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(57) ABSTRACT 

The invention relates to a method for the stable expression 
of nucleic acids in transgenic plants, controlled by a parsley 
ubiquitin promoter (PCUbi4-2). Said promoter, isolated 
from parsley (petroselinum crispum) exhibits in almost all 
transgenic plants an intensely constitutive expression in 
almost all vegetable tissue, including the seed. It also 
contains, among others, a potentially heat-shock inducible 
element (HSE). The invention also relates to nucleic acid 
constructs, vectors and transgenic plants and to the use of the 
latter for producing foodstuffs, animal feed, seeds, pharma 
ceuticals or fine chemicals. 
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Figure 8: Sequence of PCUbi4-2 
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METHOD FOR THE STABLE EXPRESSION OF 
NUCLEIC ACIDS IN TRANSGENIC PLANTS, 
CONTROLLED BY A PARSLEY-UBIQUITIN 

PROMOTER 

0001. The present invention relates to a process for stable 
expression of nucleic acids in transgenic plants. 

0002 The invention furthermore relates to nucleic acid 
constructs, vectors, transgenic plants and to the use of said 
transgenic plants for preparing foodstuffs, feedstuffs, seeds, 
pharmaceuticals or fine chemicals. 
0003 Various methods of introducing genes into the 
genome of plants are known (Halford N G, Shewry PR, Br 
Med Bull 2000: 56(1):62-73). The aim is the preparation of 
plants having advantageous, novel properties, for example to 
increase agricultural productivity, for improving the quality 
of foodstuffs or for producing particular chemicals or phar 
maceuticals (Dunwell J. M. J. Exp Bot. 2000:51 Spec 
No:487-96). 
0004 Moreover, the natural defence mechanisms of the 
plant, for example against pathogens, are inadequate. The 
introduction of foreign genes from plants, animals or micro 
bial sources may enhance the defence, for example. 
Examples are the protection against insects feeding on 
tobacco by expression of the Bacillus thuringiensis endot 
oxin under the control of the 35 S. CaMV promoter (Vaeck 
et al., Nature 1987, 328,33-37) or the protection of tobacco 
against fungal infection by expression of a chitinase from 
beans under the control of the 35SCaMV promoter (Broglie 
et al., Science 1991, 254, 1194-1197). 
0005. It is furthermore possible to achieve resistance to 
herbicides by introducing foreign genes, thereby optimizing 
the cultivation conditions and reducing crop losses (Ott KH 
et al., J Mol Biol. 1996; 263(2):359-368). 
0006 The quality of the products may also be improved. 
Thus it is possible, for example, to increase the shelf life and 
storability of crop products by inactivating particular matu 
ration genes. This has been demonstrated, for example, by 
inactivating polygalacturonase in tomatoes (Hamilton A Jet 
al., Curr Top Microbiol Immunol 1995; 197: 77-89). 
0007. It is furthermore possible, by introducing further 
genes, advantageously metabolic genes, into plants, to 
enable particular products and by-products of naturally 
occurring metabolic processes to be utilized for a wide range 
of industries, including the feed, food, cosmetics and phar 
maceutical industries. These molecules which are collec 
tively referred to as “fine chemicals' include, for example, 
Vitamins, amino acids, carbohydrates or lipids and fatty 
acids, one exemplary class of which are the polyunsaturated 
fatty acids (PUFAs). Polyunsaturated fatty acids are added, 
for example, to children’s food in order to increase the 
nutritional value of these foods. PUFAs have, for example, 
a positive effect on the cholesterol level in the blood of 
humans and are therefore useful for protection against heart 
disease. Fatty acids and triglycerides have a multiplicity of 
applications in the food industry, animal nutrition, cosmetics 
and in the pharmaceutical sector. 
0008. A basic prerequisite for transgenic expression of 
particular genes in plants is the provision of plant-specific 
promoters. Various plant promoters are known. It is possible 
to distinguish between constitutive promoters which enable 
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expression in various parts of a plant, which is only slightly 
restricted in terms of location and time, and specific pro 
moters which allow expression only in particular parts or 
cells of a plant (e.g. root, seeds, pollen, leaves, etc.) or only 
at particular times during development. Constitutive pro 
moters are advantageously used for expressing 'selection 
markers'. Selection markers (e.g. antibiotic or herbicidal 
resistance genes) permit filtering of the transformation event 
out of the multiplicity of untransformed but otherwise 
identical individual plants. 
0009. In all cases, it is necessary to control specifically 
expression of the genes to be expressed, depending on the 
function of said genes. Any expressed genes in any organ 
isms have a promoter region 5' of the coding sequence. This 
region is responsible for the start of transcription itself and 
for regulating transcription. Said regulation is carried out 
usually by transcription factors binding to regulatory 
sequences within the promoter region. Promoters are usually 
freely portable within a species, i.e. it is possible to use a 
promoter of one gene in order to control transcription of 
another gene. This control of the new gene is then usually 
identical to controlling the original gene from which the 
promoter is derived. Thus it is possible to control expression 
of any gene in a known manner, using a known promoter 
whose regulation is known. This generally no longer applies, 
as soon as said promoter is used in other species. Thus, for 
example, promoters from the bacterium Streptomyces are 
recognized in the bacterium E. coli only poorly, if at all. The 
same applies to promoters of animal or plant origin which 
cannot readily be used reciprocally or in microorganisms. 
0010 Constitutive promoters active in plants have been 
described relatively rarely up to now. Promoters to be 
mentioned are the Agrobacterium tumefaciens TR double 
promoter, the promoters of the vacuolar ATPase subunits or 
the promoter of a proline-rich wheat protein (WO 91/13991) 
and also the Ppcl promoter Mesembryanthemum crystalli 
num (Cushman et al. (1993) Plant Mol Biol 21:561-566). 
0011. The constitutive promoters which are currently the 
predominantly used promoters in plants are almost exclu 
sively of viral or bacterial origin, for example from Agro 
bacterium. In detail, these are the nopaline synthase (nos) 
promoter (Shaw et al. (1984) Nucleic Acids Res. 
12(20):7831-7846), the mannopine synthase (mas) promoter 
(Comaietal. (1990) Plant Mol Biol 15 (3):373-381) and the 
octopine synthase (ocs) promoter (Leisner and Gelvin 
(1988) Proc Natl Acad Sci USA 85(5):2553-2557) from 
Agrobacterium tumefaciens and the CaMV35S promoter 
from cauliflower mosaic virus (U.S. Pat. No. 5,352,605). 
The latter is the most frequently used promoter in expression 
systems with ubiquitous and continuous expression (Odell et 
al.(1985) Nature 313:810-812: Battraw and Hall (1990) 
Plant Mol Biol 15:527-538; Benfey et al. (1990) EMBO J 
9(69): 1677-1684; U.S. Pat. No. 5,612,472). However, the 
CaMV 35S promoter which is frequently applied as consti 
tutive promoter exhibits variations in its activity in different 
plants and in different tissues of the same plant (Atanassova 
et al. (1998) Plant Mol Biol 37:275-85; Battraw and Hall 
(1990) Plant Mol Biol 15:527-538: Holtorf et al. (1995) 
Plant Mol Biol 29:637-646; Jefferson et al. (1987) EMBOJ 
6:3901-3907). A further disadvantage of the 35S promoter 
is, for example, a change of it in transgene expression in the 
case of an infection with cauliflower mosaic virus and its 
typical pathogenic variants. Thus, plants expressing the 



US 2007/0006347 A1 

BAR gene (Bialaphos resistance gene, alanylalanylphosphi 
nothricine) under the control of the 35S promoter are no 
longer resistant after infection with the virus which typically 
occurs in nature (Al-Kaffetal. (2000) Nature Biotechnology 
18:995-99). 
0012 From the range of viral promoters, the sugarcane 
bacilliform badnavirus (ScBV) which imparts an expression 
pattern similar to that of CamV has been described as an 
alternative to the CaMV 35S promoter (Schenket al. (1999) 
Plant Mol Biol 39(6): 1221-1230). The activity of the SchBV 
promoter was analyzed in transient expression analyses 
using various dicotyledonous plants, including Nicotiana 
tabacum and N. benthamiana, Sunflower and oilseed rape, 
and monocotyledonous plants, here in the form of banana, 
corn and millet. In the transient analyses in corn, the ScBV 
promoter-mediated expression level was comparable to that 
of the ubiquitin promoter from corn (see below). Further 
more, the ScBV promoter-mediated rate of expression was 
assayed in transgenic banana and tobacco plants and dis 
played in both plant species essentially constitutive expres 
S1O. 

0013 Common promoters for expressing selection mark 
ers in plants are especially the nos promoter, or else the mas 
promoter and ocs promoter, all of which have been isolated 
from Agrobacterium strains. 

0014. The use of viral sequences is often met with great 
reservations on the part of the consumer. These doubts are 
fed not least by studies which question the safety of the 35S 
CaMV promoter, owing to a possible horizontal gene trans 
fer due to a recombination hot spot (Ho MW et al. (1999) 
Microbial Ecology in Health and Disease 11:194-197: Cum 
mins J et al. (2000) Nature Biotechnology 18:363). It is 
therefore an aim of future biotechnological studies on plants 
to replace viral genetic elements by plant regulatory ele 
ments in order to keep as closely as possible to the plant 
system. 

0015. Owing to the prevailing doubts with regard to viral 
promoters, there are extensive efforts to replace said pro 
moters by plant promoters. However, a promoter of plant 
origin, which is comparable to the viral elements, has not 
been described as yet. 
0016 What has been described, is a plant ubiquitin 
promoter from Arabidopsis thaliana (Callis et al.(1990) J 
Biol Chem 265:12486-12493; Holtorf Set al. (1995) Plant 
Mol Biol 29:637-747). However, some studies revealed that 
the Arabidopsis ubiquitin promoter is unsuitable for express 
ing selection marker genes. 
0017 Christensen et al. have described further promot 
ers, namely the two corn ubiquitin promoters Ubi-1 and 
Ubi-2, which exhibit heat inducibility, in addition to con 
stitutive basic expression (U.S. Pat. Nos. 5,510,474; 6,020, 
190 and 6,054574). The expression pattern of the two 
promoters Ubi-1 and Ubi-2 from corn is described in Plant. 
Mol. Biol., (1992), 18(4):675-689. While the Ubi-1 promoter 
has good expression activity in corn and other monocoty 
ledonous plants, it exhibits in dicotyledonous tobacco plants 
only 10% of the activity which had been achieved in 
comparable experiments using the viral 35S promoter. The 
corn Ubi-1 promoter is thus suitable for overexpression of 
genes in monocotyledonous plant systems. In addition, it is 
Sufficiently strong in order to mediate a herbicidal resistance 
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via expression of selection markers Christensen and Quail 
(1996) Transgenic Res 5(3):213–218). However, the Ubi-1 
promoter proved unsuitable for dicotyledonous expression 
systems. 

0018 WO01/18220 describes a ubiquitin regulatory sys 
tem which lacks the heatshock elements, i.e. it is no longer 
heat-inducible. This regulatory system was developed, start 
ing from the corn Ubi-promoter system, by removing the 
heat-inducible elements. 

0019. Ubiquitins are omnipresent proteins which have 
been found in all eukaryotes analyzed thus far. Thus, Kawal 
leck et al. Plant Molecular Biology, 21, 1993: 673-684) 
describe two parsley (Petroselinum crispum) ubiquitins, 
ubi4-1 and ubi4-2. The promoter of ubi4-2 has been isolated. 
It was not possible to demonstrate any heat inducibility of 
ubi4-1 and ubi4-2 under the conditions studied by Kawal 
leck et al. 

0020. A comparison of the organ specificity and strength 
of various constitutive promoters was carried out by Holtorf 
(Holtorf et al. (1995) Plant Mol Biol 29(4):637-646) on the 
basis of stably transformed Arabidopsis plants. The study 
comprised, inter alia, the CaMV35S promoter, the leaf 
specific thionine promoter from barley and the Arabidopsis 
ubiquitin promoter (UBQ1). The CaMV35S promoter 
exhibited the highest rate of expression. On the basis of 
using an additional translational enhancer (TMV omega 
element), it was possible to increase the rate of expression 
of the promoter by a factor of two to three with unchanged 
organ specificity. The leaf-specific thionine promoter from 
barley was inactive in the majority of transformed lines, 
while the UBQ1 promoter from Arabidopsis resulted in 
medium rates of expression. 
0021 McElroy and colleagues reported a construct for 
transforming monocotyledonous plants, which is based on 
the rice actin 1 (Act1) promoter (McElroy et al. (1991) Mol 
Gen Genet 231:150-1609). Overall, it was concluded from 
the afore-described studies that the Act 1 promoter-based 
expression vectors are suitable for controlling a sufficiently 
strong and constitutive expression of foreign DNA in trans 
formed cells of monocotyledonous plants. 
0022. Another constitutive promoter which has been 
described is the promoter of an S-adenosyl-L-methionine 
synthetase (WO 00/37662). A disadvantage here is espe 
cially a dependence of the strength of expression on the 
methionine concentration. 

0023 WO99/31258 describes chimeric constitutive plant 
promoters which are composed of various elements of 
various promoters with complementary expression patterns 
so that the combination of individual tissue specificities 
additively results in a constitutive expression pattern. This is 
a very complicated process for preparing apparently consti 
tutive promoters. 
0024. Furthermore, promoters have been described 
which have specificities for the anthers, ovaries, flowers, 
leaves, stalks, roots and seeds. The stringency of the speci 
ficity and also the expression activity of said promoters is 
very different. Promoters which may be mentioned are those 
which ensure leaf-specific expression, Such as the potato 
cytosolic FBPase promoter (WO 97/05900), the rubisco 
(ribulose-1,5-bisphosphate-carboxylase) SSU (small sub 
unit) promoter, the potato ST-LSI promoter Stockhaus et al. 
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(1989) EMBO J 8:2445-224.5), the mainly leaf-specific 
ferredoxin NADPH oxidoreductase promoter (FNR pro 
moter) which has a light-inducible element Oelmüller et al. 
(1993) Mol. Gen. Genet. 237:261-72 or the leaf-specific 
promoter of the triose-phosphate translocator (TPT). 
0.025 Examples of further promoters are promoters with 
specificity for tubers, storage roots or roots, such as, for 
example, the patatin class I promoter (B33), the potato 
cathepsin D inhibitor promoter, the starch synthase (GBSS1) 
promoter or the sporamin promoter, fruit-specific promoters 
Such as, for example, the tomato fruit-specific promoter 
(EP-A 409625), fruit maturation-specific promoters such as, 
for example, the tomato fruit maturation-specific promoter 
(WO 94/21794), flower-specific promoters such as, for 
example, the phytoene synthase promoter (WO 92/16635) or 
the promoter of the P-rr gene (WO 98/22593). 
0026. A promoter regulated as a function of development 

is described, inter alia, in Baerson et al. (Baerson S R. 
Lamppa G K (1993) Plant Mol Biol 22(2):255-67). 
0027 Promoters have been described which have tissue 
specificity for the mesophyll and the pallisade cells in leaves 
(Broglie et al. (1984) Science 234:838-845), the dividing 
shoot and the root meristem Atanassova et al. (1992) Plant 
J 2:291-300), pollen Guerrero et al. (1990) Mol Gen Genet 
224:161-168), seed endosperm Stalberg et al. (1993) Plant 
Mol Biol 23:671-6839, root epidermis Suzuki et al. (1993) 
Plant Mol Biol 21:109-119), and for the root meristem, root 
vascular tissue and root knots Bogusz et al. (1990) Plant 
Cell 2:633-641). 
0028. Other known promoters are those which control 
expression in seeds and plant embryos. Examples of seed 
specific promoters are the phaseolin promoter U.S. Pat. No. 
5,504,200, Bustos M Metal. (1989) Plant Cell 1(9):839-53), 
the promoter of the 2S albumin gene Josefson L G et al. 
(1987) J Biol Chem 262:12196-12201), the legumin pro 
moter Shirsat A et al. (1989) Mol Gen Genet 215(2):326 
331), the promoters of the USP unknown seed protein; 
Bäumlein H et al. (1991) Molecular & General Genetics 
225(3):459-67), of the napin gene Stalberg K, et al. (1996) 
Planta 199:515-519), of the saccharose-binding protein (WO 
00/26388) and the LeB4 promoter Bäumlein Het al.(1991) 
Mol Gen Genet 225:121-128). Said promoters control seed 
specific expression of storage proteins. 
0029 Many of the abovementioned promoters exhibit, in 
addition to the primary activity, also “secondary activities' 
in other tissues. 

0030. Owing to the tissue-dependent expression pattern, 
the abovementioned tissue-specific promoters are poorly 
Suited to expressing selection markers. Here, a selection in 
all tissue parts, if possible, is required in order to ensure 
efficient selection. 

0031. The “constitutive' promoters described in the prior 
art have one or more of the following disadvantages: 
0032 1. Inadequate homogeneity of expression: 

0033. The known “constitutive' promoters frequently 
display a different level of expression, depending on the 
type of tissue or cell. Moreover, the expression property 
is often highly dependent on the site of insertion into 
the host genome. This indicates that the effects to be 
obtained by heterologous expression cannot be 
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achieved to the same extent homogeneously in the 
plant. Under or over dosages may occur. This may have 
an adverse effect on plant growth or plant value. 

0034 2. Inadequate time profile: 

0035. The “constitutive' promoters known in the prior 
art often exhibit a nonconsistent activity during the 
development of a tissue. As a result, it is not possible, 
for example, to achieve desirable effects (such as 
Selection) in the early phase of Somatic embryogenesis 
which would be advantageous, especially here, due to 
the sensitivity of the embryo to in vitro conditions and 
stress factors. 

