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Fig. 1 
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Fig. 2-A 
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Fig. 2-B 
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NOVEL SELECTION PROCESS 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
application Ser. No. 10/522,341 which is a national stage 
application (under 35 U.S.C. S371) of PCT/EP2003/007877 
filed Jul.18, 2003, which claims benefit of German applica 
tion 10234 287.3 filed Jul. 26, 2002. The entire content of 
each above-mentioned application is hereby incorporated by 
reference in its entirety. 

SUBMISSION OF SEQUENCE LISTING 
0002 The Sequence Listing associated with this applica 
tion is filed in electronic format via EFS-Web and hereby 
incorporated by reference into the specification in its entirety. 
The name of the text file containing the Sequence Listing is 
Sequence List 12810 00982 US. The size of the text file 
is 307 KB, and the text file was created on Jan. 31, 2010. 

FIELD OF THE INVENTION 

0003. The present invention relates to processes for pre 
paring transformed plant cells or organisms by transforming 
a population of plant cells which comprises at least one 
marker protein having a director indirect toxic effect for said 
population, with at least one nucleic acid sequence to be 
inserted in combination with at least one compound, prefer 
ably a DNA construct, capable of reducing the expression, 
amount, activity and/or function of the marker protein, with 
the transformed plant cells having a growth advantage over 
nontransformed cells, due to the action of said compound. 

BACKGROUND OF THE INVENTION 

0004 Genetic material is successfully introduced usually 
only into a very limited number of target cells of a population. 
This necessitates the distinction and isolation of successfully 
transformed from nontransformed cells, a process which is 
referred to as selection. Traditionally, the selection is carried 
out by way of a “positive' selection, wherein the transformed 
cell is enabled to grow and to Survive, whereas the untrans 
formed cell is inhibited in its growth or destroyed (McCor 
mick et al. (1986) Plant Cell Reports 5:81-84). A positive 
selection of this kind is usually implemented by genes which 
code for a resistance to a biocide (e.g. a herbicide Such as 
phosphinothricin, glyphosate or bromoxynil, a metabolism 
inhibitor such as 2-deoxyglucose 6-phosphate (WO 
98/45456) or an antibiotic such as tetracycline, amplicillin, 
kanamycin, G 418, neomycin, bleomycin or hygromycin). 
Such genes are also referred to as positive selection markers. 
The positive selection marker is coupled (physically or by 
means of cotransformation) to the nucleic acid sequence to be 
introduced into the cell genome and is then introduced into 
the cell. Subsequently, the cells are cultured on a medium 
under the appropriate selection pressure (for example in the 
presence of an appropriate antibiotic or herbicide), whereby 
the transformed cells, owing to the required resistance to said 
selection pressure, have a growth/survival advantage and can 
thus be selected. Positive selection markers which may be 
mentioned by way of example are: 

0005 phosphinothricin acetyltransferases (PAT) (also: 
Bialophos(R resistance; bar) acetylate the free amino 
group of the glutamine synthase inhibitor phosphino 
thricin (PPT) and thus achieve a detoxification (de Block 
et al. (1987) EMBO J 6:2513-2518; Vickers J E et al. 
(1996) Plant Mol Biol Reporter 14:363-368; Thompson 
CJ et al. (1987) EMBOJ 6:2519-2523). 

Jul. 29, 2010 

0006 5-enolpyruvylshikimate 3-phosphate synthases 
(EPSPS) impart a resistance to the unselective herbicide 
GlyphosatR) (N-(phosphonomethyl)glycine; Stein 
rucken HCetal. (1980) Biochem Biophy's Res Commun 
94:1207-1212: Levin JG and SprinsonDB (1964) J Biol 
Chem 239:1142-1150; Cole DJ (1985) Mode of action 
of glyphosate; A literature analysis, p. 48-74. In: Gross 
bard E and Atkinson D (eds.) The herbicide glyphosate. 
Buttersworths, Boston.). Glyphosate-tolerant EPSPS 
variants for use as selection markers have been 
described (Padgette S Retal. (1996). New weed control 
opportunities: development of soybeans with a Roundup 
ReadyTM gene. In: Herbicide Resistant Crops (Duke SO, 
ed.), pp. 53-84. CRC Press, Boca Raton, Fla.; Saroha M 
K and Malik V S (1998).JPlant Biochemistry and Bio 
technology 7:65-72; Padgette S Retal.(1995) CropSci 
ence 35(5):1451-1461; U.S. Pat. No. 5,510,471; U.S. 
Pat. No. 5,776,760; U.S. Pat. No. 5,864,425: U.S. Pat. 
No. 5,633,435; U.S. Pat. No. 5,627,061; U.S. Pat. No. 
5,463,175; EP-A 0218571). 

0007 neomycin phosphotransferases constantly impart 
a resistance to aminoglycoside antibiotics Such as neo 
mycin, G418, hygromycin, paromomycin or kanamycin 
by reducing the inhibiting action thereof by means of a 
phosphorylation reaction (Beck et al. (1982) Gene 
19:327-336). 

0008 2-deoxyglucose 6-phosphate phosphatases 
impart a resistance to 2-deoxyglucose (EP-A 0807836; 
Randez-Giletal. (1995)Yeast 11:1233-1240; Sanzetal. 
(1994)Yeast 10:1195-1202). 

0009 acetolactate synthases impart a resistance to imi 
dazolinone/sulfonylurea herbicides (e.g. imaZZamox, 
imazapyr, imaZaquin, imazethapyr, amidosulforon, 
azim Sulfuron, chlorimuron ethyl, chlorSulfuron; 
Sathasivan K et al. (1990) Nucleic Acids Res 18(8): 
2188). 

0010. In addition, resistance genes to the antibiotics 
hygromycin (hygromycin phosphotransferases), chloram 
phenicol (chloramphenicol acetyltransferase), tetracycline, 
streptomycin, Zeocine and amplicillin (B-lactamase gene; 
DattaN, Richmond M.H. (1966) Biochem J98(1):204-9) have 
been described. 

0011 Genes such as isopentenyl transferase (ipt) from 
Agrobacterium tumefaciens (strain:PO22) (GenBank Acc. 
No.: AB025 109) may likewise be used as selection markers. 
The ipt gene is a key enzyme of cytokine biosynthesis. Its 
overexpression facilitates the regeneration of plants (e.g. 
selection on cytokine-free medium) (Ebinuma Hetal. (2000) 
Proc Natl Acad Sci USA 94:21.17-2121; Ebinuma Het al. 
(2000) Selection of Marker-free transgenic plants using the 
oncogenes rol A, B, C) of Agrobacterium as selectable mark 
ers. In Molecular Biology of Woody Plants. Kluwer Aca 
demic Publishers). The disadvantages here are, firstly, the fact 
that the selection disadvantage is based on usually Subtle 
differences in cell proliferation and, secondly, the fact that the 
plant acquires unwanted properties (gall tumor formation) 
due to transformation with an oncogene. 
(0012 EP-A 0 601 092 describes various other positive 
selection markers. Examples which may be mentioned are: 
B-glucuronidase (in connection with, for example, cytokinine 
glucuronide), mannose 6-phosphate isomerase (in connec 
tion with mannose), UDP-galactose 4-epimerase (in connec 
tion with galactose, for example). 
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0013 Negative selection markers are used for selecting 
organisms in which marker sequences have been Successfully 
deleted (Koprek Tetal. (1999) Plant J 19(6):719-726). In the 
presence of a negative selection marker, the corresponding 
cell is destroyed or experiences a growth disadvantage. Nega 
tive selection involves, for example, the negative selection 
marker introduced into the plant converting a compound 
which otherwise has no action disadvantageous to the plant 
into a compound with a disadvantageous (i.e. toxic) action. 
Examples of negative selection markers include: thymidine 
kinase (TK), for example of Herpes simplex virus (Wigler et 
al. (1977) Cell 11:223), cellular adenine phosphoribosyl 
transferase (APRT) (Wigler et al. (1979) Proc Natl Acad Sci 
USA 76:1373), hypoxanthine phosphoribosyl transferase 
(HPRT) (Jolly et al. (1983) Proc Natl AcadSci USA 80:477), 
diphtheria toxin A fragment (DTA), the bacterial xanthine 
guanine phosphoribosyl transferase (gpt; Besnard et al. 
(1987) Mol. Cell. Biol. 7:4139; MZoz and Moolten (1993) 
Human Gene Therapy 4:589-595), the codA gene product 
coding for a cytosine deaminase (Gleave AP et al. (1999) 
Plant Mol Biol. 40(2):223-35; Perera RJ et al. (1993) Plant 
Mol Biol 23(4): 793-799: Stougaard J. (1993) Plant J 3:755 
761; EP-A1 595873), the cytochrome P450 gene (Kopreket 
al. (1999) Plant J 16:719-726), genes coding for a haloalkane 
dehalogenase (Naested H (1999) Plant J 18:571-576), the 
iaaH gene (Sundaresan Vetal. (1995) Genes & Development 
9:1797-1810) or the tims2 gene (Fedoroff N V & Smith DL 
(1993) Plant J 3:273-289). The negative selection markers 
are usually employed in combination with “prodrugs” or 
“pro-toxins, compounds which are converted into toxins by 
the activity of the selection marker. 
0014 5-Methylthioribose (MTR) kinase is an enzyme 
whose enzymic activity in plants, bacteria and protozoa, but 
not in mammals, has been described. The enzyme may con 
vert an MTR analog (5-(triromethyl)thioribose) as a “subver 
sive Substrate of the methionine salvage pathway via an 
unstable intermediate to give the toxic compound carbothio 
nyl difluoride. 
0015 Said selection systems have various disadvantages. 
The introduced selection marker (e.g. resistance to antibiot 
ics) is justified only during transformation and selection but is 
later a usually unnecessary and often also undesired protein 
product. This may be disadvantageous for reasons of con 
Sumer acceptance and/or approval as a food and/or feed prod 
uct. Another disadvantage in this connection is the fact that 
the selection marker used for selection is usually genetically 
coupled to the nucleic acid sequence to be inserted into the 
genome and cannot be decoupled by segregation during 
propagation or crossing. Usually, deletion of the marker 
sequence is required, making additional steps necessary. In 
addition, biotechnological studies require in numerous cases 
multiple transformation with various gene constructs. Here, 
each transformation step requires a new selection marker 
unless the previously used marker is to be laboriously deleted 
first. This, however, necessitates abroad palette of well-func 
tioning selection markers which are not available for most 
plant organisms. 

SUMMARY OF THE INVENTION 

0016 Consequently, it was the object of the invention to 
provide novel selection processes for selecting transformed 
plant cells and organisms, which, if possible, no longer have 
the disadvantages of the available systems. This object is 
achieved by the present invention. 

Jul. 29, 2010 

0017. The invention firstly relates to a process for prepar 
ing transformed plant cells or organisms, which process com 
prises the following steps: 

0.018 a) transforming a population of plant cells, with 
the cells of said population containing at least one 
marker protein capable of causing directly or indirectly 
a toxic effect for said population, with at least one 
nucleic acid sequence to be inserted in combination with 
at least one compound capable of reducing the expres 
sion, amount, activity and/or function of at least one 
marker protein, and 

0.019 b) selecting transformed plant cells whose 
genome contains said nucleic acid sequence and which 
have a growth advantage over nontransformed cells, due 
to the action of said compound, from said population of 
plant cells, the selection being carried out under condi 
tions under which the marker protein can exert its toxic 
effect on the nontransformed cells. 

0020. In a preferred embodiment, the marker protein is a 
protein capable of converting directly or indirectly a Sub 
stance X which is nontoxic for said population of plant cells 
into a substance Y which is toxic for said population. In this 
case, the process of the invention preferably comprises the 
following steps: 

0021 a) transforming the population of plant cells with 
at least one nucleic acid sequence to be inserted in com 
bination with at least one compound capable of reducing 
the expression, amount, activity and/or function of at 
least one marker protein, and 

0022 b) treating said population of plant cells with the 
Substance X at a concentration which causes a toxic 
effect for nontransformed cells, due to the conversion by 
the marker protein, and 

0023 c) selecting transformed plant cells whose 
genome contains said inserted nucleic acid sequence and 
which have a growth advantage over nontransformed 
cells, due to the action of said compound, from said 
population of plant cells, the selection being carried out 
under conditions under which the marker protein can 
exert its toxic effect on the nontransformed cells. 

0024. The nontoxic substance X is preferably a substance 
which does not naturally occur in plant cells or organisms or 
occurs naturally therein only at a concentration which can 
essentially not cause any toxic effect. In the scope of the 
process of the invention, preference is given to applying the 
nontoxic Substance X exogenously, for example via the 
medium or the growth Substrate. 
0025. The term “compound capable of reducing the 
expression, amount, activity and/or function of at least one 
marker protein' is to be understood broadly and generally 
means any compounds which cause, directly or indirectly, 
alone or in cooperation with other factors, a reduction in the 
amount of protein, amount of RNA, gene activity, protein 
activity or protein function of at least one marker protein. Said 
compounds are also referred to under the generic term “anti 
marker protein’ compounds. The term “anti-marker protein’ 
compound includes in particular, but is not limited to, the 
nucleic acid sequences, ribonucleic acid sequences, double 
Stranded ribonucleic acid sequences, antisense ribonucleic 
acid sequences, expression cassettes, peptides, proteins or 
other factors used in the preferred embodiments within the 
Scope of the process of the invention. 
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0026. In a preferred embodiment, “anti-marker protein’ 
compound means a DNA construct comprising 

0027 a) at least one expression cassette suitable for 
expressing a ribonucleic acid sequence and/or, if appro 
priate, a protein, said nucleic acid sequence and/or pro 
tein being capable of reducing the expression, amount, 
activity and/or function of the marker protein, or 

0028 b) at least one sequence which causes a partial or 
complete deletion or inversion of the sequence coding 
for said marker protein and thus enables the expression, 
amount, activity and/or function of the marker protein to 
be reduced, and also, if appropriate, further functional 
elements which facilitate and/or promote said deletion 
or inversion, or 

0029 c) at least one sequence which causes an insertion 
into the sequence coding for said marker protein and 
thus enables the expression, amount, activity and/or 
function of the marker protein to be reduced, and also, if 
appropriate, further functional elements which facilitate 
and/or promote said insertion. 

0030 The process of the invention stops the negative 
selective action of the marker protein. To this extent, an “anti 
marker protein’ compound acts directly (e.g. via inactivation 
by means of insertion into the gene coding for the marker 
protein) or indirectly (e.g. by means of the ribonucleic acid 
sequence expressed via the expression cassette and/or, where 
appropriate, of the protein translated therefrom) as a positive 
selection marker. Hence, the selection system of the invention 
is to be referred to as a “reverse selection system”, since it 
“reverts” the negative-selective action of the marker protein. 
0031. The process of the invention means a drastic broad 
ening of the repertoire of positive selection processes for 
selecting transformed plant cells. 
0032. Another advantage is the fact that in a particular, 
preferred embodiment (e.g. via the action of a double 
stranded or antisense RNA), it is possible to implement the 
selection effect without expressing a foreign protein (see 
below). 
0033. It is also advantageous that the marker protein used 
indirectly for selection (e.g. the negative selection marker) is 
not coupled genetically to the nucleic acid sequence to be 
inserted into the genome. In contrast to the otherwise custom 
ary selection processes, the marker protein, if it is a transgene, 
may be removed by simple segregation in the course of Sub 
sequent propagation or crossing. 
0034) “Plant cell' means within the scope of the present 
invention any type of cell which has been derived from a plant 
organism or is present therein. In this context, the term 
includes by way of example protoplasts, callus or cell cul 
tures, microspores, pollen, cells in the form of tissues such as 
leaves, meristem, flowers, embryos, roots, etc. Included are, 
in particular, all of those cells and cell populations which are 
Suitable as target tissues for a transformation. 
0035. In this context, “plant organism' comprises any 
organism capable of photosynthesis and also the cells, tis 
Sues, parts or propagation material (such as seeds or fruits) 
derived therefrom. Included within the scope of the invention 
are all genera and species of higher and lower plants of the 
plant kingdom. Preference is given to annual, perennial, 
monocotyledonous and dicotyledonous plants and also gym 
nosperms. 

0036 “Plant’ means within the scope of the invention all 
genera and species of higher and lower plants of the plant 
kingdom. The term includes the mature plants, seed, shoots 
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and seedlings, and also parts, propagation material (for 
example tubers, seeds or fruits), plant organs, tissues, proto 
plasts, callus and other cultures, for example cell cultures, 
derived therefrom, and also any other types of groupings of 
plant cells to give functional or structural units. Mature plants 
means plants at any developmental stage beyond that of the 
seedling. Seedling means a young immature plant at an early 
developmental stage. “Plant comprises all annual and peren 
nial monocotyledonous and dicotyledonous plants and 
includes by way of example but not by limitation those of the 
genera Cucurbita, Rosa, Vitis, Juglans, Fragaria, Lotus, 
Medicago, Onobrychis, Trifolium, Trigonella, Vigna, Citrus, 
Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica, 
Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyamus, 
Lycopersicon, Nicotiana, Solarium, Petunia, Digitalis, Majo 
rana, Cichorium, Helianthus, Lactuca, Bromus, Asparagus, 
Antirrhinum, Heterocallis, Nemesis, Pelargonium, Panieum, 
Pennisetum, Ranunculus, Senecio, Salpiglossis, Cucumis, 
Browaalia, Glycine, Pisum, Phaseolus, Lolium, Oryza, Zea, 
Avena, Hordeum, Secale, Triticum, Sorghum, Picea and 
Populus. 
0037 Preference is given to plants of the following plant 
families: Amaranthaceae, Asteraceae, Brassicaceae, Caro 
phyllaceae, Chenopodiaceae, Compositae, Cruciferae, 
Cucurbitaceae, Labiatae, Leguminosae, Papilionoideae, Lili 
aceae, Linaceae, Malvaceae, Rosaceae, Rubiaceae, Saxi 
fragaceae, Scrophulariaceae, Solanacea, Sterculiaceae, Tet 
ragoniacea, Theaceae, Umbelliferae. 
0038 Preferred monocotyledonous plants are selected in 
particular from the monocotyledonous crop plants such as, 
for example, those in the family of Gramineae Such as alfalfa, 
rice, corn, wheator other cereal species such as barley, millet, 
rye, triticale or oats and also from Sugar cane and all grass 
species. 
0039 Preferred dicotyledonous plants are selected in par 
ticular from the dicotyledonous crop plants such as, for 
example, 

004.0 Asteraceae, such as sunflower, tagetes or calen 
dula and others, 

0041 Compositae, in particular the genus Lactuca, very 
especially the species sativa (lettuce) and others, 

0.042 Cruciferae, especially the genus Brassica, very 
especially the species inapus (oilseed rape), campestris 
(beet), oleracea cV Tastie (cabbage), oleracea cv Snow 
ball Y (cauliflower) and oleracea cv Emperor (broccoli) 
and other cabbage species; and the genus Arabidopsis, 
very especially the species thaliana, and cress or canola 
and others, 

0043 Cucurbitaceae, such as melon, pumpkin/squash 
or Zucchini and others, 

0044 Leguminosae, especially the genus Glycine, very 
especially the species max (soybean) and alfalfa, pea, 
bean plant or peanut, and others 

0.045 Rubiaceae, preferably the subclass Lamiidae, 
such as, for example, Coffea equenc or Coffea liberica 
(coffee bush) and others, 

004.6 Solanaceae, in particular the genus Lycopersicon, 
very especially the species esculentum (tomato), the 
genus Solanum, very especially the species tuberosum 
(potato) and melongena (eggplant), and the genus Cap 
sicum, very especially the species annuum (pepper) and 
tobacco and others, 
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0047 Sterculiaceae, preferably the subclass Dilleni 
idae, Such as, for example, Theobroma cacao (cacao 
tree) and others, 

0048. Theaceae, preferably the subclass Dilleniidae, 
Such as, for example, Camelia sinensis or Thea Sinensis 
(tea shrub) and others, 

0049. Umbelliferae, especially the genus Daucus (very 
especially the species carota (carrot)) and Apium (very 
especially the species graveolens dulce (celery)) and 
others, 

and linseed, cotton, hemp, flax, cucumber, spinach, carrot, 
Sugar beet and the various tree, nut and grapevine species, in 
particular banana and kiwi. 
0050 Plant organisms for the purposes of the invention are 
furthermore other photosynthetically active capable organ 
isms such as, for example, algae, cyanobacteria and mosses. 
Preferred algae are green algae Such as, for example, algae of 
the genus Haematococcus, Phaedactylum tricornatum, Vol 
vox or Dunaliella. Particular preference is given to Syn 
echocystis. 
0051 Particular preference is given to the group of plants, 
consisting of wheat, oats, millet, barley, rye, corn, rice, buck 
wheat, Sorghum, triticale, spelt, linseed, Sugar cane, oilseed 
rape, cress, Arabidopsis, cabbage species, soybean, alfalfa, 
pea, bean plants, peanut, potato, tobacco, tomato, eggplant, 
paprika, Sunflower, tagetes, lettuce, calendula, melon, pump 
kin and Zucchini. 
0052 Most preference is given to 
0053 a) plants suitable for producing oil, such as, for 
example, oilseed rape, Sunflower, sesame, safflower 
(Carthamus tinctorius), olive tree, soybean, corn, pea 
nut, ricinus, oil palm, wheat, cacao tree or various nut 
species Such as, for example, walnut, coconut or almond. 
Among these, particular preference is in turn given to 
dicotyledonous plants, in particular oilseed rape, Soy 
bean and sunflower. 

0054 b) plants suitable for producing starch, such as 
corn, wheat or potato, for example. 

0055 c) plants which are utilized as food and/or feed 
stuff and/or as useful plants and in which a resistance to 
pathogens would be advantageous. Such as barley, rye, 
rice, potato, cotton, flax or linseed, for example. 

0056 d) plants which may be suitable for producing 
fine chemicals such as, for example, Vitamins and/or 
carotenoids, such as oilseed rape, for example. 

0057 "Population of plant cells' means any group of plant 
cells, which may be subjected within the scope of the present 
invention to a transformation and from which transgenic plant 
cells transformed by the process of the invention may be 
obtained and isolated. In this context, said population may 
also be, for example, a plant tissue, organ oracell culture, etc. 
Said population may comprise by way of example but not by 
limitation an isolated Zygote, an isolated immature embryo, 
embryogenic callus, plant or else various flower tissues (both 
in vitro and in vivo). 
0058 “Genome” means the entirety of genetic informa 
tion of a plant cell and comprises both genetic information of 
the nucleus and that of the plastids (e.g. chloroplasts) and 
mitochondria. However, genome preferably means the 
genetic information of the nucleus (for example of the nuclear 
chromosomes). 
0059) “Selection” means identifying and/or isolating suc 
cessfully transformed plant cells from a population of non 
transformed cells by using the process of the invention. This 
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does not necessarily require that the selection be carried out 
directly with the transformed cells immediately after trans 
formation. It is also possible to carry out the selection only at 
a later time, even with a later generation of the plant organ 
isms (or cells, tissues, organs or propagation material derived 
therefrom) resulting from the transformation. Thus it is pos 
sible, for example, to transform Arabidopsis plants directly 
using, for example, the vacuum infiltration method (Clough S 
& Bent A (1998) Plant J 16(6):735-43; Bechtold N et al. 
(1993) CR Acad Sci Paris 1144(2):204-212), which subse 
quently produce transgenic seeds which may then be Sub 
jected to selection. 
0060. The fact that the nucleic acid sequence to be inserted 

is transformed “in combination with the “anti-marker pro 
tein’ compound (e.g. a DNA construct) is to be understood 
broadly and means that at least one nucleic acid sequence to 
be inserted and at least one “anti-marker protein’ compound 
are functionally coupled to one another so that the presence of 
the “anti-marker protein compound in the plant cell, and of 
the selection advantage related thereto, indicates the parallel 
presence of the inserted nucleic acid sequence as likely. The 
nucleic acid sequence to be inserted and the “anti-marker 
protein’ compound (e.g. a DNA construct) here may be, 
preferably but not necessarily, part of a single nucleic acid 
construct (e.g. a transformation construct or transformation 
vector), i.e. be present physicochemically coupled via a cova 
lent bond. However, they may also be jointly introduced 
separately, for example in the course of a cotransformation, 
and exert their function within the scope of the process of the 
invention also in this way. In the case of the “anti-marker 
protein compound' acting via expressing an RNA (e.g. an 
antisense RNA or double-stranded RNA) or being such an 
RNA, “in combination' may also include those embodiments 
in which said RNA and the RNA expressed by the nucleic acid 
sequence inserted into the genome form an RNA strand. 
0061 “Nontoxic substance X generally means sub 
stances which, compared to their reaction product Y. under 
otherwise identical conditions, have a reduced, preferably an 
essentially lacking biological activity, preferably toxicity. In 
this context, the toxicity of substance Y is at least twice as 
high as that of substance X, preferably at least five times as 
high, particularly preferably at least ten times as high, very 
particularly preferably at least twenty times as high, most 
preferably at least one hundred times as high. “Identical con 
ditions' here means that all conditions are kept the same, 
apart from the different substances X and Y. Accordingly, 
identical molar concentrations of X and Y are used, with the 
medium, temperature, type of organism and density of organ 
ism, etc. being the same. The Substance X may be converted 
to the substance Yin various ways, for example by hydrolysis, 
deamination, hydrolysis, dephosphorylation, phosphoryla 
tion, oxidation or any other type of activation, metabolization 
or conversion. The Substance X may be, by way of example 
but not by limitation, the inactive precursor or derivative of a 
plant growth regulator or herbicide. 
0062 “Toxicity' or “toxic effect” means a measurable, 
negative influence on the physiology of the plant or of the 
plant cell and may comprise here symptoms such as, for 
example, but not limited thereto, a reduced or disrupted 
growth, a reduced or disrupted rate of photosynthesis, a 
reduced or disrupted cell division, a reduced or disrupted 
regeneration of a complete plant from cell culture or callus, 
etc. 
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0063. The plant cells successfully transformed by means 
of the process of the invention may, to put it differently, have 
a growth advantage or selection advantage over the nontrans 
formed cells of the same starting population under the influ 
ence of the substance “X”. Growth or selection advantage is 
to be understood here broadly and means, for example, the 
fact that said transformed plant cells are capable of forming 
shoots and/or can be regenerated to give complete plants, 
whereas the nontransformed cells can do this only with a 
marked delay, if at all. 
0064. The term of “marker protein’ is to be understood 
broadly and generally means all of those proteins which are 
capable of 
0065 i) exerting perse a toxic effect on the plant or plant 
cell, or 

0066 ii) converting directly or indirectly a nontoxic sub 
stance X into a substance Y which is toxic for the plant or 
plant cell. 

0067. In this context, the marker protein may be a plant 
intrinsic, endogenous gene or else a transgene from a differ 
ent organism. Preferably, the marker protein itself has no 
essential function for the organism including the marker pro 
tein. If the marker protein perse exerts a toxic effect, then it 
will preferably be expressed, for example, under an inducible 
promoter rather than constitutively. 
0068 Preferably, however, the marker protein converts 
directly or indirectly a nontoxic Substance X into a Substance 
Y which is toxic for the plant or plant cell. Particularly pre 
ferred marker proteins are the “negative selection markers' as 
are used, for example, in the course of targeted deletions from 
the genome. 
0069. Examples of marker proteins which may be men 
tioned but which are not limiting are: 

0070 (a) cytosine deaminases (CodA or Cdase), with 
preference being given to using as the nontoxic Sub 
stance X substances such as 5-fluorocytosine (5-FC). 
Cytosine deaminases catalyze the deamination of 
cytosine to give uracil (Kilstrup M et al. (1989) J Bac 
teriol 171:2124-2127; Anderson L et al. (1989) Arch 
Microbiol 152: 115-118). Bacteria and fungi which have 
Cdase activity convert 5-FC to the toxic metabolite 
(“Y”) 5-fluorouracil (5-FU) (Polak A & Scholer H J 
(1975) Chemotherapy (Basel) 21:113-130). 5-FC itself 
has low toxicity (Bennett J E, in Goodman and Gilman: 
the Pharmacological Basis of Therapeutics. 8" ed., eds. 
Gilman A G et al. (Pergamon Press, New York) pp. 
1165-1181). However, 5-FU has a highly cytotoxic 
effect, since it is subsequently metabolized to fluoro 
UTP (FUTP) and fluoro-dUMP (FdUMP) and thus 
inhibits 

(0071) RNA and DNA synthesis (Calabrisi P& Chabner B 
A in Goodman and Gilman: the Pharmacological Basis of 
Therapeutics. 8" ed., eds. Gilman A Getal. (Pergamon Press, 
New York) pp. 1209-1263); Damon L E et al. (1989) Pharmac 
Ther 43:155-189). 
0072 Cells of higher plants and mammalian cells have no 
significant Cdase activity and cannot deaminase 5-FC (Polak 
A et al. (1976) Chemotherapy 22:137-153; Koechlin BA et 
al. (1966) Biochemical Pharmacology 15:434–446). In this 
respect, the Cdase is introduced as a transgene (e.g. in the 
form of a transgenic expression cassette) into plant organisms 
in the course of the process of the invention. Corresponding 
transgenic plant cells or organisms are then used as master 
plants as starting material. Appropriate Cdase sequences, 
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transgenic plant organisms and the process of carrying out 
negative selection processes using, for example, 5-FC as non 
toxic substance X, are known to the skilled worker (WO 
93/01281; U.S. Pat. No. 5,358,866; Gleave A Petal. (1999) 
Plant Mol Biol 40(2):223-35; Perera RJ et al. (1993) Plant 
Mol Biol 23(4):793-799: Stougaard J. (1993) Plant J 3:755 
761); EP-A1 595 837; Mullen C A et al. (1992) Proc Natl 
AcadSci USA 89(1):33-37; Kobayashi Tet al. (1995) Jpn. J 
Genet 70(3):409-422; Schlaman H R M & Hooykaas PFF 
(1997) Plant J 11:1377-1385; Xiaohui Wang Het al. (2001) 
Gene 272(1-2):249-255; Koprek Tetal. (1999) Plant J 19(6): 
719-726: Gleave A Petal. (1999) Plant Mol Biol 40(2):223 
235; Gallego M E (1999) Plant Mol Biol 39(1):83-93; 
Salomon S & Puchta H (1998) EMBO J17(20):6086-6095; 
Thykjaer T et al. (1997) Plant Mol Biol 35(4):523-530; 
Serino G (1997) Plant J 12(3):697-701: Risseeuw E (1997) 
Plant J 11(4):717-728; Blanc Vetal. (1996) Biochimie 78(6): 
511-517; Corneille S et al. (2001) Plant J 27:171-178). 
Cytosine deaminases and the genes coding equence may be 
obtained from a multiplicity of organisms, preferably micro 
organisms such as, for example, the fungi Cryptococcus neo 
formans, Candida albicans, Torulopsis glabrata, Sporothrix 
schenckii, Aspergillus, Cladosporium and Phialophora (J E 
Bennett, Chapter 50: Antifungal Agents, in Goodman and 
Gilman's the Pharmacological Basis of Therapeutics 8" ed., 
A. G. Gilman, ed., Pergamon Press, New York, 1990) and the 
bacteria E. coli and Salmonella typhimurium (Andersen Let 
al. (1989) Arch Microbiol 152: 115-118). 

0073. The sequences, materials and processes dis 
closed in the context of said publications are hereby 
explicitly referred to. 

0074 Particular preference is given to sequences 
according to GenBank Acc. No: S56903, and to the 
modified codA sequences described in EP-A1 595 
873, which make expression in eukaryotes possible. 
Preference is given here to nucleic acid sequences 
coding for polypeptides according to SEQID NO: 2 
or, preferably, 4, in particular the sequences according 
to SEQID NO: 1 or, preferably, 3. 

0075 (b) cytochrome P-450 enzymes, in particular the 
bacterial cytochrome P-450 SU1 gene product 
(CYP105A1) from Streptomyces griseolus (strain 
ATCC 11796), with preference being given to using as 
nontoxic Substance X substances such as the pro Sulfo 
nylurea herbicide R7402 (2-methylethyl-2-3-dihydro 
N-(4,6-dimethoxypyrimidin-2-yl)aminocarbonyl-1, 
2-benzoisothiazole-7-sulfonamide 1,1-dioxide). 
Corresponding sequences and the process of carrying 
out negative selection processes using, for example, 
R7402 as nontoxic substance X are known to the skilled 
worker (O'Keefe DP et al. (1994) Plant Physiol 105: 
473-482; Tissier A F et al. (1999) Plant Cell 11:1841 
1852: Koprek T et al. (1999) Plant J 19(6):719-726; 
O'Keefe DP (1991) Biochemistry 30(2):447-55). The 
sequences, materials and processes disclosed in the con 
text of said publications are hereby explicitly referred to. 
0076 Particular preference is given to sequences 
according to GenBank Acc. No: M32238. Preference 
is further given to nucleic acid sequences coding for 
the polypeptide according to SEQID NO: 6, in par 
ticular the sequence according to SEQID NO: 5. 

0.077 (c) indoleacetic acid hydrolases such as, for 
example, Agrobacterium tumefaciens, tims2 gene prod 
uct, with preference being given to using as nontoxic 
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Substance X substances such as auxin amide compounds 
ornaphthaleneacetamide (NAM) (with NAM being con 
Verted to naphthaleneacetic acid, a phytotoxic Sub 
stance). Corresponding sequences and the process of 
carrying out negative selection processes using, for 
example, NAM as nontoxic substance X are known to 
the skilled worker (Fedoroff N V & Smith DL (1993) 
Plant J 3:273-289; Upadhyaya N M et al. (2000) Plant 
Mol Biol Rep 18:227-223; Depicker A Get al. (1988) 
Plant Cell rep 104:1067-1071; Karlin-Neumannn GAet 
al. (1991) Plant Cell 3:573-582: Sundaresan V et al. 
(1995) Gene Develop 9: 1797-1810; Cecchini E et al. 
(1998) Mutat Res 401(1-2):199-206: Zubko E et al. 
(2000) Nat Biotechnol 18:442-445). The sequences, 
materials and processes disclosed in the context of said 
publications are hereby explicitly referred to. 
0078 Particular preference is given to sequences 
according to GenBank Acc. No: NC 003308 (Pro 
tein id="NP 536128.1), AE009419, AB016260 
(Protein id="BAA87807.1) and NC002147. Prefer 
ence is further given to nucleic acid sequences coding 
for polypeptides according to SEQID NO: 8 or 10, in 
particular the sequences according to SEQID NO: 7 
or 9. 

0079 (d) haloalkane dehalogenases (dhlA gene prod 
uct), for example from Xanthobacter autotropicus GJ10. 
The dehalogenase hydrolyzes dihaloalkanes Such as 1,2- 
dichloroethane (DCE) to give halogenated alcohols and 
inorganic halides (Naested Het al. (1999) Plant J18(5) 
571-576; Janssen DB et al. (1994) Annu Rev Microbiol 
48: 163-191; Janssen D B (1989) J Bacteriol 171 (12): 
6791-9). The sequences, materials and processes dis 
closed in the context of said publications are hereby 
explicitly referred to. 
0080 Particular preference is given to sequences 
according to GenBank Acc. No: M26950. Preference 
is further given to nucleic acid sequences coding for 
the polypeptide according to SEQID NO: 12, in par 
ticular the sequence according to SEQID NO: 11. 

I0081 (e) thymidine kinases (TK), in particular viral 
TKs from viruses such as Herpes simplex virus, SV40. 
cytomegalovirus, Varicella Zoster virus, in particular the 
TK of Herpes simplex virus type 1 (TK HSV-1), with 
preference being given to using as nontoxic Substance X 
Substances such as Acyclovir, Ganciclovir or 1.2-deoxy 
2-fluoro-(B-D-arabinofuranosil-5-iodouracil (FIAU). 
Corresponding sequences and the process of carrying 
out negative selection processes using, for example, 
Acyclovir, Ganciclovir or FIAU as nontoxic substanceX 
are known to the skilled worker (CZako M & Marton L 
(1994) Plant Physiol 104:1067-1071: Wigler M et al. 
(1977) Cell 11(1):223-232; McKnight S L et al. (1980) 
Nucl Acids Res 8(24):5949-5964; McKnight S L et al. 
(1980) NuclAcids Res 8(24):5931-5948; Preston et al. 
(1981) J Virol 38(2):593-605; Wagner et al. (1981) Proc 
Natl Acad Sci USA 78(3): 1441-1445; St. Clair et al. 
(1987) Antimicrob Agents Chemother 31(6):844-849). 
The sequences, materials and processes disclosed in the 
context of said publications are hereby explicitly 
referred to. 
I0082 Particular preference is given to sequences 

according to GenBank Acc. No: JO2224, V00470 and 
V00467. Preference is also given to nucleic acid 
sequences coding for polypeptides according to SEQ 
ID NO: 14 or 16, in particular the sequences accord 
ing to SEQID NO: 13 or 15. 
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0.083 (f) guanine phosphoribosyl transferases, hypox 
anthine phosphoribosyl transferases or Xanthine gua 
nine phosphoribosyltransferases, with preference being 
given to using as nontoxic Substance X Substances such 
as 6-thioxanthine or allopurinol. Preference is given to 
guanine phosphoribosyltransferases (gpt), for example 
from E. Coli (Besnard et al. (1987) Mol Cell Biol 
7:4139; MZoz and Moolten (1993) Human Gene 
Therapy 4:589-595: Ono et al. (1997) Hum Gene Ther 
8(17):2043-55), hypoxanthine phosphoribosyl trans 
ferases (HPRT; Jolly et al. (1983) Proc Natl Acad Sci 
USA 80:477: Fonwick “The HGPRT System”, pp. 333 
373, M. Gottesman (ed.), Molecular Cell Genetics, John 
Wiley and Sons, New York, 1985), xanthine guanine 
phosphoribosyl transferases, for example from Toxo 
plasma gondii (Knoll L J et al.(1998) Mol Cell Biol 
18(2):807-814; Donald R G et al. (1996) J Biol Chem 
271 (24): 14010-14019). The sequences, materials and 
processes disclosed in the context of said publications 
are hereby explicitly referred to. 
I0084 Particular preference is given to sequences 

according to GenBank Acc. No: U10247 (Toxo 
plasma gondii HXGPRT), M13422 (E. coli gpt) and 
X00221 (E. coli gpt). Preference is also given to 
nucleic acid sequences coding for polypeptides 
according to SEQID NO: 18, 20 or 22, in particular 
the sequences according to SEQID NO: 17, 19 or 21. 

0085 (g) purine nucleoside phosphorylases (PNP; 
DeoD gene product), for example from E. coli, with 
preference being given to using as nontoxic Substance X 
Substances such as 6-methylpurine deoxyribonucleo 
side. Corresponding sequences and the process of car 
rying out negative selection processes using, for 
example, 6-methylpurine deoxyribonucleoside as non 
toxic substance X are known to the skilled worker (Sor 
scher E J et al. (1994) Gene Therapy 1:233-238). The 
sequences, materials and processes disclosed in the con 
text of said publications are hereby explicitly referred to. 
I0086 Particular preference is given to sequences 
according to GenBank Acc. No: M60917. Preference 
is also given to nucleic acid sequences coding for the 
polypeptide according to SEQID NO: 24, in particu 
lar the sequence according to SEQID NO. 23. 

0.087 h) phosphonate monoester hydrolases which con 
vert inactive ester derivatives of the herbicide glypho 
sate (e.g. glycerylglyphosate) into the active form of the 
herbicide. Corresponding sequences and the process of 
carrying out negative selection processes using, for 
example, glycerylglyphosate are known to the skilled 
worker (U.S. Pat. No. 5,254,801; Dotson S B et al. 
(1996) Plant J 10(2):383-392; Dotson SB et al. (1996).J 
Biol Chem 271 (42): 25754-25761). The sequences, 
materials and processes disclosed in the context of said 
publications are hereby explicitly referred to. 
I0088 Particular preference is given to sequences 

according to GenBank Acc. No: U44852. Preference 
is also given to nucleic acid sequences coding for the 
polypeptide according to SEQID NO: 26, in particu 
lar the sequence according to SEQID NO: 25. 

