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(57) ABSTRACT 

The present invention is concerned with means and methods 
for allowing tissue specific and, in particular, seed specific 
expression of genes. The present invention, accordingly, 
relates to a polynucleotide comprising an expression control 
sequence which allows seed specific expression of a nucleic 
acid of interest being operatively linked thereto. Moreover, 
the present invention contemplates vectors, host cells, non 
human transgenic organisms comprising the aforementioned 
polynucleotide as well as methods and uses of Such a poly 
nucleotide. 

14 Claims, 4 Drawing Sheets 
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Fig. 1 
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PROMOTERS FROM BRASSICA NAPUSFOR 
SEED SPECIFIC GENE EXPRESSION 

RELATED APPLICATIONS 

This application is a national stage application (under 35 
U.S.C. S371) of PCT/EP2009/058138, filed Jun. 30, 2009, 
which claims benefit of European application 08159440.0. 
filed Jul. 1, 2008. 

SUBMISSION OF SEQUENCE LISTING 

The Sequence Listing associated with this application is 
filed in electronic format via EFS-Web and hereby incorpo 
rated by reference into the specification in its entirety. The 
name of the text file containing the Sequence Listing is 
Sequence Listing 17418 00062. The size of the text file is 
416 KB, and the text file was created on Dec. 28, 2010. 

FIELD OF THE INVENTION 

The present invention is concerned with means and meth 
ods for allowing tissue specific and, in particular, seed spe 
cific expression of genes. The present invention, accordingly, 
relates to a polynucleotide comprising an expression control 
sequence which allows seed specific expression of a nucleic 
acid of interest being operatively linked thereto. Moreover, 
the present invention contemplates vectors, host cells, non 
human transgenic organisms comprising the aforementioned 
polynucleotide as well as methods and uses of Such a poly 
nucleotide. 

BACKGROUND OF THE INVENTION 

In the field of “green’ (agricultural) biotechnology, plants 
are genetically manipulated in order to confer beneficial 
traits. These beneficial traits may be yield increase, tolerance 
increase, reduced dependency on fertilizers, herbicidal, pes 
ticidal- or fungicidal-resistance, or the capability of produc 
ing chemical specialties such as nutrients, drugs, oils for food 
and petrochemistry etc. 

In many cases, it is required to express a heterologous gene 
in the genetically modified plants at a rather specific location 
in order to obtain a plant exhibiting the desired beneficial 
trait. One major location for gene expression is the plant seed. 
In the seeds, many important synthesis pathways, e.g., in fatty 
acid synthesis, take place. Accordingly, expression of heter 
ologous genes in seeds allow for the manipulation of fatty 
acid synthesis pathways and, thus, for the provision of various 
fatty acid derivatives and lipid-based compounds. 

However, for many heterologous genes, a seed specific 
expression will be required. Promoters which allow for a seed 
specific expression are known in the art. Such promoters 
include the oilseed rape napin promoter (U.S. Pat. No. 5,608, 
152), the Vicia faba USP promoter (Baeumlein et al., Mol 
Gen Genet, 1991, 225 (3):459-67), the Arabidopsis oleosin 
promoter (WO 98/45461), the Phaseolus vulgaris phaseolin 
promoter (U.S. Pat. No. 5,504.200), the Brassica Bce4 pro 
moter (WO 91/13980) or the legumine B4 promoter (LeB4; 
Baeumlein et al., 1992, Plant Journal, 2 (2):233-9), and pro 
moters which bring about the seed-specific expression in 
monocotyledonous plants such as maize, barley, wheat, rye, 
rice and the like. Suitable noteworthy promoters are the bar 
ley Ipt2 or Ipt1 gene promoter (WO95/15389 and WO 
95/23230) or the promoters from the barley hordein gene, the 
rice glutelin gene, the rice oryzin gene, the rice prolamine 
gene, the wheat gliadine gene, the wheat glutelin gene, the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
maize Zeine gene, the oat glutelin gene, the Sorghum kasirin 
gene or the rye secalin gene, which are described in WO 
99/16890. 

However, there is a clear need for further expression con 
trol sequences such as promoters and terminators which allow 
for a reliable and efficient control of expression of foreign 
nucleic acids in seeds. 
The technical problem underlying this invention can be 

seen as the provision of means and methods complying with 
the aforementioned needs. The technical problem is solved by 
the embodiments characterized in the claims and herein 
below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a developmental expression analysis. Tissue 
types and developmental stages are given as listed in table 10. 
Samples 10, 11, 12 were pooled (assigned as 10), as well as 
samples 13, 14, 15 (assigned as 13). 

FIG. 2 shows the 18:3n-6 (GLA) content of seeds-oil of 
seeds harvested from transgenic plants harboring the T-DNA 
from vectors described in example 3. Shown are data from T1 
seeds and T2 seeds as indicated on top of the figure. Measure 
ments on T1 on seeds are on individual single seeds; mea 
surements on T2 seeds are on seed batches. The black line 
indicates the minimal and the maximal observation, the box 
reaches from the 25% quartil to the 75 quartil; the median is 
indicated as black line within the box. The number of indi 
vidual measurements is indicated as number above each box. 
FIG.3 shows the 18:3n-6 (GLA) and 18:4n-3 (SDA) con 

tent of seeds-oil of seeds harvested from transgenic Arabi 
dopsis plants harboring the T-DNA from vectors described in 
example 3. 

FIG. 4 illustrates for the different promoters the different 
ratios of the omega-3 fatty acid SDA to the omega-6 fatty acid 
GLA. 

DETAILED DESCRIPTION OF THE INVENTION 

Accordingly, the present invention relates to a polynucle 
otide comprising an expression control sequence which 
allows seed specific expression of a nucleic acid of interest 
being operatively linked thereto, said expression control 
sequence being selected from the group consisting of 

(a) an expression control sequence having a nucleic acid 
sequence as shown in any one of SEQID NOs: 1, 6, 9, 
14, 16, 22, 25, 70, 77, 85,95, 103, 111, 119, 124 or 131; 

(b) an expression control sequence having a nucleic acid 
sequence which is at least 80% identical to a nucleic acid 
sequence shown in any one of SEQID NOs: 1, 6, 9, 14, 
16, 22, 25, 70, 77, 85, 95, 103, 111, 119, 124 or 131; 

(c) an expression control sequence having a nucleic acid 
sequence which hybridizes under Stringent conditions to 
aa nucleic acid sequence as shown in any one of SEQID 
NOs: 1, 6, 9, 14, 16, 22, 25, 70, 77,85, 95, 103,111,119, 
124 or 131; 

(d) an expression control sequence having a nucleic acid 
sequence which hybridizes to a nucleic acid sequences 
located upstream of an open reading frame sequence 
shown in any one of SEQID NOs: 5, 13, 20, 21, 27, 28, 
71, 78, 86, 96,104, 112 or 125; 

(e) an expression control sequence having a nucleic acid 
sequence which hybridizes to a nucleic acid sequences 
located upstream of an open reading frame sequence 
being at least 80% identical to an open reading frame 
sequence as shown in any one of SEQID NOs: 5, 13, 20, 
21, 27, 28, 71,78, 86, 96, 104, 112 or 125; 
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(f) an expression control sequence obtainable by 5' genome 
walking or by thermal asymmetric interlaced poly 
merase chain reaction (TAIL-PCR) on genomic DNA 
from the first exon of an open reading frame sequence as 
shown in any one of SEQID NOs: 5, 13, 20, 21, 27, 28, 
71, 78, 86, 96,104,112 or 125; and 

(g) an expression control sequence obtainable by 5' 
genome walking or TAIL PCR on genomic DNA from 
the first exon of an open reading frame sequence being at 
least 80% identical to an open reading frame as shown in 
any one of SEQID NOs: 5, 13, 20, 21, 27, 28, 71,78, 86, 
96, 104, 112 or 125. 

The term “polynucleotide' as used herein refers to a linear 
or circular nucleic acid molecule. It encompasses DNA as 
well as RNA molecules. The polynucleotide of the present 
invention is characterized in that it shall comprise an expres 
sion control sequence as defined elsewhere in this specifica 
tion. In addition to the expression control sequence, the poly 
nucleotide of the present invention, preferably, further 
comprises at least one nucleic acid of interest being opera 
tively linked to the expression control sequence and/or a 
termination sequence or transcription. Thus, the polynucle 
otide of the present invention, preferably, comprises an 
expression cassette for the expression of at least one nucleic 
acid of interest. Alternatively, the polynucleotide may com 
prise in addition to the said expression control sequence a 
multiple cloning site and/or a termination sequence for tran 
Scription. In such a case, the multiple cloning site is, prefer 
ably, arranged in a manner as to allow for operative linkage of 
a nucleic acid to be introduced in the multiple cloning site 
with the expression control sequence. In addition to the afore 
mentioned components, the polynucleotide of the present 
invention, preferably, could comprise components required 
for homologous recombination, i.e. flanking genomic 
sequences from a target locus. However, also preferably, the 
polynucleotide of the present invention can essentially con 
sist of the said expression control sequence. 
The term “expression control sequence' as used herein 

refers to a nucleic acid which is capable of governing the 
expression of another nucleic acid operatively linked thereto, 
e.g. a nucleic acid of interest referred to elsewhere in this 
specification in detail. An expression control sequence as 
referred to in accordance with the present invention, prefer 
ably, comprises sequence motifs which are recognized and 
bound by polypeptides, i.e. transcription factors. The said 
transcription factors shall upon binding recruit RNA poly 
merases, preferably, RNA polymerase I, II or III, more pref 
erably, RNA polymerase II or III, and most preferably, RNA 
polymerase II. Thereby the expression of a nucleic acid 
operatively linked to the expression control sequence will be 
initiated. It is to be understood that dependent on the type of 
nucleic acid to be expressed, i.e. the nucleic acid of interest, 
expression as meant herein may comprise transcription of 
RNA polynucleotides from the nucleic acid sequence (as 
Suitable for, e.g., anti-sense approaches or RNAi approaches) 
or may comprises transcription of RNA polynucleotides fol 
lowed by translation of the said RNA polynucleotides into 
polypeptides (as Suitable for, e.g., gene expression and 
recombinant polypeptide production approaches). In order to 
govern expression of a nucleic acid, the expression control 
sequence may be located immediately adjacent to the nucleic 
acid to be expressed, i.e. physically linked to the said nucleic 
acid at its 5"end. Alternatively, it may be located in physical 
proximity. In the latter case, however, the sequence must be 
located so as to allow functional interaction with the nucleic 
acid to be expressed. An expression control sequence referred 
to herein, preferably, comprises between 200 and 5,000 
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4 
nucleotides in length. More preferably, it comprises between 
500 and 2,500 nucleotides and, more preferably, at least 1,000 
nucleotides. As mentioned before, an expression control 
sequence, preferably, comprises a plurality of sequence 
motifs which are required for transcription factor binding or 
for conferring a certain structure to the polynucletide com 
prising the expression control sequence. Sequence motifs are 
also sometimes referred to as cis-regulatory elements and, as 
meant herein, include promoter elements as well as enhancer 
elements. Preferred expression control sequences to be 
included into a polynucleotide of the present invention have a 
nucleic acid sequence as shown in any one of SEQID NOs: 1. 
6, 9, 14, 16, 22, 25, 70, 77, 85,95, 103,111,119, 124 and 131. 

Further preferably, an expression control sequence com 
prised by a polynucleotide of the present invention has a 
nucleic acid sequence which hybridizes to a nucleic acid 
sequences located upstream of an open reading frame 
sequence shown in any one of SEQID NOs: 5, 13, 20, 21, 27. 
28, 71,78, 86, 96,104,112 and 125, i.e. is a variant expression 
control sequence. It will be understood that expression con 
trol sequences may slightly differ in its sequences due to 
allelic variations. Accordingly, the present invention also 
contemplates an expression control sequence which can be 
derived from an open reading frame as shown in any one of 
SEQID NOs: 5, 13, 20, 21, 27, 28, 71,78,86, 96,104,112 and 
125. Said expression control sequences are capable of hybrid 
izing, preferably under stringent conditions, to the upstream 
sequences of the open reading frames shown in any one of 
SEQID NOs. 5, 13, 20, 21, 27, 28, 71,78,86, 96,104,112 and 
125, i.e. the expression control sequences shown in any one of 
SEQID NOS.: 1, 6, 9, 14, 16, 22, 25, 70, 77,85, 95, 103, 111, 
119, 124 and 131. Stringent hybridization conditions as 
meant herein are, preferably, hybridization conditions in 6x 
sodium chloride/sodium citrate (SSC) at approximately 45° 
C., followed by one or more wash steps in 0.2xSSC, 0.1% 
SDS at 53 to 65° C., preferably at 55° C., 56° C., 57°C., 58° 
C., 59° C., 60°C., 61° C., 62° C., 63°C., 64° C. or 65° C. The 
skilled worker knows that these hybridization conditions dif 
fer depending on the type of nucleic acid and, for example 
when organic solvents are present, with regard to the tem 
perature and concentration of the buffer. For example, under 
“standard hybridization conditions' the temperature differs 
depending on the type of nucleic acid between 42°C. and 58° 
C. in aqueous buffer with a concentration of 0.1 to 5xSSC (pH 
7.2). If organic solvent is present in the abovementioned 
buffer, for example 50% formamide, the temperature under 
standard conditions is approximately 42°C. The hybridiza 
tion conditions for DNA:DNA hybrids are preferably for 
example 0.1xSSC and 20° C. to 45° C., preferably between 
30° C. and 45° C. The hybridization conditions for DNA: 
RNA hybrids are preferably, for example, 0.1xSSC and 30° 
C. to 55° C., preferably between 45° C. and 55° C. The 
abovementioned hybridization temperatures are determined 
for example for a nucleic acid with approximately 100 bp 
(=base pairs) in length and a G+C content of 50% in the 
absence of formamide. Such hybridizing expression control 
sequences are, more preferably, at least 70%, at least 80%, at 
least 90%, at least 91%, at least 92%, at least 93%, at least 
94% at least 95%, at least 96%, at least 97%, at least 98%, or 
at least 99% identical to the expression control sequences as 
shown in any one of SEQID NOS.: 1, 6, 9, 14, 16, 22, 25.70, 
77, 85,95, 103, 111,119, 124 and 131. The percent identity 
values are, preferably, calculated over the entire nucleic acid 
sequence region. A series of programs based on a variety of 
algorithms is available to the skilled worker for comparing 
different sequences. In this context, the algorithms of Needle 
man and Wunsch or Smith and Waterman give particularly 
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reliable results. To carry out the sequence alignments, the 
program PileUp (J. Mol. Evolution., 25, 351-360, 1987, Hig 
gins 1989, CABIOS, 5: 151-153) or the programs Gap and 
BestFit (Needleman 1970 J. Mol. Biol. 48; 443-453 and 
Smith 1981, Adv. Appl. Math. 2; 482-489), which are part of 
the GCG software packet (Genetics Computer Group, 575 
Science Drive, Madison, Wis., USA53711 version 1991), are 
to be used. The sequence identity values recited above in 
percent (%) are to be determined, preferably, using the pro 
gram GAP over the entire sequence region with the following 
settings: Gap Weight: 50, Length Weight: 3, Average Match: 
10.000 and Average Mismatch: 0.000, which, unless other 
wise specified, shall always be used as standard settings for 
sequence alignments. 

Moreover, expression control sequences which allow for 
seed specific expression can not only be found upstream of 
the aforementioned open reading frames having a nucleic 
acid sequence as shown in any one of SEQID NOS. 5, 13, 20, 
21, 27, 28, 71, 78, 86, 96, 104, 112 and 125. Rather, expres 
sion control sequences which allow for seed specific expres 
sion can also be found upstream of orthologous, paralogous 
or homologous genes (i.e. open reading frames). Thus, also 
preferably, an variant expression control sequence comprised 
by a polynucleotide of the present invention has a nucleic acid 
sequence which hybridizes to a nucleic acid sequences 
located upstream of an open reading frame sequence being at 
least 70%, more preferably, at least 80%, at least 90%, at least 
91%, at least 92%, at least 93%, at least 94% at least 95%, at 
least 96%, at least 97%, at least 98%, or at least 99% identical 
to a sequence as shown in any one of SEQID NOs: 5, 13, 20, 
21, 27, 28, 71, 78, 86, 96,104,112 and 125. The said variant 
open reading shall encode a polypeptidehaving the biological 
activity of the corresponding polypeptide being encoded by 
the open reading frame shown in any one of SEQID NOS.: 5, 
13, 20, 21, 27, 28, 71, 78, 86, 96, 104, 112 and 125. In this 
context it should be mentioned that the open reading frame 
shown in SEQ ID NO: 5 encodes a polypeptide showing 
similarity to gibberlin responsive proteins, the open reading 
frame shown in SEQ ID NO: 13 encodes a polypeptide 
belonging to the pectinesterase family, the open reading 
frame shown in SEQ ID NO: 20 encodes “sinapoyl choline 
transferase 1 (SCT1), and the open reading frames shown in 
SEQ ID NO: 21 encodes “sinapoyl choline transferase 2 
(SCT2). These biological activities can be determined by 
those skilled in the art without furtherado. The open reading 
frames shown in SEQID NO: 27 and 28 encode polypeptides 
showing homology to seed proteins with yet unknown func 
tions. 