0036 3. Inadequate applicability to many plant species: 

0037. The “constitutive” promoters described in the 
prior art are often not active in the same way in all 
species. 

0038 4. Gene silencing 

0039. If a plurality of expression cassettes with in each 
case the same "constitutive' promoter are present in an 
organism, interactions between said expression cas 
settes and even Switching-off (gene silencing) of indi 
vidual expression cassettes may occur (Mette et al. 
(1999) EMBO J. 18:241-248). 

0040) 5. Viral and bacterial promoters 

0041) Promoters of viral origin may be influenced by 
virus infections of the transgenic plant and may then no 
longer express the desired property (Al-Kaff et al. 
(2000) Natur Biotechnology 18:995-99). 

0042. The public acceptance toward the use of pro 
moters and elements from plant systems is higher than 
for viral systems. 

0043. The number of promoters suitable for expressing 
Selection markers in plants is low and said promoters 
are usually of viral or bacterial origin. 

0044 An ideal constitutive promoter should have as 
many of the following properties as possible: 

0045 a) A gene expression which is as homogeneous as 
possible with regard to location and time, i.e. an expres 
sion in as many cell types or tissues of an organism as 
possible during the various phases of the developmental 
cycle. Desirable expression should take place as early as 
in the embroyo stage. Furthermore, an efficient selection 
in dedifferentiated cells (various callus phases) from a 
tissue culture and other developmental stages suitable for 
tissue culture is desired. 

0046 b) An applicability to various plant species, which 
is as broad as possible, and applicability to species in 
which it is not possible to achieve any expression using 
the “constitutive' promoters known to date. 

0047 c) In order to combine a plurality of transgenes in 
one plant, it is desirable to carry out a plurality of 
transformations in Succession or to use constructs with a 
plurality of promoter cassettes, but without generating 
silencing effects due to the multiple use of identical 
regulatory sequences. 



US 2007/0006347 A1 

0.048 d) A plant origin in order to avoid problems of 
acceptance by the consumer and possible problems of 
future approval. 

0049. The object on which the present invention is based 
was therefore to provide a process for stable expression of 
nucleic acids in transgenic plants under the control of a plant 
promoter which fulfils as many of the abovementioned 
properties as possible and which mediates especially a 
ubiquitous and development-independent (constitutive) 
expression of a nucleic acid sequence to be expressed— 
which preferably encodes a selection marker. It was further 
more the object to provide a nucleic acid construct for the 
expression process, which enables the expressed nucleic 
acid to be expressed as broadly as possible in various plant 
tissues and which is broadly applicable in various plants. 
0050. This object was achieved by a process for express 
ing nucleic acids in transgenic plants under the control of a 
parsley ubiquitin promoter, wherein the process comprises 
the following steps: 
0051 a) linking the nucleic acid to be expressed to a 9. p 
promoter according to SEQ ID NO: 1 or to 

0.052 b) a functional equivalent or equivalent fragment 
which essentially has the same promoter activity as a). 
and 

0053 b) introducing into a plant the nucleic acid con 
struct composed of said nucleic acid to be expressed 
which is under the control of the 5' region of the promoter 
mentioned under a) or b) and said promoter, under con 
ditions which enable the nucleic acid to be stably inte 
grated into the plant genome. 

0054 The nucleic acid to be expressed in the process of 
the invention may advantageously be functionally linked to 
further regulatory sequences. 
0.055 Expression comprises, for the purpose of the pro 
cess, transcription of the nucleic acid sequence to be 
expressed transgenically, but may also comprise, in the case 
of an open reading frame in “sense' orientation, translation 
of the transcribed RNA of said nucleic acid sequence to be 
expressed transgenically into a corresponding polypeptide. 
0056. A promoter activity is referred to as being essen 

tially the same when transcription/translation, for example 
of the GUS gene described below =B-glucuronidase gene, 
uida, Jefferson, R. A., Kavanagh, T. A., Bevan, M. V. (1987) 
GUS fusions: B-Glucuronidase as a sensitive and versatile 
gene fusion marker in higher plants. EMBO J. 6,390.1-3907; 
Martin, T., Wöhner, R. V., Hummel, S., Willimitzer, L., 
Frommer, W. B. (1992) The GUS reporter system as a tool 
to study plant gene expression. In: Gallagher (editor): GUS 
Protocols: Using the GUS gene as a reporter of gene 
expresion. Academic Press, 23-43 differs by no more than 
50%, advantageously by no more than 40%, preferably by 
no more than 30%, particularly preferably by no more than 
20%, very particularly preferably by no more than 10%, 
from a comparative value determined using that under SEQ 
ID NO: 1. The level of expression may deviate here both 
downward and upward, in comparison with a comparative 
value. 

0057 Preference is given here to those sequences whose 
level of expression, measured on the basis of the transcribed 
mRNA, differs from a comparative value obtained using the 
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promoter described by SEQ ID NO: 1 quantitatively by no 
more than 50, preferably 25%, particularly preferably 10%, 
under otherwise unchanged conditions. Preference is further 
given to the comparative value being the level of expression 
obtained with any, but specific, nucleic acid sequence, 
preferably those nucleic acid sequences coding for readily 
quantifiable proteins. Advantageously, use is made here of 
reporter proteins (Schenborn E, Groskreutz D. Mol Biotech 
nol. 1999; 13(1):29-44) such as green fluorescence protein 
(GFP) (Chui WL et al., Curr Biol 1996, 6:325-330; Leffel 
SMetal. Biotechniques. 23(5):912-8, 1997), chlorampheni 
col transferase or a luciferase (Millar et al., Plant Mol Biol 
Rep 1992 10:324-414) or B-galactosidase, with B-glucu 
ronidase being very particularly preferred (Jefferson et al., 
EMBO J. 1987, 6,3901-3907). 
0058. The aforementioned parsley ubiquitin promoter 
used in the process of the invention exhibited in the nucleic 
acid construct an advantageous strong expression of the 
expressed nucleic acids in virtually all plant tissues, includ 
ing that of seeds. Advantageously, the process of the inven 
tion results in stable strong expression of the nucleic acids 
in a very large number of individuals, i.e. the nucleic acid or 
nucleic acids expressed in the process of the invention (for 
the application, the singular is intended to comprise the 
plural and vice versa) is/are expressed very evenly in the 
transgenic plants, independently of their site of insertion and 
independently of the tissue. “Gene silencing in which the 
expression activity of the nucleic acids or genes to be 
expressed is down-regulated or even Switched off com 
pletely due to interactions in the genome of the host organ 
ism, in the case of the present process in the transgenic plant, 
occurs only negligibly, if at all. The process of the invention 
thus achieves strong expression of the nucleic acids in at 
least 60%, advantageously at least 70%, preferably at least 
80%, particularly preferably at least 90%, very particularly 
preferably at least 95%, of the transgenic plants generated in 
said process. The process or the nucleic acid construct of the 
invention is thus insensitive to epigenetic influences. FIG. 2 
depicts this advantageous property of the process of the 
invention for GUS staining of leaves of transgenic C24 
Arabidopsis plants which again the GUS gene (=f3-glucoro 
nidase gene, uida) under the control of the PCUbi4-2 pro 
moter from P. crispum. 48 independent T1 lines were 
studied. FIG. 1 illustrates the construction of an advanta 
geously used vector. A comparison with the prior art, in 
which the GUS gene was inserted downstream of the d35S 
promoter, can be found in FIG. 3. The advantageous prop 
erties of the process are clearly revealed. FIG.3 represents 
GUS staining of leaves of transgenic C24 Arabidopsis plants 
containing the GUS gene under the control of the d35S 
promoter. Likewise, 48 independent T1 lines were studied. 
Moreover, the d35S promoter exhibited also a different 
expression strength within one leaf of a plant, i.e. it exhib 
ited a mosaic-like expression dependent on the different 
situation within one leaf of a plant. In contrast, the expres 
sion behavior under the control of the PCUbi4-2 promoter 
within one leaf of a plant is very homogeneous, i.e. no 
mosaic-like expression is visible. The process thus enables 
genes to be expressed strongly and evenly in stably trans 
formed plants. 

0059 Evenly strong expression means for the purpose of 
the invention that the nucleic acid is expressed within a plant 
tissue in at least 60%, advantageously at least 70%, prefer 
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ably at least 80%, particularly preferably at least 90%, very 
particularly preferably at least 95%, of the cells of a tissue. 
0060 Besides strong expression in the leaf, the process of 
the invention also achieves strong expression of the nucleic 
acids used in said process in other tissues. Thus, strong 
expression is likewise achieved in the bud, the flower, the 
root, the stem and the seeds. FIG. 4 indicates expression of 
a transgenic C24 Arabidopsis plant containing the GUS gene 
under the control of the PC-Ubi4-2 promoter from P. Crispum 
in the bud. The dark gray regions indicate B-glucoronidase 
expression. FIG. 5 represents GUS staining of the flower of 
a transgenic C24 Arabidopsis plant containing the GUS gene 
under the control of the PC-Ubi4-2 promoter from P 
crispum. The dark gray regions can be attributed to the 
enzymic activity of the expressed 3-glucoronidase. In the 
root of transgenic C24 Arabidopsis plants containing the 
GUS gene under the control of the Pc-Ubi4-2 promoters 
from P. Crispum, strong expression can also be observed, as 
FIG. 6 reveals. Here too, the dark gray regions represent the 
B-glucoronidase activity. The same also applies to expres 
sion in seeds, as FIG. 7 reveals. FIG. 7 shows the GUS 
staining of seeds of transgenic C24 Arabidopsis plants 
which contain the GUS gene under the control of the 
Pc-Ubi4-2 promoter from P. crispum (middle and right) or 
under the control of the d35S promoter (left). The dark gray 
Supernatant reflects the B-glucoronidase activity. The 
Pc-Ubi4-2 promoter can clearly be seen as having a higher 
activity in the seeds than the d35S promoter. 

0061. Using the process of the invention, strong expres 
sion of the nucleic acids used is thus achieved in almost all 
transgenic plants. Moreover, this strong expression advan 
tageously takes place in all plant tissues studied. The process 
and the nucleic acid constructs of the invention are therefore 
advantageously suitable for expressing a virtually unlimited 
number of genes in plants such as monocotyledonous or 
dicotyledonous plants, advantageously dicotyledonous 
plants. Selection genes may advantageously be expressed 
under the control of the advantageous promoter in the 
process. Advantageously, expression is carried out constitu 
tively, but an induction, for example via a heat action, is 
conceivable. FIG. 8 indicates the elements important to the 
function of the promoter, such as a possible putative heat 
shock-inducible element (=HSE, position 534-547). This 
may increase expression further. The HSE is located within 
the intron region. This heat shock-inducible element does 
not correspond to 45 the consensus sequences 5'-CT 
NGAANNTTCNAG-3' and, respectively, CTGGAATNT 
TCTAGA-3" (U.S. Pat. No. 5,510.474) indicated by Myco 
gen or to that of drosophila (U.S. Pat. No. 6.054,574, 
column 18, row 59-64) and has not been recognized as an 
HSE in a promoter analysis of plant cis-active elements, 
using the internet page PLACE. Moreover, in contrast to the 
HSE annotated in the Mycogen patents, the intron is in the 
intron and not, as described by Mycogen, 5' relative to and 
thus upstream of the intron. 

0062 Moreover, FIG. 8 shows the following further 
elements which have been found using that of Higo et al. 
(1999) Plant cis-acting regulatory DNA elements (PLACE) 
database:1999, Nucl. Acid. Res., Vol. 27, No. 1, 297-300): 
0063 a) two CAAACAC elements, position 264 to 270 
and 716 (counterstrand), conserved in many storage pro 
tein promoters, necessary for expressing the nap A pro 
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moter in seeds stalberg K, Ellerstom M, Ezcurra I, Ablov 
S. Rask L Disruption of an overlapping E-box/ABRE 
motif abolished high transcription of the nap A storage 
protein promoter in transgenic Brassica napus seeds. 
Planta 199:515-519 (1996) 

0064 b) two AACAAAC elements, position 140 to 146 
and 461 (counterstrand), important for endosperm-spe 
cific expression Wu C. Washida H, Onodera Y. Harada K. 
Takaiwa F Quantitative nature of the Prolamin-box, 
ACGT and AACA motifs in a rice glutelin gene promoter: 
minimal cis-element requirements for endosperm-specific 
gene expression Plant J 23: 415-421 (2000) 

0065 c) one TATA box (TATATATA) in the region from 
291 to 297 and thus at the expected distance to the 
transcription start at position 237. Joshi C. P. An inspec 
tion of the domain between putative TATA box and 
translation start site in 79 plant genes. Nucleic Acids 
Research. 15(16):6643-53, 1987 Aug 25. 

0066. The elements mentioned under a) to c) are marked 
by boxes in FIG. 8, with the AACAAAC and CAAACAC 
boxes of the counterstrand being especially emphasized. 
The transcription start is indicated by an arrow. Moreover, 
the promoter contains an intron, immediately upstream of 
the translation start (position 396 to 982, see FIG. 8). The 
intron is followed immediately by the start codon ATG 
(not indicated). 

0067. The program moreover identified the following 
further putative elements of the promoter: 
0068 A total of four ACGTA boxes (positions 214, 674, 
692, 880) important, interalia, also for sugar repression and 
expression in seeds. Abscisic acid-responsive element (227) 
Hattori T, Totsuka M, Hobo T, Kagaya Y. Yamamoto 
Toyoda A. Experimentally Determined Sequence Require 
ment of ACGT-Containing Abscisic Acid Response Element 
Plant Cell Physiol 43: 136-140 (2002); several "amylase 
boxes', positions 139, 421 (counterstrand), 462 (counter 
strand), 789 (counterstrand) and 871 (counterstrand) Huang 
N, Sutliff T D, Litts J C, Rodriguez, R L Classification and 
characterization of the rice alpha-amylase multigene family. 
Plant Mol Biol 14:655-668 (1990); a CACGTG motif in 
position 565, present, interalia, in light-regulated promoters 
Menkens A E, Schindler U, Cashmore A R The G-box: a 
ubiquitous regulatory DNA element in plants bound by the 
GBF family of bzip proteins Trends in Biochemistry 20:506 
510 (1995); a total of 16 GATA boxes, involved in strong 
light-dependent expression Gilmartin P. M. Sarokin L, 
Memelink J. Chua N-H Molecular light switches for plant 
genes. Plant Cell 2:369-378 (1990); 5 GT1 consensus 
binding sites (GRWAAW) which are present in many light 
regulated genes can be found in position 395 and also on the 
counterstrand, positions 52, 387, 504 and 647 Villain P. 
Mache R, Zhou D X The mechanism of GT element 
mediated cell type-specific transcriptional control. J Biol 
Chem 271:32593-32598 (1996); an Ibox (GATAAG) can be 
found in position 474 on the counterstrand. This is a 
conserved element in light-regulating promoters Rose A, 
Meier I, Wienand U The tamato I-box binding factor 
LeMYBI is a member of a novel RT class of Myb-like 
proteins Plant J 20: 641-652 (1999); an LTRE (low-tem 
perature-responsive element), CCGAAA, can be found in 
position 632 Dunn MA, White A.J., Vural S. Hughes MA 
Identification of promoter elements in a low-temperature 
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responsive gene (blt4.9) from barley (Hordeum RT Vulgare 
L.) Plant Mol Biol 38:551-564 (1998); several binding sites 
for various classes of myb transcription factors Jin H. 
Martin C. Multifunctionality and diversity within the plant 
MYB-gene family. Plant Molecular Biology. 41(5):577-85, 
1999 Nov.); several W-box binding sites (549, 61,550,919) 
which are bound by WRKY transcription factors. The fac 
tors are involved in different physiological processes such as 
pathogen defence, Senecene and trichome formation Eul 
gem T. Rushton P. J. Robatzek S. Somssich I E RT The 
WRKY Superfamily of plant transcription factors RL Trends 
Plant Sci (2000) 5:199-206). 
0069. The TATA box indicated (see FIG. 8) is essential 
for the function of the promoter. It should advantageously be 
located in a region from -20 to -50, preferably from -25 to 
-35, from the transcription start. 
0070 A sequence comparison between PcUbi4-2 and the 
corn Ubi promoter demonstrates that the genes of corn and 
P. crispum are 66.1% identical at the nucleotide level, while 
the promoters are 26% identical, i.e. there is no significant 
identity for AT-rich promoters (Gap opening penalty 15, Gap 
extension penalty 6.66) Altschul et al., 1990, J. Mol. Biol. 
215:403-410, Altschul et al., 1997, Nucl. Acid Res., 
25:3389-3402). In Blast, the promoters cannot find each 
other. 

0071. The ubiquitin promoter advantageously used in the 
process of the invention proved to be sufficiently strong in 
order to express nucleic acid sequences, in particular selec 
tion marker genes in dicotyledones and monocotyledones, 
which had successfully been stably integrated into the 
genome of the plant. This is all the more Surprising, since the 
Arabidopsis thaliana ubiquitin promoter Holtorf et al. 
(1995) Plant Mol Biol 29:637-646) proved not suitable. 
0072 Said advantageously used ubiquitin promoter may 
be optimized further for its task by methods known to the 
skilled worker. The skilled worker may readily isolate 
improved mutants of the promoter via the assay given in the 
examples, with the aid of B-glucuronidase. 
0073. In this context, mutations comprise substitutions, 
additions, deletions, inversions or insertions of one or more 
nucleotide residues. Thus, for example, the present inven 
tion also comprises those nucleotide sequences which are 
obtained by modification of the ubiquitin promoter accord 
ing to SEQ ID NO: 1. The aim of such a modification may 
be further narrowing of the essential promoter sequence 
present therein or, for example, also the introduction of 
further restriction enzyme cleavage sites, the removal of 
excess DNA or the addition of further sequences, for 
example further regulatory sequences. 