0089 (i) aux-1 and, preferably, aux-2 gene products, for 
example of the Ti plasmids of Agrobacterium strains 
Such as A. rhizogenes or A. tumefaciens (Beclin C et al. 
(1993) Transgenics Res 2:4855); Gaudin V. Jouanin L. 
(1995) Plant Mol Biol. 28(1): 123-36. 
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0090. The activity of the two enzymes causes the 
plant cell to produce indoleacetamide (IAA). AuX-1 
encodes an indoleacetamide synthase (IAMS) and 
converts tryptophan into indoleacetamide (VanOnck 
elen et al. (1986) FEBS Lett. 198: 357-360). Aux-2 
encodes the enzyme indoleacetamide hydrolase 
(IAMH) and converts indoleacetamide, a substance 
without phytohormone activity, into the active auxin 
indoleacetic acid (Inze D et al. (1984) Mol Gen Genet 
194:265-274; Tomashow et al. (1984) Proc Natl Acad 
Sci USA 81:5071-5075; Schroder et al. (1984) Eur J 
Biochem 138:387-391). The enzyme IAMH may also 
hydrolyze a number of indoleamide substrates such 
as, for example, naphthaleneacetamide, the latter 
being converted into the plant growth regulator naph 
thaleneacetic acid (NAA). The use of the IAMH gene 
as a negative selection marker is described, for 
example, in U.S. Pat. No. 5,180,873. Corresponding 
enzymes have also been described in A. rhizogenes, 
A. vitis (Canaday J et al. (1992) Mol Gen Genet 
235:292-303) and Pseudomonas savastanoi (Yamada 
et al. (1985) Proc Natl AcadSci USA82:6522-6526). 
The use as a negative selection marker for destroying 
particular cell tissues (e.g. pollen; U.S. Pat. No. 5,426. 
041) or transgenic plants (U.S. Pat. No. 5,180,873) 
has been described. Corresponding sequences and the 
process of carrying out negative selection processes 
using, for example, naphthaleneacetamide are known 
to the skilled worker (see above). The sequences, 
materials and processes disclosed in the context of 
said publications are hereby explicitly referred to. 

(0091 Particular preference is given to sequences 
according to the GenBank Acc. No: M61151, 
AF039169 and AB0251 10. Preference is also given to 
nucleic acid sequences coding for polypeptides 
according to SEQ ID NO: 28, 30, 32, 34 or 36, in 
particular the sequences according to SEQIDNO:27, 
29, 31, 33 or 35. 

0092 (j)adenine phosphoribosyltransferases (APRT), 
with preference being given to using as nontoxic Sub 
stance X substances such as 4-aminopyrazolopyrimi 
dine. Corresponding sequences and the process of car 
rying out negative selection processes with use are 
known to the skilled worker (Wigler Metal. (1979) Proc 
Natl Acad Sci USA 76(3):1373-6; Taylor et al. “The 
APRT Systern’, pp. 311-332, M. Gottesman (ed.). 
Molecular Cell Genetics, John Wiley and Sons, New 
York, 1985). 

(0093 k) methoxinine dehydrogenases, with preference 
being given to using as nontoxic substance X substances 
such as 2-amino-4-methoxybutanoic acid (methoxi 
nine) which is converted into the toxic methoxyvinyl 
glycine (MargraffRetal. (1980) Experimentia36:846). 

(0094) l) rhizobitoxin synthases, with preference being 
given to using as nontoxic substance X substances such 
as 2-amino-4-methoxybutanoic acid (methoxinine) 
which is converted into the toxic 2-amino-4-2-amino 
3-hydroxypropyl-trans-3-butanoic acid (rhizobitoxin) 
(Owens L D et al. (1973) Weed Science 21:63-66), 

0.095 m) 5-methylthioribose (MTR) kinases, with pref 
erence being given to using as nontoxic substance X 
substances such as 5-(trifluoromethyl)thioribose (MTR 
analog, “subversive substrate”) which is converted, via 
an unstable intermediate, into the toxic substance (Y) 

Jul. 29, 2010 

carbothionyl difluoride. The MTR kinase is a key 
enzyme of the methionine salvage pathway. Corre 
sponding enzyme activities have been described in 
plants, bacteria and protozoa but not in mammals. MTR 
kinases of various species have been identified owing to 
defined sequence motifs (Sekowska Aetal. (2001) BMC 
Microbiol 1:15). Corresponding sequences and the pro 
cess of carrying out negative selection processes using, 
for example, 5-(trifluoromethyl)thioribose are known to 
the skilled worker and readily obtainable from the 
appropriate sequence database (e.g. GenBank) 
(Sekowska Aetal. (2001) BMC Microbiol 1:15; Cornell 
KA et al. (1996)317:285-290). The sequences, materi 
als and processes disclosed in the context of said publi 
cations are hereby explicitly referred to. 
0096. However, a plant MTR kinase has not yet been 
identified unambiguously and is provided within the 
scope of the process of the invention (SEQID NO:39 
and, respectively, 40). In addition, homologs from 
other plant species are provided, namely from corn 
(SEQ ID NO. 59 and, respectively, 60), oilseed rape 
(SEQ ID NO: 61, 63 and, respectively, 62. 64), rice 
(SEQ ID NO: 65 and, respectively, 66) and soybean 
(SEQ ID NO: 67 and, respectively, 68). 

0097. Accordingly, the invention further relates to 
amino acid sequences encoding a plant 5-methylth 
ioribose kinase, wherein said amino acid sequence 
contains at least one sequence selected from the group 
consisting of SEQID NO: 60, 62, 64, 66 or 68. 

0098. Accordingly, the invention further relates to 
nucleic acid sequences encoding a plant 5-methylth 
ioribose kinase, wherein said nucleic acid sequence 
contains at least one sequence selected from the group 
consisting of SEQID NO. 59, 61, 63, 65 or 67. Even 
if said sequences are in parts only fragments of com 
plete cDNAs, their length is nevertheless more than 
sufficient in order to ensure a use and functionality as 
antisense RNA or double-stranded RNA. Preference 
is given to using as marker protein a plant endogenous 
MTR kinase. Further endogenous plant MTR kinases 
may readily be identified by means of screening data 
bases or gene libraries using conserved, MTK kinase 
typical motifs. Said motifs may be derived from FIG. 
9a-b, for example. Such motifs may comprise, by way 
of example but not by limitation, the following 
sequences: 

E (V/I) GDGN (L/I)N (L/Y/F) V (F/Y), (SEQ ID NO: 72) 
preferably 

EVGDGNLN (Y/F) V (F/Y) (SEQ ID NO: 73) 

KQALPY (V/I) RC (SEQ ID NO: 74) 

SWPMT (R/K) ERAYF (SEQ ID NO: 75) 

PEWYHFDRT (SEQ ID NO : 76) 

GMRY (I/L) EPPHI (SEQ ID NO : 77) 

CRLTEQVVFSDPY (SEQ ID NO: 78) 

HGDLH (S/T) GS (SEQ ID NO: 79) 

0099 Further suitable motifs may be derived from 
FIG. 9a-b without difficulty. 
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0100 Particular preference is given to sequences 
according to GenBank Acc. No: AF212863 or 
AC079674 (Protein ID=AAG51775.1). Preference 
is also given to nucleic acid sequences coding for 
polypeptides according to SEQID NO: 38 or 40, in 
particular the sequences according to SEQID NO:37 
or 39. 

0101 n) alcohol dehydrogenases (Adh), in particular 
plant Adh-1 gene products, with preference being given 
to using as nontoxic Substance X substances such as allyl 
alcohol which is converted in this manner into the toxic 
Substance (Y) acrolein. Corresponding sequences and 
the process of carrying out negative selection processes 
using, for example, allyl alcohol are known to the skilled 
worker and readily obtainable from the appropriate 
sequence database (e.g. GenBank) (Wisman E et al. 
(1991) Mol Gen Genet 226(1-2):120-8: Jacobs Metal. 
(1988) Biochem Genet 26(1-2):105-22: Schwartz D. 
(1981) Environ Health Perspect 37:75-7). The 
sequences, materials and processes disclosed in the con 
text of said publications are hereby explicitly referred to. 
0102 Particular preference is given to sequences 
according to GenBank Acc. No: X77943, M12196. 
AF172282, XO4049 or AF253472. Preference is also 
given to nucleic acid sequences coding for polypep 
tides according to SEQID NO: 42, 44, 46 or 48, in 
particular the sequences according to SEQID NO: 41, 
43, 45 or 47. 

0103 (o) Further suitable negative selection markers 
are those sequences which exert per sea toxic action on 
plant cells, such as, for example, diphtheria toxin A, 
ribonucleases such as barnase and also ribosome-inhib 
iting proteins such as ricin. In this context, these proteins 
are preferably expressed in the plant cells inducibly 
rather than constitutively. The induction is preferably 
carried out chemically, it being possible, for example, to 
use the chemically inducible promoters mentioned 
below in order to ensure said chemically induced expres 
S1O. 

0104) “Reduction” or “to reduce” is to be interpreted 
broadly in connection with a marker protein or with its 
amount, expression, activity and/or function and comprises 
the partial or essentially complete stopping or blocking, based 
on different cell-biological mechanisms, of the functionality 
ofa marker protein in a plant cell, plant or a part, tissue, organ, 
cells or seeds derived therefrom. 

0105. A reduction for the purpose of the invention also 
comprises a reduction of the amount of a marker protein down 
to an essentially complete lack of said marker protein (i.e. a 
lack of detectability of marker protein activity or marker 
protein function or a lack of immunological detectability of 
said marker protein). In this context, expression of a particu 
lar marker protein (or of its amount, expression, activity and/ 
or function) in a cell or an organism is reduced preferably by 
more than 50%, particularly preferably by more than 80%, 
very particularly preferably by more than 90%, most prefer 
ably by more than 98%. Reduction means in particular also 
the complete lack of the marker protein (or of its amount, 
expression, activity and/or function). In this context, activity 
and/or function mean preferably the property of the marker 
protein of exerting a toxic effect on the plant cell or the plant 
organism and, respectively, the ability to convert the Sub 
stance X into the substance Y. The toxic effect caused by the 
marker protein is reduced preferably by more than 50%, 
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particularly preferably by more than 80%, very particularly 
preferably by more than 90%, most preferably by more than 
98%. “Reduction includes of course within the scope of the 
present invention also a complete, 100% reduction or removal 
of the marker protein (or of its amount, expression, activity 
and/or function) (for example by deleting the marker protein 
gene from the genome). 
0106 The invention comprises various strategies for 
reducing the expression, amount, activity and/or function of 
the marker protein. The skilled worker appreciates the fact 
that a number of various methods are available in order to 
influence the expression, amount, activity and/or function of 
a marker protein in the desired way. Examples which may be 
mentioned but which are not limiting are: 

0.107 a) introducing at least one marker protein double 
stranded ribonucleic acid sequence (MP-dsRNA) or an 
expression cassette or expression cassettes ensuring 
expression thereof. Included are those processes in 
which the MP-dsRNA is directed against a marker pro 
tein gene (i.e. genomic DNA sequences such as pro 
moter sequences) or a marker protein gene transcript 
(i.e. mRNA sequences). 

0.108 b) introducing at least one marker protein anti 
sense ribonucleic acid sequence (MP-antisenseRNA) or 
an expression cassette ensuring expression thereof. 
Included are those processes in which the MP-anti 
senseRNA is directed against a marker protein gene (i.e. 
genomic DNA sequences) or a marker protein gene tran 
script (i.e. RNA sequences). C.-anomeric nucleic acid 
sequences are also included. 

0.109 c) introducing at least one MP-antisenseRNA 
combined with a ribozyme or an expression cassette 
ensuring expression thereof 

0110 d) introducing at least one marker protein sense 
ribonucleic acid sequence (MP-senseRNA) for inducing 
a coSuppression or an expression cassette ensuring 
expression thereof 

0.111 e) introducing at least one DNA- or protein-bind 
ing factor against a marker protein gene, marker protein 
RNA or marker protein or an expression cassette ensur 
ing expression thereof 

0112 f) introducing at least one viral nucleic acid 
sequence causing degradation of the marker protein 
RNA or an expression cassette ensuring expression 
thereof 

0113 g) introducing at least one construct for generat 
ing a functional loss (e.g. generation of stop codons, 
shifts in the reading frame etc.) on a marker protein gene, 
for example by generating an insertion, deletion, inver 
sion or mutation in a marker protein gene. Preferably, 
knockout mutants may be generated by means of tar 
geted insertion into said marker protein gene via 
homologous recombination or by introducing sequence 
specific nucleases against marker protein gene 
Sequences. 

0114. It is known to the skilled worker that it is also pos 
sible to use other processes within the scope of the present 
invention in order to reduce a marker protein or its activity or 
function. For example, it may also be advantageous, depend 
ing on the type of the marker protein used, to introduce a 
dominant-negative variant of a marker protein or an expres 
sion cassette ensuring expression thereof. In this context, any 
single one of these processes may cause a reduction in the 
expression, amount, activity and/or function of a marker pro 
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tein. A combined application is also conceivable. Further 
methods are known to the skilled worker and may comprise 
hindering or stopping the processing of the marker protein, 
the transport of the marker protein or of its mRNA, the inhi 
bition of ribosome attachment, the inhibition of RNA splic 
ing, the induction of an enzyme degrading marker protein 
RNA and/or the inhibition of translational elongation or ter 
mination. 
0115 The embodiments below will describe by way of 
example the individual preferred processes: 

0116 a) Introducing a double-stranded ribonucleic acid 
sequence of a marker protein (MP-dsRNA) 

0117 The process of gene regulation by means of double 
stranded RNA (“double-stranded RNA interference’: dsR 
NAi) has been described many times for animal and plant 
organisms (e.g. Matzke M A et al. (2000) Plant Mol Biol 
43:401–415: Fire A. Etal (1998) Nature 391:806-811; WO 
99/32619; WO99/53050; WO 00/68374; WO 00/44914; WO 
00/44895; WO 00/49035; WO 00/63364). The processes and 
methods described in the references indicated are hereby 
explicitly referred to. dsRNAi processes are based on the 
phenomenon that simultaneously introducing the comple 
mentary strand and contour strand of a gene transcript Sup 
presses expression of the corresponding gene in a highly 
efficient manner. Preferably, the phenotype caused is very 
similar to that of a corresponding knockout mutant (Water 
house P Metal. (1998) Proc Natl AcadSci USA95:13959 
64). The dsRNAi process has proved to be particularly effi 
cient and advantageous in reducing marker protein 
expression. 
0118 Double-stranded RNA molecule means within the 
scope of the invention preferably one or more ribonucleic 
acid sequences which, owing to complementary sequences, 
are theoretically (e.g. according to the base pair rules by 
Watson and Crick) and/or actually (e.g. Owing to hybridiza 
tion experiments in vitro and/or in vivo) capable of forming 
double-stranded RNA structures. The skilled worker is aware 
of the fact that the formation of double-stranded RNA struc 
tures represents a state of equilibrium. Preferably, the ratio of 
double-stranded molecules to corresponding dissociated 
forms is at least 1 to 10, preferably 1:1, particularly preferably 
5:1, most preferably 10:1. 
0119 The invention therefore further relates to double 
stranded RNA molecules (dsRNA-molecule) which, when 
introduced into a plant organism (or into a cell, tissue, organ 
or propagation material derived therefrom) cause the reduc 
tion of at least one marker protein. The double-stranded RNA 
molecule for reducing expression of a marker protein (MP 
dsRNA) here preferably comprises 

I0120 a) a “sense RNA strand comprising at least one 
ribonucleotide sequence which is essentially identical to 
at least a part of the “sense RNA transcript of a nucleic 
acid sequence coding for a marker protein, and 

I0121 b) an “antisense RNA strand which is essen 
tially, preferably fully, complementary to the RNA sense 
strand under a). 

0122) With respect to the dsRNA molecules, marker pro 
tein nucleic acid sequence preferably means a sequence 
according to SEQID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45 or 47 or a 
functional equivalent thereof. 
(0123. “Essentially identical” means that the dsRNA 
sequence may also have insertions, deletions and also indi 
vidual point mutations in comparison with the marker protein 
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target sequence and nevertheless causes an efficient reduction 
in expression. The homology (as defined hereinbelow) 
between the “sense' strand of an inhibitory dsRNA and at 
least one part of the “sense RNA transcript of a nucleic acid 
sequence coding for a market protein (or between the “anti 
sense' strand of the complementary Strand of a nucleic acid 
sequence coding for a marker protein) is preferably at least 
75%, preferably at least 80%, very particularly preferably at 
least 90%, most preferably 100%. 
0.124. A 100% sequence identity between dsRNA and a 
marker protein gene transcript is not absolutely necessary in 
order to cause an efficient reduction in marker protein expres 
Sion. Consequently, the process is advantageously tolerant 
toward sequence deviations as may be present due to genetic 
mutations, polymorphisms or evolutionary divergences. Thus 
it is possible, for example, using the dsRNA which has been 
generated Starting from the marker protein sequence of the 
first organism, to suppress marker protein expression in a 
second organism. This is particularly advantageous when the 
marker protein used is a plant-intrinsic, endogenous marker 
protein (for example a 5-methylthioribose kinase or alcohol 
dehydrogenase). For this purpose, the dsRNA preferably 
includes sequence regions of marker protein gene transcripts 
which correspond to conserved regions. Said conserved 
regions may be readily derived from sequence comparisons. 
0.125. The length of the subsection is at least 10 bases, 
preferably at least 25 bases, particularly preferably at least 50 
bases, very particularly preferably at least 100 bases, most 
preferably at least 200 bases or at least 300 bases. 
0.126 Alternatively, an “essentially identical dsRNA 
may also be defined as a nucleic acid sequence capable of 
hybridizing with part of a marker protein gene transcript (e.g. 
in 400 mM. NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA at 50° 
C. or 70° C. for 12 to 16 h). 
I0127. “Essentially complementary' means that the “anti 
sense' RNA strand may also have insertions, deletions and 
also individual point mutations in comparison with the 
complement of this “sense' RNA strand. The homology 
between the “antisense RNA strand and the complement of 
the “sense RNA strand is preferably at least 80%, preferably 
at least 90%, very particularly preferably at least 95%, most 
preferably 100%. 
I0128. “Part of the “sense RNA transcript” of a nucleic 
acid sequence coding for a marker protein means fragments 
of an RNA or mRNA transcribed or transcribable from a 
nucleic acid sequence coding for a marker protein, preferably 
from a marker protein gene. In this context, the fragments 
have a sequence length of preferably at least 20 bases, pref 
erably at least 50 bases, particularly preferably at least 100 
bases, very particularly preferably at least 200 bases, most 
preferably at least 500 bases. The complete transcribable 
RNA or mRNA is also included. Included are also sequences 
such as those which may be transcribed under artificial con 
ditions from regions of a marker protein gene which are 
otherwise, under natural conditions, not transcribed, such as 
promoter regions, for example. 
I0129. The dsRNA may consist of one or more strands of 
polyribonucleotides. Naturally, in order to achieve the same 
purpose, it is also possible to introduce a plurality of indi 
vidual dsRNA molecules which comprise in each case one of 
the above-defined ribonucleotide sequence sections into the 
cell or the organism. The double-stranded dsRNA structure 
may be formed starting from two complementary, separate 
RNA strands or, preferably, starting from a single, self 
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complementary RNA strand. In this case, the “sense RNA 
strand and the “antisense' RNA strand are preferably con 
nected covalently to one another in the form of an inverted 
“repeat”. 
0130. As described in WO 99/53050, for example, the 
dsRNA may also comprise a hairpin structure by connecting 
the “sense' and the “antisense' strands by a connecting 
sequence (“linker'; for example an intron). Preference is 
given to the self-complementary dsRNA structures, since 
they require only the expression of an RNA sequence and 
always comprise the complementary RNA strands in an 
equimolar ratio. The connecting sequence may is preferably 
an intron (e.g. an intron of the potato ST-LS1 gene; Vancan 
neyt G F et al. (1990) Mol Gen Genet 220(2):245-250). 
0131 The nucleic acid sequence coding for a dsRNA may 
include further elements such as, for example, transcription 
termination signals or polyadenylation signals. 
0132 Bringing together, if intended, the two strands of the 
dsRNA in a cell or plant may be achieved by way of example 
in the following way: 

0.133 a) transformation of the cellor plant with a vector 
comprising both expression cassettes, 

0.134 b) cotransformation of the cell or plant with two 
vectors, one of which comprises the expression cassettes 
containing the “sense' strand and the other one of which 
comprises the expression cassettes containing the “anti 
sense' strand. 

0135. The formation of the RNA duplex may be initiated 
either outside or inside the cell. 
0136. The dsRNA may be synthesized either in vivo or in 
vitro. For this purpose, a DNA sequence coding for a dsRNA 
may be inserted into an expression cassette under the control 
of at least one genetic control element (Such as a promoter, for 
example). A polyadenylation is not necessary and neither 
need any elements for initiating a translation be present. Pref 
erence is given to the expression cassette for the MP-dsRNA 
being present on the transformation construct or the transfor 
mation vector. For this purpose, the expression cassettes cod 
ing for the “antisense' strand and/or the “sense' strand of an 
MP-dsRNA or for the self-complementary strand of the 
dsRNA are preferably inserted into a transformation vector 
and introduced into the plant cell by using the processes 
described below. A stable insertion into the genome may be 
advantageous for the process of the invention but is not abso 
lutely necessary. Since a dsRNA causes a long-term effect, 
transient expression is also sufficient in many cases. The 
dsRNA may also be part of the RNA to be expressed by the 
nucleic acid sequence to be inserted by fusing it, for example, 
to the 3'-untranslated part of said RNA. 
0.137 The dsRNA may be introduced in an amount which 
makes possible at least one copy per cell. Higher amounts 
(e.g. at least 5, 10, 100, 500 or 1000 copies per cell) may, if 
appropriate, cause a more efficient reduction. 

0.138 b) Introducing an antisense ribonucleic acid 
sequence of a marker protein (MP-antisenseRNA) 

0139 Processes for reducing a particular protein by means 
of the “antisense' technique have been described multiple 
times, also in plants (Sheehy et al. (1988) Proc Natl Acad Sci 
USA 85: 8805-88.09: U.S. Pat. No. 4,801,340; Mol J N et al. 
(1990) FEBS Lett 268(2):427-430). The antisense nucleic 
acid molecule hybridizes or binds to the cellular mRNA and/ 
or genomic DNA coding for the marker protein to be reduced, 
thereby Suppressing transcription and/or translation of said 
marker protein. The hybridization may be produced in a con 
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ventional manner via the formation of a stable duplex or, in 
the case of genomic DNA, by binding of the antisense nucleic 
acid molecule to the duplex of the genomic DNA via specific 
interaction in the large groove of the DNA helix. 
0140. An MP-antisenseRNA may be derived using the 
nucleic acid sequence coding for this marker protein, for 
example the nucleic acid sequence according to SEQID NO: 
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 
37, 39, 41, 43, 45 or 47 according to the base pair rules by 
Watson and Crick. The MP-antisenseRNA may be comple 
mentary to the entire transcribed mRNA of the marker pro 
tein, may be limited to the coding region or may consist only 
of an oligonucleotide which is complementary to a part of the 
coding or noncoding sequence of the mRNA. Thus, for 
example, the oligonucleotide may be complementary to the 
region comprising the translation start site for the marker 
protein. The MP-antisenseRNA may be, for example, 5, 10, 
15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length, but may 
also belonger and comprise at least 100,200,500, 1000, 2000 
or 5000 nucleotides. MP-antisenseRNA are preferably 
expressed recombinantly in the target cell in the course of the 
process of the invention. 
0.141. The MP-antisenseRNA may also be part of an RNA 
to be expressed by the nucleic acid sequence to be inserted by 
being fused, for example, to the 3'-untranslated part of said 
RNA. 

0142. The invention further relates to transgenic expres 
sion cassettes containing a nucleic acid sequence coding for 
at least part of a marker protein, with said nucleic acid 
sequence being functionally linked in antisense orientation to 
a promoter functional in plant organisms. Said expression 
cassettes may be part of a transformation construct or trans 
formation vector or else may be introduced in the course of a 
cotransformation. 
0143. In a further preferred embodiment, expression of a 
marker protein may be inhibited by nucleotide sequences 
which are complementary to the regulatory region of a marker 
protein gene (e.g. a marker protein promoter and/or enhancer) 
and which form with the DNA double helix there triple 
helical structures, thereby reducing transcription of the 
marker protein gene. Corresponding processes have been 
described (Helene C (1991) Anticancer Drug Res 6(6):569 
84; Helene C et al. (1992) Ann NY Acad Sci 660:27-36: 
Maher LJ (1992) Bioassays 14(12):807-815). 
0144. In a further embodiment, the MP-antisenseRNA 
may be an O-anomeric nucleic acid. Such C-anomeric nucleic 
acid molecules form with complementary RNA specific 
double-stranded hybrids in which, in contrast to the conven 
tional (B-nucleic acids, the two strands are oriented parallel to 
one another (Gautier C et al. (1987) Nucleic Acids Res 
15:6625-6641). 

0145 c) Introducing an MP-antisenseRNA combined 
with a ribozyme 

0146 Advantageously, the above-described antisense 
strategy may be coupled to a ribozyme process. Catalytic 
RNA molecules or ribozymes may be adapted to any target 
RNA and cleave the phosphodiester backbone in specific 
positions, thereby functionally deactivating said target RNA 
(Tanner NK (1999) FEMS Microbiol Rev 23(3):257-275). In 
the process, the ribozyme is not modified itself but is capable 
of cleaving in an analogous manner further target RNA mol 
ecules, thereby acquiring the properties of an enzyme. The 
incorporation of ribozyme sequences into “antisense' RNAs 
imparts specifically to these “antisense RNAs this enzyme 
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like, RNA-cleaving property and thus increases their effi 
ciency in inactivating the target RNA. The preparation and 
use of appropriate ribozyme “antisense' RNA molecules 
have been described (interalia in Haseloffetal. (1988) Nature 
334: 585-591); Haselhoff and Gerlach (1988) Nature 334: 
585-591; Steinecke Petal. (1992) EMBOJ 11(4): 1525-1530; 
de Feyter Ret al. (1996) Mol Gen Genet. 250(3):329-338). 
0147 In this way, it is possible to use ribozymes (e.g. 
hammerhead ribozymes; Haselhoff and Gerlach (1988) 
Nature 334:585-591) in order to catalytically cleave the 
mRNA of a marker protein to be reduced and thus prevent 
translation. The ribozyme technique may increase the effi 
ciency of an antisense Strategy. Processes for expressing 
ribozymes in order to reduce particular proteins have been 
described in (EP 0291 533, EP 0321 201, EP 0 360 257). 
Ribozyme expression has likewise been described in plant 
cells (Steinecke Petal. (1992) EMBOJ 11(4): 1525-1530; de 
Feyter Retal. (1996) Mol Gen Genet. 250(3):329-338). Suit 
able target sequences and ribozymes may be determined, for 
example, as described in “Steinecke P. Ribozymes, Methods 
in Cell Biology 50, Galbraith et al. eds. Academic Press, Inc. 
(1995), pp. 449-460, by calculating the secondary structures 
of ribozyme RNA and target RNA and by the interaction 
thereof (Bayley CC et al. (1992) Plant Mol Biol. 18(2):353 
361; Lloyd AM and Davis RW et al. (1994) Mol Gen Genet. 
242(6):653-657). It is possible, for example, to construct 
derivatives of the Tetrahymena L-19 IVS RNA which have 
regions complementary to the mRNA of the marker protein to 
be suppressed (see also U.S. Pat. No. 4,987,071 and U.S. Pat. 
No. 5,116,742). Alternatively, such ribozymes may also be 
identified via a selection process from a library of various 
ribozymes (Bartel D and Szostak JW (1993) Science 261: 
1411–1418). 

0.148 d) Introducing a sense ribonucleic acid sequence 
of a marker protein (MP-senseRNA) for inducing a 
coSuppression 

0149 Expression of a marker protein ribonucleic acid 
sequence (or a part thereof) in sense orientation may result in 
a coSuppression of the corresponding marker protein gene. 
Expression of sense RNA with homology to an endogenous 
marker protein gene may reduce or Switch off expression of 
the latter, as has been described similarly for antisense 
approaches (Jorgensen et al. (1996) Plant Mol Biol 31(5): 
957-973; Goring et al. (1991) Proc Natl Acad Sci USA 
88:1770-1774; Smith et al. (1990) Mol Gen Genet 224:447 
481; Napoliet al. (1990) Plant Cell 2:279-289; Vander Krol 
et al. (1990) Plant Cell 2:291-99). In this context, the intro 
duced construct may represent completely or only partially 
the homologous gene to be reduced. The possibility of trans 
lation is not required. The application of this technique to 
plants has been described (e.g. Napoliet al. (1990) Plant Cell 
2:279-289; in U.S. Pat. No. 5,034,323. 
0150. The cosuppression is preferably carried out using a 
sequence which is essentially identical to at least part of the 
nucleic acid sequence coding for a marker protein, for 
example the nucleic acid sequence according to SEQID NO: 
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 
37, 39, 41, 43, 45 or 47. 
0151. The MP-senseRNA is preferably chosen in such a 
way that a translation of the marker protein or a part thereof 
cannot occur. For this purpose, for example, the 5'-untrans 
lated or 3'-untranslated region may be chosen or else the ATG 
start codon may be deleted or mutated. 
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0152 e) Introducing DNA- or protein-binding factors 
against marker protein genes, marker protein RNAS or 
proteins 

0153 Marker protein expression may also be reduced 
using specific DNA-binding factors, for example factors of 
the Zinc finger transcription factor type. These factors attach 
to the genomic sequence of the endogenous target gene, pref 
erably in the regulatory regions, and cause a reduction in 
expression. Appropriate processes for preparing correspond 
ing factors have been described (Dreier B et al. (2001) J Biol 
Chem 276(31):29466-78; Dreier B et al. (2000) J Mol Biol 
303(4):489-502; Beerli RR et al. (2000) Proc Natl Acad Sci 
USA 97 (4): 1495-1500; Beerli R Retal. (2000) J Biol Chem 
275(42):32617-32627; Segal DJ and Barbas C F 3. (2000) 
Curr Opin Chem Biol 4(1):34–39; Kang J S and Kim JS 
(2000) J Biol Chem 275(12):8742-8748; Beerli R R et al. 
(1998) Proc Natl AcadSci USA95(25): 14628-14633; Kim J 
Set al. (1997) Proc Natl Acad Sci USA 94(8):3616-3620; 
Klug A (1999) J Mol Biol 293(2):215-218: Tsai SY et al. 
(1998) Adv Drug Deliv Rev 30(1-3):23-31; Mapp A Ketal. 
(2000) Proc Natl AcadSci USA97(8):3930-3935; Sharrocks 
A Detal. (1997) Int J Biochem Cell Biol 29(12): 1371-1387: 
Zhang Let al. (2000) J Biol Chem 275(43):33.850-33860). 
0154 These factors may be selected using any segment of 
a marker protein gene. This section is preferably in the region 
of the promoter region. However, for gene Suppression, it may 
also be in the region of the coding exons or introns. 
0.155. It is also possible to introduce factors which inhibit 
the marker protein itself into a cell. These protein-binding 
factors may be, for example, aptamers (Famulok M and 
Mayer G(1999) CurrTop Microbiol Immunol 243:123-36) or 
antibodies or antibody fragments or single-chain antibodies. 
Obtaining these factors has been described (Owen M et al. 
(1992) Biotechnology (NY) 10(7):790-794; Franken E et al. 
(1997) Curr Opin Biotechnol 8(4):411-416: Whitelam (1996) 
Trend Plant Sci 1:286-272). 

0156 f) Introducing viral nucleic acid sequences and 
expression constructs causing the degradation of marker 
protein RNA 

0157 Marker protein expression may also be effectively 
implemented by inducing the specific degradation of marker 
protein RNA by the plant with the aid of a viral expression 
system (Amplikon; Angell S M et al. (1999) Plant J 2003): 
357-362). These systems, also referred to as “VIGS” (viral 
induced gene silencing), introduce nucleic acid sequences 
with homology to the transcript of a marker protein to be 
reduced into the plant by means of viral vectors. Transcription 
is then switched off, presumably mediated by plant defence 
mechanisms against viruses. Appropriate techniques and pro 
cesses have been described (Ratcliff F et al. (2001) Plant J 
25(2):237-45; Fagard M and Vaucheret H (2000) Plant Mol 
Biol 43(2-3):285-93; Anandalakshmi R et al. (1998) Proc 
Natl AcadSci USA95(22): 13079-84; Ruiz MT (1998) Plant 
Cell 10(6):937-46). 
0158 VIGS-mediated reduction is preferably imple 
mented using a sequence which is essentially identical to at 
least part of the nucleic acid sequence coding for a marker 
protein, for example the nucleic acid sequence according to 
SEQID NO: 1,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 
31, 33, 35, 37, 39, 41, 43, 45 or 47. 
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0159 g) Introducing constructs for generating a func 
tional loss or a functional reduction of marker protein 
genes 

0160 The skilled worker knows numerous possible pro 
cesses of how to modify genomic sequences in a targeted 
manner. These include, in particular, processes such as the 
generation of knockout mutants by means of targeted 
homologous recombination, for example by generating stop 
codons, shifts in the reading frame etc. (Hohn Band Puchta H 
(1999) Proc Natl Acad Sci USA 96:8321-8323) or the tar 
geted deletion or inversion of sequences by means of for 
example, sequence-specific recombinases or nucleases (see 
below). 
0161 In a preferred embodiment, the marker protein gene 

is inactivated by introducing a sequence-specific recombi 
nase. Thus it is possible, for example, for the marker protein 
gene to include recognition sequences for sequence-specific 
recombinases or to be flanked by Such sequences, and intro 
ducing the recombinase then deletes or inverts particular 
sequences of the marker protein gene, thus leading to inacti 
Vation of the marker protein gene. A corresponding procedure 
is depicted diagrammatically in FIG. 1. 
0162 Appropriate processes for deletion/inversion of 
sequences by means of sequence-specific recombinase sys 
tems are known to the skilled worker. Examples which may 
be mentioned are the Creflox system of bacteriophage P1 
(Dale E C and Ow D. W. (1991) Proc Natl Acad Sci USA 
88: 10558-10562; Russell SH et al. (1992) Mol Gen Genet 
234:49-59; Osborne B I et al. (1995) Plant J7:687-701), the 
yeast FLP/FRT system (Kilby NJ et al. (1995) Plant J 8:637 
652: Lyznik L Aetal. (1996) NuclAcids Res 24:3784-3789), 
the Gin recombinase of the Mu phage, the E. coli Pin recom 
binase and the R/RS system of the pSR1 plasmids (Onouchi 
H et al.(1995) Mol Gen Genet 247:653-660: Sugita Ket al. 
(2000) Plant J. 22:461–469). In these systems, the recombi 
nase (for example Cre or FLB) interacts specifically with its 
particular recombination sequences (34 by loX-SequenZ, and, 
respectively, 47 by FRT sequence). Preference is given to the 
bacteriophage P1 Creflox and the yeast FLP/FRT systems. 
The FLP/FRT and cre/lox recombinase systems have already 
been applied in plant systems (Odell et al. (1990) Mol Gen 
Genet 223:369-378). Preference is given to introducing the 
recombinase by means of recombinant expression starting 
from an expression cassette included on a DNA construct. 
0163 The activity or amount of the marker protein may 
also be reduced by a targeted deletion in the marker protein 
gene, for example by sequence-specific induction of DNA 
double-strand breaks at a recognition sequence for specific 
induction of DNA double-strand breaks in or close to the 
nucleic acid sequence coding for a marker protein. In its 
simplest embodiment (cf. FIG. 2, A and B) an enzyme is to 
this end introduced with the transformation construct, which 
generates at least one double-strand break in Such a way that 
the resulting illegitimate recombination or deletion causes a 
reduction in the activity or amount of marker protein, for 
example by inducing a shift in the reading frame ordeletion of 
essential sequences. 
0164. The efficiency of this approach may be increased by 
the sequence coding for the marker protein being flanked by 
sequences (A and, respectively, A") which have a sufficient 
length and homology to one another in order to recombine 
with one another as a consequence of the induced double 
Strand break and thus to cause, due to an intramolecular 
homologous recombination, a deletion of the sequence cod 
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ing for the marker protein. FIG.3 depicts diagrammatically a 
corresponding procedure in an exemplary embodiment of this 
variant. 

0.165. The amount, function and/or activity of the marker 
protein may also be reduced by a targeted insertion of nucleic 
acid sequences (for example of the nucleic acid sequence to 
be inserted within the scope of the process of the invention) 
into the sequence coding for a marker protein (e.g. by means 
of intermolecular homologous recombination). This embodi 
ment of the process of the invention is particularly advanta 
geous and preferred, since, in addition to the general advan 
tages of the process of the invention, it makes it moreover also 
possible to insert the nucleic acid sequence to be inserted into 
the plant genome in a reproducible, predictable, location 
specific manner. This avoids the positional effects which oth 
erwise occur in the course of a random, location-unspecific 
insertion (and which may manifest themselves, for example, 
in the form of different levels of expression of the transgene or 
in unintended inactivation of endogenous genes). Preference 
is given to using as an “anti-marker protein’ compound in the 
course of this embodimenta DNA construct which comprises 
at least part of the sequence of a marker protein gene or 
neighbouring sequences and which can thus specifically 
recombine with said sequences in the target cell so that a 
deletion, addition or substitution of at least one nucleotide 
alters the marker protein gene in Such a way that the func 
tionality of said marker protein gene is reduced or completely 
removed. The alteration may also affect the regulatory elents 
(e.g. the promoter) of the marker protein gene so that the 
coding sequence remains unaltered, but expression (tran 
Scription and/or translation) does not occur and is reduced. In 
conventional homologous recombination, the sequence to be 
inserted is flanked at its 5' and/or 3' end by further nucleic acid 
sequences (A' and, respectively, B') which have a sufficient 
length and homology to corresponding sequences of the 
marker protein gene (A and, respectively, B) for making 
homologous recombination possible. The length is usually in 
a range from several hundred bases to several kilobases (Tho 
mas KR and Capecchi MR (1987) Cell 51:503: Strepp et al. 
(1998) Proc Natl Acad Sci USA 95 (8):4368-4373). The 
homologous recombination is carried out by transforming the 
plant cell containing the recombination construct by using the 
process described below and selecting Successfully recom 
bined clones based on the Subsequently inactivated marker 
protein. Although homologous recombination is a relatively 
rare event in plant organisms, a selection pressure may be 
avoided by recombination into the marker protein gene, 
allowing a selection of the recombined cells and sufficient 
efficiency of the process. FIG. 4 diagrammatically depicts a 
corresponding procedure in an exemplary embodiment of this 
variant. 

0166 In an advantageous embodiment of the invention, 
however, insertion into the marker protein gene is facilitated 
by means of further functional elements. The term is to be 
understood as being comprehensive and means the use of 
sequences or of transcripts or polypeptides derived therefrom 
which are capable of increasing the efficiency of the specific 
integration into a marker protein gene. Various processes are 
available to the skilled worker for this purpose. However, 
preference is given to implementing the insertion by inducing 
a sequence-specific double-strand break in or close to the 
marker protein gene. 
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0167. In a preferred embodiment of the invention, the 
marker protein is inactivated (i.e. the amount, expression, 
activity or function is reduced) by integrating a DNA 
sequence into a marker protein gene, with the process pref 
erably comprising the following steps: 
0168 i) introducing an insertion construct and at least one 
enzyme suitable for inducing DNA double-strand breaks at 
a recognition sequence for targeted induction of DNA 
double-strandbreaks in or close to the marker protein gene, 
and 

0169 ii) inducing DNA double-strand breaks at the rec 
ognition sequences for targeted induction of DNA double 
strand breaks in or close to the marker protein gene, and 

0170 iii) inserting the insertion construct into the marker 
protein gene, with the functionality of the marker protein 
gene and, preferably, the functionality of the recognition 
sequence for targeted induction of DNA double-strand 
breaks is inactivated so that the enzyme suitable for induc 
tion of DNA double-strand breaks can no longer cut said 
recognition sequence, and 

0171 iv) selecting plants or plant cells in which the inser 
tion construct has been inserted into the marker protein 
gene. 