TABLE 1. 

Protein function of genes identified to be seed Specifically expressed: 

SEQID Protein function 

5 putative gibberelin responsive protein 
13 putative pectinesterase 
2O Sinapoyl choline transferase 
21 Sinapoyl choline transferase 
27 Seed protein 
28 Seed protein 
72 Seed protein 
8O CRU4 subunit of Cruciferin (seed storage protein) 
88 Myrosinase 
98 Seed protein 
106 serine proteinase inhibitor 
114 Transcription factor involved in embryonic development 
121 Glutathione S-transferase 
133 Seed protein 
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6 
Also preferably, a variant expression control sequence 

comprised by a polynucleotide of the present invention is (i) 
obtainable by 5' genome walking or TAIL, PCR from an open 
reading frame sequence as shown in any one of SEQID NOs: 
5, 13, 20, 21, 27, 28, 71,78, 86, 96, 104, 112 and 125 or (ii) 
obtainable by 5' genome walking or TAIL PCR from a open 
reading frame sequence being at least 80% identical to an 
open reading frame as shown in any one of SEQID NOs: 5, 
13, 20, 21, 27, 28, 71, 78, 86, 96, 104, 112 and 125. Variant 
expression control sequences are obtainable without further 
ado by the genome walking technology or by thermal asym 
metric interlaced polymerase chain reaction (TAIL-PCR) 
which can be carried out as described in the accompanying 
Examples by using, e.g., commercially available kits. 

Variant expression control sequences referred to in this 
specification for the expression control sequence shown in 
SEQID NO: 1, preferably, comprise at least 80, at least 90, at 
least 100, at least 110, at least 120, at least 130, at least 140 or 
all of the sequence motifs recited in Table 1. Variant expres 
sion control sequences referred to in this specification for the 
expression control sequence shown in SEQ ID NO: 6, pref 
erably, comprise at least 80, at least 90, at least 100, at least 
110 or all of the sequence motifs recited in Table 2. Variant 
expression control sequences referred to in this specification 
for the expression control sequence shown in SEQID NO: 9. 
preferably, comprise at least 40, at least 50, at least 60 or all of 
the sequence motifs recited in Table 3. Variant expression 
control sequences referred to in this specification for the 
expression control sequence shown in SEQID NO: 14, pref 
erably, comprise at least 50, at least 60, at least 70, at least 80, 
at least 90 or all of the sequence motifs recited in Table 4. 
Variant expression control sequences referred to in this speci 
fication for the expression control sequence shown in SEQID 
NO: 16, preferably, comprise at least 50, at least 60, at least 
70, at least 80, at least 90 or all of the sequence motifs recited 
in Table 5. Variant expression control sequences referred to in 
this specification for the expression control sequence shown 
in SEQID NO: 22, preferably, comprise at least 80, at least 
90, at least 100, at least 110, at least 120, at least 130 or all of 
the sequence motifs recited in Table 6. Variant expression 
control sequences referred to in this specification for the 
expression control sequence shown in SEQID NO: 25, pref 
erably, comprise at least 80, at least 100, at least 120, at least 
130, at least 140, at least 150 or all of the sequence motifs 
recited in Table 7. 

Variant expression control sequences referred to in this 
specification also, preferably, comprise at least the cis-regu 
latory elements referred to in Table 8, below. Even more 
preferably, the variant regulatory expression control 
sequences comprise said elements with the same frequency 
and distribution as referred to in Table 9 for the individual 
regulatory sequences. 
The term “seed specific' as used herein means that a 

nucleic acid of interest being operatively linked to the expres 
sion control sequence referred to herein will be predomi 
nantly expressed in seeds when present in a plant. A predomi 
nant expression as meant herein is characterized by a 
statistically significantly higher amount of detectable tran 
Scription in the seeds with respect to other plant tissues. A 
statistically significant higher amount of transcription is, 
preferably, an amount being at least two-fold, three-fold, 
four-fold, five-fold, ten-fold, hundred-fold, five hundred-fold 
or thousand-fold the amount found in at least one of the other 
tissues with detectable transcription. Alternatively, it is an 
expression in seeds whereby the amount of transcription in 
non-seed tissues is less than 1%. 2%. 3%, 4% or most pref 
erably 5% of the overall (whole plant) amount of expression. 
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The amount of transcription directly correlates to the amount 
of transcripts (i.e. RNA) or polypeptides encoded by the 
transcripts present in a cell or tissue. Suitable techniques for 
measuring transcription either based on RNA or polypeptides 
are well known in the art. Seed specific alternatively and, 
preferably in addition to the above, means that the expression 
is restricted or almost restricted to seeds, i.e. there is essen 
tially no detectable transcription in other tissues. Almost 
restricted as meant herein means that unspecific expression is 
detectable in less than ten, less than five, less than four, less 
than three, less than two or one other tissue(s). Seed specific 
expression as used herein includes expression in seed cells or 
their precursors, such as cells of the endosperm and of the 
developing embryo. 
An expression control sequences can be tested for seed 

specific expression by determining the expression pattern of a 
nucleic acid of interest, e.g., a nucleic acid encoding a 
reporter protein, Such as GFP, in a transgenic plant. Trans 
genic plants can be generated by techniques well known to the 
person skilled in the art and as discussed elsewhere in this 
specification. The aforementioned amounts or expression 
pattern are, preferably, determined by Northern Blot or in situ 
hybridization techniques as described in WO 02/102970 in 
Brassica napus plants, more preferably, at 20, 25, 30, 35 or 40 
days after flowering. Preferred expression pattern for the 
expression control sequences according to the present inven 
tion are shown in the Figure or described in the accompanying 
Examples, below. 
The term “nucleic acid of interest” refers to a nucleic acid 

which shall be expressed under the control of the expression 
control sequence referred to herein. Preferably, a nucleic acid 
of interest encodes a polypeptide the presence of which is 
desired in a cell or non-human organism as referred to herein 
and, in particular, in a plant seed. Such a polypeptide may be 
an enzyme which is required for the synthesis of seed storage 
compounds or may be a seed storage protein. It is to be 
understood that if the nucleic acid of interest encodes a 
polypeptide, transcription of the nucleic acid in RNA and 
translation of the transcribed RNA into the polypeptide may 
be required. A nucleic acid of interest, also preferably, 
includes biologically active RNA molecules and, more pref 
erably, antisense RNAs, ribozymes, microRNAs or siRNAs. 
Said biologically active RNA molecules can be used to 
modify the amount of a target polypeptide present in a cell or 
non-human organism. For example, an undesired enzymatic 
activity in a seed can be reduced due to the seed specific 
expression of an antisense RNAs, ribozymes, microRNAs or 
siRNAs. The underlying biological principles of action of the 
aforementioned biologically active RNA molecules are well 
known in the art. Moreover, the person skilled in the artis well 
aware of how to obtain nucleic acids which encode such 
biologically active RNA molecules. It is to be understood that 
the biologically active RNA molecules may be directly 
obtained by transcription of the nucleic acid of interest, i.e. 
without translation into a polypeptide. It is to be understood 
that the expression control sequence may also govern the 
expression of more than one nucleic acid of interest, i.e. at 
least one, at least two, at least three, at least four, at least five 
etc. nucleic acids of interest. 
The term “operatively linked as used herein means that 

the expression control sequence of the present invention and 
a nucleic acid of interest, are linked so that the expression can 
be governed by the said expression control sequence, i.e. the 
expression control sequence shall be functionally linked to 
said nucleic acid sequence to be expressed. Accordingly, the 
expression control sequence and, the nucleic acid sequence to 
be expressed may be physically linked to each other, e.g., by 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
inserting the expression control sequence at the 5"end of the 
nucleic acid sequence to be expressed. Alternatively, the 
expression control sequence and the nucleic acid to be 
expressed may be merely in physical proximity so that the 
expression control sequence is capable of governing the 
expression of at least one nucleic acid sequence of interest. 
The expression control sequence and the nucleic acid to be 
expressed are, preferably, separated by not more than 500 bp, 
300 bp, 100 bp, 80 bp, 60 bp, 40 bp, 20 bp, 10 bp or 5bp. 

Advantageously, it has been found in the studies underly 
ing the present invention that seed specific expression of a 
nucleic acid of interest can be achieved by expressing said 
nucleic acid of interest under the control of an expression 
control sequence from Brassica napus or a variant expression 
control sequence as specified above. The expression control 
sequences provided by the present invention allow for a reli 
able and highly specific expression of nucleic acids of inter 
est. Thanks to the present invention, it is possible to (i) spe 
cifically manipulate biochemical processes in seeds, e.g., by 
expressing heterologous enzymes or biologically active 
RNAS, or (ii) to produce heterologous proteins in seeds. In 
principle, the present invention contemplates the use of the 
polynucleotide, the vector, the host cell or the non-human 
transgenic organism for the expression of a nucleic acid of 
interest. Preferably, the envisaged expression is seed specific. 
More preferably, the nucleic acid of interest to be used in the 
various embodiments of the present invention encodes a seed 
storage protein or is involved in the modulation of seed stor 
age compounds. 
As used herein, seed storage compounds include fatty acids 

and triacylglycerides which have a multiplicity of applica 
tions in the food industry, in animal nutrition, in cosmetics 
and the pharmacological sector. Depending on whether they 
are free Saturated or unsaturated fatty acids or else triacylg 
lycerides with an elevated content of saturated or unsaturated 
fatty acids, they are suitable for various different applications. 
More preferably, the polynucleotide of the present invention 
comprising the expression control sequence referred to above 
is applied for the manufacture of polyunsaturated fatty acids 
(PUFAs). For the manufacture of PUFAs in seeds, the activity 
of enzymes involved in their synthesis, in particular, elon 
gases and desaturases, needs to be modulated. This will be 
achieved by seed specific expression of the nucleic acids of 
interest encoding the aforementioned enzymes or by seed 
specific expression of antisense, ribozyme, RNAi molecules 
which downregulate the activity of the enzymes by interfer 
ing with their protein synthesis. PUFAS are seed storage com 
pounds which can be isolated by a Subsequently applied puri 
fication process using the aforementioned seeds. 

Particularly preferred PUFAs in accordance with the 
present invention are polyunsaturated long-chain ()-3-fatty 
acids such as eicosapentaenoic acid (=EPA, C20: 
5^*'''''7), co-3 eicostetraenic acid (=ETA, C20: 
4A.'''''7), arachidonic acid (=ARA C20:4A*I''') or 
docosahexaenoic acid (=DHA, C22:6''''''''). They 
are important components of human nutrition owing to their 
various roles in health aspects, including the development of 
the child brain, the functionality of the eyes, the synthesis of 
hormones and other signal Substances, and the prevention of 
cardiovascular disorders, cancer and diabetes (Poulos, A Lip 
ids 30:1-14, 14.'''''7995: Horrocks, L A and Yeo Y K 
Pharmacol Res 40:211-225, 1999). There is, therefore, a need 
for the production of polyunsaturated long-chain fatty acids. 

Particular preferred enzymes involved in the synthesis of 
PUFAs are disclosed in WO91/13972 (A9-desaturase), WO 
93/11245 (A15-desaturase), WO 94/11516 (A12-desaturase), 
EP A 0 550 162, WO 94/18337, WO 97/30582, WO 
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97/21340, WO95/18222, EPA 0 794. 250, Stukey et al., J. 
Biol. Chem., 265, 1990: 20144-2014.9, Wada et al., Nature 
347, 1990: 200-203 or Huanget al., Lipids 34, 1999: 649-659. 
A6-Desaturases are described in WO 93/06712, U.S. Pat. No. 
5,614,393, U.S. Pat. No. 5,614,393, WO 96/21022, WO 
00/21557 and WO99/27111, and also the application for the 
production in transgenic organisms is described in WO 
98/46763, WO 98/46764 and WO 98/46765. Here, the 
expression of various desaturases is also described and 
claimed in WO99/64616 or WO98/46776, as is the formation 
of polyunsaturated fatty acids. As regards the expression effi 
cacy of desaturases and its effect on the formation of polyun 
saturated fatty acids, it must be noted that the expression of a 
single desaturase as described to date has only resulted in low 
contents of unsaturated fatty acids/lipids Such as, for 
example, Y-linolenic acid and Stearidonic acid. Furthermore, 
mixtures of ()-3- and (0-6-fatty acids are usually obtained. 

Furthermore, the present invention relates to a polynucle 
otide comprising an expression termination sequence which 
allows for termination of transcription of a nucleic acid of 
interest being operatively linked thereto, said expression ter 
mination sequence being selected from the group consisting 
of: 

(a) a expression termination sequence having a nucleic acid 
sequence as shown in any one of SEQID NOS: 2, 7, 10, 
15, 17, 23, 71,78, 86, 96, 104, 112, or 125; 

(b) a expression termination sequence having a nucleic 
acid sequence which is at least 80% identical to a nucleic 
acid sequence as shown in any one of SEQ ID NOs: 
which hybridizes under stringent conditions to a nucleic 
acid sequence as shown in any one of SEQID NOS: 2, 7, 
10, 15, 17, 23, 71,78, 86, 96,104, 112, or 125; 

(c) a expression termination sequence having a nucleic acid 
sequence which hybridizes under Stringent conditions to 
a nucleic acid sequence as shown in any one of SEQID 
NOs: 2, 7, 10, 15, 17, 23, 71,78, 86, 96,104,112, or 125; 

(d) a expression termination sequence having a nucleic 
acid sequence which hybridizes to a nucleic acid 
sequences located downstream of an open reading frame 
sequence shown in any one of SEQID NOs: 5, 13, 20, 
21, 27, 28, 71,78, 86, 96, 104, 112 or 125; 

(e)a expression termination sequence having a nucleic acid 
sequence which hybridizes to a nucleic acid sequences 
located downstream of an open reading frame sequence 
being at least 80% identical to an open reading frame 
sequence as shown in any one of SEQID NOs: 5, 13, 20, 
21, 27, 28, 71,78, 86, 96, 104, 112 or 125; 

(f) a expression termination sequence obtainable by 3' 
genome walking or TAIL PCR on genomic DNA from 
the last exon of an open reading frame sequence as 
shown in any one of SEQID NOs: 5, 13, 20, 21, 27, 28, 
71, 78, 86, 96,104,112 or 125; and 

(g) a expression termination sequence obtainable by 3' 
genome walking or TAIL PCR on genomic DNA from 
the last exon of an open reading frame sequence being at 
least 80% identical to an open reading frame as shown in 
any one of SEQID NOs: 5, 13, 20, 21, 27, 28, 71,78, 86, 
96, 104, 112 or 125. 

The term "expression termination sequence' as used 
herein refers to a nucleic acid which is capable of governing 
the termination of the process of RNA transcription of a 
nucleic acid operatively linked thereto, e.g. a nucleic acid of 
interest referred to elsewhere in this specification in detail. A 
termination sequence as referred to in accordance with the 
present invention, preferably, contains a polyadenylation sig 
nal and furthermore mediates dissociation of RNA poly 
merases, preferably, RNA polymerase I, II or III, more pref 
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10 
erably, RNA polymerase II or III, and most preferably, RNA 
polymerase II from the transcribed DNA. Thereby the elon 
gation of a RNA transcript, transcribed from a nucleic acid 
operatively linked to the termination sequence will be termi 
nated and the RNA will be released. In order to govern ter 
mination of transcription of a nucleic acid, the expression 
control sequence may be located immediately adjacent to the 
nucleic acid whose expression is to be terminated, i.e. physi 
cally linked to the said nucleic acid at its 3"end. Alternatively, 
it may be located in physical proximity. In the latter case, 
however, the sequence must be located so as to allow func 
tional interaction with the nucleic acid whose transcription is 
to be terminated. A termination sequence referred to herein, 
preferably, comprises between 50 and 2,000 nucleotides in 
length. More preferably, it comprises between 100 and 800 
nucleotides and, more preferably, at least 100 nucleotides. 
Preferred expression termination sequences are those com 
prised by the polynucleotide referred to above. 

Furthermore, the definitions and explanations of the terms 
made above apply mutatis muandis except as specified herein 
below. 