0074. Where insertions, deletions or substitutions such 
as, for example, transitions and transversions are Suitable, 
techniques known per se, such as in vitro mutagenesis, 
primer repair restriction or ligation may be used. Manipu 
lations such as, for example, restriction, chewing back or 
filling in protruding ends to give blunt ends may provide 
complementary ends of the fragments for ligation. Analo 
gous results may also be obtained using the polymerase 
chain reaction (PCR) using specific oligonucleotide primers. 
0075) Functional equivalents or functional fragments 
derived from SEQ ID NO: 1, for example by substitution, 
insertion or deletion of nucleotides, are at least 30%, pref 
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erably 50%, preferentially at least 70%, particularly prefer 
ably at least 90%, very particularly preferably at least 95%, 
homologous and are characterized by essentially the same 
properties as the parsley ubiquitin promoter according to 
SEQ ID NO: 1. 
0076. These functional equivalents can be generated arti 
ficially or else isolated from various organisms such as 
plants by means of homology comparisons and biochemical 
assayS. 

0077 Alternatively, nonessential sequences of the pars 
ley promoter may be deleted, without substantially impair 
ing the promoter property. Such deletion variants are func 
tionally equivalent parts of the promoter, described by SEQ 
ID NO: 1. 

0078 Advantageously, the process of the invention uses 
for stable expression of nucleic acids in transgenic plants, 
which encode a gene selected from the group consisting of 
a selection marker, a reporter gene, an RNAi construct, an 
enzyme, a protein which mediates resistance to insects, 
viruses, bacteria, fungi or nematodes, a nucleic acid 
sequence or a protein which mediates in plants resistance to 
drought, cold, heat or salt, an inhibitor, a lectin, an RNAase, 
a ribozyme, an antibody, a vaccine, a pharmaceutical, an 
anti-freezing protein, a cytochrome P-450 protein, a tran 
Scription activator or repressor or a protein involved in the 
biosynthesis of fine chemicals. 
0079 Preference is given to the protein involved in the 
biosynthesis of fine chemicals being a protein of the fatty 
acid metabolism, the amino acid metabolism, the vitamin 
metabolism, the carotenoid metabolism or the carbohydrate 
metabolism. 

0080) If, in addition to the aforementioned genes, further 
genes or nucleic acids are intended to be expressed in the 
process of the invention, then the latter may likewise be 
expressed under the control of the parsley ubiquitin pro 
moter or else advantageously under the control of other 
promoters which may be constitutive, inducible and/or tis 
Sue-specific. 

0081. The nucleic acid to be expressed in the process may 
be oriented to the promoter and thus expressed in the sense 
or antisense direction or in the sense and antisense direction 
(=dsRNAi). 
0082) Advantageously, the nucleic acid construct used in 
the process is inserted between two T-DNA sections. This 
facilitates stable ingegration into the plant genome. 
0083. The transgenic plant used in the process is a 
monocotyledonous or dicotyledonous plant, advantageously 
a dicotyledonous plant. 
0084 Examples of monocotyledonous plants which may 
be mentioned are monocotyledones selected from the group 
consisting of corn, rice, triticale, wheat, rye, barley, oats, rye 
grass or millet. 
0085 Examples of dicotyledonous plants which may be 
mentioned are dicotyledones selected from the group con 
sisting of oilseed rape, evening primrose, canola, peanut, 
Verbascum, thistle, hazelnut, almond, macadamia, avocado, 
bay, wild roses, pumpkin, pistachios, Sesame, linseed, Sun 
flower, safflower, soybean, borage, poppy, mustard, hemp, 
castor-oil plant...olive, calendula, punica, Sugar beet, tomato, 
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potato, tobacco, carrot, poplar, cotton, manioc, pepper, tag 
etes, eggplant, pea, alfalfa, coffee, cocoa, tea, oil palm, 
coconut, walnut or Arabidopsis. 

0.086 As mentioned above, the nucleic acids used in the 
process of the invention may be expressed constitutively or 
inducibly. Preference is given to constitutive expression. 

0087) If, for example, fine chemicals are prepared in the 
process, the products produced in the transgenic plants due 
to expression of the nucleic acids may be isolated from said 
plants after culturing of the latter. In this context, the 
products may be isolated from callus cultures, from fermen 
tation cultures or from cultured and harvested plants or plant 
parts such as leaves, stalk, root, flower or seeds, by methods 
known to the skilled worker. 

0088 An example of a fine chemical which may be 
prepared and isolated according to the process of the inven 
tion, which may be mentioned by way of example, are fatty 
acid esters having polyunsaturated Cs, Co and/or C fatty 
acid molecules. These may be isolated in the form of an oil 
or lipid, for example in the form of compounds such as 
sphingolipids, phosphoglycerides, lipids, glycolipids Such as 
glycoshingolipid, phospholipids Such as phosphatidyletha 
nolamine, phosphatidylcholine, phosphatidylserine, phos 
phatidylglycerol, phosphatidylinositol or diphosphatidylg 
lycerol, monoacylglycerides, diacylglycerides, 
triacylglycerides or other fatty acid esters such as the 
acetyl-coenzyme A esters which comprise the polyunsatu 
rated fatty acids having at least two, preferably three, double 
bonds. As a rule, the different abovementioned compounds 
(fatty acid esters and free fatty acids) are present in the plant 
in an approximate distribution of 80 to 90% by weight of 
triglycerides, 2 to 5% by weight of diglycerides, 5 to 10% by 
weight of monoglycerides, 1 to 5% by weight of free fatty 
acids, 2 to 8% by weight of phospholipids, the total of the 
different compounds making 100% by weight. 

0089 Advantageously, it is possible to prepare and iso 
late in the process of the invention linoleic acid (C18:2), 
linolenic acid (C18:3), arachidonic acid (ARA) or eicosap 
entaenoic acid (EPA). 
0090. It is advantageous to use, in the process of the 
invention, plants which belong to the oil-producing plants, 
i.e. which are used for the production of oils, such as oil 
crops, which comprise large amounts of lipid compounds, 
Such as peanut, oilseed rape, canola, Sunflower, saflower, 
poppy, mustard, hemp, castor-oil plant, olive, Sesame, cal 
endula, punica, evening primrose, Verbascum, thistle, wild 
roses, hazelnut, almond, macadamia, avocado, bay, pump 
kin, linseed, soybean, pistachios, borage, trees (oil palm, 
coconut or walnut) or field crops such as maize, wheat, rye, 
oats, triticale, rice, barley, cotton, manioc, pepper, tagetes, 
Solanaceae plants such as potato, tobacco, eggplant and 
tomato, Vicia species, pea, alfalfa or bush plants (coffee, 
cacao, tea), Salix species and perennial grasses and fodder 
crops. Preferred plants are oil crops such as peanut, oilseed 
rape, canola, Sunflower, safflower, poppy, mustard, hemp, 
castor-oil plants, olive, calendula, punica, evening primrose, 
pumpkin, linseed, soybean, borage, trees (oil palm, coco 
nut). Especially preferred are plants which are high in 
C18:2- and/or C18:3-fatty acid, such as sunflower, safflower, 
tobacco, Verbascum, Sesame, cotton, pumpkin, poppy, 
evening primrose, walnut, linseed, hemp, thistle or saf 

Jan. 4, 2007 

flower. Very especially preferred are plants such as saf 
flower, Sunflower, poppy, evening primrose, walnut, linseed 
or hemp. 

0091) When preparing PUFAS in the process of the 
invention, nucleic acids are expressed which encode, for 
example, polypeptides having A5-, A6-desaturase or 
A6-elongase activity. Depending on the selection of the plant 
used for the process of the invention, mixtures of the various 
aforementioned compounds or individual compounds Such 
as EPA or ARA can be prepared in free or bound form. 
0092. In the process of the invention, transgenic plants 
also mean plant cells, plant tissue, plant organs or intact 
plants which are Suitable for expression of nucleic acids. 
Growing is understood as meaning for example culturing of 
the transgenic plant cells, plant tissue or plant organs on a 
nutrient medium or the intact plant on or in a Substrate, for 
example in hydroponic culture or on an arable soil. 

0093. In principle, it is possible to use any nucleic acids 
in the process of the invention. Advantageously, said nucleic 
acids are derived from plants such as algae, diatoms, mosses 
or higher plants, or else may be derived from microorgan 
isms such as fungi, yeasts, or from animals such as nema 
todes, insects or humans. The transgenic plant means, for the 
purposes of the invention, that the nucleic acids used in the 
process are not stably integrated at their natural locus in the 
genome of a plant; in this context, the nucleic acids can be 
expressed homologously or heterologously. However, trans 
genic also means that, while the nucleic acids according to 
the invention are at their natural locus in the genome of an 
organism, the sequence has been modified in comparison 
with the natural sequence and/or the regulatory sequences of 
the natural sequences have been modified. Preferably, trans 
genic is understood as meaning that the nucleic acids 
according to the invention are not expressed at their natural 
locus in the genome, that is to say that homologous or 
preferably heterologous expression of the nucleic acids takes 
place. 

0094 Transgenic plants which comprise the nucleic acids 
expressed in the process of the invention can be marketed 
directly without isolation of the compounds which have 
been synthesized. Plants mean, in the process of the inven 
tion, all plant parts, plant organs such as leaf, stem, root, 
tuber or seeds, or all of the plant. In this context, the seed 
comprises all parts of the seed such as the seed coats, 
epidermis cells and seed cells, endosperm or embyro tissue. 
However, the compounds produced in the process of the 
invention can also be isolated from the plants in the form of 
the free products, for example their oils, fat, lipids and/or 
free fatty acids. Compounds which have been produced by 
this process can be harvested by harvesting the organisms 
either from the culture in which they grow or from the field. 
This can be done, for example in the case of oils, by pressing 
or extracting the plant parts, preferably the plant seeds, in a 
manner known to the skilled worker. In this context, the oils, 
fats, lipids and/or free fatty acids can be obtained by 
pressing by what is known as cold-beating or cold-pressing, 
without Supplying heat. The plant parts, specifically the 
seeds, are beforehand comminuted, steam-treated or toasted 
in order to facilitate their disruption. The seeds pretreated 
thus can Subsequently be pressed or else extracted with 
Solvents such as warm hexane. The solvent is Subsequently 
removed. In this manner, more than 96% of the compounds 
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produced in the process can be isolated. The resulting 
products are subsequently processed further, i.e. refined. 
Here, the plant mucilages and turbid matter are first. What 
is known as degumming can be performed enzymatically or, 
for example, chemico-physically by adding acid Such as 
phosphoric acid. The free fatty acids are Subsequently 
removed by treatment with a base, for example sodium 
hydroxide solution. The resulting product is washed thor 
oughly with water to remove the alkali remaining in the 
product, and dried. To remove the coloring matter which still 
remains in the product, the products are bleached, for 
example using bleaching earth or active charcoal. At the end, 
the product is deodorized, for example by using Steam. 
0.095 The term “oil” or “fat’ means a fatty acid mixture 
which comprises unsaturated, Saturated, preferably esterified 
fatty acid(s). It is preferred that the oil or fat has a high 
content of unsaturated, unconjugated esterified fatty acid(s), 
in particular linoleic acid, Y-linolenic acid, dihomo-Y-lino 
lenic acid, arachidonic acid, C-linolenic acid, Stearidonic 
acid, eicosatetraenoic acid or eicosapentaenoic acid. The 
amount of unsaturated esterified fatty acids is preferably 
approximately 30%, with an amount of 50% being more 
preferred and an amount of 60%, 70%, 80% or more being 
even more preferred. For identification purposes, it is pos 
sible, for example, to determine the amount of fatty acid by 
gas chromatography after converting the fatty acids into the 
methyl esters by means of transesterification. The oil or fat 
can comprise various other Saturated or unsaturated fatty 
acids. The amount of the various fatty acids in oil or fat can 
vary in particular as a function of the original plant. 
0096. The polyunsaturated fatty acids which are present 
can be liberated from the compounds of the general formula 
I produced thus in the process of the invention for example 
via treatment with alkali, for example aqueous KOH or 
NaOH, or acid hydrolysis, advantageously in the presence of 
an alcohol Such as methanol or ethanol, or via enzymatic 
cleavage and isolated via, for example, phase separation and 
Subsequent acidification with, for example, HSO. The 
fatty acids can also be liberated directly without the above 
described processing. 
0097. A further embodiment of the invention is the use of 
the transgenic plant or of the products obtained from said 
plants in feedstuffs, foodstuffs, seeds, fine chemicals, cos 
metics or pharmaceuticals. 
0098. The invention further relates to a nucleic acid 
construct for stable transgenic expression of nucleic acids in 
the aforementioned process of the invention, comprising 
0099) 
0100 b) functional equivalents or equivalent fragments 
which have essentially the same promoter activities as a). 

a) a promoter according to SEQ ID NO: 1 or 

with a) or b) being functionally linked to a nucleic acid 
sequence to be expressed transgenically. 

0101 The nucleic acid construct advantageously com 
prises at least one further element selected from the follow 
ing group: 
0102) a) the nucleic acid sequence to be expressed being 
functionally linked to further genetic control sequences, 
O 

0103 b) the nucleic acid construct comprising additional 
functional elements, or 
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0.104 c) a polylinker being located between the promoter 
and the nucleic acid sequence to be expressed, or 

0105 d) the nucleic acid construct comprising at least 
one further nucleic acid under the control of the promoter 
according to SEQID NO: 1 or of a functional equivalent 
or equivalent fragment or of a further promoter. 

0106 The nucleic acid construct is advantageously inte 
grated into the genome of the transgenic plant by inserting 
said nucleic acid construct between two T-DNA sections 
(=T-DNA borders). 
0107 T-DNA sections (=T-DNA borders) are understood 
by the skilled worker as being a section which enables DNA 
to be transferred into a plant. The T-DNA has a “right' and 
a “left T-DNA border which mediates transfer of the region 
located between said borders. Important to this transfer are 
two virtually identical sequences of approx. 25bp in length 
(right and left T-DNA borders) which flank the T-DNA on 
the Ti plasmid and which are recognized by a Ti plasmid 
encoded nuclease. Said nuclease is capable of excising a 
T-DNA single strand from the plasmid, which strand is then 
stably inserted at a random site into the plant genome. Thus 
it is possible to insert any nucleic acid sequences into the 
plant genome. 

0108. The nucleic acid sequence to be expressed trans 
genically in the nucleic acid construct is selected from the 
group of nucleic acids consisting of a selection marker, a 
reporter gene, an RNAi construct, an enzyme, a protein 
which mediates resistance to insects, viruses, bacteria, fungi 
or nematodes, a nucleic acid sequence or a protein which 
mediates in plants resistance to drought, cold, heat or salt, an 
inhibitor, a lectin, an RNAase, a ribozyme, an antibody, a 
vaccine, a pharmaceutical, an anti-freezing protein, a cyto 
chrome P-450 protein, a transcription activator or repressor 
or a protein involved in the biosynthesis of fine chemicals. 

0.109 After having been introduced into a plant cell or 
plant, the nucleic acids or nucleic acid constructs used in the 
process are stably integrated into the genome of the host cell. 
Integration into the genome may be random or may be 
carried out by recombination in Such a way that the native 
gene is replaced by the introduced copy, thereby modulating 
production of the desired compound by the cell, or by using 
a gene in trans so that the gene is functionally linked to a 
functional expressions unit which comprises at least one 
sequence ensuring expression of a gene and at least one 
sequence ensuring the polyadenylation of a functionally 
transcribed gene. Advantageously, the nucleic acids are 
transported into the plants in a nucleic acid construct in the 
form of multiexpression cassettes or constructs for multi 
parallel expression of genes. 

0110. As described above, the present invention aims at 
integrating nucleic acids or the codogenic gene sections into 
the genome of the plants. In this context, a particular 
codogenic gene section may be integrated as a continuous 
coding sequence (ORF) or may include one or more introns. 
In the latter case, Such sequences are usually spliced in the 
course of expression by the plant, it being possible but not 
necessary for the splicing pattern to correspond to that of the 
donor organism. 

0111. In principle, the nucleic acids may be integrated in 
the extranuclear genome, for example the plastid genome, of 
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a plant. However, preference is given according to the 
invention to integration into the nuclear genome. 
0112 Preference is given according to the invention to 
the sequences comprising the heterologous codogenic gene 
sections being stably integrated into the genome of the 
plants. This is associated with one or more of the following 
aspects: 

0113 the number of copies of a particular nucleic acid 
or of a particular codogenic gene section per cell is 
essentially constant during the life cycle of a plant; 

0114 the number of copies of a nucleic acid or of a 
particular codogenic gene section per cell can be deter 
mined; 

0115 the nucleic acid or the codogenic gene section is 
inheritable as a feature of the plant, with nuclear 
integration according to the rules of Mendel. 

0116. The number of integrated copies of a nucleic acid 
or of a particular codogenic gene section per cell is usually 
less than 20 and in most cases less than 10. Preference is 
given according to the invention to plants having cells which 
comprise about 1 to 5 copies and in particular 1 copy of a 
nucleic acid or of a particular codogenic gene section. The 
number of copies per cell may be determined in a manner 
known perse by means of Southern blot analysis (extraction 
of the genomic DNA, digestion by restriction enzymes, 
electrophoretic fractionation, membrane transfer, hybridiza 
tion with a labeled DNA-specific probe) or quantitative 
PCR. 