0172. The insertion construct, preferably, comprises the 
nucleic acid sequence to be inserted into the genome but may 
also be used separately therefrom. 
0173 “Enzyme suitable for inducing DNA double-strand 
breaks at the recognition sequence for targeted induction of 
DNA double-strand breaks” (“DSBI enzyme” for “double 
Strand-break inducing enzyme” hereinbelow) means gener 
ally all those enzymes which are capable of generating 
sequence-specifically double-strand breaks in double 
stranded DNA. Examples which may be mentioned but which 
are not limiting are: 

0.174 1. Restriction endonucleases, preferably type II 
restriction endonucleases, particularly preferably Hom 
ing endonucleases as described in detail hereinbelow. 

(0175 2. Artificial nucleases as described in detail here 
inbelow, such as, for example, chimeric nucleases, 
mutated restriction or Homing endonucleases or RNA 
protein particles derived from group II mobile introns. 

(0176 Both natural and artificially prepared DSBI 
enzymes are suitable. Preference is given to all of those DSBI 
enzymes whose recognition sequence is known and which 
can either be equence in the form of their proteins (for 
example by purification) or be expressed using their nucleic 
acid sequence. 
0177 Preference is given to selecting the DSBI enzyme, 
with the knowledge of its specific recognition sequence, in 
Such a way that it possesses, apart from the target recognition 
sequence, no further functional recognition regions in the 
genome of the target plant. Very particular preference is there 
fore given to Homing endonucleases (overview: Belfort M 
and Roberts RJ (1997) Nucleic Acids Res 25:3379-3388: 
Jasin M (1996) Trends Genet 12:224-228: Internet: 
REBASE. The Restriction Enzyme Database; Roberts RJ 
and Macelis D (2001) NuclAcids Res 29:268-269). The latter 
fulfill said requirement, owing to their long recognition 
sequences. The sequences coding for Homing endonucleases 
of this kind may be isolated, for example, from the Chlamy 
domonas chromoplast genome (Turmel Metal. (1993) J Mol 
Biol 232:446-467). Suitable Homing endonucleases are 
listed under the abovementioned internet address. Examples 
of Homing endonucleases which may be mentioned are those 
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like F-SceI, F-SceII, F-SuvI, F-TevI, F-TevII, I-Amal, I-Anil, 
I-CeuI, I-CeuAIIP. I-ChuI, I-Cmoel, I-CpaI, I-CpaII, I-Cre, 
I-Crepsb.IP, I-Crepsb.IIP. I-Crepsb.IIIP. I-Crepsb.IVP. I-CSmI, 
I-Cvul, I-CvuAIP. I-DdiII, I-DirI, I-DmoI, I-HspNIP, I-LlaI, 
I-MsoI, I-Naal, I-Nani, I-NcIIP. I-NgrIP. I-NitI, I-Njal, 
I-Nsp236IP. I-PakI, I-PboIP. I-PeuIP, I-PeuAI, I-PeuVI, 
I-PgrIP. I-PoblP. I-Pori, I-PorIIP. I-Ppb.IP. I-PpoI, I-SPBetaIP, 
I-Scal, I-SceI, I-SceII, I-SceIII, I-SceIV, I-SceV, I-SceVI, 
I-SceVII, I-SexIP, I-SnelP, I-SpomCP, I-SpomIP. I-SpomIIP. 
I-SquIP, I-Ssp68031, I-SthPhilP, I-SthPhiST3P, 
I-Sth PhiS3bP, I-TdeIP, I-TevI, I-TevII, I-TevIII, I-UarAP, 
I-UarHGPA1P, I-UarHGPA13P. I-VinIP, I-ZbiIP, PI-MtuI, 
PI-MtuHIP, PI-MtuHIIP, PI-PfuI, PI-PfuII, PI-PkoI, 
PI-PkoII, PI-PspI, PI-Rma-43812IP, PI-SPBetaIP, PI-SceI, PI 
Tful, PI-Tful I, PI-ThyI, PI-TliI, PI-TliII. Preference is given 
here to those Homing endonucleases whose gene sequences 
are already known, Such as, for example, F-Sce, I-Ceul, 
I-Chul, I-DmoI, I-CpaI, I-CpaII, I-CreI, I-CSmI, F-Tevl, 
F-Tev, I-TeVI, I-Tev, I-Anil, I-CVul, I-Lla, I-Nani, 
I-MsoI, I-NitI, I-Njal, I-PakI, I-Pori, I-PpoI, I-Scal, 
I-Ssp6803I, PI-PkoI, PI-PkoII, PI-PspI, PI-Tful, PI-Tli I. 
0.178 Very particular preference is given to 
(0179 I-CeuI (Cote MJ and Turmel M (1995) Curr 
Genet 27:177-183.: Gauthier A et al. (1991) Curr Genet 
19:43-47; Marshall (1991) Gene 104:241-245; Gen 
Bank Acc. No. 217234 nucleotides 5102 to 5758), 

0180. I-ChuI (Cote V et al.(1993) Gene 129:69-76: 
GenBank Acc. No.: L06107, nucleotides 419 to 1075), 

0181 I-Cmoel (Drouin Metal. (2000) NuclAcids Res 
28:4566-4572), 

0182 I-CpaI from Chlamydomonas pallidostigmatica 
(GenBank Acc. No.: L36830, nucleotides 357 to 815; 
Turmel M et al. (1995) Nucleic Acids Res 23:2519 
2525; Turmel, Metal. (1995) Mol Biol Evol 12:533 
545) 

0183 I-CpaII (Turmel M et al. (1995) Mol Biol Evol 
12:533-545; GenBank Acc. No.: L39865, nucleotides 
719 to 1423), 

0184. I-CreI (Wang Jet al. (1997) Nucleic Acids Res 
25:37.67-3776; Durrenberger, F and Rochaix J D (1991) 
EMBO J 10:3495-3501; GenBank Acc. No.: XO1977, 
nucleotides 571 to 1062), 

0185. I-CsmI (Ma D P et al. (1992) Plant Mol Biol 
18:1001-1004) 

0186 I-NanI (Elde M et al. (1999) Eur J. Biochem. 
259:281-288: GenBank Acc. No.: X78280, nucleotides 
418 to 1155), 

0187 I-Niti (GenBank Acc. No.: X78277, nucleotides 
426 to 1163), 

0188 I-Njal (GenBank Acc. No.: X78279, nucleotides 
416 to 1153), 

(0189 I-PpoI (Muscarella DE and Vogt VM (1989) Cell 
56:443-454; Lin J and Vogt V M (1998) Mol Cell Biol 
18:5809-5817; GenBank Acc. No.: M38131, nucle 
otides 86 to 577), 

(0190. I-PspI (GenBank Acc. No.: U00707, nucleotides 
1839 to 3449), 

(0191 I-Scal (Monteilhet C et al. (2000) Nucleic Acids 
Res 28: 1245-1251; GenBank Acc. No.: X95974, nucle 
otides 55 to 465) 

(0192 I-Scel (WO 96/14408; U.S. Pat. No. 5,962,327, 
therein Seq ID NO: 1), 
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(0193 Endo SceI (Kawasaki et al. (1991) J Biol Chem 
266:5342-5347, identical to F-SceI; GenBank Acc. No.: 
M63839, nucleotides 159 to 1589), 

(0194 I-SceII (Sarguiel B et al. (1990) Nucleic Acids 
Res 18:5659-5665), 

(0195 I-SceIII (Sarguiel B et al. (1991) Mol Gen Genet. 
255:340-341), 

(0196) I-Ssp68031 (GenBank Acc. No.: D64003, nucle 
otides 35372 to 35824), 

0.197 I-TevI (Chu et al. (1990) Proc Natl AcadSci USA 
87:3574-3578; Bell-Pedersen et al. (1990) Nucleic 
Acids Res 18:3763-3770; GenBank Acc. No.: 
AF158101, nucleotides 144431 to 143694), 

(0198 I-TevII (Bell-Pedersen et al. (1990) Nucleic 
Acids Res 18:3763-3770; GenBank Acc. No.: 
AF158101, nucleotides 45612 to 44836), 

(0199 I-TevIII (Eddy et al. (1991) Genes Dev. 5:1032 
1041). 

0200 Very particular preference is given to commercially 
available Homing endonucleases Such as I-Ceul, I-Scel, 
I-PpoI, PI-PSpI or PI-Scel. Most preference is given to I-Scel 
and I-Ppol. While the gene coding for I-Ppol may be utilized 
in its natural form, the gene coding for I-Sce possesses an 
editing site. Since, in contrast to yeast mitochondria, the 
appropriate editing is not carried out in higher plants, an 
artificial sequence encoding the I-Sce protein must be used 
for heterologous expression of this enzyme (U.S. Pat. No. 
5,866,361). 
0201 The enzymes may be purified from their source 
organisms in the manner familiar to the skilled worker and/or 
the nucleic acid sequence encoding said enzymes may be 
cloned. The sequences of various enzymes have been depos 
ited with GenBank (see above). 
0202 Artificial DSBI enzymes which may be mentioned 
by way of example are chimeric nucleases which are com 
posed of an unspecific nuclease domain and a sequence 
specific DNA-binding domain (e.g. consisting of Zinc fin 
gers) (Smith J et al. (2000) Nucl Acids Res 28(17):3361 
3369; Bibikova Metal. (2001) Mol Cell Biol. 21:289-297). 
Thus, for example, the catalytic domain of the restriction 
endonuclease FokI has been fused to Zinc finger-binding 
domains, thereby defining the specificity of the endonuclease 
(Chandrasegaran S & Smith J (1999) Biol Chem 380:841 
848; Kim Y G& Chandrasegaran S (1994) Proc Natl AcadSci 
USA 91:883-887: Kim Y Get al. (1996) Proc Natl Acad Sci 
USA 93:1156-1160). The described technique has also been 
used previously for imparting a predefined specificity to the 
catalytic domain of the yeast Ho endonuclease by fusing said 
domain to the Zinc finger domain of transcription factors 
(Nahon E & Raveh D (1998) NuclAcids Res 26:1233-1239). 
It is possible, using Suitable mutation and selection processes, 
to adapt existing Homing endonucleases to any desired rec 
ognition sequence. 
0203 As mentioned, Zinc finger proteins are particularly 
suitable as DNA-binding domains within chimeric nucleases. 
These DNA-binding zinc finger domains may be adapted to 
any DNA sequence. Appropriate processes for preparing cor 
responding Zinc finger domains have been described and are 
knownto the skilled worker (Beerli RRetal. (2000) Proc Natl 
Acad Sci 97(4): 1495-1500; Beerli R. R. et al.(2000) J Biol 
Chem 275(42):32617-32627; Segal DJ and Barbas C F 3". 
(2000) Curr Opin Chem Biol 4(1):34–39; Kang J S and Kim J 
S (2000) J Biol Chem 275(12):8742-8748; Beerli RR et al. 
(1998) Proc Natl AcadSci USA95(25): 14628-14633; Kim J 
Set al. (1997) Proc Natl Acad Sci USA 94(8):3616-3620; 
Klug A (1999) J Mol Biol 293(2):215-218: Tsai SY et al. 
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(1998) Adv Drug Deliv Rev 30(1-3):23-31; Mapp A Ketal. 
(2000) Proc Natl AcadSci USA97(8):3930-3935; Sharrocks 
A Detal. (1997) Int J Biochem Cell Biol 29(12): 1371-1387: 
Zhang Let al. (2000) J Biol Chem 275(43):33.850-33860). 
Processes for preparing and selecting Zinc finger DNA-bind 
ing domains with high sequence specificity have been 
described (WO 96/06166, WO 98/53059, WO 98/53057). 
Fusing a DNA-binding domain obtained in this way to the 
catalytic domain of an endonuclease (such as, for example, 
the FokI or Ho endonuclease) enables chimeric nucleases to 
be prepared which have any desired specificity and which 
may be used as DSBI enzymes advantageously within the 
Scope of the present invention. 
0204 Artificial DSBI enzymes with altered sequence 
specificity may also be generated by mutating already known 
restriction endonucleases or Homing endonucleases, using 
methods familiar to the skilled worker. Besides the mutagen 
esis of Homing endonucleases, the mutagenesis of maturases 
is of particular interest for the purpose of obtaining an altered 
Substrate specificity. Maturases frequently share many fea 
tures with Homing endonucleases and, if appropriate, can be 
converted into nucleases by carrying out few mutations. This 
has been shown, for example, for the maturase in the bakers’ 
yeast bi2 intron. Only two mutations in the maturase-encod 
ing open reading frame (ORF) sufficed to impart to this 
enzyme a Homing-endonuclease activity (Szczepanek & 
Lazowska (1996) EMBOJ 15:3758-3767). 
0205 Further artificial nucleases may be generated with 
the aid of mobile group II introns and the proteins encoded by 
them, or parts of these proteins. Mobile group II introns, 
together with the proteins encoded by them, form RNA 
protein particles which are capable of recognizing and cutting 
DNA in a sequence-specific manner. In this context, the 
sequence specificity can be adapted to the requirements by 
mutating particular regions of the intron (see below) (WO 
97/10362). 
0206 Preference is given to expressing the DSBI enzyme 
as a fusion protein with a nuclear localization sequence 
(NLS). This NLS sequence enables facilitated transport into 
the nucleus and increases the efficiency of the recombination 
system. Various NLS sequences are known to the skilled 
worker and described, interalia, in Jicks G R and Raikhel N 
V (1995) Annu. Rev. Cell Biol. 11:155-188. For example, the 
NLS sequence of the SV40 large antigen is preferred for plant 
organisms. Very particular preference is given to the follow 
ing NLS sequences: 

NLS1: 
N-Pro-Lys-Thr-Lys-Arg-Lys-Wal- C (SEQ ID NO: 80) 

NLS2 : 
N-Pro-Lys-Lys-Lys-Arg-Lys-Wal- C (SEQ ID NO: 81) 

0207. Owing to the small size of many DSBI enzymes 
(such as, for example, the Homing endonucleases), an NLS 
sequence is not absolutely necessary, however. These 
enzymes are able to pass through the nuclear pores also with 
out this assistance. 
0208 “Recognition sequence for targeted induction of 
DNA double-strand breaks” means in general those 
sequences which allow recognition and cleavage by the DSBI 
enzyme under the conditions in the eukaryotic cell or organ 
ism used in this case. In this context, mention is made, by way 
of example but not by limitation, in table 1 below of the 
recognition sequences for the particular DSBI enzymes 
listed. 
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DSBI 
enzyme 

CRE 

FLP 

P 
element 
transposase 

Anil 

Ddi 

CSmI 

Cmde 

Cre 

Chu 

Cell 

Dmd 

I-Sce 

I-Sce I 

I-Sce II 

I-SceW 

I-SceW 

15 

TABLE 1. 

Recognition sequences and source organisms of DSBI 
enzymes 

Source 
organism 

Bacteriophage 
P1 

Saccharomyces 
cerevisiae 

pSR1 
plasmids 

Drosophila 

Aspergillus 
nidulians 

Dictyostelium 
discoideumAX3 

Chlorella 
vulgaris 

Chlamydomonas 
Smithii 

Chlamydomonas 
moewusii 

Chlamydomonas 
reinhardtii 

Chlamydomonas 
humicola 

Chlamydomonas 
pallidostigmatica 

Chlamydomonas 
pallidostigmatica 

Chlamydomonas 
eugame tos 

Desulfurococcus 
mobilis 

S. cerevisiae 

S. cerevisiae 

S. cerevisiae 

S. cerevisiae 

S. cerevisiae 

( ' " indicates the cleavage site of the DSBI 
enzyme within a recognition sequence) 

Recognition sequence 

s' - AACTCTCATCGCTTCGGATAACTTCCTGTTATCCGAA 
ACATATCACTCACTTTGGTGATTTCACCGTAACTGTCTAT 
GATTAATG-3 

s' - GAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGT 
ATAGGAACTTC-3 

5 - CGAGATCATATCACTGTGGACGTTGATGAAAGAATAC 
GTTATTCTTTCATCAAATCGT 

5 - CTAGATGAAATAACATAAGGTGG 

5'-TTGAGGAGGTTTCTCTGTAAATAANNNNNNNNNNNN 
NNN 
3'-AACTCCTCCAAAGAGACATTTATTNNNNNNNNNNNNN 

NN 

-TTTTTTGGTCATCCAGAAGTATAT 

-AAAAAACCAG TAGGTCTTCATATA 

- CTGGGTTCAAAACGTCGTGAGACAGTTTGG 
- GACCCAAGTTTTGCAG CACTCTGTCAAACC 

s' - GTACTAGCATGGGGTCAAATGTCTTTCTGG 

-TCGTAGCAGCT CACGGTT 
-AGCATCG TCCAGTGCCAA 

- CTGGGTTCAAAACGTCGTGAGACAGTTTGG 
- GACCCAAGTTTTGCAG CACTCTGTCAAACC 

-GAAGGTTTGGCACCTCGATGTCGGCTCATC 
- CTTCCAAACCGTG GAGCTACAGCCGACTAG 

- CGATCCTAAGGTAGCGAAATTCA 
- GCTAGGATTCCATC CCTTTAAGT 

- CCCGGCTAACTCTGTGCCAG 
- GGGCCGAT TGAGACACGGTC 

- CGTAACTATAACGGTCCTAAGGTAGCGAA 
- GCATTCATATTGCCAG GATTCCATCGCTT 

5'-ATGCCTTGCCGGGTAAGTTCCGGCGCGCAT 
3'-TACGGAACGGCC CATTCAAGGCCGCGCGTA 

5'-AGTTACGCTAGGGATAA CAGGGTAATATAG 
3'-TCAATGCGATCCC TATTGTCCCATTATATC 
5'-TAGGGATAA CAGGGTAAT 

3-ATCCC, TATTGTCCCATTA ( Core" 
sequence) 

5'-TTTTGATTCTTTGGTCACCCTGAAGTATA 
3'-AAAACTAAGAAACCAG TGGGACTTCATAT 

5'-ATTGGAGGTTTTGGTAACTATTTATTACC 
3'-TAACCTCCAAAACC ATTGATAAATAATGG 

5'-TCTTTTCTCTTGATTAGCCCTAATCTACG 
3-AGAAAAGAGAAC TAATCGGGATTAGATGC 

5'-AATAATTTTCT, TCTTAGTAATGCC 
3'-TTATTAAAAGAAGAATCATTA CGG 

SEQ 
ID 
NO: 

82 

83 

84 

85 

86 

87 

88 
89 

90 
91 

92 

93 
94 

95 
96 

97 
98 

99 
OO 

OS 
O6 

11 
12 

13 
14 

15 
16 

17 
18 
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TABLE 1 - continued 
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Recognition sequences and source organisms of DSBI 
enzymes ( ' " indicates the cleavage site of the DSBI 

enzyme within a recognition sequence) 

SEQ 
DSBI Source ID 
enzyme organism Recognition sequence NO: 

PI-P sp Pyrococcus 5'-AAAATCCTGGCAAACAGCTATTATGGGTAT 59 
Sp. 3'-TTTTAGGACCGTTTGTCGAT AATACCCATA 60 

PI-Tful Thermococcus 5'-TAGATTTTAGGT, CGCTATATCCTTCC 61 
fumicolans 3-ATCTAAAA. TCCAGCGATATAGGAAGG 62 
STS7 

PI-Tful.II Thermococcus 5'-TAYGCNGAYACNGACGGYTTYT 63 
fumicolans 3-ATRCGNCT RTGNCTGCCRAARA 64 
STS7 

PI-Thy Thermococcus 5'-TAYGCNGAYACNGACGGYTTYT 65 
hydrothermalis 3-ATRCGNCT RTGNCTGCCRAARA 66 

PI-Ti Thermococcus 5'-TAYGCNGAYACNGACGGYTTYT 67 
litoralis 3-ATRCGNCTRTGNC TGCCRAARA 68 

PI-Ti Thermococcus 5'-AAATTGCTTGCAAACAGCTATTACGGCTAT 69 
litoralis 

Tew Bacteriophage 5'-AGTGGTATCAAC GCTCAGTAGATG 70 
T4 3'-TCACCATAGT TGCGAGTCATCTAC 71. 

TeWII Bacteriophage 5'-GCTTATGAGTATGAAGTGAACACGT (TATTC 72 
T4 3 - CGAATACTCATACTTCACTTGTG CAATAAG 73 

F-Tew Bacteriophage 5'-GAAACACAAGAAATGTTTAGTAAANNNNNNNNNNNN 174 
T4 NN 

3 - CTTTGTGTTCTTTACAAATCATTTNNNNNNNNNNNNN 17s 

N 

F-Tew Bacteriophage 5'-TTTAATCCTCGCTTCAGATATGGCAACTG 76 
T4 3'-AAATTAGGAGCGA, AGTCTATACCGTTGAC 77 

0209 Relatively small deviations (degenerations) of the recombination between A and A'. The insertion sequence is 
recognition sequence which nevertheless make possible rec 
ognition and cleavage by the particular DSBI enzyme are also 
included here. Such deviations, also in connection with dif 
ferent basic conditions such as, for example, calcium or mag 
nesium concentration, have been described (Argast G Metal. 
(1998) J Mol Biol 280:345-353). Core sequences of these 
recognition sequences are also included. It is known that the 
inner portions of the recognition sequences also suffice for an 
induced double-strand break and that the outer portions are 
not necessarily relevant but may contribute to determining the 
cleavage efficiency. Thus, for example, an 18 bp core 
sequence can be defined for I-SceI. 
0210 Said DSBI recognition sequences may be localized 
in various positions in or close to a marker protein gene and, 
for example when the marker protein used is a transgene, may 
already be incorporated when constructing the marker protein 
expression cassette. Various possible localizations are illus 
trated by way of example in FIGS. 2-A, 2-B, 3 and 5 and in the 
descriptions thereof. 
0211 Inafurther advantageous embodiment, the insertion 
sequence comprises at least one homology sequence A which 
has a Sufficient length and a Sufficient homology to a sequence 
A' in the marker protein gene in order to ensure homologous 

preferably flanked by two sequences A and B which have a 
Sufficient length and a Sufficient homology to a sequence A 
and, respectively, B' in the marker protein gene in order to 
ensure homologous recombination between A and A' and, 
respectively, B and B'. 
0212 “Sufficient length” means, with respect to the 
homology sequences A, A and B, B', preferably sequences 
with a length of at least 100 base pairs, preferably at least 250 
base pairs, particularly preferably at least 500 base pairs, very 
particularly preferably at least 1000 base pairs, most prefer 
ably of at least 2500 base pairs. 
0213 “Sufficient homology’ means, with respect to the 
homology sequences, preferably sequences whose homology 
to one another is at least 70%, preferably 80%, preferentially 
at least 90%, particularly preferably at least 95%, very par 
ticularly preferably at least 99%, most preferably 100%, over 
a length of at least 20 base pairs, preferably at least 50 base 
pairs, particularly preferably at least 100 base pairs, very 
particularly preferably at least 250 base pairs, most preferably 
at least 500 base pairs. 
0214 Homology between two nucleic acids means the 
identity of the nucleic acid sequence over in each case the 
entire sequence length, which identity is calculated by way of 
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comparison with the aid of the GAP program algorithm (Wis 
consin Package Version 10.0, University of Wisconsin, 
Genetics Computer Group (GCG), Madison, USA), setting 
the following parameters: 

0215 Gap Weight: 12 Length Weight: 4 
0216 Average Match 2,912 Average Mismatch:-2.003 

0217. In a further preferred embodiment, the recombina 
tion efficiency is increased by a combination with processes 
which promote homologous recombination. Such systems 
have been described and comprise, by way of example, 
expression of proteins such as RecA or treatment with PARP 
inhibitors. It has been demonstrated that the intrachromo 
Somal homologous recombination in tobacco plants can be 
increased by using PARP inhibitors (Puchta Het al. (1995) 
Plant J 7:203-210). The use of these inhibitors can further 
increase the rate of homologous recombination in the recom 
binant constructs, after inducing the sequence-specific DNA 
double-strand break, and thus the efficiency of the deletion of 
the transgene sequences. Various PARP inhibitors may be 
used here. Preference is given to including inhibitors such as 
3-amino benzamide, 8-hydroxy-2-methylguinazolin-4-one 
(NU1025), 1,11b-dihydro-2H benzopyrano.4.3,2-deiso 
quinolin-3-one (GPI 6150), 5-aminoisoquinolinone, 3,4-di 
hydro-5-4-(1-piperidinyl)butoxy-1 (2H)-isoquinolinone or 
the substances described in WO 00/26192, WO 00/29384, 
WO 00/32579, WO 00/64878, WO 00/68206, WO 00/67734, 
WOO1/23386 and WO O1/23390. 
0218. Further suitable methods are the introduction of 
nonsense mutations into endogenous marker protein genes, 
for example by means of introducing RNA/DNA oligonucle 
otides into the plant (Zhu et al. (2000) Nat Biotechnol 18(5): 
555-558). Point mutations may also be generated by means of 
DNA-RNA hybrids which are also known as "chimeraplasty” 
(Cole-Strauss et al. (1999) NuclAcids Res 27(5):1323-1330; 
Kmiec (1999) Gene therapy American Scientist 87(3):240 
247). 
0219. The methods of dsRNAi, cosuppression by means 
of sense 
0220 RNA and VIGS (virus induced gene silencing) are 
also referred to as post-transcriptional gene silencing 
(PTGS). PTGS processes are particularly advantageous 
because the demands on the homology between the marker 
protein gene to be reduced and the transgenically expressed 
sense or dsRNA nucleic acid sequence are lower than, for 
example, in the case of a traditional antisense approach. Thus 
it is possible, using the marker protein nucleic acid sequences 
from one species, to effectively reduce also expression of 
homologous marker protein proteins in other species, without 
it being absolutely necessary to isolate and to elucidate the 
structure of the marker protein homologues occurring there. 
Considerably less labor is therefore required. 
0221) “Introduction' comprises within the scope of the 
invention any processes which are suitable for introducing an 
'anti-marker protein’ compound, directly or indirectly, into a 
plant or a cell, compartment, tissue, organ or seeds of said 
plant or generating said compound there. The introduction 
may result in a transient presence of an “anti-marker protein’ 
compound (for example a dsRNA or a recombinase) or else in 
a permanent (stable) presence. 
0222. According to the different nature of the approaches 
described above, the “anti-marker protein’ compound may 
exert its function directly (for example by way of insertion 
into an endogenous marker protein gene). However, said 
function may also be exerted indirectly after transcription into 

Jul. 29, 2010 

an RNA (for example in antisense approaches) or after tran 
Scription and translation into a protein (for example in the 
case of recombinases or DSBI enzymes). The invention com 
prises both directly and indirectly acting “anti-marker pro 
tein’ compounds. 
0223 Introducing comprises, for example, processes Such 
as transfection, transduction or transformation. 
0224) “Anti-marker protein’ compounds thus comprises, 
for example, also expression cassettes capable of implement 
ing expression (i.e. transcription and, if appropriate, transla 
tion) of, for example, an MP-dsRNA, an MP-antisenseRNA, 
a sequence-specific recombinase or a DSBI enzyme in a plant 
cell. 

0225 “Expression cassette’ means within the scope of the 
present invention generally those constructions in which a 
nucleic acid sequence to be expressed is functionally linked to 
at least one genetic control sequence, preferably a promoter 
sequence. Expression cassettes preferably consist of double 
stranded DNA and may have a linear or circular structure. 
0226. A functional linkage means, for example, the 
sequential arrangement of a promoter with a nucleic acid 
sequence to be transcribed (for example coding for an MP 
dsRNA or a DSBI enzyme) and, if appropriate, further regu 
latory elements such as, for example, a terminator and/or 
polyadenylation signals in Such a way that each of the regu 
latory elements can fulfill its function during transcription of 
the nucleic acid sequence, depending on the arrangement of 
the nucleic acid sequences. In this context, function can 
mean, for example, the control of expression, i.e. transcrip 
tion and/or translation, of the nucleic acid sequence (e.g. 
coding for an MP-dsRNA or a DSBI enzyme). In this context, 
control comprises, for example, initiating, increasing, con 
trolling or Suppressing the expression, i.e. transcription and, 
if appropriate, translation. This does not necessarily require a 
direct linkage in the chemical sense. Genetic control 
sequences Such as, for example, enhancer sequences, may 
exert their function on the target sequence also from positions 
further afar or even from different DNA molecules. Prefer 
ence is given to arrangements in which the nucleic acid 
sequence to be transcribed is positioned downstream of the 
sequence acting as promoter so that both sequences are 
covalently connected to one another. The distance between 
the promoter sequence and the nucleic acid sequence to be 
expressed transgenically is here preferably less than 200 base 
pairs, particularly preferably less than 100 base pairs, very 
particularly preferably less than 50 base pairs. 
0227. The skilled worker knows various ways of obtaining 
any of the expression cassettes of the invention. An expres 
sion cassette of the invention is prepared, for example, pref 
erably by direct fusion of a nucleic acid sequence acting as 
promoter to a nucleotide sequence to be expressed (e.g. cod 
ing for an MP-dsRNA or a DSBI enzyme). A functional 
linkage may be produced by means of common recombina 
tion and cloning techniques, as are described, for example, in 
Maniatis T. Fritsch E F and Sambrook J (1989) Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labora 
tory, Cold Spring Harbor, N.Y. and in Silhavy TJ et al. (1984) 
Experiments with Gene Fusions, Cold Spring Harbor Labo 
ratory, Cold Spring Harbor, N.Y. and in Ausubel F M et al. 
(1987) Current Protocols in Molecular Biology, Greene Pub 
lishing Assoc. and Wiley Interscience. 
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0228. The expression cassettes of the invention preferably 
comprise a promoter 5' upstream of the particular nucleic acid 
sequence to be expressed transgenically and a terminator 
sequence as an additional genetic control sequence 3' down 
stream and also, if appropriate, further customary regulatory 
elements, in each case functionally linked to the nucleic acid 
sequence to be expressed transgenically. 
0229. The term “genetic control sequences” is to be under 
stood broadly and means all those sequences which have an 
influence on the making or function of the expression cassette 
of the invention. For example, genetic control sequences 
ensure transcription and, if appropriate, translation in 
prokaryotic or eukaryotic organisms. Genetic control 
sequences are described, for example, in “Goeddel; Gene 
Expression Technology: Methods in Enzymology 185, Aca 
demic Press, San Diego, Calif. (1990) or “Gruber and 
Crosby, in: Methods in Plant Molecular Biology and Biotech 
nolgy, CRC Press, Boca Raton, Fla., eds. Glick and Thomp 
son, Chapter 7, 89-108' and in the references quoted there. 
0230 Genetic control sequences comprise, in particular in 
plants, functional promoters. Preferred promoters suitable for 
the expression cassettes are in principle any promoters 
capable of controlling expression of genes, in particular for 
eign genes, in plants. 
0231 Plant-specific promoters or promoters functional in 
plants or in a plant cell means in principle any promoter 
capable of controlling expression of genes, in particular for 
eign genes, in at least one plant or one part, cell, tissue, culture 
of a plant. In this context, expression may be, for example, 
constitutive, inducible or development-dependent. Prefer 
ence is given to: 

a) Constitutive Promoters 
0232 “Constitutive' promoters means those promoters 
which ensure expression in numerous, preferably all, 
tissues over a relatively large period of plant develop 
ment, preferably at all points in time of plant develop 
ment (Benfey et al. (1989) EMBOJ 8:2195-2202). Pref. 
erence is given in particular to using a plant promoter or 
a promoter which is derived from a plant virus. Particu 
lar preference is given to the promoter of the 35S tran 
script of the CaMV cauliflower mosaic virus (Francket 
al. (1980) Cell 21:285-294; Odell et al. (1985) Nature 
313:810-812; Shewmaker et al. (1985) Virology 140: 
281-288: Gardner et al. (1986) Plant Mol Biol 6:221 
228) or the 19S CaMV promoter (U.S. Pat. No. 5,352, 
605; WO 84/02913; Benfey et al. (1989) EMBO J 
8:2195-2202) and also to the promoter of the Arabidop 
sis thaliana nitrilase-1 gene (GenBank Acc. No.: 
Y07648, nucleotides 2456 (alternatively 2861) to 4308 
or alternatively 4340 or 4344. (e.g. by 2456 to 4340). 

0233. Another suitable constitutive promoter is the 
rubisco small subunit (SSU) promoter (U.S. Pat. No. 
4,962,028), the leguminB promoter (GenBankAcc. No.: 
X03677), the promoter of the Agrobacterium nopaline 
synthase, the TR dual promoter, the Agrobacterium OCS 
(octopine synthase) promoter, the ubiquitin promoter 
(Holtorf Set al. (1995) Plant Mol Biol 29:637-649), the 
ubiquitin 1 promoter (Christensen et al. (1992) Plant 
Mol Biol 18:675-689; Bruce etal. (1989) Proc Natl Acad 
Sci USA 86:9692-9696), the Smas promoter, the cin 
namyl alcohol dehydrogenase promoter (U.S. Pat. No. 
5,683.439), the promoters of the vacuolar ATPase sub 
units or the promoter of a proline-rich protein from 
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wheat (WO 91/13991), and further promoters of genes 
whose constitutive expression in plants is known to the 
skilled worker. 

b) Tissue-Specific Promoters 
0234 Preference is given to promoters with specifici 
ties for the anthers, ovaries, flowers, leaves, stems, roots 
or seeds. Seed-specific promoters comprise, for 
example, the promoter of phaseolin (U.S. Pat. No. 5,504, 
200; Bustos M Metal. (1989) Plant Cell 1(9):839-53), 
of the 2S albumin (Josefson L G et al. (1987) J Biol 
Chem 262:12 196-12201), of legumin (Shirsat A et al. 
(1989) Mol Gen Genet 215(2): 326-331), of USP (un 
known seed protein; Bäumlein Het al. (1991) Mol Gen 
Genet 225(3):459-67), of napin (U.S. Pat. No. 5,608, 
152: Stalberg Ketal. (1996) L Planta 199:515-519), of 
the sucrose-binding protein (WO 00/26388), of legumin 
B4 (LeB4: Bäumlein Hetal. (1991) Mol Gen Genet 225: 
121-128; Baeumlein et al. (1992) Plant Journal 2(2): 
233-9: Fiedler U et al. (1995) Biotechnology (NY) 
13(10): 1090f), of oleosin (WO 98/45461) or of Bce4 
(WO 91/13980). Further suitable seed-specific promot 
ers are those of the genes coding for the high molecular 
weight glutenin (HMWG), gliadin, branching enzyme, 
ADPglucose pyrophosphatase (AGPase) or starch Syn 
thase. Preference is further given to promoters which 
allow seed-specific expression in sequence edons such 
as corn, barley, wheat, rye, rice, etc. promoters which 
may be employed advantageously are the promoter of 
the lpt2 or lpt1 gene (WO95/15389, WO95/23230) and 
the promoters described in WO 99/16890 (hordein, glu 
telin, oryzin, prolamin, gliadin, Zein, kasirin or secalin 
promoters). Further seed-specific promoters are 
described in WO 89/03887. 

0235 Tuber-, storage-root- or root-specific promoters 
comprise, for example, the class I patatin promoter 
(B33) or the promoter of the potato cathepsin D inhibi 
tOr. 

0236 Leaf-specific promoters comprise, for example, 
the promoter of the potato cytosolic FBPase (WO 
97/05900), the SSU promoter (small subunit) of rubisco 
(ribulose-1,5-bisphosphate carboxylase) or the potato 
ST-LSI promoter (Stockhaus et al. (1989) EMBO J 
8:2445-2451). 

0237 Flower-specific promoters comprise, for 
example, the phytoene synthase promoter (WO 
92/16635) or the promoter of the P-rr gene (WO 
98/22593). 

0238 Anther-specific promoters comprise, for 
example, the 5126 promoter (U.S. Pat. No. 5,689,049, 
U.S. Pat. No. 5,689,051), the glob-l promoter and the 
Y-Zein promoter. 

c) Chemically Inducible Promoters 
0239 Chemically inducible promoters allow expres 
sion control as a function of an exogenous stimulus 
(review article: Gatz et al. (1997) Ann Rev Plant Physiol 
Plant Mol Biol 48:89-108). Examples which may be 
mentioned are: the PRP1 promoter (Ward et al. (1993) 
Plant Mol Biol 22:361-366), a salicylic acid-inducible 
promoter (WO95/19443), a benzenesulfonamide-in 
ducible promoter (EP-A 0 388 186), a tetracycline-in 
ducible promoter (Gatz et al. (1992) Plant J2:397-404), 
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an abscisic acid-inducible promoter (EPO 335 528) and 
an ethanol- or cyclohexanone-inducible promoter (WO 
93/21334). Also suitable is the promoter of the glu 
tathione S-transferase isoform II gene (GST-II-27), 
which may be activated by exogenously applied safeners 
such as, for example, N,N-diallyl-2,2-dichloroaceta 
mide (WO 93/01294) and which is functional in numer 
ous tissues of both sequence edons and dicotyledones. 

0240 Particular preference is given to constitutive or 
inducible promoters. 
0241 Preference is further given to plastid-specific pro 
moters for targeted expression in the plastids. Suitable pro 
moters are described, for example, in WO 98/55595 or WO 
97/06250. promoters which may be mentioned here are the 
rpoB promoter element, the atoB promoter element, the clpp 
promoter element (see also WO99/46394) and the 16SrDNA 
promoter element. Viral promoters are also suitable (WO 
95/16783). 
0242 Targeted expression in plastids may also be 
achieved by using, for example, a bacterial or bacteriophage 
promoter, introducing the resulting expression cassette into 
the plastid DNA and then expressing expression by means of 
a fusion protein of a bacterial or bacteriophage polymerase 
and a plastid transit peptide. U.S. Pat. No. 5,925,806 
describes an appropriate process. 
0243 Genetic control sequences further comprise also the 
5'-untranslated regions, introns or noncoding 3' region of 
genes, such as, for example, the actin-1 intron, or the Adhl-S 
introns 1, 2 and 6 (general overview: The Maize Handbook, 
Chapter 116, Freeling and Walbot, Eds. Springer, New York 
(1994)). These sequences have been shown to be able to play 
a significant functions in the regulation of gene expression. 
Thus it has been demonstrated that 5'-untranslated sequences 
may increase transient expression of heterologous genes. 
They may further promote tissue specificity (Rouster J et al. 
(1998) Plant J. 15:435-440). As an example of translation 
enhancers, mention may be made of the 5' leader sequence of 
the tobacco mosaic virus (Gallie et al. (1987) NuclAcids Res 
15:8693-8711). 
0244 Polyadenylation signals suitable as control 
sequences are in particular polyadenylation signals of plant 
genes and also Agrobacterium tumefaciens T-DNA polyade 
nylation signals. Examples of particularly Suitable terminator 
sequences are the OCS (Octopine synthase) terminator and 
the NOS (nopaline synthase) terminator (Depicker A et al 
(1982) J Mol Appl Genet 1:561-573) and also the terminators 
of soybean actin, RUBISCO or alpha-amylase from wheat 
(Baulcombe D Cetal (1987) Mol Gen Genet 209:33-40). 
0245 Advantageously, the expression cassette may con 
tain one or more "enhancer sequences' functionally linked to 
the promoter, which make increased transgenic expression of 
the nucleic acid sequence possible. 
0246 Genetic control sequences further means sequences 
coding for fusion proteins consisting of a signal peptide 
sequence. The expression of a target gene is possible in any 
desired cell compartment, Such as, for example, the 
endomembrane system, the vacuole and the chloroplasts. 
Desired glycosylation reactions, in particular foldings, and 
the like are possible by utilizing the secretory pathway. Secre 
tion of the target protein to the cell surface or secretion into 
the culture medium, for example when using Suspension 
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cultured cells or protoplasts, is also possible. The target 
sequences required for this may both be taken into account in 
individual vector variations and be introduced into the vector 
together with the target gene to be cloned by using a Suitable 
cloning strategy. Target sequences which may be used are 
both endogenous, if present, and heterologous sequences. 
Additional heterologous sequences which are preferred for 
functional linkage but not limited thereto are further targeting 
sequences for ensuring Subcellular localization in the apo 
plast, in the vacuole, in plastids, in the mitochrondrion, in the 
endoplasmic reticulum (ER), in the nucleus, in elaioplasts or 
other compartments; and also translation enhancers such as 
the 5' leader sequence from tobacco mosaic virus (Gallie et al. 
(1987) Nucl Acids Res 15: 8693-8711) and the like. The 
process of transporting proteins which are perse not located 
in the plastids specifically into said plastids has been 
described (Klosgen R B and Weil J H (1991) Mol Gen Genet 
225(2):297-304; Van Breusegem F et al. (1998) Plant Mol 
Biol 38(3):491-496). 
0247 Control sequences are furthermore understood to be 
those which make possible a homologous recombination or 
insertion into the genome of a host organism or allow the 
removal from the genome. Methods such as the cre/lox tech 
nique allow the expression cassette to be removed tissue 
specifically, possibly inducibly from the genome of the host 
organism (Sauer B. Methods. 1998; 14(4):381-92). Here, 
particular flanking sequences are attached to the target gene 
(lox sequences), which make Subsequent removal by means 
of the cre recombinase possible. 
0248 Preferably, the expression cassette, consisting of a 
linkage of the promoter to the nucleic acid sequence to be 
transcribed, may have been integrated into a vector and may 
be transferred into the plant cell or organism, for example, by 
transformation, according to any of the processes described 
below. 
0249 “Transgenic’ means preferably, for example with 
respect to a transgenic expression cassette, a transgenic 
expression vector, a transgenic organism or to processes for 
transgenic expression of nucleic acids, all constructions 
brought about by genetic engineering methods or processes 
using said constructions, in which either 
0250 
0251 b) the promoter functionally linked to the nucleic 
acid sequence to be expressed according to a), or 

(0252 c) (a) and (b) 
are not located in their natural, genetic environment (i.e. at 
their natural chromosomal locus) or have been modified by 
genetic engineering methods, the modification possibly 
being, for example, a substitution, addition, deletion, inver 
sion or insertion of one or more nucleotide residues. Natural 
genetic environment means the natural chromosomal locus in 
the source organism or the presence in a genomic library. 
0253 “Transgenic’ means, with respect to expression 
(“transgenic expression'), preferably all expressions 
achieved using a transgenic expression cassette, transgenic 
expression vector or transgenic organism, according to the 
definitions indicated above. 