For termination sequences, the term “operatively linked' 
means that the termination sequence of the present invention 
and a nucleic acid of interest, are linked so that the termina 
tion of transcription of the mRNA can be governed by said 
termination sequence, i.e. the termination sequence shall be 
functionally linked to said nucleic acid sequence whose tran 
Scription is to be terminated. Accordingly, the expression 
control sequence, the nucleic acid sequence to be expressed 
and the termination sequence may be physically linked to 
each other, e.g., by inserting the expression control sequence 
at the 5"end of the nucleic acid sequence to be expressed 
and/or inserting the termination sequence at the 3' end of the 
nucleic acid sequence whose transcription is to be terminated. 
Alternatively, the expression control sequence and the 
nucleic acid to be expressed may be merely in physical proX 
imity so that the expression control sequence is capable of 
governing the expression of at least one nucleic acid sequence 
of interest. The termination sequence and the nucleic acid 
whose transcription is to be terminated are, preferably, sepa 
rated by not more than 50 bp, 40 bp, 20 bp, 10 bp or 5bp. 

Advantageously, the polynucleotide of the present inven 
tion comprising a expression termination sequence can be 
also applied for efficient expression control in plants and, in 
particular, plant seeds. Specifically, the expression termina 
tion sequence allows for accurate termination of transcription 
of the DNA into RNA after the nucleic acid sequence of 
interest has been transcribed. Thus, the transcription of 
undesired nucleic acid sequences is avoided. 
The present invention also relates to a vector comprising 

the polynucleotide of the present invention. 
The term “vector, preferably, encompasses phage, plas 

mid, viral or retroviral vectors as well as artificial chromo 
Somes, such as bacterial or yeast artificial chromosomes. 
Moreover, the term also relates to targeting constructs which 
allow for random or site-directed integration of the targeting 
construct into genomic DNA. Such target constructs, prefer 
ably, comprise DNA of sufficient length for either homolo 
gous or heterologous recombination as described in detail 
below. The vector encompassing the polynucleotides of the 
present invention, preferably, further comprises selectable 
markers for propagation and/or selection in a host. The vector 
may be incorporated into a host cell by various techniques 
well known in the art. If introduced into a host cell, the vector 
may reside in the cytoplasm or may be incorporated into the 
genome. In the latter case, it is to be understood that the vector 
may further comprise nucleic acid sequences which allow for 



US 8,853,383 B2 
11 

homologous recombination or heterologous insertion. Vec 
tors can be introduced into prokaryotic or eukaryotic cells via 
conventional transformation or transfection techniques. The 
terms “transformation' and “transfection', conjugation and 
transduction, as used in the present context, are intended to 
comprise a multiplicity of prior-art processes for introducing 
foreign nucleic acid (for example DNA) into a host cell, 
including calcium phosphate, rubidium chloride or calcium 
chloride coprecipitation, DEAE-dextran-mediated transfec 
tion, lipofection, natural competence, carbon-based clusters, 
chemically mediated transfer, electroporation or particle 
bombardment (e.g., “gene-gun). Suitable methods for the 
transformation or transfection of host cells, including plant 
cells, can be found in Sambrook et al. (Molecular Cloning: A 
Laboratory Manual. 2" ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y., 1989) and other laboratory manuals, such as Methods in 
Molecular Biology, 1995, Vol. 44, Agrobacterium protocols, 
Ed.: Gartland and Davey, Humana Press, Totowa, N.J. Alter 
natively, a plasmid vector may be introduced by heat shock or 
electroporation techniques. Should the vector be a virus, it 
may be packaged in vitro using an appropriate packaging cell 
line prior to application to host cells. Retroviral vectors may 
be replication competent or replication defective. In the latter 
case, viral propagation generally will occur only in comple 
menting host/cells. 

Preferably, the vector referred to herein is suitable as a 
cloning vector, i.e. replicable in microbial systems. Such 
vectors ensure efficient cloning in bacteria and, preferably, 
yeasts or fungi and make possible the stable transformation of 
plants. Those which must be mentioned are, in particular, 
various binary and co-integrated vector systems which are 
suitable for the T-DNA-mediated transformation. Such vector 
systems are, as a rule, characterized in that they contain at 
least the Virgenes, which are required for the Agrobacterium 
mediated transformation, and the sequences which delimit 
the T-DNA (T-DNA border). These vector systems, prefer 
ably, also comprise further cis-regulatory regions such as 
promoters and terminators and/or selection markers with 
which Suitable transformed host cells or organisms can be 
identified. While co-integrated vector systems have vir genes 
and T-DNA sequences arranged on the same vector, binary 
systems are based on at least two vectors, one of which bears 
vir genes, but no T-DNA, while a second one bears T-DNA, 
but no Virgene. As a consequence, the last-mentioned vectors 
are relatively small, easy to manipulate and can be replicated 
both in E. coli and in Agrobacterium. These binary vectors 
include vectors from the pBIB-HYG, pPZP pBecks, pGreen 
series. Preferably used in accordance with the invention are 
Bin19, pBUI101, pBinAR, pGPTV, pSUN and pCAMBIA. 
An overview of binary vectors and their use can be found in 
Hellens et al. Trends in Plant Science (2000) 5, 446-451. 
Furthermore, by using appropriate cloning vectors, the poly 
nucleotide of the invention can be introduced into host cells or 
organisms such as plants or animals and, thus, be used in the 
transformation of plants, such as those which are published, 
and cited, in: Plant Molecular Biology and Biotechnology 
(CRC Press, Boca Raton, Fla.), chapter 6/7, pp. 71-119 
(1993); F. F. White, Vectors for Gene Transfer in Higher 
Plants; in: Transgenic Plants, Vol. 1, Engineering and Utili 
zation, Ed. Kung and R. Wu, Academic Press, 1993, 15-38: 
B. Jenes et al., Techniques for Gene Transfer, in: Transgenic 
Plants, Vol. 1, Engineering and Utilization, Ed. Kung and R. 
Wu, Academic Press (1993), 128-143; Potrykus, Annu. Rev. 
Plant Physiol. Plant Molec. Biol. 42 (1991), 205-225. 
More preferably, the vector of the present invention is an 

expression vector. In such an expression vector, the poly 
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nucleotide comprises an expression cassette as specified 
above allowing for expression in eukaryotic cells or isolated 
fractions thereof. An expression vector may, in addition to the 
polynucleotide of the invention, also comprise further regu 
latory elements including transcriptional as well as transla 
tional enhancers. Preferably, the expression vector is also a 
gene transfer or targeting vector. Expression vectors derived 
from viruses such as retroviruses, vaccinia virus, adeno-as 
Sociated virus, herpesviruses, or bovine papilloma virus, may 
be used for delivery of the polynucleotides or vector of the 
invention into targeted cell population. Methods which are 
well known to those skilled in the art can be used to construct 
recombinant viral vectors; see, for example, the techniques 
described in Sambrook, Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory (1989) N.Y. and 
Ausubel, Current Protocols in Molecular Biology, Green 
Publishing Associates and Wiley Interscience, N.Y. (1994). 

Suitable expression vector backbones are, preferably, 
derived from expression vectors known in the art Such as 
Okayama-Berg cDNA expression vector pcDV1 (Pharma 
cia), pCDM8, p.Rc/CMV, pcDNA1, pcDNA3 (Invitrogene) or 
pSPORT1 (GIBCOBRL). Further examples of typical fusion 
expression vectors are pGEX (Pharmacia Biotech Inc.; Smith, 
D. B., and Johnson, K. S. (1988) Gene 67:31-40), pMAL 
(New England Biolabs, Beverly, Mass.) and pRIT5 (Pharma 
cia, Piscataway, N.J.), where glutathione S-transferase 
(GST), maltose E-binding protein and protein A, respectively, 
are fused with the nucleic acid of interest encoding a protein 
to be expressed. The target gene expression of the pTrc Vector 
is based on the transcription from a hybrid trp-lac fusion 
promoter by host RNA polymerase. The target gene expres 
sion from the pET 11d vector is based on the transcription of 
a T7-gn10-lac fusion promoter, which is mediated by a coex 
pressed viral RNA polymerase (T7 gn1). This viral poly 
merase is provided by the host strains BL21 (DE3) or 
HMS174 (DE3) from a resident w-prophage which harbors a 
T7 gn1 gene under the transcriptional control of the lacUV 5 
promoter. Examples of vectors for expression in the yeast S. 
cerevisiae comprise pYepSec1 (Baldarietal. (1987) Embo J. 
6:229-234), pMFa (Kurjan and Herskowitz (1982) Cell 
30:933-943), p.JRY88 (Schultz et al. (1987) Gene 54: 113 
123) and pYES2 (Invitrogen Corporation, San Diego, Calif.). 
Vectors and processes for the construction of vectors which 
are suitable for use in other fungi. Such as the filamentous 
fungi, comprise those which are described in detail in: Van 
den Hondel, C. A. M. J. J., & Punt, P.J. (1991)“Gene transfer 
systems and vector development for filamentous fungi, in: 
Applied Molecular Genetics of fungi, J. F. Peberdy et al., Ed., 
pp. 1-28, Cambridge University Press: Cambridge, or in: 
More Gene Manipulations in Fungi (J. W. Bennett & L. L. 
Lasure, Ed., pp. 396-428: Academic Press: San Diego). Fur 
ther suitable yeast vectors are, for example, p.AG-1, YEp6, 
YEp13 or pEMBLYe23. As an alternative, the polynucle 
otides of the present invention can be also expressed in insect 
cells using baculovirus expression vectors. Baculovirus vec 
tors which are available for the expression of proteins in 
cultured insect cells (for example Sf9 cells) comprise the p Ac 
series (Smith et al. (1983) Mol. Cell. Biol. 3:2156-2165) and 
the pVL series (Lucklow and Summers (1989) Virology 170: 
31-39). 
The polynucleotides of the present invention can be used 

for expression of a nucleic acid of interest in single-cell plant 
cells (such as algae), see Falciatore et al., 1999, Marine Bio 
technology 1 (3):239-251 and the references cited therein, 
and plant cells from higher plants (for example Spermato 
phytes, such as arable crops) by using plant expression vec 
tors. Examples of plant expression vectors comprise those 
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which are described in detail in: Becker, D., Kemper, E. 
Schell, J., and Masterson, R. (1992) "New plant binary vec 
tors with selectable markers located proximal to the left bor 
der, Plant Mol. Biol. 20:1195-1197; and Bevan, M. W. 
(1984) “Binary Agrobacterium vectors for plant transforma 
tion, Nucl. Acids Res. 12:8711-8721; Vectors for Gene 
Transfer in Higher Plants; in: Transgenic Plants, Vol. 1, Engi 
neering and Utilization, Ed. Kung and R. Wu, Academic 
Press, 1993, p. 15-38. A plant expression cassette, preferably, 
comprises regulatory sequences which are capable of control 
ling the gene expression in plant cells and which are func 
tionally linked so that each sequence can fulfill its function, 
Such as transcriptional termination, for example polyadeny 
lation signals. Preferred polyadenylation signals are those 
which are derived from Agrobacterium tumefaciens T-DNA, 
such as the gene 3 of the Ti plasmid pTiACH5, which is 
known as octopine synthase (Gielen et al., EMBO.J. 3 (1984) 
835 et seq.) or functional equivalents of these, but all other 
terminators which are functionally active in plants are also 
Suitable. Since plant gene expression is very often not limited 
to transcriptional levels, a plant expression cassette prefer 
ably comprises other functionally linked sequences such as 
translation enhancers, for example the overdrive sequence, 
which comprises the 5'-untranslated tobacco mosaic virus 
leader sequence, which increases the protein/RNA ratio (Gal 
lie et al., 1987, Nucl. Acids Research 15:8693-8711). Other 
preferred sequences for the use in functional linkage in plant 
gene expression cassettes are targeting sequences which are 
required for targeting the gene product into its relevant cell 
compartment (for a review, see Kermode, Crit. Rev. Plant Sci. 
15, 4 (1996) 285-423 and references cited therein), for 
example into the vacuole, the nucleus, all types of plastids, 
Such as amyloplasts, chloroplasts, chromoplasts, the extracel 
lular space, the mitochondria, the endoplasmic reticulum, oil 
bodies, peroxisomes and other compartments of plant cells. 

The abovementioned vectors are only a small overview of 
vectors to be used in accordance with the present invention. 
Further vectors are known to the skilled worker and are 
described, for example, in: Cloning Vectors (Ed., Pouwels, P. 
H., et al., Elsevier, Amsterdam-New York-Oxford, 1985, 
ISBN 0444904018). For further suitable expression systems 
for prokaryotic and eukaryotic cells see the chapters 16 and 
17 of Sambrook, J., Fritsch, E. F., and Maniatis, T., Molecular 
Cloning: A Laboratory Manual. 2" edition, Cold Spring Har 
bor Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989. 
The present invention also contemplates a host cell com 

prising the polynucleotide or the vector of the present inven 
tion. 

Host cells are primary cells or cell lines derived from 
multicellular organisms such as plants or animals. Further 
more, host cells encompass prokaryotic or eukaryotic single 
cell organisms (also referred to as micro-organisms). Primary 
cells or cell lines to be used as host cells in accordance with 
the present invention may be derived from the multicellular 
organisms referred to below. Host cells which can be 
exploited are furthermore mentioned in: Goeddel, Gene 
Expression Technology: Methods in Enzymology 185, Aca 
demic Press, San Diego, Calif. (1990). Specific expression 
strains which can be used, for example those with a lower 
protease activity, are described in: Gottesman, S., Gene 
Expression Technology: Methods in Enzymology 185, Aca 
demic Press, San Diego, Calif. (1990) 119-128. These include 
plant cells and certain tissues, organs and parts of plants in all 
their phenotypic forms such as anthers, fibers, root hairs, 
stalks, embryos, calli, cotelydons, petioles, harvested mate 
rial, plant tissue, reproductive tissue and cell cultures which 
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are derived from the actual transgenic plant and/or can be 
used for bringing about the transgenic plant. Preferably, the 
host cells may be obtained from plants. More preferably, oil 
crops are envisaged which comprise large amounts of lipid 
compounds, such as oilseed rape, evening primrose, hemp, 
thistle, peanut, canola, linseed, soybean, Safflower, Sunflower, 
borage, or plants such as maize, wheat, rye, oats, triticale, 
rice, barley, cotton, cassava, pepper, Tagetes, Solanaceae 
plants such as potato, tobacco, eggplant and tomato, Vicia 
species, pea, alfalfa, bushy plants (coffee, cacao, tea), Salix 
species, trees (oil palm, coconut) and perennial grasses and 
fodder crops. Especially preferred plants according to the 
invention are oil crops such as Soybean, peanut, oilseed rape, 
canola, linseed, hemp, evening primrose, Sunflower, saf 
flower, trees (oil palm, coconut). Suitable methods for obtain 
ing host cells from the multicellular organisms referred to 
below as well as conditions for culturing these cells are well 
known in the art. 
The micro-organisms are, preferably, bacteria or fungi 

including yeasts. Preferred fungi to be used in accordance 
with the present invention are selected from the group of the 
families Chaetomiaceae, Choanephoraceae, Cryptococ 
caceae, Cunninghamellaceae, Demetiaceae, Moniliaceae, 
Mortierellaceae. Mucoraceae, Pythiaceae, Sacharomyceta 
ceae, Saprolegniaceae, Schizosacharomycetaceae, Sodari 
aceae or Tuberculariaceae. Further preferred micro-organ 
isms are selected from the group: Choanephoraceae such as 
the genera Blakeslee, Choanephora, for example the genera 
and species Blakeslea trispora, Choanephora cucurbitarum, 
Choanephora infundibulifera var. cucurbitarum, Mortierel 
laceae, such as the genus Mortierella, for example the genera 
and species Mortierella isabefina, Mortierella polycephala, 
Mortierella ramanniana, Mortierella vinacea, Mortierella 
Zonata, Pythiaceae Such as the genera Phytium, hytophthora 
for example the genera and species Pythium debaryanum, 
Pythium intermedium, Pythium irregulare, Pythium megala 
canthum, Pythium paroecandrum, Pythium sylvaticum, 
Pythium ultimum, Phytophthora cactorum, Phytophthora 
cinnamomi, Phytophthora citricola, Phytophthora citro 
phthora, Phytophthora cryptogea, Phytophthora drechsleri, 
Phytophthora erythro septica, Phytophthora lateralis, Phy 
tophthora megasperma, Phytophthora nicotianae, Phytoph 
thora nicotianae var. parasitica, Phytophthora palmivora, 
Phytophthora parasitica, Phytophthora syringae, Saccharo 
mycetaceae such as the genera Hansenula, Pichia, Saccha 
romyces, Saccharomycodes, Yarrowia for example the genera 
and species Hansenula anomala, Hansenula Californica, 
Hansenula Canadensis, Hansenula capsulata, Hansenula 
ciferri, Hansenula glucozyma, Hansenula henricii, 
Hansenula holstii, Hansenula minuta, Hansenula nonfer 
mentans, Hansenula philodendri, Hansenula polymorpha, 
Hansenula saturnus, Hansenula subpelliculosa, Hansenula 
wickerhamii, Hansenula wingei, Pichia alcoholophila, 
Pichia angusta, Pichia anomala, Pichia bispora, Pichia bur 
tonii, Pichia Canadensis, Pichia capsulata, Pichia Carsonii, 
Pichia cellobiosa, Pichia ciferrii, Pichiafarinosa, Pichia 
fermentans, Pichia finlandica, Pichia glucozyma, Pichia 
guilliermondii, Pichia haplophila, Pichia henricii, Pichia 
holstii, Pichia jadinii, Pichia lindnerii, Pichia membranae 

