are divided in two parts (underlined and italics): the left part of each primer corresponds to the last few nucleotides
of relevant rubisco coding regions, and the right part corresponds to specific 3’UTR sequence. All the reverse primers
anneal to specific 3’UTR regions. All the amplicon sizes vary in 80-100 nt range.

15

Figure 6 is a scheme of consensus regulatory elements found in rbcS-2 (SEQ ID NO:3) and rbcS-4A (SEQ ID NO:
1) promoters.

20

Figure 7 is a Table demonstrating the amount of mRNA from rbcS-2, rbcS-4 and UidA (GUS) using real-timePCR
in transgenic Brassica plants transformed with rbcS-2-GUS and rbcS4A-GUS (Rubisco promoters sequences (SEQ
ID NO:3 and SEQ ID NO:1, respectively)
Figure 8 illustrates the amount of HSA mRNA molecules in RNA samples of transgenic tobacco plants (real-time
PCR data).

25

Figure 9 illustrates expression levels of different Rubisco promoters in Brassica napus seeds, germinated for various
times. Data represents numbers of molecules per a sample (100 ng of total RNA).

30

Figure 10 illustrates the GUS expression in transgenic tobacco plants carrying rbcS-4B UidA gene comprising
construct.
Figure 11 illustrates GUS expression under Rubisco promoter rbcS-4A during germination of Brassica seeds in
constant light at 24 °C or 30 °C.

35

Figure 12 illustrates HSA mRNA content in transgenic Camelina plants (Northern analysis).
Figure 13 illustrates HSA mRNA content in germinating seeds of transgenic Brassica napus plants at various times.

40

Figure 14 illustrates the amount of HSA protein in transgenic Brassica, Camelina and tobacco plants calculated as
% TSP (total soluble protein). Averages with minimum and maximum values are presented.
Figure 15 illustrates the GUS activity in transgenic tobacco plants transformed with constructs comprising GUS as
the reporter gene and either full length rbcS-2 (SEQ ID NO:3) promoter (1.6 kb) or a truncated version of the promoter.
35S-promoter is used as a positive control.

45

Figure 16 illustrates expression of Rubisco promoters in germinating Brassica seedlings as revealed by Northern
blot analysis.

50

Figure 16A. is a Northern blot showing the synthesis of Rubisco SSU mRNA in Brassica seedlings after sprouting
in an airlift tank for 12 to 168 hours.
Figure 16B shows unlabelled Rubisco RNA produced by in vitro transcription when loaded on the same filter as the
control. The amount of control RNA is indicated in pg.

55

Figure 17 illustrates alignment of the sequence of RbcS-4A (SEQ ID NO:1) promoter (upper line) and Brassica
sequence published in the Brassica genome project with the accession number BH 484651.
Figure 18 illustrates a quantitative Northern data for transgenic Camelina and tobacco plants carrying TNFR-con-
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structs. In the Figure Rbcs-2-TNFR-Fc-56UTR short contains rbcs-2 promoter, TNFR part (489 nt), linked to the
part of IgG1 heavy chain constant region (CH2+CH3 domains), and terminator from natural rbcs-4 gene (0,5 kb
length), is the same as in previous construct, but there is also KDEL signal (12 nt) after Fc region (just before STOP
codon). Rbcs-2-TNFR-Fc-56UTRlong contains rbcs-4A promoter, TNFR part (489 nt), linked to the part of IgG1
heavy chain constant region (CH2+CH3 domains), and terminator from natural rbcs-4 gene (2 kb length). Rbcs-4TNFR-FcKDEL-56UTRlong is the same as previous construct, but there is also KDEL signal (12 nt) after Fc region
(just before STOP codon).
Figure 19 depicts an artificial HSA gene (SEQ ID NO:15). The sequence of an isolated natural human gene (cDNA,
i.e. only exons and no introns) has been codon-optimized
Figure 20 depicts an artificial or semisynthetical light chain(anti-hevein 1C2) coding region (SEQ ID NO:16). The
sequence consists of 3 parts:

15

20

66 nt length sequence coding for mouse signal peptide (22 amino acids). The sequence has a 100% similarity
with the partial sequence having the accession number AF078548;
324 nt length light chain anti hevein 1C2 antigen variable region is isolated from a phage display library (obtained
from VTT). Accession number AB095291 (Genbank) has a 100% similarity to the 16-305 nt region of the variable
region in Figure 20 (SEQ ID NO:16);
324 nt length of kappa light chain constant region, which has a 100% similarity with the sequence having
accession number BC063599.

25

30

Figure 21 depicts an artifical rbcS-4 terminator sequence (SEQ ID NO:17). Originally this sequence was cloned
from the genome of Brassica rapa by Genome Walking techniques. Similar sequences are published in the Brassica
Genome Project. Accession number BH691838 has a partial similarity of 88%.
Figure 22 depicts an artificial heavy chain (anti-hevein 1C2) coding region (SEQ ID NO:18). The sequence consists
of 3 parts:
57 nt length sequence coding for mouse signal peptide (17 amino acids). A part of the sequence having accession
number X67210 has a 100% similarity;

35

40

387 nt length heavy chain anti hevein 1C2 antigen variable region made by phage display techniques (obtained
from VTT). Accession number AB067222 (Genbank) has 95% similarity to the 1-295 nt region of the variable
region shown in the Figure 22;
990 nt length of IgG1 heavy chain constant region. A sequence having the accession number BC024289 has
a 99% similarity. The minor differences are possible because of allelic differences.
Figure 23 depicts an artificial signal sequence (69nt) plus TNFR part (489 nt). A sequence having the accession
number NM_001066 has a 100% similarity with the sequence, which is also disclosed in US 5,605,690. Similar
sequences are obtainable from other TNFR sequence.

45

Figure 24 depicts an artificial part of the Arabidopsisis VSP1 (vegetative storage protein-1 gene) -3’ UTR and a part
of the rbcS-4-terminator) (Genbank accession number NM_122387). RbcS-4-terminator part herein is the full length
rbcS-4-terminator shown in Figure 21, starting from behind the cleavage site and until nt 350.
50

[0019] It is to be noted that the reporter genes disclosed in the present Figures are not part of this invention. They are
only used to exemplify the feasibility of the Rubisco promoters of the present invention.
Detailed Description of the Invention