0254 The DNA constructs employed within the scope of 
the process of the invention and the vectors derived therefrom 
may contain further functional elements. The term functional 
element is to be understood broadly and means all of those 
elements which influence the preparation, propagation or 

a) the nucleic acid sequence to be expressed, or 
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function of the DNA constructs or of vectors or organisms 
derived therefrom. Examples which may be mentioned with 
out being limited thereto are: 
0255 1. Selection markers 
0256 Selection markers comprise, for example, those 
nucleic acid or protein sequences whose expression gives to a 
cell, tissue or organism an advantage (positive selection 
marker) or disadvantage (negative selection marker) over 
cells which do not express said nucleic acid or protein. Posi 
tive selection markers act, for example, by detoxifying a 
Substance acting on the cell in an inhibitory manner (e.g. 
resistance to antibiotics/herbicides) or by forming a sub 
stance which enables the plant to regenerate better or grow 
more under the chosen conditions (for example nutritive 
markers, hormone-producing markers such as ipt; see below). 
Another type of positive selection marker comprises mutated 
proteins or RNAs which are not sensitive to a selective agent 
(e.g. 16S rRNA mutants which are insensitive to spectinomy 
cin). Negative selection markers act, for example, by cata 
lyzing the formation of a toxic Substance in the transformed 
cells (e.g. the codA gene). 
0257 Positive Selection Markers: 
0258. In order to further increase the efficiency, the DNA 
constructs may comprise additional positive selection mark 
ers. In a preferred embodiment, the process of the invention 
may thus be carried out in the form of a dual selection in 
which a sequence coding for a resistance to at least one toxin, 
antibiotic or herbicide is introduced together with the nucleic 
acid sequence to be inserted and selection is carried out addi 
tionally by using the toxin, antibiotic or herbicide. 
0259. Appropriate proteins and sequences of positive 
selection markers and also selection processes are familiar to 
the skilled worker. The selection marker imparts to the suc 
cessfully transformed cells a resistance to a biocide (e.g. a 
herbicide Such as phosphinothricin, glyphosate or bromoxy 
nil), a metabolism inhibitor Such as 2-deoxyglucose 6-phos 
phate (WO 98/45456) or an antibiotic such as, for example, 
tetracycline, amplicillin, kanamycin, G 418, neomycin, bleo 
mycin or hygromycin. Selection markers which may be men 
tioned by way of example are: 

0260 phosphinothricinacetyltransferases (PAT) which 
acetylate the free amino group of the glutamine synthase 
inhibitor phosphinothricin (PPT) and thus detoxify PPT 
(de Block et al. (1987) EMBO J 6:2513-2518) (also 
referred to as Bialophos(R resistance gene (bar)). Corre 
sponding sequences are known to the skilled worker 
(from Streptomyces hygroscopicus GenBank Acc. No.: 
X17220 and X05822, from Streptomyces viridochromo 
genes GenBank Acc. No.: M22827 and X65195: U.S. 
Pat. No. 5,489.520). Furthermore, synthetic genes have 
been described for expression in plastids. A synthetic 
PAT gene is described in Becker et al. (1994) Plant J 
5:299-307. The genes impart a resistance to the herbi 
cide Bialaphos or glufosinate and are frequently used 
markers in transgenic plants (Vickers J E et al. (1996) 
Plant Mol Miol Reporter 14:363-368; Thompson CJ et 
al. (1987) EMBOJ 6:2519-2523). 

0261 5-enolpyruvylshikimate 3-phosphate synthases 
(EPSPS) which impart a resistance to glyphosate (N- 
(phosphonomethyl)glycine). The molecular target of the 
unselective herbicide glyphosate is 5-enolpyruvyl-3- 
phosphoshikimate synthase (EPSPS). This enzyme has 
a key function in the biosynthesis of aromatic amino 
acids in microbes and plants but not in mammals (Stein 
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rucken HCetal. (1980) Biochem Biophy's Res Commun 
94:1207-1212: Levin J G and. Sprinson D B (1964) J 
Biol Chem 239:1142-1150; Cole DJ (1985) Mode of 
action of glyphosate a literature analysis, p. 48-74. In: 
Grossbard E and Atkinson D (eds.). The herbicide gly 
phosate. Buttersworths, Boston.). Preference is given to 
using glyphosate-tolerant EPSPS variants as selection 
markers (Padgette S R et al. (1996). New weed control 
opportunities: development of soybeans with a Roundup 
ReadyTM gene. In: Herbicide Resistant Crops (Duke, S. 
O., ed.), pp. 53-84. CRC Press, Boca Raton, Fla.; Saroha 
M K and Malik V S (1998) J Plant Biochemistry and 
Biotechnology 7:65-72). The EPSPS gene of Agrobac 
terium sp. Strain CP4 has a natural tolerance for glypho 
sate, which can be transferred to appropriate transgenic 
plants. The CP4 EPSPS gene was cloned from Agrobac 
terium sp. strain CP4 (Padgette S R et al. (1995) Crop 
Science 35(5):1451-1461). Sequences of EPSPS 
enzymes which are glyphosate-tolerant have been 
described (interalia in U.S. Pat. No. 5,510,471; U.S. Pat. 
No. 5,776,760; U.S. Pat. No. 5,864,425: U.S. Pat. No. 
5,633,435; U.S. Pat. No. 5,627:061; U.S. Pat. No. 5,463, 
175; EP 0 218 571). Further sequences are described 
under GenBank Acc. No: X63374 or M10947. 

0262 GlyphosatR)-degrading enzymes (goX gene; gly 
phosate oxidoreductase). GOX (for example Achromo 
bacter sp. glyphosate oxidoreductase) catalyzes the 
cleavage of a C-N bond in glyphosate which is thus 
converted to aminomethylphosphonic acid (AMPA) and 
glyoxylate. GOX can thereby impart a resistance to gly 
phosate (Padgette S R et al. (1996) J Nutr 126(3):702 
16; Shah D et al. (1986) Science 233:478-481). 

0263. The deh gene encodes a dehalogenase which 
inactivates Dalapon(R) (GenBank Acc. No.: AX022822, 
AX022820 and WO99/27116) 

0264. The bXn genes encode bromoxynil-degrading nit 
rilase enzymes (Genbank Acc. No: E01313 and J03196). 

0265 Neomycin phosphotransferases impart a resis 
tance to antibiotics (aminoglycosides) such as neomy 
cin, G418, hygromycin, paromomycin or kanamycin by 
reducing the inhibiting action of said antibiotics by 
means of a phosphorylation reaction. Particular prefer 
ence is given to the nptII gene. Sequences can be 
obtained from GenBank (AF080390; AF080389). 
Moreover, the gene is already part of numerous expres 
sion vectors and can be isolated therefrom using pro 
cesses familiar to the skilled worker (AF234316: 
AF234315; AF234314). The NPTII gene encodes an 
aminoglycoside 3'-O-phosphotransferase from E. coli, 
Tn5 (GenBank Acc. No: U00004 position 1401-2300: 
Becket al. (1982) Gene 19327-336). 

0266) The DOG1 gene was isolated from the yeast 
Saccharomyces cerevisiae (EP-A 0 807 836) and 
encodes a 2-deoxyglucose 6-phosphate phosphatase 
which imparts a resistance to 2-DOG (Randez-Gil et al. 
(1995) Yeast 11:1233-1240; Sanz et al. (1994) Yeast 
10:1195-1202, GenBankAcc. No.: NC001140; position 
194799-194056). 

0267 Acetolactate synthases which impart a resistance 
to imidazolinone/sulfonylurea herbicides (GenBank 
Acc. No.: X51514; Sathasivan Ket al. (1990) Nucleic 
Acids Res. 18(8):2188); AB049823; AF094326; 
X07645; X07644; A19547; A19546; A19545; 105376: 
105373; AL133315) 



US 2010/0192264 A1 

0268 Hygromycin phosphotransferases (e.g. GenBank 
Acc. No.: X74325) which impart a resistance to the 
antibiotic hygromycin. The gene is part of numerous 
expression vectors and may be isolated therefrom using 
processes familiar to the skilled worker (such as, for 
example, polymerase chain reaction) (GenBank Acc. 
No.: AF294981: AF234301: AF234300; AF234299; 
AF234298; AF354046; AF354045). 

0269 Genes of resistance to 
0270 a) Chloramphenicol (chloramphenicol acetyl 
transferase), 

0271 b) tetracycline (inter alia GenBank Acc. No.: 
X65876: X51366). Moreover, the gene is already part of 
numerous expression vectors and may be isolated there 
from using processes familiar to the skilled worker (Such 
as, for example, polymerase chain reaction) 

0272 Streptomycin (inter alia GenBank Acc. No.: 
AJ278607). 

0273 d) Zeocin, the corresponding resistance gene is 
part of numerous cloning vectors (e.g. GenBank Acc. 
No.: L36849) and may be isolated therefrom using pro 
cesses familiar to the skilled worker (such as, for 
example, polymerase chain reaction). 

0274 e) Ampicillin (B-lactamase gene; Datta N. Rich 
mond M H (1966) Biochem J 98(1):204-9: Heffron Fet 
all (1975) J. Bacteriol 122: 250-256: Bolivar F et al. 
(1977) Gene 2: 95-114). The sequence is part of numer 
ous cloning vectors and may be isolated therefrom using 
processes familiar to the skilled worker (such as, for 
example, polymerase chain reaction). 

0275 Genes such as isopentenyl transferase from Agro 
bacterium tumefaciens (strain: PO22) (Genbank Acc. No.: 
AB025 109) may also be used as selection markers. The ipt 
gene is a key enzyme of cytokinin biosynthesis. Its overex 
pression facilitates the regeneration of plants (e.g. selection 
on cytokinin-free medium). The process for utilizing the ipt 
gene has been described (Ebinuma Het al. (2000) Proc Natl 
AcadSci USA94:21.17-2121; Ebinuma Hetal. (2000) Selec 
tion of Marker-free transgenic plants using the oncogenes 
(ipt, rol A, B, C) of Agrobacterium as selectable markers. In 
Molecular Biology of Woody Plants. Kluwer Academic Pub 
lishers). 
0276 Various other positive selection markers which 
impart to the transformed plants a growth advantage over 
untransformed plants and also processes for their use are 
described, interalia, in EP-A 0601 092. Examples which may 
be mentioned are 3-glucuronidase (in connection with cyto 
kinin glucuronide, for example), mannose 6-phosphate 
isomerase (in connection with mannose), UDP-galactose 
4-epimerase (in connection with galactose, for example). 
0277 For a selection marker functional in plastids, par 

ticular preference is given to those which impart a resistance 
to spectinomycin, streptomycin, kanamycin, lincomycin, 
gentamycin, hygromycin, methotrexat, bleomycin, phleomy 
cin, blasticidin, Sulfonamide, phosphinothricin, chlorSulfu 
ron, bromoxymil, glyphosate, 2,4-datrazine, 4-methyltryp 
tophan, nitrate, S-aminoethyl-L-cysteine, lysine? threonine, 
aminoethyl-cysteine or betainealdehyde. Particular prefer 
ence is given to the genesaadA, nptII, BADH, FLARE-S (a 
fusion of aadA and GFP, described in Khan MS & Maliga P 
(1999) Nature Biotech 17:910-915). Especially suitable is the 
aadA gene (Svab Zand Maliga P (1993) Proc Natl Acad Sci 
USA 90:913–917). Modified 16S rDNA and also betaineal 
dehyde dehydrogenase (BADH) from spinach have also been 
described (Daniel H et al. (2001) Trends Plant Science 
6:237-239; Daniell Het al. (2001) Curr Genet 39:109-116; 
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WO 01/64023; WO 01/64024; WO 01/64850). Lethal agents 
Such as, for example, glyphosate may also be utilized in 
connection with correspondingly detoxifying or resistance 
enzymes (WO 01/81605). 
0278. The concentrations of the antibiotics, herbicides, 
biocides or toxins, which are used in each case for selection, 
must be adapted to the particular test conditions or organisms. 
Examples which may be mentioned for plants are kanamycin 
(Km) 50 mg/L, hygromycin B 40 mg/L, phosphinothricin 
(Ppt) 6 mg/L, spectinomycin (Spec) 500 mg/L. 
(0279 2. Reporter genes 
0280 Reporter genes code for readily quantifiable pro 
teins and thus ensure, via intrinsic color or enzyme activity, an 
evaluation of the transformation efficiency and of the location 
or time of expression. In this context, very particular prefer 
ence is given to genes coding for reporter proteins (see also 
Schenborn E, Groskreutz D (1999) Mol Biotechnol 13(1):29 
44) such as 

(0281 green fluorescence protein (GFP) (Chui W Letal. 
(1996) Curr Biol 6:325-330; Leffel S M et al. (1997) 
Biotechniques 23(5):912-8: Sheen et al. (1995) Plant J 
8(5):777-784; Haseloffetal. (1997) Proc Natl Acad Sci 
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) 

0282) chloramphenicol transferase 
(0283 luciferase (Millaretal. (1992) Plant Mol Biol Rep 

10:324-414: Ow et al. (1986) Science 234:856-859); 
allows bioluminescence detection 

0284 f-galactosidase (encodes an enzyme for which 
various chromogenic Substrates are available) 

0285 B-glucuronidase (GUS) (Jefferson et al. (1987) 
EMBO J 6: 3901-3907) or the uidA gene (encode 
enzymes for which various chromogenic Substrates are 
available) 

0286 R-locus gene product which regulates production 
of anthocyanin pigments (red color) in plant tissue and 
thus makes possible a direct analysis of the promoter 
activity without addition of additional auxiliary sub 
stances or chromogenic Substrates (Dellaporta et al. 
(1988) In: Chromosome Structure and Function: Impact 
of New Concepts, 18' Stadler Genetics Symposium, 
11:263-282) 

(0287 tyrosinase (Katz et al. (1983) J Gen Microbiol 
129:2703-2714), enzyme which oxidizes tyrosine to 
give DOPA and dopaquinone which consequently form 
the readily detectable melanine. 

0288 aequorin (Prasher et al. (1985) Biochem Biophys 
Res Commun 126(3):1259-1268), may be used in cal 
cium-sensitive bioluminescence detection. 

0289. 3. Origins of replication which ensure propagation 
of the expression cassettes or vectors of the invention, for 
example in E. coli. Examples which may be mentioned are 
ORI (origin of DNA replication), the pBR322 on or the P15A 
on (Sambrook et al.: Molecular Cloning. A Laboratory 
Manual. 2"ed. Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989). 
0290 4. Elements, for example border sequences, which 
enable agrobacteria-mediated transfer into plant cells for 
transfer and integration into the plant genome. Such as, for 
example, the right or left border of T-DNA or the vir region. 
0291 5. Multiple cloning regions (MCS) allow and facili 
tate the insertion of one or more nucleic acid sequences. 
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0292 Nucleic acid sequences (e.g. expression cassettes) 
may be introduced into a plant organism or cells, tissues, 
organs, parts or seeds thereof by advantageously using vec 
tors which contain said sequences. Vectors may be, by way of 
example, plasmids, cosmids, phages, viruses or else agrobac 
teria. The sequences may be inserted into the vector (prefer 
ably a plasmid vector) via Suitable restriction cleavage sites. 
The resulting vector may first be introduced into E. coli and 
amplified. Correctly transformed E. coli are selected, grown 
and the recombinant vector is obtained using methods famil 
iar to the skilled worker. Restriction analysis and sequencing 
may serve to check the cloning step. Preference is given to 
those vectors which make possible a stable integration into 
the host genome. 
0293. The preparation of a transformed organism (or a 
transformed cell or tissue) requires that the corresponding 
DNA (e.g. the transformation vector) or RNA is introduced 
into the corresponding host cell. For this process which is 
referred to as transformation (or transduction or transfection), 
a multiplicity of methods and vectors are available (Keown et 
al. (1990) Methods in Enzymology 185:527-537: Plant 
Molecular Biology and Biotechnology (CRC Press, Boca 
Raton, Fla.), Chapter 6/7, pp. 71-119 (1993); White F F 
(1993) Vectors for Gene Transfer in Higher Plants; in: Trans 
genic Plants, Vol. 1, Engineering and Utilization, Editors: 
Kung and Wu R, Academic Press, 15-38; Jenes Betal. (1993) 
Techniques for Gene Transfer, in: Transgenic Plants, Vol. 1, 
Engineering and Utilization, editors: Kung and R. Wu, Aca 
demic Press, pp. 128-143; Potrykus (1991) Annu Rev Plant 
Physiol Plant Molec Biol 42:205-225; Halford N G, Shewry 
PR (2000) Br Med Bull 56(1):62-73). 
0294 For example, the DNA or RNA may be introduced 
directly by microinjection (WO 92/09696, WO 94/00583, 
EP-A 0 331 083, EP-A 0175966) or by bombardment with 
DNA or RNA-coded microparticles (biolistic processes using 
the gene gun "particle bombardment”; U.S. Pat. No. 5,100, 
792; EP-A O 444 882; EP-A 0434 616; Fromm M. E et al. 
(1990) Bio/Technology 8(9):833-9; Gordon-Kamm et al. 
(1990) Plant Cell 2:603). The cell may also be permeabilized 
chemically, for example with polyethylene glycol, so as to 
enable the DNA to reach the cell by means of diffusion. The 
DNA may also take place by means of protoplast fusion to 
other DNA-containing units such as minicells, cells, lysos 
omes or liposomes (Freeman et al. (1984) Plant Cell Physiol. 
29:1353ff U.S. Pat. No. 4,536.475). Electroporation is 
another suitable method for introducing DNA, in which the 
cells are permeabilized reversibly by an electric impulse 
(EP-A 290 395, WO 87/06614). Further processes comprise 
the calciumphosphate-mediated transformation, DEAE-dex 
tran-mediated transformation, the incubation of dry embryos 
in DNA-containing solution or other methods of direct intro 
duction of DNA (DE 4005 152, WO 90/12096, U.S. Pat. No. 
4,684.611). Appropriate processes have been described (e.g. 
in Bilanget al. (1991) Gene 100:247-250; Scheidet al. (1991) 
Mol Gen Genet 228:104-112: Guerche et al. (1987) Plant 
Science 52:111-116; Neuhause et al. (1987) Theor Appl 
Genet 75:30-36; Klein et al. (1987) Nature 327:70-73: How 
ellet al. (1980) Science 208:1265; Horsch et al. (1985) Sci 
ence 227:1229-1231; DeBlocket al. (1989) Plant Physiology 
91:694-701; Methods for Plant Molecular Biology (Weiss 
bach and Weissbach, eds.) Academic Press Inc. (1988); and 
Methods in Plant Molecular Biology (Schuler and Zielinski, 
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eds.) Academic Press Inc. (1989)). Physical methods of intro 
ducing DNA into plant cells have been reviewed by Oard 
(1991) Biotech Adv 9:1-11. 
0295. In the case of these “direct’ transformation meth 
ods, no particular requirements are made on the plasmid used. 
It is possible to use simple plasmids such as those of the puC 
series, pBR322, M13mp series, p ACYC184 etc. 
0296 Besides these “direct transformation techniques, 
transformation may also be carried out by bacterial infection 
by means of Agrobacterium (e.g. EP 0 1 16718), viral infec 
tion by means of viral vectors (EP 0 067553: U.S. Pat. No. 
4,407,956; WO95/34668; WO 93/03161) or by means of 
pollen (EPO 270 356; WO 85/01856; U.S. Pat. No. 4,684, 
611). 
0297 Transformation is preferably carried out by means 
of agrobacteria which contain disarmed Ti-plasmid vectors, 
using the latters natural ability to transfer genes to plants 
(EP-AO 270355; EP-A 0 1 16718). Agrobacterium transfor 
mation is widespread for transforming dicotyledones, but is 
also increasingly applied to sequence edons (Toriyama et al. 
(1988) Bio/Technology 6: 1072-1074; Zhang et al. (1988) 
Plant Cell Rep 7:379-384; Zhang et al. (1988) Theor Appl 
Genet 76:835-840; Shimamoto et al. (1989) Nature 338:274 
276; Datta et al. (1990) Bio/Technology 8: 736-740; Christou 
et al. (1991) Bio/Technology 9:957-962: Peng et al. (1991) 
International Rice Research Institute, Manila, Philippines 
563-574; Cao et al. (1992) Plant Cell Rep 11:585-591; Liet 
al. (1993) Plant Cell Rep 12:250-255; Rathore et al. (1993) 
Plant Mol Biol 21:871-884; Fromm et al. (1990) Bio/Tech 
nology 8:833-839; Gordon-Kamm et al. (1990) Plant Cell 
2:603-618: DHalluin et al. (1992) Plant Cell 4: 1495-1505; 
Walters et al. (1992) Plant Mol Biol 18:189-200; Kozieletal. 
(1993) Biotechnology 11:194-200; Vasil I K (1994) Plant 
Mol Biol 25:925-937; Weeks et al. (1993) Plant Physiol 102: 
1077-1084: Somers et al. (1992) Bio/Technology 10:1589 
1594; WO92/14828; Hiei et al. (1994) Plant J 6:271-282). 
0298. The strains most often used for agrobacterial trans 
formation, Agrobacterium tumefaciens or Agrobacterium 
rhizogenes, contain a plasmid (Ti and Ri plasmids, respec 
tively), which is transferred to the plant after agrobacterial 
infection. Part of this plasmid, called T-DNA (transferred 
DNA), is integrated into the genome of the plant cell. Alter 
natively, Agrobacterium may also transfer binary vectors 
(mini Ti plasmids) to plants and integrate them into the 
genome of said plants. 
0299 The application of Agrobacterium tumefaciens to 
the transformation of plants, using tissue culture explants, has 
been described (inter alia, Horsch RB et al. (1985) Science 
225:1229ff: Fraley et al. (1983) Proc Natl AcadSci USA 80: 
4803-4807; Bevans et al. (1983) Nature 304:184-187). Many 
Agrobacterium tumefaciens strains are capable of transfer 
ring genetic material. Such as, for example, the strains 
EHA101 pEHA101, EHA105pEHA105), LBA4404 
pAL4404), C58C1pMP90 and C58C1 pGV2260 (Hood 
et al. (1993) Transgenic Res 2:208-218: Hoekema et al. 
(1983) Nature 303:179-181; Koncz and Schell (1986) Gen 
Genet 204:383-396; Deblaere et al. (1985) Nucl Acids Res 
13:4777-4788). 
0300 When using agrobacteria, the expression cassette 
must be integrated into special plasmids, either a shuttle or 
intermediate vector or a binary vector. When using a Tior Ri 
plasmid for transformation, then at least the right border, but 
usually the right and left borders of the Ti or Ri plasmid 
T-DNA are connected as a flanking region to the expression 
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cassette to be introduced. Preference is given to using binary 
vectors. Binary vectors may replicate both in E. coli and in 
agrobacteria and contain the components required for transfer 
into a plant system. They normally contain a selection marker 
gene for selection of transformed plants (e.g. the nptII gene 
which imparts a resistance to kanamycin) and a linker or 
polylinker flanked by the right and left T-DNA border 
sequences. They contain moreover, outside the T-DNA bor 
der sequence, also a selection marker which enables trans 
formed E. coli and/or agrobacteria to be selected (e.g. the 
nptIII gene which imparts a resistance to kanamycin). Corre 
sponding vectors may be transformed directly into Agrobac 
terium (Holsters et al. (1978) Mol Gen Genet 163:181-187). 
0301 Binary vectors are based, for example, on “broad 
host range’ plasmids such as pRK252 (Bevan et al. (1984) 
Nucl Acid Res 12,8711-8720) and pTJS75 (Watson et al. 
(1985) EMBOJ 4(2):277-284). A large group of the binary 
vectors used is derived from pBIN19 (Bevan et al. (1984) 
NuclAcid Res 12:8711-8720). Hajdukiewiczetal. developed 
a binary vector (pPZP) which is smaller and more efficient 
than the previously customary vectors (Hajdukiewicz et al. 
(1994) Plant Mol Biol 25:989-994). Improved and particu 
larly preferred binary vector systems for Agrobacterium-me 
diated transformation are described in WO 02/00900. 

0302) The agrobacteria transformed with a vector of this 
kind may then be used in the known manner for transforming 
plants, in particular crop plants such as, for example, oilseed 
rape, for example by bathing wounded leaves or leaf sections 
in an agrobacterial Solution and Subsequently culturing them 
in Suitable media. The transformation of plants by agrobac 
teria has been described (White FF, Vectors for Gene Transfer 
in Higher Plants; in Transgenic Plants, Vol. 1, Engineering 
and Utilization, edited by S. D. Kung and R. Wu, Academic 
Press, 1993, pp. 15-38; Jenes B et al. (1993) Techniques for 
Gene Transfer, in: Transgenic Plants, Vol. 1, Engineering and 
Utilization, edited by S. D. Kung and R. Wu, Academic Press, 
pp. 128-143; Potrykus (1991) Annu Rev Plant Physiol Plant 
Molec Biol 42:205-225). Transgenic plants may be regener 
ated in the known manner from the transformed cells of the 
wounded leaves or leaf sections. 
0303 Different explants, cell plants, tissues, organs, 
embryos, seeds, microspores or other unicellular or multicel 
lular cellular structures derived from a plant organism may be 
used for transformation. Transformation processes adjusted 
to the particular explants, cultures or tissues are known to the 
skilled worker. Examples which may be mentioned are: shoot 
internodes (Fry J et al. (1987) Plant Cell Rep. 6:321-325), 
hypocotyls (Radke S E et al. (1988) Theor Appl Genet 
75:685-694; Schröder Metal. (1994) Physiologia Plant 92: 
37–46; Stefanov Ietal. (1994)Plant Sci.95:175-186: Weieret 
al. (1997) Fett/Lipid 99:160-165), cotyledonous petioles 
(Meloney M Metal. (1989) Plant Cell Rep 8:238-242; Weier 
D et al. (1998) Molecular Breeding 4:39–46), microspores 
and proembryos (Pechnan (1989) Plant Cell Rep. 8:387-390) 
and flower stalks (Boulter M E et al. (1990) Plant Sci 70:91 
99; Guerche Petal. (1987) Mol Gen Genet 206:382–386). In 
the case of a direct gene transfer, mesophyll protoplasts 
(Chapel PJ & Glimelius K(1990) Plant Cell Rep 9:105-108; 
Golz et al. (1990) Plant Mol Biol 15:475-483) or else hypo 
cotyl protoplasts (Bergmann P & Glimelius K (1993) Physi 
ologia Plant 88:604-611) and microspores (Chen J L et al. 
(1994) Theor Appl Genet 88:187-192: Jonesvilleneuve E et 
al. (1995) Plant Cell Tissue and Organ Cult 40:97-100) and 
shoot sections (Seki Metal. (1991) Plant Mol Biol 17:259 
263) may be employed successfully. 
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0304 Stably transformed cells, i.e. those which contain 
the introduced DNA integrated into the DNA of the host cell, 
may be selected from untransformed cells by using the selec 
tion process of the invention. The plants obtained may be 
grown and crossed in the usual way. Preferably, two or more 
generations should be cultured in order to ensure that the 
genomic integration is stable and can be inherited. 
0305 As soon as a transformed plant cell has been pre 
pared, it is possible to obtain a complete plant by using 
processes known to the skilled worker. This involves, for 
example, starting from callus cultures, individual cells (e.g. 
protoplasts) or leaf disks (Vasil et al. (1984) Cell Culture and 
Somatic Cell Genetics of Plants, Vol I, II and III, Laboratory 
Procedures and Their Applications, Academic Press: Weiss 
bach and Weissbach (1989) Methods for Plant Molecular 
Biology, Academic Press). It is possible to induce from these 
still undifferentiated callus cell masses the formation of shoot 
and root in the known manner. The seedlings obtained may be 
planted out and grown. Appropriate processes have been 
described (Fennell et al. (1992) Plant Cell Rep. 11:567-570; 
Stoeger et al. (1995) Plant Cell Rep. 14:273-278; Jahne et al. 
(1994) Theor Appl Genet 89:525-533). 
0306 The efficacy of expressing the transgenically 
expressed nucleic acids may be determined, for example, in 
vitro by shoot-meristem propagation using any of the selec 
tion methods described above. Moreover, changes in the type 
and level of expression of a target gene and the effect on the 
phenotype of the plant may be tested in greenhouse experi 
ments using test plants. 
0307 The process of the invention is preferably used 
within the framework of plant biotechnology for generating 
plants having advantageous properties. The “nucleic acid 
sequence to be inserted into the genome of the plant cell or 
the plant organism preferably comprises at least one expres 
sion cassette, said expression cassette being able to express, 
under the control of a promoter functional in plant cells or 
plant organisms, an RNA and/or a protein which do not cause 
reduction of the expression, amount, activity and/or function 
of a marker protein but, particularly preferably, impart to the 
plant genetically altered in this way an advantageous pheno 
type. Numerous genes and proteins which may be used for 
achieving an advantageous phenotype, for example for the 
increase in quality of foodstuff or for producing particular 
chemicals orpharmaceuticals (Dunwell JM (2000) J Exp Bot 
51 Spec No. 487-96) are known to the skilled worker. 
0308 Thus it is possible to improve the suitability of the 
plants or the seeds thereof as foodstuff or feedstuff, for 
sequence by altering the compositions and/or the content of 
metabolites, in particular proteins, oils, vitamins and/or 
starch. It is also possible to increase the growth rate, yield or 
resistance to biotic or abiotic stress factors. Advantageous 
effects may be achieved both by transgenic expression of 
nucleic acids or proteins and by targeted reduction of the 
expression of endogenous genes, with respect to the pheno 
type of the transgenic plant. The advantageous effects which 
may be achieved in the transgenic plant comprise, for 
example: 

0309 increased resistance to pathogens (biotic stress) 
0310 increased resistance to environmental factors 
Such as heat, cold, frost, drought, UV light, oxidative 
stress, wetness, salt, etc. (abiotic stress) 

0311 increased yield 
0312 improved quality, for example increased nutri 
tional value, increased storability 



US 2010/0192264 A1 

0313. The invention further relates to the use of the trans 
genic plants prepared according to the process of the inven 
tion and of the cells, cell cultures, plants or propagation 
material such as seeds or fruits derived from said plants, for 
preparing foodstuff or feedstuff, pharmaceuticals or fine 
chemicals such as, for example, enzymes, vitamins, amino 
acids, Sugars, fatty acids, natural and synthetic flavorings, 
aroma Substances and colorants. Particular preference is 
given to the production of triacylglycerides, lipids, oils, fatty 
acids, starch, tocopherols and tocotrienols and also caro 
tenoids. Genetically modified plants of the invention, which 
may be consumed by humans and animals may also be used as 
foodstuff or feedstuff, for example, directly or after prepara 
tion known perse. 
0314. As already mentioned above, the process of the 
invention comprises in a particularly advantageous embodi 
ment, in a process step downstream of the selection, the 
deletion of the sequence coding for the marker protein (e.g. 
mediated by recombinase or as described in WO03/004659) 
or the elimination by crossing and/or segregation of said 
sequences. (It is obvious to the skilled worker that, for this 
purpose, the nucleic acid sequence integrated into the genome 
and the sequence coding for the marker protein should have a 
separate chromosomal locus in the transformed cells. This, 
however, is the case in the majority of the resulting plants, 
merely for reasons of statistics). This procedure is particu 
larly advantageous if the marker protein is a transgene which 
otherwise does not occur in the plant to be transformed. 
Although the resulting plant may still possibly contain the 
compound for reducing the expression, amount, activity and/ 
or function of the marker protein, said compound would have 
no longer any “counterpart in the form of said marker pro 
tein, and thus would have no effect. This is particularly the 
case if the marker protein is derived from a non-plant organ 
ism and/or is synthetic (for example the codA protein). It is, 
however, also possible to use plant marker proteins from other 
plant species, which otherwise do not occur in the cell to be 
transformed (i.e. if not introduced as transgene). Said marker 
proteins are referred to as “nonendogenous marker proteins 
within the scope of the present invention. 
0315. Very particularly advantageously, the compound for 
reducing the expression, amount, activity and/or function of 
the marker protein is an RNA. After deletion or elimination by 
crossing/segregation, the resulting transgenic plant would 
have no longer any unnecessary (and, if appropriate, undes 
ired) foreign protein. The sole foreign protein would be pos 
sibly the protein resulting from the nucleic acid sequence 
inserted into the genome. For reasons of product approval, 
this embodiment is particularly advantageous. As described 
above, said RNA may be an antisense RNA or, particularly 
preferably, a double-stranded RNA. It may be expressed 
separately from the RNA coding for the target protein but 
also, possibly, on the same Strand as the latter. 
0316. In summary, the particularly advantageous embodi 
ment comprises the following features: 
0317. A process for preparing transformed plant cells or 
organisms, which comprises the following steps: 

0318 a) transforming a population of plant cells which 
comprises at least one non-endogenous (preferably non 
plant) marker protein capable of converting directly or 
indirectly a Substance X which is nontoxic for said popu 
lation of plant cells into a substance Y which is toxic for 
said population, with at least one nucleic acid sequence 
to be inserted in combination with at least one nucleic 
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acid sequence coding for a ribonucleic acid sequence 
capable of reducing the expression, amount, activity 
and/or function of said marker protein, and 

0319 b) treating said population of plant cells with the 
Substance X at a concentration which causes a toxic 
effect for nontransformed cells, due to the conversion by 
the marker protein, and 

0320 c) selecting transformed plant cells (and/or popu 
lations of plant cells, such as plant tissues or plants) 
whose genome contains said nucleic acid sequence and 
which have a growth advantage over nontransformed 
cells, due to the action of said compound, from said 
population of plant cells, the selection being carried out 
under conditions under which the marker protein can 
exert its toxic effect on the nontransformed cells, and 

0321 d) regenerating fertile plants, and 
0322 e) eliminating by crossing the nucleic acid 
sequence coding for the marker protein and isolating 
fertile plants whose genome contains said nucleic acid 
sequence but does not contain any longer the sequence 
coding for the marker protein. 