0117. According to a particular embodiment of the 
present invention, the advantageously heterologous nucleic 
acids or codogenic gene sections are flanked on one side or, 
preferably, on both sides by T-DNA sequences, in particular 
by agrobacterial Ti-plasmid sequences, in the genome of the 
transgenic plants. This is likewise an expression of the stable 
integration according to the invention of the codogenic gene 
sections into the genome of the plants. 
0118. The nucleic acid construct of the invention may 
then be inserted into a vector for introduction into the 
transgenic plant. It may, however, also be introduced 
directly into the plant. 
0119 With the use of cloning vectors in plants and in 
plant transformation, such as those published in and cited 
therein: 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, edi 
tors: 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, editors: Kung 
and R. Wu, Academic Press (1993), 128-143; Potrykus, 
Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1991), 
205-225)), it is possible to use the nucleic acids or nucleic 
acid constructs for genetic modification of a broad spectrum 
of plants, so that said plant becomes a better or more efficient 
producer of one or more of the aforementioned products. 
This improved production or efficiency of production may 
be caused by a direct effect of the manipulation or an indirect 
effect of said manipulation. 
0120) The nucleic acid sequences used in the process are 
advantageously introduced in the process into the plant in 
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the form of a nucleic acid construct which makes possible 
stable expression of the nucleic acids in plants. 

0121 SEQID NO: 2 to 6 depict advantageous promoter/ 
terminator constructs in puC19, which may be used for 
construction of the nucleic acid constructs (=expression 
construct=gene construct). In this context, nucleic acids, for 
example the nucleic acid sequences coding for the desatu 
rases used in the preparation of PUFAS or for the elongases, 
are functionally linked to one or more regulatory signals, 
advantageously for increasing gene expression. The afore 
mentioned ubiquitin promoter may be used in these con 
structs advantageously instead of one or of all of the 
indicated and present promoters or in combination with the 
promoters mentioned or other promoters. These regulatory 
sequences should make possible specific expression of the 
genes and protein expression. Depending on the host organ 
ism, this may mean, for example, that the gene is expressed 
and/or overexpressed only after induction or that it is 
expressed and/or overexpressed immediately. These regula 
tory sequences are, for example, sequences to which the 
inducers or repressors bind and thus regulate expression of 
the nucleic acid. In addition to these new regulatory 
sequences or instead of these sequences, the natural regu 
lation of said sequences may still be present upstream of the 
actual structural genes and, where appropriate, may have 
been genetically modified so that the natural regulation has 
been switched off and expression of the genes has been 
increased. The gene construct moreover may also advanta 
geously comprise one or more "enhancer sequences' func 
tionally linked to the promoter, which make possible 
increased expression of the nucleic acid sequence. Addi 
tional advantageous sequences Such as further regulatory 
elements or terminators may also be inserted at the 3' end of 
the DNA sequences. The nucleic acids to be expressed may 
be present in the expression cassette (=gene construct) in the 
form of one or more copies. Advantageously, only one copy 
of the genes is present in each case in the expression 
cassette. This gene construct or gene constructs may be 
expressed together in the host organism. It is advantageous 
for the insertion of further genes in the host genome, if the 
genes to be expressed are present together in a gene con 
Struct. 

0.122 The aforementioned promoter/terminator con 
structs advantageously consist of least two functional units 
Such as a promoter and a terminator. In addition to the 
nucleic acid to be expressed in the process, further desired 
gene sequences such as targeting sequences, coding regions 
of further genes or parts thereof and the like can be inserted 
between promoter and terminator. To construct expression 
cassettes, promoters and terminators (USP promoter: Bae 
umlein et al., Mol Gen Genet, 1991, 225 (3):459-67); OCS 
terminator: Gielen et al. EMBO J. 3 (1984) 835ff) are 
isolated with the aid of the polymerase chain reaction and 
tailor-made with flanking sequences of choice on the basis 
of synthetic oligonucleotides. 

0123 Examples of oligonucleotides which can be used 
are the following: 

CCGGAATTCGGCGCGCCGAGCTCCTCGAGCAAAT 
TTACACATTGCCA 

USP1 upstream: 
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-continued 
CCGGAATTCGGCGCGCCGAGCTCCTCGAGCAAAT 
TTACACATTGCCA 

USP2 upstream: 

CCGGAATTCGGCGCGCCGAGCTCCTCGAGCAAAT 
TTACACATTGCCA 

USP3 upstream: 

USP1 downstream: AAAACTGCAGGCGGCCGCCCACCGCGGTGGGCTG 
GCTATGAAGAAATT 

USP2 downstream: CGCGGATCCGCTGGCTATGAAGAAATT 

USP3 downstream: TCCCCCGGGATCGATGCCGGCAGATCTGCTGGCT 
ATGAAGAAATT 

AAAACTGCAGTCTAGAAGGCCTCCTGCTTTAATG 
AGATAT 

OCS1 upstream: 

CGCGGATCCGATATCGGGCCCGCTAGCGTTAACC 
CTGCTTTAATGAGATAT 

OCS2 upstream: 

OCS3 upstream: TCCCCCGGGCCATGGCCTGCTTTAATGAGATAT 

OCS1 downstream: CCCAAGCTTGGCGCGCCGAGCTCGAATTCGTCGA 
CGGACAATCAGTAAATTGA 

OCS2 downstream: CCCAAGCTTGGCGCGCCGAGCTCGAATTCGTCGA 
CGGACAATCAGTAAATTGA 

OCS3 downstream: CCCAAGCTTGGCGCGCCGAGCTCGTCGACGGACA 
ATCAGTAAATTGA 

0.124. The methods are known to the specialist worker 
and are generally known from the literature. 
0125. In a first step, a promoter and a terminator are 
amplified via PCR. Then, the terminator is cloned into a 
recipient plasmid and, in a second step, the promoter is 
inserted upstream of the terminator. This gives an expression 
cassette on a plasmid vehicle, it being possible to use here 
advantageously puC19, although it is also possible to use 
any other familiar vector. 
0126 The promoter/terminator constructs are depicted in 
SEQID NO: 2 to 6 (pUT1=SEQ ID NO: 2, pluT2=SEQ ID 
NO: 3, puT3=SEQ ID NO: 4, puT12=SEQ ID NO: 5, 
pUT123=SEQ ID NO: 6). They comprise, for example, the 
USP promoter and the OCS terminator. On the basis of these 
plasmids, it is possible to prepare in a manner known to the 
skilled worker nucleic acid constructs which comprise the 
nucleic acids to be expressed. In this manner, a set of 
multiexpression cassettes is generated which can be utilized 
for inserting desired nucleic acids and is described in table 
1 and may moreover incorporate still further expression 
CaSSettes. 

0127. They comprise the following elements: 

TABLE 1. 

Cleavage sites Cleavage sites 
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TABLE 1-continued 

Cleavage sites Cleavage sites 
PUC19 before the USP Multiple cloning behind the OCS 
derivate promoter cleavage sites terminator 

expression BamHI/EcoRV/ApaI/ 
caSSette NheIVHpaI 
pUT123 EcoRI AscIf 1. BStXINot SalfSacIf AscIf 
Triple SacIXhoI Pst Xbal Stu HindIII 
expression and 
caSSette 2. BamHIEcoRV 

ApaINheIIHpaI 
and 

CaLSmaINcoI 

0128. Furthermore, further multiexpression cassettes can 
be generated and employed for seed-specific gene expres 
Sion, as described and as specified in greater detail in Table 
2, with the aid of the 

0129 i) USP promoter or with the aid of the 

0.130) ii) 700 base pair 3' fragment of the LeB4 promoter 
or with the aid of the 

0131) iii) DC3 promoter. 

0132) The DC3 promoter is described in Thomas, Plant 
Cell 1996, 263:359-368 and consists merely of the region 
-117 to +26, which is why it therefore constitutes one of the 
Smallest known seed-specific promoters. The expression 
cassettes can comprise several copies of the same promoter 
or else be constructed via three different promoters. 

TABLE 2 

Multiple expression cassettes 

Cleavage sites 

PUC19 before the USP Multiple cloning behind the OCS 
derivate promoter cleavage sites terminator 

pUT1 EcoRI AscIf BSXINotAPst SalIEcoRISacI 
SacIXhoI XbaLStuI AscIHindIII 

pUT2 EcoRI AscIf BamHI/EcoRV/ApaII SalI/EcoRI/SacI/ 
SacIXhoI NheI/HpaI AscIHindIII 

PUT3 EcoRI AscIf BglII/NaeI/ClaI/ SalI SacIf AscIf 
SacIXhoI SmaINcoI HindIII 

pUT12 EcoRI AscIf BSXINotAPst SalIEcoRISacI 
Double SacIXhoI Xba. Stu and AscIHindIII 

Plasmid name before the Cleavage sites 
of the plJC19 respective Multiple cloning behind the OCS 
derivative promoter cleavage sites terminator 

PUT1 EcoRI AscIf (1) BstXI/NotI/ Sal EcoRISacI 
(pUC19 with SacIXhoI Pst Xbal Stu AscIHindIII 
USP-OCS1) 
PDCT EcoRI AscIf (2) BamHI/EcoRV SalI/EcoRI/SacI/ 
(pUC19 with SacIXhoI ApaINheIIHpaI AscIHindIII 
DC3-OCS) 
PeBT EcoRI AscIf (3) Bg|II/NaeI/ SalfSacIf AscIf 
(pUC19-with SacIXhoI ClaI SmaINcoI HindIII 
LeB4(700)- 
OCS) 
PUD12 EcoRI AscIf (1) BstXI/NotI/ Sal EcoRISacI 
(pUC19 with SacIXhoI Pst Xbal Stu AscIHindIII 
USP-OCS1 und 
and with (2) BamHI/EcoRV 
DC3-OCS) ApaINheIIHpaI 
PUDL123 EcoRI AscIf (1) BstXI/NotI/ SalfSacIf AscIf 
Triple SacIXhoI Pst Xbal Stu HindIII 
expression und 
caSSette (2) BamHI/ 
(pUC19 with (EcoRV*)/ApaI/ 
USPDC3 NheIIHpaI and 
and (3) Bg|II/NaeI/ 
LeB4-700) ClaI SmaINcoI 

*EcoRV cleavage site, cleaves in the 700 base-pair fragment of the LeB4 
promoter (LeB4-700) 
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0133. Further promoters for multi-gene constructs can be 
generated analogously, in particular using the 
0134) a) ubiquitin promotor used in the process of the 
invention (see SEQ ID NO: 1) and/or 

0135) b) 2.7 kB fragment of the LeB4 promoter and/or 
0136 c) phaseolin promoter and/or 
0137 d) constitutive V-ATPase c1 promoter. 
0138. It may be furthermore desirable to use further 
Suitable promoters for constructing seed-specific multi-ex 
pression cassettes Such as, for example, the napin promoter 
or the arcelin-5 promoter. 
0.139. In this context, the additional regulatory sequences 
or factors advantageously present in the nucleic acid con 
struct may, as described above, positively influence and thus 
increase preferably gene expression of the introduced genes. 
Thus the regulatory elements may advantageously be 
enhanced at the transcriptional level by using strong tran 
Scription signals such as promoters and/or enhancers. In 
addition to this, however, it is also possible to enhance 
translation, for example by improving the Stability of 
mRNA. 

0140. In this context, the regulatory sequences or factors 
can, as described above, preferably have a positive effect on 
the gene expression of the genes which have been intro 
duced, thus enhancing it. Thus, the regulatory elements can 
advantageously be enhanced at transcriptional level by using 
strong transcription signals such as promoters and/or 
enhancers. In addition, however, an enhancement of trans 
lation is also possible, for example by improving the stabil 
ity of the mRNA. 
0141 Genetic regulatory sequences furthermore also 
comprise the 5' untranslated region, introns or the noncoding 
3' region of genes. It has been shown, that these may play a 
significant function in the regulation of gene expression. 
Thus, 5' untranslated sequences have been shown to be able 
to enhance transiently and advantageously stable expression 
of heterologous genes. 
0142 Advantageous further regulatory sequences for the 
novel process, which may additionally be present in the 
nucleic acid construct, are present, for example, in promot 
ers such as the plant promoters CaMV/35S Franck et al., 
Cell 21 (1980) 285-294), PRP1 Ward et al., Plant. Mol. 
Biol. 22 (1993)), SSU, OCS, lib4, usp, STLS1, B33, nos or 
in the ubiquitin or phaseolin promoter. Also advantageous in 
this connection are inducible promoters such as the promot 
ers described in EP-A-0388 186 (benzylsulfonamide-induc 
ible), Plant J. 2, 1992:397-404 (Gatz et al., tetracycline 
inducible), EP-A-0335.528 (abscisic acid-inducible) or WO 
93/21334 (ethanol- or cyclohexenol-inducible). Further use 
ful plant promoters are the potato cytosolic FBPase pro 
moter or ST-LSI promoter (Stockhaus et al., EMBO J. 8, 
1989, 2445), the glycine max phosphoribosyl-pyrophos 
phate amidotransferase promoter (Genbank Accession No. 
U87999) or the node-specific promoter described in EP-A-0 
249 676. Advantageous promoters are also seed-specific 
promoters, such as the USP promoter in accordance with the 
specification, but also other promoters such as the LeB4. 
DC3, phaseolin ornapin promoter. Further especially advan 
tageous promoters are seed-specific promoters which can be 
used for monocotyledonous or dicotyledonous plants and 
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which are described in U.S. Pat. No. 5,608,152 (oilseed rape 
napin promoter), WO 98/45461 (Arabidopsis oleosin pro 
motor), U.S. Pat. No. 5,504,200 (Phaseolus vulgaris phaseo 
lin promoter), WO 91/13980 (Brassica Bce4 promoter) 
described by Baeumlein et al., Plant J., 2, 2, 1992:233-239 
(LeB4 promoter from a legume), said promoters being 
useful in dicotyledones. The following promoters are suit 
able for example in monocotyledones: barley lpt-2 or lpt-1 
promoter (WO95/15389 and WO95/23230), barley hordein 
promoter and other suitable promoters which are described 
in WO 99/16890. 

0.143. In principle, it is possible to use all natural pro 
moters with their regulatory sequences like those mentioned 
above for the novel process. It is likewise possible and 
advantageous to use synthetic promoters, in addition or 
alone, especially when they confer seed-specific expression, 
such as, for example, described in WO 99/16890. 
0144. In principle, further advantageous seed-specific 
promoters can be isolated from both dicotyledonous and 
monocotyledonous plant. Advantageous preferred promot 
ers are detailed hereinbelow: USP (=unknown seed protein) 
and vicilin (Vicia faba) Bäumlein et al., Mol. Gen Genet. 
1991, 225(3), napin (oilseed rape) U.S. Pat. No. 5,608, 
152), acyl-carrier protein (oilseed rape) U.S. Pat. No. 
5,315,001 and WO 92/18634), oleosin (Arabidopsis 
thaliana) WO 98/45461 and WO 93/20216), phaseolin 
(Phaseolus vulgaris) U.S. Pat. No. 5,504.200), Bce4 WO 
91/13980), legume B4 (LegE4 promoter) Bäumlein et al., 
Plant J., 2, 2, 1992), Lpt2 and lpt1 (barley) WO95/15389 
and WO95/23230), seed-specific promoters from rice, maize 
and wheat WO 99/16890), Amy32b, Amy 6-6 and aleurain 
U.S. Pat. No. 5,677,474), Bce4 (oilseed rape) U.S. Pat. No. 
5.530,149), glycinin (soya) EP571 741), phosphoenolpyru 
vate carboxylase (soya) JP 06/62870 ADR12-2 (soya) 
WO 98/08962), isocitrate lyase (oilseed rape) U.S. Pat. 
No. 5,689,040 or B-amylase (barley) EP 781 849). 
0145 Plant gene expression can also be facilitated via a 
chemically inducible promoter (see a review in Gatz 1997, 
Annu. Rev. Plant Physiol. Plant Mol. Biol., 48:89-108). 
Chemically inducible promoters are particularly suitable 
when it is desired that gene expression should take place in 
a time-specific manner. Examples of Such promoters are a 
salicylic acid-inducible promoter (WO95/19443), a tetra 
cycline-inducible promoter (Gatz et al. (1992) Plant J. 2, 
397-404) and an ethanol-inducible promoter. 

0146 To ensure the stable integration of the nucleic acid 
constructs into the transgenic plant over a plurality of 
generations, each of the nucleic acids used in the process 
should be expressed under the control of a separate pro 
moter, preferably a promoter which differs from the other 
promoters, since repeating sequence motifs can lead to 
instability of the T-DNA, or to recombination events or gene 
silencing. In this context, the expression cassette is advan 
tageously constructed in Such a way that a promoter is 
followed by a Suitable cleavage site, advantageously in a 
polylinker, for insertion of the nucleic acid to be expressed 
and, if appropriate, a terminator is positioned behind the 
polylinker. This sequence is repeated several times, prefer 
ably three, four or five times, so that up to five genes can be 
combined in one construct and introduced thus into the 
transgenic plant in order to be expressed. Advantageously, 
the sequence is repeated up to three times (see sequence 
listing SEQ ID NO: 2 to 6). To express the nucleic acid 
sequences, the latter are inserted after the promoter via the 
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Suitable cleavage site, for example in the polylinker. Advan 
tageously, each nucleic acid sequence has its own promoter 
and, if appropriate, its own terminator. However, it is also 
possible to insert a plurality of nucleic acid sequences after 
a promoter and, if appropriate, before a terminator. Here, the 
insertion site, or the sequence, of the inserted nucleic acids 
in the expression cassette is not of critical importance, that 
is to say a nucleic acid sequence can be inserted at the first 
or last position in the cassette without its expression being 
substantially influenced thereby. Advantageously, different 
promoters such as, for example, the parsley ubiquitin pro 
moter, the USP, LegB4 or DC3 promoter, and different 
terminators can be used in the expression cassette. However, 
it is also possible to use only one type of promoter in the 
cassette, which, however, may lead to undesired recombi 
nation events. 