60 faciens, Pichia methanolica, Pichia minuta var. minuta, 
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Pichia minuta var. nonfermentans, Pichia norvegensis, 
Pichia ohmeri, Pichia pastoris, Pichia philodendri, Pichia 
pini, Pichia polymorpha, Pichia quercuum, Pichia rhodan 
ensis, Pichia sargentensis, Pichia stipitis, Pichia strasbur 
gensis, Pichia subpelliculosa, Pichia toletana, Pichia treh 
alophila, Pichia vini, Pichia xylosa, Saccharomyces aceta, 
Saccharomyces bailii, Saccharomyces bavanus, Saccharo 
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myces bisporus, Saccharomyces capensis, Saccharomyces 
Carlsbergensis, Saccharomyces cerevisiae, Saccharomyces 
cerevisiae var. ellipsoideus, Saccharomyces chevalieri, Sac 
charomyces delbrueckii, Saccharomyces diastaticus, Saccha 
romyces drosophilarum, Saccharomyces elegans, Saccharo 
myces ellipsoideus, Saccharomyces fermentati, 
Saccharomyces florentinus, Saccharomyces fragilis, Saccha 
romyces heterogenicus, Saccharomyces hienipiensis, Sac 
charomyces inusitatus, Saccharomyces italicus, Saccharo 
myces kluyveri, Saccharomyces krusei, Saccharomyces 
lactis, Saccharomyces marxianus, Saccharomyces microel 
lipsoides, Saccharomyces montanus, Saccharomyces nor 
bensis, Saccharomyces Oleaceus, Saccharomyces paradoxus, 
Saccharomyces pastorianus, Saccharomyces pretoriensis, 
Saccharomyces rosea, Saccharomyces rouxii, Saccharomy 
ces uvarum, Saccharomycodes ludwigii, Yarrowia lipolytica, 
Schizosacharomycetaceae Such as the genera Schizosaccha 
romyces e.g. the species Schizosaccharomyces japonicus var. 
japonicus, Schizosaccharomyces japonicus var. versatilis, 
Schizosaccharomyces malide vorans, Schizosaccharomyces 
Octosporus, Schizosaccharomyces pombe var. malidevOrans, 
Schizosaccharomyces pombe var. pombe, Thraustochytri 
aceae such as the genera Althornia, Aplanochytrium, 
Japonochytrium, Schizochytrium, Thraustochytrium e.g. the 
species Schizochytrium aggregatum, Schizochytrium limaci 
num, Schizochytrium mangrovei, Schizochytrium minutum, 
Schizochytrium Octosporum, Thraustochytrium aggregatum, 
Thraustochytrium amoeboideum, Thraustochytrium antacti 
cum, Thraustochytrium arudimentale, Thraustochytrium 
aureum, Thraustochytrium benthicola, Thraustochytrium 
globosum, Thraustochytrium indicum, Thraustochytrium 
kerguelense, Thraustochytrium kinnei, Thraustochytrium 
motivum, Thraustochytrium multirudimentale, Thraus 
tochytrium pachydermum, Thraustochytrium proliferum, 
Thraustochytrium roseum, Thraustochytrium rossii, Thraus 
tochytrium striatum or Thraustochytrium visurgense. Further 
preferred microorganisms are bacteria selected from the 
group of the families Bacillaceae, Enterobacteriacae or 
Rhizobiaceae. Examples of Such micro-organisms may be 
selected from the group: Bacillaceae such as the genera Bacil 
lus for example the genera and species Bacillus acidocal 
darius, Bacillus acidoterrestris, Bacillus alcalophilus, Bacil 
lus amyloliquefaciens, Bacillus amylolyticus, Bacillus brevis, 
Bacillus cereus, Bacillus circulans, Bacillus coagulans, 
Bacillus sphaericus Subsp. fusiformis, Bacillus galactophi 
lus, Bacillus globisporus, Bacillus globisporus Subsp. mari 
nus, Bacillus halophilus, Bacillus lentimorbus, Bacillus len 
tus, Bacillus licheniformis, Bacillus megaterium, Bacillus 
polymyxa, Bacillus psychrosaccharolyticus, Bacillus pumi 
lus, Bacillus sphaericus, Bacillus subtilis Subsp. spizizenii, 
Bacillus subtilis subsp. subtilis or Bacillus thuringiensis; 
Enterobacteriacae Such as the genera Citrobacter, Edwards 
iella, Enterobacter, Erwinia, Escherichia, Klebsiella, Salmo 
nella or Serratia for example the genera and species Citro 
bacter amalonaticus, Citrobacter diversus, Citrobacter 
freundii, Citrobacter genomospecies, Citrobacter gillenii, 
Citrobacter intermedium, Citrobacter koseri, Citrobacter 
murliniae, Citrobacter sp., Edwardsiella hoshinae, Edward 
siella ictaluri, Edwardsiella tarda, Erwinia alni, Erwinia 
amylovora, Erwinia anamatis, Erwinia aphidicola, Erwinia 
billingiae, Erwinia cacticida, Erwinia cancerogena, Erwinia 
carnegieana, Erwinia carotovora Subsp. atroseptica, 
Erwinia carotovora Subsp. betavasculorum, Erwinia caroto 
vora Subsp. odorifera, Erwinia carotovora Subsp. wasabiae, 
Erwinia chrysanthemi, Erwinia cypripedii, Erwinia dissol 
vens, Erwinia herbicola, Erwinia mallotivora, Erwinia mil 
letiae, Erwinia nigrifluens, Erwinia nimipressuralis, Erwinia 
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persicina, Erwinia psidii, Erwinia pyrifoliae, Erwinia 
quercina, Erwinia rhapontici, Erwinia rubrifaciens, Erwinia 
salicis, Erwinia Stewartii, Erwinia tracheiphila, Erwinia ure 
dovora, Escherichia adecarboxylata, Escherichia anin 
dolica, Escherichia aurescens, Escherichia blattae, Escheri 
chia coli, Escherichia coli var. communion, Escherichia coli 
mutabile, Escherichia fergusonii, Escherichia hermannii, 
Escherichia sp., Escherichia vulneris, Klebsiella aerogenes, 
Klebsiella edwardsii subsp. atlantae, Klebsiella ornithi 
molytica, Klebsiella Oxytoca, Klebsiella planticola, Kleb 
siella pneumoniae, Klebsiella pneumoniae Subsp. pneumo 
niae, Klebsiella sp., Klebsiella terrigena, Klebsiella 
trevisani, Salmonella abony, Salmonella arizonae, Salmo 
nella bongori, Salmonella choleraesuis Subsp. arizonae, Sal 
monella choleraesuis Subsp. bongori, Salmonella cholerae 
suis Subsp. cholereasuis, Salmonella choleraesuis Subsp. 
diarizonae, Salmonella choleraesuis Subsp. houtenae, Sal 
monella choleraesuis Subsp. indica, Salmonella choleraesuis 
Subsp. salamae, Salmonella daressalaam, Salmonella 
enterica Subsp. houtenae, Salmonella enterica Subsp. 
salamae, Salmonella enteritidis, Salmonella gallinarum, Sal 
monella heidelberg, Salmonella panama, Salmonella sen 
fienberg, Salmonella typhimurium, Serratia entomophila, 
Serratia ficaria, Serratia fonticola, Serratia grimesii, Serra 
tia liquefaciens, Serratia marcescens, Serratia marcescens 
Subsp. marcescens, Serratia marinorubra, Serratia Odor 
ifera, Serratia plymouthensis, Serratia ply muthica, Serratia 
proteamaculans, Serratia proteanaculans subsp. quinovora, 
Serratia quinivorans or Serratia rubidaea; Rhizo-biaceae 
Such as the genera Agrobacterium, Carbophilus, Chelato 
bacter, Ensifer; Rhizobium, Sinorhizobium for example the 
genera and species Agrobacterium atlanticum, Agrobacte 
rium ferrugineum, Agrobacterium gelatinovorum, Agrobac 
terium larrymoorei, Agrobacterium meteori, Agrobacterium 
radiobacter; Agrobacterium rhizogenes, Agrobacterium rubi, 
Agrobacterium stellulatum, Agrobacterium tumefaciens, 
Agrobacterium vitis, Carbophilus carboxidus, Chelatobacter 
heintzii, Ensifer adhaerens, Ensifer arboris, Ensifer fredii, 
Ensifer kostiensis, Ensifer kummerowiae, Ensifer medicae, 
Ensifer meliloti, Ensifer Saheli, Ensifer terangae, Ensifer xin 
jiangensis, Rhizobium ciceri Rhizobium etli, Rhizobium fre 
dii, Rhizobium galegae, Rhizobium gallicum, Rhizobium gia 
rdinii, Rhizobium hainanense, Rhizobium huakui, 
Rhizobium huautlense, Rhizobium indigoferae, Rhizobium 
japonicum, Rhizobium leguminosarum, Rhizobium loes 
sense, Rhizobium loti, Rhizobium lupini, Rhizobium mediter 
raneum, Rhizobium meliloti, Rhizobium mongolense, Rhizo 
bium phaseoli, Rhizobium radiobacter; Rhizobium 
rhizogenes, Rhizobium rubi, Rhizobium sullae, Rhizobium 
tianshanense, Rhizobium trifolii, Rhizobium tropici, Rhizo 
bium undicola, Rhizobium vitis, Sinorhizobium adhaerens, 
Sinorhizobium arboris, Sinorhizobium fredii, Sinorhizobium 
kOstiense, Sinorhizobium kummerowiae, Sinorhizobium 
medicae, Sinorhizobium meliloti, Sinorhizobium morelense, 
Sinorhizobium Saheli or Sinorhizobium Xinjiangense. 
How to culture the aforementioned micro-organisms is 

well known to the person skilled in the art. 
The present invention also relates to a non-human trans 

genic organism, preferably a plant or seed thereof, compris 
ing the polynucleotide or the vector of the present invention. 
The term “non-human transgenic organism’, preferably, 