0323 Sequences 
0324 SEQID NO: 1 Nucleic acid sequence coding for 
E. coli cytosine deaminase (codA) 

0325 SEQID NO: 2 amino acid sequence coding for E. 
coli cytosine deaminase (codA) 

0326 SEQID NO:3 Nucleic acid sequence coding for 
E. coli cytosine deaminase (codA), with modified start 
codon (GTG/ATG) for expression in eukaryotes 

0327 SEQID NO: 4 Amino acid sequence coding for E. 
coli cytosine deaminase (codA), with modified start 
codon (GTG/ATG) for expression in eukaryotes 

0328 SEQID NO: 5 Nucleic acid sequence coding for 
Streptomyces griseolus cytochrome P450-SU1 (suaC) 

0329 SEQID NO: 6 Amino acid sequence coding for 
Streptomyces griseolus cytochrome P450-SU1 (suaC) 

0330 SEQID NO: 7 Nucleic acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(tims2) 

0331 SEQID NO: 8 Amino acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(tims2) 

0332 SEQID NO:9 Nucleic acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(tims2) 

0333 SEQID NO: 10 Amino acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(tims2) 

0334 SEQID NO: 11 Nucleic acid sequence coding for 
Xanthobacter autotrophicus haloalkane dehalogenase 
(dhlA) 

0335) SEQID NO: 12 Amino acid sequence coding for 
Xanthobacter autotrophicus haloalkane dehalogenase 
(dhlA) 

0336 SEQID NO: 13 Nucleic acid sequence coding for 
Herpes simplex Virus 1 thymidine kinase 

0337 SEQID NO: 14 Amino acid sequence coding for 
Herpes simplex Virus 1 thymidine kinase 

0338 SEQID NO: 15 Nucleic acid sequence coding for 
Herpes simplex Virus 1 thymidine kinase 

0339 SEQID NO: 16 Amino acid sequence coding for 
Herpes simplex Virus 1 thymidine kinase 
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(0340 SEQID NO: 17 Nucleic acid sequence coding for 
Toxoplasma gondii hypoxanthine-Xanthine-guanine 
phosphoribosyltransferase 

0341 SEQID NO: 18 Amino acid sequence coding for 
Toxoplasma gondii hypoxanthine-Xanthine-guanine 
phosphoribosyltransferase 

(0342 SEQID NO: 19 Nucleic acid sequence coding for 
E. coli Xanthine-guanine phosphoribosyltransferase 

0343 SEQID NO: 20 Amino acid sequence coding for 
E. coli Xanthine-guanine phosphoribosyltransferase 

0344 SEQID NO: 21 Nucleic acid sequence coding for 
E. coli Xanthine-guanine phosphoribosyltransferase 

0345 SEQID NO: 22 Amino acid sequence coding for 
E. coli Xanthine-guanine phosphoribosyltransferase 

(0346 SEQID NO: 23 Nucleic acid sequence coding for 
E. coli purine nucleoside phosphorylase (deoD) 

(0347 SEQID NO: 24 Nucleic acid sequence coding for 
E. coli purine nucleoside phosphorylase (deoD) 

(0348 SEQID NO: 25 Nucleic acid sequence coding for 
Burkholderia Caryophylli phosphonate monoester 
hydrolase (pehA) 

0349 SEQID NO: 26 Amino acid sequence coding for 
Burkholderia Caryophylli phosphonate monoester 
hydrolase (pehA) 

0350 SEQID NO: 27 Nucleic acid sequence coding for 
Agrobacterium rhizogenes tryptophan oxygenase 
(aux1) 

0351 SEQID NO: 28 Amino acid sequence coding for 
Agrobacterium rhizogenes tryptophan oxygenase 
(aux1) 

0352 SEQID NO: 29 Nucleic acid sequence coding for 
Agrobacterium rhi-zogenes indoleacetamide hydrolase 
(aux2) 

0353 SEQID NO:30 Amino acid sequence coding for 
Agrobacterium rhizogenes indoleacetamide hydrolase 
(aux2) 

0354 SEQID NO:31 Nucleic acid sequence coding for 
Agrobacterium tumefaciens tryptophan oxygenase 
(aux1) 

0355 SEQID NO:32 Amino acid sequence coding for 
Agrobacterium tumefaciens tryptophan oxygenase 
(aux1) 

0356 SEQID NO:33 Nucleic acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(aux2) 

0357 SEQID NO:34 Amino acid sequence coding for 
Agrobacterium tumefaciens indoleacetamide hydrolase 
(aux2) 

0358 SEQID NO:35 Nucleic acid sequence coding for 
Agrobacterium vitis indoleacetamide hydrolase (aux2) 

0359 SEQID NO:36 Amino acid sequence coding for 
Agrobacterium vitis indoleacetamide hydrolase (aux2) 

0360 SEQID NO:37Nucleic acid sequence coding for 
Arabidopsis thaliana 5-methylthioribose kinase (mtrK) 

0361 SEQID NO:38 Amino acid sequence coding for 
Arabidopsis thaliana 5-methylthioribose kinase (mtrK) 

0362 SEQID NO:39Nucleic acid sequence coding for 
Klebsiella pneumoniae 5-methylthioribose kinase 
(mtrK) 

0363 SEQID NO: 40 Amino acid sequence coding for 
Klebsiella pneumoniae 5-methylthioribose kinase 
(mtrK) 

0364 SEQID NO: 41 Nucleic acid sequence coding for 
Arabidopsis thaliana alcohol dehydrogenase (adh) 
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0365 SEQID NO: 42 Amino acid sequence coding for 
Arabidopsis thaliana alcohol dehydrogenase (adh) 

0366 SEQID NO: 43 Nucleic acid sequence coding for 
Hordeum vulgare (barley) alcohol dehydrogenase (adh) 

0367 SEQID NO: 44 Amino acid sequence coding for 
Hordeum vulgare (barley) alcohol dehydrogenase (adh) 

0368 SEQID NO:45 Nucleic acid sequence coding for 
Oryza sativa (rice) alcohol dehydrogenase (adh) 

0369 SEQID NO: 46 Amino acid sequence coding for 
Oryza sativa (rice) alcohol dehydrogenase (adh) 

0370 SEQID NO: 47 Nucleic acid sequence coding for 
Zea mays (corn) alcohol dehydrogenase (adh) 

0371 SEQID NO: 48 Amino acid sequence coding for 
Zea mays (corn) alcohol dehydrogenase (adh) 

0372 SEQID NO: 49 Nucleic acid sequence coding for 
a sense RNA fragment of E. coli cytosine deaminase 
(codARNAi-sense) 

0373 SEQ ID NO: 50 Oligonucleotide primer 
codA5'HindIII 5'-AAGCTTGGCTAACAGTGTC 
GAATAACG-3' 

0374 SEQ ID NO: 51 Oligonucleotide primer 
codA3'Sal 5'-GTCGACGACAAAATCCCTTCCT 
GAGG-3' 

0375 SEQID NO:52 Nucleic acid sequence coding for 
an antisense RNA fragment of E. coli cytosine deami 
nase (codARNAi-anti) 

0376 SEQ ID NO: 53 Oligonucleotide primer 
codA5'EcoRI 5'-GAATTCGGCTAACAGTGTC 
GAATAACG-3' 

0377 SEQ ID NO: 54 Oligonucleotide primer 
codA3"BamHI 5'-GGATCCGACAAAATCCCTTCCT 
GAGG-3' 

0378 SEQ ID NO: 55 Vector construct pBluKS-nitP 
STLS1-35S-T 

0379 SEQID NO:56 Expression vector pSUN-1 
0380 SEQ ID NO: 57 Transgenic expression vector 
pSUN-1-codA-RNAi 

0381 SEQ ID NO: 58 Transgenic expression vector 
pSUN1-codA-RNAi-At-Act.-2-At. Als-R-ocsT 

0382 SEQID NO: 59Nucleic acid sequence coding for 
5-methylthioribose kinase (mtrK) from corn (Zea 
mays); fragment 

0383 SEQID NO: 60 Amino acid sequence coding for 
5-methylthioribose kinase (mtrK) from corn (Zea 
mays); fragment 

0384 SEQID NO: 61 Nucleic acid sequence coding for 
5-methylthioribose kinase (mtrK) from oilseed rape 
(Brassica napus), fragment 

0385) SEQID NO: 62 Amino acid sequence coding for 
5-methylthioribose kinase (mtrK) from oilseed rape 
(Brassica napus), fragment 

0386 SEQID NO: 63 Nucleic acid sequence coding for 
5-methylthioribose kinase (mtrK) from oilseed rape 
(Brassica napus), fragment 

0387 SEQID NO: 64 Amino acid sequence coding for 
5-methylthioribose kinase (mtrK) from oilseed rape 
(Brassica napus), fragment 

0388 SEQID NO: 65 Nucleic acid sequence coding for 
5-methylthioribose kinase (mtrK) from rice (Oryza 
Sativa), fragment 

0389 SEQID NO: 66 Amino acid sequence coding for 
5-methylthioribose kinase (mtrK) from rice (Oryza 
Sativa), fragment 
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0390 SEQID NO: 67 Nucleic acid sequence coding for 
5-methylthioribose kinase (mtrK) from soybean (Gly 
cine max), fragment 

0391 SEQID NO: 68 Amino acid sequence coding for 
5-methylthioribose kinase (mtrK) from soybean (Gly 
cine max), fragment 

0392 SEQ ID NO: 69 Oligonucleotide primer 
codA5'C-term 5'-CGTGAATACGGCGTGGAGTCG 
3' 

0393 SEQ ID NO: 70 Oligonucleotide primer 
codA3'C-term 5'-CGGCAGGATAATCAGGTTGG-3' 

0394 SEQID NO: 71 Oligonucleotide primer 35sT 5' 
primer 5'-GTCAACGTAACCAACCCTGC-3' 

BRIEF DESCRIPTION OF THE DRAWINGS 

0395 FIG. 1: Inactivation of the marker protein gene by 
means of introducing a recombinase 
0396 P: promoter 
0397 MP: Sequence coding for a marker protein 
0398. R1/R2: Recombinase recognition sequences 
0399 R: Recombinase or sequence coding for recombi 
aSC. 

0400. In a preferred embodiment, the marker protein gene 
is inactivated by introducing a sequence-specific recombi 
nase. Preference is given to its expressing the recombinase, as 
depicted here, starting from an expression cassette. 
04.01 The marker protein gene is flanked by recognition 
sequences for sequence-specific recombinases, with 
sequences of said marker protein gene being deleted by intro 
ducing said recombinase and thus said marker protein gene 
being inactivated. 
0402 FIG.2-A: Inactivation of the marker protein gene by 
the action of a sequence-specific nuclease 
0403 P: promoter 
0404 DS: Recognition sequence for targeted induction of 
04.05) DNA double-strand breaks 
04.06 MP-DS-MP': Sequence coding for a marker protein, 
comprising a DS 
0407 nDS: Inactivated DS 
04.08 E: Sequence-specific enzyme for targeted induction 
of DNA double-strand breaks 
04.09. The marker protein gene may be established by a 
targeted mutation or deletion in the marker protein gene, for 
example by sequence-specific induction of DNA double 
Strand breaks at a recognition sequence for targeted induction 
of DNA double-strand breaks in or close to the marker protein 
gene (P-MP). The double-strand break may occur in the cod 
ing region or else the noncoding (Such as, for example, the 
promoter) region, induces an illegitimate recombination 
(nonhomologous DNA-end joining) and thus, for example, a 
shift in the reading frame of said marker protein. 
0410 FIG.2-B: Inactivation of the marker protein gene by 
the action of a sequence-specific nuclease 
0411 P: promoter 
0412 DS: Recognition sequence for targeted induction of 
DNA double-strand breaks 
0413 MP: Sequence coding for a marker protein 
0414 nDS: Inactivated DS 
0415 E: Sequence-specific enzyme for targeted induction 
of DNA double-strand breaks 
0416) The marker protein gene may be established by a 
targeted deletion by sequence-specific induction of more than 
one sequence-specific DNA double-strand breakin or close to 
said marker protein gene. The double-strand breaks may 
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occur in the coding region or else the noncoding (Such as, for 
example, the promoter) region and induce a deletion in the 
marker protein gene. The marker protein gene is preferably 
flanked by DS sequences and is completely deleted by the 
action of enzyme E. 
0417 FIG. 3: Inactivation of the marker protein gene by 
inducing an intramolecular homologous recombination, due 
to the action of a sequence-specific nuclease 
0418 A/A': Sequences with a sufficient length and homol 
ogy to one another, in order to recombine with one another as 
a consequence of the induced double-strand break 
0419 P: promoter 
0420 DS: Recognition sequence for targeted induction of 
DNA double-strand breaks 
0421 MP: Sequence coding for a marker protein 
0422 E: Sequence-specific enzyme for targeted induction 
of DNA double-strand breaks 
0423. The marker protein gene may be inactivated by a 
deletion by means of intramolecular homologous recombina 
tion. Said homologous recombination may be initiated by 
sequence-specific induction of DNA double-strand breaks at 
a recognition sequence for targeted induction of DNA 
double-strand breaks in or close to the marker protein gene. 
The homologous recombination occurs between the 
sequences A and A which have a sufficient length and homol 
ogy to one another in order to recombine with one another as 
a consequence of the induced double-strand break. The 
recombination causes a deletion of essential sequences of the 
marker protein gene. 
0424 FIG. 4: Inactivation of the marker protein gene by 
intermolecular homologous recombination 
0425 A/A': Sequences with a sufficient length and homol 
ogy to one another in order to recombine with one another 
0426 B/B': Sequences with a sufficient length and homol 
ogy to one another in order to recombine with one another 
0427 P: promoter 
0428 I: nucleic acid sequence/gene of interest to be 
inserted 
0429 MP: Sequence coding for a marker protein 
0430. The marker protein gene (P-MP) may also be inac 
tivated by a targeted insertion into the marker protein gene, 
for example by means of intermolecular homologous recom 
bination. In this context, the region to be inserted is flanked on 
its 5' and 3' ends by nucleic acid sequences (A' and B", respec 
tively), which have a Sufficient length and homology to cor 
responding flanking sequences of the marker protein (A and 
B, respectively) in order to make possible a homologous 
recombination between A and A' and Band B'. The recombi 
nation causes a deletion of essential sequences of the marker 
protein gene. 
0431 FIG. 5: Inactivation of the marker protein gene by 
intermolecular homologous recombination due to the action 
of a sequence-specific nuclease 
0432 A/A': Sequences with a sufficient length and homol 
ogy to one another in order to recombine with one another 
0433 B/B': Sequences with a sufficient length and homol 
ogy to one another in order to recombine with one another 
0434 P: promoter 
0435 I: nucleic acid sequence/gene of interest to be 
inserted 
0436 MP: Sequence coding for a marker protein 
0437 DS: Recognition sequence for targeted induction of 
DNA double-strand breaks 
0438 E: Sequence-specific enzyme for targeted induction 
of DNA double-strand breaks 
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0439. The marker protein gene may also be inactivated by 
a targeted insertion into the marker protein gene, for example 
by means of intermolecular homologous recombination. The 
homologous recombination may be initiated by sequence 
specific induction of DNA double-strand breaks at a recog 
nition sequence for targeted induction of DNA double-strand 
breaks in or close to the marker protein gene. In this context, 
the region to be inserted is flanked at its 5' and 3' ends by 
nucleic acid sequences (A' and B', respectively) which have a 
Sufficient length and homology to corresponding flanking 
sequences of the marker protein gene (A and B, respectively) 
in order to make possible a homologous recombination 
between A and A' and B and B'. The recombination causes a 
deletion of essential sequences of the marker protein gene. 
0440 FIG. 6: Vector map for pBluKS-nitP-STLS1-35S-T 
(SEQ ID NO: 55) 
0441 NitP: promoter of the A. thaliana nitrilaseI gene 
(GenBank Acc. No.:Y07648.2, Hillebrand et al. (1996) Gene 
170: 197-200) 
0442. STLS-1 intron: intron of the potato ST-LS1 gene 
(Vancanneyt G F et al. (1990) Mol Gen Genet 220(2):245 
250). 
0443 35S-Term: Terminator of the 35S CaMV gene (cau 
liflower mosaic virus; Franck et al. (1980) Cell 21:285-294). 
0444 Cleavage sites of relevant restriction endonucleases 
are indicated with their particular cleavage position. 
0445 FIG. 7: Vector map for the transgenic expression 
vector pSUN-1-codA-RNAi (SEQID NO. 57) 
0446 NitP: promoter of the A. thaliana nitrilaseI gene 
(GenBank Acc. No.:Y07648.2, Hillebrand et al. (1996) Gene 
170: 197-200) 
0447 STLS-1 intron: intron of the potato ST-LS1 gene 
(Vancanneyt G F et al. (1990) Mol Gen Genet 220(2):245 
250). 
0448 35S-Term: Terminator of the 35S CaMV gene (cau 
liflower mosaic virus; Franck et al. (1980) Cell 21:285-294). 
0449 codA-sense: Nucleic acid sequence coding for a 
sense RNA fragment of E. coli cytosine deaminase (codAR 
NAi-sense: SEQID NO: 49) 
0450 codA-anti: Nucleic acid sequence coding for an 
antisense RNA fragment of E. coli cytosine deaminase (co 
dARNAi-anti; SEQID NO: 52) 
0451 LB/RB: Left and, respectively, right boundaries of 
Agrobacterium T-DNA 
0452 Cleavage sites of relevant restriction endonucleases 
are indicated with their particular cleavage position. Further 
elements represent customary elements of a binary Agrobac 
terium vector (aadA; ColE1; repA) 
0453 FIG. 8: Vector map for the transgenic expression 
vector pSUN1-codA-RNAi-At. Act.-2-At. Als-R-ocsT (SEQ 
ID NO. 58) 
0454. NitP: promoter of the A. thaliana nitrilaseI gene 
(GenBank Acc. No.:Y07648.2, Hillebrand et al. (1996) Gene 
170: 197-200) 
0455 STLS-1 intron: intron of the potato ST-LS1 gene 
(Vancanneyt G F et al. (1990) Mol Gen Genet 220(2):245 
250). 
0456) 35S-Term: Terminator of the 35S CaMV gene (cau 
liflower mosaic virus; Franck et al. (1980) Cell 21:285-294). 
0457 codA-sense: Nucleic acid sequence coding for a 
sense RNA fragment of E. coli cytosine deaminase (codAR 
NAi-sense: SEQID NO: 49) 
0458 codA-anti: Nucleic acid sequence coding for an 
antisense RNA fragment of E. coli cytosine deaminase (co 
dARNAi-anti; SEQID NO: 52) 
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0459 Left border/right border: Left and, respectively, 
right boundaries of Agrobacterium T-DNA 
0460 Cleavage sites of relevant restriction endonucleases 
are indicated with their particular cleavage position. Further 
elements represent customary elements of a binary Agrobac 
terium vector (aadA; ColE1; repA) 
0461 FIG. 9a-b: Sequence comparison of various 5-me 
thylthioribose (MTR) kinases from various organisms, in 
particular plant organisms. Sequences from Klebsiella pneu 
moniae (SEQID NO: 40), Clostridium tetani (SEQID NO: 
178), Arabidopsis thaliana (A. thaliana) (SEQ ID NO: 38), 
oilseed rape (Brassica napus) (SEQ ID NO: 64), soybean 
(Soy-1) (SEQID NO: 68), rice (Oryza sativa-1) (SEQID NO: 
66), corn (Zea mays) (SEQID NO: 60), and also the consen 
sus sequence (Consensus) (SEQ ID NO: 179) are shown. 
Homologous regions can be readily deduced from the con 
Sensus Sequence. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

General Methods 
0462. The chemical synthesis of oligonucleotides may be 
carried out, for example, in the known manner by using the 
phosphoamide method (Voet, Voet, 2" Edition, Wiley Press 
New York, pages 896-897). The cloning steps carried out 
within the scope of the present invention, such as, for 
example, restriction cleavages, agarose gel electrophoresis, 
purification of DNA fragments, transfer of nucleic acids to 
nitrocellulose and nylon membranes, linking of DNA frag 
ments, transformation of E. coli cells, cultivation of bacteria, 
propagation of phages and sequence analysis of recombinant 
DNA, are carried out as described in Sambrook et al. (1989) 
Cold Spring Harbor Laboratory Press: ISBN 0-87969-309-6. 
The sequencing of recombinant DNA molecules was carried 
out using a laser fluorescence DNA sequencer from ABI, 
according to the method of Sanger (Sanger et al. (1977) Proc 
Natl AcadSci USA 74:5463-5467). 

Example 1 
Preparation of codA Fragments 

0463 First, a truncated nucleic acid variant of the codA 
gene, modified by the addition of recognition sequences of 
the restriction enzymes HindIII and SalI, is prepared using the 
PCR technique. For this purpose, part of the codA gene 
(GeneBank Acc. No. 556903: SEQ ID NO: 1) is amplified 
from the E. coli source organism by means of the polymerase 
chain reaction (PCR) using a sense-specific primer 
(codA5'HindIII: SEQ ID NO: 50) and an antisense-specific 
primer (codA3'SalI: SEQID NO:51). 

codA5' HindIII: 
5'-AAGCTTGGCTAACAGTGTCGAATAACG-3 (SEO ID NO : 50) 

codA3 "Sal: 
5'-GTCGACGACAAAATCCCTTCCTGAGG-3 '' (SEO ID NO : 51) 

0464. The PCR was carried out in 50 ul reaction mixture 
which contained: 

0465. 2 ul (200 ng) of E. coli genomic DNA 
0466 0.2 mM dATP, dTTP, dGTP, dCTP 
0467. 1.5 mM Mg(OAc), 
0468 5ug of bovine serum albumin 
0469 40 pmol of “codA5'HindIII primer 
0470 40 pmol of “codA3'Sall’ primer 
0471) 15 ul of 3.3x rTth DNA Polymerase XLPuffer 
(PE Applied Biosystems) 

0472 5U of rTth DNA Polymerase XL (PE Applied 
Biosystems) 
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0473. The PCR is carried out under the following cycle 
conditions: 

0474 Step 1: 5 minutes 94° C. (denaturation) 
0475 Step 2: 3 seconds 94° C. 
0476 Step 3: 1 minute 60° C. (annealing) 
0477 Step 4: 2 minutes 72° C. (elongation) 
0478 30 repeats of steps 2 to 4 
0479. Step 5: 10 minutes 72° C. (post elongation) 
0480 Step 6: 4°C. (waiting loop) 

0481. The amplicon (codARNAi-sense: SEQID NO: 49) 
is cloned using standard methods into the PCR cloning vector 
pGEM-T (Promega). The identity of the amplicon generated 
is confirmed by sequencing using the M13F (-40) primer. 
0482 Another truncated fragment of the codA gene, 
modified by the addition of recognition sequences of the 
restriction enzymes EcoRI and BamHI, is amplified using a 
sense-specific primer (codA5'EcoRI:SEQID NO: 53) and an 
antisense-specific primer (codA3'BamHI; SEQID NO: 54). 

cocA5 EcoRI: 
5 - GAATTCGGCTAACAGTGTCGAATAACG-3 (SEO ID NO : 53) 

codA3 "BamHI: 
5 - GGATCCGACAAAATCCCTTCCTGAGG-3 

0483. The PCR was carried out in 50 ul reaction mixture 
which contained: 

(SEQ ID NO: 54) 

0484 2 ul (200 ng) of E. coligenomic DNA 
0485 0.2 mM dATP, dTTP, dGTP, dCTP 
0486 1.5 mM Mg(OAc), 
0487 5ug of bovine serum albumin 
0488) 40 pmol of “codA5'EcoRI primer 
0489 40 pmol of “codA3'BamHI” primer 
0490 15 ul of 3.3x rTth DNA Polymerase XLPuffer 
(PE Applied Biosystems) 

0491 5U of rTth DNA Polymerase XL (PE Applied 
Biosystems) 

0492. The PCR is carried out under the following cycle 
conditions: 

0493 Step 1: 5 minutes 94° C. (denaturation) 
0494 Step 2: 3 seconds 94° C. 
0495 Step 3: 1 minute 60° C. (annealing) 
0496 Step 4: 2 minutes 72°C. (elongation) 
0497 30 repeats of steps 2 to 4 
0498 Step 5: 10 minutes 72° C. (post elongation) 
0499 Step 6: 4°C. (waiting loop) 

(0500. The amplicon (codARNAi-anti; SEQID NO:52) is 
cloned using standard methods into the PCR cloning vector 
pGEM-T (Promega). The identity of the amplicon generated 
is confirmed by sequencing using the M13F (-40) primer. 

Example 2 
Preparation of the Transgenic Expression Vector for 

Expressing a codA Double-Stranded RNA 
0501. The codA fragments generated in example 1 are 
used for preparing a DNA construct Suitable for expressing a 
double-stranded codA RNA (pSUN-codA-RNAi). The con 
struct is suitable for reducing the steady-state RNA level of 
the codA gene in transgenic plants and, as a result therefrom, 
Suppressing codA gene expression by using the double-strand 
RNA interference (dsRNAi) technique. For this purpose, the 
codA RNAi cassette is first constructed in the plasmid 
pBluKS-nitP-STLS1-35S-T and then, in a further cloning 
step, completely transferred to the pSUN-1 plasmid. 
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0502. The vector pBluKS-nitP-STLS1-35S-T (SEQ ID 
NO: 55) is a derivative of pBluescript KS (Stratagene) and 
contains the promoter of the A. thaliana nitrilasel gene (Gen 
Bank Acc. No.: YO7648.2, nucleotides 2456 to 4340, Hill 
ebrand et al. (1996) Gene 170:197-200), the STLS-1 intron 
(Vancanneyt G F et al. (1990) Mol Gen Genet 220(2):245 
250), restriction cleavage sites flanking the intron on its 5' and 
3' sides and enabling DNA fragments to be inserted in a 
directed manner, and the terminator of the 35S CaMV gene 
(cauliflower mosaic virus; Franck et al. (1980) Cell 21:285 
294). Using these restriction cleavage sites (HindIII, SalI. 
EcoRI, BamHI), the fragments codARNAi-sense (SEQ ID 
NO: 49) and codARNAi-anti (SEQ ID NO. 52) are inserted 
into said vector, thereby producing the finished codA RNAi 
CaSSette. 

0503 For this purpose, the codA sense fragment (codAR 
NAi-sense SEQID NO:49) is first excised from the pGEM-T 
vector, using the enzymes HindIII and SalI, isolated and 
ligated into the pBluKS-nitP-STLS1-35S-T vector under 
standard conditions. This vector had previously been cleaved 
using the restriction enzymes HindIII and SalI. Correspond 
ingly positive clones are identified by analytical restriction 
digest and sequencing. 
(0504. The vector obtained (pBluKS-nitP-codAsense 
STLS1-35S-T) is digested using the restriction enzymes 
BamHI and EcoRI. The codA-anti fragment (codARNAi 
anti; SEQ ID NO: 52) is excised from the corresponding 
pGEM-T vector, using BamHI and EcoRI, isolated and 
ligated into the cut vector under standard conditions. Corre 
spondingly positive clones which contain the complete codA 
RNAi cassette (p31uKS-nitP-codAsense-STLS1-codAanti 
35S-T) are identified by analytical restriction digest and 
sequencing. 
0505. The codA-RNAi cassette is transferred into the 
pSUN-1 vector (SEQID NO:56) by using the SacI and KpnI 
restriction cleavage sites flanking the cassette. The resulting 
vector pSUN1-codA-RNAi (see FIG. 7: SEQID NO. 57) is 
used for transforming transgenic A. thaliana plants which 
express an active codA gene (see below). The plant expres 
sion vector pSUN-1 is particularly suitable within the scope 
of the process of the invention, since it does not contain any 
other positive selection marker. 
(0506. The resulting vector, pSUN1-codA-RNAi, enables 
an artificial codA-dsRNA variant consisting of two identical 
nucleic acid elements which are separated by an intron and 
inverted to one another to be constitutively expressed. Tran 
scription of this artificial codA-dsRNA variant results in the 
formation of a double-stranded RNA molecule, owing to the 
complementarity of the inverted nucleic acid elements. The 
presence of this molecule induces the Suppression of codA 
gene expression (accummulation of RNA) by means of 
double-strand RNA interference. 

Example 4 

Preparation of Transgenic Arabidopsis thaliana 
Plants 

0507 Transgenic Arabidopsis thaliana plants which 
express transgenically the E. coli codA gene as a marker 
protein (A. thaliana-codA), were prepared as described 
(Kirik et al. (2000) EMBOJ 19(20):5562-6). 
0508. The A. thaliana-codA plants are transformed with 
an Agrobacterium tumefaciens strain (GV3101 pMP90) on 
the basis of a modified vacuum infiltration method (Clough S 
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& Bent A (1998) Plant J 16(6):735-43; Bechtold N et al. 
(1993) CR Acad Sci Paris 1144(2):204-212). The Agrobac 
terium tumefaciens cells used have previously been trans 
formed with the DNA construct described (pSUN1-codA 
RNAi). In this way, double transgenic A. thaliana-codA 
plants are generated which express an artificial codA double 
stranded RNA under the control of the constitutive nitrilase 
promoter. Expression of the codA gene is suppressed as a 
consequence of the dsRNAi effect induced by the presence of 
this artificial codA-dsRNA. Said double transgenic plants 
may be identified owing to their regained ability to grow in the 
presence of 5-fluorocytosine in the culture medium. 
0509. Seeds of primary transformants are selected on the 
basis of the regained ability to grow in the presence of 5-fluo 
rocytosine. For this purpose, the T1 seeds of the primary 
transformants are laid out on selection medium containing 
200 ug/ml 5-fluorocytosine. These selection plates are incu 
bated under long-day conditions (16 h of light, 21°C./8 h of 
darkness, 18°C.). Seedlings which develop normally in the 
presence of 5-fluorocytosine are separated after 7 days and 
transferred to new selection plates. These plates are incubated 
for another 14 under unchanged conditions. The resistant 
seedlings are then transplanted into Soil and cultured under 
short-day conditions (8h of light, 21°C./16 h of darkness, 18° 
C.). After 14 days, the young plants are transferred to the 
greenhouse and cultured under short-day conditions. 

Example 5 

Preparation of a Plant Transformation Vector Con 
taining an Expression Cassette for Expressing a 

Double-Stranded codA RNA and a Plant Selection 
Marker 

0510) A plant selection marker consisting of a mutated 
variant of the A. thaliana Als gene, coding for the acetolactate 
synthase under the control of the promoter of the A. thaliana 
actin-2 gene (Meagher R B & Williamson RE (1994) The 
plant cytoskeleton. 
In The Plant Cytoskeleton (Meyerowitz, E. & Somerville, C., 
eds), pp. 1049-1084. Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y.), and the octopine synthase termi 
nator (GIELENJet al. (1984) EMBOJ3:835-846) is inserted 
into pSUN1-codA-RNAi (see FIG. 7: SEQ ID NO:57) (At. 
Act.-2-At. Als-R-ocsT). 
0511 For this purpose, the pSUN1-codA-RNAi vector is 

first linearized using the restriction enzyme Pvu II. Subse 
quently, a linear DNA fragment with blunt ends, coding for a 
mutated variant of the acetolactate synthase (Als-R gene), is 
ligated into said linearized vector under standard conditions. 
Prior to ligation, this DNA fragment has been digested with 
the restriction enzyme Kpnl and the protruding ends have 
been converted into blunt ends by treatment with Pwo DNA 
polymerase (Roche) according to the manufacturer's instruc 
tions. This mutated variant of the A. thaliana Als gene cannot 
be inhibited by herbicides of the imidazolinone type. By 
expressing this mutated A.tAls-R gene, the plants obtain the 
ability to grow in the presence of the herbicide PursuitTM. 
Correspondingly positive clones (pSUN1-codA-RNAi-At. 
Act.-2-At-Als-R-ocsT: SEQ ID NO: 57) are identified by 
analytical restriction digest and sequencing. 
0512. The vector obtained enables an artificial codA RNA 
variant (consisting of two identical nucleic acid elements 
which are separated by an intron and inverted to one another) 
and a mutated variant of the A. thaliana Als gene to be 
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expressed constitutively. Transcription of this artificial codA 
RNA variant results in the formation of a double-stranded 
RNA molecule, owing to the complementarity of the inverted 
nucleic acid elements. The presence of this molecule induces 
the Suppression of codA gene expression (accummulation of 
RNA) by means of double-strand RNA interference. Expres 
sion of the Als-R gene imparts to the plants the ability to grow 
in the presence of herbicides of the imidazolinone type. 

Example 6 

Preparation of Transgenic Arabidopsis thaliana 
Plants 

0513 Transgenic Arabidopsis thaliana plants expressing 
the E. coli codA gene as a marker protein (A. thaliana 
codA) were prepared as described (Kirik et al. (2000) 
EMBOJ 19(20):5562-6). 
0514. The A. thaliana-codA plants are transformed with 
an Agrobacterium tumefaciens strain (GV3101 pMP90) on 
the basis of a modified vacuum infiltration method (Clough S 
& Bent A (1998) Plant J 16(6):735-43; Bechtold N et al. 
(1993) CR AcadSci Paris 1144(2):204-212). The Agrobac 
terium tumefaciens cells used have previously been trans 
formed with the DNA construct described (pSUN1-codA 
RNAi-At-Act.-2-At.Als-R-ocsT: SEQ ID NO: 57). In this 
way, double transgenic A. thaliana-codA plants are gener 
ated which additionally express an artificial codA double 
stranded RNA and a herbicide-insensitive variant of the Als 
gene (Als-R) under the control of the constitutive nitrilase 
promoter (A. thaliana-codA-codA-RNAi-At-Act.-2-At. 
Als-R-ocsTI). Expression of the codA gene is Suppressed as 
a consequence of the dsRNAi effect induced by the presence 
of this artificial codA-dsRNA. These double transgenic plants 
may be identified owing to their regained ability to grow in the 
presence of 5-fluorocytosine in the culture medium. In addi 
tion, positively transformed plants can be selected owing to 
their ability to grow in the presence of the herbicide Pursuit in 
the culture medium. 
0515 For the purpose of selection, the T1 seeds of primary 
transformants are therefore laid out on selection medium 
containing 100 ug/ml 5-fluorocytosine. These selection plates 
are incubated under long-day conditions (16 h of light, 21 
C./8 h of darkness, 18°C.). Seedlings which develop nor 
mally in the presence of 5-fluorocytosine are separated after 
28 days and transferred to new selection plates. These plates 
are incubated for another 14 days under unchanged condi 
tions. The resistant seedlings are then transplanted into Soil 
and cultured under short-day conditions (8 h of light, 21 
C./16 hof darkness, 18°C.). After a further 14 days, the young 
plants are transferred to the greenhouse and cultured under 
short-day conditions. 
0516. In addition, seeds of the primary transformants, 
owing to their ability to grow in the presence of the herbicide 
PursuitTM, may be selected. It is furthermore possible to carry 
out dual selection using the herbicide PursuitTM and 5-fluo 
rocytosine. For this purpose, the T1 seeds of primary trans 
formants are laid out on selection medium containing the 
herbicide PursuitTM at a concentration of 100 nM (in the case 
of dual selection, 100 g/ml 5-fluorocytosine is likewise 
present). These selection plates are incubated under long-day 
conditions (16 h of light, 21°C./8 h of darkness, 18°C.) 
0517 Seedlings which develop normally in the presence 
of PursuitTM (PursuitTM and 5-fluorocytosine) are separated 
after 28 days and transferred to new selection plates. These 
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plates are incubated under unchanged conditions for another 
14 days. The resistant seedlings are then transplanted into Soil 
and cultured under short-day conditions (8 h of light, 21 
C./16 h of darkness, 18°C.). After 14 days, the young plants 
are transferred to the greenhouse and cultured under short 
day conditions. 

Example 7 
Analysis of the Double Transgenic A. thaliana Plants 
Selected using 5-fluorocytosine and/or Pursuit (A. 
thaliana-codA-codA-RNAi-At-Act.-2-At. Als-R- 

ocsTI) 
0518 Integration of the T-DNA region of the vector used 
for transformation, pSUN1-codA-RNAi-A.tAls-R, into the 
genomic DNA of the starting plant (A. thaliana-codA) and 
the loss of codA-specific mRNA in these transgenic plants (A. 
thaliana-codA-codA-RNAi-At-Act.-2-At. Als-R-ocsTI) 
can be detected by applying Southern analyses and PCR 
techniques or Northern analyses. 
0519 In order to carry out said analyses, total RNA and 
DNA are isolated from leaf tissue of the transgenic plants and 
suitable controls (using the RNeasy Maxi Kit (RNA) and 
Dneasy Plant Maxi Kit (genomic DNA), respectively, accord 
ing to the manufacturer's information by Qiagen). 
In the PCR analyses, the genomic DNA may be used directly 
as a basis (template) for the PCR. Total RNA is transcribed to 
cDNA prior to the PCR. The cDNA synthesis is carried out 
using the reverse transcriptase SuperScript II (Invitrogen) 
according to the manufacturers information. 

Example 8 

Detection of the Reduction in the Steady-State 
Amount of codA RNA in the Positively Selected 
Double Transgenic Plants (A. thaliana codA 

codA-RNAi-At. Act.-2-At-Als-R-ocsTI) in Compari 
son with the Starting Plants (A. thaliana codA) 
used for Transformation, by Means of cDNA Syn 

thesis with Subsequent PCR Amplification 
0520 PCR amplification of the codA-specific cDNA: The 
cDNA of the codA gene (ACCESSION S56903) may be 
amplified using a sense-specific primer (codA5'C-term SEQ 
ID NO: 69) and an antisense-specific primer (codA3' C-term 
SEQ ID NO: 70). The PCR conditions to be chosen are as 
follows: 
The PCR was carried out in 50 ul reaction mixture which 
contained: 

0521. 2 ul (200ng) of cDNA from A. thaliana-codA or 
A. thaliana codA-codA-RNAi-At. Act.-2-At.Als-R- 
ocsT plants 

0522 0.2 mM dATP, dTTP, dGTP, dCTP 
0523 1.5 mM Mg(OAc), 
0524 5ug of bovine serum albumin 
0525 40 pmol of codA5'C-term SEQID NO: 69 
0526 40 pmol of codA3'C-term SEQID NO: 70 
0527 15 ul of 3.3x rTth DNA Polymerase XLPuffer 
(PE Applied Biosystems) 

0528 5U of rTth DNA Polymerase XL (PE Applied 
Biosystems) 

0529. The PCR was carried out under the following cycle 
conditions: 
0530 Step 1: 5 minutes 94° C. (denaturation) 
0531 Step 2: 3 seconds 94° C. 
0532 Step 3: 1 minute 56°C. (annealing) 
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0533 Step 4: 2 minutes 72° C. (elongation) 
0534 30 repeats of steps 2 to 4 
0535 Step 5: 10 minutes 72° C. (post elongation) 
0536 Step 6: 4°C. (waiting loop) 
0537. In the positively selected plants, the steady-state 
amount of the mRNA of the codA gene and the amount of 
CODA protein resulting therefrom is reduced so much that a 
quantitative conversion of 5-fluorocytosine to 5-fluorouracil 
can no longer occur. Consequently, these plants (in contrast to 
the untransformed plants) can grow in the presence of 5-fluo 
rocytosine. Thus it is demonstrated that transgenic plants can 
be identified owing to the applied principle of preventing 
expression of a negative selection marker. 

Example 9 

Detection of the DNA Coding for codA-RNAi by 
using Genomic DNA of the Positively Selected 
Double Transgenic Plants (A. thaliana codA 

codA-RNAi-At-Act.-2-At. Als-R-ocsTI) 

0538. The codA-RNAi transgene may be amplified using 
a codA-specific primer (e.g. codA5'HindIII SEQID NO: 50) 
and a 35S terminator-specific primer (35sT5' Primer SEQID 
NO: 71). Using this primer combination, it is possible to 
detect specifically only the DNA coding for the codA RNAi 
construct, since the codA gene which was already present in 
the starting plants (A. thaliana codA) used for transforma 
tion is flanked by the nos terminator. 
0539. The PCR conditions to be chosen areas follows: The 
PCR was carried out in a 50 ul reaction mixture which con 
tains: 

0540 
thaliana 
ocsT plants 

2 ul (200 ng) of genomic DNA from the A. 
codA-codA-RNAi-At. Act.-2-At. Als-R- 

0541 0.2 mM dATP, dTTP, dGTP, dCTP 
(0542 1.5 mM Mg(OAc), 
0543 5ug of bovine serum albumin 
0544 40 pmol of codA-specific sense primer (SEQ ID 
NO:50, 53 or 69) 

0545 40 pmol of 35sT5' primer SEQID NO: 71 
(0546) 15 ul of 3.3x rTth DNA Polymerase XLPuffer 
(PE Applied Biosystems) 

(0547 5U of rTth DNA Polymerase XL (PE Applied 
Biosystems) 

0548. The PCR was carried out under the following cycle 
conditions: 

(0549 Step 1: 5 minutes 94° C. (denaturation) 
0550 Step 2: 3 seconds 94° C. 
0551 Step 3: 1 minute 56°C. (annealing) 
0552 Step 4: 2 minutes 72° C. (elongation) 
0553 30 repeats of steps 2 to 4 
0554 Step 5: 10 minutes 72° C. (post elongation) 
0555 Step 6: 4°C. (waiting loop) 
0556. In this way, it is possible to detect in the positively 
selected plants integration of the codA-RNAi DNA construct 
into the chromosomal DNA of the starting plants used for 
transformation. Thus it is demonstrated that transgenic plants 
can be identified owing to the applied principle of preventing 
expression of a negative selection marker. 
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Example 10 

Detection of the Reduction in the Steady-State 
Amount of codA RNA in the Positively Selected 
Double Transgenic Plants (A. thaliana codA 

codA-RNAi-At. Act.-2-At-Als-R-ocsTI) in Compari 
son with the Starting Plants (A. thaliana codA) 
used for Transformation, by Northern Analysis 

Gel-Electrophoretic RNA Fractionation: 
0557. For each RNA agarose gel, 3 g of agar are dissolved 
in 150 ml of HO (fc. 1.5% (w/v)) in a microwave oven and 
cooled to 60° C. The addition of 20 ml of 10x MEN (0.2 M 
MOPS, 50 mM sodium acetate, 10 mM EDTA) and 30 ml of 
formaldehyde (f.c. 2.2 M) causes further cooling so that the 
well-mixed solution must be poured speedily. Formaldehyde 
prevents the formation of secondary structures in the RNA, 
and therefore the rate of migration is approximately propor 
tional to the molecular weight (LEHRBACH H et al. (1977) 
Biochem J 16:4743-4751). The RNA samples are denatured, 
prior to application to the gel, in the following mixture: 20 ul 
of RNA (1-2 g/ul), 5ul of 10x MEN buffer, 6 ul of formal 
dehyde, 20 ul of formamide. 
0558. The mixture is mixed and incubated at 65° C. for 10 
minutes. /10 volume of sample buffer and 1 ul of ethidium 
bromide (10 mg/ml) are added and the sample is then applied. 
Gel electrophoresis is carried out in horizontal gels in 1X 
MEN at 120 V for two to three hours. After electrophoresis, 
the gel is photographed under UV light with the aid of a ruler 
for Subsequent determination of the fragment length. This is 
followed by blotting the RNA to a nylon membrane according 
to the information in: SAMBROOK J et al. Molecular clon 
ing: A laboratory manual. Cold Spring Harbor, N.Y., Cold 
Spring Harbor Laboratory Press, 1989. 