0147 Homologous recombination for stable integration 
is a relatively rare event in higher eukaryotes, especially in 
plants. Random integrations in the host genome predomi 
nate. One possibility of removing the randomly integrated 
sequences and thus concentrating cell clones having a cor 
rect homologous recombination is the use of a sequence 
specific recombination system, as described in U.S. Pat. No. 
6,110.736. Said system consists of three elements: two pairs 
of specific recombinant sequences and one sequence-spe 
cific recombinase. This recombinase catalyzes a recombi 
nation only between the two pairs of specific recombinant 
sequences. One pair of these specific DNA sequences is 
located outside the DNA sequence to be integrated, i.e. 
outside the two homologous DNA sequences. In the case of 
correct homologous recombination, these sequences are not 
cotransferred into the genome. In the case of random inte 
gration, they usually insert together with the rest of the 
construct. Using a special recombinase and a construct 
comprising a second pair of the specific sequences, it is 
possible to excise the randomly inserted sequences or to 
inactivate them by inversion, while the sequences inserted 
correctly via homologous recombination remain in the 
genome. A multiplicity of sequence-specific recombination 
systems may be used, and mention is made by way of 
example of the Creflox system of bacteriophage P1, the 
yeast FLP/FRT system, the Gin recombinase of phage Mu, 
the E. coli Pin recombinase and the R/RS system of the 
pSR1 plasmid. Preference is given to the bacteriophage P1 
Creflox and the yeast FLP/FRT systems. Here, the recom 
binase (Cre or FLP) interacts specifically with its particular 
recombinant sequences (34bp lox sequence and 47 bp FRT 
sequence, respectively), in order to delete or invert the 
sequences stored in between. The FLP/FRT and cre/lox 
recombinase systems have already been used in plant sys 
tems (Odell et al., Mol. Gen. Genet., 223:369-378, 1990.) 
0148. As described above, the transcription of the genes 
which have been introduced should advantageously be ter 
minated by suitable terminators at the 3' end of the biosyn 
thesis genes which have been introduced (after the stop 
codon). An example of a sequence which can be used in this 
context is the OCS1 terminator. As is the case with the 
promoters, different terminators should be used for each 
gene. 

014.9 The nucleic acid construct may advantageously 
comprise one or more "enhancer sequences' functionally 
linked to the promoter, which make possible increased 
transgenic expression of the nucleic acid sequence. It is also 
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possible to insert additional advantageous sequences such as 
further regulatory elements or terminators at the 3' end of the 
nucleic acid sequences to be expressed transgenically. The 
gene construct may contain one or more copies of the 
nucleic acid sequences to be expressed transgenically. 

0.150 Control sequences mean furthermore those 
sequences which enable homologous recombination or 
insertion into the genome of a host organism or allow 
removal from the genome. Homologous recombination may 
involve, for example, replacing the natural promoter of a 
particular gene with the nucleic acid sequence to be 
expressed and/or the promoter. Methods such as the cre/lox 
technique allow tissue-specific, possibly inducible removal 
of the expression cassette from the genome of the host 
organism (Sauer B. Methods. 1998; 14(4):381-92). Here, 
particular flanking sequences (lox sequences) may be 
attached to the target gene, which later enable a removal by 
means of the cre recombinase. 

0151. As described above, the nucleic acid construct can 
also comprise further genes to be introduced into the organ 
isms. It is possible and advantageous to introduce into the 
host organisms, and to express therein, regulatory genes 
Such as genes for inducers, repressors or enzymes which, 
owing to their enzyme activity, engage in the regulation of 
one or more genes of a biosynthesis pathway. These genes 
can be of heterologous or of homologous origin. Moreover, 
further biosynthesis genes of the fatty acid or lipid metabo 
lism can advantageously be present in the nucleic acid 
construct, or gene construct; however, these genes can also 
be present on one or more further nucleic acid constructs. In 
the case of the fatty acid or lipid metabolism, the biosyn 
thesis gene used are advantageously a gene selected from the 
group acyl-CoA dehydrogenase(s), acyl-ACP =acyl carrier 
protein desaturase(s), acyl-ACP thioesterase(s), fatty acid 
acyl transferase(s), fatty acid synthase(s), fatty acid 
hydroxylase(s), acetyl-coenzyme A carboxylase(s), acyl 
coenzyme A oxidase(s), fatty acid desaturase(s), fatty acid 
acetylenases, lipoxygenases, triacylglycerol lipases, allene 
oxide synthases, hydroperoxide lyases or fatty acid elon 
gase(s) or their combinations. 

0152. In this context, the abovementioned desaturases 
can be cloned into nucleic acid constructs of the invention in 
combination with elongases and other desaturases and 
employed for the transformation of plants with the aid of 
Agrobacterium. Other transformation methods are the pro 
toplast polyethylene glycol (PEG) method, the protoplast 
electroporation, the protoplast microinjection or the ballistic 
methods. 

0153. Selection of successfully homologously recom 
bined or else transformed cells usually requires to addition 
ally introduce into the nucleic acid construct a selectable 
marker which imparts to the successfully recombined cells, 
for example, a resistance to a biocide (for example a 
herbicide), a metabolism inhibitor Such as 2-deoxyglucose 
6-phosphate (WO 98/45456) or an antibiotic. The selection 
marker allows the transformed cells to be selected from the 
untransformed cells (McCormicket al., Plant Cell Reports 5 
(1986), 81-84). 

0154 Further examples of selection markers are select 
able markers such as biocides such as phosphinotricin, 
glyphosate, Sulfonylurea and imidazolinone or bromoxynil; 
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metabolism inhibitor Such as 2-deoxyglucose 6-phosphate 
or antibiotics Such as kanamycin, G 418, bleomycin, hygro 
mycin. 

0155 In addition to the aforementioned selection mark 
ers, it is also possible to express in the process of the 
invention advantageously pathogen resistance genes such as 
genes of resistance to insects, fungi, bacteria and/or viruses. 
Said genes should be expressed as uniformly as possible 
within the plant and/or plant tissues. 
0156 Suitable selection markers are also metabolism 
inhibitors such as 2-deoxyglucose 6-phosphate (WO 
98/45456). 
0157 Advantageous further genes in the nucleic acid 
construct are reporter genes which encode readily quantifi 
able proteins and which ensure, via intrinsic color or enzyme 
activity, evaluation of the transformation efficiency, the site 
or time of expression. Very particular preference is given 
here to genes encoding reporter proteins (see also Schenborn 
E. Groskreutz D. Mol Biotechnol. 1999; 13(1):29-44) such 
as green fluorescence protein (GFP) Chui W L et al., Curr 
Biol 1996, 6:325-330; Leffel S M et al., Biotechniques. 
23(5):912-8, 1997; Sheen et al. (1995) Plant Journal 
8(5):777-784; Haseloffetal. (1997) Proc Natl AcadSci USA 
94 (6):2122-2127: Reichel et al. (1996) Proc Natl Acad Sci 
USA 93(12):5888-5893: Tian et al. (1997) Plant Cell Rep 
16:267-271: WO 97/41228), chloramphenicol transferase, 
luciferase Millar et al., Plant Mol Biol Rep 1992 10:324 
414: Ow et al. (1986) Science, 234:856-859 which allows 
bioluminescence detection; B-galactosidase coding for an 
enzyme for which various chromogenic Substrates are avail 
able which are less preferred in plants, owing to a high basic 
activity: B-glucuronidase (GUS) Jefferson et al., EMBO J. 
1987, 6,390.1-3907, uidA gene which encodes an enzyme 
for various chromogenic Substrates. Further examples of 
genes are XylE, alpha-amylase, tyrosinase or aequorin. 
0158. Further advantageous genes are genes for enzymes 
Such as oxidoreductases, transferases, hydrolases, lyases, 
isomerases or ligases, preferred enzymes being the hydro 
lases. 

0159 Genes for pharmaceuticals such as those for insulin 
or for the various mediators such as EPO or interferons, may 
also be included. 

0160 In this context, the regulatory sequences or factors 
can, as described above, preferably have a positive effect on 
the gene expression of the genes which have been intro 
duced, thus enhancing it. Thus, the regulatory elements can 
advantageously be enhanced at the transcriptional level by 
using strong transcription signals such as promoters and/or 
enhancers. In addition, however, an enhancement of trans 
lation is also possible, for example by improving the stabil 
ity of the mRNA. In principle, the expression cassettes can 
be used directly for introduction into the plant, or else be 
introduced into a vectors. 

0161 These advantageous vectors, preferably expression 
vectors, comprise the nucleic acid constructs used in the 
process, which the nucleic acids used comprise alone or in 
combination with further genes. As used in the present 
context, the term “vector” refers to a nucleic acid molecule 
which is capable of transporting another nucleic acid, to 
which it is bound. One type of vector is a “plasmid', which 
represents a circular double-stranded DNA loop into which 
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additional DNA segments can be ligated. Another type of 
vector is a viral vector, it being possible for additional DNA 
segments to be ligated in the viral genome. Certain vectors 
are capable of autonomous replication in a host cell into 
which they have been introduced (for example bacterial 
vectors with bacterial origin of replication). Other vectors 
are advantageously integrated in the genome of a host cell 
when being introduced into the host cell, whereby they 
replicate together with the host genome. Moreover, certain 
vectors are capable of governing the expression of genes 
with which they are operably linked. These vectors are 
referred to herein as “expression vectors'. Usually, expres 
sion vectors which are suitable for DNA recombination 
techniques take the form of plasmids. In the present descrip 
tion, "plasmid' and “vector” can be used interchangeably 
since the plasmid is the most frequently used vector form. 
However the invention is also intended to comprise these 
other forms of expression vectors, such as viral vectors, 
which have similar functions. Furthermore, the term vector 
is also intended to comprise other vectors which are known 
to the skilled worker, such as phages, viruses such as SV40. 
CMV, TMV, transposons, IS elements, phasmids, 
phagemids, cosmids, linear or circular DNA. 
0162 The recombinant nucleic acid constructs which are 
advantageously used in the process and which are Suitable 
for stable expression in a host cell of the nucleic acids used 
comprise one or more regulatory sequences selected on the 
basis of the host cells to be used for the expression, which 
is linked operably with the nucleic acid sequence to be 
expressed. “Linked operably in a recombinant nucleic acid 
construct or vector means that the nucleotide sequence of 
interest is bound to the regulatory sequence(s) in Such a way 
that the expression of the nucleotide sequence is possible 
and that they are bound with one another so that both 
sequences fulfill the predicted function ascribed to the 
sequence (for example in an in-vitro transcription/transla 
tion system or in a host cell if the vector is introduced into 
the host cell). The term “regulatory sequence' is intended to 
comprise promoters, enhancers and other expression control 
elements (for example polyadenylation signals). These regu 
latory sequences are described for example in Goeddel: 
Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990), or see: Gruber 
and Crosby, in: Methods in Plant Molecular Biology and 
Biotechnolgy, CRC Press, Boca Raton, Fla., eds. Glick and 
Thompson, chapter 7, 89-108, including the references 
therein. Regulatory sequences comprise those which govern 
the constitutive expression of a nucleotide sequence in many 
types of host cell and those which govern the direct expres 
sion of the nucleotide sequence only in specific host cells 
under specific conditions. The skilled worker knows that the 
design of the expression vector can depend on factors such 
as the choice of the host cell to be transformed, the expres 
sion level of the desired protein and the like. 
0.163 The recombinant nucleic acid constructs and vec 
tors used can be employed for stable expression in algae 
(Falciatore et al., 1999, Marine Biotechnology. 1, 3:239 
251) and preferably in cells of multi-celled plants (see 
Schmidt, R. and Willimitzer, L. (1988) “High efficiency 
Agrobacterium tumefaciens-mediated transformation of 
Arabidopsis thaliana leaf and cotyledon explants' Plant Cell 
Rep.:583-586: Plant Molecular Biology and Biotechnology, 
C Press, Boca Raton, Fla., chapter 6/7, pp.71-119 (1993); F. 
F. White, B. Jenes et al., Techniques for Gene Transfer, in: 
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Transgenic Plants, Vol. 1, Engineering and Utilization, ed.: 
Kung and R. Wu, Academic Press (1993), 128-43; Potrykus, 
Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1991), 
205-225 (and references cited therein)), according to the 
methods mentioned above. 

0164. In a further embodiment of the process, the nucleic 
acid sequences used can be expressed in single-cell plant 
cells (such as algae), see Falciatore et al., 1999, Marine 
Biotechnology 1 (3):239-251 and references cited therein, 
and plant cells from higher plants (for example spermato 
phytes such as crops). Examples of plant expression vectors 
comprise those which are described in detail in: Becker, D., 
Kemper, E., Schell, J., and Masterson, R. (1992) “New plant 
binary vectors with selectable markers located proximal to 
the left border, Plant Mol. Biol. 20:1195-1197; and Bevan, 
M. W. (1984) “Binary Agrobacterium vectors for plant 
transformation, Nucl. Acids Res. 12:8711-8721; Vectors for 
Gene Transfer in Higher Plants; in: Transgenic Plants, vol. 
1. Engineering and Utilization, ed.: Kung and R. Wu, 
Academic Press, 1993, pp. 15-38. 
0165 A plant expression cassette preferably comprises 
regulatory sequences which are capable of governing the 
gene expression in plant cells and which are linked operably 
so that each sequence can fulfill its function, such as 
transcription or termination, for example polyadenylation 
signals. Preferred polyadenylation signals are those which 
originate from Agrobacterium tumefaciens t-DNA, such as 
the gene 3 of the Tiplasmid pTiACH5, which is known as 
octopine synthase (Gielen et al., EMBO J. 3 (1984) 835ff) 
or functional equivalents thereof, but all other terminators 
which are functionally active in plants are also suitable. 
0166 Since plant gene expression is very often not 
limited to the transcriptional levels, a plant expression 
cassette preferably comprises other operably linked 
sequences such as translation enhancers, for example the 
overdrive sequence which comprises the 5'-untranslated 
leader sequence from tobacco mosaic virus, which increases 
the protein/RNA ratio (Gallie et al., 1987, Nucl. Acids 
Research 15:8693-8711). 
0167 As described above, plant gene expression must be 
linked operably with a suitable promoter which performs 
gene expression with the correct timing or in a cell- or 
tissue-specific manner. Utilizable promoters are constitutive 
promoters (Benfey et al., EMBO J. 8 (1989) 2195-2202) 
Such as those which are derived from plant viruses, such as 
35S CAMV (Franck et al., Cell 21 (1980) 285-294), 19S 
CaMV (see also U.S. Pat. No. 5,352,605 and WO 84/02913) 
or plant promoters such as that of the Rubisco small subunit, 
which is described in U.S. Pat. No. 4,962,028. These may 
advantageously be combined with the parsley ubiquitin 
promoter in the process of the invention. 
0168 Other sequences which are preferred for the use for 
operable 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, chloro 
plasts, chromoplasts, the extracellular space, the mitochon 
dria, the endoplasmic reticulum, oil bodies, peroxisomes and 
other plant cell compartments. 
0169 Plant gene expression can also be facilitated as 
described above via a chemically inducible promoter (for a 
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review see Gatz 1997, Annu. Rev. Plant Physiol. Plant Mol. 
Biol. 48:89-108). Chemically inducible promoters are suit 
able in particular when it is desired that gene expression is 
clock-specific. Examples of Such promoters are a salicylic 
acid-inducible promoter (WO 95/19443), a tetracycline 
inducible promoter (Gatz et al. (1992) Plant J. 2, 397-404) 
and an ethanol-inducible promoter. 
0170 Other promoters which are suitable are promoters 
which respond to biotic or abiotic stress conditions, for 
example the pathogen-induced PRP1 gene promoter (Ward 
et al., Plant. Mol. Biol. 22 (1993) 361-366), the heat 
inducible tomato hsp80 promoter (U.S. Pat. No. 5,187.267), 
the chill-inducible potato alpha-amylase promoter (WO 
96/12814) or the wound-inducible pin II promoter (EP-A-0 
375 091). 
0171 Preferred promoters are in particular those addi 
tional ones which bring about the expression of genes in 
tissues and organs in which lipid and oil biosynthesis takes 
place, in seed cells, such as cells of the endosperm and of the 
developing embryo. Suitable promoters are the oilseed rape 
napin gene 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 promoter (WO 
91/13980) or the legumin B4 promoter (LeB4; Baeumleinet 
al., 1992, Plant Journal, 2 (2):233-9), and promoters which 
bring about the seed-specific expression in monocotyledon 
ous plants such as maize, barley, wheat, rye, rice and the 
like. Suitable promoters which should be taken into consid 
eration are the barley lpt2 or lpt1 gene promoter (WO 
95/15389 and WO95/23230), or those described in WO 
99/16890 (promoters from the barley hordein gene, the rice 
glutelin gene, the rice oryzin gene, the rice prolamin gene, 
the wheat gliadin gene, the wheat glutelin gene, the maize 
Zein gene, the oat glutelin gene, the Sorghum kasirin gene, 
the rye Secalin gene). 
0.172. In particular, it may be desired to bring about the 
multiparallel expression of the nucleic acid sequences used 
in the process alone or in combination with other genes. 
Such expression cassettes can be introduced via the simul 
taneous transformation of a plurality of individual expres 
sion constructs or, preferably, by combining a plurality of 
expression cassettes on one construct. Also, it is possible to 
transform a plurality of vectors with in each case a plurality 
of expression cassettes and to transfer them to the host cell. 
0173 Promoters which are likewise especially suitable 
are those which bring about the plastid-specific expression 
since plastids are the compartment in which the precursors 
and some end products of lipid biosynthesis are synthetized. 
Suitable promoters such as the viral RNA polymerase pro 
moter are described in WO95/16783 and WO 97/06250, and 
the Arabidopsis clpP promoter, described in WO99/46394. 
0.174 The nucleic acid constructs or vectors can be 
introduced into plants via conventional transformation tech 
niques. The term “transformation', as used in the present 
context, is meant to comprise a multiplicity of methods 
known in the art for introducing foreign nucleic acid (for 
example DNA) into a host cell, including chemically medi 
ated transfer, electroporation or particle bombardment. Suit 
able methods for the transformation or transfection of host 
cells, including plant cells, can be found in Sambrook et al. 
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(Molecular Cloning: A Laboratory Manual., 2nd edition. 
Cold Spring Harbor Laboratory, Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, N.Y., 1989) and other 
laboratory handbooks such as Methods in Molecular Biol 
ogy, 1995, vol. 44, Agrobacterium protocols, ed.: Gartland 
and Davey, Humana Press, Totowa, N.J. 
0175 Host cells which are suitable in principle for taking 
up the nucleic acid, the nucleic acid construct of the inven 
tion or the vector of the invention are all plants or parts 
thereof, preference being given to dicotyledonous or mono 
cotyledonous plants such as oilseed rape, evening primrose, 
hemp, thistle, peanut, canola, linseed, soya, Safflower, Sun 
flower, borage or plants such as maize, wheat, rye, oats, 
triticale, rice, barley, cotton, manioc, pepper, tagetes, Solan 
aceae plants such as potato, tobacco, eggplant and tomato, 
Vicia species, pea, alfalfa, bush plants (coffee, cocoa, tea), 
Salix species, trees (oil palm, coconut) and perennial grasses 
and fodder crops. Especially preferred transgenic plants of 
the invention are selected from the group consisting of corn, 
rice, triticale, wheat, rye, barley, oats, rye grass, millet, 
oilseed rape, evening primrose, canola, peanut, Verbascum, 
thistle, hazelnut, almond, macadamia, avocado, bay, wild 
roses, pumpkin, pistachios, Sesame, linseed, Sunflower, saf 
flower, soybean, borage, poppy, mustard, hemp, castor-oil 
plant, olive, calendula, punica, Sugar beet, tomato, potato, 
tobacco, carrot, poplar, cotton, manioc, pepper, tagetes, 
eggplant, pea, alfalfa, coffee, cocoa, tea, oil palm, coconut, 
walnut or Arabidopsis. 
0176) The promoter advantageously used in the process 
and having the nucleotide sequence SEQ ID NO: 1, a 
functional equivalent or an equivalent fragment may be 
isolated using standard molecular-biological techniques and 
the sequence information provided here. It is also possible to 
identify with the aid of comparative algorithms, for 
example, a homologous sequence or homologous, conserved 
sequence regions at the DNA or amino acid level. These may 
be used as hybridization probe and standard hybridization 
techniques (as described, for example, in Sambrook et al., 
Molecular Cloning: A Laboratory Manual. 2nd edition, Cold 
Spring Harbor Laboratory, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1989) for isolating further 
promoter sequences useful in the process. In addition, it is 
possible to isolate a nucleic acid molecule comprising a 
complete sequence of SEQ ID NO: 1 or a part thereof by 
polymerase chain reaction, using oligonucleotide primers on 
the basis of said sequence or of parts thereof (for example, 
a nucleic acid molecule comprising the complete sequence 
or a part thereof may be isolated by polymerase chain 
reaction using oligonucleotide primers which have been 
generated on the basis of said same sequence). Methods of 
isolating genomic DNA from plants are known to the skilled 
worker. 