relates to a plant, a plant seed, a non-human animal or a 
multicellular micro-organism. The polynucleotide or vector 
may be present in the cytoplasm of the organism or may be 
incorporated into the genome either heterologous or by 
homologous recombination. Host cells, in particular those 
obtained from plants or animals, may be introduced into a 
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developing embryo in order to obtain mosaic or chimeric 
organisms, i.e. non-human transgenic organisms comprising 
the host cells of the present invention. Suitable transgenic 
organisms are, preferably, all organisms which are suitable 
for the expression of recombinant genes. Preferred plants to 
be used for making non-human transgenic organisms accord 
ing to the present invention are all dicotyledonous or mono 
cotyledonous plants, algae or mosses. Advantageous plants 
are selected from the group of the plant families Adelotheci 
aceae, Anacardiaceae, Asteraceae, Apiaceae, Betulaceae, 
Boraginaceae, Brassicaceae, Bromeliaceae, Caricaceae, 
Cannabaceae, Convolvulaceae, Chenopodiaceae, Cryptheco 
diniaceae, Cucurbitaceae, Ditrichaceae, Elaeagnaceae, Eri 
caceae, Euphorbiaceae, Fabaceae, Geraniaceae, Gramineae, 
Juglandaceae, Lauraceae, Leguminosae, Linaceae, Prasino 
phyceae or vegetable plants or ornamentals such as Tagetes. 
Examples which may be mentioned are the following plants 
selected from the group consisting of Adelotheciaceae Such 
as the genera Physcomitrella. Such as the genus and species 
Physcomitrella patens, Anacardiaceae Such as the genera Pis 
tacia, Mangifera, Anacardium, for example the genus and 
species Pistacia vera pistachio. Mangifer indica mangoor 
Anacardium occidentale cashew, Asteraceae. Such as the 
genera Calendula, Carthamus, Centaurea, Cichorium, 
Cynara, Helianthus, Lactuca, Locusta, Tagetes, Valeriana, 
for example the genus and species Calendula ofinalis com 
mon marigold, Carthamus tinctorius safflower, Centaurea 
cyanus cornflower, Cichorium intybus chicory, Cynara 
scolymus artichoke, Helianthus annus Sunflower, Lactuca 
Sativa, Lactuca Crispa, Lactuca esculenta, Lactuca Scariola 
L. ssp. sativa, Lactuca Scariola L. Var. integrate, Lactuca 
scariola L. var. integrifolia, Lactuca sativa Subsp. romana, 
Locusta communis, Valeriana locusta salad vegetables. 
Tagetes lucida, Tagetes erecta or Tagetes tenuifolia african or 
french marigold. Apiaceae, such as the genus Daucus, for 
example the genus and species Daucus carota carrot. Betu 
laceae, such as the genus Corylus, for example the genera and 
species Corylus avellana or Corylus colurna hazelnut. Bor 
aginaceae, such as the genus Borago, for example the genus 
and species Borago officinalis (borage, Brassicaceae. Such 
as the genera Brassica, Melanosinapis, Sinapis, Arabadopsis, 
for example the genera and species Brassica napus, Brassica 
rapa ssp. oilseed rape. Sinapis arvensis Brassica iuncea, 
Brassica iuncea var. iuncea, Brassica iuncea var. Crispifolia, 
Brassica juncea var. foliosa, Brassica nigra, Brassica Sina 
pioides, Melanosinapis communis mustard, Brassica olera 
cea fodder beet or Arabidopsis thaliana, Bromeliaceae, 
Such as the genera Anana, Bromelia (pineapple), for example 
the genera and species Anana comosus, Ananas ananas or 
Bromelia comosa pineapple, Caricaceae. Such as the genus 
Carica. Such as the genus and species Carica papaya paw 
paw, Cannabaceae, such as the genus Cannabis, Such as the 
genus and species Cannabis sativa hemp, Convolvulaceae, 
Such as the genera Ipomea, Convolvulus, for example the 
genera and species Ipomoea batatus, Ipomoea pandurata, 
Convolvulus batatas, Convolvulus tiliaceus, Ipomoea fasti 
giata, Ipomoea tiliacea, Ipomoea triloba or Convolvulus pan 
duratus Sweet potato, batate. Chenopodiaceae. Such as the 
genus Beta. Such as the genera and species Beta vulgaris, Beta 
vulgaris var. altissima, Beta vulgaris var. Vulgaris, Beta mar 
itima, Beta vulgaris var. perennis, Beta vulgaris var. conditiva 
or Beta vulgaris var. esculenta Sugarbeet, Crypthecodini 
aceae. Such as the genus Crypthecodinium, for example the 
genus and species Cryptecodinium cohnii, Cucurbitaceae, 
Such as the genus Cucurbita, for example the genera and 
species Cucurbita maxima, Cucurbita mixta, Cucurbitapepo 
or Cucurbita moschata pumpkin/squash, Cymbellaceae 
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Such as the genera Amphora, Cymbella, Okedenia, Phaeo 
dactylum, Reimeria, for example the genus and species 
Phaeodactylum tricornutum, Ditrichaceae such as the genera 
Ditrichaceae, Astomiopsis, Ceratodon, Chrysoblastella, 
Ditrichum, Distichium, Eccremidium, Lophidion, Philiber 
tiella, Pleuridium, Saelania, Trichodon, Skottsbergia, for 
example the genera and species Ceratodon antarcticus, Cer 
atodon columbiae, Ceratodon heterophyllus, Ceratodon pur 
pureus, Ceratodon purpureus, Ceratodon purpureus ssp. 
convolutus, Ceratodon, purpureus spp. Stenocarpus, Cerat 
Odon purpureus var. rotundifolius, Ceratodon ratodon, Cer 
atodon Stenocarpus, Chrysoblastella chilensis, Ditrichum 
ambiguum, Ditrichum brevisetum, Ditrichum Crispatissi 
mum, Ditrichum difficile, Ditrichum falcifolium, Ditrichum 
flexicaule, Ditrichum giganteum, Ditrichum heteronallum, 
Ditrichum lineare, Ditrichum lineare, Ditrichum montanum, 
Ditrichum montanum, Ditrichum pallidum, Ditrichum 
punctulatum, Ditrichum pusillum, Ditrichum pusillum var. 
tortile, Ditrichum rhynchostegium, Ditrichum schimperi, 
Ditrichum tortile, Distichium capillaceum, Distichium hage 
nii, Distichium inclinatum, Distichium macounii, Eccre 
midium floridanum, Eccremidium whiteleggei, Lophidion 
strictus, Pleuridium acuminatum, Pleuridium alternifolium, 
Pleuridium holdridgei, Pleuridium mexicanum, Pleuridium 
ravenelii, Pleuridium subulatum, Saelania glaucescens, Tri 
chodon borealis, Trichodon cylindricus or Trichodon cylin 
dricus var. Oblongus, Elaeagnaceae such as the genus Elae 
agnus, for example the genus and species Olea europaea 
olive. Ericaceae such as the genus Kalmia, for example the 
genera and species Kalmia latifolia, Kalmia angustifolia, 
Kalmia microphylla, Kalmia polifolia, Kalmia Occidentalis, 
Cistus chamaerhodendros or Kalmia lucida mountain lau 
rel, Euphorbiaceae such as the genera Manihot, Janipha, 
Jatropha, Ricinus, for example the genera and species Mani 
hot utilissima, Janipha manihot, Jatropha manihot, Manihot 
aipil, Manihot dulcis, Manihot manihot, Manihot melanoba 
sis, Manihot esculenta Imanihot? or Ricinus communis cas 
tor-oil plant, Fabaceae such as the genera Pisum, Albizia, 
Cathormion, Feuillea, Inga, Pithecolobium, Acacia, Mimosa, 
Medicajo, Glycine, Dolichos, Phaseolus, Soia, for example 
the genera and species Pisum sativum, Pisum arvense, Pisum 
humile pea, Albizia berteriana, Albizia julibrissin, Albizia 
lebbeck, Acacia berteriana, Acacia littoralis, Albizia berteri 
ana, Albizzia berteriana, Cathormion berteriana, Feuillea 
berteriana, Inga fragrams, Pithecellobium berterianum, Pith 
ecellobium fragrams, Pithecolobium berterianum, Pseudal 
bizzia berteriana, Acacia julibrissin, Acacia nemu, Albizia 
menu, Feuilleea julibrissin, Mimosa julibrissin, Mimosa spe 
ciosa, Sericanraa julibrissin, Acacia lebbeck, Acacia macro 
phylla, Albizia lebbek, Feuilleea lebbeck, Mimosa lebbeck, 
Mimosa speciosa silk tree, Medicago sativa, Medicago fall 
cata, Medicago varia alfalfa, Glycine max Dolichos soja, 
Glycine gracilis, Glycine hispida, Phaseolus max, Soja his 
pida or Soia max Soybean. Funariaceae such as the genera 
Aphanorrhegma, Entosthodon, Funaria, Physcomitrella, 
Physcomitrium, for example the genera and species Aphan 
orrhegma serratum, Entosthodon attenuatus, Entosthodon 
bolanderi, Entosthodon bonplandii, Entosthodon Californi 
cus, Entosthodon drummondii, Entosthodon jamesonii, 
Entosthodon leibergii, Entosthodon neoscoticus, Entosth 
Odon rubrisetus, Entosthodon spathulifolius, Entosthodon 
tucsoni, Funaria americana, Funaria bolanderi, Funaria 
calcarea, Funaria Californica, Funaria calvescens, Funaria 
convoluta, Funaria flavicans, Funaria groutiana, Funaria 
hygrometrica, Funaria hygrometrica var. arctica, Funaria 
hygrometrica var. Calvescens, Funaria hygrometrica var. 
convoluta, Funaria hygrometrica var. muralis, Funaria 
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hygrometrica var. utahensis, Funaria microstoma, Funaria 
microstoma var. Obtusifolia, Funaria muhlenbergii, Funaria 
Orcuttii, Funaria plano-convexa, Funaria polaris, Funaria 
ravenelii, Funaria rubriseta, Funaria Serrata, Funaria Sono 
rae, Funaria sublimbatus, Funaria tucsoni, Physcomitrella 
californica, Physcomitrella patens, Physcomitrella readeri, 
Physcomitrium australe, Physcomitrium californicum, Phy 
Scomitrium collenchymatum, Physcomitrium coloradense, 
Physcomitrium cupuliferum, Physcomitrium drummondii, 
Physcomitrium eurystomum, Physcomitrium flexifolium, 
Physcomitrium hookeri, Physcomitrium hookeri var. serra 
tum, Physcomitrium immersum, Physcomitrium kellermanii, 
Physcomitrium megalocarpum, Physcomitrium pyriforme, 
Physcomitrium pyriforme var. serratum, Physcomitrium 
rufipes, Physcomitrium sandbergii, Physcomitrium sub 
sphaericum, Physcomitrium washingtoniense, Geraniaceae, 
Such as the genera Pelargonium, Cocos, Oleum, for example 
the genera and species Cocos nucifera, Pelargonium grossu 
larioides or Oleum cocois coconut, Gramineae. Such as the 
genus Saccharum, for example the genus and species Saccha 
rum officinarum, Juglandaceae, such as the genera Juglans, 
Wallia, for example the genera and species Juglans regia, 
Juglans ailanthifolia, Juglans sieboldiana, Juglans cinerea, 
Wallia cinerea, Juglans bixbyi, Juglans californica, Juglans 
hindsii, Juglans intermedia, Juglans jamaicensis, Juglans 
major, Juglans microcarpa, Juglans migra or Wallia nigra 
walnut, Lauraceae. Such as the genera Persea, Laurus, for 
example the genera and species Laurus nobilis bay, Persea 
americana, Persea gratissima or Persea persea avocado. 
Leguminosae, such as the genus Arachis, for example the 
genus and species Arachis hypogaea peanut, Linaceae, Such 
as the genera Linum, Adenolinum, for example the genera and 
species Linum usitatissimum, Linum humile, Linum austri 
acum, Linum bienne, Linum angustifolium, Linum catharti 
cum, Linum flavum, Linum grandiflorum, Adenolinum gran 
diflorum, Linum lewisii, Linum narbonense, Linum perenne, 
Linum perenne var. lewisii, Linum pratense or Linum trigy 
num linseed, Lythrarieae, such as the genus Punica, for 
example the genus and species Punica granatum pomegran 
ate, Malvaceae, such as the genus Gossypium, for example 
the genera and species Gossypium hirsutum, Gossypium 
arboreum, Gossypium barbadense, Gossypium herbaceum or 
Gossypium thurberi cotton, Marchantiaceae, Such as the 
genus Marchantia, for example the genera and species 
Marchantia berteroana, Marchantia foliacea, Marchantia 
macropora, Musaceae, such as the genus Musa, for example 
the genera and species Musa nana, Musa acuminata, Musa 
paradisiaca, Musa spp. banana, Onagraceae, Such as the 
genera Camissonia, Oenothera, for example the genera and 
species Oenothera biennis or Camissonia brevipes evening 
primrose, Palmae, such as the genus Elacis, for example the 
genus and species Elaeis guineensis oil palm, Papaver 
aceae. Such as the genus Papaver, for example the genera and 
species Papaver Orientale, Papaverrhoeas, Papaver dubium 
poppy, Pedaliaceae. Such as the genus Sesamum, for 
example the genus and species Sesamum indicum sesame. 
Piperaceae. Such as the genera Piper; Artanthe, Peperonia, 
Steffensia, for example the genera and species Piper adun 
cum, Piper amalago, Piper angustifolium, Piper auriturn, 
Piper betel, Piper cubeba, Piper longum, Piper nigrum, 
Piper retrofactum, Artanthe adunca, Artanthe elongata, 
Peperonia elongata, Piper elongatum, Steffensia elongata 
cayenne pepper, Poaceae, such as the genera Hordeum, 
Secale, Avena, Sorghum, Andropogon, Holcus, Panicum, 
Oryza, Zea (maize), Triticum, for example the genera and 
species Hordeum vulgare, Hordeum jubatum, Hordeum 
murinum, Hordeum secalinum, Hordeum distichon, Hor 
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deum aegiceras, Hordeum hexastichon, Hordeum hexasti 
chum, Hordeum irregulare, Hordeum sativum, Hordeum 
secalinum barley, Secale cereale rye, Avena sativa, Avena 
fatua, Avena byzantina, Avena fatua var. sativa, Avena 
hybrida oats. Sorghum bicolor, Sorghum halepense, Sor 
ghum saccharatum, Sorghum vulgare, Andropogon drum 
mondii, Holcus bicolor; Holcus sorghum, Sorghum aethiopi 
cum, Sorghum arundinaceum, Sorghum cafforum, Sorghum 
Cernuum, Sorghum dochna, Sorghum drummondii, Sorghum 
durra, Sorghum guineense, Sorghum lanceolatum, Sorghum 
nervosum, Sorghum saccharatum, Sorghum subglabrescens, 
Sorghum verticilliflorum, Sorghum vulgare, Holcus halepen 
sis, Sorghum miliaceum, Panicum militaceum millet, Oryza 
sativa, Oryza latifolia rice, Zea mays maize, Triticum 
aestivum, Triticum durum, Triticum turgidium, Triticum 
hybernum, Triticum macha, Triticum sativum or Triticum vul 
gare wheat, Porphyridiaceae, such as the genera Chrooth 
ece, Flintiella, Petrovanella, Porphyridium, Rhodella, Rho 
dosorus, Vanhoefenia, for example the genus and species 
Porphyridium cruentum, Proteaceae. Such as the genus Mac 
adamia, for example the genus and species Macadamia inter 
grifolia Inacadamia, Prasinophyceae such as the genera 
Nephroselmis, Prasinococcus, Scherffelia, Tetraselmis, Man 
toniella, Ostreococcus, for example the genera and species 
Nephroselmis Olivacea, Prasinococcus capsulatus, Scherife 
lia dubia, Tetraselmis chui, Tetraselmis suecica, Mantoniella 
squamata, Ostreococcus tauri, Rubiaceae such as the genus 
Cofea, for example the genera and species Cofea spp., Coffea 
arabica, Coffea canephora or Coffea liberica coffee, Scro 
phulariaceae Such as the genus Verbascum, for example the 
genera and species Verbascum blattaria, Verbascum chaixii, 
Verbascum densiflorum, Verbascum lagurus, Verbascum 
longifolium, Verbascum lychnitis, Verbascum nigrum, Ver 
bascum Olympicum, Verbascum phlomoides, Verbascum 
phoenicum, Verbascum pulverulentum or Verbascum thapsus 
mullein, Solanaceae Such as the genera Capsicum, Nicoti 
ana, Solanum, Lycopersicon, for example the genera and 
species Capsicum annuum, Capsicum annuum var. glabrius 
culum, Capsicum frutescens pepper. Capsicum annuum 
paprika, Nicotiana tabacum, Nicotiana alata, Nicotiana 
attenuata, Nicotiana glauca, Nicotiana langsdorffii, Nicoti 
ana obtusifolia, Nicotiana quadrivalvis, Nicotiana repanda, 
Nicotiana rustica, Nicotiana Sylvestris tobacco, Solanum 
tuberosum potato, Solanum melongena eggplant, Lyco 
persicon esculentum, Lycopersicon lycopersicum, Lycoper 
sicon pyriforme, Solanum integrifolium or Solanum lycoper 
sicum tomato, Sterculiaceae, such as the genus Theobroma, 
for example the genus and species Theobroma cacao cacao 
or Theaceae, such as the genus Camelia, for example the 
genus and species Camelia sinensis tea. In particular pre 
ferred plants to be used as transgenic plants in accordance 
with the present invention are oil fruit crops which comprise 
large amounts of lipid compounds. Such as peanut, oilseed 
rape, canola, Sunflower, safflower, poppy, mustard, hemp, 
castor-oil plant, olive, Sesame, Calendula, Punica, evening 
primrose, mullein, thistle, wild roses, hazelnut, almond, mac 
adamia, avocado, bay, pumpkin/squash, linseed, soybean, 
pistachios, borage, trees (oil palm, coconut, walnut) or crops 
Such as maize, wheat, rye, oats, triticale, rice, barley, cotton, 
cassava, pepper, Tagetes, Solanaceae plants such as potato, 
tobacco, eggplant and tomato, Vicia species, pea, alfalfa or 
bushy plants (coffee, cacao, tea), Salix species, and perennial 
grasses and fodder crops. Preferred plants according to the 
invention are oil crop plants such as peanut, oilseed rape, 
canola, Sunflower, safflower, poppy, mustard, hemp, castor 
oil plant, olive, Calendula, Punica, evening primrose, pump 
kin/squash, linseed, soybean, borage, trees (oil palm, coco 
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nut). Especially preferred are plants which are high in C 18:2- 
and/or C18:3-fatty acids, such as sunflower, safflower, 
tobacco, mullein, sesame, cotton, pumpkin/squash, poppy, 
evening primrose, walnut, linseed, hemp, thistle or safflower. 
Very especially preferred plants are plants such as safflower, 
Sunflower, poppy, evening primrose, walnut, linseed, or 
hemp. 

Preferred mosses are Physcomitrella or Ceratodon. Pre 
ferred algae are Isochrysis, Mantoniella, Ostreococcus or 
Crypthecodinium, and algae/diatoms such as Phaeodactylum 
or Thraustochytrium. More preferably, said algae or mosses 
are selected from the group consisting of Shewanella, Phy 
Scomitrella, Thraustochytrium, Fusarium, Phytophthora, 
Ceratodon, Isochrysis, Aleurita, Muscarioides, Mortierella, 
Phaeodactylum, Cryphthecodinium, specifically from the 
genera and species Thalasiosira pseudonona, Euglena gra 
cilis, Physcomitrella patens, Phytophtora infestans, 
Fusarium graminaeum, Cryptocodinium cohnii, Ceratodon 
purpureus, isochrysis galbana, Aleurita farinosa, Thraus 
tochytrium sp., Muscarioides vialli, Mortierella alpina, 
Phaeodactylum tricornutum or Caenorhabditis elegans or 
especially advantageously Phytophtora infestans, Thalasio 
Sira pseudonona and Cryptocodinium cohnii. 

Transgenic plants may be obtained by transformation tech 
niques as published, and cited, in: Plant Molecular Biology 
and Biotechnology (CRC Press, Boca Raton, Fla.), chapter 
6/7, pp.71-119 (1993); F. F. White, Vectors for Gene Transfer 
in Higher Plants; in: Transgenic Plants, Vol. 1, Engineering 
and Utilization, Ed.: Kung and R. Wu, Academic Press, 1993, 
15-38; B. Jenes et al., Techniques for Gene Transfer, in: 
Transgenic Plants, vol. 1, Engineering and Utilization, Ed.: 
Kung and R. Wu, Academic Press (1993), 128-143; Potrykus, 
Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1991), 205 
225. Preferably, transgenic plants can be obtained by T-DNA 
mediated transformation. Such vector systems are, as a rule, 
characterized in that they contain at least the Virgenes, which 
are required for the Agrobacterium-mediated transformation, 
and the sequences which delimit the T-DNA (T-DNA border). 
Suitable vectors are described elsewhere in the specification 
in detail. 

Preferably, a multicellular micro-organism as used herein 
refers to protists or diatoms. More preferably, it is selected 
from the group of the families Dinophyceae, Turaniellidae or 
Oxytrichidae, such as the genera and species: Crypthecod 
inium cohnii, Phaeodactylum tricornutum, Stylonychia myti 
lus, Stylonychia pustulate, Stylonychia putrina, Stylonychia 
notophora, Stylonychia sp., Colpidium campylum or Col 
pidium sp. 

The present invention also relates to a method for express 
ing a nucleic acid of interest in a host cell comprising 

(a) introducing the polynucleotide or the vector of the 
present invention into the host cell, whereby the nucleic 
acid sequence of interest will be operatively linked to the 
expression control sequence; and 

(b) expressing the said nucleic acid sequence in said host 
cell. 

The polynucleotide or vector of the present invention can 
be introduced into the host cell by suitable transfection or 
transformation techniques as specified elsewhere in this 
description. The nucleic acid of interest will be expressed in 
the host cell under suitable conditions. To this end, the host 
cell will be cultivated under conditions which, in principle, 
allow for transcription of nucleic acids. Moreover, the host 
cell, preferably, comprises the exogenously Supplied or 
endogenously present transcription machinery required for 
expressing a nucleic acid of interest by the expression control 
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sequence. More preferably, the host cell is a plant cell and, 
most preferably, a seed cell or precursor thereof. 

Moreover, the present invention encompasses a method for 
expressing a nucleic acid of interest in a non-human organism 
comprising 

(a) introducing the polynucleotide or the vector of the 
present invention into the non human organism, 
whereby the nucleic acid sequence of interest will be 
operatively linked to the expression control sequence; 
and 

(b) expressing the said nucleic acid sequence in said non 
human transgenic organism. 