Radioactive Labeling of DNA Fragments and Northern 
Hybridization 

0559 The codA cDNA fragment (codARNAi-sense SEQ 
ID No. 49) can be labeled using, for example, the High Prime 
kit sold by Roche Diagnostics. The High Prime kit is based on 
the “random primed method for DNA labeling originally 
described by Feinberg and Vogelstein. Labeling is carried out 
by denaturing approx. 25 ng of DNA in 9-11 ul of HO at 95° 
C. for 10 min. After a short incubation on ice, 4 ul of High 
Prime solution (contains a random primer mixture, 4 units of 
Klenow polymerase and 0.125 mM dATP, dTTP and dGTP 
each in a reaction buffer containing 50% glycerol) and 3-5ul 
of C32PdCTP (30-50 uCi) are added. The reaction mixture 
is incubated at 37° C. for at least 10 min and the unincorpo 
rated dCTP is then separated from the now radiolabeled DNA 
by means of gel filtration via a Sephadex G-50 column. The 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 179 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1284 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
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fragment is subsequently denatured at 95°C. for 10 min and 
kept on ice until used. The following hybridization and pre 
incubation buffers are used: 
0560 Hypo Hybond 
0561 250 mM sodium phosphate buffer pH 7.2 
0562. 1 mM EDTA 
0563) 7% SDS (g/v) 
0564. 250 mM. NaCl 
0565. 10 g/ml ssDNA 
0566 5% polyethylene glycol (PEG) 6000 
0567 40% formamide 
0568. The hybridization temperature when using Hypo 
Hybond is 42°C. and the duration of hybridization is 16-24 h. 
The RNA filters are washed using three different solutions: 
2xSSC (300 mM NaCl; 30 mM sodium citrate)+0.1% SDS, 
1XSSC+0.1% SDS and 0.1XSSC+0.1% SDS. The duration 
and intensity of washing depend on the strength of the activity 
bond. After washing, the filters are sealed in plastic foil and an 
X-ray film (X-OMat, Kodak) is exposed overnight at -70° C. 
The signal strength on the X-ray films is a measure of the 
amount of codA mRNA molecules in the total RNA bound on 
the membranes. Thus it is possible to detect the reduction in 
codA mRNA in the positively selected plants compared to the 
starting plants used for transformation. 
0569. In the positively selected plants, the steady-state 
amount of the mRNA of the codA gene and the amount of 
CODA protein produced resulting therefrom is reduced so 
much that a quantitative conversion of 5-fluorocytosine to 
5-fluorouracil can no longer occur. Consequently, these 
plants (in contrast to the untransformed plants) can grow in 
the presence of 5-fluorocytosine. Thus it is demonstrated that 
transgenic plants can be identified owing to the applied prin 
ciple of preventing expression of a negative selection marker. 

Example 11 
Summary of the Results of “Negative-Negative' 

Selection 

0570 Transformation of the codA-transgenic Arabidopsis 
plants with the codA-dsRNA construct (pSUN1-codA 
RNAi-At-Act.-2-At.Als-R-ocsT: SEQID NO:57) results in a 
significantly increased number of double transgenic plants 
into whose genome the RNAi construct has been successfully 
integrated, in the case of both single selection (with 5-fluo 
rocytosine alone) and dual selection (PursuitTM and 5-fluoro 
cytosine) (in each case in comparison with untransformed 
plants). The analysis by means of PCR (see above) confirms 
the double transgenic state for the majority of the plants 
generated in this way. This successfully demonstrates the 
practicability of the present invention, i.e. the usability of 
repression of a negative marker for positive selection (more or 
less a “negative-negative' selection). 
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acg tat coa aaa cit cqc ggc at C acg cgc gtt aaa gag atg ctg gag 912 
Thir Tyr Pro Lys Arg Arg Gly Ile Thr Arg Val Lys Glu Met Lieu. Glu 

29 O 295 3 OO 

tcc ggc att aac gtc. tc titt ggit cac gat gat gtc. ttic gat cog tig 96.O 
Ser Gly Ile Asin Val Cys Phe Gly His Asp Asp Val Phe Asp Pro Trp 
3. OS 310 315 32O 

tat cog Ctg gga acg gcg aat atg Ctg caa gtg Ctg cat atgggg Ctg OO8 
Tyr Pro Leu Gly Thr Ala Asn Met Leu Glin Val Lieu. His Met Gly Lieu. 

3.25 330 335 

Cat gtt to cag titg atg ggc tac ggg cag att aac gat ggc ctgaat O56 
His Val Cys Glin Lieu Met Gly Tyr Gly Glin Ile Asn Asp Gly Lieu. Asn 

34 O 345 35. O 

tta at C acc cac cac agc gca agg acg ttgaat ttg cag gat tac ggc 104 
Lieu. Ile Thr His His Ser Ala Arg Thr Lieu. Asn Lieu. Glin Asp Tyr Gly 

355 360 365 

att gcc gcc gga aac agc gcc aac Ctg att atc Ctg cc.g. gct gala aat 152 
Ile Ala Ala Gly Asn. Ser Ala Asn Lieu. Ile Ile Lieu Pro Ala Glu Asn 

37 O 375 38O 

ggg titt gat gcg ctg. c9c cgt cag gtt CC9 gta C9 t t at tcg gta C9t 2OO 
Gly Phe Asp Ala Lieu. Arg Arg Glin Val Pro Val Arg Tyr Ser Val Arg 
385 390 395 4 OO 

ggc ggc aag gtg att gcc agc aca caa ccg gca caa acc acc gta tat 248 
Gly Gly Llys Val Ile Ala Ser Thr Glin Pro Ala Glin Thr Thr Val Tyr 

4 OS 41O 415 

Ctg gag cag cca gaa gCC atc gat tac aaa cqt tda 284 
Lieu. Glu Gln Pro Glu Ala Ile Asp Tyr Lys Arg 

42O 425 

<210s, SEQ ID NO 2 
&211s LENGTH: 427 
212. TYPE: PRT 

<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 2 

Val Ser Asn. Asn Ala Lieu. Glin Thir Ile Ile Asn Ala Arg Lieu Pro Gly 
1. 5 1O 15 

Glu Glu Gly Lieu. Trp Glin Ile His Lieu. Glin Asp Gly Lys Ile Ser Ala 
2O 25 3O 

Ile Asp Ala Glin Ser Gly Val Met Pro Ile Thr Glu Asn. Ser Lieu. Asp 
35 4 O 45 

Ala Glu Gln Gly Lieu Val Ile Pro Pro Phe Val Glu Pro His Ile His 
SO 55 6 O 

Lieu. Asp Thir Thr Glin Thr Ala Gly Glin Pro Asn Trp Asn Glin Ser Gly 
65 70 7s 8O 

Thir Lieu. Phe Glu Gly Ile Glu Arg Trp Ala Glu Arg Lys Ala Lieu. Lieu. 
85 90 95 

Thir His Asp Asp Wall Lys Glin Arg Ala Trp Glin Thr Lieu Lys Trp Glin 
1OO 105 11 O 

Ile Ala Asn Gly Ile Glin His Val Arg Thr His Val Asp Wal Ser Asp 
115 12 O 125 

Ala Thr Lieu. Thir Ala Lieu Lys Ala Met Lieu. Glu Wall Lys Glin Glu Val 
13 O 135 14 O 

Ala Pro Trp Ile Asp Lieu. Glin Ile Val Ala Phe Pro Glin Glu Gly Ile 
145 150 155 160 

Lieu. Ser Tyr Pro Asn Gly Glu Ala Lieu. Lieu. Glu Glu Ala Lieu. Arg Lieu. 



US 2010/0192264 A1 Jul. 29, 2010 
35 

- Continued 

1.65 17O 17s 

Gly Ala Asp Val Val Gly Ala Ile Pro His Phe Glu Phe Thr Arg Glu 
18O 185 19 O 

Tyr Gly Val Glu Ser Lieu. His Llys Thr Phe Ala Lieu Ala Glin Llys Tyr 
195 2OO 2O5 

Asp Arg Lieu. Ile Asp Wal His Cys Asp Glu Ile Asp Asp Glu Glin Ser 
21 O 215 22O 

Arg Phe Val Glu Thr Val Ala Ala Lieu Ala His His Glu Gly Met Gly 
225 23 O 235 24 O 

Ala Arg Val Thr Ala Ser His Thr Thr Ala Met His Ser Tyr Asn Gly 
245 250 255 

Ala Tyr Thir Ser Arg Lieu. Phe Arg Lieu. Lieu Lys Met Ser Gly Ile Asn 
26 O 265 27 O 

Phe Val Ala Asn. Pro Lieu Val Asn. Ile His Lieu. Glin Gly Arg Phe Asp 
27s 28O 285 

Thir Tyr Pro Lys Arg Arg Gly Ile Thr Arg Val Lys Glu Met Lieu. Glu 
29 O 295 3 OO 

Ser Gly Ile Asin Val Cys Phe Gly His Asp Asp Val Phe Asp Pro Trp 
3. OS 310 315 32O 

Tyr Pro Leu Gly Thr Ala Asn Met Leu Glin Val Lieu. His Met Gly Lieu. 
3.25 330 335 

His Val Cys Gln Lieu Met Gly Tyr Gly Glin Ile ASn Asp Gly Lieu. ASn 
34 O 345 35. O 

Lieu. Ile Thr His His Ser Ala Arg Thr Lieu. Asn Lieu. Glin Asp Tyr Gly 
355 360 365 

Ile Ala Ala Gly Asn. Ser Ala Asn Lieu. Ile Ile Lieu Pro Ala Glu Asn 
37 O 375 38O 

Gly Phe Asp Ala Lieu. Arg Arg Glin Val Pro Val Arg Tyr Ser Val Arg 
385 390 395 4 OO 

Gly Gly Llys Val Ile Ala Ser Thr Glin Pro Ala Glin Thr Thr Val Tyr 
4 OS 41O 415 

Lieu. Glu Gln Pro Glu Ala Ile Asp Tyr Lys Arg 
42O 425 

<210s, SEQ ID NO 3 
&211s LENGTH: 1284 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of the artificial sequence: coding 
for cytosine deaminase (coda) 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: mutation of GTG to ATG start codon for 

expression in eukaryotic hosts 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1281 
<223> OTHER INFORMATION: coding for cytosine deaminase (codA) 

<4 OOs, SEQUENCE: 3 

atgtcg aat aac got tta caa aca att att aac gcc cqg tta cca ggc 48 
Met Ser Asn. Asn Ala Lieu. Glin Thir Ile Ile Asn Ala Arg Lieu Pro Gly 
1. 5 1O 15 

gaa gag ggg ctg tog Cag att cat Ctg cag gac gga aaa at C agc gcc 96 
Glu Glu Gly Lieu. Trp Glin Ile His Lieu. Glin Asp Gly Lys Ile Ser Ala 
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3.25 330 335 

Cat gtt to cag titg atg ggc tac ggg cag att aac gat ggc ctgaat O56 
His Val Cys Glin Lieu Met Gly Tyr Gly Glin Ile Asn Asp Gly Lieu. Asn 

34 O 345 35. O 

tta at C acc cac cac agc gca agg acg ttgaat ttg cag gat tac ggc 104 
Lieu. Ile Thr His His Ser Ala Arg Thr Lieu. Asn Lieu. Glin Asp Tyr Gly 

355 360 365 

att gcc gcc gga aac agc gcc aac Ctg att atc Ctg cc.g. gct gala aat 152 
Ile Ala Ala Gly Asn. Ser Ala Asn Lieu. Ile Ile Lieu Pro Ala Glu Asn 

37 O 375 38O 

ggg titt gat gcg ctg. c9c cgt cag gtt CC9 gta C9 t t at tcg gta C9t 2OO 
Gly Phe Asp Ala Lieu. Arg Arg Glin Val Pro Val Arg Tyr Ser Val Arg 
385 390 395 4 OO 

ggc ggc aag gtg att gcc agc aca caa ccg gca caa acc acc gta tat 248 
Gly Gly Llys Val Ile Ala Ser Thr Glin Pro Ala Glin Thr Thr Val Tyr 

4 OS 41O 415 

Ctg gag cag cca gaa gCC atc gat tac aaa cqt tda 284 
Lieu. Glu Gln Pro Glu Ala Ile Asp Tyr Lys Arg 

42O 425 

<210s, SEQ ID NO 4 
&211s LENGTH: 427 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of the artificial sequence: coding 
for cytosine deaminase (coda) 

<4 OOs, SEQUENCE: 4 

Met Ser Asn. Asn Ala Lieu. Glin Thir Ile Ile Asn Ala Arg Lieu Pro Gly 
1. 5 1O 15 

Glu Glu Gly Lieu. Trp Glin Ile His Lieu. Glin Asp Gly Lys Ile Ser Ala 
2O 25 3O 

Ile Asp Ala Glin Ser Gly Val Met Pro Ile Thr Glu Asn. Ser Lieu. Asp 
35 4 O 45 

Ala Glu Gln Gly Lieu Val Ile Pro Pro Phe Val Glu Pro His Ile His 
SO 55 6 O 

Lieu. Asp Thir Thr Glin Thr Ala Gly Glin Pro Asn Trp Asn Glin Ser Gly 
65 70 7s 8O 

Thir Lieu. Phe Glu Gly Ile Glu Arg Trp Ala Glu Arg Lys Ala Lieu. Lieu. 
85 90 95 

Thir His Asp Asp Wall Lys Glin Arg Ala Trp Glin Thr Lieu Lys Trp Glin 
1OO 105 11 O 

Ile Ala Asn Gly Ile Glin His Val Arg Thr His Val Asp Wal Ser Asp 
115 12 O 125 

Ala Thr Lieu. Thir Ala Lieu Lys Ala Met Lieu. Glu Wall Lys Glin Glu Val 
13 O 135 14 O 

Ala Pro Trp Ile Asp Lieu. Glin Ile Val Ala Phe Pro Glin Glu Gly Ile 
145 150 155 160 

Lieu. Ser Tyr Pro Asn Gly Glu Ala Lieu. Lieu. Glu Glu Ala Lieu. Arg Lieu. 
1.65 17O 17s 

Gly Ala Asp Val Val Gly Ala Ile Pro His Phe Glu Phe Thr Arg Glu 
18O 185 19 O 

Tyr Gly Val Glu Ser Lieu. His Llys Thr Phe Ala Lieu Ala Glin Llys Tyr 
195 2OO 2O5 
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Asp Arg Lieu. Ile Asp Wal His Cys Asp Glu Ile Asp Asp Glu Glin Ser 
21 O 215 22O 

Arg Phe Val Glu Thr Val Ala Ala Lieu Ala His His Glu Gly Met Gly 
225 23 O 235 24 O 

Ala Arg Val Thr Ala Ser His Thr Thr Ala Met His Ser Tyr Asn Gly 
245 250 255 

Ala Tyr Thir Ser Arg Lieu. Phe Arg Lieu. Lieu Lys Met Ser Gly Ile Asn 
26 O 265 27 O 

Phe Val Ala Asn. Pro Lieu Val Asn. Ile His Lieu. Glin Gly Arg Phe Asp 
27s 28O 285 

Thir Tyr Pro Lys Arg Arg Gly Ile Thr Arg Val Lys Glu Met Lieu. Glu 
29 O 295 3 OO 

Ser Gly Ile Asin Val Cys Phe Gly His Asp Asp Val Phe Asp Pro Trp 
3. OS 310 315 32O 

Tyr Pro Leu Gly Thr Ala Asn Met Leu Glin Val Lieu. His Met Gly Lieu. 
3.25 330 335 

His Val Cys Glin Lieu Met Gly Tyr Gly Glin Ile Asn Asp Gly Lieu. Asn 
34 O 345 35. O 

Lieu. Ile Thr His His Ser Ala Arg Thr Lieu. Asn Lieu. Glin Asp Tyr Gly 
355 360 365 

Ile Ala Ala Gly Asn. Ser Ala Asn Lieu. Ile Ile Lieu Pro Ala Glu Asn 
37 O 375 38O 

Gly Phe Asp Ala Lieu. Arg Arg Glin Val Pro Val Arg Tyr Ser Val Arg 
385 390 395 4 OO 

Gly Gly Llys Val Ile Ala Ser Thr Glin Pro Ala Glin Thr Thr Val Tyr 
4 OS 41O 415 

Lieu. Glu Gln Pro Glu Ala Ile Asp Tyr Lys Arg 
42O 425 

<210s, SEQ ID NO 5 
&211s LENGTH: 1221 
&212s. TYPE: DNA 

<213> ORGANISM: Streptomyces griseolus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1218) 
<223> OTHER INFORMATION: coding for cytochrome P450-Sul (suaC) 

<4 OOs, SEQUENCE: 5 

atg acc gat acc gcc acg acg ccc cag acc acg gac gca ccc gcc ttic 48 
Met Thr Asp Thr Ala Thr Thr Pro Gln Thr Thr Asp Ala Pro Ala Phe 
1. 5 1O 15 

ccg agc aac cqg agc tigt CCC tac Cag tta ccg gac ggc tac goc cag 96 
Pro Ser Asn Arg Ser Cys Pro Tyr Gln Leu Pro Asp Gly Tyr Ala Glin 

2O 25 3O 

ctic cqg gac acc C cc ggc ccc ctg. cac cqg gtg acg Ctic tac gaC ggc 144 
Lieu. Arg Asp Thr Pro Gly Pro Lieu. His Arg Val Thir Lieu. Tyr Asp Gly 

35 4 O 45 

cgt cag gC9 tog gtg gtg acc aag cac gag gCC gcg cgc aaa citg ct c 192 
Arg Glin Ala Trp Val Val Thir Lys His Glu Ala Ala Arg Llys Lieu. Lieu 

SO 55 6 O 

ggc gaC ccc cqg Ctg tcc ticc aac C9g acg gac gac aac tt C ccc gcc 24 O 
Gly Asp Pro Arg Lieu. Ser Ser Asn Arg Thir Asp Asp Asn. Phe Pro Ala 
65 70 7s 8O 

acg tca ccg cgc titc gag gcc gtc. c99 gag agc ccg cag gCd tt C at C 288 
Thir Ser Pro Arg Phe Glu Ala Val Arg Glu Ser Pro Glin Ala Phe Ile 
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385 390 395 4 OO 

gala Ct c ccg gtC acc tig ta 
Glu Lieu Pro Val Thir Trp 

4 OS 

<210s, SEQ ID NO 6 
&211s LENGTH: 406 
212. TYPE: PRT 

<213> ORGANISM: Streptomyces griseolus 

<4 OOs, SEQUENCE: 6 

Met Thr Asp Thr Ala Thr Thr Pro Gln Thr Thr Asp Ala Pro Ala Phe 
1. 5 1O 15 

Pro Ser Asn Arg Ser Cys Pro Tyr Gln Leu Pro Asp Gly Tyr Ala Glin 
2O 25 3O 

Lieu. Arg Asp Thr Pro Gly Pro Lieu. His Arg Val Thir Lieu. Tyr Asp Gly 
35 4 O 45 

Arg Glin Ala Trp Val Val Thir Lys His Glu Ala Ala Arg Llys Lieu. Lieu 
SO 55 6 O 

Gly Asp Pro Arg Lieu. Ser Ser Asn Arg Thir Asp Asp Asn. Phe Pro Ala 
65 70 7s 8O 

Thir Ser Pro Arg Phe Glu Ala Val Arg Glu Ser Pro Glin Ala Phe Ile 
85 90 95 

Gly Lieu. Asp Pro Pro Glu. His Gly Thr Arg Arg Arg Met Thr Ile Ser 
1OO 105 11 O 

Glu Phe Thr Val Lys Arg Ile Lys Gly Met Arg Pro Glu Val Glu Glu 
115 12 O 125 

Val Val His Gly Phe Lieu. Asp Glu Met Lieu Ala Ala Gly Pro Thir Ala 
13 O 135 14 O 

Asp Leu Val Ser Glin Phe Ala Leu Pro Val Pro Ser Met Val Ile Cys 
145 150 155 160 

Arg Lieu. Lieu. Gly Val Pro Tyr Ala Asp His Glu Phe Phe Glin Asp Ala 
1.65 17O 17s 

Ser Lys Arg Lieu Val Glin Ser Thr Asp Ala Glin Ser Ala Lieu. Thir Ala 
18O 185 19 O 

Arg Asn Asp Lieu Ala Gly Tyr Lieu. Asp Gly Lieu. Ile Thr Glin Phe Glin 
195 2OO 2O5 

Thr Glu Pro Gly Ala Gly Lieu Val Gly Ala Lieu Val Ala Asp Glin Lieu. 
21 O 215 22O 

Ala Asn Gly Glu Ile Asp Arg Glu Glu Lieu. Ile Ser Thr Ala Met Lieu 
225 23 O 235 24 O 

Lieu. Lieu. Ile Ala Gly His Glu Thir Thr Ala Ser Met Thr Ser Leu Ser 
245 250 255 

Val Ile Thir Lieu. Lieu. Asp His Pro Glu Glin Tyr Ala Ala Lieu. Arg Ala 
26 O 265 27 O 

Asp Arg Ser Lieu Val Pro Gly Ala Val Glu Glu Lieu. Lieu. Arg Tyr Lieu 
27s 28O 285 

Ala Ile Ala Asp Ile Ala Gly Gly Arg Val Ala Thr Ala Asp Ile Glu 
29 O 295 3 OO 

Val Glu Gly His Lieu. Ile Arg Ala Gly Glu Gly Val Ile Val Val Asn 
3. OS 310 315 32O 

Ser Ile Ala Asn Arg Asp Gly Thr Val Tyr Glu Asp Pro Asp Ala Lieu. 
3.25 330 335 

1221 

Jul. 29, 2010 
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<213> ORGANISM: Agrobacterium tumefaciens 

<4 OOs, SEQUENCE: 8 

Met Val Pro Ile Thir Ser Lieu Ala Glin Thir Lieu. Glu Arg Lieu. Arg Arg 
1. 5 1O 15 

Lys Asp Tyr Ser Cys Lieu. Glu Lieu Val Glu Thir Lieu. Ile Ala Arg Cys 
2O 25 3O 

Glin Ala Ala Lys Pro Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Gly 
35 4 O 45 

Lieu. Arg Arg Ser Ala Lys Lys Ile Asp Arg His Gly Asn Ala Gly Lieu. 
SO 55 6 O 

Gly Lieu. Cys Gly Ile Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

Ile Phe Pro Thir Ser Ala Ala Thr Pro Ala Lieu. Ile Asn His Lieu. Pro 
85 90 95 

Lys Ile Pro Ser Arg Val Ala Glu Arg Lieu. Phe Ser Ala Gly Ala Lieu. 
1OO 105 11 O 

Pro Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thir Ser 
115 12 O 125 

Asn Asn Tyr Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 
13 O 135 14 O 

Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 
1.65 17O 17s 

Pro Ala Ala Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Lieu Ala Arg 
18O 185 19 O 

Tyr Pro Arg Asp Arg Ile Ile Pro Val Ser Pro Thr Arg Asp Thr Ala 
195 2OO 2O5 

Gly Ile Ile Ala Glin Cys Val Ala Asp Val Ile Ile Lieu. Asp Glin Val 
21 O 215 22O 

Ile Ser Gly Arg Ser Ala Lys Ile Ser Pro Met Pro Lieu Lys Gly Lieu. 
225 23 O 235 24 O 

Arg Ile Gly Lieu Pro Thir Thr Tyr Phe Tyr Asp Asp Lieu. Asp Ala Asp 
245 250 255 

Val Ala Phe Ala Ala Glu Thir Thir Ile Arg Lieu. Lieu Ala Asn Arg Gly 
26 O 265 27 O 

Val Thr Phe Val Glu Ala Asp Ile Pro His Lieu. Glu Glu Lieu. Asn. Ser 
27s 28O 285 

Gly Ala Ser Lieu Pro Ile Ala Lieu. Tyr Glu Phe Pro His Ala Lieu Lys 
29 O 295 3 OO 

Lys Tyr Lieu. Asp Asp Phe Val Gly Thr Val Ser Phe Ser Asp Val Ile 
3. OS 310 315 32O 

Lys Gly Ile Arg Ser Pro Asp Wall Ala Asn. Ile Val Ser Ala Glin Ile 
3.25 330 335 

Asp Gly His Glin Ile Ser Asn Asp Glu Tyr Glu Lieu Ala Arg Glin Ser 
34 O 345 35. O 

Phe Arg Pro Arg Lieu. Glin Ala Thr Tyr Arg Asn Tyr Phe Arg Lieu. Tyr 
355 360 365 

Glin Lieu. Asp Ala Ile Lieu. Phe Pro Thr Ala Pro Lieu Ala Ala Lys Ala 
37 O 375 38O 
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Ile Gly Glin Glu Ser Ser Val Ile His Asn Gly Ser Met Met Asn Thr 
385 390 395 4 OO 

Phe Lys Ile Tyr Val Arg Asn. Wall Asp Pro Ser Ser Asn Ala Gly Lieu. 
4 OS 41O 415 

Pro Gly Lieu. Ser Lieu Pro Ala Cys Lieu. Thr Pro Asp Arg Lieu Pro Val 
42O 425 43 O 

Gly Met Glu Ile Asp Gly Lieu Ala Gly Ser Asp His Arg Lieu. Lieu Ala 
435 44 O 445 

Ile Gly Ala Ala Lieu. Glu Lys Ala Ile Asin Phe Pro Ser Phe Pro Asp 
450 45.5 460 

Ala Phe Asn 
465 

<210s, SEQ ID NO 9 
&211s LENGTH: 14 O4 
&212s. TYPE: DNA 

<213> ORGANISM: Agrobacterium tumefaciens 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1401 
<223> OTHER INFORMATION: coding for indoleacetamide hydrolase (tms2) 

<4 OOs, SEQUENCE: 9 

atg gtg ccc att acc ticg tta gca caa acc cta gaa cqc ctg aga C9g 48 
Met Val Pro Ile Thir Ser Lieu Ala Glin Thir Lieu. Glu Arg Lieu. Arg Arg 
1. 5 1O 15 

aaa gac tac toc togc tita gaa cta gta gala act citg at a gog cqt togc 96 
Lys Asp Tyr Ser Cys Lieu. Glu Lieu Val Glu Thir Lieu. Ile Ala Arg Cys 

2O 25 3O 

caa gCt gca aaa cca tta aat gcc ctt ctg gCt aca gac tig gat ggc 144 
Glin Ala Ala Lys Pro Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Gly 

35 4 O 45 

ttg cgg ca agc gcc aaa aaa att gat cqt cat gga aac goc gga tta 192 
Lieu. Arg Arg Ser Ala Lys Lys Ile Asp Arg His Gly Asn Ala Gly Lieu. 

SO 55 6 O 

ggt Ctt to ggc att C ca ct c tet ttt aag gCd aac atc gcg acc ggc 24 O 
Gly Lieu. Cys Gly Ile Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

ata titt cot aca agc gct gct act cog gog citg ata aac cac ttg cca 288 
Ile Phe Pro Thir Ser Ala Ala Thr Pro Ala Lieu. Ile Asn His Lieu. Pro 

85 90 95 

aag at a cca toc CC gtc gca gala aga citt ttt to a gct gga gca Ctg 336 
Lys Ile Pro Ser Arg Val Ala Glu Arg Lieu. Phe Ser Ala Gly Ala Lieu. 

1OO 105 11 O 

ccg ggit gcc tog gga aac atg cat gag tita tog titt gga att acg agc 384 
Pro Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thir Ser 

115 12 O 125 

aac aac tat gcc acc ggit gcg gtg cgg aac ccg tdg aat coa agt ctg 432 
Asn Asn Tyr Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 

13 O 135 14 O 

ata cca gga ggc tica agc ggt ggt gtg gct gct gcg gtg gCa agc Ca 48O 
Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

ttg atgtta ggc ggc at a ggc acc gat acc ggit gca t ct gtt cqc ct a 528 
Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 

1.65 17O 17s 

CCC gca gcc ctg tdt ggc gta gta gga titt cqa ccg acg Ctt gct Ca 576 
Pro Ala Ala Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Lieu Ala Arg 
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&211s LENGTH: 467 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium tumefaciens 

<4 OOs, SEQUENCE: 10 

Met Val Pro Ile Thir Ser Lieu Ala Glin Thir Lieu. Glu Arg Lieu. Arg Arg 
1. 5 1O 15 

Lys Asp Tyr Ser Cys Lieu. Glu Lieu Val Glu Thir Lieu. Ile Ala Arg Cys 
2O 25 3O 

Glin Ala Ala Lys Pro Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Gly 
35 4 O 45 

Lieu. Arg Arg Ser Ala Lys Lys Ile Asp Arg His Gly Asn Ala Gly Lieu. 
SO 55 6 O 

Gly Lieu. Cys Gly Ile Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

Ile Phe Pro Thir Ser Ala Ala Thr Pro Ala Lieu. Ile Asn His Lieu. Pro 
85 90 95 

Lys Ile Pro Ser Arg Val Ala Glu Arg Lieu. Phe Ser Ala Gly Ala Lieu. 
1OO 105 11 O 

Pro Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thir Ser 
115 12 O 125 

Asn Asn Tyr Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 
13 O 135 14 O 

Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 
1.65 17O 17s 

Pro Ala Ala Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Lieu Ala Arg 
18O 185 19 O 

Tyr Pro Arg Asp Arg Ile Ile Pro Val Ser Pro Thr Arg Asp Thr Ala 
195 2OO 2O5 

Gly Ile Ile Ala Glin Cys Val Ala Asp Val Ile Ile Lieu. Asp Glin Val 
21 O 215 22O 

Ile Ser Gly Arg Ser Ala Lys Ile Ser Pro Met Pro Lieu Lys Gly Lieu. 
225 23 O 235 24 O 

Arg Ile Gly Lieu Pro Thir Thr Tyr Phe Tyr Asp Asp Lieu. Asp Ala Asp 
245 250 255 

Val Ala Phe Ala Ala Glu Thir Thir Ile Arg Lieu. Lieu Ala Asn Arg Gly 
26 O 265 27 O 

Val Thr Phe Val Glu Ala Asp Ile Pro His Lieu. Glu Glu Lieu. Asn. Ser 
27s 28O 285 

Gly Ala Ser Lieu Pro Ile Ala Lieu. Tyr Glu Phe Pro His Ala Lieu Lys 
29 O 295 3 OO 

Lys Tyr Lieu. Asp Asp Phe Val Gly Thr Val Ser Phe Ser Asp Val Ile 
3. OS 310 315 32O 

Lys Gly Ile Arg Ser Pro Asp Wall Ala Asn. Ile Val Ser Ala Glin Ile 
3.25 330 335 

Asp Gly His Glin Ile Ser Asn Asp Glu Tyr Glu Lieu Ala Arg Glin Ser 
34 O 345 35. O 

Phe Arg Pro Arg Lieu. Glin Ala Thr Tyr Arg Asn Tyr Phe Arg Lieu. Tyr 
355 360 365 

Glin Lieu. Asp Ala Ile Lieu. Phe Pro Thr Ala Pro Lieu Ala Ala Lys Ala 
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37 O 375 38O 

Ile Gly Glin Glu Ser Ser Val Ile His Asn Gly Ser Met Ile Asn Thr 
385 390 395 4 OO 

Phe Lys Ile Tyr Val Arg Asn. Wall Asp Pro Ser Ser Asn Ala Gly Lieu. 
4 OS 41O 415 

Pro Gly Lieu. Ser Lieu Pro Ala Cys Lieu. Thr Pro Asp Arg Lieu Pro Val 
42O 425 43 O 

Gly Met Glu Ile Asp Gly Lieu Ala Gly Ser Asp His Arg Lieu. Lieu Ala 
435 44 O 445 

Ile Gly Ala Ala Lieu. Glu Lys Ala Ile Asin Phe Pro Ser Phe Pro Asp 
450 45.5 460 

Ala Phe Asn 
465 

<210s, SEQ ID NO 11 
&211s LENGTH: 609 
&212s. TYPE: DNA 

<213> ORGANISM: Xanthobacter autotrophicus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (603) 
<223> OTHER INFORMATION: coding for haloalkane dehalogenase 

<4 OOs, SEQUENCE: 11 

atg tca acg ttt ttt gaa ccg gag aac gga atgaaa caa aac gCC aaa. 48 
Met Ser Thr Phe Phe Glu Pro Glu Asn Gly Met Lys Glin Asn Ala Lys 
1. 5 1O 15 

acc gala C9a at C Ctg gat gtc gcg Ct c gala ttg Ctt gag aca gag ggit 96 
Thr Glu Arg Ile Lieu. Asp Wall Ala Lieu. Glu Lieu. Lieu. Glu Thr Glu Gly 

2O 25 3O 

gag titt ggit ttg acg atg agg cag gtg gca acg caa gcg gaC atg tcc 144 
Glu Phe Gly Lieu. Thr Met Arg Glin Val Ala Thr Glin Ala Asp Met Ser 

35 4 O 45 

citg agc aac gtt cag tact at ttcaag to c gag gac ctd ct c ct c gtg 192 
Lieu. Ser Asn Val Glin Tyr Tyr Phe Llys Ser Glu Asp Lieu. Lieu. Lieu Val 

SO 55 6 O 

gcc atg gca gac cqt tac titt cala C9g to Ctg aca acc atg gct gag 24 O 
Ala Met Ala Asp Arg Tyr Phe Glin Arg Cys Lieu. Thir Thr Met Ala Glu 
65 70 7s 8O 

Cat Cog ccc tta t c gca ggg cqt gat caa cac gcc cag tta aga gC9 288 
His Pro Pro Lieu. Ser Ala Gly Arg Asp Gln His Ala Glin Lieu. Arg Ala 

85 90 95 

ttgtta ca gala Ctg Ctic ggt cat ggit ctt gag att t cc gag atg tdt 336 
Lieu. Lieu. Arg Glu Lieu. Lieu. Gly His Gly Lieu. Glu Ile Ser Glu Met Cys 

1OO 105 11 O 

cga at a tt C agg gag tac td gca at C gcc acc ct aat gala act gtt 384 
Arg Ile Phe Arg Glu Tyr Trp Ala Ile Ala Thr Arg Asn. Glu Thr Val 

115 12 O 125 

cac ggc tat ct c aag ticg tac tat cqg gat citc gcc gaa gtg atg gct 432 
His Gly Tyr Lieu Lys Ser Tyr Tyr Arg Asp Lieu Ala Glu Val Met Ala 

13 O 135 14 O 

gag aag Ctt gcg cca Citg gcc agc agc gala aag gog Ctg gcc gtg gCC 48O 
Glu Lys Lieu Ala Pro Lieu Ala Ser Ser Glu Lys Ala Lieu Ala Val Ala 
145 150 155 160 

gta tot ttg gtt att C ct tat gtt gag ggg tat t c gta acg gcc att 528 
Val Ser Leu Val Ile Pro Tyr Val Glu Gly Tyr Ser Val Thr Ala Ile 

1.65 17O 17s 
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gca atg ccc gala toc att gat acg att to C gag acg Ctg acc aat gtg 576 
Ala Met Pro Glu Ser Ile Asp Thir Ile Ser Glu Thir Lieu. Thir Asn Val 

18O 185 19 O 

gtg ttg gag cag Ctt CC atc agc aat tcatga 609 
Val Lieu. Glu Glin Lieu. Arg Ile Ser Asn 

195 2OO 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O1 
212. TYPE: PRT 

<213> ORGANISM: Xanthobacter autotrophicus 

<4 OOs, SEQUENCE: 12 

Met Ser Thr Phe Phe Glu Pro Glu Asn Gly Met Lys Glin Asn Ala Lys 
1. 5 1O 15 

Thr Glu Arg Ile Lieu. Asp Wall Ala Lieu. Glu Lieu. Lieu. Glu Thr Glu Gly 
2O 25 3O 

Glu Phe Gly Lieu. Thr Met Arg Glin Val Ala Thr Glin Ala Asp Met Ser 
35 4 O 45 

Lieu. Ser Asn Val Glin Tyr Tyr Phe Llys Ser Glu Asp Lieu. Lieu. Lieu Val 
SO 55 6 O 

Ala Met Ala Asp Arg Tyr Phe Glin Arg Cys Lieu. Thir Thr Met Ala Glu 
65 70 7s 8O 

His Pro Pro Lieu. Ser Ala Gly Arg Asp Gln His Ala Glin Lieu. Arg Ala 
85 9 O 95 

Lieu. Lieu. Arg Glu Lieu. Lieu. Gly His Gly Lieu. Glu Ile Ser Glu Met Cys 
OO OS 1O 

Arg Ile Phe Arg Glu Tyr Trp Ala Ile Ala Thr Arg Asn. Glu Thr Val 
15 2O 25 

His Gly Tyr Lieu Lys Ser Tyr Tyr Arg Asp Lieu Ala Glu Val Met Ala 
3O 35 4 O 

Glu Lys Lieu Ala Pro Lieu Ala Ser Ser Glu Lys Ala Lieu Ala Val Ala 
45 SO 55 160 

Val Ser Leu Val Ile Pro Tyr Val Glu Gly Tyr Ser Val Thr Ala Ile 
65 70 7s 

Ala Met Pro Glu Ser Ile Asp Thir Ile Ser Glu Thir Lieu. Thir Asn Val 
8O 85 90 

Val Lieu. Glu Glin Lieu. Arg Ile Ser Asn 
95 2 OO 

<210s, SEQ ID NO 13 
&211s LENGTH: 1131. 
&212s. TYPE: DNA 

<213> ORGANISM: Herpes simplex virus 1 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1128 
<223> OTHER INFORMATION: coding for thymidine kinase (TK) 

<4 OOs, SEQUENCE: 13 

atg got tog tac ccc togc cat cala cac gog tot gcg titc gac cag got 48 
Met Ala Ser Tyr Pro Cys His Gln His Ala Ser Ala Phe Asp Glin Ala 
1. 5 1O 15 

gcg ct tct cqc ggc cat agc aac C9a cqt acg gcg ttg cgc cct cqc 96 
Ala Arg Ser Arg Gly. His Ser Asn Arg Arg Thr Ala Lieu. Arg Pro Arg 

cgg cag caa gala gcc acg gaa gtc. c9c ctg gag cag aaa atg ccc acg 144 
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Arg Asp Ala Lieu. Lieu. Glin Lieu. Thir Ser Gly Met Val Glin Thr His Val 
34 O 345 35. O 

acc acc cca ggc ticc at a ccg acg at C tec gac Ctg gcg cqc acg titt 1104 
Thir Thr Pro Gly Ser Ile Pro Thr Ile Cys Asp Leu Ala Arg Thr Phe 

355 360 365 

gcc C9g gag atgggg gag gct aac tra 1131 
Ala Arg Glu Met Gly Glu Ala Asn 

37 O 375 

<210s, SEQ ID NO 14 
&211s LENGTH: 376 
212. TYPE: PRT 

<213> ORGANISM: Herpes simplex virus 1 

<4 OOs, SEQUENCE: 14 

Met Ala Ser Tyr Pro Cys His Gln His Ala Ser Ala Phe Asp Glin Ala 
1. 5 1O 15 

Ala Arg Ser Arg Gly. His Ser Asn Arg Arg Thr Ala Lieu. Arg Pro Arg 
2O 25 3O 

Arg Glin Glin Glu Ala Thr Glu Val Arg Lieu. Glu Gln Lys Met Pro Thr 
35 4 O 45 

Lieu. Leu Arg Val Tyr Ile Asp Gly Pro His Gly Met Gly Lys Thir Thr 
SO 55 6 O 

Thir Thr Glin Lieu. Lieu Val Ala Lieu. Gly Ser Arg Asp Asp Ile Val Tyr 
65 70 7s 8O 

Val Pro Glu Pro Met Thr Tyr Trp Glin Val Lieu. Gly Ala Ser Glu Thr 
85 90 95 

Ile Ala Asn. Ile Tyr Thir Thr Gln His Arg Lieu. Asp Glin Gly Glu Ile 
1OO 105 11 O 