55

[0020] The terms used in the present invention have the meaning they usually have in the fields of recombinant DNA
technology and transgene expression in plants. Some terms in the present invention are, however, used in a broader
or somewhat different manner. Therefore, some of the terms are defined in more detail below.
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[0021] The term "reporter gene" means genes coding for homologous or heterologous proteins or other metabolic
gene products, which can be demonstrated either easily as the GUS enzyme or by applicable known methods of determination, such as spectrometric methods, immunoassays, etc. The reporter gene is a"structural gene", which may code
for any selected or desired protein or gene product. The reporter genes are exemplified the by the uidA gene, which
encodes the GUS protein and the gene encoding human serum albumin (HSA) SEQ ID NO:15. Said genes are particularly
useful as model genes in research and for the development of industrially useful DNA constructs or cassettes, because
they encode easily detectable marker proteins.
[0022] The term "homologous promoter" means a promoter that is endogenous to the host plant species. In other
words, it is native to or present in the same plant species from which the host plant originates. In other words it is native
to host plant species.
[0023] The term "heterologous promoter" means that the promoter is exogenous to the host plant species. The
promoter is not present in an untransformed plant species. In other words, it is not native to the host plant and the host
plant must be transformed with a construct carrying said promoter.
[0024] The term "homologous system" means a DNA construct or cassette, which comprises a promoter which is
derived from the same species as the host plant. In other words, the system is a DNA construct or cassette that comprises
an endogenous promoter that is native to the host plant. In the homologous system the homologous promoter is preferably
functionally fused in frame with a reporter gene, which may be heterologous.
[0025] The term "heterologous system" means a DNA construct or cassette, which comprises a promoter, which
is exogenous to host plant species. The host plant in its native condition does not comprise said promoter. In other
words, the promoter is not native to the host plant and the host plant must be transformed with a foreign promoter, which
is derived from another organisms. In the heterologous system the heterologous promoter is preferably functionally
fused in frame with a reporter gene, which may be heterologous or homologous.
[0026] The term "homologous gene, protein or gene product" means that the gene is endogenous to the host
plant species. In other words, the gene is native to the host plant species, and non-transformed host plant species also
produce said proteins or gene products.
[0027] The term "heterologous gene, protein or gene product" means that the gene is exogenous to the host plant
species. The untransformed plant does not produce said protein. In other words, it is not native to the host plant species,
and the host plant must be transformed with a foreign gene, which is derived from other organisms, before it can produce
the heterologous protein or gene product.
[0028] The term "zero generation" means the transformed plant. Seed from said "zero generation plant" may be
directly used for production of the desired gene products from the germinating seeds or seedlings during cotyledon
development, but they can also be used for providing further or subsequent generations of plants, comprising at least
one of DNA construct or cassette carrying at least one member of the family of the Rubisco promoters including SEQ
ID NO:1 or SEQ ID NO:3 or combinations thereof. The seeds of said plants, which have been checked and selected so
that they carry at least one DNA construct are preferably used for production purposes.
General Description of the Invention
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[0029] The present invention is related to transgene expression in germinating seedlings and sprouts. According to
the present invention a strong protein expression is achieved by fusing the gene coding for the desired gene products
with novel Rubisco promoters cloned from Brassica rapa . The novel promoters are selected from a group of Rubisco
promoters derivable from rbcS genes, which have been selected from rbcS genes, which are abundantly expressed in
light-grown cotyledons of Brassrca.
[0030] The novel promoters comprise the family of Rubisco promoters, which include SEQ ID NO:1 or SEQ ID NO:
3. The promoter sequences are derived from isolated native Rubisco promoters, but similar sequences can be prepared
by other means including synthetic and semisynthetic methods.
[0031] The Rubisco promoters are useful for designing recombinant DNA constructs or expression cassettes comprising SEQ ID NO:1 or SEQ ID NO:3 functionally fused in frame with reporter genes encoding desired gene products.
[0032] The promoters of the present invention were obtained by selecting and identifying genes, which were highly
expressed in the developing cotyledons of light grown seedlings of Brassica species. 3’-UTRs of said highly expressed
genes were isolated and characterized. Using said method three strong Rubisco promoters, characterized by having
the sequences SEQ ID NO:1 or SEQ ID:3 and the capability of directing gene expression in a spatiotemporal manner
in developing cotyledons. Said two promoters of the family of Rubisco promoters of the present invention were used for
designing DNA constructs or expression cassettes, which comprise at least one, optionally two or more of said Rubisco
promoters functionally linked to a gene or nucleic acid sequences encoding a heterologous protein or gene product.
Usually, heterologous gene products are produced, but the promoter may as well be functionally combined to genes
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encoding homologous proteins or gene products. Thereby, a host plant may be transformed with several copies of a
native gene and thereby the yield of an industrially important, desirous, native protein may be increased. In some cases,
in order to further improve the gene expression, one or more of said promoters, in any combination, may be inserted in
tandem fashion into the DNA construct or expression cassette.
[0033] The preferred reporter genes of the present invention are the uidA gene encoding GUS, which is an easily
detectable marker protein. Another exemplified "reporter gene" is the gene coding for human serum albumin (HSA).
Useful reporter genes may be designed synthetically from selected parts of immunoglobulin Ig(G) heavy chain combined
with sselected parts of medically active proteins. Such a synthetic gene consisting of part of immunoglobulin (Ig) G heavy
chain and extra cellular domain of Tumor Necrosis Factor Receptor (TNFR) with or without an ER-retention signal KDEL,
and an antibody reporter gene comprising the heavy and/or light chains of human antibodies directed against hevein
1C2 antigen are used to exemplify the feasibility of the invention. The "reporter genes" listed above are only examples
and it is evident to a person skilled in the art that the DNA constructs or cassettes comprising the promoters of the
present invention may be functionally fused in frame with any other reporter gene coding for a desired product.
[0034] The recombinant constructs or expression cassettes of the present invention comprising one or more endogenous promoters, representing the homologous system according to the present invention or one or more exogenous
promoters, representing the heterologous system according to the present invention, were used for transforming homologous and heterologous plants, respectively. Blant species are exemplified by Brassica sp, Nicotiana tabacum and
Camelina sativa. Plant transformation procedures are familiar to those skilled in the art and therefore any other plant
species can be transformed as well with the constructs according to the present disclosure. Applicable transformation
systems include, but are not limited for example to the conventional Agrobacterium mediated transformation system.
Especially transformation of Camelina plants according to a novel transformation system described in WO 02/38779
and US 20040031076 corresponding to US10/416,091 may be used.
[0035] The host plants were transformed with one or more of the above described DNA constructs or expression
cassettes. Seeds from the transformed host plants, representing a zero generation, are collected and used for production
of subsequent plant generations providing the transgenic seeds, which are used in the production of the desired proteins
or gene products by allowing said seeds to germinate in contained conditions, for example on buffered agar plates or
in aerated vessels, such as appropriate fermentation equipment. The transformed seed provides an excellent nutritional
source and the transformed seed may germinate into seedlings in a solution comprising mainly water, which may be
appropriately buffer and contain growth hormones and other advantageous growth and germination promoting ingredients. Such cultivation enables production under sterile conditions and an easy recovery of the gene products.
[0036] The following examples are various embodiments of the present invention.
EXAMPLE 1. Rubisco mRNA types expressed in cotyledons of germinating Brassica rapa (campestris) seeds
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[0037] A cDNA library was constructed in order to identify the most abundant types of Rubisco mRNA to be expressed
in cotyledons of germinating Brassica rapa (campestris) seeds.
[0038] Total RNA was isolated from 4-days old Brassica seedlings, and a mRNA fraction was isolated from the total