The polynucleotide or vector of the present invention can 
be introduced into the non-human transgenic organism by 
Suitable techniques as specified elsewhere in this description. 
The non-human transgenic organism, preferably, comprises 
the exogenously Supplied or endogenously present transcrip 
tion machinery required for expressing a nucleic acid of inter 
est by the expression control sequence. More preferably, the 
non-human transgenic organism is a plant or seed thereof. It 
is to be understood that the nucleic acid of interest will be 
expressed, preferably, seed specific in the said non-human 
transgenic organism. 

Further, the present invention relates to a method for the 
manufacture of Stearidonic acid (SDA) in a plant seed com 
prising the steps of: 
a) growing a transgenic plant expressing a polynucleotide 

encoding a delta 6 desaturase under the control of the 
polynucleotide of the present invention; and 

b) obtaining said SDA from the harvested seeds of the said 
plant. 
The SDA may be manufactured in the form of a triglyceride 

ester, a phospholipids or as Acyl-CoA bound or free fatty acid 
comprised by seed oil or seed fatty acid preparations obtain 
able from the harvested seeds of the grown transgenic plants 
by standard techniques such as an oil mill or chromatographic 
extraction and/or purification techniques. 

Moreover, how to grow transgenic plants and how to har 
vest their seeds is well known in the art. How to make trans 
genic plants expressing a gene of interest Such as a delta 6 
desaturase under the control of the polynucleotide of the 
present invention is set forth elsewhere herein. 

Surprisingly, the polynucleotides of the present invention 
were found to influence the ratio of the omega-3 fatty acid 
Stearidonic acid (SDA) to the omega-6 fatty acid gamma 
linolenic acid (GLA). Accordingly, the seeds of the afore 
mentioned transgenic plants expressing a delta 6 desaturase 
under the control of the promoter comprised by the poly 
nucleotide of the invention are particularly suitable as a 
source for SDA or SDA enriched fatty acid preparations such 
as oil. 

Thus, the present invention also pertains to the use of the 
polynucleotide of the present invention driving expression of 
a delta 6 desaturase in a transgenic plant for increasing (pref 
erably to a statistically significant extent) the amount of SDA 
at the expense of GLA in plant seeds of said plants. 

Moreover, the present invention pertains to seed oil having 
the said altered SDA to GLA ratio (i.e. an increased SDA 
amount at the expense of GLA) obtainable by an oil mill from 
the harvested seeds of a transgenic plantas set forth above. It 
will be understood that such an oil will be characterized in 
addition to the altered SDA to GLA ratio by the presence of 
remaining DNA contaminations including the polynucleotide 
of the present invention and/or the delta 6 desaturase encod 
ing polynucleotide. 

Nucleic acids encoding Suitable delta 6 desaturases are 
well known in the art and are d6-Desaturases d6Des(Cp) from 
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Ceratodon purpureus (WO2000075341), d6Des(OI) from 
Ostreococcus lucimarinus (WO2008040787), d6Des(Ot) 
from Ostreococcus tauri (WO2006069710), d6Des(Pf) from 
Primula farinosa (WO2003072784), d6Des(Pir). BO from 
Pythium irregulare (WO2002026946), d6Des(Pir) from 
Pythium irregulare (WO2002026946), d6Des(Plu) from 
Primula luteola (WO2003072784), d6Des(Pp) from Phy 
scomitrella patens (WO200102591), d6Des(Pt) from Phaeo 
dactylum tricornutum (WO2002057465), d6Des(Pv) from 
Primula vialii (WO2003072784) and d6Des(Tp) from 
Thalassiosira pseudonana (WO2006069710) and, in particu 
lar, those mentioned in the accompanying Examples. 

Moreover, a transgenic plant expressing a polynucleotide 
encoding a delta 6 desaturase under the control of the poly 
nucleotide of the present invention may also comprise further 
desaturases or elongases of the omega-3 pathway which are 
required for the synthesis of end products such as eicosapen 
taenoic acid (EPA) or docosahexaenoic acid (DHA). 

Thus, a method is provided for increasing Stearidonic acid 
in a plant seed comprising the steps of growing a transgenic 
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24 
plant expressing a polynucleotide encoding a delta 6 desatu 
rase under the control of the polynucleotide of the present 
invention. 

By increasing the omega-3 pathway substrate SDA at the 
expense of the omega-6 pathway substrate GLA, further fatty 
acid products of the omega-3 pathway can be produced more 
efficiently in the aforementioned transgenic plants. Prefer 
ably, the desaturases and/or elongases required for the pro 
duction of a desired fatty acid can also be expressed under the 
control of a polynucleotide of the present invention. Most 
preferably, however, it is envisaged that the delta 6 desaturase 
and the further desaturases and/or elongases are expressed 
under the control of polynucleotides of the present invention 
comprising different expression control sequences with 
respect to each other. 

In the following tables 1 to 9, the cis-regulatory elements 
found in the expression control sequences of the present 
invention are shown. 
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In the following table 9, cis-regulatory element families TABLE 8-continued 
commonly found in at least 13 of the listed expression control 
Sequences of the present invention are shown. Table 8 Description of cis-regulatory elements families commonly found 

- in expression control sequences of the present invention. describes the cis-regulatory element families. 
5 TF-Family Description 

TABLE 8 PSIDDF D domain factors, the ID domain includes a cluster of 
Description of cis-regulatory elements families commonly found typif s fingers seperated from a 

in expression control sequences of the present invention. C O Inger by a long spacer 
MADS floral determination 

R- 10 PSMYCL Myc-like basic helix-loop-helix binding factors 
TF-Family Description PSOPAQ Opaque-2 like transcriptional activators 
OSVTBP Vertebrate TATA binding protein vector PSSPF1 Sweet potato DNA-binding factor with two WRKY-domains 
PSAHBP Arabidopsis homeobox protein PSSUCB sucrose box 
PSDOFF DNA binding with one finger (DOF) PSWBXF W Box family 
PSGTBX GT-box elements OSINRE Core promoter initiator elements 
PSIBOX Plant I-Box sites 15 OSPTBP Plant TATA binding protein vector 

PSABRE ABA response elements 
PSL1BX L1 box, motif for L1 layer-specific expression PSLEGB Legumin Box family 
PSLREM Light responsive element motif, not modulated by different PSNACF Plant specific NACNAM (no apical meristem), 

light qualities ATAF172, CUC2 (cup-shaped cotyledons 2) 
PSMYBL MYB-like proteins transcription factors 
PSMYBS MYB proteins with single DNA binding repeat PSOCSE Enhancer element first identified in the promoter 
PSNCS1 Nodulin consensus sequence 1 2O of the octopine synthase gene (OCS) of the 
PSCCAF Circadian control factors Agrobacterium tumefaciens T-DNA 
PSGBOX Plant G-box/C-box bZIP proteins 

TABLE 9 

Cis-regulatory elements families commonly found in expression control sequences in at 
least 13 of the listed expression control sequences of the present invention. 

No of occurences 

p- p- p- p- p 
BSCP p- p- p- BSETL- BSETL- BSCT2- BSCT2- p 
(SEQ- BnGRPL BnCRU4 BnMYR warl war2 warl war2 BnMDP 

TF- ID (SEQ-ID (SEQ-ID (SEQ- (SEQ-ID (SEQ-ID (SEQ-ID (SEQ-ID (SEQ 
Family 70) 1) 77) ID 85) 22) 25) 14) 16) ID 95) 

OSVTBP 7 18 17 39 6 10 5 8 19 
PSAHBP 16 8 22 25 6 12 7 9 15 
PSDOFF 14 8 11 9 2 7 5 5 4 
PSGTBX 12 13 10 16 10 12 5 1 7 
PSIBOX 4 4 4 2 4 2 2 2 7 
PSL1BX 9 7 11 18 10 10 2 3 10 
PSLREM 6 4 4 6 3 1 3 3 5 
PSMYBL 9 11 12 7 16 14 9 7 9 
PSMYBS 9 3 8 2 4 5 2 2 10 
PSNCS1 2 2 4 3 3 4 2 2 2 
PSCCAF 4 4 4 2 3 3 1 1 3 
PSGBOX 9 3 12 2 5 5 7 5 3 
PSIDDF 3 2 1 1 1 1 4 5 3 
PSMADS 6 9 9 2 O 5 2 2 7 
PSMYCL 1 O 6 3 5 2 3 3 3 
PSOPAQ 9 5 7 3 6 4 1 2 4 
PSSPF1 2 6 1 5 1 1 2 2 2 
PSSUCB 6 4 3 7 1 4 2 3 O 
PSWBXF 2 3 1 O 1 1 3 2 1 
OSINRE 5 1 1 2 1 4 O O 1 
OSPTBP 2 7 8 24 1 1 O 1 5 
PSABRE 1 1 3 O 4 2 3 3 1 
PSLEGB 6 4 8 2 1 2 2 2 7 
PSNACF 2 2 2 1 1 O 3 3 2 
PSOCSE 3 4 3 5 3 3 7 7 3 

No of occurences 

p- p 
p- p- p- BPEF- BPEF- p 

BRTI-4 BMTFL BIGSTF warl war2 BLSP 

TF- (SEQ- (SEQ-ID (SEQ-ID (SEQ-ID (SEQ-ID (SEQ 
Family ID 103) 111) 119) 6) 9) ID 125) 

OSVTBP 9 10 13 28 4 12 
PSAHBP 22 9 9 18 5 14 
PSDOFF 8 6 4 10 8 5 
PSGTBX 8 10 5 22 5 10 
PSIBOX 3 1 1 8 2 3 
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TABLE 9-continued 

136 

Cis-regulatory elements families commonly found in expression control sequences in at 
least 13 of the listed expression control sequences of the present invention. 

PSL1BX 10 2 
PSLREM 6 2 
PSMYBL 10 9 
PSMYBS 13 3 
PSNCS1 1 3 
PSCCAF 4 3 
PSGBOX 12 1 
PSIDDF 1 3 
PSMADS 12 6 
PSMYCL 3 1 
PSOPAQ 12 O 
PSSPF1 3 O 
PSSUCB 1 2 
PSWBXF 1 2 
OSINRE 2 4 
OSPTBP 4 3 
PSABRE 3 1 
PSLEGB 3 O 
PSNACF 3 1 
PSOCSE 7 O 

All references cited in this specification are herewith incor 
porated by reference with respect to their entire disclosure 
content and the disclosure content specifically mentioned in 
this specification. 

The invention will now be illustrated by the following 
Examples which are not intended, whatsoever, to limit the 
Scope of this application. 

Example 1 

General Cloning Methods 

General Cloning Methods including enzymatic digestion 
by restriction enzymes, agarous gel electrophoresys, purifi 
cation of DNA fragments, transfer of nucleic acids to nitro 
cellulose on nylon membranes, maligation of DNA frag 
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ments, transformation of E. coli bacteria as well as culture of 0 
bacteria and sequence analysis of recombinant DNA have 
been carried out as described in Sambrook et al. (1989, Cold 
Spring Harbour Laboratory Press. ISBN 0-87969-309-6). 

Example 2 

Cloning of Promotor Elements from Brassica napus 

For the analysis of seed specific expressed genes in Bras 
sica napus, different tissues of various developmental stages 
(table 10) have been investigated. 

TABLE 10 

tissue types used for transcript analysis 
Specific developmental stages are given using the Biologische 

Bundesanstalt, Bundessortenant, and Chemical Industry 
BBCH) code (Meier, 1997 

Sample Developmental 
Nr. Tissue Stage type sample 

1 immature embryos walking Stick purpose prio 1 
2 immature embryos fully developped purpose prio 1 

(approx 20 days) 
3 immature embryos fully developped purpose prio 1 

pre dessic. green 
4 immature embryos fully developped. control purpose 

start dessic Yellow prio 2 

45 

50 

55 

60 

65 

10 

1 

TABLE 10-continued 

tissue types used for transcript analysis 
Specific developmental stages are given using the Biologische 

Bundesanstalt, Bundessortenant, and Chemical Industry 
BBCH) code (Meier, 1997 

Sample Developmental 
Nr. Tissue Stage type sample 

5 embryo sac complete heart control/purpose 
prio 2 

6 immature seed coat and weight mix control purpose 
endosperm sample 1-3 prio 2 

7 flower buds BBCHS7 control purpose 
prio 2 

8 anthers and stigma BBCH 68 control purpose 
prio 2 

9 flowers (exclude anthers BBCH 67 COO 
and stigma) 

10 leaves BBCH32 COO 
11 leaves BBCH 75 COO 
12 leaves BBCH 80, COO 

senescing (yellow) 
13 stem BBCH32 COO 
14 stem BBCH 75 COO 
15 stem BBCH 80, COO 

senescing (yellow) 
16 seedling: hypocotyl and BBCH 12 COO 

cotyledons 
17 seedling: roots (sand) BBCH 12 COO 
18 empty siliques weight mix COO 

sample 1-3 

To this end, Brassica napus cV. Kumily plants were raised 
under standard conditions (Moloney et al. 1992, Plant Cell 
Reports 8:238-242). The tissues where harvested at the indi 
cated developmental stages (table 10) and used for the prepa 
ration of RNA (RNAeasy, Qiagen) according to the manufac 
tures manual. To identify in further experiments seed 
specifically expressed mRNA transcripts, three pools were 
created by mixing the RNA. A seed specific pool P-S was 
created from sample 1,2,3 (see table 10). A control pool P-C1 
was created from sample 9, 10, 11, 12, 13, 14, 15, 16, 17, 18. 
A third pool P-C2 consisting of sample 4, 5, 6 7, 8 was used 
as a more stringent control: transcripts not expressed in con 
trol pool P-C2 are solely expressed in early seed development 
and in no other tissue? developmental stage. Using the ampli 
fied fragment length polymorphism (AFLP) method, known 
to a person skilled in the art, 384 primer combinations were 
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used to identify 96 candidate transcript fragments being 
present solely in pool P-S and/or also weakly in pool P-C2 but 
absent on pool P-C1. A selection of 42 primer combinations 
that identified the 55 most promising transcript fragments 
were used to analyse in detail all samples listed in table 10, 
resulting in 26 fragment with confirmed expression solely in 
the developing embryo samples 1, 2, 3 and 4. Sequencing of 
those candidate fragments resulted in 20 unique sequences. 
Basic Local Alignment Search Tool (BLAST) was used to 
identify the putative full length transcripts corresponding to 
the identified transcript fragments. Surprisingly, besides 
genes known in the art for seed specific expression, e.g. napin 
and 3-ketoacyl-CoA synthase, a number of fragments listed 
in table 11 showed no homology to any known Brassica 
sequence, or to genes which were not known to be seed 
specifically expressed and/or to genes with unknown 
sequence upstream of the known mRNA sequence. 

TABLE 11 

Candidate fragments and homologue sequences 
identified using BLAST. 

fragment SEQ- Brassica Arabidopsis 
Candidate length ID homologue homologue 

BSCP 157 by 58 At 5.g36100 (unknown 
protein) 

BIGRPL 174 bp 4 At3g10185 (similar to 
gibberelin responsive 
protein) 

BnCRU4 127 by 59 BCRU4rn 
(Cruciferin) 

BMYR 101 bp. 60 BMYRimic 
(Myrosinase) 

BSETL 120 bp 26 Atlgo3270 (unknown 
protein) 

BSCT2 172 by 19 BSCT2 
(Sinapoyl-cholin 
transferase 2) 

BMDP 273 by 61 At3g20370 (unknown, 
similar 

BmRTI-4 237 by 62 Bn RTI-4 (Trypsin 
Inhibitor 
family) 

BMTFL 144 bp 63 At2g21650 (put. Myb 
factor transcr. Factor) 

BGSTF 186 bp 64 At3.g62760 
(AtGSTF13) 

BSRP 131 bp. 65 
BPEF 121 bp. 12 Pectinesterase At5g47500 

family protein (pectinesterase family 
protein) 

BWSP 83 bp 66 
BLSP 164 bp 67 At 5g62200 (weak 

similarity to embryo 
specific protein 3) 

From leaf material of Brassica napus cV. Kumily, genomic 
DNA has been isolated using the DNAeasy kit (Qiagen) 
according to the manufacturer's manual. Culture conditions 
for the Brassica napus cv. Kumily were as discussed above. 
Using this genomic DNA, as template, multiple rounds of 
thermal asymmetric interlaced polymerase chain reaction 
(TAIL-PCR)—a method known to a person skilled in the 
art—was performed to isolate sequences 5' upstream and 3' 
downstream of the 20 identified expressed fragments. The 
amplified products were either sequences directly, or Sup 
cloned into the pGEM-T (Promega) vector prior sequencing. 
Subcloning was required in Some cases, as Brassica napus is 
amphidiploid, that is, Brassica napus contains 10 chromo 
Somes common with Brassica rapa (A genome) and 9 chro 
mosomes common with Brassica oleracea (C genome). Sub 
cloning of PCR products containing a mixture of two 
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sequences amplified from both genomes allows to separate 
these two sequences. Sequencing was done by standard tech 
niques (laser fluorescent DNA-sequenceing, ABI according 
to the method of Sangeretal. 1977 Proc. Natl. Acad. Sci. USA 
74,5463-5467). 