0177 Promoters which are advantageous for the process 
according to the invention can be isolated on the basis of 
their homology with nucleic acids disclosed herein using the 
sequences or part thereof as hybridization probe, following 
standard hybridization techniques under stringent hybridiza 
tion conditions. In this context, it is possible for example to 
use isolated nucleic acid molecules which are at least 18 
nucleotides in length and which hybridize under stringent 
conditions with the nucleic acid molecules which comprise 
a nucleotide sequence of SEQID NO: 1. Advantageously, it 
is also possible to use nucleic acids with at least 25, 50, 100, 
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250 or more nucleotides. The term “hybridizes under strin 
gent conditions' as used in the present context is understood 
as describing hybridization and wash conditions under 
which nucleotide sequences with at least 60% homology 
with one another usually remain hybridized with one 
another. The conditions are preferably such that sequences 
which are at least approximately 65%, more preferably at 
least approximately 70% and even more preferably at least 
approximately 75% or more homologous with one another 
usually remain hybridized with one another. These stringent 
conditions are known to the skilled worker and can be found 
in Current Protocols in Molecular Biology, John Wiley & 
Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred nonlimiting 
example of Stringent hybridization conditions is hybridiza 
tion in 6xsodium chloride/sodium citrate (SSC) at approxi 
mately 45° C., followed by one or more wash steps in 
0.2xSSC, 0.1% SDS at 50 to 65° C. The skilled worker 
knows that these hybridization conditions differ depending 
on the type of the nucleic acid and, for example when 
organic solvents are present, with regard to the temperature 
and concentration of the buffer. For example, under “stan 
dard hybridization conditions” the temperature differs 
depending on the type of nucleic acid between 42 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 preferably are for 
example 0.1xSSC and 20 to 45° C., preferably between 30 
and 45° C. The hybridization conditions for DNA:RNA 
hybrids preferably are for example 0.1xSSC and 30° C to 
55° C., preferably between 45° C and 55° C. The above 
mentioned hybridization temperatures are determined for 
example for a nucleic acid with a length of approximately 
100 bp (=base pairs) and a G+C content of 50% in the 
absence of formamide. The skilled worker knows how to 
identify the hybridization conditions required with the aid of 
textbooks, such as the one mentioned above, or the follow 
ing textbooks: Sambrook et al., “Molecular Cloning, Cold 
Spring Harbor Laboratory, 1989; Hames and Higgins (ed.) 
1985, "Nucleic Acids Hybridization: A Practical Approach”, 
IRL Press at Oxford University Press, Oxford; Brown (ed.) 
1991, “Essential Molecular Biology: A Practical Approach”, 
IRL Press at Oxford University Press, Oxford. 

0.178 To determine the percentage homology (=identity) 
of two sequences (for example SEQ ID NO: 1), the 
sequences are written underneath each other to provide an 
optimal comparison (for example, gaps may be introduced 
into the sequence of a promoter in order to generate an 
optimal alignment with the other promoter and its function 
ally essential elements like the transcription start or the 
TATA box). The nucleotides at the corresponding nucleotide 
positions are then compared. If a position in a sequence is 
occupied by the same nucleotide as the corresponding 
position in the other sequence, the molecules are homolo 
gous at this position (i.e. nucleic acid “homology' as used in 
the present context thus corresponds to nucleic acid “iden 
tity'). The percentage homology between the two sequences 
is a function of the number of identical positions which the 
sequences share (i.e. '% homology=number of identical 
positions/total number of positions x100). The terms homol 
ogy and identity are thus to be regarded as synonymous. 
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0179 The invention further relates to transgenic plants 
which contain the nucleic acid construct of the invention or 
the vector of the invention. 

0180. The invention is illustrated further by the examples 
which follow, but which are not to be construed as limiting. 
The contents of all of the references, patent applications, 
patents and published patent applications cited in the present 
patent application are herein incorporated by reference. 

EXAMPLESSECTION 

Example 1 

Isolation of Genomic DNA from Petroselinum crispum var. 
Hamburger Schnitt 
0181 Leaf material of 3 week old parsley plants var. 
Hamburger Schnitt was harvested and shock-frozen in liquid 
nitrogen. 100 mg of material were homogenized in a mortar 
and genomic DNA (gDNA) was isolated from the homoge 
nate, using the NucleoSpin Plant kit from Macherey and 
Nagel according to the manufacturers information. The 
gDNA was taken up in 100 ul of TE buffer. The concentra 
tion was then determined photometrically. The yield was 
1.05 ul. 

Example 2 

Isolation of the Promoter from Genomic DNA by Means of 
PCR 

0182 Oligonucleotides were derived from the sequence 
having the NCBI accession number X64345.1 Kawallecket 
al., (1993) Polyubiquitin gene expression and structural 
properties of the ubi4-2 gene in Petroselinum. Plant Molecu 
lar Biology. 21 (4):673-84). The oligos were derived from 
the sequence of base pairs 1 to 22 and 982 to 959. To clone 
the promoter, recognition sequences of restriction enzymes 
were attached to the oligonucleotides. The sequence of the 
oligos was as follows: 

Pcubi4-2 fw: gctictagaattic gaatccaaaaattacg 

Pcubi4-2rev: gggctgcacatacatalacatato aaga 

The oligos were adjusted to a concentration of 20 M and 
used in a PCR. 

0183) The PCR mixture contained: 
018.4 5.0 ul of buffer for Pfu polymerase (Stratagene) 

0185 0.4 ul of dNTPs (25 mM each) (Amersham) 
0186 0.5 ul of primer PcUbi4-2fw 
0187 0.5 ul of primer PcUbi4-2rev 
0188 0.5ul of Pfu polymerase (Stratagene) 

0189 0.5 ul of glDNA 

0190. 42.6 ul of water 
0191). The program of the PCR reaction (MJ-Cycler Tet 
rad, BioZym) was as follows: 

0192] 4 min at 94° C. 
0193] 1 min at 94° C. 
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0194 1 min at 50° C. 
0195] 2 min at 72° C. 
0196) 10 min at 72° C. 25°C 
0197) The central cycle was repeated 30 times. 

Example 3 
Cloning of the Promoter PCR Fragment 
0198 In order to clone the 982 bp PCR fragment, the 
PCR mixture was purified using the Qiagen PCR purifica 
tion kit according to the manufacturers information. The 
DNA was subsequently taken up in 30 ul of TE buffer and 
digested completely with Xbal (MBI-Fermentas). The 
restriction mixture contained: 30 ul of DNA, 4 ul of water, 
4 ul of buffer and 2 ul of enzyme (MBI Fermentas). The 
incubation was carried out at 37° C. overnight. 
0199 After purification, the fragment was cloned into a 
binary vector containing an expression cassette and uidA as 
a reporter gene, which vector had been opened previously by 
the restriction enzymes Xbal, SmaI (MBI Fermentas). This 
resulted in the construct 1 bXPcUbi4-2GUS (FIG. 1) com 
prising the PCUbi4-2 promoter upstream of the GUS gene 
which is suitable for promoter analysis Jefferson et al., 
(1987) GUS fusions: B-Glucuronidase as a sensitive and 
versatile gene fusion marker in higher plants. EMBO J. 6, 
3901-3907). 

Example 4 
Transformation of the 1bXPcUbi4-2GUS Construct into 
Arabidopsis 

0200. The 1bXPcUbi4-2GUS construct was transformed 
by means of electroporation into the agrobacterial Strain 
pGV3101 containing the plasmid pMP90, and the colonies 
were plated on TB medium (QBiogen, Germany) containing 
the selection markers kanamycin, gentamycin and rifampi 
cin and incubated at 28°C. for 2 days. 
0201 A colony was picked from the agar plate with the 
aid of a toothpick and taken up in 3 ml of liquid TB medium 
containing the antibiotics mentioned above. 
0202 The preculture grew at 28° C. and 120 rpm in a 
shaker incubator for 48 h. 400 ml of LB medium containing 
the appropriate antibiotics were used for the main culture. 
The preculture was transferred to the main culture which 
grew at 28°C. and 120 rpm for 18 h. 
0203. After centrifugation at 4000 rpm, the pellet was 
resuspended in infiltration medium (M & S medium con 
taining 10% sucrose). 

Example 5 
Cultivation of Plants 

0204 Dishes (Piki Saat 80, green, provided with a screen 
bottom, 30x20x4.5 cm, from Wiesauplast, Kunststofftech 
nik, Germany) were half-filled with a GS 90 substrate 
(standard soil, Werkverband E. V., Germany). The dishes 
were watered overnight with 0.05% Previcur solution 
(Previcur N. Aventis CropScience). Arabidopsis thaliana, 
C24 seeds were scattered onto the dish, approx. 1000 seeds 
per dish. The dishes were covered with a hood and placed in 
the stratification facility (8 h, 110 uE, 5° C.; 16 h, dark, 6° 
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C). After 5 days, the dishes were placed into the short-day 
controlled environment chamber (8 h, 130 uE, 22°C.; 16 h, 
dark, 20°C.), where they remained for 10 days, until the first 
true leaves had formed. 

0205 The seedlings were transferred into pots containing 
the same 20 substrate (Teku pots, Ø 10 cm, LC series, 
manufactured by Pöppelmann GmbH & Co, Germany). 9 
plants were pricked out into each pot. The pots were then 
returned into the short-day controlled environment chamber 
for further growth. 
0206. After 10 days, they were then transferred to a 
greenhouse cabinet, 16 h, 340 uE, 22°C. and 8 h, dark, 20° 
C. Here, growth was continued for 10 more days. 

Example 6 
Methods of Transformation 

0207 7 week old Arabidopsis plants which had just 
started flowering were immersed into the above-described 
agrobacterial Suspension for 10 S. Said Suspension had been 
admixed previously with 10 ul of Silwett L77 (Crompton S. 
A., Osi Specialties, Switzerland). The method is described in 
Bechtold N. and Pelletier G. In planta Agrobacterium 
mediated transformation of adult Arabidopsis thaliana 
plants by vacuum infiltration. Methods in Molecular Biol 
ogy, 82:259-66, 1998). The plants were subsequently placed 
into a humid chamber for 18 h, and thereafter the pots were 
returned to the greenhouse for further growth. Here the 
plants remained for 10 more weeks, until the seeds were 
harvested. 

Example 7 
Selection 

0208 Depending on the resistance marker used for 
selecting the transformed plants, the harvested seeds were 
planted in the greenhouse and Subjected to a spray selection 
or else, after sterilization, grown on agar plates containing 
the respective selection agent. After approx. 10 to 14 days, 
the transformed resistant plants differed markedly from the 
wild-type seedlings which had died, and were pricked into 
6 cm pots. 

Example 8 

Qualitative Determination of GUS Activity in Tissues of 
Transgenic Arabidopsis Plants 
0209 Transgenic Arabidopsis plants were pricked out 
and cultivated in the greenhouse. At various points in time, 
samples were taken from different tissues. These samples 
were used to carry out GUS stainings Martin et al., (1992) 
The GUS reporter system as a tool to study plant gene 
expression. In: Gallagher (editor): GUS Protocols: Using the 
GUS gene as a reporter of gene expression. Academic Press, 
23-43), in order to investigate in which tissues the PcUbi4-2 
promoter is active. For comparison, plants were analyzed 
which contained in the same vector the double 35S promoter 
(d35S) upstream of the GUS gene Kay et al.. 1987, Science, 
236, 1299–1302). Said promoter is a constitutive promoter 
which has been characterized very well previously Comai 
et al., 1990, Plant Molecular Biology 15, 373-381, 1990). 
0210. In leaves of 3 week old individual, independent 
plants, strong, uniform staining of all tissues was observed 
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(FIG. 2). In comparison therewith, the leaves of the plants 
transformed with d35S:GUS had a very variable staining 
and partially exhibited a speckled staining pattern (FIG. 3). 
d35S exhibited hardly any activity in seeds, whereas 
PcUbi4-2 had strong activity (FIG. 7). 

Example 9 

Quantitative Determination of the Amount of GUS mRNA 
in Leaves of Transgenic Arabidopsis Plants 

0211 Leaves of 3 week old transgenic Arabidopsis plants 
were harvested and total RNA was extracted using the 
Invisorb Plant Kit (Invitek, Germany). The RNA was used 
in order to determine therefrom the amount of GUS mRNA. 
The reagents for cDNA synthesis and Q-PCR reaction were 
from Applied Biosystems and used according to the manu 
facturers information. The analysis was carried out by 
quantitative PCR, Taq Man probes and the ABIPrism7700 
(PE Applied Biosystems) Gibson et al., (1996) A novel 
method for real time quantitative RT-PCR. Genome Res. 6, 
995-1001: Lie Y. S. and Petropulos C. J. (1998) Advances in 
quantitative PCR technology: 5' nuclease assays. 
0212. The following probe system was used for detecting 
the GUS mRNA: 

Oligo1 : 5' ccatctoataaataacgtcatgcattac 3' 

Probe: 5' totaaatcatc.gcaag accg.gcaa.cag 3' 

Oligo2: 5' aacatttggcaataaagtttcttaaga 3" 

0213) The probe had been labeled with FAM (fluores 
cein), the quencher was TAMRA (Rhodamine). 

0214. In order to normalize the amount of total RNA 
used, a probe system was used which detects the mRNA of 
the ubiquitin-conjugating enzyme 18 (Ubi18): 

Oligo1 : 5' agttcaccc.gaaaagcaa.cg 3 

Probe: 5 cc cactgataatgatcgatatgtgaagaactgc 3' 

Oligo2: 5' togtoatggaaccaccacct 3' 

0215. The probe had been labeled with VIC (tradename), 
the quencher was TAMRA. 

0216) The Ct value for Ubi18 mRNA, determined for 
each plant, was subtracted from the GUS mRNA Ct value 
determined from the same reaction mixture. The delta Ct 
value calculated therefrom is a relative value and a measure 
for the amount of GUS mRNA present in a particular amount 
of mRNA (table 3). The Q-PCR is monitored over 40 cycles. 
Samples which indicate a Ct value of 40 are negative, since, 
even in cycle 40, they have not developed any fluorescence 
greater than the background. 