RNA preparations using oligo(d)T cellulose. A first strand cDNA was synthesized using oligo(d)T with M-MLV (Point
mutant) reverse transcriptase. The next PCR step was carried out with a forward primer e3a
5’-CAUCAUCAUCAUCAACCGTCAAGTCCAGTGCATCAGTTTCAT-3’(SEQ ID NO:4) specific to the 3rd exon of Rubisco SSU coding region and the reverse primer atu
5’-CUACUACUACUATTTTTTTTTTTTTTT-3’ (SEQ ID NO: 5), an oligo(d)T derivative, specially designed according to
CloneAmp procedure (Life Technologies). Both primers comprised on their 5’-terminal end several dUMP residues,
which were destroyed by the enzyme UDG (Uracil DNA Glycosylase). The PCR step was carried out in 2 cycles, and
subsequently the PCR product was digested by UDG and directly inserted into the linearized pAMP1 vector (Life Technologies) containing special protruding 3’-terminal ends compatible with protruding 3’-terminal ends of the RT-PCR
products. The insert containing vector was transformed into competent E.coli strain XL-1. One hundredplaques were
selected and analyzed. Inserts from plasmid DNA were amplified by PCR and resulting PCR-products were sequenced.
Relative number of separate colonies containing inserts of each type was calculated by the aid of sequence analysis.
[0039] Referring to Fig. 1 sequence analysis of the cloned 3’UTRs showed striking quantitative differences between
different Rubisco mRNA species. The sequence named ’56’ comprised 56% of all the Rubisco mRNA cloned. The other
sequence named ’29’ comprised 29% of all the Rubisco mRNA. The rest 15% of the clones corresponded to the other
types of Rubisco mRNAs.
[0040] The 29-type and 56-type sequences received from the cDNA library were compared to published sequences.
The sequence alignments indicated that these Rubisco mRNAs are expressed from novel Rubisco promoters. The 29type sequences are called rbcS-2 and the 56-type sequences are called as rbcS-4, respectively.
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EXAMPLE 2. Cloning Rubisco promoters obtained from Brassica rapa
[0041] Based on the ’56’ and ’29’ type of sequences reverse primers were designed to be used in subsequent steps
of promoter cloning.
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Cloning of rbcs-2 promoter
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[0042] An EST-library was constructed first. The most common type of UTR found was UTR2. This UTR-2 was used
to design reverse primers for Genome Walking step. Genomic DNA of Brassica rapa was digested by EcoRV, DraI,
HincII, PvuII, SmaI and SspI and ligated to adapters
(5’-GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT (SEQ ID NO:6) and 5’-p-ACCAGCCC-NH2 _3’(SEQ ID NO:7)
to get six DNA libraries.
[0043] The next PCR amplifications (first and nested) were performed with adapter primer AP1
5’-GTAATACGACTCACTATAGGGC-3’ (SEQ ID NO:8) and UTR2-specinc L1 primer
5’-GGCCACACTTGACAATCCGATATAACATGCCTCA-3’ (SEQ ID NO:9).
[0044] Nested PCR was conducted with AP2 primer
5’-ACTATAGGGCACGCGTGGT-3’ (SEQ ID NO:10) and nested UTR2-specific L2 primer
5’-CAAATGGAAATGAAATGAGGTAG-3’ (SEQ ID NO:11).
[0045] The longest 900 bp product was obtained by using a DraI DNA library. This fragment was cloned into a pGEM3Zf
(+) vector and sequenced. The sequence was compared with the sequences in GenBank database. The most homologous
sequence found was B. napus rbcS (accession number X61097).
[0046] Near the 5’-end of one of the clones received (Rud3) was a 22 nt long stretch lacking from B.napus rbcS
(beginning from 1037 nt of B.napus rbcS). Two reverse primers, RbNco and RbSiB, downstream from the putative
transcription initiation site (based on the homology with X61097) and two forward primers, BNRb1 and BNRb3, based
on X61097 homology, were designed. Full-length rbcS-2-gene was amplified using BNRb1 as a forward primer and
UTR2-L2 as a reverse primer. Subsequently, two promoters of different length were amplified in nested PCRs using
combinations of BNRb3 as a forward primer and RbSiB (with signal peptide) as a reverse primer, or BNRb3 as a forward
primer and RbNco as a reverse primer (without signal peptide).
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[0047] Promoter cloning was conducted in several steps. Two reverse primers (for the first and nested PCRs) matching
with the same sequences on the beginning of the first exons of three published Rubisco genes were used for the first
step of Genome Walking.
[0048] Genomic DNA was isolated from Brassica rapa leaves and divided into six fractions. Each fraction was digested
by one of six restricting enzymes (EcoRV, DraI, PvuII, StuI, SspI, XmnI) and ligated with Genome Walking adapters
(Clontech) mentioned above. Each restriction-ligation mixture represents a genomic DNA library.
[0049] The next step included two successive PCRs (first and nested) using adapter-specific AP1 and AP2 (forward)
and gene-specific (reverse) primers. The PCR was started by using three different reverse primers, annealed to different
parts of the first exon of Rubisco SSU gene in order to get the overlapping PCR products listed below.
(RbcS-RN: 5’-ACCCGGGCCCAGGAGAGCATAGAGGAAGCC-3’ (SEQ ID NO:12),
RbcS-R1: 5’-CGGTGAATGGAGCGACCATCGTGGCTTGAG-3’ (SEQ ID NO:13),
RbcS-R2: 5’-CTGTGAATGGAGCAACCATGGCCGCTTGAG-3’ (SEQ ID NO:14).
[0050] The six genomic DNA libraries described above produced amplification products after nested PCR. These
products were directly cloned into pGEM-T-Easy vector (Promega) using TA-cloning. Colonies were screened using
PCR with M13-universal and reverse primers. Colonies carrying plasmid DNA with insert were grown in liquid cultures
and plasmid DNA isolated was used for sequencing analysis.
[0051] A total number of about ninety plasmid DNA insert-containing clones were analyzed. Based on data obtained
from the sequencing analysis the sequences were divided into five groups according to sequence similarities. Three
promoters were identified to be similar to the ones published in GenBank. Moreover, PCR using specially designed
forward primers, specific to the cloned promoter regions, and reverse primers, specific for the ’56’- type of 3’UTR (rbcS4 type of 3’UTR) allowed identification of putative promoters having the 56 type of 3’UTR (rbcS-4 type of 3’UTR) in the
genome. This promoter was called ’56A’.
[0052] Based on the obtained sequences new reverse primers were designed to make next PCR set with the same
forward primers (AP1, AP2) and the new reverse primers and using the same genomic DNA libraries. This procedure
was repeated 4 times. After the fourth PCR cycle the resulting sequences allowed the designation of promoter-specific
forward primers. The reverse primer was designed to include a special site for BpiI to create a NcoI-compatible restriction
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site. PCR using these primers and HiFi KOD polymerase enabled identification of the ’56’ type of promoter rbc-4A (SEQ
ID NO:1) among other sequences. By means of Genome Walking techniques another promoter with the ’56’ type 3’UTR
was found bound in the genome. This rbcS-4B promoter (SEQ ID NO:2) was 98% similar to rbcS-4A on the length of
about 230 nt region in (1953-2175 nt SEQ ID NO:1 and 794-1016 nt in SEQ ID NO:2), but distal parts of rbcS-4A and
rbcS-4B showed less than 40% similarity. Figure 2B gives an alignment of -267 to +33 nt regions of these two promoters.
rbcS-4B promoter was also cloned with a proof-reading KOS polymerase and its functional activity was studied further.
[0053] Using the same approach, totally four steps of Genome Walking were applied to clone the rbcS-4A promoter
(SEQ ID NO:1) and two steps were applied to clone rbcS-1, rbcS-3 and rbcS-5 promoters (SEQ ID NO:21 SEQ ID NO:
22, and SEQ ID NO:23, respectively). After the final step of Genome Walking whole length promoters were cloned using
the proof-reading Pfu enzyme. The 3’-terminal ends of the cloned promoter sequences were designed so that they can
be ligated with reporter genes. Promoter sequences obtained have been analysed using Genbank BLAST system. There
have been identified Brassica promoters, similar (up to 98-99%) to rbcS-3 and rbcS-5 promoters, having the accession.numbers X55937 and X75334, respectively. All the promoters cloned and known were compared to each other by
computer alignment program. This analysis showed that all the promoters have more or less similar parts located mostly
in about 300 nt region. An alignment of 300 bp length proximal parts of these rbcS promoters (excluding rbcS-4B (see
below)) is presented in Fig.2A (rbcS-2 is SEQ ID NO:3; rbcS-4A is SEQ ID NO:1). The Genome Walking data showed
that there were two partially different rbcS-4 (called rbcS-4A and rbcS-4B) promoters connected to the same 3’UTRs
and being very similar on the last 230 bp on their 3’-terminal ends (Fig.2B) (rbcS-4A is SEQ ID NO:1; rbcS-4B is SEQ
ID NO:2). On the other hand, the resting (distal) parts of the promoters show the same low level of homology (40%) as
they show in alignment with other Rubisco promoters.
[0054] Alignment of one of the published Brassica napus Rubisco promoter (accession number X61097) with rbcS2 (SEQ ID NO:3), demonstrates some differences (91% similarity) between them (Fig.2C). There are also differences
in 3’UTR regions. Therefore these two promoters are not the same ones and probably diverged during evolution or
selection process of rbcS gene family in Brassica species.
[0055] Referring to Figure 3 alignment of rbcS-4A (SEQ ID NO:1) promoter sequence and published Brassica rubisco
promoter (X61097) revealed dissimilarity of 52%.
[0056] Similarly, referring to Figure 4 alignment of rbcS-4A promoter sequence with the published Chrysanthemum
rbcS-1 promoter (AY163904) revealed dissimilarity of 57%.
[0057] Markedly, there are only three stretches in rbsC-4A promoter (1007-1440 nt, 1776-1950 nt and 1959-2175 nt
of SEQ ID NO:1) that have a quite high homology (similarity of about 93%) with Brassica genome project database (Fig.