For candidate expressed sequences where no Brassica 
gene was known to the art, the open reading frame was iden 
tified with help of Software prediction and using alignments 
with homologues genes from Arabidopsis. The following 
Brassica napus open reading frames have been identified 
(Table 12): 

TABLE 12 

Open reading frames (ORF) identified in Brassica napus 
cDNA sequences. 

Brassica naptis 
Sequence ORF in bp SEQ ID NO: 

BIGRPL 360 5 
BPEF 1083 13 
BSCT1 1401 2O 
BSCT2 1401 21 
BSETL1 1512 27 
BSETL2 1512 28 
BSCP 773 72 
BCRU4 1107 8O 
BMYR 1644 88 
BMDP 1152 98 
BRTI-4 3OO 106 
BMTFL 303 114 
BGSTF 660 121 
BLSP 574 133 

For the expressed sequence SEQ-ID 126, no open reading 
frame could be identified. 
The following Brassica napus sequences upstream of the 

expressed sequence SEQ-ID 126 or the identified expressed 
open reading frames (ORF) have been obtained (Table 13). 

TABLE 13 

enomic 5' upstream sequences from the Brassica naptis G 5' upstr from the B 
cDNA sequences. 

Brassica naptis genomic 5' 
Sequence sequence in bp SEQ ID NO: 

b-BnGRPL 790 1 
b-BPEF-war1 2027 6 
b-BPEF-war2 636 9 
b-BnSCT2-war1 O19 14 
b-BnSCT2-war2 996 16 
b-BnSETL-war1 490 22 
b-BnSETL-war2 2010 25 
-BSCP 2052 70 
b-BnCRU4 951 77 
-BMYR 360 85 
-BMDP 428 95 
b-BmRTI-4 82O 103 
b-BnMTFL 335 111 
-BIGSTF 565 119 
-BSRP 2447 124 
-BinLSP 593 121 

The analysis of the 5' upstream sequences using Genom 
atix Software Gems-Launcher showed that the sequences 
comprised promoter elements. This was confirmed by the 
presence of a TATA-Box which is required for transcription 
by RNA-polymerases. Also in the isolated fragments ele 
ments specific for seed-transcription factors (e.g. Prolamin 
box, legumin box, RITA etc.) were found. 
The following Brassica napus sequences downstream of 

the identified expressed open reading frames (ORF) have 
been obtained (Table 14). 
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Genomic 3’ downstream sequences from the Brassica naptis 
cDNA sequences. 

Brassica naptis 
Sequence 

t-BIGRPL 
t-BPEF-war1 
t-BPEF-war2 
t-BnSCT2-war1 
t-BnSCT2-war2 
t-BnSETL-war1 
t-BSCP 
t-BnCRU4 
t-BMYR 
t-BMDP 
t-BmRTI-4 
t-BMTFL 
t-BSRP 

genomic 3' 
sequence in bp 

581 
477 
538 
573 
576 
614 
587 
S14 
652 
483 
572 
521 
865 

SEQ ID NO: 

2 
7 
10 
15 10 
17 
23 
71 
78 
86 
96 
104 
112 
125 
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Example 3 

Production of Test Constructs for Demonstrating 
Promoter Activity 

For the testing of the promoter elements in a first step 
promoter terminator cassettes were generated. To this end, 
fusion PCRs have been used wherein via two PCR steps 
promoter elements were linked with terminator elements. At 
the same time, a multiple cloning site was introduced in 
between the promoter and terminator elements. The primers 
used to generate cassettes using corresponding native Bras 
Sica terminators are shown in Table 15, Table 16 list the 
generated cassettes using the OCS terminator. 
TABL E 15 

Primer pairs used for the generation of promoter-multiple cloning site 
terminated-cassettes via Fusion-PCR using native Brassica terminator sequences. 

Brassica napus 
Promoter/Terminator Primer pair 1. PCR 
Cassettle 

p-BnGRP MCS t 
BGRP 

p-BnPEF 
var1 MCS t 
BPEF-War 1 

p-BnPEF 
war2 MCS t 
BPEF-War 2 

p-BnSCT2 
war 1. MCS t 
BSCT2-war1 

Primer pair 1. PCR 
Promoter Terminator Primer pair 2. PCR 

Forw: at acccggga- Forw: ccatggctic- Forw: at acccgggatac 
tacctgcaggt- gatcgittaattaaag- Ctgcaggittaggc.cggc 
taggc.cggccacala- catgcgaggcctataatt- cacaaaacgaaat cat 
aacgaaatcat ca- gattgtttct cotcittagtttg- caaatcgtg (SEQ ID 
aatcgtg (SEQ ID taaataatctatic (SEQ NO: 29) 
NO; 29) ID NO: 31) Rev: taag.cggcc.g- 
Rew: caat caatta- Rev: taag.cggcc.g- Caatcggaccga 
taggcct cqcatgctt- Caatcggaccga- taccgg taggcgc.cgat 
taattaacgatcdagc- taccgg taggcgc.cgat- tatictacct aacctalaca 
catggttittagaga.gc.cg- tlatctacctaac Ctalaca- aacaaaag (SEQ ID 
gaattattg (SEQ ID aacaaaag (SEQ ID NO: 32) 
NO: 3O) NO: 32) 

For W: For W: For W: 
at accc.gggatacctgca c catggct catcgittaatt at acccgggatacctgca 
ggittaggc.cggccaaattit aaag catgcgaggcctat ggittaggc.cggccaaattit 
attalacccatc tatttgttcaaattgattgtaaggaatca attaa.cc catc tatttgttca 
c (SEQ ID NO: 33) acttcaaatgcttitt c c (SEQ ID NO: 33) 
Rew: (SEO ID NO : 35) Rew: 
caat caattataggcct cq Rev: taagcggcc.gcaatcgg 
catgctittaattalacgatcg taag.cggcc.gcaatcgg accgataccgg taggcg 
agc.catgggacgagaala accgat accgg taggcg cc.gacgittaa.gc.gagagt 
gaaaatggit cqgag ccgacgittaa.gc.gagagt ggatag (SEQ ID 
(SEQ ID NO: 34) ggatag (SEQ ID NO: 36) 

NO: 36) 

For W: For W: For W: 
at accc.gggatacctgca Coatggct catcgittaat at acccgggatacctgca 
ggittaggc.cggcc agaat taalagcatgcgaggcct a ggittaggc.cggcc agaat 
tacgtttgagttcaaattica taattgattgtaggaatca tacgtttgagttcaaattica 
g (SEQ ID NO: 37) acttcaaatgcttitt (SEQ g (SEQ ID NO: 37) 
Rew: ID NO: 39) Rew: 
caat caattataggcct cq Rev: taagcggcc.gcaatcgg 
catgctittaattalacgatcg taag.cggcc.gcaatcgg accgataccgg taggcg 
agc.catgggacgagaala accgat accgg taggcg CC agaggtgaggaggag 
taaatggtogaag (SEQ Ccagaggtgaggaggag ttgcac (SEQ ID 
ID NO: 38) ttgcac (SEQ ID NO: 40) 

NO: 40) 

For W: For W: For W: 

at accc.gggatacctgca c catggct catcgittaatt at acccgggatacctgca 
ggittaggc.cggcc agatg aaag catgcgaggcctat ggittaggc.cggcc agatg 
caaaaacgtatagt caca 
c (SEQ ID NO: 41) 
Rew: 

caat caattataggcct cq 
catgctittaattaacgatcg 
agc.catggttt citctgcttct 

aattgattgagttcct cact caaaaacgtatagt caca 
cacttcticto (SEQ ID c (SEQ ID NO: 41) 
NO: 43) Rew: 
Rew: taagcggcc.gcaatcgg 
taag.cggcc.gcaatcgg accgataccgg taggcg 
accgat accgg taggcg cc.gc.cittatatggattttgttg 
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TABLE 16- continued 

Primer pairs used for the generation of promoter-multiple cloning site 
terminated- cassettes via Fusion-PCR using the OCS terminator sequence. 

taattaacgatcgagic- gaccgat accgg- taggcgc.cacaat cag 
catggit cittgaacttctt- taggcgc.cacaat cag- taaattgaacggagaa 
gacattact (SEQ-ID taaattgaacggagaa- tattatto (SEQ-ID 
No: 135) tattatt c (SEQ-ID No. 56) : 

No. 56) 

p-Napin MCS t- Forw: For W: For W: 
OCS at accogggatacc- ccatggct cqatcgittaat - at acccgggatac c 

tgcaggittagg- taaag catgcgagg- tgcaggittagg 
ccggccataaggat- cctataattgatt- ccggccataaggat 
gacctacc cattcttga gctgctittaatgagatatg- gacct acc cattcttga 
(SEQ-ID No.: 138) cgagacg (SEQ-ID (SEQ-ID No.: 138) 
Rew: No: 55) Rew: 
caat caattatagg- Rew: taag.cggcc.gcaatc 
cct cqcatgctittaat- taagcggcc.gcaatc- ggaccgat acc 
taacgatcgagc catg- ggaccgatacc- gg taggcgc.cacaat - 
gtgtttittaatc.ttgtttgtatt gg tagg.cgc.cacaat- cagtaaattgaacgga 
(SEQ-ID No.: 139) cagtaaattgaacgga- gaat attatt c (SEQ-ID 

gaatatt attc (SEQ-ID No. 56) 
No. 56) 

p-LuPXR MCS t- Forw: For W: For W: 
OCS at accogggatacc- ccatggct cqatcgittaat - at acccgggatac c 

tgcaggittagg- taaag catgcgagg- tgcaggittagg 
ccggcc acacgggcag- cctataattgatt- ccggcc acacgggcag 
gacatagggact act gctgctittaatgagatatg- gaCatagggactact 
(SEQ-ID No: 142) cgagacg (SEQ-ID (SEQ-ID No: 142) 
Rew: No: 55) Rew: 
caat caattatagg- Rew: taag.cggcc.gcaatc 
cct cqcatgctittaat- taagcggcc.gcaatc- ggaccgat acc 
taacgatcgagc catg- ggaccgatacc- gg taggcgc.cacaat - 
ggattitatgataaaaatg- gg taggcgc.cacaat- cagtaaattgaacgga 
toggt (SEQ-ID cagtaaattgaacgga- gaat attatt c (SEQ-ID 
No: 143) gaatattatto (SEQ-ID No. 56) 

No. 56) 

35 
The promoter-terminator cassettes were cloned into the 

pCR2.1 (Invitrogen) vector according to the manufacturers 
manual and Subsequently sequenced. In a further step, the 
delta 6 Desaturase Gene (SEQID NO: 68) was introduced via 
the NcoI, PacI restrictions site between the promoter and 
terminator sequence. 

Using the Multisite Gateway System (Invitrogen), a mul 
tiple cloning site (SEQID 57) was introduced into each of the 
threepENTR vectors pENTR/ApENTR/Band pENTR/C via 
HindIII and Kpnl restrictions sites. Into the first position of 
this MCS, the promotor-delta 6 Desaturase-terminator cas 
sette was cloned via FseI and KasI. Similarily, the DsRed 
gene was introduced into pENTR/C between the Napin pro 
motor and the OCS terminator. By performing a site specific 
recombination (LR-reaction), the created pBNTR/B, 
pENTR/C and an empty pENTR/A vector were combined 
with the pSUN destination vector according to the manufac 
turers (Invitrogen) Multisite Gateway manual to generate the 
final binary vectors SEQID: 3 pSUN-p-GRPL d6Des(Pir) 
t-OCS, SEQ ID: 8 pSUN-p-PEF-var1 d6Des(Pir) t-OCS, 
SEQID: 11 pSUN-p-PEF-var2 déDes(Pir) t-OCS, SEQID: 
18 pSUN-p-SCT2-var2 d6Des(Pir) t-OCS, SEQ ID: 24 
pSUN-p-SETL-vad t-OCS, SEQ ID: 79 pSUN 
pBnCRU4 d6Des(Pir) t-OCS, SEQ ID: 87 pSUN 
pBnMYR d6Des(Pir) t-OCS, SEQ ID: 93 pSUN 
pBnSETL-var2 d6Des(Pir) t-OCS, SEQ ID: 94 pSUN 
pBnSCT2-vad d6Des(Pir) t-OCS, SEQ ID: 97 pSUN 
pBnMDP d6Des(Pir) t-OCS, SEQID: 105 pSUN-pBnRTI 
4 d6Des(Pir) t-OCS, SEQ ID: 113 pSUN 
pBnMTFL d6Des(Pir) t-OCS, SEQ ID: 120 pSUN 
pBnGSTF d6Des(Pir) t-OCS, SEQ ID: 132 pSUN 
pBnLSP doDes(Pir) t-OCS. Similarly, the two binary 
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vectors SEQ ID: 137 pSUN-pNapin d6Des(Pir) t-OCS and 
SEQ ID: 141 pSUN-pLuPXR d6Des(Pir) t-OCS were 
cloned as a positive control, that is, these two vectors are 
known to be capable to drive seed specific expression of 
PUFA genes, e.g. the delta-6-desaturase SEQID NO: 68. 
The resulting vectors were subsequently used for the pro 

duction of transgenic plants. The promoter activity in the 
transgenic plant seeds was measured based on the expression 
of delta 6 Desaturase and an observed modification in the 
lipid pattern of the seeds as described in example 5. 

Example 4 

Production of Transgenic Plants 

a) Generation of Transgenic Rape Seed Plants (Amended 
Protocol According to Moloney et al. 1992, Plant Cell 
Reports, 8:238-242) 

For the generation of transgenic rapeseed plants, the binary 
vectors were transformed into Agrobacterium tumefaciens 
C58C1:pGV2260 (Deblaere et al. 1984, Nucl. Acids. Res. 13: 
4777–4788). For the transformation of rapeseed plants (cv. 
Kumily,) a 1:50 dilution of an overnight culture of positive 
transformed acrobacteria colonies grown in Murashige-Sk 
oog Medium (Murashige and Skoog 1962 Physiol. Plant. 15, 
473) supplemented by 3% saccharose (3MS-Medium) was 
used. Petiols or Hypocotyledones of sterial rapeseed plants 
were incubated in a petri dish with a 1:50 acrobacterial dilu 
sion for 5-10 minutes. This was followed by a tree day co 
incubation in darkness at 25°C. on 3MS-Medium with 0.8% 
bacto-Agar. After three days the culture was put on to 16 
hours light/8 hours darkness weekly on MS-medium contain 
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ing 500 mg/l Claforan (Cefotaxime-Natrium), 100 nM 
Imazetapyr, 20 mikroMBenzylaminopurin (BAP) and 1.6 g/1 
Glucose. Growing sprouts were transferred to MS-Medium 
containing 2% saccharose, 250 mg/l Claforan and 0.8% 
Bacto-Agar. Even after three weeks no root formation was 
observed, a growth hormone 2-Indolbutyl acid was added to 
the medium for enhancing root formation. 

Regenerated sprouts have been obtained on 2MS-Medium 
with Imazetapyr and Claforan and were transferred to the 
greenhouse for sprouting. After flowering, the mature seeds 
were harvested and analysed for expression of the Desaturase 
gene via lipid analysis as described in Quiet al. 2001, J. Biol. 
Chem. 276, 31561-31566. 
b) Production of Transgenic Flax Plants 

The production of transgenic flax plants can be carried out 
according to the method of Bell et al., 1999. In Vitro Cell. 
Dev. Biol. Plant 35(6):456-465 using particle bombardment. 
Acrobacterial transformation could be carried out according 
to Mlynarova et al. (1994), Plant Cell Report 13:282-285. 

Example 5 

Lipid Extraction 

Lipids can be extracted as described in the standard litera 
ture including Ullman, Encyclopedia of Industrial Chemistry, 
Bd. A2, S. 89-90 and S. 443-613, VCH: Weinheim (1985); 
Fallon, A., et al., (1987) “Applications of HPLC in Biochem 
istry’ in: Laboratory Techniques in Biochemistry and 
Molecular Biology, Bd. 17: Rehm et al. (1993) Biotechnol 
ogy, Bd. 3, Kapitel III: “Product recovery and purification'.S. 
469-714, VCH: Weinheim; Better, P. A., et al. (1988) Bio 
separations: downstream processing for Biotechnology, John 
Wiley and Sons; Kennedy, J. F., und Cabral, J. M. S. (1992) 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 143 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1790 
&212s. TYPE: DNA 

<213> ORGANISM: Brassica napus 

<4 OOs SEQUENCE: 1 

10 

15 

25 

30 
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Recovery processes for biological Materials, John Wiley and 
Sons: Shaeiwitz, J. A., und Henry, J. D. (1988) Biochemical 
Separations, in: Ullmann's Encyclopedia of Industrial Chem 
istry, Bd. B3; Kapitel 11, S. 1-27, VCH: Weinheim; und 
Dechow, F. J. (1989) Separation and purification techniques 
in biotechnology, Noyes Publications. 