0217 Both promoters show expression in a comparable 
region. However, the variance in the amount of GUS MRNA 
is lower for the PcUbi4.2 promoter than for d35S. The 
median of expression in T1 plants expressing GUS under the 
control of the PCUbi4-2 promoter was 2.25, the range of all 
plants was 10.47. For the d35S promoter, the median was 
2.38, the range was 13.44. 
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Sample 
Name 

Ct values for T1 plants containing the 

TABLE 3 

constructs D35S35SGUS or PcUbi4-2GUS. 

Ct 
GUS 

31.15 
30.21 
29.18 
29.40 
28.78 
28.35 
32.03 
30.72 
31.28 
30.30 
31.90 
29.73 
30.67 
33.16 
32.40 
32.09 
30.03 
31.44 
31.57 
30.28 
32.32 
29.44 
27.00 
28.39 
29.66 
30.40 
29.16 
27.22 
26.32 
28.77 
29.77 
28.35 
31.34 
39.05 
27.61 
40.00 
29.74 
29.12 
27.25 
29.83 
34.31 
33.09 

29.91 
32.17 

30.74 
40.00 

NUMBER OF SEQ ID NOS: 26 

Ct 
Ubill & 

28.47 
27.46 
27.11 
27.39 
27.32 
28.19 
29.04 
28.39 
28.37 
28.07 
28.22 
28.33 
28.82 
28.59 
28.11 
27.85 
27.88 
28.35 
28.17 
28.20 
29.08 
28.12 
28.06 
27.24 
27.01 
27.56 
26.98 
28.27 
27.30 
27.54 
27.23 
27.60 
27.41 
28.03 
27.75 
27.62 
28.15 
27.42 
27.60 
27.72 
28.21 
28.32 

28.36 
28.07 

28.31 
28.41 

Sample 
deltaCt Name 

2.68 PC 
2.75 PC 
2.07 PC 
2.02 PC 
1.46 PC 
O.15 PC 
2.99 PC 
2.33 PC 
2.92 PC 
2.23 PC 
3.68 PC 
1.41 PC 
1.86 PC 
4.58 PC 
4.29 PC 
4.25 PC 
2.16 PC 
3.09 PC 
3.41 PC 
2.08 PC 
3.24 PC 
32 PC 

SEQ ID NO 1 
LENGTH 
TYPE DNA 

ORGANISM: Petroselinum crispum 
FEATURE 

NAME/KEY: 
LOCATION: 

982 

promoter 

bi1 
bi2 

biS 

bi10 
bi11 
bi13 
bi14 
b1S 
bi16 
b17 
bi18 
bi19 
bi20 
bi21 
bi22 
b23 
bi24 
b2S 
bi26 
b27 
bi28 
bi29 
bi3O 
bi31 
b32 
b33 
bi34 
bi3S 
bi36 
b37 
b38 
b39 
bi40 
bi41 
bi42 
bi43 
bi44 
bi45 
bi46 
bi47 

(1) . . (982) 
OTHER INFORMATION: Petroselinum promoter 

Ct 
GUS 

34.88 
31.54 
31.39 
32.98 
32.95 
32.57 
34.60 
33.09 
32.47 
34.34 
32.25 
34.84 
32.63 
34.78 
31.07 
31.85 
32.01 
32.37 
35.12 
31.30 
30.16 
33.66 
29.88 
37.94 
29.94 
32.27 
30.99 
31.14 
29.97 
33.97 
27.26 
29.41 
32.83 
28.96 
33.75 
30.65 
31.25 
29.11 
27.02 
30.82 
33.73 
30.90 

32.39 
28.45 

29.88 
34.13 

Ct 
Ubil& 

29.18 
29.57 
28.99 
29.36 
28.79 
28.96 
29.51 
27.67 
29.41 
29.16 
29.60 
29.86 
29.95 
3O46 
29.70 
29.77 
29.66 
29.43 
30.09 
29.59 
29.18 
29.24 
27.85 
29.16 
29.43 
29.03 
29.17 
29.05 
29.34 
29.69 
27.09 
28.81 
29.09 
28.62 
29.03 
28.22 
30.22 
28.93 
26.99 
29.69 
34.80 
3O41 

30.15 
30.14 

30.07 
32.72 

deltaCt 

5.70 
1.97 
2.40 
3.62 
4.16 
3.62 
S.10 
S.42 
3.07 
S.18 
2.65 
4.98 
2.69 
4.32 
1.37 
2.08 
2.36 
2.94 
S.O.3 
1.71 
O.98 
4.42 
2.03 
8.78 
O.S1 
3.24 
1.82 
2.09 
O.63 
4.29 
O.18 
O.60 
3.74 
O.35 
4.72 
2.43 
1.04 
O.18 
O.04 
1.13 

-1.07 
O.49 

2.25 
-1.69 

-0.19 
1.41 

SEQUENCE LISTING 

18 
Jan. 4, 2007 

TABLE 3-continued 

Ct values for T1 plants containing the 
constructs D35S35SGUS or PcUbi4-2GUS. 

Sample Ct Ct Sample Ct Ct 
Name GUS Ubi18 deltaCt Name GUS Ubi18 deltaCt 

D3SS47 32.0S 28.03 4.02 PcUbi48 29.6S 28.31 1.34 
D3SS48 30.98 28.02 2.96 

Example 10 
Investigation of the Stability of the Level of GUS Expres 
sion in Leaves of Transgenic T2 Arabidopsis Plants 
0218 12 T1 lines were selected from each construct, in 
order to determine expression of GUS in the progeny. For 
this purpose, 10 offsprings of each line were cultivated and 
leaves were harvested 3 weeks after seeding, and the amount 
of GUS transcript was determined by means of qPCR as 
described. 

0219. The range of variation within the T2 of a line is 
smaller in the progeny of the 1bXPcUbiGUS plants (table 4). 

TABLE 4 

Determination of GUS expression in progeny of transgenic 
Arabidopsis plants. The median of delta Ct values from the 

measurement of in each case 10 T2 plants of each line 
and the range of measured data are indicated. 

Median d85S Range d35S Median PcUbi Range PcUbi 

O.92 1.09 3.81 1.28 
O46 1.18 1.47 1.42 
3.00 1.51 -0.56 1.47 
1.00 2.13 1.79 1.58 
1.28 2.16 1.26 1.68 

-0.77 2.55 1.28 1.97 
O.11 2.80 O.22 2.05 
2.12 2.84 -0.13 2.24 
S.18 4.16 1.39 2.33 
2.50 4.94 O.10 2.65 
2.65 S.92 1.38 2.97 
6.27 7.91 6.69 4.15 

Equivalents 
0220. The skilled worker knows, or can identify, by using 
merely routine experiments, a large number of equivalents 
of the specific embodiments, described herein, of the inven 
tion. These equivalents are intended to be included in the 
patent claims. 
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-continued 

<400 SEQUENCE: 1 

gaattic gaat coaaaaatta C ggatatgaa tataggcata toc gitatcc g aattatcc.gt 60 

ttgacagota gcaacgattg tacaattgct tctittaaaaa aggaagaaag aaagaaagaa 120 

aagaatcaac atcago gtta acaaacggcc cc.gttacggc ccaaacgg to atatagagta 18O 

acgg.cgittaa gogttgaaag acticcitatcg aaatacgitaa cc.gcaaacgt gttcat agtca 240 

gatcccctct tccttcaccg cctoaaacac aaaaataatc ttctacagoc tatatataca 3OO 

accocccott citatic totcc tittct cacaa titcatcatct ttctittctict accoccalatt 360 

ttaagaaatc citctottcto citcttcattt toaaggtaaa totctdtctd. tctdtctdtc 420 

totgttatto cittgttittaa ttagg tatgt attattgcta gtttgttaat citgcttatct 480 

tatgtatgcc titatgttgaat atctittatct tatto atcto atcc.gtttag aagctataaa 540 

tttgttgatt tdactgtgta totacacgtg gttatgttta tatctaatca gatatgaatt 600 

tottcatatt gttgcgtttg tatgtaccaa tocgaaatcg ttgatttittt to atttaatc 660 

gtgtagctaa ttgtacgitat acatatggat citacgitatca attgttcatc tdtttgttgtt 720 

tgitatgtata cag atctgaa aacatcactt citctdatctg attgttgttgt tacatacata 78O 

gatatagatc tdttatatoa tttittittatt aattgttgitat atatatatgt gcatagatct 840 

ggattacatg attgttgatta tttacatgat tttgttattt acgitatgtat atatgtagat 9 OO 

Ctgg acttitt toggagttgtt gacittgattg tatttgttgtg togtatatgtg togttctgatc 96.O 

ttgatatgtt atgitatgtgc ag 982 

<210> SEQ ID NO 2 
&2 11s LENGTH 3598 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (3598) 
<223> OTHER INFORMATION: Sequence is a plant promoter-terminator 

expression cassette in the puC19 vector 

<400 SEQUENCE: 2 

togcgc gttt cqgtgatgac ggtgaaaacc totgacacat gcagotc.ccg gagacgg to a 60 

Cagcttgttct gta agcggat gcc.gggagca gacaa.gc.ccg. tcaggg.cgc.g. tcagcgggtg 120 

ttgg.cgggtg toggggctgg cittalactato C gg catcaga gcagattgta citgagagtgc 18O 

accatatgcg gtgtgaaata cog cacagat gcgtaag gag aaaataccgc atcaggc gcc. 240 

attcgc.catt caggctg.cgc aactgttggg aaggg.cgatc ggtgcgggcc tottcgctat 3OO 

tacgc.ca.gct gg.cgaaaggg ggatgtgctg. Caaggcgatt aagttgggta acgcCagggit 360 

tittcc.cagtc acgacgttgt aaaacgacgg ccagtgaatt cqgcgc.gc.cg agcto citcga 420 

gcaaatttac acattgccac taaacgtota aaccottgta atttgtttitt gttttacitat 480 

gtgttgttatg tatttgattit gcgataaatt tittatatttg gtactaaatt tataacacct 540 

tittatgctaa cigtttgccaa cacttagdaa tittgcaagtt gattaattga ttctaaatta 600 

ttitttgtctt citaaatacat atactaatca actggaaatg taaatatttg citaatatttc 660 

tactatagga gaattaaagt gag togaatat ggtaccacaa gotttggaga tittaattgtt 720 

gcaatgctgc atggatggca tatacaccala acattcaata attcttgagg ataataatgg 78O 
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to cqtaagat gcttittctgt gactogtgag tactcaiacca agt cattctg agaatagtgt 312 O 

atgcgg.cgiac cqagttgcto ttgc.ccgg.cg tdaatacggg ataataccgc gcc acatago 318O 

agaactittaa aagtgctcat cattggaaaa cqttctt.cgg gg.cgaaaact citcaaggatc 324 O 

ttaccgctgt tdagat.ccag titc gatgtaa cccactcgtg cacccaact g atcttcagoa 33OO 

tottttacitt to accagogt ttctgggtga gcaaaaa.cag gaaggcaaaa toccgcaaaa 3360 

aagg gaataa gogcgacacg gaaatgttga atact catac tottccttitt totaat attat 342O 

tgaagcattt atcagggitta ttgtc.tcatg agcggataca tatttgaatg tatttagaaa 3480 

aataaacaaa taggggttcc gcgcacattt coccgaaaag togccaccitga C gtctaagaa 354. O 

accatt atta totato acatt aacctataaa aatagg.cgta toacgaggcc ctittcgtc 3598 

<210> SEQ ID NO 3 
&2 11s LENGTH 3590 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (3590) 
<223> OTHER INFORMATION: Sequence is a plant promoter-terminator 

expression cassette in the puC19 vector 

<400> SEQUENCE: 3 

togcgc gttt cqgtgatgac ggtgaaaacc totgacacat gcagotc.ccg gagacgg to a 60 

Cagcttgttct gta agcggat gcc.gggagca gacaa.gc.ccg. tcaggg.cgc.g. tcagcgggtg 120 

ttgg.cgggtg toggggctgg cittalactato C gg catcaga gcagattgta citgagagtgc 18O 

accatatgcg gtgtgaaata cog cacagat gcgtaag gag aaaataccgc atcaggc gcc. 240 

attcgc.catt caggctg.cgc aactgttggg aaggg.cgatc ggtgcgggcc tottcgctat 3OO 

tacgc.ca.gct gg.cgaaaggg ggatgtgctg. Caaggcgatt aagttgggta acgcCagggit 360 

tittcc.cagtc acgacgttgt aaaacgacgg ccagtgaatt cqgcgc.gc.cg agcto citcga 420 

gcaaatttac acattgccac taaacgtota aaccottgta atttgtttitt gttttacitat 480 

gtgttgttatg tatttgattit gcgataaatt tittatatttg gtactaaatt tataacacct 540 

tittatgctaa cigtttgccaa cacttagdaa tittgcaagtt gattaattga ttctaaatta 600 

ttitttgtctt citaaatacat atactaatca actggaaatg taaatatttg citaatatttc 660 

tactatagga gaattaaagt gag togaatat ggtaccacaa gotttggaga tittaattgtt 720 

gcaatgctgc atggatggca tatacaccala acattcaata attcttgagg ataataatgg 78O 

taccacacaa gatttgaggit gcatcaacgt cacgtggaca aaaggtttag taatttittca 840 

agacaacaat gttaccacac acaagttittg aggtgcatgc atggatgcc c totggaaagt 9 OO 

ttaaaaat at tittggaaatg atttgcatgg aagcc atgtg taaaaccatg acatccactt 96.O 

ggaggatgca ataatgaaga aaactacaaa tttacatgca act agittat g catgtag tot 1020 

atataatgag gattittgcaa tactittcatt catacacact cactaagttt tacacgatta 1080 

taatttctitc atagocagog gatcc gatat cqggc.ccgct agc gttalacc citgctittaat 1140 

gagatatgcg agacgccitat gatcgcatga tatttgctitt caattctgtt gtgcacgttg 1200 

taaaaaacct gag catgtgt agcto agatc cittaccgc.cg gtttcggttc attctaatga 1260 
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aaatcgacgc. tcaagttcaga ggtgg.cgaaa ccc.gacagga citataaagat accaggc gtt 1860 

tocc cctoga agctoccitcg togcgctotcc tdttc.cg acc citgcc.gctta ccggatacct 1920 

gtoc.gc.ctitt citc.cctitcgg gaag.cgtggc gctttct cat agcto acgct gtaggitatct 1980 

cagttcggtg tagg to gttc gct coaa.gct gggctgtgtg cacga accoc cogttcago c 20 40 

c gaccgctgc gccittatc.cg gtaactatog tottgagtcc aaccoggitaa gacacgacitt 2100 

atc.gcc acto goag cago.ca citggtaacag gattagcaga gc gagg tatg tagg.cggtoc 216 O 

tacagagttc ttgaagtggit ggcctaacta cqgctacact agaagga cag tatttggitat 2220 

citgcgctotg citgaagccag ttacctitcgg aaaaagagtt got agct citt gatcc.ggcaa. 228O 

acaaaccacc gctggtag cq gtggttttitt totttgcaag cagoagatta C go go agaaa 234. O 

aaaaggat.ct caagaagatc ctittgatctt ttctacgggg totgacgctic agtggaacga 24 OO 

aaactcacgt taagggattt togtoatgag attatcaaaa aggat.ct tca cottagatcct 2460 

tittaaattaa aaatgaagtt ttaaatcaat citaaagtata tatgagtaaa cittggtotga 252O 

cagttaccaa tacttaatca gtgaggcacc tatctoag.cg atctgtctat titcgttcatc 258O 

catagttgcc toactic ccc.g. tcgtgtag at alactacgata cqg gagggct taccatctgg 264 O 

ccc.cagtgct gcaatgatac cqc gaga.ccc acgct caccg gct coagatt tat cagoaat 27 OO 

aalaccago.ca gcc.ggaaggg cc gag cqcag aagtggtoct gcaacttitat cogcc to cat 276 O. 