17). Accession number BH484651 represents genomic clone of Brassica oleracea and CD811761 represents cDNA
clone of Brassica napus. No other parts of the rbcS-4A promoter sequence are found in any database including Brassica
genome project.
[0058] Clearly the nucleotide sequences of rbcS-2 (SEQ ID NO:3) and rbcS-4A and B (SEQ ID NO: 1 and 2, respectively) are novel and useful as described in this disclosure.
EXAMPLE 3. Fusion- constructs rbcS-4A-GUS, rbcS-4A-HSA, rbcS-4B-GUS, rbcS-2-GUS, rbcS-2-HSA, rbcS-
2-Ab(L+H)-1C2, rbcS-4A-Ab(L+H)-1C2 , rbcS-2-TNFR-Fc and rbcS-4A-TNFR-Fc
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[0059] The promoters were amplified with reverse primers to get NcoI-compatible restriction site on their 3’-terminal
ends. Vector pCAMBIA1301 (CAMBIA) containing GUS gene with NcoI site on its 5’-terminal end was used. HSA fusion
constructs were designed in a pBIN19-based plasmid pGPTV with an inserted HSA gene. A sequence of a codonoptimized HSA gene with an artificial polyA signal was added as shown in Figure 19. RbcS-4A and rbcS4B were cut
out using BpiI, HindIII. RbcS-2 was cut out using NcoI, HindIII. The promoters RbcS 4A, rbcS-4B, and rbcS-2 were
cloned into pCAMBIA1301 or pGPTV vectors opened by NcoI, HindIII. The terminators used for these constructs were
as follows: nos-terminator in GUS-containing pCAMBIA1301 vector, and rbcS-4 type of 3’UTR plus part of known Brassica
rapa rbcS terminator from GenBank was used in HSA-containing pGPTV plasmids.
[0060] Constructs Rbcs-2-Ab(L+H)-1C2 and RbcS-4-Ab(L+H)-1C2 contain the same antibody regions and the same
terminator (polyA) signal from the natural Brassica rubisco RbcS-4 gene (directly from the genome). The antibody protein
molecule was originally developed against hevein 1C2 antigen. RbcS-2-Ab(L+H)-1C2 consists of RbcS-2 promoter, light
chain(anti-hevein 1C2) coding region as shown in Figure 20, RbcS-4 terminator (SEQ ID NO:17) as shown in Figure
21, another RbcS-2 promoter, heavy chain (anti hevein 1C2) (SEQ ID NO:18) coding region as shown in Figure 22 and
another Rbcs-4 terminator (SEQ ID NO:20). The RbcS-4-Ab(L+H)-1C2 construct consists of Rbcs-4 promoter, light
chain (anti-hevein 1C2 (SEQ ID NO:16) coding region, RbcS-4 terminator, another RbcS-4 promoter (SEQ ID NO:2),
heavy chain (anti-hevein 1C2) (SEQ ID NO:18) coding region, and another RbcS-4 terminator (SEQ ID NO:20).
[0061] For the constructs Rbcs-2-Ab(L+H)-1C2 and RbcS-4-Ab(L+H)-1C2 rbcS-2 and rbcS-4 promoters were cut by
SalI, HindIII and ligated with pVK1-CHC(constant heavy chain)-rbcS-4-terminator, digested with SalI, and HindIII providing the pVK1-RbcS-2(Rbcs-4A)promoter - CHC-RbcS-4-terminator. RbcS-4 terminator was originally cloned with
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CHC by BsiWI, EcoRI. Variable heavy chain region of 1C2 antibody (VH-1C2) was cut out by BpiI, Bsp120I and cloned
into a pVK1-Rbcs-2(Rbcs-4)-promoter-CHC-RbcS-4-terminator vector by the same sites. The resulting plasmid was the
plasmid containing whole H (heavy) chain unit. The same strategy was used to get the whole L (light) chain unit. L chain
unit was then cloned into pCAMBIA1301 vector from where 35S-gusA or 35SUidA gene was removed. This provided
pCAMBIA1301-L-chain. In the final step the H-chain unit was inserted into pCAMBIA1301-L-chain vector to get the final
pCAMBIA1301-H-L. The plasmid was used for plant transformation using Agrobacterium mediated strategy. Ig-TNFR
(ENBREL) construct contains rbcS-2 or rbcS-4 promoters, TNFR (tumor necrosis factor receptor) part (489 nt) as shown
in Figure 23 (SEQ ID NO:19) comprising the Ig CHC part (CH2 and CH3 domains) and terminators. TNFR part was
cloned directly from human mRNA by reverse transcription followed by PCR, ligated into pGEM-T-Easy plasmid by TAcloning procedure and sequenced from both directions with M13-universal and reverse primers. Ig CHC part was obtained
by PCR and sequenced thereafter. Cloning strategy included ligation of Ig CHC part by BsiWI site and introducing
promoter into pVK1 plasmid (pUC19 derivative), containing a rbcS-terminator. Then TNFR part digested by BsmB1 was
introduced into this plasmid, and whole the insert was re-cloned into big pCAMBIA1300 or pCAMBIA2300 plasmids.
[0062] IgCHC part was obtained in two variants. The first was without any changes in its 3’end and the second one
contained KDEL signal in its 3’end. This signal is 12 nt long sequence AAAGACGAGCTG (SEQ ID NO: 24) and is
introduced just before the STOP-codon. Several terminators were used in the Ig-TNFR constructs. One was rbcS-4
terminator (about 500 nt) being the same as used in antibody constructs. Another terminator was a longer version of
the rbcS 4-terminator (being about 2kb). Still another terminator used was from Arabidopsisis VSP1 (vegetative storage
protein-1 gene), the part situating right behind the STOP codon and before cleavage site was used and was connected
with part of rbcS- 4 terminator (SEQ ID NO:17) shown in Figure 24. In some of the constructs one or two MAR (matrix
attachment regions) sequences (about 2kb) were also introduced. In case the construct contained two MAR sequences
they were introduced before the promoter and after the terminator.
EXAMPLE 4. Plant transformation
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[0063] To exemplify the functionality of the novel promoters according to this disclosure, we transformed plants of
Brassica species, Nicotiana tabacum plants and Camelina sativa plants. One skilled in the art is able to transform plants
of other species.
[0064] Brassica plants were transformed with A. tumefaciens strain LBA4404 carrying the pCAMBIA1301 or pGPTVHPT binary vectors by leaf disk inoculation. Tobacco plants Nicotiana tabacum cv. Samsung were transformed with A.
tumefaciens strain LBA4404 carrying pGPTV-HPT binary vectors by leaf disc inoculation. Putative transformants were
selected on 30 mg/l hygromycin. Positive lines were transferred to the greenhouse for further studies
[0065] Camelina plants were transformed with A. tumefaciens strain C58 (helper plasmid pGV3850) carrying the
pCAMBIA1300 binary vectors by leaf disc inoculation. Putative transformants were selected on 20mg/l hygromycin.
Positive lines were transferred to the greenhouse for further studies.
EXAMPLE 5. Quantitative GUS Assay for expression analysis
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[0066] The assays were carried out with tobacco leaves or Camelina seedlings. Fresh plant material was mechanically
disrupted in Tris-buffer, containing 2-ME. Protein concentrating in extracts was determined using Bio-Rad assay. GUS
activity was determined in spectrophotometer using methyl-umbelliferyl as a substrate for the enzymatic reaction. Incubation was 30 min at +37° C and developed color was measured in spectrophotometer at 450 nm wavelength. Nontransgenic plants were used as negative controls.
EXAMPLE 6. Expression analysis of mRNA with Real-Time RT-PCR and Northern analysis
[0067] Total RNA isolated from cotyledons of germinating Brassica or Camelina seeds or tobacco leaves were reverse
transcribed with gene specific reverse primers. The reverse primers were designed for non-similar parts of all the 3’UTR
known as well as for HSA, GUS, heavy and light chains of anti-hevein 1C2 antibody and the third exon of Rubisco SSU
coding region. cDNA obtained was used for Real-time PCR step using forward and the same reverse primers.
[0068] Real-Time procedure was conducted on API7000 machine mainly according to the manual using SYBRgreen
quantitative variant of the method. The passive reference dye was ROX. The calibration curves were constructed using
PCR products amplified from genome and purified with the same primers as in Real-Time process. The result was
expressed in number of molecules per 1 ng of RNA sample originally taken.
[0069] For the Northern analysis total RNA was isolated from plant material and run on agarose gel and transferred
on to the membrane. Then RNA was cross-linked to the membrane by short exposure to UV light. Next step is hybridization
with specific RNA probe, synthesized in vitro from bacterial T7 or SP6 promoters. Hybridization was going on overnight
at optimal temperature, specially optimized for every probe. After washing the membrane is undergone to incubation
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with antibodies recognizing DIG-labels on the probe. The amount of the RNA probes (i.e. specific mRNA) was detected
by enhanced luminescence using negative and positive controls (varying concentrations), allowing the determination of
the amount of specific mRNA in the experimental sample.
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EXAMPLE 7 Expression level of Rubisco genes and total Rubisco mRNA in germinating seeds increases toward
end of cotyledon development
[0070] The total RBCS mRNA content in constant light conditions increased during the first 3-4 days and remained
on a high level for the next 5 to 7 days (Figure 16).
[0071] In order to determine the expression levels of different Rubisco genes and also total Rubisco mRNA production
in germinating Brassica napus seeds we measured the amount of total Rubisco mRNA in seeds on 0, 1, 2, 3 and 4 day
of germination in constant light conditions by Real-Time PCR. This is illustrated in Fig. 9.
[0072] The quantitative data shown in Figure 9 (first column ), demonstrates the amount or number of Rubisco mRNA
molecules in 1 ng of total mRNA per an average sample. Clearly, the amount of mRNA molecules increased from day
0 to day 4, showing the highest amounts on the 4th day. On 4th day of germination the amount of RBCS mRNA determined
in most of the samples was about 4-7 x 107 molecules per 4 ng of total mRNA.
EXAMPLE 8. rbcS-4 type of RBCS mRNA is the most prevalent and active type of mRNA at the stage of germinating seeds of plant development