Ser Ala Gly Asp Ala Ala Val Val Met Thr Ser Ala Glin Ile Thr Met 
115 12 O 125 

Gly Met Pro Tyr Ala Val Thr Asp Ala Val Lieu Ala Pro His Val Gly 
13 O 135 14 O 

Gly Glu Ala Gly Ser Ser His Ala Pro Pro Pro Ala Lieu. Thir Lieu. Ile 
145 150 155 160 

Phe Asp Arg His Pro Ile Ala Ala Lieu. Lieu. Cys Tyr Pro Ala Ala Arg 
1.65 17O 17s 

Tyr Lieu Met Gly Ser Met Thr Pro Glin Ala Val Lieu Ala Phe Val Ala 
18O 185 19 O 

Lieu. Ile Pro Pro Thr Lieu Pro Gly Thr Asn Ile Val Lieu. Gly Ala Leu 
195 2OO 2O5 

Pro Glu Asp Arg His Ile Asp Arg Lieu Ala Lys Arg Glin Arg Pro Gly 
21 O 215 22O 

Glu Arg Lieu. Asp Lieu Ala Met Lieu Ala Ala Ile Arg Arg Val Tyr Gly 
225 23 O 235 24 O 

Lieu. Lieu Ala Asn. Thr Val Arg Tyr Lieu. Glin Gly Gly Gly Ser Trp Trp 
245 250 255 

Glu Asp Trp Gly Gln Leu Ser Gly Thr Ala Val Pro Pro Glin Gly Ala 
26 O 265 27 O 

Glu Pro Glin Ser Asn Ala Gly Pro Arg Pro His Ile Gly Asp Thr Lieu. 
27s 28O 285 

Phe Thr Lieu. Phe Arg Ala Pro Glu Lieu. Lieu Ala Pro Asn Gly Asp Lieu. 
29 O 295 3 OO 
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Ser Ala Gly Asp Ala Ala Val Val Met Thr Ser Ala Glin Ile Thr Met 
115 12 O 125 

Gly Met Pro Tyr Ala Val Thr Asp Ala Val Lieu Ala Pro His Val Gly 
13 O 135 14 O 

Gly Glu Ala Gly Ser Ser His Ala Pro Pro Pro Ala Lieu. Thir Lieu. Ile 
145 150 155 160 

Phe Asp Arg His Pro Ile Ala Ala Lieu. Lieu. Cys Tyr Pro Ala Ala Arg 
1.65 17O 17s 

Tyr Lieu Met Gly Ser Met Thr Pro Glin Ala Val Lieu Ala Phe Val Ala 
18O 185 19 O 

Lieu. Ile Pro Pro Thr Lieu Pro Gly Thr Asn Ile Val Lieu. Gly Ala Leu 
195 2OO 2O5 

Pro Glu Asp Arg His Ile Asp Arg Lieu Ala Lys Arg Glin Arg Pro Gly 
21 O 215 22O 

Glu Arg Lieu. Asp Lieu Ala Met Lieu Ala Ala Ile Arg Arg Val Tyr Gly 
225 23 O 235 24 O 

Lieu. Lieu Ala Asn. Thr Val Arg Tyr Lieu. Glin Gly Gly Gly Ser Trp Trp 
245 250 255 

Glu Asp Trp Gly Gln Leu Ser Gly Thr Ala Val Pro Pro Glin Gly Ala 
26 O 265 27 O 

Glu Pro Glin Ser Asn Ala Gly Pro Arg Pro His Ile Gly Asp Thr Lieu. 
27s 28O 285 

Phe Thr Lieu. Phe Arg Ala Pro Glu Lieu. Lieu Ala Pro Asn Gly Asp Lieu. 
29 O 295 3 OO 

Tyr Asn Val Phe Ala Trp Ala Lieu. Asp Val Lieu Ala Lys Arg Lieu. Arg 
3. OS 310 315 32O 

Pro Met His Val Phe Ile Lieu. Asp Tyr Asp Glin Ser Pro Ala Gly Cys 
3.25 330 335 

Arg Asp Ala Lieu. Lieu. Glin Lieu. Thir Ser Gly Met Val Glin Thr His Val 
34 O 345 35. O 

Thir Thr Pro Gly Ser Ile Pro Thr Ile Cys Asp Leu Ala Arg Thr Phe 
355 360 365 

Ala Arg Glu Met Gly Glu Ala Asn 
37 O 375 

<210s, SEQ ID NO 17 
&211s LENGTH: 84 O 
&212s. TYPE: DNA 
<213> ORGANISM: Toxoplasma gondii 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (837) 
<223> OTHER INFORMATION: coding for hypoxanthine-xanthine-guanine 

phosphoribosyl transferase (HXGPRTase) 

<4 OOs, SEQUENCE: 17 

atg gcg tcc aaa CCC att gaa gala toc cqg tcg caa aaa cqg agt gcc 48 
Met Ala Ser Llys Pro Ile Glu Glu Ser Arg Ser Glin Lys Arg Ser Ala 
1. 5 1O 15 

titc. tca gac at c titc tdt tdt togc act colt aat gaa gogg gct atc gtg 96 
Phe Ser Asp Ile Phe Cys Cys Cys Thr Pro Asn Glu Gly Ala Ile Val 

2O 25 3O 

c cc agt gac cca atg gtc. tcc acc agit gct coa gca cqc acc agit gct 144 
Pro Ser Asp Pro Met Val Ser Thr Ser Ala Pro Ala Arg Thr Ser Ala 

35 4 O 45 
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Pro Ala Arg Ser Ser Ala Lieu. Glin Asp Tyr Gly Lys Gly Lys Gly Arg 
SO 55 6 O 

Ile Glu Pro Met Tyr Ile Pro Asp Asn Thr Phe Tyr Asn Ala Asp Asp 
65 70 7s 8O 

Phe Leu Val Pro Pro His Cys Llys Pro Tyr Ile Asp Lys Ile Leu Lieu. 
85 90 95 

Pro Gly Gly Lieu Val Lys Asp Arg Val Glu Lys Lieu Ala Tyr Asp Ile 
1OO 105 11 O 

His Arg Thr Tyr Phe Gly Glu Glu Lieu. His Ile Ile Cys Ile Leu Lys 
115 12 O 125 

Gly Ser Arg Gly Phe Phe Asn Lieu. Lieu. Ile Asp Tyr Lieu Ala Thir Ile 
13 O 135 14 O 

Gln Lys Tyr Ser Gly Arg Glu Ser Ser Val Pro Pro Phe Phe Glu. His 
145 150 155 160 

Tyr Val Arg Lieu Lys Ser Tyr Glin Asn Asp Asn. Ser Thr Gly Glin Lieu. 
1.65 17O 17s 

Thr Val Lieu. Ser Asp Asp Lieu. Ser Ile Phe Arg Asp Llys His Val Lieu. 
18O 185 19 O 

Ile Val Glu Asp Ile Val Asp Thr Gly Phe Thr Lieu. Thr Glu Phe Gly 
195 2OO 2O5 

Glu Arg Lieu Lys Ala Val Gly Pro Llys Ser Met Arg Ile Ala Thr Lieu. 
21 O 215 22O 

Val Glu Lys Arg Thr Asp Arg Ser Asn. Ser Lieu Lys Gly Asp Phe Val 
225 23 O 235 24 O 

Gly Phe Ser Ile Glu Asp Val Trp Ile Val Gly Cys Cys Tyr Asp Phe 
245 250 255 

Asn Glu Met Phe Arg Asp Phe Asp His Val Ala Val Lieu. Ser Asp Ala 
26 O 265 27 O 

Ala Arg Llys Llys Phe Glu Lys 
27s 

<210s, SEQ ID NO 19 
&211s LENGTH: 459 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (456) 
<223> OTHER INFORMATION: coding for xanthine-guanine phosphoribosyl 

transferase (gpt) 

<4 OOs, SEQUENCE: 19 

atg agc gala aaa tac atc gtc acc tig gac atgttg cag at C cat gca 48 
Met Ser Glu Lys Tyr Ile Val Thir Trp Asp Met Leu Glin Ile His Ala 
1. 5 1O 15 

cgt aaa ctic goa agc cga citg atg cct tct gala caa tig aaa ggc att 96 
Arg Llys Lieu Ala Ser Arg Lieu Met Pro Ser Glu Gln Trp Llys Gly Ile 

2O 25 3O 

att gcc gta agc cqt ggc ggt Citg gta ccg ggit gcg tta Ctg gCd cqt 144 
Ile Ala Val Ser Arg Gly Gly Lieu Val Pro Gly Ala Lieu. Lieu Ala Arg 

35 4 O 45 

gaa citg ggit att cqt cat gtc gat acc gtt togt att toc agc tac gat 192 
Glu Lieu. Gly Ile Arg His Val Asp Thr Val Cys Ile Ser Ser Tyr Asp 

SO 55 6 O 

cac gac aac cag cqc gag Ctt aaa gtg ctgaaa cqc gca gala ggc gat 24 O 
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His Asp Asn Glin Arg Glu Lieu Lys Val Lieu Lys Arg Ala Glu Gly Asp 
65 70 7s 8O 

ggc gala ggc titc atc gtt att gat gaC ctg gtg gat acc ggt ggit act 288 
Gly Glu Gly Phe Ile Val Ile Asp Asp Lieu Val Asp Thr Gly Gly. Thir 

85 90 95 

gcg gtt gcg att cit gala atg tat coa aaa gCd cac titt gtC acc at C 336 
Ala Val Ala Ile Arg Glu Met Tyr Pro Lys Ala His Phe Val Thir Ile 

1OO 105 11 O 

ttic gca aaa ccg gct ggt cqt ccg Ctg gtt gat gac tat gtt gtt gat 384 
Phe Ala Lys Pro Ala Gly Arg Pro Lieu Val Asp Asp Tyr Val Val Asp 

115 12 O 125 

atc ccg caa gat acc tig att gala cag ccg tdg gat atg ggc gt C gta 432 
Ile Pro Glin Asp Thir Trp Ile Glu Glin Pro Trp Asp Met Gly Val Val 

13 O 135 14 O 

titc gtc. cc.g. cca atc. tcc ggit cqc taa 459 
Phe Val Pro Pro Ile Ser Gly Arg 
145 150 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 152 
212. TYPE: PRT 

<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 2O 

Met Ser Glu Lys Tyr Ile Val Thir Trp Asp Met Leu Glin Ile His Ala 
1. 5 1O 15 

Arg Llys Lieu Ala Ser Arg Lieu Met Pro Ser Glu Gln Trp Llys Gly Ile 
2O 25 3O 

Ile Ala Val Ser Arg Gly Gly Lieu Val Pro Gly Ala Lieu. Lieu Ala Arg 
35 4 O 45 

Glu Lieu. Gly Ile Arg His Val Asp Thr Val Cys Ile Ser Ser Tyr Asp 
SO 55 6 O 

His Asp Asn Glin Arg Glu Lieu Lys Val Lieu Lys Arg Ala Glu Gly Asp 
65 70 7s 8O 

Gly Glu Gly Phe Ile Val Ile Asp Asp Lieu Val Asp Thr Gly Gly. Thir 
85 90 95 

Ala Val Ala Ile Arg Glu Met Tyr Pro Lys Ala His Phe Val Thir Ile 
1OO 105 11 O 

Phe Ala Lys Pro Ala Gly Arg Pro Lieu Val Asp Asp Tyr Val Val Asp 
115 12 O 125 

Ile Pro Glin Asp Thir Trp Ile Glu Glin Pro Trp Asp Met Gly Val Val 
13 O 135 14 O 

Phe Val Pro Pro Ile Ser Gly Arg 
145 150 

<210s, SEQ ID NO 21 
&211s LENGTH: 459 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (456) 
<223> OTHER INFORMATION: coding for xanthine-guanine phosphoribosyl 

transferase (gpt) 

<4 OOs, SEQUENCE: 21 

atg agc gala aaa tac atc gtc acc tig gac atgttg cag at C cat gca 48 
Met Ser Glu Lys Tyr Ile Val Thir Trp Asp Met Leu Glin Ile His Ala 
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1. 5 1O 15 

cgt aaa ctic goa agc cga citg atg cct tct gala caa tig aaa ggc att 96 
Arg Llys Lieu Ala Ser Arg Lieu Met Pro Ser Glu Gln Trp Llys Gly Ile 

2O 25 3O 

att gcc gta agc cqt ggc ggt Citg gta ccg ggit gcg tta Ctg gCd cqt 144 
Ile Ala Val Ser Arg Gly Gly Lieu Val Pro Gly Ala Lieu. Lieu Ala Arg 

35 4 O 45 

gaa citg ggit att cqt cat gtc gat acc gtt togt att toc agc tac gat 192 
Glu Lieu. Gly Ile Arg His Val Asp Thr Val Cys Ile Ser Ser Tyr Asp 

SO 55 6 O 

cac gac aac cag cqc gag Ctt aaa gtg ctgaaa cqc gca gala ggc gat 24 O 
His Asp Asn Glin Arg Glu Lieu Lys Val Lieu Lys Arg Ala Glu Gly Asp 
65 70 7s 8O 

ggc gala ggc titc atc gtt att gat gaC ctg gtg gat acc ggt ggit act 288 
Gly Glu Gly Phe Ile Val Ile Asp Asp Lieu Val Asp Thr Gly Gly. Thir 

85 90 95 

gcg gtt gcg att cit gala atg tat coa aaa gCd cac titt gtC acc at C 336 
Ala Val Ala Ile Arg Glu Met Tyr Pro Lys Ala His Phe Val Thir Ile 

1OO 105 11 O 

ttic gca aaa ccg gct ggt cqt ccg Ctg gtt gat gac tat gtt gtt gat 384 
Phe Ala Lys Pro Ala Gly Arg Pro Lieu Val Asp Asp Tyr Val Val Asp 

115 12 O 125 

atc ccg caa gat acc tig att gala cag ccg tdg gat atg ggc gt C gta 432 
Ile Pro Glin Asp Thir Trp Ile Glu Glin Pro Trp Asp Met Gly Val Val 

13 O 135 14 O 

titc gtc. cc.g. cca atc. tcc ggit cqc taa 459 
Phe Val Pro Pro Ile Ser Gly Arg 
145 150 

<210s, SEQ ID NO 22 
&211s LENGTH: 152 
212. TYPE: PRT 

<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 22 

Met Ser Glu Lys Tyr Ile Val Thir Trp Asp Met Leu Glin Ile His Ala 
1. 5 1O 15 

Arg Llys Lieu Ala Ser Arg Lieu Met Pro Ser Glu Gln Trp Llys Gly Ile 
2O 25 3O 

Ile Ala Val Ser Arg Gly Gly Lieu Val Pro Gly Ala Lieu. Lieu Ala Arg 
35 4 O 45 

Glu Lieu. Gly Ile Arg His Val Asp Thr Val Cys Ile Ser Ser Tyr Asp 
SO 55 6 O 

His Asp Asn Glin Arg Glu Lieu Lys Val Lieu Lys Arg Ala Glu Gly Asp 
65 70 7s 8O 

Gly Glu Gly Phe Ile Val Ile Asp Asp Lieu Val Asp Thr Gly Gly. Thir 
85 90 95 

Ala Val Ala Ile Arg Glu Met Tyr Pro Lys Ala His Phe Val Thir Ile 
1OO 105 11 O 

Phe Ala Lys Pro Ala Gly Arg Pro Lieu Val Asp Asp Tyr Val Val Asp 
115 12 O 125 

Ile Pro Glin Asp Thir Trp Ile Glu Glin Pro Trp Asp Met Gly Val Val 
13 O 135 14 O 

Phe Val Pro Pro Ile Ser Gly Arg 
145 150 
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212. TYPE: PRT 
<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 24 

Met Ala Thr Pro His Ile Asn Ala Glu Met Gly Asp Phe Ala Asp Wall 
1. 5 1O 15 

Val Lieu Met Pro Gly Asp Pro Lieu. Arg Ala Lys Tyr Ile Ala Glu Thr 
2O 25 3O 

Phe Lieu. Glu Asp Ala Arg Glu Val Asn. Asn Val Arg Gly Met Lieu. Gly 
35 4 O 45 

Phe Thr Gly Thr Tyr Lys Gly Arg Lys Ile Ser Val Met Gly His Gly 
SO 55 6 O 

Met Gly Ile Pro Ser Cys Ser Ile Tyr Thr Lys Glu Lieu. Ile Thr Asp 
65 70 7s 8O 

Phe Gly Wall Lys Lys Ile Ile Arg Val Gly Ser Cys Gly Ala Val Lieu. 
85 90 95 

Pro His Val Lys Lieu. Arg Asp Val Val Ile Gly Met Gly Ala Cys Thr 
1OO 105 11 O 

Asp Ser Llys Val Asn Arg Ile Arg Phe Lys Asp His Asp Phe Ala Ala 
115 12 O 125 

Ile Ala Asp Phe Asp Met Val Arg Asn Ala Val Asp Ala Ala Lys Ala 
13 O 135 14 O 

Lieu. Gly Ile Asp Ala Arg Val Gly ASn Lieu. Phe Ser Ala Asp Lieu. Phe 
145 150 155 160 

Tyr Ser Pro Asp Gly Glu Met Phe Asp Val Met Glu Lys Tyr Gly Ile 
1.65 17O 17s 

Lieu. Gly Val Glu Met Glu Ala Ala Gly Ile Tyr Gly Val Ala Ala Glu 
18O 185 19 O 

Phe Gly Ala Lys Ala Lieu. Thir Ile Cys Thr Val Ser Asp His Ile Arg 
195 2OO 2O5 

Thr His Glu Gln Thr Thr Ala Ala Glu Arg Glin Thr Thr Phe Asn Asp 
21 O 215 22O 

Met Ile Lys Ile Ala Lieu. Glu Ser Val Lieu. Lieu. Gly Asp Llys Glu 
225 23 O 235 

<210s, SEQ ID NO 25 
&211s LENGTH: 1545 
&212s. TYPE: DNA 

<213> ORGANISM: Burkholderia caryophylli 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1542) 
<223> OTHER INFORMATION: coding for phosphonate monoester hydrolase 

(pehA) 

<4 OOs, SEQUENCE: 25 

atg acc aga aaa aat gtc. Ctg Ctt at C gtC gtt gat caa tig ciga gca 48 
Met Thr Arg Lys Asn Val Lieu. Lieu. Ile Val Val Asp Gln Trp Arg Ala 
1. 5 1O 15 

gat titt at C cct cac Ctg atg cgg gC9 gag ggg cqC gaa cct tt C citt 96 
Asp Phe Ile Pro His Lieu Met Arg Ala Glu Gly Arg Glu Pro Phe Lieu 

2O 25 3O 

aaa act coc aat citt gat cqt citt togc cqg gaa god titg acc titc cqc 144 
Llys Thr Pro Asn Lieu. Asp Arg Lieu. Cys Arg Glu Gly Lieu. Thir Phe Arg 

35 4 O 45 

aat cat gtC acg acg to gtg ccg tdt ggit cog gca agg gca agc ctg 192 
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Asp Ala Gly Glin Asn Arg His Ala Gly Glin Ile Glu Glu Gly Phe Ser 
355 360 365 

gaa agc at C gaC gtc atg ccg acc at C Ct c gaa tig citg ggc ggg gala 152 
Glu Ser Ile Asp Val Met Pro Thr Ile Leu Glu Trp Lieu. Gly Gly Glu 

37 O 375 38O 

acg cct cqc gcc tic gac ggc ct tcg ctg ttg ccg titt Ctg gCt gag 2OO 
Thr Pro Arg Ala Cys Asp Gly Arg Ser Lieu. Lieu Pro Phe Lieu Ala Glu 
385 390 395 4 OO 

gga aag ccc to C gac tig cqc acg gaa ct a cat tac gag titc gat titt 248 
Gly Llys Pro Ser Asp Trp Arg Thr Glu Lieu. His Tyr Glu Phe Asp Phe 

4 OS 41O 415 

cgc gat gtC tt C tac gat cag ccg cag aac tog gtc. cag Ctt to C cag 296 
Arg Asp Val Phe Tyr Asp Glin Pro Glin Asn. Ser Val Glin Lieu. Ser Glin 

42O 425 43 O 

gat gat tic agc ctic tit gtg at C gag gac gala aac tac aag tac gtg 344 
Asp Asp Cys Ser Lieu. Cys Val Ile Glu Asp Glu Asn Tyr Lys Tyr Val 

435 44 O 445 

cat titt gcc gcc Ctg ccg ccg Ctg tt C titc gat Ctg aag gCa gaC cc.g 392 
His Phe Ala Ala Lieu Pro Pro Lieu. Phe Phe Asp Lieu Lys Ala Asp Pro 

450 45.5 460 

Cat gala tt C agc aat Ctg gct ggc gat cot gct tat gcg gCC ct c gtt 44 O 
His Glu Phe Ser Asn Lieu Ala Gly Asp Pro Ala Tyr Ala Ala Lieu Val 
465 470 47s 48O 

cgt gac tat gcc cag aag gca ttgtcg tdg cqa Ctg tct cat gcc gac 488 
Arg Asp Tyr Ala Gln Lys Ala Lieu. Ser Trp Arg Lieu. Ser His Ala Asp 

485 490 495 

cgg aca. Ct c acc cat tac aga. tcc agc ccg caa ggg Ctg aca acg cc 536 
Arg Thr Lieu. Thr His Tyr Arg Ser Ser Pro Glin Gly Lieu. Thir Thr Arg 

SOO 505 51O 

aac cat tda 545 
Asn His 

<210s, SEQ ID NO 26 
&211s LENGTH: 514 
212. TYPE: PRT 

<213> ORGANISM: Burkholderia caryophylli 

<4 OOs, SEQUENCE: 26 

Met Thr Arg Lys Asn Val Lieu. Lieu. Ile Val Val Asp Gln Trp Arg Ala 
1. 5 1O 15 

Asp Phe Ile Pro His Lieu Met Arg Ala Glu Gly Arg Glu Pro Phe Lieu 
2O 25 3O 

Llys Thr Pro Asn Lieu. Asp Arg Lieu. Cys Arg Glu Gly Lieu. Thir Phe Arg 
35 4 O 45 

Asn His Val Thir Thr Cys Val Pro Cys Gly Pro Ala Arg Ala Ser Leu 
SO 55 6 O 

Lieu. Thr Gly Lieu. Tyr Lieu Met Asn His Arg Ala Val Glin Asn Thr Val 
65 70 7s 8O 

Pro Lieu. Asp Glin Arg His Lieu. Asn Lieu. Gly Lys Ala Lieu. Arg Ala Ile 
85 90 95 

Gly Tyr Asp Pro Ala Lieu. Ile Gly Tyr Thr Thr Thr Thr Pro Asp Pro 
1OO 105 11 O 

Arg Thir Thir Ser Ala Arg Asp Pro Arg Phe Thr Val Lieu. Gly Asp Ile 
115 12 O 125 

Met Asp Gly Phe Arg Ser Val Gly Ala Phe Glu Pro Asn Met Glu Gly 
13 O 135 14 O 
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Tyr Phe Gly Trp Val Ala Glin Asn Gly Phe Glu Lieu Pro Glu Asn Arg 
145 150 155 160 

Glu Asp Ile Trp Leu Pro Glu Gly Glu. His Ser Val Pro Gly Ala Thr 
1.65 17O 17s 

Asp Llys Pro Ser Arg Ile Pro Lys Glu Phe Ser Asp Ser Thr Phe Phe 
18O 185 19 O 

Thr Glu Arg Ala Lieu. Thir Tyr Lieu Lys Gly Arg Asp Gly Llys Pro Phe 
195 2OO 2O5 

Phe Lieu. His Leu Gly Tyr Tyr Arg Pro His Pro Pro Phe Val Ala Ser 
21 O 215 22O 

Ala Pro Tyr His Ala Met Tyr Lys Ala Glu Asp Met Pro Ala Pro Ile 
225 23 O 235 24 O 

Arg Ala Glu Asn Pro Asp Ala Glu Ala Ala Glin His Pro Lieu Met Lys 
245 250 255 

His Tyr Ile Asp His Ile Arg Arg Gly Ser Phe Phe His Gly Ala Glu 
26 O 265 27 O 

Gly Ser Gly Ala Thr Lieu. Asp Glu Gly Glu Ile Arg Gln Met Arg Ala 
27s 28O 285 

Thir Tyr Cys Gly Lieu. Ile Thr Glu Ile Asp Asp Cys Lieu. Gly Arg Val 
29 O 295 3 OO 

Phe Ala Tyr Lieu. Asp Glu Thr Gly Glin Trp Asp Asp Thir Lieu. Ile Ile 
3. OS 310 315 32O 

Phe Thir Ser Asp His Gly Glu Glin Lieu. Gly Asp His His Lieu. Lieu. Gly 
3.25 330 335 

Lys Ile Gly Tyr Asn Ala Glu Ser Phe Arg Ile Pro Lieu Val Ile Llys 
34 O 345 35. O 

Asp Ala Gly Glin Asn Arg His Ala Gly Glin Ile Glu Glu Gly Phe Ser 
355 360 365 

Glu Ser Ile Asp Val Met Pro Thr Ile Leu Glu Trp Lieu. Gly Gly Glu 
37 O 375 38O 

Thr Pro Arg Ala Cys Asp Gly Arg Ser Lieu. Lieu Pro Phe Lieu Ala Glu 
385 390 395 4 OO 

Gly Llys Pro Ser Asp Trp Arg Thr Glu Lieu. His Tyr Glu Phe Asp Phe 
4 OS 41O 415 

Arg Asp Val Phe Tyr Asp Glin Pro Glin Asn. Ser Val Glin Lieu. Ser Glin 
42O 425 43 O 

Asp Asp Cys Ser Lieu. Cys Val Ile Glu Asp Glu Asn Tyr Lys Tyr Val 
435 44 O 445 

His Phe Ala Ala Lieu Pro Pro Lieu. Phe Phe Asp Lieu Lys Ala Asp Pro 
450 45.5 460 

His Glu Phe Ser Asn Lieu Ala Gly Asp Pro Ala Tyr Ala Ala Lieu Val 
465 470 47s 48O 

Arg Asp Tyr Ala Gln Lys Ala Lieu. Ser Trp Arg Lieu. Ser His Ala Asp 
485 490 495 

Arg Thr Lieu. Thr His Tyr Arg Ser Ser Pro Glin Gly Lieu. Thir Thr Arg 
SOO 505 51O 

Asn His 

<210s, SEQ ID NO 27 
&211s LENGTH: 225 O 
&212s. TYPE: DNA 
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tgc tita gac tat gat CC9 cqa gat coa agc ggc aaa gga ctg gtg ttg 776 
Cys Lieu. Asp Tyr Asp Pro Arg Asp Pro Ser Gly Lys Gly Lieu Val Lieu. 

58O 585 59 O 

ata agc tat act togg gag gat gac to a cat aag ctic cta gcc git c ccc 824 
Ile Ser Tyr Thir Trp Glu Asp Asp Ser His Llys Lieu. Lieu Ala Val Pro 

595 6OO 605 

gac aaa aga. gala agg titc gca tog Ctg cag cqc gat att ggg agg gCa 872 
Asp Lys Arg Glu Arg Phe Ala Ser Lieu. Glin Arg Asp Ile Gly Arg Ala 

610 615 62O 

titc cca gat titt gcc aag cac cta act cot goa gac gigg aac tat gat 92 O 
Phe Pro Asp Phe Ala Lys His Lieu. Thr Pro Ala Asp Gly Asn Tyr Asp 
625 630 635 64 O 

gat aat at C gtt Caa Cat gat tig citg act gat CCC cac got ggc gga 96.8 
Asp Asn. Ile Val Glin His Asp Trp Lieu. Thir Asp Pro His Ala Gly Gly 

645 650 655 

gcg titt aaa citg aac CC aga ggc aac gaC gta t at tca gala agg citt 2O16 
Ala Phe Llys Lieu. Asn Arg Arg Gly Asn Asp Val Tyr Ser Glu Arg Lieu 

660 665 67 O 

titc titt cag ccc titt gac gta at g cat coc gog gac gat aag gga citt 2O64 
Phe Phe Glin Pro Phe Asp Val Met His Pro Ala Asp Asp Llys Gly Lieu. 

675 68O 685 

tac ttg gcc ggit tt agc tigt to C titc acc gga ggg togg gtt cat ggit 2112 
Tyr Lieu Ala Gly Cys Ser Cys Ser Phe Thr Gly Gly Trp Val His Gly 

69 O. 695 7 OO 

gcc att cag acc gca to aac got acg tdt gcg atc att tat ggit to c 216 O 
Ala Ile Glin Thr Ala Cys Asn Ala Thr Cys Ala Ile Ile Tyr Gly Ser 
7 Os 71O 71s 72O 

gga cac ctg caa gag cta atc. cac tog C9a cac ctic aaa gala ggit aat 22O8 
Gly His Lieu. Glin Glu Lieu. Ile His Trp Arg His Lieu Lys Glu Gly Asn 

72 73 O 73 

cca citg gcg cac gct td aag cig tat agg tat caa gC9 tda 225 O 
Pro Lieu Ala His Ala Trp Lys Arg Tyr Arg Tyr Glin Ala 

740 74. 

<210s, SEQ ID NO 28 
&211s LENGTH: 749 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium rhizogenes 

<4 OOs, SEQUENCE: 28 

Met Ala Gly Ser Ser Phe Thr Lieu Pro Ser Thr Gly Ser Ala Pro Leu 
1. 5 1O 15 

Asp Met Met Lieu. Ile Asp Asp Ser Asp Lieu. Lieu Gln Lieu. Gly Lieu. Glin 
2O 25 3O 

Glin Val Phe Ser Lys Arg Tyr Thr Glu Thr Pro Glin Ser Arg Tyr Lys 
35 4 O 45 

Lieu. Thir Arg Arg Ala Ser Pro Asp Val Ser Ser Gly Glu Gly Asn. Wall 
SO 55 6 O 

His Ala Lieu Ala Phe Ile Tyr Val Asn Ala Glu Thir Lieu Gln Met Ile 
65 70 7s 8O 

Lys Asn Ala Arg Ser Lieu. Thr Glu Ala Asn Gly Val Lys Asp Lieu Val 
85 90 95 

Ala Ile Asp Val Pro Pro Phe Arg Asn Asp Phe Ser Arg Ala Lieu. Lieu 
1OO 105 11 O 

Lieu. Glin Val Ile Asn Lieu. Lieu. Gly Asn. Asn Arg Asn Ala Asp Asp Asp 
115 12 O 125 
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Lieu. Ser His Phe Ile Ala Val Ala Lieu Pro Asn. Ser Ala Arg Ser Lys 
13 O 135 14 O 

Ile Lieu. Thir Thr Ala Pro Phe Glu Gly Ser Leu Ser Glu Asn Phe Arg 
145 150 155 160 

Gly Phe Pro Ile Thr Arg Glu Gly Asn. Wall Ala Cys Glu Val Lieu Ala 
1.65 17O 17s 

Tyr Gly Asn Asn Lieu Met Pro Lys Ala Cys Ser Asp Ser Phe Pro Thr 
18O 185 19 O 

Val Asp Lieu. Lieu. Tyr Asp Tyr Gly Llys Phe Phe Glu Ser Cys Ala Ala 
195 2OO 2O5 

Asp Gly Arg Ile Gly Tyr Phe Pro Glu Gly Val Thr Lys Pro Llys Val 
21 O 215 22O 

Ala Ile Ile Gly Ala Gly Phe Ser Gly Lieu Val Ala Ala Ser Glu Lieu 
225 23 O 235 24 O 

Lieu. His Ala Gly Val Asp Asp Val Thr Val Tyr Glu Ala Ser Asp Arg 
245 250 255 

Lieu. Gly Gly Lys Lieu. Trp Ser His Gly Phe Llys Ser Ala Pro Asn. Wall 
26 O 265 27 O 

Ile Ala Glu Met Gly Ala Met Arg Phe Pro Arg Ser Glu Ser Cys Lieu. 
27s 28O 285 

Phe Phe Tyr Lieu Lys Llys His Gly Lieu. Asp Ser Val Gly Lieu. Phe Pro 
29 O 295 3 OO 

Asn Pro Gly Ser Val Asp Thr Ala Lieu. Phe Tyr Arg Gly Arg Glin Tyr 
3. OS 310 315 32O 

Ile Trp Lys Ala Gly Glu Glu Pro Pro Glu Lieu. Phe Arg Arg Val His 
3.25 330 335 

His Gly Trp Arg Ala Phe Lieu. Glin Asp Gly Tyr Lieu. His Asp Gly Val 
34 O 345 35. O 

Met Lieu Ala Ser Pro Lieu Ala Ile Val Asp Ala Lieu. Asn Lieu. Gly. His 
355 360 365 

Lieu. Glin Glin Ala His Gly Phe Trp Glin Ser Trp Lieu. Thr Tyr Phe Glu 
37 O 375 38O 

Arg Glu Ser Phe Ser Ser Gly Ile Glu Lys Met Phe Leu Gly Asn His 
385 390 395 4 OO 

Pro Pro Gly Gly Glu Gln Trp Asn. Ser Lieu. Asp Asp Lieu. Asp Lieu. Phe 
4 OS 41O 415 

Lys Ala Leu Gly Ile Gly Ser Gly Gly Phe Gly Pro Val Phe Glu Ser 
42O 425 43 O 

Gly Phe Ile Glu Ile Lieu. Arg Lieu Val Val Asn Gly Tyr Glu Asp Asn 
435 44 O 445 

Val Arg Lieu. Ser Tyr Glu Gly Ile Ser Glu Lieu Pro His Arg Ile Ala 
450 45.5 460 

Ser Glin Val Ile Asn Gly Arg Ser Ile Arg Glu Arg Thir Ile His Val 
465 470 47s 48O 

Glin Val Glu Glin Ile Asp Arg Glu Glu Asp Llys Ile Asn. Ile Lys Ile 
485 490 495 

Lys Gly Gly Llys Val Glu Val Tyr Asp Arg Val Lieu Val Thir Ser Gly 
SOO 505 51O 

Phe Ala Asn. Ile Glu Met Arg His Lieu. Lieu. Thir Ser Ser Asn Ala Phe 
515 52O 525 

Phe His Ala Asp Val Ser His Ala Ile Gly Asn Ser His Met Thr Gly 
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53 O 535 54 O 

Ala Ser Lys Lieu. Phe Lieu. Lieu. Thir Asn. Glu Lys Phe Trp Lieu Gln His 
5.45 550 555 560 

His Leu Pro Ser Cys Ile Lieu. Thir Thr Gly Val Ala Lys Ala Val Tyr 
565 st O sts 

Cys Lieu. Asp Tyr Asp Pro Arg Asp Pro Ser Gly Lys Gly Lieu Val Lieu. 
58O 585 59 O 

Ile Ser Tyr Thir Trp Glu Asp Asp Ser His Llys Lieu. Lieu Ala Val Pro 
595 6OO 605 

Asp Lys Arg Glu Arg Phe Ala Ser Lieu. Glin Arg Asp Ile Gly Arg Ala 
610 615 62O 

Phe Pro Asp Phe Ala Lys His Lieu. Thr Pro Ala Asp Gly Asn Tyr Asp 
625 630 635 64 O 

Asp Asn. Ile Val Glin His Asp Trp Lieu. Thir Asp Pro His Ala Gly Gly 
645 650 655 

Ala Phe Llys Lieu. Asn Arg Arg Gly Asn Asp Val Tyr Ser Glu Arg Lieu 
660 665 67 O 

Phe Phe Glin Pro Phe Asp Val Met His Pro Ala Asp Asp Llys Gly Lieu. 
675 68O 685 

Tyr Lieu Ala Gly Cys Ser Cys Ser Phe Thr Gly Gly Trp Val His Gly 
69 O. 695 7 OO 

Ala Ile Gln Thr Ala Cys Asn Ala Thr Cys Ala Ile Ile Tyr Gly Ser 
7 Os 71O 71s 72O 

Gly His Lieu. Glin Glu Lieu. Ile His Trp Arg His Lieu Lys Glu Gly Asn 
72 73 O 73 

Pro Lieu Ala His Ala Trp Lys Arg Tyr Arg Tyr Glin Ala 
740 74. 

<210s, SEQ ID NO 29 
&211s LENGTH: 14 O1 
&212s. TYPE: DNA 
<213> ORGANISM: Agrobacterium rhizogenes 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1398) 
<223> OTHER INFORMATION: coding for indoleacetamide hydrolase 

<4 OOs, SEQUENCE: 29 

atg gtg acc ct c ticc ticg atc acc gag acg ctt aaa tt Ct c agg gala 48 
Met Val Thr Lieu Ser Ser Ile Thr Glu Thir Lieu Lys Cys Lieu. Arg Glu 
1. 5 1O 15 

aga aaa tac tog togc titt gag tta at c gaa acg ata at a goc cqc togt 96 
Arg Llys Tyr Ser Cys Phe Glu Lieu. Ile Glu Thir Ile Ile Ala Arg Cys 

2O 25 3O 

gaa gCa gca aga. tcc tta aac goc titt Ctg gala acc gac tog gCd cac 144 
Glu Ala Ala Arg Ser Lieu. Asn Ala Phe Lieu. Glu Thir Asp Trp Ala His 

35 4 O 45 

Cta C9g tdg act gcc agc aaa at C gat caa cac gga ggit gcc ggit gtt 192 
Lieu. Arg Trp Thir Ala Ser Lys Ile Asp Gln His Gly Gly Ala Gly Val 

SO 55 6 O 

ggc ct a gct ggc gtt CCC cta tic titt aaa gCd aat att gcg aca ggc 24 O 
Gly Lieu Ala Gly Val Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

agg tt C gcc gcg acc gct ggt acg cca ggc tita cag aac cac aaa ccc 288 
Arg Phe Ala Ala Thr Ala Gly Thr Pro Gly Lieu. Glin Asn His Llys Pro 

85 90 95 
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titt aaa at C titc gtg cgg aat gta gat coc agc agt aat gcg ggc ctg 248 
Phe Lys Ile Phe Val Arg Asn. Wall Asp Pro Ser Ser Asn Ala Gly Lieu. 