Alternatively, extraction will be carried out as described in 
Cahoon et al. (1999) Proc. Natl. Acad. Sci. USA 96 (22): 
12935-12940, und Browse et al. (1986) Analytic Biochemis 
try 152:141-145. Quantitative and qualitative analysis of lip 
ids or fatty acids are described in Christie, William W., 
Advances in Lipid Methodology, Ayr? Scotland: Oily Press 
(Oily Press Lipid Library; 2); Christie, William W., Gas Chro 
matography and Lipids. A Practical Guide—Ayr, Scotland: 
Oily Press, 1989, Repr. 1992, IX, 307 S. (Oily Press Lipid 
Library: 1); “Progress in Lipid Research, Oxford: Pergamon 
Press, 1 (1952)-16 (1977)u.d.T.: Progress in the Chemistry of 
Fats and Other Lipids CODEN. 

Based on the analysed lipids, the expression of the Desatu 
rase can be determined since the lipid pattern of successfully 
transformed plant seeds will differ from the pattern of control 
plant seeds. Seed specific expression of a deta-6-desaturase 
would result in formation of 18:3n-6 (GLA) and/or 18:4n-3 
(SDA), depending on whether the delta 6 desaturase uses 
18:2n-6 (LA) and/or 18:3n-3 (ALA) as substrate. Surpris 
ingly, not only the two control promotors Napin and LuPXR 
harbored by the vectors SEQID: 137 pSUN-pNapin d6Des 
(Pir) t-OCS and SEQ ID: 141 pSUN-puPXR d6Des(Pir) 
t-OCS were capable to drive seed specific expression of the 
delta-6-desaturase as indicated by the formation of GLA, but 
also the promotors of the present invention (FIG. 2). Interest 
ingly, the promotors influenced the ratio of the omega-3 fatty 
acid SDA to the omega-6 fatty acid GLA. 

caaaacgaaa to atcaaatc gtggagcc.gt cct cqagcta tagaagt cag at caccaaaa 60 

accatat citt galaalaccaag acgagagggg agtaacaatg gtaa.gc.caac gacgaggaaa 12O 

acaacttcaa agacgactaa actctgaccc aacccaaaga gatgcagttc ctaa catcag 18O 

Ctaaaatcta aggaagaaga ggagcatcca at attgcatg gagtag ccta aaatgatgcg 24 O 

agaaacaacc gcacaactgg galacticcitaa acco gatcta caataaatac cagaaatcto 3 OO 

alaggtgaaga aggcgataaa gaacaagagc atgaggtgag tottttittgg tatgatgag 360 

aaacaccgca taccagaaac gtaaagaaaa tacatagatgttgaaggctic aatgtaaaaa 42O 

atatgggaala aaaacgaaaa catcttgaaa gttataatgt to aaaaatat aaaaaaaatt 48O 

aaaagaaaat tittgacgctgaaaccotaaa tottagaatc aacaaatgca taaatgcaaa 54 O 

gttattgaaa ttcaatatat ttittatatta gagactic act tcactgctaa caaatact at 6 OO 

acagacaaaa cacatt atta aaaaaacaaa gacaaaatat attalacatat cact attact 660 

act acataac acaataaaaa caccaaataa catt cittaac aaataaaagt gat cacataa 72O 

ttacattatic caaaaaatca tacttittaac aacaataaaa caat attcc.g. cdc.gaag.cgc 78O 
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ttcatcgcta gaattcaaac aaccaccacc aacatacaac acaggcttct tag acticaga 7380 

aatcaaccta acaatctgct c caaatgaga atct tcc.gga gotttaggca toctaga cat 744. O 

at aaccaggit aatctoratag cct gttcc.ca attaggaatc gcaa.gctgtt gttgaatatic 75OO 

tittaggaaca toaaccaaaa caggit coagg totaccagaa gtagctaaaa agaaagcttic 756 O 

citcaataatc ctagggatat cittcaa.catc cat cacaaga tagttatgct tcgtaatcga 762O 

acgcgttacct caacaatcg gag totcttgaaacgcatct gtaccaatca tacgacgagg 768 O 

gacttgtc.ct gtgattgcta caagaggaac act at ctaac alacgcatcgg ctaatcc.gct 774. O 

aacgagattt gtagct Cogg gacctgaagt ggctata cag atacctggitt tacct gagga 78OO 

tcgagcgitat cct tctgctg cgaatacacic ticcittgttcg tacgaggala ggacgttacg 786 O 

gattgaggaa gagcgggitta aggcttggtgaat ct coatt gatgtacct C Cagggitaagc 7920 

gaatacggitt t ctacgc.ctt gacgttctaa agctt.cgacg aggatat cag cqc ctittgcg 798 O 

gggttgat ct ggagcgaatc gggagatgaa tottt cqggt ttgg taggitt tttggaga 804 O 

gggagtggitt gttgacattgg tagttgttgtt gag cacggcg gagatggagg agggaga.gct 81OO 

ggatttgata CC9C9g.cggc gggaggagga gatgatttgttggggttta giggagaatgg 816 O 

gagggaga at Ctggagattg gtaatggtga tittggaggag galaggagatg gtttggtgga 822 O 

gaaggagatc gaagaagatgttgttgttgt tttgttgcc gcc.gc.catgg ttcagctgca 828O 

catacataac at atcaagat cagaacacac atatacacac acaaatacaa totaagt caac 834 O 

aact coaaaa agt ccagatc tacatatata catacgitaaa taacaaaatc atgtaaataa 84 OO 

t cacaatcat gtaatccaga tictatgcaca tatatatata cacaattaat aaaaaaaatg 84 60 

atataacaga tictatat cita totatgtaac aacacaatca gatgagagaa gtgatgttitt 852O 

cagatctgta tacatacaaa cacaaacaga tigaacaattig atacgtagat coatatgtat 858 O 

acgtacaatt agctacacga ttaaatgaaa aaaat caacg attitcggatt gg tacacaca 864 O 

aacgcaacaa tatgaagaaa titcat atctg attagatata aac at aacca cqtgtagata 87OO 

cacagt caaa toaacaaatt tatagcttct aaacggatga gatgaacaag ataaagatat 876O 

t cacataagg catacataag ataag cagat taacaaacta gcaataatac atacctaatt 882O 

aaaacaagga atalacagaga gagagagaga gagagagatt taccttgaaa atgaagagga 888 O 

gaagagagga titt cittaaaa ttgggggtag agaaagaaag atgatgaatt gtgagaaagg 894 O 

agagatagaa gggggggttg tatatatagg Ctgtagaaga t tattitttgt gtttgaggcg 9 OOO 

gtgaaggaag aggggatctg act atgacac gtttgcggitt acg tatttcg at aggagtict 906 O 

ttcaacgctt aacgc.cgitta Ctctatatga cc.gtttgggc cqtaacgggg ccgtttgtta 912 O 

acgctgatgt tdattcttitt ctittctittct ttct tcc titt tittaaagaag caattgtaca 918O 

atcgttgcta gctgtcaaac ggataatt cq gatacggata togcctatatt catat cogta 924 O 

atttittggat t cqaattitt c ccctic taggg ataac agggit aatggat.cta tattgtttitt 93 OO 

gttt cacata aatgtcgttt toggattatt c atgtaatatt ttaaactaaa gtacaattitt 936 O 

tgac tactitt agtttactag ttaagcttitt atttittittga citaac cattgaatgatgaag 942O 

agat caacgc at catattta caact tacat agt cittittgg aagtgtaaat togctaatact 948O 

acctaaaata tat ctata at taactaat at tttitt cqtca attataatag atcaattaaa 954 O 

aggctatoaa aaggaaaaaa atgaaatcca catcc togcca totata acct c atgctggaaa 96.OO 

aagaaatgaaaaaatataaa aaatttcttt tdttt attaa atttacaact ttaatac tag 966 O 

tittcttitt ct atttitttaaa agcttttgtc act tacttaa aaaaaaaaaa citttittgaaa 972 O 
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ggatttgata CC9C9g.cggc gggaggagga gatgatttgttggggttta giggagaatgg 816 O 

gagggaga at Ctggagattg gtaatggtga tittggaggag galaggagatg gtttggtgga 822 O 

gaaggagatc gaagaagatgttgttgttgt tttgttgcc gcc.gc.catgg ttcagctgca 828O 

catacataac at atcaagat cagaacacac atatacacac acaaatacaa totaagt caac 834 O 

aact coaaaa agt ccagatc tacatatata catacgitaaa taacaaaatc atgtaaataa 84 OO 

t cacaatcat gtaatccaga tictatgcaca tatatatata cacaattaat aaaaaaaatg 846 O 

atataacaga tictatat cita totatgtaac aacacaatca gatgagagaa gtgatgttitt 852O 

cagatctgta tacatacaaa cacaaacaga tigaacaattig atacgtagat coatatgtat 858 O 

acgtacaatt agctacacga ttaaatgaaa aaaat caacg attitcggatt gg tacacaca 864 O 

aacgcaacaa tatgaagaaa titcat atctg attagatata aac at aacca cqtgtagata 87OO 

cacagt caaa toaacaaatt tatagcttct aaacggatga gatgaacaag ataaagatat 876O 

t cacataagg catacataag ataag cagat taacaaacta gcaataatac atacctaatt 882O 

aaaacaagga atalacagaga gagagagaga gagagagatt taccttgaaa atgaagagga 888 O 

gaagagagga titt cittaaaa ttgggggtag agaaagaaag atgatgaatt gtgagaaagg 894 O 

agagatagaa gggggggttg tatatatagg Ctgtagaaga t tattitttgt gtttgaggcg 9 OOO 

gtgaaggaag aggggatctg act atgacac gtttgcggitt acg tatttcg at aggagtict 906 O 

ttcaacgctt aacgc.cgitta Ctctatatga cc.gtttgggc cqtaacgggg ccgtttgtta 912 O 

acgctgatgt tdattcttitt ctittctittct ttct tcc titt tittaaagaag caattgtaca 918O 

atcgttgcta gctgtcaaac ggataatt cq gatacggata togcctatatt catat cogta 924 O 

atttittggat t cqaattitt c ccctic taggg ataac agggit aatggat.cta tattgtttitt 93 OO 

gttt cacata aatgtcgttt toggattatt c atgtaatatt ttaaactaaa gtacaattitt 936 O 

tgac tactitt agtttactag ttaagcttitt atttittittga citaac cattgaatgatgaag 942O 

agat caacgc at catattta caact tacat agt cittittgg aagtgtaaat togctaatact 948O 

acctaaaata tat ctata at taactaat at tttitt cqtca attataatag atcaattaaa 954 O 

aggctatoaa aaggaaaaaa atgaaatcca catcc togcca totata acct c atgctggaaa 96.OO 

aagaaatgaaaaaatataaa aaatttcttt tdttt attaa atttacaact ttaatac tag 966 O 

tittcttitt ct atttitttaaa agcttttgtc act tacttaa aaaaaaaaaa citttittgaaa 972 O 

tatt cotact tccaatgtct gattagtgct tctggatttic ctittittggat catgtgaatc 978 O. 

ctaaat caga aaaatt cata taatacccaa titcagtatat titt catactt caatttacaa 984 O 

gagttct cita tdtttittagc titctittcttt taa.gc.caaat gttittaa.gca tottttatac 9900 

attaaaataa tittagtgttg agttgagatt tttittttittt ttttittggat titacttgttc 996 O 

aaaatctgaaaaaatgttta cagaaggitta aaatgaacca aaaggcatat caa.gctagat OO2O 

tittgaattac cct attt cat cqtatacaca aaactgataa totggacaca gttgattitta OO8O 

cittct cqatig a catcg tagt tittatttaat ttggaaacca cqgcc catat gag cacattt O14 O 

caattaaaaa ccaatggtaa gag catttitc catgcaagat tccagagata tta acccagt O2OO 

gactgttaaa acagottaga accctaataa cqaatttcaa ttact caatt taccatt cqc O26 O 

attt cqcaat aaccaaactg agc.cagt cac aaggagtaaa ccgaaccogga ttatttattt O32O 

ataaaatgaa agaaaggaaa C caaacaa.ca acagcagtag tagt ctgacg taalaccaaaa O38O 

agcaggcaga t caacaacta aaagaaactic aaattaccaa aacaaac agg aaattgcaaa O44 O 
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tgtcggtttc aggatactta aacttgttitt gggttgggitt atagaaaa.ca at agttggit c 524 O 

gttcatttgt aag.cccaact taccagtagc cct tcatgta atttittgat c ctataggctt 53 OO 

taaaacticag tttitt actitt ttittatatt c gttaa cataa acatggataa ttitttgttct 536 O 

tattaaaaat ggittattitta tdaattaatt ttaaaatggit tottattittg tattataaat 542O 

gttaattitta aaataaaaaa tottgatagt titt cqggaag titattataca ttgtaagagt 548 O 

tittaaatata atttatttitc attattaaaa toaacttcaa tataaataga tittataaaag 554. O 

ataagaaata t tactatota agatacggat gtct caatac aaagaaatca caagaatatt 5 6.OO 

atatgttaaa tatttaaatt tagcc.gattt tdttctaaaa atataaaatt gtgacttitta 566. O 

acco tatt at coaaaaaa.ca ggtaccgaac cagcaccaaa ttaaact cqa aactittatat 572 O 

aagtttittaa ttttittatcg caatcaaact gagagctaac taattaatcc gaalaccaaac 578 O. 

ctaaattcac aaataatcga acggit coctt tattt cittaa titcgaaaaaa aaaacaaaat 584 O 

cacaac cqac accogaaaacc aaaaaaaaaa caaattacag totaactgaa aattgaacgc 59 OO 

acatgcctaa acataagagt gaacaaatag atggattaat aaatttgtca acaaaaaata 596 O 

titcc.gtgctt togaaactitta t ctaagttitt taatatttitt atcgcaatca aactgagagc 6O20 

taactaatta atc.cgaaacc aaacctaaat t cacaaataa togaacggitt cottatatttic 608 O 

tt catt cqaa aaaaaaaaac aaaat cacaa ccgacaccga aaaccaaaaa aaaaaaatta 614 O 

Cagt caact gaalaattgaa cqcacgtgcc taalacataag agtgaacaaa tagatgggitt 62OO 

aataaattgg ccggcc tagt agatttaa at tdocttagt ggccaagctt ggcgtaatca 626 O 

tggagcCtgc titt tttgtac aaacttgggt accggCCt at taggcCacgg to Catacagt 632O 

gtttaaacga ttgacctgca ggatacaagt gcgcacagac tagcggcc.gc taatc.ccggg 638O 

aattaccggit agtaggcgcc tactittggcc ggcct agtag atttalaattg gccttagtgg 644. O 

c caa.gcttgg cqtaat catg gcaacttitt 6469 

<210s, SEQ ID NO 9 
&211s LENGTH: 636 
&212s. TYPE: DNA 

<213> ORGANISM: Brassica napus 

<4 OOs, SEQUENCE: 9 

gaattacgitt tdagttcaaa titcaggtagc titaagcticta attggtggct ttagg taata 6 O 

caagaggit ct cagtttgtaa atgtagttaa aactitttgtg gtgtaaatca tottcct citt 12 O 

cgattggitta ataaaaagtt gttgatgagt taaaaaacaa aattagttgc agittaaaatt 18O 

acgaat catg ggcticcitatic tatattttac attacaataa agctttittitt ttgttcactg 24 O 

cattacaata aagctatata t cactggtgg aatctgaaat aaaga caaac cctdaactica 3OO 

aaacct galaa taattagcca aac acttgat tccaaacaga aacaaatago gacctaacac 360 

gataatagat aggccactitt gaaaaataat ataaggat.ca gatttcttgg tittaalacagt 42O 

aaaagg taaa acacatgaag acaagaaaaa aattatagat tttacaaaac aaaaaaaact 48O 

tgtag act ct tdtgttcgtt gccaatgttg gcttctitt.cc accacacaaa tatgaccgtt 54 O 

aagact cqaa gogaccactitt ataattacta catggatgta taaaatatat agat.cgt.cca 6OO 

ttgtcatttg ct tact tcga ccatttattt citcgt.c 636 

<210s, SEQ ID NO 10 
&211s LENGTH: 538 

212. TYPE : DNA 

<213> ORGANISM: Brassica napus 
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