20

25

30

35

40

45

50

55

[0073] The amount of different types of RBCS mRNAs was analyzed by the Real Time process described above. The
expression levels of rbcS-2, rbcS-3, rbcS-4 and rbcS-5 were determined on 0-4th day of Brassica napus seed germination
by using primers specific to non-similar parts of 3’UTRs of those mRNA species (Fig.5). Forward primers were designed
so that they have longer right part, corresponding to specific 3’UTR type. The shorter left part of each primer corresponds
to the end of the RBCS coding region. This left part helps to increase length and therefore Tm of the primer, but does
not disturb the specificity of it (Fig.5).
[0074] Data summarized in Figure 9 (columns 3-6), demonstrates dramatic differences in the expression levels. The
most abundant type during the four days of seed germination was rbcS-4 RBCS mRNA, but as we have already noticed
above there are at least two rbcS genes driven by the partially similar promoters (rbcS-4A and -B; SEQ ID NO: 1 and
SEQ ID NO:2, respectively) and connected to the same 3’UTR (rbcS-4 type of 3’UTR). This may mean that each rbcS4 gene can contribute to the sum activity of the gene. But according to quantitative GUS expression data obtained from
rbcS-4B-GUS transgenic tobacco plants (Fig. 10) the activity of the promoter is very low and doesn’t seem to have
remarkable influence on total amount of mRNA containing rbcS-4 type of 3’UTR.
[0075] The data presented here clearly demonstrates the prevalence of rbcS-4 type of RBCS mRNA on the later stage
of germinating seeds of plant development.
[0076] Referring now to results shown in Figure 9 Real-Time PCR showed that rbcS-4 promoter was more active at
the fourth day of germination than any other Rubisco promoter examined. The expression level of different RBCS genes
followed different kinetics, for example, at third day rbcS-2 (SEQ ID NO:3) and rbcS-3 (SEQ ID NO:21) were more active
than rbcS-4 (SEQ ID NO:22) and rbcS-5 (SEQ ID NO:23). These characteristics are extremely important when selecting
a promoter for a production method of foreign proteins or other desired gene products to be produced in germinating
seeds or sprouts.
[0077] Unstable transgenic proteins may degrade quite fast because of enhanced protein mobilization capacity of
plant cells in tissues of germinating seeds. When using a promoter such as rbcS-4 with delayed kinetic of activity, there
are more chances to protect accumulation of transgenic protein product from the action of lytic vacuoles. Moreover,
additional benefits of using rbcs-4A in transgenic constructs arise from the fact that this is the strongest promoter out of
the four promoters analyzed at later stages of seed germination.
[0078] Figure 13 compares the accumulation of HSA mRNA in germinating B. napus seeds transgenic for rbcS-4HSA or for (rbcs-2-HSA)x2. (rbcS-2-HSA)x2 is a variant of rbsS-2-HSA where 2 units of rbcS-2 are arranged in tandem.
It is evident that HSA mRNA begins to accumulate earlier in the seeds transgenic for (rbcS-2-HSA)x2.. On the other
hand HSA mRNA in rbcS-4-HSA transgenic plants starts to accumulate later but the amount accumulating is somewhat
bigger. As can be seen from Figure 9. the kinetics of rbcs-4 promoter activity is more delayed than that of rbcS-2, and
therefore it is evident that both of the promoters are functional even when in non-native conditions. In this connection
native conditions mean normal non-transgenic plants, containing rubisco promoters plus rubisco genes placed in proper
sites of the genome. Non-native conditions mean artificial situation, like in our case, the Brassica rubisco genes plus
foreign reporter genes inserted in occasional places of the genome.
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EXAMPLE 9. Heterologous and homologous transgenic plants harboring rbcS-2 and rbcS-4 promoters for
production of desired gene products
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[0079] rbcS-2 (SEQ ID NO: 3) and rbcS-4 (SEQ ID NO: 1 and SEQ ID NO: 2) promoters were used for plant transformation experiments with Brassica, tobacco and Camelina plants to determine the ’promoter strength’ and also to
compare the expression levels in homologous and heterologous systems (i.e. plants transformed with a construct containing a promoter from the same or a different species).
[0080] The promoters were amplified with reverse primers to get NcoI-compatible restriction site on their 3’ ends.
pCAMBIA1301 vector (CAMBIA) containing GUS gene with NcoI site on its 5’ end designed as described in Example 2
were used.
[0081] Promoters rbcS-2 (SEQ ID NO:3) or rbcS-4A and B (SEQ ID NO:1 and 2) containing constructs inserted in the
genome of Brassica represent homologous system, and the insertion of the same constructs in tobacco and Camelina
plant’ s genome represent heterologous system. Recombinant constructs containing rbcS-2 or rbcS-4 promoters fused
in frame with reporter genes were designed as described in Example 3 and transformed into plants as described in
Example 4.
[0082] mRNA expression data of transgenic Brassica plants containing rbcS-4A-GUS or rbcS-2-GUS is presented in
Figure 7. The mRNA expression level of reporter gene was measured from cotyledons of seeds of transgenic Brassica
plants, germinated for 4 days.
[0083] In the table shown in Figure 7 it is demonstrated that
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1) expression of transgene (GUS) mRNA in both plant transformants is about 5-6 times less than the expression of
corresponding native rubisco gene (rbcS-2 or rbcS-4A);
2) expression level of native rbcS-4A gene in transgenic plant correspond to the one in non-transgenic plant (Fig.
9), but the expression level of native rbcS-2 gene in rbcS-2 transgenic plant looks less than the one in non-transgenic
plant.
This result may point out some properties of two promoters, namely, more silencing dependency of rbcS-2 promoter in
homologous plant.
[0084] For tobacco transformation experiments rbcS-2-HSA and rbcS-4A-HSA constructs were used and 7 HSAproducing plant lines for each of them was received. The mRNA expression level of HSA gene determined on 5th day
of transgenic tobacco seed germination demonstrate about the same level of expression in both types of these plant
lines (Figure 8). The tobacco transformation experiments show clearly that there is no significant difference between