ccagtctatt aattgttgcc gggaagctag agtaagtagt togcc agitta atagtttgcg 282O 

caac gttgtt gcc attgcta caggcatcgt ggtgtcacgc ticgtogtttg gtatggcttic 2880 

attcagotcc ggttcc caac gatcaaggcg agitta catga tocco catgt totgcaaaaa 2.940 

agcggittagc ticcittcgg to citc.cgatcgt tdtcagaagit aagttggcc g cagtgttatc 3OOO 

actcatggitt atggcago ac to cataattic tottactgtc. atgccatcc.g. taagatgctt 3060 

ttctgtgact ggtgagtact caaccaagttc attctgagaa tagtgitatgc ggc gacc gag 312 O 

ttgctott go coggcgtoaa tacgggataa taccgc.gc.ca catagoagaa citttaaaagt 318O 

gctdatcatt goaaaacgtt citt.cgggg.cg aaaactcitca aggat.cttac cqctgttgag 324 O 

atccagttcg atgtaaccoa citcgtgcacc caactgatct tcago atctt ttactittcac 33OO 

cago gtttct g g g toga.gcaa aaa.caggaag goaaaatgcc gcaaaaaagg gaataagggc 3360 

gacacggaaa tagttgaatac toatactcitt cotttittcaa tattattgaa goatttatca 342O 

gggittattgt citcatgag cq gatacatatt taatgtatt tagaaaaata aacaaatagg 3480 

ggttcc.gc.gc acatttcc cc gaaaagtgcc acctgacg to taagaalacca ttattat cat 354. O 

gacattalacc tataaaaata gg.cgitatcac gaggcc ctitt cqtc 3584 

<210 SEQ ID NO 5 
&2 11s LENGTH 450 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (4507) 
<223> OTHER INFORMATION: Sequence is a plant promoter-terminator 

expression cassette in the puC19 vector 

<400 SEQUENCE: 5 







US 2007/0006347 A1 Jan. 4, 2007 
27 
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<210> SEQ ID NO 6 
&2 11s LENGTH 5410 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (5410) 
<223> OTHER INFORMATION: Sequence is a plant promoter-terminator 

expression cassette in the puC19 vector 

<400 SEQUENCE: 6 

ttittggaaat gatttgcato gaa.gc.catgt gtaaaac cat gacatcc act toggaggatgc 60 

aataatgaag aaaactacaa atttacatgc aactagittat gcatotagtic tatataatga 120 

ggattittgca atactittcat tdatacacac toactaagtt ttacacgatt ataatttctt 18O 

catago cago ggatcc gata toggg.ccc.gc tag.cgittaac cct gotttaa toagatatgc 240 

gagacgccita to atc.gcatg atatttgctt toaattctgttgttgcacgtt gtaaaaaacc 3OO 

tgag catgtg tagctoragat cottaccgcc ggtttcggitt cattctaatgaatatatoac 360 

cc.gttactat cqtatttitta togaataatat tctocqttca atttactgat tigtocgtcga 420 

gcaaatttac acattgccac taaacgtota aaccottgta atttgtttitt gttttacitat 480 

gtgttgttata tatttgattit gcgataaatt tittatatttg gtactaaatt tataacacct 540 

tittatgctaa cigtttgccaa cacttagdaa tittgcaagtt gattaattga ttctaaatta 600 

ttitttgtctt citaaatacat atactaatca actggaaatg taaatatttg citaatatttc 660 

tactatagga gaattaaagt gag togaatat ggtaccacaa gotttggaga tittaattgtt 720 

gcaatgctgc atggatggca tatacaccala acattcaata attcttgagg ataataatgg 78O 

taccacacaa gatttgaggit gcatcaacgt cacgtggaca aaaggtttag taatttittca 840 

agacaacaat gttaccacac acaagttittg aggtgcatgc atggatgcc c totggaaagt 9 OO 

ttaaaaat at tittggaaatg atttgcatgg aagcc atgtg taaaaccatg acatccactt 96.O 

ggaggatgca ataatgaaga aaactacaaa tttacatgca act agittat g catgtag tot O20 

atataatgag gattittgcaa tactittcatt catacacact cactaagttt tacacgatta O8O 

taatttctitc atagocagca gatctg.ccgg catcgatccc gggcc atggc citgctittaat 14 O 

gagatatgcg agacgccitat gatcgcatga tatttgctitt caattctgtt gtgcacgttg 200 

taaaaaacct gag catgtgt agcto agatc cittaccgc.cg gtttcggttc attctaatga 260 

atatato acc cgttactato gitatttittat gaataatatt citcc.gttcaa tttactgatt 320 

gtocgtcgac gag citcgg.cg cqccaagctt googtaatca togtoatago totttcc tot 38O 

gtgaaattgttatcc.gctica caatticcaca caa.catacga gcc.ggaag.ca taaagtgtaa 4 40 

agcctggggit gcc taatgag tdagctaact cacattaatt gcgttgcgct cactg.ccc.gc 5 OO 

tittccagtcg ggaaacct gt cqtgc.ca.gct gcattaatga atcggccaac gogcggggag 560 

aggcggtttg cqtattgggc gct ctitcc.gc titcctic gotc actgacitc.gc tigcgctoggt 62O 

cgttcggctg. c.ggcgagcgg tat cagotca citcaaaggcg gtaatacggit tatccacaga 680 

atcaggggat aac gCaggaa agaac atgtg agcaaaaggc Cagcaaaagg C caggalaccg 740 

taaaaaggcc gcgttgctgg cqtttittcca taggotcc.gc ccc cctoacg agcatcacaa 800 
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atttg.cgata aatttittata 

ccaa.cactta gcaatttgca 

acatatacta atcaactgga 

aagtgagtga atatggtacc 

ggcatataca ccaaac attc 

aggtgcatca acgtoacgtg 

acacacaagt tittgaggtgc 

aatgatttgc atggaa.gc.ca 

aagaaaacta caaatttaca 

gcaatactitt cattcataca 

agCC Caccgc ggtggg.cggC 

cgagacgcct atgatcgcat 

citgagcatt gtagcticaga 

ccc.gttacta togtatttitt 

agcaaattta cacattgc.ca 

tgttgttgttat gtatttgatt 

ttittatgcta acgtttgc.ca 

attitttgttct tctaaataca 

citactatagg agaattaaag 

tgcaatgctg catggatggc 

gtaccacaca agatttgagg 

aaga caacaa tottaccaca 

tittaaaaata 

<400 

SEQ ID NO 7 
LENGTH 47 
TYPE DNA 

tittgg tacta 

agttgattaa 

aatgtaaata 

acaaggtttg 

aataatticitt 

gacaaaaggit 

atgcatggat 

tgtgtaaaac 

tgcaactagt 

cacticactala 

cgc.ctgcagt 

gatatttgct 

toctitaccgc 

atgaataata 

ctaaacgtct 

tgc gataaat 

acacttagca 

taitactaatc 

tgagtgaata 

attatacacca 

tgcatgaacg 

cacaagttitt 

ORGANISM: unknown 
FEATURE: 

aatttataac 

ttgattctaa 

tittgctaata 

gagatttaat 

gaggataata 

ttagtaattit 

gcc citgtgga 

catgacatcc 

tatgcatota 

gttttacacg 

citagaaggcc 

ttcaattctg 

cggtttcggit 

ttctocgttc 

aaaccottgt 

titttatattit 

atttgcaagt 

aactggaaat 

tggtaccaca 

aac attcaat 

to acgtggac 

gaggtgcatg 

OTHER INFORMATION: artificial sequence 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (1) ... (47) 
OTHER INFORMATION USP1 forward 

SEQUENCE: 7 

29 

-continued 

accttittatgctaacgtttg 

attatttittg tottctaaat 

tittctacitat aggagaatta 

tgttgcaatig citgcatggat 

atggtaccac acaagatttg 

ttcaagacaa caatgttacc 

aagtttaaaa atattittgga 

actitggagga tigcaataatg 

gtotatataa taggattitt 

attataattt cittcatagoc 

to citgctitta atgagatatg 

ttgttgcacgt totaaaaaac 

to attctaat gaatatato a 

aatttactga ttgtc.cgtog 

aatttgttitt tatttitacta 

gg tactaaat ttata acacic 

tgattaattig attctaaatt 

gtaaatattt gctaatattt 

aggtttggag atttaattgt 

aattcttgag gataataatg 

aaaag gttta gtaatttittc 

catggatgcc ctdtggaaag 

cc.ggaatticg gcgc.gc.cgag citccitcqagc aaatttacac attgc.ca 

<400 

SEQ ID NO 8 
LENGTH 47 
TYPE DNA 
ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (1) ... (47) 
OTHER INFORMATION USP2 forward 

SEQUENCE: 8 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

45 60 

4680 

474. O 

4800 

4860 

4920 

4.980 

5040 

5 160 

5220 

528 O 

5340 

5 400 

5410 

47 

Jan. 4, 2007 
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cc.ggaatticg gcgc.gc.cgag citccitcqagc aaatttacac attgc.ca 

<210 SEQ ID NO 9 
&2 11s LENGTH 47 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (47) 
&223> OTHER INFORMATION USP3 forward 

<400 SEQUENCE: 9 

cc.ggaatticg gcgc.gc.cgag citccitcqagc aaatttacac attgc.ca 

<210> SEQ ID NO 10 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (48) 
&223> OTHER INFORMATION USP1 reverse 

<400 SEQUENCE: 10 

aaaactgcag gCd gcc.gc.cc accqCggtgg gctggctatog aagaaatt 

<210> SEQ ID NO 11 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (27) 
&223> OTHER INFORMATION USP2 reverse 

<400 SEQUENCE: 11 

cgcggatc.cg citggctata agaaatt 

<210> SEQ ID NO 12 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . ( 45) 
&223> OTHER INFORMATION USP3 reverse 

<400 SEQUENCE: 12 

tocc ccggga to gatgcc.gg cagatctgct ggctatoaag aaatt 

<210> SEQ ID NO 13 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (40) 

47 

47 

48 

27 

45 
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&223> OTHER INFORMATION OCS1 forward 

aaaactgcag totagaaggc citcctgctitt aatgagatat 

<400 

SEQUENCE: 

SEQ ID NO 
LENGTH 51 
TYPE DNA 
ORGANISM 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: 
OTHER INFORMATION OCS2 forward 

SEQUENCE: 

13 

14 

unknown 

(1) . . (51) 

14 

31 

-continued 

cgcggatc.cg atatogggcc cqctagogtt aaccotgctt taatgagata t 

<400 

tocc ccgggc catggcctgc tittaatgaga tat 

<400 

SEQ ID NO 
LENGTH 33 
TYPE DNA 
ORGANISM 
FEATURE: 

OTHER INFORMATION: artificial sequenc 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: 
OTHER INFORMATION OCS3 forward 

SEQUENCE: 

SEQ ID NO 
LENGTH 53 
TYPE DNA 
ORGANISM 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: 
OTHER INFORMATION OCS1 reverse 

SEQUENCE: 

15 

unknown 

(1) . . (33) 

15 

16 

unknown 

(1) . . (53) 

16 

cc caagcttg gcgc.gc.cgag citc gaatticg togacggaca atcagtaaat tda 

<400 

SEQ ID NO 
LENGTH 53 
TYPE DNA 
ORGANISM 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: 
OTHER INFORMATION: OSC2 reverse 

SEQUENCE: 

17 

unknown 

(1) . . (53) 

17 

cc caagcttg gcgc.gc.cgag citc gaatticg togacggaca atcagtaaat tda 

SEQ ID NO 
LENGTH 47 
TYPE DNA 
ORGANISM 
FEATURE: 

18 

unknown 

40 

51 

33 

53 

53 
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32 

-continued 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
&223> OTHER INFORMATION: OSC3 reverse 

<400 SEQUENCE: 18 

cc caagcttg gcgc.gc.cgag citcgtcgacg gacaatcagt aaattga 47 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (28) 
&223> OTHER INFORMATION PoUB4-2fw 

<400 SEQUENCE: 19 

gctotagaat to gaatccaa aaattacg 28 

<210> SEQ ID NO 20 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (27) 
&223> OTHER INFORMATION PCUBI4-2rew 

<400 SEQUENCE: 20 

gggctgcaca tacatalacat atcaaga 27 

<210> SEQ ID NO 21 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (28) 
<223> OTHER INFORMATION: Oligo1-GUS 

<400 SEQUENCE: 21 

ccatctoata aataacgtca to cattac 28 

<210> SEQ ID NO 22 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: artificial sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (27) 
<223> OTHER INFORMATION: probe GUS 

<400 SEQUENCE: 22 

tgtaaatcat cqcaag accq goalacag 27 

<210> SEQ ID NO 23 
&2 11s LENGTH 27 
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<400 

TYPE DNA 
ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (1) . . (27) 
OTHER INFORMATION: Oligo2 GUS 

SEQUENCE: 23 

aacatttggc aataaagttt cittaaga 

<400 

SEQ ID NO 24 
LENGTH 2.0 
TYPE DNA 
ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (1) . . (20) 
OTHER INFORMATION: Oligo1 Ubi 

SEQUENCE: 24 

agttcacccg aaaagcaacg. 

<400 

SEQ ID NO 25 
LENGTH 33 
TYPE DNA 
ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (1) . . (33) 
OTHER INFORMATION: Probe Ubi 

SEQUENCE: 25 

cc cactgata atgatcgata totgaagaac toc 

<400 

SEQ ID NO 26 
LENGTH 2.0 
TYPE DNA 
ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial sequence 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (1) . . (20) 
OTHER INFORMATION: Oligo2 Ubi 

SEQUENCE: 26 

togtoatgga accaccacct 

Jan. 4, 2007 
33 

-continued 

27 

20 

33 

20 

1. A process for expressing nucleic acids in transgenic 2. The process of claim 1, wherein the nucleic acid to be 
plants under the control of a parsley ubiquitin promoter, expressed is functionally linked to one or more further 
wherein the process comprises the following steps: regulatory sequences. 

linking a nucleic acid to be expressed to a promoter 3. The process of claim 1, wherein the nucleic acid 
containing the sequence of SEQ ID NO: 1 or to a encodes a gene selected from the group consisting of a 
functional equivalent or equivalent fragment which has selection marker, a reporter gene, an enzyme, a protein 
essentially the same promoteractivity as said promoter, which mediates resistance to insects, viruses, bacteria, fungi 
to form a construct; and or nematodes, a nucleic acid sequence or a protein which 

introducing into a plant the construct under conditions mediates in plants resistance to drought, cold, heat or salt, an 
which enable the nucleic acid to be stably integrated inhibitor, a lectin, an RNAase, a ribozyme, an antibody, a 
into the genome of said plant. vaccine, a pharmaceutical, an anti-freezing protein, a cyto 
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chrome P-450 protein, a transcription activator or repressor 
and a protein involved in biosynthesis of fine chemicals. 

4. The process of claim 3, wherein the protein involved in 
the biosynthesis of fine chemicals is a protein of fatty acid 
metabolism, amino acid metabolism, Vitamin metabolism, 
carotenoid metabolism or carbohydrate metabolism. 

5. The process of claim 1, wherein the construct contains 
one or more further genes under the control of the parsley 
ubiquitin promoter or of another promoter. 

6. The process of claim 1, wherein the nucleic acid is 
expressed in the sense or antisense direction or in the sense 
and antisense directions. 

7. The process of claim 1, wherein the nucleic acid 
construct is inserted between two T-DNA sections. 

8. The process of claim 1, wherein the transgenic plant is 
a monocotyledonous or dicotyledonous plant. 

9. The process of claim 1, wherein the transgenic plant is 
a monocotyledonous plant selected the group consisting of 
corn, rice, triticale, wheat, barley, oats, rye grass and millet. 

10. The process of claim 1, wherein the transgenic plant 
is a dicotyledonous plant selected from the group consisting 
of oilseed rape, evening primrose, canola, peanut, Verbas 
cum, thistle, hazelnut, almond, macadamia, avocado, bay, 
wild roses, pumpkin, pistachios, Sesame, linseed, Sunflower, 
safflower, soybean, borage, poppy, mustard, hemp, castor-oil 
plant, olive, calendula, punica, Sugar beet, tomato, potato, 
tobacco, carrot, poplar, cotton, manioc, pepper, tagetes, 
eggplant, pea, alfalfa, coffee, cocoa, tea, oil palm, coconut, 
walnut and Arabidopsis. 

11. The process of claim 1, wherein the nucleic acids are 
expressed constitutively. 

12. The process of claim 1, wherein products produced in 
the transgenic plants due to expression of the nucleic acid 
are isolated after culturing of the plant. 

13. A nucleic acid construct for stable transgenic expres 
sion of nucleic acids in a process of claim 1, comprising: a 
promoter containing the sequence of SEQID NO: 1, or one 
or more functional equivalents or equivalent fragments of 
said promoter, which have essentially the same promoter 
activities as said promoter, wherein said promoter is func 
tionally linked to a nucleic acid sequence to be expressed 
transgenically. 

14. The nucleic acid construct of claim 13, which com 
prises at least one further element selected from the group 
consisting of: 

34 
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a) a nucleic acid sequence to be expressed being func 
tionally linked to one or more further genetic control 
Sequences; 

b) a nucleic acid construct comprising one or more 
additional functional elements; 

c) a polylinker located between the promoter and the 
nucleic acid sequence to be expressed; or d) a nucleic 
acid construct comprising at least one further nucleic 
acid under the control of a promoter containing the 
sequence of SEQID NO: 1 or of a functional equivalent 
or equivalent fragment thereof, or of another promoter. 

15. The nucleic acid construct of claim 13, which is 
inserted between two T-DNA sections. 

16. The nucleic acid construct of claim 13, wherein the 
nucleic acid sequence to be expressed transgenically is 
selected from the group of nucleic acids, consisting of a 
selection marker, a reporter gene, an RNAi construct, an 
enzyme, a protein which mediates resistance to insects, 
viruses, bacteria, fungi or nematodes, a nucleic acid 
sequence or a protein which mediates in plants resistance to 
drought, cold, heat or salt, an inhibitor, a lectin, an RNAase, 
a ribozyme, an antibody, a vaccine, a pharmaceutical, an 
anti-freezing protein, a cytochrome P-450 protein, a tran 
Scription activator and repressor or a protein involved in the 
biosynthesis of fine chemicals. 

17. A vector, comprising the nucleic acid construct of 
claim 13. 

18. A transgenic plant, transformed with the nucleic acid 
construct of claim 13. 

19. The transgenic plant of claim 18, which is a dicoty 
ledonous or monocotyledonous plant selected from the 
group consisting of corn, rice, triticale, wheat, rye, barley, 
oats, rye grass, millet, oilseed rape, evening primrose, 
canola, peanut, Verbascum, thistle, hazelnut, almond, mac 
adamia, avocado, bay, wild roses, pumpkin, pistachios, 
sesame, linseed, Sunflower, safflower, soybean, borage, 
poppy, mustard, hemp, castor-oil plant, olive, calendula, 
punica, Sugar beet, tomato, potato, tobacco, carrot, poplar, 
cotton, manioc, pepper, tagetes, eggplant, pea, alfalfa, cof 
fee, cocoa, tea, oil palm, coconut, walnut and Arabidopsis. 

20. A method for preparing foodstuffs, feedstuffs, seeds, 
cosmetics, pharmaceuticals or fine chemicals comprising the 
transgenic plant of claim 18. 
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