4 OS 41O 415 

ccg ggc cta agt citt coc gtt tot citt agt toc aac gigt ctd cct att 296 
Pro Gly Lieu Ser Lieu Pro Val Ser Leu Ser Ser Asn Gly Leu Pro Ile 

42O 425 43 O 

ggc atg gala at c gat ggc tict gca agc ticg gat gala C9t ctg tta gca 344 
Gly Met Glu Ile Asp Gly Ser Ala Ser Ser Asp Glu Arg Lieu. Lieu Ala 

435 44 O 445 

att gga ct a gC9 at a gaa gaa gca at a gac titt agg cat cqt ccg act 392 
Ile Gly Lieu Ala Ile Glu Glu Ala Ile Asp Phe Arg His Arg Pro Thr 

450 45.5 460 

ctg. tcg taa 4O1 
Luell Ser 
465 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 466 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium rhizogenes 

<4 OOs, SEQUENCE: 30 

Met Val Thr Lieu Ser Ser Ile Thr Glu Thir Lieu Lys Cys Lieu. Arg Glu 
1. 5 1O 15 

Arg Llys Tyr Ser Cys Phe Glu Lieu. Ile Glu. Thir Ile Ile Ala Arg Cys 
2O 25 3O 

Glu Ala Ala Arg Ser Lieu. Asn Ala Phe Lieu. Glu Thir Asp Trp Ala His 
35 4 O 45 

Lieu. Arg Trp Thir Ala Ser Lys Ile Asp Gln His Gly Gly Ala Gly Val 
SO 55 6 O 

Gly Lieu Ala Gly Val Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

Arg Phe Ala Ala Thr Ala Gly Thr Pro Gly Lieu. Glin Asn His Llys Pro 
85 90 95 

Llys Thr Pro Ala Gly Val Ala Arg Glin Lieu. Lieu Ala Ala Gly Ala Lieu. 
1OO 105 11 O 

Pro Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thir Ser 
115 12 O 125 

Asn Asn. Phe Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 
13 O 135 14 O 

Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Gly Arg 
145 150 155 160 

Lieu Met Lieu. Gly Gly Val Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 
1.65 17O 17s 

Pro Ala Ala Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Val Gly Arg 
18O 185 19 O 

Tyr Pro Thr Asp Gly Ile Val Pro Val Ser Pro Thr Arg Asp Thr Pro 
195 2OO 2O5 

Gly Val Ile Ala Glin Asn Val Pro Asp Val Ile Lieu. Lieu. Asp Gly Ile 
21 O 215 22O 

Ile Cys Gly Arg Pro Pro Val Asin Glin Thr Val Arg Lieu Lys Gly Lieu. 
225 23 O 235 24 O 

Arg Ile Gly Lieu Pro Thr Ala Tyr Phe Tyr Asn Asp Lieu. Glu Pro Asp 
245 250 255 
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Val Ala Lieu Ala Ala Glu Thir Ile Ile Arg Val Lieu Ala Arg Lys Asp 
26 O 265 27 O 

Val Thr Phe Val Glu Ala Asp Ile Pro Asp Lieu Ala His His Asn. Glu 
27s 28O 285 

Gly Val Ser Phe Pro Thr Ala Ile Tyr Glu Phe Pro Leu Ser Leu Glu 
29 O 295 3 OO 

His Tyr Ile Glin Asn Phe Val Glu Gly Val Ser Phe Ser Glu Val Val 
3. OS 310 315 32O 

Arg Ala Ile Arg Ser Pro Asp Val Ala Ser Ile Lieu. Asn Ala Glin Lieu 
3.25 330 335 

Ser Asp Asn Lieu. Ile Ser Lys Ser Glu Tyr Cys Lieu Ala Arg Arg Phe 
34 O 345 35. O 

Phe Arg Pro Arg Lieu. Glin Ala Ala Tyr His Ser Tyr Phe Lys Ala His 
355 360 365 

Glin Lieu. Asp Ala Ile Lieu. Phe Pro Thr Ala Pro Lieu. Thir Ala Lys Pro 
37 O 375 38O 

Ile Gly His Asp Leu Ser Val Ile His Asn Gly Ser Met Thr Asp Thr 
385 390 395 4 OO 

Phe Lys Ile Phe Val Arg Asn. Wall Asp Pro Ser Ser Asn Ala Gly Lieu. 
4 OS 41O 415 

Pro Gly Lieu Ser Lieu Pro Val Ser Leu Ser Ser Asn Gly Leu Pro Ile 
42O 425 43 O 

Gly Met Glu Ile Asp Gly Ser Ala Ser Ser Asp Glu Arg Lieu. Lieu Ala 
435 44 O 445 

Ile Gly Lieu Ala Ile Glu Glu Ala Ile Asp Phe Arg His Arg Pro Thr 
450 45.5 460 

Luell Ser 
465 

<210s, SEQ ID NO 31 
&211s LENGTH: 2268 
&212s. TYPE: DNA 

<213> ORGANISM: Agrobacterium tumefaciens 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (2265 
<223> OTHER INFORMATION: coding for tryptophan monooxygenase 

<4 OOs, SEQUENCE: 31 

atgtca gct tca cct citc citt gat aac cag togc gat cat titc. tct acc 48 
Met Ser Ala Ser Pro Leu Lleu. Asp Asn Glin Cys Asp His Phe Ser Thr 

aaa atg gtg gat Ctgata atg gt c gat aag gCt gat gaa ttg gaC cc 96 
Llys Met Val Asp Lieu. Ile Met Val Asp Lys Ala Asp Glu Lieu. Asp Arg 

2O 25 3O 

agg gtt to C gat gcc titc. tca gaa cqt gala gct tct agg gga agg agg 144 
Arg Val Ser Asp Ala Phe Ser Glu Arg Glu Ala Ser Arg Gly Arg Arg 

35 4 O 45 

att act caa at c toc ggc gag tec agc gct ggg tta gct tcc aaa agg 192 
Ile Thr Glin Ile Ser Gly Glu. Cys Ser Ala Gly Lieu Ala Cys Lys Arg 

SO 55 6 O 

Ctg gcc gaC ggit cqc titt CCC gag at C to a act ggit gag aag gta gca 24 O 
Lieu Ala Asp Gly Arg Phe Pro Glu Ile Ser Thr Gly Glu Lys Val Ala 
65 70 7s 8O 

gcc ct c to C gct tac atc tat gtt ggc aag gaa att Ctgggg cqg at a 288 
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Phe Glin Ala Lieu. Asp Met Pro Asn Asp Thr Gly Val Tyr Lieu Ala Gly 
69 O. 695 7 OO 

tgc agt tt to C titc acc ggt gga tigg gtg gag ggc gct att cag acc 216 O 
Cys Ser Cys Ser Phe Thr Gly Gly Trp Val Glu Gly Ala Ile Glin Thr 
7 Os 71O 71s 72O 

gcg tdt aac goc gtc tit gca att at C cac aat tdt gga ggt att ttg 22O8 
Ala Cys Asn Ala Val Cys Ala Ile Ile His Asn. Cys Gly Gly Ile Lieu 

72 73 O 73 

gca aag gac aat cct ct c gaa cac tot togg aag aga tat aac tac cqc 2256 
Ala Lys Asp Asn Pro Lieu. Glu. His Ser Trip Lys Arg Tyr Asn Tyr Arg 

740 74. 7 O 

aat aga aat taa 2268 
Asn Arg Asn 

7ss 

<210s, SEQ ID NO 32 
211 LENGTH: 755 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium tumefaciens 

<4 OOs, SEQUENCE: 32 

Met Ser Ala Ser Pro Leu Lleu. Asp Asn Glin Cys Asp His Phe Ser Thr 
1. 5 1O 15 

Llys Met Val Asp Lieu. Ile Met Val Asp Lys Ala Asp Glu Lieu. Asp Arg 
2O 25 3O 

Arg Val Ser Asp Ala Phe Ser Glu Arg Glu Ala Ser Arg Gly Arg Arg 
35 4 O 45 

Ile Thr Glin Ile Ser Gly Glu. Cys Ser Ala Gly Lieu Ala Cys Lys Arg 
SO 55 6 O 

Lieu Ala Asp Gly Arg Phe Pro Glu Ile Ser Thr Gly Glu Lys Val Ala 
65 70 7s 8O 

Ala Lieu. Ser Ala Tyr Ile Tyr Val Gly Lys Glu Ile Lieu. Gly Arg Ile 
85 90 95 

Lieu. Glu Ser Glu Pro Trp Ala Arg Ala Arg Val Ser Gly Lieu Val Ala 
1OO 105 11 O 

Ile Asp Lieu Ala Pro Phe Cys Met Asp Phe Ser Glu Ala Glin Lieu. Lieu. 
115 12 O 125 

Glin Thr Lieu. Phe Lieu Lleu Ser Gly Lys Arg Cys Ala Ser Ser Asp Lieu. 
13 O 135 14 O 

Ser His Phe Val Ala Ile Ser Ile Ser Lys Thr Ala Arg Ser Arg Thr 
145 150 155 160 

Lieu Gln Met Pro Pro Tyr Glu Lys Gly Thr Thr Lys Arg Val Thr Gly 
1.65 17O 17s 

Phe Thr Lieu. Thir Lieu. Glu Glu Ala Val Pro Phe Asp Met Val Ala Tyr 
18O 185 19 O 

Gly Arg Asn Lieu Met Lieu Lys Ala Ser Ala Gly Ser Phe Pro Thir Ile 
195 2OO 2O5 

Asp Lieu. Lieu. Tyr Asp Tyr Arg Ser Phe Phe Asp Gln Cys Ser Asp Ile 
21 O 215 22O 

Gly Arg Ile Gly Phe Phe Pro Glu Asp Val Pro Llys Pro Llys Val Ala 
225 23 O 235 24 O 

Ile Ile Gly Ala Gly Ile Ser Gly Lieu Val Val Ala Ser Glu Lieu. Lieu. 
245 250 255 

His Ala Gly Val Asp Asp Val Thir Ile Tyr Glu Ala Ser Asp Arg Val 
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26 O 265 27 O 

Gly Gly Lys Lieu. Trp Ser His Ala Phe Lys Asp Ala Pro Ser Val Val 
27s 28O 285 

Ala Glu Met Gly Ala Met Arg Phe Pro Pro Ala Ala Ser Cys Lieu. Phe 
29 O 295 3 OO 

Phe Phe Leu Glu Arg Tyr Gly Lieu Ser Ser Met Arg Pro Phe Pro Asn 
3. OS 310 315 32O 

Pro Gly Thr Val Asp Thr Asn Lieu Val Tyr Glin Gly Lieu. Arg Tyr Val 
3.25 330 335 

Trp Lys Ala Gly Glin Gln Pro Pro Llys Lieu Phe His Arg Val Tyr Ser 
34 O 345 35. O 

Gly Trp Arg Ala Phe Lieu. Arg Asp Gly Phe His Glu Gly Asp Ile Val 
355 360 365 

Lieu Ala Ser Pro Val Val Ile Thr Glin Ala Lieu Lys Ser Gly Asp Ile 
37 O 375 38O 

Arg Arg Ala His Asp Ser Trp Glin Thir Trp Lieu. Asn Arg Phe Gly Arg 
385 390 395 4 OO 

Glu Ser Phe Ser Ser Ala Ile Glu Arg Ile Phe Leu Gly Thr His Pro 
4 OS 41O 415 

Pro Gly Gly Glu Thir Trp Ser Phe Pro His Asp Trp Asp Leu Phe Lys 
42O 425 43 O 

Leu Met Gly Ile Gly Ser Gly Gly Phe Gly Pro Val Phe Glu Ser Gly 
435 44 O 445 

Phe Ile Glu Ile Lieu. Arg Lieu Val Ile Asin Gly Tyr Glu Glu Asn Glin 
450 45.5 460 

Arg Met Cys Ser Glu Gly Ile Ser Glu Lieu Pro Arg Arg Ile Ala Ser 
465 470 47s 48O 

Glin Val Val Asin Gly Val Ser Val Ser Glin Arg Ile Arg His Val Glin 
485 490 495 

Val Arg Ala Ile Glu Lys Glu Lys Thir Lys Ile Llys Ile Arg Lieu Lys 
SOO 505 51O 

Ser Gly Ile Ser Glu Lieu. Tyr Asp Llys Val Val Val Thir Ser Gly Lieu. 
515 52O 525 

Ala Asn Ile Glin Lieu. Arg His Cys Lieu. Thr Cys Asp Thr Thr Ile Phe 
53 O 535 54 O 

Arg Ala Pro Val Asn Glin Ala Val Asp Asn. Ser His Met Thr Gly Ser 
5.45 550 555 560 

Ser Lys Lieu. Phe Lieu. Lieu. Thr Glu Arg Llys Phe Trp Lieu. Asp His Ile 
565 st O sts 

Lieu Pro Ser Cys Val Lieu Met Asp Gly Ile Ala Lys Ala Val Tyr Cys 
58O 585 59 O 

Lieu. Asp Tyr Glu Pro Glin Asp Pro Asn Gly Lys Gly Lieu Val Pro Pro 
595 6OO 605 

Thir Tyr Thir Trp Glu Asp Asp Ser His Llys Lieu. Lieu Ala Val Pro Asp 
610 615 62O 

Llys Lys Glu Arg Phe Cys Lieu. Lieu. Arg Asp Ala Ile Ser Arg Ser Phe 
625 630 635 64 O 

Pro Ala Phe Ala Glin His Lieu Val Pro Ala Cys Ala Asp Tyr Asp Glin 
645 650 655 

Asn Val Val Glin His Asp Trp Lieu. Thir Asp Glu Asn Ala Gly Gly Ala 
660 665 67 O 
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<210s, SEQ ID NO 34 
&211s LENGTH: 467 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium tumefaciens 

<4 OOs, SEQUENCE: 34 

Met Val Pro Ile Thir Ser Lieu Ala Glin Thir Lieu. Glu Arg Lieu. Arg Arg 
1. 5 1O 15 

Lys Asp Tyr Ser Cys Lieu. Glu Lieu Val Glu Thir Lieu. Ile Ala Arg Cys 
2O 25 3O 

Glin Ala Ala Lys Pro Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Gly 
35 4 O 45 

Lieu. Arg Arg Ser Ala Lys Lys Asn Asp Arg His Gly Asn Ala Gly Lieu. 
SO 55 6 O 

Gly Lieu. Cys Gly Ile Pro Lieu. Cys Phe Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

Wall Phe Pro Thir Ser Ala Ala Thr Pro Ala Lieu. Ile Asn His Lieu. Pro 
85 90 95 

Lys Ile Pro Ser Arg Val Ala Glu Arg Lieu. Phe Ser Ala Gly Ala Lieu. 
1OO 105 11 O 

Pro Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thir Ser 
115 12 O 125 

Asn Asn Tyr Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 
13 O 135 14 O 

Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 
1.65 17O 17s 

Pro Ala Ala Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Lieu. Gly Arg 
18O 185 19 O 

Tyr Pro Arg Asp Arg Ile Ile Pro Phe Ser Pro Thr Arg Asp Thr Ala 
195 2OO 2O5 

Gly Ile Ile Ala Glin Cys Val Ala Asp Val Ile Ile Lieu. Asp Glin Val 
21 O 215 22O 

Ile Ser Gly Arg Ser Ala Lys Ile Ser Pro Met Pro Lieu Lys Gly Lieu. 
225 23 O 235 24 O 

Arg Ile Gly Lieu Pro Thir Thr Tyr Phe Tyr Asp Asp Lieu. Asp Ala Asp 
245 250 255 

Val Ala Phe Ala Ala Glu Thir Thir Ile Arg Lieu. Lieu Ala Asn Arg Gly 
26 O 265 27 O 

Val Thr Phe Val Glu Ala Asp Ile Pro His Lieu. Glu Glu Lieu. Asn. Ser 
27s 28O 285 

Gly Ala Ser Lieu Pro Ile Ala Lieu. Tyr Glu Phe Pro His Ala Lieu Lys 
29 O 295 3 OO 

Lys Tyr Lieu. Asp Asp Phe Val Gly Thr Val Ser Phe Ser Asp Val Ile 
3. OS 310 315 32O 

Lys Gly Ile Arg Ser Pro Asp Wall Ala Asn. Ile Val Ser Ala Glin Ile 
3.25 330 335 

Asp Gly His Glin Ile Ser Asn Asp Glu Tyr Glu Lieu Ala Arg Glin Ser 
34 O 345 35. O 

Phe Arg Pro Arg Lieu. Glin Ala Thr Tyr Arg Asn Tyr Phe Arg Lieu. Tyr 
355 360 365 
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Glin Lieu. Asp Ala Ile Lieu. Phe Pro Thr Ala Pro Lieu Ala Ala Lys Ala 
37 O 375 38O 

Ile Gly Glin Glu Ser Ser Val Ile His Asn Gly Ser Met Met Asn Thr 
385 390 395 4 OO 

Phe Lys Ile Tyr Val Arg Asn. Wall Asp Pro Ser Ser Asn Ala Gly Lieu. 
4 OS 41O 415 

Pro Gly Lieu. Ser Lieu Pro Ala Cys Lieu. Thr Pro Asp Arg Lieu Pro Val 
42O 425 43 O 

Gly Met Glu Ile Asp Gly Lieu Ala Gly Ser Asp His Arg Lieu. Lieu Ala 
435 44 O 445 

Ile Gly Ala Ala Lieu. Glu Lys Ala Ile Asin Phe Ser Ser Phe Pro Asp 
450 45.5 460 

Ala Phe Asn 
465 

<210s, SEQ ID NO 35 
&211s LENGTH: 1419 
&212s. TYPE: DNA 

<213> ORGANISM: Agrobacterium vitis 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1416) 
<223> OTHER INFORMATION: coding for indoleacetamide hydrolase 

<4 OOs, SEQUENCE: 35 

atg gtg acc ct a ggt t ca atc aag gala acc ctg gaa tt Ct c agg Ctg 48 
Met Val Thir Lieu. Gly Ser Ile Lys Glu Thir Lieu. Glu. Cys Lieu. Arg Lieu. 
1. 5 1O 15 

aaa aaa tac toc tdt toc gaa citg gct gala acc ata at a goc cqt togc 96 
Llys Llys Tyr Ser Cys Ser Glu Lieu Ala Glu Thir Ile Ile Ala Arg Cys 

2O 25 3O 

gaa gCC gcg aaa t ct ct c aat gct Ctt Ctg gcg act gac tog gat tac 144 
Glu Ala Ala Lys Ser Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Tyr 

35 4 O 45 

Ctg cgg cqt aat gcc aag aaa gta gat gala gat gga agc gcc ggc gag 192 
Lieu. Arg Arg Asn Ala Lys Llys Val Asp Glu Asp Gly Ser Ala Gly Glu 

SO 55 6 O 

ggt Ctt gcc ggc at C C C Ctg tdt tot aaa gCd aac att gca aca ggc 24 O 
Gly Lieu Ala Gly Ile Pro Lieu. Cys Ser Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

ata tt C cca gca agc gcg gcc acg ccg gCd citt gat gaa cat tta Cct 288 
Ile Phe Pro Ala Ser Ala Ala Thr Pro Ala Lieu. Asp Glu. His Lieu Pro 

85 90 95 

aca aca cca gcc ggc gtc. c.gt aaa ccg ctt cta gac gct ggg gca Ctg 336 
Thir Thr Pro Ala Gly Val Arg Llys Pro Lieu. Lieu. Asp Ala Gly Ala Lieu. 

1OO 105 11 O 

at a ggc gct tcg gga aac atg cat gag tita tog titt ggc att acc agt 384 
Ile Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thr Ser 

115 12 O 125 

aac aac cac goc act ggit gcg gtgaga aac ccc tig aat coc agc tita 432 
Asn Asn His Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 

13 O 135 14 O 

ata cca gga ggc ticg agc ggc ggc gtg gct gct gct gta gca to a cqg 48O 
Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

tta atg Ct c ggc gga att ggc acc gac acg ggg gct tcg gtc. c9c ct a 528 
Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 

1.65 17O 17s 
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<210s, SEQ ID NO 36 
&211s LENGTH: 472 
212. TYPE: PRT 

<213> ORGANISM: Agrobacterium vitis 

<4 OOs, SEQUENCE: 36 

Met Val Thir Lieu. Gly Ser Ile Lys Glu Thir Lieu. Glu. Cys Lieu. Arg Lieu. 
1. 5 1O 15 

Llys Llys Tyr Ser Cys Ser Glu Lieu Ala Glu Thir Ile Ile Ala Arg Cys 
2O 25 3O 

Glu Ala Ala Lys Ser Lieu. Asn Ala Lieu. Lieu Ala Thr Asp Trp Asp Tyr 
35 4 O 45 

Lieu. Arg Arg Asn Ala Lys Llys Val Asp Glu Asp Gly Ser Ala Gly Glu 
SO 55 6 O 

Gly Lieu Ala Gly Ile Pro Lieu. Cys Ser Lys Ala Asn. Ile Ala Thr Gly 
65 70 7s 8O 

Ile Phe Pro Ala Ser Ala Ala Thr Pro Ala Lieu. Asp Glu. His Lieu Pro 
85 90 95 

Thir Thr Pro Ala Gly Val Arg Llys Pro Lieu. Lieu. Asp Ala Gly Ala Lieu. 
1OO 105 11 O 

Ile Gly Ala Ser Gly Asn Met His Glu Lieu Ser Phe Gly Ile Thr Ser 
115 12 O 125 

Asn Asn His Ala Thr Gly Ala Val Arg Asin Pro Trp Asn. Pro Ser Lieu 
13 O 135 14 O 

Ile Pro Gly Gly Ser Ser Gly Gly Val Ala Ala Ala Val Ala Ser Arg 
145 150 155 160 

Lieu Met Lieu. Gly Gly Ile Gly Thr Asp Thr Gly Ala Ser Val Arg Lieu. 
1.65 17O 17s 

Pro Ala Ser Lieu. Cys Gly Val Val Gly Phe Arg Pro Thr Ile Gly Arg 
18O 185 19 O 

Tyr Pro Gly Asp Arg Ile Val Pro Val Ser Pro Thr Arg Asp Thr Ala 
195 2OO 2O5 

Gly Ile Ile Ala Glin Ser Val Pro Asp Val Ile Lieu. Lieu. Asp Glin Ile 
21 O 215 22O 

Ile Cys Gly Lys Lieu. Thir Thr His Glin Pro Val Pro Leu Glu Gly Lieu. 
225 23 O 235 24 O 

Arg Ile Gly Lieu Pro Thir Thr Tyr Phe Tyr Asp Asp Lieu. Asp Ala Asp 
245 250 255 

Val Ala Phe Ala Ala Glu Asn Lieu. Ile Thr Lieu. Lieu Ala Ser Lys Gly 
26 O 265 27 O 

Val Thr Phe Val Lys Ala Glu Ile Pro Asp Lieu. Glin Arg Lieu. Asn. Ile 
27s 28O 285 

Gly Val Ser Phe Pro Ile Ala Leu Tyr Glu Phe Pro Phe Ala Leu Gln 
29 O 295 3 OO 

Llys Tyr Ile Asp Asp Phe Wall Lys Asp Wal Ser Phe Ser Asp Val Ile 
3. OS 310 315 32O 

Lys Gly Ile Arg Ser Pro Asp Wall Ala Asn. Ile Ala Asn Ala Glin Ile 
3.25 330 335 

Asp Gly His Glin Ile Ser Lys Ala Ser Tyr Glu Lieu Ala Arg Glin Ser 
34 O 345 35. O 

Phe Arg Pro Llys Lieu. Glin Ala Ala Tyr His Asp Tyr Phe Llys Lieu. His 
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355 360 365 

Glin Lieu. Asp Ala Ile Lieu. Phe Pro Thr Ala Pro Lieu. Thir Ala Lys Pro 
37 O 375 38O 

Ile Gly Glin Asp Lieu. Ser Val Met His Asn Gly Val Met Ala Asp Thr 
385 390 395 4 OO 

Phe Lys Ile Phe Val Arg Asn. Wall Asp Pro Gly Ser Asn Ala Gly Lieu. 
4 OS 41O 415 

Pro Gly Lieu Ser Lieu Pro Val Ser Lieu. Thir Ser Lys Gly Leu Pro Ile 
42O 425 43 O 

Gly Met Glu Ile Asp Gly Lieu Ala Gly Met Asp Asp Arg Lieu. Lieu Ala 
435 44 O 445 

Ile Gly Ala Ala Lieu. Glu Glu Ala Ile Ala Phe His Asn Lieu Pro Asp 
450 45.5 460 

Phe Pro Llys Val Glu Thir Asn Tyr 
465 470 

<210s, SEQ ID NO 37 
&211s LENGTH: 1263 
&212s. TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1260) 
<223> OTHER INFORMATION: coding for 5-methylthioribose kinase 

<4 OO > SEQUENCE: 37 

atgtct titt gag gag titt acg ccg tta aac gag aag tict Ctt gta gac 48 
Met Ser Phe Glu Glu Phe Thr Pro Leu. Asn Glu Lys Ser Leu Val Asp 
1. 5 1O 15 

tac atc aag to a aca cct gct ct c to t t c c aag atc gga goc gac aag 96 
Tyr Ile Llys Ser Thr Pro Ala Lieu. Ser Ser Lys Ile Gly Ala Asp Llys 

2O 25 3O 

tcc gat gat gat ttg gtt atc aaa gala gtt gga gat ggc aat ct c aat 144 
Ser Asp Asp Asp Lieu Val Ile Lys Glu Val Gly Asp Gly Asn Lieu. Asn 

35 4 O 45 

titc gtt titc atc gtt gtt gga toc tot ggit tot citt gtc atc aaa cag 192 
Phe Val Phe Ile Val Val Gly Ser Ser Gly Ser Lieu Val Ile Lys Glin 

SO 55 6 O 

gct citt coa tat att cqc tdt atc ggit gala toa togg cca atg acg aaa 24 O 
Ala Leu Pro Tyr Ile Arg Cys Ile Gly Glu Ser Trp Pro Met Thr Lys 
65 70 7s 8O 

gaa aga gct tat titt gaa goa aca act ttg aga aag cat gga aat tta 288 
Glu Arg Ala Tyr Phe Glu Ala Thir Thr Lieu. Arg Llys His Gly Asn Lieu. 

85 90 95 

tca cct gat cat gtt cot gaa gtc tac cat titt gac aga aca atg gog 336 
Ser Pro Asp His Val Pro Glu Val Tyr His Phe Asp Arg Thr Met Ala 

1OO 105 11 O 

ttg att gga atgaga tac citt gag cct cot cat atc att ct c cqc aaa 384 
Lieu. Ile Gly Met Arg Tyr Lieu. Glu Pro Pro His Ile Ile Lieu. Arg Llys 

115 12 O 125 

gga ct c att got gigg att gag tat cot titc ctic gca gac cac atgtct 432 
Gly Lieu. Ile Ala Gly Ile Glu Tyr Pro Phe Lieu Ala Asp His Met Ser 

13 O 135 14 O 

gat tac atg gog aag act citc ttic titc act tct citc ct c tat cac gat 48O 
Asp Tyr Met Ala Lys Thr Lieu Phe Phe Thr Ser Lieu Lleu Tyr His Asp 
145 150 155 160 

acc aca gag cac aga aga gca gta acc gala ttt tt ggit aat gtg gag 528 
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1. 5 1O 15 

Tyr Ile Llys Ser Thr Pro Ala Lieu. Ser Ser Lys Ile Gly Ala Asp Llys 
2O 25 3O 

Ser Asp Asp Asp Lieu Val Ile Lys Glu Val Gly Asp Gly Asn Lieu. Asn 
35 4 O 45 

Phe Val Phe Ile Val Val Gly Ser Ser Gly Ser Lieu Val Ile Lys Glin 
SO 55 6 O 

Ala Leu Pro Tyr Ile Arg Cys Ile Gly Glu Ser Trp Pro Met Thr Lys 
65 70 7s 8O 

Glu Arg Ala Tyr Phe Glu Ala Thir Thr Lieu. Arg Llys His Gly Asn Lieu. 
85 90 95 

Ser Pro Asp His Val Pro Glu Val Tyr His Phe Asp Arg Thr Met Ala 
1OO 105 11 O 

Lieu. Ile Gly Met Arg Tyr Lieu. Glu Pro Pro His Ile Ile Lieu. Arg Llys 
115 12 O 125 

Gly Lieu. Ile Ala Gly Ile Glu Tyr Pro Phe Lieu Ala Asp His Met Ser 
13 O 135 14 O 

Asp Tyr Met Ala Lys Thr Lieu Phe Phe Thr Ser Lieu Lleu Tyr His Asp 
145 150 155 160 

Thir Thr Glu. His Arg Arg Ala Val Thr Glu Phe Cys Gly Asn Val Glu 
1.65 17O 17s 

Lieu. CyS Arg Lieu. Thr Glu Gln Val Val Phe Ser Asp Pro Tyr Arg Val 
18O 185 19 O 

Ser Thr Phe Asin Arg Trp Thir Ser Pro Tyr Lieu. Asp Asp Asp Ala Lys 
195 2OO 2O5 

Ala Val Arg Glu Asp Ser Ala Lieu Lys Lieu. Glu Ile Ala Glu Lieu Lys 
21 O 215 22O 

Ser Met Phe Cys Glu Arg Ala Glin Ala Lieu. Ile His Gly Asp Lieu. His 
225 23 O 235 24 O 

Thr Gly Ser Val Met Val Thr Glin Asp Ser Thr Glin Val Ile Asp Pro 
245 250 255 

Glu Phe Ser Phe Tyr Gly Pro Met Gly Phe Asp Ile Gly Ala Tyr Lieu. 
26 O 265 27 O 

Gly Asn Lieu. Ile Lieu Ala Phe Phe Ala Glin Asp Gly His Ala Thr Glin 
27s 28O 285 

Glu Asn Asp Arg Lys Glu Tyr Lys Glin Trp Ile Lieu. Arg Thir Ile Glu 
29 O 295 3 OO 

Glin Thir Trp Asn Lieu. Phe Asn Lys Arg Phe Ile Ala Lieu. Trp Asp Glin 
3. OS 310 315 32O 

Asn Lys Asp Gly Pro Gly Glu Ala Tyr Lieu Ala Asp Ile Tyr Asn. Asn 
3.25 330 335 

Thr Glu Val Lieu Lys Phe Val Glin Glu Asn Tyr Met Arg Asn Lieu. Lieu. 
34 O 345 35. O 

His Asp Ser Lieu. Gly Phe Gly Ala Ala Lys Met Ile Arg Arg Ile Val 
355 360 365 

Gly Val Ala His Val Glu Asp Phe Glu Ser Ile Glu Glu Asp Lys Arg 
37 O 375 38O 

Arg Ala Ile Cys Glu Arg Ser Ala Lieu. Glu Phe Ala Lys Met Lieu. Lieu 
385 390 395 4 OO 

Lys Glu Arg Arg Llys Phe Llys Ser Ile Gly Glu Val Val Ser Ala Ile 
4 OS 41O 415 
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agc ctgaag gCC atc gac gcc gag titc ggc tac ttic ggc ccc at C ggc 768 
Ser Lieu Lys Ala Ile Asp Ala Glu Phe Gly Tyr Phe Gly Pro Ile Gly 

245 250 255 

ttic gat at C ggc acc gcc atc ggc aac ctg. citg ctgaac tac tec ggc 816 
Phe Asp Ile Gly Thr Ala Ile Gly Asn Lieu. Lieu. Lieu. Asn Tyr Cys Gly 

26 O 265 27 O 

Ctg ccg ggc cag Ctic ggc att CC gat gcc gcc gcc gcg cqc gag cag 864 
Lieu Pro Gly Glin Lieu. Gly Ile Arg Asp Ala Ala Ala Ala Arg Glu Glin 

27s 28O 285 

cgg ctgaac gac atc. cac cag Ctg togg acc acc titc gcc gag cqc ttic 912 
Arg Lieu. Asn Asp Ile His Glin Lieu. Trp Thir Thr Phe Ala Glu Arg Phe 

29 O 295 3 OO 

Cag gcg Ctg gC9 gcg gag aaa acc cqc gac goggcg Ctg gCt tac Coc 96.O 
Glin Ala Lieu Ala Ala Glu Lys Thr Arg Asp Ala Ala Lieu Ala Tyr Pro 
3. OS 310 315 32O 

ggc tac gcc to C gcc titt Ctg aag aaa gt C tdg gcg gac goggtc ggc OO8 
Gly Tyr Ala Ser Ala Phe Lieu Lys Llys Val Trp Ala Asp Ala Val Gly 

3.25 330 335 

ttic tic ggc agc gaa citg atc. c9c cgc agc gtc gga citg tog cac git C O56 
Phe Cys Gly Ser Glu Lieu. Ile Arg Arg Ser Val Gly Lieu. Ser His Val 

34 O 345 35. O 

gcg gat at C gac act at C cag gaC gaC gcc atg cgt cat gag tec ctg 104 
Ala Asp Ile Asp Thir Ile Glin Asp Asp Ala Met Arg His Glu. Cys Lieu 

355 360 365 

cgc cac goc att acc Ctg ggc aga gcg citg atc gtg Ctg gCC gag cqt 152 
Arg His Ala Ile Thr Lieu. Gly Arg Ala Lieu. Ile Val Lieu Ala Glu Arg 

37 O 375 38O 

atc gac agc gtC gac gag ctg. Ctg gcg cgg gta CC cag tac agc tiga 2OO 
Ile Asp Ser Val Asp Glu Lieu. Lieu Ala Arg Val Arg Glin Tyr Ser 
385 390 395 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 399 
212. TYPE: PRT 

<213> ORGANISM: Klebsiella pneumoniae 

<4 OOs, SEQUENCE: 4 O 

Met Ser Glin Tyr His Thr Phe Thr Ala His Asp Ala Val Ala Tyr Ala 
1. 5 1O 15 

Glin Glin Phe Ala Gly Ile Asp Asn Pro Ser Glu Lieu Val Ser Ala Glin 
2O 25 3O 

Glu Val Gly Asp Gly Asn Lieu. Asn Lieu Val Phe Llys Val Phe Asp Arg 
35 4 O 45 

Glin Gly Val Ser Arg Ala Ile Val Lys Glin Ala Lieu Pro Tyr Val Arg 
SO 55 6 O 

Cys Val Gly Glu Ser Trp Pro Lieu. Thir Lieu. Asp Arg Ala Arg Lieu. Glu 
65 70 7s 8O 

Ala Glin Thr Lieu Val Ala His Tyr Gln His Ser Pro Gln His Thr Val 
85 90 95 

Lys Ile His His Phe Asp Pro Glu Lieu Ala Wal Met Val Met Glu Asp 
1OO 105 11 O 

Lieu. Ser Asp His Arg Ile Trp Arg Gly Glu Lieu. Ile Ala Asn Val Tyr 
115 12 O 125 

Tyr Pro Glin Ala Ala Arg Glin Lieu. Gly Asp Tyr Lieu Ala Glin Val Lieu. 
13 O 135 14 O 

Phe His Thr Ser Asp Phe Tyr Lieu. His Pro His Glu Lys Lys Ala Glin 
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145 150 155 160 

Val Ala Glin Phe Ile Asn Pro Ala Met Cys Glu Ile Thr Glu Asp Lieu 
1.65 17O 17s 

Phe Phe Asn Asp Pro Tyr Glin Ile His Glu Arg Asn Asn Tyr Pro Ala 
18O 185 19 O 

Glu Lieu. Glu Ala Asp Wall Ala Ala Lieu. Arg Asp Asp Ala Glin Lieu Lys 
195 2OO 2O5 

Lieu Ala Val Ala Ala Lieu Lys His Arg Phe Phe Ala His Ala Glu Ala 
21 O 215 22O 

Lieu. Lieu. His Gly Asp Ile His Ser Gly Ser Ile Phe Val Ala Glu Gly 
225 23 O 235 24 O 

Ser Lieu Lys Ala Ile Asp Ala Glu Phe Gly Tyr Phe Gly Pro Ile Gly 
245 250 255 

Phe Asp Ile Gly Thr Ala Ile Gly Asn Lieu. Lieu. Lieu. Asn Tyr Cys Gly 
26 O 265 27 O 

Lieu Pro Gly Glin Lieu. Gly Ile Arg Asp Ala Ala Ala Ala Arg Glu Glin 
27s 28O 285 

Arg Lieu. Asn Asp Ile His Glin Lieu. Trp Thir Thr Phe Ala Glu Arg Phe 
29 O 295 3 OO 

Glin Ala Lieu Ala Ala Glu Lys Thr Arg Asp Ala Ala Lieu Ala Tyr Pro 
3. OS 310 315 32O 

Gly Tyr Ala Ser Ala Phe Lieu Lys Llys Val Trp Ala Asp Ala Val Gly 
3.25 330 335 

Phe Cys Gly Ser Glu Lieu. Ile Arg Arg Ser Val Gly Lieu. Ser His Val 
34 O 345 35. O 

Ala Asp Ile Asp Thir Ile Glin Asp Asp Ala Met Arg His Glu. Cys Lieu 
355 360 365 

Arg His Ala Ile Thr Lieu. Gly Arg Ala Lieu. Ile Val Lieu Ala Glu Arg 
37 O 375 38O 

Ile Asp Ser Val Asp Glu Lieu. Lieu Ala Arg Val Arg Glin Tyr Ser 
385 390 395 

<210s, SEQ ID NO 41 
&211s LENGTH: 114 O 
&212s. TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1137 
<223> OTHER INFORMATION: coding for alcohol dehydrogenase 

<4 OOs, SEQUENCE: 41 

atgtct acc acc gga cag att att catgc aaa gct gct gtg gCa tig 48 
Met Ser Thir Thr Gly Glin Ile Ile Arg Cys Lys Ala Ala Wall Ala Trp 
1. 5 1O 15 

gaa gCC gga aag cca Citg gtg at C gag gala gtg gag gtt gct coa cc.g 96 
Glu Ala Gly Llys Pro Lieu Val Ile Glu Glu Val Glu Val Ala Pro Pro 

2O 25 3O 

cag aaa cac gaa gtt cqt atc aag att ct c titc act tct ct c tdt cac 144 
Glin Llys His Glu Val Arg Ile Lys Ile Lieu. Phe Thir Ser Lieu. Cys His 

35 4 O 45 

acc gat gtt tac ttic tig gaa gct aag gga caa aca CC9 ttg titt CCa 192 
Thr Asp Val Tyr Phe Trp Glu Ala Lys Gly Glin Thr Pro Leu Phe Pro 

SO 55 6 O 

cgt at C titc ggc cat gaa gct gga ggg att gtt gag agt gtt gga gala 24 O 
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Glu Ser Ile Arg Cys Ile Ile Thr Met Gly Ala 
37 O 375 

<210s, SEQ ID NO 42 
&211s LENGTH: 379 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 42 

Met Ser Thir Thr Gly Glin Ile Ile Arg Cys Lys Ala Ala Wall Ala Trp 
1. 5 1O 15 

Glu Ala Gly Llys Pro Lieu Val Ile Glu Glu Val Glu Val Ala Pro Pro 
2O 25 3O 

Glin Llys His Glu Val Arg Ile Lys Ile Lieu. Phe Thir Ser Lieu. Cys His 
35 4 O 45 

Thr Asp Val Tyr Phe Trp Glu Ala Lys Gly Glin Thr Pro Leu Phe Pro 
SO 55 6 O 

Arg Ile Phe Gly His Glu Ala Gly Gly Ile Val Glu Ser Val Gly Glu 
65 70 7s 8O 

Gly Val Thr Asp Leu Glin Pro Gly Asp His Val Lieu Pro Ile Phe Thr 
85 90 95 

Gly Glu. Cys Gly Asp Cys Arg His Cys Glin Ser Glu Glu Ser Asn Met 
1OO 105 11 O 

Cys Asp Lieu. Lieu. Arg Ile ASn Thr Glu Arg Gly Gly Met Ile His Asp 
115 12 O 125 

Gly Glu Ser Arg Phe Ser Ile Asin Gly Llys Pro Ile Tyr His Phe Leu 
13 O 135 14 O 

Gly. Thir Ser Thr Phe Ser Glu Tyr Thr Val Val His Ser Gly Glin Val 
145 150 155 160 

Ala Lys Ile Asn Pro Asp Ala Pro Lieu. Asp Llys Val Cys Ile Val Ser 
1.65 17O 17s 

Cys Gly Lieu. Ser Thr Gly Lieu. Gly Ala Thir Lieu. Asn Val Ala Lys Pro 
18O 185 19 O 

Llys Lys Gly Glin Ser Val Ala Ile Phe Gly Lieu. Gly Ala Val Gly Lieu. 
195 2OO 2O5 

Gly Ala Ala Glu Gly Ala Arg Ile Ala Gly Ala Ser Arg Ile Ile Gly 
21 O 215 22O 

Val Asp Phe Asn. Ser Lys Arg Phe Asp Glin Ala Lys Glu Phe Gly Val 
225 23 O 235 24 O 

Thr Glu. Cys Val Asn Pro Lys Asp His Asp Llys Pro Ile Glin Glin Val 
245 250 255 

Ile Ala Glu Met Thr Asp Gly Gly Val Asp Arg Ser Val Glu. Cys Thr 
26 O 265 27 O 

Gly Ser Val Glin Ala Met Ile Glin Ala Phe Glu. Cys Val His Asp Gly 
27s 28O 285 

Trp Gly Val Ala Val Lieu Val Gly Val Pro Ser Lys Asp Asp Ala Phe 
29 O 295 3 OO 

Lys Thr His Pro Met Asn Phe Lieu. Asn Glu Arg Thr Lieu Lys Gly Thr 
3. OS 310 315 32O 

Phe Phe Gly Asn Tyr Lys Pro Llys Thr Asp Ile Pro Gly Val Val Glu 
3.25 330 335 

Lys Tyr Met Asn Lys Glu Lieu. Glu Lieu. Glu Lys Phe Ile Thr His Thr 
34 O 345 35. O 














































































