the rbcS-2 and rbcS-4 promoters strength, but both of them are expressing in heterologous system.
[0085] Transgenic Camelina and tobacco plants harbouring RbcS-2-GUS, RbcS-4-GUS, Rbcs-2-TNFR-Fc56UTRshort, Rbcs-2-TNFR-FcKDEL-56UTRshort, Rbcs-4-TNFR-Fc-56UTRlong, Rbcs-4-TNFR-FcKDEL-56UTRlong
were obtained and analysed. The results are shown in Figure 18A and B as Tables. Determination of GUS-activity
demonstrates enzyme activity level in rbcS-2 (rbcS-4)-GUS transgenic plants to be bigger than in plants carrying conventional 35Sp-GUS construct used as positive control. Northern data are available for some TNFR-Fc-harbouring
Camelina and tobacco plants. The expression level (for rbcs-4-TNFR-Fc) is comparable with that one of native rbcS
genes (in Brassica about 50-100 pg/Pg of total RNA for whole RBCS gene family).
Example 10. Protein expression in transgenic plants
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[0086] A construct comprising GUS gene coding region was linked to the Rubisco promoter rbcS-4A and transformed
into an oilseed rape (Brassica rapa) plant using Agrobacterium mediated transformation. Transgenic plants were grown
in greenhouse until seeds were produced. Seeds of transgenic plants were allowed to sprout in 20 °C aerated water,
24 °C aerated 20mM KNO3 water or in 30 °C aerated water. After variable times of cultivation expressed GUS protein
was isolated from the sprouts by homogenization in appropriate buffer and centrifugations. Specific GUS activity was
determined by spectrophotometer (Fig. 11). Clearly, GUS activity per sprout was highest after 72 hours of cultivation
using KNO3 in the growth medium.
[0087] Protein expression of transgenic Brassica napus, Camelina sativa and tobacco plants carrying HSA under the
control of rbcS-2 or rbcS- 4 was also analyzed. Similarly plants carrying tandem construct of RbcS-2-HSA were analyzed.
Protein expression was analyzed from sprouts that germinated at constant light and 24 °C temperature for 4days. Figure
15 shows the data as % of total soluble protein. It is evident that plants carrying the tandem construct have higher
expression levels of the protein than plants carrying single construct. Furthermore, it is evident that protein expression
is higher under rbcs-4 promoter than under rbcS-2 promoter. The tandem construct having two rbcS-2-HSA constructs
is an example of a multiple construct according to the present invention and one skilled in the art would be able to
transform plants with more than two constructs in tandem as well. Similarly, one skilled in the art would be able to use
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tandem constructs having rbcS-4A as the driving promoter to obtain higher protein contents.
[0088] Protein expression of transgenic Camelina sativa and tobacco plants carrying TNFR constructs were analyzed.
The results are shown in Fig 18.
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Example 11. In order to provide maximal activity the RbcS promoter has to be of full length
[0089] Truncated versions of rbcS-2 promoter were cloned, (0.3 and 0.6 kb length) in fusion constructs with reporter
uid A gene. Tobacco plants were transformed by Agrobacterium carrying these constructs and the GUS activity was
measured from leaves of adult tobacco plants. The data obtained was compared to data obtained from the analysis of
high-expressing adult tobacco plants carrying rbcS-2 (1,6 kb) or 35S promoters connected to the GUS gene. The results
as shown in Figure 15 clearly demonstrate decrease of registered GUS activity due to reduction of the length of the
promoter. Therefore, it is evident that that distal regions of the rbcS-2 promoter contain essential regulatory elements
supporting basal (not-inducible) promoter activity. Comparative analysis in silico of known tomato rbcS1 promoter and
our cloned Brassica rbcS-2 and rbcS-4A promoters enables to find similar consensus regulatory elements in all of them
(Fig.6). It is clear that most of the known boxes are located in the -500 -600 nt region. It could be suggested that those
distal parts of the promoters may have some cryptic regulatory elements or they may participate in the promoter action
because of possible occurring of MAR (Matrix Attachment Region) sites, for example, in 5’ regions of rbcS-4A (computer
MAR prediction analysis).
SEQUENCE LISTING
[0090]
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<110> UniCrop Ltd
<120> A Rubisco Promoter and the Use Thereof
<130> A3542PC
<150> FI 20031052
<151> 2003-07-10
<150> US 60/484,707
<151> 2003-07-03
<150> US
<151> 2004-07-02
<160> 32
<170> PatentIn version 3.2
<210> 1
<211> 2175
<212> DNA
<213> Brassica rapa
<400> 1
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<210> 2
<211> 1016
<212> DNA
<213> Brassica rapa
<220>
<221> misc_feature
<222> (1)..(1016)
<223> RbcS-4B
<400> 2

40

45

50

55

15

EP 1 644 507 B1

5

10

15

20

<210> 3
<211> 1651
<212> DNA
<213> Brassica rapa
<220>
<221> misc_feature
<222> (1)..(1651)
<223> RbcS-2
<400> 3
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<210> 4
<211> 42
<212> DNA
<213> Artificial
<220>
<223> primer e3a
<400> 4
caucaucauc aucaaccgtc aagtccagtg catcagtttc at
42
<210> 5
<211> 27
<212> DNA
<213> Artificial
<220>
<223> primer atu
<400> 5
cuacuacuac uatttttttt ttttttt
27
<210> 6
<211> 48
<212> DNA
<213> Artificial
<220>
<223> adapter
<400> 6
gtaatacgac tcactatagg gcacgcgtgg tcgacggccc gggctggt
<210> 7
<211> 8
<212> DNA
<213> Artificial
<220>
<223> adapter
<400> 7
accagccc
8
<210> 8
<211> 22
<212> DNA
<213> Artificial
<220>
<223> adapter primer AP1
<400> 8
gtaatacgac tcactatagg gc
22
<210> 9
<211> 34
<212> DNA
<213> Artificial
<220>
<223> UTR2-specific L1 primer
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<400> 9
ggccacactt gacaatccga tataacatgc ctca
34
<210> 10
<211> 19
<212> DNA
<213> Artificial
<220>
<223> AP2 primer
<400> 10
actatagggc acgcgtggt
19
<210> 11
<211> 23
<212> DNA
<213> Artificial
<220>
<223> UTR2-specific L2 primer
<400> 11
caaatggaaa tgaaatgagg tag
23
<210> 12
<211> 30
<212> DNA
<213> Artificial
<220>
<223> RbcS-RN
<400> 12
acccgggccc aggagagcat agaggaagcc
30
<210> 13
<211> 30
<212> DNA
<213> Artificial
<220>
<223> RbcS-R1
<400> 13
cggtgaatgg agcgaccatc gtggcttgag
30
<210> 14
<211> 30
<212> DNA
<213> Artificial
<220>
<223> RbcS-R2
<400> 14
ctgtgaatgg agcaaccatg gccgcttgag
30
<210> 15
<211> 2132
<212> DNA
<213> Artificial
<220>
<223> codon-optimized human HSA gene
<400> 15

50

55
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<210> 16
<211> 714
<212> DNA
<213> Artificial
<220>
<223> light chain (anti-hevein 1C2) coding region
<220>
<221> misc_feature
<222> (1)..(66)
<223> a sequence coding for mouse signal peptide
<220>
<221> misc_feature
<222> (67)..(324)
<223> light chain anti-hevein 1C2 antigen variable region
<220>
<221> misc_feature
<222> (325)..(714)
<223> kappa light chain constant region
<400> 16
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<210> 17
<211> 498
<212> DNA
<213> Brassica rapa
<220>
<221> terminator
<222> (1)..(498)
<223> rbcs-4 terminator
<400> 17
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<210> 18
<211> 1434
<212> DNA
<213> Artificial
<220>
<223> heavy chain (anti-hevein 1C2) coding region
<220>
<221> misc_feature
<222> (1)..(57)
<223> a sequence coding for mouse signal peptide
<220>
<221> misc_feature
<222> (58)..(387)
<223> heavy chain anti-hevein 1C2 antigen variable region
<220>
<221> misc_feature
<222> (445)..(990)
<223> IgG1 heavy chain constant region
<400> 18

55
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<210> 19
<211> 558
<212> DNA
<213> Artificial
<220>
<223> signal sequence and TNFR
<220>
<221> misc_signal
<222> (1)..(69)
<223> signal sequence
<220>
<221> misc_feature
<222> (70)..(489)
<223> TNFR sequence
<400> 19

55
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<210> 20
<211> 576
<212> DNA
<213> Artificial
<220>
<223> Arabidopsis VSP1 (vegetative storage protein-1) and a part of rbcs-4 terminator
<220>
<221> misc_feature
<222> (1)..(226)
<223> Arabidopsis VSP1
<220>
<221> misc_feature
<222> (227)..(576)
<223> a part of rbcs-4 terminator
<400> 20
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<210> 21
<211> 1149
<212> DNA
<213> Brassica rapa
<220>
<221> misc_feature
<222> (1)..(1149)
<223> Rbcs-1
<400> 21
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<210> 22
<211> 877
<212> DNA
<213> Brassica rapa
<220>
<221> misc_feature
<222> (1)..(877)
<223> Rbcs-3
<400> 22
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<210> 23
<211> 904
<212> DNA
<213> Brassica rapa
<220>
<221> misc_feature
<222> (1)..(904)
<223> Rbcs-5
<400> 23
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<210> 24
<211> 12
<212> DNA
<213> Artificial
<220>
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<223> KDEL signal
<400> 24
aaagacgagc tg
12
<210> 25
<211> 25
<212> DNA
<213> Artificial
<220>
<223> RbcS-2-3’ UTR-reverse
<400> 25
tataacatgc ctcagaaaca aaaag
25
<210> 26
<211> 28
<212> DNA
<213> Artificial
<220>
<223> RbcS-3-3’ UTR-reverse
<400> 26
cgatatagaa tgtctgagaa acagaaaa
28
<210> 27
<211> 27
<212> DNA
<213> Artificial
<220>
<223> RbcS-4-3’ UTR-reverse
<400> 27
cgatatagaa agtctcgtaa cagaaat
27
<210> 28
<211> 24
<212> DNA
<213> Artificial
<220>
<223> RbcS-5-3’ UTR-reverse
<400> 28
ctcagaaaca aaaattcaaa agca
24
<210> 29
<211> 21
<212> DNA
<213> Artificial
<220>
<223> RbcS-2-3’ UTR-forward
<400> 29
ggtgcttaat tcgcgttgta a
21
<210> 30
<211> 26
<212> DNA
<213> Artificial
<220>
<223> RbcS-3-3’ UTR-forward
<400> 30
tgcttaattt gctatgacat tcacat
26
<210> 31
<211> 23
<212> DNA
<213> Artificial
<220>
<223> RbcS-4-3’ UTR-forward
<400> 31

26
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cggtgcttaa ttcgctttca tat

23

<210> 32
<211> 23
<212> DNA
<213> Artificial
<220>
<223> RbcS-5-3’ UTR-forward
<400> 32
ggcgcttaat tttgttgtct aaa
23

5

10

Claims
15

1.

A Rubisco promoter sequence for transgene expression in germinating plant seedlings and sprouts, characterized
in that it is derivable from promoters of light grown Rubisco expressing Brassica rapa seedlings, and has the
nucleotide sequences SEQ ID NO:1 or SEQ ID NO:3.

2.

The Rubisco promoter sequence according to claim 1, characterized in that it has the nucleotide sequence SEQ
ID NO:1.

3.

The Rubisco promoter sequence according to claim 1, characterized in that it has the nucleotide sequence SEQ
ID NO:3.

4.

An expression cassette for transgene expression in germinating plant seedlings and sprouts, characterized in that
it comprises at least one Rubisco promoter sequence according to claim 1, operably linked to a nucleic acid sequence
encoding a heterologous or homologous protein or gene product.

5.

The expression cassette according to claim 4, characterized in that the Rubisco promoter sequence is SEQ ID NO:1.

6.

The expression cassette according to claim 4, characterized in that the Rubisco promoter sequence is SEQ ID NO:3.

7.

The expression cassette according to claim 4, characterized in that the nucleic acid sequence encoding the
heterologous or homologous protein or gene product is a naturally existing sequence or codon optimized sequence.

8.

The expression cassette according to claim 7, characterized in that the heterologous protein or gene product is
human serum albumin.

9.

The expression cassette according to claim 7, characterized in that the heterologous or homologous protein or
gene product is a medically active protein or a part thereof.
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10. The expression cassette according to claim 7, characterized in that the heterologous or homologous protein or
gene product is an antibody.
45

50

11. A transgenic plant, characterized in that the transgenic plant or its subsequent generations carries at least one
expression cassette, which comprises a Rubisco promoter sequence SEQ ID NO:1 or SEQ ID NO:3 operably linked
to a nucleic acid sequence encoding a heterologous protein or gene product.
12. The transgenic plant according to claim 11, characterized in that it is a transgenic Brassica or transgenic Camelina
sativa.
13. The transgenic plant according to claim 11, characterized in that it is a transgenic Camelina sativa.

55

14. A transgenic seed derived from the transgenic plant according to claim 11, characterized in that it carries at least
one expression cassette, which comprises a Rubisco promoter sequence SEQ ID NO:1 or SEQ ID NO:3 operably
linked to a nucleic acid sequence encoding a heterologous protein or gene product.
15. The transgenic seed according to claim 14, characterized in that it is a transgenic Brassica seed or a transgenic
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Camelina sativa seed.
16. The transgenic seed according to claim 14, characterized in that it is a transgenic Camelina sativa seed.
5

10

17. A transgenic seedling derived from the germinated transgenic seed according to claim 14, characterized in that
it carries at least one expression cassette, which comprises a Rubisco promoter sequence SEQ ID NO:1 or SEQ
ID NO:3 operably linked to a nucleic acid sequence encoding a heterologous_protein or gene product.
18. The transgenic seedling according to claim 17, characterized in that it is a transgenic Brassica seedling or a
transgenic Camelina sativa seedling.
19. The transgenic seedling according to claim 17, characterized in that it is a transgenic Camelina sativa seedling.

15

Patentansprüche
1.

Rubisco-Promotorsequenz zur Expression von Transgenen in keimenden Pflanzensämlingen und Sprossen, dadurch gekennzeichnet, dass sie von Promotoren von im Licht gezüchteten Brassica rapa-Keimlingen ableitbar
ist, die Rubisco exprimieren, und dass sie die Nucleotidsequenz SEQ ID NO: 1 oder SEQ ID NO: 3 hat.

2.

Rubisco-Promotorsequenz nach Anspruch 1, dadurch gekennzeichnet, dass sie die Nucleotidsequenz SEQ ID
NO: 1 hat.

3.

Rubisco-Promotorsequenz nach Anspruch 1, dadurch gekennzeichnet, dass sie die Nucleotidsequenz SEQ ID
NO: 3 hat.

4.

Expressionskassette zur Expression von Transgenen in keimenden Pflanzensämlingen und Sprossen, dadurch
gekennzeichnet, dass sie mindestens eine Rubisco-Promotorsequenz nach Anspruch 1 umfasst, die funktionell
mit einer ein heterologes oder homologes Protein oder Genprodukt codierenden Nucleinsäuresequenz verbunden
sind.

5.

Expressionskassette nach Anspruch 4, dadurch gekennzeichnet, dass die Rubisco-Promotorsequenz SEQ ID
NO: 1 ist.

6.

Expressionskassette nach Anspruch 4, dadurch gekennzeichnet, dass die Rubisco-Promotorsequenz SEQ ID
NO: 3 ist.

7.

Expressionskassette nach Anspruch 4, dadurch gekennzeichnet, dass die das heterologe oder homologe Protein
oder Genprodukt codierende Nucleinsäuresequenz eine in der Natur vorkommende Sequenz oder eine Codonoptimierte Sequenz ist.

8.

Expressionskassette nach Anspruch 7, dadurch gekennzeichnet, dass das heterologe Protein oder Genprodukt
menschliches Serumalbumin ist.

9.

Expressionskassette nach Anspruch 7, dadurch gekennzeichnet, dass das heterologe oder homologe Protein
oder Genprodukt ein medizinisch aktives Protein oder ein Teil davon ist.
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10. Expressionskassette nach Anspruch 7, dadurch gekennzeichnet, dass das heterologe oder homologe Protein
oder Genprodukt ein Antikörper ist.
50

11. Transgene Pflanze, dadurch gekennzeichnet, dass die transgene Pflanze oder ihre Folgegenerationen mindestens eine Expressionskassette enthalten, die eine Rubisco-Promotorsequenz SEQ ID NO: 1 oder SEQ ID NO: 3
umfasst, die funktionell mit einer ein heterologes Protein oder Genprodukt codierenden Nucleinsäuresequenz verbunden ist.
55

12. Transgene Pflanze nach Anspruch 11, dadurch gekennzeichnet, dass sie eine transgene Brassica oder transgene
Camelina sativa ist.
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13. Transgene Pflanze nach Anspruch 11, dadurch gekennzeichnet, dass sie eine transgene Camelina sativa ist.

5

14. Transgener Samen abgeleitet von der transgenen Pflanze nach Anspruch 11, dadurch gekennzeichnet, dass er
mindestens eine Expressionskassette enthält, die eine Rubisco-Promotorsequenz SEQ ID NO: 1 oder SEQ ID NO:
3 umfasst, die funktionell mit einer ein heterologes Protein oder Genprodukt codierenden Nucleinsäuresequenz
verbunden ist.
15. Transgener Samen nach Anspruch 14, dadurch gekennzeichnet, dass er ein transgener Brassica-Samen oder
ein transgener Camelina sativa-Samen ist.

10

16. Transgener Samen nach Anspruch 14, dadurch gekennzeichnet, dass er ein transgener Camelina-sativa-Samen
ist.

15

20

17. Transgener Sämling abgeleitet von dem gekeimten transgenen Samen nach Anspruch 14, dadurch gekennzeichnet, dass er mindestens eine Expressionskassette enthält, die eine Rubisco-Promotorsequenz SEQ ID NO: 1 oder
SEQ ID NO: 3 umfasst, die funktionell mit einer ein heterologes Protein oder Genprodukt codierenden Nucleinsäuresequenz verbunden ist.
18. Transgener Sämling nach Anspruch 17, dadurch gekennzeichnet, dass er ein transgener Brassica-Sämling oder
ein transgener Camelina sativa-Sämling ist.
19. Transgener Sämling nach Anspruch 17, dadurch gekennzeichnet, dass er ein transgener Camelina sativa-Sämling ist.

25

Revendications
1.

Séquence de promoteurs de Rubisco pour l’expression transgène lors de la germination de semis et pousses de
plantes, caractérisée en ce qu’elle peut être dérivée de promoteurs de la Rubisco légèrement poussé exprimant
des semis Brassica rapa, et possède la séquence de nucléotides SEQ ID NO:1 ou SEQ ID NO:3.

2.

Séquence de promoteurs de Rubisco selon la revendication 1, caractérisée en ce qu’elle présente la séquence
de nucléotides SEQ ID NO:1.

3.

Séquence de promoteurs de Rubisco selon la revendication 1, caractérisée en ce qu’elle présente la séquence
de nucléotides SEQ ID NO:3.

4.

Cassette d’expression pour l’expression transgène lors de la germination de semis et de pousses de plantes,
caractérisée en ce qu’elle comprend au moins une séquence de promoteurs de Rubisco selon la revendication
1, fonctionnellement liée à une séquence d’acides nucléiques codant pour une protéine hétérologue ou homologue
ou un produit de gène.

5.

Cassette d’expression selon la revendication 4, caractérisée en ce que la séquence de promoteurs de Rubisco
est la SEQ ID NO:1.

6.

Cassette d’expression selon la revendication 4, caractérisée en ce que la séquence de promoteur de Rubisco est
la SEQ ID NO:3.

7.

Cassette d’expression selon la revendication 4, caractérisée en ce que la séquence d’acides nucléiques codant
pour la protéine hétérologue ou homologue ou le produit de gène est une séquence existant naturellement ou une
séquence de codons optimisée.

8.

Cassette d’expression selon la revendication 7, caractérisée en ce que la protéine hétérologue ou produit de gène
est une albumine du sérum humain.

9.

Cassette d’expression selon la revendication 7, caractérisée en ce que la protéine hétérologue ou homologue ou
produit de gène est une protéine médicalement active ou une partie de celle-ci.
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10. Cassette d’expression selon la revendication 7, caractérisée en ce que la protéine hétérologue ou homologue ou
produit de gène est un anticorps.

5

10

11. Plante transgénique, caractérisée en ce que la plante transgénique ou ses générations suivantes portent au moins
une cassette d’expression, qui comprend une séquence de promoteurs de Rubisco SEQ ID NO:1 ou SEQ ID NO:
3 fonctionnellement liée à une séquence d’acides nucléiques codant pour une protéine hétérologue ou un produit
de gène.
12. Plante transgénique selon la revendication 11,
caractérisée en ce qu’elle est une Brassica transgénique ou Camelina sativa transgénique.
13. Plante transgénique selon la revendication 11,
caractérisée en ce qu’elle est une Camelina sativa transgénique.

15

14. Semence transgénique dérivée de la plante transgénique selon la revendication 11, caractérisée en ce qu’elle
porte au moins une cassette d’expression qui comprend une séquence de promoteurs de Rubisco SEQ ID NO:1
ou SEQ ID NO:3 fonctionnellement liée à une séquence d’acides nucléiques codant pour une protéine hétérologue
ou un produit de gène.

20

15. Semence transgénique selon la revendication 14, caractérisée en ce qu’elle est une semence de Brassica transgénique ou une semence de Camelina sativa transgénique.
16. Semence transgénique selon la revendication 14, caractérisée en ce qu’elle est une semence de Camelina sativa
transgénique.

25

17. Semis transgénique dérivé de la semence transgénique germée selon la revendication 14, caractérisé en ce qu’il
porte au moins une cassette d’expression qui comprend une séquence de promoteurs de Rubisco SEQ ID NO:1
ou SEQ ID NO:3 fonctionnellement liée à une séquence d’acides nucléiques codant pour une protéine hétérologue
ou un produit de gène.
30

18. Semis transgénique selon la revendication 17,
caractérisé en ce qu’il est un semis de Brassica transgénique ou un semis de Camelina sativa transgénique.

35

19. Semis transgénique selon la revendication 17,
caractérisé en ce qu’il est un semis de Camelina sativa transgénique.
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